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ABSTRACT 

A two-phase, multi-year research program entitled “development of a portable driver pedormance 
data acquisition system for human factors research was recently completed. The primary 
objective of the project was to develop a portable data acquisition system for crash avoidance 
research (DASCAR) that will allow driver performance data to be collected using a large variety 
of vehicle types and that would be capable of being installed on a given vehicle type within a 
relatively short-time fiame. During phase I a feasibility study for designing and fabricating 
DASCAR was conducted. In phase I1 of the research DASCAR was actually developed and 
validated. This technical memorandum documents the results from the feasibility study. It is 
subdivided into three volumes. Volume one addresses the last five items in the phase I research 
and the first issue in the second phase of the project. Volume two (this report) presents the 
related appendices. Volume three displays the design specifications developed for DASCBR. 
The appendices provide literature and material associated with four tasks: identifyrng parameters 
and measures; identifying measurement techniques and state-of-the art hardware and software; 
developing design requirements and specifications, and determining the cost of one or more 
copies of the proposed data acquisition system. This report also covers the background to the 
program. The data acquisition system is a portable, state-of-the art system which can be installed 
within virtually any passenger vehicle It is both unobtrusive to the driver and inconspicuous to 
the outside world. DASCAR is currently capable of collecting and analyzing more than 60 driver- 
related, vehicular, and environment parameters and measures. DASCAR consists of six-major 
elements: a data acquisition platform, a data storage and transmission system, a power system, an 
equipment status bus, a sensor suite, and a video data system. A central data collectiodanalysis 
facility was also assembled to manage, support, and analyze data collected by the DASCAR 
prototype. DASCAR will be employed to collect normative driver performance data, support 
system performance guideline development, evaluate both conventional and intelligent 
transportation systems technologies, support simulator validation, and fine tune simulators. 
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1. INTRODUCTION 

1.1 Phases of the Research 

Oak Ridge National Laboratory recently completed a two phase, multi-year research and 
development program entitled “development of a portable driver performance data acquisition 
system for human factors research” for the United States Department of Transportation, National 
Highway Traffic Safety Administration (NHTSA), Office of Crash Avoidance Research. The 
primary objective of the project was to develop a portable data acquisition system for crash 
avoidance research (DASCAR) that will allow driver performance data to be collected using a 
large variety of vehicle models and types and that would be capable of being installed on a given 
vehicle type within a relatively short-time fiame. 

During phase I a feasibility study for designing and fabricating DASCAR was conducted. Human 
factors research needs were evaluated, and existing methods, measures, techniques, hardware, and 
software for evaluating the driver/vehicle/environment were identified. The tasks consisted of the 
following: 

Becoming familiar with NHTSA human factors research that would benefit from use of a 

Identifying parameters and measures that could be collected. 
Identifymg analysis tools and methods that could be used to assemble, analyze, and 

Identifjring measurement techniques and state-of-the-art hardware and software to support 

Developing design requirements and specifications for a portable driver performance data 

Determining the cost of one or more copies of the proposed data acquisition system. 

portable data acquisition system. 
L 

L 

evaluate the gathered data in relation to safety issues. 

development of an in-vehicle data acquisition system. 

acquisition system. 

e 

0 

D 

At the conclusion of phase I, it was determined by NHTSA that the construction of DASCAR 
was feasible at an acceptable cost. As a result, the second phase of the program was conducted. 
In phase 11 of the research, DASCAR was actually developed and validated. The phase consisted 
of the following steps: 

L Designing a development plan and constructing the prototype driver performance data 

Conducting the evaluation, updating the system, and performing pilot research. 
Demonstrating and delivering the system, and training NHTSA staff 

acquisition system. 
a Preparing an evaluation plan. 
0 

0 

1.2 Purpose of this Report 

The primary purpose of this technical memorandum is to document the results from the feasibility 

1 



study. It is subdivided into three volumes. Volume one addresses the last five items in the phase 
I research and the first issue in the second phase of the project. It describes and details the results 
fiom these six tasks. Volume two (this report) presents the related appendices. Volume three 
displays the design specifications developed for DASCAR. 

2. BACKGROUND 

Given the diverse nature of circumstances leading to motor-vehicle crashes and the associated 
problem areas and issues, the development of effective collision-avoidance countermeasures can 
best be realized through a comprehensive knowledge and understanding of both the antecedent 
events which lead to crashes and the relative contributions of behavioral, vehicular, roadway, and 
environmental factors. In particular, the development of collision-avoidance countermeasures 
involving the application of new and innovative technologies represents a promising avenue for 
using knowledge and understanding to significantly reduce the incidence of crashes. 

The evolution of effective advanced-technological countermeasures, however, goes hand-in-hand 
with the availability of a research tool to investigate the causes of crashes and the influence of 
vehicle-design characteristics on the relationships among the driver, the vehicle, the roadway, and 
the environment. This is particularly important where advanced-technology applications may 
themselves increase the potential for crashes or their severity under a given set of conditions. 

The availability of this research tool is vital to filly understand and document the safety benefits 
and potential liabilities associated with a wide range of countermeasures and technological 
advancements, and to define the requirements associated with their design and implementation. 
Such a capability must allow for a flexible, comprehensive, and valid appraisal of countermeasures 
and advanced-technology applications. 

In this regard, recent technological innovations and developments in computers, computer 
graphics, computational speed and power, miniaturization, communications, and data acquisition 
and analysis have provided the opportunity to develop DASCAR, a system for addressing the 
wide range of issues associated with existing problem areas as well as those involving the 
development and implementation of new advanced-technological systems within the motor 
vehicle-highway environment. These advances have also greatly enhanced the ability to develop 
the sophisticated tool needed to carry out a systematic and controlled evaluation of new 
technologies under operational or high-fidelity conditions. 

NHTSA envisions many future situations in which the effectiveness and consequences of new 
intelligent-transportation systems technologies will need to be studied in actual production 
vehicles. Such studies will enable evaluations in vehicles which are familiar to drivers. These 
studies would be fbrther enhanced by the availability of a DASCAR that can be easily installed in 
these vehicles to enable specific vehicle configurations of interest (e.g., pedal placement, head-up 
displays) to be evaluated, thereby increasing the variety of vehicle options (incorporating 
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advanced technology) that are avaiIable for study. Ideally, an approach is needed that would 
allow data collection from a variety of vehicle models and types, and would address the issue of 
driver familiarity. 

Such an approach is embodied in the concept of a DASCAR that can be installed in a wide range 
of vehicles within a relatively short period of time. As a universally adaptable system, it provides 
researchers with the ability to record information on driver, vehicle, roadway, and environmental 
parameters. Furthermore, it enables the measurement of driver performance in the driver’s own 
vehicle, thereby ensuring vehicle familiarity. It is also possible to measure driver performance in 
relation to any vehicle design characteristic at relatively little expense and effort, and makes it easy 
to update existing models of driver/vehicle behavior to reflect performance characteristics in 
vehicles of current manufacture. The availability of such information can lead to improved 
problem identification in crash-avoidance research, as well as provide N ” S A  with the capability 
to readily answer questions related to vehicle-design characteristics not otherwise available. In 
addition, such a system has the potential to measure driver performance as it relates to the 
location of surrounding vehicles. This will allow the study of how drivers interact with other 
vehicles in their immediate vicinity. 

3. DESCRIPTION OF THE APPENDICES 

Appendix A lists the documentation which was reviewed during the identification of appropriate 
parameters and measures that could be incorporated into DASCAR Definitions of a number of 
the identified parameters and measures are provided in Appendix B. 

Appendix C presents technical data from the two switching power-supply vendors which were 
analyzed during the “identie measurement techniques and state-of-the-art hardware and soaware 
to support development of an in-vehicle data acquisition system” task. Literature from the five 
data acquisition platform vendors who emerged as major contenders from a study of available 
acquisition systems is displayed in Appendix D. Appendices E and F exhibit material from radio 
telemetry and satellite transmission equipment vendors respectively. This instrumentation was 
assessed during the data storage and communications link investigation. Appendices G (gyro- 
sensor and gyroscope) and H (electronic compasdtilt sensor) show information which was looked 
at during the evaluation of general vehicle orientation instrumentation. Documentation from 
headway/tailway device and lateral position lane tracking system vendors is fbnished in 
Appendices I and J respectively. Appendix K supplies technical literature on collecting time data 
via a separate time-stamped board inserted into the laptop computer’s backplane. Material fiom 
suspension device vendors is provided in Appendix L. Appendices M and N present information 
from physiological and environment parameters measurement system vendors which was reviewed 
during the analysis of driver and environment recording instrumentation. Documentation on 
Scientific Atlanta’s video digitization system is displayed in Appendix 0. 
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Technical data fiom five personal and laptop computer vendors which was identified during the 
“develop design requirements and specifications for a portable driver performance data acquisition 
system” task are exhibited in Appendix P. Appendices Q and R show literature fiom gel-cell 
storage battery and sensor suite device vendors respectively. Information fiom video data system 
vendors is finished in Appendix S. 

Appendix T supplies documentation on Scientific Atlanta’s compressed video digital storage and 
retrieval system encoder and Mapstar software which emerged during the “determine the cost of 
one or more copies of the proposed data acquisition system” task. Technical data on Exabyte’s 
cartridge tape system and Robot Research’s digital picture transmission system are provided in 
Appendix U. Appendix V presents a cost estimate for the development of a lateral position lane 
tracking system by Williamson Associates. Literature on Calspan Corporation’s Test Planning, 
Analysis, and Evaluation System is displayed in Appendix W. Appendix X exhibits system 
engineering and software development requirements for DASCAR. Documentation on Cellular 
One’s cellular telephone service agreements is shown in Appendix Y. Appendix 2 hrnishes price 
quotations fiom most of the DASCAR equipment vendors for 15 additional vehicle units. 
Technical data on three (unobtrusive physiological monitoring, unobtrusive visual scanning, and 
Doppler range sensor) currently unfbnded efforts are supplied in Appendix AA. Appendix BB 
provides literature on Entran Devices’ load cells and Matsushita Electric Works’ dual-fbnction 
antenna Material on Edmund Scientific’s black-and-white board cameras is presented in 
Appendix C C .  

4. ACRONYMS AND ABBREVIATIONS 

DASCAR data acquisition system for crash avoidance research 

NHTSA National Highway Traffic Safety Administration 
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Acceleration - The smooth and effective modulation of speed through control of the accelerator 
pedal. The acceleration of the vehicle. 

Accelerator pedal position/displacement/travel - The amount of accelerator pedal displacement 
expressed in inches or as a percentage of full displacement. 

Ambient illumination - A measure of the areal density of light reaching the vehicle. 

Barometric pressure - The pressure of the atmosphere as indicated by a barometer. 

Blood pressure - The pressure of the blood against the inner walls of the blood vessels. 

Brake pedal position/displacement/travel - The amount of brake pedal displacement expressed in 
inches or as a percentage of full displacement. 

Brake system line pressure - The amount of the line pressures of the two independent hydraulic 
braking systems of the automobile exerted on the brake pedal. 

Braking - The application of appropriate levels of braking at appropriate moments using the brake 
pedal. 

Contrast - A measure of luminance difference. 

Coarse steering/lane change - Steering reversals which exceed twelve degrees of steering wheel 
angular rotation. 

Crown - The highest point of the road. 

Density - The number of cars/trucks within 100 feet of the vehicle. 

Diastolic blood pressure - An indication of the arterial pressure during the interval between heart 
beats. 

Distance traveled - The total distance traveled by the vehicle since the start of the run or trial 
and/or the distance fiom a specified reference point. 

Elapsed time - The elapsed time since the start of the run andor the time between control 
activations. 

. I  

Electrocardiogram - A gross measure of the electrical activity of the heart. 

Electroencephalogram - A measure of the pattern of electrical activity within the brain. 
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Electromyogram - A measure of the agonistlantagonist muscle pairs. 

Electromyogram average tension levels - An indication of how tightly a human operator is closing 
the manual control loop he is operating. 

Electrooculogram - A record of the changes in electrical potential that occur between the fkont 
and back of the eyeball as the eyes move between two fixed points. 

Fine steering - Steering reversals which exceed two but less than twelve degrees of steering wheel 
angular rotation. 

Galvanic skin response - Represents the changing or dynamic part of  skin response. 

Gust - A sudden, strong blast of wind. 

Haze - An aggregation in the atmosphere of very fine, widely dispersed, solid or liquid particles, 
or both, giving the air an opalescent appearance that subdues colors. 

Head movement turning reversal frequency - The number of head turn directional changes per 
unit time. 

Headingheadway - The distance between the front of the vehicle and the rear of the leading 
vehicle in the same lane. 

Heart rate - Repetition rate of the electrocardiogram-wave spike. 

Humidity - The amount or degree of moisture in the air. 

Lane keeping - Distance between the vehicle and a reference line on the road. The lateral position 
of the longitudinal axis of the vehicle with respect to a specified lane reference. 

Lane keeping exceedance ratio - The proportion of time that any of the tires is outside the driving 
lane. 

Lane keeping position variability - The deviation of the center line of the vehicle from the center 
of the lane. 

Lateral acceleration - The lateral acceleration of the vehicle. The second derivative of lane 
position. 

Lateral lane keeping - Position of the vehicle relative to the desired path. 

Lateral path deviation - The distance in inches that the vehicle moves off its intended course. 
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Lateral velocity - The first derivative of lane position. 

Longitudinal acceleration - The longitudinal acceleration of the vehicle. The first derivative of 
vehicle speed. 

Longitudinal lane keeping - Position of the vehicle relative to other vehicles ahead and behind on 
the roadway. 

Path - The route, course, or track along which the vehicle moves. 

Pitch - The degree of upward or downward inclination or slope of the vehicle. 

Precipitation - The amount of rain, snow, hail, etc., that has fallen at a gken place within a given 
period of time. 

Reflectance - The relationship between illumination reaching a surface and the resulting 
luminance. 

Relative velocity - The rate of change of headway. 

Respiration - Inhalation and exhalation of air. 

Road friction coefficient - The surface fiction of the road directly below the vehicle. 

Road inclination angle - The vertical grade of the road. 

Road radius of curvature - The lateral curvature of the road. 

Roll - The degree of left or right inclination or slope of the vehicle. The rolling motion of the 
vehicle. * 

Roll angle rate - The rate of change of the angular position of the vehicle's horizontal axis with 
respect to the horizontal. 

Sideslip .- To slip sideways in a downward direction. 

Speed - The ground speed of the vehicle. The rate of change of vehicle longitudinal position. 

Speed of other traffichelative velocity - The average speed of other vehicles. 

Steering - The application of the steering movements to maintain proper lane position, to track 
accurately, and to effect smooth lane changes. 
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Steering wheel positioddisplacement - The angular displacement of the steering wheel from the 
center neutral position. 

Steering wheel ratelvelocity - The angular velocity of the steering wheel. 

Steering wheel torque - The measured ability of the steering wheel to overcome turning 
resistance. 

Suspension - The arrangement of springs, shock absorbers, and hangers in a vehicle which 
connect the wheel-suspension units or axles to the chassis frame. 

Systolic blood pressure - An indication of the maximum arterial pressure occurring during 
contraction of the leR ventricle of the heart. 

Tailway - The distance between the rear of the vehicle and the front of the following vehicle. 

Time-to-line crossing - The time needed by the vehicle to reach either edge of the lane. 

Traffic condition - The characterization of the traffic density and speed. 

Visual scanning - The characterization of driver's visual performance. 

Visual scanning dwell time - The duration of visual fixations within a specified visual field. 

Visual scanning look frequency - The reciprocal of the interval between fixations. 

Wind - The direction and speed of the wind relative to the vehicle. 

Wind speed - The speed of the wind measured at the top of the vehicle. 

Yaw - The motion of the vehicle about its vertical axis. 

Yaw angle positioddisplacement - The angular position of the longitudinal axis of the vehicle 
with respect to the center line of the lane. 

Yaw ratehelocity - The rate of change of the angular position of the vehicle's longitudinal axis 
with respect to the center line of the lane. 
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APPENDIX C: TECHNICAL DATA FROM SWITCHING POWER SUPPLY VENDORS 

Powercube 
Vicor 
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DCW SERIES 
FEATURES: 

U Low Profile 
U Inpu t/Ou tpu t Isolation 

Short Circuit Protection 
U Overvoltage Protection 
m Low Output Ripple 
D Single or Triple Outputs 

U D-type Connector 
4 Shutdown Pin 

Efficiency to 78% 
4 Weight: 10 oz. 

Standard 3.50” x 4.00” x 0.625” Package 
4 Operating Temperature (baseplate): 

Custom Output Voltages Attainable 

U MIL-STD-461B, CEO3 

-21OC to +7loC 

Powercube’s DCR Series are a new Line of high- 
grade industrial, single or triple output, DC-DC 
switching regulator modules. It includes EM1 
filter, offering full compliance to CEO3 of 

DCRSeriesModules 

MIL-STDIIGIB, as well as an input/output 
connector for ease of installment. With its high 
efficiency, reliability and small size, this 25 Watt 
module can provide a cost effective solution to 
your high-reliability power converter needs. 

POWERCUSE The Source for Industrial and Military Power Supplies 
Powembe Cornration Eieht  Suburban park Dme. Billerica Massachusem 01821 .Phone ( 5 0 8 )  66’-9500- Fax 15081 667-6280 



Vicor Corporation 

The Power System Architect 
Vicor markets families of compact, eca- 
nomical, high performance power com- 
ponents that offer the power system 
architect many of the same advantages that 
integrated circuits brought to other mas of 
system design. 

By using Vicor's products, you can con- 
figure power systems that are smaller and 
lighter than most competitive offerings. 
This enables you to reduce the size and 
weight of y o u  produck - a competitive 
advantage in an electronics marketplace 
that values small size and high product 
fimctional density. 

Simplicity and Flaibility 
You can economically configure virtually 
any power system architecture, at virtually 
any power rating, by simply seleding 
arid interconnecting approptiati? power 
components. 
IM@ Erne fa Markt  
Use of power components shortens the 
power system development cycle, reduces 

power systems, and decreases the risks 
assodated with the design of complex 
"custom" power citcuits. 

Ben@& of Standardiuztiun 
product performance and product design 
cydes become more prrdictable; unantia- 
pated changes in system power quire- 
ments can be easily accommodated; 
unusual manufacturing and test processes 
can be eliminated; and economies of scale 
can be achieved with a minimum of prod- 
uct and vendor proliferation. 

Three classes of power components are 
offered: 

Modular € h e r  Con~m 
The heart of Vior's product lines, these 
f a d e s  of rugged, single output, furty in- 
tegrated DC to DC power converters offer 
features that arr of high value to the power 
system architect: very s d  s k - ,  high &- 
aency, low cost, high reliability, and 
modular expandability. 

These pmduct families are complete pow- 
systems. offering high performance, ready- 

hprchress 

skill levels required to successfuny dewlop 

COnfgtlmMe Produds 

to-run, multiple output solutions in a 
M.riety of power ratings. Using modular 
converters as core elements, they are con- 
figured to customer's needs, typically for 
overnight delivery. 

Peripheml Pawr System Carnponenfs 
These products integrate other important 
elements of the power system. Fbr example, 
off-line component front-ends, incor- 
porating unity power factor and universal 
inputs, provide use= with a simple means 
to operate modular converters off 
worldwide AC mains. 

? 

quency barrier" which hmik achievable 
power density in conventional converters. 

Vicor's patented converter topology wer- 
comes the frequency barrier by imple- 
menting a "forward converter switching 
at ze-nt". Each switch cyde delivers 
a quantized "packet" of energy to the 
converter output, with switch tum-an 
and him4 occurring at zerocurrent. 
Ze-nt-switching mdk in an essen- 
tially lossless switch, allowing Vicor 
converters to operate at frequencies in 
excess of 1 MHZ, with efficienaes greater 

6 

Zero-current-switching Technology 
W e n t  high frequency operation has long 
been recognized as the key to achieving 
high-power density and improved perfor- 
mance in switchmode converters. High 
frequency operation translates into smaller 
magnetics and capacitors, faster response 
times, lower noise levels and smaller filters. 
High efficiency implies low power dissi- 
pation and a minimization o€ volume 
utilized for cooling. 

Conventional switchmode converters are 
p e r  density limited because they in- 
herently trade off efficiency against 
operating frequency. The problem is 
"switching losses": heat generated in the 
switching element each time it discon- 
tinuously makes and breaks inductive 
current flow during its brief tum+n and 
turn-& transitions. Pbwer dissipation 
due to switching losses increases dirrctly 
with operating frequency until it becomes 
a dominant loss factor: effiaency declines 
rapidly, and the thermal and electrical 
stfesses on the switch element become 
unmanageable. Losses attributable to 
non-zem-ament-swiw reSult in a "fm 

than 80%, and with power densities ten or 
more rimes greater than conventional 
converters. 

Zeroaxrent-switchhg, energy quantiza- 
tion and forward power flow are 
simultaneously achieved with the circuit 
topology shown in the figure. An LC 
"tank" circuit, composed of inherent 
transformer leakage inductance and a 
capacitive element in the secondary, forms 
an energy transfer medium between input 
and output. Turning on the switch initiates 
transfer of a discrete packet of energy from 
the input source to the tank circuit 
capacitor, during which time an appm- 
imately half-sinusoidal current flows 
through the switch. Resonance (bidirec- 
tional energy flow) cannot occur because 
the rrctifiers will pemit only unidirrctional 
energy transfer. Switch turn-on occurs at 
ZeKzCun'ent, and the switch is turned off 
when current returns to zero. A simple, 
low-pass filter following the capacitor pro- 
duces a very low ripple DC output. By 
eliminating the fast current discontinuities 
characteristic of conventional topologies, 
2enxurrrntswitching results in a virtuaRy 



lossless transfer of energy from input to 
output with dramatidy d u c e d  levels of 
conducted and radiated noise. 

Proven Power Components 
The combin4 benefits of Vicor's zero- 
current-switching tedmology: high power 
density, high efficiency, high performance, 
high reliability, low conducted and radiated 
noise, and easy thermal management via 
a single isolated baseplate, make true com- 
ponent-level power conversion a reality; 
as affirmed by aver 1400 active customers 
worldwide and an installed base of over 
lpoopw, units. 

Engineering Capabilities 
Char t ed  with developing products and 
offering services that provide a full range of 
pwer  system solutions, Vior's engineering 
staff is M y  supported by a broad array of 
contempomy CADlCAE equipment. Wlth 

tegratpd cixuit simulation and design, high 
frrquency magnetic design and analysis, 
thmugh-hole and SMD PCB layout and 

Lively tackles problems that range from the 
ongoing development of an integrated line 
of "plug and play" power system building 
blocks, to design of custom power products 
for specifk applications. 

It was not just a mlutionary new idea that 
made Vior a market leader, it was know- 
ing how to turn that idea into a quality, 
manufactulable product. Vior considers i t s  
depth of technical expertise to be one of its 
key strengths. Vicor also knows that 
translating innovative ideas into quality 

mI.5 at their disposal to perform analog in- 

mechanical CAD, OUT Whni~A staff p'od~c- 

products requires attention to detail and 
adherence to a disciplined development 
process-a process which culmi- 
nates in the release of a complete set of 
documentation representative of a product 
whkh has been thoroughly qualification 
tested against its full range d functional 
spedfications. Attnctm . g the best people, 
challenging them to turn a vision of the 
future into reality, and leveraging their pro- 
ductivity and creativity with the best 
&ble tools is one of the ways by which 
V i r  intends to stay a market leader. 

Manufacturing through Automation 
With plants in Andover, M., Los Gatos, 
CA. and Western Europe, Vicor is ag- 
gressively executing a plan to make "lights 
out" manufacturing a reality. Combining 
robot based flexible assembly cells with 
customized, fixed automation and in-line 
automatic test equipment, vlcofs automa- 
tion strategy addresses the manufacture of 
todafs families of modular converter prod- 
ucts while rrtaining the flexibility to handle 
tornomw's. As an investment aimed at 
delivering competitively priced pmducts of 
the highest possible quality in the shortest 
possible time, domestic automation repre- 
sents Vicofs tangible long-term commit- 
ment of maintaining market leadership 
through customer satisfaction. It is also a 
commitment to employees that Vicor will 
continue to offer expanded opportunity 

through growth. 

Quality Assurance 
Vicofs formula for ensuring produd quali- 
ty is simple: prove that new products per- 
form by rigorously testing them before 
manufacturing release, then continuously 
audit production through SPC to identify 
trends before they turn into problems. 

Documenting and communicating erpecta 
tions and measuring and feeding back 
results, arr the keys to proactive quality 
assu~;117ce. Vanguarding the pnxess, Vir's 

metrology, materials and inspection person- 
nel continuously audits incoming material 
and work in pmass, measuring compliance 

trained staff of quality, reliability, test, 

against predefined quality goals. A com- 
bination of indrcuit and functional test 

before, during and after environmental p m  
cessing in computer con tded  chambers. 
Rapid feedback to both vendors and 
employees is aimed at preventing small 
discrepancies fmm becoming quality p m b  
lems. Dissemination of vendor ratings to 
engineering and purchasing closes the 
quality loop by ensuring that the best ven- 
dors are the preferred sources for both 
mainstream production and new designs. 

A field reliability history ten times better 
than the industry norm proves that this 
proactive approach works. A two-year 
warranty on commercial, industrial and 
military product grades and continuing in- 
vestment in automation are Wcor's com- 
mitments to continue to make it work. 

equipment is used to & ~ t h t ~  i n - v  data 

Licensing Strategic Partnerships 
To best serve the needs of the power market 
and to provide Vmfs woddwide customers 
with alternate sources of supply, Vicor has 
entered into several merchant and captive 
license apements. 

Merchant license agreements grant nghts to 
manufacture and sell power systems utiliz- 
ing Viofs patented technology within spe- 
cific market segments or geographic areas 
as alternative sou~es for Vior products. 

Captive License agreements prwide large 
U S ~ K  of power systems the means to man- 
ufacture and use Vicor technology as em- 
bedded elements within their commercial 
products. 



Master Muduk 

High Power DC-DC 
Converters, Dual and 
Trs’ple Output 

Family Features: 
i Up to 27 Wattsfcubic inch 
I Upto600Watts 
I 80-90%Efficiency 
E ChassisMount 
E RemoteSense 
Z. Thermal Shutdown 
E Current Limit and O W  

Master Modules: 
P-Series Dual 1oOW-4OOW 

Q-Series Dual 15OWaoOW 

R-Series Triple 15OWbooW 

4.Y x 4.Y x 0.62“ 

7.3” x 4.4’ x 0.62” 

7.3- x 4.0” x 0.6Y 

Product Highlights: 
Vicor’s Master Module Series of 

multiple output DC-Kconverters pro- 
vides power system designers with a 
cost effective, high performance, off- 
the-shelf solution for applications that 
might otherwise require a custom sup 
ply. Incorporating standard Vt-200 
Series converters in a rugged, chassis 
mount package, Master Modules can be 
ordered with dual or triple outputs hav- 
ing a combined output power of up to 
600 watts. Totally isolated outputs 
eliminate efficiency penalties and out- 
put interaction problems. Each output 
may be independently sensed, ad- 
justed, and sequenced. Designed to 
meet safety agency requirements, 
Master Modules also feature wide input 
voltage ranges, current limiting, in- 
dependent output OW, logic disable 
and thermal shutdown on each output. 

Model Selection Procedure: 
The following Master Module Con- 

figuration Procedure provides a simple 
stepbystep method for arriving at a 
Master Module Part Number based u p  
on number of outputs, output voltage 
and power ratings, and input voltage. 
Since the input and all outputs are 

isolated from each other, the input 
source may have either a positive or 
negative ground reference, and out- 
puts may lqe connected as either posi- 
tive or negative with respect to a com- 
mon return, or may be referenced to in- 
dependent, isolated, circuit returns. 

VI-pooO Series Configuration Chart 100 W - 400 W 

0 0 0 

.- 
0 E - 0  0 0 

VI-RoooO Seriks Configurutiotl Chart W W  - 600 W 

7 
V I -  && 0 

- -  A ?  0 

3 -  yvoc 
4 -  7Na 
5 - lyNoc 
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v n 15ow 
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VlCOF? 

Mastev Module 

High POWW DC-DC 
Converters, Dual and 
Triple Output 

Family Features: 
- Up to 27 Wattslcubic inch 
I Upto600Watts 
3 Efficiency 
T Chassis Mount 
T Remotesense 
- Thermal Shutdown 

Current Limit and OW 

Master Modules: 
P-Series Dud 1OOW-4OOW 

. Q-Series Dual 15OW-6OOW 

R-Series Triple l5OWdooW 

4.Y x 4.9” x 0.62” 

7.3” x 4.Y x 0.6T 

7.r’ x 4.9’ x 0.62” 

Product Highlights: 
Vicor‘s Master Module Series of 

multiple output DC-DC converters pro- 
vides power system designers with a 
cost effective, high performance, off- 
the-shelf solution for applications that 
might otherwise require a custom s u p  
ply. Incorporating standard VI-200 
Series converters in a rugged, chassis 
mount package, Master Modules can be 
ordered with dual or tripleoutputs hav- 
ing a combined output power of up to 
600 watts. Totally isolated outputs 
eliminate efficiency penalties and out- 
put interaction problems. Each output 
may be independently sensed, ad- 
justed, and sequenced. Designed to 
meet safety agency requirements, 
Master Modules also feature wide input 
voltage ranges, current limiting, in- 
dependent output OW, logic disable 
and thermal shutdown on each output. 

Model Selection Procedure: 
The following Master Module Con- 

figuration Procedure provides a simple 
stepbystep method for arriving at a 
Master Module Part Number based up 
on number of outputs, output voltage 
and power ratings, and input voltage. 

Since the input and all outputs are 
isolated from each other, the input 
source may have either a positive or 
negative ground reference, and out- 
puts may lje connected as either posi- 
tive or negative with respect to a com- 
mon return, or may be referenced to in- 
dependent, isolated, circuit returns. 

VI-POOO Series Configuration Chart 100 W - Po0 W 

G n p r t o v t p n  
P o r n  11 

Y -  m 
x - 75w 
w v = - looW 1sow 
u - m  

v7-QOOO Series Confipration Chart I50 W - 600 W 

0 0 0 0 

VI-Roo00 Series Configuration Chart SOW - 6OOW 

V I -  

T- 
J 

0 0 

4 f  
Mprt avlpn 

P o r n  I1 Poww 82 
Y .  sow 
x - 75w 
w I loow 
v I 1 w  
u - m o w  

t 



I e g a/M as t e r M o d u 
I to 600 Watt DC-DC Conve 
ngle, Dual and Triple Outp 

iurnmary Electrical Characterislics (typical) U 
k t  Point Accuracy 0.5% 
-oad Regulation 
.ine Regulation 
Iutput Temperature Drift 
'eak to Peak Output Ripple 
iigh Trim/Program 
-ow TrimIProgram 
rota1 Remote Sense Compensation 
IVP Set Potnt 
hrrent Limit 

0.05% 
0.05% 

0.01 %/"C 
1 % 

1 10% 

0.5V 

115% 

5% 

125% 

nputs: 10 to 400 VDC 
\ny Output: 2 10 95 VDC 
:hassir Mount 
JL. CSA, TUV 
)0-90% Efficiency 
Jp to 27 Watts/cubic inch 
io - 200 Watts 
1.9"L x 2S"W x 0.62"H 
100 - 400 Watts 
1.9"L x 4.9"W x 0.62"H 

1.9"L x 7.3"W x 0.62"H 
ICs Power Architecture 
.ow Noise fM Control 

150 - 600 Watts 
+ 

duct Highlights 
~r's Mega/Master Family of single, 
and triple output DC-DC converters 

rides power system designers with 
jt effective, high performance, 
he-shelf solution for applications 
might otherwise require a 

om supply. lncorporating standard 
00 Series converters in a rugged, 
sis mount package, Mega/Master 
lules can be ordered with single, 
I or triple outputs having a combined 
)ut of up to 600 watts. Totally isolated 
w t s  eliminate efficiency penalties 
output interaction problems. 

MegaIMaster Configuration Chart 
Mega Modules: 

Single Outputs VI-L E - E3 50-2OOW 
VI-M - a 100-400W 
Vi-N E - 300-600W 

OualOutputs VI-P .B - MLlO 100-400W 
VI-Q E . 8  - 1E30 150-600W 

Master Modules 

Triple Outputs VI-R R 8 - 81 0 0 13 150-600W 

4.9"L x 2.5"W x 0.62"H 
4.9"Lx 4.9"W x 0.62"H 
4.9"L x 7.3"W x 0.62"H 

4.9"L x 4.9W x 0.62"H 
4.9"L.x 7.3"W x 0.62"H 
4.9"L x 7.3"W x 0.62"H 

.. - - .. 
lnptd Voltage, Nominal 
cp 0 = 12V(1) 

1 = 24V(2) 
W = 24V(3) 
2 = 36V(4) 
3 = 48V(5) 
N = 46V(2) 
4 = 72V(5) 
5 = lSOV(5) 
6 = 300V(5) 
7 = 150/3OOV(6) 
s C e b ? - ; ) a o f o r ~  

p. yu 

I 
Output Power 
Y = 50W 
x =  75w 
w =  looW 
V = 150W 
u = 200w 

b Outptd Power 
w = 1oow 
v = 15Ow 
u = 200w 
s =w 
D = 400w 

c 
D 
5t 
rn 
H 
H 
H 
m 

m 

8 

m 

Prr 

i"P 

co: 

'eq 
Tel 
ma 
fie1 
anr 
cor 

co: 
ux 
Tel 
EM 

OPt 

nic 

ext 
inF 
d is 

c o  
a ci 
av, 

Pr( 
COC Notes (maximum ouipui Dower per  moduk) 

1 75Wmax 4 10OWmax 
2 150W max 
3 15OW max ( 5  voil outputs. 1oOW max)  

5 200W max ( 5  voll outputs 150W max ] 
6 1OOW mar (5 von outputs. 75W max ) 

. 



APPENDIX D: TECHNICAL, DATA FROM DATA ACQUISITION PLATFORM VENDORS 

Dianachart 
OPTIM Electronics 

Schlumberger Technologies 
Scientific Atlanta 
Smiths Industries 
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DIANACHART iNc 

101 ROUND HILL DRIVE 9 ROCKAWAY, N.J. 07866 TELEPHONE (201) 625-2299 FAX (201) 625-2449 

Oak Ridge National Labs 
PO Box 2008 
Oak Ridge, TN 37831-6364 

MAIL STOP: 6364 
ATTN: Phil Spelt 

Dear Mr. Spelt: 

Thank you for taking the time to define 
needs to us. 

March 24, 1993 

Tour signal measur Jw 

Enclosed is a quotation which covers an Acquisitor family 
product  as well as the options we feel  are important to your 
appl icat ion.  

There is a great deal of flexibility available in our product 
line. 
can provide custam software too !  
options and o t h e r  ineasurenent illstmaits, sa if you decide you 
need something slightly d i f f e r e n t  from the system quoted, please 
call. 

Our software is very "user friendlyqf and when needed, we 
We o f f e r  many addj t ional  

If I can be of further assistance, please let me know. 

Regards , 

Bill McWilliams 

End: Quote 
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Dianachafl , Inc. Travellogger plus accessories 

DESCRI PTPON ORDER UNIT 
CODE PRICE 

TEE FOLLOWING PRODUCTS ARE RECOMMENDED 
TO SATISPY YOUR REQUIREMEmS: 

TRAVELOGGER AC or battery powered data 
acquisition unit attaches to a laptop computer. 
6 channels, expandable to 96. TL $2260 

4 8  CHANNEL ANALOG INPUTS TL AI-48 $1245 

Custom option: 
Unit housed in light weight aluminum travel case. 
Provision made f o r  expansion to AI96. 
Velcro included to provide more secure positioning 
of unit e $ 795 

12 V CIGARETTE LIGHTER ADAPTER CABLES-- fo r  
automotive operation CL $ 70 

SIGNAL CONDITIONING**-- provides temperature 
referencing and linearizing fo r  thermocouple 
types J , K , E , B , R , S , T , N  and Tungsten. Also 
scales other sensors to engineering units 
and supplies compensated voltage for strain 
gauges and RTD's. Deals with up to 96 sensors 
per PC Acquis i tor .  SC $ 415 

MENU-DRIVEN SOFTWARE-- fo r  users who do not 
wish to write their own programs. To set up, 
simply follow on-screen directions. 
(STRONGLY RECOMMENDED) . 

Tf4000-120 486DX NOTE BOOK COMPUTER 25 MHZ, 
Texas Instruments. 
TM3000 with 180 Meg Hard Drive, 
4 Meg RAM, 1 . 4 4  Meg Floppy 
Disk, -VGk LCD & Extern61 Display. 

Fully configured and tested for use with your Data 
Acquisition equipment. 
HIGH SPEED DATA STORAGE-- at UP to 500 
channels/second (AT) (Needs -MS) 

CARRY CASE FOR TI4000-120 

MS $ 340 

$3299 

HS $ 3 4 0  

$ 8 5  

$9124 + 
shipping 



MADE IN USA! 

I I .\ TRAVELOGG E le Acquisition 
The TRAVELOGCER is a patable ACQUIS- 
FIrOR. It is designed to tit under a Notebook 
or lap-top portable PC. The TRAVELOGGER 
b ideal for situationswhere on-site datalogging 
and analysis is required, or for operation in an 
automobile, boat or airplane. The 
TRAVELOGGER has rechargeable batteries 
for remote operation. I t  is available with 14,48 
of 96 channel inputs. 

With theTRAWI.OGGF:Ryoucan set upand 
monitor an installation in a few minutes, dis- 
playing data from 96 thermocouples, pressure 
semrs, flowmeters etc. 

-3 The computer reduces and anawes this data into either a tabular or graphical format. 

% Thcoptionalinkjet printerdeliversa hardcopyofyour records totcavewith the customer. 

\ Yo0 can pick out, for example, peak and mean temperatures, rates of change etc. 

TRAVELOGGER gives you the choice - to collect data for larer analysis at your office, or 
do the whole job right now on site. 

TFhVELOGGER goes easily with you by car or plane, and will collect and process data -. unattended for hours, days, even weeks. Long-term measurements are easy with the 
% TRAVELOGGER, as i t  is rated for continuous use, and requires no maintenance. 

Ail the TRAVELOGGERS are identical, apart from the number of 
input channels. In  addition to the measuring inputs, each has 1 1 Binary 
(ONIOFF) inputs, a pulsecounting input (which uses the same 1 1  
inputs as an 11-bit counter), and 10 Binary (ON/OFF) TI'I. outputs 
which can be used for alarm or control p u r p s .  Relay outputs are 
available for contact closure or high-power Imds. 

The high resolution (0.3pVon themost sensitive range) together with 
the autoranging feature mean you can measure signals from trans- 
ducers such as Ihermncouples, pressure gages, strain gages and 
RTDs without needing external signal conditioning modulcs. Each 
input to the TRhWXOGGER can be used for any type of sensor, 
and a n  be redefined at any time from a sofiware menu. 

Thc TRAVELOGGER is electrically the same as a LhR-ACQ, with the 
addition of rechargeable batteries. I t  can be operated from its internal 
batteries, from the charger unit, or from a 12-Volf automobile, boat or 
eircmf! barmy. A cigarette lighter adapter is available for portable use. 

The enclmure is thinner than the LAB-ACQ, and somewhat deeper, to 
better match the profile of a laptop Personal Computer, and to f i t  und 
an airline seat. The input connections are on plug-in terminal strips so 
that the TIUVELOCCER can readily be movcd from place to place. 

TRAVELOCGERs are ideally suited to sit- 
uations where a portable means of mea- 
surement is needed, such as equipment in- 
stallation and check-out, field service, 
environmental studies, energy manage- 
ment, automotive equipment testing, and 
many other fields. With the comhinalion of 
a Laptop Personal Computer and a 
TRAWLOCGER you uin go anywhere to 
measure and analyx data, and with the 
optional battery-operated inkjet printer 
even print reports without needing AC 
power. 

The TRAW1.OGGEH can be supplied as a 
complete system with a laptop PC from 
most manufacturers. TRAWI,OC(;I+X 
can also be supplied alone, if you already 
have Rgoee%,or laplop YC. 

w 

Ar-%f O F  
Lt I*)$ c- 

OPTIONS 
All options listed in the Acquisitor options 
section are available with the TRAVELOG- 
CER. The most popuiar options are Menu- 
driven Software -MS, Signal Condftioning 
-SC Printer Driver -PD, Rent-Time 
Graphics -RTC, Stripchart -STP and the 
battery operated Inwet printer 4JP. 

The -PO Programmable Output, -BO addi- 
tional Binary Output and -RO Relay Out- 
put require the light aluminum travel case, 
as does the -N% %-channel input option. 
The -IT 4-20mA terminatorsand the -APSO 
or -APZOO Attenuators also require the 
Travel Case when used with a &-channel 
unit. 

The -1JP battery operated Inkjet printer, 
and the -CL Cigarette lighter adapter are 
unique to the TRAVELOGCER. 

Vc'e can supply a complete system - the 
SYSTEM-1-TL - with your choice of 
TRAW1,OGCER and options, together 
with any modcl of laptop computer you 
select. h$k the factory for recommenda- 
tions, RS laptop models change frequently. 

SPEClClCATlONS 
WUMBER OF Standard: 6 
CHANNELS: 14 with AI-14 Expansion Option 

4 8  with AI-48 Expansion Option 
4 9 6  with At-96 Expension Option 

INPUTS: Current 4.20mA. Ot10rnA with 
Thermocoupiw JKEBRST -SC 
RTD's. Strain Qages. etc. 

(O.+tV L.S.B.) 

1 
MEASURINO Voltage 0.ytV TO 10 V 

RESOLUTION: 16-8its (1185535) 

ACCURACY 20.02% 01 range 

LINEARITY: 2 0.015% 

INPUT 10,OOO Megohms/O.lpF 

BINARY I 1  ON-OFF TTL or contad 
INPUTS: end a pulse counter 

CONTROL 10 7TL outputs. Expandabk to 
WTPUTS: 640 (34 relay outputs with -RO) 

IMPEDANCE. 

DIMENSIONS: n-14, n-a: ww Y TH x iso 
Weighi: 6.5 Ibs. 

n-96: 24w x 8"W x 160 
Alurnlnurn Travel case 
Weight: 9th .  

INTERFACE: Parallel printer port 

POWEA: internal 5V rechargeable Nlckel- 
Cadmium battery with 115VAC 
50/BOHr charger. Optlonall2V 
autmbils adapter (-CL Wion) 

How to measure In Lab and Industry How to measure In Lab and Industry 



Dianachafl , Inc. Process-acq plus accessories 
DESCRIPTION ORDER UNIT 

CODE PRICE 

TIIE FOLLOWING PRODUCTS ARE RECOMMENDED 
TO SATISFY YOUR REQUIREMENTS: 

1 PROCESS-ACQ industrial data acquisition system 
f o r  monitoring, manufacturing and processes. 
Sealed NEMA 4/12 enclosure, parallel port 
communications standard. 6 channels, expandable 
to 192. PA $2305 

1 4 8  CHANNEL ANALOG INPUTS AI-48 $1245 

Custom option: 
Provision made for expansion to AI-192. 
Nicad Batteries and recharger electronics built in 
to allow in vehicle use. 
Velcro included to provide more secure positioning 
of unit. $ 4 9 5  

1 SIGNAL CONDITIONING**-- provides temperature 
referencing and linearizing for thermocouple 
types J , K , E , B , R , S , T , N  and Tungsten. Also 
scales other sensors to engineering units 
and supplies compensated voltage for strain 
gauges and RTD's. Deals with up to 96 sensors 
per PC Acquisitor. 

1 MENU-DRIVEN SOFTWARE-- f o r  users who do not 
wish to write their  own programs. To set up, 
simply follow on-screen directions. 
(STRONGLY RECOMMENDED) . 

1 TI4000-120 486DX NOTE BOOK COMPUTER 2 5  MHZ, 
Texas Instruments. 
TM3000 with 180 Meg Hard Drive, 
4 Meg RAM, 1 . 4 4  Meg Floppy 
Disk, VGA LCD & External Display. 

Fully configured and tested for use with your Data 
Acquisition equipment. 

1 HIGH SPEED DATA STORAGE-- at up to 500 
channels/second (AT) (Needs -MS) 

1 CARRY CASE FOR TI4001)-,120 

sc $ 415 

MS $ 3 4 0  

$3299 

HS $ 340 

$ 85 

$8524 + 
shipping 



MADE IN USA! 

PROCESS-ACQ Industrial oat8 Acquisition 
PROCFA!S-ACQ is a data acquisition module with 6 to 192 measurement channels 
mounted in an environmentally sealed enclosure. This ruggcd enclosure is waterproof, oil 
and dust resistant to NEMA4/NEMA12 specifications. Thc PROCESS-ACQ is designed 
for industrial monitoring in manufacturing and proccs  industries, or any dusry or damp 
environment. It offcrs fast setup, clear displays, and NO progremming. 

The PROCESS-ACQ is connected by RS232, RS422 or  -RPI Remotc ParRllet Interface 
to a personal compuler, usually located in a less hostile environmenl, or a TOUCH-ACQ. 

By placing the data acquisition module 
c l w  lo the signal sources, much less wiring 
IS requircd than I f  it were next to the com- 
puter, and the high wnsitivicy of the AC- 
QUlStTOR serics ntcnns that low-lcvel 
inputs such as strain gages, pressure trans- 
ducers and thermocouplcs can be mea- 
s u r e d  wi thout  needing  individual  
transmitters for each sipnal. This approach 
can result in a much more economical sys- 
tem. 

The PROCESS-ACQ also has 11  Binary 
inputs, and IO Binary outputs. These can 
be expanded to 640 I3inary outputs, in 
groups of 64. Narm relays and 4-20 mA 
analog outputs are availahle, together with a comprehensive alarm software package. The 
expansion Binary Outputs and Progrnmnxible Outputs are mounted together with the 
data acquisition module in a larger NEMA cnclosure. Kclay outputs are mounted in a 
separate enclmure to prevent possible interference hetwccn rhe relay output circuits 
(often AC line voltage) and the measurement inpuls. 

PID control analog outputs (4-20 mA , IO Volt or hme proportioning) are aviiilable with 
unlimited number of loops, and “Ramp and Snak”capebility. 

Connections arc brought into the enclosure through standard conduit, or oil-tight scaling 
glands available from locat electrical supply houscs. The input terminal strips on the 
PROCESS-ACQ are rnnuntcd directly on thc circuit board% for grcatc.rt reliahility, and 
wilt accept wires from 12 AWG through 30 AWG, either solid or strandcd. 

The PROCESS-ACQ can supply excitation IO transducers such as RTlIs and strain gagcs, 
in many cases eliminating the need for  individual transmitters, or powcr supplies, at a 
further saving in cost. ’Ihe input circuitry is fully differential, and s o  IS idciil for bridge 
measurements. 

, 

., 

c 

The bisic PROCESS-ACQ has 6 measurement ~nputs. F,xpnnsion options increaSc the 
number of measurernenl inputs to 14,48,96. or 102. 

PROCKSS-ACQscan bc expanded beyond 192channelslhrough the -MU MULTF-UNIT 
option, which rnakcs severel physical data acquisition units appear to the softwrire to be 
one large unit. This is particularly well suited to PROCESS-ACQs when you  place thc 

How to measure in Lab and Industry 

data acquisition modulcs near tayour signal sources, and climinatc transmilters and field 
wiring. 

Each unit is Connected to a separate communications port on thc cornpuler, either 
directly, or in groups of up to 4 with the -QRS QUAI)-RS232/MS422 adapter, which 
connccts 4 PROCESS-ACQs to each computer port, for up to 16 units on a PC. More 
than 16 units can he connected using the MULTI-ACQ, which alsosupparts “daisyshain” 
sequential connections from a single port ,  rather than a ”star” connection used by the 
PHOCKSS-ACQ. 

SOFTWARE 
You can operate a PROCESS-ACQ from your own program for spccial applications, 
using the nsscmhly language drivers supplied, or you can use thc convenient and simple 
MENU-DRIVEN SOFIWARE -MS to display your data and log it  io disk. ‘Ihe SIGNAL 
CONDITIONINC, -SC option gives you ‘Ihcrmocouple 1E’I’D and stmin gage measure- 
ment, togclhcr with individual Iincar (span and 7cro) scaling on cnch chiinnet. 

The advanced 1NSTATHEND REAL-TIME CRAPIIICS -HTC option shows you your 
data in many different formats, including on-wreen stripchart and spreadsheet for time 
history. togcthcr with Bargraph, Nume& 
and I’rocess Picture Diagrams, where the 
numericdata isoverlaidon a picture ofyour 
plant or process. Options to  -RTC arc also 
available for ALARMS (-ALM), a Com- 
prehensive alarm package, INSTANT HE- 
N A Y  (-REP) to examine past data even 
while taking ncw data, printed STRIPCII- 
ART (-STP) to print a continuous mulli- 
channel stripchart on your printer, and 
INSTA-CAM (.CAl.C) for uscr-spcci6ed 
alculations on any chiinnel. 

OPTIONS 
All options listcd in thc Acquisitor options 
section are availahlc with thc I’ROCfCSS- 
AOQ. 

RS232, RS422, or the -RPI Remote Pnrnl- 
\el interface are usually specified, since the 
PROCESS-ACQ is normally operated fur -  
ther from the computer than the 25 feel 
Over which the parallel prinler cable can hc 
used. 

A complete syslem with one or more FRO- 
CESS-ACQs and a host computer can he 
supplied as a fully tested system. All soft- 
ware is loaded and ready lo use. 

SPECIFICATIONS 

NUMBER OF Standard 6 
CHANNELS: 14 with AI-14 Expansion Option 

48 wtlh Ai.48 Expansion Optlon 
98 wtlh Ab96 Expansion Optton 
192 wilh AI-192 Opiton - 

INPUTS: Current 4.20mA. O-%A with 
Thermocoup#es JKEBRST -SC 
RTO’s. Strain Gages. elc 

(0 3 p V  L S B ) 

1 
MEASURINO Voltage 0.YtV TO 10 V 

RESOLUTION: 16-EilS (1/65535) 

ACCURACY: 2 0  02% of range 

LINEARITY: 2 0 015% 

INPUT t0.000 MegohmsIO. 1 ,if F 
IMPEDANCE: 

BINARY 11 ON-OFF TTC or coniacI 
INPUTS: and a pulse counter 

CONTROL 10 TTL outputs Expandable to 
OUTPUTS: 6 4 0  (3A relay outpuls with -RO) 

DIMENSIONS: 16W x 1WH X iIy’Otypical 
Suppliud with hinged. 
gasketled, locking door 

MOUNTtNO: Wall suppfled mounting brackets are 

POWER: 115VAC. 10W 

INTERFACE: Parallel standard: 
RS232. RS422 ootional 

How to measure In Lab and Industry 



PTI MEGADAC 
B6F 

MIDDLEBROOK TECH PARK 
12401 MIDDLEBROOK ROAD 
GERMANTOWN, MARYLAND 20874 
TELEPHONE (301) 428-7200 

May 20, 1993 
Ref: 93-366 

Mr. Phillip Spelt 
Oak Ridge National Laboratory 
PO Box 2008, Mail Stop 6364 
Oak Ridge, TN 37381 

Dear Mr. Spelt: 

Data Acquisition Systems 
Analog/Digital Sub-systems 
Signal Conditioning Modules 

Thank you for your time and the opportunity to  discuss Optim's MEGADAC Data Acquisition 
Systems with you. Optim manufactures a number of data acquisition systems for a variety of test 
environments and applications. MEGADAC's feature selectable sample rates, up to 250,000 
samples per second, a 1 6-bit Dynamic Range with one microvolt sensitivity, intelligent triggering, 
over-range detection indicators and automated data marking facilities for data reduction. Besides 
the MEGADAC's integral RAMDISK memory for data storage, we also provide mass storage on 
removable 1 gigabyte laser disks resolving issues concerning large data sets. 

Most importantly, Optim provides the total turnkey solution with our own Test Control Software 
(TCS), which is included with every MEGADAC. TCS is a fully integrated, menu-driven, window- 
oriented software package supporting all features and functionality of the MEGADAC. TCS runs on 
a DOS platform and streamlines your test setups, pquipment verification and data analysis. TCS 
also allows you to export your results to many of the popular analysis packages you may already be 
familiar. 

Please review the enclosed catalog and feel free to give me a call if I can be of any further 
assistance to you. 

Thank you for your time and consideration. 

Regards, 
Optim Electronics Corporation 

u o h n  Waldman 
Sales Engineer 

Enc. 



MEGADAC DATA ACQUISITION &: CONTROL SYSTEMS 

OPTIMS field proven MEGADAC Data Acquisition 
Systems prwide the engineering solutions la your 
measurement needs. 

The AC powered MEGADAC is designed for laboratory 
based installations. OPTlMs DC powered MEGADAC can 
resolve your portable and remote requirements. There are 
also MEGADACs designed exclusively to withstand severe 
vibration environments. 

By designing all hardware and software components 
concurrently, OPTTM provides the total turnkey solution 
with their own Test Control Software (TGS). 

TCS communicates to the MEGADAC using IEEE-488, 
RS-422, RS-232 &. RS45 interfaces. TCS is included with 
every MEGADAC and is specifically designed to operate 
on PCs and Notebook computers, since they have evoked 
into cost-effective, yet powerful computing platforms. 

MEGADACs feature selectable sample rates, from 1 
measurement a day to 250,OOO samples per second, a Full 
16-bit Dynamic Range with one microvolt sensitivity, 
intelligent triggering, over-range detection indicators and 
automated data marking facilities for data reduction. 

AI1 analog input modules feature input protection 
withstanding voltages up to lo00 volts without damage. 
Selectable gains are available on a channel-bychannel basis 
with a full scale input of 210 volts. 

OPTIM's programmable input modules support a wide 
range of active and passive transducers and sensors, 
featuring programmable gains and filter selections, internal 
voltage and shunt calibration facilities, signal conditioning 
and sensor excitation. 

Additionally, the 4n, converter features an automatic 
offset nulling subsystem, capable of removing pre-load and 
residual values prior to your measurements. 

fnternal Storage is provided within the MEGADAC's 
Memory, which can be divided into Acquisition and 
RAMDISK storage partitions. Non-Volatile Mass Storage 
is provided using InternaUExternal 1 Gigabyte ruggedized 
re-writable Laser Disks, or 1 Gigabyte Fxed Disks. 

TCS is a fully integrated, menu-driven, windoniaiented 
software package supporting all features and functionality 
of tke MEGADAC. TCS includes function specific help 
screens and step-by-step examples of haw to define and 
acquire test data, plus an on-line usen manuaL 

TCS allows you to enter your definitions in engineering 
units and time. Editing capabilities automatically support 
multiple test setups and menu presentations, prowding 
selections and prompts tailored spifially to your 
applications. All data is automatically available in 
engineering unit terminology both during and after your 
measurement process, 

In addition to TCS's ability to export results to mast 
popular analysis packages, OPllM's disk formats are 
transferrable to MTS's RPCe Systems & LMS's CADA-X 
Fourier Monitor ADC Throughput session formats, for 
further test development through OPTIMs External Mad  
Storage Readers 

OPTLM's Reader Control Software (RCS) can further 
enhance anatysis, since the data on the disks is already 
digitized. RCS was specifically designed for direct access to 
data files using OPTIMs External Mass Storage Readers 
connected to a PC through a SCSI interface. 
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DATA ACQUISITION SYSTEMS 
DESIGNED EXCLUSIVELY FOR 

0 STRUCTUFtAL MONITORING 

0 PAVEMI3NT RESEARCH 

0 IN-WHICLE TESTING 

Q DURBBILITY TESTING 

Q LOCOMOTIVE TESTING 

0 R&D ENVIRONMENTS 

a STRUCTURAL TESTING 

0 COMPOSITE RESEARCH 

0 MROSPACE TESTING 

0 MILITARY TESTING 

a EARTHQUAKE MONITORING 

0 MATERIAL TESTING 

Cl BRIDGE ‘IIESTING 

Q NUCLEAR POWER STATIONS 

a CLEAN ROOM MONITORING 



OPclM Electronics Corporation 

Item Description Part Nbr 

MEGADAC 3108DC KLlW 
HARDWARE 

0 Portable Data Acquisition System 
With 12 Volt Operation For Envlronments 
Operating up to 2 3 g's 

0 25,000 Samples per Second Throughput 
0 l6-Bit Analog-to-Digital Converter 
0 512 IOloBytes of Acquisition & Storage Memory 
0 8 Module Slots available to house: 

MEGADAC Input & Output Modules 
MEGADAC Expansion Chassis Module 
Addresses up to 256 Input Channels 
Addresses up to 128 Output Channels 

IEEE/488, RS-232, RS-422 or RS-485 

0 Includes OPTIM's TCS software 
TCS Runs on DOS Based IBM compatible Pc's 
TCS Suppons all MEGADAC Features/Functions 

MEGADAC Hardware Operating manual 
0 TCS Software Operaling manual 

0 Up io 64 MegaByta of Internal Memory 
0 DC Fkpansion Chassis For Input/Output Modules 
0 SCSI Interface & External Mass Storage 
0 SCSI Reader Kit & RCS Software for PC 

Power Supply 110 VAC / 12 VDC 

REMOTE INTERFACES 

SOFTWARE 

DOCUMENTATION 

OPTIONS 

Item Description Pan Nbr 

MEGADAC 51czSDC ML1067 
HARDWARE 

Portable Data Acquisition System 
With 12 Volt Operation For Environments 
Operating up to 5 3 g's 
250,000 Samples per Second Throughput 

0 16-Bit Analog-to-Digital Converter 
4 MegaBytes of Acquisition 8~ Storage Memory 
7 Module Slots available to house: 
MEGADAC Input & Output Modules 
MEGADAC Expansion Chassis Module 
A d d m  up to 256 Input Channels 
Addrwes  up to 128 Output Channels 

lEEEJ488, RS-232, RS422 or RS-485 

Includes OPTIMs TCS software 
0 TCS Runs on DOS Based IBM compatible Pc's 

TCS Supports all MEGADAC FeaturaEunctions 

0 MEGADAC Hardware Operating manual 
TCS Software Operating manual 

Up to 64 MegaByrcs of Internal Memory 
L D C  Expansion Chassis For Input/Output Modules 

SCSI Interface 8: External Mass Storage 
0 SCSI Reader Kit & RCS Software for P C  

Power Supply 110 VAC I 12 VDC 

REMOTE: INTERFACES 

SOFTWARE 

DOCUMENTATION 

OPTIONS 

I 
MEGADAC 3108DC 

EXTERNAL MAS§ SrORAGE 

I 1 

= .. c :' 

MEGADAC 5108DC 
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Test and Transaaions Diwsion 

829 Middlesex Turnpike 
P.O. Box 7004 
Billerica. MA 01821-7004 
Tel: (508) 671-9700 
Fax: (508 671 9704 
1 - 8 O c d 5 7 6 5  

January 25,1993 

Dr. Philip Spelt 

Oak Ridge National Lab 
PO Box 2008 
Oak Ridge, TN 37831 6364 

Dear Dr. Spelt: 

Thank your for your interest in our Schlumberger Technologies' products 
and accessories. Schlumberger Technologies is composed of four 
worldwide divisions with one consuming objective - leadership in 
providing innovative, cost effective productivity improvement tools. Our 
products provide cost effective solutions in the area of mechanical design, 
telecommunications, radio frequency, electronics service, and test. Our 
committment to continuous new product development and research 
makes Schlumberger Technologies quick to respond to world-wide 
market changes that benefit our customers. 

. 

Enclosed you will find the information and/or product brochures that you 
have requested. If you need any further assistance or would just like to 
speak with a Schlumberger Technologies sales person, please feel free 
to call your local sales representative listed below. 

Regards, 

David Zimmerman 
Regional Sales Engineer 
3100 New Castle Lane 
, 21140 

Enclosure: 3535 disk 



OAK RIDGE NATIONAL LABORATORY 
MANAGED BY MARTIN MARIETTA ENERGY SYSTEMS. INC. 
FOR THE U.S. DEPARTMENT OF ENERGY 

POST OFFICE BOX 2008 
OAK RIDGE. TENNESSEE 37831 

May 14, 1993 

Mr. David Zimmerman,Regional Sales Engineer 
Test & Transactions Division 
Schlurnberger Technologies 
3100 New Castle Lane 
Ma,MD 21140 

Dear Dave: 

CRADAMATERMLSF'ROMMAR~MARIEITAENERGYSY~S 

Enclosed is the packet of material on CRADAs which I promised to send you. P did not include the 
video tape, since it only shows George Bush witnessing the CRADA signing between ORNL and 
Coon Ceramics. If you or your company have any questions, please call me. 

Sincerely yours, 

Philip E Spelt 
Cognitive Systems & Human Factors Group 



Test & Transactions Division 

829 Middlesex Turnpike 
PO. Box 7004 
Billerica. MA 01821-7004 
Tel: (508) 671-9700 
Fax: (508) 671-9704 
1-800-225-5765 

May 28,1993 

Dr. Philip Spelt 
Oakridge National Laboratories 
MS 6364 
Oakridge, TN 37831 -6364 

Dear Dr. Spelt: 

I wanted to take this opportunity to thank you for discussing your data acquisition 
requirements with me at your facility. I was indeed fascinated with the scope of 
your project. Unfortunately, I have to bow out of the Competition at this time. 

I have discussed your application with my manager, Jeff Gruber. He knows of 
several manufacturers that would better fit your needs. Perhaps you could give 
him a call at 404-993-8801 and exchange ideas. 

Again, thanks for your time and consideration concerning this matter. 

Regards, 

David Zimmerman 
Regional Sales Engineer 

cc: Jeff Gruber 



Scorpio 35350 I I 

The complete standalone datalogger 
that's so easy to set up and use ,,. r . .. -. - -  . - -  

- , .. 
. .  

> MEASURE any mix of analog or digital inputs 

the graphical presentation of live high- 
precision results on a clear front panel 
display 

logged data in MS-DOS format on 3.5' 

> WATCH 

> STORE floppy disk 

reports automatically to a high-resolution .. . ALL WITHOUT ADDING A SINGLE > SEND printer EXTERNAL DEVICE 

So easy to set up 
Easy-to-follow menu prompts convm test 
requuements into data lwgmg set-ups at 
ihe touch of a few burions - even users 
who don't use t k  Scorpcc regubrty can 
program a test easily There IS battery back 
up for the IQger set-up, am rnul!~k test 
configurations can be stored on floppy ask 

Turnkey operation 
Once set lip. running a tesl using Scorpio IS 
straightforivard The operator simply imr-ts a 
disk canylng the required program and 
swtches w - logging WIII start automatically 
Operators can easily w t c b  behem disp!aG 
and bok at extra channels wthout affectig 
the cntical logging actwiry 

,.-, 
. ;\ 
' . .: '_ 

{ \: - 
: .* ' .  . 

The cost-effective solution 
Why pay for more capacty than you need' 
The basic Scorpio unit can start wth only 
20 Input channels, but this is eastty 
e x t e W  up to several hundred channels 
as your application expands 

Reliable accuracy . . . in every situation 
Onty one annual adjustment is required to 
guarantee microvoft accuracy WRhout the 
need fw separate signal condtiontng, sceclai 
amplifiers or hardware adjustments 
As well as a main power line operatm fw 
taboratory use. :he logger also offers 10-32V 
dc operation for use at feld kxatlons or m a 
vehcle Disks can be removed and sent for 
anatysis back at the lab, or data transferred to 
a PC via Scorpio's integral RS232 inimface 

Picture your own results with the Scorpio 
data logger 
The heart of the Scorpio 3535D data 
logger IS its large integral display screen, 
offenng high resolution (&lox 200 pixels) 
and back-light for extra clanty 
Not only does the Sconwo oisplay prow& 
an easy-to-use interface for menu-dnven 
set-up options, it also presents results, as 
they are logged. n a vanety of f m a t s  
Different display options are accessed at 
the touCh of a few buttons 
Nine different customized Screens can be 
specified. each displaymg up to 20 lines of 
direct readings and prozessed results. with 
text labelling to keep eveiy!hing in context 
Charts can be used wth customized 
screens to give you a clear picture of 
resub as they are ioggad No cornwter is 
needed to create graphic images 



Status icons 
The Scorpio display features a parel of 
easily-recognlsec icons Mich clearfy 
indicate exactly what the logger IS doing 
which tasks are actwe, where the data IS 
being sent, when the logger was last 
tnggered etc This rneans you can be sure 
the logger is doing exactly what you wan: 
dunng important tests 

User-defined reports 
There IS no need to wait mtil the end of ihe 
logging to obtain a pnnted report The high 
resolution Scorpio pnnter (640 dots wde) 
wlll produce 40 or 80 columns of crisp text 
output and you can also generate hard 
copies of charts from the display at the 
push of a buiion Selected resuits can be 
sent to the pnnter on a time schedule 
(every 10 minutes for example), or 
whenever the logger detects a pre defined 
change Data stored on disk can a b  be 
downloaded to the pnnter 

Convenient data transfer 
Scorpio stores data on 3 5' floppy disk n 
US-DOS o r  HP-UF format Disks may be 
transferred directly to a F C  for spreadswt 
anatysrs A range of free FC staRer 
software is availab'e wth the Scomio l w e r  
to facilitate the transfer of data into Lots  1 - 
2-3 and other spreadsheets 
Acquisiiion and analysis software bsed on 
Microsoft Windows (TM) is also avalabk 
Data c a n  also be sent llve or transferrea to 
a computer or other mass storage deuce 
via Scorpio's integral RS232 interface 
GPlB RS422 nte~aces are also 
available as options 



Measurement 

Measurement 
Scorpio combnes aRraCtive data 
wesentalion wth hgh precson 
measurement capatnity 
A complete range of analog and dtgital 
tnw and output modules IS available for 
the logger, ready to handk inputs such as 
therm~oupies, RTD's, stratn gages, 4- 
2Gm.4 nputs. irequency signals or digital 
events. 

Temperature measurements of the 
highest quality 
Scorpro's state-of-the-art Isothermal 
ConneCtor Block uses high quality RTD's 
fcf precism cold junctlon cornpensatton 
on thermococipies R can also be used for 
all types of analog inputs Automatic hlgh- 
precision lineanzatton of thermocouples 
acheves s q ~ r b  accuracy over the full 
temperature range 
RTD's can ais0 be measured using the 
same card and connector used for other 
arm sgnals Non-skndard RTDs can be 
measured n Ohms and lineanzed by 
means of userdefined conwsions. 

- .  I .  . .  
. .  . .  



Structural testing 
Acknowiedged expertse in strain gage 
measurement has made Schlumberger a 
market leader for structural testing 
equipment in research, power plant design, 
and the aerospace and automotive 
industries worldwide. 
The Scorpio data logger offers 2V or 1 OV 
voltage energization for full bndges. The 
dual-current method is also offered for 
quarter bridge, half bridge and 3-v~ire 
configurations, provlding OGstanding 
linearity, repeatability and accuracy of 
measurement. To prevent the introduction 
of thermal errors through a build-up of heat 
on the gages, energization is autornaticallly 
applied only during measurement. In 
addition. the quarter bridge configuration 
can utilize one of three user-supplied 
dummy gages on the transducer 
enefgization card, avoiding the need for a 
dummy on every channel. 

4-20mA current transmitter facilities for 
added convenience 
Scorpio’s transducer energization card also 
offers a 24Vdc/l A supply for powenng 4- 
20mA current transducers, eliminating the 
need for an external power supoly A 
special mers ion enables results to be 
changed directly into engineenng units. 

High performance analog modules 
Scorpco’s unique high voitage sdid 
state SCanner uses a new of FET 
switching techndcgy. This combines 
the benefRs of long lie, hgh reliablity 
and fast switching speed to meet the 
demands of any application. In 
addition, the ability to wrthstand high 
common m e  mttages and measure 
high input vottages ensure reliable 
operation in harsh industrial 
environments. Each of these unique 
new scanners can switch any type of 
analog input at a rate of up to 250 
channels per second with 2KlV 
isolation. 

High throughput speeds 
For faster applications, a high speed 
solid state scanner card offer a 
wtching rate of 500 channels per 
second. Fulty linevlzed thermocouple 
results can be sent continuously at this 
rate to the internal memory (5oco 
readings), the GPlB interface or the 
internal drsk. 

A 
wc 

Temperature 
Range of digital measurements 
Scorpio’s dtgfial m u l e s  include. 
I Frequency measurement (useful for 

certan transducers or for measunng 
engine or turbine rotatton speeds 

I Time interval and totalizing inputs (for 
logging the sequence of processes) 

I Digit& events wlth f2ms 
timestamping 

I Digital inputs for status indication 
I Digital cutputs for alarms or control 

Time 

e = Data logged 



Advanced Features 

Conversion and labelling for every 
channel 
Scorpio logs temwratures directly n 
Centlgrade or Fahrecheit Strain gages are 
logged in micro-svain To convert 
transducer inputs into the engrneenng units 
you require, one of tne following five 
standard conversions IS provded for eacn 
and every channel 
I Scale and off set v = mx+c 
L: Poiynomlal y = ax +bx-cx+d 

It Reciprocal y = a / x  

II 4-2OmA current transmitters 
The square root conversion is useful for 
converting differential pressure 
measurements to flow results 
The 4-2om4 current transmirtef conversion 
enables engineering values for the ends cf 
the transducer range to be entsed srraght 
from the manufacturer’s data sheet The 
logger does the linearization automatically 

51 
L( 

TASK I 

TASK 2 

MONITOR 
FU NCTlO N 

In addition to these standard conversms. 
almost any fornula can  be defined by the 
csef In a simple algebraic format 
A text labet up to 1 S characters I:: tength 
ie g RIG C FLOW I N W  can be azached 
!o the input frorr eacr channel, he!png tPe 
user to readily ident fy results 

Data reduction and alarm capability 
Alarm levels mzy be rief,ned for every input 
channel 
Results that deviate from pre-&tined 
cntena cat Se cstescrzeo as alans E3y 
storing only ‘esults with alarm tags the data 
is compresses to lnciude oniy important 
results 
Logger  a lms  can also be used to Swltch 
dtgilai outputs, activating bells. lights or 
other equ1DmePt as required 

Perform up to eight tasks at occe 
UP to eight pnontized measurement tasks 
can be defned, each logging from different 
s&ts of channels at 3fferent rates These 
tasks can oe inaependent of each other fw 
simultaneous monitcnng of mae than one 
test or experiment, bvt may also be Inked 
together in order to respond to measured 
resuits in a more cotinpiex test For 
example, you can set UP a task to be 
irggeed only when an alarm is detected. 

h 31s example TASK 1 
mccil~s :ha tes: ai fixed 
Itre n:mak sionng ihe 
data ’0 disk TASK 2 IS 
s w e d  by TASK 1 under 
a x a n  cordirons in 
&ition the MONITOR 
‘wm allows &fa to 
be sxamined without 
afr,:mg ttae on-going 
mq JCtIWty la 10 SIX 

GGER aco~iionai task could be 
sei l i~ tc b k  ai differenr 

, c m m : m s  cl 
MEASURE MEASURE Gawk ai drffwent 

rates to any selected CHANNUS CHANNELS $ ~ ~ ~ N & ~ & o  
1-100 

iRT 

- ._ , _ - _  

i - IO0 OutcYJl chce  - - - - -  1 - .  . - .  
PROCESSING PROCESSING STORE 
A W  H F M  __ DISK 
CHECKING 

I ’ -  
ALARM TO 
CHECKING DISK 

I 

CROSS 

1 - I O  
IDLE, WAITING FOR TRIGGER 

CONTINUOUS MONITOR OF SELECED C W N E L S  TO CUSlOMISED DISPLAY OR BARCHART 

I 
TIME - 



Calculations and decisions . . . as easy 
as writing a formula 
Scorpio can be set up to ~ r fo r r r  nter- 
channel calculations. to change ! w i n g  
routines on certain condi?icns. and even to 
Control other equipment. instwiims are 
entered in the form of simpie algewaic 
equations. just like keying a formula into a 
programmable scienti!ic calculatrjr. 
A full range of scientific am logicai 
fumtions IS available. Some typiml 
apDiicaiions of these woclid be to: 
E Average inputs over rime or in grcl;cs 
f Speed IJD the logging raie when 

temperatilres change by more t?an a 
specified amount 

(such as efficiency caiculatimsj instsad 
of thousands of raw readlngs 

I Send messages about test de!a,!s to the 
display or pnnter e.g user warnings. or 
pawfail remarks on test pararne:e:s 

I Calculate angle of principal stress from 
indivldual strain gages 

C Swtch power supplies or controi external 
equipment (e.g. motor speeds) tlsing 
ana@ and drgital outputs 

C Output only a few Drocessed results 

Scorpio has at it's heart a 'reduced 
instruction set" processor as founc :n :he 
newest generation workstations. Tnis 
magnitude of Computing power IS 
unprecedented in a data logger. Ym'll have 
power to spare whatever calculations and 
decision making your application demands. 

Modem operation for remote monitoring 
Scorpio data loggers may be si:uated 
remotety (in unattended piant or test 
houses, for example). wth data being 
transferred to a computer over telephone 
lines using auto-arswer Hayes corncatible 
modems This makes them ideal for u s e  in 
power-plant. field lmtions or energy 
anafysrs in experimental buildings 

Scorpio speaks your language 
The Scorpio menu is swtch selecfaole to 
English, French or Gennan so that its user- 
fnendty options are presented in wchever 
language you prefer 

, 
I. 

. . s .--> 

Orion compatibility 
Smpo's command structure IS 
compatible with that of Schlumberger's 
3530 ard 3531 Onon loggers, which 
means that a computer program mttev 
for onocl wll also work with the Scorpio 
35350 
In addition, all Onon's analog and dlgital 
VO modules, connector blocks and 
communication modules can be 
plugged into Scorpio (wth the sole 
exmotion of the 35301 D Transducer 
Enegisation module) 
This makes changeover to Scorpio a 
cost-effective proposition for existing 
onon users 



instruments Dtvlson 

3535D Data Logger 
Ordering Details 

35350 Data Logger Mainframe 
Includes high accuracy 19 b t  ADC. 10 
slots for VO modules, RS232 interface for 
computer commmicaton, front panel 
keyboard, high resolution 640 by 200 pxel 
baddii display, hgh resoiution pnnter (640 
povlt mde), 3 5' f l o w  disk dnve, UP to 
600 conversms and text labels, post- 
processing using simple aigebrac 
equations and 8 independent 
rnmremertt tasks 

3535E Slave Expansion Unit 
(1 0 module slots) 
Up to hryo can be connected to each 
mnframe wa a 35351 D E M  for 
connectmg additional analog scanner 
Cards. 

Analog Modules 
35351 H High Voltage Solid State 
Scanner' 
With 35353C tsothennal u w x a l  analog 
connector for high performance cold 
junction compensation 

353516 High Voltage Solid State 
Scanner 
With 35303A universal analog connector 
for standard cold junction compensation 
35301 J High Speed Solid State 
Scanner 
Witn 35303A universal analog connector 
for standard cold junction comwnsabon 
35301 K Reed Relay Scanner' 
With 353536 isothermal universal analog 
connector for high performance cold 
junction compensation 
35301 L Reed Relay Scanner 
With 35303A universal analog connector 
for standard cold junction compensation 
'Conrector requres 35351 D TEM n malframe unit fa 
CjC 

35351 D Transducer Energisation 
Module 
Switches voltage or current energisation to 
transducers COrmeCted to analog input 
scanners 
35301 E Analog Output Module 

Digital Modules 

353020 Event-Status 
353028 Digital Inputloutput 
353026: Counter-Timer 

Optional Computer interfaces 
35304A GPIB interface 
35304E) Dual port RS232IRS422 
interface 
All 35350 mainframes include an RS232 
interface free of charge One spare 
interface slot IS provlded in each mainframe 
for one of the above extra interfaces 

Spare Analog Connectors 
35353C Isothermal Universal Analog 
Connector Block 
35303A Standard Universal Analog 
Connector Block 
353038 Current Connector Block 

Accessories 
35355E Paper rolls (1 20) 
346028A 3.5' inch disks (10) 

r 



Scientific 

March 18, 1993 
SPSEA-947 

Oakridge National Lab 
P.O. B o x  2008 
Oakridge, TN 39831-6364 

Attention: Dr. Philip F. Spelt 

Dear Dr. Spelt: 

I received information from one of our Application Engineers that 
you have interest in instrumenting a vehicle and transmitting 
collected information to a distant site. We have instruments that 
can be used in this type of application, including a multi-channel 
signal collection and processing device intended specifically for 
on-vehicle use. We have inexpensive satellite communication 
devices (intended for use on mobile platforms) that interface with 
these instruments, as well as terrestrial RF communication devices 
for use at shorter distances. 

Scientific-Atlanta, Signal Processing Systems in San Diego, 
specializes in tailoring our products to custom applications. 
We welcome the opportunity to tell you about our products and 
capabilities, and to determine how we can satisfy your needs. 
Please call either myself at (619)679-6355 or Don Brady, my lead 

at (619)679-6291 to initiate a dialog. 

JPB/ch 

Scientific-Atlanta, Inc. 
Instrumenration Group 
Signal Processing Systems 

Telephone. 619 679-6000 
Fax: 619 679-6100 

13 1 12 EvenIng Creek Dr. So 
San Diego, C.4 9212e-4199 
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SCI ENTl FIC SIGNAL PROCESSING 
SYSTEMS I DIAGNOSVC PROCESSING UNIT BRIEFING 1 1 ATLANTA. INC. 

INTRODUCTION 
THE DIAGNOSTIC PROCESSING UNIT (DPU) REPRESENTS AN EXTREMELY FLEXIBLE AND AFFORDABLE 
DIAGNOSTIC SYSTEM FOR MULTIPLE APPLICATIONS. THE LATEST ACQUISITION, PROCESSING AND 
PACKAGING TECHNOLOGY tS EMPLOYED TO ACHfEVE HIGH FUNCT\ONAUTY AND SMALL S1ZE KEY FEATURES 
INCLUDE: 

REPROGRAMABlLiTY 4 MBYTES OF FLASH MEMORY ARE USED WHICH ALLOW THE 

DATA. FLASH MEMORY CAN BE LOADED WITH NEW PROGRAMS 
WITHOUT MODIFWNG HARDWARE. A COMMON HARDWARE 

NON-VOLATILE STORAGE OF PROGRAMS AND COLLECTED 

'I PLATFORM CAN BE UTIUZED 

FlEXlBlUTY 

ECONOMICAL 

A GENERIC ACQUISITION FRONT END ALLOWS THE COLLECTION OF 
BOTH WBRATtON AND ANALOG SENSOR DATA SUCH AS TEMPERATURE, 
PRESSURE AND TORQUE. ALL DATA IS DIGITIZED AND PROCESSED 
WITH A HIGH SPEED DIGITAL SlGNAL PROCESSOR ALLOWING SOFTWARE 
BASED DIAGNOSTICS TO BE EASILY UPGRADED AND CUSTOMTZED. 

THE DPU IS MADE AFFORDABLE BY USING THE LATEST ELECTRONIC 
AND SOFTWARE TECHNOLOGY. 

- DIGITAL SIGNAL PROCESSOR ALLOWING FAST FLEXIBLE DlAGNOSTfCS - HIGH DENSITY MEMORY ALLOWS S O M A R E  UPGRADE - SIGMA DELTA CONVERTERS ALLOW THE ELiMlNATlON OF MOST 
ANALOG CIRCUITRY 

4/7/93 SCIENTIFIC-ATLANTA, INC. - PROPRIETARY INFORMATION 3 



I SIGNAL PROCESSlNG I SYSTEMS 1 DIAGNOSTIC PROCESSING UNIT BRIEFING SClENfiFlC 1 ATLANTA, INC. 

I 
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SClEtdn FIC I DIAGNOSTIC PROCESSING UNIT BRIEFING I ATLANTA, INC. I SIGNAL PROCESSING 
SYSTEMS 

THE FOLLOWING ARE PROPOSED DIAGNOSTIC METHODS FOR GEAR BOXVIBRATION MONlTORINC. 
MANY TECHNIQUES RELY OF SIGNAL AVERAGING TO EXTRACT THE VIBRATION FROM A PARTICULAR 
GEAR. THE DPU USES A SOPHISTICATED INTERPOUTION METHOD TO RESAMPLE TIME DOMAIN 

METHOD PAlTERN 0 .  

I 
1 

FMO Deviation from a sinusoid I 
FM1A Overall modulation 

FM1 B Differences in plantpass 
modulation levels 

FM2 Correlated impacts 

FM3 Sub- harmonic meshing 

FM4A Single impacts of moderate 
intensity 

FM4B Rise in shaft-order activity 

PURPOSE 

General purpose detector 

Misalignment, Eccentricity, Swash 
Failure of shaft or supporting structure 

Planet load sharing problems 

Tooth fracture, chipping 

Parametric excitation, Heavy wear 

Spalling, Tooth Fracture 

Evenly distributed wear 

11/10/92 SCIENTIFIC-ATLANTA, INC. - PROPRIFTARY INFORMATION 7 



1 ATLANTA, INC. I SIGNAL PROCESSING I SYSTEMS DIAGNOSTIC PROCESSING UNIT BRIEFING 

METHOD 

FM5 

Narrow Band 
Enhancement 

Crest Factor 

Sideband Level 
Factor 

Non-harmonic 
to harmonic 

10R2/92 
. (  

PATTERN PUI 

Single impacts of low intensity 

Phase modulation of mesh. freq 
i 

Impulsive vibration sources 
-_ ~ 

Ratio of first order sideband 
to standard deviation of signal 

average 

Standard deviation of difference 
Signal to standard devlatlon of 
regular component, 

POSE 

Early spalling and fatigue cracking 
~~~ 

Fatigue cracking 

General 

Gear shaft damage or single tooth 
damage 

Heavy Wear 

? 
k 
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SCI ENTl FIC 
ATLANTA, INC. 

DIAGNOSTIC SYSTEMS BWlELlNG 
SIGNAL PROCESSING 

SYSTEMS 

DIAGNOSTIC ANALYSIS STATION (DAS) KEY FEATURES 

HARDWARE 

SOFTWARE 

COMMUNICATION 

DAS RUNS ON A STANDARD 386 OR 486 PC OR LAPTOP WITH AN 80MBYTE 
HARD DRIVE AND 4 MBYTES OF RAM. AN OPTIONAL CREDIT 
CARD READER IS AVAILABLE TO SIMPLIFY COMMUNICATIONS. 

THE SORUIARE 1s BASED OM THE MICROSOIT INTERFACE WHICH MAKES IT 
EASY TO LEARN AND USE. ALL DATA IS STORED IN A STANDARD WINDOWS 
DATABASE CALL SUPERBASE 4. SIMPLE FORM TOOLS ARE AVAlUBLE VIA 
SUPERBASE MAKING IT EASY TO MAKE UP CUSTOM REPORTS AND DATA 
ENTRY FORMS. EXTENSION ARE IN PROGRESS TO ADD AN INTEGRATED 
FAULT TREE CAPABILITY BASED ON COMMERCIALLY AVAILABLE FAULT TREE 
TOOLS. 

COMMUNICATION IS SIMPLE WITH THE CREDIT CARD MEMORY, THE DAS 
AUTOMATICALLY STORES THE DATA FROM THE CREDIT CARD IN ITS 
INTERNAL DATABASE. 

1 
C O M ~ N I C A T ~ O M  CAN ALSO BE PERFORMED WA WE ws-232 SEMAL PORT. 

THE USER CAN NOW BEGIN TO TRACK MECHANICAL COMPONENT ANOMALIES 
AND COMPARE ONE SYSTEM WITH ANOTHER. 

SCIENTIFIC-ATLANTA, INC. - PROPRIETARY INFORMATION 2 



SCIENTIRC 
ATLANTA, INC. 

DIAGNOSTIC SYSTEMS BRIEFING I SIGNAL PROCESSING 
SYSTEMS 

I SPECTRUM PLOT 

COMPQNENTTREND 

DAS VIBRATION ANALYSIS 

ALL SPECTRUM DATA CAN BE ARCHIVED AND DISPLAYED 
ALLOWlNG THE DEVELOPMENT OF FLEET WIDE TRENDS AND 
LIMITS WHERE APPLICABLE. 
KNOWN WSRATlON SOURCES ARE ANNOTATED ON THE 
DISPLAY. 
COMPONENTS WITH UMlTS EXCEEDANCES ARE HIGHLIGHTED. 
TREND DATA ALLOWS A COMPARISON OF SPECTRUM FROM 
'TIME TO TIME OR COMPARE SYSTEM TO SYSTEM OF A 
SIMILAR TYPE. 
SIMPLE OPERATION USING A MOUSE AND WINDOWS. 
INDIVIDUAL COMPONENTS ARE TRENDED OVER TIME ON A 
COMPONENT BY COMPONENT BASIS. UMlTS ARE INDICATED 
VIA COLOR CODE. 
ALL DtSPlAYS CAN BE PLACED IN WINDOWS WORD 
PROCESSORS FOR EASY REPORT GENERATION. 
ALL DATA AVAilABLE AS TABLES OF NUMBERS FOR USE IN 
OTHER REPORTS OR APPLICATIONS. 
SUPERBASE 4 HAS A VERY SIMPLE FORM AND REPORT 
GENERATOR FOR CUSTOM REPORTS. 

WlQ3 SCIENTIFIC-ATIANTA, INC. - PROPRIETARY INFORMATION 4 



DIAGNOSTIC PROCESSfNG ONIT (DPU) 



DAsCAli HIGH LEVkL SYSTEM OVERVIEW 

The D A S C ?  systftm is composed of three basic elements, the 
Data Processing 3iits (DEW), the System Control and Storage 
Moaule!SCSM) and che Data Analysis Station (DAS) . As 
L ;nci i . . - .=.~d in the attached figure t h e  3PU's can be networked 
on t h e  D k S W  vehicle to pernit decectralized data 
colle~-ior, and local preprocessing of analog data close to 
t h e  5 Digita.1 data will also be collected at: t he  DPU 
and p a s 4  througn to the SCSM fo r  further relay to the DAS. 

The System Collection and Storage Module (SCSM) is t h e  
system cc---xol lJr  and also will maintain local storage of 
data on the vehicle. The SCSM w i l l  be d C%ix bawd multi 
tasking system w i t h  an X-windows r 2erface. 

c T n e  operator w L n e  able co set up auramatic c~LLection, 
discreet; event and storage parameters at the SCSM to 
configure the system t o  -pecific or emergent DASCAR 
requirements. A key cov;,or 
digital. data storage u n i t  which w i l l  use either a tape or 
Qptical means of ctorage of the high volume of raw and 
preprocessed dxc: which the DASCAR vehicle will generate. 

The Unix and X-windows based Data Analysis Station (DAS)  
will support lcrng range trending and analysis of the  data 
collec: ! a t  the  vehicle. Data can be relayed from the 
vehicle 1- t h e  DAS by several means depmding on the 

.. .s-A'o p%*f 

scr. 

,f' 

t, of the  SCSM is a high volume 

operational requirements- souti m s r n i S S j n n  nF Aat a is 
however a- mi' via telephone land lines and mod* 

portable -.--.:ellite terminsfl which w i l l  support the GPS 
. .  

- 
cracking funct ion of DASCAR can also be used to transmit 
real  t i m e  or! board data if required. This feature might be 
usea to alert  the DAS monitoring s i t e  of a significant event 
detected on board the vehicle. The DAS w i l l  provide the 
operator Nich mulri f u x t i o n  aniilysis capabilirry in terms of 
equipment ciiacpostics and use of a r e l a c i a 1  dat a base to 
conduct: an3lvfi-n 4 of t k e  Large volumes of data collected from 
-dissimilar sensors on t h e  DASCAR vehicle. 
3 
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DASCAR DATA ANALYSIS STATION 

I. Specifications 

The Data Analysis S t a t i m  [ L i s ;  Kif1 be a u E 7 i X  based system 
w i t h  a Qser friexidly X-windcws base6 in te r face .  The m u l t i -  
sensor data i n p u t  will be prrjvided from t h e  Data Processing 
Unit (D?U) v i a  credi t  car2 metnory, nodem, or satellite 
Terrastar C. The LAS #ill p e r f o m  detailed data anslysis 
and s t c x  t h e  results into 2 data base fo r  trending and i n -  
Septh analysis. A t  the heart zf the DAS will be ai-! expert 
sysren that will a m l y z e  zhe operzticnal conditior. cf the 
DASCM. and a l l  of its components including the driver. This 
system will alsc diagnose mech:snica'_ problems and make 
reccmmendatiofis for f u t u r e  azticr, .  A functional breakdown 
of each of t h e  DAS csmponents can be outlined as fol?ows; 

K?LPISOURCE INPUT 
- Preprocesses Data - Raw Data 

b''3iIN FUNCTIONS 
- Detailed Data Analysis - Trending and Data Base Operations 
- Diagnostics ar,d Operational Condition Assesment 
- Archiving 

Preprocessed Data File I n p t  - 

Data will be processcd c o n t i n u a u s l y  on board the  Data 
Processing Unit ( G P U ) .  This processing will be 
pr imar i ly  fxecpency donain algorithms used €or on-line 
condition nonitcring. The alqorithms wiil enhance and 
i d e n t i f y  the cr-icica!, ~ ~ n p ~ ~ e i - i t s  c\f the data char, 
rezpire constant nmnicorins. These ccxgonents wFll be 
stored t o  a data f i l e  C? a regular  basis or will be 
triggered by events which have been pre designated, or 
activated by s?nscr  oat-of-boxnds t h re sho lds .  

Raw D a t a  File Inpat 

k sam2lecl time histcry file will be created afid stored 
on DAT tape or optics? disk (OR board DASCAR)* This 
f i l e  will be a high r s s o l u t i x i  "snapshzt" of all the  
inpt l t  parameters. Snapshcts can be triggersd by t h e  
SCSM c.n r,he basis of a. predeterxined sched,ule, 33: by 
any abnormalities or ?"vents detected by the SCSM i)r 
onboard sensors. 



Detailed GaL+._ Analysis 

The dct;ai led data a s a l p i s  will be perforned 03 the raw 
data input. State-of-the-art signal processing 
algoritkms will e x t r a c t  subt;e d i a g m s t i c  information 
f z m  a cQmplax waveform. These algDrithms w i l l  include 
both t i m e  domain an3 frequency b o w i n  processing. Some 
of the methods m a y  include: 

- S i g n a l  3emcdulation (gearbcx and bearinss) 
- C e p s t r u m  Techfiiques (wave f G r m  analysis) - Spatial F i l t e r i r g  (array processing) 
- HoloneLrics (linear regression of fourier  

- Shock P u l s e  Analysis {gearbox and bearings) .. Specialized Gearbcix Analysis 
( F W ,  FPIlA, F M l B ,  FM2, stc - ) - HilbrwE Trknsfor-m (phase modulation) 

- Xigh Resolution Spectral knalysis 
- Other algorithms which support human factors 

coefficients.) 

assessment or ZASCAII operational conditions 

'ihe key parameters pre-processed ct: the  CPU along wich 
the post-processed de ta i l ed  data analysis on t he  m s  ' 

will be t.racked with t he  use of a r e l a t i ~ r ~ a l  data base. 
T h s  data base and trsr-din9 features will be accessed 
automatically by the  Expert, system for operational 
assessment snd d iagmst ics .  The data base can alsr, be 
accessed by t h e  use r  for specialized a m l y s i s  and 
report generation. 

Diaunos t ics  and GDerationa: Assessment 

The machicery diagrmstiz-s snd operaticnal assessmefit 
w i l l  be performed by a kmwlec2ge based ExFert system. 
CTr &his system will function i n  much the same w a y  as a 
s a f e t y  or machinery diagnostic specialist. It uses a 
kncwledge bzse drawn fro:ii the ccmkir,ed experiences of 
leading experts ,  csupled with specific infcrmation of 
the  CASCP~? characteristics and data analysis 
information, to analyze sy txp toss  an3 generate even: 
ar,alysis and. diagnoses. The u s e r  can input and edit 
node1ir.y information (rncckirx and human 
chsracteristics) and operGtiona1 thresholds. This 
i z 4 o r m t i o n  is use2 by both t h e  SCSM (to d e t e m i n e  data 
pzoccssing parameters), and the "cxpert system. The 
aata  base will be principally used by thc Expert system 
for comparisons ta de tec t  a change i n  t h e  machinery 
s t a t e  or DASCAR oFerationa1 c o n d i t i m s .  Once a char,ge 
of sta te  or report&ls 9vent  is identifizd, a 
diagriosis is perfmined utilizing t h e  kncwledge base and 



nc.deling information. The prcbability that t h e  
diagnosis is c ~ r r e c t ,  a d  an indication of the problem 
severicy will be provided E m  each diagnosis. The 
system will the2  recoxmend an appropriate action to be 
t aken .  kn explana t ion  of the reasoning behim2 t h e  
d i a g m s i s  can be accessed by the w a r  if requested. 

kr ch i vi nq 

All raw data, pracessed data, and Expert system 
diagnoses will be archived and stored for f u t u r e  use. 

TI, U s e r  Interface 

The user in te r face  will 52 an )I-windows based system. This 
user f r i e n d l y  system will allcw both customized analysis of 
t h e  raw data, and custcmized sna1ysj.s of t h e  relational Bats 
bas2 information. The user will have access acid control of 
the expert diagnostic: parameters sr.6 kncwledge base 
infcrmation. Urllqiie trends and correlations ciin be 
identified through interacrive processing cf the relational 
database. Report quality plots and tables w i t h  sources and 
l i inics annothted can be easily customized. 



SMITHS INDUSTRIES 

Aerospace 

August 25, 1993 

Mr. Richard J. Carter 
Oak Ridge National Laboratory 
P. 0. Box 2008 
Oak Ridge, TN 37831-6360 

Defense Systems - 
Grand Rapids 

4141 Eastern Ave. S.E. 

Grand Rapids 

MI 49518-8727 

Telephone: (6 16) 24 1 - 7000 

Fax: (616) 241-7533 

Dear Mr. Carter, 

Dr. Lyle Reibling of our company requested that I send you some information on our 
Data Management Systems product line which may have application to your IVHS 
program. Smiths Industries Aerospace, formerly the Instrument Division of Lear 
Siegler has been developing and producing flight data recorders and data transfer 
systems for over a decade. We have been active in the expansion of data recording 
techniques and the processing of the recorded data which provides the customer with 
a variety of data bases to work from. 

One example of this level of technology is the flight recording that we do on the F-16 
fighter. We categorize the F-16 data into four categories: accidenthident data, 
individual aircraft tracking data, structural integrity data and engine data. Structural 
integrity data is normally collected from strain gauges, however the F-16 does not 
have strain gauges. Our recorder uses algorithms to process normally available data 
to compute bending moments to predict crack growth. This mathematically based 
model is very accurate and eliminates a lot af aircraft wiring and the unreliable strain 
gauges. 

With all of the data available on an aircraft, there are many uses to which it can be put. 
One area that we have been working in is the reconstruction of any given mission by 
using recorded data to drive a computer simulation. This has led to the development 
of a capability to augment training received on the more expensive aerial combat 
maneuvering ranges by making mission replay available, post mission, for pilot 
debriefings and training. Aircraft units can then train in any airspace near their home 
base rather than deploying to a range for training. 

The enclosed set of brochures is fairly representative of the products and capabilities 
which we work with every day. The are state of the art, solid state recording devices 
which process data in real time, compress and store for later retrieval. The reliability of 
our systems exceed 3,000 hours mean time between failure and all have been 
qualified to MIL-E-5400, Class II environment. The Standard Flight Data Recorder has 
the additional distinction of being qualified to aircraft gunfire environmental conditions. 

We have been in production since the mid-1980s and continue to find new 
applications for our data management products. Currently, we are following the U.S. 

Smiths hdusrncs Acrospacc & Dc’cnse 

Systems Inc. 

A Smiths Industnes Company 



Smiths Industries Aerospace 6 Defense Systems Inc. 

Navy Common Mission Recorder program. As a result of the Gulf War, the Navy has 
identified a need to improve their data recorder capability to include nearly everything 
from “DC to Light”. Since our solid state memory units have obvious memory 
limitations, we have a memorandum of agreement with a well known recorder 8mm 
tape recorder manufacturer. This allows us to offer an architectural sofution with a wide 
variety of signal sources by integrating both solid state mass memory technology with 
high resolution 8mm tape recording. This technique will allow us to come very close to 
meeting the Navy’s Common Mission Requirement with off-the-shelf, NDJ hardware 
and software. 

If you have any questions regarding our data management products or would like to 
discuss your particular requirements, please call me at (616) 361-8089. 

Sincerely, 

Stephen C. Gresley 
Manager, Standard Programs 
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One step ahead in 
on-board maintenance 
systems 

products toward an analytical 
aircraft maintenance system. 

Smiths hdustries existing engine life corrtputer and standard flight data 
recorder have been brought together into a single LRU system. The engine 
life cornpurer functions not only record running h o u r s  and engine stm, but 
also provide real-time calculations of low cycle fatigue and 'snapshots' d 
data to hghlight deviations, as well as recording excursion above detsned 
limits. The standard flight data recorder functions to recodstroctural, 
engine, tracking, maintance, mishap, and training/mission replay data. 

I= SMITHS INDUSTRIES 

Lower Cost of Ownership 
Through: 

lower Maintenance Costs 

* Reduce Parts Usage 

Decrease Repair Time 

* Reduce Maintenance 
Manpower 

Enhance Logistics Support 

Growth to Predictive 
Aircraft Maintenance 
System 

The Logical Choic- 1-11 Aerospace Group Worldwide 



On-Board Maintenance System 

On- board Diagnostic System Ca pa b i I i t y 

Data Recording System Loading Failure Prognostics 
Structural Loads & Automated Logbook Maintenance Scheduling 
Environment 0 Fault Diagnostics 0 Automated Logistics & 
Engine Health & Usage Training & Mission Analysis 
Transmission Health Corrective Action System Interface 
& Usage Recommendations Accident Investigation 
Rotor & Track Balance 

Fleet Management 

c d 

P 

F j S M l T H S  INDUSTRIES GR-1210-0991 
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Winchester Road, BasingSt.de, Hem., UK RG22 6HP 
Tel: (02561 843191 FAX: (0256) 840355 

4141 Eastern Ave., Grand Rapids, MI 495184727 
Tel: (61 61 241-7000 FAX: (61 6) 241-7858 
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Data Transfer Interface Unit (DTIU) 
Model 3266E P/N 171 246-01 -01 
Government Type No. J6005/A 

Programmable Cartridge (PC) 
Model 3245D P/N 171 245-01 -01 
Government Type No. MU-1 048/A 

FUNCTIONALITY 
Data Recording: Operational Flight Program (OFP) 

and documentary data i s  uploaded 
using the Programmable Cartridge as 
the memory transfer media. 
Standard Flight Data Recorder (SFDR) 
data i s  recorded into the 
programmable Cartridge during 
flight. 
Receptacle displays the percent of 
the memory used and the system 
faults 

HARDWARE 

Programmable 
Cartridge 
(PC or Module): 

0 

0 

0 

51 2K words of battery-backed RAM 
(growth to 75M words) 

Hand-removable from DTlU 

Powered via DTIU 
MIL-E-5400 Class 2 environmental 
characteristics 

Predicted MTBF: 9,800 hours 

Size: 3.25" W x 0.81" H x 5.91" D 
Weight: 0.75 Ibs. 

Digital C mput 
Emulation: 

r DTlU and Programmable Cartridge 
perform the following SFDR 
functions, eliminating the need for a 
digital computer: 
- Load Signal Data Recorder- 

Reproducer (SDRR) operational 
flight program 

- Load documentary data into 
SDRR non-volatile memory 

- Format standard flight data 
recorder memories 

- Clear usage accumulators a n d  
built-in-test records 

- Download Flight Data Memory 
Unit (FDMU) data 

- Download SDRR non-volatile 
memory 

- Download SDRR auxiliary 
memory unit (if installed) 

Data Transfer 
Interface Unit 
(DTIU or 
Receptacle): 

0 

0 

RS-422 interface 
(SFDR W1328 protocdl) 

Motorola 68000 Processor 
Eight Character LED Display 
+28 VDC, 20 watts input power IAW 

MIL-E-5400 Class 2 environmental 
characteristics 
Predicted MTBF: 28,000 hours 
Size: 5.00" W x 3.02" H x 7.42" D 
Weight: 4.00 Ibs. 

MIL-STD-704 

SMITHS INDUSTRIES 

Aero space 4141 Eastern Avenue, S.E. Grand Rapids, MI 49518-8727 Telephone: (6161 241-7Q30 

CR-WlD-0193 





Data Transfer Unit (DTU), Receptacle 
Model 3266H 
P/N 172264-01-01 

- 

Data Transfer Module (DTM) 
Model 3245E 
P/N 172265-01 -01 

, 

FUNCTIONALITY 

Data Transfer: 0 The portable DTM contains rugged high 
density non-volatile memory which is 
used to upload, record/store, and 
download vehicle data and operational 
programs. 

- Ruggedized reaawrite in-flight 
- Shirt-pocket convenience 

receptacle performs the following 
functions: 

The DTM processor managed 

- DTM interface to host vehicle 
designated interface(s) 

- Automatic DTM type/size 
recognition 

- Response to bus controller 
command(s) 

- D T M  data management and fault 
tolerant processing 

- Memory scramble on command 

SMITHS INDUSTRIES 

COCKPIT HARDWARE 

Module (DTM): 0 

%4 

Processor 
Receptacle: 

40-1 50 Megabyte non-volatile memory 
with growth to gigabyte range 

One hand insertiodremoval from 
receptacle 

Powered via receptacle 

MIL-E-5400 Class I environmental 
characteristics 

Predicted MTBFF: 14,100 hours 
(Functional failures) 

Size: 3.25" W x 0.81" H x 5.91" D 

Weight: 0.75 lbs. 

Variable Interface (MIL-STD-15536, 

68340 Processor 

28 VDC or 1 15 VAU400 Hz/ One 
Phase input power at 15 watts IAW 

Field reprogrammable 

MIL-E-5400 Class I I  environmental 
characteristics 

Predicted MTBF: 74,500 hours 
(MIL-HDBK-2 17F, 55°C ambient, 
airborne rotary wing environment) 

Size: 5.75" W x 3.00" H x 7.00" D 

Weight: 4.50 Ibs. 

SCSI, MIL-STD-l553B/SCSI) 

MIL-STD-704 
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Scientific 
Atlanta 

Instrumentat;on Group 

Wideband Telemetry Receiver 
Series 930C 

Description 
The Series 530C Wdeaand T+lene?ry Receiver is the new G.dd:ton to tna 
comprehensive Series 920 prc3vct i!r,e. R e  Series $3C accepts RF signals ?ram 
2! 5 MHz to 2 4 X  M H z  by usir;g a vanaty of plug-in toners. A microprwsser unit 
ContrclS the opera?ion ot lhc receiver. services the front pwel display. 2nd prclvidas 
remo?e intertam capzOr!ity via $35232. !EEE-48& cr RS-422. A front panel. high- 
ccntrast LCO ds;iay $rov:&z a!! s?a!ss anb tuning infarmaton. The receiver r$ 
coi?l~~i& usmg a Z76fIl1 drive.:! -Had Key.* 'Sot: Key" W p a c h  mich leads the 
opsrato: throug3 cornplere setup ioti!inCs. Up ?o 10 ccmpleta setup mnti!prations 
can be mred in xn-vc!atile RAM mencry. In additic??, !he 930C is capable of 
esreme high 0312 ;ate appiiations (20 Libps) it? order !3 meet !he requirornents Cf 
the modern test enwronment. 

Scientific-Atlanta, Inc. 
1-800-848-7921 



Real tine teleretry S t a t i m  hareware will c o n s i s t  of off-the-shelf 
haruware which can support  all standard telemetry bands. 

The Scientific Atlanta tsfematry receiver supports a l l  bands via 
separate tuner  plug-ins or a unique Wideband frequency synthesizec! 
tuner. The wideband t u n e r  was developed for  TAG in Europe for support 
of Foricula car real t i m e  telenetry. T h e  wideband tuner offers 
immediate frequeficy band support f o r  a wide variety of telemetry bands 
which may be available at a given s i t e .  

A brochure f o r  t he  Mcdel 9 3 0 8  telemetry rsceiver and Model 9 3 4  
diversity conbber  is es?closed. Diversity combining can offer off- 
the-shelf imprcvements in reception and data quality under certair. 

* operating conditions. Model 930C data sheets provide a good 
photographic depiction of the new receiver  f r o n t  panel on a l l  Series 
930 cfipissis. The Series 930 telemetry receiver offers complete 
remotability of a i l  f r o n t  panel control artd status functi~ns w i t h  t h e  
exception of on-off power and reraate buss address, This u n i t  would be 
very easily implementsd in a roil-away-telemetry system fo r  local and 
or track operatbns.  

The Series 930 receiver offers a f u l l  family of IRIG standard f r o n t  
panel plug-in demodulators. These wili support a wide range of off- 
the-shelf FM, PI?, or BPSH zodulations. 

All telemetry hardvare identified in this straman design confoms to 
XRIG l.to6-rj6 stafidards.  Scientific Atlanta is qualified t h r o u g h  
demonstrated experkise in fielding telemetry, tracking, and control 
systems meeting the nsst  stringent military specifications. 

An off ",he shelf bit sync and frame sync w i l l  be Integrated to provicle 
data t o  the disp lay  and prOcesSlng subsysteas. Representative dztE 
sheets are provided. Pre-il  and post4 outputs  from t he  9308 receiver 
will allow recorciing of t h e  analog data fo r  non-real time processin9 
if desired. 
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Proxtink'" Radio Moduie 
Wiirkless RS-232 Connectivity 

uverview - 
n e  standmd ProxLink off= exce1ler.t in:emtdiate range ci a k u t  5 0 0  feet. 
witlie the ProxLinkncR provides cxrendcd range capabilities cf SO0 fcec or 
mcrt, dcptndhg on rhe apeciflcs of the opcrmiona! tnvironnenr. (These 
:',istancts can be achscvtd "out of t!t box" anywhere i n  the United States. 
wjfhout the nted for an FCC site !Icense.) PraxLjnks zre skippxi wiih an 
antenna, RS4.32 cabie, powu supply, and a fdl one year wanany, 

Benefits 

Plug-and-Play lnrrallation - wireless RS-232 in minutes 

No FCC Sile Licensing - ProxLink gives thc user conrrol of :!icit own 
airwaves -without g o v c m m t  Uiccnsing. 

Glrorafxecd Error-Free Communica:iOrr - Spread S~cc:nr;r, racro ind 100% 
t m t  deletion ensure reliable cCmmrrnicariun e v c v  tin:. 
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i 
I Questions and Answers 

about PraxLinklXR Radio 
,Modules from Psoxim, Inc. 

\ /" 
C o m c t  RS-232 devices bra 

ProxLink is a spread spectrum radio module which pcrrnits almost any RS-232 connection to bc 
rcpiaced with a transparent wireless connection. You simp1 * plug our RS-233 devices into a pair 
ProxLinks and obtain a wireless RS-232 link with a range o 3 5  up to 00 feet with the XR version. 

_. - ~~ 

Roxtink uses spread s ccvum radio signals in the 902-928 MHz range to pass the RS-232 data st 

user i! CC license. The signal will penetrate moss wails, glass. wood, plasrer. and other commonly 
obsuucrions. Unlike other wireless systems, PmxLink docs not require line of sight positioning. 

throu h the air. Sprca c! spccuvrn technology offers excct!ent inzexfefence rejection and requires nc 

- -- - 
You will need a pair of ProxLiRks i!! order to wirdtssly co:inect two RS-132 de.4ccs together -- 01 
ProxLink at each end. The PrGxLink units draw power from a wail outlet using :he AC adapter inc 
with each RQxLiak module. Once the units arc plu ged in, v o w  RS-232 devices can be connecter 
:he serial port on each unit. Instaliatran typically ta E es iess than stn hour. 

for RoxLink are summarized in the table beIow: 
Raaac 

Indoors, unobsuucted environment such as a warehouse 
Indoors, through. typical indoor obstructions 
Outdoors, with line of sight 

Depends on environrncnt 

-800 feet 
-200-500 feetY - 1 mile or ~ O Y C  

froxLink suppons 1230, 2m. .l;soO, 9600, and f9.2ii  baud dnra rztes. 
Data format: 8 data bits. 1 stop bit, no parity 



ProxLji-ik supports "in-band" flow contml ( E l - S ,  CTL-Q which is also known as XONIXUFT). 
P:-ooxtir?k can be confi u r d  to seneme XUWXOFF, rtcognite XONiXOFF or both generate and 
recognize X O N I X O ~  

Proxt:;.,k cafi $150 bc configured to geuettttc the CTS signal and respond to an RTS signal. 

Each Proxlink unit contains Pnnware which a b w s  the user to set the parameters which control the 
behawor of the ESroxLink unit. Tc, acnv~~te the configuration firmware, the user connects an ASCII 
ternno1 m the froxlink's serial connector and presses the small configuration bu:ton on the ProxLink 
device. When this i s  done, the ProxLink unit dispktys it menu an the terminal (nore that a PC running 
t e d n d  emulation software may also serve ab a terminal), 

Once [he ProxLink i s  in terminal mode, it is very easy to set the paramerers which control the RS-232 
configuration (flow cantrol. baud rare, esc). As each parameter is seiected and chztnged, thc settings are 
recoraed in !he ProxLink's nonvpiarrle WRqM.slpraSe. Once a configuration has been selec~!d, rhc 
ProxLink will remember the settings, even w b k  it 1s turned off. 

Afrer parameter settings bave been sekcrul, the user canstart the Proxfiink unit from the mens by 
Seiecrrng "Launch Operating Mode". The unit will start up ready to accept data in ~ ! e  new configura- 
tion. 

Each ProxLink unit comes with a full one (1 year warrant , 
Technical support is available from Pcoxim at (41s) 966d30,  

For i~fonnatian about hTJxLink and the name of your tocat Proxirn representative, conact Proxim at 
(415) 960-1630. 
W e  may also be mucked by FAX at (41 S )  964-51S1. 

5 1952 by fmxirn. Inc. PfoxLink ani: Proxirn &re tr;-&mruks of Proxin. !nc. 

#jig proxim 



APPENDIX F: TECHNICAL DATA FROM SATELLITE TRANSMISSION VENDORS 

Scientific Atlanta 
QualComm 

84 



Scientific 
At f a n t a 

Network Systems Group Application Note 
MapStarrM Automatic 

Vehicle Location Software 
Scientific-Atlanta’s MupStarTM 
Automatic Vehicle Location 
(AVL) sofmare package 
provides the dispatcher inter- 
face for fleet communications 
and tracking. Utilizing the 
global satellite system, 

Itiniarsat, a consortium of 
65 counri-ies, MapStai-M is 
connected Mith Scientific- 
Atlanta’s Mar-iStarm or 
TerraStarTM products to 
proiide real or near real time 
two-way comm iinications 
beMven the dispatch ofice 
a’’d nlobile 
in the world. 

anyw’he)-e Scien Mc-Akmta‘s TerraStaP -C/MariStaP -C Terminal is one exam& of an 

INMARSAT 
System Provider 

Scientific 
Atlanta 

lnmarsat Earth Station that can be used to communicate with the mobile 
vehicle/vessel using MapStaP . 

Features 
Mapstarm has a number of flexible features including: 

VehicleNessel Tracking for Entire Fleet 

Cartographic Flexibility 

Variable Communications Interface 

Two-way Communications 

Stand-alone Configuration 

Front-end Communications for Midrange and Mainframe 

Compatibility with TerraStar-Hubm Network Router 

Description 
Mapstarm is a graphic display, communications, and database management 
system for vehicle tracking applications. Users will be able to track vehicles, 
send and receive messages, establish data communications, and obtain vehicle 
status reports. 

Vehicle locations are displayed on maps, which may be customized to !he user’s 
specific requirements, providing an interface for the user to the map display and 
two-way communications. Using Mapstarm, the dispatcher can monitor in real 
time the location, speed and ETA for all vehicles in the fleet, an$ send and 
receive messages. 

Scient if ic-A t 1 anta, I nc. 
Fax - 404-903-5346 



MaDstarTM Automatic Vehicle Location Software 

Full Features of MapStarTv 
VehicleNessel Tracking 

Receives position data and plots vehicle’s 
exact location on map or chart 
Position options available: 
- Latest position 
- Last known/communicated position 
- 1 to 24 hour period 
- Archive Files 

- GPS LaVLong, course & velocity 
- Time and date sent 
- Time and date received 
- Sensor status reports 
- Forms filing 
- Fuel management data 
- Trip record data 

Supports the following services: 

Cartographic Flexibility 
Display of numerous vector based maps 
Zoom up to 7X for detail 
Allow any digital or hard copy map to be 
used as background map 
Maps are in multiple overlays 
User editable overlay 
Receives electronic file update 

Variable Communications Interface 
Basic map engine receives packets from many 
types of communications networks 

Two- Way Communications 
No additional programs are neces- 
sary to exchange messages with 
mobiles through the network 
All handshake and protocol 
conversion is automated 
Operates in batch or real time 

Map is Human Interface 
to Communications 

Communications are originated by 
pointing at vehicle or selecting 
vehicle from list 
Exact destination transmitter ID is 
always input when vehicle is 
selected 
All log keeping is automated 

Stand Alone Configuration 
The program is complete within itself and optimized to 
run in a stand-alone configuration 

Front-End Communications Processor 
for Midrange and Mainframe 
For those applications where the newly received 
message and position information is useful in another 
computer which is running an operations package. The 
program is designed to prepare the data for transfer to 
these other systems and to setve as a front-end 
communications processor for them. This can be 
accomplished in a direct connection to the other 
computer or via a network 

Back-End Cartographic Terminal 
for Midrange and Mainframe 
For those applications where the new dynamic data is 
received by the operations package in an existing 
computer, the program can very nicely receive the 
position information from the computer and display the 
positions on the electronic maps. This prevents the 
need for putting cartography on the host computer. 

Low Cost 
Perhaps the most cost-effective solution to vehicle 
tracking in the world. Plus built-in two-way communi- 
cations and many other extras. 



MaDStaP Automatic Vehicle Location Software 

Friendly Operation 
GUI-Geographical User Interface: 
the startlingly easy way to operate 
a complex and powerful computer. 
The ease of use and training 
saves even millions of dollars over 
time depending upon number of 
workstations and use. 

Network Managemen f 
The optional TerraStar-HubM routing, 
store-and-forward switch gives carriers 
full network parameters and flexibility 
without compromising performance or 
cost effectiveness. 

Benefits of MapSfarTM 
The financial benefits of equipping 
a fleet with a Scientific-Atlanta 
MariStaP or Terrastarm terminal 
are varied depending upon the 
application. In a typical trucking 
application, benefits accrue to 
all interested parties. 

TERRASTAR-HUB"' 
OR NETWORK PSN 

A 

suppal 6185 v v  v v  
Dalabase .A#lcation 

M Mamirame 

The Trucking Company/Operafor 
Cost savings lead to a payback of less than one 
year 
- More revenue mile per truck 
- Decreased and predictable telecommuni- 

cations cost 
- Decreased out of route and deadhead miles 

Mapstarm is a marketing tool 
- Offers a competitive edge 
- A proactive rather than reactive customer 

service plan 

Improves management reporting capabilities 

Reduces accidents and lowers fuel consumption 

Reduces insurance premiums by 7-1 5% 

MmStar and Terrastar are registered trademarks of Scientific-Atlanta 
MapStar is a registered trademark of ComGraphix, Incorporated. 

The Driver 
Near real-time communication between the driver 
and the dispatcher is accomplished easily from any 
location 

Quicker transit times 

With the optional Mobile Mapstarm interface the 
driver can see his location at all times. The soft- 
ware gives a numeric latitude/longitude indication of 
current position. Vectorized maps are also available 
for the vehicle with a suitable display device 

Increases number of loads and revenue miles 

Emergency assistance is always available 

Eliminates filling out complex driver logs 



MaDSfaP Automatic Vehicle Location Software 

The Shipper 
Greater degree of Quality Control 

Increases control of high-value consignments 

Precise status and shipment information 

Accurate delivery time with position reporting. 
Tighter ETAS can result in Just-In-Time service to 
customers 

Rapid response to customer request and/or order. 
In-transit redirects and expedited deliveries are 
easy to effect 

Coordinate operations with shipping personnel to 
maximize efficiencies and productivity 

Throughout the world, shippers 
can rely on Scientific-Atlanta’s 
AVL and lnmarsat 
systems expertise. After 
providing the first lnmarsat 
coastal earth stations, and 
more than 3,000 lnmarsat 
terminals, the transport industry 
has come to rely on Scientific- 
Atlanta since 1976 to provide 
mobile communications solutions 
worldwide. 

Sysfem Hardware Requirements 
Mapstarm is designed to operate with the following 
system hardware: 

Scientific-Atlanta MariStaP or Terrastar” 
lnmarsat Standard-C and/or -M Terminals 

Apple Computer, Inc. MacintoshTM systems, 
including Macintosh 11, Ilx, Ilcx, Ilci, Ilfx, and 
Quadra 700 and 950 computers, using 
System 6.0.5 or greater 

Any telecommunications network equipment 
that is able to connect to the specified lnmarsat 
Land or Coastal Earth Station 

Optional Terrastar-HubM for use in multiple 
dispatcher networks. 

Macintosh i s  a tradrnark licensed 10 Apple Computer. Inc 

Illustration showing typical transpoaation application 
using MapStaP 

Scientific-Atlanta, Inc. 
Our customers are the winners. 

AI 

United States: 4291 Communications Drive, Norcross, GA 30093; Telephone: (404) 903-6001 ; Telex 461 1804 
Canada: 120 Middlefield Road, Scarborough, Ontario MIS 4M6. Canada; Telephone: (416) 299-6888; Telex 06525344 

United Kingdom: Home Park Estate, Kings Langley, Herts, WD4 8LZ, England: Telephone: Kings Langley 44-923-266133; Telex 91 2044 
Jstralia: Unit 2, 2 Aquatic Drive, Frenchs Forest, N.S.W. 2086, Australia: Telephone: (612) 452-3388; Fax: (612) 451-4432; Telex 790 177478 

France: 4 Avenue Gabriel Peri, 78360 Montesson France; Telephone: 33-1 3-976-9191 : Telex 696385 
Italy: Via Benedetto Croce, 19, 00142, Rome, Italy; Telephone: 39-6-5409994; Telex 621441 

Germany: Albert-Schweitzer-Strasse 66,8000 Muenchen 83, Postfach 830935 Germany; Telephone: 49-89-678001 0; Telex 5212264 

42A144Z Q Copyright 1992 Scientific-Atlanta, Inc. All rights resewed. Printed in USA. 0892M 0252 



Terrastar-C Satellite Terminal Scient if ic 
Atlanta 

Network Systems Group Model 9605 

The Model 9805 Terrastar-C Satellite Terminal offers global data or telex 
communication through the Inmai-sat Standard %' System. The system is easy 
to operate and connects with either an ASCII terminal or personal computer. 
With the optional GPS Receiver, precise position determination is available 
through the same antenna. 

Features 
Smallest, lightest weight Inmarsat-C terminal available 

9 2-way message and data communication to any destination 
Automatic data and position reporting . 
Standard interface to NMEA 0183 navigators 

GPS interface 50-ohm SMA connector 

INMARSAT 

Description 
The Model 9805 offers Land Mobile users fast and reliable connections to 
any domestic or international telex or data network. Fast and reliable 
2-way transfer of any type of written message or data is supported along 
with data reporting transmission and automatic polling of terminal position. 

Operation and control of the Model 9805 is performed via a standard 
RS-232 communications port. The unit can be operated from either a 
standard ASCII terminal or an MS-DOS based desk-top, portable, or 
lap-top personal computer. 

Scientific-Atlanta, inc. 
404-903-600 1 



Model 9805 Terrastar-C Satellite Terminal 

System Specifications 
Meets or exceeds all current and proposed lnmarsat 
specifications for Inmarsat-C system. 

Transmit Frequency 

Receive Frequency 

Channel Spacing 

1626.5 to 1646.5 MHz 

1530.0 to 1545.0 MHz 

5 kHz 

Indoor Unit Specifications 
Modulation 

1200 symbols/second BPSK 
Ambiguity Resolution 

Unique word 
Coding 

Rate 1/2, k=7 convolutional code with interleaved code 
symbols 

Data Rate 
600 b/s 

Receive Frame Length 

Transmit Signalling Access Mode 

Transmit Message Channel 

Terminal Interface 

8.6 seconds 

Slotted ALOHA 

TDMA ti FDMA, interleaved code symbol 

CClTT rec. V. 24/28, 9-pin female D-connector, 
1 10-9600 baud, ITA-5 code, max. 100 meter cable 

Standard parallel Centronics, 25-pin female D-connector, 
m a .  4 meter cable 

CClTT Rec. V.10 Special with NMEA 0183 interface and 
multidrop addressing, BNC-female connector, m a .  
100 meter cable 

Antenna Interface 
Standard 50 ohm female N-connector, max. 
1 00-meter cable 

256 kbyte RAM 

Printer Interface 

Navigator & Alarm Interface 

Memory 

System Programming 
EEPROM programming of installation parameters from 
operator's terminal 

DC Power Source 
Ambient Temperature 

Relative Humidity 95% non-condensing 
Vibration 

10.5 to 32V dc, 9.5/80W 
-25°C to 55°C operating, 
-40°C to 80°C storage 

Operational 

Survival 

Random 5 to 20 Hz, 0.02g2/Hz, 
20 to 150 Hz -3 dB/Oct. (1 .O g rms) 
Random 5 to 20 Hz, 0.05g2/Hz, 
20 to 150 Hz -3 dB/Oct. (1.7 g rms) 

Shock Half sine, 209/11 ms 
Mounting 

Free standing cabinet with mounting brackets or optional 
19 inch mounting kit 

2.4 in (62mm) H x 8.5 in (214mm) W x 11 in (279mm) 0 

7.04 Ibs (3.2 kg) 

Dimensions 

Weight 

Antenna Specifications 
Meets or exceeds all lnmarsat specifications 
for antenna pattern and EIRP. 
Weight 4.2 Ibs (2.0 kg) 
Height 6.9 inches (1 76 mm) 
Max. Diameter 5.9 inches (1 50 mm), Conical 
Ambient Temperature -35°C to 55°C operational, 

-40°C to70"C storage 
Spray Solid droplets (AU) 
Ice Up to 2.5 cm (AU) 
Precipitation Up to 10 cmh (AU) 
Wind Up to 100 knots (AU) 
Vibration 2to10Hz, 1.0gpeak 
Mounting 1-112 inches tube mounting 

Specifications and product availability are subject to change 
without notice. 

Scientific-Atlanta, Inc. 
Our customers are the winners. 

United States: 4291 Communications Drive, Norcross, GA 30093, Tel: 404-903-6001, ITT Telex: 461 1804 
Australia: Unit 2. 2 Aquatic Drive, Frenchs Forest, N.S.W. 2086, Australia, Tel: (02)-452-3388, Telex: 177418 

France: 4 Avenue Gabriel Pen, 78360 Montesson, France, Tel: 13-976-91 91, Telex: 696385 
Germany: Albert-Schweitzer-Strasse 66,8000 Munich 83, Postfach 830935, Germany, Tel: 48-678001 0, Telex: 521 2264 

Italy: Via Benedetto Croce. 19, 00142, Rome, Italy, Tel: 6-5420244, Telex: 621441 
United Kingdom: Home Park Estate, Kings Langley, Herts WD4 811, England, Tel: 092-326-6133, Telex: 912044 

42D151Z 0 Copyright 1992 Scientific.Atlanta, Inc. All rights resewed. Printed in USA. 1092M 0255 
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INMARSAT SERVICES Scientific 
Atlanta 

I .  

SERVICES AVAllABLE 

AVAllABLE CONFIGURATIONS 

INSTRUM ENTATION 
GROUP 

PERSONAL MOBILE TRANS- TERMINAL HIGH SPEED 
TYPE VOICE FAX DATA OATAOPTION TELEX PORTABLE PORTABLE (VEHICLE 

MOUNTED) 

STANDARD-A 3 k H ~  FM 4.8 - 9.6kb 2.4 - 8.6kb W64kb YES YES NO NO 
STANOARO-B 9.6kb digrtat 9.6kb 16kb WMkb YES YES NO NO 
STANDARD-M 4.8kb dtgltal 4.8kb 2.4-4.8kb NONE YES YES YES YES 

600bps' NONE YES YES YES YES .. STANDARD4 NONE 
'store-and-toward 
"COMSAT supports mobile-to-base text messaging delivered to FAX machlnes 
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System Specifications System Programming 
~ e s t s  01 exceeds an cumnt proposed lnmarsat EEPROM programming of installation parameters trorn ., 

epera!ofs terminal 
spe~rftcations for Inmarsat-C System. 

Tranunil Frequency 

Recerve Frequency 

Channel Spaang 

Indoor &iFSpc%afiom 

1200 symbalslsec~nd BPSK 

Unique wonj 

Q 

1626.5 to 1646.5 MHz 

1530.0 to 1545.0 MHz 

Skwz 
- 0  - 

Modulatior; 

Ambiguity Resokrtion 

codin0 
Rate 112. k-7 convolutjod code with htefleaved Code 

bymbds 
Data m e  
mhk 

deceive Frame Length 
8.6 Seconds 

Transmit Signalling Access Mode 

Transmit Message Channel 

Terminal Interface 

slotted ALOHA 

TDMA & FDMA, interleaved code symbol 

CCm rec. V. 24728.9-pin female D-w, 
11 0-96OO baud. ITA-5 code, max. lo0 meter cabie 

Standard parallel Centronics, 21pln female a c O n m ,  
max. 4 meter mMe 

CCm Rec. V.iO Special with NMEA 0183 interlace and 
rnuttidrop @resing. BNCfernak connector. mar. 
100 meter W e  

Antenna Interface 
Standard 50 ohm female Nconnecfw. max. 
1 Wrneter CaMer 

256 byte R#d 

. 

Printer Interface 

Navigator & Alarm Interface 

M e w  

. 2.4 in (62mm) ).I x 8.5 in (214rnm) W x 11 in (279m) D 

7.04 US (32 kg) 

Antenna Specfficatfons 
Meets M exc8eds all Inmarsat specificabons 
tor antenna pattern and EIRP. 
WeigM 4 2  bs (2.0 kg) 
Height 6.9 krches (176 mm) 
Mar. Diameter 5 9  inches (1 50 mm). Conical 

-40°C to7O"C stwage 

S d i  droplets (AU) 
Up to 2.5 cm {AU) 
Up €0 10 Cmm (AU) 

Ambient T0mratUm -35°C to 55°C OpemtiOnal, 

spray 
Ice 
Praaipirabon 
Wrnd Up10 100 knots (AU) 
vibration 2toIOHz, 1,Ogpeak 
Mounting 1-lQ inches lube mounting 

Specifications and product availability are subject to change 
withovtndice. 
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O ~ ~ ~ T R A C S ~  satellite communia- 
Lions systems not only provide you 
with the ability to offer superior 
customer service, but also improve 
your bottom line profit figures. Saving 
valuable operating dollars begins the 
first day you install OmniTRCCS on 
your vehicles. 

A study of Omnim4CS customers 
revealed significant cost savings and 
revenue enhancements provided by 
QUALCOMMs satellite communica- 
tions system. These include: 

0 

0 

instantaneously increases route 
efficiency. 

For these reasons, QUALCOMM has 
prepared a detailed Cost Justification 
Model to evaluate data collected from 
your operation. Your QUALCOMM 
Account Manager will work with you 
to customize the Cost Justifjcation 

Reduced empty miles - with the 
ability to assign unexpected load(s) 
with a key stroke. 

Reduced driver turnover - driver 
satisfaction is of foremost impor- 

Model to your company's specific 
operating needs. 

The answers may surprise you. The 
bottom line of the cost justification 
analysis may indicate that you cannot 
afford to wait another dav to install 

tance to most trucking companies. 
OmniTRACS enables drivers to get 
the rest they need and increases 
their opportunities to make money. 

Reduced fuel and maintenance OmniTRACS. 

Reduced telecommunications costs 
- as much as 90 percent in some 

Reduced out-of-route miles. 

Increased dispatcher productivity - 
more time spent on dispatching 
and planning - less time on the 
telephone. Additionally, handling 
customer senice becomes proac- 
tive rather than reactive. 

Increased potential number of trips. 
The ability to locate every vehicle 
and communicate with every driver 

cases. 

costs due to consistent vehicle 
operation and the elimination of 
excessive engine idling associated 
with checkcall procedures. 

Since it minimizes the number of 
stops, OmniTRACS also reduces 
the probability of vehicle collisions. 
Not only does this lower repair 
costs, but fewer collisions ulti- 
mately reduce insurance premi- 
ums. 

The bottom line - a significant 
increase in assethehicle uti&- 
ation and profitability. 

To receive your own customized 
Cost Justification, mlt 800541-7490 
Cm CA, 619-597-5025), or write: 
QUALCOMM. Inc., 10555 Sorrento 
Valley Road, San Diego, CA 92121. 

QUALCOMM. Inc. 
10555 Sorrento Valley Road 
San Diego, CA 92121 
(619) 587-1 121 



shippers in the United States are 
demanding better customer service. 
”ley want to be assured their loads 
will consistently anive on schedule. 
They want to know their loads are 
safe. They are demanding better, 
more proactive service. OmniTRACS 
answers these demands - and more. 

SCHEDULING 
Imagine a customer calling your 
dispatcher asking about the status of 
their load. You have not spoken with 
the driver for hours. Before installing 
OmniTRACS you could have given 
the customer only a rough approxima- 
tion of the vehicle’s status. With 
OmniTRACs, you can tell your cus- 
tomer the truck is currently 40 miles 
south of his facility with no tratiic 
congestion or weather problems an- 
ticipated. The load will amive within 
the next hour, on schedule. This type 
of customer service is no longer a 
dream; OmniTRACS makes it a reality. 

Scheduling becomes even more 
important for shippers of just-in-time 
and sensitive shipments. These 
shipments are subject to inventory 
management systems that can 
instantly redirect or change dock 
appointments. I h e  OmniTRACS 
system gives you the ability to react to 

such circumstances. With the simple 
touch of a button you are in instant 
contact with your drivers. No longer 
are both you and the shipper at the 
mercy of the check call to communi- 
cate changes in requirements. 
O ~ I X R A C S  allows you to guarantee 
your customers a whole new level of 
responsiveness. 

SAFETY 
Shippers, carriers, government and 
the general public alike are extremely 
concerned with both the performance 
and safety of vehicles and drivers. 

The demands placed on drivers today 
create an environment which can lead 
to unsafe practices. Heightened 
competition in the bucking industry 
dictates total efficiency at all times. 
Unfortunately for drivers, this means 
numerous check calls, pulling in and 
out of antiquated truck stops and 
pushing that rig in need of service 
just a few more miles. 

OmniTRACS addresses these safety 
concerns directly. Drivers no longer 
need to pull off the road to check in. 
In fact, they state they now have more 
time to rest, to react to all dispatch 
assignments and tend to vehicle 
maintenance requirements. ’Kese 

qualityaf-life improvements have a 
direct impact on driver fatigue and 
safety. OmniTRACS allows you to 
put safety first More rested drivers, 
driving better maintained vehicles 
means safer loads, fewer losses, and 
thus improved service for your 
customers. 

PROACTIVE SERVICE 
You want to provide your shippers 
with safe shipments and on-time 
service that approaches 100 percent. 
Nationwide vehicle positioning and 
real-time communications is the only 
way you can assure such service in a 
dynamic environment With Omni- 
TRACS, you will not only cut costs and 
raise revenue, but you will also be 
proactive to your customers’ service 
requirements. OmniTRACS provides 
you with the ability to anticipate your 
customers’ requirements and react 
accordingly. 

If you have any questions regarding 
OmniTRACS, just stop one of the 
thousands of drivers using Omni- 
TRACS or one of the many shippers 
who insist our equipment is essential 
to the success of their business. Ask 
them what they think. OmniTRACS 
users are our best salespeople. 



OmniTRACS is an interactive 
communications network 
linking every vehicle in your 
fleet to a dispatch center. 
Messages and positioning 
information are beamed, via 
satellite, through our Network 
Management Center (NMC) in 
San Diego to dispatch centers 
throughout the United States. 

The OmnlTRACS system is 
comprised of three major 
components or subsystems: 
mobile communications hard- 
ware; network manage- _.*-- -- 

/-- 

ment service, including satel- 
lites; and dispatch software. 

MOBILE EQUIWllEHC 
The OmniTRACS system 
includes a ruggedized portable 
keyboard and display terminal, a 
communication unit housing the 
electronics, and a continuously 
tracking antenna in a sealed 
unit Each component is 
designed, manufactured and 
tested to survive temperature 
extremes of -30” to 70°C and 
extreme shock/vibration. With 

its protection from radio 
frequency and electrical 

‘. interferences, 

from the vehicle. At the heart of 
the system is the Viterbi 
decoder and Intel’s C186 
processor - together providing 
the most reliable signal process- 
ing capability in the world. 

The QUAJXOMM Automatic 
Satellite Position Reporting 
system is now featured in all 
communication units. As a 
resuk Loran C has become 
obsolete as a position determi- 
nate. Accurate to 1/4 of a mile, 
QASPR uses existing electron- 
ics and an antenna, along with 
satellite triangulation, to elimi- 
nate Loran’s ”black holes.” 

In addition, the communications 
unit in conjunction with 
TrailerTRACS, has the capabil- 
ity of transmitting real-time 
information such as refrigera- 
tion monitoring from trailers to 
dispatch via the existing tractor- 
to-tniler seven-way cable. 
TrailerTRACS provides seriai- 
ized trailer inventory and 
tracking and location informa- 
tion with each connect or 
disconnect of a trailer. Now 
high-value and critical ship 
ments are not only tracked, 
but monitored for both shipper 
assurances and overall. fleet 

u r d  which 1s ruggedized for 
fhe rough on-road environment; 

and the %serjriPndly” display unit. 

UtihtiOn. 



Ihe tlutdow Antennu - 
QUALCOMM’s rapid devel- 
opment of OmniTRACS was 
made possible by an innovative, 
proprietary Ku-band antenna 
design. This technology break- 
through has made it possible to 
manufacture an affordable and 
highly-retiable unit. 

Compact and ruggedized, 
QUALCOMM’s antenna is 
encased in an aerodynamic 
dome. Electronics drive a small 
motor directing the antenna 
toward the satellite at all times. 
The use of a directional antenna 
permits the highest data rates, 
the most error-free transmis- 
sions and greatest degree of 
reliability - a proprietary 
advantage superior to any 
satellite system. 

Operator Keybourd and Display 
Unit - OmniTRACS units come 
equipped with a full keyboard 
and numeric pad, to send and 
receive text messages of up to 
1900 total characters. While the 
size is small in comparison to a 
computer keyboard, it is no less 
functional. Coupled to the 
communications unit, the 
keyboard is easy-to-use, install 
and maintain. A user-friendly 
device prompts the operator 
with simple, straightforward 
language and commands. 

N ElWORK MANAGEMENT 
Tne Network Management 
Center (NMC) is the comniuni- 
cation hub of the OmniTR4CS 
system. Here proprietary 
electronics and software are 
designed, integrated and 
maintained on-site. Within 

QUXLCOMM? Network Management 
Center in San Diego. 

the NMC are two large DEC 
VAX 6410 computer cluster 
systems. One cluster constantly 
operates the system and the 
second remains in “warm- 
standby.” All communications 
are transmitted via satellite 
through a 7.6 meter dish 
located on premises of the 
headquarters complex. 

Satellite service is provided by 
GTE aboard an existing satellite 
under a “protected lease“ which 
guarantees transponders will 
always be available to QUAL- 
COMM through one of 3 GTE 
satellites. Connections to the 
QUALCOMM NMC are 
supported through any number 
of existing leaseline and dial-up 
services, and to time share 
networks. V-sat service will be 
offered shortly. 

Through numerous communi- 
cations protocols supported at 
our NMC, QUALCOMM now 
operates the largest transporta- 
tion communication center in 
the world today. 

----I SPECIFICATIONS 
OUTDOOR WIT MNTENNA) 
Sealed lexan radome with auto- 
matically tracking horn antenna 
Diameter: 11.5” 
Height: 6.75’ 
Weight: 11 Ibs. 
Radiated Frequency: Ku Band 

COMMUNICATIOHS UNIT 
Dimensions: 12.75” x 9.25 ” x 4.5” 
Weight: 16 Ibs. 
Maximum Message Size: 1900 
message characters 
Slernory: previous 99 messages or 
256 lines 
Temperature Range: -30” C to 70” C 
Operating Voltage: + I2  vdc or 
+24 vdc (AC operation is optional) 
Return Message Buffer up to 3 
Construction: ruggedized 
aluminum with heat transfer tins 
Communications interfaces two 
RS 232, One SAE J 1T08 

DISPUY UNIT 
Rimensions: 11.5” x 7.5” x 2.75” 
IVeight: 2.5 Ib. 
Display: backtit LCD; 4 lines. 40 
charactersfline 
Keyboard: 69 key standard 
npewriter function keys 
Key Pad: elastomeric-type, splash 
resistant against contaminants 
Audible alert and visual indicator 
for message waiting 
Call-up auxiliary displays for in-Geld 
trouble shooting 

OmniTRACS 
QU.UCOMM Incorporated 
10555 krrento Valley Road 
San Diego, CA 92121 
(619) 587-1121 



With o - ~ ~ ~  you can 
track your vehicles as well as 
send and receive messages. 
Messages of up to 1,900 charac- 
ters can be sent to any vehicle in 
your tleet, regardless of how 
desolate its location may be. 

Three Simple Components 
You might think that such space 
age technology is hard to use. 
But the truth is, the elegant 
design of O m n i i C S  results in 
delivery of simple, easy-tmw 
hardware and software to assist 
you in your business. Three 
simple yet sophisticated c o m p  
nents comprise the O m n i i C S  
System. They include an environ- 
mentally ruggedized control unit, 
a dome unit that houses the small 
driver antenna, and an interface 
keyboard. 

first to market to maintain the 
number one position - it takes 

quality service and first response 
to customers' needs. 
For exampie, recognizing the 
d~cuity specialized carriers 
experience due to the inaccura- 
cies of bran C, we did more 
than offer promises - we 
delivered the solution. 
QUALCOMMs Automatic 
Satellite Position Reporting 
(QASPR) system replaces Loran 
C to pinpoint location within less 
than lo00 feet. 

fust quality products, lint 

N em& Management Center 
The NMC is the most sophisti- 
cated customer communications 
facility in the trucking industry. 
This state-of-the-art center 
controls all traffic on the net- 
work, carefully tracking all your 
messages - both sent or re 
ceived - and the delivery time of 
every message. 

.- first In Delivery QUALcoMM's NMC One ofhe most 
sophisticated EDI @em in h e  truckiw 
idustg. \ 

'. 

QASPR offers consistently more 
accurate positioning of all your 
rigs - continent-wide. Another 
first, and an example of our 
desire to hear our customers 
requests and do more than 
promise solutions. Others may 

We think our philosophy of first 
and best should also apply to 

reason, we pick our j~*-l 
partners carefully. ,*+# 

i @'J 

U- 

We achieved 
- this distinction by promise, we deliver. 

offering top quality 
to the msPOrta- 

long before 
our business partners. For &is anyone else. But it 

takes more than 

O l m i T ~ C S  enciranmmtd unit. 
rugedizedpmersuppb. and driver- 
frimdly on-baord kqboan? 



Ask a dispatcher why a driver 
hasn’t called in, and hell likely 
just roll his eyes and shake his 
head. The fact is, there are a 
thousand-and-one reasons why. 
And he’s heard them all. 
Because of traffic congestion, a 
driver may not be able to get to a 
truckstop he usually frequents. 
Or he may have broken down, 
way out on a lonesome stretch 
of highway, and can’t get to a 
phone at all. Or he may have 
gotten to a phone, only to find 
himself standing in a long line of 
other truckers waiting to put in 
checkcalls. 

Driver Benefits 
I Truckers awaiting new 
consignments often have to 
wake up every hour to make 
checkcalls. With OmniTRACS’ 
p a h g  capability, a driver can 

that the pager will rouse him 
when a new shipment is ready to 
go. And a more rested driver is a 
safer driver. 

I Drivers also have greater 
personal safety than they’ve ever 
had before. Whether it’s a 
sudden-onset health problem, a 
potential hijacking, or other 
crisis threatening life or prop 
erty, the driver can send a 
message that instantly notifies 
dispatch. 

ACSf 
drirr 
use if 

 mit ti 

I OmniTRACS also enables 
dispatch to track a driver‘s 
course of travel, which aids in 
addressing out-of-route miles. 
1 Most iniportantly, driver after 
driver has reported an increase 
in earnings. Less deadhead 
miles and time wasted waiting 
for phones has enriched driver 
earnings along with their 
lifestyle. 

The Bottom tine 
With OmnnmCS, everybody 
wins. Operators make more 
tonnage and reduce operating 
costs. Drivers avoid checkcalls, 
and since their wages are 
mileagdriven, make more 
money as well. 

Better-rested and higher-paid, 
OmniTRACSequipped drivers 
will stay with you longer. And 
with turnover approaching 100% 
per year, keeping drivers is a big 
cornpetitive advantage. 

I ny 

,I parl 



APPENDIX G: TECHNICAL DATA FROM GYRO-SENSOR AND GYROSCOPE 
VENDORS 

Systron Dormer 
GRA-MAR 
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P . 0 7  

ti M 

Applications 

a Vehicle Instrumentation 

I Robotics 

I Automotive Testing 

I Attitude Reference 
Systems 

I Antenna S tabilkation 

m Control Systems 

I Dead Reckoning 
with GPS 

Description 

The MotlonPakm is a six degree of 
freedom sensor cluster used for 
measuring linear and rotational 
motions. It is designed to be a more 
reliable, lower cost alternative to 
conventional sensor clusrers. It uses 
three "solid-state" gyros and s w o  
accelerometers mounted in a 
compact, rugged package, wirh 
internal regulation and signal 
condiuoning electronics. 

ZYPWRON 
DONNER 
A BE1 Electronics Co. 

INERTIAL 
DlVlSlON 

"Solid-State'' 6 DOF Sensor Cluster 

Operation 
Features 

Self-Contained, DC WDC 
Out Rate & Acceleration 
Channels 

Compact, Rugged Package 

Wide Bandwidth 

Long Operating Life 
High-Performance Inertial 
Sensors 

Low cost 

Quick Start-up 

Frequency Response 

Angular rates are sensed using 
subminiature vibrating quam gyros. 
Umar accelerarions are sensed using 
servo accelerometers. The 
MotionPaW is directly powered hy 
a Ix3 voltage input and provides 
three high-level analog DC rate 
signal outputs and three high-level 
analog DC accelerarion signal 
outputs, with a wide bwdwidrh 
frequency response. The package 
contains internal power regulators 
and a temperature sensor. 
Combinations of rare only, 
acceleration only, or a mix can be 
accommodated- 

2700 Systron Drive. Concord. CaGfornia BQ518. Toll-Free Number: (SOa) 227-1625 (Ouutde California) 
Saki: (510) 671-1 - Cusstomar Service (510) 6716499 ~ FAX: (510) 674-4617 
Eumpean Business Ofha (Dover, England): 44 304 216281 - FAX: dd 0304 214638 
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PARAMDER 
4 

POWAR REQU1REMEPJTS 
Input Supply Voltage 
Input Power 

PERFORMANCE 
Standard Ranges* 
Full Sale Oulputs 
Scale Facw Calibration 
Scale Facar Temp. Sensitivity 
Baodulidrh 
L M t y  
Bias (Raccory Set) 
Temp Smsitivity 
Long Temn Stabdhy { 1 year) 

G Sensitivity 
Alignment to Base 
mshol&rResolu tion 
ENVJRONiW ENTS 

operadng Temperature 
Storage Temptraaue 
Vibration S w i v a l  
S h e  

WElGHT 
P- 

t l w r y  l9M 

SUMMARY 
SPECIIO[CATION 

RATE CHANNELS 

50. loo, 200, sw/sec 
*t25 VDC 

<I% 
<0.03%PC 

O t o > 6 O H Z  
<O.OS% of FS 

cOJ"/sec 
<O.O3"/se&C 

<0.2"lsec 
<0.02°/secJg 

<lo 
co.ma/sec 

ACCELERATION CHANNELS 

1, 2, 5, IO g's 
t7.5 VDC 

<l% 
<0.03%/°C 

0 to 3100 Hz 
<50 @g2 
e125 mg 
400 clgpc 

<5Qo vg 

<I" 
<IO ug 

I 

-40°C to +85"C 

-55°C to +loooc 
10 g rims, 20 to 2Iulz randm 

ma 
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GRA-MAR INC. CORPORATE OFFICES 
5135 Curry Ford Road, Suite IOU, Orlando, Florida 32812 

January 19, 1993 Phone (407) 658-1971 FAX (407) 658-4101 

Dr. Philip Spelr. 
Oak Ridge National Lab 
P . O .  BOX 2008 
Oak Ridge, TN 37831 

Dear Dr. spelt: 

I appreciate the thoroughness of Your request.  I don't think I've ever been 
g iven  so much on which to base aw information presentation. 

I am Enclosing literature from: 

BlMpBREY - on motion Sensors and accelerometers 

- DCS - on telemetry products 

POWERVOLT - on linear power supplies 
These are, necessarily, representative brochures and summary catalogs. If 
your exact requirement does not appear, just fax me your specs and I will get 
a price and delivery quote. 

Xt was not on your requirement, but I have enclosed a f l ier  an SCOTT 
ELXCTROKRAFTS, 
board stuffing and wiring harness manufacturing. 
suppiier a t  Martin Marietta. 

I w i l l  contact YOU shortly to ensure this packet arrived in Droper order. 

They are a COntmCt InanUfaCtUring Facility specializing in 
SCOTT is already an approved 

Sincerely , 

GRA-MAR WcommTED 

Roy Mac Donald 
District Sales  Representative 

Enclosures 

Communication Consultants and Manufacturers Represen tat i ves 



CRA-hL4R INC. 
5 1 3 5  Curry Ford Road, Suitc 100 Orlando. F!.. 32812 

Phone (407) 658-1971 F.4X (407) 658-4303 

Roy A. MacDonald 

C>mrnunicarions G x w h n r s  and XIJnufacrurers Rryrcsecr3rtves 



MODEL VARIATIONS 
The standard models described herein are typi- 
cal only. Numerous variations are available or 
modifications can be readily made. Custom 
designs and engineering offered. 

Call or write: 
Humphrey, Inc., 9212 Balboa Ave. 
San Diego, CA 92123 U.S.A., 
Telephone: (619) 565-6631. 
FAX: 619-565-6873 

Page 
Directional gyros ................... .land 2 

Rate gyros. ........................ .5 and 6 
Vertical gyros. ................... .7.8 and 9 
Vertical indicators ................. .9 and 10 
Northseekers.. ......................... . f l  
Magnetic flux detectors .................. .I2 
Position transducers .................... .I3 
Vertical stabilized accelerometers. ........ .14 

Pendulums.. ..................... .15 and 16 

Rate sensors .................. .18.19 and 20 
Power supplies ................ 
Dynamic test, 

sfabilizafion systems .................. .21 
Magnetometers. ........................ .22 
Special purpose instruments.. . . . . . . . . . . .  .22 

Drilled hole surveying equipment. reference 
measuring unit, magnetometers 

DCl1-0105-1 
Directional gyro with synchro output on outer 
gimbal and flux gate north seeking system. AC 
motor. Power 115V-400 Hz and 26V-400 Hz. 
Weight approx. 2.5 Ibs. Size approx. 825" high 
x 3.77" dia. May be used with standard 3-inch 
GRQ6 repeater or 5-inch GR03 repeater. 

SPECIFICATIONS 
MECHANICAL FREEDOM 

Inner gimbal 2 85' minimum 
Outer gimbal 360' continuous 

z 1 5- 
Input motor 115V s 400 HZ (u 65 MA 
Erection system .26V i 400 Hi- @ 50 MA 

Voltage 28VDC 
Power 4 watts approximately 

Input voltage 400 Hz, 26 volts 
Output voltage 11.8 volts 
Accuracy f 0.5" 
Slaving rate 0.5'/minimum 
Insulation resistance 50 megohms mm 

with 50 VDC applied 
Service life 500 hours minimum 

Altitude -1000 feet to 40,000 feet 

Vibration 0 036 DA or 56, whichever 
is limiting, 5 to 500 Hz 

Shock 156. I1 MS 
Humidity 0 to 95% refative humidity 
Weight .................... .2.5 pounds 

Accuracy (with flux detector) 

AMPLJFIER (supplied from 26V input) 

OUTPUT SYNCHRO OUTER GIMBAL 

ENVIRONMENTAL CONDITIONS 

Temperature -55T to +7OoC 



06574201-2 
Cageable directional gyro with potentiometer 
pkkoffs on inner and outer gimbal. 115 VAC 400 
Hr motor power. 28 VDC cage and uncage. Fully 
qualified for major missile Program. 

SPEC1 FlCATlONS 
Output potentiometers . . . . . . . . . . . . . .  Non- 

wirewound conductive type with output pro- 
port ional to angular displacement about 
pitch h yaw. 

Electrical travel . . . . . . . .  Yaw =80° minimum 
Pitch i6Oo minimum 

Resistance . . . .  5,000 ohms 15% (each axis) 
Input voltage . . . . . . . . . . .  . 2 8  5 4  VDC cage 

28 2 4  VDC uncage 
Current.. . . . . . . . .  5.0 amps maximum cage 

4.0 amps maximum uncage 
Caged freedom . . . . . . . . . . . . . .  f 0 . 5  degree 

maximum (yaw) 
+lo xlo maximum (pitch) 

Pitch vertical accuracy . . . . . . . . .  i 0 . 5 O  after 
5.0 min. warm-up 

SPIN MOTOR 
Input voltage. . .  115 i 2.3V, 400 i 8 Hz, 1 @ 

6% maximum harmonic distortion 
Input power.. . 16 watts maximum running 

25 watts maximum starting 
Scorsby Drift (outer gimbal) yaw .... 0.5O/ 

min. max. average (5.0 min. run).Random 
vibration: OSO/rnin. max. average with 2 O  
max, during any 1.0 min (0.025 G'/Hz, 50 - 
2000 Hz) 5 rninutes/axis. 

Environmental . . . . . . . . . . . .  MIL-STD-8lOB 
Weight. .............. 5.0 Ibs. reference 

(95.25) (13.97) 

DG04-0115-1 
Self-contained magnetically slaved gyroscope. 
Eliminates need for separate flux gate installa- 
tion where gyro can be mounted directly in non- 
magnetic areas. Operates off 115V-400 Hz AC. 
size 3.250" dia. 8.30" high. 

SPECIFICATIONS 
Inner gimbal freedom.. ...... .r8V minimum 
Outer gimbal freedom ...... .360° continuous 
Pickoff Yaw ............ Synchro transmitter 
Input voltage.. . . . . . . . . . . . .  .26 VAC t 400 Hz 
Input current.. . . . . . . . . . . .  .280 MA maximum 
Input power.. . . . . . . . . . . .  .0.95 watts nominal 
Output voltage . . . . . . . . . . . . . . . . .  .11.8V 2 5% 
Transformation ratio.. .......... .0.454 t 4% 
Sensitivity (MVIdegree) ................ .206 
SPIN MOTOR 

Voltage. ...... .115 VAC -clO%, 400 Hz 25% 
Current.. . ..... .200 MA maximum starting 

125 MA maximum running 
Time to speed ......... .2  minutes nominal 
Accuracy (slaved) ................... .+2" 
Temperature.. . .......... .-67"F to +165"F 
Altitude . . . . . . . . .  .-loo0 feet to 70,000 feet 

or 5G whichever is the limiting value 

Sealing. ................. ."O" ring, sealed 
Weight ............................. 4 Ibs. 

ENVIRONMENTAL SPECIFICATIONS 

Vibration ..... .5 to 500 Ht, 0.036 inch D.A. 

Humidity.. . .O-95% relative humidity at 90°F 

I I 

DG60-0101-1 

SPECIFICATIONS 

Inner gimbal . . . . . . . . . . . . . .  ,280" minimt 
Outer gimbal ............ .360" continuo 
Accuracy (with flux detector) . ...... .t3 
Voltage. .............. 1 ...... .28 2 3  VC 
Starting current. . ...... -0.8 amp maximi 
Running current.. ...... .0.7 amp maximL 

OUTER GIMBAL . 
Resistance ............ .5OOO ohms t5.C 
Resolution ............... .0.25" maximi, 
Electrical travel ................. .357" t 
Power dissipation ..... . O S  watts maximu 
Linearity.. ............. +0.5% of full sca 
Equivalent contact 

Resistance.. .... .lo0 ohms maximum p 
N.A.S. 7 

Slaving rate.. . .......... S"/min. minimu 
Service life . . . . . . . . . . .  200 hours minimu 

Temperature. . ........... .-45°F to +150 
Vi bration. ................ .2 g. 5 to 500 t 
Shock.. ..................... .10 g. 11 W 
Weight. ............ .2.0 pounds maximu 

(with flux detector FD01-0501- 

MECHANICAL FREEDOM 

INPUT POWER 

OUTPUT POTENTIOMETER- 

ENVIRONMENTAL CONDITIONS 

. .  
ln 

n 
iijsi 



APPENDIX H: TECHNICAL DATA FROM ELECTRONIC COMPASS/TILT SENSOR 
VENDORS 

Precision Navigation 
Lucas Schaevitz 

1 1 1  



A 
Always 

Head in the 
Right Direction 

D IGITAL  E L E C T R O N I C  AUTOMOBILE COMPASS 

A new, state-of-the-art electronic compass has found its way into your hands - 

the Wayfinder.” Based on patented microprocessor-controlled technology, the 

Wayfinder is the only tmfy  useful and portable automobile directional device ever 

created. Use the Wayfinder on city streets, backroads, business trips, family 

outings - everywhere. It’s the perfect, compact, portable accessory for drivers who 

want to head the right way. 

A A  
Large, easy-to-read liquid crystal display 
shows car heading. 

Precise, instanraneous response to car’s 
movement . 
Barrery-powered for complete porrabiliry. 
Use it in the mounting bracket. In your 
hand. O n  the trail. 

Reference Pointer Direction Memory helps 
you “find your way” 

Backlighr automatically illuminates display 

Simple and effecrive one-rime automobile 

a t  night. 

calibration. 

Microprocessor-controlled magnetometer 
invented in the Silicon Valley. Derived 
from the same compass developed for the 
U.S. Military. 

Adjusrable windshield mounr included. 



, . 'r: 

A A - ~ A  - 4  . . ,4 - *  
* .  - -.. .J - .  - Y&. e.. . c - 

a&& Excepf.,ofcourse,whered - me city is 
streetsand rosettes break it up. The buildings are tall. And 
' after a few turns here and theriland countl e& "No Left 

- Turn" signs, you have no idea wtu'ch way you're going -. 
and no idea how to get to your destination.. . . 
The impatient rental car representative said take the 
highway East Then, stay South at the intersection. It's a 
rainy night. You've never been in this area. Which way is 
East?.. . - .  
The RV is 23' long. You're hauling the motor boat on a 
bailer behind you. When you exit off th is  winding Iakeside 
road, you better know which way is West. Because turning 
this monster around is a nightmare.. 

. .  - 
. . . the s o i u t i o ~  

WAYFINDEW 

Using patented, microprocessorcontrolled magnetometer tech- 
nology, the WayFinder is a unique digital electronic compass. 
It's technological advances and features make it portable, 
versatile, accurate, and friendly to use, 

The WayFmder is ideal for: 
Weekend Vacationers 
Driving Enthusiasts 
Field Salespeople 
Recreational Vehicle and 4WD Ownen 
Business Travelers 
Professional Drivers and Couriers 
People who don't want to get lost. 

"F'iid Your Way" - Digital Direction Memory. This helpful 
navigation function is exclusive to the WayFinder. Before exiting 
the highway, push a button to set the Digital Direction Memory. 
The WayFinder will remember which way you were going, so 
whenyou traveloff the highwayyoucanTindYourWay"back Or 
simpty use this function to orient yourself to a familiar direction 
or road instead of North, South, East and West 

Portable, Versatife, Useful -The Technology Makes it Possible. 
The WayFinder's microprocessorcontrolled magnetometer is a 
unique low power system, which makes battery-operation and 
pottabilitypossible. Designed tooperateeither inorout ofyour car 
using two distinct modes, the WayFinder incorporates the most 
advanced compass technology available. 

DIGITAL ELECTRONIC MAGNETOMETER TECHNOLOGY 
Traditional liquid-filed compasses use magnets that respond to 
magnetic fields. In cars, which are essentially large metal objects, 

Other, less sophisticated electronic compasses overcome some 
of these problem, but use external power sources or sensors 
that require cumbersome wires and installation. 

The WayFmder s o h  all those problems. It compensates for the 
car's magnetic field, and is very easy to set - making it the most 
advanced and reliable compass for automobiIes. 

INVENTED IN THE SILICON VALLEY 
Precision Navigation develops state-of-the-art navigational 
devices, including proprietary electronic compass technology 
for the U.S. Military. The WayFinder benefits from the same 
technology, design and quaIity materials. It is fully-assembled and 
tested in the U s k  

TECHNICAL SPECIFICATIONS 
Compass size: 2.83" x 2.64" x 1.05". 
Weight: compass alone, 2.6 ounces (72.5 grams). 

compass and bracket, 3.7 ounces (104 grams). 
LCD window size: 1.55" x 1.55". 
Photeelectric light sensor for backlight contrcil. 
Lithium battery life: up to 1 year, depending on use. 
Operating temperature range: 14" - 140°F (-10' - 60°C). 
3 magnetometer sensors. 
Accuraw k 4.5". 
Resolution: 9". 
Sampling rate: 5 Hz (five times a second). 
Cold-plated printed circuit boards. 
Surface-mount technology components. 
Lntrasonically welded case. 
One year limited wananty. 

Fdiy-Adjustable Windshield Mount: and Compass. 

LCD compm rose 

Power button 

SetR.lemory button 

Photo-dectric backlight control 

Tripod suction cup windshield mount 
(compass is removable) 

Adjustable swivel and tilt joints 

- 
they are slow to respond, and often "swim" or simply do not move 
at alL 

of vision. 

Place and adjust 
the WayFiider 
anywhere on 
your windshieid 

to see, but out of 
your dirrd field anjwhere. 

PFECISION NAVIGATION 

1350 X Pear Avenue Nountain View CA 94043 Phone (115) 962-8777 Fa. (415) 962-8776 Q 1991 Prectsion Naugarlon Inc 



P r e c i s i o n  N a v i g a t i o n ,  I n c .  
1350 Pear Avenue Suite A Mountain View California 94043 

(41 5) 962-8777 FAX (41 51 962-8776 

TCMl ELECI'ROMC COMPASS SENSOR MODULE 
---my DATA SHEET- 

Desmptjon 
The TCMl is a hgh-performance, low-power electronic compass sensor that outputs 
magnetic azimuth readings via digital or analog interface to a parent system. It is based 
upon a proprietary triaxial magnetometer system and a biaxial electrolytic inclinometer. 
While consuming less than 12 mA of current, A will output compass readings of 21 O 

accuracy up to 10 times per second. Its magnetometer and inclinometer readings may 
also be output across the digital interfaces. It is useranfigurable and programmable, 
provides advanced calibration and distortion detection algorithms, and tolerates rugged 
environments. 

The TCMl is implemented on a compact. single-sided printed circuit board with tooling 
holes for mounting to a motherboard or chassis. Each unit is rigorously tested and 
calibrated before shipment. ' 

Heading lnformation 
Accuracy 
Repeatability 
Resolution 
Tilt Range 

371t lnformation 
Accuracy 
Repeatability 
Resolution 
Tilt Range 

Electrical Power 
Supply Voltage 
Current 

Physical Measurements 
Dimensions 
Weight 

+lo 

+o. 1 O 

to. 1 O 

+30° 

20.1 O 

+0.l0 
*o. 1 O 

+30° 

+5V to 15V DC 
5-1 2 mA (depending on sampling rate) 

2.5" x 2" x 1" 
3 ounces 

Environmental Characteristics 
Operating Temperature -2O* to 700 C 

3oo to 90" c Storage Tempe ratu re 

Interfaces 
DQital 

Analog 

RS232C 
NMEA 0183 
N+1 
0.1 to 4VDC linear variation 

Features 
Distortion Detection: raises a warning flag when magnetic disturbances such as nearby 

Variable sampling rate (up lo 10 Hz) 
Optional damping (0.1 to 10 second period) 
Automatic calibration algorithms 
Programmable magnetic declination correction 

ferrous metals and electrical currents are compromising accuracy. 

Specification subject to change. May 2, 1993 



4ccuStaP II 
Iual Axis Clinometer 

Peslqn concept 
Physically the semx is cornjxsa of m 
hermetrcalty seared domes spaced akxt 
118' apart. Ttw! lower. polyesw plastic 
dome has 4 capacflance plates mile %e 
aluminum, upper doow acts as a g r a d  
A fluid with a hgh djeiectrlc constan! IS 
sealed wthm M e  dome sandwch. ! @ a m  
mar b u r n  about the slze of a mer 
The bubble is at ievd pcsitl~n 
and win. of cxxrse. move from c3ne e 
to the other as ttx? dwlce is tifled. 

. . .  + 

View I W n g  down at the 
of the dome Cepicts the 
mc~mc bubble and :he fc 
cbnductwe qmdfanrs 



SpacMcPtfOm 

Perfonnanecc 
Range @ 
T h e h d d / r & ~  0 01" 
hneanty 

Null to lo" _s 2' 
l(r to 15" 
15. to 20" tvbnotonic 

Nun repeatabiirty 34 l o  
Time mmtant 0.3 second 
Frequency response (-3dB) 05Hz 
Environmental 
Temperatwe range 

2% of reading 

Operating 400 to t85T 
Storage 45" to 45°C 

Temperature coeffi i t  of null 001*pef*C 
Temperature CoBffiCiecn of scale fact@ 0.10 % c e r o  c 
ElbctriCal 
v m  ~ P P V  nofmw +9 vlx: 
Vottage supply range 
c u m t  3 5 rnllramps 

+5 0 VDC to -c 15 0 Vac reguhtion requrad 

Anacogovthn 
Scare factor 61 +9 VOC 
Load resRance 

Pulse Wdh Output 
Nun W?4 
scare factor 

lo0 rnillwdts per degree 
1 OK ohms m~nimum 

0 7% per U e g ~  to (14 pi p e r  degree mrnw 
O u r v c y c ~  (a' + 4, 

Frequency 1 WZ nominal 
1, anb 'z varies k m 0 2  to 0 7 msec 



AccuStaP II 
Dual Axis Clinometer 

Dimendons 



AccuStar I* 
* Electronic Clinometer 

Connector Models 

hafog UO (Vertical1 
Analog VO (Horizontal) 
Ratiometric (Verbcall 
Rabometric (Horizontal) 
Oigita! VO Nema0 
Drgttal I/O (Horizontal) 

0238501 5120 si14 si09 si01 cmsutt 
024814lI 120 114 109 IO1 Factory 
0238309 120 114 109 101 
02481.04 120 114 109 101 
02383-02 120 114 109 101 
0248 142 120 114 109 101 

22-568087A $2 
0250742 7 
0245044 7 
0252 742  7 

0261801 s12 

A 

Pigtail Models 

Anabg VO (HorizontaD 
Rabomebk (VerticaU 
Rabomebk (Horizontal) 
Dlgitai VD IVerticaB 
Digital 5/0 (Hoiuontal) 
U p t W  
Single Point Mountrng  adapt^ 

n h I o g  VO Vertical 

PartNurnber 1-9 1024 25-49 5099 100+ 

0233843 $133 $127 S122 $114 Consult 
0270W1 133 127 122 114 Factory 
023W1 133 127 . 122 114 
02 706-03 133 127 122 114 
02382.03 133 127 122 114 
0270602 133 127 122 114 

0244841 $1 2 

AecuStar 11" 
Dual Axis Clinometer 

PartNumber 1.9 10.24 25-49 5099 lOO+ 
Clinometer wrth plas$c case 0275301 $430 $76 $71 568 Consult 
Clinometer without plasbc case 0275541 75 71 67 64 Factory 
Mating Connector 
Molex 8 09.01-1061A $2 

NOTE. Connector is necessary fm 0275341 because d limiled access to edge comdor  

n 
. .. 

800/74S-S008 (609/6628000 in NJ) 
FAX: 609/662-6281 

..; 
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I Frequency Band letter Designations 

I Electronic 
Countermeasures A B C D E F G H I  J K 1 M 
Bands I I I I I I I I I  1 I I 1 
IEEE Radar 
Bands 1 VHF UHF L S c X Ku K Ka mm 

I I I I I I I I I 1 
I I 

Cornmanuage E 
Bands P L S X K a v  

I VHF ITU Frequency I Bands UHF SHF EHF 

I 1 I 
0.1 0.3 1 3 10 30 100 

Frequency in Gigahertz 

1000 

100 

0.1 

0.01 
10 GHr  
3cm 

100 
3mm 

1 THz 
0.3mm 

10 
301.1 

100 
3 P  

1000 
0.3 p 

Frequrtncy - - Wavelength 





In a wo~ld 
I 

gives you 
full of hazards, 
peace of mind. 

VORAD” Wehicular @-board U a r )  is like an 
electronic eye that constantly monitors other 
vehicles on the road. The VORAD Vehicle Collision 
Warning System gives your drivers additional 
reaclion time to respond to potential dangers. 

But just how valuable is a split second of extra 
reaction time? In realrty, it cwld mean the difference 
between life and death. Studies show that if drivers 
are given just a half-second more time to react, they 
can avoid 60% of all rear-end collisions, 50% of 
intersection accidents, and 30% of all head-ons.‘ 

That means money saved by reduced accident 
litigation, liability judgments, and lower insurance 
costs. But more important than that could be the 
savings in injuries, and even lives. 
-Dam*-Bau 

What is VORAO? 
VORAD is a high frequency radar system 

comprised of an antenna, transmitterlreceiver 
assembly, a central procwsor, a speaker assembly 
and a driver control unit which includes warning 
display lights: green, ye l lw  and red. 

These components function together to deter- 
mine the speed and relative distance of objects 
ahead. Upon sensing a potential hazard, such as 
a vehicle suddenly decelerating, VORAD emits a 
combination of lights and audible warning tones to 
give your drivers additional time to apply the brakes 
or tale other evasive action. 

The radar’s reach can be adjusted to the driving 
environment, in order to mala: it less sensitive in crty 
driving and more sensitive on the freeway, where it 

VORADTM 

can be set to reach up to 350 feet. VORAD has a 
computational rate of over 10 times per second, 
providing your drivers with more reaction time in 
conditions where they need it the most, such as 

darkness, dense fog, dust, or smoke. 

How VORAD works. 
VORAD is based on proprietary 

aerospace technology that combines 
microwave signals with patented 

circuits and algorithms. 
By transmitting and receiving very 

low-power microwave energy and using 
Doppler phase shift principles, the 

VORAD System can track up to 20 
moving or stationary objects. Within the 

limitations of its range and antenna, the 
system actually analyzes the three vehicles 

closest to the host vehicle. The signals are relayed 
to the central processor, analyzed, and passed 
on to the driver control unit 

The driver control unit uses a combination of 
lights and tones to communicate this information 
to the driver Adjustable controls allow your drivers 
to set the volume of the alert tone and the amount 
of advance warning time desired. 

The VORAD System also offers an optional side 
“blind spot” detector, which uses a red light to 
indicate when a vehicle has entered the blind spot 
and a yellow light to indicate when the vehicle has 
cleared the area, If a turn signal is activated while 
the red light is on, a warning tone will sound to 
further alert your drivers to hazardous situations. 

Is it effective? Here’s what Hub Cummings, an 
independent trucker from Charleston, W, has to 
say: “On a foggy night run through western 
Pennsylvania, VORAD kept me from rear-ding a 
truck whose rear light had failed.” 



Reducing insurance costs. 
VORAD" can save lives. But it can a h  save 

you a lot of money 
Today's insurance costs account for as much 

as 20% of truck operating costs. 
Insurance casts many fleets more than 50% 

of tfieir fuel expense, and 45% of total parts and 
maintenance. But insurance costs can become 
much lower with WRAD because it can reduce 
the number of costly accidents. 

One look at a recent study by a major carrier 
reveals that the average cost per year of prevent- 
able accidents was over $1,400 per truck With 
VORAD, savings from reduced accidents is money 
right back in your pocket if your fleet is self- 
insured. And if your fleet is covered by an insur- 
ance company, it means long-term savings MI 
your premiums. Allstate President, Jerry Choate 
says,"Ultimately, we believe this technology will 
keep the cost of insurance down by reducing 
accidents and saving lives." 

With accident settlements ranging upwards of 
$1 million, you cannot afford to be without VOWU). 

Tracking the cause of accidents. 
H an accident does occur, VORADs optional 

accident reconstruction feature can act as a "Mack 
box" to assist in reconstructing events leading up 
to the accident This feature can help insurance 
adjusters and law enforcement officials determine 
responsibility with greater accuracy than ever 
before. The Accident Recorder is particularly useful 
in situations where vehicles with antilock brakes 
are involved and there are no skid marks at the 
accident site. 

'We're the first ground transportation company 
in the world to employ this technology.. it will be 
installed on all 2,400 of our buses."-Frank 
sdmiedec President, Greyhound Lines, Inc., 
Dallas, Tx V 

Average Annual Operaling Costs $10,269 
Per Truck-$23,952 

$8,993 

$4,690 

Insurance Fuel Parts & Maintenance 

A Nea@ $r of evey $5 in truck operating costs 
goes to insurance. It represenfs more than half the 
cost of  fuel and over two-fifths of maintenance. 

stepb-y-step check out P ~ U R  with the field test 
Unit checks all circuits and functions to assure 
the VORAD System has been properly installed. 

Twelve-month warranty, 
WRAD is sokl with a twelve-month warranty 

Exhaustive testing, including over two million 
highway miles by fleets and owner-operators, has 
proven VORAD in actua! use. Stringent quality 
control in the manufacturing process ensures 
that the system will be extremely reliable. WRAD 
has been approved by the FCC for use on 
US. highways. 

Ophnal trip recorder capabilities. 
VORAD'S integral trip recorder displays idle time, 

speed (average and maximum), average following 
distance, number of hazard warnings given 
the dri ir, and distance traveled.This data is 
organized into 50 segments that can cover more 
than 30 days of operation. The data can then be 
downloaded at the fieet maintenance facility direcUy 
to a PC of onto a high density data memory card 
capable of storing information for up to 80 vehicles 
before R must be downloaded. 

VORAO can be configured to allow information 
interchange between fleet operations and the host 
vehicle using cellular telephone or satellite corn- 
muntcation through standard SAE data links. 

sensors, an ignition security interface and driver 
fitness-for-duty evaluations. 

Reliability is buifi right in. 

operation.The complete system has been subjected 
to stringent vibration and burn-in tests that 
simulate the road environment 

VORAD has a Built-In Test (BIT) that checks 
the system every ten seconds lf it detects a fault, 
the driver control unit gives a blink code that identi- 
fies the proMem. Eaton VOW also offers a 
diagnostic kit that provides even greater capability 
in trouble-shootlng. 

Installs easily on existing vehicles. 
Using two qualified technicians, the optional 

VORAD tool kit, and the field test unit, insfallation 
of the VORAD System takes two to three hours. A 

Other options include three additional blind spot 

VORAD can give you years of trouble-free 

A "tiaving used R for o w  300,000 miles, I can tell 
you fl peal& works. It has almdy prevented more 
than th/ee accidents. if VORAD prevents one 
accident it has paid for itself It is well worth the 
investment"Jim Kennington, lndependen? 
Tickc Charlotte, NC. 



Eaton and VORAD 
joining forces. 

Eaton and VORAD Safety Systems have 
combined to serve the growing safety rnanage- 
ment needs of trucks and truckers. From our new 
offering of collision warning systems and blind 
spot detectors will evolve future applications, such 
as EatonV0RAD"SmartCruise" Control. 

Smartcruise combines normal vehicle speed 
control systems with VORADYaIlowing the 
vehicle to maintain a fixed distance from the 
baffic ahead. If your vehicle is travelling at a set 
speed and approaches slower traffic, the adaptive 
C N ~  Control automatically slows the engine down 
to maintain a safe distance from the traffic ahead. 

Smartcruise is just one of the many safety 
management products to expect from Eaton 
WRAD in the future. 

Specifications: 

Yehicle Closing Rate 0.25-100 MPH 
0.4-160 kmh 

Operating Range 1-350 feet typical 
0.3-110 m typical 

Host Vehicle Speed 0.5-120 MPH 
0.8-190 km/h 

Power Requirements 12 to 24 VDC 
20 watts nominal 

Operating Frequency Forward Radar 24.125 GHz 
Blind Spot Radar 10.525 GHz 

Total System Weight 6.75 Ibs. (approximate) 
3.1 kilograms (approximate) 

Eaton" Roadranger' Support. 
When you order a 

VOW0 System from 
Eaton VORAD, you auto- 
matically mive help 
from the largest, mast 
experienced, most acces- 
sible field service support 
network in the industry- 
the VOW-equipped 
Eaton' Roadranger@ network 

exprts 24 hours a day for everything 
from spec'ing assistance and parts expediting, 
to on-the-spot troubleshooting. And you'll get #is 
kind of service whether you own one truck or an 
entire fleet For more information about VORAD, 

You can call on our technical 

 all 1-800-782-7825. 

Eaton VORAD Technologies 
10802 Willow Court 
San Diego, CA 92127 
(800) 782-7825 EATON 
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1 NIARKETPLACE 1 
Crash- Avoiding 
Radar Is Ready 
To Hit the Road 

B~ROBCUTTOWHO 
S16f R- 01- W u  S- J o w u  

Co%son-avo&nce radar, whxh may 
become a pivotal part of the nabon's 
ground transpornoon system. IS scheduled 
for a malor mad test 

GFe.vhouodLinesLne.laterthtsyear~l1 
begm eqwppmg its 2,Wbus fleet wth 
"veiucle on-board radar," or Vorad. sys- 
tems manufactured by Vorad Safety Sys- 
tems Inc.. a unit of San Diegbased IVHS 
Technoiogs Inc 

Greyhound and Vorad plan to announce 
the S nullion project at a jomt news 
conference wth U S. Secretary of Trans 
portation Andrew H. Card Jr ttus mornlng 
in WashingLon. D.C 

With land for urban highway expansons 
scarce and government funding for such 
construcuon projects even harder to find, 
m r e  transponauon planners and enp 
neers are loolung to socalled "intehgent 
vehicle hlghway systems." or IVHS. to 
make overburdened highways more effi 
cient and safer. And wth the potentld 
market for such products and SerfICes 
estunated at as much as My) billion over 
the next hvo decades. a host of auto makers 
and pam manufacturers are worlung on a 
wide range of "smart car" produaS. 

In addmon to reduung accidents by 
p n n g  cbnvers more time to react to dan 
gerous ntuations. transportabon analysf~ 
say the mrt of radar being employed by 
Greyhound could lead to an electronic de- 

Plense Turn  io P n ~ t  B6. Column 6 

Radar Technology 
For Avoidmg Crashes 
Is Set to Hit the Road 

Continued From Page BI 
vice that relieves traffic congestion by 
alloumg plarwns of vehicles to travel to- 
gether at high speeds while maintaining a 
safe distance between themselves. 

Other devlces employlng such technol- 
ogy could ultimately mclude cars that read 
highway sensors to steer and brake them 
selves, cellular communications system 
that feed lnformauon about traffic jams 
and construction delays onto dashboard 
-lay screens and advanced velucle iden- 
hhcauon systems that let truckers dnve 
long d1stance5 mthout havlng to stop for 
document checks and weigh-m. 

Such Japanese auto makers as N w  
Motor CQ. Ltd. and Tayota Motor Corp are 
already offenng lugh-tech nangation sys: 
tems that direct dnvers to their d e m a  
uons wth the help of cornputenzed maps 
&played on a Vldw screen A gmup of 11 
European car makers have conducted ]om1 
research on smlar  systems since 1986 

In Um natmn. the federal government 
has set aside s660 mlliion for IVHS <e 
search and development aver the next sa 
years Meanwhile, General Motors Corp. is 
developmg a "smart ' cruse control that 
rea- to sumundmg traffic. trudwrg 
companies have begun using satellite corn- 
municauons to track and dispatch their ve 
hicles more efficiently. and various pub 
L-pnvate research projects are experi 
menang wth IVXS techntques to untangle 
transportauon trouble spots m California. 
Wcb~gan and other states. 

But the Greyhound pro)ecr marks "rhe 
 firs^ large-scale deployment of any of these 
dewes." says Steven ShIadover of the In 
stitute of Transportanon S t u b s  at the 
University of W o m i a  at Berkeley. 

Unul recently. radar systems were tco 
bulky and couldn't telrably dfferenmte 
movutg vetudes ftam guardrails and h g h  
way sgns. But recent advances in corn 
puter technology, inhdmg smaller data- 
storage dewes, have made the S2.m 
system more appeahg, at least for big 

hound. W. Vorad says it may be several 
yean before it develops a more affordable. 
55ootrx37LNl mt for passenger cars. 

Nonetheless, transportation engineers 
say the current project WU give them their 
best chance yet to test the acceptance of 
such dences, s m e  it mvohres hundreds of 
professional dnvers who travel mlllions of 
m&s under a vanery of dnvmg condmons 
Moreover. if the radar results in fewer 
accidents, it could help populanze s 0 e P  
devices wth the general public "It has the 
ptennal to provlde Some m e d i a t e  p> 
off." say5 Gary Euler. chief of program 
management and sysIems eng-ineenng for 
the Federal Bghway Admuustation 

Greyhound eventually hopes to modtii 
its system to pmvlde computer-collened 
miormatton on highway accidents. drivers 
reactions to near collisions and perhaps 
even vehicle maintenance needs 

But in the short run, the compan) is 
banlung on the new radar to help it mi 
prove upon a safety record that has corn? 
under fire m c e  the company replacea 
s m g  Amalgamated Transit Unios 
dnvers uith new hires in March 1990 

Beet Opetaton like Dalls-based G r ~ y  

Earlier this year. the Xalional Trans- 
portation Safety Board d d  inadequate 
driver uaining was the probable caw of 
two 1991 bus crashes that Killed one Grey- 
hound passenger and injured 37 others. 
Greyhound also paid a SlsO,ooO fine to set- 
tie Federal Highway Adrmnistration 
daims related to alleged @ations of fed- 
eral motor carrier regulanons and hieing 
procedures. The company had 5.5 acci- 
dents per million miles during the fint 
quarter vs. 6.6 accidents per million mkles 
during the year-earlier q u m .  

"Accident reduction is the major 
thing." says Rank Schmieder. Greyhound 
president and chief execuuve officer. who 
projects that the radar wiJl cut Grey- 
hound's accident rate 255. 

The Vorad system being purchased by 
Greyhound involves a c i p b o x  sized sen- 
sor that can detect moving objects up IO 
400 feet in front of a bus and. by transmit- 
ting the information through a computer 
processor in the vehicle's cab, warn 'lhe 
driver with a m e m  of dashbard lights 
and sirens as to what mrt of threa:. 
if any. they present. A second radar sys- 
tem attached to the side of the buses will 
warn the drivers if there are vehicles in 
their s&called "blind spot." 

In adation to aiding drivers on foggy 
days or at night, Greyhound says the 
system will alert drivers to suddenly dece- 
lerating vehicles in all weather. "This is 
an extra pair of eyes and ears for our 
drivers," says Ted Meyer. Greyhound's di- 
rector of safety and security. 

But the Vorad system won't includ- 
automaUc emergencybrakuqg as its denel- 
open originally envisioned. -It's nor in ihp 
Greyhoundsystemandwedoc'tseeitinIhr 
commercial or automotive world for 2 
number of years:' says Paul Bouchard. 
president and cbief execunve officer of 
Vorad Safety Systems. "Anytime you have 
an electronic device thar ln any way 
takes control of the vehicle. you have some 
liability concerns . . . to h n k  about." 

Despire its promise. the system being 
installed by Greyhound could have proh- 
lems. The sensor's electronic eye dwsn': 
readily pick up dangers in other traffic 
lanes and it senses metallic objects such as 
cars more readly than hurnans. Truckers 
who tested it say it tends to set off police 
radar detectors in other vehicles. 

Nevertheless. at least one consumer ad- 
vocacy group says it is eager for the Grey 
hound radar to hit the road. "I think i t  
may very well be a good step forward." 
says Clarence Ditlow. execuiire director cf 
the Center for Auto Safety. a Washing. 
ton-based group associated uXh consumer 
u.atchriog Raiph Nader. -We re not inter- 
ested in perfection. You uili never have n 
system-brakes. air b a s  or seatbelts- 
that is going to work 1005 of the tune." 
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Anti-collision radar 
The day is coming when mesmerized 
commuters tailgating their \yay to 
work w i l l  be able to add black boxes to 
their cars that  issue a sharp warning 
of’an impending collision. 

Called VOFL4D (for vehicular on- 
board radar). the system developed by 
IIrHS Technologies of San Djego uses 
a radai- antenna mounted in a vehi- 
cle’s front grille to sense obstacles 
ahead. Sophisticated software in a 
signal-processing module discrimi- 
nates relatively benign objects. such 
as a bird in flight, from those that 
pose a likely threat. When a hazard is 
identified, the system immediately 
warns the driver to slow down, stop, 
or possibly swerve to avoid a collision. 

W h e t h e r  such  a n  a l e r t  sys tem 
makes  a n  impact  on  road safety 
should be demonstrated within a few 
years by Greyhound Lines. The bus 
company is equipping its 2.400-vehi- 
:le fleet with V O W  systems that 
use a narrow “pencil-beam” radar to  
monitor objects as far as 450 feet 
down the road. The version Grey- 
hound is using has a second wide- 
3eam radar antenna that warns the 
driver of objects in the blind spot on 
che right side of the bus. 

The $5 million worth of equipment 
2reyhound is purchasing includes a 
short-tern1 event recorder-much like 
an a i rp l ane  flight recorder-that 
;tores data on the most recent 15 min- 
ites of driving. Information on vehicle 
;peed, closing rate with target objects, 

___ .__I 

time of brake application, and steer- 
ing movements is collected. I t  can lat- 
er be retrieved to teach and monitor 
driver skills or to reconstruct events 
leading up to a n  accident, according to  
Paul Bouchard, president of V O W  
Safety Systems. 
Microwave signals emitted from a vehicle’s front- 
grille antenna (obove) provide wornings of 
impending tollisions on a doshboord display 

Scaling down V O R W  in size for 
widespread use in cars depends on the 
microwave frequency band assigned by 
the Federal Communications Commis- 
sion for such use. The bus system uses 
a flat six-by-eight-inch phased-array 
antenna to operate on the 24.125-giga- 
hertz band, which is also shared by 
radar detectors. V O W  triggers some 

false a l a r m s  on t h e  detectors, al- 
though in i t ia l  t e s t s  show t h a t  i t  
doesn’t excite the VG-2 “radar-detector 
detectors” used by police in Canada 
and in states that ban use of radar- 
sensing devices, Bouchard says. 

Antenna size could be reduced (and 
radar detector interference eliminat- 
ed) if the higher-frequency 60- or 77- 
gigahertz bands proposed for anti-col- 

lision r ada r  in Japan  and 
Europe are adopted here too. 
Then the antenna would only 
need to be one-third as large, 
Bouchard says, although the 
cost of the electronic circuitry 
would be higher. He esti- 
mates that volume-manufac- 
tured systems for cars would 
cost $500 to $750. 

Traffic and obstacle infor- 
mation sensed by VORAD 
can be used to do much more 
than  trigger bells and xuhis- 
tles. IVHS provided a test 
d r ive  in  a Lincoln ca r  
e qu  i p p e d \vi t h “ad a p ti v e 
cruise control, which slows 
the vehicle to maintain a safe 
distance from slower-moving 

traffic ahead. The car also has a sys- 
tem tha t  automatically applies the 
brakes when V O W  determines that 
a collision is imminent. This feature 
could someday be part of a system 
that would enable automated vehicle 
“platooning,“ or convoy-style group 
driving in close proximity on high- 
w a y s . 4 t u a r t  I? Brown 
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WIIILLIIAMSON A S  S 0 C IT A T  IE S 
Consultants m 

Specializing in & s i p  and devetopment of prorotypc system 

Mr. Dick Carter, Manager 
Cognitive Systems & Human Factors Group 
Engineering Physics and Mathematics Division 
Oak Ridge National Laboratory 
P.O. Box 2008 
Oak Ridge, TN 37831-6360 

6613 Lynndale Drive 
Raleigh, NC 27612 
1-919-848-3618 

RE: Lane Tracker PropOsaI (Lateral Position Tracking System). 

Dear Dick, 

I enjoyed our conversation last Thursday. After realizing that you are in the Human Factors Group, I Irephyed" 
Some of my comments about 'human factors types", and I do apologize ... I think, Actually, I am recommending 
to the curriculum committee that Electrical Engineering students be required to have Human Factors courses. 
Too often EEs make Human Factors decisions, and very often they are wrong! It is interesting: I can think of 
few of my last projects that didn't have Human Factors implications that needed to be addressed. Anyway, have 
I extracted my se lf...j ust a little? 

I have enclosed the proposal for the lane tracker. . -  

I have also enclosed my resume, as well as the following paragraphs, which will bring you up to dace. 

Williamson Associates 

Williamson Associates is a sole proprietorship, electronics engineering consulting firm. It has been in business 
for Over nine years and has serviced such customers as IBM, AT&T/Bell Labs, Sun Microsystems-to name a 
few. Williamson Associates's speciality is the design of prototype systems: our clients will have a need without 
a specific design in mind and we are commissioned to reseafch the various approaches availabIe and to sugsest . - 
the best approach. At the option of the client: this is folIowed by the design, prototype construction, testing, 
final evaluation and documentation of the selected approach. 

Being a consulting fm, Williamson Associates has the advantage of using the services of various professionals 
whose skills fit the particular project ai the time. This coalition allows us to maximize our productivity with a 
minimum of people and overhead. Our forti is the "real world" approach oriented toward practical results, not 
academic esoterrica. 

Glen A. Williamson 
NCSU 
Presently I am involved in several projects: the most fun of which is teaching the senior design class at The 
Design Center of the ECE DepartmenL NCSU at Raleigh. I am in the process of receiving a permanent 
appointed as "Technical Specialist in Residence." There I ana developing several proposals of mine dealing 
with remote DWI detection and IVHS. 

HiRes Camera 
Also. I am developing an inexpensive, very high resolution CoIor television camera of my design, What is 
unique about my camera is that it is an off-the-shelf (%l.SCrO) cameras modified in such a fashion that I am able 
to get better than HDTV resolution (3000H x 1800V pixels). I am developing this camera as an integral part of 
what I call: The Next Generation Automated Workstation Imaging System. 

O v e r  ... 



Elderly Home Care 
I am also developing a system that would allow the eiderly or infum to remain living in their own home, beyond 
the time they would go into a nursing or retirement home. Unlike the *popular approaches," this system is based 
on covertly monitoring the person's day to day activity. Monitoring such things as opening and closing kitchen 
cabinets; light switches; watching TV; using the toiler, etc. This activity is compared to previous activity in  an 
attempt to detect any untoward events or marked change in behavior, and respond appropriately. 

Other Fun 
For about the last nine years I have run my own consulting fum-Williamson Associates-and have consulted 
for various companies and instilutions. Among the more notable clients have been IBM, on two separate 
occasions, for a total of four and one half years; and for AT&T/Ben. Labs for over a year on their "pixel Machine" 
supercomputer. At IBM a large amount of my time was devoted to applied research and development of a 
comprehensive--PC based--communicarions system utilizing voice and imaging for teleconferencing similar to 
what recently has become known as "Multi Media" 

Project Enginwring 
As a consulting project engineer, I was responsible for the project Erom its initial design, paototyping, testing of 
the pre-production boards/system-includiding EMC testing-through to, and including, its production. Sometimes J 
worked alone on certain parts of a project, but often I worked as part of a team. In either case, working and 
communicating with disparate groups within that mgmizati0n-a~ well as outside vendors-was part of my function. 

' ,'- - 
OJT 
I am self &cat& At 25, I completed and filed for, and was granted, a patent an an invention of my design: a 
Speech Bandwidth CompressiOn syslem ( 8  1). J was invited to jOin the seff of the Electrical Engkahg De@ at 
North Carolina State University, in Raleigh nKI.e I designed and devebp l  comuniCation and imaging research 
pmjxts mainly fm Don and1pam;Cipated m s?anhaGandocordcnany~  m the gradwe school f o r k  next 10 yean. 

Dick, if you've read this far, sorry about that! My resume has been known to give hernias. 

Anyway, I have had some good results with the "Heart RaWBreathing Rate" device. I have used it in a vehicle. and 
bad much be= results than in the Lab. As far as motion amfacts 82e concerned, it turns out, with the transdtlcef 
mounted in the driveis bucket seat, that moa driver movement is orthogonal to the incidence of the w. 
Only Z axis movement (too and drom the s-g &Vs&t) is 0fcmmpxe-m a common movement The 
power levd can be, and needs to be reduced: as I was driving around listening to my heart and breathing, the device 
was "spiuing' Out of the vehicle and I was gerting vehicle speed Doppler returns-that was a trip! 

' . 

~ l s q  the other day I had left the system operating on the labbeach, and was seared at my workstation about u) feet 
away, and I could hear my heart beating. I do believe the powex Ievel can be reduox2 

I hope to send you a video tape of it in operarion anda Writteo proposal in the next few days. 

 hanks Dick, for bK oppomnity to make thestproposals. aid ifIoy1 answer any questions, please don't hesitare to caIl 

Sincerely, 

Glen A. Williamson, Owner / 

Enclosures: 



Lateral Position Tracking System I Using a Line Scan CCD Array Camera  With an IR Diode LASER 

Abstrac t  

W e  propose the design of a Lateral Position Tracking System, LPTS. that will utilize a small linear CCD 
m a y  camera and a, low power, IR diode Laser. This camera would be strategically placed on the vehicle, 
e.g., inside the side mirrors (or directly under) for detecting and tracking the vehicle's lane position 
relative to the white/yellow lines and/or roadway edge. 

The main feature of this system is that, unlike most cameras that are hardwired and fixed function 
devices, this system is under stored program control. More precisely, it is under the control of the 
vehicle's host computer. T h i s  is a most powerful concept: improvements to this unique imaging task 
would be a matter of software changes or up grades. 

This system, while designed to be under computer control in normal operation, has the capability to 
operate autonomously i€ desired (e.g., useful in troubleshooting the hardware/software inrerface, etc.). 

Lateral Position Tracking System 

C a m e r a  System 
The camera consists of one 256 element, linear CCD array mounted behind a "C" mount taking-lens. 
T h e  lens has a rudimentary auto-aperture system that is under CPU control, and mounted on the 
front of the lens is an optical band pass filter (3 stage interference type, FWHM = 10nm) centered at  
830 nm. The  CCD array is clocked, read out and reset by a simple state machine controller, under 

CPU control  

The  camera system is in essence a shell, with the major operation and control functions performed 
by the host computer, under software control. This is accomplished via the computer's parallel 
port or SCSI interface. On the camera side: It consists of 3, 8 bit control registers; 1. 8 bit status 
register (optional); and 2, byte-wide data  registers. 

T h e  o n t y  processing or data reduction that occurs in the camera is the determinat ion of l ine 
dis tance from the vehicle. This is  done  by a presettable up/down counter that is clocked by the 
scanner clock. As the scanner starts its scan from the vehicle-edge (reference point), t he  counter 
counts up. When the white line is encountered, the comparator stops the counter's counting. As 
the  scanner leaves the white line, the  counter resumes its counting--but now counts down. In this 
way the  width of the white line in  nullified, i.e., the answer is the same whether the white  line's 
width were 12  inches, 4 inches, or was only the roadway/shoulder boundary (road's edge). 

How the  System Works 
Referring to the system block diagram in figure 2: the video output from the CCD array is applied 
direct ly  to the "white line detection" comparator, while simultaneously tracked by the  peak 
detector.  The  peak detector output is  digitized to 8 bits, using an inexpensive ADC running at  
about  the  "frame" rate of the CCD array. (see Fig. 6) This "peak video" data is used by  the CPU 
to  determine the proper comparator threshold setting for proper white line/road edge detection. 
This  threshold data is sent to the system after the CPU determines the  correct value, and writes 
control  register #1, thus causing the reference voltage DAC to output the proper comparator 
reference voltage, 

Williamson Associates Q 1993 
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The “ w h i t e  line detection” comparator’s function is to control the counting and direction of 
count, of the “distance” counter. As the  scan starts and the counter counts up from some preset 
value: when the white line is detected, the  count stops, and then as the line is cleared by the 
scanner, resumes count in  the opposite direction (down). The final count in  the counter is rhe 
absolute distance of the center of the  white line: this 8bit data is written into data register #2, 
and therefore available for the Host CPU to read. 

The final transaction is the control register’s control of the CCD array controller and the lens’ 
auto aperture settings, The CCD controller controls the scan rate, the effective exposure interval 
of the CCD array: a kind of electronic auto aperture. 

Exposure Control 
The new CCD technology allows electronic exposure control, such that auto aperture with its Iag time and 
over shoot is virtually eliminated. Additionally, if and when extra sensitivity is need, the system’s 
controllable scan rate allows for longer integration time. 

Camera Location 
The cameras could be mounted inside of* or under, both side-mirrors. As an option, four cameras could be 
implemented--two facing forward and two facing rearward--yielding greater reliability in determining the 
actual position of the auto in a traffic lane. 

mere’s the Line? 
Because of the loss of the white-line at intersections, dashed center-lines and the confusion caused by 
cross-walks, etc.: looking at all four quadrants simultaneously will improve tracking. 

Look Forward 
Cameras that look forward pick up fine steering variations or quick erratic adjustments; good for erratic 
driver detection or warning of sudden lane change. Forward looking cameras’ tens tend to get dirty and 
would require some type of wiper/washer system. 

Look Backward 
Cameras that look backwards are good for averaging steering performance as in a logging of driving 
history; it effectively filters out fine steering adjustments or quick erratic steering changes. Also, 
backward looking camera’s lens tend to stay cleaner. and might not need a wiper/washer. 

Bugs on My Teeth 
The cameras would be Iocated behind glass windows or port-holes in a waterproof housing, positioned for 
minimum road film and bugs: and, if necessary, would have built-in wipdwashers. 

Williamson Associates 0 1993 



Lateral Position Tracking System 
Using a Line Scan CCD Array Camera With an IR Diode LASER 
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CPU Manual 
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System Block Diagram 
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Lateral Position Tracking System 
Using a Line Scan CCD Array Camera With an IR Diode LASER 

Sensor & Laser Positioning 
Using Mirror Mounts 

S ens o r Viewpoints 
With Optional Quad View 
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Lateral Position Tracking System 
Using a Line Scan CCD Array Camera With an IR Diode LASER 
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Lune Tracker 

The Institute has developed and built a lane tracking device for measuring vehicle lane 
position. This device is normally mounted on the roof of the test vehicle and consists of 
an optical system which comprises a fast rotating prism and a photo amplifier which 
scans the reflected light in a lateral plane across the road. The prism angle at the peak 
luminance intensity (produced by the lane delineation) is used in calculating the lateral 
position of the vehicle relative to the lane. While the lane tracker works well under a 
wide range of ambient illumination, special lights are required for night driving to 
illuminate the road. 

Figure 1 shows two photographs of the TNO lane tracker. The possibility of IZF building 
a lane tracker for ORNL or, alternatively, providing the technical drawings was explored. 
Because of the unavailability of certain key people in the production section, it was not 
possible to determine their willingness to undertake this effort. Moreover, existing 
documentation of the lane tracker is not adequate for outside clients. However, I was 
advised that they will pursue this matter internally and provide a response about mid- 
August. 
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FIGURE I - IZF LANE TRACKER 
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Abstract 

In this project Netrologic designed a highway lane monitoring safety alarm for drowsy drivers. 
The system used a computer vision system to detect lane marks, deduce the position of a vehicle 
in a lane, and activate an alm for unsignaled lane changes. In a significant image processing 
advance the highway lane detection system (HLDS) designed by Nemlogic, Inc. uses a neural 
network to automatically control brightness and contrast of the input images at a uniform level 
for much easier subsequent processing. HLDS uses a linear regression method to generate 
candidate lane boundary marks and then uses an expert system to reason about the geometry of 
the road edge candidate lines relative to the vehicle to select the appropriate road edge lines from 
the possibilities generated by the regression equation. A driving history module provides 
continuity in cases of missing and ambiguous data to supply information regarding lane edge 
trends necessary to monitor the vehicle safety. In the experiments with HLDS the algorithm 
showed 100% accuracy for lane changing cases under both day and night viewing conditions for 
all cases tested including the worst cases in our database. The HLDS design completed in Phase 
I provides a basis for a Phase II project in which a low cost, high speed hardware implementation 
is constructed to allow a practical drowsy driver a l m  system to be installed on vehicles. HLDS 
is a viable alternative to alarm drivers to unsafe situations and to reduce the number of accidents 
on the highway. 
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1. Intrcduction 

1.1 Problem review 

Our nation’s highways are the scene annually of more deaths than we suffered during the ten years of the 
Vietnam war. Most of these accidents are due to driver irresponsibiiity such as drunken driving or driver mistakes 
such as not seeing another car. Public awareness is curtailing some of the effects of the drunken driver. More effort 
is needed to reduce the frequency of driver errors. 

While no system short of complete automation will eliminate driver stupidity, there are steps which can be 
taken to help the responsible driver reduce errors. The advances made in cwkpit-pilot interfaces point to aids which 
can be made available to asskt drivers. Plummeting costs of electronic hardware and advances numeric Rechniques 
such as neural networks make possible the inooduction of low-cost, high performance aids which function 
unobtrusively with undiminishing alertness whenever the vehicle is in operation. While systems such as proximity 
alarms or automatic other-vehicle avoidance systems, if developed, would assist drivers in avoiding callisions, a 
simpler system could aid drivers by maintaining vehicle position relative to the road. 

The United States is at the beginning of a move to bring much more automation to the nation’s highways, 
but in some respects we are behind Japan and E u q e  in our automation efforts. Due to the enormous scope of the 
effort involved in changing a highway system such as e x w  in the US, the effort necessarily will be one of heroic 
proportions. In spite of the level of effort that will be required to compleetely automate our nation’s highways, work 
is already underway at the major car companies and suppliers like Ford, GM, EDS, TRW and Delco to develop 
major components of an automated highway system. At General Motors, for example, they have been working on 
the Intelligent Vehicle Highway System for 15 years or moIp: under various names, but more recently they have 
begun to form a significant group at GM which will substantially advance the state of highway automation. 

The scope of a highway automation system involves automating both the vehicle and the road Some tasks 
like automatic toll collection require havhg a trananitter or transponder on the car and an interrogator at a szhonary 
toll station or service vendor. Other tasks such as a car navigation system requh-e installatian of micropmmsors 
and sensors on cars and perhaps navigation aids in or along the mad or in the sky. Security systems which recognize 
vehicle license plares can be built which would be completely independent of systems on the car. Conversely, a lane 
recognizer such as we have developed would be completely contained within the vehicle and would use cunently 
existing highway structures and markings to monitor highway lane psition. 

Some pilot programs to evaluate vehicle automation concepts an: already under evaluation in oslando and 
Los Angeles, and toll roads in the Northeast have introduced automated toll starions for congestion reduction and 
commuter conveniene. These pilot programs are providing the engineering data necessary to introduce automation 
projects on a much wider scale and are validating the economic viability of such systems by showing inmased profit 
to toll collectors. Other types of automation are achievable using only equipment on the vehicle which does not 
depend on special highway equipment or assume a fleet of comparably equipped vehicles occupies the road These 



levels of automation that are completely implemented using the instrumented vehicle and existing highway structure 
are the most easily constructed and it is to one of these, automated lane monitoring, that the DQT has directed this 
request for proposal, and we have directed our development efforts. 

1.2 Summary of results 

NeDrologic tried three different approaches for lane detection: 

1) Regression lane detecting using a neural network controller to controI image brightness and contrast in 

2) Neural network lane detection; 
3) FFT feature extraction; 

the image enhancement stage; 

Nemlogic collected highway data using a car and a camcorder on interstate highways around Cincinnati, 
Ohio. From the raw video we extracted information using a VCR freeze iiame and a frame grabbing digitizer. From 
the imagery collected we selected 584 images for training and testing our neural networks. Among these, 133 were 
taken during clear night conditions which we call dark images. The others were taken during the day with good 
weather and visibility which we call normal images. The dark images were taken on 1-74 west from Cincinnati. 
The normal images were taken on the northern part of 1-275 west of 1-75. 

In our development of a lane detection system we tried several approaches to determine which one would 
yield the most sfisfactory results. One approach used neural nets operating on the video data in the time domain. 
The second approach used the frequency ttansformed images and the third approach used regression analysis with 
neural nets for image brightness and contrast control. In our discussion below we recount the various problems and 
successes we experienced with each approach with the most successful approach being discussed first 

The regression analysis technique shows very high accuracy, 100% correct lane detection and alarm 
activation for all testing cases when we incorporate a history analysis stage to account for noisy frames and h e s  
with missing data. Nemlogic will adopt this method to develop a real time system in Phase II. The second 
approach which uses neural network lane detection only reached 65% accuracy. It shows no potential based on the 
required level of safety required for systems involved with human life and health. The last approach, FFT feature 
extraction as was origmlly proposed, failed due to the coherent property of the Fourier Transform. A detailed 
analysis of the reasons for failure of this approach is given in the appendix in this report. 

2. SystemDesign 

2.1 Proposed system design 

For a highway lane detection system ( € I D S ) ,  there are two main components, one is the signal acquisition 
subsystem, another is the signal analysis subsystem. The original design of HLDS is shown in Figure 2.1. 
Functionally, the signal acquisition subsystem will take a highway scene and preprocess the highway images. The 
output of the acquisition subsystem supplies enhanced, segmented, 2-dimensional digital images to the analysis 
subsystem. The signal analysis subsystem extracts features of enhanced highway images to give information relating 
the vehicle position to the lane marks. This infohnation is stored in a history table as h-xe records of previous 
vehicIe lane positions. From the history records the system determines a trend and predicts wherher the vehicle will 
cross the lane or not If the prediction indicates that vehicle is going to cross the lane and h e r  has not given a 
turn signal. the system infers that this is not a safe lane change and activates the driver-alert alarm. 

2.2 New system algorithm design 
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F i g u r e  2.1 Proposed HLDS Design 

* 

The system proposed originally proved to be inaccurate when asked to detect Iane position from the images. 
We tried many variations of the approach to train a network to detect h e  changes but the nature of the data was 
such that it was not well suited to a neural network approach because it was too fuzzy. Because the edge of the road 
was fuzzy, the neural network of the estimation of the Center was also fuzzy, so much so that it was too inaccurate 
for activating an alarm. The fuzziness of the road edges was amplifed when the car was moving left or right of 
centerline which made the problem even worse. Because of the problem with neural network acting on the raw data, 
we designed an algorithm to construct a single line through the data points associated witb the edge of the road. 
There were many spUnous lines created by this process, but we were able to use knowledge of the road/car geometry 
to constrain the possible lines and eliminate spurious road edge lines. 

The new system includes an image acquisition and enhancement subsystem using the same preprocessing 
stages as the neural network approach. As soon as the segmented binary highway images are transformed into 
threshold images, a regression algorithm is used to determine the location and orientation of the edge of the road. 
These candidate lane marks wil l  be regressed to generate parameters of hear equations which are candidate 
repsentations of solid lane marks. Only lines having an orientation possible from the mad-edge and car geometry 
is permitred. This eliminates lines with improper slopes which sometimes result from noise in the data. The 
regression algorithm is very successful in eliminating all specious lines and preserving only those lines which 
represent the edge of the road This is significant since many times the line at the edge of the rcad is composed of 
broken segments. The regression equation relates all of the broken segments into a simple linear equation. Since 
lane information is translated into linear equations by the new algorithm, the lane center can be calculated through 
linear algebra The accuracy of the new a l g o r i b  is also based on the accuracy of hear equation regression which 
is a least mean square fit to the data which is about as good as can be done. 

An additional advantage of the algorithm is that it is readily amenable to parallelition. Many algorithms 
rely on reiations from adjacent pixels so that if the image is divided into subimages for parallel p r e g  this 
conelation information is lost Our algorithm relies on histograms formed from the raw image and does not qu i r e  
cross correlation data. This means that we can use as many parallel processes as required to obtain the requisite 
speed to do the operation in real time. The concllsion is that the preprocesSing algorithms and the regression 
aigorifhm can be parallelized and pipelined so that we are highly confident that the algorithm will be both robust 
and real-time. Additionally, our algorithm relies on contrast at the road edge to obtain the mad edge information. 
It does not require a painted line at the road edge to fmd the edge. It does rely on the painted h e  marker to find 
the other side of the lane, but this is even necessary for a human driver. We do not mean to imply that if you have 



imagery of a newly paved road with no lane markers taken at night and it is raining that the system will necessarily 
be able to accurately find the road edge. We do not have data far this and cannot say. We do know that with our 
automatic brightness and contrast enhancement algorithms (this is an original result from this project) that the system 
can adjust the image to enhance contrast Our c m n t  images taken at night look like day-time images after the 
enhancement process. It may be that the enhancement feature would allow conmt  to be enhanced to a point that 
the machine could find the road edge even when an alert driver could not easily do so. The flow chart of the 
algorithm shown in Figure 2.2 illustrates the process of preproesing, image enhancement, and edge detection with 
regression analysis. 

e 
F i g u r e  2.2 Simple Flow Chart of New HLDS Design 

2.3 Reason for design change 

The original proposed design of lane demor was going to use a Fast Fourier Transform (EFT) and neural 
network 0 technique in the system. Functionally, the FFT should extract features of lane marks and NN should 
predict the lane position based on the result of FFI'. The result of our experiments shows that the FFT could not 
generate satisfactory features due to Fourier Tmsfm's property of position invariance. Since position sensitivity 
was the very important thing we were trying to captare, this generally desirable feature of the FFT worked against 
us. Because of this we were forced to remove the FFT component from the system in the new design. Then we 
tried to use neural network to detect the lane position directly from threshold images. The accuracy of the detection 
is very poor due to the nature of the data as we have already mentioned. Therefore, Newlogic changed the original 
design of the system to the current linear regression Highway Line Dewtion System, or HLDS. 

'2r 

In the new design, an innovative component, an image enhancement controller, is added. This controller 
is implemented by a back propagation neural netwadi- After training the neural network to remember the histograms 
of some special image cases, the back propagation network can ten the system how good the brightness and contrast 
of an input picture is. The HLDS will choose a correction enhancement algorithm from our library corresponding 
to quality of the picture it has observed. Using this technique it is possible to automatically adjust the picture 
histograms by the using a neural network to judge the quality of the image and select the appropriate correction 
method. Otherwise, an universal enhancement algorithm deterrnined by a human to be generally appropriate to all 
of the data will be applied to each image. By our new design, HLDS can use a user selected fixed threshold to 
simply put the input original grey-scale images kwing 256 gray levels into binary images having clear lane 
boundaries by Virtue of its being able to auromatidy adjust the brightness and contrast In Figure 22,  a brief flow 
chart of the system is given while a derailed system diagram is shown in Figure 2.3. 

3. Image Acquisition 

3.1 Operation under real world conditions 

The Highway Lane Detecting System (HLDS) will be requued to operate in the real world under the full 
spectrum of highway conditions. The full spec- of conditions means that system should work 24 hours a day 
under any weather conditions, and this task is made more Wicult by the fact that the visibility of highway scenes 
varies greatly from day to night This strongly af€ects the qualily of input images taken for the HLDS. Pictures 
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I n  this research program, an innovative 1ase.r diode baaed device has 
been deveioped t h a t  provides a w a r n i n g  signal when the vehicle deviates 
frclm t h e  c e n t e r  of t h e  lane. T h i s  device is one of the key canponents 
required i n  a system t h a t  aurcmatically conuolo  vehicle s t e e r i n g  during 
highway operation. The device scans t h e  madvly on either aide of the 
venicle  ana determines the  lateral position relative t o  the l i n e s  
-king t h e  lane. A warning is used  to a l u r  the driver of excessive 
w-eaving o r  unanticipacea departure from the lane center, and an alarm 
system can be e a a i l y  added. Low power conerruption and t h e  possxbility of 
- d n g  it campact in s i te  so t h a t  i n s t a l l a u o n  is not a problem make its 
ccmmercialization very a t t r a c t i v e .  FurtherrPare, the laser beams are a t  
i z v i s i b l e  wavelenq-ths so the operat ion of the device vi11 not pose  a 
d i s t r a c t i o n  t o  o the r  l o r o r i s t s .  I n s t a l l a t i o n  on long haul trucks and 
c the r  e x i s t i n g  vehicles should be s t rugn t fo rva rd .  A very i m p ~ a n c  
f e a t u r e  of t h e  sensor keas deveioped i n  t 5 s  research program is that it 
uses t he  e x i s t i n g  roacivav lane markers to mkintain t h e  automatic 
guidance. when appropriate pavement delincarora are not avai lable ,  t h e  
s r ee r ing  c o n t r o l  s y s ~ e m  wcuid d e t e c t  this condition, warn t h e  driver, 
and r e v e r t  t o  a manuai controi mode. The seasor head developed he re  is 
expected t o  funct ion weil i-=respective of +&e ambient l i g h t  levels, fog, 
ana r a i n -  This is a sigruf icant  f a c t o r  i n  the acceptance of the device 
and t h e  success of iZs ccnmrrcialization. Laboratory and f i e l d  tests 
show t h a t  t h e  device is r e l i a b l e  and functions w e l l  i r r e s p e c t i v e  of 
amoient l i g h t  l e v e l s ,  ana ra in .  

%is new sensor has e n o m u s  cannncrcial Focenudl. I n  t h e  early s t ages  
1: could be marketed as an instrument :a varn d r i v e r s  t h a t  they are 
xeaving. Truck d r ive r s  cperating t h e i r  vehicles f o r  long hours and 
distances would f i n d  the device useful la p r c s m i n g  their safety ahd 
chat  of o the r s  around them. The device conid also be a rcquitaPeat fo r  
chose convicted of prior ' k i v i n g  under the influence" v io l a t ions  such 
t h a t  any errat ic  behavior detected by tbe device would disable t h e  
vehicle  o r  cause warrung l i g h t s  t o  f l a s h  to alert nearby dr ive r s  o r  call  
a r t e n t i o n  t a  t h e  subject  verucle,  



1. INTRODUCTION. 

Because of the innumerable advantages that automobiles and trucks provide for 
transportation and the movement of cargo, the number of these vehicles will continue to 
increase. This, in turn, will lead to the inevitable increase in congestion and accidents. 
Increasing the capacity of highways by increasing the number of lanes or number of 
highways is not always practical or even possible. Turning to mass transit systems is an 
alternative, but has not been widely accepted in the United States. Another alternative is 
to develop means to increase the traffic flow rate by increasing the speed and density of 
the traffic while maintaining the much desired individual mobility and safety. This will 
place greater demands on the motorists and especially, upon truck drivers. A means to 
automatically steer the vehicle in a wide range of traffic conditions would allow the 
driver to better focus on maintaining longtudinal separation with other vehicles and 
attention to traffic flow. Furthermore, it may eventually make it possible to decrease the 
lateral separation between vehicles to allow the opening of additional lanes on existing 
highways while maintaining a safe operating environment. 

In this research program, an innovative laser diode based device has been developed that 
provides a warning signal when the vehicle deviates from the center of the lane. This 
device is one of the key components required in a system that automatically controls 
vehicle steering during highway operation. This system would act as a subordinate to the 
manual steering to keep the vehicle following the lane even in curves and under lateral 
forces due to wind gusts, passing vehicles, and uneven roadways. Such a system would 
improve the driver's control and greatly relieve the driver of strain and fatigue on long 
distance trips. One may consider this as analogous to flying an aircraft with the auto-pilot 
function: the system ensures that the vehicle is kept within the lane udess the driver 
applies a force to the steering wheel to execute a deliberate lane change or exit from the 
highway. c If the driver becomes incapacitated, the system microprocessor would detect 
this dangerous condition and take appropriate measures such as enabling an alarm, 
turning on warning lights for surrounding vehicles, or slowing the vehicle. Nonetheless, 
the tracking device would keep the vehicle from veenng left or right unexpectedly and 
thus preventing serious accidents. 

A very important feature of the sensor head deveiopea in this research program is that it 
uses the existing roadway furze markets to maintain the automatic guidance. When 
appropriate pavement delineators are not available, the steering control system would 
detect this condition, warn the driver, and revert to a manual control mode. The sensor 
head developed here is expected to function well irrespective of the ambient light levels, 
fog, and rain. This is a significant factor in the acceptance of the device and the success 
of its commercialization. 

Several methods have been investigated for achieving lateral control of vehicles and for 
automatic steering (see, for example, Shladover et ai., 1991, Bender, 1991, Johnston, 
1979, Fenton, 1970) . These and other approaches are discussed in a following section. In 
the present research program, we start from the less ambitious point of providing a 



warning when the vehicle begins to weave due to driver fatigue, drowsiness, intoxication, 
or inability to properly control the vehicle for other reasons. This helped to place less of 
a burden on the early phases of the development and has led to a device that has merit 
even if the development of the full system is not carried through until the next phase. 

As will be seen in the literature review section, many approaches for lateral position 
monitoring and control have been proposed that rely on the placement of special, 
embedded pavement markers and transponders and sophisticated sensing equipment on 
the vehicle. This approach has enormous associated installation and maintenance costs. 
What we demonstrate here is that an inexpensive (between $500 and $1000) and reliable 
sensor can be manufactured that relies only on existing roadway lines and markers. This 
approach will permit a much easier initial implementation and commercialization of the 
system. 

1.1. Overview of the Sensor and Warning System Developed in this Research 
Program. 

The laser-diode based device scans the roadway on either side of the vehicle and 
determines the lateral position relative to the lines marking the lane. A warning is used to 
alert the driver of excessive weaving or unanticipated aepanure from the lane center, and 
an alarm system can be easily added. Low power consumption and the possibility of 
making it compact in size so that installation is not a problem make its commercialization 
very attractive. Furthermore, the laser beams are at invisible wavelengths so the 
operation of the device will not pose a distraction to other motorists. Installation on long 
haul trucks and other existing vehicles shouid be straightforward. 

Referring to Figure 1 a diode laser js used to generate a collimated laser beam. The beam 
i s  swept onto the roadway surface employing a multifaceted rotating mirror. The same 
mirror is employed to receive the rerlection of the laser beam back from the roadway 
surface and direct it back to a photodetector. Since highway roadway lines and other 
markers are much more retroreflective than the backgound surface, a very strong signal 
is obtained from the photo-detector eve? time the scanning beam crosses the roadway 
line. 

A master clock is coupled to the mirror, and a count start is generated every time a 
scanning sweep begins. The signal coming from the photo-detector is employed to stop 
the clock count. A processor is coupled to the counter. and uses the timing information to 
calculate the distance between the vehcle and the roadway line or marker, and if this 
distance is not within given limits. a warning is issued. 

1.2. Potential Applications of the Device. 

This new sensor for monitoring the lateral position of a vehicle in a lane has enonnous 
commercial potential. In the eariy stages it  could be marketed as an instrument to warn 
drivers that they are weaving. Truck drivers operating their vehicles for long hours and 
distances would find the device useful in preserving their safety and that of others around 
them. The device could also be a requirement for those convicted of prior "driving under 



I Figure 1: Simplified schematic of the monitorine svstem, 
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the influence" violations such that any erratic behavior detected by the device would 
disable the vehicle or cause warning lights to flash to alen nearby drivers or call attention 
to the subject vehicle. 

As the development of the device continues and it is proven reIiable under a broad range 
of conditions, it could be incorporated into the steering control of the vehicle. The 
device would then be sold as an option on new vehicles and as an add-on to existing 
vehicles. This commercial market is very large. Under appropriate licensing agreements, 
it would be a major step in improving the competitiveness of the US.  automotive 
industry. The device could result in a major improvement in vehicle handling and safety. 
A significant number of studies have identified the advantages of steering assisted 
vehicles at a time when the technology discussed in this report was not yet available (see, 
for example, Fenton, 1968 and 1970, and Gardels. 1960). 

The government should find the device useful in the continuing research on 
automatically-controlled vehicles. Other applications could include the automatic 
recording of driver performance in lateral control studies while drowsy, fatigued, or 
under the influence of alcohol or drugs. The US. Department of Transportation's March 
1990 "Report to Congress on Intelligent VehiclekIighwav Systems (IVHS)" recommends 
that there be "a national cooperative effort to foster the development, demonstration, and 
use of IVHS technologies. We further propose that this effort be formulated and 
coordinated jointly by industry and government." Statements like these stress- the 
importance of the development of innovative technologies like the one presented here. 

13. Specific Objectives of the Phase I Research. 

The specific goals of the Phase I research and development program were to: 



1. Identify and review the available methods of sensing lateral vehicle position. 

2. Develop a preliminary design of the laser diode-based tracking system. 

3. Review the available laser diodes, detectors, and laser scanning devices and select 
the appropriate devices to be tested for the present application. 

4. Build a breadboard optical system for testing the concept on the detection of 
simulated and then actual roadway lines having various degrees of deterioration. 

5. Develop the microprocessor-based signal processing electronics to be used with the 
breadboard system. 

6. Analyze the vehicle dynamics and control requirements under conditions of periodic 
loss of tracking, breaks in the lines, curves. and under lateral gust forces due to 
adjacent vehicles and wind. 

7. Evaiuate the system in the laboratory under ideal conditions and under various 
simulated road conditions such as rain, bright sun, and darkness. Continue the 
evaluation on actual roadways by recording the output of the device under a realistic 
range of conditions. 

8. Define methods to protect the device from damage and contamination in normal 
operation on the vehicle. 

1.4. Summary of Activities Performed During this Phase I Program. 

The following tasks were performed under this program: 

1. Technology Review 

9,. Preliminary D e s i g  

3. Performance Evaluation 

4. Engineering Review 

5. Documentation and Reporting 

During the first bimonthly period. a thorough review of the methods evaluated to date to 
sense lateral vehicle position in a lane, and an anaiysis of their relative merits was 
performed. The results of this review will be presented in the next section. In addition. a 
survey of the literature available on the subject of intelligent vehiclehighway systems 
was performed. The results of this survey are presented in Appendix 4. Also in this 
period, the appropriate solid state laser diodes and detectors were selected to ensure that 
the most suitable devices were available in the feasibility studies. The laser-diodes were 
selected using criteria such as power output, beam divergence, wavelength of the emitted 



beam, cost, and reliability. The detector was selected to match the laser wavelength and 
to provide good immunity to ambient light. Once these tasks were completed, our efforts 
were focused toward setting up the environment where equipment and design ideas were 
tested. In particular, the specification and purchase of a scanning mirror assembly to be 
used in the initial prototype, the gathering of information regarding highway line 
characteristics and other demarcation standards, and a preliminary assessment of the light 
reflection characteristics from the paint and the glass beads employed in 
highwayhoadway lines were among the most important activities performed. 

In the second reporting period of this project, our efforts were focused toward testing and 
evaluating various design concepts, both in the laboratory and on the demarcation lines 
that were deployed in the parking lot adjacent to our laboratories. In particular, the 
scanning beam / single detector and the laser sheet / CCD array methods were compared 
in terms of performance, reliability and cost. 

The third period of this Phase I grant was employed to develop a prototype of the sensor 
head, mount it on a small truck and test it on real roadways. The output of the sensor 
head was fed to custom electronic circuits that determined the vehicle's position relative 
to the lane and issued a visual warning when the weave of the vehicle exceeded 
predetermined limits. In addition, the signal from the sensor head was acquired and 
digitized using a digital scope connected to a computer, and several sensor sweeps were 
permanently stored on the computer's disk. These sipais were used to test various digital 
signal processing algorithms. Finally, the last two weeks of this contract were spent on 
testing and the preparation of the present report. 

The remainder of this report will be devoted to document in detail these research 
activities and the results obtained. Finally, an assessment of the technical feasibility of 
the device will be presented. 
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Applications 
W Radar Data Collection 

Data Time Annotation 
8 Time Correlated Distributed Data Collection 
W "Bit-creep" Elimination 

One PC bus peripheral board-several useful functions 
R l ime code reader with AGC 
W Reads IRIG A. B, NASA 36, XR3 time codes 

Synchronizable time generation and modulated IRIG-B output 
Propagation delay correction 

8 On-board event time measurement, days through peconds 
I IBM PC-AT bus CompatiMe 
W Low-overhead intemptdriven operation with FIFO 
W Interrupt level configured by user 

Jumper-selectable I/O address 
W Status register 
The AITG-PC incorporates the functions of a propagation delay- 
corrected, synchronizable time base generator, an event time 
freeze register, a PC-bus interface, all on a single IBM-PC 
peripheral board. 

Synchronizable Generator - The synchronizable generator 
accepts IRIG-A, RIG-8, NASA 36, XR3 modulated input, 
corrects it for propagation delay, and generates local "on time" 
frequencies and rates from 1 h4Hz to 1 PPS. The synchronizable 
generator can be used stand-alone (without input time code), seH 
starting at 0 days ... 0 pseconds. 
Time Code Input Auto-Polarity and AGC - Balanced high 
impedance input allows isolation from ground loops. The analog 
processing section includes an automatic gain control (AGC) 
amplifier for accommodating a wide range of input amplitudes. 
The on-board microprocessor automatically detects and corrects 
for inverted time code polarity. 

lime Base Correction - An on-board microprocessor constantly 
measures the time base error &tween local time and the input 
time code and adjusts the local on-board oscillator frequency for 
minimum error. The local time is checked through days for 
agreement with the input time code. If the input time code is lost 
or obliterated by noise pulses, the local time base continues 
unperturbed, using an open loop frequency adjustment based on 
the most recent several minutes of error correction. When the 
input time code returns, the correction loop can again be 
smoothly closed, without jitter or jumps in local time generation. 
Event Time Measurement - The time when an event occurs is 
measured with psecond accuracy by an on-board 
microprocessor controlling several counters. The event may be 

*an external TTL pulse input or  may be generated by the users 
host processor. The microprocessor copies the freeze register 
into a FIFO after an event occurs so that the user program can 
access all the event data with 8 input operations. 
RateFrequency Outputs - Rates (pulses) and frequencies 
(50% duty cycle) are produced "on-time" propagation delay 
corrected by dividing the corrected 6 MHz basic time base. 
Synchronous modem transmit clocks and 6 decades of rates are 
produced-all with leading edges an-time. 
Bus Interface - The AITG-PC generates a base a,ddress match 
by decoding all ten I10 address lines provided on the PC bus. 
The AITG-PC provides the user with I/O ports for reading data, 
setting propagation delay, setting time, generating internal events 
and reading status. An interrupt may be generated to the host 
processor via one of the PC bus interrupt lines (IRQZ-IRQ7) or 
AT bus interrupt lines (IRQlO-IRQ12, lROl4, lRQl5) when an 
event has been captured in the output FIFO of the AITG-PC. 
Interrupt line selection is made with a hard wire jumper 
connection. Alternatively, the user may poll the output ready bit 
of the status register to test if an event has been captured by the 
on-board FIFO and can be read by the user program. 

ullm Sprjngtw Inc. 
T e c h n i c a l R e p r e  

Options 
Modulated IRIG-I3 output 
External master time base 205)883-4163 

Home: [205) 883- 1756 



SPECIFICATIONS 
AITG-PC 

GENERAL l6M PC BUS INTERFACE 
TTL Input Levels Low < .SV, high >2.0V Bus address Base I10 address - jumper-selectable 
TTL Input Load 1 Low-power Schottky TTL load (0-3FF) 
TTL Output Levels 
TTL Output Drive 

TIME CODE INPUT (Jl, 52) 
Connector 
Input Impedance 
Input Isolation Instrumentation Amplifier 
Format 

Level 
Indicator 

Polarity Autopolarity standard 
Noise Immunity Bayesian error correction, 

EVENT INPUT (Jl) 
Event Rate 2000 evenWsecond maximum 
Event Latency 

SoUfCZ? Internal or external 
Internal Event 

MULTIPLE TTL OUTPUTS (J1) 
Connector 15-pin D-Type (Jl) 
Rates/Frequenaes 

Low <.4V, high >2.4V 
10 l T L  loads 

Offset 0 - FIFO data read 
Offset 1 - Status register 
Offset 2 - Command Stobe 
Offset 3 - Internal event register 
0 - FIFO output ready 
1 - Loss of signal error 
2 - Incorrect sync error 
3 - 7 unused 
2 BCD digits per byte 
Byte 0 - 0, lo2 days 
Byte 1 - lo', 1 day 
Byte 2 - 10'. 1 hours 
Byte 3 - 10'. 1 minutes 
Byte 4 - 10'. 1 seconds 
Byte 5 - 105.1 O4 Geconds 
Byte 6 - 1 03. 1 O2 pseconds 
Byte 7 - 10'. 1 peconds 

15 pin type D (Jl), Type F Coaxial (J2) 
=. 10 K ohms 

IRlG A, IRlG 8, NASA 36. XR3 

.5V to 1 OV peak to peak 
On-board LED lights when input level 
is e .5V peak to peak 

Status Byte 

FIFO Data Format (modulated) 

5 second consistency check 

e 200 pseconds from event until PROPAGATION DELAY SELECTION 
Range 0 to 9975 peconds 
Resolution 1 .O peconds 
Format 

MECHANICAL, ENVIRONMENTAL, AND POWER 
Mechanical IBM-PC Bus compatible 
Operating Temp 

Power +5V at 1.2 A 
+12V at 0.1 A 
-12Vat0.1 A 

data ready 

Programmable from IBM PC Bus Triggerable by host control 

0 degrees C to 55 degrees C 100 PPS, 1 MHz (standard) 

1 OOK, 50K, 1 OK, 1 K (Option 0) 
1 .Ok 10% pseconds 
Positive, rising edge on-time 
50% for frequency outputs 

Rate*requendes 5@w-seledabie from 24 2.4 Relative Humidity 90% (non-condensing) 

Pulse Widths 
Pulse Polarity 
Duty Cycle 

ORDERING INFORMATION 
Order Number 
Option Letter "0" 

Option Letter "P" 

AITG-PC - (Option letters) 
Daughter Board-supplies extra 

External 1 MHz or 6 MHz master time 
rates/frequencies 

base (for extended open loop 
operation) 

range operation 
Option Letter "0" Crystal oven for extended temperature 

IBM PC o a lradc mark 0: Iniernat~cmal Bus~ness Machlnes 

odetks Precision Time Division 
151 5 South Manchester Avenue, Anaheim, California 92802-2907 
Phone (714) 758-0400 Fax (714) 776-6363 

Speukatiors subpa 10 change withoc: noliiicalton 
rr,. .~ .L.C.? 3 . - .  - ~ c1 



The UTSI 0 is an inexpensive, stand-alone source of 
precision time, synchronized to Coordinated Universal 
Time (UTC), an international time standard. It can be used 
anywhere a precision clock is required to provide absolute 
time, measure elapsed time, make sense of time invariant 
data, or synchronize data acquisition and control processes 
such as traffic signal light synchronization. 
The UTSlO is based on Odetics’ popular board-level 
CTS-10 Computer Time Standard which synchronizes IBM 
PCs and compatibles to UTC. Using proprietary micro- 
processor technology and a sensitive radio receiver, the 
UTS10 decodes UTC timing signals transmitted by WWV 
and WWVH, public broadcast services of the US. National 
Institute of Standards and Technology, formerly National 
Bureau of Standards. 
Depending on received signal strength, the UTSl 0 can 
acquire lock in four to seven minutes, synchronizing to 
within rt 20 ms of UTC. A microprocessor-based clock 
provides continuous precision time during adverse signal 
conditions. In the event of power loss, the U T 3 0  contains 
a CMOS clock that can keep track of time for up to 24 
hours via a charged capacitor (“supercap”) power backup 
circuit. An optional lithium battery is available that powers 
the CMOS clock for up to one year. 
A built-in LCD display and simple keypad allow the UTSlO 
to be setup and monitored locally. For remote control 
applications, the UTS10 incorporates an RS-232 serial 
interface. In addition, a programmable TTL pulse output 
can be used to periodically synchronize or reset external 
devices. 

Sensitive Receiver 
Optimized to receive WWV on 10 MHz, the UTSI 0 
employs a low noise, wide dynamic range receiver that 
assures consistent and reliable reception. 
Common Mode Rejection 
The UTSl 0’s RF input circuitry features an exclusive 
Common Mode Rejection feature that minimizes noise and 
cross-talk. 
Microprocessor Decoding 
The heart of the UTS10 is a microprocessor that executes 
proprietary digital signal processing (DSP) algorithms, 
enabling the system to attain high levels of performance 
with minimal hardware. 
Automatic Daylight Savings Time (DST) and 
Leap Second Detection 
The UTS10 automatically detects DST and leap second 
announcements embedded in the WWV and WWVH 
signals. 
informative LCD Display 
An informative display aids the setup, operation and 
maintenance of the UTS10. UTC, local or daylight savings 
time can be displayed in a 12 or 24 hour format. The date 
is shown in both calendar or Julian formats. Other 
indicators show whether UTC or the local time zone is 
selected, if DST is enabled, signal strength, sync state, last 
update and sync loss interval for at-a-glance system 
checks. 
Low Power, Cool Operation, 
Conservatively Rated 
Powered by an external 12VDC converter or any other 
12VDC source, the UTSI0 is a power miser. Specifically 



SPECIFICATIONS 

UTSI 0 designed for harsh environments such as traffic signal control 
boxes and remote data acquisition sites, the UTS-10 runs cool. 
Active Antennas Available 
Two active antennas are available for use with the UTS10. The 
ADA-1 0 is an inexpensive low-noise, high-gain active dipole 
antenna, for use in both marginal and nominal signal areas. The 
AFA-10 is a small and inexpensive active ferrite antenna for use in 
nominal signal areas where space is limited, or where other 
requirements preclude the use of dipoles or whips. Other 12VDC 
active or passive antennas may also be used, depending on their 
reception characteristics. 
RS-232 Interface, Standard Command 
Set and Advanced Features 
An RS-232 serial interface command set makes host 
programming easy. Query and Set commands monitor and control 
every feature. In addition, the UTS1 0's Time Log can be polled to 
evaluate the reception characteristics of a remote site for the 
previous week. 
Flexibility 
The UT30  delivers precision time in a variety of settings; in the 
laboratory or office, at a remote data acquisition site or in a traffic 
control cabinet. 
Designed to survive brown-outs and black-outs, the flexibility to 
choose between "supercap" or battery backup meets the 
preferences of any user. Once power is restored, estimated time 
is immediately available - there is no .need to wait for full 
synchronization. 
Ease of Use 
The LCD built into the UTSlO offers a convenient summary of the 
system's setup state and performance. Each display field is 
clearly identified, logically placed and easily accessed via a 
simple keyboard. 
Remote site checks on the UTSlO can be performed quickly and 
easily by both first time or infrequent users. Operation is intuitbe 
and friendly. Standard and advanced RS-232 commands make 
host programming equally simple. 
More For Less 
The UTSlO provides accuracy, reliability and versatility at a price 
that can't be matched. Its rugged design makes it perfect for 
harsh environments such as traffic signal control boxes. Call 
today for an onsite demonstration and evaluation. 

Locked Performance 
Accuracy .................................... WRhin +20 ms of Coordinated 

Universal 'lime (UTC). na  WWV or 
WWVH, National Institute of 
Standards and Technology 

signal conditions. 
4 Minutes min. with strong 
signal present 

lime To Lcck ............................. 7 Minutes m a .  under nomind 

Receiver 
Type ........................................... AM (Crystal Controlled), 

Frequency ................................. 10 MHHz 
Antenna Input ............................ 50 ohm, BNC Connection 
I.F. Frequency ............................ 455 KH2 
Sensitivity .................................. Audible at less than 0.5 p input 

Single Conversion, 
Superheterodyne 

Display 
Type ........................................... Custom Liquid Crystal Display (LCD) 
Dimensions ................................ 1 .S X 3.5' 
Display FeMs ............................ Month, Day, Year - MM DD W 
Julian Date ................................. NNN 
Day of Week .............................. SUN, MON, TUE, WED, 

Time .......................................... HH:MM:SS 
Last Update ............................... HH:MM 
Indicators ................................... Loss Interval 

THU. FRI. SAT 

Daylight Savings 
AM, PM 
Pulse 
Signal Strength 
lime zone 
Reset 

outputs 
l l L  Pulse .................................. 1 second pulse, once per day, 

programmable 
Audio Monitor ............................ Miniature 8mm Mono jack, 

headphone or 8Q speaker 
UnlockedRoss of Power Performance 

Miao-processor dodc ................ 30 PPM 

Power Loss Backup ................... Up to 24 hours with 

Max Drift. -x) "c to +70 "c 

'supercap" power backup 
Up to one year with lithium 
banery power backup 

85-232 Interface 
Communication 
Parameters ................................ 300 - 9600 Baud, Selectable Pa*, 

Physical 
Dimensions ............. . .2.5'DX7"W X Y H  
Power ........................................ 12VDC, 150 ma 
Weight ....................................... 1.5 Lbs 

Word Length and Stop Bits 

Odefiks -ision Time Division 
151 5 souvl Manchester Avenue, Anaheim, Cardomia 92802-2907 
Phone (714) 7580400 Fax (714) 733-TIME 
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r-2 L- UniMeasure 
Cowallis Oregon. U S A Simply the best! Tel 503 757-3158 Fax 503-757-0858 

HX SERIES LINEAR POSITION TRANSDUCER 
O'ring Seals All Joints 

Extremely Rigid 2 Point Mount 

Low Friction Shaft Seal 

Anodized Aluminum/ 
Stainless Steel Housing 

(All Stainless Steel Optional) Small Footprint Mount 

nsor Chamber 

DESCRIPTION 
The UniMeasure HX series consists of a family of environ- 
mentally sealed cable extension linear motion transducers 
for measuring position, velocity and velocity/position. 
Available in a rugged anodized aluminudstainless steel 
housing (all stainless steel optional), the HX models are 
aplyopriate for hostile environments where exposure to 
rain; wash down, or submersion in various liquids are 
concerns. The position units are available with analog or 
digital position output. This bulletin gives specifications on 
the HX-PA position model with voltage divider circuit. 

With standard features such as o'ring seals in all joints, 
cable dust and debris filter, and rigid two point mounting 
system, the HX series is the preferred solution when 
measurement in an adverse environment is necessary. 

b- 1.10 -4 
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SPECIFICATIONS.. ANALOG LINEAR POSITION MODEL HX-PA 
General 
Linearity 

2', 5' Ranges ..................................... 20.25% Full Scale 
10'. 15'. 20' & 25' .............................. 20.1 5% Full Scale 
All other ranges .................................. 20.1 0% Full Scale 

................. +0.015 Full Scale Repeatability ..... 
Resolution 

Ranges 10" and above ............ 
Construction ................................. 

Sensing Device ....................................... Precision Polentiometer 
Connector .............. ................ MS3102E-14S-6P 
Mating Connector (Inc ............ MS3106E-14S-6.S 

...... Essentially Infinite 

...... Anodized Aluminum 8 
Stainless Steel 

Electrical 
Input Impedance ..................................... 500 ohms ?lo% 
Output Impedance .................................. 0 to 500 ohms 
ExcitationVoltage ................................... 25 Volts Max. AC or DC 

Environmental 
Thermal Coefficient of 

Operating Temperature ........................... -15°C to 95°C 
Shock ..................................................... 50 G Q 0.1 ms Max. 
Vibration .................................................. 10 Hz to 2000 Hz. 15 G peak 
Ingress Protection of Internal 
Mechanism exclusive of Cable area ....... NEMA 4 
Optional Ingress Protection ..................... NEMA 6 

Sensing Element ................................ 2 100 PPWC Max. 

MODEL 

HX-PA-;! 
HX-PA-5 
HX-PA-10 
HX-PA-15 
HX-PA90 
HX-PA-25 
HX-PA-30 
HX-PA40 
HX-PA-50 

RANGE 
l ~ n ~ h ~  T ' P ,  

2 5 0  
5 125 

10 250 
15 390 
2 0 5 0 0  
25 640 
30 750 
40 lo00 
50 1250 

HX-PA-60 50 1500 
HX-PA-80 ~ 80 2WO 

NOM~NALOUTPUT 
T ' J V  - r v v m r P \  

475 18.7 
196 7.7 
95 3.7 
65 2.5 
49 1 9  
39 1.5 
32 1.3 
24 1 0  

16 0.7 
13 0 5  

__I 

20 o a  

Bulkttn 400043-224 
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LINEAR POSITION AND VELOCITY TRANSDUCERS 
CABLE ExTENslON TRANSDUCERS FOR THE MEASUREMENT OF LINEAR POSITION AND LINEAR VELOCITY 

Description 
With relatively non-critical alignment requirements, compact size, and ease of installation, cable extension transducers 
have proven to be an attractive approach for many different types of linear position and/or velocity measurement appli- 
cations. The transducer contains a small diameter stainless steel cable which is wrapped onto a drum. Operationally, the 
transducer is mounted at a fixed position and a clip on the end of the stainless steel cable is attached to a moveable 
element. As movement occurs, the cable extends from the transducer while rotating a sensing element connected to the 
internal drum. An electrical output signal is produced which is directly proportional to the cable extension and/or cable 
velocity. An internal spring maintains near constant tension on the cable and serves as the retraction mechanism. 

SERIES 

Velocity and Position 

DESCRIPTION RANGES LINEA RlTY 

20.1 0% Full Scale 
most ranges 

Precision potentiometric sensing device 

through a voltage divider circuit. 

0-2" or 50 mm 
to 

0-500" or 12500 mm 
gives absolute position voltage output 

I I 

0-2" or 50 mm 
to 

0-500" or 12500 mm 

20.15% Full Scale 
most ranges 

Two wire connection 4-20 mA output with 
adjustable zero and span. Requires 14 
VDC to 35 VDC input. 

0-10 VDC output with adjustable zero and 
span. Span can be adjusted to give 0-5 to. 15% Full Scale 

most ranges I I V  I 0-500" or 12500 mm VDC output. Requires 12 VDC to 35 
VDC input. 

+lo VDC output with adjustable zero and 
span controls. Requires t15 VDC input ltr0.15% Full Scale 

most ranges IO 
0-500" or 12500 mm with optional i5, +12, i15 or +24 VDC 

inputs available. 

Two channel, TTL compatible square 
wave output. at 5 VDC. Optional 
differential line driver and voltages 10 28 
VDC available. 

Environmentally sealed transducer 
available with both position or velocity 
outputs. Voltage divider circuit, 4-20 mA, 
0-1 0 VDC, 21 0 VDC and 2 channel 
square wave digital outputs available. 

Velocity transducer with self generating 

cable speed. 

0-2" or 50 mm 
to 

0-500" or 10000 mm 
t-O.O5% Full Scale 

Analog output_+O.lO% 
FUH Scale most range! 
Digital output +0.05% 

o-2" (50 mm) 
to 

o-80" (2000 mm) Full &-le 

0-2" or 50 mm 
to 

0-500' or 12500 mm 

3% RMS ripple 
linearity to 0.1 Ol0 

voltage output directly proportional to 

Velocity/position transducer with self 
generating voltage output directly 
proportional to cable speed and with 
absolute analog position voltage output. 

Velocity: 3% RMS 

UniMeasure Cowallis, Oregon, USA. Tel: (503) 757-3158 Fax: (503) 7 5 7 9 ~  



LXMC SERIES 
LINEAR POSITION TRANSDUCER 

Description 
The LXMC linear position cable extension transducer is a compact device for moderate duty applications. 
The light weight transducer features a machined body, low tension return spring, and long Life nylon jacketed 
extension cable. Since many optional features are possible, the device can be configured for specific applica- 
tiOnS. 

General 
R a g a  ........................................................................ 0-2” to 0-50“ 
Sensing Device ........................................................... Potentiometer--Wire Wound, 

Conductive Plastic or Hybrid 
Linearity ..................................................................... f 1 8  Full Scale Typical 
Repeatability ............................................................... 33.05% Full Scale Typical 
Cable .......................................................................... Multistrand Stainless Steel, Nylon Jacketed 
Construction ............................................................... Thermoplastic Body standard 
Weight ........................................................................ 3 oz. 
Connections ................................................................ Solder Terminals 
Expected Life: .............................................................. 500,000 Cycles 

Electrical 
Input Impedance “ A  Circuit ....................................... 5oOrt10% Ohms Standard 
Output impedance “A” Circuit .................................... 0-500 Ohms 
Excitation Voltage ...................................................... 25 Volts Max. AC or DC 

Environmental 
Operating Temperame ............................................... 0-6OOC 
Operating Humidity .................................................... 95% R.H. ma. Non-Condensing 
Storage Temperature ................................................... -25W to 8OOC 

CIRCUIT DIAGRAM 

COMMON 
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“ S O L I D - S T A T E ”  R A T E  S E N S O R  

Cl Virtual Reality 

0 Instrumentation 

El Robotics 

Description 
The GyroChip It is a compact, 
rugged, “solid-state” sensor used 
to measure angular rotation 
rates. It features a monolithic 
quartz sensing element, internal 
regulation and DC-in, DC-out 
operation. Two versions are 
available: the standard version 
is suitable for operations from a 
single-sided (1-12 V) supply, 
while the low noise version 
operates from a double-sided 
(415 V) supply. 

Features 
0 Rugged Design 
r3 Lightweight 
CI DC-in, DC-our Operation 
0 Wide Temperature Range 
CI Internal Regulator 
Model specific ... 
c3 Low Noise 
cf POWER SAVE Mode 

Operation 
The sensing element of ‘the 
Gyrochip JI is a microminia- 
ture double-ended quartz tuning 
fork. By using the Coriolis 
effect, a rotational motion 
about the sensor’s longitudinal 
axis produces a DC voltage 
proportional to the rate of 
rotation. Use of piezoelectric 
quartz material simplifies the 
active element, resulting in 
exceptional stability over 
temperature and product life. 

2700 Systron Drive Concord, California 94518 
Tolf-Free Number: (800) 227-1625 Outside California sales: (51 0) 671 -6601 
Customer Service: (510) 671 -6480 FAX (51 0)  674-4847 
European Business Office (Oover, England): 44 304-216281 FAX: 44 304-214638 

rllstrcON INERTIAL 
WNNm DNlSlON 
A BE1 Electronics Ca 
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WS"RON INERTIAL 
DQNNER DIVISION 
A BEl Electronics Co. 

Gyrochip 11 
QRS14-00100-102 QRS 14-001Oo-lO3 

POWER REQUIREMENTS STANDARD LOW NOISE 
A9 to +18VDC Input Supply Voltage 

Input Supply Current (Max) 35 mA 35 mA (each supply) 
PERFORMANCE 
Range -tl OO"/sec It1 OO*/sec 
Scale Factor (,+2%) 15 mV/"/sec 50 mv/"/sec 
S.F. Over Operating Temperature <4% from Ambient <4% from Ambient 
Bias (Initial Offset) +2.5 kO.045 VDC 0.0 B.075 VDC 
Bias Stability 
-Short Term (100 sec constant temp) ~0.05"/sec <0.05"/sec 
-Long Term (1 year) < 1 .O"/sec < 1 .Oo/sec 
-g Sensitivity (all axes) <0.06"/sec/g cO.O6"/sec/g 

+12 to +18 VDC 

-Over Opcracing Environments <+3 .OG/sec cf3.0°/sec 
Linenri ty <0.05 9% of F.R. ~0.05 96 of ER. 
Output Noise (to 100 Hz) 
Bandwidth (90") 
Resolution and Threshold 
Start Up T i m  

<O .05 O/sec/dH z 
DC to 50 Hz 
<O .004"/sec 

. ~ 1 . 0  second 

<0,02"/sec/dHz 
DC to 50 Hz 
<0.0W0/sec 
< 1 .O.second 

Operating Life >5 years >5 years 
ENVIRONMENTS 
Temperature 
--Operating -40' C to 4-85' C 

-55" c to +loo" c 
-40° C 10 +85" C 
-55" 6 to +looo c -Storage 

Vibration (20 to 2,000 Hz, Random) 
-Operating 4 g RMS 4 g RMS 
-Survival 10 g RMS 10, g RMS 
Shock - Survival 200 g's 200 g's 

0.7s 

_-- 1" 
--.- 

1. GyroCbip"I1 is supplied wlrh a M h g  Connector ( M O B  P/N 5264-7 or cquiy). 

@ &gular Ratc applied as shown will product L Positive OulpUr 

3. Unit of mwuw in INCHES. 

PIN QRS14-00100-102 QRS14-00100.103 
1 Power and Signal 61-ound -VDC 

2 +VDC +VDC 
3 POWER SAVE' Power Ground 
4 Factory Test Signal Ground 
5 Rate Output Rarc Output 

6 Factory Test Factory Test 
Built-in Tese 7 Built-in-Test' 

'POWER SAVE turns off 
is activated by 5 VDC f l  
:Boilr-in-Test aciivaied by grounding pin 7. Advation 
cauacs a nominal increase in Race Output (pin S) of 
25%ec. 

wcr TO inrcrnal circuits and 

If it moves, GyroChip it. 4. WEIGHT is lcss &an 50 Grams. 

Systron Donner also manufactures accelerometer products. Pflnlod Md 
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Research and 
Developments 

Stephanie VL Wenkel 

Gyro-on-a-Chip Acts As Coriolis Sensor 
A new inertial sensor, the CyroChip, 1s 

made of single-cpstal piezoelectric quartz 
in the shape of a double-ended tuning fork. 
The tines of one fork, driven by an oscdla- 
tor at a precise amplitude, move toward 
and away from each other  a t  a high fre. 
quency. This fork drives the other, which 
produces the output signal. The forks, sup- 
port flexures, and frame are all fabricated 
from a single wafer. 

Each tine has a Coriolis force acting on it of: 

F = 2 mqVr 

vhere: 

m = tine mass 
o, = input rate 
V, = instantaneous linear radial velocity 

The force is perpendicular, to both the 
iput rate and the radial velocity. Because 
ach tine moves in a direction opposite to 
he other, the forces are  normal to the  
lane of the fork assembly at each of the 
ines and in opposite directions. The con- 
lguration yields a torque proportional to  
ie input angular velocity. Since the radial 
near velocitl; is sinusoidal, the torque pro- 
uced is also sinusoidal at the frequency of 
le drive tines, and in phase with the radial 
elocity of the tine. 
The pickup tines respond to the oscillat- 
ig  torque by moving into and out  of 
lane, causing the pickup amp to produce 

output signals. The synchronous demodu- 
lator, which responds only to the output 
rate signals, demodulates them into a DC 
signal proportional to angular rate. 

The input rate sensitivity is only about 
the axis of symmetry of the fork assembly 
since that is the only motion which, by 
Coriolis sensing, will produce an oscillating 
torque at the frequency of the drive tines. 
The output signals are demodulated with 
respect to the drive tine oscillator signal 
since the  rate signal is directly in phase 
with the oscillator signal. Because the oscil- 
lating torque produced by Coriolis reverses 
phase when the input rate reverses, the 
output signal is a DC signal directly prc- 
portional to input rate, reversing sign with 
the reversal of the input rate. 

Contact Gury W. Felszng, Systron Donner 
Ineiiial Div., A BEI Elecfronics Co., 2700 
Systron Dr., Concord, CA 94518-1399; 800- 
227-1 625 (outside CA); 51 0-671 -6582, fax 
51 0-674-4847. 

1 

TINES 

cot 

PICKUP AMPURER 

INPUT AXIS 



NAC Series 
Silicon Accelerometers 
Ceramic Packages 

APPLICATIONS 

FEATURES 

DESCRIPTION 

Automotive. smart suspension, crash sen-%, -- 

* Consumer appliances 
Earthquake monitoring 
Biomedical instruments 
Computer peripherals 
Military arming and fusing 

air bag systems, & anti-lock 

Low cost, miniature size 
@ Available ranges: k 29 & k 509 

(consult factory for additional ranges) 
Similar electrical performance to 
NAH Series accelerometers; 
- Nonlinearity < 0.25% FSO typical 
- Cross-axis sensitivity < 3% FSO maximum 
Self-test feature included on 5Og devices; 5g at 5 VDC and 509 at 12 VDC 
(consull fadory for other ranges available with self-test feature) 

* Output signal of up to 60mV FSO with 2.0mA excitation 
* Integral offset and temperature compensated from -30 to t854: 
* Maximum acceleration limit of 20009 in all three axes. 

Cost-effective ceramic package and thick-film circuit technology enables the Lucas Novasensor NAC 
Series piezoresistive accelerometers to be particularly suitable for high volume OEM applications 
including automotive crash sensing, anti-lock braking systems (ABS), and automotive suspension 
control. Chip-on-ceramic technology utilizes automated batch fabrication and assembly as well as 
computer-aided thick-film laser-trim to reduce costs. As with all Lucas Novasensor silicon sensors, the 
NAC Series accelerometer uses SenStable@processing technology for excellent signal stability over 
time. The NAC Series provides the same performance benefits offered by the NAH Series acceler- 
ometers such as built-in damping, Silicon Fusion Sonding, and 20009 over range protection. 



NAC Series 
r 

Silicon Accelerometers - Ceramic Packages 

OPERATING 
CHARACTERISTICS 

GENERAL 
Acceleration Range NAC-101, -103 2 2  9 0 229 

NAC-201, -206 k 50 9 0 k5Og 
Acceleration Limits 2000 9 any direction 
ELECTRICAL Q 2mA, 25°C (774) unless otherwise stated 

Input Excitation 2.0 mA 3.0mA max. 
Input Impedance NAC-101, -201 2000 R -t 25% 

NAC-103, -206 1300 R f 2546 
Output Impedance 2000 s2 k 250k 
Bridge Impedance 2000 R ? 25% 

ENVIRONMENTAL 
Temperature Range 

OperatingP) 
Compensated 

-40 to +loo 
-30 to +85 

4: 
r: 

-4O"to t 2 1 2 4  
-22" to +1854 

- ~~ 

Zero Acceleration Oulput 
NAC-101, -201 rnV -40 0 40 -40 0 40 
NAC-103, -206 mV -2 51 2 -2 +1 2 

Fuii Scale Output 
NAC-101. -201 mV 12 20 28 50 75 100 
NAC-103. -206 mV 8 12 16 30 4s 60 

Nonltneanty "6FSO 4 5  +025 0 5  05 

Cross-axls Semdivi "LFSO -3 P, 51 

Them1 Accuracy of Offset 
NAC-101. -201 +3 4 

NAC-101. -201 96FSO ? l  4 
NAC-103, -206 %FSO -2 2 -2 2 5 

Thermal Hysteress O4FSO i95 i95 6 

4 5 6 7 - - - Set-Test Output 9 
Short-Term Stability of Offset 

NAC.101, -201 PV I +a 5 0  0 
NAC-103, -206 PV 21 5 21 5 8 

Noles: 1 All values measured in reference to 2i% and 2mA mnslanl current urrless athewise noted 
2 LXset shin under constant AC vibration 
3 Vhen mounted at specified angle of 9 7' (edge of pns 1 through 7 ratsed wlth respect lo oppostte edge) 
4 Dependent upon mrnpensatm method When mmpensated wng supplied isislor values anb wm:ant current excI:allon 

mermal accuracy vnll be simlar to the corresponoing NAC-IC3 and NAC-206 Senes amkrometeea 
5 Beween -30 rmd 435% reference 10 25% 

7 with 5 VDC actuation voKage 
8 Normabzed offsevbridpe vonage - 1W hrs 
9 Reduced performance outside compensahon range 

6 -30*l085% 



NAC Series Silicon Accelerometers - Ceramic Packages 

SCHEMATIC 
DIAGRAMS 

NAC-101 

Note A Pin 115 cannened Io chlp subsi:a;e 
8 R1 - R5 values supplied w ~ t h  s e r a  

NAC-103 

dote A Pin #I 3 connected Io chlp substrate 
B Pins Ill1 andUl3  must be shoned :gether by cuslorner 

NAG261 with Self-test Circuit 

Ncle A Pin U : 5  cor,med io chip suklrate 
B R1 - R5 v a ! m  wcq~iied with sen- 
C Sell-lest smch shouid be dosed fgc Mnsec. lhen ouloul read 

NAG206 with Self-test Circuit 

1 
I 

1 1  
Dr 

4 
I 
I 

M t e  A Pin U13 cnnnec:ed to chip substrate 
B Pins Ill ana 113 musl be shoned !oQP:~? by customer 
C Self Is: swrtch should be closed for 5 C m c  lhen outplt read 



NACS&es 

PIN FUNCTION 
1 -OUTPUT 
2 NC 
3 -EXCITATION 
4 NC 
5 +oLITPuT 
6 NC 
7 NC 
8 SELF-TESTtc) 
9 NC ___ 

Silicon Accelerometers - Ceramic Packages 

10 I N-C 
11 +EXCITATION 
12 NC 
13 +EXClTATIO-N , 

14 NC i 

PACKAGE 

ORDERING 

NAG101, -201 

0.440 ---- 
0.015 - - 
0 . w  - -- 

DIE 

0.165 *-- 
NAG1 03, -206 

0.030- 0.060 
TYP -TYP- - 0.029 

1 

0.370 

0.123 -- --0.060 

0.030- - 

0.015 - - 
0.w -- - 
DIE 

Notes A All d m r s s n s  shown in inches 
B PIflx9 IS IYJ~ to k cor;r?r?&d 00 Me NAC-101. 
C Pin 18 is ~0110 be connecled on the NAC 103 

NovaSensor 
Acceleration 
Type = Ceramic 

Acceleration Range 
101 = Qg without compensation 
103 = 129 with compensation 
201 = 2509 without compensation 
206 = a50g with compensation 

Sales Terms: Lucas NovaSensor standard sales lerms apply Prtces and specifications are subw to change wthoul notrce 

Warranty: Lucas NovaSensor warrants RS produds against defects in malerial avd workmanship for 12 months from dale of shipment 
Producs not subpcted to misuse will be repatred or replaced THE FOREGOING 6 IN LIEU OF ANY OTHER EXPRESSED 
OR IMPLIED WARRANTIES Lucas NovaSensor reserves the right to make changes to any product herern and assumes no 
habthty arising oa of the apolicalion or use of any product or wrcuit described or referenced herein 

Lucas NovaSensor 
1055 Mission Court 
Fremon!. CA 94539 

Telephone: 51 0-490-9100 
Fax: 510-770-0645 
Telex: 990010 

Rev.193 



VIBRATION RECTIFICATION IN SILICON MICROMACHINED ACGELBROHXTERS 

Lee A. Christel, Michael Bernstein, 
Russell Ctaddock and Kurt Petersen 

LucaS Novasensor 
1055 Mission Ct. 
Fremont, CA 9 4 5 3 9  

The phenomenon of vibration 
r e c t i f i c a t i o n  in silicon 
accelerometers is described. Examples 
of the effect are looked at for the 
case of piezoresistive silicon 
micromachined accelerometers. Quad- 
b e a m  (doubly clamped) devices are 
compared to dual-beam (simple 
cantilever) devices. It is shown that 
for dual-beam accelerometers, the 
majority of vibration rectification 
can be attributed to simple quadratic 
nonlinearity of the accelerometer 
response and that other rectification 
effects are at least an order of 
magnitude lower. - 

S i l i c o n  micromachined 
piezoresistive accelerometers have 
evolved €rom their first realization 
[I] to highly accurate and complex 
devices [ 2,3] suitable for real-world 
applications in automotive, medical 
and industrial markets. The accuracy 
and stability levels obtained recently 
are comparable to traditional 
aerospace-grade mechanical 
accelerometers. Offset stability, for 
example, has now been improved to the 
point where effects previously 
neglected as second order are becoming 
important. 

One of these effects is known as 
vibration rectification. Vibration 
rectification is a phenomenon that is 
well known to manufacturers of 
inertial-grade accelerometers, but has 
received little attention in 
discussions of micromachined silicon 
accelerometers. The basic effect is 
that the DC (filtered) output of the 
accelerometer changes as a function of 
vibration level, even though the net 
time-averaged acceleration input level 
is zero, This means that when 
vsration is present, an anomolous DC 
offset can occur. This DC effect must 
be taken into account if the overall 
accuracy of the system is to be 
maintained. 

All real world applications of 
accelerometers involve an environment 
in which the sensing accelerometer is 
exposed to some amount of vibration. 
There are several mechanisms by which 
vibration rectification might occur. 
one mechanism is asymmetric damping. 
If the motion of the accelerometer is 
more strongly damped in e.g. the +g 
direction than it is in the -g 
direction, W e  magnitude of the 
vibration response in the positive 
direction will be less than that in 
the negative direction. If the signal 
is then time-averaged by circuitry to 
get a De output, the net DC output 
will be shifted to the negative g 
direction as compared to the output 
with no vibration present. 

Another mechanism that leads to 
vibration rectification is simple DC 
scaling nonlinearity o f  the 
accelerometer response. The basic 
concept is the same, i . e .  the time- 
averaged response in the +g direction 
is not equal to that in the -g 
direction. When the total signal is 
time-averaged, the resulting DC output 
is again shifted from the value it 
would have with no vibration present. 

In this paper we will give 
results of measurements showing that 
the effect is significant and must be 
considered for its impact on overall 
system performance. The results show 
that existing simply supported dual- 
beam devices outperform doubly 
supported quad-beam devices in this 
respect (see Fig. 1). We also have 
found that in the best devices, the 
vibration rectification observed can 
almost entirely be attributed to the 
simple DC scaling nonlinearity of the 
accelerometer. Other contributions 
such as asymmetric damping are at 
least an order of magnitude below 
those due to DC nonlinearity. 



WALBEAM 

QUAD BEMI 

1. 1: Comparison of Dual-Beam and 
g n a d - ~ e a m  S i l i c o n  
Accelerometers 

Theoretical Considerations 

Consider an accelerometer that is 
Dosed to a simple oscillatory input: 

G(t) = G lcos( ot) 

! time average of this input is 
'0. If the accelerometer has an 
:al, linear output as a function of 
but, then the time-averaged 
ltered DC) output will also be 
'0. 

Suppose , however , that the 
:elerometer output can be 
racterized by a nonlinear function 
input and frequency such as 

vS= aC+Mi2 

response of piezoresistive devices 
typically of this form. 

stituting the input function (I), 
accelerometer response becomes 

Vo = aGp( ot) + bG$os2(0t) ( 3 

time average of this output is 
a1 to the sum of the time averages 
each term. The time average of the 
ear term is sinusoidal and hence 
als zero. However, since 

1 cos2(w) dt = - 
( 4 )  I t 2 

the time average of the response (3) 
becomes 

( 5 )  

This value of output is in essence the 
vibration rectification. Note that 
the magnitude of the vibration 
rectification varies as the square of 
the input acceleration. This is 
usually a very good approximation to 
the actual response. The measure of 
this effect is called the coefficient 
of vibration rectification and is 
defined as I 

V y =  2 
(6) 

2 
%ax 

Note that the coefficient of 
vibration rectification resulting from 
the simple nonlinear response (2) is 
related to the coefficient of second 
order non-linearity by 

y = -  b ( 7 )  

2 
This is the minimum vibration 
rectification that can be achieved by 
a sensor with this level of 
nonlinearity. O f  course the actual 
vibration rectification can be made 
worse by other factors such as 
asymmetric damping or mechanical 

, effects. - 
Measurements of vibration 

rectification were made by using a 
Ling Dynamic Systems V411 shaker 
system driven by a Ling W300 power 
amplifier controlled with an Hewlett 
Packard 35660A dynamic signal 
analyzer. The accelerometer output 
was fed into an amplifier with a low 

The pass filter at the output. 
amplifier stage was carefully designed 
using a high performance operational 
amplifier and was checked for 
linearity by DC measurements. 

Measurements of linearity and 
other performance parameters of 
accelerometers at accelerations above 
lg necessitated the construction of a 
custom precision inertial grade 
centrifuge. A machine was constructed 
using a D.C.  servomotor with digital 
controller and feedback from a 1024 
line encoder (4096 quadrature counts 
per revolution). This produced a 
rotational accuracy of -+0.002%, 
verified using an independent 
frequency counter. The radius of 
rotation was 15 cm, which is 
sufficient to make errors due to 
coriolfs forces negligible for our 
device. An on-board linear amplifer 
was used to produce a high level 
output signal from the raw sensor. 
This signal was passed through s l i p  
rings to be read by external 
circuitry. 



Measurements were performed on 
devices fabricated at Novasensor, as 
well as on ‘other commercially 
available quad-beam devices. The 
results for a typical dual-beam 2g 
device subjected to 200 Hz vibration 
at various g levels are shown in Fig. 
2 .  As is evident fromthe figure, the 
rectification error varies nearly as 
the square of the peak acceleration 
level, as expected from theory. From 
the results, the coefficient of 
vibration rectification for this 
device is about 0 . 6 5  mg/g’. 

VIBRATION RECTIFICATION 
DUAL BEAM 

1 

- 
PEAK G LEVEL AT 200 HZ 

Fig. 2 : Vibration Rectification of 
Dual-Beam 2g Accelerometers 

In Pig. 3 we show centrifuge data 
for the same device. The nonlinearity 
of the device follows a quadratic 
function with a second order 
coefficient of about 1 . 4  mg/g2. Eqn. 
( 7 )  would predict that the minimum 
vibration rectification ne would 
expect for such a device would be 0.7 
mg/ga. Thus within our experimental 
error, the level of vibration 
rectification observed ’is primarily 
due to scaling nonlinearity. 
Additional testing on a number of 
devices showed this to be the case in 
general. 

A s  an example, the error 
introduced for a 2g device that 
operates in vibration levels of 569 
peak at 2 0 0  Hz would be 23 milli-g or 
roughly 1.22 of full scale output. 
This level of error is to be compared 
with the scaling nonlhearity error of 
approximately 3.9 milli-g at 2g, which 
is about a factor of six lower. This 
illustrates that care must be taken 
regarding the vibration environment to 
which the sensor is exposed if one 

intends to make accurate DC 
measurements of acceleration. Levels 
of nonlinearity which are acceptable 
from the standpoint of the total 
static error budget for an 
accelerometer can produce unacceptable 
levels of vibration rectification in 
the wrong environment. 

a 
2 
[r w 

- DUAL B E 3 M  

Fig. 3:  Nonlinearity of 29 Dual-Beam 
Accelerometers 

Several 2 g  q u a d - b e a m  
piezoresistive silicon devices 
currently on the market were also 
tested. Centrifuge data for these is 
shown in Fig 4 .  In this case, the 
nonlinearity shows odd quadratic 
behavior in contrast to the even 
quadratic behavior of the dual-beam 
devices, with extremely large 
nonlinearities occurring at higher g 
levels. At first glance it would 
appear that the rectification errors 
for such a device might cancel. 
However, if the zero point of the 
device differs from the point of 
symmetry of the nonlinearity (either 
due to inherent device characteristics 
or due to applied acceleration), or if 
the nonlinearity is in fact not 
symmetric, substantial vibration 
rectification will occur. 

The vibration rectification data 
from a quad beam device is compared to 
the results from a dual-beam device 
with similar sensitivity in Fig. 5 .  
It can be seen that the dual-beam 
devices perform substantial better 
than the quad beam accelerometers. 
Evidently the mechanical 
nonlinearities introduced due to 
stretching of the beams in a quad-beam 
device degrades the performance as 
compared with the dual-beam device in 
which only simple bending of the beams 
is present. 



NONLINEARITY - QUAD BEAM 
I 

9 

-4 :-i APPLIED ACCELERATION (G) 

Pig. 4: Nonlinearity of 2g Quad-Beam 
Accelerometers 

VIBRATION RECTlFlCATlON 
DUAL BEAM AND QUAD BEMA 

WAD BUM 

VIBRATION RECTlFlCATlON 
DUAL BEAM AND QUAD BEMA 

1 
160- 

86 

40. 

o+ 
0 1  

PEAK G LEVEL AT 200 HZ 

Lg. 5: Vibration Rectification of 
Dual-Beam and Quad-Beam 
Accelerometers 

50q devices were also centrifuge 
sted and show a coefficient of 
rcond order nonlinearity of 140pg per 
'. The data is shown in Fig 6. For 
Lese higher range devices, 
mlinearity is more important as a 
ire Scaling error than as a source of 
!&if ication errors. This  is because 
:sling calibration of accelerometers 
, normally carried out at Ig and such 
vices are not normally exposed to 
bration levels much higher than 
eir full scale outputs. 

NONLINEARITY - 50G DEVICE 
lOOT I 

-I__--_-- 

- -- - - __ - 

- s c o t .  1 . .  , , . , . , , 'I 
6 0 - 5 0 . 4 0 3 0 - ; f o - 1 0  0 10 20 30 a 50 60 

APPUED ACCELERATION (G) 

Fig. 6: Nonlinearity of 50g slngle- 
Beam Accelerometer 

Summary 

We have described the phenomenon 
of vibration rectification and have 
presented data showing that the 
majority of vibration rectification 
for piezoresistive accelerometers 
results from scaling nonlinearities of 
the device. 2g dual-beam devices 
perform substantially better than 
quad-beam devices. This ef feet should 
be kept in mind when applying these 
devices to DC measurements, especially 
when high levels of vibration may be 
present. Higher g devices suffer 
relatively less from this phenomenon, 
with errors dominated by scaling 
nonlinearities. 
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Damping a n d  overrange 
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ma rq uet te Marquette Electronics, Inc. 

e I e c t r o n i c s 8200 West Tower Avenue, Milwaukee. Wisconsin 53223 USA 
Tel. (414) 3555000, Tu(: 297991 ME1 UR, FAX: 355-3790 

August 9, 1993 

Richard J. Carter 
Intelligent Systems Section 
Engineering Physics & Mathematics Division 
Oakridge National Laboratory 
P.O. BOX 2008 
Oakridge, TN 37831 

Dear Dick: 

Thank you fo r  your consideration of Marquette in developing your 
non-obtrusive physiological measurement recording system. 
reviewed the information that you sent to me in detail, and we 
have decided that due to our present development priorities we 
can not participate in this project at this time. 
appreciate your consideration, and maybe in the future Marquette 
can apply its physiological monitoring technology to a project of 
this type. 

Sincerely yours, 

I have 

Again, we 

/ J  INC. TE ELE RONICS, 

Manager, New Product Develspment 

PTw/cc 



the NOISE BUSTERS! 

UFI 

SYSTEMS 
just say NO 

to 

,-- UFI- 
1 

“-545 main street * morro bay, ca. 93442 805-772-1203-1 

-serving science with experience -. 
\ 
I ! 

fax 805-772-5056 eff. 5/92 



! 

WHY A FETRODEa? 
Historically there have been only two solutions to the problems of noise in bio-electrical recordings: 
1. Use the very best silver/silver chloride electrodes with a liquid junction interface. 
2. Reduce the skinlelectrode contact impedance by abrading the skin. 
With the increasing possibility of exposure to the HIV and /or Hepatitus viruses, it is no longer 
advisable to break the skin barrier. Fet.rodes@ eliminate the requirement to abrade the skin. 

WHAT IS A FETRODEB? 
The FETRODEQ iS a unique, temperature compensated amplifier possesshg an  extremely high input 
impedance and a very low output impedance. The circuiuy is built with state of the art, surface mount, 
technology into a miniature enclosure which can be snapped on to any high quality electrode. 

WHAT DOES A FETRODEB DO FOR YOU? 
FETRODESG3 virtually eliminate arufacts d u e  to electrostatic potentials and cable noise. 

WITHOUT SKIN PREP OF ANY KIND !!! 
ECG WITH PLAIN ELECTRODES ECG WITH SAME ELECTRODES 

PLUS FETRBDESB 

6 
Subject jogging in place 

TEST CONDITIONS: 
Silver/siIver chloride electrodes attached without skin prep of any kind. 

Electrode contact 2 = 65 KR, Amplification = 1,000, Electrode placement=Xyphoial to V5W6 
Paper speed = 10 mm./sec. Low frequency response = 0.01 Hz. 

The baseline shift seen above is N O T  an artifan I t  is a physiological signal often seen when the 
recording system has such an extended low frequency response. 

I 



model # 

1081 Fr 

1081 FTC 

model 1081FTc 

fetrode@ model numbers & prices 

price 

Single FETRODE@ less connector $1 10.00 

Single FETRODEB with connector s 125.00 

fetrode@ system mode numbers & prices 
note that signal conditioners sold with FETRODESQ3 are less expensive 

r -~ 

model # 1 
x x  

description 
OhZY 

$195.00 1 mV. interface w/2 FETRODESE 

1381 FT $245.00 Amplified Interface (1VlmV) 
w12 FETRODESQQ 

,283 FT U n i v d  FFTRODE03 Amplifier 
w12 FETRODES43 

$395.00 

!283 FTi Universal FEIXODE03 Amplifier 
w/isolation & 2 FETRODESa 

$595.00 

7 U F I  ~ 7 serving science with experience 

L 5 4 5  main street * rnorro bay, ca. 93442 9 805-772-1203--J 

- _ _  _____l--l___ - ~ 



c model1010 - 
pulse transducer 

H c 

A rugged piezo-electric transducer which has been designed to reliably monitor and record 
peripheral pressure pulses, Korotkoff sounds, carotid pulses, small animal respiratory 
activity, swallowing and other dynamic biological functions. Its small size and high signal 
output make it ideal for both teaching and researcb applications. 
The Model 1010 is easily attached to the subject at any desired location with the integral 
Velcro" strap.T'his durable transducer is simply and easily connected to existing direct 
writing oscillographs, polygraphs, or computer based data acquisition systems. 

Finger pressure pulse taken during Valsalva maneuver w 
Notice the skipped beat and increased compensatory pressure pulse immediately 
following. 

Finger pressure pulse taken on a subject exhibiting chronic bigeminal heart beats. 

$PECIFICATIONS; I 

Frequency Response: ............. 2.5 Hz to 5kHz 
Signal Output: ....................... 20 . 40 mV into 1 Megohm 
Weight: .................................. 0.5 ounces 
Size: ....................................... 0.9" Diameter X 0.5" Thick 

SERVING SCIENCE WITH EXPERlENCE 
545 main street mom0 bay, california m93442 805-772-1203 UFI 



model 1020 EC - 
EARCLIP 

photoelectric 
pulse transducer 

SERVING SCIENCE WITH EXPERIENCE 
545 main street morro bay, california 93442 805-772-1203 UFI 

I 

c .4 

This is the earclip version of the 1020 PPG. It operates by transmitting infra-red 
light through the tissue-rather than reflecting from the surface. 
Operating voltage-6-12 VDC. Current consumption-20 d, Nominal signal 
output - 5-15 mv.  

P model 1020 FC ,-~ 
FINGER CLIP 
photoelectric 

pulse transducer 

The 1020 FC is the finger clip version of the 1020. Its specifications are essentially 
the same as the model 1020. 

NOTE: PIN DIODE VERSIONS OF ALL PPG TRANSDUCERS ARE 
AVAILABLE FOR THOSE USERS WHO REQUIRlE ENHANCED 

TEMPERATURE STABILITY 

ALL UFI TRANSDUCERS ARE COVERED BY OUR EXCLUSIVE 
LIFELINE WARRAlVTY 



WlIIdLJIAMSON A S  s; 0 c II A TE s 
Consultants AFQT 

Specializing in design and developmeni of protoope system 

August 25, 1993 

Mr. Dick Carter, Manager 
Cognitive Systems & Human Factors Group 
Engineering Physics and Mathematics Division 
Oak Ridge National Laboratory 
P.O. Box 2008 
Oak Ridge, TN 37831-6360 

6613 Lynndale Drive 
Raleigh, NC 27612 
1-9 19-848-36 18 

RE: Noninvasive, Biomedical Monitoring System, R & D Proposal. 

Dear Dick, 

Enclosed, please find the cost breakdown for developing the "Heart Rate / Breathing Rate System." 

These costs reflect a strategy that I feel should yield a system that will be the most flexible. It should be 
capable of quantifying the desired information while preserving or archiving the "raw" data for later analysis. 

To that end, one would perform continuous FFT (Fast Fourier Transform) on a finite bandwidth signal, while 
simultaneously recording (and compressing) the time domain representation of that signal. 

OriginaIly I had planned to use adaptive filtering to extract the numerical vaIues for heart rate and breathing 
rate without retaining any other data. Because this approach would prevent any post analysis of the data 
(for other attributes), and because of the research nature of this device: it is appropriate that the above 
architecture be used. 

As a rational for this approach, consider the following: it could be used for t h e  detection of cardiac 
arrhythmia, signalling the possible onset of a heart attack; as a indicator for fatigue or slwpiness, the very 
artifact *at has been seen as interference, Le., driver movement or "squirming," restlessness (trying tlo get 
comfortable) might just be such an indicator. Also, breathiw depth os shallow breathing {another possible 
indicator) might better be analyzed in the time domain. 

I propose that the microwave Doppler transducer consist of one very low power GUNN microwave emitaer, 
with two or more diode detectors--spaced at <1/4 wavelength (-1/8, for standing waves). The output from 
these detectors go to a DSP board for two different processes. The first is to take a continuous FFT of the 
real-time signa! and pass the resulting data (frequency and amplitude) to the Host computer. The second, is to 
compress and store the digitized--time domain--&& From the transducer for post processing and/or near r a l  
time processing by the host computer. 

Again Dick, thanks for the opportunity to propose these fun projects. 

Sincerely, 

A 
/ Glen A. Williamson, owner 

Enclosures: 



’. 

I +- 
SAMPLED DATA 
(Time Domain) 

Noninvasive, Biomedical Monitoring System, R & B Proposal 

1 

1 
FFT DATA 

DSP W A R D  HOST 
COMPUTER 

System Block Diagram 

-1 
- 

I- 
FFT is a method of extracting frequency and amplitude information without 
altering the signal. If adaptive filtering were used, it is possible signal attributes 
not yet appreciated might be filtered out, or lost. 

Also, due to the nature of adaptive filtering’s need to capture the wave of interest, 
and to mck the signal’s varying frequency, When track or “lock‘ is broken, until 
re-capture, the signal is essentially lost. 

In the case of FFT, all signal characteristics are presexved during analysis, and can 
be stored for near real-time selection or post evaluation. 

Williamson Associates 0 1993 
Proprietary 
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Armtec Industries 
Vaisala 

LC Technologies 
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irflow Measure- 
tent Technolog j ;  
evelolsed fort e 
lilitai Has 
ommercial Uses 
ltec's mass airflow technology is 
:ally used in applications that require 
mte  measurement of wind speed and 
ction under harsh environmental con- 
)ns The thermal resistive film sensor 
no moving parts, provides high speed 
xponse to transient flow conditions 
withstands extreme vibration and 
:k loads. 

-MEGGlTT 
L AEROSPACE 

MTEC 
>USTRIES INC 

mmon Drive 
Chester, NH 03103-7406 USA 
569-0940 
669-0931 FAX 

Technical Description 
Armtec's mass airflow sensors are 

based on a proprietary, thermal resistive 
film (TRF) technology Elements are elec- 
trically isolated but mechanically joined 
together in pairs Elements are heated to 
a controlled temperature above ambient 

Air flowing over the element pair 
cools the upwind element faster than 
the partially blocked downwind element 
Wind speed is determined by the amount 
of electrical current required to maintain 
the controlled temperature in each ele- 
ment With two pairs of elements, 
mounted perpendicularly to each other, 
wind direction can be calculated 

Because the elements are heated, 
contamination problems from dust, ice, 
snow ar,d moisture are minimized 

Applications 
Armtec's airflow sensors are used 

in combat vehicles to provide cross-wind 

vector information to the on-board main 
gun fire control system. Omnidirectional 
wind information is provided on vehicles 
that provide meteorological and NBC 
contamination deteaion missions. 

Commercial applications include 
wind measurement at airports, on ships 
and at weather stations. The fasttime 
response of the sensor makes it well 
suited for wind shear or micro-burst 
detection systems. Variations of the basic 
wind sensor product are available which 
provide integrated measurement of 
barometric pressure, ambient temper- 
ature and relative humidity. 

refinements in sensor fabrication and 
signal conditioning eAectronics to broaden 
the application base for its air and mass 
flow sensors. 

Armtec continues to make further 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SUBSCRIPTION ORDER FORM 
Please add me to your mailing list for Armtec Technology Reports. 

I need immediate information on the following: 
Ultraviolet se nsos 
Infrared sensors 
Heat sensing cables 
Airflow measurement sensors 

My application is 

.- 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE t i p  

TELEPHONE FAX 

MAIL OR FAX TO: Armtec Industries, Inc. 
Technology Report Editor 
10 Ammon Drive 
Manchester, NH 03103-7406 
603-669-0940 FAX 603-669-0931 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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HMP 13 1 Y, HMP 133Y, HPP 130A, B, C 

NEW RUGGED INDUSTRIAL HUMIDITY 
AND TEMPERATURE TRANSMIITERS 

5 m probe/coble assembty optional 

HMP 131 Y FOF storoge and warehousing opplicotioni HMF' 133Y For use in tight spoces 

RECOMMENDED FOR CHANGING ON-SITE CALIBRATION 
ENVIRONMENTS 
Vaisala's newest humidity transmitters are ideal for 
ap lications where b&, humidity and temperatures tend 
to uctuate. The HMP 131 Y and HMP 133Y are fully 
temperature compensated ond rovide unsurpassed 
occuracy and repeatability un B er varying conditions. 

These transmitters are also compatible with VaisalaS 
HMK 20 One Point Calibrator. This hand-held instru- 
ment allows fast, on-site calibration of the transmitters to 
be accomplished in minutes, without disturbing their 
operation. This saves hours of maintenance time and 
assures high measured accuracy. 

li 

DEPENDABLE H-SERIES SENSOR 
THE HMP 13 1 Y and HMP 133Y transmitters utilize 
Vaisala's H-Series HUMICAP* capacitive humidity 
sensor. This new sensor covers the entire range OF 
relative humidi , from 0 to 100% RH, has excellent 

sensor operates aver a broad temperature range and 
not affected by most chemicals or dust particulates. 

stability and de 7 ivers accuracies as high as +I%. The 

VERSATILE FEATURES 
The HMP 131 Y and HMP 1 33Y transmitters Drovide 

I S  

the user with many convenient features. i HMK20 A 
operate off 1 1 to 30 VDC power supply 'U One Point Calibraior 

rovide several common output signals, which ma 

transmitters can be connected to main power supply 
using Vaisala's HPP 130 series Power Supply Unit. 

Ee switched without recalibration. In addition, bo x 



TECHNICAL DATA 
RELATIVE HUMIDITY AND TEMPERATURE TRANSMITTERS 

General 
Input voltage: 

lnpuf current: 
Electronics Operating 
temperature range: 
Sforoge femperature: 
Electronics housing: 
Electrical connections: 

11 to30VDC(15to30VDCfor 
O/1 to 5 V w utr, and for  current 

20to60mA 

-5 to 4 0  "C (+23 to t 140 O f )  

-40 to +75 "C (-40 k +168 OF) 
ABS plastic, class IP 65 (NEMA 4) 
Screw terminals for wires 
0.5 to 1.5 mm (AWG 20 to 16) 

outputs depe r$ ing on external kmd) 

Relative humidity 
Measuring range: 
Accuracy: 

0 to 100% RH 
+l% RH (0 to 90% RH), k2% RH 
(90 to 100% RH) maximum achievable 
occurocy when calibrated against high 
quality, certified standards 

+2% RH (0 to 90% RH), ?3% RH 
(90 to 100% RH) For Foaory colibration 
and when calibrated against salt 
solutions (DiN 50 008) 

Tern roture dependence 

the housing. t0.03% RH/'C, none at 20°C 
of e p" ectronics inside 

Selectable output 
signals: 4 to 20 mA, 0 to20 mA, 

0.25 to 1.25 V, 0 to 1 V, 
1 to 5 v, 0 to 5 v 

Response time (90% ) 
at 2O "C in stili air: 15 sec with sintered filter 

15 sec with optional sintered filter 
5 sec with optiorxll plastic grid 

Sensor: H U M I W  H-sensor 
Sensor protection 

H N P  131Y: 
HMP 133Y: 

0 18.5 mm membrane filkr 
0 12.0 mrn membrane fiber 

Temperature 
Measuring range: 

HMP 131Y: 
HMP 133Y 

Accuracy at + 20 "C : kO.2 "C 
Tricot temperature 

ependence of electronics: 9.005 "C/"C 
Linearity of electronics: better than 0.08 "C 
Sensor: 

-20 to 4 "C (-4 to +ldO O f ) *  

-20 to 80 "C (-4 to 1 76 "F) 

R 100 RTD, 1 /3 DIN 43?60B 

Power Supply Units HPP 130A, 8, C 
(optional) 
HPP 130A 

HPP 13OB 

HPP 1 3 K  

Output vohage compatible with HNP 1 SOY-series transmitters. 

Factory setting 4 to 20 mA. Other outputs jumper-selectable. 
Recalibroh'on unnecesxlry. 

Input voltage 24Vock 10%50/60Hz 

Input voltage 11ovock 15%50/60Hz 

Input voltage 230 Vac It 15% 50/60 Hz 

Specifications subject to change without notice. 

Dimensions in mm 

n 

I 

HPP 130A. 8, C, dimensions are identic01 with the cover. 
HMP 133Y I U S  

i 
I 

I 

I 

I 
i 
i 

i 
i 

I 
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CG VAISALA 
SEwsoRmSTEMs 

N E W "SMART" H UMI D IN/D E W PO I N T TRANSMITTER 
FOR MEASUREMENT IN DUCTS AND SMALL SPACES 

2 meters of cable shown. Also avoiloble in 
lengfhs of 5 meters and 10 meters. 

0 

Available operating temperature ranges: 
Eifher -40" to +80T or -40" io + 120°C. 
[ 120°C version is eledromognetically 
compofi ble.) 

Small sensor heod/smoll thermal mass for fast 
measurement in small spaces or chombers 

PPS grid with stainless steel netting is standard 
sensor protection. Other filters olso available. 

CUSTOMIZE Y O U R  I N S T R U M E N T  
(Also see easy-to-use order form) 
Vaisala's unique microprocessor design and 
modularity allow you to customize the HMP 233 
at time of purchase: 

Seledion of output parameters: 
- relative humidity 
- dewpoint - mixing ratio 
- temperature 

- absolute humidity 

- wet bulb temperature 
Selection of temperature range 
Selection of: 

- cable length (2, 5 ,  or 10 meters) 
- local display and keypad 
- serial bus type (RS 232 or 485/RS 422, 

- type of sensor protection (variety of filter types 

- operating voltage 24 VDC, 1 15 AC, 230AC, 

current loop) 

available) 

50/60 Hz 
After purchase, you can directly program either via 
computer or local display and keypad: 

units (metric or non-metric) 
the two output parameters corresponding to 
analog channels 1 and 2 (note: all output para- 
meters selected by users are also available via 
serial output and display) 
selection of the following output signals: 

- 4 t o 2 0 m A  O f 0  1v 
0 to 20 mA * O t o 5 V  

0 to 1ov 
scaling of measurement parameters and output 
signals (e.g. -10°C to +80T corresponds to 
0 to 5v) 

F O R  D U C T S  8t SMALL AREAS 
The HMP 233 has been engineered for use particularly 
in small, tight spaces including chambers and incuba- 
tors, as well as typical low temperature dud applica- 
tions. Its small sensor head with its small thermal 
mass is an advantage especially in situations where the 
sensor head must respond quickly to surrounding 
temperature changes. An optional kit consisting of 
aluminum flange, lead-through piece, and steel 
support bar enables installation of the HMP 233 in 
ducts, channels, and through walls. 

RELIABLE M E A S U R E M E N T  
This instrument incorporates the H-sensor which 
measures humidity more accurately (up io f 1 %) and 
reliably than other sensors. Its tolerance to high 
temperature, ability to operate in condensing environ- 
ments, resistance to harsh chemicals and contami- 
nants, and excellenf long-term stability are of great 
value in accurately monitoring and controlling 
chambers, processes, etc. The HMP 233 transmitter 
is fully temperature compensated and provides 
unsurpassed accuracy over the entire humidity range 
(0 to 100% RH). 

ON-SITE, ONE-POINT CAUBRATION 
By utilizing a reference RH or temperature probe for 
comparison, routine maintenance and calibration of 
the HMP 233 can be performed on site within Q 

matter of minutes without disturbing transmitfer 
operation. This unique one-point calibration feature 
will save down time, reduce service costs, and ensure 
himh n r r i  br?,-Lr --o.rt;-n 



TECHNICAL DATA 
HMP 233 HUMIDITY/DEWPOlNT TRANSMITTER 

Measured Van'ables 
Relative Humidity 
Meosurement r a w  0...1 oooh 

Accuracy &dJding non- 
lineorii and repeatability) 
Maximum achimble when 
calibrated ogaind high 
qualii, certified humidity 
standards: 

When colibruted agoinst 
soh solutions (ASTM E l  04-85) 

Response time (90%) at +20"C 
in still air (with sintered fitter) 
Sensor H U M I W  H-sensor 

2 1%RH (0 ... 90% RH) 
k 2%W (90 ... 10046 RH) 

?; 2 O m  (0 ... 900! RH) 
2 30/W (90 ... 100% W) 

15 s 

Tempemture 

Measurement range -4@'...+80"c (-40 ...+ 176F) 
OR 

-409..+1204: (-40 ...+ 2484) 

PT 100 RTD 1/3 DIN 43760B 
Accurq k 0.lT 
Sensor 

Cakulated Variables 
Typic01 ranges: 

mixing &io 0...600 g/kg d.a. 

wet bulb femmrature o... 100°C 

dewpoint temperature -4O...+lOO"C 

absolute humidity 0...600 g/d 

ow* 
Two analog outputs selectable 
and xaleable 

Serial output available 

General 
Connections 

Operating vohage 

PCMX consumption 
Recosnmended external load 
for current outputs 
Recommended extemol load 
for o... 1v oupui 
Recommended external load 
for 0 . 3  and O... 10 V outputs 
Operating temperature ronge 
for electronics 
Storoge temperature range 
Housing material 
Housing classification 
Bushing 

Sensor protd'on 
(0 13.3 mm) 

0...20 mA O...lV 
4...20 mA O..SV 

Rs 232C, 6 485/Rs 422 
current b p  

0...1 ov 

xrew terminals for 0.5 mm? 
wires (AWG 20) 
24 W A C  (20 ... 28V) 
1 15 VAU230 VAC option 
100 mA &mum 

c 500ohm 

> 2 kohrn 

r 10 kohm 

-40... + 60°C (-40 ... + 1 40°F) 
-40.. .+7K (40 ...+ 158°F) 
G-AJSi12 (DIM 1725) 
NEW 4 (IP 65) 
for 7... 10 mm diorneter 
cables (8 x 0.5 mm2 shielded 
cable 

PPS grid with stainless steel 
netting recommended. 
Others, i d d i n g  sintered 
fiher, are a b  available. 

specif ic~t i~n~ subject to change withod further notice 
H U M I W  is o registered trodemark of Vaisalo 

HMP 233 
Dimensions in mm Installation kit for duct mounting. Dimensions in mm. 



Technology for Demanding Applications 
KUMICAP~ H-Sensor: Proven High- INTERCAP' Calibration-Free, 
Accuracy Performance Totally Interchangeable RH Sensor 

lnrrtxluced in 197'3 as the world's first thin-film Vaisala's most recent technological advancement In 
capriciti\-e solid-state RH sensor. 
the HL\IIC.%P' is n ~ l l  known for 
its high accur-ac!. and long term 
stability over  3 tx-03~1 eni'iron- 
mental cinge. .%I1 Vaisala RH 
products, esccpt for our  calibra- 
tion-frce instruments which are 
discussed nest .  incorporate the 
HCWCAP' H-sensor. Features 
include: 

. Complete measurement range 

Broad temperature range: 
of 0 to lW/o RH 

-40°C to + 1 60°C 
(-40°F to +320°F) 
Unmatched a c c u r a q  (includ- 
ing non-repeatabilit)-. hyster- 
esis and cdibmtion uncertainty): 

HUMICAP" H-Sensor Construction 

- + I %  (0 to W/O RH) _+2 % (90 to 100% RH) 
Excellent long tern) s t a b i l i ~ :  better than 
0.5% RH./yeAr in noma1  air conditions 

* Negligible hysteresis: less than 0.5% RH 
(over an  excursion of 20 to 30 to 20%) 

* Exceptional chemical resistance 

The HCMICAP' is manufactured using state-of-the- 
an processing and ad\.anced thin-film techniques 10 
;Lssurc excellent qua l ib  and performance. 

RH measurement is the  r e idu t ionan  
INTERCAPf sensor. Precise laser- 
trimming technology ensures that 
each INTERC.4PX sensor is totally 
interchangeable with mother.  This 
means that sensors can be replaced. 
in the field. and  you can be back in 
operation without calibrating the in- 
strument. The IhTERCAP' sensor is 
featured in L'aisala's calibration-free 
RH transmitters for HVAC/E>lCS ap- 
plications, and in the HC'h?lIITERa a 
popular RH module used in a variety 
of custom applications. 

Humidity Instruments 
For All Applications 
Vaisala manufactures 3 full line of 

instruments to meet all of your measurenient needs. 
From low-cosr individual sensors to hand held 
monitors. IO high-accurac) transmitters. Vaisala 
products are relied o n  for their superior design. 
quality and performance in all Industrial Process, 
HVAUEhlCS, R&D and  Custom applications. The 
next four pages ndl provide SOLI with an ovenien. 
of our  instruments and their applications. folloned 
by individual data sheets for more specific informa- 
tion. To  learn more about our products and how 
they will best meet your requirements, please call 
(617) 933-4500. 

Accuracy at 20,40 & 0 "C n 



THE EYEGAZE" DEVELOPMENT SYSTEM 

A TOOL FOR HUMAN FACTORS APPLICATIONS 

LC Technologies, Inc. 

4415 Glenn Rose Street 

Fairfax, Virginia 22032 

(800) 733-5284 

(703) 425-7509 
FAX: (703) 323-4782 



EYEGAZE SYSTEM DESCRIPTION 

There are many situations when it is desirable to know where a person is looking. The Eyegaze SFtern is a tool for 
measuring, recording, playing back, and analyzing what a person k doing with his eyes. A video camera located below tbe 
computer screen, or below the work space if the computer monitor is not used, continually observes the subject's eye, and 
specialized image-processing software determines the eye orientation and projects the subject's &ut point. 

The Eyegaze System uses the Pupil-CenterKorneal-Reflection 
method to determine the eye's gaze direction. A small, low power, infrared 
light emitting diode (LED) located at the center of the camera lens 
illuminates the eye. The LED generates the corneal reflection and c a w s  
&e bright pupil effect which enhances the camera's image of the pupil. 
Trigonometric calculations project the person's gaze point based on the 
positions of the pupil center and the corneal reflection within the video 
image. 

No attachments to the head are required. 

Bright Pup2 Effect & Corneal Reflection 

DEVELOPMENT SYSTEM HARDWARE 

-4 ---.. .. 

The Eyegaze Development System 
is intended for use as a general tool for 
human factors applications. The 
hardware includes a) an infrared video 
camera, b) an infrared light sourcc, c) 
an adjustable monitor support arm and 
tray with an adjustable camera bracket 
attached to the bottom of the tray, d) a 
Lrame-grabber board to digitize the 
camera image, and e) an Intel 80386 
based DOS compatible personal com- 
puter with an 80387 math w-processor 
that performs the image processing and 
gazepoint projection. The computer 
system includes a40 megabyte hard disk 
and a VGA color monitor. 

LED __I 

Can-MlLwa 

Camera Configuration (without HeadTracker) 

DEVELOPMENT SYSTEM SOFTWARJI 

The Eyegaze software package is organized such that a developer can easily create custom analysis programs for human 
factors applications. These "applications" programs may run either on the Eyegax System computer itseIf or on a host 
computer which treats the Eyegaze Computer as a peripheral device. LC Technologies supplies a set of user-linkable 
libraries that execute the hdamental  "eyetracking" functions and perform a variety of data storage and analysis functions 
for use in tbe "applications" programs. 



.. 

Caiibration Procedure 

Prior to operating the eyetracking and applications functions, the Eyegaze System must learn several physiological 
properties of a person’s eye in order to be able to project his gaze point accurately. It must know the radius of curvature 
of the eye’s cornea and the angular offset between the eye’s optic and fd axes. The system learns these parameters by 
perfor&g a calibration procedure where the subject sequentially looks at a series of calibration dotsdisplayed at different 
locations on the screen. The procedure takes about 15 seconds and need not be repeated for a given person on different 
work sessions. The calibration results are passed to the eyetracking fundons for purposes of future gazepoint projection 
and are also placed in disk iJes for access by tbe applicatbs programs if desired. After completion of the calibration 
procedure, the Calibration Program is released from thc computer memory to free up space for the applications programs. 

Eyetracking Software 

me eyetracking Functioas constitute the fundamental software that computes the raw eyegate data each 30th Or 60th 
of a second in synchronization with either the frame or field rate of the video camera. The 30 or 60 Hz sampting rate is 
selected by the applicatioos program. TO allow the eyetracking software to run concurrently with an applications propam, 
&be eyetracking software on an interrupt basis, receiving its interrupt from the camera’s frame-gabber board and 
executing as a stay-resident interrupt service routhe. At each iteration, the eyetracking software places the measured 
eyegaze data into memory locations where they are readily available to the application program. The eyetracking software 
requires between 200K and 240K of memory and takes behveen W o  and 50% of the available computer time. The 
remainder of the CPU time is available for the user’s application program. 

Applications Software 

Eyegm applications programs access the raw eyetracking data generated by the eyetracking functions and perform 
the recording, andysis, and display functions desired by the developer. The Eyegaze Development System includes the 
source code for several complete applications 
programs that maybe used as is, mod%ed to meet 
custom needs, or used as references for preparing 

plications programs arewdten in the C program- 

descriptions of some of the applications 
programs. 

-- -_-. 
I 

- A other Eyegaze applications programs. The ap- x + 

ming language, The following are brief Y e- 1 - 
--- 
-. -. - 7 --. - - - ---‘ --Y 

- 
The simplest application program is the 

Gaze Demonstration progam. It sbnply places a 
cursor on an otbenvise blank computer screen at 
the person’s projected gaze point 

The Trace program displays a user-prepared 
image on the computer monitor and passively 
collects the eyegaze activity as a subject observes 
the screen. The eyegaze history is stored in a disk 
fde. Mer the data collection phase, the eyegaze 
history is played back as a trace superimposed on 
the original Screen image. The trace may be 
paused, reversed and replayed at different 
speeds. Different eyegaze variables, such as the 
pupil diameter or the x and y coordinates of the 
gazepoint, may be plotted out as a function of 
time. 

Eyegaze History Recorded by Trace Program 
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1RJEAL-TIME HEAD & EYE POSITION 
MEXSUREMENT & COMPUTATION 
OF LINE OF SIGHT 
The ISCAN HEADHUNTERTM Head and Eye 
Slaved Pointing System consists of helmet 
mounted sensors and processing electronics 
that track human eye and head position and 
compute the operator’s line of sight vector 
over a 360 degree azimuth and 180 degree 
elevation range. The HEADHUNTERTM may 
be used to rapidly, accurately and naturally 
designate targets or areas of interest within 
the field of view just  by looking at them. 
]Real-time head and eye position data pro- 
vide for quantitative assessment of a sub- 
ject’s visual scan path while performing 
specific tasks in real world or simulated en- 
vironments. Eye and head position analysis 
software computes the intersection of the 
line of sight with fured targets in real time, 
A cursor may be displayed on surrounding 
video screens at the subject’s look point for 
automatic console interaction. 

The HEADHUNTERm is the first integrated 
head and eye movement based control and 
analysis system which is low cost and works 
reliably with virtually any subject in any 
ambient light environment. Applications for 
the HEADHUNTERm include: 

Weapon Pointing 
Simulator Area of Interest Control 
Human Factors Evaluation 
Teleoperation 

ADVANCED IWEAN/MACHIlW 
INTERFACE APPLICATHONS 
The human eye is an  ideal input device for 
advanced madmachine interface applica- 
tions due to the inherent ability of the human 
oculomotor system to rapidly and precisely 
shifi the vector of attention in response to 
visual stimuli. 
The HEADHUNTERTM employs ISCAN’s 
unique EVIL EYETM helmet mounted eye 
tracking technology to non-invasively monitor 



the position of the subject's eye with respect 
to a miniature imaging sensor mounted on 
the helmet. Eye position is computed at a 60 
Hz rate a n d  the eye's point of regard is 
determined to an  accuracy of better than one" 
degree of visual angle over a +25 degree 
range .  Also mounted on t h e  helmet is a 
magnetic sensor which allows for the compu- 
tation of x,y,z,az,el & roll of the subject's 
helmet  with respect t o  a fixed reference 
frame. Helmet position data is also output 
at a 60 Hz rate and combined with the eye 
position da ta  via real-time software. The 
software calculates, in reference frame coor- 
dinates, a combined headeye line of sight. 
This data may be mapped to up to any of 
twenty-five user defined planar surfaces or 
visual displays within the subject's field of 
view. The subject's line of sight information 
may be stored in reference frame Cartesian 
coordinates or in spherical coordinates based 
on a user-defined origin for simulator dome 
applications. 

The standard HEADHUNTER" system 
includes: 

ISCAN EVIL EYETM Helmet Mounted 
Eye Tracking and Calibration System 
Helmet Mounted Magnetic Head 
Tracking System 
Helmet Mounted Subject Field of Viev 
Imaging System 
Real-time Line of Sight Computation 
Software 
Real-time Target Intersection 
Computation Software 

Optional components include: 
PC Compatible 386 Computer System 

0 Video Displays & Multiple Video 
Display Control Unit for Real-time 
Subject Cursor Control 
Raw Eye Movement Analysis Software 

0 Fixation Analysis Sofeware 
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HEADHUNTER'" 
KEAI) & EYE SLAVED POINTING SYSTEM 

I'ECHNICAL SPECIFICATIONS 

TVIL ErnTM HELMET MOUNTED EYE 
IXACKING SYSTEM 
tlonocular Eye Imaging Assembly: 

Sensor Head: 17.5mm D x 52.9mm L 

Richroic Minor: 2" Diam. Circle 
Resolution: 744H x 256/308V pix, 60/50 Hz 

Transmission: 70%,400-700nm 
Reflection: 750-1200nm 

Irradiance at  Eye: l.ZmW/sq.crn., typical 
Illuminator: Solid State IR LED, 880nm 

3.K-426 PupiVCorneaI Refl. Tracker: 
General: 19" x 16" x 5.25", 12 lbs. 
Power: 115/230 VAC, 60/50 Hz, 1OW 
Eye Video UO: NTSCPAL 
Data Outputs (Digital WL) (60/50 Hz): 

Pupil Horiz. & Vert. Position 
Corneal Refl. Horiz. & Vert. Position 

XK-520 Autocalibration System: 
General: 19" x 16" x 5.25", 12 Ibs. 
Power: 115/230 VAC, 60/50 Hz, 15W 
Scene Video YO: NTSCPAL 
Data Outputs (Digital TTL) (60/50 Hz): 

Point of Regard Horiz. Pos. (9 Bits) 
Point of Regard Vert. Pos. (819 Bits) 

Resolution: 4 . 0  deg. of visual angle, typical 

IEAD TRACKING COMPONENT 
Clagnetic Source, Sensor & Electronics: 

Electronics: 11.6" x 12.5" x 5.0,  7.5 lbs. 
Power: 115 VAC, 60 Hz, 60W 
Resolution: 0.023", 0.1 deg., 60 Hz, typical 
Coverage: Sensor within 30" of source 

SYSTEM SOFTWARE 
Line of Sight Computation Software: 

Eye Data Inputs (Parallel) (60 Hz): 
Horiz. & Vert. P.O.R. from RK-520 

Head Data Inputs (Parallel) (60 Hrt): 
X,Y,Z,AZ,EL & Roll from head tracker 

Outputs: X,Y,Z,AZ & EL of L.O.S. Vector 

Inputs: Coordinates of L.O.S. Vector & 
Plane Boundaries (up to 25 surfaces) 

Outputs: Plane ## & X,Y position of 
intersection in plane coordinates 

Inputs: Coordinates of L.O.S. Vector & 

Outputs (for each defined object): 

Target Intersection Software: 

Fixation Analysis Software: 

Object Boundaries (up to 250 objects) 

## of Fixations; Average Fix. Duration; 
Total Fixation Time; % of Total Time; 
Fixation Chronology; Tabular, Bar 
and Pie Chart Graphics 

For further information about ISCAN Eye 
Movement Monitoring Systems, or other 
ISCAN products, please contact: 

125 Cambridgepark Drive 
P.O. Box 2076 
Cambridge, MA 02238 USA SCAIP is a registered trademark of ISCAN, Incorporated. 

>opyright 0 1990, ISCAN, Incorporated. Tel: 617-868-5353 Fax: 617-868-9231 



ISCAN"EYIL EYETM 

EYE SLAVED TARGET ACQUISITION 
SYSTEM 
The ISCAN EVIL EYE Eye Slaved Target Acquisi- 
tion System is a n  advanced madmachine interface 
that allows a n  operator to rapidly, accurately and 
naturally designate areas of interest or targets 
within the field of view. Just by looking at the target 
of interest, the operator may designate or control 
various machine functions. The EVIL EYE is the 
first eye movement based control system which 
works reliably in "real w o r l d  environments and  
with virtually any human operator. Applications of 
the EVIL EYE" include: 

Rapid Weapons Pointing 
Surveillance Camera Guidance 
Aircraft Cockpit Control 
Automatic Tracking Initialization 
Human Factors Evaluation 

General Information 
The human eye is an ideal input device for ad- 
vanced madmachine interface applications due  to 
the  inherent ability of the human occulomotor 
system to rapidly a n d  precisely shift the vector of 
attention in response to visual stimuli. 

The ISCAN EVIL EYE" system employs a non- 
invasive, video based eye tracking technique to 
monitor the position of the subject's eye with re- 
spect to an imaging sensor. The lightweight eye 
imaging sensor and  associated optics may be com- 
pletely mounted beneath a flight helmet visor or 
embedded into a fixed sighting system. The system 
operates at  a sample rate of 60 Hz and the sub- 
ject's visual point of regard may be determined with 
an accuracy of better than 1 degree over a lt15 
to +20 degree visual angle range. 

Data corresponding to the subject's point of regard 
may be used to control various system functions 
or designate targets of interest on a helmet-mounted 

Air-to-Ground 

using RK-520 
Autocalibrator. 

Target Acquired *- * a s  32s 

or external display. The EVIL EYE Ty automaticallj 
compensates for slippage between the subject': 
head and the eye imaging assembly, allowing for 
normal head movements while in operation. Eye- 
glasses or contact lenses do not affect system 
performance. 

SYSTEM COMPONENTS 
The components of the EVIL EYE" are the Eye 
Imaging System, the RK-426 PupWCorneal Re- 
flection Tracking System and an  Autocalibration 
System. 

ISCAN Eye Imaging System 
The Eye Imaging System consists of the liqhtweight 
imaging and illumination components required to 
obtain high quality eye images. These components 
may be helmet mounted or embedded into a fixed 
sighting station. The system includes a miniature 
two dimensional image sensor with optics, a solid 
state infrared illuminator, a dichroic mirror and  
mechanical assembly. The dichroic mirror is trans- 
parent to the operator. ISCAN can custom mount 
a n  eye imaging assembly to a variety of flight, 
communication and combat helmets. 



ISCAN RK-426 Pupil/Corneal Reflection 
Tracking System 
The RK-426 is a real time, digital image processor 
that simultaneously tracks the center of a subject's 
pupil and a reflection off of the subject's cornea 
from the infrared illuminator. By tracking both the 
pupil and  corneal reflection, data corresponding 
to eye movements can be separated from data 
generated by movements of the subjed's head with- 
in the camera's field of view. The RK-426 is a dark 
pupil tracking system that operates in high illumin- 
ation environments with virhally any subject using 
simple optical components. The RK-426 offers 
ISCAN's unsurpassed eye tracking performance 
and minimal operator adjustments because it is 
able to automatically discriminate the pupil and 
corneal reflection from shadows or  highlights 
which are invariably present in eye images. Com- 
putation of the pupil and corneal reflection center 
positions is not affeded by changes in pupil size 
or if the corneal reflection moves to the edges of 
the pupil area. 

ISCAN Autocalibration System 
The standard RK-520 Autocalibration System is a 
computational unit that accurately calculates the 
subjed's point of gaze with respect to a scene being 
viewed using the raw eye position data generated 
by the RK-426. Point of gaze data may be output 
as a cursor on the operator's display as well as in 
parallel digital format for computer interface. The 
RK-520 features a flexible five point calibration 
procedure which is simple to operate and can be 
completed in a few seconds. After the calibration 
procedure, the RK-520 automatically translates the 
raw eye data from the RK-426 to point of regard 
coordinates. 

The system also includes a manual joystick and on- 
screen numerical data display for delimiting fixed 
scene elements within the field of view, such as 
control panel buttons or switches, which can then 
be selected by sight. ISCAN can custom design 
appropriate calibration hardware and software for 
particular system requirements. 



IEaOOL EYE'" 
TECENICAL SPECIFICATIONS 
EYE I M A G I N G  SYSTEM 

Monocular Imaging Assembly: 
Weight: 4 ounces 
Construction: 1/16th Anodized Aluminum 

Imaging Sensor Head: 
Size: 17.5mm Dx52.9mm L 
Spatial Resolution: 51 1H ~ 2 5 6 V  pixels 
Temporal Resolution: 60 Hz 

Dichroic Mirror: 
Size: 2" x2 '  Square w/rounded edge 
Transmission: 70 %, 400-700nm 
Reflection: 750-1 200nm 

Illuminator: 
Solid State Infrared LED 

Size: 1.25# ~0.5" D Cylinder 
Wavelength: 880nm 
Irradiance at Eye: 1 .amW/sq.cm., typical 

(No cooling required) 

EYE TRACKING ELECTRONICS 

RK-426 Pupil/Corneal Reflection Tracker: 
Power: 
Eye Video Input: 

Eye Video Output: 
Data Outputs (Digital TTL): 

1 15/230 VAC, 60/50 Hz, 20W 
EIA Standard RS-170 

or PAL 
Same as above. 

Pupil Horizontal Position (9 Bits) 
Pupil Vertical Position (8 Bits) 
Corneal Refl. Horizontal Position (9 Bits) 
Corneal Refl. Vertical Position (8 Bits) 

RK-520 Autocalibration System: 
Power: 
Scene Video Input: 

Scene Video Output: 
Data Outputs (Digital TTL): 

1151230 VAC, 60/50 Hz, 15W 
EIA Standard RS-170 

or PAL 
Same as above. 

Point of Regard Horizontal Position (9 Bits) 
Point of Regard Vertical Position (8 Bits) 
Data Strobe 

ISCAN* is a registered trademark of ISCAN, Incorporated. 
EVIL EYE" is a trademark of ISCAN, Incorporated. 

Copyright 0 1989, ISCAN, Incorporated. 

For further information about ISCAN Eye Move- 
ment Monitoring Systems, ISCAN Automatic Video 
Tracking Systems or the ISCAN Optimouse'" 
Remote Cursor Control System, please contact: 

125 Cambridgepark Drive 
P.O. Box 2076 
Cambridge, MA 02238 
USA 

Telephone: 61 7-868-5353 Fax: 6 17-868-9231 
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Ad Insertion Digital storage and retrieval provides a high quality efficient means for 
automating the ad insertion process for broadcasters and cable system operators. Once 
an ad is compressed, it can be stored in a library of current spots at a. headend. The ad 
insertion controller retrieves the appropriate ad and routes a digital copy of it to a 
decoder associated with a video router. The ad is decoded and inserted into the appro- 
priate channel in time slots prompted by cue tones from the programmer. Digital ad 
insertion can accommodate late deadlines and last minute changes, be customized to 
demographic characteristics, and provide accurate tracking of avails and verifications 
of ads that have run. 

Movie On D ~ ~ d  With DSR, hundreds or even thousands of movies can be 
compressed and stored in a digital mowe library This single DSR system wdl support 
growth in the number of access channels as channels dedicated to movies are expand- 
ed Various staging techniques allow several or even hundreds of movies to be played 
from the digital mowe library simultaneously. You can even have the same movie play 
on several channels at once, at different start times or “on demand by a pay-per-wew 
customer In two-way cable systems, a version of “Stop,” “Pause,” “Reverse” and 
“Forward’ VCR-type features can be supported. 

Video ‘kaining Training built around active video improves the learning process 
by providing the audience with a visual e.xperience to supplement words and charts. 
Digitally stored material fully supports interactive training sessions where participants 
proceed at their own speed through the material. The high resolution graphics of the 
DSR encoder and decoders makes possible the use of complex images. fast motion and 
enlarged subjects, providing a new dimension to video training. Digital storage also 
enables quick capture of new material and interactive capabilities. 

Video Previews and Distribution Programmers, produccion studios, home shop- 
ping networks and program guide suppliers desire automated systems to feature and 
promote their products. Cross-channel promotions and PPV ads can employ DSR 
systems to store, retneve and display wdeo chps. 

Scientific-Atlanta technology can also be used to distnbute videos digitally, display 
prewews to customers, then produce first generation copies of video material, on 
demand,at remote locations. To whet the appetite of a potential viewer, a high quality, 
visually appealing image must be displayed, making Scientific-Atlanta‘s DSR equip- 
ment the perfect solution. 

hlfO~atiOn Kiosks Trade shows, retail stores and auto dealerships sometimes use 
interactive information displays called “kiosks.” Customers interact with the kiosk 
using a touch screen or some other method to select wdeo data files for playback to 
receive a vanety of product or educational information. In some cases, items may be 
directly ordered from a two-way kiosk, adding significantly to customer convenience 
and order efficiency. Scientific-Atlanta digital storage and retneval products provide 
the fast interactiok and high resolution video desired by retailers to provide the “feel” 
of the product as if it were being seen live. 

Multimedia Multimedia over broadband cable is a vision being pursued vigorously 
by members of the computer. entertainment and communications industries 
Scientific-Atlantas DSR products will play a key role in making this vision a reality 
by providing fast access. interactive video, along with CD-quahty audio, that meets 
the highest resolution standards 



The Digital Advantage 
Digital - due to the powerful benefits it offers, 
digital has found its way into virtually every 
aspect of our lives and businesses. Now, with 
digital video technological breakthroughs, 
storing and retrieving program material in 
digital form can be performed easily. Users 
can now realize the advantages of digital, 
including source-like quality fast random access 
retrieval and data transport efficiencies. 

With Scientific-Atlantas Digital Storage and 
Retrieval System, analog program 
material is digitized and compressed 
in real time by an MPEG encoder. 
MPEG (Moving Pictures Experts 
Group) is now the de facto U.S. and 
internationally recognized standard 
for digital video compression. But, 
thanks to Scientific-Atlanta's DSR 
technology, you don't have to transmit these sig- 
nals as soon as they are compressed. Both video 
and audio can be stored together digitally on a 
hard disk drive, digital tape, optical disk or any 
other digital storage device. 

Using standard computer and data transmission 
technologies, the digital files can be retrieved 
and directed to the appropriate destination at 
the exact time desired. The original video and 
audio is reproduced with digital precision. This 
can happen minutes, days, or even months from 

. 

MPEG ENCODER 

VIDEO 
SERVER 

I .  

Components of the Video Storage and Retrieval system the time the files are received and stored. It is 
possible to establish large distributed libraries 
of digitally compressed material such as ads, 
movies or training material. And, the digitally 
stored material can be replayed as often as 

The digital storage and retrieval (DSR) system is designed to be modular 
and flexible, allowing it to be used in a wide variety of applications. There 
are five basic components: the MPEG encoder and four PC boards. 

required - hundreds or -thousands of times, 
without reduction in quality. 

The DSR Encoder digitally compresses the analog video and audio source 
material, using the MPEG standard, in real time. This process includes 

PC Decoder Boards 
with SCSI-2 Interface 

to Hard Disk 

converting thesignals and storing them as a computerdata file. Source 
video and audio input is received generally from a VTR and output in 
digital form to a PC, which controls both the encoder and the VTR. 

The PC Record Board is located within the PC that is 
interfaced to the encoder. This board formats the 
MPEG compressed video and audio from the encoder 
into a single bit stream suitable for direct storage, on 
standard digital devices. The record board interfaces 
with a digital storage device via high-speed SCSI-2 
technology to provide real-time digital capture of the 
compressed material. The data file is passed to either 
a local video server or a PC Uplink Board for distribu- 
tion over satellite. 

The PC Uplink and PC Transport Boards interface 
with the Scientific-Atlanta digital satellite transmis- 

sion system to move the compressed video data files and other control 
information between encoders. libraries and decoders. Compressed data 
files can be transported 1-ia dial-up modems, T1 links, fiber or 
microwave circuits as well. 

One or more PC Decoders. using an ISA bus, are installed in a PC where 
they receive the compressed video data files in either real time or from a 
digital storage device. The decoclers convert the digital data stream back 
into NTSC video and stereo audio components for transmission through 
the analog cable plant or for display on a TV or monitor. - L 1  

Real-rime MPEG Encoder 



Specifications 
Encoder (Model D5200) 
dideo encoding: single channel MPEG-1; I, B and P frames 
3esolution: meets CCIR-601 
iorizontal resolution: 704,544,480 and 352 pixels 

dertical resolution: 480 lines 
Inputs accepted: NTSC or component video (CCIR-656) 
audio encoding: two-channel MPEG Layer I I  

Dimensions: 7.0 in. H x 13.2 in. D x 19 in. W (EIA rack compatible) 
Digital storage interface: PC Record Board Model 05310 

(user controlled) 

(SCSI-2 compatible) 

Decoder (Model D5100) 

Digital input: via onboard SCSI-2 controller 
Video decoding: MPEG-1; all formats, rates and 

Video output: NTSC 
Video connector: BNC 
Audio output/audio connector: t w o  channels 

(one stereo pair) via quick-connect barrier stcip 
Frequency response: k 2 5  dB at 20 Hz to 20 kHz 
Total harmonic distortion: <.25% at 20 Hz to 20 kHz 
Size: set of two full-length PC/AT (ISA interface) 
Capacity: one to eight decoder card sets per PC (depending 

on chassis size and storage configuration) 
Minimum PC requirements: 25 MHz 386DX with 

industrial cooling 

resolutions supported by Model 05200 Encoder 

Digital Storage 

Minimum hard disk: SCSI-2 with sustained data transfer 
rate >2 M B  per second and full stroke seektime <40 ms 

Expandable to meet customer storage requirements using 
various media: 

hard disk 
digital tape 
optical read/write 

customization of applications. The high level software interface 
allows boards to run autonomously, leaving the PC free to  run 
other tasks 

Software: wide range of software drivers provided to permit 

A Reputation for Excellence 
and Innovation 
Scientific-Atlanta, Inc., is a world leader in cable television 
and satellite-based analog and digital products and 
systems. The company is also a key supplier of high 
technology instrumentation for industrial, telecommuni- 
cations and government applications. 

Founded in 1951, Scientific-Atlanta began as a small 
manufacturer of electronic test equipment for antennas 
used in the space and defense industries. Today, the 
company is a global technology leader with a reputation 
for excellence and innovation. 

Headquartered in Atlanta, Georgia, Scientific-Atlanta 
has offices throughout the United States with seven 
international subsidiaries and representatives located 
in 75 countries. Throughout its history the company 
has invested in core technologies, including: 

Digital and analog processing and transmission 

Digital video compression 

Secure transmission with scrambling and encryption 

Network management and control 

Fiber optics 

Satellite communications 

Broadband cable communications 

Antenna design and measurements 

Telemetry and tracking of air and space vehicles 

Signal processing and analysis 

Our strong commitment to technological innovation 
has resulted in the development of new businesses, 
products and systems. At Scientific-Atlanta, we are 
dedcated to adapting technology to meet the special 

.weeds of our customers. - 

of video and audio 

For more information contact: 

Scientific-Atlanta, Inc. 
One Technology Parkway, South 
Norcross. GA 30092 
Tel: 800-722-2009 (US.  only) 

404-903-5300 
Fax: 404-903-5080 

Scientific 

G1161Z 



APPENDIX P: TECHNICAL DATA FROM PERSONAL AND LAPTOP COMPUTER 
VENDORS 

International Business Machines 
Northgate 

S yst em-DFI 
Austin Computer 

Ultra 
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THETA SYSTEMS 
SMARTLOG SYSTEM SELECTION 
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I 

i 
I 

Quest ic lns  r e g a r d i n g  this system ur t h e  F I X  catalt::g 
riiay be r e fe red  tci T h e t a  Systercis dt .?82--2E,216. i I 

I 



.- 

THETA SYSTEMS 
SMARTLOG SYSTEM SELECT I ON 

DESCEIPTION 

I 
1 TOTAL SYSTEM COST: 

PRICE 1 

I 
1 

USING T H I S  SYSTEM GOES NOI' FLACE A N  A V I D  UF.:LIEE 

Please 5ee an a u t h o r i z e d  A V I D  r e q u e s t o r  f o r  
assistance w i t h  p l a c i n g  an A V I D  Isrder. 

Q u e s t  i ons  rtqarairiq this systert i  o r  the F'CS catalcq 
riiay be r e f e r e d  t o  T h e t a  S y s t e m s  a t  482-ZbZfS. 



THETA SYSTEMS 
SMARTLOG SYSTEM SELEC:TION 

- 
USING T H I S  SYSTEM DOES NOT PLACE A N  A V I D  OEDEF.: 

I 

LN 

1 



3- 1$:47.01 Cireatings horn OAK RlCGE COMWI ER SYSTEUS. INC Page ? 

- i 

--- Quote  go:^! for 39 c1ax-s --- 



Austin Computer Corporation 
lo300 Metric Blvd. 
Austin. T- 78758 

Pap-: 2 (Noawerpage) 

Terms: 

ONVERY 2 WEEKS 

FED ID # 74-2475679 

Dais: 1/20/94 

To: Mr. Frank Barickman US DOE OAK ROGE M 
Phone : 
Fiuc: 615574 7860 

From: Mark Moyer Federal AccDunt Represenwive 
Phon6 800-833-4472 -5229 
FaX: 92-339-3558 

Unit Total 

1 I I I t J 

-' We we only IN'TEL Processors 



. 
Kl 

*' We use only INTEL prucessors ** 

Thank you 



. ! . I _ . *  

Austin Performance Features Standard Video bbpfay Deskfop Chassis 
+ Intel 486 Processors 
* lntegratedY0 
4 Upgradeable to Pentlum'"" 

Pmcassor Technology 

Memory 
* 8 MB Memory Standard 

Memory Expandable to 64 MB 
128 KB Level 2 Cache 

Hard Disk Drive Choices - 250,340,425 and 525 M8 ID€ 
* 340,525 and 1650 M8 SCSI-2 

Optional CD-ROM Drive 
* Sony 31A DoubleSpin CD-ROM 

Toshia 3401 50ubleSpi11, 
206ms, SCSI CD-ROM 

Floppy Drive 
4 3.5 1.44 MS Fioppy Disk Drive 

Opt 5.25" 1.2 M8 Floppy Drive 
4 Opt Dual 3.5' / 5.25" floppy Dr. 

Optional Tape Backup 
Q 250 MB Q l C g O  Tape Backup 
* 1.5 GB QIC-121 Tape Badsup 

2 GB DAT Tape Backup 
4 4 GB DAT Tape Backup 

Mdeo Display Adapter 
* I M8 VL-Bus Accelemtor 

Optfonal2 MB Vldco Memory 
* Resolutions up to 1280 x 1024 
* Refresh Rates of Over 70 Hz 

4 1s' Super VGA Cdor Monitor 
4 640 x 480,800 x 600 and 1024 x 

768 Nok-lnterlaced 
028mmhtPtch * Optional 1 9  and 17' Non- 
Interlaced Monitors 

Additional System Features 
* Integrated Super VO Chip 

4 Two 16552 Sedal Ports 
4 EPP / ECP Pamllet Port 
* ID& Hard Drive tnieriace 

4 Oual Floppy Cwtrdler 
4 EMS UM 4.0 Support 

1oi-key Keyboard With Separate 
Numedc and Cursor Keypads 

Memory Architecture 
3243 Memory Archiledurn 
%-bit, 72-pin SIMW with Pahty 

4 Uses 4,8,16 and 32 MB SlMMs 
+ 2SIMMSodrets 

BIOS 
4 AMI System and Keyboard BlOS 
* Supports Multi-Sedor Reads to 

Enhance Hard Drive Performance 
* System and Vldeo 610s 

S hadm'ng 
Buitr-ln Setup Program 

Expansfon Bus 
* Seven 1Bbit ISA Slots 
0 Two Slotswith a - 8 ~  Extension * One Slot Used for Video Card - 

All Other Slats Open 

Small FootprM DesMop Chassis 
* 16"Wx16.5'Dx6.5'H 
* nVee 5.25" HH Dtjve Bays 

TWO Internal 3.5. Drfw Bays 
0 Plated Steel 

4 200 Watt Power Supply 
Appmximatefy 25 b. 

Environmental 
5O'FLo 95'F (IO' C to 35' C) 
8 to 80% Non-Condenslng 
Humfdity 

Regulatory 
FCCClassA 
Approved for 3usiness Use Onfy 
FCC Class E3 Pending 

€PA Energy Star 
I d  

e Energy Saving Mode Reduces 
Power Consumption to Less Than 
24 Watts 

* Unique Power Control ~ i ; w * ~  
Makes Any Monitor Energy ar 

Q Timed or Instant Access to Power 
Conservation Mode . 

Compliant 7 

Service and Support 
Two YWS Parts Warranty 

4 First Year On-Site Service 
* Second Year Depot Service 
* Optional Warranty Extension 

* 30-Day Money-Back Guarantee 

0 ufetim8 Toll Free Technical 
support 

Call Toif Free: 4-800-7524 577 
CANADA: t-800-338-1565 WTERNATIONAL: 512-339-3500 8 FAX; 512-454-1357 

=USTIN 
Y 

10300 Metric Blvd. A&, 7- 78758 



.I 

SPECIFICATIONS t iJ 

PROCESSOR OPTIONS 
CQlOR DlSPUY OPTION 

MONO O~SP~AY opnm 

WDD OPTIONS 
'FDD 
MEMORY OPTjONS 
MDfO CONTROUUZ 

PORTS 

PChlClA SLOTS 
SOFWARE 

POINTING DEVK'f 

INTERNAL MODEM 

WCKINC STATION 

OWE? OPTfONS 

WEIGHT 
SKE 

BATTERY TYPE 
8 A l l E R Y  LIFE 
POWER REQUIRLMEMS 

ENVIRONMENTAL RANGE 
OPERATlNG 

- NON-OPERATING 

SXIZS. DX13J.DX260, Dxltbd ' 
TIT Color, 9.5' Diagonal, 
640 x 480.256 Coron 
STr(Mona9d' oIJl&y$& ~ 

wxw.64 
13012 1 3 k O M @  
1.44M3.3.f' 
4MB. @, 16MB. 20MB, 32M1 
52-bit Local Bus, Windows 
Accelerator, 5 1 2KB ORAM 
2 krlil, 1 Parallel 
External Color Monim 
640 x 480 (256 Cdorsl 
800 x 600 (256 Colortl 
1024 x 768 (16Colort) 
MouseExtemal Keyboard 
2 Type II or 1 Type 111 

Wlndaws 3.1 
Built In micro trackball 
(1 6mm dmeter) 
2400k bgs Modem Jth 9600 bPS 
xndrnctlve tax, 14.4k bps Modem 
with 9600 bps send/recetvc tax 

2 Full Sue. I6-bk tSA Bus Slob 
2 Serlai Ports. 1 Parallel Port 
External VCA 

Oocklng station. external Battery 
charger, car adapter 
6.38 Ibs (2.9W dth battCV. 
1 I .I' x 8.58" x 2.00' (cd4 
a82 x 218 x 51mml 
I l.l'x8.58'x 1.77'(monO) 
(282 x 282 x 4Smrnl 
NiCCad I NiMH 
2 3 hourt 

MS-DOS 6.0 

40 Watts Power Supply 

Voltage: 1 15 a 230Vac 
Rquenw 50 - 60Hr 

TemD: SO' to 95' F [l 0. to 35.q 

The Austin 486 notebook Is 
architecturally the most advanced on 
the market. Designed to Fully utjllze the 
entire family of powerfuf Intel 486 
processors,&@fs notebooks pack all 
the speed and power of the best . 
desktop workstation fnto a compact, 
light weight case. A unique 32=bit I d  
bus video, with a windows accelerator, 
creates the best notebook grap$ks 
performance avai 'B ble. Technolo&ally 
advanced, high-performance, glass 
media, hard drives, In sizesyp to 
340MB. set the industry standard for 
storage. The color models feature an 
active-matrix display providing ctisp, 
clear color while running a CRT and the 
LCD simultaneously for irnpressivE 
portable presentations. The large * 

16mm trackball, located front and 
center, affords optimal comfort and 
control. Two PCMC1A slots suppor9; two 
type II devices or one type Ill devke .at 
any given time. This 6.38 IbS. 
powerhouse gets you up and running 
while you are up and running. 

CALL TOU FREE: 1-800-752-1 577 
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t to you, it3 the most powerful player in your office. 
,nd right now,.it's on SALE!*)  

* S A L E  ENDS D E C .  3 1 ,  1993 

ipped up in a Iuxurtous leather carrying 
irc 

w 
0 14.4wbp5 kxlmodwn '*.4 .:::s 

-:::: 
MKIKMHT 

'...L ..,. 

WINIXW 
HI 4th I I ) R I N  

The Traveler 
Don'! leave your deik without packing this 
affordable portable You I1 ciiloy We view 
on your Dual Scan color display And with 
a 130 ME hard drive. you have enough 
memory to record everything about your 
travels All you need is a phone line lo send 
and receive data through your 2400 bps 
nternal farlrncdern ErrJoy the freedom 01 
he road and the convenience of conrtdnt 
ammunication 

Kill Sah Pxkage $2,2991 
25 vlii protascf n 4 MB memory 

I8 hard dnw @ Dual Scan display 
bpr bdmodeni Nylon carving caw 

A dazzling presen fer 
and a smart study buddy, 

Pro Business Presenter 
You'll deliver an impressive performance 
every lime with this full featured preserilatio 
The 66 MHz processor runs even the most complex 
multimedia appltcations with ea* A state.of-the-art 
dual scan display show detailed graphics in vivid color 
and the sharpest resolution And wth stereo speakers. 
your presentation sounds as g o d  as it looks I1 you take your show on the road. 
the Pro Business Presenter i s  your best vehitle 

Pro Burinerr Presenter Special Sale Package $3,5931 
/flcbder 4860x266 MHI piotessor 8 MB memory 

340 MB hard driw Dual %an color dispfdy PChKfA mulrrmfdfa card 
$term Speakers e [earher cafvig c x c  0 Complete cabling 

Student Workstation 
(rive your educational career an extra advantage with a lull-lunttion, low cost Notebook 
Take it to class, to the library, and back how With Austin's pomr nianagement system, 
each batfery lasts up to five hours Upgrade your Notebook as your needs 
increase You can even UP it to impress your Iirst boss! The hard working 
Student Workstation comes with an internal 2400 bpr Iaxlniodern 
and an Epson desktop printer 

I 

Student Workstation Spmlsl Sale Package 
htlodes 486SX.25 MU! processor 4 MB tnmq 

130 M8 hdrd dfiw * Monorhrome diwlay * 2400 
RMop printer 

- -  
' 1  

Don't see exactry what you want? 
We have a wide variety of other configurations to suit your needs 

and your budget Ielert from 25 MWI to 6G MH? 486 piaerroir 
130 to 340 M8 hard drives. monochtorne. dud xan color or 
aclive matrix color displays They're all available, and they're all 
priced right Call us toll free Our sales consultants will be happy 
10 help you selrcl Ihe system that's riglit for you 

Accessories 
n 



Cl&r vow desk 
tool late. 
Does your computer 
have more room to work 
than you do? 
Now you can p i n  Tore deseop w e  
wthout sacrificng p e r ,  perfomdnce 

CT memory Wheher you reed a tcwer 
of power or a bxk-io-school m ~ .  
we have an Adtin Yotebook for pl: 

And though Cecesber 31 you car save 
gn ai NoteXXK Dmdles des cried '0 

deliver the grea;es: ralue at the :owen price 

Here's what you get 
with an Austin Notebook! 

Lightningfast videe-Yarr presentatom 

acceleratw Nith 1 MB Video RAM And wth 
simultanms output to an wsrd monm. you 
can shuw off p u r  show in the ofke. in the 
classroom. 01 on the mad 

Your choice of dMys--Choose a topof-the 
line actw Matra display for the most demanding 
color applications Get c o s t d f m  color mth a 

c Dual-Scan dsplay Or opt for razor-sharp resdutron 
with our affordable monochrome display 

0 Peak performance-Austtn Notebooks run on 

!he level of cedormance and swed you want-hm 
powerhouse 486 prccessoc You can choose 

6" 

SX IO DX2 and from 25 to 66 MHr €Yen at top speeds. 
our integrated codirg system keeps temperatures under 

control 

wrth 130.21 3, or 340 ME-the largest dnves on the market! 
Ample storage-0ur rugged hard dr iw  'eature glass-media cOnNuRion Lcad up 

Let's make a deal. 

m n ' s  super selec~~n of Not&& SUN with 
wr :opof-the-line Ultmate Notebxk Wcktation. a 4860x246 MPz model wIb 

a 340 MB hard drrve It's not wly the best ponable in Austin. it's the best portable. 
period1 No other iotebook matches the prixessing speed anc F e a o y  capacity 
And no deskroo mwel can ka t  it 

Are you spenoing more time away from your desk, Are your ;rese?:ra:ionr fallL?g: 

flat' Would a pocdbie put you at :he head a i  Se class? Ne nave modeis for you. :w 

And if 'we naien : made yoLr Cirean machine. we'll kt you mtre your ohn. 

Jus mu and matcn the features you want and phone in your oroer. See insdde for 
"build-yourawn' Je!ails 

Future expandability-Add-on devices ,two Type II of one Type Ill) plug insfAntly into 
two PCMClA slotr YOI, also Pave ;ne capacity for adcitional RAM and ROM 

Auto stop--0ne t o d  p u b  your system nto 5:aidby Mode and back into A R w  
Lime VOL can 'e'urn 70 work exactly wbev you e q  off without waiting for the 
M i F T  to boot 

Sophisticated power inanagernent-m,at good $5 a wLable t f  you're tied to a 
poww Y)urce) Austin Webook3 iise ies energy, w r  b a K m  bst longer, and you 
have Tore time to work lor play) unplbgged 

Energy e f f t e n t  operation-Austin Notebooks meet EPA Energy Star' guidelines. 
prwcing !?.e full power o i  a desitoo system at oniy a fraction o i  the electricty. 
Ks good for ;he erwonment. and it's good for your bottom line. 

Strong service and support-Austin provides free exxn ConsLiliaton. lifetime toll- 
'-% Isbrlcal SUDOO~?, and a full ore-year warrarry cn dll jcr awardwmninq sys!err.s. 
.?,e 2~ a !w:ime 'wince' oi the PC LIapzne Ecitors' Choice Pwa!s and a wen: 
'e: :.yi Oi :fie K ,Vapz:ne Seaders' ;Toice i v d :  'or ex;? ' ~ t  % w e  and ,eiiabiliry 
T :,crrc ,a:ed Ausm 11 IC service ;?d s~spor. Nc wcncer 70% a i  our orders are 
%r -exat customers. 

__ .- . 

. . -. . . . . _.._,...__._.. r _  _ . _ . . . . _  ' ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ -  
-. . .  . 



Direct 1-800-246-7037 

E-* 



Greetings lrcm 011: RIDGE COhrRI:ER SYSTEMS, INC Pasc 2 

- .  . . .. . . -  _ _ _  . .... . ~ . _ .  

r-  . 
. .  

-A_-- -_-- 

Oak Ridge Computer systems, InG 

Please ask us about the wide variety o f  products 
and brands that k e  c a m  u for U w u r  convenience! 



APPENDIX Q: TECHNICAL DATA FROM GEL-CELL STORAGE BATTERY VENLXlRS 

PowerSonic 
Gates Energy Products 
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,-*Pi!!!! Sealed Lead-Acid Batteries 

6.5 

6.0 

5.5 

- 
L 
m 

s 5.0 
1 g 4.5 

4.0 

SealedlMaintenance-Free - The sealed construction 
of the Power-Sonic battery allows trouble-free, safe 
operation in any position. There is no need to add 
electrolyte. as gases generated during overcharge are 
recombined in a unique "Oxygen Cycle." 

Easy Handling - No special handling precautions or 
shipping containers - surface or air - are required 
due to the leak-proof construction. 

Economical - The high watt-hour per dollar value is 
made possible by the materials used in a sealed lead- 
acid battery; they are readily available and low in cost. 

Long Service Life  - Under normal operating 
conditions, four or five years of dependable service life 
can be expected in standby applications or between 
200 and loo0 chargeldischarge cycles depending upon 
depth of discharge. 

Design Flexibility - Batteries may be used in series 
and/or parallel to give you choice of voltage and 
capacrty. Due to recent design breakthroughs, the same 
battery may be used in either cyclic or standby applica- 
tions without sacrificing life or performance. Further- 
more, Power-Sonic offers over 30 basic model sizes. 

Rugged Construction - The high-impact resistant 
battery case is made of non-conductive ABS plastic 

r 
- 13 

- 12 

- 11 

- 10 

9 

- 8 

L O  

- 

with superior resistance to shock, vibration, chemicals 
and heat. 

Compact - Power-Sonic batteries utilize state of the 
art design, highest grade materials, and a carefully 
controlled plate-making process to provide excellent 
output per cell. This high energy density results in 
superior powerholume and powerlweight ratios. 

High Discharge Rate - Low internal resistance allows 
discharge currents of over ten times the rated capacity 
of the battery. Therefore, a relatively smaller battery 
may be specified in applications requiring high peak 
currents. 

Long Shelf Life - A low self-discharge rate permits 
storage of fully charged batteries for up to a year at 
room temperature before charging is required. Lower 
storage temperatures enhance shelf life characteristics 
even further. 

Wide Operating Temperature Range - Power- 
Sonic batteries may be used over a temperature 
range of -76°F to +140°F (-SOOC to 460°C). 

Deep Discharge Recovery - Special separators, 
advanced plate composition. and a carefully balanced 
electrolyte system have greatly improved the capability 
of recovering from deep discharge. 

120 

la0 

&to 
0 - * 
E 

0 c m  
20 

0 
-20 -10 0 10 20 30 40 50 60 

M r g .  Tim0 0 W C  (68°F) 

Characteristic Discharge Curves 
TemP6-m es 

Effect of Temperature on Capacity 



Cyde AgpBcationri: Limit initial a#rent to 0.2OC (C is 
the nominal AH. capacity of ttte battery). Charge una1 
battery voltage (under ckqe) reaches 2.45 volts per cell 
at 68°F (20%). Hold at 2.45 volts p e r  cell until current 
drops to approximately 0.01C ampere. Battery is fully 
charged under these conditions, and charger should 
either be disconnected or switched to "float" voltage. 
'Float" or 'Stand-By" Service: Hold battery across 
constant voJtage source of 2.25 to 2-30 volts per cefl 
continuously. When hetd at this voltage, the battery will 
seek its own c u m t  level and maintain itself in a hrlly 
ctwged condition. 

-;wv rrw I vm uu- UisCNiiinxx uwa U.L- A W.WG , 
mate with AMI? INC. '250" series reeeptack. Models: 
pS-490,6100,12100,12120,12170F, 12260E 
Polarized FASTON: Quick disconnect tabs; positive 
0.2s x 0.032", negative 0.1 87" x 0.832". Models: PS- 
665,695,6120,1295,12120L. 
Spring Type: PS-650L (lantern battery) 
Wire Leads: C.U. insulated, stranded wire leads 
a) terminated with AMP. INC. Mate-N-Lock connector 
housing P/N 1-480318-0 and female pin P M  60619-1. 
Mates with connector housing P/N 1-48031 9 and male 
pin P M  61116-1. Models: PS-640WL. PS-1207. 
b) terminated with YSO" female FASTON receptacles. 
Model: PS-682WL c) tminated wi& MOLD( housing 

Nut and Bok Post with nut and bolt terminals; 5mm 0 
P/N 526462 and Plug PmS 5263-PBT Wel PS-605. 

for Models: PS-6200, 12170NB. 12260, 12280.6mm 0 
for Model PS-12400. 
Heavy Duty flag Terminals: Models: PS-12330, 12500, 
12600,12800. 

Standard Ti?mtinats: Quick disconnect "FASTON" tabs 
0 . 1 8 ~  x 0.m mate rn AMP. NC. FASTON '187" serias 
receptacles. Models: ps4Q5,6lQ 612 620,s30,632 WS7a 
w, 61OO, 12121220.1226. I=, 1% 1242.1252 1 m .  



Energy Products 

$200 

BATTERY ASSEMBLY AND D1STRIBUTION 
ENGINEERED ASSEMBLIES CORPORATfON 

KENNEDY SPACE CENTER, BLD6. # 3  
3035 BARROW DRIVE 

RALEICH, NORTH CAROLINA 27601 
(9191 790-9700 FAX #1919) 790-0223 

- - - -  



GATES SEALED 
R€CHARGEABLE 

BATTERIES 

-pacity (AmpereHoun) 
10 wr. h t e  

2 7  2 5  
5 2  5 0  

13 0 12 5 
260 250 

IO t-ir- A.10 ' 

standard cells and batteries 

Welghl (Incl. 
Oll i chrge  Cunmt TWmhl8) Dimmeter Weight (Approx.) 

at 10 nr. b t e  inlmm Wmm Wkg Pacluge 
2WmA 2 65/61 1- u11.18 0 cen 
SOomA 3 17181 1 7uLd ai1 37 x m  

125OlnA 5W136  2 M 2  1.85iYM J c d  
2-A 670l172 2596.5 34911 58 =Cell 

Cells 

'J CSU informaton is preliminary. Contact Gate Energy Products. Inc.. tor u p w a t e  mfomatiOn 

Batteries 
Produci 
Number 

- 
Vdtege 

6 
6 
6 
6 
6 
6 
6 
6 
6 
0 
8 

12 
12 
12 
12 
12 
12 
12 
12 
12 

2 7  
2 7  
2 7  
5 2  
5 2  

10 4 

10 4 
260 
520  

5 2  
5 2  
2 7  
2 7  
2 7  
2 7  
5 2  
5 2  
5.2 
5 2  

260 

2.5 
2.5 
2.5 
5.0 
5.0 

10.0 
10.0 
25.0 
50.0 

5.0 
5.0 

2.5 
2.5 
2.5 
2.5 
5.0 
5.0 
5.0 
5.0 

25.0 

Dlrharge Current 
8t 10 Hr. Rats 

25omA 
250rnA 
2 m  
SOOmA 
m 

1OOOmA 
lOOOmA 
2mmA 
5ooomA 

SM)mA 
SOOmA 
2somA 
2-A 
2 m  
2 m  
WmA 
mmA 
5oomA 
mmA 

2500mA 

Length 
inlmm 

4 2w107 
4 0011 02 

2 63/67 
5 4 2 / 1 2  
5 22/133 
5 38/13? 
5 201132 
8 051204 

8 0 5 / m  
7 16/182 
6 -177 
4 m 1 0 7  
8 221209 
0 0 1 m  
4 M)/102 
5 421138 
10 631270 
10 4 1 l W  
5 221133 
8 051204 

"Hesphl @veri exdudes banery tabs. For heighl including labs. please add the following: 

I D X 
Wmrn Wmm 

CasS I .w1 i ,1213 
Shnnk I .m ,1414 

W e  Standard lead w a s  tor the above available at exlra cost are 

Wldth 
infrnm 

l W 3 9  
1 48138 
2 63167 
194149 
186147 
3 E492 
3 Mu91 
2 05/72 

5 451138 
1 w49 
l W 4 7  
2 07m 
1- 

148% 
2 02172 
368193 
194149 
l W 4 6  
3 60191 
5 451138 

Height" 
ldmm 

2 69/68 
2 63/67 

3 84198 
3 lon9 
3 08/70 
3 l4iW 
3 o w 8  
7 la167 
7 la182 
3 rons 
3 08178 
2 69168 
2 69/68 
2 6367 
2 63167 
3 rm 
3 1on9 
3 W 8  
3 W 8  
7 16/182 

1 3 v 6 0  

152469 
2 W 1  17 
2431 11 
5 23/2 37 
4 w 2 0  
11 W502  
22 w10 1; 
3431 56 
3331 51 
261il 18 
26111 18 
2 W 1 1 3  

5taI235 
5 26Q 39 
4 W 2 4  

4 B v 2 2 0  
22 30110 12 

2 a411 1 1  

Package 

1 x3a-Cas.e 
1 x30-Shrirr 

Cluster DLar:err 
lr3X-Case 

2x3XCase 
ZxOX-Shrtn& 
1 x3BCCase 
2x38CCase 
1 xdXCase 
lx4X-Shr1nk 
2x3oEase 
1 x 6 M a s e  

lx6D-Shnnk 
2x3DShrint 
Zx3Xx-Case 
tx6XGase 
lx6X-Shrink 
2x3X-Shrink 

lX3X-Shr:flK 

2x38C-Case 

0810 18 AWG Plain Ends. Red Positive, Black Negatwe. Extended 9 0 + 1h in outs& mll pack 
OB00 16 AWG Plain Ends. Red Positive. Slack Nqatlve EHended 9 0 + 1h in oulside cell pack 

*a! lead assemblies andlor bdtlery configurations are ava.lable upon reguest 



APPENDIX R: TECHNICAL DATA FROM SENSOR SUITE DEVICE VENDORS 

UniMeasure 
Sensors Development 

GSE 
UFI 

American Electronics Components 
KVH Industries 

Riegl 
Silicon Heights 

Bruel and Kjaer Instruments 
International Light 

Larson Davis 
Quest Electronics 
Armtec Industries 
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DATE 12 Jnniiniy, 1994 
NO. OF PAGES 

J - . ._ .- ._.-.- ............ _ .  ...__.-__......_._..-........ . . . . .  
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..... -.__...-. 

TO I Frank Barkkman 
_..--I ._. 7 

. . . . . .  

COMPANY OrMdRc Nation&LkbFatwy . . 

---- FROM Tom Peterson *".-_ ....- _..- .-  

Frank: 

Atlaclred an: various data shccls and a price list 011 UniMeasurc: liiiear position trdrlsduwrs. 

"'Jtc HX sc1-ics is ciiviroiunciitally scalcd. All of llie outputs available in our staiidard series 
azr available in the HX series iiicludiiig velocity/position. 

In addition to the standard potentiometric output, the VP scrics is available with 0 to 10 
VDC, 4 to 20 mA, and k10 VDC outputs. 

Wc will w i d  you our coinplctc lilerature package today. 1f you have any questioiis 011 thc 
faxed niatcrial, plcasc call mc. 
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- +10 VDC ANALOG OUTPUT 
LINEAR POSITION TRANSDUCER 

e 11 0 VDC ou1 i'u1 
@ LINEARITICS i o  0.1 5% 
a INFINITE RESOLUTION 

RANGFS TO 500 INCHFS 
e REPLACWU3-t CABLE 

RUGGED CONST~WCTION 
0 ADJUSTABLE ZERO AND SPAN CONTROLS 

+10 VDC output 
Tttc P1010 seiies couples iiilernal eleclroiriLs with the 
basic P series transducer 10 pfOVidQ a +1Q VDC output. 
The zero position may be set within 10% lo 9OY0 of the 
total range ot the  transducer. 1 he output voltage will be 
positive whon the cable is extending trom the zero position 
and negative when retracting from the zero posltion. The 
spait may Le adjusted to the maximum oulpul vollage 
within 50% to 100"/0 of the longesl possible travel, whelher 
positive or negative. from the zero position. A 115 VDC 
input is required bul optional single inputs ot 5. I 12, 4 15, 
or +24 VDC arc available. With optional inputs, the power 
supply ground is isolated from the output common. 

COHNECTOR WRINO 
OPTIONAL VOCTAOF 

INWTS 
STANDARD I 

1 P1010-3 3 I P1010-4 4 
P1010 5 5 
PiOlO-10 10 
PlOlO-15 15 
p1010-20 20 
PtOiO-25 25 
P1010-30 30 
PlOlD-40 40 
P1010-50 50 
P1010-60 Go 
P101&?5 75 
P1010-80 80 
Plolo-~oo loo 
P1010-I50 150 
P1010-200 200 
P1010-2fjo 250 
P1010-300 300 
P1010350 3x, 
P1O~o-rOo 100 
P1010-500 !sou 

...... - .... 

16667.7 1266 7 
+5000.0 *m.0 
d A O o 6 . 6  . I lGOO 
i2000.0 m.0 
i i 3 3 3 3  i51.3 
! 1000.0 140.0 
+800.0 ?31.3 
T6G7.7 mi7 
+ m . o  +20.0 
1400.0 1160 
1333.3 113.3 
A2G6.7 i l l A  
izxt.0 210.0 
m . 0  10.0 
f133.3 ?53 
flDO.0 14.0 

J B b b  13.2 
S6.7  e.? 
~57.1  i2.3 
lso.0 i2.0 
240.0 31.6 -- 

CARL C 
TENRlOIl 
(NOMINAL) 

( 0 2 )  (to) 
34 .08 
24 .a 
24 .68 

34 .!36 
24 .68 
24 .GO 
34 .w 
24 .68 
24 .68 
34 .96 
24 .68 
21 .59 
19 .!3 
24 .88 
26 .G8 
24 .8B 
24 .60 
24 -68 
24 .Go 
24 .a 
24 .cB 

. 

84 .MJ 

- 
CAULt 
M X F I  
(C'b) 

& 
>50 
>so 
250 
>SI) 
750 
20 
>so 
>50 
>XI 
>u) 
27 
16 
16 
18 
10 
16 
10 
10 
10 
10 
10 

SPECIFICAT!ONS 
General 

Linortrity 
2', 3'. 4' IC 5' Hmges: .............. kO.Jo% Full Scale 
10'. 15". 20' & 25' R s r ~ c s  ....... t0.20% Full Scale 
All other rangas ........ ...... 16.15% Full S a c  

kpcstdlily ................................. i0.015X Full S a &  
Rncdi n h  

Ranges 10' and abow ............. Esscntialiylnfinitc 
Construction ................................. Numinurn Cover 6 Baseplate 

Snnslng Dovkc  ............................. Precision Poknliomder 
Sisjnlcss  SIC^ GWc 

COrlllCC((X ..................................... MS3102A-14S GP 
EIcctricaI 

ourput ......................................... ? 10 vN= 

il1yutcuIIC)IIl ................................. 25 mA m x .  
Outptl~ Imptancn ........................ i.Oumwi. 
Ovlput L oad .................................. 6 K 0  min. 
CapvjiivC: 1 oad ............................ 1000 pF 
hdjusimcnr Range 

Lxdiaiionvalwgc ......................... ~ I S V W ~ ~ O X  .~?14--- t40E 

/ d o *  - 
Zero ......................................... 1 0% to KW0 uf 1 dal Raryw 
Span ............... F i  to 1 Ma/. 01 I q w ?  Pnwilhls 

1 lave1 lrorrl ZCllO P'UZllUll  

Proleaion ..................................... Reversed Polarity 
1 eniperaturt 8tbilrty .................... O.O.?9k% of Spari 

OpcratinglccmperaIwe .................. 0°C; lo 4 70°C 
Sloragc Tcmpcrarurc .................... -40% to 4 85% 
Operarq humidlry ........................ 9O%R.H. ma*. non-cordcnsing 
Vibiuboci ....................................... lbG's0.1 msmax. 
Shock ........................................... 50 G's 0.1 rns max. 

Environmcnlal 

0lMtWSK)NU 
INFORMAIlON 

Figure 1 

... 

I igurr 2 

Fgure 5 

NOTES 
1. Mating connector included. 

OPTIONS 
0 +5, +12. +15, or +24 VDC single Input 

voltage. 

+15 
4 34 

i) See price lis! lor other applicable 
options. 

ORDERING iNFORMATlON 
Order by model riunlbr cortesponding 10 
range required. 
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. _ .  . ....- 
CONNECTOR WIRING 

~ -. ..... - . . . . . . . . . .  

LIPUU liulwf 
. - -__.  

"A- cihcull 
UOM*uL W T P l n  

m d h )  (mrNmrm) .... 
475 10.7 
325 12.8 
244 9.6 
196 7.7 
95 3.7 
65 2 5  
49 1.9 
39 1.6 
32 13 
24 1.0 
20 0.6 
14 0-7 
13 052 
12 0.49 
0.9 0.39 
6S 026 
51) om 
4.0 0.18 
3.3 0.13 
2.8 0.11 
2.6 0.10 
2.0 0.08 

PoSn;ond&mion 
Raves lr erd &ve ............. E6wntidlly I&dlP 

................... Ab~rnInurnCover& Baseptafrr 
Staiiiluso Stool Cabk 

..................................... MS3102A- 1 4 W  
Ekctrkri (Porltion) 

hpul ImpCrdMncr 

W l m p e d s n a  

Er&t&nVobge ......................... ts volts Max. Ac ffr Dc 
hs&lionrrisloncc .- .................. $00 mqohms mln. at 1M Vtx: 

anpU ....................................... "., ~ L . C  1 abk 

'AWCirarit .............................. " . , ~ ~ l O %  ohms standard .. A CifOA ................................. O.5oO11 

8ectrlcrl (Vcbclry) 

ouw 
l k ~ i l y  ............................... .........$o . 1~.FF.6.will,in25Voh 

RlpCJo ...........................-.............. 3% M ~ x .  
oulpn Impcdsna ....................... ,350R 

h e m a l  Coetfclent ol 
poteenUiameler ............................ i100 PlVMC max. 

WJiingfcmpcrstutc .................. -1 6 C  10 95% 
Operarln~ h,mldltj ........................ 95% R.14. max. non-condensing 
Viation ....................................... 16 0's 0.1 ms mar. 
fitmk ........................................... 5 0 G ' s O . l  i n s m u .  

Enulronmenlsl 

NOTES 
1. 'A" circuit is standard. 
2. Mating connector IncJuded. 

OPTIONS 
0 'Be Cirwil 
0 4-20rnAOulput 
0 0-10 VDC Outplmt 
0 *lo voc outpur; 
0 See p r b  lis! for other 

applicable options. 
....... .-.----.. . -- 
ORDERING lNFORMATlON 

MODEL Y\ OUTPUT 
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OIGlfAL LINEAR POSITION 
TRANSDUCER 

- . -..- 

a TTC COMPATIBLE DIGIIAL OUTPUT 
0 0.05% ClNtARlTY 

. INCH AND METRIC VERS~ONS 
RESOLUTIONS TO 0.002'' OR 0.05 MM 
DIFFERENTIAL OUTPUT OPTION 

Two channel dlglral output 
The UniMeasure EP series positron Iransducer provides a digital 
Oulpul $ips1 for applica!ictn$ where a diglbl dgnal 1s desirable. The 
standard oulpul Is a two channel single-ended f 7 L  compailble 
Squaw wave which allows exlernal electronics lo dellermlno cable 
niovenlenl direction. Options include a differential line driver 
outpul and an tnpul voltage eapabllity of 8 lo 28 VDC. With the 8 
lo 28 VDC Input opllon. the oulpul vollage level IS approxlmaiely the 
same as Ihe inpul. Both current sourcing and current sinking 
oulpurs are avallabte with lho 8 10 28 VDC input option. 

STANOARDOLITPUT OlFFERENlt4bWIPUT 
- 7-- -.- --- 

A + 5  VDC IN A + S m l h l  1 CIWJNLL : T O N  A 1 C COMMON CHANNEL A 
0 CWNJLL B CtIANNCC x 

CHANNLL B 
N .C. CHANNEL 3 

OUTPUT WA~EFOKM O U l P U l  WARFORM 
A A 

0 f \ .  

B 
B 

I-. . _ _  ..- I 
......... 

SPECIFICATIONS 
Gonerd 

Unearity' ........................................ fo.OS%F.S. 21 muru 
C o w  Accuracy' 

LP40,CPM-250 .......................... 2SY. F.S.21 m u d  
EP SO.EPM 12% ...................... iO.lS% FS. 9 1 M M  
UIorhermalels ......................... MtO.lOSCF.S.$lcoum 

Re~i lat i l iy '  ................................... 015% F.S. 3 1 counl 
Hesobtion ............................... .,.... . See! fabb 
Conslruction .................................. Aluminum Cover & Baseplalc 

Conneaor ...................................... MS3102~-14S6P 

lnpulVo9age .................................. +S VDC f5% 
lnprl Currsnl .................................. 125 mA meximwn 

SaalnlessSreel Cabk 

Elettrlcal 

Outpul ............................................ Two channel single-ended 
TTLcompatlbletqum 
wave fro111 LM339 open 

pullup resistors p r w W .  
WfliWfOr OUlpU! slag0 ? 

PhawOuadrelurc ......................... Wj 2 4  

Envlronmcntd 
Operallng!ampera?ure ................... 0°C lo 70% 
Sloragc. ioniycralure ...................... -2PC tn W.C: 
Shock ............................................ 50 0'0 lor 1 1 ms duralion 
Vibration ........................................ 20 HZ to 2000 Hr Q sGr 
)iuml6l ty ......................................... 9B% R.H. maximum 

(nonzOndcnJng) 

NOTES 
1. Mating conneclor includud. 

OPTIONS 
0 Differential line driver outpu! 
0 8 10 28 VDC input voltage 
0 See pricc list for other applicable 

options. 
... - . . . .  - . . .  

ORDERING INFORMATION 
Order by model number corresponding lo 
range h3qUlfQd. 
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DIMENSIONAL INFORMATION 
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LEG UniMeasure, Inc. 

QUANTITY DISCOUNT 
1-4 ................................. NONE 

.................................... 5-9 5% 
.................................. 10-24 7% 

25-49 ................................. 10% 
50 and greater ................. Consult Factory 

I 
Corvallis, OR 97330 
Tel: (503) 757-3158 Fax: (503) 757-0858 

NOTE: HX SERIES IS ALSO AVAILABLE WITH THE 
FOLLOWING: 
0 DIGITAL OUTPUT 
0 VELOCITY OUTPUT 

VELOCITYiPOStTION OUTPUT 
0 A U  STAINLESS STEEL CONSTRUCTION 
CONSULT FACTORY FOR PRICING 

as? 

PRICE LIST 
SEPTEMBER 1992 A 

RANGE 

(”) 

2 50 
3 75 
4 100 
5 125 
10 250 
15 380 
20 500 
25 640 
30 750 
40 1000 
50 1250 
60 1500 
75 1750 
80 2000 
100 2500 
150 3800 
200 5000 
250 6300 
300 7500 
350 8800 
400 10000 
500 12500 

P 
m m  

V(*TAG€ DrVDER 
anwT 

$225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
31 0 
31 0 
31 0 
450 
51 0 
51 0 
51 0 
530 
530 
530 
530 

P420 
poyrrw 
(-a mA 
CUTPVT 

$335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
420 
420 
420 
575 
635 
635 
635 
650 
650 
650 
650 

PRICES IN U.S. DOLLARS 

PSI0 
W D W  

OTOJOR to% 
curpvr 

$335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
420 
420 
420 
575 
635 
635 
635 
650 
650 
650 
650 

$375 
375 
375 
375 
3 75 
3 75 
375 
3 75 
375 
375 
375 
460 
460 
460 
600 
660 
660 
660 
680 

680 
680 

680 

$375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
395 

435 
I 

- 
- 
- 
- 
- 
- 
- 
- 

V 
YELOCITYOUTPU 

$375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
435 
435 
435 
580 
61 0 
61 0 
61 0 
61 0 
61 0 
61 0 
610 

VP 
VELOCIW L 
PlxllIow 
aJTW 

$405 
405 
405 
405 
405 
405 
405 
405 
405 
405 
405 
460 
460 
460 
620 
645 
645 
645 
645 
645 
645 
645 

DISCOUNT SCHEDULE 

TERMS 
1. Net 30 days 
2. F.O.B. Corvallis, Oregon, USA.  

WARRANTY 
UniMeasure products are warranted for 6 months from‘date of shipment against defects in materials and workman- 
ship. During the warranty period, UniMeasure, at its option, will promptly repair or replace defective units at no 
charge to the purchaser if the product is returned to the factory freight prepaid. The warranty is void if the product is 
misused, damaged by accident, disassembled or intentionally abused. 

UniMeasure makes no other warranties either expressed or implied other than that above. UniMeasure assumes no 
liability for consequential damages under any circumstances.Prices, specifications and product appearance are 
subject to change without notice. 

Prices, specifications and product appearance are subject to change without notice. 



phars: (313) 591-3oOo 

6% (313) 3910107 INNOVATiONS IN FORCE MEASUREMENT 

MI. Frank Barickman 
Oakridge N a t i d  Laboratories 
Berhel Valley Rd. 
Building 6025 
M.S. 6360 
Oakridge, TN 3783 1-6380 

mar Frank. 

Thank you for the phone inquiry today concerning Sensor Developmenn Inc. (SDf) products 
and services, specifically our Model 10118 Pedal Effort Sensor. 

The Model 10118 is available in several force capaciry ranges, (see clrawirng 1218ZCC)-F;. 
SDI also provides two mounting asscmblics for attaching the unit 10 the pedal. I would 
recommend the Cable Tie Adapter Assenibly for your specific application. This arrangtner?; 
provides a low profile when attached to the vehicle's brake pedal. 

PRICE 8r DELIVERY 

Model 101 18 Pedal Effort Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S 18100.00 ea. 
Delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  stk . 8 wks AF-9 

Quantity pricing is also available. 

PIeasc: conmct me with any questions you might have concerning this quote. 

Best Regards, 

SENSOR DEVELOPMENTS INC. 

Michael G, Maher 
Sr. Sales Application Engineer 

Shipping: 
W. S i l v ~  Bbll Rd. 
ori#l, MI 48358 



1 .Of 1 q 
h I 

.3e REF.+ 'e .I 3- 

02.44 

1 
c f 12.5 

CABLE TIF ADAJTER AssmeLY MAX BUNDLE PERIMETEq * 

c 

& - - 2 , 1 2 4  

"' \ 4  COND SHIELDED JPRING UA3FD CLA MP MSEMEL Y 

CAGLE 6 FEET 
SPECIFICATIONS: MODEL: 'I 0 1 18 
CAPACITY - 25. 50, 100, 200, 250. 400 LBS. 
OVERLOAD CAPACiTY SEE CHART@ 
OUTPUT NOM.) +2rnV/V 

<.!07. F.S. 
<.-OZ F.S. FIY STERESIS 

RfPEATA8ILl'f <.if22 F.S. 
COWPENSATED TEMP RANGE +70' TO + 170' F 
B R I X E  RESISTANCE 700 OHM 

NON-LIN LA Rll'f 

TWO SETS OF THREE 
INDEFENDENT PRING 
LOADED, QUICK CHANGE 
CLAMPING ARMS. 

-=+---- 
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MODEL 10118 
PEDAL TRANSDUCER 



INSTRUCTION FANUAL 
FOR 

fiODEL 3100 
PEDAL FORCE 

TPAidSDUCER INDI CATOR 

GSt  INC. 
23640 RESEARCH DR. 
FARMINGTON HILLS, MI 48024 U.S.A. 

(313) 476-7875, FAX: (313) 476-7249 
TELEX: 23-0738 



1 

MODEL 300 and 300-CB PEDAL FORCE TRANSDUCERS 

The Model 300 and 30QC8 Pedal Force Transducers are specifically designed for use in automotive and truck 
brake testing applications. The compact. rugged, and light weight units accurately measure brake application 
forces regardless of the angle or position of the foot. 
A unique suspension flsxure completely isolates the measuring section from the mounting base. Instaliation 
forces and variations in geometry of the pedal on which the transducer is mounted have no effect on 
transducer accuracy. 
A built-in positive overload stop prevents damage to the transducer when loads beyond 150% of rated capacity 
are applied. 
The basic difference between t h e  Model 300 and 300-CB is in the design of the mounting eonfiguration 
utilized for installation. The Model 300 is  bolted to t h e  podel with four mounting bolts, whereas the Model 
3 W C 8  incorporates a vice-grip configuration for easy transfer f r o m  installation to installation. 

SPECl FICATIONS 

CAPACITY: I 300 I&., standard 1 
BRIDGE RESISTANCE: 350 ohm 
LINEA RlTY : 0.2% FS 
ACCURACY: 

BRIDGE EXCITATION: 15 VOC max. 
OUTPUT: I 1.5 mvhr-FS, nominal 
WEIGHT: 15 ounces. nominal 
CABLE: 

Within 2% for all susiblr 
loeations of force applications 

1 

. .. -- 
I Model 3012CB @ $675.00 f 

MODEL 305-8 PEDAL 
The Model 305-8 Pedal Force Indicator is the com- 
panion instrument for the Model 300 and 300-8 Ped4 
Force Transducers. The meter movement and associated 
electronics are specifically designed to provide extremely 
fast rerpome time and low overshoot for brake testing. 
The instrument operated from the vehicle cigarette 
lighter outlet or external battery. An analog out-put jack 
i s  provided to drlwe additional instrumentation. 

SPECl FICATIONS 

FORCE INDICATOR 



SPECIFICATIONS 

S i g n a l  I n p u t :  

Bridge E x c i t a t i o n :  

Meter Output :  

Meter Physical Specs: 

T r a c k i n g  Accuracy: 
Response Time : 

Analog Signal  Output:  

Step Response(l%-99% F . S . ) :  

Pea& A c q u i s i t i o n  Time: 

Peak Decay Time: 

Zero Range: 

Zero Thermal S t a b i l i t y :  

Span Thermal Stabi l i ty :  

Controls: 

Calibration S e t t i n g :  

Power Inpu t :  

Pro te c t i  o n  : 

Size: 

240 OHM t o  700 OHM F o u r  ( 4 )  arm strain 
gage bridge t r a n s d u c e r  w i t h  .75 mv/v 
t o  3.1 mv/v s e n s i t i v i t y .  

+ 9 . 5  volts DC 
Three (3) selectable scales 0-50 lbs. 
0-100 lbs., 8-200 lbs. Peak or  t r a c k  

4 & " ,  mirror scaled, a n a l o g  metes 
(4" scale) 
+0.58 F.S. 

0.7 Seconds Typical 

0-2 volts (Floating) DC t o  0-200 l b s .  
1.0 mA m a x i m u m  load 

0.004 Seconds 
0.020 Seconds 
0 .OS%/minute typical  

2 75 lbs. ( 2  .7.5 V) 
Less than .1% / C6 
Less than . 1 4 %  / Co 
"Zero' adjustment 
"Span" ad jus tment 
"Peak" adjustment 
"Reset"bu€ton - =:I 

"Cal" button 
"Range" switch w i t h  three ( 3 )  p o s i t i o n s  

Simulat ion of 1 0 0  lbs. ( . 4  mv/v) w i t h  
350 d% Bridge (GSE Transducer) 

10-14  volts DC cigarette lighter plug 
w i t h  center p i n  positive. 
4 amp slo-blo f u s e  p l u s  over voltage 
p r o t e c t i o n  at +15 vol t s  DC 

8-1/64" long (12" with mount ing  p l a t e )  
4-9/32" high (4J5!lrwith mounting plate1 
3" Deep 

Weight: 2 L4bs. 

OPEIZATION : 

1. Connect  the transducer to the instrument. 
2. 

3 .  

4 -  
f. .? 

Plug the u n i t  into any c iga re t t e  lighter t h a t  has t h e  specified voltage 

Adjust the "Zero" s e t t i n g  to read -0- on t h e  meter. N o  load should 
be o n  the t r a n s d u c e r  for  t h i s  adjustment. 
Calibrate the instrument  by p r e s s i n g  "Cal" and a d j u s t i n g  the "Span" 
setting t o  read f u l l  scale on the meter. 
duce r / ih s t rumen t  Combination w i l l  be 0-100 lbs. 

The scale for  t h e  GSE trans- 



Telephone (313) 4787875 
FAX. (31 3) 476-7249 

Dl ~ ~ ~ ~ ~ ~ r c h  Drive G'F Farmington Hills, Michigan / 48335-2621 U.S.A. 
Manufacturer of Transducers, DC Electric Tools and Automation Systems 

QUOTATION 
Oak Rdge National Labratory 
P.O. Box 2008 
Bethel Valley Road 
Bklg. 6025, MS 6360 
Oak Ridge, TN 37831-6380 

TO: 

Attn: Frank Barickman 
FAX 61 5576961 9 

G & A  

DATE 01/31/94 

QUOTATION 
QMC16,03!5 

YOUR REFERENCE 

F. 0. B./EX-WORKS 

Net 30 days 
Subject to Credit Approval 

TERMS: 

DELIVERY 12 Weeks,A.R.O. 

The following quotatlon is belng submitted In response to your recent request. - 

Item 1 
Fifteen 15 PM 114351-04301 
Model Jd 5 Pedal Force Transducer with vise grip 
4 Rated Capaclty - 300 Ibs. + Output @ Rated Cagacit - 1.25 mVN nominal 
4 Brid e Resstance - 350 ohms 
4 Exciiation - 10 VDC Maximum 
4 Cable - Eight 8) foot long qaptive cable 
4 Cable termina I es with Bendix PTOBA-8-4P (SR) 

+ Non-linearity - f 0 . 5 h  F s 

hem 2 
Twenty-Five (25) P N  11 4351 44301 
Model 4350 Pedal Force Transducer with vise grip 
4 Rated Capacity - 300 Ibs. + Output @ Rated Cagact - 1.25 mVN nominal 
4 Brid e Resistance - 350 ohms 
4 Exa?gfion - 10 VDC Maximum 
4 Cable - Eight 8) foot long captive cable 

4 Non-linearity - f 0.5h F s 
+ Cable temina t es with Bendix PT06A-8-4P (SR) 

I n  

4 

Price: $1,7O5.!iO each 
iounting 

pin connector 

Price: $1,516.00 each 
mounting 

4 pin connector 

Frank, The only feasible way to reduce the he' ht on the edal sensor *** 
would be to eliminate the clamp base and have your 8l attatch 8rectly to tbe .unit. 
the base of the sensor. 
This could work if you can somehow have your peda pe mount directly to the bolt circle from 

i f  you have any questions, feel free to contact me. 

Sincerely, 

Michael J. Helwig 
Product Specialist 

GSE Inc. Standud Conditions of Sale, listed on Me beck of this pp, appty to ALL ITEMS quoted End sold by GSE Inc. 



UFI MEMOFAX Dee. 17,1993 

TO: 
FAX#: 61 5-574-7860 
FROM; Pamela Baumann, Customer Service 
PAGES: 3 

Dr. P.F. Spelt, OAKRIDGE NATIONAL LABORATORKS 

Dear Dr. Spelt. 

Attached are the data sheets regarding our model 3992 8iologQ arnbulatary data recording 
system. The fist price p e r  unit is $3500 for a single channel and 04250 for two channels. 

If you have dny technical questions, please call and ask for either Harve M. Hanish or Marty 
LoughyO /’ 

/ 
f l o u  would like to place an order, just ask for me. 

A complete 1993 Compendium is being sent to you via U.S. mail today. 

Thank you fore your interest in UFI and our products. 

Very tru ty yours, 

Pamela Baumann 
Customer Service fax 805-772-5056 

7 serving science with experience 

1 5 4 5  main street 0 m o n o  bay, ca. 93442 a 805-772-1203> 
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model 3992 BIOLOG* ambulato data recording system 
with FETRoD%s@ 

We cafl our ncw Biobg@ "ARNOLD" 
because it has a real attitude problem- 

* AGGRESSIVE - 
Hunts down the data you want - 
even in the presence of noise. 

TENACIOUS- 
Holds on  to the recorded data 
for upto I year. 

STEADFAST- 
Designed and constructed by UFI 
to yield years of faithful service. 

ADAPTABLE - 
Considerate design allows us to modify 
software and hardware to meet your 
changing research tequ iremen ts. 

- designed by UFI ut NASA's request - 
Reliably collects up LO 6 channels of biologid data from any ambuilatory 
subject, in most environments, over an extended period of time. 
The BioLogBD assures confidence by giving you continuous feedback of both 
analog and digital system operation. 

Inclusion of UFI's proprietary FETRODEB technology for bio-electric 
signals makes the BIOLOGGD virtually unaffected by subject movement1 

Can be configured to record: 
EGG (Elecuo-Castrogram) ECG Activity 
IBI (Inter-beat Interval) GSR Respiralion 
Integrated EMG ENG Snoring 
Pulse transit time Temp Swallowing 
Vocalization And many more 

Complete systems include everything required to record and 
d o d o a d  data into your computer. Subsequent detailed analysis, 
using your own spreadsheet software, is easily accomplished. 

UFI ~ s - - W ~ * -  
545 main street mom bay, California 93442 805-772-1203 



3992 BXOLOG@ 
ambulatory data 
recording system 

specifications 
physical- 
size 

case 

4“ x 6” x 1.5” 

dccp drawn aluminum- powder coated 
weight 22 ox. 

power supply- 
battery standard 9 V. Alkalinc 
battery lik > 50 hours with 1 MB ram card 

data storage- 
medium 
backup 
protcc tion 
download 

mi sc- 
sample rate 

time 
event marks 
display 

PCMCLA (68pin) 1 MB Ram Card (standard) 
internal lithium battery backup (> 1 year) 
in tcrnal write protect switch 
c1 minute 

software configured--- 
supports variable rates for different channcls 
real time clock encodes time s u m p  in data field 
5 available---encoded in data field with time s u m p  
16 x 1 characters--frant panel display programmed to display 
continuous system status as wcll as incoming signal SQLUS, 

time, and key board activity 

analog channel- 
rcsolu tion 8 bils 
All oihcr analog characteristics are tailorcd to your rcquircmcnts 
MI bio-electric channels use UFI’s FETBODES 03 for artifact reductions 

Complete systems include all required FETRODES@, 
transducers, 1 M B  RAMcard, card reader, 
and downloading software. 

‘ Y  distributed by: 



model 1130 
f PNEUMOTRACE" - 

respiration transducer 

patent applied for 

Tkis radically new, solid state, strain gauge transducer 
responds hear@ to changes in abdomLnal or thoracic drdermce. 

RUGGED --- virtuaIly indestructable! 
COMFORTABLE --- so supple and resilient 

it is perfect for use with the sleeping subject 
RELIABLE --- measures TOTAL circumference --- 

not just one small segmmt of the chest 

to ANY polygraph, impedance pneumograph or strip chart recorder 
ECONOMICAL --- repiaces the buIky bellows/pressure transducer 

ADAITXBLE --- tasfly COmected 

combination, while saving hundreds of dollars 

SPECIFICATIONS 
sfzE------- 2" wlde x 0.125" thick x adjustable length 
ORegUlar size will accomodatc drcurnfer- of 12" to over 100". 
spedal sizes also available1 
RESI~W?CE---200 ohms [units may ~ 1 . y  +/- 50 ohms) 
WIRE LENGTH--6' nornfnal--can be 50 feet or more without degradation 

CONNEcToRs--as requfred 
WASHABIE 

COVERED BY mrs EXCLUSIWC LIFELINE WARRANTY 
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TO: 
FAX#: 1-61 5-51 4-961 9 
FROM: 
PAGES: 3 

Frank Barickman, Oakridge National Laboratories 

H a w  M. tlanish, VP Engineering 

Dear Dr. Barichn: 

Thank you for your recent telephone inquiry requesting information about our Model 
3992 Digital BioLog@ systems. 

R e  attached quote is in response to your request We are proposing to supply you with 8 
channel BioLogs @ with the folliowing specifications: 

Memory size --- 2 Mb. PCMClA Ram Card. 

Channefs--- 

ECG --- 
E O G  --- 
E.Mc - 
EEG --- 
RESP- 
PPG -- 

TEMP -- 
Xl - 

uses FETRODEO technology, 8 bit AD, nondinical waveform (rate monitoring) 
uses FETROD€@ technology, 8 bit AD, vertical or horizontal 
uses FETRODEm technology, 8 bit AD, supplies rectified envelope of signals 
uses F€TRODE@ technology, 8 bit AD, miniature AdAg CI Bides@ 
8 bit AD, uses PneurnoTraaQ3 transducer, records analog waveforms 
8 bit AD --- uses UFl's 1020 PPG transducer to derive pulse transit time 
or pulse wave Velocity 
CORE & SKIN --- 12 bit AD - multiplexed on one channel 0-40°C- 
0.1 O resolution 
8A!jAL --- recorded with 12 bit AD - Sufficient resolution to derive LlSCL from 
this channel with better than 0.05 pmho resolution. 

Please note that these units are supplied complete with all necessary accessories such as 
software, transducers and re-usable electrodes. Also, while we have specified this as an 8 
channel system, there are actualfy 18 channels of data being recorded. 

more 
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We have some additional questions for you: 

I .  what are you expeaing to derive from the €EC? 
2. What locations will you use for the LEG? 
3. th you want vertical or horizontal EOG? 
4. What muscle group will you use for the EMC? 
5. Where do you expext to place the Core temperature transducer? 
6. Where do you want to measure SKIN temperature? 
7. Where do p u  want to measure Pffi---ear, finger (thumbnail), forehead? 
8. Where do you plan to mount the Biolog@ 1 
9. The software we supply with your system win download the contents of the ramcards as 
A x i l  files into your computer. Is this satisfactory for your data analysis people? 

Thank you for your interest in UFI and our products. 

Pkase let me know if you need any further assistance. 

awe M. Ha 
F a  805-772-5056 

7 serving science with experience rUF 
L - 5 4 5  main street morro bay, ca. 93442 805-772-1203J 
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.r 515 main street m o m  bay, ca. 93442 * 805-779-1203 

TO: Frank Barickman 
Oakrid ge Natio na I Labrato r ies 

VOUE 61 5-5 74-61 98 
FAX: 61 5-574-961 9 

date: February 8,1994 
inquiry: February 2,1994 
terms: Net 10 Days 
fob: Factory 
delivery: 45-60days ARO 

1 2  
3 
4 

, s  
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

quant 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
71 
12 
13 
14 
15 

des& p tion 

Model 3992/8 8ioLogO Complete 8 ch. system 
with card reader, software, wih all transducers, 
and FetrodedB 
1 complete system + 1 BioLog@ 
1 complete system + 2 8ioLogs@ 
1 complete System + 3 8ioLogs@ 
1 complete system + 4 BioLogs@ 
1 complete system + 5 BioLogs@ 
1 complete system + 6 BioLogs@ 
1 completesystem + 7 BioLop@ 
1 complete system + 8 BiologsB 
1 complete system i 9 BioLogs@ 
1 complete system + 10 BioLogs@ 
1 complete +rn + 11 Biologsa3 
1 complete system -t 12 BbLogs@ 
1 complete system -f 13 BbLogs@ 
1 complete system + 14 Biolag43I 

9ti. 

~- 

unit price 
-- ~ 

extension 

$ 10,OOo 
$ 38,750 
$ 27,500 
0 36,250 
0 44,500 
S 52,750 
0 67,000 
.$ 68,750 
I 76,500 
0 84,250 

$ 98,750 
$1 06,000 
$1 7 2,750 

$ 91,500 

$1 19,500 



BIOLOGB SYSTEM DESCRIPTION 
A basic SioLOgGB system consists of: 

I* Patient canid data logger containing- 
h e r .  cantrol, and power supply, the signal conditioner and memory Circuitry. 
2. Quick-LOgdB readout/ interface 
3. Stict-JngQo computer interface with software 

The timer. c o d  and power supply ' w m i y  determines the data logging interval, insures that tbc 
data goes to the co~cct location (a&=) in the memory, and furnishes regulated i N to ail ofthc 
BidogcirrUirry.The~~condi~oneranBmetnory Circuitry putsthemeaRuedvariaMc inthepropa 
format. converts this analog data into a ml.aningfd digital number, and it in proper sequence in 
a did-state memory chip. 

me QUICKLUG@ (Model 3902 QL) has been designed to easily recover the data stored in your 
BIOLOGQP Memory. This baotery-powu'ed bstmmmt allows immedi;uc, non-dcstrudive radm of 
this data. Readout may be performed under mand conmi ( step-by-step) or automatic control. Sample 
ratts far autOmatic readout an selectable between 125.  and 10 per seamd.Thc QuidCfA@ conver~ 
the digital infornmtion contained in the Bio- memory into an d o g  signal. This Rading is displayed 
an a fnmt panel LCD meter and is also available for plotring on any strip chat recorder. as shown below. 

The BioLogS has been designed to transfer its data directly to most PC-type computers using the 
Q u i c U g @  together with the SLICbg@ computer inferface and appropriate software( supplied). The 
data are stored in an ASCII file which m y  easily be imported to any of the popular spread sheet 
programs (such as Lotus 1-2-39) for more intensive anaiysis. 



BIOLOGB TECHNICAL SPECIFICATIONS 

SIZE AND PACKAGING All ofthe39cnsystems are housed in rugged, extrudcd 
aluminum cndosu~fs measuring 1.00' X 3.0" X 4.0'. 

Number of Channels 

PbWer: 

Memory: 

bggingRatt: 

Heart Rate: 

TtmpZlat=: 

EMG: 

Activity: 

Respiration: 

Sensitivity Adjustment: 

wanranty 

lor2 

USES UFI F'ETRODESQP FOR NOISE IMMUMTV 
Input signai-ECG (5mV to 3 m V )  
R wave -variable threshold-aural monitor to adjust triggering 
Input Wmectar-Switchcraft TB4 

USES UFI EITRODESB FOR NOISE IMNUMTY 
Input signal- 20pV to 3mV. 
input connector-Switchcraft TB4 

Uses UFI's unique Jitterbug" Actigraph transducer. 
Equally sensitive to the first derivative of acceleration in all 
three axes. 

Uses PNEXMQTRAcElj9- U F l ' s  proprietary new system 
which recurds reliable respiratory data, even in the presence 
of exercise and ann motion. 

Each Biolog channel has an external jack which allows you to 
aurally monitor total system operation.. A beep is heard each 
time a counter is incremented. 

Using t h i s  exclusive system monitor, a screwdriver control 
facilitates accurate and fast adjustment of each c h e i ' s  
sensitivity to accomodate your experimentad requirements. 

1 year parts and labor 



HE%€tTRATE&ResmRA Trm- 
Hurn rate is rneasurcd using UR's  propiaary FETftooE@ tecfmdogy. The FEiaODEsdb reject and 
fdm out unwanted signals ami noise. The remain@ raw ECG is amptiiied and shaped so that the "R' 
wave h m c s  a reliable puke to bc oo~tdL The nsafting H s c s  are totalizad f a  the se!& pcriod 
(usually one minute). The total is then OaOvGRbd to an eight-bit digital (binary) number and stand in 
the memory. When the addresJoounter has stepped through all of its memory locaricms(ZO48 in the 
standard BidngQp), it automadealfy stops bgghg, pmenting aasarc of thc prtvioaSiy stored data 
Data will besbted for up to 10 years or mttil erasad 
Respintion is haadled in a similar fashion, Using a Modei 1130 PNEU?dfUTRACE@ *Won 
Transdruxr to generate the propcr si& 

TEMPERATURE 
T- is sensed Using very accurate. hear. intnrbangeablc probes. The signat fmm the pmbe 
is directly converted into a digital number. At the designad SaPlpIc time, this number is stored in the 
memory. Depending on the required range, temperam resolution can be better than 0,l" F 
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NUMBER ONE mom bay, callfornia FAIL 1989 

A SLIC SOLUTION 
SLIC- Serially Linked 
Interface Component- 
Cuts the cost of computer 
based data acquisition. 
Imagine? EIGHT channels of 
data input to your computer 
for amere $62.50 per channel! 
NOW. most of your old (and 
new) lab instruments can be 
easfly connected to your 
computer via UFI3 latest 
addi t ion  to the art of 
instrumentation -SLIC. No 
longer will you require an 
expensive A-D board and even 
more expensive interface 
board. SLIC contains an 8 
channel multiplexer, A/D 
converter and all of the other 
electronics required to convert 
your analog data into a digital 
stream compatible with your 
computer's serial (Rs-232) 
port. 

SLIC SPECIFICATIONS 

0-+2.5 volts 

Baud rate/ 10/ # of channels 

300.1200.2400.4800.9600 

Battery or AC adapter 

0.004 (8 Bits1 

8-Single ended 

[npu t Fbnge: 

Sample Rate: 

Baud Rates: 

Power Supply : 

Resolution: 

Inputs: 

Software to assist in data 
display, storage, and analysis 
is also available from UFI. Of 
course. SLIC data files are 
compatible with most other 
popular software programs. 

SLIC SO00 -PRICE $500 

UFI BEGINS TWELFTH YEAR 
serutng science wtth experience 

For the past 11 years we have been dedicated to the concepts 
that instrumentation canbe excellent without being srorbitantEy 
expensive: that the instrument-crafter can be y e s ,  should 
be-part of your research team: that we can find a rewarding 
life-senring science with our experience. 

These past 1 1 years have been rewarding. They have also been 
tough.. .because your instrumentation problems, at least the 
ones you brought to us, have been tough. We are known for 
usually delivering on those problems- usually late -but 
delivering! 

I t  is rewarding for us to look back at some of the unique 
instruments and systems we delivered with sweat, blood and 
often. some tears, over the past years. 

Now, as we look forward to the next decade, this is a time for 
reflection and analysis. Those things we have done right - 
such as our unique LIFELINE WARRANTr' -we will continue 
to do. Those thmgs we have done not so well or so swell - (yes, 
there are skeletons in every closet) we will strive mightily to 
correct. 

This, then, is UFI's promise to the scientific research and 
teaching community-to continue to serve- with care and 
experience! 

HIGHLIGHTS - A LOOK BACK AT 11 YEARS OF PROGRESS 

0 Electrode impedance meter for US and European space shuttle 
Electro-capacitance plethysmograph for accurate 
non-invasive measurement of blood flow 
JITTEF33UG&- activity transducer 
BIOLOG@ ambulatory data recording system 
PNEUMDIRACE@ respiration transducer 
TETRAPOLAR HIGH RESOLUnON IMPEDANCE MFTERS 
(THRIM)@ for space shuttle. for bladder filling studies in paraplegics. 
for fluid shtft studies on humans during exposure to high G's. 
SEALIM( - Underwater. long-range. physiological telemetry and 
data acquisition system for freely swimming divers 
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S~IC---Serially Linked Interface Component---Cuts the cost of 
computer based data acquisition. EIGHT channels of data input 
to your computer for a mere $62.50 per channel! Virtually any 
laboratory instrument can be easily connected to your computer 
via UFI's latest addition to the art of instrumentation. No longer 
will you require an expensive A-D board and an even more 
expensive interface board. SLdC contains an 8 channel multiplexer,, 
A-D convcrtcx-. and all of the other electronics required to convert 
your analog data into a digital stream compatible with your 
computer's serial (RS-232) port. 
SLIC data files are compatible with most popular software programs 
used for data analysis. Software to assist in data display, storage, 
and analysis is also available from UFI. 

SPECIFICATIONS - 7 
Input Range 
Sample Rate 
Baud Rates 
Power Supply 
Resolution 
Inputs 
Size 
Weight 

0- +2.5 Volts 
Baud Rate i- 10 + # of Channels 
300, 1200,2400,4800,9600 
AC Adapter or 9 Volt battery 
0.004 (8 Bits) 
8 - single ended, BNC connecor 
6.35" x 9.5" x 1.4" 

e 1 Ib. .4 02. 

UFI sewing science with expmimce 
545 main street morro bay, California 93442 805-77;tnlU)3 



isoSLIC 8000 
SOLA-D 

J 

ANALOG INPUTS 
# of Channels 
Input Connectors 
Input Voltage Range 
Isolation 

A-D CONVERSION 
Conversion Protocol 

Resolution 
Sample rate 

SERML INTERFACE 
Serial Protocol 
Baud Rate Clock 
Baud Rates 

MISCELLANEOUS 
Power supply 
Size 
Weight 

8 
Miniature (3.5 mm) 2 ckt. phone jack 
0.0 to +23 v. 
>2,500 v. 

Single Byte Channel sclect/Initiation 
Automatic Conversion :Rc-Transmission 
0.004 (8 bits) 
200 Hz.  divided by # of channels 
being polled (@ 9600 Baud) 

RS 232-C 
On board, Xtal controlled, switch selectable 
9600, 2400, 1200, 300 (others a\-ailable) 

110 VAC "Wall mount" type, 9-12 VDC 
6.35" x 9.5" x 1.4" 
1 Lb. 8 02. 

3 

545 main street m o m  bay, california 93442 805-7721203 



Sensors. 
Hail Effect Magnetel'" Sensors. For speed 

and position sensing. Wide operating temperatures 
f-40°c to + 150%); wide air gap. Drop in, Bolt 'n 
Go. True zero speed. Power-up recognition. High 
data resolution. Applications include cam and 
crankshaft speed and position, transmission input/ 
output shaft speed, ABS wheelspeed sensing, and 
throttle position sensing. Also, general industrial 
controls and equipment. 

Variable Reluctance Sensors. Typically used 
in applications where supply voltage is not 
available. Wide air gap; high signal output; wide 
temperature range (-40°c to + 150Oc). (See 
"MagnetelQ" applications above). 

Inertia Sensors. Hermetically sealed. For 
low G-force (under 2 GIs); tight tolerancing. 
Low contact resistance. Applications in- 
clude active ride control and ABS inertia 
sensing. 

American P 0 Box 280 
CI Elkharl, IN 46515 

Components, h c .  FAX (219) 2644681 
- Electronic (219) 284-1 116 - 

~~~ 

SENSORS Decernlm 1993 Circle 30 on Sensors RS Card 

. .  "..~.- ..-..I - . . . 

AC Current Sensor 

forward PID loop. SEN 116 



Hall Effect Sensors 

A Hall effect sensor is essentially a 
solid state transductr with integrated 
control circuits and an electronic switch. A 
uansducer changes physical characteristics 
(magnetic field strength. in this case) into 
an electrical signal (voltage). 

A Hall e f k t  transducer is a small 
sheet of semiconductor material activated 
by a magnetic field. A constant voltage 
source causes a constant bias current to 
flow in the semiconductor sheet. 

a magnetic field with flux lines at right 
angles to the current, a voltage is produced 
at the opposite edges with an output 
directly proportional to h e  strength of the 
magnetic field. The other circuits of the IC 

When the Hall transducer i s  placed in 

Why are they used? 

Many switching and sensing 
reyuiremrnrs make non-sonwct Hall effcc.1 
sensors an attnctiw alternative. such as: 

with a vinually unlimited life, they are 
a more reliable mean5 of switching than 
mechanical contacts 
they can provide a signal directly to a 
computer l q i c  circuit 
an existins steel gear or sprocket can 
serve as the'sensed rotating member for 
RPM sensing 

- * American . 
n Electronic a Components, Inc. - 

amplij. this transducer voltage into a strong 
output. thus convening the magnetic flux 
into output voltage. Hall effea sensors are, 
therefore, magnetically operatcd 
WalUdUCCIS. 

The sensor assembly is a finished 
component with a plastic or stainless sttel 
housing, with mounting capability and lead- 
wire terminations or an integrated molded 
connector, containing a Hall Sensor IC and 
magnetic circuits. Other desired or 
necessary electronics. such as electrical 
protection from over-voltage, can also be 
included. The sensors generally have three 
leads-input. sensing, and ground-but two 
lead designs are also possible. 

a permanent magnet fixed to a machine 
pan can serve as the sensed member 

m they are a lower cost method of sensing 
the proximity of a steel machine 
member vs. other electronic proximity 
sensors 

Hall effect sensors can be used for 
proximity. position, RPM. speed. and gear 
tooth sensing; on/off and limit witching; 
ignition timing; and other applications. 



What do we have to offer? 

American Electronic Components, Inc. 
has three versions of custom OEM Hall 
effect sensors: a) Hall effect magnetic 
sensors. b) zero speed Hall &ect rpm 
senson, and c) a combination Hall effixt 
proximity and zero speed rpm sensor. 

easily applied to 5 to 12 VDC L.ogic 
circuits. And, because of an hted 
voltage regulator, they will properly 
function with a varying supply voltage 
from 5 to 24 VDC. They will function at 
temperatures f m  -40°C to +1MT and 
at air gaps up to .lW inches. with an 
appropriate target. 

All provide a digital output and are 

a) Hall effect magnetic sensor 
This Hail effect sensor detects the 

presence or absence of a permanent 
magnet- activated when the magnet either 
'slides-by" in front of the sensor or 
approaches the sensor head-on. The sensor 
is placed in a permanent position where 
the magnet uill pass sufficiently close to 
the sensing face to assure operation of the 
output. Se\cm1 mounting bracket 
con tis ura t io n, are abai la ble . 

b) Zero speed Hall effect Sensor 
.A biased magnet is pemanenrl~. 

the prewnce or ahsrncr of rotating steel 
teeth. A s  the Ierrou r w t h d  or notched 
wheel passes in front of the Hall sensor. 
the magnetic  flu^ is concentrated through 
the sensor. 

mounted behind the Hall d e c t  IC to sense # 

This change in magnetic field strength 
is used to actuate the sensor output for 
every notch or gear tooth which passes. it 
pmvides an output pulse for each time 
that it senses the uansition of an 
approaching tooth edge, regardless of the 
wheel's speed of rotation. The number of 

number of ourput pulses per mlu t ion .  
one pulse per woth. 

design. pan #SHDG-aX)8 and &o in 
custom OEM &signs. 

teeth of the carga wheel cktermines the 

73is sensor it awilable in a Sransard 

c) Hall effed proximity and zero 
speed RPM sensor (patent #4,970,463) 

The presence or absence of steel 
objects or steel teeth as they approach or 
rotate by is sensed with this combination 
Hall effect sensor. No external magnet is 
messary. as ~ Y C  proximity of a steel 
object is sensed immediately on circult 
"power-up:' even in the static condition 
before movement or rotation begins. 

of a notch or tooth on a simple ferrous 
uheel and monitor the speed. position, 
and timins of that rotating wheel. 
providing an output pulse for each 
approaching tooth cdgr. reprdless of the 
u heel's speed of rotation The "power-up" 
feature 5317 simpiih. control ?stern 
softuare and nord false indications u hich 
could cause control errors. 

it wil l  sense the presence or absence 

m rm9 1010 North Main Street 
m. Box 280 

Elkhart, Indiana 46515 
(219) 264-1116 

Fax (219) 264-4-1 
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- A American 
n Electronic 
-I Components, Inc. - 
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1010 North Main St. 
m. Box 280 

Elkhart. Indiana 46515 
(219) 264-1116 

Fax (219) 2644681 

Fatent received for activation method of sensor 

American Electronic Components. Inc. has received a patent (#4,970,463) for its 

Hall effect Sensor which combines zero speed gear tooth rpm sensing and proximity 

sensing, even on circuit “power-up.“ 

This new electronic sensor is based upon a Hall effect integrated circuit and self- 

contained magnets. It is capable of sensing the presence or absence of a tooth or 

notch of a rotating ferrous object and is able to monitor the speed and position of the 

rotation. 

The patented Hall effect sensor does not rely on the conventional method of 

aitiLarion of directing the rnasnetic field from one of the pole faces of the permanent 

magnet through a sensing plans. Instead. it relies upon ma=~netisrn which emanate3 

irom 3 lateral surface of the permanent maznst. intsrmcdiatr the opposing pols faces. 

In addition. 1 1  functions as a proximit? >ensor givins the proper output immediate]! 

on power up. without motion of the target object. 

As a result of the patented activation rncrhod. the sensor is also capable of 

operating at chanping temperatures and at temperatures ranging from -1O’C to 

+170”C. The wide range of temperatures the sensor is capable of operating in makes 

it useful for crank or cam shaft sensini in automobiles. as well as ignition timing and 

other rprn sensing systems. 

- more - 



The Sensor is positioned at the periphery of the toothed or notched wheel so that 

the end of the sensing face clears the rotating teeth such that an air gap exists between 

the sensing facc and the adjacent tooth. Tbe Sensor will provide an output pulse fix 

each time that it senses a passing tooth or notch, regardless of the wheel's speed of 

rotation. The number of tee& or notches of the target wheel determines the number of 

output pulses per revolution, providing one pulse per tooth or notch. 

Hal1 effect sensors can provide a computer compatible output s i g d ,  with a high 

signal to noise ratio OR a low impedance laid, independent of wheel speed and air 

gap distances. These se~lso~s eliminate the need for shielded cable, minimize control 

circuit interface considerations. and provide broad frequency response. 

The sensor housing may be made of plastic, metal, or ceramic, d may include a 

potting compound and insert molding. Nnn-oriented and!or fixed mounting are both 

feasible since only a single threaded mounting hole may be needed and an extremely 

wide rang? of air gaps are possible. Tnr x n w r  ourpur is c3siI) applied to 5 to I2 Vdc 

logic circuits without the need for amplification or signal conditioning circuits. 

Although this Sensor will evrntuall!, bc? offered as a sundard packaged sensor. 

.American Electronic Components. Inc. is also a manufacturer of mercury 

switches. sensors. and relays, plastic injected parts. wire assemblies. and sump pump 

floats. 

### 



D * American HALL EFFECT SENSORS 
n 
.C Electronic 
S Components, Inc. - 

a 

General Information: 
Series: Proximity Hall Sensor 
(Dual edge sensing gear tooth 
and/or proximity sensors) 

Advantages 
0 power up recognition 
0 Functions both as a gear tooth and proximity sensor 
0 Senses wheels with large tooth pitch 
e Senses both the first and second tooth edge 
a High temperature automotive compatibility 
0 Wide frequency response from “zero” speed to over l0,OOO Hz 

Direct TTL compatible, digital output pulse, one pulse per tooth 
Low impedance output signal resists interference without shielding 

0 Precise Control of air gap dimension is unnecessary 
0 Large air gap is permissible 
0 Long experience in design of Hall Effect sensors and their production processes for high 

temperature automotive use 

Applications 
- Crankshaft ignition/injection timing 
- Camshaft position 
- Proximity sensor-switch 

- Transmission sensor 
- Differential sensor 
- Non-automotive 

-tt Technical Data (preliminary) 
Active sensor for detecting both edges of a passing tooth, or sensing t h e  
proximity of a steel object, providing a digital output pulse, even down to 
“zero” speed. 

Principle: Magnetic field shift (patent ## 4,970,463 11113/90). 

Construction: Silicon-based IC, together with (or without) additional discrete protective 
components, on an epoxy PC board in SMD technology, all hermetically- 
sealed with epoxy encapsulant in a plastic or metal housing with either a 
special integrated ekctrical connector, or with a cable and discrete 
connector. 

Housing dimensions: Custom made per customer’s requirements. Typical minimum dimensions 
for sensors which do not utilize internal discrete components for circuit 
protection: 

A) Air gaps of 0.0 mm to 2.0 mm (from the sensitive face to the 
tooth): 18 mm diameter (min.) x 25 mm length (min.). 

6) Smaller diameter limits to 10 mm are possibie. 

Housing material: High temperature plastics or metal, per customer requirement. 



Supply voltage: 

Quiescent current: 

Temperature range: 

Output signal type: 

Output signal voltage, 
“high” logic state: 

Output signal roltage, 
“low” logic state: 

Output signal current: 

Rise time of the pulse: 

Fall time of the pulse: 

Timing variation: 

Relationship of pulse 
timing versus tooth 
position: 

Toothed wheel 
dimensions: 

45 VOC to 24 VDC. 

5 to 8 mA (typical). 

-40° to +150° C continuous (+170° C temporary). 

Digital; NPN transistor, (open collector, current sinking). 
(Note: a current-limiting series resistor must &e provided either within the 
sensor, or on the system controller board; the output connection is made 
between the series resistor and the sensor’s output transistor.) 

Equals supply voltage, minus the voltage drop across the series resistor 
(and also minus the voltage drop across the reversepolarity protective 
diode, if used). 

100 to 200 mV (typical). 

20 mA (maximum). 

800 nSec (typical) @I +25O C; 1.2 microSec (typical) @ +IWO C. 

250 nSec (typical) @ + 2 5 O  C; 400 nSec (typical) @ +150° C. 

A! a 0.0 mm air gap, the moment when the pulse fails will vary +_O.lOd 
(typical’) within the full temperature range. At a 2.0 mm air gap, the 
r moment when the pulse falls will 

vary +O 2!je d(typica1‘) within the 
full temperature range At a 
constant temperature, the moment 
when the pulse falls wlll shift 
-1 0°6(typicai’) at 2.0 rnm air gap, 
referenced to 0.0 m m  air gap. 

‘All values apply only to a toothed wheel 
of 300 m m  diameter: variation increases as 
wheel diameter decreases. 

The pulse rise occurs as the first ed,, 
of the tooth arrives near the center of 
the sensor housing, and the pulse fall 
occurs after the second edge passes 
beyond the center of the sensor. V 

0 

A) For a 0.0 to 2.0 mm air gap: tooth thickness of 5 mm (min.); gap 
between adjacent teeth 10 mm (rnin.), thus a tooth pitch of 15 mm 
(min.); tooth width 7 mm (min.); tooth height (consult factory). 

B) For small air gap ranges: consult factory for minimum dimensions 

9 1- 593 
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1.1 Sensor Twe 

Two fluxgate sensors are available. 

The SE-25 is the standard Sensor provided with the C100. The ClOO should be mounted in a 
level attitude . in the . host system. This sensor wilt operate through tilt (pitch and roll) ranges of 
d6". 

The SE-IO is a gimballed Sensor which will operate through t45" o€ tilt (pitch and roll). Its 
circuit board should also be mounted in a level attitude for optimum tilt performance. If tc 
installation requires the gimballed sensor, it should be specified when the ClW=r 'k placed. 

- 

BOARD CLEARANCE 

AlTACHED W l C A L  

SEE N O T E  5 

Following are stepby-step instructions €or correct installation. Make sure that whomever is 
going to install your ClOO is familiar with these installation instructions and understands the 
principles of installation that ensure your sensor has the precision, convenience and usefulness 
€or which it is designed. 



ELECTRONICS 

DATA VO POR 

+18TO 410 W 
+28VDC +18VDC 

POWER INPUTS (PI) 

Figure 4-1. 
C100 Interface Features 



FEATURES AND SPECIFICATIONS 
1 Default Vafues 

When you receive your ClOO it will be Eactory configured as follows: 

- Heading Type: 
Variation: 
"A" Offset: 

- Powerup Mode: 
Baud Rate: 
Message Rate: 
Message Type: 
Message Units: 
Digital Output Type: 
Digital Output Format: 
Analog Output Format: 
Damping Type: 

Damping Rate: 

Variation Off 
0.0 
0.0 
Sending 
4800 
1 Hz Continuous 
NMEA 
Degrees 
Continuous 
4 Digital BCD 
Linear 
Double Infinite Impulse Response Filter (Double IIR) 
(Similar to a 2 section RC LPF) 
3 Seconds (to Final Vaiue) 

2 Features 

The serial port allows the user to communicate and configure the ClOO to their own individual 
requirements. The following selectable parameters and features are included in the ClOO 
compass: 

e- Variation: 

- Baud Rate: 
-- Message Rate: 
cc MessageType: - Message Units: - Digital Output Type: 
--- Digital Output Format: 
I Analog Output Format: 
c Damping Type: 
. Damping Rate: 

- "A" Offset: 

Autocal: 

0 to 2359.9" or 0 to 26399 mils 
0 to 2359.9" or 0 ta 56399 mils 
300 to 9600 
up to lO/sec or on command 
NMEA, KVH, X&Y corrected and uncorrected 
degrees or mils 
continuous at selected message rate or strobed 
BCD, Binary, Gray 
sin/ws/ref, linear, linear with hysteresis 
undamped, single IIR, sum & dump, double IIR 
3 seconds to 24 seconds (to final value) 
user enabled 



111 APPENDIX 
A Technical Specifications 

Performance 

Accuracy * 
Repeatability 
Resolution 
Dip Angle 

Tilt Angle* 

Electrical Power 

Variation/ 
Declination 
Index Error Offset 
Damping 

cha mcte&ics 

Size 

Weight 
Operating Temp. 
Storage Temp. 
ShocWibration 
Altitude 
Reliability 

20.5" or 210 mils RMS (SE-25 Coil Assembly and digital/serial outputs) 
d . 2 "  or 6 mils (SE-25 Coil Assembly and digitai/serial outputs) 
0.1" or 1 mil 
280" Maintains stated accuracy, after autocal, over .c80" Magnetic Dip 
Angles 
a16" (SE-25 Coil) Dev.=&.3" RMS 
245" (SE-10 Coil - Gimballed) Dev.=*OJ" RMS 
Input Voltage: +8 to +18 VDC or +18 to +28 VDC - user selectable 
Current Drain: 40 mA Dc; maximum 

k180.0" adjustment range (off5et) - user selectable 
=180.0" adjustment range (offset) - user selectable 
0.1 to 24 seconds (to final value) - user selectable 

*Accuracy measurements apply to a level compass module after 
compensation. After installation and autocompensation, typical accuracies 
of 0.5" are achievable on most platforms. 

,. 

Electronics Board: 1.80" x 2.80" x 0.40" (4.6 cm x 7.1 cm x 1.0 cm) 
Sensor Board: 1.80" x 1.58" x 1.10" (4.6 cm x 4.2 cm x 2.8 cm) 
(SE-25 Coil). Gimballed coil (SE-10) hangs 1.70" below the PC board. 
Combined Board: 1.80" x 4.50" x 1-10" (4.6 cm x 11.4 crn x 2.8 cm) 
(SE-25 Coil) 
2.25 ounces (64 grams) with SE-25 Coil Assembly 
-22°F to +122'F (-30°C to +50"C) 
-71°F to +160"F (-57°C to +71"C) 
Designed to meet MILSTD-810 shock and vibration requirements 
Designed to meet 40,OOO ft. MSL (operating and non-operating) 
MTBF calculated to exceed 30,OOO h o w  



Input/Outputs 

Digital Interfaces* 

Serial Port RS232 Compatible 

Serial Input 
Serial Output 

Inv. Serial Output 

NMEA 0183 

Digital Port Synchronous 

Bidirectional Serial Data, UART Format with ASCII 
Characters, (1 start, 8 data, 1 stop, no parity), 300 to 
9600 baud - user selectable 
Accepts RS232 levels or 0 to +5V bgic  Levels 
Same as RS232 except for 0 to +SV bgic  Levels, 
(Logic "0" = +5V) 10K Ohm - minimurn load 
Same as above serial output excepts Logic "1" = 
+5v 
NMEA 0183 compatible bidirectional &ta/levels/ 
formats 
Strobe Input: Ground momentarily (1pS minimum) 
to obtain data output 
Clock Output: 0 to +5V squarewave @ 10ld.I~ rate. 
Data Output: 0 to +5V levels 
Data Format: 4 digit BCD, 16 Bit binary or 16 Bit 
Serial Gray Code, ClOO Display*, NCSC* - user 
selectable through serial port 
10K Ohm minimum load on output signals 

*Digital (synchronous) outputs can be user configured to provide strobed 
or free running data at up to a lOHz message rate. 

Analog Outputs Sine/Cosine/Ref Output voltage +1SV =l.OV, Reference Voltage 
+1.5 VDC, 20K Ohm minimum load capability 
+0.1 to +1.9 VDC into 20K Ohm minimum load 
(SmvP slope) 
+0.105 to +1.925 VDC into 20K Ohm minimum 

Linear Voltage 

Linear Voltage 
with Hysteresis load (5rnvP slope) 

Note: Amuracies using the ratiometric sine/cosine outputs are within the 
specified AS0 RMS. Linear autput accuracies are within 21.0" RMS. 

* Contact Kv).I for details. 



Looking for a Laser 
Measurement System? 

For nearly 20 years, RIEGL bas dedicated itselfto 

the development and production of time-ofiflight 

laser measurement systems. Our designs and 

production techniques incorporate tbe latest in 

reliable state of the art technology. This 

commitment to advanced technology corn bined 

with two decades of knowledge und experience 

have yielded a product line wbicb sets the industry 

standard for performance, quality and reliubility. 

RIEGL offers a diverse and innovate product line: 

e "Laser Binoculars" Lasertape 
e "Laser Speed Gun" m- 
e Surveying System LASER SCOUT 
e Rangefinders ti Speed Meters -2 
e Distance & Level Meters l!,DX%bZ 
e Distance-, Level- and Speed Sensors 
e Instruments with Glass-Fiber Coupled Optical Head 

'Laser Radar System m8$%%# 

D 

e Profile Measuring Systems 

Rl€GL 
LASER MEASUREMENT SYSTEMS 

For more information, ask 
for our detailed data sheets. 



Distance & Level Meters series llD!$@2 

The Laser Distance and level meter LD90-2 
provides a high degree of accuracy, interference 
immunity, and reliability. The insfmment is pmtected 
by a very robust, dusf and splash waiw pmof 

aluminium case and is themfore ideally suited for 
highly demanding industria! applications. Besides 
the operating and display elements and the RS232 
computer interface, the LD90 Can additionally be 
equipped with various digital andlor analog data 
outputs commonty used in industry. 

Distance-, Level-, and Speed Sensors series 

The sensors of the new LD90-3 series can be 
operated wth any target surfaces up to several 
hundred meters, and WrBh reflecting foil or retro- 
reflectors up to considerably more than IO00 m. They 
provide an accurate and dynamic measurement of 
distance and speed, mtinous seknonitoring, and 
various data interfaces, all that in a small, light-weight 
and stable metal housing with rubber coatings. 

Instruments with Glass Fiber Coupled Optical Head 
r* 

This measuring concept consists of a lightweight and small optical head and the separate electronics box, 
connected via a duplex glass-fiber cable with connectors on both sides. The main features and advantages 
of this flexible and powerful configuration are: 

The optical head can be operated 
in explosion-enriangered a m s  as 
well as  in high-temperature areas, 
whereas the electronics box can 
be emote& installed in a 
protected area. 

/k-- -- The glass-fber cable provides g, galvanic insolation between optical 
4/ head and electronics box. 

The optical head contains no electronics and is therefore extremely 
small, ieightweight, inexpensive, high-temperature resistant, and 
insensitive against electromagnetic interference as well as against 
ionizising radiation. 



LASER DISTANCE, LEVEL and SPEED SENSOR 

Distance and speed 
sensor for automatic 
positioning 

Collision avoidance 
for cranes and 
veh ides 

0 Level measurement 
in silos, bunkers, etc. 

The sensors  of the new 

series LD90-3 u s e  the 

well-proved principle of 
time-of-flight measurement 

of short laser pulses, like 
ail RIEGL products. 

They can be operated with 

any target surfaces 
(“refledorless“) up to 
several hundred meters, 

and with reflecting foil or 
retroreflectors up to 
considerably more than 
1000 m. 

Experience for more than 

ten years in development 

and production of optical 

distance meters, the use of 
large-scale integrated 

microelectronics and most 
modem production tech- 
nology provide a profound 

basis for the excellent 

performance, the high 
reliability, and the outstand- 
ing cost- performance ratio 

of the LD90-3 industrial 

sensors. 
Various data interfaces 
available 

Main features 

@Accurate & dynamic 
measurement of distance 
and speed 

m Small, lightweight and 
sbble metal housing with 
rubber coatings 

e Continuous seHLmoni- 
toring when operating 
with reflecting foil 

RIEGL 



LASER DISTANCE and LEVEL SENSOR 
a 

'H GLASS -FIBER COUPLED 
OPTICAL HEAD 

J 

a Distance and level measuremenfs 
in explosion-endangered areas 

Ship-docking systems 

0 High-temperature applications 

e Scanning systems demanding a 
very small measuring head 

! RIEGL 
LASER MEASUREMENT SYSTEMS 



The distance and level meter LD90-3-GF with glass-fiber coupled optical head 
makes use of the time-of-flight method to determine the distance of a remote 
target by measuring the transit-time between transmission and reception of a 
short laser pulse. Distance measurements can be performed to both 
non-cooperative and cooperative targets with high accuracy, interference 
immunity, and excellent reliability. The RS232 interface allows communication 
and operation of the instrument. Furthermore, the LD90-3-GF can be equipped 
with the various digital and analog data outputs frequently used in industry. 

The measuring system consists of a lightweight and small optical head and a I 

separate electronics box, connected via a duplex glass-fiber cable with 
connectors on both sides. The main features and advantages of this flexible 
and powerful configuration are: 

0 The optical head contains no electronics and is therefore extremely small, 
lightweight, inexpensive, high-temperature resistant, and insensitive 
against electromagnetic or ionizing radiation. 

e The optical head can be operated in explosion-endangered areas as well 
as in high-temperatwe areas, whereas the electronics box can be remotely 
installed in a protected area. 

e The glass-fiber cable provides galvanic insulation between optical head 
and electronics box. 

e Installation as well as replacement of parts of the system in case of 
servicing requirements is easy and cost-effective. 

33 

The following specifications are typical for use of the standard optical heads 
MK36 and MK42. Several other optical heads are available for specific 
high-demanding requirements: 

0 MK42-280: Cylindrically shaped, diameter 80 mm, water-proof, for 
measurements through thin bore-holes 

e MK56-Zl50: Cylindrically shaped, diameter 150 mm, water-proof, for 
explosion-proof long-range ship docking systems 

e MK56-V: Equipped with heat-protecting filters and with protection tube, for 
various high-temperature application in steel plants 

0 Miniaturised high-speed scanning heads for robotics and anticollision 
systems 

Detailed data sheets of the special optical heads are available on request. 



robotic applications, etc. 
Measuring r a n g e  with optical h e a d  MK36: 
depending on the  reflection coefficient p of the target 

good, diffusely reflecting ta rge ts ,  p 280% up to 100 m7) 
bad, diffusely reflecting targets ,  p 210% UP to  35 ml) 
Reflecting foil 2 )  o r  plast ic  cat 's-eye ref lectors  > 100 m 
Minimum d i s t a n c e ,  typically 2 m  
D is tame me as u rem e n t : 
Accuracy 3) typically +3 cm, in the worst case *5 c m  
Measuring t i m e  (ms  o r  5 ) ' )  10ms 2 0 m s  50ms 0.1 0.2 0.5 1 2 
Statist ical  deviat ion ( c m )  * l O  *? 55 k3 G! k1.5 +1 k0.7 

Speed measurement: 
Measuring r a n g e  0 to 230 m/s 
Accuracy M.3 mls 

Divergence of t h e  infrared measur ing  beam 7) 2.5 mrad 

Eye safety class 
according to 
CENELEC EN 60825 (1991) 

Resolution ( c m )  10 10 5 5 2 2 1 1  

Measuring t ime,  typically 4, 0.5 s 

Laser class I U 
Measurement of distances to badly reflecting targets, e.g. level measurement in coat silos, 
heighf-of-flight measurement, ship docking systems, etc. 

Measuring r a n g e  with optical h e a d  MK42: 
depending on t he  reflection coefficient p of the target 

good, diffusely reflecting t a r g e t s ,  p 280% up to 300 rn') 
b a d ,  diffusely reflecting ta rge ts ,  p 210% up to 100 m1) 
Reflecting foil 2) or plast ic  cat ' s -eye ref lectors  > 10013 m 
Minimum d i s t a n c e ,  typically 5 m  
Accuracy 3) typically 25 cm, in the worst case + I O  cm 
Measuring t ime (s) 4, 0.05 0.1 0.2 0.5 1 2 
Statist ical  deviat ion (cm) 5 ,  k15 k10 *7 k5 k3 G! 
Resolution (crn) 516) 10 1 0 5  5 2  2 
Diveraence of t h e  infrared rneasurina b e a m  3.5 mrad 

E y e  safety class 
according t o  
CENELEC EN 60825 (1991) 

typical values for average conditions. In bright sunlight, t he  operational range is considerably 
shorter than under a n  overcast  sky. At dawn or at night the r ange  is even higher. 
reflecting foil 3M 2000X or equivalent, minimum dimensions 0.45 x 0.45 m2 
standard deviation, plus dis tance depending error 520 ppm 
adjustabk via RS232 (RS232 data  output useful only for measuring t imes of 50 ms or more) 
depending on measuring time 
chosen automatically by the  internal microprocessor 
1 mrad corresponds to 10 crn beamwidth per 100 rn of distance 

I 
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Dimensional drawings of electronics box 

(1) 25pole plug for binary 

(2) 9pole plug for RS232 / RS422 

(3) LED "POWER ON 
(4) 10pole plug for power supply and 

(5) Fuse holder 

data output (optional) 

data interface 

current output 4 - 20 rnA 

(6) SMA glass-fiber connectors 
(7) Rubber-armoured front and rear panel 
(8) Mounting plates with 2xM6 threads 
(9) SMA glass-fiber plug for receiver 

(10) SMA glass-fiber plug for transmitter 

. 

63 I v 



Serial data interface 
RS 232 V24, bid i rect i o n a I ,  b a u d rat e ad j us t a b 1 e 

between 150 and 19200 

RS 422 optional, for long transmission paths 

Additional data outputs avai lable (optional) 

(distance data and amplitude data) 
Digital binary data output, TTL level, 20 bit 

Analog current output 4-20 rnA 

Power supply 
Standard 11-18 Volt DC, approx. 10 Watt 

built-in protecting circuitry for 
over-voltage and reverse polarity 

Option 220 V AC 

Option 24 V DC 

External power supply VNG 90, 
input voltage 220 Volt AC / 50 Hz 
Dimensions 120 x 120 x 80 rnm 

$re-stabilisation and protecting unit STAB 90, 
input voltage 20 - 28 V DC, 
Dimensions 125 x 80 x 55 mm 

Temperature range 
Electron. box MK36 MK42 

Ope rat ion 
Storage 

-10 to +50 "C 
-20 to +60 "C -- -- 

-20 to +80 "C -20 to +80 "C 

Addi t ional  data 
Dimensions (LxWxH) 220x1 30x76 mrn 142x80~50 mm 107x1 00x60 mm 
Weight approx. 1.5 kg approx. 0.5 kg approx. 0.5 kg 
Protection class I P64 I P54 I P54 

Aiming device (optional) 
Telescope ta be screwed on with a mounting plate on the 
optical head 

Information contained herein is believed to be accurate and reliable. However, no responsibility is assumed 
by RIEGL for its use. Technical data are subject to change without notice. Preliminary data sheet 1/94 

DR. JOHANNES RIEGL 
Radartechnik & Elektrooptik GrnbH 
A - 3580 Horn ,  W i e n e r s t r a R e  2 
T e l .  ( 0 ) 2 9 8 2 - 4 2 1 1  , F a x ( 0 ) 2 9 8 2 - 4 2 1 0  

RIEGL 
LASER MEASUREMENT SYSTEMS 
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Mumination Measuring Equipment 

{Typo ?to0 Luminance Contrast Meter. A 
portable. battery-powered instrument for 
evaluation of iiqhting quality and the effects 
of veiling reflections in offices or class- 
rooms. The 1100 includes Luminance Trans- 
ducer UA0601 and Battery Pack with 6 x 
IEC LRPO/D-size batteries (Ni-Cd Batteries 
080008 and ChargerlPower Supply ZG0799 
available). 
a Automatic and manual luminance-range 

selection. Measuring range: 0.1 cd/m to 
200 kcd/m 

hnninance Contrast, c; Con- 
trast Rendering Factor, CRF (CIE Publica- 
tion no. 29) and Luminance 

Type 1100 can be ordered with either of the 
two following sets: 

~ ~ W 5 3 ' V t ~ c m l  OipktUnit  Acceseory Sel 
Tor measurements of character contrast and 
luminance distribution on computer screens. 
8 included: Table Stand, Aiming Adaptor 

(2.2"). Wide Angle Adaptor (24') for mea- 
surement of average luminance, 100 map- 
ping charts QP4592 and carrying case 

.Vrrm &ts& top Accessory st3 for mea- 
"surements of luminance contrast from print- 
ed paper material as rendered by lighting 
systems. Uses Type 1104 Luminance Con- 
trast Standard. which is a standard visual 
task with contrast characteristics designed 
to match those of commonly encountered 
office documents (to be ordered separately). 
a Included: Radius Arm. Carriage, 2 con- 

trast standard blanks. 100 mapping charts 
QP4590 and carrying case 

. I_c. - 
e __  

Type 1101 Luminance Meter. Portable. bat- 
tery-powered precision luminance meter 
having a bright viewfinder with an internal 
3lh-digit LED display. Wide measuring 
range (0.01 cd/m2 to 2000kcd/m2). 

Bright. magnified field of view (11 ' j  with 
clearly marked lh" and 1" center rings. 
Split image focusing 
Measurement field angles: :/3" and 1' 
Automatic and manual range selection 

m Automatic zero calibration 
m Focusing distance 0.5m to infinity (0.25m 

m Minimum measurement field diameter 
to 0.5m with close-up lens) 

a 

a 

8 

8 

8 

a 
a 

1.4mm with '13" angle and close-up lens 
Adjustable eyepiece (+ 2 to - 3  dpt.) 
Extra LCD on the top of the instrument 
V(h)-match. f,' .=z 3% (CIE Publ. no. 53. CIE 
Publ. no. 69 (1987). DIN 5032 parts 6 and 7) 
Accuracy I 3%. x 1 digit 
Selectable fast and slow averaging 
Average. Max. Average and Peak read- 
ings 
Aperture adaptor for measuring illumi- 
nance from source inside the measure- 
ment field 
DC output for recording (fast and slow 
averaging) 
Alkaline Batteries (8 x IEC LRG/AA size) 
included. Ni-Cd batteries QB0032 and 
Charger ZG0113 available 
Included: Close-up lens, illuminance 
adaptor. handgrip. wrist strap and shoul- 
der carrying case 
Weight: 2.3kg (51b) 
H x W x D :  1 3 3 x 6 3 x 1 9 8 m m  

Type 1105 Precision Photometer. Portable. 
battery-powered instrument for measure- 
ment of Illuminance using Type 8600 Illumi- 
nance Transducer included. Typical appli- 
cations in workplace and interior lighting. 
sports lighting. road lighting. Measurement 
of Hemispherical Illuminance with Adaptor 
UA 0881. Semicylindrical Illuminance with 
Adaptor UA0883 and wide angle (10') lumi- 
nance with Adaptor UA0882 included. 
m Measurement range 0.001 lux to 2M)klux. 

autoranging and autozeroing 
m 3!/z-digit LCD. can be calibrated in any 

desired unit (lux. footcandle. cd/m*. etc ) 
by keying in the transducer sensitivity and 
the relevant conversion factor 

m V (A)-match 1,' < 2%. cosine response f, 
< 1.5%. transducer supplied with individ- 
ual calibration chart 

m Accuracy = 0.2%. z 1 'digit 
8 Linear averaging. selectable 0.1, 1 .  and 

10s av. time, plus peak detection 
m Storage o! mean, max. and min. values of 

averages taken 
m Parameters like uniformity, reflectance 

and directionality requiring the quotient of 
two values can be displayed 

8 output for recording (lin. average and 
instantaneous value) 

a IEEEilEC interface and 8 B K  serial inter- 
face 

I Plug-in Battery Pack (6 x IEC LR2OlD 
size) included. Ni--Cd batteries QB0008 
and Charger/Power Supply ZG0199 avail- 
able 

m H x W x D: 284 x 138x300mm 
8 Weight: 4.2kg (9.21b) 



Vibration-monitoring systems protect valuable 
plant machinery and provide cost-effective 
maintenance 

Smooth on- aod otf-axis lrequency responses 
in 6 r W  & KJiw studio microphones give failh- 
ful reproduction and superb stereo imaging 

The compact size of sector transducers makes 
intraoperafive scnography possible and allows 
surgeons lo obtain wtal diagnostic information 

Luminance measuremnb. for example in a 
Cockpit. can be used lo check the visibility of 
vital instruments and indicators 

%rW& Klar s unaque Delia Shear. accelerom- 
eters ofler state-of-the-art destgn and perfor- 
mance in all vibration measurements 

Br&l 8 Kwr sine and random generators cov- 
er the rnaprty of signal requirements for R 8 0 
anu testing 

6ruel8 Kjsr  s sound intensity probes open up 
new W d s  in aCOustics research. leading to 
better noise conlrol 

Reverberation time meawremenw are lust one 
01 the posstbilities with 8rwl 8 Kja3r's Modular 
Precision Sound Level Meter Type 2231 

For testrng and tvaluatlng audio systems, Type 
4128 gives a corwt  representation 01 acoustlc 
effects around the human head and torso 

Bruel & Kjaer -e 
Bruel& Kjaer Instruments, Inc. 
HEAD OFFICE. 185 Forest Street, Marlborough. MA 01752 3093 (617) 481-7000 TWX 710-347-1 187. Fax (617) 485-0519 
REGIONAL OFFiCES MA (617) 481-7737 
MI (313) 522-8600 IL (312) 358-7582 TX (713) 645-0167 CA (714) 978-8066. (415) 574-8100 WA (20s) 324-8268 

NJ (201) 227-6100 MD (301) 948-0494. GA (404) 422-5200 



Dawn of a new era 
Precision Integrating 

Sound Level Meter Type 2236 
United States version 

Bruel & Kjaer 



Precision 
Integrating 

Sound Level 
Meter Tvpe 

2236 has been 
designed with / the world of 

e n-?: i ro n men tn I- and 
industrial-noise control in 

mind. Its ergonomic design heralds 
the dawn oj-a new era in sound level meter 

design. Just see f o r y u r s e [ f  

Easy to use 
Making measurements with the 2236 is simplicity itself 
The pushkeys are self-explanatory and well laid out and 
give you direct access to all major functions The display 
IS clear and concise, and an interactive dinlogucl guides 
you evel?; step of the way. ensuring iast and et'iicient 
usage tve've even taken the guesstvork out of calibration: 
nothing could be easier. or more cont.enirni. than using 
the pocket-sized Sound Level Calibrator Type 4731. 

_-".- F- . 

'm RS-232 

System set-up.for pnnrine. recordztz< und rransj>mng resuIts.from rhe sou 
mcter 

Direct print axid storage 
You can print your results as soon as you've finished 
mawring .  tiither o x 1  the  light\! eight Graphics Printer 
Type 2318. or on a standard serial printer. 'iou can store 
results in the sound level meter's non-volacile memon. or 
t r a d e r  the results \<a the built-in serial interface to your 
personal computer in a spreadsheet compatible format. 
for additional analysis or graphical presentarion using 
standard office soitware. 

A front-end unit 
The sound level meter also acts as a cost-eiiective iront- 
end ior a data acquisition system. \Vhile the sound level 
meter is measuring and displaying .\-weighted 
parameters, che linearly-weighted output signal can be 
recorded, via the -4C output, on a DAT recorder, providing 
a calibrated recording for further spectrum analysis and 
noise source identification. 



vel meter 
made just for you 

7 

i 
Versatile 

! 
i 
I 

The sound level meter is available with an optional built- 
in 1/1-uctave filter which enables you to perform 
frequency analyses according to American and 
international standards. Additionally, the sound level 
meter can be upgraded to include extra memory so that 
you can log results, for example, every second over an 
entire 24-hour period. I i 

I 

Measuring the LEPd f m a  particular tcorkez Thefilrer -ions can 
also be used I O  investigate the type si hearing protection required 

A complete measurement solution ! 
I 

Precision Integrating Sound Level Meter Type 2236 provides all the relevant parameters, del'ined by OSHA\ and AXSI 
standards, you need for your chosen measurement task - whether measuring environmenml noise. industrial noise 

' esposure or both. For elcarnple. it allows you to measure both Les and Peak in parallel. For environmental measurements, 
it can show any LSS of your choice. Hand-held or tripod-mounted. it is a self-contained. precision instrument. To expand. 
just add a printer. a laptop computer or D-iT recorder. and a Sound Level Calibrator Type 4-731 for a complete 
measurement solution. 

I 
-e ' - 

:f 

n-ealth of a. 

accessories 
.\I1 accessories needed 
for measurement in the 
field (for e-ample. 3 

tripod. a caiihraror or a 
printer) are available 

your s inge-  
source 
supplier. i r e  
alsosupply b 

a handy 
carrying case 
tor transporting the 
sound level meter with 
essential accessories. 

The Bri ie lg  KjEr hall~riark 
Precision Integrating Sound Level Meter Type 1236 is just 
one of a long line of quality instruments from the 
company whose name is synonymous with sound level 
meters - Bniel & K j a x  As such. it comes ivith the  Brijel 
& Kjzr  guarantee of quality which ensures that you will 
get years oi reliable, accurate performance from a type- 
approved' sound level meter. .\nd for regular calibrations 
and instrument checks. Briiel R: KjEr  provides a world- 
\vide senice back.up Ih31 is second-to-none. 
In order to help you make better measurements. Briiel& 
Kjm-  also provides an estensi1.e seminar and workshop 
programme run by local application specialists. 

Ca-hrr)ving Case KE 0325 has spacejor  the 
sound level meter the culibmror. 

1 5 1  and Serial A n r e r  UQ 1138 Tnpod 



Product Data 
Uses Features 

Investigation of hearing protection Type 1 sound level meter 

,lieasuring industrial-noise according to American and Cumulative and level distribution 

Measuring environmental-noise according to Simultaneous Leq and Peak measurement with 

(filter set versions) 

international directives and legislation 

American and international directives and legislation 

Exchange bces of 3,4 and 5 dB 

Caiculates and displays three userdefined LS vdues 

independent irequency weightings 
Automatically logs L, and two L h  values 
40 Records oi rnanuailv stored results 

Specifications 2236 
Standards: Conforms with .US1 51.4-1983 and Draft S 1.33 6* 
September, 1992- 1S.and IEC651(1979)and60~(19S5)Typel 
Optional ' / iOcwe Filter: 31.5 Hz to 8 kfIt conforming with 
ASS1 S 1.11 - 1986 order 3 Type 1D and IEC 225 (1966) 
Measuring Range: 20 - 140 dB R\tS (113  dB Peak) in five 80 dB 
ranges' 
Soise Floor: T~ ica l ly  19 dB(X) R\lS 
Time Weighting S. E I according to -4SS.I S 1 4 Type 1 
Frequency Weighting: A (RUS onl)) and C according to ASS1 S1 4 
Type 1, L (20 €12 to 30 kHr) 
Exchange Ftate: 3.4 or 5 dB 
Detectors: R!!IS and Peak wth independent frequency welghtings 
Display: LCD with back light and hartep low indicator 
Parameters: Mad- MinL MaxP. Peak SPL. L, LI,. L I\ i. L us. SEL, 
IEL. L E P ~  LI ( 3  values with Lio. Ljo and LW ;LS default) and OIerload 
in % of mesurement time 
.Memory: 40 Records ofOxeral1 Results stored manually 
Automatic Loein9: Lu. L.1) and Lu 

Loggcvl Elen-: 0.1'. 1. 10 3. 1.10.30 min. or 1 hour 
Capacity: 21 600 (or bh -100) sets of rewlrb I for eurnple, 

6 o r  24hrs of Is logging) dependent  on version 
Outputs: 

Serial Interface. Compatible with E1.\5T4 and Li - \232  E 
Result Output Formata: Overall and Logged Results. 
Lerel and Cumulative Disrnhution 
Distnburioii Rewlution. 1 or 5 JR 

D€ output: SPL 
;\C Output. Preamp output (L ueighted) 

Clock: Real-time (calendar) and elapsed time 
Elecrrom@ztic Compatibility: FCC class B pan 1JJ 
Batteries: Four 1 3' LR& M size alkaline cells (lifetime =. 8 hrs) 
External Power Supply: 7 - 15 \r DC 
Size:  252 ~ 9 7 x 4 1  mm 
Weight: - 460 g (mcl battenes) 
*pIw lO-WdBRWSrm+!evlchffllnvmrorrr 
* L O d "  

Ordering Information 
Q p e  2236 A Preclsion Integrating Sound Le\*el Lleter 
Type 2,336 B Preasion Integrating Sound Level Meter (extended 

Type 2236 C Prec~sion Integratmg Sound Lebel  Meter wuh 

Type 2236 D Precision Integrating Sound Leiel Meter Hnth 

.kcesaories included: 
1 x Q B  0013 Four 1 51 L R b  .L4 size d h j i n e  cells 
Tvpe 418s Prepolanzed Condenser Sticrophone Cmndge 
ICE 0323 Shoulder Bag 
CA 1236 Protective Cober 
.kcessories available: 
3 p e  -1231 Sound Level Gllbrator 

I:\ 0237 and c'.i 0459 ivindscreens 
- 4 0  0406 and .10 0-109 Sficrophone Extension Cables (3  m and 10 m) 
KE 0315 Ca?ln$ Case ul th  Inbert for T > p e  2136 T\pe 42.31 
\iQ 1135 UX 1-751 
ZT 03-76 O m r e  Filter Set I trsde 
For output to PC. *rial pnntcr 
A0 1356 9 pole C ~ b k  l*ich 1 5  pole .\*i.ipror 
IVQ 113s Sen.11 Printer 
For output to recorder+. 
A 0  0403 LEMO to BSC C&le 
For output to CrJphic9 pniiter 
.\O 0104 9 pole to L E N 0  Cable 
Tvpe 231s Graphics Pnnrer 
Senices a%ailable nlth delivem of 2236. 
EK 0103 Accredited calibranon re IEC 651 arid IEC 804 

memory) 

1 i-ocuve filter set 

I I occave tilrer 5et (extended memop ) 

r.11251 Tripod 

\ L 
B r k l  h hjmr rexr-e.  ~k nghc to Lhmec z.I\L4cnrmn\ 2nd x%-xwBrr. uiihnui m t u  

Contact your local Briiel L+ K p r  represenutive for more information abour Precision Integrating Sound Level lleter 
Type 2336 - the dawn oia new era. 

Briiel8t Kjax 
Bruei & Kjaer Instruments, Inc. 
NOATWAST 185 Forest Street Marlborough. MA 01752 3093 Tel (508) 481-7737 Fax (508) 624-0503 
SOUTH 2334 Park Central Blvd Decatur, GA 30035 Tei (404) 981-6225 Fax (404) 981-8370 
CENTRAL 15873 Middlebelt Road Livonia MI 48154-3809 Tei (313) 522-8600 Fax (313) 522-4369 
MIOWEST 555 West Central Road Hoffman Estates IL 60195 Tel (708) 358-7582 Fax (708) 358-7886 
WEST 721 N m h  Eckhoff Street Orange CA 92668 Tel (800) 442-1030 Fax (714) 978-3176 
NCRT.W!EST 39pO !5$Pb Ave N E TIC Redmond W P  98052 Tei (206)983-2203 ;ax (206)882-1877 





 he si* from the microphone is a m p i i ~ .  rectified a d  wi- 
tu&. The digital Signal Can then lx? procffsed to Obtain the maximum SpL 
(IEC standard) the i- = (Japanese standatd). both w(th 
automatic (- a or -reset fhe reset, i-e. the --- functions. gives the ms*imun Spt s'~,kstres6t,  and the ins- 
wneous SPL  hen the instrument was last reset.-*. HOMO is - 
for example when looking for the fnaxifnufn SFL p r o d u d  by a m m  
during a cycle. and it can even be measured with the 'I' weighting or 
the Peak mode. 'Inst. Hold' can be used to allow time for writing down 

a reading or to Compare the SPL measured at different points in 
1 

trrne 
.c 

Display 
The measwed SPL is diwtayed with a reso& of Qf d~ and 

updated every second. Measurements affected bv an OVW- 

1 

load, of underload. cannot be read. The displaialso intji- 
caws when the batteries need replacing 

Frequency analysis 
The Sound Level Meter IS designed for easy connec- 
tion to the filter Sets Type 1624 or 1625 Type 1624 
offers octave analysls recorded semi-automatically on 
the Level Recorder Type 2317, while Type 1625 offers 
113 octave or octave analysis recorded fully automatl- 
cally The Fdter Set plugs into the bottom of the Sound 
Level Meter to form an easy-to-use integral instru- 
ment To make the best use of the frequency range of 
the Type 1625 (up to 20 kHz) .  a microphone other than 
:he 41 76 can be selected from the wtde B & K range of 
prepolarized and 200 V external polarization micro- 
phones A set-up for calibration of audlometers can be 
made with the Sound Level Meter, a Pressure Micro- 
phone, an Artificial Ear and a Filter Set 

AC Output atso pemdtdeterminetion of revertxratiori-time. I; ad- 
dition. the AG Outpn allows audio monitoring of the measured 
noise. a feature espeda& usefui wben measuring in locatlorn 
where heavy electrwMgnetic fields may bducs: electrical no-. 

-by* of tMs stgml are recocn- 
mended when the l e d  recarder daes not incorporate a very ac- 
curate rectifier of Wen defined t i m e  weighttngs Overloads are 
also clearty indicated on the DC recording by an hysteresrs circurt 
which ensures that the pen WIN deflect unamblguwsly. 

hM:outPut be made omesignaf&i+ 

F ui* rlcmc 
impulse 

Characrerisric 

Time 

I 9 5 5 3 '  

Max. Hold Peak and Max Hold Impulse 



Precision Sound LI 

iurther noise&alysis. More specialized applications can also be 
ation of audiometers ;By use of a Pressure 
m r r f  E&*-: L-. - \<S.Y> 

r-k- - 
:ahphone  - -- 

The Typq 2235 is delivered with a half inch Prepolarized Micro- 
@bone ryPe 4176 cornpiying wrth IEC 651 Type 1 The microphone 
b robust and Wefl-SUned to fieid use. It is supplied mth a wind- 
screen f i l c h  protects il from dust, condensation and light pre- 

-*tion 

. -  
. -  

Tame 

ients 

ran- 
dom incidence response being selected by a switch. For applications such 
as audiometer calibration or high frequency signal measurements. anoth- 
er microphone from Ute 88 K range, prepolarized or with 200 V external 
polarization. can be substituted. Extension cables can be inserted be- 
tween the microphone preamplifier and the Sound Level Meter to allow 
measurements to be performed without disturbing the sound ti-. When 
measuring electrical signals the microphone can be replaced by an input 
adaptor. I 
Frequency weighting 1 

/-- The signal picked up by the microphone is frequency weighted with 
an "Aw,  'C' or 'Lin.' frequency weighting in accordance with 
IEC 651. 'A' weighting is the most widely used frequency weight- 
ing for improved correlation with the subjective effect of noise. 
By comparing measurements made with 'A" and 'C" weight- 
ings an estimate can be made as to the frequency content of 
the signal. For greater versatility it is also possible to carry 
out a frequency band analysis of the -A*,  'C' or 'Lin.' 
frequency weighted signal. 

Detector and Time weighting 
True RMS detector for measuring sound pressure lev- 
els between 24dB and 130df3 (or 153dB with a 20dB 
attenuator inserted) in four 70dB ranges, and with four 
normalized time weightings: -F.. 'S". 'I' and Peak. 
The 'F" time weighting closely follows the variations of 
the SPL and is used in most measurements. If the fluc- 
tuations between successive readings are too large. a 
more accurate and meaningful reading is obtained us- 
ing the 's' time weighting. When the noise measured 
is impulsive (high levels of short duration). it is better 
characterized by a measurement with Impulse time 
weighting or a measurement of the Peak value. 

MJX and lnsf SPL readrngs with 'F" and 5- time weighrings 



Cali bration 
The 2235 can easily be calibrated with the 
Sound Level Calibrator Type 4230 which fits 
directly over the microphone and checks 
that the complete measuring chain is work- 
ing properly. 

YUSUWMG RAMGE 

FREQUENCY RESPONSE: acco75ing to IEC 65' 
Tbpe 1 

FREQUENCY WEIGHTING: ( to  tEC65' Type' 
A-weighting. C-weighting and Lin 5 Hz-20kHz  

DETECTOR: 
Ch.r.ctmstns: true logarithmic RMS and Peak 
Lrm8r i ty  range: 70 dB 
Pulse range 73 d8 
TIME WEIGHTING CHARACTERISTICS: 
'F": to IEC651 Type1 
'S": to IEC 651 Type 1 
9": to IEC651 Type 1 
'Perk": rise time . I O O ~ s  with a resetting time 01 
400 ms 
DISPLAY 
3'2 digits 7 segments liquid crystal 8mm high 
Resolution 0 1 d 8  
Updated once a second for Max or Ins? modes Up- 
dated when reset i f  in Max Hold or lnst Hold 
modes Also updated if a higher value occurs in 
Max Hold mode 

Power supply Measurement set 
The 2235 is powered from 4 'pen-light- alka- As an option. the Sound Level Meter can be 
line cells giving a life time of approxlmateiy delivered with an attache-= offerrng 
16 hours. A battery drawer with four re- room for the Sound Level Meter. a Filter Set. 
chargeable cells can also be fitted (option a Sound Level Calibrator, a Windscreen, a 
ZG0254. charger included). Tripod and personal documents 

Hold decay rate: OdBls (digital) 
Warnings: Overload (---'). Under range (---). 
Battery low (SAT) 

AC OUTPUT: 
1 V R M S  lor full scale c loo!! output Impedance 
Short circuit protected M~ni-jack socket 

DC OUTPUT: 
0 to 3 5 V 50 mV per d 0  . 100 !! output Impedance 
an hysteresis circuit insures unanbiguous  eve^ 
Recorder deflections if an overload occurs S?sri 
circuit protected Mini-jack socket 

RESET FUNCTION automatic far rnax or instanta- 
neous SPL manual for Hold modes 

STANDARD MICROPHONE: 
Type: ' / z  inch B & K  Prepolarized Condenser Micro- 
phone Type 41 76 
Sensstivity. 5OmV Pa 
Capacitance: 13pF 
Windsreen effect: -0.9dB up to 1OkHr 

CALIBRATION 
Screwdriver operated potentiometer adlustrnent 
using Sound Level Calibrator Type 4230 

REFERENCE CONOmONS FOR 
ACOUSTICAL CALIBRATION WITH 
TYPE 4230: 
Type 01 Sound Field: Free 
R e f e m  lncdence Direction: Perpendicular to 
microphone diaphragm 
Reference SPL: 9468 Ire 2 0 ~ P a )  
Reference Frequency: 1 kHz 
Reference Temperature: 20" C 
Reference Measuring Range: 40-1 lOdB 

WARM-UP TiME: . 5s  

EFFECT OF HUMIDITY (AT 40°C AND 1000Hz): 
<O 5dB for W A i R H < W %  

EFFECT OF TEMPERATURE: 
Microphone: -0.004dBI"C typically 
Complete instrument: 

Operating range: -10 to +W0C ( + i d  10 122'F) 
Storage without batleriect -20 to - X C  i-4 IO 
158'F) 

EFFECT OF MAGNETIC FIELD: 
negligeable for 8 0 a h  ! 1  Orsteel a: 5: 3 2  

VlsRATlOH SENSITIVITY. 7048 max a! $5 +z and 
1 ms-c 

BATTERIES: 
Type: F3ur : . 5 V  Alkaline ~ 9 %  :EC ! . :e  -2s " a a .  
size! Life: approx 16 hours :f cor! -.&lis 2pera- 
tion 

OVERALL DIMENSIONS AND WEIGHT: 
.?TO * 35 * A7mm 114.7 I 5.2 - 1 3 

. 0.SdB -10 to +%"C 

-- i i 0 g  11.71b) with batteries 

ACCESSORIES INCLUDED: 
Half inch Prepolarlzed 
Condenser Microphone .............. T:,pe 41 76 
2.5 mm mini-jack plug ...................... JP 0213 
Windscreen .......................................... U a  3237 
Cells(x4) ....................................... OB 0013 

ACCESSORIES AVAILABLE: 
20dB Attenuator .................................... ZF 0020 
Carrying case ................................ KE 0226 
Tripod ...................................................... UA 0801 
Sound Level Calibrator ................... Type 4230 
Level Recorder Cable . . . . . . . . . . . . . . . . . . .  A 0  0173 

4 : 44 Pressure Microphone 
41 55 Free field Microphone 

3 m  Microphone Extension cable .... A 0  0027 
Mains Power Supply and Charger. . ZG 0254 

. . . . . . . . . . . . .  
................. 

Bruel81 Kjaer Instruments, inc. 
185 Forest Street, Marlborough. Massachusetts 01752 (617)481-7000 TWX: 710-347-1 187 
R e g i O ~ i  W i M A  (617) 481-7000 ext 139: NJ (201) 227-6100, MD (301) 3480444. GA (404) 951-0115. 
MI (313) 522-8600. IL (312) 3587582. TX (713) 645-0167, CA (714) 978-8066. (415) 574-8155. WA (206) 625-1112 

WorM Headquarter% Narum. Denmark Sales and service in principal US cities and 55 countries around the world 



Sound Measurement Kits 
Sound Level Meter System Type 2235s 

0 2235 Precision Sound 

0 1624 Octave Filter Set 
0 4230 Acoustic Calibrator 
0 KE 0226 Carrying Case 

Level Meter 

APPLICATIONS: FEATURES: 

Industrial Noise Exposure 0 

Evaluation e 

Community Noise Measurements 
Audiometer Calibration e 

Building Noise Measurements (NC) 0 

* Frequency Analysis of Noise Sources e 

e 

a 

Type 1 Sound Level Meter 
Slow, Fast, Impulse Time Constants 
plus Peak 
A- and C-weighting and Linear 
AC and DC Output 
Selectable Microphone Polarization 
Voltage 
Octave Band Filter Set 
Calibrator for System Checkout 

Bruel& Kjzer -+$- 
Bruel L Kjaer Instruments, Inc. 



CONDENSED SPECIFICATIONS 2235s 

r - 
0-70 
20-90 
40-110 
60-133 
B0-193- 

2235 Precision Sound 
Level Meter 
FREQUENCY RESP013SE: 
Aoxrding to IEC 651 Type 1 

FREQUENCY WEIGHTING: 
(To IEC 651 Type 1) A-wecghSng. Cweight- 
ing and Ltn 5 Hz - 20 kHz 

DETECTOR: 
Chanc!eristfa: tnre krgrrrithmr: RMS and 
Peak 
Linearity range: 70 ds 
Pulse Range: 73 d8 

TIME WEIGHTING CHARACTEREflCS: 
'F: to IEC 651 Type 1 
'S": to IEC 651 Type 1 
"1": b IEC 651 TYpe 1 
'Peak": rke time < 100 p~ wi!h a fesetbng 
rime of 400 ms 

DISPLAY 
3 - i ~  d i e  7 segments. r i  ctystal. 0 mm 
htgh. 
Resolu~on: 0.1 dB 
Updatedonee asecondfw Max wmst. modes 
Updated when rese t  d in Max Hold or lnst 
Hold modes. Also updated if a higher value 
Docurs in Max Hold mode 

Hold decay rate: 0 dB/s (digital) 
Warnings: Overload(--t);Un&rrange (-); 
Battery low (BAT) 

nc OUTPU~: 
1 V RMS for full scale clooR output imp& 
ma. Shortarcuitpmbded. Mini-)adr&et 

DC OUTPUT: 
3 to 3 5V 5 mV per dB. tl DDR output unped- 
~ n c e  A hysteresis circuit ensures unam bigu- 
>us Level Recorder deflections ti  an overload 
xcurs Short circuit protected Mini-jack 
socket 

RESETFUNCTION: automatic formax orin- 
;tantanems SPL: manual for Hoid modes 

5TANDARD MICROPHONE: 
r y p :  112 mcb WK Pre~danzed Condenser 
Ulcrophone Type 4176 
jensltivlty: 50 mVPa 
5pacitanca 13 pF 
Hindscreen effect: 4-9 d8 up to 10 kHz 

XdJBRATION: 
jcrewdnver Operated potentiometer adjust- 
nentusrng SoundLeuelCalibrafwType4230 

:AL CAUBRATlON WITH TYPE 4230: 
rype of Sound meld: Free 
?sferencc Incidence Mrectlon:perpendcu- 
ar to microphone daphragm 
leference SPL: 94 d8 (re 20 pPa) 
3eference Frequency: 1 kHz 

3EFERENCE CONMTDN FOR ACOUSTI- 

wlnumoR.np 
Larsr lM M u  Wrn 
d 0 - 5 d B  M CtarlaDt 

(A-m-il) .) 10 (2068) 

24 ?3 53 
24 93 73 
40 113 93 
W 133 113 
80 153 133 

r0rW pah  krsgnJd 

4230 Sound Level 
Ca 1 i bra tor 
SOUND PRESSURE LEVEL: 
94 dB re 2 x lo6 Pa (or I Pa) 

ACCURACY OF SPL: 
at 1013 mbar when loaded with 1.333 an 
(ccxresponding lo W K  micro@mnes with pro 
Bums grid. and their respective adaptws) 
f0.3 &at 23"C&3% (68 b 79°F) 
f 0 I d3 berween I O  and 40% (50 b 104°F 
f0.5d8 be- Oand 50% (32 b 1 P F )  

FREQUENCY 
loo0 Hz f 1.5% 

MSTORTION: 
4 %  

INFLUENCE OF STATIC PRESSURE: 
f 0.05 dE'100 mbar from so0 mbar to 
1 1 0  mbar 

LONC TERM STAEIUTY: 
Better than k 0.1 dEPyear (expected toc nor- 
mal field use) 

MICROPHONE TYPES: 
l'drecfly 
l L T  rnm supplied adaptor 

POWER SUPPLY: 
Internal SUM from 1 x 9 V transistor 
(IEC 6 LF 22. NEDA 1604) &Wry 

Bruel & Kjaer 
8 & & K j ~  fnstrtmesb, ine. 
185 Forest Street Marlborough, MA 01752 (508) 481-7000 FAX (W) 485-0519 
Regional 0fti-s 
MI (313)522-4369, IL (7OS)358-7582. CA (714)9784066; CA (415)574-8100 

MA (sOs)481-7737. NJ (201)2276100. GA (404)422-5200; OH (513)831-8878. 
Printed in U.S.A 110190-22355 



ITd1400A SMART RADIOMETER/PHOTOMETER - 
*AUTOMATTC RANGING, INCL TNTEGRATION !?ODE§ 
"LIGHT INTEGRATION, SECONDS TO 24 HOURS 
*TTL S E R I A L  PRINTER/CO!fPUTER IHTERFACE 
*SMART DETECTOR DETERMINED PP.OCESSING 
*USER FRIENDLY ALPHA-NUMERIC 3ISPLAY 
*DIRECT READING IN ANY OPTICAL UNITS 
*ANALOG RECORDER OUTPUT (0-1 VOLT) 
*DARK ROOM HOLD READING FEATURE 
*HAND HE,LD-CO?fPLETECY PORTABLE 
"AUTOMATIC UNITS DISPLAYED 
"SIMPLE OPERATING DUTTONS 
f 7  DECADE DYNAMIC RAHGE 
*AUTOMATIC SHUT-OFF 
* AUTOYAT I C ZERO I NC 
*BATTERY OPERATED 

The IL1400A is  a significant advancenent 
in hand h e l d  radioneter technglogy in its  
ability to provide superior performance 
without sacrificing sinpiicity. The IL1400A 
provides t h e  proper ucits of measurement ,  +he 
detector conveys i t s  own spec i f i c  calibration 
information and range limitations t o  the 
IL1400A microprocessor. The d i s p l a y  reads out 
alphanumerically i n  s t a n d a r d  optical units. 
All essential functions a re  under 
microprocessor control. The IL1403A provides 
automatic ranging over a full seven decades,  
and reads out l inear ly ,  in real  time i n  any 
optical units. The recorder ~ u t p u t ,  cal? be 
used as an input to d d a t a  logger  or computer 
analog  interface. We 61s9 offer a TTL s e r i a l  
pc;rt .. 

Detectiirs are ar.:a1hble t o  cover the full line of apylicaticns in t h e  
Qltraviolet, v i s i b l s  and 1nfrare . j  S p e c t r a .  !.ie also s f f e s  customized 
detectors ,  Our 5tandaYd dztectcr desigr,  c f f2 r s  i;nprJ,ved cosine spatiai 
respocse, necessary f o r  f u l l  iimersior; ap21icaticns. Low profile pr<:hes are 
available i n  s e v e r a l  differect s t y l e s .  Detectors with e x t e n s i o n  cables  or 
fiber optic input kea2s  a r e  z l s a  zvai iab!? f c r  thsse cases wkers th? prske 
nust go to a reizote ligkt SC>UL-CE- o r  h a z s h  enviroLm4ent .  STANDARD UNITS IN 

W/cmt/nm, d B u ,  & dEm. IN IPiTEGRPTE :!ODE. J/cmz, J, lm*s/ft2, l a x f s ,  fLxs, 
E * s / c r n 2 ,  cd*s/cm2, td*sla2, Coulomb, J/cm2/sr, J/cm2/qm, d3u*s ,  & d i b * s .  

-- FRONT PANEL CONTROLS: The ZERC) button nulis t h e  displayed sigzal t o  
zero. The SIGNAL b u t t o n  selects  d i r e c t  rneasuregext incde, includ;ng 
automatically selectee range and u n i t s .  The INTEGRATE but%on alternately 
selects between two Overlapping integration modes, HI and LO, alss w i t h  
auto-ranging acd auto units. T.he HOLD b ~ t t c r ,  freezes the d i s p l a y  tc 
terminate/pause integration Or to h a i d  darkroom readings. The Q N , G F F  b u t t o n  
is cornplemmted by a n  xi tomatic  shut-off f e a t u r e  f c r  longer battery  l ~ f e ,  
which can be optionally d e f e a t e d  f o r  special l cng  duration measareasnts. Thr: 
32 character alpha-numeric LCD c o n t i n u o u s l y  displays detector data  wlth f u l l  
units as well as t h e  present  mode of operation. Easy  to understand nessages 
such as LOW BATTERY and OVER RANGE a l s o  appear t o  indicate error situations, 

Singal Current: Over 7 decades of overlapping current measurement from 10 
picoAmperes to 350 RicroAmperes. Input Impedance: V i r t u a l  graund (summlng 
node of Operational amplifier). Linearity + / - 0 . 2 %  +/-1 digit. Recorder 
Output: 408 ohm impedance, 1 volt S c a l e ,  currefit limited, 1/2 second update.  
Size: 185mm height x l O O r n m  width x 43mn depth (7.3 x 3 . 9  x 1.7"). Weight: 

SIGNAL XODE: J.r' /cm2,  W, lm/ft2, l e x ,  fi , ,  E / c r n 2 ,  cd/cm2, cd/mz, Amp, .- ~:crn:/sr, 

ELECTRICAL/MECHANICAL: Input Power: 4 ' A A '  alkaline batteries, 26 mA. 
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j IL14OOA, less detector .....-1-......---.......--....................~....,.......,.$67g 

SMART RADIOMETERPHOTOMOER 
Computer controlled, battery powered, digttal and a!pb nunerlc dispiay. seven 
decade range of either s:gna! or rntegraled dose measurements, dtrect readir;p 
in any units appropriate for the detector, asto rage.  auto ZBFO. auto uniis, 
CCSOO Carrying Case, recorder output. 

i 

* 
SED(SEL)0331Yft30 .................................................................. $650 

33 mm2 siltcon detector. Y Phatoptc filter, L30 High Sair: Lens, YrS(lY!S) 
Cahbraiion for Girect reading in foot-candies. Spec:rz! rsrl5e; 400-7COnm 
(C.I.E.). 

---- HIGH SENSfTlVfN ILLUMINANCE PROBE 

-- 

I 

$ED(SEt)033flIR. .................................................................... $651 
LUMINANCE PROBE 
53 nm: silicon detector, Y Pholcpic Mer, Fi Sarrel, ‘ftS[IYtS) Calibratior: for 
direct reading in fcot!ambrits. T+is cmbinztiocl 1s designal for averase 
mascrernent of 1itmii;ance sver ;1!2rf;e: ;rea greater !hag 30mx dtarneter plus 
1.5 degree haif angle diveic;lefice Spectra: an3e: 4N-7Nnrn &.!,E.]. 

.................................................................... $571 

- 
~ -_--_ . . -..--- - 

VJ .......... ***.: .............................................................................. 3 0 2  
QUARTZ “tVlDE EYE” DIFFUSER 
fer USE with SED(SEL)(SLj CJe:ec!ors for iGs1r.e response. 

r..- - __ 

R .............................................................................................. $1 82- 

A514 ......................................................................................... $249 

DIGITAL PRiNTER(FUR l 7 L  OUTPUT FROM IL1400A) 
A509 cable requlrzd ior operation. (Not iccluded) 



, .  

H ............................................................................................... $1 02 
HOOD FOR SED SEL)(SHD) DETECTORS 
64mm L x 42mm b barrel ;rvith 1 114'-24 female lhreads running thsolicjh 
barrei. 

/ ~ f z - / c n  J--mT cI/&/7y 

- 
-7- ~ --. _- __ -- -- _-  - 
t3a ............................................................................................ ~~811-*-- - 

HlGH GAIN LENS ASSEMBLY 
angle. It  is used wit? silicon d&?CtOrs for viS!bi; and near iR applications, 
~specUily for effective intensity from !!;st; larips. 
Sensitivity boos?er of 13 times the &re detectgr a? a szc:rfice ir, accepiance - ~/$ck G/ 

eo.( 

YIS ........................................................................................... 31 02 
P)iQTOMFTRIC (Yj ILLUMINANX SENSlTlVfW 
tililminance S ~ f i j ; t : ~ r ; : ; ,  (zm;sj!5*)(im ' j ,  sf 6: I.L. ;en%: 3swribijj. 

YLS ........................................................................................... $ 102 
PH 0 TO M ETHIC ( Y j L U M I NAN C E S EN S 1 TI V I TY 
Lurncnance sensi:ivity, an;psiIt, of an scnsor assentry. 
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irit;errtat isma1 I ighk. i m c z -  
17 Gmaf  Rd. N e w b u r y p o r t ,  MQ, 019S0-4e92 

TELP 5081465-5323 TLX: 947135 intllight 
FFIX: 5081462-8759 DDD: 5@8/462-7456 

TU: oaK RIDGE w r L  LOB.- ENGIN PHYSICS R. MRTCH DIVXSION 

RTTN: DR PHIL SPELT-INT SYS SEC FROM : BUR QNGELO 

YOUR REF: FQX I N W I R V  FGX #:615/574-7860 

DGTE: 81FEB34 _I_ PGGE f Of % 

DERR DR SPELT1 
THRNK YOU FOR YOUR FCSX RND CGLL REGRkDiNG DHOTOMETRXC MERSUREMENTS 
INSIDE VEHICLE. 

$ 3  
PRCE 2"CQNTRINS PHOTOCOPIEU SECTIONS FROM UUR $LIST SHOWING INSTRUMENTS 
WHICH M 9 Y  BE O f  INTEREST TO YOU. 

PLS CClNTRCT ME WITH RNY FURTHER QUESTIONS. 

BEST RODS-BOB RNGELO 



ia-1ternaticrna1 light, iulc, 

17 G r a f  Rd. N e w b u r y p u r t ,  MFI, 81950-4032 

i v a t e r r a a t  iondl 1 ight, inc, 
17 Graf Rd. N e w b u r y p o r t ,  MR, 01'350-4032 

TEL: 588/465-5923 TLX: '347135 intllight 
FRX: 588/462-0759 DDD: 508/462-7456 

TO : 017K R I D G E  NRTL LQB-ENGIN PHYS K MRTH D I V  

RTTN: FRRNK BRRICKMRN FROM : BOB FINGELO 

YOUR REF: TELCON TODRY: PHOTOM FRX #: 615/574-7868 

DQTE : 82FEE34 F'RGE 1 O F  9 

DEQR MR BRRICKMRN: 
I N  REPUNSE TO YOUR CQLL TODRY I HRVE INCLUDED SOME INFORMRTION ON THE 
NEXT PRGES YOU REQUESTED. 

F'RGES 2-7 CONTRIN INFORMRTION QN THE I L 1 4 8 0 R  D I G I T R L  RND RNQLOG 
OUTPUTS. 
1 W I L L  M Q I L  I L 1 4 8 8 R  MRNURL TO YOUR RTTENTION TODRY. 

PRGE 6 CONTAINS THE SPECTRRL PLOT O F  THE SEL833/Y/W DETECTOR QS 
COMF'RRED TO THE C I E  RESPONSE. THE DETECTOR I S  42MM DIRMETER x 35MM 
LONG. F'AGE 3 C O N T R I N S  MECH DWG O F  DETECTOR BQSE HOUSING SHOWING 

CQFLE LENGTH I S  SEVEN FEET. MEQS Rf3NGE OF I L 1 4 8 8 Q / S E L 8 3 3 / Y / W :  8.@@5 TO 
17,588 FOOT-CANDLES. THE RANGE CHANGES SLIGHTLY WHEN W DIFFUSER IS 

LENS. 

WITH THE L38 LENS, T H E  DETECTOR F I E L D  O F  VIEW I S  REDUCED TO 14 DEGREES. 
H E R R R E L  REDUCES F I E L D  TO 23 DEGREES. W DIFFUSER PRODUCES NERR COSINE 
S P R T I R L  RESPONSE. 
T Y P I C R L  S E N S I T I V I T Y  OF SEL833/Y/W: Z.5E-8 (QMPS) (CMZ:) / (WRTT) 

MOUNTING HOLES, ETC. * 

REMOVED RND FINOTHER INPUT OPTIC IS RDDED SUCH ns THE H HOOD OR 138 

SELBZWY/LS~ RRNGE: ia.aaai TO 233 FC. SELQW/Y/H: ~ . Q J G . W I ~  TO 2333 FC. 

PLS LET ME KNOW I F  RNY OTHER INFORMRTION I S  NEEDED. 

BEST RGDS-BOB FlNGELO 
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’NO O F F ’ :  T h i s  message  w i l l  b l i n k  i n  t h e  ’s ta tus’  
r - e g i s t e r -  ( l c t w e r  r i g h t  ccwrtet- o f  the LCD) when t h e  a u t c m a t  ic 18 r n i n u t e  
s h u t o f f  f e a t u r e  has been d i s a b l e d .  T h i s  i n d i c a t e s  t h a t  a pr-ev ious  user- 
selected ’RUT0 SHUT OFF’ ’DISRFLED’ u s i n g  t h e  pragramming mode 
c a p a b i  1 i t  ies. Refer t o  sect ion  3. 1.2 for -   re informat ion can e n a b l i n g  
or d i s a b l i n g  t h e  d ~ J t o  s h u t  off. Refer to section 6. 4 f o r  rmre 
i n f s r - n i a t  i o n  IZWI u s i n g  t h e  prmgr-arn mode. 

5.2 FtNRLOG DRTFI RECORDER OUTPUT 

Rn a n a l s g  o u t p u t  v o l t a g e  IS a v a i l a b l e  v i a  the Recsr-der- Outpu t  
Jack located i n  t h e  lclwer- r- ight  cot-rter- t s f  t h e  front  pane l .  T h i s  
a c c e p t s  a s t a n d a v d  RCR t y p e  c o a x i a l  phtsn*=l j a c k .  W e  o f f e r -  a phorta j ack  
w h i c h  ter-minates i n  c l i p  leads f c v  s i m p l e  ccarinect i o n  tls a d a t a  logger-. 
T h e  gr-aph be low shcsws a t y p i c a l  r-ecorder- p l o t  u s i n g  t h e  IL140817. 

c -=. 1 V o l t a g e  Range  

The  vca l t age  is d e s i g n e d  to be c o m p a t i b l e  w i t h  r n o s t  s t r i p  c h a r t  
artd X-Y r-ecorder-s,  and y e t  p r r w i d e  a l a r - g e  ensi-igh s i g n a l  t o  a v o i d .  
excessive r l o i s e  p i c k u p .  Fc:r t h e s e  r’easor~s, w e  h a v e  s e l e c t e d  a r a n g e  
f r c m  8 t c s  1 .  B Vcnlt (112112112, r N ’ ,  rescal irrg ever-y d e c a d e  t o  p r o v i d e  
st-tf f icient vesoli . t t  i o n .  T o  a c c c m p l  i s h  t h i s ,  t h e  IL1488FI f i r - 5 t  conve r - t s  
t h e  d i g i t s  CICI  t h e  d i s p l a y  irko s c i e n t i f i c  n r ~ t a t i c ~ r i  fcir-rij, w i t h  a 
m a n t  i s s a  arld expcorlent ccmpclrterIt. The rtiartt i s5a pctr-t i o n  of t h e  r e a d  L rtg, 
r-anges b e t w e e n  1. lZIdYl artd 3. 33 befctr-e t h e  expcinent  peer-t i o n  is scaled 
either- t.ip clr  down b y  d decade. The arlalcag v o l t a g e  c r e a t e d  is equal t o  
188 times t h e  rtiarrtis5a, i n  mil 1 iVc: I t s .  C c ~ n s e q u e n t  l y ,  a rtiartt i s sa  o f  
1. 888 creates a v o l t a g e  nf llzlyl mV, and a rtiartt issa Isf 3. 33 et-eates 2. 

v o l t a g e  1:-f 3‘33 rtiV. If tSe v o l t a g e  gcaes e l t h e ) ,  abctve o r -  be lcnw carte o f  
t h e s e  th r - e shc t ld s ,  t h e  r - e c m - d e r  o u t p u t  r a n g e s  by a d e c a d e  to  accortiodate 
the  r - e a d i n g .  The a b o v e  gr-aph is g i v e n  as a n  e x a m p l e  o f  a t y p i c a l  s t r - i p  
char- t  t-ecc:,r-ding u s i n g  the IL148BQ. 

c .-, .-* c R u t  ~0 Rang i rtg C o n s  i der-at i o n s  

The IL1488FI a u t c t  r - anq ing  so f twar -e  is d e s i g n e d  to 1 imit t h e  
least s i g n i f i c a n t  d i g i t  t o  8.5 % o f  t h e  fI.111 scale r e a d i n g ,  and  t h e  
r - e s c t l  u t  iort art t h e  lcew e n d  t u  1 Q  picc4upet*es .  The i r t s t r u m c n t  d e c i d e s  
w h e t h e r  t o  d i s p l a y  e i t h e t -  t h r e e  chr- f * : i i - t i -  d i g i t s  o f  r-esc’ lut  ican. When t h e  
r t iagni t  r-tde cof the i - e a d i n g  car1 t h e  display is g r - e a t e r -  t h a r t  Z:SrB@ 
( d i s r e g a r d i n g  t h e  d e c i m a l  p c l i n t ) ,  t h e  smallest d i g i t  r - e p r - e s e n t s  less 
t h a n  8.5 % of t h e  tckal ,  so t h e  i n s t r u m e n t  d i s p l a y s  only t h e  th t - ee  most 
r - e  1 i ab 1 e d i g i t 5. The u n  i t 5 a u t o  r-ange ever-y t h r e e  d e c a d e s ,  us i rlg 
standai-d SI  pr-ef ixes fr-orii femto to Mega. 

Rev 31@321 . . . Manua 1 Page 
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output spans from l0Ql mV to 1012141 mV, automatically ranging upan 
reaching either threshold. When the output is increasing and passes 
999 mV, the voltage instantly drops to 100 mV and continues increasing. 
Sirnilat-ly, when the output is decreasing and d r o p s  below 100 mV, the 
voltage instantly jumps to 393 mV. These range changes are easy to 
spot on a typical chart recorder plot. Thus, by noting the decade at 
any point on the plot, the other decade changes can be easily deduced. 

5.2.3 Negative Readings 

Since there is no such thing as negative light, we elected to 
u5e a Unipolar Digital to Qnalog (D/Q) Conver-ter. Negative readings 
should not o c c u r  if the 'ZERO' was properly set and if your ambient 
conditions do not change throughout the experiment. From our- own 
experiences, however, we understand that mistakes occasionally get made 
which malr.e the reading go negative. The data will not get lost since 
the absolute value o f  the negative reading will be sent out to the 
recorder. From the plot it is fairly easy to determine that the 
reading is negative, since the curve comes back up after it hits zer-o. 
If in doubt, it would be wise to rerun the exper-iment. 

R e v  '3141321 . . .Manual Page 
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5.3 TTL SERIRL OUTPUT 

Ri03 P i n o u t :  

P I N  1: "BUSYNOT" - Busy ( N o t )  from P r i n t e r  (RED w i r e )  
PIN 2: "GND" - Ground (SHIELD w i r e )  
P I N  3: . "DRTR" - TTL Set-id1 Data to P r - i n t e r  (WHITE w i r e r  
P IN 4: "RQSNDNOT" - R e q u e s t  t o  S e n d  ( N o t )  (BLRCK w i r e )  
P I N  5 :  No C o n n e c t  i o n  

Detector Edge  C o n n e c t o r  P i n o u t :  

LINE 1: 
LINE 2: 
LINE 3: 
LINE 4: 
LINE S :  
LINE 6: 
LINE 7: 

LINE 3: 
LINE 18: 

LINE a: 

"DODM" - EEPROM Outpu t  and "BUSY NOT" 
"DIDM" - EEPROM I n p u t  and "DRTB" 
"SKDM" - C l o c k  for  EEPROM 
"CSDM" - C h i p  Select f o r  EEPROM or  P r i n t e r  ( N o t )  
"GQRD" - S i g n a l  R e t u r n  
"INPUT" - C u r r e n t  S i g n a l  I n p u t  
"GND" - Gvound 
"RQSNDNOT" - R e q u e s t  t o  Send ( N o t )  
'I-5V" - N e g a t i v e  5 V o l t s  
"+SV" - P o s i t i v e  5 V o l t s  

The TTL Ser ia l  P o r t  is p r i m a r i l y  i n t e n d e d  f o r  cise w i t h  our 
gS14 D i g i t a l  Dot M a t r i x  P r i n t e r  and 63509 a d a p t e r  cable accessory f o r  an 
immediate hard c o p y  o f  t i m e  v a r - i a t i o n  o r  o p t i c a l  p r o f i l i n g  
m e a s u r e m e n t s .  The R514 p r i n t s  one l i n e  of d a t a  every second as l o n g  as 
R e q u e s t  t o  Send ("RQSNDNOT") and  C h i p  Select ("CSDM") are h e l d  l t s w .  
T h e  IL14@8R holds R e q u e s t  t o  Send l c ~  r m r n e n t a r i l y  when t h e  'HOLD* 
b u t t o n  is p r e s s e d ,  t h u s  p r i n t i n g  o n e  l i n e  o f  d a t a  w i t h  each keypress. 
T h e  R e q u e s t  t u  Send l i n e  ( P I N  4) can be w i r e d  e K t e r r t a l l y  t o  Ground ( P I N  
2) t h r o u g h  a s w i t c h .  When t h e  s w i t c h  is c l o s e d ,  c t ~ t n n e c t i r i g  P I N  Z' 
P I N  4, the R514 Fr- in te r -  w i l l  p r i n t  a cclntInctot-[S streani of da ta  a t  a 
r a t e  o f  cme l i n e  ( o n e  r e a d i n g )  per- seccmd. T h e  c t u t p u t  i5  expressed i n  
d i g i t a l  e x p c l n e n t i a l  n o t a t  icm. T h e  IL14Q8R t r - a n s n r i t s  d a t a  ante ever-y 
8. 5 secclnds.  S i n c e  t h e  a514 p r i n t e r -  takes longer -  t h a n  rz1. 5 s e c o n d s  ti* 
p r i n t  a l i n e  and has a buffer -  c a p a c i t y  of  orre p t - i n t e d  line, it is 
c a p a b l e  of p r i n t i n g  d a t a  t m l y  o n c e  ever-y 1. 8 s e c o n d s .  When t h e  p r i n t e t -  
is busy, t h e  "BUSYNUT" l i n e  is held l o w  and t h e  IL1488FI WI 1 1  nct send 
data  u n t i l  t h e  n e x t  QI.5 s e c o n d  c y c l e .  

For e x p e r i e n c e d  u s e r s  who w i s h  t u  c s n n e c t  to a ccmputer.  or 
o t h e r  d a t a  c o l l e c t i n g  d e v i c e ,  w e  p r o v i d e  d e t a i l e d  infor-mat i o n  c t n  t h e  
d a t a  f r w n i a t .  Orre of t h e  b i g  a d v a n t a g e s  o f  t h e  TTL s l u t p u t  is t h e  
a b i l i t y  t u  i n t e r f a c e  d i r e c t l y  w i t h  most cclmputer user p r w t s  w i t h o u t  
b u y i n g  a n  e x p e n s i v e  hardwar-e  adap te r - .  FI smal 1 m a c h i n e  l a n g u a g e  (car-  
even BRSIC) pr-csgrarli cart calften rmke a di rec t  ccermect icln pcessi  b l e .  

The 1L14@@C1 TTL Se r i a l  O u t p u t  f%t.t t r - a n s m i t s  a 12 b y t e .  f i x e d  
f i e l d  s c i e n t i f i c  n o t a t  i o n  t - ead ing  (4 ni.irller.ica1 rtiarlt issa d i g i t s  w i t h  a 
+/- s i g n  and decimal pcbint,  t h e  l e t t e r  e, 2 expor l en t  d i g i t s  w i t h  a + / -  
sign, a c a r r i a g e  r e t u r n ,  and l i r e  feed) .  

c 
ct. 3. 1 Raud Rate 

The IL  1 i t 8 m  is f a c t o r y  set to  an asynchr~onoi . is  baud r-at e l:lf 

1>@@. EaiJd r a t e  is t h e  number o f  b i t s  p e r  s e c o n d  t r - a n s w i t t e d  in each 
w e r d .  Irt t h i s  case, t h e r e  are l l z l  b i t s  t t - a r~s ra i i t t ed  pet- chat-acter-, which 
t r a n s l a t e s  t o  a rmx 1rnI.m *:If 1 3 2  char -ac te r -s  per- s e c o n d .  I n  actual 
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p r a c t i c e ,  however ,  t h e  I L 1 4 0 d Q  computer  s e n d s  c h a r a c t e r  d a t a  o n l y  h a l f  
t h e  t i m e ,  r e s u l t i n g  i n  one t r a n s m i t t e d  character e v e r y  l/CB of a 
second.  T h i s  is t y p i c a l  for a s y n c h r o n o u s  d a t a  t r ansmiss ions .  

5.3. c' C h a r a c t e r  Furmat  

T h e  20 b i t s  t h a t  make up e a c h  c h a r a c t e r -  W G r d  are c o m p r i s e d  of 
1 s t a r t  b i t ,  8 d a t a  b i t s ,  and  1 1  stop b i t s .  The  e x t r a  10 s t o p  b i t s  
p r o v i d e  a n e c e s s a r y  delay t o  allow t h e  m i c r o p r o c e s s o r  t o  p e r f o r m  its 
o t h e r  d u t i e s .  Thanks  to c r y s t a l  cont t -01,  t h e  l e n g t h  o f  a s i n g l e  
c h a r a c t e r  (before t h e  s t o p  b i t )  is e x a c t l y  7.5 m i l l i s e c o n d s ,  followed 
by a s t o p  b i t  d e l a y  of  e x a c t l y  9.17 milliseconds. The f o l l o w i n g  
d i ag ran l  s h o w s  the v o l t a g e  w a v e f c t r r n  f o r  t h e  ser ia l  character format of 
t h e  nurIiber "5". The b i n a r y  number is t r a n s m i t t e d  i n  reverse order, 
from least t o  rnost s i g n i f i c a n t  d i g i t .  The rliost s i g n i f i c a n t  d i g i t  i s  
a l w a y s  a b i n a r y  zero (+ 5 V o l t s ) ,  which e n s u r e s  a n e g a t i v e  l e a d i n g  edge  
t u  t h e  first s top  b i t .  

ONE CHQRFICTER: "5" (RSCI I 53, B i n a r y  081 1d181 

0 0.833 mS 7. 5 niS 16. 67 niS 
+ . t .  *. -r --- --- --- ------- --- 5.0v.. . . 

I I I 1 I I :  I I I I 
;.4v.... I 1 I I I I :  I :  I I I 

I I I I I 1 :  I :  I I I 
a. 7v.. . . I I I I I I :  I :  I I 
8. ev---- --- --- ------- 

Tr-ue 
FlSCII  

LF 
CR 
+ 
- 

a 
1 
.-. c 
s -7 

4 

6 
7 
8 
3 
e 

J. 3.3 

c 
J 

t 

IL148BFI 
V a l u e  

L i n e  Feed 
C a r - r i a g e  R e t u r v - 1  
P a s i  t i v e  Sign 
N e g a t i v e  S i g n  
D e c  i ma 1 Po i rr t 
Z e r o  
One 
T w o  
Three 
FO u t- 
F i v e  
S i x  
S e v e n  
E i g h t  
N i n e  
Exponent  Ease ld 

D e c  i ma 1 H e x  B i  rrary 
Num bet- N urti be r N urn bet- 

18 
13 
43 
45 
4€ 
48 
43 
sa 
51 
F .Z' JL 

I=- 43 

54 

SE, 
57 

l@l 

rt JJ  

V o  1 t a g e  Leve  1 s & C u r r e n t  Dr- i v e  

st at-t 

@a 
yld 
Z b  
2 d  
Z e  
30 
31 
32 
35 
34 
35 
36 
37 
38 
33 
65 

8 8 d l i r 1 8 1 8  
8 8 8 0 1 1 1 6 1  
l n l n l r z l l a l l  
8 0 1 a 1 1 a 1  
r z l c ~ i ~ i i i a  
~ 1 a i i l a 0 ~ ~ a  
d 8 1 1 0 d a l  
8 a 1 1 8 d l d  
@ 8 l l @ 0 l l  

8 0 1 1 8 1 0 1  
d B 1 1 1 6 1 1 @  
8 8 l l l z l l l l  
a 8 1 1 1 8 8 8  

8 1 1 8 8 1 8 1  

a t a i i 0 i i ~ a  

a 8 i i i a 0 i  

The o u t p u t  voltage l e v e l  3rd PIN 3 ("DQTFI'") of t h e  DIN 
cco-mector- is c a p a b l e  of d r i v i n g  one TTL load .  The v o l t a g e  s w i n g  w i l l  
be  a full f i v e  (5) Vults instead of t h e  typical TTL v o l t a g e  of four (4) 
V o l t s .  The se r i a l  word w i l l  be i n  n e g a t i v e , l o g i c  for the p r i n t e r  

Rev 318321 . . . Marlual Page 
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(pc&i t ive  l o g i c  f o r -  t h e  EEPROM]. I n  r c e g a t i v e  l o g i c ,  a l o g i c  'ONE' w i l l  
be b e t w e e n  0.8 a n d  8.8 V o l t s  a n d  d l o g i c  ' Z E R O '  w i l l  be b e t w e e n  2.4 and 
5.8 V o l t s .  T h e  o u t p u t  l i n e  is c a p a b l e  of ' s i n k i n g '  1.3 mil l i f lmps ,  a n d  
of ' s l=rurc ing '  much m o r e  t h a n  IlZllZl microRmps,  which  c o n f o r m s  t o  t h e  o n e  
TTL load r e q u i r e m e n t .  T h e  i n v e t - t e d  R e q u e s t  to Send  1 ine ( " R Q S N D N O T " )  

s t r - i n g  when p u l l e d  t o  a v o l t a g e  b e l o w  +@.a V c i l t s ,  p r o v i d e d  t h a t  t h e  
C h i p  Select l i n e  "CSDM" is alsca l c w .  

P I N  1 of t h e  D I N  c o r m e c t o r  w i l l  i n i t i a t e  t r a n s m i s s i o n  o f  t h e  d a t a  

5. 3. 4 Word S t r i n g  For-mat 

The IL14BQIFI s e n d s  w - i t  a s t r i n g  of s e r i a l  wcwds (characters) t c l  
t r a n s f e r  t h e  d i s p l a y e d  d a t a  t o  o t h e r  e q u i p m e n t ,  such as  a p r i n t e r  or 
computer- .  The  i n t e r f a c e  s e n d s  o u t  e x a c t l y  t w e l v e  (121 characters t o  
p o r - t r a y  t h e  l i n e  of d a t a .  T h e  f i r s t  c h a r a c t e r  is a '+' car ' - 9  sign f o r  
t h e  marltissa. T h e  second c h a r a c t e r  is the first d i g i t  iof t h e  m a n t i s s a .  
T h e  third character- 15 a d e c i r n a l  p o i n t .  T h e  fourth, f i f t h ,  a n d  s i x t h  
c h a r a c t e r s  a r e  t h e  r e m a i r r d e r -  o f  t h e  4 d i g i t  r r ian t i ssa .  T h e  s e v e n t h  
c h a r a c t e r  is t h e  l o w e r  case letter ' e' to s e p a r a t e  t h e  n i a r r t  issa f r a h i  

t h e  e x p o n e n t .  The e i g h t h  cha r -ac t e r -  is a ( + '  or $ - '  s i g n  f c w  t h e  
expsne rc t .  The n i n t h  a n d  t e n t h  characters  a r e  t h e  2 d i g i t  expcvtent.  
T h e  e l e v e n t h  char-acter is a c a r r i a g e  re tur -n .  T h e  t w e l v t h  character- is 
a l i n e  f e e d .  

ON€ STRING:  "+ 1 . 3 3 4 e - v1 5" 

5. 3.'5 P l u g  and  Cable Requit-eniertts 

We offer -  a s p e c i a l  detector connec to r -  adapter. a c c e s s o r - v  (F1503) 
f c * r -  use w i t h  t h e  Q514 Digitai D a t  M a t r i x  Printer- ~ c ~ v  a cc~rtiputer-. -he 
etzmrtector  h u u s i n g  c o n t a i r r s  t h e  n e c e s s a r - y  electrsrtics f o r -  a d a p t a t  icBrl tc, 
t h e  12514 p r i n t e r .  R 7 f o > t  detector- extensicar t  c a b l e  a n d  3 fmst 3r'inter- 
cable are i n c l u d e d .  T h e  5 pir t  D I N  p r - i n t e r  ccmnectc1r p i n o u t  is l i s t e d  
at t h e  beg in r t inq  o f  sect i o n  5. 3. 

R e v  318321 . . . Manual P a g e  
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I I  
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I I  
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I I  
I I  
I I  
I1 
1 1  
I 1  
1 1  
I I  
I1 
I I  
I 1  
I 1  
I 1  
I I  
I I  

T I L  STRING FORMRS 

+ 3 .  3 3 d e - d 3  
+ S .  @ d B e - 8 3  
+ Z *  @ @ @ e - 8 3  
+ l .  @ @ d e - 8 3  

+ 3 .  3 3 d e - 8 4  
+ 5 .  d l d l d e - 8 4  
+ z .  @ a a e - 8 4  
+ l . @ d o e - 8 4  

+ 3 .  3 ' 3 8 e - 8 5  
+ S .  d @ B e - y l S  
+ Z  . 8 a d e - 8 S  
+ I .  8 @ d e - G 7 5  

+ 3 .  3 3 @ e - @ G  
+ 5 .  8 @ 8 e - @ 6  . @ @ B e - 8 6  + z  
- t 1 . 8 O @ e - 8 €  

+ 3 .  3 3 8 e - 8 7  
+ 5 .  @ @ @ e - 1 6 7  
+ z .  @ @ @ e - 8 7  
+ 1 . 8 8 @ e - d 7  
+ 5 -  @ @ B e - 8 8  
+ z .  Q O @ e - @ 0  
+ 1 .  0 i z l B e - - I z 1 8  
4 5 .  c ? d @ e - 8 3  
+ z .  I c ? L ? @ e - 8 9  
4 1 .  O @ G l e - - 8 ' 3  

- 1 . @ 8 @ e - 8 3  
- 1 .  @ B B e - B B  
- 1 .  0 8 8 e - 8 7  

I 
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LarsowDavfs Superior fnstrumentafion for Acoustics and vibra&m 

1681 w 820 N, PROVO, UT 84601 Ta:(801)3759177 FAX:(~OI)~~~-OI~~ 
if this IS not reoehred prw, pleasr,csil mat the shove nwnber. 

TO: 
FROM: JULIE VANWAGENEN, MARKETING February 4,1994 
SUBJECT. NEW SOUND LEVEL METERS 

FRANK BARICKMAN / OAKRIDGE NTL. LABORATORY 

Dear Frank, 

Here is the infomation on our new sound level meters. The complete f imhm and 
brochures wiil be mailed to you today. If there is anping eke I can do for you, please bt me 

know. 

Marketi 
Page: 1 of 7 
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THE L A R S O N ~ ~ A V I S  HAND-HELD 

Sound level Meters 
Larson*Davis sound level meters are the leading edge in noise measurement instrumentation technology. The 
Model 71 2, 720, 81 2,  and 820 sound level meters provide unmatched power, versatility, and precision, at 
prices that won't alienate the economically minded. 

i 

The greatest strength of the Larson*Davis sound level meters is their adaptability to a variety of measurement 
applications. The new Model 71 2, 720, 812, and 820 sound level meters continue this tradition. 

- Sound Level Measurements - Employee Noise ExposurdDobimetry 

- Community Norse Assessment - Hearing Protection Evaluation 

- Environmental Noise Monitoring - Sonic Boom/Arti~lery Fire Measurement3 

- Statistical Analysis - Production Line Testing 

- Transportation Passby Measurements 



L UAY IS L A W :  

For applications mandating Type 1 measurement ac- 
curacy, the Model 81 2 and 820 meters are the appro- 
priate choice. These instruments meet AKSI S1.4, IEC 
651 and 804 specifications lor Type 1 precision. 
When Type 2 measurement accuracy is sufficient, the 
Model 71 2 and 720 meters are recommended. These 
instruments meet the ANSI SI -4, IEC 6.51 and 804 
specifications for Type 2 precision. All four meel the 
requirements for ANSJ S1.25 for worker noise expo- 
sure 

Fundamental to each of these instruments is an inte- 
grating sound level meter. Each features true RMS and 
dual Peak detectors which operate simuItamusly. 
Each has Slow, Fast, and Impulse detector rates. Each 
has A and (7 frequency weighting filters. 

Also common to this family of meters is a serial digital 
interface for communication with a computer or di- 
rect connection to a printer. 

Each meter also features AC and M outputs for trans- 
ferring data to a OAT or chart recorder during data ac- 
quisition. The analog output signal can be weighted 
(A or C )  or unweighted, independent of how the data 
is acquired and stored within the instrument. 

For compliance to the European Community Direc- 
tive on noise exposure in the workplace (86/188/EEC), 
independent frequency weighting can be applied to 
the RMS and Peak detectors. This feature allows si- 
multaneous measurement of the A-weighted RMS and 
C-weighted Peak levels. 

Each meter i s  also equipped to measure employee 
noise exposure or dose based on user-definable dose 
parameters (exchange rate, criterion lime and level, 
and threshold level). Two doses (with independent 
dose parameters) can be measured at the same time. 
A projected dose can be calculated when the total 
workshift noise exposure is less than the required cri- 
terion time. LawmeDavis sound level meters also 
provide Sound Exposure in units of Pa’Hr, which ful- 
iill the requirements of the proposed IEC Sound Expo- 
sure meter standard. 

For the evaluation of hearing protection devices, the 
LawmeDavis sound level meters offer unique C mi- 
nus A analysis capability. This feature sequentially 
measures a C-weighted teq, (hen an A-weighted 1,. 
The A-weighted L, is subtracted from the C-weighted 
Lq and the resultant value is computed. 

The LarsowDavis sound bel meters have a unique 
1 10 d8 dynamic range. Unlike other sound level 
meters that require the operator to manually adjust 
the input range according to the level of the measured 
sound, LarsoneDavis meters provide a full 1 10 dS in 
a single range. This is a critical feature for unattended 
measurements and for applications that have a wide 
range between high and low sound levels: no more 
problems of overloading, measuring near the bottom 
of the meter’s range, or missing data while making a 
range adjustment. 

Measurements made by the LarsoneDavis sound lev- 
el meters include instantaneous Sound Pressure Lev- 

and Unweighted Peak el. Lmin (rms). L,,, 
Levels, L, (statistics), L,, EL, Time Weighted Aver- 
age (TWA), and Taktrnaximal 3 & 5. All of these pa- 
rameters are measured simultaneously by the 
LarsoneDavis sound level meters. 

(rms)t Lrk 
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For noise monitoring applications, it is  common to ac- 
quire measurements in minute, hourly, or daily seg- 
ments. The Interval feature of the Larson. Davis sound 
level meters provides this invaluable capability. Mea- 
surement intervals can be as short as 1 second, or as 
long as 99 hours, depending on the meter used. They 
can include the following data: L , Lmax, Ln,in, Lpeak 
(weighted and unweighted), SEL,?irne Weighted Av- 
erage (TWA), and LN statistical descriptors. 

I 1 

The 720 and 820 meters can be configured to trigger 
and gather data based on a predefined event or 
threshold level and duration. This powerful feature al- 
lows the instrument to gather detailed information of 
a noise event such as the L,, Peak (weighted & un- 
weighted), L,,, SEL, tirnddate of the exceedance, 
and exceedance duration. Exceedance operates inde- 
pendent of other functions in the instrument such as 
Intervals. 

All Larson. Davis sound level meters feature Passby 
measurement capability. Passby i s  used to character- 
ize aircraft flyovers or ground vehicle passbys. A pass- 
by measurement is calculated from the data taken 
where the level i s  10 dB below the maximum level 
preceding the passby, and ending when the level de- 
creaws to 10 dB  below the maxirnum level following 
rhe passby. The parameters measured and stored in- 

Sttude Le,, SEL, Peak (weighted & unweighted), Max, 
timddate of the passby, and the passby duration. 

When the time history feature is activated, 
LarsonmDavis sound level meters will gather Le, and 
Peak (weighted and unweighted) data in rapid succes- 
sion. This is  a useful feature when characterizing a 
noise event that changes rapidly. The Model 720 and 
820 meters can also be configured to gather a sepa- 
rate exceedance time history during an exceedance 
event. The result i s  a detailed view of the Les during 
the noise exceedance. 

All LarsonODavis sound level meters come standard 
with extensive ”on board” non-volatile memory. Data 
r a n  be acquired and stored in the field and later trans- 
ferred to a PC for further analysis, or printed directly 
lo a serial printer, in tabular and graphic formats. 
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Larsonr Davis sound level meters communicate directly 
with Hewlett Packard" Laserlet and ink jet printers, 
Epson- & Epson- compatible printers, and KodakTM 
Diconix printers. Each meter generates high quality tabfes 
and graphs as part of the report generation feature. Fol- 
lowing i s  a list of the different reports that can be activat- 
ed: 

Data Report- The data report contains a summary of the 
measurements for the total measurement runtime. The 
L,,,, L,,,,, Lwak, and Luwpk arealso printed (with the date 
and time of their occurrence). Included data are L,, SEL, 
TWA, and LN's (statistical descriptors); and Dose, Project- 
ed Dose, and Sound Exposure (Pa2Hr). 

Interval -This repori provides a summary ofthe measured 
data during each of the sequential measurement intervals. 
This includes the &, Lmx, Lmin, Lp,k, L u y k ,  SEL, TWA, 
L,'s (statistical descriptors), interval duration, and the in- 
terval start tirnddate. 

Time History - The time history report includes the L 
and LWak (weighted & unweighted) values for the p r 3 e  
termined time history period (1/32 second to 255 hours 
depending on the instrument). 

Exceedance - The exceedance report contains the infor- 
mation gathered during an exceedance event. This in- 
cludes the L LPe& (weighted & unweighted), Lmy, SEL, 
time/date o f x e  exceedance, and exceedance duration. 

Histograms - This report contains tables oi percentages of 
the total samples occurring at each sound pressure level. 
Both  Peak and R M S  histograms can be generated. 

Daily Report (820 only) - This report includes the overall 
Le,, Ldn, CNEL, L,i,, Lp& LUWpk, and 24 hourly Leq's. A 
graphic oi the hourly Lw's i s  avaiable. 

PC software is a v a i e d a ! a  retrieval anal Mrsport- 
ing, and archiving! Summary ta thegata 
can be generated and printed. The meters can also becon- 
trolled remotely via the cornpurer software. 

Each sound level meter has a built-in q u a m  dock and cal- 
endar. Thus, measurements receive a date and time stamp 
during data acquisition. In addition, the 720 and R20kan 
use the clock to establish two "pre-programmed" runhtop 
times. This allows the meter to be placed at a measure- 
ment location, and left unattended. At the pre-pro- 
grammed 'time, the meter will turn on and gather data 
until a programmed shut off time i s  reached. 

Each sound level meter contains ai? external logic ouiput 
control line. This feature is used rf oiie wishes to sclivale 
an external device (such as a ftght or a tape recwckr] 
when a predefined exceedancc lcvel (in dB) is  reached. 

in addition a user can use the new meters to create and 
store measurement setups. Setups can be stored wilh a ti- 
tie and a description. 

brson*Davis also offers envimnmental encnosurm which 
provide protection for the meter and the microphone in 
instances where measurements are made outdoors for an 
extended period of time. Optional external battery power 
and cabling to separate the microphone from the meter 
are available 
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The LARSON.DAWS Product Family 

Larson. Davis Laboratories has been designing and manufacturing precision instruments for the nieasurement 
and analysis of sound and vibration since 1981. Their diverse product line includes condenser microphones 
and accessories, handheld sound level meters, portable real-time frequency analyzers, noise dosimeters and 
environmental noise monitorig systems. They are a major supplier of integrated systems used around airports 
for the measurement, analysis and real-time mapping of noise related to aircraft operations. 

Laison. Davis Laboratories makes extensive use of the most modern hardware and software technologies in 
their design, manufacturing, quality confrd, and instrument service/calibration activities. 

For Sound/Vibration Measurement 
Look to Larson. Davis 

hiah M i c e :  

Larson-Davis Inc. 
1681 West 820 Nonh 

Prow. UT 64601 
USA. 

U.K. Ofiicc: 

Lamon. Davis Ltd. 
16 Scardale Crcrcenl 

Scarborough, North Yorkshire 
LanowDavts England YOlZbLA 

801-375-0177 Telex 705560 FAX 801-375U182 Phone: 0723 36 44 95 FAX: 0723 50 00 94 
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MODEL 
Typ (Precision) 

RMS Detector 
Dynamic Range 
Peak Detector 

Weighting 
Filters 

712 720 870 ,820. 
1 

flow, Fast & Imp1 
1 lodB (la tu 175 avrlt') 

4 
A & C  
0 

812 
2 

110dB (35 to 145 IYP) 
4 

AdEC 
0 

Slow, Fast dE lmpl 
1 or 0 - i * p o a r  

Slow, Fast h h p l  
115dB ( I O  (0 180 avail') 

d 
A, C dt Fiat 

m1, 5, 20 6r looHz 
W. 1K. 16K, 25K 6t 35WIt 

/ 
sods (53 to 1% Iyp) 

1/2" Air condtnscr 
0.28 dr 200 Volts 

1 
Slow, Fast & imp! 
1lOdR (111 h) 175 avail') 

4 
A k C  
0 

2 
Slow, Fast & Imp! 
1lOdB (35 to 145 typ) 

4 
A & C  
0 

4 
45dB (am to 145 typ) 
3/8" Electret 

0 

a f  

45d8 (91 b 136 typ) 
1/r Air condenser 

0,28 h 200 Volts 

4 
45dB (100 to 145 typ) 

3/8" Electret 
0 

4 
4MB (91 to 1% typ) 

1/2" Air Condenser 
0,28 h 200 Volts 

Un-weighted Peak Uctcctor 
Un-weighted Peak Range 

Microphone 
Bias Supply 

Memory (K=lW4. M.IUZV~ 

L, Statistics 
Histogram Table 
Time History 

Interval History 
Interval I.,, Statistics 

Event History 
Event Time History 

Daily History 
Hourly L, 

Hourly Event & Backgrowd LE,$ 
Six Daily t, Values 

Setup Registers (UM LIEPRW RWI 

Leq, SEL, TWA, Takt 3 dr 5 
Sound Exposure Pa2H 
Dose 6r Prwjf?cted Dose 

Lou, c ,  
SPL, Lux, L,, L,. Luml 

Dual SLM Rature 
C minus A tScqurnbalt 

PassBy 
Event and Background bU 

Mathrmmcd Nobc Ftoa Cmpn?leHm 
Programmable R/S T i e r  

Multi-Tasking a l k r / ~ r ( n / v * r  uu 
Serial Digital I/O" 

External Control Lines 
Weather Measurements 
Pre-Amplifier ~nfirunhn 

AC/DC outputs 

512 K (IWM, 2h4 evrtlrbk) 
6 values 

1/8 to 10 dB bins 
1/32 5ec to 255 hours 
1 wc to 99 ht (hh.mcn) 

6 values 
/ *  
J 
4 
/ 
J 
I t  

16 (IO 1 5) 

256K 
6 values 

1/8 to 10 dB bins- 
1/32 s e ~  b 255 hours 
1 Sec to 99 hr fhh:mm) 

6 values 
4' 

a t  

a f  

4 
0 
0 

6 L K  
4 values 

1 dB bins- 
1 to255sec 

1 min or 1 hour 
4 values 

0 
0 
0 
0 
0 
0 

64K 
4 values 

1 dB bins- 
1tO255SeC 

1 sec to 99 hr fhh:mm) 
4 values 

/ *  
0 
0 
0 
0 
0 

b l K  
4 values 

1 dB bins- 
1 to 255 sec 

1 minor 1 hour 
4 values 
0 
0 
0 
0 
0 
0 

5 (2 1 21 

d 
/ 
/ 
0 
/ 
0 
0 
/ *  
0 
0 
4 
/ 

s19.2K baud 
J 

0 
1 Output 1 outpot 

0 
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t681 W 820 N, PROVO, UT 84601 TE~:(801)375-0177 FAX:(801)375-0182 
IlW fax is nd received properly,pleasecdl U) at the atrove number. 

TO: 
FROM: JUUE VANWAGENEN, MARKETING Februaty 4,1994 
SUBJEm NEW SOUND LEVEL METERS 

FRANK BARICKMAN I OMRIDGE NTL LABORATORY 

Dear Frank, 

Here is the information for the weather sensors, the engineer that I need to speak with 
in regards to the rain sensor is not here today but, I witt get with him and let you know any 

D 
information I receive from hm. 

Marketing 
Page:.-lof 2 . 
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E n v i r m M c l l  s@9m U.S.A. Product Price iM (prlcss In US. dolors> 

Environmental Systems 

-~ - 

W88ther 

21 30 $550 - Wcuher sensor interfaa 
Interfaces the 21 40,2141, and 2142 to the Model 
870 
-ling and offset a d j u m n t  for up m 3  sensors 

Similar to Model 21 30, for up u) 5 senson 
0 M d s  inbetface for 2143 brametric cemr, nin 

gage or told traffic monitor (nom iduded) 

21 31 $9 so 

2140 51 200 

2741 5450 

Wind monitor 
,Measures wind rPatgi and directlon 

Temperature sensor 
2142 $1,700 

Humidity and temperaturr JenWr, 12 @a& 
radiation shield 

2143 $600 
Earomeeic pressure Sensor 

0 0-16 psi range, 0.01 in. Hg max. resolution 

- 

Environmental Towers and 
Housings 

The Mowing are for permanenVsami-permannt 
monitoring. See Model 2105 lor portable sysms. 

0 slae! 17 k tilt-down tbwer 
Used to suppo~t thc 2100 
20 ft. microphone helght 
Comes m d y  to mount the 21 70 01 21 71 hwsing 

Tower mount for senwrs 
For 2140 series wcrthcr wnrorr 

27 50 $1,200 

21 51 $1 so 

BobtrSi ldedthe21SOpole 
2 1 52-1 0 $900 
0 Portable trim l D m r  Iw 2100 

Collapsrbk tripod base, radius 9 in. 16 6 f t  
* I t/2 in. aluminum section mast rea+ for 

mounting 21 70 or 21 71 
Leg base plates can be staked 
P r ~ ~ t d e s  10 ft microphone height 

Same as 21 52-1 0, provides 20 f t  micfophone 
2 152-20 s 1,000 

2153 51 60 
height. ktditional collar lor cptional guy-wirer 

Portable lower suppa-( arm 

0 Ukrw, for mountins Mather equipment such as 
drc 2140,2141, and 2142 

21 70 $900 
NEMA 4X statrink steel ~ c b r w e  
T a r  !he Model870 and peripheral equipment 
spro for w batteries, weather sensor interface 
Ut 301, modem, p-, e&. 
Mounts to the 2150 or 21 52 tower 
Requires 2 175 power supply and panel 

NEMA 4 steel wlclosufe, custom painled gray 
0 for Lhe Madel 870 and peripheral equipment 

Space for MI batleries, weather sensor interface 
U1301, modem, phone, etc. 

0 Requires 21 75 poww supply a d  panel 

21 71 $550 

0 MoWUtothe21Mpok 

-~ 
Environmental Power 

supplies 

21 7s-11 SV $6 00 
11 5 V power supply and mounting pawl 
11 S Vac mains with battery backup 

0 Provides pdwer to the Model 870,2100, ondl 
peripheral equipment 
includes 12 V, 26 Ah battery and charger for 1 
week af operation withour A t  power 

21 75-22OV S 700 
220 V power supply and mounting panel 
220 Vac mains with battery backup 
Provides power P)  the Model 870,2100, and 
peripheral equipment 
!nduder 12 V, 2626 Ah Ah balmy and 220 Vac 
charger for 1 %!&of operamn without AC v r  

2176 $1,1 
Solar battery power 5uppty and panel 
Pnwides p e r  for the Model 870,2 100, and 

Includes 47 W solar rnel and mounting hardware. 

2s or on 21 76-3 a$ indicrtd by site solar sumy 
(ull I , r ~ * D a v i s  for detpilrl. 

0 -81 baacry and solar panel configurations u n  

21 76-1 $880 
0 k,kWonal47 W solar panel 
0 Indude5 mounting hardware 
For use wath the 21 76 

26Ahbatttry 
Sealed bauery for use wilh 21 76 

0 H 13 cm x W 18 un x D 16 cm (5 x 7 x  6.5 in.) 
Weight 8.9 kg (1 9.6 b.) 

peripheral equipment 

Bgtlerics i fe  not inc P uded. Order cwI(! CU hw 2 1 76- 

be provided 

21 76-2 SI so 

@002~002 



arson4)avis offers a complete Outdoor Noise Monitoring System which includes (A) the Modd 2100 PreampiHier, (B) the Model f. 870 Sound Level Meter, and (C) the hbdeI2150 Tilt-down lower. Optional enhancements available include (D) the Model 2l40 
wind Speed and Diredon Monitor, (E) the Model 2l42 Temperature and Humidity Sensor, and (F) a solar panel and (G) a wireless 
modem link which alkm installation in areas not served by power/tdephone utilities. All compomnts am menufactured wlth malerials 
that provide maximum resistance to shock, corrosion, and extremes In environmental conditions 

(A) Preamplifier 
An aerodynamically designed profile 

minimizes wind resistance and acoustic 
reHections. included accessories are: 

Electrostatic actuator which gives a 
steady tone to verify that the system is 
correctly calibrated 
Heater and drying agent to keep the 
microphone at a steady temperature 
and free of moisture 
Windscreen 
Birdsplkes 

*Rainhat 

(B) Sound Level Meter 
Having the capacity to measure and 

store up to 250,OOO samples of data on 
noise. vibration, wind, temperature, and 
humidii makes the 870 the most versatile 
and powerful airport and emn’ronrnental 
data monitor available. 

Some of its other key features are: 
11 5 dB dynamic range 
Noise br less than 20 dBA 
A, C, and linear weightings 
16 individual M h s  
3 parallel detectors: weighted and 
unweighted peak and m 
Automatic calibration check 
9 month memory retention 
Lithium battery backup 

(C) Tltt-dorm Tower 
The tiltdown design makes accessing 

and maiWning all components easy. All 
cables are installed inside the tower core fw 
protection against adverse weather 
conditions and Mndali. 

(0) Wind Speed/Ditectlon 

qualifying noise measurements. 
The collection of wind data is useful for 

The 21 40‘s high Wity c~mp~nent~ 
assure excellent fidelity, low threshokl, and 
fast response in measuring: 
Average wind speed 

9 Speed. time, and direction of maximum 

Percentage and number of times above 

Percentage of windy time fmm each of 

gust 

threshold 

eight compass points 

(E) TernperahrreMumkltty 
The 21 42 sensors permit ttre system to 

monitor the current, average, extremes, and 
number of exceedams above threshdd 
for rempsrature and humidity. 

LARSON. DAVIS 
LABORATOR I ES 

1681 WmB;IoNonh 
PrOM. UT -1 
801-375-0177 TELEX m5560 
FAX 80‘-375-3182 
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LARSON. DAVfS 

Collecting meteorological data is necessary in many envi- 
ronmend  and airport noise monitoring situations. The 
powerful Model 870 Environmental Noise Monitor is de- 
signed to meet thaf need, offering inpurs for receiving 
measurements from the Model 2140 Wind Speed and Di- 
rection Monitor and rhe Model 2142 Humidity and Tem- 
perature Sensor. in combination with the Model 2130 
h'c3~her Sensor Interface, the 2140 and 2112 allow the 
following to k measured: 

Overall 
* Current wind speed and direction. - Current, average, extremes, and number of exceedances 

of user rhreshold for temperature and humidity. 

Overall and Daily 
Average wind speed. 
Speed. time. and direction of maximum gust 
Percentage and number of timzs above user-set windy 
rhreshold. - Percentage of uindy time from each of eight compass 
points. 

Interval and During Sound Level Exceedance 

- 

- Xvc'rage wind speed. 
* - 51ximum gust s p e d  and dircction. 

Extremes of temperature and humidity ( average values 
for intewal only 1 

Acoustic measuremens can be paused while wind speed, 
tcmperature. or humidity exceed user-set levels. 

Model 21 30 Weather Interface 

The 2130 solves the problem of connecting rneteorologl- 
cal sensors to rhe 870 by (1) scaling and ot'fsetung the 
linear output of the sensors to meet the 0 to 5 Vdc input 
range of the 870's A:D channels and (2) converting the 
wind monitor's sinusoidal speed output 1.0 a square wa\e 

Model 2140 Wind Speed 
and Direction Monitor 

The 2140 permits wind data collection that a n  be used 10 
qualify noise measurements made with the Model 870. 
High performance componenrs result in excellent fidelity. 
low threshold, and fast response. 

The wind speed Sensor is a four blade propeller that In- 

duces a srnusoidal ac voltage with frequency proportional 
to wind speed. 

To record wind direction. the vane position is tnns lwJ  
into a voltage by a precision potentiometer. the ret'cren;: 
voltage of which is provided by the Model 370. 

Originally designed for use with Ocean buoys, the 21.2) 
h a j  a highly czrrosion resistant construction. A C V  jt2bi- 

lized hermophsric body and stainless steel and anocfizcd 
aluminum firungs improve its resistance to environrnenul 
pollutants. 

Model 21 42 Temperature 
and Humidity Sensor 

Housed in a lightweight thermoplastic radiation shield. rhs 
2112 minimizes direct and reflected solar radiation for a i -  
curare temperature measurements. Tests wirh maximum 
ndiauon and an airspeed of 1 m/s showed c 1.5 'C WILL- 

tion from ambient temperature. The 2142 can rncwr: 
wmpmtures rxg ing  from - 30 to 70 "C. The xtual I1Ah.r 

and ceiling of h e  range depend on the scale 2nd of(<<: 
used at the 7110 interface and the X:D channel paran!:- 
tcrs. Tempenrare rneawremenb are very swt.lc. rnaLinS 
calibration unnecessary under normal circumsunccs. 

The 2142's fas t  time corumt  makes precise humidii! 
radings possible. Humidiry calibntion may be prrforrncrt 
with humidiiy standard solutions. 



Mountings 

The 370. 2130, and peripherals can be mounted in a compactiy designed environmental enclosure (\Idel 2170 or 2171 1 

with vxious power opuons available. 

Both sensors can be mounted on the M~dcl 2151 Sensor Mount, which bolts to the side of the Model 2150 Pole. R'ih [hc 
>f&el 7100 Outdoor Microphone System. the pole provtdes a 20 ft microphone height. The pole is center hinged to allow 
gasy access to the microphone and sensor systems. 

Specifications' 

Model 2130 

Wind SDeeQ 
Output voltage 

Input : 

0 to 5 V square 
wave 

Sensitivity 0.085 Vpp 
impedance 10 KR 11 0.01pF dif- 

ferential 
5 KR each input to 
ground 

Frequency dc to 60 kHz 
Range 
Max. Vokage 6.0 V 

Wind Direction 
Time 0.001 s 
Constant 
Reference Supplied by Model 

Input 
870. 5.0 V 5 5% 

Voltage 0 to 5.0 v 
Range 

Sensors A and B 
Gam Range C!O 10 
Offset Flange z 3.25 V 
Frequency dc to 12 Hz 
Resaonse 
OU:OUI range 0 !O 10.5 V 

( should be l i n d e d  
to 0 to 5 V for 
input to Model 870 
A:D channels ) 

9 to 15 V, 10 mA 

5 - 0.7 V and 2 
6.4 V clamp to 
earth ground with 
600 W peak pulse 
x 19 V clamp to 

600 W peak pulse 

7.5 cm ( 4.0 in ) 
10.5 cm ( 5.5 in ) 
3.0 cm ( 1.2 in ) 
241 g (8.5 02 ) 

Electrical 
Power 
Proieaion 

Wind soeed 
and direc!ion 

Sensors A 
a i d  B eani! ground with 

Phvsical 
Petgnt 
Wdrh 
Depth 
Weght 

Model 2140 

Sianal OutD ut 
wind speed 

Wind direction 

Cable 

Ranae 
Wind speed 

Gust speed 
Direceon 

Threshold 
Propeller 
Vane 

Phvsical 
Height 
Length 
Propeller dia 
Weight 
Mounting dia 

Magnetically in- 
duced ac voltage. 
Three pulses per 
revolution con- 
verted by the 
Model 2130 Inter- 
face and Model 
870 Analyzer :o 
Hz. mph,  fps, 
km/hr, m/s. and 
knots 
Analog dc vohage 
from conductive 
plaslic potentiome- 
ter. 
Resistance 10 kR 
Linearty 0 25 % 
Life 50M rev 
The 2140 is a n -  
-ecea ;o :he 
Model 27 30 
Weather l-!er/ace 
by a 20 f?. five con- 
i e t x r  caole 

0 to 60 m:s 
( 134 rnph ) 
80 mis ( 180 rnph ) 
360' mechanical, 
355' electrical 
( 5' open ) 

0.6 m's ( 1.3 rnph ) 
0.9 m/s ( 2.0 rnph ) 
a! 10' displace- 
ment 

37 crn ( 14.6 In ) 
55 cm ( 21.7 !n ) 
18 cm ( 7.1 in ) 
1.3 kg ( 2.8 Ib ) 
34 rnm ( 1.34 in ) 
( standard 1 in 
Pipe 1 

Model 2142 

TemDerature 
Range - 30 to 70 'C. linear 
Accuracy t 0.35 'C ( entire 

range ) 
Precision 0.1 'C. long :erm 

stable 
Tune constant 10 s 
Linear 0ufput-t - 0.5 to 1.5 Vdc = 

Humidity 
Range 0 to 100 46 RH. lin- 

ear 
Accuracy at 25 'C ?r: 1 % RH in refer- 

ence to calibration 
Precision c 0.5 % RH. bng 

term stao:e 
Time constan! c 10 s af 25 'C 
Error due to temp. & 0.5% RH?A 70 ' C  
Linear outpuv 0 to 1 Vdc = 

Electrical 
%wer 

- 50 to 15C 'C 

0 to 100 46 RH 

8 to 30 Vrc.  ' 5  
mA Tax 

nectea tt: :-2 
Model 2: X 
Weather I-:e?ace 
by a 20 5.  five con- 
neaor cabe. 

27 cm ( lC.6 ir, ) 

1.1 3 kg ( 2.5 :b ) 

fit a 25 to 5C rrrn 
( 1 io 2 in 1 S!X 

Cable The 2'42 5 3 7 -  

Phvsical 
Heght 
Diameter 
Weight 
Mounting V-block w:? U-bolt 

12 cm ( 4.; !f! ) 

' A l l  SpedicaUms arc SubJCCl 10 Leanse 

tOu!puts can be scaled rrd s!fse! 
by !ke 2130 Weather Ic:eiate 10 

provide the chosen range 2-c acm- 
racy for the 870 A:D chanw s. 



Model 21 OOK Specifications 
(Outdoor Preamplifier Kit) 

Included Components 
- 

Preamplifier (21 00) 
Frequency: -3 dB at 1 Hz; 9 . 1  dB to 200 kHz 
Gain: -0.05 dB 
Input impedance 10 GR // 0.3 pF 
Output impedance: e 50 Q 
M~JC ms out: 3.7 V with Model 870 sound level meter 

Noise with Model 870 and 18 pF on input (2540 mic): 
(10 V with Mcdel2201 amplfier) 

X-weighc 29 dB SPL 
C-weight: 27 dB SPL 
flat (1 Hz 10 35 kHz): 32 dB SPL 

Qtuescent Currenc 5 mA typ. 

Operaung power: 8 to 14 Vdc (75 q A  at 12 Vdc), 

Tuman: 0 Vdc, 45 fl into open collector 

Resistive Heater 

1 6 0  R, 0.9 W 

Electrostatic Actuator 

1-1 

'0 pA when off 

Output: 391 Vac ar 500 f-€z (provides 90 dB SPL at 

Operaung power: 5 LO 18 V (60 mA at 12 V), 

Turn-on: 4 to IS Vdc (20 &4 at 5 V) 

Desiccant (dehumidifier) 
17.5 g blue sihca gel (7 capsules @2.5 g) wuh ex- 
pected life of 6 -12 mo (replacement reqtured when 
gel u ~ m s  PW 

Rainhat (21 10) 

Windscreen (2120) 

Windscreen lnseR (2120-1) 

Recommended Components 
~- ~ 

Model 870 Noise and Vibraton Monitor 
Dynamic range: 115 dEi 

Data storage: 64K 
Interface: RS-232 
Frequency range: 1 Hz to 35 ).JIz 
High and low pass Filters 

Mcrophone (Model 2540) 

ĉ , in free field condenser. 18 pF (dlaphtagm unpern- 
ous LO nitnc and. suifunc acid hydrochloric acid. and 
salt) 

Cables for Model 870 Sound Level Meter 
20 €t preamp cable (21ooicol) 

20 ft control cable (21oo.co2) 

Calibration 

Electrosraric mua!or Wt into rainhar pnovldes 90 dB 
at 1 kHz (22 Hz) (hiaared from remote smion or by 
870) 

Environmental 

Tenperature Range 

-35 m 70 "C (-31 to +I58 s', 

Humrdity Range 

0 LO 100 8 relative humidity 

Physical 

Mounting Screw Thread 

1 M in h i  (shock mounting burlt mj 

Dimensions (not including windscreen) 
Preamp diameters: 

Top: 13.3 mm (I4 in) 
Middle: 26.7 mm (1 in) 
Bottom: 76.2 mm (3 in) 

Over all  (top of budspikes): 1092 mm (43.0 in) 
Preamp: 918 mm (35.8 in) 

3 kg (6.6 lb) 

Lengths: 

Weight: 



I 
Connectors 

Signal (female. mates with Swrtchcraft TA5ML 
i3.n eLKRQs 
1 Ground 

3 -9 v 
4 Microphone bias 
5 +9 v 

E i n p u r w s e  
1 Ground 
2 +12 v 
3 Elecuostaac atamor conrroi 
1 Hearer conuol 
5 Not used 

2 s i g d  OUQUK 

Control (male. mates with Switchcraft TASFL) 



Dear Frank: 

Per our telephone conversatioti I have enclosed three different sound level meter models 
that I thoughtwould work for your application. I h a w  also enelosed a price shixt on the 
different models and kits. Ibse prices are valid for 45 days. 

E you have any questions, plea& feel free to contact nie. 

If you decide to order, please contact our dealer in your ,wed: 

CLEMENTSAFETY 
Memphis, TN 
TEL: (901) 775-3600 

Best Regards, 

Vicki KuU 
Regional sales Coordinator 
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Model 2800 Integrating Sound Level Meter 
Modd OR300 173 - l/l-Octave Band Filter Set 

0 Model OB-100 Octave Band Filter Set 

0 For Industrial and OCCU~~IUSMI Noise Studies 
Dirw Readout of SPL, %, Peak Level, Impulse 
Level, Lmax, Lmin. SEL and Run Time 

e Fxy-ro-Read LCD Digid Display plus Additional 
QuaskAnalogue Display 

e AC and DC Recording Outputs 
0 6232 Digital Outputs to Printerx Computers and 

Quest NL-15 Dam Logger 
rn Expaodr to Full O a a v e  Bud o r  Combinslion 1/3 - 14 

Octave Band Analyzer 
a Printouts show Summary Data, Exceedance Levels, 
+, Lmax, Lmin. and 5tL by frequency 

The Quest 2W.I tntegraring Sound Level Meter provides 
mmprehen~ivc data f o r  occupational and cnvironmtntal 
ntrise measurements as well as many orher general 
purpose applications. It displays and prints out Sound 
Level, Inregrated bund  Level. Max 1evsl.Min Level,SEL. 
Peak, and Impulse readings. A dear easy 10 read digital 
readout is complemented by a quasi-analogue display. 
The  Quest 2800 ourpub dimlly ta xrial prlnrcrr to 
provide a detailed report induding all displayed param- 
eters plus a complete chart of all exceedance levels from 
L1 to LW. When used wi& the optional filter sets, it also 
prints each octave or 113 wave band readin from 
memory storage. AC and DC outpuu are provi If ed for 
connecrion to chart recorders and a digital data nurpiir 
allows connmiontotheQuat NL-15 Noise Dam logger. 
(The Logger is used with the meter only and not 
applicable wirh rhe filter sets.) 
The Quw 08-Mo combination 1/3 - 1/1 Octave Band 
Filrer Set glves a &ice of measuring all 33 one-rhird 
onave bands or cdening standard 1/1 w a v e  band 
measurements The filrerrer will automatiwily s uence 
rhrough each m a v e  or third ocIave band, di6p 7 ay the 
measured level and store it in memory, or the user an 
manually selea any individual octave band. The 06-100 
has rhe same: automatic and manual features of the 
06-300 except chat measurernena are made in full 
oc cave bnds only. 
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Represented by: 

I @QUEST; TECHNOLOGIES 

Specifications 
Model 2800 sound Level Meter 
Range: Merer only: 35 to14od8. With external fiheh: 10-140dB. 
Norse floor varies depending on fitter frequency rrqlmion. 

Standa& ANSlSl.4TypetandrelevdntseaionsofIEC~7,and 
t EC dw. 

0- RS-232outputs to computers, printers, or Quest NL-15 
Data Logger. SeleaaMe baud races of 300,W. 1200 or 24oQ ASCII 
clia -1- formar. AC and DC for chalt recorders. 
hrqumq w~ighrimg k t w d s ;  A. 8. C, and tiitear. When 
using OB-lbQor 08-#x) filtersexs,anvoneoi the weiahrinps m y  
be selected. 
frequency Range: 4 H t  (-3dB) to SOkHr [-M6) 'timar wale, 
sum IO microphone limitations. 
Dkplpy: 3-112 Digit Liquld C w i  Display wtth addiiinal Quad- 
Analogue 6OdB indicator in 2d8 i n m & .  Level dirpfay 10 
O.ld0 redutioii. Time dbpldy of Min:Sec or Hr:Min. Annun- 
ciarors for Battery Check, Hold, Run, and Overload indications. 
Me(r?r Response: Slow, Fast, Peak, and impulse. 
Moder d Operation: As an integrating sound b e l  mer, 
calculates sound pressure level {SPL), maximum level (MAX). 
minimum level (MlN),u~cind e.rpowrele\lel (SEt),adequtvahnc 
level (L-). Also measures peak and impulse levels; 
Birttaicr; Two 9-vok alkaline batteries (NEDA 1-A) will provide 

optional fitters). 
approximarely 20 knurs of continuous operation (10 hours with 

lripudklounl: Accepts standard t/+Bfripod mounting wrw. 

Te~npera&re Range: Operation: -1OX to +!iO°C. Storage (less 

Stn: 3.3 
preamp hiight. 

8.2 x 1.5 inch& {M x 208 x 47mrnl rn induding 

WeMc 24 ounces (W grams) inciuding preamp. mkmpholie 
and banrtrles. 

Model 08-306 1/3 - I/I &taw Filter Set 
ANSI SI 11, Order I and ILC W. 

Crnler Froqumcig: 33 frequenues from 125 Hr to ZOkHz. 

tial stepptrig rhrouRh each frequency bdnd. 
Porvcr Sourn: Sound level Meler 

sin. 3 3  x 4.2 x 1.8 whes (84 I 1W x 47mm). 

Welght: 9 ounces (255 grams). 

Mode1 08-106 Octave Filter Set 
M a &  ANSI 51.77, Order 3 drld IEC R225. 
Center hquowuw e : 10 frequenries fmm 315 Hx to 16kHr. 

Frequency Selection: TuU manual crmaol or auromatisequeli- 
tal acpping thmugh e& trequcncy band. 
Power Swrcc: Swnd I.evei Meier. 

Sire; 3 3  x 2.8 x 15 l n c k  (W A 71 t 41mrn). 

Weigk 6 ounces (170 grarnsl. 

FfequCmy k l c r b e  full wrwdl ~rlnltul (H dlut~l~ulk  rr(ur11- 

Accessories 

Kits 

%e-264 
r/B3 P n n d  In 1 J . U  
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both a manual and unique automatic mode, or the 06-300 cornbina- 
tion 113 - 7A Octave Filter with both manual and automatic mode. 

with attached Madel OB-50 
OCCJV~ Band Filter Set 

2 

Model 2700 ital Sound Level Meter 
with Octave Band Filter Sets 

I 

Type 2 General Purpose Sound Level 
Meter 
Easy-to-Read LCD Digital Display plus 
Additional Quasi-Analogue Display 
Wide Dynamic Range from 35-140df3 
Direct Readout of SPL, Pcak Level, 

AC and DC Recording Outputs 

Impulse Level and Lmax 

Expands to Full Octave Band or 
Coinbinatirm 11'3 - 1/1 Octave Band 
A n d  yzer 

Removable Microphone for Remote 
Measu r emcmt Capab i I ity 

The Quest 2700 is a professional all-purpose wide range Sound Level 
Meter for  accurately measuring sound pressure levels in virtually any 
application. It displayr Sound Level, Max'level, Peak and Impulse 
readings on a clear easy-to-read digital readout complimented by 
q uasi-ana logue display. 
The2700 is housed in a rugged, yet lightweight, injection-molded case 
with intcrnal shielding and operated with easy-tu-use slide switchtr 
and push buttons. 
The microphone and preamp are detachable to enable rneasurc- 
ments from a remote location and to input other devices such as the 
Quesi Model VI-90 Vibrarion Integrator. 
Capabilities of the Quest 2700 can be expanded by adding any of three 
octave band filter sets, . . . rhe Quest Model 08-50 which providts 
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Specifications 
M d  p#) sound tevel Meter 
f&nge:~eter~.35tr,lr#3d84.~thextemalfiltkrr: U);t40dR. 
Noise ftoor varies depending on filter frequency selection. 
f h u b d s ~  A N S l  S1.4 Type 2 a d  relevant ~ E d o n s  of 1K 6fl. 

~emov;rble .a3-i~h (arnrn) prepharired ton- 
denser (electret). Miopbone preamp; removable and wiU drive 
up to 100 feet of cable. 

OuQnds ACandDCfordranrccordco. 
h q t a u t q  Weigh- hktwo&a A, 8. C, and hntrr. When 
using an octavefilter,;myoneof rheweighringrmaybeseleaed. 
Frequency &rage: 4 Hz 1-3d6) to SokHz (-368) linear sale, 
wbpm 10 microphone Ihkations. 

3-112 Digit liquid Gyd Dispby with addirional Quasi- 
Andlagw 6OdB indicator in 2dB *hoemen& b e l  d i b y  M 
0.1JB resolution. Annunciamrs for Battery Check, Hold, and 
Overlnad indications. 
MotcrRay#nu: Slow,F1IJt,Peak,andim~fscinSPLandMAX 
mode. 
Biittmh Two %v& al)taline barteries {NEDA 7664A) will pro- 
%le approximately LU burr of continuour operation (YO burs 

Ti lpdHaunt:  A-standardl/~~tri~mountinlrsowu. 
T e m p ~ b r n  ILurlpc: Optration: -1WC to +SO%: Storage (less 
bartelk): -apt IO **c 
!iiaez 3 3  x 8 2  x 1.8 in- (84 x 208 x 47mm) not incid€ng 
preamp height 
W e i g h  24 ounces [6a6 gramc) indudin8 preamp, miaophane 
and banerier 

with optional filter). 

Model 06-50 Octave Fiher Set 
scududp. AN51 51.11, Order 3 and IEC R22S. 
Center hrqwwcia: 9 frequencies from 315 Hr to Blr Hz. 
Parver Source: Sound Level Meter. 

site: 3 3  x 28 x IS inches (84 x 7 l  x 4 m m ) .  

Weight: 6 ounces 070 grams). 

I 

Model 08-1011 Octave Filter Set 
SEpdUdc ANSI 9.11, Order 3 and IEC RW. 
Center F r q u e d e s  10 frequencies from 31.5 Hzto IbkHz. 

hpquoncy kkctkn: Full manual control or automatic sequen- 
tial stepping through each frequency band. 

P o m r  k u r r r r  Sound Level Meter. 

She: 3.3 x 2 8  x 1.8 I n c h  (Sa x 7l x 47mm). 
weight? 6 nunc% flm g M ) .  

510' Worthtnuton Street flopmsenm by 

Ocanomwac, Wl53066 U.S.A. 
Tslsphona (414) 567-9131 
Tyvx 910 260 1438 LA BELLE 

T O t l  FREE (W} 24111179 
ELECTRONICS FAX (414) 567-4047 

((((Ques 
-..&'E+/*- 

Prlnted In LI S.A. 
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Model 24bO Sound Level Meter 

I .  

Vemtile 
The .!40O's many features accomrnod,rlr. .t witle variefy oi 
s i ~ u ~ ~ i o i i l ; .  

\\'~dc 70 dB range is switchable belwrrrl lo$ .mi trigti 
s e i  tinjis (30-1 OOdB or 70-140dB). 'X>vrrr,;-ndr" .inti 
"Uncic.rrringc" warning indicate wtizii , I  c.Ii.~ii~e rnmi 13 i i t -  

rriiigf\ t c j  the other is xcornniended lor ,it( uraw rcxlitip. 
Choose hecween "A" , ~ n d  "C" frequenry weighling\. 
h\.iy he hand-held, nmunted on 3 t r i p c x l ,  o r  Sitnply 
plxecl  in 3 convenient location. 
"F,ist Keynse" setting krrnits accurate me~auremwii 
01 short urarion naises, such as rncnurix veliic:It.;. 

-,\lax Hidcf" mode displays maximtiin wei&?ml round 
tri el c,ncr)unrerd. 'Run' d e  continuocr+fy i11K1.11is 

soilntl level readings each second. 
A( ,iiic1 DC output jacks permit conncxlion th peripIit!r,1i 
clt-vicxs such as reccuders and oscilli )icoiws; 



Quest 2&0 Type 2 Sound Level Meter 
Specifications 
S t a n d a h  ueets or exceeds ANSI S1.4, $Q@ 2 and 
relevant sections of IEC 651 and BS 5969, Type 2. 
Display: 3% Digit liquid Cqsral display. Level 
display indicates to 0.1 dB resolution. Annuncia- 
tor is includcd for Battery Check. LED indicators 
are used for overrange and underrange conditions. 
Modes of Operation: Measures sbund pressure 
level (SPU or maximum level (MAX). 
h g e :  30 to 140 dBA. 40 to 140 dBC. 
AC Cain Calibration: External dibraibn adjusr- 
ment available on front of m m r  near !he micro- 
phone. Calibrate using an acousiic cal'haror that 
is properly adapled to the microphone. 
Frequency Weighting Networks: A and f. 
Muter Reapnse: Slow and F a r .  
Microphone: Field replaceable prepnlmzed con- 
denser (electret1 microphone. 
AC Output: 0.85 V R M S  at 100 df3 on LOW range- 

8.5 mV RMS at 100 d8 on HIGH range. 
The output impedance is 1 Kohrn,. 
'A inch phone jack. 

PCOutpUt: OVDCklSmVai 1OOdB. 
Each 0.1 67 V change equals 7 0 ti6 f1  V/60 d5). 
The output impedance is 1 Kohms. 
Y inch phone jack. 

Detector: True RMS. 
Crest Factor: 15 (23 dE) up to 88 d B  LOW rdnge. 
128 dB HIGH range. 

5 (1 4 dB) up ro 98 dB LOW range, 138 dB 
HIGH range. 
3(lOdS)upun103d3LOWrange, 143d6 
HIGH range. 
Crrsi ldctur i s  dfWdy> 5ufffCieflr tu handle [he 
signal if the overload indicator does not light. 

Overload !ndiCath: A red LED indiwks overlaid. 
Accuracy: Within 0.5 dS at 25°C; within 1.0 dB 
over the temperature range of -1 0°C IO t 5 O T .  
Temperature Range: Operation: -1O'C to + S O T .  

Storage: -2O*C to +60"C. (less batteries). 
Operating Humidity: U to Y5% relatrve humidity, 
nontondensing. 

Acccssories 
Model QC-rO Calibrator: A mgle-frequency, 
single-atnplitudc c't Ihr,itor. 
Model WS-6: Winr Iwccm. 

Model 56-1 63: ( ' d l i h r ~ l o i  ,thprnr. 
Model TP-2: Tjip1~1. 

Kits 
Morkl 2.100 SotJnd i.tivt-1 Mtder, Model QC-10 
Callbratot and Model WJS-6 Windscreen dre 
mailable, complcle wilh carrying case, a5 Kit 
numbcr 2400-1 0. 
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MOD= .' + -  SQUND LEVI$ METERS UST PRIC 

1800 

1 700 
1400 

2800 

2700 
2600 
208L 
200 

AlsandLBvelMetenrarr#t2o8rzDsL~cal~adaptrr.whdaxeerr,lydcarytpcasa 

M E W W I N G  SOUND LEVEL METER: Lncludss 1 R lnch remlable 
mkropbw,mdoomprffsrcable ..................................................... !24is 
SOUND LEVEL MRER: hdwlea 1/2 lnch remotable mlcroghone ............................ 2396 
SOUND LEVEL METER: Mudes fixed microphone ....................................... I3996 
5tpc 2 Genere I P U r W a Q  

INTEaRAm SOUNO LEVEL METER: hckrdes rem0raM mlcmphme, 
a M  mplnerca#e .............................................................. 1456 
SOUND LNEL METER: lncludea romotPble rnkrophone ................................... 825 
SOUND LEVEL METER: M u d e ~  fixed rnlnaph4ne ....................................... 486 
SOUND LEVEL METER: special purpose, 50.10OdfW, indudes pouch ......................... 165 

185 

e 1 W s i o n  

SOUND LEVEL MEl'ER: same aa above except range Is 7&1MdE3A . . . . . . . . . . . . . . . . . . . . . . . . .  
:mm c&JBmTod$.: 

'Irdudeesene as UJt 8k4mq plap Q G l O  aQG21) Eaipxata 85 bukaiad 
1800-20 iKcMmnNo SOUND LEVEL MEER a CALIBRATOR K ~ T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3180 
1700-20 SOUf-UI LEVEL M F I E R  6 WIEF1ATOR KIT . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  2886 

1400-20 SOUND LEVEL METER 15 CALIBRATOR KIT ........................................... ,1630 
2800-1 0 tNTH3RAM SOUND W E L  METER & CALIBRATOR KIT ................................ 1795 
27oO-10 SOUND LEVEL METER 6 CAUBRATOR KIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1170 
24oO.10 SOUND LEVEL METER b CAUBRATw4 KIT . . . . . . . . . . . . . . . . . . . . . .  , .................... 795 

: i m A V E  m a  RCJFR bm 

08-300 OCTAVE BAND FILTER $Et: comblnatlon 1&1fi filter, 12.5Hz to mth ....................... 1846 
06-1 00 '796 
06-50 OCTAVE BWD FILTER SET: 31m ta 8 W  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  896 

OCTAVE BAND FILTER SET 3 1 k  b 1WHz ........................................... 

1800-30020 

1 7 ~ 1 0 0 2 0  

INTEQRA7lffi OCTAVE W D  ANALYZER: lndudes 18OO,OB300. 
QC~,whdsaeen, andcarrylngcase ................................................. 4895 
OCTAVE BAND ANALmER: Mud08 17OO,OB-lOO. 9C-20. 
whdaaeen,.ndcanykrgaase ...................................................... 3780 

..- ' - QC-10, nrlndr;aeen, and cwyng a=., ............................................... 2696 
W A V E  BAND ANALYZER: M u d e s  2700, OB-SO, Qc.tO,  
wrhdmormcm,ondonnyhO oodo ...................................................... 1876 

p,, 2800-1OO10 WEQRATINQ OCTAVE BAN0 ANALYZER: lncludes 2Hoo. 0&100. 

nBa10 

Note Octrve Band Filtem and Calibratom msy be substituted wfthin the kits, add ormbtroct dlffrmwc In ca 
rrcotdingly. 



ARMTEC IND, USA @ 001 
02/83/94 l6:35 S603 669 0931 

r MEGGlTT 
.A AEROWACC 

ARMTECI 
RAGEN 
INC 

REP #: WD-~-0294-0315 FAX # 61S-574-96t9 

Subject: Meteorological Sensor, P/N 88658-02 

The tolerances for the sensors in the above referenced product are: 

Headwind/Crosswind 2-4 M/S 
5-40 M / S  

Pressure 

Teinperature 

Budgetary pricing: 

1 - 4 $ 7 , 5 0 0 . 0 0  
5 - 9 $6,150.00 
10 - 24 $5,140.00 
25 - UP $4,550.00 

Dely: 38 weeks ARO 

Sincerely, 

ARmTECjRAGEN INC. 

0 .5  H / S  
f 5% 

500-1080 millibars -F 2 millibars at 
room temp. 

-4OOC to 6 0 ° C  2 2°C at min. 5 M/S 
wind 

Nancy 
Contract Administrator 
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JTPUT MEASUREMENT VOLTAGE 
. 

V 
CVOL 

V out = 0.03448 x P in - 27,24 

FIGURE 4 :  INPUT PRESSURE TO OUTPUT MEASUREMENT VOLTAGE 

ALLOWABLE DEV I A T  1 ON OF MEASUREMENT 
VOLTAGE FROH NOH I NAL YOLTAGE AT AM61 E N T  TEMPERATURE 

1080 
I I 

I --....--.., +O. 08 +.  069V I 

: ACCEPTABLE ACCEPTABLE : +O. 06 
1 

-0.06 :ACCEPTABLE ACCEPTABLE J 

-0.00 

-0.10 

I 
d 
I -. 069V . I  

FIGURE 5 ALLOWABLE MEASUREMENT ERROR FOR THE PRE-SSURE SENSOR 

ARMTEG QMD888TTlwRB@, DMC, f 
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APPENDIX S :  TECHNICAL DATA FROM VIDEO DATA SYS"EM VENDORS 

Cohu 
Panasonic Broadcast and Television Systems 

Skotel 
American Video Equipment 

Horita 
Robot Research 

J V C  Professional Products 

329 



. w c r o l e n s  S e n y  

0 Compact, Lightweight Remote 0 Two Year Warranty 

REMOTE-HEAU UGD CAMERA: 

f APPLICATK)NS 

Microscopy 

Image Processing 

0 Machine Vision 

Medical and Industrial 

Pattern Recognition 
Non-Contact Measurement 
3-D Imaging 
Inspection 

0 Robotics 

0 Computer Graphics 

Remote Sensing 

Mapping 

Teleradiology 

Quality Control 

Teleconferencing 

0 Security/Surveillance 

Cohu's new 8290 and 8390 Series 
High Performance Color Remote- 
Head CCD Cameras are the perfect 
solution for applications requiring 
high performance in a compact 
package. The lightweight remote 
head is easily incorporated into mi- 
croscopes and machine vision sys- 
tems, and is ideal for specialized 
securityjsurveillance applications. 

Available in NTSCP-C, PAL/Y-C, 
and RGB models, these high resolu- 
tion cameras use on-chip microlens 
HAD sensor technology, which en- 
hances dynamic range and sensitiv- 
ity while reducing vertical smear. 

An easily removable trim plate on 
the camera control unit provides con- 
venient access to electronic shutter 
timing, integration, AGC, and white 
balance controls. 

Designed and manufactured in 
the U.S.A., 8290 and 8390 Series 
High Performance Color Remote- 
Head CCD Cameras are backed by 
a two-year warranty. OEM engineer- 
ing requests are welcomed. ( Cohu High PgConnance Color Remote-Head CCD Camera 

Head - for easy installation and 
operat ion 

0 On-Chip Microlens Sensor 
enhances sensitivity and dynamic 
range, reduces vertical Smear 

horizontal TV lines for sharper 
images 

operation over a WI& range of light 
levels 

Adjustments for control of shutter 
speed, integration period, AGC, and 
other critical parameters 

ensures precision measurement 

0 High Resolution - 460 

0 High Sensitivity - permits 

* Convenient External 

0 Zero Geometric Distortion 

Choice of Video Formats - 
including Y-C and RGB outputs for 
specialized applications 

Eight-Speed Glectronic Shutter 
reduces blurring of fast-moving 
objects 

0 Selectable Integration Periods 
with Grab Pulse - for low light 
level microscopy applications 

0 1OOO:l Overload Capability 
permits incidental light overloads 
up to ten times that of other CCD 
m a s  

AGC with Peak-Average 
Adjustment for clear images in 
varying light level applications 

0 Made in U.S.A. - direct factory 
support, quality design and 
construction 

1 1 

COHU 
Designed and manufactured in U.S.A. Cohu, Inc./Electronics Divisio 



AND 8390 SERIES REMOTE-HEAD COLOR CCD CAMERAS 

Imager 
Single interline transfer CCO with 

matrix filter (cyan, yellow, 
m a  green) 

Image Area 
6.4 x 4.8 mm (l /T format) 

Active -re Elements 
HIsc/y-c: 768(H) x 493(v) 
PAUY4: 752(H) x 582(V) 

Msc/y-c: Horizontal 460 TV lines 

P U G :  Horizontal 460 Tv lines 

R d U i k X l  

Vertical 350 N lines 

Vertical 415 TV lines 
-sitMty 

3200 K faceplate illumination. 
6.5 lux at full video, AGC Off 
0.55 lux at 80% video, AGC On. 

Switch selectable, 1/60 second (off) 
Etectmnic Shutter 

to 1/1O,OOO second (8 steps) 

Swrtch selectable. 2 to 16 fields 
(8 steps) Grab pulse available 

Integration 

Gamma 
0 5  

AGC 
0-20 d8 
Peak-average adjustable 

Signal-to-Noise Ratio (AGC Off) 
48 dB (NTSC with 4.5 MHz filter) 
45 dB (PAL wth 5 MHz filter) 

Video Outputs 
Encoded: NTSC and PAL 

1 V p p  4375 ohms, unbalanced, 
composite 

Y. 1 V p p  a75 ohms. unbalanced, 

c: 0 285 v p-p 
Auto Lens Output 

S v i  
composite 

Peak-average characteristic tracks 
AGC adjustment to eliminate 
AGC/auto lens interaction 

Color Lock 

Color Balance 

Burst phase adjustment 
Horizontal phase adjustment 

Through-the-lens type 
Less than 10 IRE units unbalance 

from 2850 to K 
Synchronization 

Power Requirements 

NTSC or PAL crystal. color lock 
standard 

12V ac or dc (standard) 
115V ac. 60 Hz for NTSC models 

(optional, with wall transformer) 
230V ac. 50 Hz for PAL models 

(optional, with wall transformer) 
Power Consumption 

4 5w 

Imager 
Single interline transfer CCD wth 

matnx filter (cyan, yellow, 
magenta. green) 

Image Area 
6 4 x 4 8 mm (l i2-1nch format) 

Active Picture Elements 
R G W :  768(H) x 49304 
RGB150: 752(H) x 582(V) 

RGBIGO: Horizontal 460 TV lines 

RGMO: Horizontal 460 TV lines 

Res01 ution 

Vertical 350 N lines 

Vertical 415 TV lines 
S e n s W i  
3200 K faceplate illumination 
6.5 lux at full video. AGC Off 
0 55 lux at 80% video, AGC On 

AGC 
0-20 dB 
Peak-average adjustable 

O 5 o r  1 0  
Gamma 

Electronic Shutter 
Switch selectable, 1/60 second (off) 

to 1/10,000 second (8 steps) 

Switch selectable, 2 to 16 fields 
(8 steps), grab pulse available 

Integration 

Power Requirements 
12V ac or dc (standard) 
115V ac 60 Hz (optional, with wall 

230V ac 50 Hz (optional, with wall 
transformer) 

transformer) 
Power Consumption 

video outputs 
4 5w 

RGB, per channel: 0.71 4 V p-p 
@75 ohms, unbalanced. sync 
on green, jumper selectabie 

Sync: 0 4 V p-p 6375 ohms, 
unbalanced 

Synchronization 
Genlock, H 8 V drive 

ENVIRONMENTAL 

Ambient Temperature Limits 
Operating. -20 to 50 "C 

(4" to 122" F) 
Storage: -30 to 70 "C 

(-22" to 157" F) 
Humidity 

noncondensing 
Vibration (less lens) 

Up to 95% relative humidity, 

5 to 60 Hz with 0.082 inch total 
excursion (1 5 g's d 60 Hz). From 
60 to lo00 Hi!. 5 g's rrns random 
vibration without damage 

Up to 15 g's in any axis under 
nonoperating conditions, 
Mll-E-5400T, paragraph 3.2.24 6 

Shock (less kns) 

Altitude 
Sea level to equivalent of 

3,oOOm/l0,000 feet (508md20 
inches of mercury) 

Dimensions 

Weight 
Please see dimensional drawings 

Camera Control Unit (1 2 V mcdel) 

Camera Head (less lens and cable) 

15' Remote Cable 17 ounces (483 

36 ounces (1000 grams) 

4 ounces ( 1 13 grams) 

grams) 
Lens Mount 

Connectors 

Top Panel Adjustments 

Adjustable 'C' mount 

Please see dimensional drawings 

Shutter/Off/l ntegrate 
&Position Shutter/lntegrate Switch 
AGC On/Off ' 
AGC PeaWAverage Adjustment 
Auto/Manual/Remote White Balance 

White Balance Ad~ustmeiit" 
Horizontal PhaselColor Lock' 
SC Phase Switch' 
SC Phase Adjustment" 
AGCIManuallRemote" 
Gain" 
Vertical Phase Adjustment" 
Horizontal Phase Adjustment" 

Switch * 

NTSCM-C and PAUY-C Models * 
Only 
RGB Models Only 

** 



c M 
N 

6Una.*  1z -u 

I - Adpistable 'c' mount /,- 15 Feet ---=! 

lers adapter (4.57 Meters) I 

2.87 73 
7.75 197 

G J  -H---- ~ ' -Adapter mounting 
-F-  1 blockcanbe 

--..--- mounted on top or - M o m  of camera 
head. 

J- - K 1  

AMP HDE-20 
_. Receptacle 

(1  SPIN 'D" Sub- 
miniature 



8290 AND 8390 SERIES REMOTE-HEAD COLOR CCD CAMERAS 

8x9 X - xxxx I xxxx 
Format Options Power Options Configuration Options Lens Options 

2 NTSC Format (€0 Hz) 2 12V acldc loo0 NTSCN-C or P A W - C  &XM) None 

3 PAL Format (50 Hz) 3 230V ac. 50 Hz. with wall 
t r a n s f m r  (8393 Series 
only) 

2OOO RGBIGO or RGBl50 

5 115V ac 60 Hz. with wail 
t r a n s f m r  (8290 Series 
only) 

PLEASE NOTE: Cohu welcomes the opportunity to provide special 
features to better serve your particular requirement For example, cus- 
tom painting, silkscreen and logo for OEM customers and special 
connector pin configurations can be ordered. Please contact Cohu 
for details 

Manual Iris. C uount 
A104 4 5mm f/2 0 2 B  
AW665rrm f / l 8  2/3' 
ALOB 6mm fi? 4 2/3' 
A014 12mm $11 2 117 
Al$6 16mm 'il 4 2/3' 
AL25 25mm 'I1 4 1' 
ALSO 50mm f l l  a. 1' 

Auto Iris, C Llount' 
Eso5 4 8mm 71  8 213' 
Esozl8mm 111 4 . Z  
ES16 16mm ';1 4 2/3' 
EH35 35mm 111 4 2/3' 

Custmers S L - C ~ ~  ?eir mr auto 
iris ;enses rnL5: x e r  .ens connecor 
separately R e a  :ornil fac!ory 

COHU RESERVES THE RIGHT TO CHANGE SPECIFICATIONS WITHOUT NOTICE 

N?sc & PALCCNNECT'OR CONFIGuRATlONS 

LENS REMOTE 
__ __ 

AutoiMan 1 Power 

2 White Balance 2 Lensvideo 

3 Grsuna 3 SyncNideo In 

4 Shutter OniOff 

- __ 

- __ 
- __ 

__ 
Y-c 5 +5 - 

, 1 Y-Ground 6 Ground 

7 Ground 
LI 

__ 2 C-Ground 

3 Y  8 Grab Pulse 
- 
L - 
' 4  c - 

RGB CONNECTOR ~NFIGULUIONS 
REMOTE 1 

1 Bicc Lev& 

2 Red Level 
___ 

4 Shuser OniOi-! 

5 +5 

6 Vertical In 

- 
__ 

7 Ground 

8 External Gain __ 

RGB 

NOTE Tbe RGB connector 
layout is directly c rn atible 

image capture boards 
wiih Targa? Vista 8 P  , and other 

GOHU AOVlWEED 

rEtn*o'CGr 
VIDEO 

uyu n m e i s .  FAX (61 9)277-0221 0 Teleohone (6 19)277-6700 0 TWX 91 0-335- 1244 
5755 Kearny Villa Road San Diego CA 92 123 

Cohu Iric /Electronics Divson 
PnntedmUSA 97&(0Us3i February 1993 



TWO- YEAR REMOTE-HEAD MONOCHROME 
. -<I> WARRANTY FRAME-TRANSFER CCD CAMERAS 

Cohu's Monochrome Remote- 
Head Frame-Transfer CCD Cameras 
offer all the outstanding perform- 
ance characteristics of Cohu's 4800 
and 4700 Series standard mono- 
chrome frame-transfer cameras, 
with the added benefits of a two- 
piece configuration, electronic shut- 
ter, and enhanced signal-to-noise 
characteristics. The lightweight re- 
mote camera head is ideally suited 
for mounting on microscopes, ro- 
bots, and other equipment with size 
and weight limitations. 

Both the 6400 Series RS-170 and 
the 6700 Series CClR cameras pro- 
vide high resolution and high sensi- 
tivity. The blemish-free CCD sensor 
provides pixel-to-pixel contrast vari- 
ation of less than 5%. with zero geo- 
metric distortion and no lag or 
image retention. 

Connected to the camera control 
unit by an integral 15-foot cable, the 
remote camera head weighs only 
113 grams, and measures only 
38mm in diameter and 5 1 mm in 
length. 

As with all Cohu CCD cameras, 
the 6400 and 6700 Series cameras 
are designed and manufactured in 
U.S.A., and are backed by a full two- 
year warranty 

APPLIC4TIONS 
0 Microscopy 
0 Machine Vision 

Medica l  Imaging 
0 Process Control 
0 Quality Control 

Image Analysis 
0 Security/Sunreillance 

Cohu 6400 Series Remote-Head Monochrome Frame Transfer CCD Camera 

Compact, Lightweight Remote 
Head - maximum flex Olliiy 'or end 
users or OEMs 

High Resolution - ' c -  berm 
definition, error-free rE5,lts 

0 Two-Speed Electronic Shutter 
reduces blurred images of fast- 
moving objects 

High Sensitivity perms  operation 
over a broad range of llght levels 

Genlock, H & V Drive, Pixel 
Clock Outputs for machine vision 
interface 

High Signal-to-Noise Ratio for 
better dynamic range 

Auto Black for contrast 
enhancement 

100% Blemish-Free Frame- 
Transfer Image Sensor - no 
dead pixels 

0 Made in U.S.A. - direct factory 

No Lag or Image Retention - 

0 Zero Geometric Distortion for 

Selectable AGC Ranges for 

support 

provides fast clean images 

consistent corner-tGcorne' linearity 

better control under varying light 
cond it tons 
Optional IR Fitter 

0 State-of-the-Art Design and 
Construction for high 
performance, reliabdity and long life 

Choice of RS-170 & CClR Models 
0 Two-Year Warranty 

15' Remote Cable facilitates 
system design and installation 

Special Configurations for OEMs 
and end users 

COHU 
Designed and Manufactured in U.S.A. Cohu, IncElectronics Division 



400 & 6700 SERIES REMOT€-HEAD FRAME-TRANSFER CCD CAMERAS 

mager Type 
Single CCD using frame-transfer 

method 
mage Area 
6.4 x 4.8 mm (corresponding to '4" 

Wive Picture Elements 
RS-170: 739H x 484V 
CUR: 699H x 576V 
MI si 
RS170: 8.5(H) x 19.5 (V) microns 
CCIR: 9.2(H) x 16 8(V) microns 
tesolution 
RS170: 550 horizontal N lines, 

CC1R: 525 horizontal N lines, 

iensitivity (faceplatg) e2850 K 
0.4 lux at full video, AGC off 
0.04 lux at 80% video, AGC on 
:ontrast Variation 
4% overall at gamma 1, Gain 0 d8 
Yectronic Shutter 
Switch selectable, '17 000 second, 

image tube) 

350 vertical TV lines 

415 vertical N lines 

'hrn second and Off 
~CleoOUtput 
1 0 V p-p @75 ohms, unba aiced 

AGC 
Switch selectable. Off/Low 

Gain/High Gain 
Peak-average adjustable 
Low Gain 0 - 6 d6 
High Gain 0 - 20 dB 

Maintain set-up level at 7 5 +5 IRE 
units if picture contains at least 
10% black 

Auto Black 

Signal-twNoise Ratio 
256 dB at gamma 1, gain 0 dB 
38 d6 at gamma 1, AGC On 

Separate lens video signal tracks 
AGC peawaverage adjustment to 
eliminate AGC/auto lens interac- 
tion 

Gamma 

Synchronization 

Auto Lens 

Power +15V, 35 mA maximum 

0.5 or 1 0 jumper selectable 

Genlock, revert to crystal 
Genlock, revert to phase adjustaole 

line lock 
External H & V Drive 
Internal Clock Speeds 

RS170 14 31818 MHz 
CCIR 14 375 MHz 

Power Requirements 
4 2 watts dc 

ORDERING INFoRklATlON 

1x - X xxx / xxxx 
Video Power Sync Optical Lens 

Format Options Options Filters Options 

RS-17': E A )  2 2'1ac;rac 2 Zeclock (reve.1 OOO Nore Manual Ins, C Mount 

CClP 3 ijCi 2: 5:  '0 civstzi ) 100 IP =('e, 'Ai04 1 5 n . n  2 2 2 3 
-2 *-* ac 3 Ge-jock (reverl Iron- 'ALOBBm- f / * l  23' 
~ a i i  3caoter 'c orase 
CCiR ~ o d e l s l  adjusiaDie line 

ui ,VI:* ac 7 Eirernal H 2 V 
.+a acaster 3 r  ve ('evert 10 
iss 170 crys:al) Wide Angle 
rrcce SI 

6X 

remvaoe)  A L ~  s r m  fii 4 23- 
AL16 16mm fl' 4 23' 
AL26 25mm ' i l  6 2'3' 
AIS1 50rnm f / '  8 2 3  

5 '15Vac 60 Ock)  

Auto Iris, C Mount 
E W 4  2rrn f i l 6  1 2 '  
E S B r r r n  fil 2 1 T 
ESOB8rrm f/l 4 2'3 
ES13 12rrm 'I' 2 * 2 
ES1616nrn '/1 1 23' 
ES2525mm f i l  4 '. 
EH3535mrn 111 4 23- 
NOTE Auto iris lerses 
requite auto iris cable 

ordered separalely 
assembly 8352-1 TO be 

W RE.SERYES W E  RIGKT TO CHANGE SPECIFICATJONS WlTHLHlT h'0TlC.E 

Dimensions (less lens) 
Camera tlead: 1 .XI" dia. x 2.00" 

Cable. 15 feet (4.57 meters) 
CCU: 1 7"(H) x 5 O"(W) x 7.3"(D) 

length (38.1 x 50.8 mm) 

(43.7 x 127 x 189 mm) 
Weight 
Camera Head (less lens and cable): 

Remote Cable: 17 ounces (483 

CCU: 29 ounces (822 grams) 

Adjustable 'c' mount, 16mm format 

BNC connector - Video Out 
Switchcraft TB4M - Lens Drive 
Switchcraft T63M - Power In 
Hirose SR30-10R-7S -- Auxiliarye 

4ounces(ll3grams) 

grams) 

Lens Mount 

Connectors 

Ambient Temperature Limits 
Operating -1 0 to 50°C (1 4 to 122°F) 
Storage. -30 to 70 "C (-22 to 157OF) 

Up to 95% relative humidity 

5 to 60 Hz with 0 082 inch total ex- 
cusion (15 g's @ 60 Hz) From 60 
to 1,000 Hz, 5 g s rms random vi- 
bration without damage 

Remote head Up to 30 g s 
CCU Up to 15 g s in any axis under 

nonoperating conditions MIL-E- 
5400T. paragraph 3 2 24 6 

Humidity 

Vibration 

Shock (less tens) 

Altitude 
Sea level to the equivalent of 3,000 

meters or 10,000 feet (508mm/20 
inches of mercury) 

ADVANCED 
VIDEO 
TECHNOLOGY 
Made m m e  LI 5 A 

5755 Kearny Villa Road San Diego. CA 92123 COHU 
Telephone (619) 277-6700 FAX (619) 277-0221 TWX 910-35-1244 Cohu, Inc Electromcs DMSiXt 

,fed ,n L: S 1 89-OO/Cji  ' 2  9 2  December '??2 



Anrrouncmng the UFKY7bZ. PanasmWs New Digital Signal Processing Color CCD Mi- Camere. 
The GP-KS 152% exceptional. small camera head measures on& 0.66 inches in diameter and 
1.5 inches in length. It is also ultra-light, weighing in at a low 0.04 Ibs. It features a 336,000 pixel 
half inch CCD, with a horizontalresolution of 430l1nes, and has outstanding resistance to vibration, 
shock, and magnetism. 
The GP-KS 152's Digital Signal Processing enables a wide variety of 
pre-programmed pkture enhancement functions, which help deliver 
extremely accurate images-even in areas with lo w light {minimum 
illumination: 0.5 fc, 5 lux/. 
The GP-KS 152 features an eight stage variable electronic shutter, 
with speeds ranging from 1/60th to l/lO,OWth of a second for sharp, 
clear, images of fast moving objects. Aka, there are a wide range of optional 
lens accessories to fit your specific needs. 
Other features include an output for direct connection to 5'-VHS equipment, and an 
intedace for a charactor generatoc 
7;he GP-KS 152 incorporates the outstanding technology you've come to expect from 
Panasonic; for use in industry, medicine, recording, and broadcasting. 

Actual size 

@ Digital Signal Processing Diagram 

IAWLOGl  IIWITM) IAWLOGI 

SAMRE 
HOLD + 

YTUP vnERf4CE 
IOIGITALI 

YOL, V O L A - I U  

Quafit y Engineering Features 
0 112-inch interline transfer CCD color image sensor with 

0430-line horizontal resolution 
0 2 H  enhancer, aperture correction, knee circuitry, and 

minimize artificial camera noise for crisp, sharp pictures 
.Minimum scene illumination of 0.5 fc ($lux) (F 1.6 with 

AGC On) 
046dB signal-to-noise ratio 
.Selectable through-the-lens ITTL) auto-tracing white 

balance (ATW), auto white balance control (AWC) or 
manual white balance control 

682(H) x 4 9 2 W  pixels 

L.. -.-- 

OGen-Lock capability for multi-camera systems 
*Color composite video signal (VBS) 
*8MI composite video sync signal (VS) 
*HDND signal 
*VD signal 
*Internal sync (INT) 

0 Eight-speed electronic shutter helps ensure clear images 
of rapidly moving subjects. Selectable speeds: 1 i60-sec. 
(Off); 1ilOCFsec.; 1/250-sec.; 1/500sec.; 1/1,000-sec.; 
112,000-sec.; 1/4,000-sec. and 1110,OC-sec. 

8 On-Screen Menu for Sehlp 

0 Automatic Gain Control (AGC) On/Off and sensitivity 
up On/Off 

0 Auto backlight compensation equipped with a backlight 
compensation mode as part of the light control function 

Factory setup mode: Preset On; More photometric weight 
is given to the center of the screen than to  the edges, 
where backlighting would most likely be located. 

Day Night Dav 

Manual field setup mode: Preset Off; 
With a GP-KS152 in Manual field 
setup mode, the picture is divided 
into 25 zones for mask areas. It is 
possible to mask out the spotlight 
and increase the rest of the scene's , ,' - *  

[T 
I -  .- &.,' 3,: - 
/ 7 ;- . d d . J - .  - 
, _  

M 

brightness. N.ght and Day 
.Advanced Electronic Light Control; 

When the electronic light control (ELC) mode is engaged a 
variable electronic shutter automatically and continuously 
controls the exposure of incoming light to the CCD. 

OS-VHS video output 
.Accepts optional 3mm Super-Wide-Angle, 7.5mm Wide- 

Angle, 12mm Pinhole and 15mmi24mm Telephoto lenses 
@Optional C-Mount Adaptor, GP-AD22T. is available for use 

with C-Mount lenses 
12V DC operation 

.Selectable function from the 
Direct Mode and Setuo Mode UP&mW &mOn 

SelUP Mode 



.Maximum cable length between camera head and camera 
control unit with optional Camera Cables: 

GP-CA56: 6.7 it (2m), GP-CA57: 33 f t  (1Om) 
*Video titles: Two optional keyboard-type Character 

Generators, the WV-KB12A and WJ-KB15 are available to 
enable quick, easy production of titles 

Major Operating Controls 

0 0 0 

Front V i w  

Rear View 

Q 

4 Camera CeM. 
Conosctor (female) 

Dimensional Drawings 
I 

h e m  Head (Lens: Optmal) 
5/16 (81 



-camonrabn 
Reset On (Factory setup) 

Preset Off (Manual setup a t  fie@] 
Phorometry area IS selectable I25 blocks) 

Signal level is adjustable 

_ _  
e. 

I 2.1 Interlace 

*r 15 734kH2 

682 {HI x 492 (VI  pixels. 112' Interline Transfer CCD 

525 lmnes/60 fteldsi30 frames 

59 94Hz 

430 lines ---I I 

c 

e 4ME IAGC Off1 

1.0Vc-p NTSC composite. 75 ohmsiBNC connector 

HDiVDlVBSiVS is selectable, 
H-PHASE adjustment in the VES. VS. Gen-Lock. 
SC-PHASE adjustment in VBS, Gen-lock mode 

I 

Selectable 1:60 IOffJ; 1/100; 1/250; 1/500; 
1/1,oOO: 1,2.ooO; 1/4,OOO; l i10.000sec. I 

AGC camd OFF/LOW/MIDIHI Selectable 
G.;ncontrd LOW/MiD/HI Selectable 

14OF- +104'F I-lOOC- +4OoC) 
-f- ._-_I. 

porrrswro - 

j Camera Head (Excluding bns); 
&men Ccrmd unit [W x H x 0); 

2/3'x 1.112- (17mmr37.8mml 
4-1 1 i l 6 '  x 1-7/ 16' x 6-1 18' ( 120mrn x 36mm x 1 57mml 

0.04 I t s  I 1  6 gl 
1.6 Ibs (730 gl 

Camera Head E x M i  lens); 
Camera Conbd Unit; 

Tripod attachment ...,....._....... .. . . ._. .._........_._... ....... 1 pc 
Lens cleaninq paper ............................................. 1 sheet 

~ 

1 

System Block Diagram Applications 

Industrial 
_____.-__ 

Sensor for checking completed printed circuit boards 
0 internal inspection of engines and precision machinery 
0 Visual sensor for factory robots, etc. 

0 Microscopic camera observation of microorganisms 

@ Use as an endoscopic camera, eyepiece etc. 

0 Time-lapse observation and surveillance of experiments 

0 Monitor display of teaching materials, etc. 

0 Peripheral supervision of production machinery and 

Filming and observation of hazardous areas from the air 

Medical 

and bacteria 

Scientific 

Educational 

Special Applications 

factory robots 

via radio-controlled helicopter 

Other Applications 
0 SpoRing events and other broadcast applications 

Assistance with installation and maintenance of machinery 

I- --+-:--- 
O p t d  Accassoriss Camera CJMS 

Super Wide Lens 
GP LW3T 

GP.LM24T 

W l i  I 
Fibw kW'  C-Mount Adaprol 

p.01) 4 GP-AO22T Character Character 
Generalor Generator 
WV-K812A WJ-KB15  

*~vs,lable from other manufacturers 
- 

Distributed by: Panasonic 
Broadcast & Television Systems Company 
Division of Matsushita -_ Electric Corporation of America 
Executive Offtce: One Panasmic Way, Secaucus. New Jersey 07094 (201) 392€674 

Industrial Camera Division 
One PanavDnic Way. 4H-2. Sewucus. N e w  Jersey 070% (201) 39226674 

99859 Iwaiwa SI.. P.O. B o x  774 HOIIOIUIU. H I. 968080774 (808) 4887779 
YatrcnNL. BSCMC d Con.& L k n W  
5770 AmW Drm. U~ssissauga. Ontario. L4W 2T3 (416) 624-3310 
P w s o d c  S.lm Gnnpwny 
DM&n ol Ya(.laMII OMtdc of Fwr Io  R k o  IK 
San cnlbiel l n d ~ s i ~ l  Park. 65th Infantry Aue.. Km. 9.5. Carolina PR mbx) (809) 750 Woo 

P I N &  nJW.0 brc. 



The Panasonic 
trial Camera Division 

he lndustnal Camera Divsion (ICD) 
mth Orginal Equipment Manufacturers. IC0 
ur firm has unque requirements, whtch are 
of many other video users. We re prepared 
 ut together a program that will meet those 
S 

'ong engineering support for our product line. 
! mechancal specs for wc customers' 

also have in-house engineering capabilmes. 

Bpment and Marketing: 
iormation not only on the current product line. 
xlucts and enhancements We'll work as a 
xoduct planning and marketiy group to help 
neet Its future needs. 

an aggressive crecfii department that 

irenents that are Involved. 
OEM ewironment and is structured to 

nt of Products: 
IS that your firm knows more about its market 
an anyone We have successfully co- 
ucts wrth our customers. to meet the true 
nents these manufacturers have targeted 
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industrial CCD BNV Camera 

The Panasonic GP-MF502 is a high resolution. small sized black 
and white camera All functions are selectabre by a mechanical 
switch 

Pick-up Device: 

Scanning: 
Synchronization: 

Horizontal Resolution: 
Vertical Resolution: 

Sensor Gate Control: 

Signal-to-Noise Ratio: 
Gain Control: 

Gamma Correction: 
Standard Illumination: 
Minimum Illumination: 
Shutter: 

Vibration Resistance: 
Shock Resistance: 
Ambient Temperature: 
Lens Mount 

. Power: 
Dimensions (WxHxD): 
Weight: 

2 3' Interline transfer CCD 
768jH) x 493(V) 
2 1 Interlace 
Internal or External (Automatic). 
internal Built-in sync generator 

HD VD output ON OFF 
External HD VD 75 ohm ON OFF 

Interlace or Noo-interlace 
570 lines 
485 line (Frap-e rlegrat on; 
380 lines E el6 ntegratiopi 
Sensor Gale Cortroi FLnctloP 'or 
asynchronous strobe 11cj~1 application 
or long time exposure 
59dB (typ AGC OFF Sa r 368) 
AGC Off or On 4 d B I  
Galn-up Off or CFJ i+ScBi 
OH or On 
jOfc (500 :ux) at f 5 6 
i O l u x a t f 1 4  
1 60, 1 125 1 250.1 500 1 1000 
1 2ooo 1 4000 1 10000 sec 
8G (1 OHZ - 150Hz/ IEC 68-2-6 
80G IEC 68-2-7 
+14OF to +122OF (-1O'C IO +SO"C] 
C-Mount 
+12V DC. 250 mA 

0 46 Ibs (21 0s) 
1-58'~1-56'X3-1 8' 

Standard Accessories: 
' 0  Hexa-Wrench for flangeback adjustment r:ng 

Tripod Mounting Adaptor 

Optional Accessories: 
GP-CA33 
GP-CA34 
GP-CA39 

0 GP-CA59 
GP-CAGO 

1s' Camera cable (12pin - 12pin) 
15' Camera cable (12ptn - BNCx3I 
30' Camera cable (1 2pin - 12pin) 
15'Camera cable(l2pin - 8NCxl) 
15' Camera cable (1 2pin - BNCxS) 

? 



Industrial CCD B/W Camera 

The Panasonic GP-MF552 is a high resolution. hgh sensltivlty. 
small sized black and whne camera Vertcal Drive Reset 
function and asynchronous electronic shutler are for high speed 
wsmn inspection. 
All functions are selectable by a mechanical swltch. 

Pick-up Device: 

Scanning: 

Synchronization: 

Horizontal Resolution: 
Vertical Resolution: 

Async VD Reset: 

Sensor Gate Control: 

Signal-to Noise Ratio: 
Gain Control: 

Gamma Correction: 

Shutter (Normal): 

Shutter (Trigger): 
Vibration Resistance: 
Shock Resistance: 
Ambient Temperature: 
Lens Mount: 
Power: 
Dimensions (WxHxD): 
Weight: 

213 Interline transfer CCD, 
768(H) x 493(v) 
2:l Interlace 
FrameiField Integration selectable 
Internal or External (Automatic): 
Internal: Built-in sync generator; 

HD, VD output ONiOFF 
External: HD. VD 75 ohm ONiOFF 

Interlace or Non-interlace 
570 lines 
485 line (Frame integration) 
380 lines (Field integration] 
Used with the electronic shutter or 
strobe light. 
Sensor Gate Control Function for 
asynchronous strobe light application 
or long time exmsure. 
59 OB (typ. AGC OFF. Gain WE) 
AGC Off or On i+9dB) 
Gain-up OH or ON [+6dB) 
oft or On 
25 fc I250 IUXJ at f 5.6 
0 05 fc (0 5 lux) at f 1.4 
1.60, 1,125.1 250. 1 500, 1 1OOO. 
1 ~2000,1~4000.1~ loo00 sec 
1 ~2000.1~4000,1 /lOOOO sec. 

Standard Illurnination: 
Minimum Illumination: 

8G (IOHz - 150H~) IEC 68-2-6 
80G IEC 68-2-7 
+14"F to +122'F (-10°C to +50°C) 
C-Mount 
+12V DC. 250 mA 

046 Ibs. (2109) 
1-5:s x 1 -5iB x 3-1 .'8 

Standard Accessories: 
Hexa-Wrench for flangeback adjustment ring 

0 Tripod Mounting Adaptor 

Optional Accessories: 
0 GP-CA33 

GP-CA34 
0 GP-CA39 

GP-CM9 
0 GP-CAM 

15' Camera cable ( 12pin - 12pin) 
15' Camera cable (1 2pin - BNCx3) 
30' Camera cable (1 2pin - 12pin) 
15' Camera cable (1 2pin - BNCxl) 
15' Camera cable (12pin - BNCxS) 

Industrial CCD BAN Camera 

The Panasonic GP-MF702 is a black and h r t e  machine vision 
camera featuring an MOS chip wdh square pixels (pxel clock 
in1out). Its flexible scanning mode, VD reset and Read-out-lnhibn 
are for high speed vision system. 

Pick-up Device: 

Pixel Size: 
Scanning: 

Synchronization: 

Horizontal Resolution: 
Vertical Resolution: 

Async VD Reset: 
Read out Inhibit: 
Pixel Clock 
Signal-to-Noise Ratio: 
Gain Control: 
Gamma Correction: 
Standard Illumination: 
Minimum Illurnination: 
Vibration Resistance: 
Shock Resistance: 
Ambient Temperature: 
Lens Mount: 
Power: 
Dimensions (WxHxD): 
Weight: 

213" Transversal signal-line MOS 
31 6,000 pixels, 649(H) x 491 M 
135pmx 135pm 
2 1 Interlace (Frame:Field lntegratici 
Full-line Non-interlace 
Non-interlace field integration 
Internal or External (Automatic). 
Internal Built-in sync generator, 

HD, VD output ON OFF 
External HD, VD 75 ohm ON OFF 

Interlace or Non-interlace 
(up to 400 frame sec) 

450 lines 
485 lines (Interlace kame integrat,or 
490 lines (Fuli-he Non-Interlace) 
242 lines (Non-interlace field 

integratiov J 
Used with the strobe light 
Asynchronous read out comol 
12 14MHZ Pixei Clock In or Out 
46dB (Gain OaB] 
Manual -6dB OdB.+3d6 +ME! 
Off or On 
250 fc (2500 lux) at f 8 
5 tux ai f 14. +6dB 
7G ( 1 OH2 - 150HZ) IEC 68-2-6 
80G IEC 68-2-7 
+14OF to +122OF (-10°C to +50°C) 
C-Mount 
+12V DC. 500mA 
1-3 4" x 1 -3/4' x 4-1 1 16' 
0 73 Ibs (3309) 

Standard Accessories: 
0 Mounting Band and Hexa Wrench * Hexa-Wrench for flangeback adjustment ring 

GP-CA33 
GP-CA34 

0 GP-CA39 
GP-CAS9 
GP-CAGO 

Optional Accessories: 
15' Camera cable [ 12pin - 12pin) 
15' Camera cable jl2pin - BNCx3) 
30' Camera cable (1 2pin - 12pin) 
15' Camera cable (12pin - BNCxl) 
15' Camera cable (1 2pin - BNCxS) 



Industrial CCD B/W Camera Industrial CCD 8MI Camera 

The Panasontc GP-MF702D is a black and white machine vision 
camera featuring a MOS chip with square pixels lts double 
speed scanning mode (frequency of HD is 31 5kHz), VD reset 
and Read Out Inhibit are for hgh speed vision system. 

Pick-up Device: 

Pixel Size: 
Scanning: 

Synchronization: 

Horizontal Resolution: 
Vertical Resolution: 
Async VD Reset: 
Read out Inhibit: 
Gain Control: 
Gamma Correction: 
Standard Illumination: 
Minimum Illumination: 
Vibration Resistance: 
Shock Resistance: 
Ambient Temperature: 
Lens Mount: 
Power: 
Dimensions (WxHxD): 
Weight: 

Standard Accessories: 

2 J Transversal signal-line MOS 
316,000 pixels. 649(H) x 491(V) 
135pm x 135pm 
(Double speed mode only) 
2 1 lnterllce Frame Integratfon 
Full-line Non-interlace (60-frame sec) 
Internal or External (Automate). 
Internal Built-in sync generator 

HD VD output ON OFF 
Exrernal HD, VD 75 onm Oh OFF 

Interlace w Yor- iter'ace 
(up to 800 frame sec) 

420 lines 
485 lines 
Used with the strobe light 
Asynchronous read out convo' 'g 

Manual -6dB, OdB 
moron 
lOOfc (1000 lux) at f 8 
10 lux atf I4 (0 dB) 
7G (1 OH2 - 150HZ) IEC 68-2-6 
80G IEC 68-2-7 
+14OF to +12Z0F (-10% to +50"Cj 
C-Mount 
+ 12V DC. 500mA 

0 73 Ibs (3309) 
1-314' x 1-3 4' x 4-1 1 16' 

0 Mounting Band and Hexa Wrench 
0 Hexa-Wrench for flangeback adjustment ring 

Optional Accessories: 
0 GP-CA33 

GP-CA34 
0 GP-CA39 

GP-CA59 
e GP-CAGO 

15' Camera cable (1 2pin - 12pin) 
15' Camera cable (1 2pin - BNCx3) 
3G' Camera cable (1 2pin - 12pin) 
15'Camera cable (12pm - BNCxl) 
15' Camera cable (1 2pin - BNCx5) 

The Panasonic GP-MF2OO is a high-resolution. remote head, 
black-and-white camera The small remote head provides strong 
advantages in physical placement and positioning capabilities of 
the camera for all types of inspection and other factory 
automation applications 

Pick-up Device: 

Scanning: 
Synchronization: 

Horizontal Resolution: 
Vertical Resolution: 
Signal-to-Noise Ratio: 
Gain Control: 
Standard llluminatiorn: 
Minimum Illumination: 
Vibration Resistance: 
Shock Resistance: 
Ambient Temperature: 
Power: 
Dimensions (WxHxD): 
Head Weight: 

2 T Interline transfer CCD 
768jHJ x 493iV) pixels 
2 t Interlace 
lnrernal or External [Automatic) 
lnterral Built-in sync pe ra to r  
Exrerial 4 OU p-p 75 onms 

HD and VD 
570 lines 
485 lines 
5Od8 w !h AGC and Gamma Off 
AGC Off or On (+9dBj 
100 fc (1,000 lux) at 156 
2 lux at fl 4 AGC On lR Cut Filter 
8G (1 0 5HZ - 150HZ) IEC 68-2-6 
BOG IEC 68-2-6 
+14"F tO+12z0F (-10"ctO +5Oc) 

1-518' x 1-5 8" x 2-3 1B 
120V AC, 60Hz 

1 5 Its (45% includes Mount Band) 

Standard Accessories: 
C-Mount Adapfor 
Mounting Band and Hexa-Wrench 

Optional Accessories 
0 GP-CA42 
0 WV-CS15 
0 'W-CS30 

33' Camera Extension Cable 
15' Camera Extension Cable 
30' Camera Extension Cable 



CCD B/W Microcamera Industrial CCD Color Camera 

The Panasonic GP-MS112 Remote-Head. Black-and-White 
Microcamera overcomes space limitations that have complicated 
many video applications The GP-MSll2 features a detachable 
head, with up to 30 meters of cable !ength available between the 
camera head and the CCU 

Pick-up Device: 

Scanning: 
Synchronization: 

Horizontal Resolution: 
Signal-to-Noise Ratio: 
Gain Control: 

Minimum Illumination: 
Lens Mount: 

Connectors: 

Shock Resislance: 
Ambient Temperature: 
Power: 
Head Dimensions 
(Approx.): 

Head Weight: 

ODtional Accessories: 

1 ? Interline transfer CCD 
682(H) x 485(Vl pixels 
2 1 imerlace 
Internal or External (VS HD-VD. 
Gellock] 
500 lines 
5046 with AGC Off 
AGC Off or On (+9dB). 
Manual Gain CdB, +6dB 
0 05fc (0 5 lux] at fl 4, 2.856'K 
Special mount (C-Mount Adaptor 

12-pin camera cable connector and 
composite Video Out (BNC] 

+12V DC. 6W 

available) 

80G IEC 68-2-27 
+14*F to +1W0F (-1OT 10 +40°C] 

2 3  Diameter x 1 -7/16' Length 

0.04 Ibs. (16 g) 
(17 x 51.9mm) 

The Panasonu: GP-KR212 Oigaal Sgnal Processing Ctrcultry 
enables high picture qualrty on advance functions A microlens 
on each pixel trlples the intensrty of incoming light the image 
sensor recelves The 2H Enhancer operatwe conecbon and 
knee circuitry minimizes artrficlal camera noise for crisp sharp 
pictures 

Pick-up Device: 

Scanning: 
Synchronization: 
Horizon tal Resolution: 
Signal-to-Noise Ratio: 
Galn Control: 
Minimum Illumination: 
White Balance: 
BLC: Back Llght 

Compensation 
ELC: Electronlc Light 

Control 

Lens Mount: 
Connectom: 

Ambient Temperature: 
Power: 
Head Dimensions: 
Weight: 

Ye interline transfer CCD ff th 682 jH) 
by 492 (VI 
21  interlace 
Internal 
430 lines 
4648 [AGC otfl 
AGC On (14dBJ 
0 3 fc (3 lux) at fl 4 (AGC On) 
AlW!Lock 

OniOfi 

OWOn (1 160 sec. - 111 5.000 sec 
shutter control) 

12-pin camera cable connector and 
composite Video Oul (BNC) 
14 F - +122 F (-10 C - +50 C) 
12v Dc 
2-718" 
0.82 Ibs. (without lens) 

C-Mount 

x 2-5/16 (H) x 4-518 (D] 

Lenses: GP-LM3T. 3mm Wide-Angle. GP-LP12T, Pinhole. 
GP-LM7R5TA, 7 5mm Wlde-Angle GP-LM15T. 15mm Telephoto, 
GP-LM24T, 24mm Telephoto. plus GP-AD22T. C-Mount Adaptor 

Cables: GP-CA44, 2m Cable, GP-CA45, 5 m  Cable GP-CA48, 
1 Om Cable. GP-CA49.30m Cable 

Optional Accessories: 
Cables: GP-CAS. GP-CA59 



ndustriai CCD Color Camera 

;he Panasonic GP-KR412 Digital Signal Processing Circuitry 
DSP) enables a wide variety of pre-programmed picture 
vlhancement functions which help deliver extremely accurate 
nags. Plus an Electronic Light Control (ELC), 2H Enhancer 
wrative correction and knee circuilry minimizes aMicial 
amera noise for crisp sharp pictures. 

sick-up Device: 

kanning: 
iynchroniza t ion: 

loritontal Resolution: 
;Ignal-to-Nolse Ratio: 
;ah Control: 
l inimum illumination: 
yhlte Balance: 
SLC: Back Light 
Compensatian 
IC: Electronic Light 
Control 

.ens Mount: 
hnnectcrt: 

Lmbient Temperature: 
'owec 
lead Dimenstons: 
Velght: 

''2' interline irapsfer CCD with 682 !Hi 
by 492 (v) 
2 1 rnterlace 
Internal and Gen-lock w'H-Phase 
and SC-Phase adjust 
430 lines 
WE3 (AGC Otr; 
LOW'MID H1 selectable 
0 3 fc (3 lux) at f l  4 (AGC On) 
ATWIAWC Manual 

Offion (Preset Manual) 

Oftion (1:6Osec. - 1115,700 sec 
shutter con@@ 
C-Mount or CS-Mount 
1 &pin camera cable connector 
Composite Vie0 Out (BNC) 
Gen-Lock Input (BNC) 
14 F -+I22 F (-10 C -  +50 c )  
12v Dc 
2?k' (wl x Pi? (H) x 5%' ID) 
125 Ibs. (wcthwt lens) 

Remote-Head CCD Color Microcamera 

The Panasonic GP-KSlO2 Remote-Head CCD Color Mcroca- 
mera simplifies many video applications wtth nS detachable 
head, S-VHS (Y/C separate) output and up to 30 meters of 
(optional) cable available between the camera head and the 
ccu 
Pickaup Device: 

Scanning: 
Synchronization: 

Horizontal Resolution: 
Video Output: 

Signal-to-Noise Ratio: 
Gain Control: 

Minimum Illumination: 

White Balance: 
(rn) 
Through-the-Lens 

Lens Mount: 

Connectors: 

Ambient Temperature: 
Power: 
Head Dimensions: 
Head Weight: 

1 /r Integrated color filter interline 
transfer CCD, 6821H) x 485(V) pcxels 
2 1 Interlace 
Internal or External (VBS. HD-VD, 
Genlock) 
430 lines 
Composite video or Y C Out for 

4646 with AGC Off 
AGC Off or On (+9dB), 
Manual Gain OdB, +6dB 
1 51c ( 1  5 lux] at fl 6, AGC On, 
3200°K 
Auto-Tracing Whrte Balance or 
Auto White Balance Settmg or 
Manual 
Special mount (C-Mount Adaptor 
available) 
Y/C video output (4-pin). 12-pln 
camera cable connector and 
composite video output (BNC) 

+12V Dz, 6W 
2/3' Diameter x 1-7'1F Length 
OOQlbs. (16g) 

S-VHS 

+14'F to +104'F (-10% to +4OoC) 

Optional Accessorles: 
Lenses GP-LM3T. 3mrn Wide-Angle, GP-LP12T, Pinhole, 
GP-LM 7R5TA. 7 5mm Wide-Angle, GP-LMlST, l5mm 
Telephoto. GP-LM24T. 24mm Telephoto. plus GP-AD22T, 
C-Mount Adaptor 

Cables: GP-CAM. 2m Cable, GP-CA45.5m Cable, GP-CA48. 
10m Cable, GP-CA49.30m Cable 

Nole PAL syslem versm available wrlh dmerer.1 sgeci6caboN.Drmei 



1/3" CCD Color Micro Camera Remote-Head CCD Digital Color Microcamera : 

The Panasontc GP-KSl52 is a highly sensltrve remote-head 
CCD color mimocamera Its drgftal signal processing (DSP) ena- 
bles many pre-programmed functtons such as electronic light 
control (ELC] and back light cornpensairon (BLC). w t h  other fea- 
tures that tnclude S-VHS (YlC separate) output, Auto-Tracing 
White Balance. gain control and buik-in character generator 

Pick-up Device - l/T Integrated color filter interline 

Scanning: - 2.1 Interlace 
Synchronization: 
Horlzontal Resolution:- 430 lines 
Video output - Composde video or Y C out for 

Signal-to-Nolse Ratio: - 46dB with AGC Off 
ELC: Electronic Lioht 

transfer CCD, 682(H) x 485(V) pixels 

Internal or External (VBS, VS. HD.VO) 

S-VHS 

- 
Control: 

Galn Control: 

BLC: Black L g h t  
Compensation: 

Electronic Shutter: 

Camera I D  

Auto senscttvity control by 
electronic shutter (1 60sec - 
1 '1 5.700secJ 
AGC Orr or On (+6dB.+9dB.+12bBI 
Manual Gain OdB.+W6,+9dB.+12dB 
Photometric measuring area sei 
for ELC and AGC 
Preset: Priority at center 
Manual: 25 Slock setting 
1 :loo, 1 /250,1'500,1 1 .OOO, 
1 /2,000. 
1 /4.000. 111 0,OOO sec 
MAX 16 characters 

Minimum Illumination: .L8 51c (5 lux) at f 1 6, AGC On, 

Whlte Balance: 
(+12dB). 3200K 
Auto-Tracing White Balance or 
Auto White Balance Seaing or 

Chroma gain, Hue, Apeiture gain, 
Pedestal 
Special mount (C-Mourt Adaptor 
available] 

16-pin camera cable connector. 
ComposRe video output [BNC). 
Y E  output 
and HD.VD input (BNC) 
+14OF to +122OF (-1OOC io +W0C) 

2/Y Diameter x 1-1 /T Length 

(m) 
Through-the-Lens Manual 

Special Adjustment: 

Lens Mount: 

Connectors: Character generator input 

Amblsnt Temperature: 
Power. +12V DC, 500mA 
Head Dimenslons: 
Haad Wdght: 0.04 ibs. (1%) 

Optional Accamorh :  Lens: See GP-KSlO2 
Cables: GP-CA56,2m Cable, GP-CA57,fOm W e  
Chancier Geneatom: WJ-KB15. WJ-KBSO 

Panasanic's digital signal processing 1 /Y CCD Color Micro- 
camera. (Pal System Version also available) 

Pick-up Device: 682 (HI x 492 (v) pixels, 1 Interline 

Scanning System: 2:l Interlace 
Scanning: 525 lines60 fields130 frames 

Horizontal Resolution: 430 lines 
Video Output: 

Transfer CCD 

Horizontal: 15.734kHz. 
Vemcal: 59.94Hz 

: 0Vp-p composite. 75-ohms BNC 
connector Y- 1 .OVp-p '75-ohm. 
C 0.286Vp-p.75-ohm IS-Video] 

S:N Ratio: 4668 (AGC Ofj 
Electronic Light Control: Equivalent to continuous variable 

shulter speed between 1 60-sec. and 
1 .15.700-sec. 

Min imm Scane 1.5 fc (15 lux) .a1 Fl.6 (AGC On) 
Illumination: 

Whlte Balance: AWGATWIMANU selectable 
Backlight Preset On (Factory setup], Preset otf 

(Manual setup at field]. Photometry 
area is selectable (25 blocks). Signal 
level is adjustable 

H-PHASE adjustment in the VBS, VS, 
Gen-Lock SC-PHASE adjustment in 
VBS, Gen-iock mode 
Selectable 1/60 (Off); 1 /loo: 11250; 
1I500; 1 11 ,OOo; 112,000; 1 !4,M)o; 
1 / 1 0.o0O-sec. 

Cornpensation: 

Sync. System: HD:VD/VBSWS is selectable, 

Eiectronic Shutter 

AGC Control: OFF. LOW!MID/HI Selectable 
Galn Control: LOW 'MID:Hl Selectable 
Ambient Temperature: 14OF + 1M0F (-10°C + 40°C] 
Power Source: 12V DC. 500mA 
Dimensions: Camera Head (Excluding lens); 1 !'? x 

1 -3/C (1 2mm x 35mmJ 
Camera Control Und (WxHxD]; 4-34. 

(1 M m m  x 36mm x 151 mm) .?- 
Camera Head (Excluding lens); 0.01 

Camera Control Unit; 1.6 Ibs. (7309) 

Speed: 

x 1-7116X5-15/18 

Weight: 
(79) 

Optional Accessarles: M s :  GP-LMGRST 
Character Generaton: WJ-KB15, WJ-KB50 
GP-KS252 (Camera c&: 2m) 
GP-KS252S (Camera cabk: 3m) 
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Put the Power of Time 

Actual Size Shown 
. * a  

When You Demand 
a 
0 
cl 
Q 
c1 
Q 
0 

Time - Day - Date 
40 Characters Camera iitle 
Digltal Prograrnmlng 
Digital Color Selection 
12 VDC Operation 
Ultra Slim Case 
Low Power Circuitry 

Choose the 

TDCT 
Time 8t Date Camera Titler 

American Video Equipment 

Mads in U S A .  

bY 

A Division of Trans American Int'l Inc. 

The TDCT, a VLSl digital design for the highest 
reliability and quality offered today in a Time 8. 
Date Camera Tiding generator. All selections are 
set through interactive on-screen programming. 
The low power CMOS circuitry offters a full 90 
days of rechargeable battery backup. Digital 
programming includes character color from white 
to black, full screen positioning, Time 8. Date only 
or Title only or bath, and a jumper selectable gray 
matte border. For those remote site applications, 
the TDCT-PCB can usually operate from the 
cameras' power and mount directfy with a com- 
mon video camera. The compact size allows a 
minimum amount of space for those extra tight 
installations, For rnutiple unit installation, use the 
convenient rack mount kit for up to 16 Time 8 
Date Camera Titlers in one attractive card cage. 



Specifications 
a 

Video input (BNC) .............. 1 V P-P Terminated 
Video Output (BNC) ........... 1V P-P Terminated 

2V P-P Unterrninated 
Power (DC Coax) .............................. 9-12 VDC 

2.lmrn x 5.5mm ......................... 130 mA 
Sattery Backup (NiCad) ......................... Days 

with 24 hr. charge 
Mechanical ............... High Impact Piastic Case 

(5.1 7N x 5.7"L x 1.6"H) 
PCB (3.3W x 4.3"L x .6"H) 

Clodc Accuracy.. ............ better than +/- 20 ppm 

I Date .............. haonth - Day -Year Day of Week 
Time ............. Hours : Minutes : Seconds A W M  
Trtle ........................ 2 lines of 20 characters m'ax. 

A-Z80-9,?,1,', . , (blank) 
Display .......................... whie to black (8 levels) 

Gray Matte (jumper selectable) 
T/D Only or Title Qnly or both 

Transformer .................... 9 VDC @ 250 mA min. 
U t  Rated with 6' cord h plug 

Warranty ................... One Year Parts and Labor 
Video S/N ................................ better than 52 d 8  
Vieo BW ................................ better than 7 Mhz 

Models For All Applications 

D Circuit Board Only 

Optlons 
0 Camera Titter Only 
CI 24VAC Power 
0 +/-5 ppm Clack 

16Card 
Rack Mount Kit 

Amerikm Wdeo Equipment 
Typical 

1906 Treble Drive 

Tel: 71 3-446-6077 1 

Humble, Texas 77338 Display 

Fax: 71 3-446-6087 
f 
! I 

All Specifications 
Subject to Change 

Copyright 1988 
Trans Amedcon Int'l Inc. 
ALL RIoH7S RESERVED 
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Features 
Real Time - 60x2 Ini60Hz Out 
256 (8 bit Gray Scale B&W 

Full Screen Selection 

Quad Only 
Switched 

512 x 51 1' Pixel Resolution 

TWO OUtPUtS 

Simple Front Panel Controls 
Rugged Metal Case Mounts Under VCR 
0 tional Rack Mount 1-3/4" Height 
1 B VDCOperation 

The new 
resolution 

AVE QS-402 Quad Screen Compressor, offers real time performance and superior - .  

at competitive pricing. The 256 levels of gray scale offers fine detail and eliminates subject 
contouring. The QS-402 dis lays a full 51 2 x 51 2 of pixels on the screen. The interlaced output of 

smallest display mode. This allows multi le readouts from cash registers to be simultaneously 

allow quad only connection to the VCR while monitoring any input full screen on its separate out ut. 
The AVE rugged metal enclosure mounts underneath the VCR to eliminate security office ciurter. phis 
enclosure will also contain an optional titling board for labeling each quadrant . . . .  of the screen 

the QS-402 allows the AVE e SI to be fully legible while being digitized by the QS-402 even in our 

f displayed without clutterin up the screen. ? he QS-402 has  sim le push-button front panel controls 
to home to any camera ful Y screen or return to the quad mode. he two rear mounted video outputs 

independently. The VSi cash register interface can also be optional mounted in this same enclosure 
for convenience store installations. Look to the AVE OS-402 family of B&W Quads to satisfy all your 
multi-camera installations. 



AFFORUABE TIM€ COD€ €QUIPM€M 

for desk top, rack mount, or fjeld use 

[ S M p f E  LTC TIME CODE 1 

[ SMWf iTC AND VllC IIME CODE 1 
[ READERS, GENERATORS, INSERTIWS, 1 

ViTC-teLTC handator $289 - 
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rWME CODE  TOOLKIT^ 7APE LOCGfNG SOFTWARE I 

I OPTIONS I 

CUSTOM WlNDOW DISPLAYS AVAILABLE 

f PACKAGlNGOPTlONS 1 

[ Hi8 TIME CODE TRANSLATDR ] 



rVlDEO DISTRIBUTION AMP 
V DA-50 Wideband Multiple VO Video 
Distribution Amplifier 
The VDA-50 consists of two or three separate high 
distribution amplifiers with user selectable jurrpers on the 
be confioured for various multiple or sinale video DA applications 

Use; configurable for number of -inputs and outputs Ideal f 
desktop video editing systems 

Single HORITA RM-50 rackmount panel c.m hdd up to three V 

purposes 

08Oh 
Separate Level and Eq screwdriver acjustments provided 
section permit ampldude and frequency compensation for 
500 feet of AG-59U coaxial cable 
Can operate from batlery power for use ir: Teld 

PC-VDA PC Plua-In Wideband si79 

I 
"Industrial" CG, Time-Date Stamp, 
Time Code Captioning 

~ 

TITLER, TIME CODE CAFTIONER 1 
SCT-50 Serial Control Titler $329 

An industrial character generator for adding titles or captioning to video f r m  
cameras, VCRs computers etc Use 'or video data collection and monitorirs 
adding instructtonal information time a rd  date, or other rnformation from PC 
Log and document experiments ada k deo source ID camera and locaticn 
display for security monitor(ng video information displays. arr:  
suhtitilina 

Multiple I/O Video ibistribution Amplifier 
The PC-VDA is actually two separate high per- 
formance video distributon amplifiers with user 
selectable jumpers on the PCB that allow it to be 
configured for multiple or single video DA 
applications 

User configurable for number of inputs and 
outputs Ideal for small desktop video edRing 
systems based in IBM compatible PC 
Configurable as dual 1 x 2 or stngle 1 x 5 DA 
One input can be made looping via P a  
Jumper 

0 Looping input permits multiple VDA units to be easily connected for 
expansion or to pass the input video stgnal on to other peces of 
equipment 

0 Wide bandwidth of over 80 MHz. differential gain 04% differential phase 
08Oh 
Separate Level and Eq screwdriver adjustments provided for each DA 
section permit amplitude and frequency compensation for dr vng up to 
500 feet of RG-59U coaxial cable 

0 Halfcard sze uses BNC connectors for all video I/G 

1 PACKAGINGOPTIONS I 
RM-50 RackMount Standard 13" rack. holos one 

AO-50Add-On 2nd. 3rd rack units each 

SR-50 ShortRack 7 I 12" rac.c. holds one unit 

two or three units 

1 BATTERYPACK 1 
I I 

BP-50 Battery Pack 
8 AA rechargeable batteries. holder 
Heavy duty Cordura battery pack with veicru straps 
Recharger wdh LED 

0 Works wdh all HORITA products 

-Stanzard DB-9 connectors for seral port wth RS-232 loop thru opera1 tr 
allows up to 99 units to be daisy chained together and individually sr 
group addressed by PC 
Front panel switch control for stard alone operabon or simple two letter 
commands from computer for cbaracter selecton. location size. bar<- 
ground, flashing, black or white Porizontal and vertical position text cr 
HEX data moritor 
'Pop-up" TSR text editor and cortrol program for PC controls SCT-SO 
from within other programs Auto centering copy move, delete, etc '_I  
screen or selectable line editing Three modes of communication with FC 
include a continuous' mode for .ea1 time positioning of text wthin video 
image Programming examples are ncluded in both Basic and C to Get 
you started writing your own programs if you desire 
Built in time code captioning sofha-t operates SCT.5C in assocaaiion A -7 

the HORITA TRG-SOPC and the PC-LOG software ta automatically capt c r  
video images with comments from PC-LOG files according to their t r e  
code 

I SAFE AREA GENERATOR 1 
SAG-50 Safe Area, $289 
Convergence Pattern and 
Qsdltoscope Line Trigger Generator 
The SAG-50 overlays safe action and safe title borders, with optional center 
cross, over incoming video so that graphics ana other information can be 
correctiy positioned wthin the picture The SAG-50 can also overlay v i d ~  
image wdh dot and crosshatch test patterns (with image center indicators) fcr 
performing convergence and centerirg adjustments on single monitors or 'cr 
setting up video walls 
An added feature not found in any other safe area generator is the ability CT 
the SAG-50 to output an oscilloscope 'line trigger' signal and display ar 
intensified line with a digital readout showing Its actual line and field n u r n k r  
on the video monitor 

Safe action and safe title overlays are fixed at the SMPTE AP-273 
standards of 80% and 90% of the scanned image area and incluc: 
individual 25% and 30% horizontal markers 
Safe area center cross can separately be switched on or off 
Doticrosshatch convergence patterns are 15 linesidots across by *: 

Irnes/dots top to bottom Both patterns have special center scree- 
pattern ror locating exact center of scanned image 
Intensified line and trigger can quickly be changed from line - 10 to 1-2 
262. and the field can be selected as field-1. field-2. or 30th This provices 
a very accurate method of identity ng the exact location of and/or plac -2  
graphics m the pictde measuring lexr height in line numbers erc 
The trigger output signal changes an ordinary oscilloscope into a prec 22  

piece of video test equipment capable of obsewaton and identificatior, 2- 

individual vldeo lines of either or both f elds for viewng VITS tesr signa 3 
VlTC time code head switching ponts etc 

All HORlTA products come with a? uncondrhonal3O-day money back 
guarantee and a one year parts and labor warranty 

5 1993 HCRITA CO 

TC-T0OLKIT-w. PC-LOGITMI are trademarks of HORITA Co IBV 1s a trademark of its respective company 

11 $23 P.O. Box 3993, Mission Viejo, CA 92690 (714) 489-0240 
-bbR8?AM 
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Muhivision is a remarkable odvonament in digitd piciure 
processing that dlcw you to d i ,  tope record or tmumit Iha 
pictures horn four wdeo comemr ot ane time. ~uhivision compresses 
the pictures to one-lwrth heir size, then mbines them inb a single 

d - t i m e  &re dispiuy, e x r h  resohiion and a pale* of more 
han 4 m P m  cdon. Wh the MV85, wbk cdor d i b  are 

seen in the most lifelike dg;tired pictures awiMe. Even MoJr 
and white pictuns will bdr sup& due t~ Its wide luminance range of 
256 shades of grey. Ad, because the MV85 is Super VHS VU? 
compatible, may he hi+ quality IO &hack when 

accurate idmtificoticn is r e q u i d .  

Unmo~hed in p e r f & ~ ~ n c e  

L e n b i o n  is requid. fim+ nce specif;co- vibbr lions mo e .he MY85 the ideal chorce for a -cations where fog, 

processor, he MV85 also o k  4x, operational bbres tho1 users 

Features that mo t the MV85 todoy's most sophisticated yet easy b 

~ " y  ott'tx cdor quod p i i r e  

appreciate mast. Features 5ke maw driven set-up progmmmhg, lull 
screen d i s h  of a s$ected c m e m  'dare, out0 full ween secj~entiol 
witching, secui bckcut 0r.d &n+ z m  during VCX pl& 

use c d o r  qwd pla~re processor. 

the nineties. 
Muhisii MV85 ... the cdor quod pidvm procesx~ for 
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5 
Technical Specifications 

Vdmskndord NTSC. 525 lines, M) f i d d s / d  Alorm hffition 4 YYDnd minimum d u m b  puts 

v i  Inputs 

Mtniioulpll 

PAL: 625 lines, M f i e l d d d  
1 .O V p-p compcni.~, 75 ohm or h*& Z, BNC 

1 .O v p-p tompari;t! video, 75 ohms, BNC 

Alarm Hdd Input 

0peruh.q voitqe 

t5 tp t i 5  Mx wm dive  hgh 

12 VDC, lest Ball0 wdh 

Ambient Temperature 40% 1M0F (5"baO"C) VCR Input 1 .O V p'p cmposi~ video, 75 ohm, BNC .-OR.- 
1 .O V p-p $-krma b], 75 ohm, S-v& 
0.286 V p-p SJ.roma k), 75 ohm, S d e o  

1 .O V p'p cornp4.e video inb 75 ohms, BNC 
--AND-. 

1 .O V p-p S-krrro (yj, 75 ohm, S-v& 
0.286 V pp  S&ma (c), 75 dun, S-v;deo 

VCR &tpd 

WEIGHT 1 DIMENSIONS 1 P3WE 

COLOR vlOEC CAMEF~AS SENSOR 

COI cii UOvITCR 

S-VHS DF! 3'qFR V C R  

- _ -  _ _  
I---I \.. . &'= ='-= = = 

Another Robot Integrated Video Component E E+-== I: 

30801 RESEARCH INC. 
619 279-9430 

ian Diago. Catitorria FAX:619 279-7931 
i636 RuHin Rood Boo 854-2057 
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MV94 
m:~I#les,wfi$ds/serond 
PAL625 k, 50 W d  

1 .O V pp, aqxxik, 75 dnu, BNC 

1 .OV ppl cmpsite, 75ohms, ENC 
-a- 

1.0Vpp,s-lunn,75ofrns.svideD 
0.286 V p p  shrana, 75drn5, S.vide0 

-md- 
1 .ovpp, conpoait6,75 dms, BNC 

1.0 v pp S-LJm, 75 k, s4idm 
0.286 v p p  shnma, 75 dms, sv;deo 

8-bitlvma 256dlodesdg 
5 I 2 X 51 2 pbds kd mm 

8-bi1&~ 1610al,000 



PROFESSIONAL PORTABLE S-VHS 
RECORDER 

A separate portable professionaf 
S-VHS recorder ideal for use 

!th a n y  existirlg stand-alone 
camera. 
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U DON’T NEED A CAMCORDER. WHY U! 
IVC’s BR-S405U Portable S-VHS Recorder 1s 
%signed Exclusiveiy For Use In Separate 
5 ystcrn Confiqm fions 
Vol every6ody who riccds il portable recorder , 
qeeds a camcorder. I f  you prefer a separafe system - whether it’s for bng-duration on-locaiion 
shooting or it’s because your assignment requires 
IOU to mount the camera on a dolly and the 
*ecorder on a cart - then why compromise with a 
warder that’s not really designed to do the job? 
cor maximum efficenc y and pofessronal rcstilts, 
too need a portable recorder designed specificaily 
‘or separate use- You need JVC‘s BR-S405U 
Doitable S- VHS Recorder. free from the kind of 
jesign characteristics that can make a 
Aml-purpose (dockablelportable) recorder less 
hhan ideal for use as a separate system, the 
SR-S4 05 U features optimally positioned conrrols, 
?asy connection to any existing camera, plus a 
7andy mode lock function and an audio preset 
;witch to ensure worry-iree operation in any 
;irualion. 
30 when you nctd sqiarare sysrcni por tah l i l y .  
Ion? compromrsc. Choose the recorder fhat’s 
Jesigned to do the job. The BR-S405U. Wilh ris 
wperior S- VHS picture quality and Ui- f i  VNS 
iiereo sound, full range ol professrorial leaiurcs, 
2nd separate system flexrbrlrty, 1t’ll make it easy for 
IOU lo get the /ob done rght.  

HIGH-QUAUTY PlCTURES 
High-goallty S-VHS pictures 
To pro& piclwas with the detail ar~d clarily dwiimidcd by Irdd 
.11.t~~ri$~l~onar~it~Clu~I11~11ty~lici1l iui i~.LI~? LU 1 !AU!AJ I I I~ . IJ I~N~I . I I I ; * .  

JVC’s advanced S-VHS technology for high-qualily pictures wdl I 

resolution of more than 400 lines. VHS recording is alsoavailable. 
Bullt-in chroma nolse mdudion I 
To further imprwe picture quality, 
an advanced ALU (Aulomalic 
Level Up) recording circuil is .. - -  
used to improve the chroma 1 

-e.-. siqnal-ro-noise ralio This .nu 

*.I ~iil~isticaled SySICiri iri(:r(?&cs 

signal level and color burst in 
recording. then reduces the 
signal to its original level in 
playback. thus maintaming !he 
miginel chroma level while 
reducing chroma noise. 
Separate Y E  input and output 
If! addition to permitting connedion with any existing carricm, tho 
€3R-S405U4s 14-pin camera ConneCIor can accep? sepa:alsd 
Y/C signals. making it possible 10 build a high-qualily field 
acquisition system by combining Ihe BR-S405U with a 
pralessional camera equipped with separalue YIC oulpul. And. lo 
c:ii!iuco thai the picture 111131 QWs Oul is 3:; ~ y x o t l  il:i !IN: 1)ii:Iiifr: IIi ; i [  

tjrx:Sin. ilieBP-S40SLJ i s ~ J ~ ; ~ ~ c ~ ~ J i ~ ~ ~ ) ( : [ l  wdli ! ~ ( : ~ ) ; I ~ ~ I I ~ : Y / ~ : ~ I ~ I ~ ~ ~ I I ~ ~  
io ilelner high-qi.ialily color pictures wilh rcduced Y/C <rti(tf!(!r eficc 

Reduced jitter - 
To improw picture quality siill luriher. the BR-S4CSlJ incrxpornlcs 
I W I I !  irnpehnco rotlcrs iii [he law palli ~ U & J ~ J ~ ~ I L U  ~ C ~ I J ~ J  ~ * ~ I ~ V , I J ~ J I \  

1 171s greatly redbces jitter components to onsure a ciear. srable plciure 
Rotary erase heads and AEF function 
A vaif of rotary erase h e a d s  are mounteo on lhe head CJr,rri lo 
I:nsum clean, prolessional-quality recordinqc. Dur n:j 

I#! lacording. eacli rulaiy I i u d  scuii:;~ :;high IIclJ UII 11w viih!(i 
lrack erasing Ihe field prior lo re-rworuing and pievenling 
(.Iiroma beam and prcture distorlton ai cdil poiills For ci~:~ii I 

assemble edttrng wcth no overlapping, aulomaiic kxckspaong is 
provided by the AEF (Automatic Editing Function) mechanism. > ‘ YtC fthenq Iechntqua mcOrpMOQ unc%f bccnsu lfom Farouala Ldboralor~)6 loc 

. \’.:.: 
,>’. . . 
c: a, 
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MCORDER DECK? 

c. .. . 

REuABlUn 
M o d e  lock function 
When you want !o prewnl accidenml or deliberale mcshandling 
of the recorder's conlrols. simply set this switch to ON aftcr 
setting all necessary controls. You'll be able lo concenlrale yrr 
camera operations without worrying aboul mlshaps Especially 
convenient in situalions where you can't keep a close eye on the 
recorder or have 10 leave h unsnended in a crowded area 

200aH hour mater 
To facilitate scheduling 01 mairilermrice. u rrielcr is pruvldc:tl 
which shows operating time up to 2000 hours. 
Comprehensive warning system 
To ensure trouble-free operation and minimize downlime. 
LED indicarors warn 01 problems such as servo lock failure, 
depleted battery. condensalion, and automatic shui-off due to 
malfunctioning tape lransport. An audible warning is 
simulWFtousiy oiilpul trom !he. ea[ph.QQ?&ck. , __ 
AVoutput teenlnals 
In addiiion to YIC 358 output, Ihe BR-SNJSU is equipped will1 
composite video and 8-pin AV ourputs. Independent I JR  audio 
output rerrnrnals are also provided. 
High-speed shuttle search 
For more search flexibility in The tleld or in the studio, shunle 
search ai 7 Limes normal speed in eilher direction IS possible. 
Large backlit audio level meters 
For easy monitoring of audio levels even in dark or dimly-lit 
conditions, two large Sacklit VU meters are provided 

, 

d.. 
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APPENDIX T: TECHNICAL DATA ON THE COMPRESSED VIDEO DIGITAL STORAGE 
AND RETRlEVAL SYSTEM ENCODER AND MAPSTAR. SYSTEM 

Scientific Atlanta 

360 





Yechnid Szpectffcations 

I 

Tech nica f Specifications 

Mechanical 
U n i v d  Input ipcctptiDg 

I size 

I Operating temperature I 

Vldeo input Board 
Video input 1 



Encode algorithm I 



Technlcal Spedflcatlonrr 

I 
Serial Data - StatudControl link 

I I 1 I Baud rata I 

Data bits 

Stop bits 

I Duplex 

., ; 

I 
t’ ‘r; 

57,600 

No Paziq 

8 

1 

HalfDlrplfX 

Rs-232c 

* 



Scierttif ic 
At Ian t a 

Network Systems Group Application Note 
MapStaP Automatic 

Vehicle Location Software 
Scientific-Atlanta' s MapStar.'" 
Automatic Vehicle Location 
(AVL) sofnciare package 
provides the dispatcher inter- 
face for fleet communications 
and tracking. Utilizing the 
global satellite system, 
Inmarsat, a consortium of 
65 countries, Mapstar" is 
connected with Scientific- 
Atlantu's MariSra? or 
TerraStasTu products ro 
pi-oi.ide real or mar- real tinre 
hz'o-way comnrroiicatiorls 
beni*een the dispatch ofice 
and mobile r7ehicIes anyuphere 
in the H-orld. 

INMARSAT 
System Provider 

Attanta 

1 
f 
Scientific-Atlanta's TerraStaP -C/ManStaP -C Terminal is one example of an 
Inmarsat €arth Station that can be used to communicate with the mobile 
vehicle/vessel using MapStaP 

Fea fures 
MapStarn' has a number of flexible features including: 

Vehicie,Vessel Tracking for Entire Fleet 

Cartographic Flexrbillty 

Variable Communications Interface 

Two-way Communrcattons 

Stand-alone Configuration 

Front-end Communications for Midrange and Mainframe 

Compatibility with TerraStar-Hubm Network Router 

Description 
MapStaP' is a graphic display communications, and database management 
system for vehicle tracking applications Users will be able to track vehicles. 
send and receive messages estaDilsh data communications, and obtain vehicle 
status reports 

Vehicle locations are displayed on maps, which may be customized to the user's 
specific requirements providing an interface for the user to the map display and 
two-way communications Using MapStarT", the dispatcher can monitor in real 
time the location speed and ETA for all vehicles in the fleet and send and 
receive messages 

Scientific-Atlanta, Inc. 
Fax - 404-903-5346 



MatStarTv Automatic Vehicle Location Software 

Full Features of MapStaP 
VehicleNessel Tracking 

Receives position data and plots vehicle’s 
exact location on map or chart 
Position options available: 
- Latest position 
- Last known/communicated position 
- 1 to 24 hour period 
- Archive Files 

- GPS LaffLong, course 8 velocity 
- Time and date sent 
- Time and date received 
- Sensor status reports 
- Forms filing 
- Fuel management data 
- Trip record data 

Supports the following services: 

Cartographic Flexibility 
Display of numerous vector based maps 
Zoom up to 7X for detail 
Allow any digital or hard copy map to be 
used as background map 
Maps are in multiple overlays 
User editable overlay 
Receives electronic file update 

Variable Communications ln terface 
Basic map engine receives packets from many 
types of communications networks 

Two- Way Communications 
No additional programs are neces- 
sary to exchange messages with 
mobiles through the network 
All handshake and protocol 
conversion is automated 
Operates in batch or real time 

Map is Human Interface 
to Communications 

Communications are originated by 
pointing at vehicle or selecting 
vehicle from list 
Exact destination transmitter ID is 
always input when vehicle is 
selected 
All log keeping is automated 

Stand Alone Configuration 
The program is complete within itself and optimized to 
run in a stand-alone configuration 

Front-End Communications Processor 
for Midrange and Mainframe 
For those applications where the newly received 
message and position information is useful in another 
computer which is running an operations package. The 
program is designed to prepare the data for transfer to 
these other systems and to serve as a front-end 
communications processor for them. This can be 
accomplished in a direct connection to the other 
computer or via a network 

Back-End Cartographic Terminal 
for Midrange and Mainframe 
For those applications where the new dynamic data is 
received by the operations package in an existing 
computer, the program can very nicely receive the 
position information from the computer and display the 
positions on the electronic maps. This prevents the 
need for putting cartography on the host computer. 

Low Cost 
Perhaps the most cost-effective solution to vehicle 
tracking in the world. Plus built-in two-way communi- 
cations and many other extras. 



MapStaP Automatic Vehicle Location Software 

Friendly Operation 
GUI-Geographical User Interface: 
the startlingly easy way to operate 
a complex and powerful computer. 
The ease of use and training 
saves even millions of dollars over 
time depending upon number of 
workstations and use. 

Network Management 
The optional TerraStar-HubM routing, 
store-and-forward switch gives carriers 
full network parameters and flexibility 
without compromising performance or 
cost effectiveness. 

Benefits of MapStarTM 
The financial benefits of equipping 
a fleet with a Scientific-Atlanta 
MariStaP or Terrastarm terminal 
are varied depending upon the 
application. In a typical trucking 
application, benefits accrue to 
all interested parties. 

TERRASTAR-HUB" 
OR NETWORK PSN 

A 

Packets 
Supporr SomVare ............................................... 

I 
I 
I 
I 
I 
I 
I 
I 
I 
4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I I ;  

I v :  
I USERWTERFACE 4 : : c ~ - ~  ; 

A A  I #  

:1............0.....0............0~ I.'O...n.....! 

: v  V v v I 

BASICMAPSTAFP < I I 

G I  
I 
I I 

................................................. 
I 

# F ; :  I 
I 
I 
I 
I I : Archwe Message WlF- IndexFile FeabJresFJe chan ; 
I A I 

I .................................................. # M a d  Los 

Support Files v v  v v  , 3atabase Amitcabon 
a Mcnfrane 

The Trucking Company/Operator 
Cost savings lead to a payback of less than one 
year 
- More revenue mile per truck 
- Decreased and predictable telecommuni- 

cations cost 
- Decreased out of route and deadhead miles 

Mapstar'" is a marketing tool 
- Offers a competitive edge 
- A proactive rather than reactive customer 

service plan 

Improves management reporting capabilities 

Reduces accidents and lowers fuel consumption 

Reduces insurance premiums by 7-1 5% 

The Driver 
Near real-time communication between the driver 
and the dispatcher is accomplished easily from any 
location 

Quicker transit times 

With the optional Mobile Mapstarm interface the 
driver can see his location at all times. The soft- 
ware gives a numeric latitude/longitude indication of 
current position. Vectorized maps are also available 
for the vehicle with a suitable display device 

Increases number of loads and revenue miles 

Emergency assistance is always available 

Eliminates filling out complex driver logs 

__ 
M a n S w  and TerraSur are regirtrred tradsmarks of Scientific- Arlanra 
5lapSrar is a registered trademd. of ComGraphlx. IncorporXed 



Mapstarm Automatic Vehicle Location Software 

The Shipper 
Greater degree of Quality Control 

Increases control of high-value consignments 

Precise status and shipment information 

Accurate delivery time with position reporting. 
Tighter ETAS can result in Just-In-Time service to 
customers 

Rapid response to customer request and/or order 
in-transit redirects and expedited deliveries are 
easy to effect 

- Coordinate operations with shipping personnel to 
maximize efficiencies and productivity 

Throughout the world, shippers 
can rely on Scientific-Atlanta's 
AVL and lnmarsat 
systems expertise. After 
providing the first lnmarsat 
coastal earth stations. and 
more than 3,000 lnmarsat 
terminals. the transport industry 
has corne to rely on Scientific- 
Atlanta since 1976 to provide 
mobile communications solutions 
worldwide. 

System Hard ware Requirements 
Mapstar" is designed to operate with the following 
system hardware: 

Scientific-Atlanta Maristar" or Terrastarm 
inmarsat Standard-C and/or -M Terminals 

Apple Computer, Inc. MacintoshM systems, 
including Macintosh I I ,  Ilx, Ilcx, Ilci, ilfx, and 
Quadra 700 and 950 computers, using 
System 6.0.5 or greater 

Any telecommunications network equipment 
that is able to connect to the specified lnmarsat 
Land or Coastal Earth Station 

Optional TerraStar-HubN for use in multiple 
dispatcher networks. 

Macmtosh is a cradrnark licensed IO Apple Computer. Inc. 

Illustration showing typical transportation application 
using MapStaP 

o /  ' r '  

c 

Scientific-Atlanta, Inc. 

t Our customers are the winners. 

United States: 4291 Communications Drive. Norcross. GA 30093: Telephone: (404) 903-6001 : Teiex 461 1804 

United Kingdom: Home Park Estate. Kings Langley, Hens. WD4 8LZ. England: Telephone: Kings Langiey 44-923-266133: Telex 912044 
Australia: Unit 2. 2 Aquatic Drive. Frenchs Forest, N.S.W. 2086. Australia; Telephone: (612) 452-3388: Fax: (612) 451-4432: Telex 790 177418 

Canada: 120 Middlefield Road. Scarborough. Ontario M1 S 4M6. Canada: Telephone: (416) 299-6888; Telex 0652534 

France: 4 Avenue Gabnel Peri. 78360 Montesson France: Telephone: 33-13-976-9791 : Telex 696385 

Albert-Sciwe.:ze,-S!:asse 65 8000 MJe?cr.er 83 Postfaih 830935 Gernapy. Telephore .19-29-678SC: 9 Te o x  52'2264 
Italy V!a Benedom C:oce '9 .  00142. Rome. Italy. Telephone. 39-6-5439994 Telex 02'441 

' 3 ; -  1.7 * - - .  '> .3$  S , ~ e - . - c . ~ - a - . 2  
GerTar,) 

& -3-:5,*5e.,+.", 2.r.;- c ,  c: -:t?" -77; _ _  " _  . _ _ _ .  _--_ -_ -.-> . -__. - . ~ . -  



APPENDIX U: TECHNICAL DATA ON THE CARTRIDGE TAPE AND DIGITAL 
PICTURE TRANSMISSION SYSTEMS 

Exabyte 
Robot Research 
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Less tian 20 see. load to ready j I I 

4G I 

I /  M W  ovw 200,000 hours 

I 

8 M M  C A R T R I D G E  T A P E  S U B S Y S T E M  

The H m m o r h  Canndge Tape Subs)strm rakes 8mm u p  performance to nru le\els Its high capacq.  

fast -fer rate and rapid search speed probide the performance required to meet groumg data >torage 

needs Mammoth not on!) pro\idzs quick backup ofever-expsnding quantities of data. but also pabes the 

way for emergtng applrca~ions such as digital vldeo and multimedia. near-onhne storage and hierarchical 

srorage managernenr. 

High-perfonnance dam comptession using rhc intelligent IDRC (Improved Data Recording Capabiliry) 

algorithm typically doubles capacity and throughput. Mammoth's read compatibility wirh previous product 

generations protects the long-term investment in 8mm technology. 

Mammoth features an Exab!te-designed and manufactured deck uith 30 percent feucr pms A 

srreamlined tape loadin_g mechanism and cap,tm-less tape path probide gentle wpe handling. T h i b  robust 

deck. along uirh Mamrnoth's data rellabllit>. * i l l  lower the cost of ownership and reduce suppon COSIS. 



M o d e l s  

Mammoth singie-ended SCSl 
Mammoth: differential SCSI 

Sustained transfer rate 
3MEsec uncompressed 
6 MWsec  compressed' 

7 asynchronous 
20 MBsec synchronous 

188 M 8  sec uncompressed 
376 M 8 s e c  compressed' 

Rewindspeed 60 ips 
(63 bmes nominal) 

Load to ready c20 sec 

Burst transfer rate 

Search rate 

Data lntwritv 

EER <l  in IO 'bits 

Drive Reliabili 
MTBF: >2OO.ooO hwrr 
MTTR: ~ 1 5  minutes 

Inlerface 

SCSI-2. desrgned for fast and mde 
Smgk ended M differentlal 

Read and Write Formats 
Read and wrile Mammoth 
Read 8500 85GOc 82% 

Environmental Media - 
EXATAPEmY '6Cm ac-a-ced metal Opera1 q :emperarure 

+S'C to d0.C l c i l  F 10 r1WF) 
Nonoperaiing temperature 

Relative humldrty (noncondenung) 

maparaled 

-40-C to +6O'C (-4O.F 0 +14O'F) 

20% to 8046 

Power 
+5 VDC. +12 VDC 
15 wans typical 

Physical Dimensions 

Standard 5 25 inch half hetgh! 

1 63 In \hi  x 5 75 ? 

1or-r %mor 

(4 14 cm x 14 61 cm x 20 32 cn] 
We'gh: 3 Ibs ( 1  36 kg 1 

w x 8 In ib) 

Exab!te Corporation 
1685 38th Street 
Boulder. Colorado 8o-Wl 
Phone 18001 EX.4BYTE 
F3\ f-W31U7-7501 

._, -..::,.- . - - -  . .. . . 
. . - . . - :  .:- :: . -  . .  



TX42E 
RX42E 

(- 

Features 

e 

e 

e 

e 

e 

a 

e 

e 

a 

0 

Trcmsmissionoverordi~tdephoneIines, 
cellular links w the Integrated Services 
Dgitol Network (Ism). 
Tumk pock ing for total component 
capatiebiiity a3ease of setvp. 

A high performance 
&6SX, 33 MHz 
pC*wih 
open ended 
architecture for 
h r e  expon- 
sion and .. 1 
enhonce- I 

High definition 
5 12 X 480 pixel, full screen 
picture transmission typically in 1 to 6 
wcordswihv;ficI!y-o ;OS T+coIquod 
and hex $ure branmission in one sec- 
ond or less 

Four comerc Inputs with a singie TX42 
Transmitter, up to 16 inputs with optional 
EX40 4-camera Expansion Modules. 

One alarm input for eoch camera input. 
Auto-dialup of the Receiver upon ohm. 

b e  image to hord disk functions includ- 
i none, a11 or olorrn octivated Optional 
v%outpuf for use wih o VCR or printer. 

A spec101 display screen and pull dawn 
menus for 011 setbp ond control functions. 
Simcle ''poifit and click" mouse operc- 

7 

-- . 
. 7 . ;  

-- - - ments. 

hOr! 

Talk bock capability with-optionol TBdO 
Digital Audio Module 

Pemcte kiceCont~ol  copbilitywih RC40 
A.chonnel kelcy Uct' 

&an is a quantum l q  in long disbnce picture tranmission 
tcxhz. Unlike 9 'S slow-wn tdevision systems, this K based 
system uses advanced igid !dudogy and pc0pekt-y Robot 
algorithms to achieve very h quolity B/W picture tranmirsion over a 

grade telephone lines, cellular link ond the Integrated SeMCes Dqid 
Networ(c (ISDN). Fh%re + mDy be 
tranwniltwlworlhvKkoverfhesemediawith 

no loss in os Iittleasa hoawnofone 23 sec . With on end user costd lessdm 
$8,500.00 (USD) for a bsic system, 
Hyperkon i s  the new standard ford long 
distance management, surveillance and visual 
communication applkutions. 

variety of communicotion K k 9  ia. Praaical medii include 0 C d i i - q  mice 

4 

T h e ~ i s w o d o M e a s  
LA.$ integrated tumkey 

oge consisting do K 
sed Rx42 Recei~er and one 

or mure TX42 Tranmh/  
modempoirs Thecompoct, 

lightwe; httronsmitter acepts 
video inpvtstom u to 4 smbrd -------- 

tekvision cameras. A seeded P ir.+t is 
digitized into o 51 2 X 480 pixel array, then transmitted by m n s  of high 
s p e e d  error arrec:i!y rnodevs tc he K where it is dispioyed r :: 
SuperVGA monitor. Picture tronmisslon may be initiated by the Jser or 
on clarm at the ccrnera site. 

Propn'etary software converts he K to the system's digital @re 
receiver ond contrd console. Features include high resdvtion, m- 
interlaced picture display, pull down menus, a d  easy 'point and dick" 
mouse control of system setup and operation. Sequential full m, 
quod (2x2) and hex (4x4) 
maximum viewing flexibility in 
has never been easier. The 
hard disk for pixel perfect 
a VCR or video printer. 

that takes the "slow" out of stow-scan 

are user seleaobie for 
And, documeneon 
images may be d to 
or qtionally, hsnsfer to 

HyperScan. the new high delinition picture transmission tec--,ology 



Vistandard 

Vilnprts 

Grey kale 
Abm Inputs 
*output 
w n g p -  
Ambient Temperature 
Construch'on 

ccm Modem 

EN 525 lines, 60 f ; d d s / d  
CUR: 625 lines, 50 fidds/second 
(4): 1 .O V p-p, diffemtmi, & 75 ohms/ 
HlZ, BNC 
1 .O V p-p, 75 durrs, BNC 
RS232 serid &a, DB9S ' 

256 X 240 pixels quod pidwe 
I28 X 1 20 pixds hex picture 
With dymmic c0mpcession: 
1 - 6 s e c d s  611 !men p i r e  
0.5 - 2 d quod Plcfutt 

512 x 680 plx$su xreen piaure 

Mshadesofgrey 

- ---- 
I h+'?s& f 
-- --- 

Another Robot Intes-ated Video ComDonent 
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It's real simple Nothing bears Hyperscan Ultra tor cost-ettective, high-performance, long-distance 

Tru-color picture transmission. ::: In just seconds. Hyperscan Ultra can link you t o  remote sites around the world or right 

next door - all by using ordinant vmce grade telephone lines or rhe new "communications super highway ISDN 

lines 7 And HvperScan Ultra D l l l i  voi i  i n  coniplctc control Bestdes visual communlcattons Hyperscan Ultra 

provides audio and complerc camera and device operation So vou can spedk to penonnel  pan  t i l t  and zoom 

all cameras and control locks lights and  alarms simply and easily trom one Lenrral 

location anvwhere in the world -: T h e  system even enables you ro display image5 

trom tour entirelv difterenr transmitter sites a t  one ttme 5 Plus simple ultra-advanced 

4, 

n 

. i" 



picture management and image enhancement are now just quick mouse clicks away With its Windows "-based operation, you 
? 

ments, utilities, and convenience, retail, and franchise stores. As for savings, Hyperscan Ultra now 

can organize recorded images by transmitter site, camera, time, date or  alarm event Then  enlarge and enhance any picture 

area for more exact identification Even add your own notes to  pictures and fax them to remote security 

authorities EI All of which makes Hyperscan Ultra the  perfece solution for banks, transportation depart- 

offers you Tru-color picture transmission at the price you used to pay for black-and-white 

o Ultra powerful PC performance Unparalleled control And outstanding value 

All from Hyperscan Ultra, the Tru-color transmision system that brings you the world 

+?!! 

Multiple full screen updates per second in 5 1 2  x 4 4 8 pixel 

Tru-color. 

- Transmits over ordinary telephone lines or the Integrated 

Services Digital Network (ISDN). 

. ' Communicates over a single link orfour links at once 

Video, audio, device and camera control over one line 

Enlarges and enhances a n y  picture area using off-the-shelf 

image processing software. 

) Allows annotation of recorded pictures. 

Tratismits recorded pictures and annotations to fax machines 

m i d  other I-lyterScnii Ultra receivers 

High-performance, PC-based operations. with open-ended 

architecture for inexpensive system expansion and software 

upgrades. 

J Upgrades black-and-white Hyperscan systems to Hyperscan 

Ultra via inexpensive update disk and kit. 

Four camera inputs with a single transmitter, up to f 6  inputs 

with optional expansion modules. 

One  alarm inputfor each camera input. Auto-dial up of 

receiver upon alarm. 

Simple pull-douw menus, help screens and point-and-click 

mouse operations. 

See matrix for specific features 



b 1x45-CAMERA TRANSMlTTER/COMPANION MODEM 

1!0iO STANDARD 
EIA: 525 LINES. 60 FIEU)S/SECOND 
CCIR: 625 LINES, 50 FIELDS/SECOND 

.'>EO INP'J: 
4: 1 .O V P-P, SOFTSET 75 OHMS/Hi-Z, BNC 

l 2 C A L  ' / 'DE0  CUTPUT 
1 .O V P?, 75 OHMS, BNC 

3171 CUTPUT 
RS232 SERIAL DATA, D89S 

31GITAL .'AEMORY 
51 2 x 448 PIXELS FULL SCREEN PICTURE 
256 x 224 PIXELS QUAD PICTURE 
128 x 1 12 PIXELS HEX PICTURE 

LiPDATE ?ATE 
WlTti DYNAMIC COMPRESSION: 

1 - 3 SECONDS FULL SCREEN PICTURE (PSTNJ 
0.5 - 1 SECONDS QUAD PICTURE (PSTN] 
MULTIPLE FRAMES PER SECOND (ISDN) 

2 E ' f  SCA?E/CC??OR PALETTE 
64 SHADES OF GREY 
18 BIT COLOR 

'LARM INPUT 
4: PROGRAMMABLE-ACTIVE LOW, ACTIVE HIGH 

A:LAIM OUTPUT 
4: PROGRAMMABLE-ACTIVE LOW, ACTIVE HIGH 

OPERATING POWER 
250 MA AT 12 VDC 

AMBIENT TEMPERATURE 
40" TO 104°F (5' TO 40°C) 

CONSTRUCTION 
ANODIZED MTRUDED ALUMINUM 

CClTT MODEM 
V.34 (28.8 KBAUDJ, NUU MODEM TO 115 KBAUD, 

ISDN - 56 KEAUD OR 115 KBAUD 

HYPERSCAN ULTRA RECEIVERS - INTEGRATED, CONFIGURED, TESTED 

486SX, 33MHZ PLATFORM OR BETTER 

BMB RANDOM ACCESS MEMCXY 

17OM8 FIXED DISK DRIVE OR BElTER' 

3.5" FLOPPY DISK DRIVE 

ENHANCED KEYBOARD 

MOUSE POINTER 

SUPERVGA MONITOR, 0.28 W T  P K H  

RX45 1 .O SOWARE WITH Ms DOS V6.2 

RECEIVER MODEM 
1 ME VIDEO RAM CHIP 
-75 1: V.34 (28.8 KBAUD) 
-7Q 4: V.34 (28.8 KBAUD) 

S l N w  CoMMUN!€AllON UNK RX47S RfCECUMR 

NC&m I 
I I 

MODEL 

Tx45 

lmge Storage: Appraximafely 1 OM6 p r  hour upper limit while viewing 
high octiwty. 

Specifications rubiect to chonge without notice. 91994 U.S.A. 

PERSISTENCE O F  V151UN 

WEIGHT DIMENSIONS POWER 

1.25 LBS. (0.6 KG.] ' 5"H X 8"W X 1.25"D 3 WATTS 
11 27MM X 203MM X 32tv'MJ 

3 

5 6 3 6  R U F F I N  R O A D ,  5 A N  D I E G O ,  C A  9 2 1 2 3  6 1 9 1 2 7 9 - 9 4 3 0  8 O O f S 5 4 - 2 0 5 7  



APPENDIX V: COST ESTIMATE FOR THE DEVELOPMENT OF THE LATERAL 
POSITION LANE TRACKING SYSTEM 

Williamson Associates 
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Mt. Dick Carter, Manager 
Oak Ridge National Laboratory 

March 4, 1994 

Oalr Ridge. TN 37831-6360 

6613 Lynndalc Drive 
Raleigh. NC 27612 

1-9 19 - 848-3 6 18 

RE: Lane Tracker 

Dear Dick, 

Here is the information you requested. 

Pricing 

First advance payment: $37,500-00 

Intermediate payment: 

+ 
!$ 10,000.00 (est-) hardwarecosts for eight (8) systems 
Si 27,500.00 (est.) + Final payment: ($ 37,500.00 (-) $ 10,OOOcOO) 

+ Total cost: $75,000-00 

Additional Costs: Extra systems: $ 1,800.00 each (est.) (1 - 9) 
3i 2,200.00 each (est.)( 10 -24) 

Deliverables: 

1.. One (1) working prototype (bread board) for testing by ORNL. To be 
delivered after first advance payment and before intermediate payment. 

2-. Eight (8) fully functional systems. To be delivered after intermediate 
payment and before final payment. 

System Description: 

Hardware: 
A system consists of: one lens, one sensor, one controller, one LASER, two 
housings, and one interconnect kit (necessary cables and connectors). 

Software: 
The software will be writen in C or C+, and will be a core program (or programs) 
sufficient to operate and test the system. Also, this "core program" should be of 
sufficient robustness, as to be used as the core of ensuing applications (to be 
created by the customer)$owever, no guarantee is made for this. 

Dick, if you need clari€ication on any of the above, or additional info please call. 



APPENDIX W: TECHNICAL DOCUMENTATION ON THE TEST PLANNING, 
A N a Y S I S ,  AND EVALUATION SYSTEM 

Calspan Corporation 
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PAWES 

Data Source 
information 

Performance 
Data _ j ~ )  

PERFORMANCE ASSESSMENT AND 
WORKLOAD EVALUATION SYS'IEM 

System to help perform crewstation evaluations during 
flight test 

Structured Crewstation Evaluation Process 
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1.0 Scope 

The Cognitive Systems and Human Factors Group in the Engineering Physics and Mathematics 
Division at Oak Ridge National Laboratory (ORNL) is conducting a research program for the 
National Highway Traffic Safety Administration. The purpose of the effort is to develop a portable. 
data acquisition system that will allow driver performance data to be collected using a variety of 
vehicle types and that would be capable of being installed on a given vehicle type within a 
relatively short period of time. 

This document defines the System Engineering Requirements and related Software 
development required to support the design and integration of the DASCAR system. The level of 
detail contained in this document will be sufficient for a third party to perform the System 
Engineering effort. Rough Order of Magnitude (ROM) costing information for the effort has been 
included. 

2.0 System Overview 

The Data Acquisition System for Crash Avoidance Research (DASCAR) will consist of four 
major components: 1) Sensor Suite; 2) Data Processing Unit (DPU); 3) Data 
StoragefTransmission Module; 4) Power Supply. This system is described in Figure 1 below. 
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3.0 Referenced Documents 

The following documents of the exact issue shown form a part of this specification to the extent 
specified herein. In the event of conflict between the documents referenced herein and the 
contents of this specification, the contents of this specification shall be considered a superseding 
requirement. 

3.1 Oak Ridge National Laboratory Documents 

Development of a Portable Driver Performance Data Acquisition System for Human Factors 
Research, Phase 1, Task 4 - Interim Letter Report September 1993 

3.2 Scientific Atlanta Publications 

IS0 9001 Signal Processing Systems Quality Policy Manual 

Signal Processing Systems Software Standards and Practices for the Software Development 
Process, Document No. SSPMAIN 

4.0 System Requirements Overview 

This section provides an overview of the system requirements based upon the data acquisition 
parameters identified to date. In general, the Scientific Atlanta DPU provides broad capacity for 
data acquistion growth beyond that defined in the current Sensor Suite. 

4.1 Sensor Suite 

The following paragraphs define the Sensor Suite in terms of known system requirements. Table 
4.1 documents the currently defined Sensor List. 

4.1.1 Vehicle Parameters 

The Vehicle Parameter set defines the current operational condition of the vehicle. In general 
these parameters require the highest data acquisition sampling rates. and the largest data 
storage requirements of all those monitored by DASCAR. 

Due to the technical complexity of measuring these parameters the devices utilized tend to be in 
the form of a subsystem, or module. Adual data collection by the DPU is accomplished via a 
digital serial data stream. To allow for the expansion, or modification of the modules used to 
measure the vehicle parameters the Motorola MVME-162 Circuit Card Assembly (CCA) has 
been chosen to act as the System Communications Interface (SCI). This assembly allows for 
expansion via four Industry Pack standard mezzanine CCA's. One Octal Serial RS-232 industry 
Pack will be installed on the SC1 to interface to the currently specified modules. 

To allow for flexibility in tailoring the data storage requirements of the vehicle parameters, the 
sof&ware/firmware of the DPU will support a Sensor Control Table (SCT). This table will contain a 
field for each DASCAR parameter which allow selection of a storage mode / rate which is 
independent of the parameters sample rate. Refer to Section 4.3.1. 
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DASCAR 
sensor List 
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DASCAR 
Sensor List 

Ambient Hlitni. 

Contra61 

Glare 

Noise 

Precipitation 

Road Oredicnt 

Wind Condilions 

PHYSIOLOGICAL 
Fidget Index 

liead Movement 

Blmd Pressur-e 

Body Temp. 

EEO 
EMG 

EOO 

OSK 
ECO 

Respiration 

Skin Temp. 

V i J w  

Video 

Video 

Audio 
Uiikntrwn 
Unknown 

Uciknown 

Video 

Video 

BioSennor 

BioSeiisor 

Bit J e n a o r  

BirrSenslrr 

B i d e n r o r  

BioSenaor 

BioSenror 

BioScnaor 

BioSsnaor 

NIA N I A  N I A  

N I A  N I A  N I A  
N I A  N I A  N I A  
N I A  N t A  N I A  

Unknown Unknown 1 Hz 

Unknown Unknown I Hz 

UnLtwwn Unknown I nz 

N I A  
N I A  
IJFI 

U F I  

t lFl  

UFI 

UF1 
UFI 

U FI 

[JFI 

UFI 

N/A 
N I A  
Di 6c 

Disc 

Dirc 

Disc 

Diac 

Disc 

Disc 

Diic 

Disc 

N I A  
N I A  
2 Hz 
2 HZ 
5 l i t  

5 f iz  

5 132 

5 112 , 
s nz 
5 Hz 
2 Hz 

NIA N I A  
N I A  N I A  

N I A  N I A  
N I A  N I A  

Unknown Unknown 

Unknown Unknown 

Unknown Unknown 

NIA 
N / A  

Conversion 

Convcwion 

Convernion 

Conversion 

Conversion 

Cunvrrsion 

Converririn 

Conversion 

Conversion 

N I A  
NIA 

8 
a 
8 

8 

6 
8 
8 

8 
a 



4.1.2 Driver Control Parameters 

The Driver Control Parameters measure and store the physical activity of the mechanical driver 
controls. Implementing a sensor, string pot or strain gauge, to measure these parameters will 
require system and mechanical engineering attention towanjs Sensor sensitivity and installation 
complexity. A prime factor effecting the complexity of the installation is the necessity to insure 
that the physical mounting is non-obtrusive. At time of installation, test will be required to verify 
sensor sensitivity and physical stress conditions. 

Given that the driver control parameters are accurately measured, a number of derived 
parameters can be calculated. To simplify, and later expand these calculations, all processing 
shall be pecfotmed "Post Real-Time" by the Data Compression / On-Board MMI Laptop 
computer. 

4.1.3 Equipment Parameters 

The Equipment Parameters monitor aspects of the vehicle controlled by the driver, which do not 
effect the motion of the vehicle. These parameters are in general ON/OFF signals. While it is 
possible to monitor each of the parameters with discrete sensors, it will be much more efficient to 
access the information via the vehicle's main system control computer. At present specifications 
on the this computer system are not available and it is proposed that tasking be assigned to 
address the development of an interface/interface specification for the vehicle main control 
computeddata bus. 

If discrete sensors must be utilized to access equipment parameters, a separate system / 
mechanical engineering task is required to determine sensor points. voltages, cable routing, and 
any required signal conditioning for the DASCAR vehicle. 

4.1.4 Environmental Parameters 

The Environment Parameters will be in general monitored by video surveillance. If the addition 
of temperature. humidity, and wind sensors is required the DPU is fitted with more than sufficient 
spare input ports to accommodate them. 

Storage of video data can be accomplished via a variety of methods. These include analog tape 
storage (an adaptation of systems utilized by state law enforcement), video MPEG 
encoding/compression storage to disk, and RF transmission to a base station along with analog 
tape storage. In all scenarios the DPU will have the capabilities to control the video storage 
subsystem. Due to the large data rates required for video storage the DPU will not be required to 
store video data via it's functional components. 

4.1.5 Physiological Parameters 

The Physiological Parameters monitor the physical condition of the driver. While some of these 
parameters may be monitored by the video system, the majority is monitored via biological 
sensors. Given that all of the currently identified parameters can be monitored in a non-obtrusive 
manner, attention must be paid to the signal conditioning requirements of each parameter. 
Vendor supplied condition units can support all of the parameters and it is assumed that the DPU 
will accept a voltage of sufficient maximum and minimum levels for sampling and storage of 
physiological parameters. 

4.2 Data Acquisition Platform Requirements 

Data acquisition requirements shall be supported by the Analog Data Acquisition (ADA) CCA and 
the System Communications Interface (SCI) CCA. All analog inputs will be handled by the ADA, 

-- - ~- 
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all digital serial inputs shall be handled by the SCI. Given the number of analog inputs supported 
by the ADA, and the two spare Industry Pack mezzanine boards of the SCI, a great deal of 
expansion capabilities is supported by the DPU. 

4.2.1 Analog Data Acquisition CCA 

The ADA CCA consists of nine major components: the Central Processing Interface, the Discfete 
Input Interface, the Discrete Output Interface, the Differential Analog Interface, the PulsdSpeed 
interface, the Synchro/Digital Interface. the Air Pressure Interface. and the Small Computer 
System Interface (SCSI). A block diagram of the ADA CCA is given in figure 3. 

, _ _  _.-_ ~ __I___. - - ._ __ 

Figure 3. Analog Dara Aquisition (ADA) Block Diagram 

4.2.1.1 Central Processing Interface 

The Central Processing Interface is the heart of the ADA CCA. The Central Processing Interface 
accesses the other seven major interfaces to monitor the vanous input signals. 

The Central Processing Interface is built around a Motorola 16.78 MHz 68332 microprocessor. 
The 68332 is based on the 32 bit 68020 Central Processing Unit (CPU) but also indudes a 
versatile Time Processor Unit (TPU) that can perform various time, period, and frequency 
measurements on up to 16 separate signals. The 68332 includes logic, such as prograrnmabie 
chip selects, that eliminates much of the glue logic typical of microcomputer designs. The 
Central Processing Interface also consists of 256 KB of fast static RAM, 256 KS of Flash 
memory, and an RS-232C serial port. Both the fast static RAM and the Flash memory will be 
expandable to 1 MB on the ADA CCA. This upgrade shall be accomplished by replacing the 
original device with device that have 4 times the capacity and a solderable jumper configuration 
if necessary. The asynchronous serial port is built into the 68332. A debug/monitor program, 
Motorola CPU328UG, is also present in on-board PROM and can be used to perform lovv-level 
debugging and monitoring of the ADA CCA. The CPUBZBUG is present on a 128 KB PROM, 
only 50 % of the PROM is used by the debugger program and 50 % is usable by the ADA 
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system operating system. A reset switch, a software abort switch, eight programmable LEDs, 
along with a RUN LED and a HALT LED, are also present to aid in debugging. An 8 position DIP 
switch, readable by the 68332, is also present to allow configuration options. 

4.2.1.2 Discrete Input interface 

The Discrete input Interface receives 72 single-ended discrete DC analog signals from 
equipment external to the DPU and performs gain control and analog-to-digital conversion on the 
analog signals. The data is then made available to the Central Processing Interface. 

Each of the 72 single-ended signals is received by a high-impedance receiver capable of 
receiving 0 V to +28 V peak signals. Each receiver output feeds an input to an analog 
multiplexer. The outputs of the analog multiplexers feed a programmable gain amplifier (PGA). 
The output of the PGA feeds a 12 bit Analog to Digital Converter (ADC) whose output feeds a 4K 
deep FIFO. An interrupt can be generated to the Central Processing Interface after every FIFO 
write or when the FIFO becomes half-full. Optionally; the FIFO can be polled to check for any 
words present in the FIFO. The Central Processing Interface can directly read the contents of the 
FIFO. 

The Discrete Analog Interface is completely programmable including sampling order, sampling 
rate, gain control, and channel enableidisable control. The Discrete Analog Interface can perform 
a maximum of 4000 total samples per second in any combination across the 72 single-ended 
analog channels. For example, all 72 single-ended analog signals can each be sampled at a 
maximum of a 50 Hz rate or only 1 analog signal can be sampleb-with all other channels 
disabled-at a maximum of a 4000 Hz rate. The minimum sample rate of a single-ended analog 
input is 0.25 Hz. The order that channels are sampled is programmable as is the gain control- 
either 1, 2, 4, 8, 16, 32, 64, 128, or 256 for each channel. The parameters for each channel are 
stored in a control RAM. The Discrete Analog Interface includes 20 constant-current diodes that 
can be used for sensor biasing. 

Two adjacent single-ended channels can be programmed via the control RAM to act as one 0 V 
peak to +28 V peak differential analog channel. Sampling order, sampling rate, and gain control 
of these differential analog channels are also programmable as per the single-ended channels. 
All 72 single-ended channels can be programmed for differential mode giving a total of 36 
differential channels. These 36 differential channels are completely independent of the 80 
differential channels contained in the Differential Analog Interface described in section 3.1.4. 

4.2.1.3 Discrete Output Interface 

The Discrete Output interface receives parallel data from the Central Processing Interface. The 
parallel data received represents static DC control signals used to control equipment external to 
the DPU. The Discrete Output Interface consists of a readhrite register and a high-current 
driver that are used to send static DC control signals to external equipment. 

4.2.1.4 Differential Analog interface 

The Differential Analog Interface receives 80 differential analog signals from equipmenthenson 
external to the DPU and performs low-pass filtering, gain control, and analog-todigital 
conversion on the analog signals. The data is then made available to the Central Processing 
Interface. 
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Each of the 80 differential signals are received by a high-impedance receiver. Each receiver 
output feeds a low-pass RC filter and is input to an analog multiplexer. The outputs of the analog 
multiplexers feed a differential receiver whose output feeds a programmable gain amplifier 
(PGA). The output of the PGA feeds a 12 bit Analog to Digital Converter (ADC) whose output 
feeds a 4K deep FIFO. An intempt can be generated to the Central Processing Interface afler 
every FIFO write or  en the FfFO becomes half-full. Optionally, the FIFO can be polled to 
check for any words present in the FIFO. The Central Processing Interface can directly read the 
contents of the FIFO. 

The Differential Analog Jnterface is completely programmable including sampling order, 
sampling rate, gain control. and channel enable/disable control. The Differential Analog Interface 
can perform a maximum of 8000 total samples per second in any combination across the 80 
differential analog channels. For example, all 80 differential analog signals can each be sampled 
at a maximum of a 100 Hz rate or only 1 analog signal can be sarnpled--with all other channels 
disabled-at a maximum of an 8000 Hz rate. In addition. the order that channels are sampled is 
programmable as is the gain control-either I ,  2, 4, 8 .  or 1 W o r  each channel. The parameters 
for each channel are stored in a control RAM. 

4.2.1 .S Pulse/Speed Interface 

The Pulse/Speed Interface receives up to 10 pUlSe/Speed inputs and formats the input signals for 
measurement by the Central Processing Interface. The interface is capable of recognizing 
frequencies from 1 Hz to 16 KHz. The pulse/speed inputs are received by dedicated receiver ICs 
and then fed directly to the 68332 microprocessor. 

4.2.1.6 SynchrolDigital Interface 

The Synchro/Digital lnterface receives up to 3 synchros and a reference input and then 
calculates the phase offset of each synchro against the reference input. Each synchro is a 
standard 3-wire interface consisting of S1 52. and S3. The reference signal is a standard 2-wire 
interface consisting of R1 and R2. All signals are 90 VAC maximum and are reduced to 11 VAC 
by transformen located inside the DPU but external to the ADA CCA. This prevents high voltage 
from being input to the ADA CCA and creating a safety hazard. The Synchro/Digital Interface is 
based on a DOC hybrid module that incorporates monolithic ICs to perform the synchro to digital 
conversion for all 3 synchro channels. The resolution on all 3 channels is 14 bits. 

4.2.1.7 Small Computer System Interface (SCSI) 

The Small Computer System Interface or SCSl interface is used to send and receive data to and 
from other CCAs inside the DPU. The SCSl interface is implemented using the 16 bit fast and 
wide SCSI-2 standard. Synchronous burst transfer rates up to 20 MB/sec are supported as are 
asynchronous burst lransfer rates up to 10 MBkec. Active terminators are used on the SCSI-2 
bus to improve SCSI-2 signa! characteristics. The SCSI-2 interface has the ability to perform 
DMAs from and to the main ADA CCA memory. The interface is built around the NCR 53C720 
ScSl I/O Processor and is software compatible with the NCR 53C710 SCSl 110 Processor used 
in the FTAS system. The 53C720 can interrupt the 68332 microprocessor or optionally the 68332 
can poll the 53C720 for status and error conditions. 

4.2.2 System Communications Interface CCA 
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The System Communications Interface (SCI) CCA will provide a variety of communications 
interface ports for both the in-vehide digital sensor subsystems of DASCAR, and for the 
upload/download of application programs and data to an external computer. In the initial 
DASCAR prototype system a Commercial Off The Shelf (COTS) CCA, the Motorola MVME162 
will be utilized. 

4.2.2.1 Motorola MVMEi62 Overview 

The MVMEl62 MC68040-based embedded controller is designed to provide a powerful and 
functional CPU which can be reconfigured in an existing application. With the compute power of 
the MC68040 and the flexibility of the IndustryPack mezzanine interface, the MVME162 bridges 
the gap between embedded controllers and single board computers by offering versions with 
increasing levels of functionality up to the single board computer families. 

A key feature of the MVMEl62 is the IndustryPack interface. IndustryPack module provide a 
wide variety of connections to "real-world" 110. Expansion is accomplished by means of a 
mezzanine board mounted to the MVME162. Up to four IndustryPack modules can be installed 
on the MVMEl62 and still occupy only one VME slot. 

The following list is a summary of the MVME162's functional components : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 MHz MC68LC040 Enhanced 32-Bit Microprocessor with 8KB of Cache 
and MMU 

Optional 25 MHz MC68040 32-Bit Microprocessor with 8KB of Cache, MMU 
and FPU 

A32/D64 VMEbus Master/Slave Interface with System Controller Function 

High Performance OMA Supports VMEbus D64 and Local Bus Memory 
Burst Cycles 

1 or 4MB of Shared DRAM, with Programmable Parity 

512KB to 2 MB SRAM with Battery Backup 

1 MB FLASH Memory for On-Board MonitorIDebugger or User Installed 
Firmware 

8K x 8 NVRAM and Time-of-Day Clock with Battery Backup 

Two Serial Communications Ports, console ports as EIA-323-D DTE, 
Second Port is User Configurable for EIA-232-D/ElA-422 (V.36) DTUDCE 

Four IndustryPack Ports 

Six 32-bit Timen (Four Without VMEbus) and Watchdog Timer 

Optional SCSl Bus Interface with 32-bit Local Bus Burst DMA 

Optional Ethernet Transceiver Interface with 32-bit Local Bus DMA 

One 32-Pin PLCC EPROM Socket 

4-Level Requester, 7-Level Intempter, and 7 Level lntenupt Handler for 
VMEbus 
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Remote RESET/ABORT/STATUS/ Control Functions 

On-board Debugger and Diagnostic Firmware 

1 1  I I  I 
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Figure 4.1 SCI CCA BLOCK DIAGRAM 

4.3 Data Storage Requirements 

The DASCAR system must be able to not only collect data from a wide range of sensors, but 
also store this data for later retrieval and analysis. Because of the fad  that this data is composed 
of a wide range of formats, sizes, and collection rates, care must be taken to fully quantify and 
qualify storage requirements. As a further complication, attention must be paid to preserving a 
"snapshot" of all parameters for a pre defined period of time prior to an actual crash. 

In order to provide a flexible, scalable, data storage system, the DPU will be required to accept 
Sensor Control Table (SCT) from the Data Decompression / On-Board MMI laptop computer. 
The SCT contains a set of fields for each parameter monitored by DASCAR, which conipletely 
specify the sampling, thresholds, data format, and storage requirements of the parameter. The 
following paragraph defines the required fields of the SCT as currently defined. 

Parameter Name 16 CmaCter ASCII String representing the parameter name. Used for 
reference only. 
- - - . .- ... . . .. .. . . . . . -  sample Rate 16 bit integer representing tne sample rate in HZ. sample rates less than 1 
Hz are represented as a negative number, indicating the denominator of the fraction. 
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Gain Input gain to be applied to the signal. 

Data Format 16 bit code indicating the output format of the samp 
indicate 8 bit integer, 1 indicates 16 bit integer, 2 indicates 32 bit IEEt 
800X hexadecimal indicates a single ON/OFF bit, formatted in a 16 bit h 

indicates the bit position. 

Maximum Value 16 bit integer representing the ON threshold level. 

Minimum Value 16 bit integer representing the OFF threshold level. 

Output Mode 16 bit code indicating the method of outputting sampled data. A 0 (zero) 
indicates output at the Sample Rate, 1 indicates output on change of sampled value, and 
a 2 indicates output at the Output Rate. 

Output Rate 16 bit code indicating the output-rate of sampled data. 

To accommodate retention of pre crash "snapshot" data storage capability the DPU buffers 
acquired data in tiers within the CCA's. Analog data sampled by the ADA CCA is buffered in the 
on board 128 K of battery backed up SRAM. Digital data sampled by the SCI CCA is buffered in 
it's 512 K of battery backed up SRAM. And all data to be output to either the SCSl storage 
media, the laptop computer, or the PCMCIA Credit Card is also buffered by the SCI CCA in 
battery backed SRAM- In the event of a crash, even if the mechanical storage media in use is 
damaged, up to 20 minutes of pre crash data shall be accessible from the OPU via battery 
backed up SRAM. 

Note that currently active Sensor Control Table (SCT) is continuously stored in non-volatile 
memory on the OPU. This image is reused as the defautt SCT on subsequent power up 
operation of the DPU. This autonomous configuration feature will be applied to all externally 
controlled settings of the DPU. 

4.3.1 Data Rates 

The DASCAR system must be capable of storing all monitored parameters at the input sample 
rate. This criteria determines the worst case storage requirements of the system. Figure 4.3.2.1 
documents the storage rate per hour based upon the current Sensor Table, with the originally 
specified sample rates. Figure 4.3.2.2 documents the storage rate based upon sample rates 
rounded up to the nearest base two multiple. This second figure represents the most efficient 
method of implementing multiple sample rates on the ADA CCA. Once the DASCAR system is 
fielded, data storage rates may be optimized on a per parameter basis. 
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Sampfe Rate Data Size # of Param Storage I Hour 

0.016666667 1 128 960 
1 1 16 7200 
1 8 3 loso0 
2 8 3 2 1600 
5 8 6 1 ogooo 
20 8 3 2 16Ooo 
20 16 9 1296000 
30 8 1 1 o m  

1768560 for 72 Hr = 127336320 
4 

Figure 4.3.2.1 Data Storage per Hour in Bytes 

Sample Rate Data Size # of Param Storage I Hour 
0.016666667 1 128 960 

1 1 16 7200 
1 8 3 10800 
2 8 3 21600 
8 8 6 172800 

32 8 3 345600 
32 16 9 2073600 
64 8 1 230400 

2862960 for 72 Hr = 206133120 

Figure 4.3.2.2 Data Storage per Hour in Bytes, Base 2 Sample Rates 

4.3.2 Storage Methods 

The DPU shall provide the ability to store acquired data on various forms of storage media. This 
includes in-vehicle storage devices and external devices accessed over an RF or satellite 
communications link. To accommodate this requirement all output data samples will be 
formatted by the SCI software in standard data 'packets". The output of data over the RS-232 
link to a PCMCIA Credit Card Drive, an RF radio link, or the Data Decompression I On-Board 
MMI Laptop computer shall all be performed in an identical manner and format by the SCI 
software. This will also be true of the SCSl interface. The SCI software is required to support a 
set of software drivers which may be selected at time of configuration, as the active device 
driver. As is the case for the SCT, the selection of storage device driver is stored in non-volatile 
memory for automatic configuration on the next power on condition of the DPU. 

4.4 Communications Requirements 

The DPU of the OASCAR system shall support a variety of communications interfaces. This 
includes the Proxim telemetry system, the TerraStar-C Satellite Terminal, an RF modem and the 
Laptop Computer or a cellular telephone-to-landline automatic data transmission. As is the case 
for the output of sampled data, command and control input to the DPU shall be formatted in a 
standard "packet". In this way the selection of the communications interface will specify the 
software driver to be used, and will not affect the main body of the SCI software. 
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4.5 Power Supply Requirements 

The DASCAR Power Supply subsystem shall be required to support the DPU chassis and all of 
the sensors, and sensor modules of DASCAR. In examining the existing Sensor List it becomes 
immediately obvious that voltages other than the standard +12 VDC and +5 VDC are necessary. 
The currently proposed approach of utilizing a set of Vicor DC to DC converters, along with a 
Gel1 Cell battery for surge protection is appropriate, as long as it is designed in a method which 
will allow the addition, and interchange of DC to DC converters. 

The DPU shall require the supply voltages identified in Table 4.5. Note that power consumption 
figures are maximum levels and do not indicate typical operating consumption. 

Sub-Assembly Voltages Power 
ADA CCA + 5 VDC, +15 VDC 10 Watts 
SCI CCA + 5 VDC, +12 VDC 20 Watts 

Serial Port Mezzanine + 5 VDC, F12 VDC .2 Watts 
SCSl Mezzanine + 5 VDC, 212 VDC .2 Watts 

5.0 System Engineering Requirements 

The following sections define the top level System Engineering tasks required to support the 
implementation of a prototype DASCAR system. These tasks include system design engineering 
efforts and the project engineering efforts. 

5.1 Prime Item Development Specification 

The initial System Engineering task of DASCAR shall be the creation of a Prime Item Design 
specification (PIDS). This document establishes the performance, design development and test 
requirements for the system. Completion of this document shall signifiy finalization of all system 
design issues. The document shall be jointly developed between Scientific Atlanta and ORNL. 

A major portion of this task shall be the generation of a final Sensor Specification List. This list 
shall resolve the following issues : 

Vehicle Parameters 
e 

Determine communication port specifications on the subsystems which 

e Verify subsystem power requirements. 

Verify all Discrete analog input voltages. 

output serial data (RS-232, Baud Rate, etc.). 
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Driver Control 

Verify subsystem power requirements. 

Determine input voltages. 
Environmental 

Determine ranges required for the String Pots and Strain Gauge. 

Equipment 
Finalize Vehicle Bus or direct connection method for each parameter. 

Identify sensors required other than video surveillance. 
Determine the video storage media, and control interface required from the 
DPU. 

Determine if special signal conditioning is required on any of the parameters. 
Physiological 

Determine input voltages. 

5.2 Detailed Scheduling 

A detailed prototype development schedule shall be jointly generated by ORNL and Scientific 
Atlanta. All tasks shall be defined with predecessor / successor dependencies sa as to accuratety 
present any program slips due to the slip of an individual task. Each task shall be assigned a 
resource, either Scientific Atlanta or ORNL personal, who shall be responsible for completion of 
the task. The master schedule shall be updated on a bi-weekly period, and shall be published on 
the first Monday afternoon of the penod. Responsible resources will be required to supply task 
status on the second Thursday morning of each period. Copies of each period's schedule shall 
be archived by Scientific Atlanta's Configuration Management Department. The initial schedule 
shall contain only the top level tasks and milestones. Detailed, low level tasks shall be defined 
upon compfetion of the PIDS. 

5.3 Sensor Interface Definition 

In concurrent development with the PIDS, Scientific Atlanta and ORNL shall generate an 
Interface Control Document (ICD). This document shall specify the electrical, mechanicaf, and 
software interface requirements on a sensor by sensor basis. The accuracy and completeness of 
this document is essential to the success of the DASCAR program. 

5.4 Design Reviews 

Throughout the development of the DASCAR prototype a series of design reviews shall be 
conducted. Upon completion of each review a Summary Report shall be generated and 
distributed to all participants. All reviews will include sessions on each of the engineering 
disciplines applied to DASCAR; Systems, Electrical, Software, and Mechanical. The following 
reviews shall be conducted as part of DASCAR. 

Prime Item Design Review (PIDR) The PlOR ensures that the system engineering 
effort establishes performance, design development and test requirements for the 
system. The outcome of this review shall be a finalized system architecture which 
defines each physical subsystem and sensor, and specifies data throughput, data 
storage, environmental, power, EMVRFI, and installation goals Additionally, prototype 
installation logistics shall be agreed upon during this review. This includes specification 
of the vehicle manufacturer and model, 

Preliminary Design Review (POR) The PDR ensures that the specified architecture will 
meet the functional requirements. In addition, it ensures that all documentation 
generated in the preliminary design phase is accurate and complete according to a 
predefined checklist. The outcome of this review shall be finalized documents which 

__ 
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include a Drawing Tree, Chassis Assembly Drawing, Cable Harness Assembly Drawing, 
and Power Subsystem Assembly Drawing. Installation requirements for each sensor and 
sensor subsystem shall be shall also be defined. 

Critical Design Review (CDR) The COR ensures that the detailed design meets all 
functional an performance criteria, and that the design is well-documented, testable and 
manufacturable. A predefined checklist will be used to ensure adequate review 
coverage. As part of the preparation for this review a detailed inspection of the target 
vehicle shall be performed so as to fully understand all aspects of the DASCAR 
installation process. 

Test Readiness Review (TRR) / Acceptance Testing (AT) Due to the fact that the 
initial DASCAR effort is the development of a portable prototype, some degree of 
incremental testing and design refinements will occur at time of install. To speed this 
process the TRR and AT will be combined. and will occur during the initial vehicle 
installation effort. 

5.5 EMIIRFIIThermal Analysis 

As part of the system engineering effort analysis shall be conducted on EMVRFI radiation, and 
thermal requirements of the DPU. EMVRFI test results shall be input into mechanical 
engineering to determine any specialized shielding requirements of the OPU chassis. 

Thermal requirements shall be determined jointly between Scientific Atlanta and ORNL. Cooling 
and heating requirements shall be strongly influenced by the placement of the DPU in the 
vehicle, and by the anticipated environmental conditions during deployment.. Conclusions shall 
determine whether specialized fans or heating elements are required for the DPU chassis. 

5.6 Testing Management 

In support of the Test and Readiness Review a Test Plan (TP) shall be created jointly between 
Scientific Atlanta and ORNL. This documenf shall specify the test procedures, test fixtures, 
testing hierarchy, and acceptance criteria of the DASCAR testing effort. The document must 
describe an evolutionary testing plan which verifies each component as the DASCAR system is 
installed. 

6.0 Software Engineering Requirements 

This section defines the software engineering requirements for the development of a prototype 
DASCAR system. As is the case for all Scientific Atlanta hardware assemblies utilized in 
DASCAR, software components shall be "reused" as much as possible form other Scientific 
Atlanta data acquisition programs. 

6.1 Analog Data Acquisition CSCl 

The ADA CSCl shall be created by modifying the existing ADA CSCl of the HUMS program. This 
software performs control of the acquisition circuitry, collection of acquired data, formatting of 
the data, and transmission to the SCI CCA. Major components of the CSCl are as follows : 

CPU32Bug DebugIMonitor program burnt into the PROM device on the ADA. This 
COTS software is utilized during the software development phase for debugging and 
monitoring the CSCI. i h e  program will remain resident in all units as a field service aid if 
required. This program will be used as is for DASCAR. 
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Board Initialization This portion of the CSCl initializes all hardware components of the 
ADA, performs power on confidence test, and initiates communications with the SCI 
CSCI. This portion will be used as is for DASCAR. 

Control Ram Module This module supports non-application specific programming of the 
ADA Control Ram. This requirement is based on the need to alter the sensor suite 
support as specified in the user interface. This module will be used as is for DASCAR. 

SCSl Communications Module This module supports SCSl communications between 
the ADA and SCI CCA's. The interface is bidirectional, supporting both the "real-time' 
output of acquired data from the ADA to the SCI, and the downloading of new application 
code from the SCI to the ADA. This module will be used as is for DASCAR. 

Data Acquisition Module This module supports the collection of all acquired data from 
the input FIFO. It further formats the data in "packets" for output by the SCSJ 
Communications module. This module will have to be reviewed to verify d i e d  
application to the DASCAR system. 

The majority of the Helicopter Usage Monitoring System (HUMS) ADA CSCl will be reused for 
DASCAR. Nonetheless, "reuse" does not imply "plug-and-play. This CSCl will require software 
engineering suppoft to support specific DASCAR requirements during all phases of integration 
and test, along with the generation Of appropriate software documentation. 

6.2 System Communications Interface CSCl 

The System Communications Interface (SC1) CSCl is responsible for collecting digital sensor 
data and for communicating all sensor data to either the chosen storage media, or the DOOM 
CSCI. Major components of the CSCl are as follows : 

162Bug DebugIMonitor program burnt into the PROM device on the SCI. This COTS 
software is utilized during the software development phase for debugging and monitoring 
the CSCI. The program will remain resident in all units as a field service aid if required. 
This program will be used as is for DASCAR. 

SCSI Communications Module This module supports SCSI communications between 
the ADA and SCI CCA's. The interface is bi-directional, supporting both the "real-time" 
output of acquired data from the ADA to the SCI, and the downloading of new application 
code from the SCI to the ADA. This module will be used as is for DASCAR. 

Data Acquisition Module This module supports the collection of all acquired data from 
the digital serial input ports. Because DASCAR shall utilize specialized sensor modules 
this software module must be created for DASCAR. 

Oata Storage Module This module contains the software device drivers required to 
store acquired data on various forms of media. Currently the DPU utilized for HUMS will 
support a subset of drivers required for DASCAR (PCMCIA Memory Cards, RS-232 
Serial Port). Once new forms of storage are specified for DASCAR, this module must be 
modified to supply the appropriate'support. 

System Controf Module This module provides the mechanism to control the DPU via 
the laptop computer. While this module exists in the DPU of HUMS, it must be examined 
to determine whether it is completely applicable to the DASCAR system. 
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The majority of the SCI software will be reused from the HUMS program. Any modifications to 
the somare will be predicated on specification of digital output Sensor modules, and additional 
storage media. 

6.3 Data Decompression I On-Board MMI CSCl 

The Data Decompression / On-Board MMI (DOOM) CSCl is responsible for converting all raw 
DASCAR sensor data into a format that may be viewed andlor stored for later post processing. 
This software will be required to run both on a laptop computer in the vehicle, and on a fully 
configured desktop workstation. 

The Data Decompression portion of the CSCl will convert the sampled data "packets" into a 
processing format suitable for input to a spreadsheet, database, or statistical analysis program. 
This function shall execute in two modes, post processing mode, in which a raw packet file is 
read, and a processing formatted file is written, and real time mode, in which data collected real 
time, in the vehicle is written in processing format to the laptop hard disk. 

The On-Board MMI shall allow the operator to control the DPU, and view sampled sensor data in 
real time. Control of the DPU will primarily consist of creating and downloading the Sensor 
Control Table from the laptop computer to the SCl software. Note that on power up the SCI 
software shall autonomously begin execution with the last loaded Sensor Control Table The MMI 
will additionally display all sensor data in realtime. The software shall be flexible enough to allow 
follow on addition of statistical analysis in real time. 

6.4 Documentation 

As part of the software development process under Scientific Atlanta's Software Standards and 
Practices for the Software Development Process Procedures a number of design documents 
shall be generated. These documents chronicle the software effort from requirements analysis to 
detailed design implementation. The format of the documents is in a version of the DOD-STP 
2167A standad, tailored for small and/or commercial applications. A version of each document 
type shall be generated for each of the three DASCAR CSCl's Note that since two of the CSCl's 
.are to be reused from the HUMS, their associated documents shall also be reused. The 
documents are : 

Software Requirements Specification (SRS) The purpose of an SRS is to specify the 
requirements for the design, implementation and qualification of the CSCI. The 
document is to be written and approved prior to the initiation of design to ensure 
common understanding of the requirements. 

lnterface Requirements Specification (IRS) The purpose of an IRS is to specify the 
interfaces between CSCl and CSCl and between CSCl and Hardware. Note that sensor 
interface requirements is a subset of the software interfaces, and will be documented in 
detail in the ICD. 

Software Design Document (SDD) The purpose of an SDD is to document the high 
level architectural design of the CSCI. Due to the fact that DASCAR is a relatively small, 
commercial program this document will exist as a "living" document, and shall only be 
finalize on completion of prototype testing. 

6.5 Design Tools 

AH software developed for the DASCAR program will be written in the C program language, and 
will be compiled and linked with industry standard tools (Microtec Research, Microsoft C, Ver 



7.0). The software development platform shall be an ISM PC compatible. This platform must 
have the ability to exist as a laptop so as to.support field changes and updates. 

7.0 Mechanical Engineering Requirements 

This section defines the mechanical engineering requirements for the development of a 
prototype DASCAR system. It must be stressed that this effort is to design and implement a 
prototype system. A output of this task shall be a great deal of knowledge and experience on 
methods of specifying a production OASCAR system. 

7.1 Cable Harness Definition 

The DPU chassis and backplane shall accept a removable cable harness which will contain all 
sensor inputs. The initial harness will be that used in the HUMS program. Upon installation of the 
prototype system analysis should be performed to determine if this connector system is 
adequate. 

The prototype DASCAR cable hamess will be developed as it is built on the vehicle. In this way 
detailed issues of cable lengths, routing, attachment and portability will be resolved in the most 
cost effective manner. 

7.2 Power Supply Definition 

The currently conceived approach of the DASCAR power supply system will accept input 12 
VDC from the battev (via a secondary Gel1 Celt), contain a set of Vicor DC to DC converts, and 
output a set of voltages which may be reconfigured. The power supply module shall exist a5 a 
separate entity from the DPU. Space must be resewed for expansion in the event that addition 
circuitry is required for surge suppression and/or noise redudion. 

7.3 Drawing Package 

All cable mechanical assembles created by Scientific Atlanta shall be documented in a Level 1 
format drawing package. While the installation and test phase of the DASCAR program is under 
way, drawings shall be updated to represent the as built condition of the system. Upon 
completion of this phase the entire drawing pacTage shall be identified as Revision 1, and shall 
be stored in the Reproduction Department of Scientific Atlanta. 

All software generated for the OASCAR prototype shall be maintained using Scientific Atlanta's 
standard configuration management practices for commercial software development. During the 
development phase all software shall be backed up on a daily basis, with weekly off site backup. 
Upon completion of the test and integration phase all source software shall be checked into 
Scientific Atlanta's Configuration Management Department for regulated version management. 

8.0 Costing Breakdown 

The following section provides a rough order of magnitude (ROM) breakdown of the cost to 
execute the system engineering requirements documented above. 
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DASCAR Syetem Engineering Work Breakdown 

Work Center Tank EmUmmted Hourr Totml 

Syetem Engineering I Deeign Support Prime item Development Specification 1 2 0  120 

Design Reviews 4x20 80 

EMl lRF l~hermal  AndVbih 80 80 
Power Supply Definition 40 40 
lnataliation/Test Management 16012 80 

Sensor interface Definition 80 80 
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Syetem Software Implementation 

Support 
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Design I Code 

Teat I Integration 
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20 
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APPENDIX Y: INFORMATION ON CELLULAR TELEPHONE SERVICE AGREEMENTS 

Cellular One 

406 



Service Plans and Rates 
4 + 4 ? 4 + 4 +  

CELLULARONE" 

Clear Across Americasm 
Clear Across Tennessee 



+ Diamond Plan' 

+ Gold Plan' 

+ Silver Plan' 

+ Bronze Plan? 

4 Copper Plan 

+ Security Plan 

Basic Price 
Plan Per 
Month 

$199.95 

$139.95 

$79.95 

$47.95 

S29.95 

S 19.95 

Unlimited 
Weekend 
Plan Per Minutes 
Month* Included 

$2 09.95 800 

$149.95 400 

$89.95 200 

$5 7.95 75 

$39.95 0 

$29.95 0 

Per 
Minute Rate 

25 $/SO 1 + 
28$/401+ 

35@/201+/Peak 
22$/201+/0ff PI 

3 8 @ /7 6+/Pea k 
22 5/7 6+/0f f Pe: 

395 

60ePeak 
25q Off Peak 

Incoming Calk Onlv 
*Ourgoing Cdls O n l y  

Local Calls Onl> 
*Plan includes Cnlirnired Weekend Callin: which includes local calk trom 7 : M  PhZ Friday IO i:X AM hfonJay. Long 
Pi,rcince, roaming and [ m e >  ;ire ntv :zcluJeJ. 

+ ACTIVATION FEE 

... .. .. 

$40.00 

SUPER SYSTEM $10.00-$15.00/month 
Super System offers toll and roamer free calling throughout the State of 
Tennessee Lvhen calling from a Cellular Ones* city! Ask your sales repre- 
sentative for more details! 
'Conrel Cc.llul,ir c>wned .ind t>Frmred tit\. d k ' a  Cellular One 

MR. RESCUEB $2 .OO/rnonth 
Mr. Rescue offers emergency roadside service, exclusivelv to Cellular O n e  
cusromers, yroviding24 hour, 7 days a week sen-ice nationwide. With 
Cellular One and Mr. Rescue, life on the road doesn't have to be s o  lnneh 

DETAILED BILLING S 2.5@/month 
Call by call detail of cellular usage. 

CELLULAR ASSURAKCE PLUS $?.95/month 
Insurance protection for your cellular phone and equipment 
yrw.ideJ by Insurance Company c i t  North America, 
a ClGX.4 c~~iiipany. 



CELLULARONE" 
Cellular Secretary 
Cellular Secretary is an electronic voice mail service which answers 
your calls when you are not available and it helps make your cellular 
phone even more productive and effective as a business tool. It is easy 
to use, cost effective and has 3 secret password to insure your privacy so 
only you can access your messages. There's no airtime charge when 
you retrieve your messages horn a landline phone or when people leave 
you messages. 

OPTIONS BASIC BASIC PLUS ADVANCD 

Monthly Fee $6.95 $9.95 $18.95 
Greeting Length 1 Min. 2 Min. 2 Min. 
Message Length 3 kiln. 5 Min. 10 Min. 
Number of Messages 20 40 50 
New Messages Kept 3 Days 7 Days 14 Days 
Save Messages Kept 3 7 Days 14 Days 
Local Outdiating S L) Yes Yes 

hlessage Distribution No No Yes I 

You are "roaming" when you use your cellular phone away from your home 
cellular serxke area and are tr:i\.elins in .;ni-rhzr cellular market. There is 
3 spxial  Fer-minute charge t c r  roaming, \\-h;ih varies depending on nh ih  
i i t i -  y c u  are in. Ccllula: One is plc"~sed L' t)trer y c x ~  the most comprehen- 
sive cellular roaming netnark in North A-imttriia. '&%en you travel 
d i r ,  u g l i o u t  h e  L.5. and Can&, callers can reach you instantly by jiinFIi- 
dialing your cellular phone number, even if they don't know where you are 
before they cafl. In addition. you ha\-e the oyticm of fmvarding your calls 
to another number or ii you prefer not to receive your calls while traveling, 
you simply enter a two-digit star code. Furthermore, you can place long 
distance calls without using calling cards, credit cards, or operator 
assistance. 

Roaming ,4merica is also a national call fnrtvarding system in which callers 
can reach you throughout the U.S. where cellular service is available. 
Hoive\.er, a-ith Roaming America, you are required to activate the 
Roaming America features tvith the use of a star code each time you enter 
a ne\\- city. 

Best of' all, rhere's no manthly charse fcjr either sen-icc. .Ask your d e s  
representatix-r for more iietc~ilj. 



Knoxville - CrossviZZe - Cookeville Coverage Area CELLUIARONE. 

LOCAL CALLIXG AREA FOR KIOXVILLE, CROSSVILLE AND COOKEVILLE 



APPENDIX 2: PRICE QUOTES FOR 15 ADDITIONAL VEHICLE UNITS 

Scientific Atlanta 
Sinclair Radio Laboratories 

Austin Computer 
Vicor 

UniMeasure 
GSE 

Systron Donner 
UFI 

DBA Systems 
Pro Sports Engineering 

KVH Industries 
Riegl 

International Light 
Dawson Associates 
Quest Electronics 
Armtec Industries 

Eastern Video Systems 
Robot Research 
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Dick, 

Were is the pricing data you x e p t e d .  

DPU QD $ 8 , 0 0 0 . 0 0  each quantities up to 2 5  

Terrastar C QD $ 5 , 5 0 0 . 0 0  each 

Mapstar---- The system delivered with the prototype could support the 
test of the production DASCAR fleec nationwide. 
purchased, cosf will run ac $ 2 0 , 0 0 0 . 0 0  each. 

MPEG Video Compresion @ $ 3 5 , 0 0 0 . 0 0  each 

RF Modem @ $1400.00 per pair. 

If another were co be - 



SINELAIR 
FAX 71 6-874.400'1 

FAX MESSAGE COVER SHEEV 

NUMBER OF PAGES INCLUDING COVER S H E E T L A . .  If YOU M) NOT RECEIVE fH€ CORRECT 

NUMBER OF PAGES, PLEASE CALL 3860288-2763 
OR 116-8744682 

i i 

, .  YESSAOE: 

MODEL? 
SRL441U 
SRL44lP 
LIRLIlOC2 
8RL433 
SRL401 

DESCRXPTXOW LIST PRICE 
DILTA Ml%IHh WALL WCNHT $159.00 
DATA AMTENHA POL% HOrmT $154 .OO 
EHCLOSED DIPOLE ARRAY $555.00 
O)(%JDIREC!PIOilAL IWT3NIA $461.00 
OM1IDIRgCTIOWAL MTEER(A 6223.00 

RI[ET mrcE 
8119.25 
$115.50 
$416.25 
G34S.n 
$167.25 

DELIVERY WORKALbY 2-3 WEEKS ARO ON l l IB  PRODUCTS tI8TED ABOVE. 



A u d n  Computer Corporation 
lo300 Metric Bhrd. 
Austin. Texas 78758 

pages: 

Dale: 
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2 (Nocoverpage) 
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Fa: 61 5 574 7860 
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Account Representative 
800-833-4472 Ext 5229 
51 2-339 -3558 

Tams: 

Part No. . bescridons Unft 

e 
* We use only INTEL processors +* 

Thank you 





Vicor Power Supply 

I +5 V out @ 75 watts 
+12 V out @ 75 watts 
-12 V out @ 50 waits 

Mega i Master Module Junior--- VI-R J002L-CZZt 

12 V input ------ Price: 1-9 $376.00 
10-49 $343.00 

+5 V out @ 25 watts 
-15 V out @ 25 watts ***NOTE: -9 V out @ 0.5 watt 
+28 V out @ 25 watts w/ 3 terminal regulator 

off -15 V Out 

Mega i Master Module---- VI-Mol-CV 
V1-LBOl-CX 

12V input ------ Price: 1-9 $328.00 ; $164.W 
10-49 $290.00 ; $150.00 

+I2 v out @ 225 watts 

Mega / Master Module--- VI-M02-C W 

12V input ----- Price: 1-9 $301 -08 
10-49 $274.00 

+15 V out 63 100 watts 

I Mega / Master Module--- VI-ROO1 1-CXXY 

12V input ----- Price: 1-9 $478.00 
10-49 $435 .OO 



PRICE LIST 
CocVaBis. LEZ OR 97330 UnEMeasure, I ~ C .  - , L r i  . --.,.id c i  SEPTEMBER 1992 A 
Tet: (503) 757-3158 Fax: (503) 757-0858 m 5  c .,,/.: 

r 

QUANTITY DISCOUNT 

5-9 .................................... 5% 
10-24 ....... .. . . . . . . . . . . . . .__. . . . . . .. . . 7% 
25-49 . . .. . . . . . . . . . . . . . . . . ... . . _. . . . . . . 10% 

1 4  ................................. NONE 

50 and greater ................. Consult Factory * 

u 

PRICES IN U.S. DOLLARS 1 

FOLLOWING 
DIGITAL OUTPUT 

RANGE 

fw (-1 

2 50 
3 75 
4 loo 
5 125 
10 250 
15 380 
20 500 
25 640 
30 750 
60 1000 
50 1250 
60 1500 
75 1750 
80 2000 

100 2500 
150 3800 
200 5000 
250 6300 
300 7500 

400 10000 
500 12500 

350 8800 

B 
v a i u x  MM)ER 

PLSrTDcr 

OITm 

$225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
310 
310 
31 0 
450 
510 
51 0 
510 
530 
530 
530 
530 

P420 
Faxnmu 
CZQ n A  
MRn 

$335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
420 
420 
420 
575 
635 
635 
635 
650 
650 . 
650 
650 

PSI0 
m 

010 S O R  l o w  
CnJrFUl 

$335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
335 
420 
420 
420 
575 
635 
635 
635 
650 
650 
650 
650 

PlOlO 
(a5mJN 
* l o w  
arrpvT 

$375 
375 
375 
375 
375 
375 
375 
375 
375 
3 75 
375 
460 
460 
460 
600 
660 
660 
660 
680 
680 
680 
680 

$375 
375 
375 
375 
375 
3 75 
375 
375 
375 
375 
375 
395 

435 
- 
I 

- 
- 
- 
- 
- 
- 
- 

V 
VaocrpTanFvl 

$375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
435 
435 
435 
580 
610 
61 0 
610 
610 
610 
610 
61 0 

405 
405 
405 
405 
405 
405 
405 
405 
405 
405 
460 
460 
460 
620 
645 
645 
645 
645 
645 
645 
645 

DISCOUNT SCHEDULE 

TERMS 
1. Net 30 days 
2. F.O.B. Cowallis, Oregon, U.S.A. 

WARRANTY 
UniMeasure products are warranted for 6 months from date of shipment against defects in materials and workman- 
ship. During the warranty period, UniMeasure. at its option, will promptly repair or replace defective units at no 
charge to the purchaser if the product is returned to the factory freight prepaid. The warranty is void if the product is 
misused, damaged by accident, disassembled or intentionally abused. 

UniMeasure makes no other warranties either expressed or implied other than that above. UniMeasure assumes no 
liability for consequential damages under any circumstances.Prices, specifications and product appearance are 
subject to change without notice. 

Prices, specifications and product appearance are subject to change without notice. 





0 1 .  31. 9 4  1 2 : O O  PM *GSE INC 3 1 3 - 4 7 6 - 7 2 4 9  PO2 

Attn: Frenk Barlckman 
FAX 615-5169819 

QUOTATION 

QUOTATION 

YOUR REFERENCE 

F. 0. BJEX-WORKS 

TERMS: Mi 30 days 
Srbjed to Credft m a l  

12 Weeks,ARO. DELIVERY 

t o p u r r m  

P r b :  $1,51640 each 
I mounting 

4 pin connector 
Frank, .The only feasible way to reduce the 

would be to efiminate the damp base and have your 
This could work il you can somehow have your peda 
the base of the sensor. 

If you have any questlons, feel free to contad me. 

Lb. 

Sincerely, 



F E B - 2 2 - 9 4  W E D  12:52 S Y S T R U N  D U N N E R  I N E R T I A L  3186716522 

Tuesday, February 22,1994 

2700SyrbronDrsM'COncad, CA. 95818 Phone(510)671=6499 
FAX (510) 671-8567 r L I Product Quotation I 

Oak Ridge National Lab 
P.O. box 2008 

Ref w: Phone RFQ 
TN 37831-8360 

Date rcsvd : 219 7/94 

Phone : I 
Type : GyroChiM NSN : EI/A 

Quantify Ship Dafe ARO' Unit PRICE 
- I -2 4 weeks $1,195.00 

- 3 -8 4 weeks $5,621 A0 

9-20 8-12 weeks $934.00 - 
8-12 weeks $855.0 21 -50 - 

ITERMS and CONDITJONS Certificate of Conformity required: [rf 
1. Standard Systron Donner Inertial Oivision Terms 6. Conditions apply (copy included). 

2. The QRSl4-00160-102 requires a +lZ VDC input. 

completed by :Tim Liguoti 



FAX {51 0) 679-6567 

Tuesday, February 22.1994 

Oak Ridge National Lab 
P.O. box 2008 

Oak Ridge TN 37831-6360 

1 LATTN : Richard Carter 

' Phone: 1 FAX 615-574-7860 I 

I SDlO Quote # 94 5699 

Ref#; Phone RFQ 

Date reevd : 2/j 7/94 

Model : QRSl4-00100-103 Type : GyroCbipU NSN: jwJ 
1 

Quan iitv Ship Date ARO* Unit PRICE 
- 1 -2 4 weeks $1,31 !LOO 

7 3-8 4 weeks $1 ,I 23.00 

9-20 

21-50 - 
8-1 2 weeks 

8-12 weeks 

$1,028.00 

$941 .O 

TERMS and CONDITIONS Certificate of Conformity required: 1 x 1  I 
1. Standard Systron Oonnet Inertial Division Terms & Condib'ons apply (copy Included). 

2. The QRSleOOl OO-103 requires both a +15 VDC and a -1 5 VDC input. 

i 

I Completed by :Tim Liguori 
Qe T5-  

1 Note: ALL EXPORT order lead times Will begin after the receipt of the 
Customer Approved export papers (DSP-63). 



1 Product Quotation I 
SDID Quote #; 5699 Oak Ridge National Lab 

P.O. box 2008 
Ref#: Phone RFQ 

Date rcwd : a17194 
Oak Ridge TN 37831 -6366 

L- 

[ A ~ N  ; Richard Carler 

Phone : 

Type: MoHonPak NSN: N/A 

Quanfifll Ship Date ARO' Unit PRICE 
7 1-2 6 weeks $1 1,994.00 

- 3-8 6 weeks $10,844.00 

- 9-20 

- 21 -50 

8-1 2 weeks 

@-12 weeks 

$9,923.00 

$9,217.00 

TERMS and CONDITIONS Certificate of Conformity required: m] 
1. Standard systron Donner Inertial Division Terms 8 Conditions apply (copy included). 

2. The MotlonPak comes in many configurab'ons; this quote is for a standard 6 Degree of Freedom package. 

Standard Rate Sensor ranges are: 50,100,200,500 Ysec. 

Standard accelerometer ranges are: lg .  2g, 5g. log. 

Note: ALL EXPORT order lead times will begin after the receipt of the 
Customer Approved export papers (OSP-83). 

Completed by :Tim Llguori 
90 %!r- 



I-==- 7-7v  LICU 7 . L P  U T .  

UFI MEMOFAX Feb. 8,1994 

TO: 
FAX#; 1-61 5-51 4-961 9 
FROM: 
PAGES: 3 

Frank Barickman, Oakridge National taboratories 

H a w  M. Hanish, VP Engineering 

Dear Dr. Barickman: 

Thank you for your recent telephone inquiry requesting information about our Model 
3992 Digital BioLogQ systems. 

The attached quote is in response to your request We are proposing to supply you with 8 
channel BioLogs @ with the fofliowing specifications: 

Memory size --- 2 Mb. PCMCIA Ram Card. 

Channels- 

ECG -- 
E O G  --- 
EMC -- 
EEG -- 
RESP- 
PPG - 

TEMP -- 
K L  - 

uses FETRODE@ technology, 8 bit AD, nonclinical waveform (rate monitoring) 
uses FETRODE@ technology, 8 bit AD, vertical or horizontal 
uses FETROD€@ technology, 8 bit AD, supplies rectified envelope of signals 
uses FETRODEB technology, 8 bit AD, miniature AdAg CI Biodes@ 
8 bit AD, uses PneurnoTraaB transducer, records analog waveforms 
8 bit A D  --- uses UFl's 1020 POG transducer to derive pulse transit time 
or pulse wave velocity 
CORE &I SKIN -- 12 bit AD -- multiplexed on one channel 0-40°C- 
0.1 resolution 
BASAL --- recorded with 12 bit AD -- Sufficient resolution to derive E L  from 
this channel with better than 0.05 pmho resolution. 

Please note that these units are supplied complete with all necessary accessories such as 
software, transducers and re-usable electrodes. Also, while we have specified this as an 8 
channel system, there are actually 1 0  channels of data being recorded. 

more 



UFI seming science with experience 

545 main street m o m  bay, ca. 93442 805-772-1403 

TO: Frank Barickman 
Oakridge National Labratoria 

VOICE: 61 5-574-67 98 
FAX: 61 5-574-961 9 

date: February 8,1994 
inquiry: February 2,1994 
terms: Net 10 Days 
fob: factory 
delivery: 45-60days ARO 

- 
tern 

1 
- 

2 
3 
4 
5 
6 
7 
8 
9 
70 
11 
12 
13 
74 
15 

quan t 

1 
- 

2 
3 
4 
5 
6 
7 
8 
9 
10 
7 1  
12 
13 
14 
15 

description 
- _ _ ~  - 

Model 3992/8 Biotogm Complete 8 ch. system 
with card reader, software, with all transducers, 
and FetrodesB 
1 complete system + 1 BioLog@ 
1 complete system + 2 BioLog@ 
1 completesystem + 3 t3ioLogs~ 
1 complete SySfern + 4 BioLogdB 
1 complete system + 5 8ioLogs@ 
1 complete system + 6 BioLogs@ 
1 complete system + 7 8ioLog& 
1 complete system + 8 6bLogs@ 
1 complete system + 9 BioLogs@ 
1 complete system + 10 BioLogs@ 
1 complete system + 11 BioL@ 
1 comptete system + 12 BioLogsB 
I complete system -+ I 3 BioLogs@ 
1 complete system + I4 Biolog@ 

unit price 

I 

extension 

$ 10,OoO 
I 18,750 
5 27,500 
S 36,250 
s 4 4 , m  
S 52,750 
S 61,000 
$ 68,750 
5 76,500 
5 84,250 
$ 91,500 
$ 98,750 
$106,oOO 
$1 12,750 
$1 19,500 



16 March 1994 
File: ES94-357 

Fax: (615) 574-9619 

Dr. Richard Carter 
Research Psychologist 
Oak Ridge National Laboratory 
Oak Ridge, TN 37831-6360 

Subject: Stereo Eye Tracker, Production Systems 

Dear Dr. Carter: 

In response to your request for ROM pricing for 15 production units, the following 
assumptions were made. 

1. Some NRE would be required to repackage the dual PC configuration into a 
common chassis. This includes both software and hardware tasks. The price for 
this effort is $25K dollars. 

2. The system would be packaged in a ruggedized chassis for the vehicle 
environment. The system configuration would also include a solid state monitor and 
flash ram disk for increased reliability. 

3. DBA would provide all the peripheral hardware items including cameras, lenses 
illumination sources I mounting brackets and hardware. 

The estimated unit price for follow-on systems is $36K dollars based on quantity 
one. If ordered in quantity 15 the price would be around $30K dollars each. The final 
price will be dependent on system configuration, environmental constraints and 
quantity ordered. 

If you have any questions, please feel free to contact George Downey at 
Extension 2743. 

Vice President 
DBA Systems, Inc. 
Electro-Optical Systems Division 

DBA Systems, Incorporated 1200 South Woody Burke Road P.O. Box 550 Melbourne, Florida 32902-0550 (407) 727-0660 



Haft Effect Sensor 
-Unit Cost ................................................................................. $75.00 

-Cost p e r  15 units ................................................................. $1 125.00 

-Cost per 25 units ................................................................. $1875.00 



Facsimile Cover Sheet 
To: 

Company: 
Phone: 

Fax: 

From: 
Company: 

Phone: 
Fax: 

Date: 
Pages including this 

cover page: 

Comments: 

On behalf of KVH Industries. 

Frank Barickman 
Oak Ridge National Lab 
6 1 5-574-7860 
61 5-574-61 98 

Barbara Butler 

401 -847-3327 
KVH Industries, Inc. 

40 1 -8494045 

02/22/94 

1 

1 am pleased to provide you with the  following 
quotation for the KVH ClOO Compass Engine: 

- 

Quantity Unit Price 
1 $695 
2-25  $595 
26 - 100 $495 

Delivery is 1 week ARO. Shipping is FOB Middletown, Rf. 

If you have any questions, please contact me. 



Pcr our dkussjon last Friday, T hawe assembled a LD90-3300 price schedule. 
Bcfme submittkg a formal 1 thought we could review thir infonaation frarthcr. 

LD90-3300 quantity prices 
Qs!Ea! 
1-5 
G-1.0 
11-15 
16-20 
21-25 

- Price 
s7215 
$6900 
$6575 
$6250 
f6oa, 



01 01; 

.) Mr Frank Barickman Fax:  615/!574-7860 OATE 18Fcb94 TO 
O M  RIDGE NCITIONRL LFIBORRTURY 
Engin Phyuics 6 Math D i v  
Intelligent Systems Section 

TELECON RFQ laFeb94 
RE-NCE: YOUR DATED 

m 
1 

2 

3 

4 

- 
C S i l M  

JL148rn sbl RRT RRDIQlrtEfE R/PHOTQMTE RZ 
Computer centrolled, battery powered, d f g i t r l  
& alpha numeric display, Seven decade range of 
either sipnrl or intoprated dose IDoasurBIPIIyts, 
d i r e %  mading i n  any u n i t s  appropriate frlr the 
d e t e c t o r ,  auto range, auto zero, auto units,  
CCS00 carrying case, recordep out put,  manual. 

SEL033/Y/L30 ILLUnINFINCE PROBE: 
8.33caP detector, Y pbatopic filter, L38 
High 8ainLens C IYIS Illuminance calibration for 
dirwct mading in foot-candles. 

8;SS/Y/R L W I W  CE PROBE: 
0.33cRp detector, Y photopic filter, R 
Barrel and IYLS Luminance Calibration in 
foot - l a m b e r t s .  
T h i s  combination i s  designed for average 
m e a s u r e m e n t  o f  luminance over a target 
area greater than 3Bmm diameter plus 1.5 
degree half angle divergence, 

I2509 YTL SIGNRL PROCESSOR/EXTENSION CRBLE: 
Converts IL1488C) data for a computer/prfntar 
and provides 7 foot extension cables; for both 
SELCSL) detectors and d i g i t a l  device. R e q u i r e d  
fw -14 operation. 

lS% DISCOUNT FILLOWED FOR QTY 15 SYSTEMS 
2 3 %  DISCWNT RLLOUED FOR QTY 95 SYSTEM 
WITH FlLL SYSTEMS REtE4X3ED Rf ONE TIME 

DELIVERY: 2 WEEKS RRO QTY 2 SYSTEMS 
B WEEKS ARO QN 1S SYSTEMS 
1 2  WEEKS QRO QTY 25 SYSTEMS 

QUOTRTION IS VFILID FOR S I X T Y  DRYS FROM DQTE SHC)CJN 

NET 30 DRYS, FOB NEMBURYPORT,MR,, E W S  ks STQTED 

5679.00 

650.88 

651.00 

e0s. 00 

658.00 

651.88 

410.00 

-7 I // 
CUSTOMER COPY 

SIGNATURE 



DAWSON ASSOCIATES, INCa 
P.O. BOX 846 LAWRENCEVILLE, GA 30246-0846 (404) 963-0207 

Oakridqe TN 37831 

f x 615-574-7860 

! this  number 
!when oraerlng - -  

- € - U S  
j 

Y 3 r Q  S = -  Q Y  5 A - E D  
ro r'rank &rickman/ Oakridge Nat'i Labs 

Po mx 2008 

m UPS 
S A L E S P E R S O N  r o s  PPD C O C L  

j 2-18-94 I T B A  
I 

1  PROPOSE^ S ~ ( ~ P P I N G  DATE f o  a E  SMIPPEI-  , a 
Bethel Valley Road-Bldg 1625-Ms 6360 

DAF o r i g i n  X 

1 
1 
1 

1 
1 
1 

I 2 
2 
2 

2700 West Sound Meter 
calibrator for 2700 
10' extension cable for above 

2700 Quest Sound Meter 
cai ibrator for 2700 
10' extension cable for above 

2700 Quest Sound Pleter 
calibratzr for  2700 
10' extension cabie for above 

785. Qo 
328. Qo 
110.00 

742. CO 
310.00 
110.00 

7 0 2 . 0  
294.00 
110. cio 

1 
I 

i 

I 
i 

i 

i 
I 
i 
I 

I 

! 
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U.S. INSTRUMENT 
PRICE LIST 
E & c J J w ~ l , 1 9 e 2  

PRtCES SUBJECT TO CHMidE Wmcovr NQna. 
THlS PA- Usr SUPERSU)ES ALL PREvyXs W E  usfs. 

r- ELECfFiONlCS 

1800 

1 700 
1400 

~ ~ ~ ~ ~ ~ ~ ~ ~ & ~ , ~ ~ ~ - ~  
iQp 

NTEQRAWQ SOUND LEVGL METER: hcludea 1 R hch mmolable 
mlcrophom, 4nd com9ur# cab& .................................................... ss. 
SOUND LEVEL MRER: header It2 lnch remotable mkrcghone ............................. 2386.1 
SOUND LEVEL METER: Wuch Led mkr- ...................................... 886.1 

M E G R A W  SOWNO t E V E L m R :  hduder remore& mlcmphrm, 
ing amymercafse .............................................................. la.( 
SOUND LEVEL METER: kcMae romotpble microphone ................................... 825.1 
SOUND LEVEL METER: h d w h  fired dcmhcne ....................................... a&( 
SOUND LEVEL METER: a W  purpose, XclOWaA, indudes pooch ......................... 165.l 
SOUND LEVEL METER: barn as a h  except range Is 70-120dEw ......................... IS.[ 

Xrrs WITH CAI%RATCRS 

2 Genera 1 P u m  

1800-20 
1 700.20 
1400.20 
2860.10 
nw10 
2400-10 

lndudessmmsr UJtrtrOUe, pcrS QGtQaQG20caRx&sras idaid 
iNTE(3RAIIN6 SOUNO LEVEL METER 6 CAIBRATOR KIT ................................ 3180.C 
SOuFlD LEVEL METER & CUJsRATOR KIT . . . . . . . . . . . . . . . . . .  28961: 
SOUNO LEVEL METER i CAUBRATOR KIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .1630.( 
EUTEQRAW SOUNO LEVEL METER 6 CAUBRATOR KiY ................................ 1796s 

. . . . . . . . . . . . . .  

SOUND LEVEL METER CMJBFUTOR KIT ........................................... 1170.C 
SOUNDLNELMEfERbCAUBRATORKTr ........................................... 7 9 5 . C  

'6ciAyEW fWER kEIs .- 

.~ . - ~ ~. ~ ~~~~~~~~~ 

08-300 OCTAVE BAND FBTEA SET: combhador, 1Rlh Ntw, 12.5i-k b 2Wctr: ....................... 1646 .C  
06-1 00 OCTAVE BAND F k E R  S R :  3 1 k  b 1B)U.h ........................................... 786.C 
OB40 OCTAVE BANO FLTER SR: aim ta BKHZ .......................................... m6.a 

1800-30620 WEQRATING OCTAVE W b  ANMYLER: indudes 1800,0&300. 
Qca, whdsaeen, Snd cdryino mea ................................................. 
w h c k m m , u t d ~ m *  ...................................................... 3m.o 

- -  =io, m cufy~no m a . .  ............................................... am.0 

4896.0 
17oO-10020 OCTAVE BAND W Y Z E F i :  1700,Oa-1 OO. 

%, -1M1b M€QRAllNO W A V E  BMlo ANALYZER: k l u j s s  2800,0&100. 

ZOo-5010 OCTAM BAND ANALYZER: Mudes 2700, ORSO, Q c l O ,  
whd-, and oenyhg oluo ...................................................... 19764 

Nota Octave Brad Filters and CaUbratorr mry be rubstituld wlthin t l u  Idta, rdd 01 rubtract di.ffrmmr In e a L  
rccordkrdy. 



NWIICL INU. USA 

ARMfEC/ 
RAdClfN 
INC 

REP #: IOD-P-0204-0315 PAX f bib-S74-9619 

DATE: E r . b r w r ] l  3, 1994 COvgR + PACES 

Subject: Meteorological Sensor, P/N 88658-02 

The tolerances for the sensors in the above referenced product are: 

Sensor Rnncre 

€iea&ind/Crosswind 2-4 X I S  
5-40 MIS 

Pressure 

Temperature 

Budgetary pricing: 

f - 4 $7,500.00 
5 - 9 $6,156.00 

10 - 24 $5,140.00 
25 - UP $4,550.00 

Dely: 38 weeks ARO 

Sincerely, 

ARMTEC/RAGEN INC.  

0.5 n/s 
f 59 

500-1080 millibars .C 2 millibars at 
room temp. 

-4OOC to 60.C 2 2OC at min. 5 M/S 
wind 

Nancy 
Contract Administrator 



€AST€RN VIDEO SYSTEMS, INC. 
2 Sterling Road 

SiLLERIC;A MASSACH USETS 0 i862 
1 .  

(508) 667-0009 
FAX (508) 663-3769 



EASTERN VIDEO SYSTEMS, INC. 
2 Sterling Road 

BILLERICA, MASSACHUSm 01862 

(508) 667.0009 
FAX (508) 663-3769 

Frank Barickman 
oak Ridge National Laboratory 
P . O .  Box 2008,Bethel Valley Rd 
Bfdg. 6 0 2 5 ,  MS 6360 
Oak R i d g e ,  TN 37831-6380 

PROPOSAL 

Ile broby submil ~ p e c t l i ~ ~ l i o n $  and estimates lor: SCRIPTION QUANTITY 

mASONIC GF-KS152 CAMERA 
LNASONSC GP-CAS6 CABLE 
TC-BRS405U PORTABLE VCR 15+ 

)RITA VG-50 TIME CODE GENERATOR 15+ 
)BOT HV-85 TIME CODE GENERATOR IS+ 

)RITA VG-50 TIHE CODE GENERATOR 1 - 4  

. 
45 IJCl;ts 

mASONIC GP-LH7R5TE LENS 4 5 +  
$laoO.oo 

s 2 2 s  .oo 
$170 . O O  

S2 3 9 8 - 0 0  
$ 2 7 5  .OO 

51250-00 



.- 

. .  

I 

- .  _ _  . .  - .- .. - 
- Price L2 _-- - , ._ - -  

EFFECTIVE OCTOBER 15, 1994 e 

i Multivision Plus" RecordDisplay Multiplexers 
e Multivision@ Digital Picture Processors 

Senturion" CCTV Control Systems 
e Analog Picture Transmission System 

Hyperscan@ Plus and Ultra" Digital Picture Transmission Systems 
HyperComm'" Digital Audio Communication System 

0 Rack Mounts 



TELEPHONL: (619) 279-9430 (800) 854-2057 FAX: (619) 279-7931 

RX43UK UPGRADEKIT 3995. 
Allows upgrade of RX42 or RX43SX Turnkey Receivers to RX43QX four-channel communication. 
Includes RX41 3.0 software, SI41 4-port Serial Interface Card and three 19.2 Kboud modems. 

-_I___ ~ __.________ 

tX42 4-CAMERA B A N  DIGITAL PICTURE TRANSMITTER WITH MODEM 1695. 
Features differential video inputs, auto-answer, autodial upon alorm, four alarm inputs, TTL alarm 
output, monitor output, and VlDl expansion port. Includes external 19.2 Kbaud modem and DC 
power supply. 

- 
Ex40 VIDEO AND ALARM INPUT EXPANSION MODULE 495. 

Expands the TX42’s video and alarm input capacity to 7, 10, 13 and 16 inputs. Operates on the 
VlDl bus and includes 18” VlDl bus cable. 

RX47s TRU-COLOR NRNKEY RECEMR - SINGLE COMMUNICATION CHANNEL 5995. 
Fully integrated Receiver including 486/33 platform with S-VGA monitor, 19.2 Kbaud modem, HEa 3.5” disk drive, 170 MB hard drive, and mouse. Windows 3.1 and RXd5 1 .O software installed. 

RX47Q TRU-COLOR TURNKEY RKEWER - FOUR COMMUNICATION CHANNELS 9995. 
Fully integrated Receiver including 486/33 platForm with 5-VGA monitor, four 19.2 Kbaud 
modems, 3.5” disk drive, 170 MB hard drive, and mouse. Windows 3.1 and RX45 1 0 software 
installed. 

RX4NK UPGRADEKIT 3995. 
Allows upgrade of RX42, RX43SX or RX47S Turnkey Receivers to RX47Q four-chonnel cammuni- 
cation. Includes RX45 1 .O software, Si41 d-port Serial Interfoce card, 1 MB video RAM chip and 

NE’ three 19.2 Kbaud modems. 

RX485 TRU-COLOR Sc TURNKEY RECEIVER - S I N W  COMMUNICATION CHANNEL 
Fully integrated Receiver including 486D)(2/66 platform with SVGA monitor, 28.8 Kbaud modem, NE‘ 3.5” disk drive, 528 MB hard drive, and mouse. Windows 3.1 and RX45 1.0 software installed. 

9995. 

RX48Q TRU-COLOR ST TURNKEY RECEWER - FOUR COMMUNICATION CHANNELS 13995. 
Fully integrated Receiver including 486DX2/66 platform with SVGA monitor, four 28.8 Kbaud Nta modems, 3.5” disk drive, 528 MB hard drive, and mouse. Windows 3.1 and RX45 1 .O software 
installed. 

RX48UK UPGRADEKIT 3995. 
Allows upgrade of RX48S Turnkey Receivers to RX48Q fourchannel communication. Includes 
RX45 1 .O software, SI41 4-port Serial Interface card and three 28.8 Kbaud modems. 

TX47/8 &CAMERA TRU-COLOR DIGITAL PlCTURE TRANSMITER WlTH MODEM 2420. 
Features four video inputs, auto-answer, autodial upon alarm, four olorm inputs, %picture alarm , NE’ memory, llL alorm output, and VlDl expansion port. Includes external 28.8 Kbaud modem and 
DC power supply. 

Ex45 V I M ,  ALARM AND TRANSCOAXIAL E X P A N S W  MODULE . 595. 
Operates on the VlDl bus to expand the TX47’s video and alarm input capaciiy to 7, 10, 13, and 

~ g d  16 inputs. Also provides a trancoaxial interface to the RC60 Receiver/Driver for pan/tilt and 
power zoom lens control. includes 18” VlDl bus cable. 

RC40 RELAY CONTROL MODULE 395. 
Connects to the TX42 or TX47 VlDl bus and operates under control of the Hyperscan Receiver. 
Four normally open or closed relay contacts are provided. Up to four RC40s may be used in the 
system for a total of 16 relay contacts. Includes 18” VlDl bus cable. 

DERSISTENCE OF VISION 



APPENDIX AA: TECHNICAL INFORMATION ON ADDITIONAL HARDWARE AND 
SOFTWARE DEVELOPMENT 

Williamson Associates 
DBA Associates 
' Mnemonics 

VORAD Safety Systems 
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Consu~tants 
Specializing in design and dmlopmcnt of ptotorypc sysrunt 

August 25, 1993 6613 Lynndale Drive 
Raleigh, N C  27612 

Mr. Dick Carter, Manager 1-9 19-848-36 18 
Cognitive Systems & Human Factors Group 
Engineering Physics and Mathematics Division 
Oak Ridge National Laboratory 
P.O. Box 2008 
Oak Ridge, TN 37831-6360 

RE: Noninvasive, Biomedical Monitoring System, R 8 D Proposal. 

Dear Dick, 

Enclosed, please fmd the cost breakdown for developing the "Heart Rate / Breathing Rate System.' 

These costs reflect a strategy that I feel should yield a system that will be the most flexible. It should be 
capable of quantifying the desired information while preserving or archiving the "raw" dam for later andysis. 

To that end, one would perform continuous FFT (Fast Fourier Transform) on a finite bandwidth signal, while 
simultaneously recording (and compressing) the time domain representation of that signal. 

Originally I had planned to use adaptive filtering to extract the numerical values for htart rate and breathing 
rate without retaining any other data. Because this approach would prevent any post analysis of the data 
(lor oder attioures), and because of the research natnre of chis device: it is appropriate that the above 
architecture be used. 

As a rational for this approach, consider the following: it could be used for the detection of cardiac 
arrhythmia. signalling the possible onset of a heart attack; as a indicator for fatigue or sleepiness, the very 
artifact that has been seen as interference, Le.. driver movement or "squirming," restlessness (.tying to gr-t 

comfortable) might just be such an indicator. Also, breathing depth or shallow breathing (another possibiz 
indicator) might better be analyzed in the time domain. 

I propose that the microwave Doppler transducer consist of one very low power GUNN microwave emitter, 
with two or more diode detectors--spaced at 4 1 4  wavelength (-I/& for standing waves). The output from 
these detectors go to a DSP board for W o  different processes. The first is to take a continuous FFT of the 
real-time s i m  and pass the resulting data (frequency and amplitude) to the Horn computer. The secod k u) 
compress and store the digitized--time domain--data from the transducer for post processing andlor near real 
time processing by the host computer. 

Again Dick, thanks for the opportunity to propose these fun projects. 

Sincsrely, 

Enclosures: 



Research & Development Costs 
(Noninvasive, Biomedical Monitoring System, R & D Proposal) 

A. Hardware 

1.. Datel, PC-430 DSP Board 4 channel 
(uses TI TMS320 DSP) 

2.. “K” Band Doppler RADARS 
Sub “X“ Band Doppler RAD- 

3.. Misc. Hardware 
Planar Antenna 
Piezo S W R  Diverters 
Motor driven auto-positionex 
System hardware (mix) 
DRAM 8meg (for Labview, etc.) 

Subtotal .. .. . 
B. Software 

1.. Datel Software FC430SRC 

2.. Lab View for Windows 

3.. Windows 3.1 

10.. Custom Software 

Subtotal . . . . . 

$ 4,595.00 

$ 450.00 

$ 1,250.00 

$ 6,295.00 -> $ 6,295.00 

$ 1,195.00 

$ 1,995.00 

$ 150.00 

$ 2,000.00 

$ 5,340.00 -> S 11,635.00 

C.. Labor: 14 weeks x 112 time = 280 hours x $65.00 -t $ 18,200.00 
NOTE: 

Total . . . . . . . $ 29,835.00 
The 14 week number is worst-case; 
it is expected that the required time 
will be less. 

r 
I Needed Data ? 

1.. What CPU is being used ? 
2.. What DOS Is it using ? 
3.. Is it Multi-tasking ’! 
4.. How much computer time can this task have: MIPS ? 
5.. How much RAM can this task have ? 
6.. How much disk space can this task have ? 
7.. Is there an empty accessory slot (ISA) ? 



MODEL 626 PC-Based 
Automatic Video Tracking System 

DBA Systems, the leading 
mnufucturer of automatic 
video trackers, 
announces the 
Model 626, a 
PC-based tracker 
based on pruven video 
tracker technology 

A 

This PC-&sed system was specifically designed and developed for commercial 
trocking and monitoring applications. The Mcdd 626 utilizes state-of-he-ort 
multimedia &nology to window the video into he PCs control monitor and ollows 
simple operationo! control, while ohring the same performonce of our proven 
military tracker product line. 

7he basic hardwore plofform is an IBM-compat'ble 486 processor operdng at 33 
Wwih 4 Megabyier of on-board RAM and o 1 20Megobyte hard disc. The system 
operates under MS-DOS 5.0 and Windows 3.1. The video input is standard black 
and white RS-170 video formot and is received by a Super VGA multimedia card. 
T h i s  curd performs hree basic functions for the 'tracker 

Provides mmul PC display funct;ons 
Provides o video window displuy of target and hack window onnufofionJ 

ProMites digitized wile0 to h e  hock processor boor& in rwl time @ixel mks) 

10523 S p t  1993 1200 S. Woody Burke Road P.O. Drawer 550 Melbourne. Florida 32902-0550 - Phone (407) 727-0660 - FAX (4C7) 723-7019 



The gate procescc provides he  tmck point kcations (top, bottom, left, right and 
cenh~‘d) for each video field. In oddition, there is &dent video intensity data 
proVided b artomoticalb udiust the torget t h d  detech’on kgic in real time. The 
torget edges am used to detemrine ifx size OF he trackwindcrm uutomaticofly and 
odiusteocfiwinckwsize independently. Simibrty,knunberofkr~pixels deteded 
is  waikt>le and pmides numeric datu as to he iorg i fs  area. 

TheModd 6 2 6 m  beconfigured totrockmultiple 
targets u’mulianeousty. f i e  boseline unit is a 
single r~t-ge+ trucker and oomes equipped with a 
single DBAGate ProcessorCord. The Dual Gate 

T d e r  mfigurotion is h ided  in he bkxk 
diagram. presently, the system can be configured 
to trock Ihree torgets simuliuneoosly. 

The operotw interfuce with the Trucker is via on 
application program operOting under Microsoft 
Windcws 3.1. This opplicotim f o b s  the guide- 
lines for Grophic User lnterfoce recommended by 
M i a d ,  hereby reducing opemtcx kming  
curve and operating emn. The m s e  is  used to 
sekct he truck window and p’tim it over ihe 
10rget. 7he opemior can Speafy target polarity 
(block,white, mixedorgrey),tmckwindowshope 
m d  size and desired troek point (lop, bottwn, left, 
right or centrcid) for eoch track window. 

Operator Monitor/Controls Display 
k 

~sysreminclvdesMriovsmesnrtoenurrethatthetrodtwindcnvstoys~targetand 
wen pron’des algorithms for trodc recovery if the torget momentonly moves out of he 
comer0 fieid of view. A digitol fib is included which reduces the efFect of video noise 
bn he boddng. 
U p  ” p e r n t o r d ,  he red-time dale is recaded on the hard dix for post-test 
analysis. There are various took woikable for this anal@, including tabulation by 
trod wi& number or left/.‘& criten’o, as wefl as computing velocity ond 
occderoh‘on in-m. %is analysis pockage includes colwbtion d V O ~ M  

stoh’stia~! prometers- mean, &rd dwiah’m, d a t i o n  coefficients, etc. based 
mnthecdlecteddato. Thispockogewiilakoreiwmatthecdlecteddoto inioon ASCII 
file which can be ~osily 4 to & utility prpgrums for furher analysis/display. 

. .  . ~ ... . . . . . . . . . . . . 



SUPER VHS VlDEO 
RECORDER 
(0-1 

--- 
I 
I 
I 

W O E 0  CAMERA 

5571-14 

Dual Gate Trocker Configuration 



486-33M PC CompohWe) 
4 Megabytes RAM 
120 Mega+ had disc 

Dual Jeriol puts 
I 10 k q  exiended keyboard 
Prinkrport 

Busm0use 
I4-in& super VGA monitw 
Super VGA Kdeo lntedoce 

DBA Guk Processor Card 

5 1/4& 3 1/2&pydix drives 

a- 170 block and wf~ite video input 
b o /  or single torget trocking 
Dota coh’ection of 60 Hz 

# Red fime dofa storoge (10 minuks/I Megoby)e binary) 
Stondud Gmphicol User lnterfoce 

Trock Mode Resolution Accuracy - 

Centroid 720 pixeb 480 lines 1:2880 1:960 

Edge 720 pixels 480 lines 1 :720 1 :480 

video camero/lens, Compvtersonrrol/ed vi&o recorder, High-resolution 
monochrome M’deo monitor 



CAPABlLlTY I CURRENT I NEARTERM 1 FUTURE 

RECTANGLE 
ELLIPSE SATE SHAPE 

NUMBEROFSENSORS 1 1 11OF4 I STEREO 

PARAllAGRAM 
ADAPTABLE 

1 

3TO6 
2 [TESTED) 
8 (DESIGN) NUMBER OF GATES 

CENTROID (CONTRAST) 
EDGE 

CENTROID (INTENSITY) GEOMETRIC 
PEAK INTENSITY CORRELATION (STATISTICAL) TRACK MODES 

I 

LAST VALID 
HISTORICAL 

COAST MODES 

DATA RATE 60 HZ 

AS REQUIRED 

120 HZ (MUTISENSOR) 
240 HZ (SPECIAL RECORDER) 

PR E D l CTl ON 
MULTt-GATE 

60 HZ 

CALI BWTION 
ACQUISITION 

DATA ANALYSIS 
MANUAL AUTOMATED AUTOMATED 
MANUAL ASSISTED AUTOMATED 

1 ~ COLLECTION I GRAPHICAL I ASREQUIRED 

REMOTE CONTROL I BASIC I COMPREHENSIVE 

10522-24 



11 March 1994 
File: ES94-357 

Fax: (61 5) 574-961 9 

Dr. Richard Carter 
Research Psychologist 
Oak Ridge National Laboratory 
Oak Ridge, TN 37831-6360 

Subject: Stereo Eye Tracking 

Dear Dr. Carter: 

DBA would like to thank you for the opportunity to participate in the DASCAR 
Program. As Mike Churillo told you, we are currently working on developing a stereo 
measurement capability which is totally non intrusive. The system is configured using 
two dual gate PC based trackers, and an IR illumination source capable of operating in 
high ambient light conditions. 

The system for your prototype requirement would be based on an enhanced 
version of this configuration including required software modifications and calibration 
models. The prototype system would also include the cameras, lenses and hardware 
necessary to integrate the system in the test vehicle. For follow-on systems the dual 
processors would be combined in a single unit containing all computer an support ' 

electronics. 

The estimated price to develop the prototype system is $75K dollars and 
includes 1 week of integration support at Oak Ridge, TN. The price is contingent on 
receipt of other anticipated contract work which would compliment this effort. Additional 
support would be based on a Time & Material type contract which can be discussed at 
a later date. 

We look forward to working with you on this in the future. If you have any 
qiles:ions, please feel free to contsct Torn Riding or Gscrge t?c:vney at Extensicns 
2703 or 2743 respectively. 

Richard V n Pelt. 
Vice President 
DBA Systems, Inc. 
Electro-Optical Systems Division 

RVPkrk 

DBA Systems, Incorporated - 1200 South Woody Burke Road P.O. Box 550 Melbourne, Florida 32902-0550 (407) 727-0660 



MNEMONICS, INC. 
INDUSTRIAL VISION SYSTEMS 
VISION SYSTEMS INTEGRATION 
SIGNAL L IMAGE PROCESSING 
BIOMEDICAL INSTRUMENTATION 
CUSTOM DESIGN & PROTOTYPING 

March 22, 1994 

Richard Carter 
O a k  Ridge National Laboratory 
PO Box 2008 
O a k  Ridge, TN 37831-6360 

Voice: 615 574 6454 
Fax: 615 574 7860 

D e a r  Richard, 

I am writing to you as a follow up to our telephone conver- 
sation yesterday- KNEMONICS, I N C .  specializes in Machine Vision 
software development and systems integration. Our emphasis has 
been on the delivery of turnkey systems in a number of indus- 
tries, including microelectronics, defense, automotive, food and 
medicine. MNEMONICS, INC. has used the IBM-AT computer platform 
in most of these applications- I have enclosed some literature on 
MN~oNICS, INC. which may be of interest or use to you. 

In response to your requests f o r  my input on the Driver Gaze 
monitoring, I can suggest two alternatives, each of which would 
best be implemented by phased approaches. The two approaches I 
have conceived are outlined below, with some detail fo r  each. For 
a project to be established to bring either of these to realiza- 
tion, there are some common development areas that will need 
addressing, which I have listed as well. 

NETHOD 1. - MARKER TARGET TRACKING - ENGINEERED WITH MINIMAL INTRUSION MODEL 
1- Specification 
2. Data Collection Design 
3 .  Data Collection Implementation 
4 .  Video Image Processing Design 
5. Video Image Processing Implementation 
6 ,  Video Image Processing Test & Evaluation 
7. R e w o r k  and Final Design, Implementation, and T e s t  

- 102 GAITHER DRIVE P.O. BOX 877 m MT. LAUREL, NJ 08054 609-234-0970 w F A X :  609-234-6793 - 



METHOD 2. - OPTIC FLOW/BIOMETRIC TRACKING 
- NATURAL ENVIRONMENT, NO INTRUSION. 

1. Specification 
2. Data Collection Design 
3 .  Data Collection Implementation 
4 .  Video Image Processing Design 
5. Video Image Processing Implementation 
6 .  Video Image Processing Test & Evaluation 
7. Rework and Final Design, Implementation, and Test 

COMMON PROBLEMS TO BOTH APPROACHES 

Both of the methods described below would require the soft- 
ware and hardware to be interfaced to the MNEMONICS, I N C .  custom 
turnkey system. The interface components required would be at 
least a computer controllable video tape deck, and access to the 
time coded information. Both methods would use standard frame 
grabbers. Both would require the development of user interfaces 
and would need to interface to other data base information. Both 
methods will require the computation of Gaze information from the 
location of the target areas. Both methods would also need to 
establish the position of the head relative to some fixed refer- 
ence. 

The cost of this effort is dependent on the exact statement 
of work, but should not exceed four labor weeks. A budget of 
$15,000 to $20,000 for the labor effort should be allowed. The 
computer system hardware and software costs (excluding tape deck, 
interface boards, etc.) for this phase should be less than 
$10,000, including the PC-AT, frame grabber, and packaged soft- 
ware costs. 

MJ3THOD 1. - MARKER TARGET TRACKING 
- ENGINEERED WITH MINIMAL INTRUSION MODEL 

This method would require some type of markers to be placed 
on the forehead of the vehicle operator, such as an 88X11 or an rtO" 
to be placed above each eyebrow. These could be affixed with 
adhesive tape or a non caustic adhesive such as that used for EEG 
(electroencephalogram) electrode placement which i s  easily re- 
moved with a mild organic solvent such as alcohol or acetone. The 
markers can be tracked by the use of one of MNEMONICS, INC. 
standard software packages, ALIGN. ALIGN is designed f o r  tracking 
and reference mark location in environments where significant 
light level variations are expected. 



This method would require the operator to set up initial 
windows for learning the targets, but should be able to reduce 
specific operator tracking to a negligible amount. Occasional 
operator input may be needed for exception handling. 

The labor for this development phase should be approximately 
$15,000. There should be little, if any additional hardware re- 
quired. 

METHOD 2. - OPTIC FLX3W/BIOMETRIC TRACKING - NATURAL ENVIRONMENT, NO INTRUSION. 

This method would make use of natural vehicle operator 
characteristics for performing the tracking. Perhaps the 
inner/outer canthus of the eyes, or other relatively stable 
prominences could be used. These features would need to be taught 
prior to each data analysis run. These features are more variable 
than the engineered targets, and more development time will be 
required to ensure good tracking results. 

One method that may be useful is optical flow information 
processing. Optic flow makes use of scene to scene changes along 
gradient lines that yields motion direction information. This 
information, in conjunction with tracking of natural features may 
provide a more robust location of the features. 

The labor required for this method would cost approximately 
$30,000. 

BUDGETARY ESTIMATES 

METHOD 1. - MARKER TARGET TRACKING - ENGINEERED WITH MINIMAL INTRUSION MODEL 

FIRST SYSTEM: APPROXIMATELY $ 45,000 
REPEAT SYSTEMS: APPROXIMATELY $ 12,000 

METHOD 2. - OPTIC FLOW/BIOMETRIC TRACKING 
- NATURAL ENVIRONMENT, NO INTRUSION. 

FIRST SYSTEM: APPROXIMATELY $ 60,000 
REPEAT SYSTEMS: APPROXIMATELY $ 12,000 



If you have any further questions, please do not hesitate to 
call. 

Sincerely yours,  

/ Y n . - y  

Michael Negin 
President 

enclosure 



MNEMONICS, INC 
IUbUSTRlAL Vl8lOM aY8tRY8 
VISION SYSTEMS INTEGRATION 
SIGNAL Ir IMACL PROCESSING 
BIOYED1CAC INSTFIUMRNTATIOM 
CUSTOU DE81ON & PROTOTYPINO 

CORPORATE EMPHASIS 

MNEMONICS, INC. is a high-technology research, design, and 
development company, primarily engaged in the delivery of turnkey 
systems in the following general areas: 

0 Integration of custom and standard vision systems into 

0 Computer Vision and Sensing, including real-time high- 
speed (video rate) image and signal processing, 

0 Software and Hardware Development of operational hage  
processing systems fo r  industrial and research applica- 
tions, 

0 Biomedical signal processing and image processing 

automated manufacturing systems, 

systems, and 

0 Microcomputer systems design. 

MNEMONICS, INC. was incorporated in late 1979, specifically 
for the purpose of contract engineering in high technology re- 
search, design, development and productization. Since 3983, 
MNEMONICS has expanded its corporate goals to include custom 
development and systems integration for a variety of end user 
industries. MNEMONICS’ clients include industrial firms requiring 
image and signal processing assistance and resources in R&D, 
industrial product development, University research projects, and 
medical research. 

EXPERIENCE 

The staff of MNEMONICS has a wide range of machine vision, 
image and signal processing research and development experience. 
The staff has been instrumental in organizing and implementing 
numerous projects involving mathematical image modeling and 
interpretation, including motion analysis of cardiac cineradio- 
graphs, semiconductor defect inspection, generalized detection 
theory, true three-dimensional graphics, robot vision systems, 
consumable goods inspection, food industry process inspection, 
and a variety of other industrial, government, military, and 
medical applications. 
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The staff of MNEMONICS is active in machine vision systems 
and software development as well as activities in general image 
processing. Other activities include real-time video-rate image 
processing system research, design, and implementation. Some of 
MNEMONICS' relevant activities include: 

Extensive use of various operating systems and general 
purpose computers to develop software for real-time 
signal and image processing. 

Special purpose microprocessor design and implementa- 
tion for applications where processing speeds could not 
be achieved using standard hardware and software 
products. 

Extensive use of commercial machine vision/image proc- 
essing products. 

Extensive experience in evaluating, selecting and 
utilizing appropriate vision sensors such as area array 
camera, line-scan array cameras, and tube cameras. 

Extensive experience in the design, specification and 
construction of specialized illumination systems. 

General purpose microprocessor system design and imple- 
mentation. Includes Intel, Motorola, and Digital Equip- 
ment microprocessors and controllers. 

Extensive mathematical modeling and analysis, statisti- 
cal modeling and analysis. 

Extensive documentation packages. 

to MNEMONICS qualifications is a unique blend of talents 
and experience that Gesult in practical solutions to machine 
vision and image processing problems in application environments. 
The MNEMONICS staff has created software packages and operational 
machine vision and image processing systems that are in day-to- 
day use in industry, academic, defense, government, and medical 
environments, many of which have been incorporated in clients' 
product lines or have been integrated into manufacturing systems. 
MNEMONICS designs have been productized and installed in several 
thousand test instruments and automated manufacturing systems in 
over forty different applications in ten different industrial 
categories. 



Look to 

MNEMONICS 
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for Genius in Vision 



MNEMONICS' 

and IMAGE PROCESSING SOFTWARE PACKAGES 
YKOVlDE THE BUILDING BLOCKS TO SOLUTIONS 

OFF-THE-SHELF M A C H M  VISION 

INTEGRATION 

General Machine 
Vision and 

Image Processing 

Gray Scale Correlation 

Optical Character 

All of MNEMONICS software products have interactive image 
tools that are useful in exploring algorithmic approaches. 

All of the packages have C libraries that smoothly integrate with each other 
and other libraries. 



MNEMONICS, lNC. has been supplying SOlUtiOnS 10 machine visiOn problems skcc 1979. In rhe process of developing these soluiions, 
a number oisoRware LOOIS have been defined, implemented and proven it1 real world applications. Many of thee took have been o r g d e d  
and documented iUr0 H I d y  of vision producls. Each of these software "toolboxes" can simplify the p ~ c c s s  uf developing in-house 
mlutions to your mdchiiic visi011 prublcms. These packager are provided as fntuaaive programs and libraries OB Mia;osoft C callable 
routines. lbe interactive programs allow users la k o m e  f a m i h  with the capabiliues of the software and quickly develop and test 
porcntial sx~lutions. The C libraries facilitate inregrarion of machine vision soluuons into finished applications. 

The pckygrs also feature: 

o CrUvv product compatibility. 
o Use of a variety of ha& hardware, PCPLUS, FG100, OFG, M G ,  SR151. CORTEX 1 
o Opexacion iu a c;osl-cfcdive, standard YC-AT host cornpurer environment. 

~ ALIGN ' High Sped Alignment System 
BLOB 

Blab Analysis 

Wl3 is 4 diwarc package for vision appli- 
urionr nguiring binary objocr recognition, 
mesuremom or locaha. 

Feeshtreg: 

[Jsing45ExWimagc, O . R . w , p ~  timc 
dng a PCPLUS or C O R W  Iwirh an 80486 L)x 
13MHZ 

.- 

RTP 
Real-time Processor 

Funcuons: 

Performance: 

Chip 
Alignment 



TIPS 

Turnkey Image Processing System 

TIPS is a software package which implements most of the major image processing algorithms. 

IMAGE ACQUlSITJON AND DISPLAY FUNCTIONS 

o LivdSnap 
o Clear Area of Interest (AOI) 
o Color enhance image 
o Copy A01 
o Display a scqurnce 
o IIurizontal and Vertical wedges 
o Input LUT manipulation and setting 

SJNGLE IMAGE FUNICTlONS 

o AND A01 with nuak 
o Binarize AUI 
o Block average A01 
o Dlor A01 
o Compleinzul A01 
o Cunuast enhai~cc AOI . 
c) Rdge eubance A01 
o Erode / Oilarc AOI 
o Hibtogram equalize from AOI 
o Horizoiitd mirror 
o OR A01 with mask 
u Rotate A01 
o Shift A01 
u Slice A01 
o Vertical mirror 
o Zoom-in ou A01 

o Camera input selectiun 
o Label image 
o Output LUT manipulation and setting 
o Overlay on five image 
o Page selection 
o Print A01 to line printer or disk file 
o Restore A01 

o Replicate A01 
o Roam image 
o Set AOI 
o Save A01 
o Replicate A01 
o Snap a sequence 
o Squeeze A01 

MULTIPLE IMAGE FUNCTIONS 

o Add AO1's 
QAND AOI's 
o Divide AOl's 
o Multiply AOl's 
o ORAOT's 
o Subtract AOI's 

MEASUREMENT FUNCTIONS 

o Cursor movement 
o Display Statistics for A01 
o Hislograin AC)T 
o Line Profilc = 

Contrast and Edge hhmcemcnt Ltlbclcd Blob and Morphology Analysis 

MNEMONICS, INC. 
PO Box 877 102 Gaither Drive Mt. Laurel, NJ 08054 609 234-0970 Fax: 609 234-6793 



MMCMONICS &IGN SOFTWNUZ 

High Speed Alignment Software 

ALIGN is a so@utuv package for vision appiications requiring pattern recopition, object 

conehion. Timing benchmarks for a 127x127 pattern in a 400x400 search window range h m  
57 to 163 milliseconds dependmg on hardware configuration. These times compare favorably with 
proprietary hadware soh~tions, and offk the advantage of easy upgradabiity to new and M e r  
platforms as they are introduced. Since ALIGN is a software praduct, users can easily migrate to 
other frame grabber platforms as they become available. 

registration, atigament, or tracking. Alie;nrrment is i m p l m e d  using MKmafizbd - g r a r y d e  

Products Supported 

SHARP GPB-1 
1MuT& IMAGE/VGA 
Imagenation CORTEX4 

Xmaging Technology Products 
Custom porting available 

PO BOX 877 Mount Laurel, NJ 08054 609 234 0970 4 609 234 6793 Facsimile 



High Speed Alignment Software 

0 Pattern quality scoces to aid in selection 

High immunity to noisy images and image degradation 
* High robustness to brightness, contrast and focw changes 
0 Programmable sub-pixel resolution 
0 Menu driven interactive program is provided for user experimentation 

Compatible with MNEMONICS so- (BLOB, TIPS, OCV, OCR) 
0 Compatible with CHARISISQ OCR software 

Gray scale and edge based patterns 

Functions 

Teach a pattern at a user selected size and location 
Teach a vision system selected pattern 

0 Setasearchwindow 
Locate pattern in search window 
Development support hctions 
Menu utilities for rapid prototyping 

Performance 

Search window: 400 x 400 pixels 
Pattern size: 127 x 127 pixels 

88486 AT at 66 MHz 

S H A R P  GPB-1 ............................... 57 l~ls 
58 ms ITI Visionplus-AT OFGMPA ........ 

hagenation CORTEX-I ................. 75 ms 
ITI PCVISIONplus ......................... 97 ms 
MuTech MAGWGA ................ 100 ms 
ITI Visionplus-AT OFG .................. 163 ms 

Hardware Requirements 

IBM PC-AT or compatible with 640 K RAM 
A math coprocessor is strongly recommended 

Software Requirements 

p .  V V L  

M)S 2.0 or higher, Microsoft C Version 6.0 or higher 



TYPICAL APPLICATIONS FOR ALIGN 

Silicon Wafer Alignment 
Hybrid Circuit Aiignment 
Mail Envelope/Mail Insert Verification 

Printed Circuit Board Registration 
wme Pack Die Afigment 
Character String Verification (Optical Character Verification) 
Critical Dimension Measuremeat on Silicon W& 
Label PresencdAbsence f i r  Pharmamutical packaging applications 

Die Bonder Alignment 
FiducialMarkRegistration 
Target reco@on and tracking 

Fiducial lMark Registdon 
0 Pick and Place Guidance 

Adaptive Biofogkd Cen Tracking Iotegrated Circuit chip Alignmens 

ALIGN smoothly mtegrates with o h  MNEMONICS &arks as well as those &om 
othg vendors. When used in ConjunGfiOIl with these packages, ALIGN is a powerful tool that is 
use5.d in soh4ng many challenging machine vision applications. ALIGN has been integrated into 
numerous sophisticated products and applications as welI as more shpie processes. 

WAFFLE PACK DIE ALIGNMENT 
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OTHER MNEMONICS OFF-TIIESHELF SOliTwARE 

BLOB - Binary Object Analysis Software 

BLOB is a soilware package for Vision apptications teqUiring Conneded binary object 
recognition, measurement or location. Features include area of interest procesSing, fine and coarse 
sampling, processing of multiple binary objects. BLOB statistics returns include enclosing 
rectangle, area, centroid, major and minor axis moments of inertia, and the angle of the major 
axis. BLOB statistics provide the ability to infer simple shape iaformation, orientation, enables 
object counting, and object location.. On a 66 MHz 486AT, processing speeds of 2SO 
milliseconds on a full resolution fame are typical. Smaller weas of interest are processed faster as 
arc pixel coarsened W e s .  

TIPS - Turnkey Image Processing System 

TIPS is a so&ware package which implements many of the major image procesSing 
algorithms. Most functions are area of interest (A00 based. Functions included are Image 
Acquisition and Display Functions (hvdenap, set A01 to a value, copy AOI, display a sequence, 
horizontavvertical wedge, text label h g e ,  print m e ,  replicate AOI, restore we, set Area of 
Interest, save image, snap a sequence, squeeze ), Single Image Functions (AND image with mask, 
binsize image, block average, blur, complement, contrast enhance, edge enhance, eroddddate, 
histogram equalize, horizontaVvertical mirror, OR with mask, rotate, shift image, slice, vertical 
mirror, m o m  image), Multiple Image Functions (add images, AND images, divide image, multiply 
images, OR images, subtract images), Measurement Functions (ausor movement, display 
statistics, histogram image, Line pro%). 

XFUNCS is a libnuy of C d a b l e  functions for the Imagenation CORTEX-I frame 
grabber. This library eontaiDs a comprehensive set of board drivers and imaging routines and is 
designed to provide hardware-independent software development across a wide variety of video 
imaging pkfoms. Pixel access fimctions have been coded in assembly language to provide the 
fast frame buf€er access times. XFUNCS provides fbnctions to allow control port manipulation, 
image acquisition, h e  buffer access, image save and restore, graphics wifb smart overlays, and 
selected image processing capability. 
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VORAO Safety Systems, lac. 
l ~ w # l o w c o u r t  
San Dim. CA 92127 
619*674*1450 
Fax 674-1 355 

February28, 1994 
Via Fax 

Totid Nwnber of Pages: 1 
1-6 15-574-96 19 

Richard J. Carter 
Oak Ridge National Laboratory 
Cognitive Systems and Human Factors Group 
P.O. Box 2008 
Oak Ridge, Tennessee 37831-6360 

Subject: 

Dear Dick: 

In foilow up to our recent discussions, the correspondence is to c m h n  the interest of 
VORAD Safety Systems, Inc. in participating in the DASCAR project. We understand 
that the effort may involve both a CRADA and a purchase order for support activity. 
Assuming the contracts can be reasonably negotiated, our participation would be 
contingent upon seeing the actual statement of work and associated schedules to ensure 
there was not an internal c o d k t  of resources. As you are aware, confidentiality of the 
hardware design and its performance are very important to us. We understand that these 
concerns can be handied through appropriate provisions in the relevant contracts. 

We also would like to restate our interest in participating in your consortium for the AHS 
activities. We would appreciate receiving additional informaton as it becomes available 
regarding requirements, expected efforts, thing, etc. 

We look fomard to receiving the initial DASCAR documents so that we can begin the 
internal planning process. If you have any questions, please feel fiee to contact me at my 
time. 

sincerely, A 

Donald 0. Murphy 
Vice President 
Business Development 

A subs.drary or IVHS Techooiogms. 1ncorpora:ed 



APPENDIX BB: TECHNICAL INFORMATION ON LOAD CELLS AND A DUAL- 
FUNCTION ANTENNA 

Entran Devices 
Matsushita Electric Works 
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Load Cell Specifications 

Model ELF- 1000- 1 OeZ 

Range (lbs) 
Overrange (lbs) 
Sensitivity (mV/lb nominal) 
Compliance 

Non Linearity 
Hysteresis 
Thermal Zero 
Mode 
Input Impedance nominal 
Output Impedance nominal 
Excitation 
Compensated Temperature 
Operating Temperature 

Model 

Range (lbs) 
Overrange (1 bs) 
Sensitivity (mV/lb nominal) 
Compliance 

Non Linearity 
Hysteresis 
Thermal Zero 
Mode 
Input Impedance nominal 
Output Impedance nominal 
Excitation 
Compensated Temperature 
Operating Temperature 

100 
200 
2.5 
Deflection: <500~iiin FS typ. 
Useful Freq.: >300 Hz typ. 
21% F.S. 
+1% F.S. 
21% F.S. / 100°F 
Compression 
2000Q nom. typ. ( l 0 0 O Q  min.) 
l00Of2 nom. 
15 vM7 
Option "Z" 32OF to 140°F 
-4OOF to 250°F 

ELF- 1000-250-2 

250 
500 
1 
Deflection: <500j1in FS typ. 
Useful Freq.: >300 Hz typ. 
21% F.S. 
51% F.S. 
+1% F.S. / 100°F 
Compression 
ZOOOR nom. typ. ( lOOOi2  min.) 
lOOOR nom. 
15 VDC 
Option "2" 32OF to 140°F 
-40°F to 250OF 



Load Cell Physical Size (inches) 
-For both 250lb and 1OOlb Models 

i 0.250 

1 .ooo 

.I 50 



, . I l r - C y I R W  rN w- A U  

New Dual Function Antennas 

GPS+CELLULAR ANTENNAS 
Within One Radome 

I 

*Iohar (4Qltm110 
w a x  om68 

W S  tuum 
ANTENNA TYPE Patch Top-l~krgmonopde 
FREUUPICY 1575.42W .023 MHr 824 to 851 MH2 869 to 896 MHt 
Pdarization RHC Linear (Vertical) 
GAIN 2 dBic (Typ.) -1 d8i (Typ.) 

NONE 
-- 

CNA GAlN 25 dB [TYP-) 
LNA NF 2 5  d 8  CTYP.) 

@E- 
OVERALL GAIN 27 d3ic (Typ.) -1 dBi (Typ.) 
POWER SUPPLY + 5 V X  17mA --- 
DIMENSIONS 90 mm (Diameter) x 32 mm (Height) 

Qesign available for use inside & outside automobile 

- Also Available with: GSM Frequency 890 to 91 5 MHz 9s to 960 MHZ 
Mobitex Frequency 898 to 901 MHt 935 to 940 MHz 



N E W S L E T T E R  

. 
GPSmGELLULAR ANTENNA 

DUAL-FREQUENCY ANTENNA FOR A PORTABLE TERMINAL 
IN MOBILE COMMUNICATION USE 

ANTENNA TYPE MICROSTIP 
FREQUENCY 1575.42+10 MHz 
GAIN 3 dBic 
AMP. GAIN 26 dB 

GEr4LUMR 
TX RX 

INVERTED-F 
824-851 MHz 869-896MH~ 

0 dBic 
NONE 

COMMERCIAL GPSCELLULAR "ALL-IN-ONE" ANTENNA 
SIZE : 4.8 x 3.8 X 1.5 inch ( 122 x 96 X 39 mm) 

TYPYCAL ELEVATION PATTERN: 

1575.4251 0 MHz 824-851 MHz 869-896MHz 

Matsushita Electric Works, Ltd. 
International Owrations Deaariment Aromat Comation 

US Sales office 
~ ~~ ~~ -~ 

Electronic Ma&ials & Devi&s Group 
1048 Kadorna, Osaka 571 Japan 
Tel: (06)906-0057 Fax: (06)906-0!362 

(Member ofhatsushita Group) 
401 River Oaks Parkway 
San Jose, CA 95134 
Tel: (408)432-6909 Fax: (408)433-9679 

European Sales Office 
Matsushita Electric Works 
Deutschland GmbH 
Am Albertussee. 40549 
Dusseldori 11. F.R. Germany 
Tel: (0211)5688518 Fax: (0211)504-7841 



APPENDIX CC: TECHNICAL INFORMATION ON BLACK-AND-WHITE BOARD 
CAMERAS 

Edmund Scientific 
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Specifications for 1/3" CCD Board B&W Camera 

Image Sensor: 

Scanning System: 
Internal Sync.: 

Resolution: 
Field of View: 
S/N Ration: 
Min Illuminance: 

Video Out: 

Electronic Shutter: 
Lens: 

Ambient Operating Temp. 
Ambient Storage Temp.: 

Power Supply: 
Power Consumption: 

Dimensions: 

Wiring Diagram: 

Interline transfer CCD; 1/3" format 
5 12 x 492 (V) Pixels 

2: 1 Interlace 
15.734KHzM.l KHz 
59,94 Hz W.6 KMZ 

380 TV Lines 0 x 350 TV Lines (V) 
45" (V) x 60" 0 
47 dB 
0.3 lux 

710 mV +70 mV 

Aut omati c 
3.7 mm pinhole 

-10°C to 5ooc 
-1OOC to 50°C 

DC 9V 
120 mA 

1.26" x 1.26" x 0.75" (Thick) 

# I  Red: +9V DC 
# 2 Blgck: Power Ground 
#3 white: Video Out 
#4 Black: Vidoe Ground 
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1 SPECIFICATIONS: 1 1 
sensitivity: 
AGC. 
P i u r e  Elements: 
Signal Format: 
!m: 
Lens Mount: 
Lens 
Shutter: 
Dimensions 

Image Sensor: I Horlz Resolution: 

,,I 
Power Consumptbn: 

A) B&W Micro 
Board Camera Board Camera 

8) High Res.  5 I W  

3.7mm 11 
auto 
32mrn (w) x 32mm (h) 
x19.05 (d) 
8-1 1 Volts DC 

98mm (w) x 102mm (h) 

‘Interline transfer; -bower supplies.pgwqs6cieci - - 
FLEXCAM SClENTlFiC CAMERA 
Unique Ergonomic Desktop Design 
Cmount and Microscope Adaptable 

*Stereo MicrophonesforVideo Conferwrcing 
k g n e d  to accommodate desktop applica- 
bons, the Flexcam is versatile and easy to use 
Mounted on a 24‘ flexible gooseneck wand, the 
‘h’ CCD camera head can image Objects from 
1’ to infinity The unit includes an 8mm lens, 
and will accept standard C” mount components 
such as microscope relay lenses (Page 140, 
Stock Numbers 37.820 and 39,925) 
Stereo microphones allow clear voice transfer 
at arm’s length, facilitating video conferences 
and remote medical diagnoses Signal format 
is interchangeable between NTSC and Y-C 
Whlte balance is optimized for excellent color 
reproduction in classroom uses and document 
impoflpresentation 

I 

- 
SPECIFICATIONS: 

DVCOA SCIENTIFIC GRADE 
MONOCHROME VIDEO CAMERA 
Designed for today’s demanding imaging appli- 
cations, the DVC-OA goes far beyond standard 
d-the-sheB cameras. Wfi a Signal to Noise ratio 
of greater than 62di3, it offers a true 1024 gray 
level response. In addition, the higher signal to 
noise offers a quieter signal when gain is added. 
The result is a dramatic increase in sensitii.The 
DVCOA utilizes Frame transfer CCD technology 
in place of more common interline transfer tech- 
nique. The result is a 100% fill factor. No dead 
space between pixels! In addition the CCD is 
physcaIly mounted to Ute front plate for optimal 
thermal transfer and red& of dark current. 

Optical -ring: IR filter 
Sensnivily (without tR filter) 8 2850°K 

0.5 Lux (0.05 fc) 0 CCD surface for full video 

~ Signal Format: 
Minimum Illumination: 
Horizontal Resolution: 
Picture Elements: 
Video Output: 
Audio Output: 
Power Reauirements: 

NTSCN-C 
2.5 lux 
300 TV tines 

l.OVpp, 75 (RCA) 
510 (H) X 492 (V) 

1.2V, 600 (RCA) 
340 mA Q 12 VDC 

Dimenshk: Head: 1.6X1.3X3” 
Base: 7X7.25’ 

Weight: 4.1 Ibs. 
Special Features: Separate audio gain 

dontfol IeWright 
Buitt-in electronic iris 

Flexcam sdenwlc esrnera 
111152.843 S1245.m 

ANALOG VIDEO OUTPUT 
RS170 Composite Video: IVp-p. 75 
Resolution: 565 T W  (H): 350 TVL 01) 
Gamma 0 45 (standard). 0 6 (optional), 1 0 (qXmal) 
AGC: None (standard): 20 dB (opttonal) 
Signal to Noise Ratio: (no AGC) Gamma = 1 0 62 d8 

ELECTRICAL 

Rnuer Supply vdvlges & Current Requirements: 

mchronization. internal aystal0 14 31818MHz 
LQCHANICAL 
W g M  (without lens): 1 Ib (approx ) 
Tanperaturn Limits (operatirpg): -10°C to 50°C 
Dimensions: 4%. x 3W x 2H“ 
Las Mount: Industry Standard C-mount 
Camera Mount ‘A-20 t h r M  hole 

DVCcamerasarealsoavaflaMeinSand 10bnmruons Pkase 
mQci an Edmund b e n h f c  &pI&rnns Engineer br derails 

(LPF on, Bandrndm = 8 MH2) 

rring: RS-170. 2 1 int- 

212VDC each 0 25OmA steady state, 
+ 5 V E  @ 250mA steady state 

150 Before Ordering: Please Call an ES Video Specialist to Review Your Specific Needs. 1.6;09573-62 
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