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ABSTRACT 

A series of tests was conducted to evaluate the two-dimensional bar codes called Datamatrix 
and Code 49. Two-dimensional bar codes are being comidered for use in ammunition logistics 
systems and automated reloading equipment. For this reason, the purpose of these evaluations was 
to determine the capabilities and limitations of the existing symbology and decoding hardware as 
they pertain to the diverse and harsh field environments in which they may be used for 
ammunition identification. The tests conducted and their resuits are presented in this report. 
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1. INTRODUCTION 

The Automatic Ammunition Identification Technology (AAIT) Project is an activity of the 
Robotics fp. Process Systems Division at the Oak Ridge National Laboratory (ORNL) for the U.S. 
Army’s Project Manager-Ammunition Logistics at Lhe Armament Research Development 
Engineering Center at the Picatinny Arsenal in New Jersey. The project objective is to evaluate 
new two-dimensional bar code symbologies for potential use in ammunition logistics systems and 
automated reloading equipment. 

The benefits of bar coding technology have been widely demonstrated in the manufacturing 
and distribution industries. Symbols can be applied directly to items or material to permit 
automatic handling. Since bar codes can be quickly scanned and interpreted with fixed or portable 

perhaps even on the battlefie 

These new symbologies are being considered for their improved reliability and information 
capacity. These compressed data symbologies are expected to significantly improve logistics and 
inventory management tasks and to permit automated feeding and handling of  ammunition to 
weapon systems. The results will be (1) increased throughput capability, (2) improved inventory 
control, (3) fewer human errors, (4) lower operation and support costs, and (5) a quicker resupply 

testing and results obtained for Datamatrix and Code 49. 
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ATAMATRIX ~ V A ~ U A T I ~ ~  

2*1 SYMBOL GY DESCRIPTION 

Datamatrix is a two-di~ensional symbology developed by International Data Matrix, Inc. 
(ID Matrix), in Clearwater, Florida. It was first introduced in 1987 as a proprietary symbology, 

a perimeter border and data contained therein. The border is provided with indices for indicating 
the density of lhe data contained within the matrix. The border also provides bars for indicating 
the size of the matrix. By using the size bars and density indices, a scanning device can calculate 
the size and density of the binary code. Figure 2.1 shows examples of the Datamatrix symbols 
used for testing. 

2.2 EVALUATION OF EQUIPMENT AND SOFTWARE 

O ~ ~ ~ ~ i - d i ~ c t i ~ n a l  symbols, like Datamatsix, can be scanned and decoded in any orientation. 
The only scanner currently supported by ID Matrix €or capturing Datamatrix symbols is an 

IC: charged coupled device (CCD) television camera. ID Matrix is developing a 
hand-held CCD canner but has not yet announced a release date. The decoder tested at ORNL 

S-2F single-camera unit, but models are available that su 
baud serial communication port is provided on the decoder 

appropriate controller. A general purpose i n ~ u ~ o u t p ~ t  prt is also provided to intcrface with 
external trigger sources. The controller used for all evaluation tests was an 80286-based computer 
with an 8-MH-Iz clock speed. The operating system used was MS-DOS. Data were automatically 
acquired using the ASVST data acquisition language from KeiMey Instruments, Inc., in Taunton, 
Massachusetts. 

The scanning system for Datamatrix i s  very versatile ue to the programmable features of 
the dceoder and available status report commands. The system can automatically decode any valid 
Datamatrix symbol which is properly focused, positioned, and magnified. Special tuning 
commands are provided to compensate for symbal contrdst, inverse images, and sumunding 
image clutter. In addition, hint commands for the character set, the error correction level, the total 
character count, and the matrix density for a symbol, can bc given to the decoder. These hints 
decrease the decode time since the decoder does not derive these hinted values directly from the 

3 



50-character syrnbsls 

Error clorrection level 0 Error correction !eve! 8 Error correction level 13 

250-chaaacter symbols 

Fig. 2.1. Examples of Datamatrix test symbols. 



itions of the last sym 1 processed can be Rquested b m  the 

on is described in Table 2.1. Unless 
rd setup ~ m a ~ e d  constaxat for each 

-7CW camera, was ~~~~t~~ in its highest resolution mode. 
1 .5-m extemion tube was attached to thc camera and 

provided a field of view a ~ ~ r o x i ~ a t e ~ y  76 mm (3 in.) wide by 58 (2 in.) high. An aperture 
setting of f l l  was used to provide a good field depth. tu1 test s 1s were printed on white 

yester self-adhesive lables using a 3 -dotsFUa. Zebra Model Z91 thermal transfer 
printer. 'fie uppercase mixed alphanumeric character set (format 3) with five punctuation 
characters was used for all symbols. 

controller during the evaluation tests. 

Scanning sensor 

Shutter sped 

Scantler tilt angle 

Optical. system 

Lightiw 

Decoder setup 

Printing techology 

Lab1 material 

Character set 

ix 7CN CCD camera, ~ g h ~ r e s o l u ~ o n  mode 768 (h) by 480 (v) 

1/60 s, automatic gain active 

0" from the surface normal 

1:1.6 lens with 1.5-rnm extension tube, f l l  aperture, 
field of view 76 rnm wide by 5Q mm high, camera distance -34 cm 

Standard office levels (-1 1x1 measure by light meter 

B~ack-t~-wh~le cutoff at 500 

P thermal transfer printer (300 dots/in.) 

Zebra Z-Ultimate SA white parlescenr 

Uppercase mixed alphanumerics with five punctuation characters 
(space, comma, slash, period, and minus) 

A two-phase test plan was developed to dete 
Datamatrix system. The first phase evaluated, using 

and limitations of the 
, system variables such 

size, scanner tilt angle, substrate curvature, symbol motion, and s 
se evaluated the effects of symbol degradation. Tkgradation was c 

and facsimile duplication, smoke obstruction, blowing sand abrasion, and 
Scanning and decoding a symbology i s  essentially a "go or no-go" 

event, the system will either render vali ~ f o ~ ~ a t ~ o n  and signal the user or it will reject the 
. A single test event is defined as a single triggered request and the resulting pass or fail 

response. The tendency to suceessfdly read is called the pass rate, and it is usuaUy reponed as 

pass rate response at the 95% evaluation tests in his  
report, the rec 
These tests we 

a percentage. Statistically, if 1 SSfUl WentS are QbSCWCd out O f  1 attempts, then the true 
ce level is greater than 97%. For 

number ~f successfully decoded evcnts out of 
mate the absolutc pass rate response for each set 

icate only the gexiexd effcct of ai changed condition. 
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Appendix A prvvides a descrip9cn of cach test symbol in the evaluation. Three e m r  
corneaion levels (levels 0, 8, arid 13) werc tested. Four cc%L sizcs (0.0200, 0.0233, 0.0266, and 
0.030 in.) were uscd for each e m r  correction levell, and four message lengths (50, 100, 250, and 
500 charactcw) were selected for. asch cell siLe. In total, &heir were 48 Datamatrix symbol 
spcimcns printed for testing. 

A pmfcssional photographic copy stand wit?4a four fioosl lamps was used to maintain constant 
camera and Lighting conditions during each evaluation tebt. The CCII camera scmqer was attached 
to the cagy stand r,anx:a suppit .  Light level was measured b y  a Minoha hand-held light meter, 
and flood lamp power was contrclled by a Var ix  transfomm. F,gi;rc 2,2 shows the general test 
setup. 

Before FIE cell size and scanner tilt evaluatien tests: test symbols were atrached to plastic 
plates and stacked near a compiitcr controlled riimiable. Dufing a test each plate, in turn, was 
removed fmm die top of the stack and placed onto the tantable by a programmable robot. For 
each synabd, BOO test even% were txrfomed. Hebweea each test event, the miitable was mated 
3.6". After a syrnhl plats. completed &e evalua~en, the programmable robot removed the old 
plate mad Lm~id~ned a new plate on tile ~wnuble. 'l'his automated testing equipment was vwy cost 
efficient and dlowed rexwat tes:ing without adverse effect on the 'total program schcdule. 

During a symbol test, the data acquisition computer dow~doaded read status infomation 
from ihe Datamatrix decodes after each test cven'i. "be compii;Pei formatted a data file record from 
the k n w m  test symbol charaaleristics and icnd status data. All data records we= archived to a 
permanent text file md thew converted to a Lotus 1-2-3 data spreadsheet. All charts arid results 
in this ~p1p were prepared from these data spreadsheets, 

23 DIGE'T'I%ED CELL SIZE TEST 

tendency m s ~ ~ ~ e s ~ ~ ~ ~ ~  read a s bjectiues for this test were PO determine what 
effects e r m  com,crhssa levd and On &e pass rate R S  nse. The digiiizcd cell 
size is defined as the minimwn side dimension sf a single (Mack or white) cell in a digitized 
image of a Datamatrix symbol. FOP a fixed optical system, we expected hht  the pass rate could 
be improved by increasing ehc rcll size of printed symbols. However, the critical requirement for 
any optical system is the acluni digital ccll size of the scamed image (i.e., when a symbol is 
scanned by a camera, how marry pixels amst ,a single matrix cell trigger, either black or while, 
to optimize the paw rate r c s p n ~ ~ ) .  TD Matrix recommcads cialael opties or symbPs be used to 
ereate a 5- by 5-pixd image in the camera fcr cach Datamatrix ccPl in the printed symbol. For 
condiiions deserikd in Table 2.1, Fig. 2.3 sho~qs that test symbcls printed with 0.026- and 
0.030-in. matrix cells meet or exceed thc manufacturer's 5- by S-pi~el array recommendation, 
while the other test symbols fall k1ow Lhe minimum rquirement. 'xlhc cosine shape of the curves 
in Fig. 2 3 is a result of thc rectangular pixels in tknt: Pulnix CCD camera. Figure 2.4 illustrates 
the pixel a m y  for a single binary cell in i b ~  CCD camera for each p~- i~ ted  cell size. 

TWQ test scrics, with and without hints given to the decoder, were perfomled to evaluatc cell 
size. The black8vAAce cut-off contrr~i in the Dsmnaixix dccsder was set at 500 for both tests. The 
IslacUwhite cutoff represen$ a contrast discrimination level which h e  decoder uses to distinguish 
black rand whitc binary colors from shades of gray in the CCD camera, Only symbols smaller than 
2 in were used for thcse tests since largca symbi)ls could i-rst tn~aVy remain within carnera view 
dudng riit;?tiari. The results of the fiisi test series, without symbol hints provided, are presented 
in Table 2 2. 
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Printed cell size ..... C........". ............ ...... ...... 0.030 in. . ................... 0. ................. 0. 

b. ' .. 0. 

t 

I I I I I I I 

0 45 90 135 1 225 270 31 5 368 
SYMBOL ORIENTATION ANGLE (deg.) 

t 

Fig. 23. Cell dimensions in pixels for digitized Datamatrix symbols with different printed cell sizes. 
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The remits from the first test series indicate that without e m r  correction, thc pass rate 
e results also show that the pass 

flection (set Fig. 2.5). 

2.7). However, the 
rate response. One 

s observation could Ibe that the a d ~ ~ l ~ ~ ~ a ~  overfiead rcquircd for higher error 
~ ~ n i s ~ n ~  return as enor correction increases. 

rates in Figs. 2.6 md 2.7 were ~ ~ e ~ ~ ~ ~ e ~  for mcssages of 250 characters 
n level 8. After investigation, ID Matrix ~ ~ s c ~ v e r e d  that the decodcr software 

sities a ~ ~ ~ ~ a ~ i c ~ ~ ~ ~  above a 25- by 25-matTix cell. The 
problem, but the ~ v ~ s ~ ~ ~  was not available in time t~ 

xccuted which provided hints 
message length. In a closed 

The results t9f tBic second test series, with symbol hints provided, are presented in Table 2.3. 
the second test series reconfirms that the pass rate improvcs for increasing image 

A ~~~~~~~~~~ of Figs. 2.5 and 2.8 also indicates that providing decoder hints improves the 
pass me. Tllc seem test series rcsults dso ~ c o n f i m  that e pass rate decreases as the message 
length increases for a symbol without error comctijon. 

improves (as expected) for increasing image cell s i z ~  l%e s 
rate decreases as the message length increases for bo1 w ~ t h ~ u t  emor 

r CQK€Xtion i s  inh"Xd, Sy sizes just b l o w  the 
gecification have improved pass sate 

tested (level 13) did not p 

could not scliably dete 
software has k e n  revise 

erefore, a second series of tesk we 
character set used, 

A'IT ~ ~ ~ ~ ~ c a ~ i ~ ~ ~ s ~  use of these hints would not be conside 

cell size (see Fig. 2.8). 
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Table 2.2.. H%SS rate r e d t s  
ccll size test wSthiRat sy-6 

. ... -~....-I__ ...... _l___ 

Cell size (in.) 
ECC -___._._ 

level 0.021) 0.023 0.026 0.030 

50 0 82 94 100 100 
8 99 33 ?9 100 

13 91 98 99 39 

......... ____x^"___ ......-.-. ................ __. 
Characters 

100 0 'ri 96 99 100 
8 33 3T 1013 99 

13 87 85 98 100 

0 51 92 97 100 
8 10 48 44 82 

13 51 83 

500 0 38 74 88 92 
8 74 95 

13 

When both emr  correction amad decoder hirils w e x  introduced duiing the second test senics, 
symbols with digitized cell sizes below the maiufactuier's specVicatiow had better pass rates than 

Several deZmhn;xiions were made by the cell size tests jus1 desc6&d, Test- results verificd 
a snanufaciarw's recom;ree,ridation that either optics or pri~::d sgrpnb? size must crcate a vidco 
image large emu@ to COVCT a minimum a m  of 5 by 5 camera pi s for each printed symbol 
cell, either black or white. Test ~ s u l t s  also verified that e m r  comction can impmve the 
Datamatrix scamcr's t u  )cy to mid.  Wi~bout error correction, the pass rate declines as the 
message kn@h increases. This is probably due to thc: imreasing chances of a binary color emor 
occur6ing as hie matrix dirnmsisris (density) of the symbol increase, Additionally, rhe tests 
showed that providing decoder hints for ta length, chawter set, error co~rection levcl, and 
symbol densiiy impiwes thc decode s rate. The :est5 also verified tlnae the Datamatrix 
decoding system has omt-ai directional rmding capabiliiy. 

the first test ser?:?FS (S?? Fngs, 2 9 and 2. no). 

Since thic ID Matah decoding system has omni-directional reading capability, we expected 
that the pass rate might be affected hy  the scanner skew zngie. TRcrefore, a tmt was designed to 
determine the sensitivity of the pass late recpnse to changes of the skcw angle. The skew angle 
is defined as the mgk kiwer",ii a line m ~ m d  to the surface of the symbol arid &e line of sight 
to the scmicr .  To comparr: pass rates Vritkk tk cdl size test, ms;lsPzs of 38 aid  45" were tested 
while providing decode lninls to hie system. The twzlve 100-chaiacter symbols from the previous 
test were selected for this test. Exccpt f G i  skew mgle changes. the procedure for this test was 
identical to the cell s i x  test. %"le test resulls  ai^ shown in Table 2.4. 
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ERROR CORRECTION LEVEL 
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- 50 characters 
4 0 1  
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- 100 characters - 250 characters 

-0- 500 characters 

0 8 

ERROR CORRECTION LEVEL 
Fig. 2.7. Pass rate results for Datamatrix symbols with B cell size of 0.0233 in. 
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Table 2-3. Pass rate r e ~ % s  for thi7 Datamatrix cell 
size best with systeni hints provided 

....... 
Cell size (in.) 

..I.1__ ECC 
~j-,aractear~ 1rscl 0.020 0.023 0.026 0.030 

50 0 90 98 100 100 
8 100 100 1W 100 

13 100 100 100 100 

...... .Î- ._l_...l____.l I ... 

180 

250 

0 71 93 100 99 
8 100 100 100 100 

13 100 100 1 Kf 180 

0 56 91 98 100 
8 100 100 1W 100 

13 100 100 

500 0 49 89 99 99 
8 100 100 

13 

The resu1:s indicate that a tiie skew angle increases, the tendency for the scanner to read 
successMy decieases, This effect occurred at each e m r  com,ctioaa level tc.@sLe:d. The 45" skew 
angle data indicatc that a limited depth of field begins to have a possible effect on large 
high-dens@ symbols. For AAIT applicatioiis, the skew angle should be kept below 30". 

2,7 SUBSTRATE CURVATURE 'I'EST 

Since die skew angle has a detkmeaitai effect on read success, symhIs codd be difficult 
to read fmn  curved surfaces; therefore, a substrate curvature lest was designed to deternine the 
sensitivity of the pass rate response bo surr;7ce cumatenre. Four seis of the twelve 100-character 

Is from ~ 5 e  zest data bas@ WE paiiited on 3-in.-so,uare polyester labels. Each label set was 
attached to plastic cafiers having m e  of fons surface shapes. Three suufacz shapes were made 
from 6, 4- and 2-in. sched.de 40 plastic pip.  The fourih shqp  matched the conical surface at 
the f u a  iraterface of a 155-mm projectile. The worst test case for skew angle was the largest 
symbol (46) on tlae smallest radius (1.25 in.), as shown in Fig. 2 i 1 .  

The d y  deviation from grey ious test procedures was the eliminaPion of symbol rotation 
between each leading lest event. The test results are shown in Table 2.5. ?&e data in Tabie 2.5 
indicate that curved surfaces can d~gr.ade bre reading of symbols when crmr correction is not used 
and cell siLe is too small. When tbc cell sizc cxceedcd tiit: mmufa'mc"cre.er's recommendation, no 
serisiaivity was detected for surface radii down to 1.25 in. When curved surfaces a x  involved, high 
levels of EtmOi correction might be counter productive and symbol iisers should trade decreasing 
symbol error correction for increasing symbol cell size. 
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Fig. 2.8. Pass rate results for Datamatrix symbols without error correction but with decoder hints provided. 
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Fig. 2.10. Pass rate results for Dabmatrix symbok with a cell size of 0.0233 In. and decoder hints provided. 
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Tsbk 2-4. Pass ratc sesa:llks for time Daboma!,six skew 
angle test with decode hints provided 

Skew Cell size (in.) 

............ .. _. -. - --_1 

Ernur angle .. 
comectinn (deg) o.@'iik3 0.0233 0.0266 0.0300 

....... .................... ........ .............. 

0 0 71 93 100 99 
30 17 59 74 84 
45 1 11 16 1 '7 

8 0 100 1 0  100 100 
30 81 99 1(xp 1 oc) 
45 39 77 73 43 

13 0 lor) 100 100 100 
30 99 99 93 85 
45 51 48 16 4 

2,s MOTION TEST 

Several conveyers and camusel concepts have keen proposed for handling ammunition in 
the future. For most awmarnidon rearm applications, it is desirable to scan and decode 
machie-readable data wl-de objects arc in motion. The objective of this test was to dcterrniiie 
what effect symbol nisTim has on thc tendency of the Datamatnix system to read successfidly. 

The Mnix camera uses two interlaced scans to conskrvct a single vidm frame, with a pixel 
resolution o f  768 (in) by 480 (v). To cafjtufe a sharp image of a moving object, only one of the 
interlaced scam of the camera is used and the pixel resohition I s  changed to 758 (h) by 243 (v). 
To stop mstion at highcr velocities, the frame rate of the camera can be tarlied from 60 to 
10,ooO f rmes /s .  However, as the fraiie ratc i s  increased, more ambient ligpli is required. Ambient 
light was incaeascd to 10,OOO lx for all motion tests. 

Two sets of test symbols were printed onto 3-in.quare polyester lahels using a 0.03-in. cell 
sike. The fizt set used 50 data ckaractcrs, and the secmd set used 100 data chawbers. Three 
levels of error correction (levels 0, 8, and 13) were used for each set. The test procedure rcquired 
attaching each syinbl to a motor-driven tumiaMe. Test velocities from 0 to 120 in./s werc verified 
by tachometer measirermenlis. Ala optical trigger wired into thc decoder's general purpose input 
port was used to initiate each scanner reading. Tests were prfomr~ed using horizontal and vertical 
sweep motions. 1'k horizontal sweep moved hie. test sylilbol across the camem view from left to 
right, while the vertical sweep moved the synsbl from top to hothorn. Decoder hints were 
provided, and 180 rcadings were made at cacti test velocity. 

Sevcrzll detemiaations c m  be made from the results presented in Figs. 2.1Z2.13, and 2.14. 
The tendency of the system to read symbols in notion is better for symbols with smaller data 
laigths. Some enoi correction improves the reading success; how~ver, high c r m  correction may 
degrade system performance. ,4!so. horizontal symbol morion p~ovides bmer reading results at 
higher velscities. 'This final obxrYation is probably c;iiisz.d by the reduced veadcal camera 
resolution used for stop motion video. 'Po vcrify this assumption, a 100-charactei symbol with a 
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Skew angle 
31 

Symbol size 
1.35 in. 

7\ Surface radius 

Fig. 2.11. The worst case for skew angle in the Datamatrix curved surface test. 

Table 2.5. Pass rate results for the Datamatrix substrate 
curvature test With decode hints provided 

(100-character symbols) 

Error Symbol cell size (in.) 

level (in.) 0.0200 0.0233 0.0266 0.0300 
correction Radius 

0 

8 

13 

3.25 
2.25 
1.25 
Conical 

3.25 
2.25 
1.25 
Conical 

3.25 
2.25 
1.25 
Conical 

100 
97 
53 

100 

91 
100 
100 
17 

108 
97 
99 
99 

97 
51 

100 
57 

99 
100 
67 

100 

100 
100 
100 
100 

24 
53 

8 
71 

1 
100 
99 
78 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
88 

3:2 aspect ratio was tested using vertical motion. The comparison of the test results with a 
previous test using a 1:l  aspect ratio verifies that vertical elongation of the symbol improves 
reading performance during vertical motion scanning (see Fig. 2.15). 
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Fig. 2.13. Horizontal and vertical motion results for 50- and 100-character Datamatrix symbQIs using error correction level 8 
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Fig. 2.15. Vertical m o t h  results for 100-charster Datamatrix symbols with aspect ratios of 1:l and 3:2 without error correctton. 
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2-9 IMAGE CONTRAST TEST 

Most symbol scmncrs ictpire iiiinimum contrast ra,tis for reliable operation. Printed 
material, like bar code labels, may kccrne s m  bleached and lose contrast. ID Matrix claims 
rcliabie operation fer &e Dammatrix system wit31 conirast ratio as low as 20%. Since most 
armunition is gaintcd eirlner grecn, gray. or blue, applying black data symbols directly to these 
substrates will also create a low-coiitiast c~ndition. The objective of the imagc contrast test was 
to deiemkc tl~e tendency of the system to waccxssIully read Datmatrix symbols from surfaces 
painted with tg.plcaJ amnmitioii colors. 

For this test, a l-in.-sqi~am 'iilack symbol encoding 53 characters with error coneceion 
level 8 was printed 01 clear plastic overlay film. Six painted a d  two unpainied test substrates 
were dw pmpared for the ;est. The piiinted surfaccs tested wcm typical 155-mm ammunition 
colors, and the unpainted: sur€aces were smplcs of as-received stainless steel md aluminum sheet, 
Table 2.6 describes the specific color chip numbers xwd as per Federal Standard 595 for the 
paiinted tesl samples. 

Table 2.6. Paint colors used FOE" the 
Datamatrix image contrast test 

Practice Blue 35 109 

Illumination White 3'7875 

Wlnjtz smoke Light green 34558 

Gas Gray 3623 1 

High-explosive Green 24079 

White smoke Light green 24449 

Initially, a tesi was performed using 1000 ami 10,fxx) lx of ambient light while the camera's 
automatic sensitivity control was active. During this test, the data collection system logged the 
results of 100 readings for each contrast @hck to white) value over a broad test range, Each bar 
in the chart of Fig. 2.16 ~epizseents the range of trlactdwhite cut-of€ values dnat gave 100 successful 
readings. 'IW black syrnhzd on the dark green painted subs:ratc could not be read tinder any testcd 
condition. Since the largest p x e n n g e  of artillery arnmuniliom is painted dark green, the test 
results suggest that a white snbstrats: wi?k be required on d a b  g m n ,  gray, mnd blue ammunition. 
Howcver, thc r~,snxiis indicate rhat higher anbisnt lighting conditicws improve Pkne image contrast 
for all other substrates and, therefore, extend tpae successful opraxing rangc of the Datamalrix 
system. 

A S ~ C Q I I ~  test was design& to deteminc the e€€ect of automatic czu?era gain on the 
Datamatrix system. A s  the: results of Fig. 2.17 S ~ O W ,  automatic cannera gaiq also extends the 
operating range oE &IC Datamatrix sysien-t. 
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Fig. 2.16. Datamatrix image contrast results with decoder hints provided at 1000 and 10,OOO lx and automatic camera gain active. 
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2.10 DUPLPGIATIQN TES 

Pxtotocopy and facsimile procesxs do not create a perfect duplicate. Image quality degrades 
for each generation of duplication. Since ~ ~ u n i t ~ o n  logistics  cords ~ ~ a g e ~ e ~ t  will certainly 
require document d u p ~ ~ c a t ~ ~ n ,  p~n ted  data symbols should remain readable after several 
generations of duplication. 'Fhe: objective of the ~ u ~ l i c a t i ~ n  test was to determine the sensitivity 
of the pass rate response to s 

For this test, the twelv Wcharacter symbols from the data base in Appendix A were 
printed onto sheets of paper ( ntrol symbol, a LOGMARS bar 
code was also printed onto eac 1990 print quality grade for the 
original control symbol was ere photocopied six times and 
duplicated by facsimile two times. After the first photocopy generation, the ANSI grade of the 
control symbols dropped to grade D but the symbol was still readable with a hand-held scanner. 
After the second generation, the syrnbl grade dmpged to a still readable grade F. After the third 
photocopy generation, the LOCMARS control symbol could not be read. Appendix 3 provides 
the scan profiles for the control symbol after each photocopy generation. 

The results in Table 2.7 indicate that adequate cell size and e m r  correction are required for 
the Datamatrix symbols to remain readable after photocopy or facsimile duplication processes. 

on caused by d ~ p ~ ~ ~ t i o n  processes. 

Table 2.7. Pass rate results for duplicated atamatrix symbols 
characters with decoder hints provided 

Error Cell size (in.) 

level degradation 0.02 0.0233 0.0266 0.03 
correction Duplication 

0 Original 
Third photocopy 
Sixlli photocopy 
First facsimile 
Second Iacsimile 

8 

13 

Original 
Third photocopy 
Sixth photocopy 
First facsimile 
Second facsimile 

Original 
Third photocopy 
Sixth p ~ ~ ~ t ~ ~ o p y  
First facsimile 
Second facsimile 

10 
0 
0 
0 
0 

99 
64 
0 
0 
0 

100 
1 m  

5 
0 
8 

1 
97 
0 
0 
0 

1 
1 
1 
0 
0 

1 
1 
1 

0 
0 

96 
99 
0 
0 
0 

100 
100 
98 

1 
0 

100 
l a ,  
100 

0 
0 

108 
97 
0 
0 
0 

100 
100 
1 

2 
0 

100 
100 
100 
1 0  

0 
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er severc conditims (e 8.. blowing sard and rain), data s y n h l s  on anmunition will 
degrade from wear damgc or croskm. Edge quality, contrast, defects; and modulation could be 
affected. We assumed that this damagc affects &le syrznh7l: no! t l x  substrate, and that this form 
of dcgmdatkm will be uniformly d E& A test was design& to determine the tendency of thc 
Da&ma.trix system to successfully ymbols h h t  w m  degraded by uniform wear, Sarndhlaseing 
was chosen as the method to create unifomi S y i n h i  w a r ;  and a sandblasting chambcr was 
constmcted. 

For this test, the sia IOO-character symbols wi& adequate cell sizes (0.026 and 0.038 in.) 
were printed onto 3-h-squan: plycstci labels Since nfi print quality verifier exists for Datamatrix 
symbols, a LOGMARS b a ~  code was also phaed onto each lake1 &$ a wen&ol symbol. The ANSI 
X3.182-1990 griwt quality grades m S  s c m  p70files for each contml syi-nbol were measured before 
and after each sand expsure using a Br;;ckchwck SO0 pint  quality -verZi"ne. The scan profiles are 
provided in Appen&x C. In additiofi to scan profiles, an atternpi was made after each exposure 
to read thc LOGMARS control symbols w i ~ h  an 111tem.e~ 1545 scanner. Dunng the test, all 
control symbols were decoded afie:. 4 min of sand exposure, but after 8 min the LOGMARS 
contmB symbols could not Sg: decodcd. 

Despite a significant loss of pint  contrast, which i-cndered the LOGMARS bar codes 
urnadable, Datamatrix symbols incopra~iing error correction were successfully decoded (see 
Table 2.8). 'The gradual loss of symbol contrast was offset by adjusti.ng nhe contrast discrimination 
(Mack/white. cut-off) value, The origiaa! ~yrnbols  we^ scanned with a light level of loo0 Ix using 
a discrimination value sf 500. After 4 md 8 miri of sand expsuic, discrimination values of 550 
and 6Ml W ~ R  US& iespctively. 

Table 2,8, !"I-int quaiitgi grades and pass rate sesn?ts 
iising dectader hints for sandblasted. 

Datamatrix: symbols 
-- ... - 

Error CeU size (in.) 

level time (rnin) value 0.026 0.030 

-- comciisn Sarxdblasting Cut-off - .......... 

e 
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Light traveling f' scanner will be obstructed to some degree in 
environment4 conditions ns from fog and mist 
usudly require lon distances; however, smo ction at very short 
distances. The te 
density of a smoke obs 

ncy of a scanner to read 
ction increases. Opt 

Clew i ~ ~ e ~ ~ ~ % y  (I,,) 

Obstructed intensity (0 Optical density (OD) = log 

TheEfore, optical densities of 1, 2, and 3 t ~ ~ s ~ j s s ~ o n s  of 10, 1, and 0.1% 
of the unobstructed light intensity. Figurn 2.18 nship between. optical density and 
light transmission. A bar code system which can operate at higher optical densities of obsmction 
or lower values of transmission is more desirable. 

For this test, a smoke chamber and laser photometer were used to measure the effect of 
optical obstruction on the tendency LO read Datamatrix symbols successfully. Commercial smoke 
bombs producing zinc-chloride particles were used to generate the smoke. Laser light from a 
helium-neon laser was canried into the smoke chtrmber by an optical fiber. The light was expanded 
to a collimated light beam and projected through a ~ ~ x i ~ a ~ l ~  12 in. of chamber space. The light 
beam was collated and focused into another optical fiber which carried the light out of the 
chamber to a photo-optic multimeter. TIE laser ~ho~ometer  was calibrated with neutral density 

-character symbols having error correction levels 0, 8, and 13 were printed onto 
3-in.-square white polyester labels. The cell size for each symbol was 0.030 in. me labels were 
attached to a sliding metal plate and laced inside the smoke chamber a p ~ ~ x i m a t e l y  12 in. from 
the CCD scanner camera. The symbols were ~ ~ ~ ~ ~ ~ n ~ t e d  by a 100-W incandescent spotlight, and 
light levels were d ~ ~ e ~ i ~ ~  before each test by a hand-held light meter. Tests were performed 

x, and all tests were performed with decoder ;hints provided. 
30-s smoke bomb, recording photometer 

the smoke obstruction was so dense that 

Figs. 2.19, 2.20, and 2.21 

To improve the reliability of data storage in symbols subjected ID damage or conuption, 
a m a t ~ x  symbology. Scveral 
ation, and fungus and mold 

ut error ~ ~ ~ ~ c t i Q n  ~ ~ p ~ ~ ~ l i t ~ ,  damaged symbols can not be 
ility to recover data from damaged symbols improves with 

several levels of optioml emr comction arr: available in 
corruption scenarios such as tearing, ~ a ~ i ~ g ,  corrosion, c 
growth have been suggested. 
decoded; with error esmxtis 
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Fig. 2.19. Smoke obstruction results for a 100-character Datamatrix symbol using error correction level 0, decoder hints, and automatic camera gain. 
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Fig. 2.20. Smoke obstruction results a IMkhararter Datarna$rirr symbol mlng error correction level 8, decoder hints, and automatic camera gain. 
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Fig. 2.21. Smoke obstruction results for a 100-character Datamatrix symbol using error correction level 13, decoder hints, and automatic camera galn. 
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each levd of correction employed. The disadvantage of error mm~eetion is that ~~~~~~~~ data 
must k encoded into a symbol, and this overhead incrcmcs the s i ~ e  of the symbol. The most 
efficient emor cometien lcvcls are 5, 8, 12, 13, and 14, which have overhead requirements of 25, 
33, 50, 66 2nd 75% mpeeeively. 

A series of tests was &signed to dctcmine the tendency of the Datamatrix system to 
successfully read mriupted data syrnbls A SeB-character message was c~coded with the most 
efficicnt e m r  correction levels (5, 8, 12, '13, and 14). Each test symbol was printed approximately 
1 in. square, and all symbols exceeded the 5 by 5 pixels-per-cell requiremmt for camera 
magnification. Tweive comiprion scenarios ~ X C E  used to evaluate the error correction capability 
of the Datanabfix symtslesgy (see Table 2.9). 

The results in Table 2.9 coniah several unexplained data trends which were probably caused 
by tlie random ps i t iax  of cowtption used for each test. The ~ s u k s  show that somc levcl of 
symbol comip~;sw can be tolerated by the Datamatrix system when emor correction is used; 
however, ehe symbPogy shedd not be considered totally fault tolerant, If enovgh of my matrix 
code i s  lost, it will be impossible to convey the encoded data. However, increasing the error 
cometion level of Datamatrix symbols improves the resistance to corruption. Further study of ebe 
~ ~ ~ ~ a ~ ~ x  enor conmtion feature i s  rewmniends: 
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le 2.9. Pass rate results for corrupted 1-in.-square Datamatrix symbols 
encoding 50 characters using various error correction levels 

~ 

Error correction Level 5 Level 8 L~vel  12 Level 13 Level 14 

Matrix demity 23 by 23 25 by 25 28 by 28 34 by 34 38 by 38 

Cell size 0.043 in. 0.040 in. 0.036 in. 0.030 in. 0.027 in. 

Comption Pass rate results 

None 100 

100 

97 

0 

79 

4 

100 

14 

0 

0 

0 

0 

0 

100 

99 

100 

99 

91 

0 

100 

100 

14 

4 

0 

0 

0 

100 

40 

la, 

0 

59 

96 

la, 

83 

0 

30 

100 

0 

100 

100 

97 

100 

100 

59 

6 

100 

100 

0 

100 

100 

100 

100 

100 

53 

100 

0 

0 

0 

100 

100 

0 

100 

100 

100 

100 





3. CODE 49 EVALUATIQN TESTS 

3.1 SYMBOLOGY DESCRIPTION 

Code 49 is a multirow, continuous, variable length symbology encoding the full ASCII 
128-character set. It is ideally suited to applications where large amounts of data are required in 
a small space. A Code 49 symbol consists of 2 to 8 rows, each with 18 bars and 17 spaces. Each 
row contains a row number, and the last row contains information indicating how many rows are 
in the symbol. Each row consists of a leading quiet zone, a start pattern, four data words encoding 
eight characters, a stop pattern, and a one-digit trailing quiet zone. These i s  one check character 
per row plus 4 or 6 check characters per symbol. Rows can be scanned in any order. The rows 
are bordered by a separator bar. The maximum message length per symbol is 49 alphanumeric 
characters or 81 numeric digits. net data density is a maximum of 93.3 alphanumeric 
characters/in.’ or 154.3 numeric digitdin.’ when using a minimum bar dimension of 0.0075 in. 
Figure 3.1 shows examples of Code 49 symbols used in testing. 

Aspect ratio I : I  Aspect ratio 2 1  

Fig. 3.2. Examples of Code 49 test symbols. 

3.2 EVALUATION OF EQUIPMENT AND SOFTWARE 

The scanning system employed for Code 49 testing was very simple. An lntermec 
Model 1545 bar code laser scanner was used for scanning symbols during all evaluation tests. The 
scanner incorporates a visible laser diode (nominal wavelength of 670 nm> and a single 
bidirectional rem-collective mirror that has a scan rate of 36 scans/s. The scanner was connected 
to an Intemec Modd 9720 wcdge reader, which provides an audible tone when each row of a 
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Code 49 syrnbl i s  i-cad It alw provides a separate audible tom when the current symbol k ing  
scanned has h e n  successfully decoded. No oLher read status codes ai2 yrwided by the readcs. 
During ail evaluation tests, b\c 96W-baud seria: port on the reader was used for controller 
comrneznicattiorfi. The controller used for all evaluation tesls was an 88286-based computer with 
an 8-MKIz clock speed Tne O F r i i i i R g  system used was MS-DOS. Data were automatically 
acquil-d using the ASYST data acquisition laiguagc from Keitinley Inslmmerrts, Inc., Taunton, 
Massachusetts. 

The mndard equipment setap fm dl tests in this evaluation is described irr Table 3.1. This 
standaid %?up was used for each evaluation reported unless otherwise specificb in the test 
description. 7 I:e scanner was coplfiglircd for continuous scanning operation and attached to a 
profccssie~az;l photographic copy staid above a mai l  flat-bcd plotter. Test syndmls were attached 
to letter-sized sheets of paper and piaccd 011 the plotter. Foi all tests, the uppercase alphmarneric 
charactei set wih? punctuation was used to cncde test symbols. Appendix D contains a description 
of ehe ten Code 49 symhAs used dunirig evaluaticn testing Row s c m i n g  of a symbol was 
accoarrplishcd by moving tkc syml-iol ~rnder fhc scanner, and the s p x d  of the plotter was controlllied 
by the data acquisition systeni. 

Tahk 3.8. Standard C ~ d e  4.9 test conditions 

S c m e  t 

Scanner rate 

Scanriel tilt angle 

I~iiemiac Model 154.5 visible laser diode s c m w  

36 t 2 sca1s/s 

15" pitch angle frmi surface normal 
8" s k w  aiigle from surface nom.sl 

18 in. from symbol 

Internee Model 9728 wedge reader 

Standard office level (-1oSX Ix) mccsured by light meter 

Zebra Ev:odel Z9I thermal uamfer printer ( 3 0  dotsiin.) 

Zebra Z-Ultimate 5.4 3-in.-squaie white polyester with permanent 
acrylic adhesivc 

SCXMKY distance 

Decoder 

Lighting 

Prirakiag method 

Label material 

Chaa ader  set PJphmurneiic 
~. - . ~ 

_I- 

3.3 EXPEWHMENTAE APBROACH 

A two-phase test plan was dcveloped to dctei-mine the capabilities and limitations of h e  
Code 49 system. The p~arposz of the first phase was to eva1ua;c sysiem variables such as minimum 
udl width, row scanning speed, scamer distance, scanner tilt angle, substrate cua-vatxe, and 
symh€ contrast using high-qualiiy s y m b k  The purpose of the second phasc was to evaluate the 
effects of symbol degrahtion. Degradation was created by photocopy and facsimile dupllcafiorn, 
smoke obstmciion, and blowing sand abrasion. 

Lrr 
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Scanning and decoding a symbology is essentially a "go or no-go" process. During a test 
reading, the system will either render valid information and signal the user or it will reject the 
symbol. The tendency to successfuliy read is called the pass rate, and it is usually reported as a 
percentage. Statistically, if 1 0  successful rcadings are observed out of 100 attempts, then the tnie 
pass rate response at the 9% confidence level is greater than 97%. For all evaluation tests in this 
report, the recorded values are the number oE succcssfully decoded readings out of 100 attempts. 
It was not the purpose of these tests to estimate the absolute pass rate responsc for each set of 
conditions but to indicate only the general effect o f  a changed condition. 

3.4 SYMBOL BAR WIDTH, MOTION, AND SCANNER DISTANCE TEST 

Stacked bar codes, like Code 49, require the user to manually translate the scanner over a 
symbol in a row-by-row motion. Since the Intermec 1545 scanner uses a constant scan rate of 
36 scan&, a limit to this translation speed is expected but might be extended by increasing the 
row height of the symbol. The effective range of a hand-held laser scanner is also limited and 
depends upon the X dimension of the symbols being scanned. (The X dimension of ,a bar code 
is the minimum bar or space width of the printed symbol.) Smaller symbols require shorter 
scanning distances, and larger symbols allow longer scanning distances. The Intermec 1545 
scanner has an effective range from 12.7 to 38.1 cm. A single test was designed to determine the 
most optimum translation speed of the scanner for all subsequent tests and to evaluate the pass 
rate response to changes in the X dimension of printed symbols. Table 3.2 contains the pass rate 
results for various X dimensions and symbol translation speeds using a scanner distance of 
12.7 cm. 

Table 3.2. Code 49 pass rate results for various minimum bar widths (X) and 
symbol traverse speeds (scanner distance of 12.7 cm) 

X Symbol translation speed (cm/s) 
dimension Aspect 
(mils) ratio 0.97 1.94 2.91 3.88 4.85 5.82 6.19 7.76 8.73 9.70 

6.1 1:l 
2: 1 

10. 1: 1 
2: 1 

13.3 1:l 
2: 1 

16.7 1: 1 
2: 1 

20 1:l 
2: 1 

51 32 30 0 0  0 0 0  0 
91 98 97 70 68 12 5 0 0 

99 100 100 30 29 0 0 0  0 
93 loo 96 94 92 30 40 13 5 

61 63 82 9 11 1 0 0  0 
96 98 99 64 49 12 11 6 2 

20 17 21 1 2 0 0 0  0 
28 34 36 11 17 7 4 0 1 

68 68 64 3 6 0 0 0 0 
41 35 41 29 33 9 5 0 1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 
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'I he data in Tabie 3.2 verify that atr rry;pcer limit cxists For synibol tramlation speed. Symbols 
with a 1:l (squae) aspect ratio csuld be srucccssful8y scanned at translation speeds up to 2.91 cm/s 
(see Fig. 3.2). When s y ~ i h l  row height was doubled to a 21 aspect ratio, successfail rcadixngs 

Figures 3.2 ard 3.3 also indicate that symbls wilb smaller X dimensions were more easily 
rcad than larger syinb~ls at a scmncr distance of 12. I CIIL A secwd test was designed to hold 
translation speed at a constant 2.91 c d s  and yary elk scanner distance. rigwe 3.4 shows lhat the 
optimum scanner distance hcreascs propxtionai to the X dimension of the Code 49 symbol. In 
anintinition hmdlitrg systems the distance from the s p M  to the scar~nei may be coiistrained by 
ineclianicd interferences. 'IheRfore, it is critics' that R total systems approach be used when 
designing AAI'1' systems. Tnc symlxd size, thh: scamlei- eapabWes, and the handling system 
requirements must bc careF,illy considcrcd. 

wcrc achieved up to 4.85 cm/s (see h g .  3.3).  

3.5 SCANNER TlLT TEST 

For a hand-held laser scanner to opera;c pmprly, a slight pitch or skew angle is required 
to prevent the scamc:~  from k ing  blinded by a sp,cular reflection of dit: laser beam from the 
symk~i surface. yltch angle (vertical) and or skew angle (horizontal) arc dcfined in Fig. 3.5. A 
test was designed to determine the tendency on' 'Ile scanner to read Code 4? symbols successfully 
at extreme pitch and skew mglw. A subset of symlwls with three X dirnensions and two aspect 
ratios were selected from the test syrnbcrl data base. The symW translation sped was 2.91 crnh 
for all tests. 

The test ~esulis indicate thae symbols with larger X dimensions may be more easily scarpi-red 
at extreme pi:ch or skew xngles (see 'fable 3.3). The rcstiVs ~ S S  indicate that increased row height 
does lint significadrtly affect the tendency of the scam% to read successfully at exzemc anglaes. 
The maximum pitch or skew angle of 30" that could be tesicd was dctemined by limitations of 
the test setsp. It is possible that scmning Code 49 bar codes could be successful at more extreme 
angles. 

As a scanner is translated ovcr a ('lode 49 symbol, it must r e d  oidy onc row in the symbol 
at a time. Iherefotn, carcfd alignment of the scamw- with each row in d stacked bar code is 
critical for successful operation. Since a slight tilt aqqk is dm required, scanraiiig symbols on 
cuphied surfaces might be difficult if the height o f  the symM is oriented parakl to the axis of 
curvature. A substrati: cuwdture test war, designed to determine the tendency of the Code 49 
scariiscr to rezd symbols successfully fmm cu~veJ substrates. 

Pieces of 6-, 4, aid 2-iri. schcdule 40 pipe were used to produce carved surfaces with 1 6 ,  
114, and 6 3 - m ~  diam. P, conical surface identical to the fute interface for a 155-mm artillery 
projecrirk was simulated by a 9-oz. clcai plastic diiiekiiiig crrp. A subset of symbcls with threc X 
dimensions and two asLxci ratios was selected Erom thc test symbol data base. All symbols were 
oriented on tlrt? cui-ved siz+aces with the height of thc symbol pardlel to the axis of curvature. For 
all tesis, the symbol translation sApeed was 2 91 cm/s, and the scannw distance was 25 4 cin. 

'me data in 'Iable 3.4 show a reduced pass late for the larger symbols attached to smaller 
diameter surfacca T ' k  data also indicate tiiat incrcasing ihe row kiglnt (aspect ratio) decrcascs 
the adverse effect. 
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Fig. 3.4. Pass rates for various Code 49 symbols (aspect 1:1) plotted against scanner distance using a constant Zdl-cm/s symbol translation speed. 
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Ve i.e i ca I 
reading angles 
(pitch) 

Table 3.3, Pass rate results for various Code 49 
symbols when changing the xanner pitch 

and skew angles 

Pitch argle/skew angle 
. . . . .- X dimension Aspxt 

(mils) ragi0 15/0 300 0/15 0/30 

9.9 1:l 43 0 0 0 
2: 1 92 13 0 0 

13.3 1:l 99 95 9'7 92 
2: 1 100 100 86 100 

15.6 1:l 74 99 100 100 
99 

. . . . . . . . . .- 
2: i 84 98 100 

. . . . . . . 

, 
3.7 IMAGE CBNTRAS'B' TEST 

Most symbol scanners require a miniinuin eontrast ratio between the printed bar code and 
substrate material. for reliable operation. Printed materid, like bar code labels, can becomc 
bleached and losc contrast when exposed to intense sunlight for long periods. Also, most 
anmunition is painted either d a h  green, gray, or blue, and applying black data symbols directly 
to these colored substra:es will create a low-conaraqt ratio. A test was designed to detemine the 
effect that colored substraies might have on the tendency of a laser scanner lo read Code 49 

Two symbols, with 49 characters cncsded, were prktcd onto sheets of transparency film. 
Both symbols used an X dimension of 13.3 mils. The farst symbol was printcd with a 1 : 1 aspect 
ratio, while the second was printed witla a 211 ratio. Two unpainted and five painted test plates 
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Table 3.4. Pass rate results for Code 49 symbols on curved surfaces 

Surface curvature 

X dimension Aspect 165 mm 114 mm 63 mm 
(mils) ratio Flat diam diam diam Conical 

10 1:1 43 3 25 0 0 
2: 1 92 100 100 39 3 

13.3 1: 1 99 99 100 100 95 
2: 1 108 99 100 0 99 

16.7 1:1 I4 96 97 44 40 
2: 1 84 97 100 0 44 

were also prepared for the test. The unpainted plates were samples of as-received aluminum and 
stainless steel. The surface of the aluminum had a slightly reflective appearance, while the 
stainless steel surface had a dull appearance. The colors chosen for the painted plates were typical 
155-mm artillery projectile colors. (See Table 2.6 for the colors and the specific Federal 
Standard 595 color chip numbers.) The test procedure involved placing a symbol transparency on 
a test plate and scanning the combination with the scanner. 

The results of the testing are presented in Table 3.5. As expected, black symbols on white 
and light green surfaces could be read easily. Dark green and blue are excellent absorbers of red 
light; therefore, symbols on these painted surfaces could not be scanned. The aluminum substrate 
and symbol could not be scanned because the substrate finish would not reflect enough light back 
to the scanner. However, the finish on the stainless steel plate was dull enough for successful 
scanning. The symbols on the gray painted surface were more easily scanned at a 2:1 aspect ratio 
than at a 1 : 1 ratio. T h i s  probably is because rows in the larger symbol (2: 1 aspect ratio) remain 
under the scanner twice as long. 

Table 3.5. Pass rate results for Code 49 symbols on various substrate colors 

Substrate color 

Aspect Stainless Blue Dark green Gray Light green White 
ratio Aluminum steel 35109 34079 3523 1 34449 37875 

1:l 0 100 0 0 58 99 97 

2: 1 0 100 0 0 100 100 1 0  
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3.8 DUPLICATION TEST 

Photocopy and facsimile procesws do not cieate a perfect duplicate. Image quality degrades 
for each generation of duplication. Since aiimunition logistics  cords management will certainly 
require document duplication, prinled data symbols shou+lC iemain readable after several 

of duplication. A test was designed to determine ble scmitivity of the pass rate 
response to symbol degradation caused by denplicatim processes. 

Six symbols with 43 characters encoded wefe printed onto polycstea labels which were then 
attached to sheets of paper. Pairs of synilmls with aspect ratios of 1:l and 2 1  used X dimensions 
of 13.3, 16.6, and 20 mils. ‘lliid- and sixth-geccmlion phno%ocpcopies and a facsimile were sbZ;ninacd 
for each s y n h l .  The scarmer translation speed for all symbols tested was 2.32 cni/s, and the 
scanner distance was 25.4 cF3 

Tlne test resulis, shown in Table 3.6, indicate that readability after photocopy duplication 
depends ow t k  X dimension. For the 13.3-ri-iP symbols, there was a slight loss of readability after 
the third generatim photocopy and total failure of the symbol after six photocopy generations md 
the facsimile pmce~s. In contrast? tine symbol.; with X dimensions of 16.6 and 20 mils remained 
readable after d l  duplication processes. 

Table 3.6, Pass rate results for Code 49 symb 1s after being duplicated 
hy photocopy and facsimile proemses 

‘l3iird Sixth First 
X dimension Aspccc: Original phst~?cspy photocopy facsimile 

(mik:, ratio symbol duplication duplication duplication 

13.3 1:l 9s 87 0 0 
2: 1 lo0 92 0 8 

16.6 1:l 88 96 95 97 
2: 1 34 100 188 99 

20 1:l 84 99 98 74 
2.1 88 98 90 95 

3.9 UNIFORM WEAR TEST 

Under severe conditkns, like blowing sznid and rain, data symbols on ainniunitien will 
degrade from wear ddrtiage or erasion. Edge quality, conmst, mnd modulation could be affected. 
Wc assumed that onis damage affects the symbol, not thc substrate, and that this fom of 
degradation w i l  be enriifomly distrik~uteed. A test was designed t~ de~emine the tendency of Lbc 
Code 49 system to successhlly read symbols degraded by unifom wea .  

Sandblasiing was cliosen as thc method to creatc unifcmn symbol wear, and the sandblasting 
charn‘oer previously described in Sect. 2 I1 was employed. Foi this test, Code 49 symbols witll 
X Qirneiisioias of 10, 13.3, and 16.6 mil were printed onto 3-in.-square pdycstcr lakls.  Since the 
Quickcheck 503 print quality verifier does not evaluate @ode 49 symbols directly, a LOGMAWS 
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bar code was printed onto each label as a control symbol, Print quality grades for each control 
symbol were determined, per American Nationat Standards Institute (ANSI) X3.182-1990 
guidelines, before and after each sandblasting exposure. During the test, all control symbols were 
decoded after 4 min of sand exposure; however, after 8 min the LOCJMARS control symbols 
could not be decoded. 

Recall that the ability to read bar codes with a laser scanner depends on the symbol’s X 
dimension and distance. Similarly, Table 3.7 shows that symbol degradation has an adverse effect 
on the tendency to read Code 49 symbols. 

Table 3.7. Print quality grades and pass rate results for Code 49 
symbols with uniform wear caused by sandblasting 

Sandblasting X dimension Aspect ANSI print 
time (min) (mils) ratio quality grade Pass rate 

None 10 1:l B 43 
2: f B 92 

13.3 1:l B 100 
2: 1 B 100 

16.6 1:l R 93 

4 10 1:l F 0 
2: 1 F 0 

13.3 1:1 
2: 1 

56 
100 

16.6 1:l  F 76 

8 13.3 1:l 
2: 1 

16.6 1:l 

3.10 SMOKE OBSTRUCTION TEST 

Light traveling to and from a bar code scanner will be obstructed to some degree in 
environmental conditions such as fog, mist, or smoke. Significant obstructions h m  fog and mist 
usually require long distances, but smoke can be a significant obstruction at very short distances. 
The tendency of a scanner to read successfully i s  expected to decrease as the optical density of 
a smoke obstruction increases. See Sect. 2.12 for a definition of optical density and a description 
of the test apparatus used for Kis test. 
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During this test, a make chambei and lases phomrnerer were used to measure the effect of 
optical obsknactisn on the tendency to successfully read a Code 49 symbol with a hmd-heId 
scarneb:. A Code 49 symbol having an X dimension of 20 mGs aid  an aspc t  ratio of 1:l was 
printcd onto a 7S-mm-sqaiare v&&e polyester labd The test label was areached to a flat surface 
and suspended insidc the srnckz chmixr  approximately 25 ern from a clear glass obsewatian 
window. The scame-r, which could not I% instdled inside the smoke claanber, wzs held directly 
outside thc observation window. With ne smrnke sbsamction in the chamber, die Code 49 symbol 
was success€ully scali7ed md decoded. The dect ptcicedurc iamvclvcd atkmpting scanner readings 
and recording p h ~ t ~ m e k r  measureinrents after igniting a 38s smoke bomb. hitially, the snoke 
~ b ~ t ~ ~ t ~ t i o n  W ~ S  SO delisir that t i k  ~ y i & ~ l  codd not k d c ~ ~ & d ,  AS the S I Y ~ O ~ ~  obstmceion was 
gradually vented from the chamber, the symWi could only be dccodcd below an optical density 
of 0.1. This represent< a 20% loss of light transmission. 



4. SUMMARY AND CONCLUSI 

A series of tests was conducted to evaluate thc m a c ~ ~ n g - ~ a d a ~ l e  two-dimensiond 
symbologies called Datamatrix and Code 49. T w o - ~ i m e ~ ~ o ~ a l  symbols are being eonsidered for 
potential use in amunition logistics systems and automated mloading equipment. For this reason, 
the purpose of these evaluations was to determine the capabilities and limitations of the existing 
symlbology and decoding hardware as they pertain to the diverse and harsh field environments in 
which they may be used for AAIT. 

" h e  Datamatrix system is extremely flexible and reliable, and performance can be optimized 
for AAIT. Testing has verified that the cell size of a printed symbol and the r optics must 
be selected to meet a minimum requirement. For reliable data capture, the s must digitize 
a 5- by 5-pixel array for each cell in a printed symbol. In a closed application, like AAIT a 
tandard character set, e m r  correction level, and symbol matrix density can improve 

d shorten decoding time, For ammunition reloading applications, bar coded 
be captured from moving objects at spxds up to 30 in./s. Using fast shutter speeds and high 

light levels, tests have verified that Datamatrix symbols moving at 120 in./s can be s~ccessf~l ly  
decoded. The Datamatrix system can decode symbols on tilted or curved surfaces. Test results 
indicate that increasing scanner tilt angles decreases the tendency to read a symbol successfufutly. 
For AAET applications, tilt angles should not exceed 30'". Successfully reading Datamatrix symbols 
from a curved surface depends upon the actual symbol si%e. Higher levels of error correction and 
longer data strings increase symbol size. Testing indicated that curved surfaces can degrade 
symbol readings when using small cell sizes and no error correction. For symbols encoding up 
to 100 characters with adequate cell size and e m r  comction, no adverse effects were observed 
for surface radii down to 75 mm. 

Good symbol contrast and bar edge quality are necessary for decoder systems that derive 
binary i n ~ o ~ a t ~ o ~  from bar width measurcmcnts. The Datamatrix system is not based on this 
decoding scheme. Instead, the Datamatrix system is based on a coded matrix pattern of binary 
colored cells. The Datamatrix system simply detects a binary color at a location determined by 
the size of the overall symlxll. This approach is less sensitive to symbol degradation since only 
symbol m a ~ ~ c a t ~ o ~  and contrast assure successful decoding. The color contrasts for symbols 
on various painted a projectiles range from high-contrast black on white to low-contrast 

, the highest contrast between symbol and i ts  background should 
artillery projectiles of various ors, a white substrate undcr a black 

symbol is desirable. 
Enor correction is a significant feature of the Datamatrix ~ y ~ b o l o g y .  Tests have indicated 

that Datamatrix symbols degraded by photocopy or facsimile duplication can be decoded 
successfully if adequate c m r  correction and symbol size are used. Symbols could also be 
successfully scanned after degradation from .sandblasting. Damaged symbols with marks, tears, 

be read successfully if error correction is employed during data cncsding and symbol 
DahmaLtix system outperforms existing laser scanners when using machine-readable 

symbols in a srnoke-fiUed environment. 
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Stacked bar symlpols, I i k  Code 49, a x  designed to bc, read wi;h a moving &am s c m c r  
rather thm with a fixed txmn or pencil device. The rows i11  a stacked symbl  can be scmied in 
any order. The reader beeps :rack of the 1aw numbers md ?he total numinr of rows to expect. Am 
audible click i s  ssunded c d y  when a IPWI is scarmed, and a b,cp i s  sounded when all row5 

,6%veral vendom offer q~;ipwca?r fm prinii~sg wid decoding staacked bar c& symbols. Scmmee 
raster speed, uptimum focal distance, aid decode algoritlm can vary with different equipment 
vendops. ' 1 3 ~  Code 49 kesting ~~~~~~.~~~~~~~ for this study eiscd ~~~~~~~~~~~ froin ody one vendor 
(Intennec) and9 therefore, the results presemd in this iepit provide, only a saxple of typical 
Code 49 systegn p e d ~ i ~ i ~ ~ c e .  

A series of tests was coric'iucted to evaluate the selaticnshig ktween fundamental symbol 
characterishcs and scmnc; disimce and moiion The X ~~~~~~~~~~~~ or minimum bdr width, is a 
Imdarraerml chacacterisiic of bar code symlmls and defines the wceall s y m b l  size for any given 
data string. Aspect ratis, whsich defines the rclaiions8..ip of symbol height and width, is mother 
fundamcn*al characteristic of bar code symhls. Tbe optimil?.i; range for a bar code scanner 
depends on a symbol's X dimeiision. Smaller symbols require shorter semfier distances, while 
larger symbols ailow longer distances. Tests indicated that symbols printed with a lO-mil X 
dimension and a 2 1  aspect ratio caii 'oc. sca-nmed reliably while moving at speeds up to 4.85 cm/s 
fmm a distance of 12.7 cm. This maximum speed is still too slraw for most mmunition ream 

Tests W ~ I E  also condaiicted to evaluate thc impact of scanner direction and cuwed symbol 
substrsatcs on the tendency to successfully i d  Code 49 symbols. F0r a hand-held laser scanner 
to operate properly, a slight pitch or skew mgle is required between &e scanner and symbol to 
prevent the scanrcx from k i n g  blinded by a specular reflect:m of iRc laser bxxm from the symbol 
surface. Testing has determiried that skew m d  pitch angler; up to 30" can be used without 
adversely ai'feaing system peifmnance. Codc 49 symbols can also be attached to curved surfaces. 
Tests also verii-;led that Code 49 symbols can be ss~ccessfuenlly scanxied from a cuwed surface if the 
iow height of the symbol is sufficient to accnmmodate the line path of the scanner. 

']The scmtw techology used for decoding LOGMARS symbols is also used for Code 49 
symbols. 'I'he oniy diffaence i s  the ;@xithm e:mployed Cor symbol decsding. Most moving beam 
scamcrs incorporate a visible diode laser and retro-&ective optic, system. Since Code 49 docs 
not provide any error coriection capaMlity, read succcss deprads hcavily on symh1 print quality 
snd ~~~~r~~~~~~~ cc3a8ditini1~. 9ar code symbols are not readable if printed dircctly onto surraces 
that completely ahsok or reflect the scm~img laser {e.g., dark green or sli ic arnmurmition would 
require a whitc sul-mrate for black bar code symbols). To minimize any adverse affects of symbol 
degi adatiori caused by duplication or unifom~ weai, Code 49 symbols shorsld be printed with hie 
largest X diinemim feasible. Bar code reading is adversely affected when smoke is present in the 
scanning environiient. 

are completely dEzoda& The pePf0nn;nncx of "By har code system depends on dknC ~ ~ ~ ~ ~ ~ ~ e n t .  

applicatiions. 



Stacked bar code symbologies, like Code 49, are not reconirnended for automated 
ammunition rearm and resupply applications. The data content for a Code 49 symbol. is limited 
to only 49 characters. Without error correction capabilities, stacked bar code systems depend on 
good symbol print quality for success. Moving beam scanners used for stacked bar codes cannot 
reliably capture machine-readable data from symbols moving at high speed. . :Compd:.:  
mefiqf b e ~ ~ ~ ~ c 2 . - . t t ~ . ~ ~ s ~ ~ ~ ~ ~ . . ~ ~ ~ # ~ ~ l ~ . ~ ~ ~ ~ ~ ~  

A matrix symbology and scanning system are for ammunition rearm and 
resupply applications involving machine-readable data. One matrix symbology, Datamatrix, can 
encode up to 2000 characters with optional error correction capabilities. Printing and decoding 
equipment are available for Datamatrix, and support continues to grow. 'fie symbology has been 
submitted for iise in the public domain. The scanning camera used by the Datamatrix system is 
more appropriate than moving beam laser scanners for acquiring machine-readable data at high 

current Llatamatrix system can decode 
approximately 2 symhols/s, but an improved system is currently being developed which uses a 
special camera and strobe to freeze high-speed symbol motion and ei~iploys a high-speed 
microprocessor to dec 

speeds. E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ "  ~ ~ ~ ~ . . . . - ~ ~ . ~ . ~ ~  ... .... cm .:.: &Go& ..... s ~ ~ ~ I ~ : . : . : ~ ~ . ~ ~ ~ ~ ~ ~ ~  

ols/s. It also uses gmy scale ima 
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APPENDIX A 
DESCRIPTION OF DATAMATRIX TEST SYMBOLS 

Table A.l  gives a description of the Datamatrix test symbols. 

55 



I_._..II. _.__ ... 

E;.m 
Syinbol correction Celi size 

level (in.) nurnkr .... ._ . . . .. . . . . . . .. . . . . 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

2 1 
22 
23 
24 

25 
26 
27 
2 8 

29 
30 
31 
32 

33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 
48 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
8 
8 

8 
8 
8 
8 

13 
13 
13 
13 

13 
13 
13 
13 

13 
13 
13 
13 

13 
13 
13 
13 

0.020 
0.0200 
0.0200 
0.0200 

0.0733 
0.02313 
0.0733 
0.0273 

0"0?66 
0.0265 
0.02<% 
0.0265 

0.0300 
0.0300 
0.0300 
0.0300 

0.0200 
0.0200 
0.0200 
0.0200 

0.0273 
0.0233 
0.0233 
0.0273 

0.0265 
0.02% 
0.0266 
0.0266 

0.0300 
0.0300 
0.0300 
0.0300 

0.02@? 
0.02cm 
0.0700 
0.0200 

0.0213 
0.0233 
0.0333 
0.0233 

0.02% 
0.0265 
O.O?t% 
0.0266 

0.0300 
0.0300 
0.0300 
0.0300 

....... ~ 

. . . . . . . . 

Chaiacte1s 
in symbol 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
2.50 
500 

50 
100 
250 
500 

50 
100 
250 
500 

50 
100 
250 
SO0 

50 
100 
250 
500 

. . . . . . . . .- 

.. . . .. .. . .. . ....... 

M h x  Total symbol 
density size (in.) 

~ 

20 
2 1  
48 
55 

20 
27 
40 
55 

20 
27 
40 
55 

20 
27 
40 
55 

25 
33 
49 
67 

25 
33 
49 
67 

25 
33 
49 
67 

2.5 
33 
49 
67 

31 
45 
68 
94 

34 
45 
68 
94 

31 
45 
68 
94 

34 
45 
68 
91 

0.400 
0.540 
0.800 
1.100 

0.466 
0.629 
0.932 
1.282 

0.532 
0.7 18 
1 .w 
1.463 

0.600 
0.8 10 
1.200 
1.650 

0.500 
0.660 
0.980 
1.340 

0.583 
0.769 
1.147 
1.561 

0.665 
0.878 
1.303 
1.782 

0.750 
0.990 
1 .e 70 
2.0 10 

0.680 
0.900 
1.360 
1.880 

0.792 
1 .M9 
1.584 
2.190 

0.904 
1.197 
1.809 
2.500 

1.020 
1.350 
2.048 
?..820 



APPENDIX B 
PRINT VERIFIER RESULTS FOR DATAMATRIX DUPLICATION TEST 

Code 39 : MBCl23456783 
3 821 

"N Ratio 2.8 OK? 
lhrera eBar = -.01X OK? 
Ref. if ecode Passes {Ill 
Decodeabilty = 682 {Il) 

Symbol Totals 276 X 

Hessa eLength = 16 OK! - No ?heck Character - 
Hessage Fornat is OK! 

Traditional Tests PIlSS 

Print quality Grade {C) 

Fig. B.1. Qukkcheck 500 print verifier results of LOGMARS control symbol after flrst-generation 
photocopy. 
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APPEND= C 
PRINT VERIFIER RESULTS FOR THE ATAMATRIX UNIFORM WEAR TEST 

LOGN : NBC1234567 

#/N Ratio = 2.9 OK! 
Avera eBar = -.89X OK! 
Ref, if ecode Passes {cI> 
Decisdeabilty : fi7Z (8) 
Synbol Totals 281 X 

4 1  
Nessa eLength = 16 OK! 
Message Format is OK! 
- No t! heck Character - 

Trad i t iana 1 Tests PRSS 
Print Quality Grade (3) 

Fig. C.1. Scan profile of control symbol 14 before sand abrasion. 
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ional Tests PFlSS 

uality Grade ( 8 )  

Pig. c.4. Scan profile of control symbol 38 before sand abrasion. 

eLength = 16 OK! 
Beck Character - 

rad i t iona 1 Tests PRSS 
ualitg Grade (€9 



-.. 

, 

f
 

. 
. 

.. 
- 

. 
.

g
 



- 
aints ==I 1 ernes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

rad it i ana 1 rests PIlSS 

u a l i t y  Grade (F) 
Fig. C.8. Scan profile o f  control symbol 46 after 4 tnin of sand ~ ~ ~ ~ ~ i ~ n .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

..... .an--- 
a a a ---- .aa---- ----- ----- 

Fig. c.9. Scan profile of control symiboll min of sand abrasion. 





APPENDIX. B 
DESC RXPTION F CODE 49 TEST $ ~ ~ ~ ~ ~ S  

All Cod@ 49 symbols used for evaluation testing were printed on white polyester labcl stock 
(Zebra Z-Ultimate SA) using black thermal transfer ribbon. The printer used was a thermal tramfer 
printer (Zebra Model 291). The printer and printer supplies are available fmm Zebra Corporaion. 
Table D.1 describes the printing pametem for each symbol tested. Each symbol contained the 
same 49-character message. 

Table D.1. Printing parameters for Code 49 test symbols 
(using 49-charac ter message) 

NO. (in.) multiplier ratio width (in.) height (in.) 

1 0.0066 8 1:l 0.500 0.438 

2 0.0066 16 2: 1 0.500 0.875 

3 0.01 8 1:l 0.813 0.750 

4 0.01 16 2: 1 0.813 1.375 

5 0.0133 8 1:l 1.063 0.938 

6 0.0133 16 2: 1 1.063 1.813 

7 0.0166 8 1:l 1.375 1.188 

8 0.0166 16 2: 1 1.375 2.250 

9 0.0208 8 1:l 1.625 1.438 

10 0.0200 16 2: 1 1.625 3.750 

Symbol X dimension Height Aspect Symbol Symbol 
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4 WBA 
AUTHOR: Thomas, Charles M. 

SOURCE: Automotive News (lSSN:0005-1551) p 10i December 12 ‘94 supp 

TITLE: Radio tags, bar codes speed up supply system (automatic border 
checks of automotive supply trucks) 

Insight 
ABSTRACT: Radio frequency identification and two-dimensional (2-D) bar 
tags are capable of speeding up the delivery process and helping 
automakers and suppliers succeed at just-in-time delivery. The Automotive 
Industry Action Group and the U . S .  and Canadian customs departments are 
developing a pilot program to test radio frequency identification of 
shipments across the border. Data on shipments would be transmitted by 
computer to Customs when the parts are loaded on the dock, so border 
clearances can be done in advance. A trial of the system is possible as 
early as 1995. Meanwhile, the use of bar codes and electronic data 
interchange is quickly moving down to first- and second-tier suppliers, 

in Troy, Mich. 

Radio frequency 
ckez bo-ard, en a 

SUBJECTS COVERED: 
Bar coding 
Customs a d m i n i s t r a t i o n / E l e c t r o n i c  data interchange 
Radio frequency 
Automotive parts industry/Electronic data interchange 
Communications sa te l l i t es /Transpor ta t ion  use 

SIC CODES: 
9311 (Finance, taxation, & monetary policy) 
4812 (Radiotelephone communications) 
3714 (Motor vehicle parts and accessories) 
3 6 6 3  (Radio & TV communications equipment) 





2 WBA 
AUTHOR: Saccomano, Ann 

SOURCE: Traffic World (ISSN:0041-073X) v 241 p 36-7 January 2 ' 9 5  

ABSTRACT: Shippers and carriers are turning to technology ta improve the 
ways they move freight and information about that freight. The gains they 
can achieve from supply-chain management, intelligent transportation 

and the Internet and online services are discussed. 

TITLE: Technology and logistics: move it or lose it 

CONTAINS: illustration(s) 

, radio frequency technology, paoitianing 

SUELJECTS COVERED: 
Intelligent vehicle highway system 
Bar coding 
Global Positioning System 
Radio frequency identification system 
Business logistics 

SIC CODES: 
3812 (Search and navigation equipment) 
3 6 6 3  (Radia Si TV communications equipment) 
4731 (Freight transportation arrangement) 

3 W3A 
AUTHQR: McClintsck, R. S. 

SOURCE: Fueloil & Oil Neat with Air Conditioning fISSN:1060-9725) v 54 
TITLE: The bar code revolution 

p 40 January '95 
CONTAINS: illustsation(s) 
GSTRACT: Fuel oil companies should utilize the industry standard Code 39 
€or bar coding to greatly reduce data entry time and provide greater 
sccuracy, Bar codes contain important information relevant to deliveries, 
gayments, and service parts inventory, such as delivery ticket numbers, 
invoice numbers, account numbers, burner service work order numbers, and 
?riees. As a result, fuel oil companies can cut their operating costs 
through greater productivity, improved accuracy, and improved customer 
service. MoreOVer, peak winter data entry time is reduced, and data 
wxuracy, when combined with a check digit number, is assured. 

3UELJECTS COVERED : 
l i l  delivery 
"el oil industry/Data processing 
3ar coding 

SIC CODES: 
,911 (Petroleum refining) 
5983 (Fuel oil dealers) 

5 WBA 
AUTHOR: Kahan, Stuart 

SOURCE: The Practical Accountant (ISSN:0032-6321) v 27 p 39-41 
TITLE: It's not just for supermarkets anymore (bar coding) 

December '94 
ABSTRACT: Accountants can use bar codes to keep track of client files and 
;he status of tax returns. Clients that must count and keep track of 
.terns in inventory or where something is in the manufacturing process can 





also benefit from bar coding. A bar code is a printed pattern that 
contains the coding for data such as the price, warehouse location, or 
date of manufacture of an item. The bar code can be read by a computer by 
means of optical scanning, either by a laser beam or  by a wand that 
contains a light source and a photocell. The return on investment 
provided by bar coding is discussed, and a sidebar lists some of the 
companies that are involved in supplying bar-code packages. 

SUBJECTS CQVERED: 
Bar coding 
Accounting firms/Data processing 

SIC CODES: 
8721 (Accounting, auditing, & bookkeeping) 

7 WBA 
AUTHOR: Rao, Srikumar S .  

SQURCE: Financial World (ISSN:0015-2064) v 163 p "70-2 November 22 
TITLE: Tomorrow's Rosetta Stones (two-dimensional bar codes) 

' 9 4  
CONTAINS: illustration(s) 

ABSTRACT : 

CORPORATIONS COVERED: 
Symbol Technologies Incl/Products (SIC 3577) 

SUBJECTS COVERED: 
B a r  coding 

3 WBA 
AUTHOR: Cooke, James Aaron 
TITLE: A quick scan of bar codes' future (use by almost all American 

warehouses by year 2000 predicted in interview with D. 
Anderson ) 

SOURCE: Traffic Management (ISSN:Q041-0691) v 33 p 76s-78s September 
' 84 

CONTAINS: portrait 
SBSTRACT: In an interview, Don Anderson, executive director of the 

ment; the role that bar codes 
:on t inuous repleni s 
2ortable databases; 
:hat warehous 
mvironment . 
XJaSECTS CBVERED: 
3ar coding 
Jarehouses/Automation 
?arehouses/Forecasting 
inderson, Don 





SIC CODES: 
4220 (Public warehousing and storage) 

12 WBA 
TITLE: Lotus follows: the bar code route through manufacturing and 

SOURCE: Industry Week (PSSN:O039-0895) v 243 p 3-4+ May 2 '94 supp 

ABSTRACT: Part of a supplement on automatic data collection management. 
By implementing a bar code automatic identification system for 
manufacturing and distribution, , a desktop 
productivity software maker, improved product quality and reduced defects; 
upgraded the accuracy of orderpicking and shipping; and implemented 
traceability of shipments for all distribution issues, including illegal 
copying. 
called Notes, a client server platform for developing and deploying 
groupware applications that features security, communications, application 
development, and document database technologies. The combination of these 
t w o  systems enables the Cambridge, Mass.-based company to run a virtually 
paperless enterprise. The bar coding process is described. 

distribution 

Automatic Data Collection Management 
CONTAINS: illustration(s) 

In addition to the bar coding system, Lotus uses a product 

ZORPORATIONS COVERED: 
Lotus Development Corporation/Information systems (SIC ?372) 

SUBJECTS COVERED: 
3ar coding 
kutomatic identification systems 

$IC CODES: 
3577 (Computer peripheral equipment, nec) 

L3 WBA 
AUTHOR: Andren, Emily A .  

automation technology adopted at YoungWorld facility) 
SOURCE: Transportation & Distribution (ISSN:0895-8548) v 35 p 96+ May 

,994 
CONTAINS: illustration(s) 
ABSTRACT: In an effort to cope with increasing demand, UoungWorPd, a 
Trowing children's apparel and furniture retailer, has augmented its 
rarehouse merchandising system to use bar code scanning and eliminate 
,aperwork and duplication. In doing so, Youngworld contracted IBM to 
-eview its plans for its distribution center, complete a requirements 
;tudy and benefits analysis, and assume overall responsibility for the 
kanagement and satisfactory delivery of the project. IBM, in turn, hired 
,ogistics Solutions, a warehouse software and consulting firm, to 
'econfigure the distribution center and develop a warehouse automation 
;ystem that would tie into the existing IBM AS/400 system. With the  new 
:ystem, YoungWorld has been able to reduce its warehouse overhead by 25 
)ercent with a pay-back period of slightly over 2 years. 

TITLE: Makeover gives warehouse more store-power (bar coding, 

:ORPORATIONS COVERED: 
'oungWorld (Firm)/Automation (SIC 5641) 

UBJECTS CQVERED: 
Lar coding 





Warehouses/Automation 

SIC CODES: 
4220 (Public warehousing and storage) 

19 WBA 
TITLE: UPS adds technology, hikes rates 
SOURCE: Transportation ti Distribution (ISSNr0895-8548) v 35 p 18 

February '94 
CONTAINS: illustration(s) 
ABSTRACT: United Parcel Service, which has invested $2 billion in 
technology over the last five years,  has recently put two new devices, 

e to work. DIAD I1 is a more compact, powerful, and 
f DIAD, a device t €?S 

package information and a signature, ns 

destination acking information and data for providing additional 
customer services. The carrier has also announced that it will raise 
overall rates for domestic ground and air shipments by 3.9 percent. 

read ode, will initially be used on package labels to carry 

CORPORATIONS COVERED: 
United Parcel Service of America, Inc./Rates ( S I C  4215) 

SUBJECTS COVERED: 
Parcel delivery service/Rates 
Bar coding 

S I C  CODES: 
4513 ( A i s  courier services) 
4215 (Courier services, except by air) 

20 WBA 
AUTHOR: Bonney, Joseph 

SOURCE: Arne SN:0160-225X) v 36 p 62-4 January '94 
4BSTRAC.T: Black rinted symbols, known as bar codes, that are 
lesigned to be decoded by electronic scanners will play an increasingly 
important role i n  the future of logistics. Bar codes allow for improved 
:racking, tighter inventory control, more accurate sales data, and better 
xoductivity through the elimination of manual data entry. In order to 
tchieve the maximum benefits through the supply chain, c 

nd plie 
i duce 

TITLE: Bar codes and logistics 

WBJECTS COVERED: 
Susiness logistics/Electronic data interchange 
rar coding 

I IC CODES: 
731 (Freight transportation arrangement) 

4 WBA 
AUTHOR: Levy, Clifford 

TITLE: A product code 

SOURCE: New York Times 
Maxicode) 

J, 
leaves t he  straight and narrow (new U.P.S. code, 

(Late New York Edition) (ISSN:0362-4331) p D4 





November 16 '93  
ABSTRACT: United Parcel Service yesterday introduced a new kind of product 
code that can hold 100 characters of data in a square inch, considerably 
more than a typical bar code. The 3pJI e, which is slightly larger than 

d looks like b an array of 
is part a€ a n e w  genera 

CORPORATIONS COVERED: 
United Parcel Service of America, Inc. ( S I C  4225) 

SUBJECTS COVERED: 
Bar coding 

25 WBA 
AUTHOR: Jancsurak, Joe 

SOURCE: Appliance Manufacturer (ISSNf0003-679X) v 41 p 89-93 November 

TITLE: B a r  coding/electronic data interchange (applications in the 
appliance industry; special report) 

'93 
CONTAINS: illustration(s) 
ABSTRACT: A special report on automated testing systems for appliances 
features articles on the applications of bar-coding, electronic data 
interchange, automatic identification systems, and modular-distributed 
data-acquisition and control systems for appliance manufacturers. 

SUBJECTS COVERED: 
Bar coding 
Household appliance industry/Electronic data interchange 

3I.C CODES: 
3630 (Household appliances) 

19 WBA 
AUTHOR: Bonney, Joseph 

SOURCE: American Shipper (ISSN:0160-225X) v 3 5  p 44 July '93 

TITLE: Lusk creates documents from bar codes (automated shipping data 
system fo r  Maritrop Trading) 

CONTAINS: diagram 
BSTRACT: Lusk Shipping, a New Orleans-based freight forwarder and customs 
xoker, has introduced a system that combines bar coding and computers 
:o automate documentation and manage data connected with imports and 
txports. The Luskcom system is used to control and monitor the southbound 
'reight shipped by Maritrop Trading, the Chiquita Brands subsidiary, to 
toints in Central. and South America. 
ionsolidation warehouse is bar coded and scanned-in by workers using 
lortable data terminals. 
.he documentation is basically a byproduet, according to Lusk 
,ice-president Eric Vargas. The automated system is scheduled to be 
xtended to cover Maritropjs exports of linerboard, with bar code labels 
o be affixed to the linerboard; documentation would then be handled 
lectronically. 
xports is presented. 

With Luskcom, cargo arriving at the 

Once the basic data are scanned into the system, 

A diagram of how the Luskcom system manages Maritrop's 

ORPORATIONS COVERED: 
usk Shipping Co./Contracts (SIC 4731) 
aritrop Trading Corporation/Export-import trade ( S I C  7389) 





SUBJECTS COVERED: 
Shipping/Electronic data interchange 
Export-import documentation 
Bar coding 

SIC CODES: 
4412 (Deep sea foreign trans. of freight) 

30 WBA 
AUTHOR: Robins, Gary 

SOURCE: Stores (ISSN:0039-1867) v 75 p 57 July / 9 3  
TITLE: Label program update (UCC-128 Serial Shipping Container Label) 

ABSTRACT: At least 6 of the top retailers in the U.S. will begin receiving 
against the UCC-128 Serial Shipping Container Label (SCL) in the second 
quarter of 1994. Among the retail chains that have developed applications 
to use UCC-128 are mart, JCPenney, Mercantile, and K-G Men's Stores; 
together, these retailers have a volume in excess of $50 billion. VICS 
came up with the concept of the SCL as part of its vision far streamlining 
the order cycle. The label, which is applied by the vendor, is an 
integral part of implementing the cross-docking of containers in retail 
distribution centers. Several retailers' UCC-128 plans are discussed. 

SUBJECTS COVERED: 
Bar coding 

3 1  WBA 
AUTHOR: Goltz, Rick 

SOURCE: Transportation & Distribution (ISSN:Q895-8548) v 34 p 76+ Hay 
TITLE: 2-D bar codes put carriers in your ED1 loop 

9 3  
CONTAINS: ilfustration(s) 
4BSTRACT: A successful ED1 program benefits every partner in the 
listribution chain. Customers receive more accurate deliveries, shippers 
3et more accurate billing, and carriers benefit from more efficient 

' ition of bil 

y on an existing laser-printed form, and the 
receiving organization uses a hand-held device to scan t he  symbol i n t o  its 
Zomputer system. Software developer Vocam Systems is field-testing PDF417 
in cooperation with Consolidated Freightways. 

ZORPORATIONS COVERED: 
lonsolidated Freightways, Inc,/Information systems 

SUBJECTS COVERED: 
3ar coding 
3ill.s of lading 
'rucking industry/Electronic data interchange 

;IC CODES: 
I 7 3 1  (Freight transportation arrangement) 
L213 (Trucking, except local) 

16 WBA 
AUTHOR; Pavely, Richard W. 
TITLE: Automation bringing changes to USPS (Delivery Paint Barcoding; 

transition to 11-digit ZIP code) 





SOURCE: The Office (ISSN:0030-0128) v 117 p 42 January '93 
ABSTRACT: The U.S. Postal Service's move to full automation has reached a 
significant stage that will affect mailroom management. The USPS is 
making the transition to Delivery Point Barcoding, which involves moving 
from the 9-digit ZIPS4 code to an 11-digit Z I P  code. This transition will 
go unnoticed by the public, however, as the extra 2 digits will be 
represented only within the POSTNET barcode and not in the human-readable 
address block. Mailroom managers will have to comply with this new 
address system to obtain or keep their pre-barcoding discounts. 
several aspects of automation are likely to negatively affect mailroom 
operations this year. 
the flow of automation-compatible mail will have a tendency to reject mail 
that is not prepared properly. In Sight of the high costs associated with 
returned mail, mailroom managers should ensure that their firm's mail is 
properly addressed before it enters the postal system. 

Meanwhile, 

It is expected that the same machinery that speeds 

SUBJECTS COVERED: 
Mailrooms/Automation 
Bar coding 
Mailrooms/Management 

3 8  WBA 
TITLE: Mailrooms go on-line for U S P S  incentives 
SOURCE: Purchasing (ISSN:0033-4448) v 123 p 109-10 December 10 '92 

ABSTRACT: In an effort to make processing mail as efficient as possible 
and to keep postal costs down, the U . S .  Postal Service (USPS) is 
encouraging businesses to automate their mailrooms by offering sizable 
postage discounts to companies that pre-sort, pre-barcode, and use zip-t-4 
codes. The USPS believes that if businesses do not have a method to 
barcode or sort they need to get one so that the USPS can meet its 
objectives of controlling costs, improving productivity, and providing 
consistent, reliable service at or below the rate of inflation. According 
to the U S P S ,  it costs $ 3 5  to process 1,000 letters by hand. This cost 
drops to $15 when mechanized equipment is used. 
character readers and barcode sorters, however, the cost of processing 
1,000 letters drops even further, to only $ 3 .  By 1995, the USPS expects 
to have companies place barcodes on 40 percent of all mail. These 
businesses would receive lower postage rates for barcoding their own mail. 

By using optical 
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