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VERI FI CATI CKGROUND OF THE I NVENTION 1. Field of the ' 5 The
pr esent Wﬂwﬁlﬁﬁn relates to a nethod for verifying dat apégébrg@“g?ﬁl nt
quality. More particularly, the present invention relates to a method of
verifying the quality of two dinensional part marks on all types of direct

part marking appligeticdordath haliek Rt KUAgTRPRkIFICALIOONS. The overal |
synbol 10 grade, synbol contrast, print growth, axial non-uniformty,

unused error correction, and other paraneters relating to direct part
marki ng are identified.%ﬁ@gﬂlﬁpﬂg@mm Art One and two

di nensi onal part marks have achieved wide 15 spread acceptance throughout
a wde varjiety of ipdustries. At nost, systenms and devices for reading
such bne %@év@f—éaﬁmmol s begin by determining the orientation
of the markings before trying to read the synbol. Usually this is done by
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2. Description of the Prior Art

One and two dimensional part marks have achieved wide

15 spread acceptance throughout a wide variety of industries. At

most, systems and devices for reading such one and two

dimensional symbols begin by determining the orientation of the

markings before trying to read the symbol. Usually this is done

by locating an outer reference bar(s) or a central symbol. Once

20 the orientation of the marking is determined, the marking i;
read.

The term data matrix has been certified by AIM -USA and

AIM -International as a fully public-domain stbology. AIM

stands for Automatic Identification Manufacturers International,

25 Inc. The data matrix is a unique machine readable symbol capable

of storing a large amount of information within a small physical

size. The data matrix symbol allows for two-dimensional encoding

and decoding. Users are not constrained by the limitations of

a printed symbol. Data matrix symbols are capable of carrying

30 25 to 100 times more information than the typical barcode. This

range is directly related to the image quality the printer is

capable of producing.



WO 01/ 53101 PCT/ US01/00646 2 Data matrix codes have the foll ow ng
characteristics: both height and width are used to encode data, works with
cont r ast W53 as 20% readabl e through 360 of rotation, PCHASOYMEAO t o
survive harsh industrial environnents, codes can be 5 nmarked on the surface
of a part, wthout using a paper |label, and several error correction
schenes are available to ensure danage recovery. No nethod or system has
been devel oped bak adetzemiiknicddest havguahiet ¥oofl otvhié gpah riateigs i A0

01/53101 PCT/ USQOL/ 00646 UMVARY OF T | NVENT] ON ,These and, ot her
def i cPhEi gejo‘ﬁﬂf héti Wgﬁﬁt e UR§G I(;E%ec?rbcyoci%edBFgéen"tvo}f}ﬁ%en 1%h whi ch
i s dicestedsto as nmatchodasf &0 Yer rbpidableatzhnetgh x 3G’ nto fualdttat itdrat can

provi de iLgh I . of yval i.dati f: _t i |
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for Data Matrix Synbol ogy. A canmera 10, 10 shown in Figs. la and |Ib, is
enpl oy88°VE Verify the data matrix synbol. The canera 10 is nounted on a
canera nount 20Noaseshownori ay&tguriea? teercalvalogdre fvos ideterrmofn ire

canerg, 10, The, et e contrast, print growh, axial

non- uﬁ??o%ﬁ??i?yur?&gcel&rgg%%gt ?:ngff% |So'n, and overall grade. 15 In addition
to these paraneters, the cell placenment accuracy, cell size uniformty, and
overall synbol quality are also neasured. The nethod may al so provide
other relevant information about the data matrix, such as polarity, synbol
size, error correction level, inmage style, and encoded data string. 20 An
obj ect of the present invention is to provide a



met hod of precisely measuring the quality of data matrix marks. Anot her
obj ect of th Present invention is to provide a nethod of determ ning the
qual ity WP HE81Meen or ink jet marks. Yet another object PEI/UNEIAesent
invention is to 25 provide a nethod of determ ning the quality of |aser
etched or printed marks. Still another object of the present invention is
to provide a nethod of neasuring the quality of data matrix marks
utilizing center offset agovsasre of feet revwsNreornts. WO 01/53101

PCT/ USO1/ 00646 4 BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her
attributes of the present invention wll be described with respect to the
foll owi ng drawi Mpesen ambli otheyx FHEIJRESehaiand dfb Ghe asicke amd ek vi ew
of a S Ln_t 1 ho he_pr t.l i ) Y,
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br oken borders is anlllustralon of a data _matrix
code ghaelﬁ@ﬁ‘?u Ag %ﬁ%eaét%ag?%%%% R e hY% aﬁﬁ@.ﬁé % e i99aa i on of
a data matrix code andthedi d@fs zasejighbGURES #an- Jf ar enexaspbesoaded
different data matrix _codes:, F tio t | dot
peen %Fﬁ?nago SREPHLEORE 6"'s gag;#:q%%g %Jr? of tJf;(!:1r§ %d%&tﬁ]e %f%lglgnt
i nvensiymhology Specification for Data Matrix Symbology. A camera 10,

10 shown in Figs. la and lb, is employed to verify the data matrix
symbol. The camera 10 is mounted on a camera mount 20, as shown
in Figure 2 to contrcl the position of the camera 10.
The method measures symbol contrast, print growth,
axial non-uniformity, unused error correction, and overall grade.
15 In addition to these parameters, the cell placement accuracy,
cell size uniformity, and overall symbol quality are also
measured. The method may also provide other relevant information
about the data matrix, such as polarity, symbol size, error
correction level, image style, and encoded data string.
20 An object of the present invention 1s to provide a
method of precisely measuring the quality of data matrix marks.
Another object of the present invention is to provide
a method of determining the quality of dot peen or ink jet marks.
Yet another object of the present invention is to
25 provide a method of determining the quality of laser etched or
printed marks.
Still another object of the present invention is to
provide a method of measuring the quality of data matrix marks

utilizing center offset and size offset measurements.



WO 01/ 53101 PCT/ US01/ 00646 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The

nmet hod of the present invention uses the solid border of the data matrix
synbol towodl1Salate the rotation of the data matrix symnbolpCTarsdi/béeas br oken
border, as shown in Figure 4, 5 to identify the nunber of rows and col ums
in a synbol. The data storage area, ijflustrated in Figure 5, contains the
binary information that was encoded éurlng construction of the data
matrix. A data natrlekﬁg% B?s%%&Pﬁﬁ%&'@%‘&%%d%gﬂﬁfﬁﬂguﬂ 10 capabl e of
storing a | arge anmoun fon within a snmatl physical area.
Exanpl es of data matri x codes, ECCOO ECC50, ECC80, ECC100, ECC140, and

EC%OP are ShO}[/\@‘hie%eFijQLH eétﬂ@rrfattr'igﬁllﬂ@%t id@a'ﬁ/he Tgeeg@h@ {E&Nér%uon

ynbol o mts two-dinmensional _en ng, an [ a.matrix
S0l €tk He 83 B oF S8R F R bor 1 F PBm 00 s QLA 1
squar ewhihches, regardless of the anmount of information encoded. Up to 3116
nunmeri ¢ characters or 2335 al phanuneric characters nay be encoded in a
singl e synbol. Many supported international |anguages may be encoded and
read with data nELGEURESyHsolandadd i€y angy dse angp e@gs ivilew mifegr atastkwd t h
exi stifige-GOMRULEE H¥HHeRB o fA tdal § rEldritX 1SRl AN Layy é’ct??vé 100 tines
nore information than the typical barcode. This range |s dire rel ated
to the inmage quality that the synbol printer is capable of produ0|ng. 25
Data matrix syrrqurlxs;dmvez M4Tes ouspadyantagesnswah ase ¢dhéizi sadwet hihei ght

and mngth to ﬁncgg qg The d%&%aﬁatrl . synbols work with contrast as
| ow as” 2084 “and?aré Frodgh' ‘of rotation. The data matrix

synbol s can survive harsh |ndustr|al environnments. The data matrix codes

can be 30 markedpdiciet |y 98 the PregduetaciBareby Idgﬂaat ?QrEQeéb‘%f‘éj for
a paper | abel. Several error correction schenes are ava
10 having two solid borders;

FIGURE 4 is an 1llustration of a data matrix code

having two broken borders;

FIGURE 5 1is an illustration of a data matrix code

identifying the data storage area;

15 FIGURE 6 is an 1llustration of a data matrix code and

quiet zone;

FIGURES 7a - 7f are examples of different data matrix

codes;

FIGURE 8 is an illustration of a typical dot peen mark;
20 and

FIGURE 9 is a flowchart of the method of the present

invention.



to ensure damage recovery. Finally, advanced processing may be wused to
achi eve P%ggf%uaead rates of cluttered and/or damaged synbols. WO 01/53101
PCT/ USO1 UB1% The AIM Specification is designed for ECCOUBSOHP 4N i s
code word-based. If any cell within the code word is msidentified, the
code word is subsequently affected bySthat bit and thus requires error
correction. Since it is the code word 5 that matters in the error
correction algoritPETATEER| DEEERDPTIOR AQF CEHE eINVIENTAON anount of danmage
as eight wong bits in the sanme code word. The nethod of the present
invention is designed to cover both ECC200 and non- ECC200 data matri ces.
As a result, thERRURBERCET W ohfScETSSSHt b s bR cH§ESworR) Spdid

di spl ayathie AQ £ deekr RetiroR prRaMbdeso e rgupdds and radditifanalt the

capabilities for handling poorl rinted or damaged synbol.s. _ . Error
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al i gnrieniopyea t ephs thifte vkt achegief i1risy reumdedueyianf ofdethpateden, and

as a rgsult,.is surrounded on all four sides by a quiet zone border. 20 The

finder pattern is a perineter to the data region .and is on nodulg wi de.

Two adj acent si des A% tMahG Fovst 2siHETU1S oPAFRGERE SF dS¥BeRdary,

12 e saldpghisies kot i gesringheseasgdesnpuntrast| yntetestior phykicak smzél

orientation d__synbol_.distortiaon The t osi Si e up of

25 al fePEtThy dar 'andE¥?%% e%ogglé%gg%ﬁﬁggggge%g§%3’p%ﬁ%&%§1y%?g%odefine

the celdC&lr ueCUr @0of ECHd48ymbol, EG2 Adan ads cshawsi stn i Rigdeeer miani’ig
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encoding and decoding. Data matrix symbols may have an output

15 size ranging from .001 square 1inch to 14 square inches,
regardless of the amount of information encoded. Up to 3116
numeric characters or 2335 alphanumeric characters may be encoded
in a single symbol. Many supported international languages may
be encoded and read with data matrix symbol, and they may be

20 easily integrated with existing computer systems.

A data matrix symbol can carry 25 to 100 times more
information than the typical barcode. This range 1is directly
related to the image quality that the symbol printer is capable
of producing.

25 Data matrix symbols have numerous advantages such as
utilizing both height and width to encode data. The data matrix
symbols work with contrast as low as 20%, and are readable
through 360° of rotation. The data matrix symbols can survive
harsh industrial environments. The data matrix codes can be

30 marked directly on the product, thereby eliminating the need for
a paper label. Several error correction schemes are available
to ensure damage recovery. Finally, advanced processing may be

used to achieve higher read rates of cluttered and/or damaged

symbols.



synbol s consi st of an odd nunber of rows and columms. Synbols 30 are
square with sizes from9x9 to 49x49 (nodul es) not including quiet zones.
These syMOIS3EHNn be recogni zed by the upper right cornerPGRoéRMA044E| ng
dark. For an inmage of reversed polarity, it would be light. Conplete
attributes for ECC 000-140 synbols arg provided in the AlIMInternational
Techni cal Specification, 35 International Synbology Specification - Data

Matri x %996)% \&@&ﬂﬁg&hc&@mdﬁaﬂﬂi@aeszﬁﬁ@a 268 Byobobs wnnshsisof an
even nunber of rows a ms ymbol.s, may, be square with sizes
from £6%£0 f”(?rdf%zﬁﬁgé}, not 1}#claurblffngmajhj«?-: (&t ong ™ q%‘? s "rir%r(lqs nay be
rect amglsllalremﬁﬂfriesi,zetsheoi:o&)esmaodlﬁx@bﬁﬁqumluydlalfgetdt@d]ihxyethﬁtzbmé Al |
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meas uFed Gt c 6PATRG e heCAER s )i i 8aki oitlafeedy %ohltsreerth?ﬁde is
as foldowsii rfy fOra70%meent xasymboB. for 55% contrast; C for 40%

contrast; FEach data matrix symbol consists of data regions, as

15 shown in Figure 6, which contain nominally square modules, set
out in a regular array. In larger ECC 200 symbols, data regions
are separated by alignment patterns. The data region 1is
surrounded by a finder pattern, and as a result is surrounded on
all four sides by a quiet zone border.

20 The finder pattern is a perimeter to the data region
and 1is one module wide. Two adjacent sides (left and lower
sides) forming the L-shaped boundary, are solid dark lines.
These sides primarily determine physical size, orientation and
symbol distortion. The two opposite sides are made up of

25 alternating dark and light modules. These are used primarily to
define the cell structure of the symbol, but can also assist in
determining physical size and distortion.

Regarding symbol sizes and capacities, the ECC 000-140
symbols consist of an odd number of rows and columns. Symbols

30 are square with sizes from 9x9 to 49x49 (modules) not including
quiet zones. These symbols can be recognized by the upper right
corner module being dark. For an image of reversed polarity, it
would be light. Complete attributes for ECC 000-140 symbols are
provided in the AIM International Technical Specification,

35 International Symbology Specification - Data Matrix (1996).



25 D for 20% contrast; F for |ess than 20% contrast. The axi al

non-uni formty neasures the difference in average spacing between the
center oWy REUNt cells in the horizontal axis versus tF&T/$301{0prd6
vertical axis. A square data 30 matrix with the sane nunber of rows as
colums typically resenbles a rectangular matrix when axial non-unifornity
is significant as neasured per the AlMspecification. The grading is as
foll ows: A when ER€e akPapymenlanFeBfartycifsan. eBen BBmBe\Kh@% TRY Sar&l

non- uni QALY | Sond. %boﬁg Wa@@ bbe saxbak ﬂﬁ&hurﬁlfz@smfﬂomslﬁxi@ tcoD when
the axial non-uniformt

en the ax non i formt
0.12. M4y %6306F PETY ?%05%8 CQHI%VQ prifit gr%@i‘%rpéﬁ’g%ﬁtla?gem?%abﬁr es
t he d&t@cﬁmtc_r;mmrcehts by zkle odegnae tof oAsers préoint imglodivgdehepriititng,

eal | t h ar | h th a inze IS
e n G 200, SRbI I Lafihe G B BT Rt B
over - q:rm rn@ommwnaeqilbw atrhje agrajatl vty gloye e o edm auddentpr | dogd ardat a

matrix SoPridfe BEOMIEL 1 5r DA e ot 1he L elahs .2l engl tLE% BWe rti HitRG
borders %%ér Aph%&n%%s%ren%nt % present nethod uses p eo tﬁel cel in

S
t he dafi@r ntTG&00 ant iRl Hr |f’rf?te g@oﬁ&‘ﬁ@ medsul-éfent’ é"m I‘TE‘ 8€§la\f6|ltor?atlhe Al M

”Easurf?é@ml&\mrls}b@@m_e&&sl@n Irves thant hgndbradenbdiang, tshe csafe-quridrt -gr owt h
as the reng\# 9 :9%53 matrix cells. The nethod al so represents the print
Howt HP2 BtHL*3 /(58 of the AlMscore, which indicates the percentage
val ue the cells gr@weomeshoidnknefarsome hes ymbmohi pahteast, sprzentTigeorwihal M

grade 1,01, prjff &{Of'x@] MV%&&%&&%@S@&&&@!%BI Ohd RS a FOlQue. A
when the prlnt rowt h ‘percent age 7.
In addltlon to these parameters, the cell placement accuracy,

cell size uniformity, and overall symbol quality are also
15 measured. The method may also provide other relevant information
about the data matrix, such as polarity, symbol size, error
correction level, image style, and encoded data string.
The symbol contrast refers to the difference in the
reflectance between the light and dark cells of the symbol. It
20 is measured according to the AIM specification. The symbol
contrast grade is as follows:
A for 70%+ contrast;
for 55%+ contrast;
for 40%+ contrast;

25 for 20%+ contrast;

M o 0w

for less than 20%+ contrast.

The axial non-uniformity measures the difference in
average spacing between the center of adjacent cells in the
horizontal axis versus that of the vertical axis. A square data

30 matrix with the same number of rows as columns typically
resembles a rectangular matrix when axial non-uniformity 1is
significant as measured per the AIM specification. The grading

is as follows:

IA

.06;
.08;
.10;
.12
L12.

A when the axial non-uniformity is

IN

35 when the axial non-uniformity is

when the axial non-uniformity is

IA

when the axial non-uniformity is

W O 0 o
A
o o o o o

when the axial non-uniformity is >



B when the print growth percentage 10.5% C when the print growth
percentage 12. 75% 20 D when the print growth percentage 15% F when t

print groXWPH/s¥0ent age > 15% The unused error correction FﬁﬁﬁEHWEgihow
much of the error correction capability of the ECC 200 synbol is required
in order to decode the synbol. The nore that the error 25 correction is
used, the poorer the print quality of the synbol. The grading is as

foll ows: A when tihe yised @rowthcpereebtoge >mebs62esBhlrerdatte mantsiex
error corkec ,op, > r r 0. when
he UnGeeuSerYor 3ot e BeEEoRt 0} 05, B MR T He Uead oy o el T o
0.25. The d\aes&alqelglraaféh%lm&i@@alwhpﬁédAbM §b@m5fam,eatsm Wihi gh gk ade

sel ect spthg qveral lcdiowest, gr ade anong synbol contrast, axial
non-uni formty, print gromﬁh per cent and 35 unused error correction.

WD 01/ 53101 PCT/ US®1/R506¥6 I%PYiHe desr St 1815 of2 st e 2R HRVRET |
placenp@&nt@mfduﬁatmatﬂhg eedt ef widseivervarugeasur emenindsr-hashe eon

actlve cel | t he t.a tr| act] ye ory | 1s nS|s f_cells
th tHé % polarlgslasngé s‘%¥5§%1 %&? SOl dﬂkqbor ers % th?
F| guret@o tma@ngvéoasde@“fo fosl RéMameashosmeentel I”%het e sert rmtla@cth@e@el | s.

In a dark opnelight datasmatlixne daltg Cﬁlalt%l@{re éﬁ&l v& Lebhsnt! NyAslght on
dark data matrix, [light cells are active cells. In order to neasure the

é@ntermeéﬁﬂ§€@e@¢r§Plnéﬁfkﬁé&ﬂt@aF§enﬁFM|%e@?PHemﬁPFhw%ﬁﬁayhgp%%?%ﬁ 9D
bet weepneekhsing Botlecaxasvel shki Eahedprivedgbased o8 the réth@ﬂrlidiéﬁt@f al
formed by the four rder |nes the. actua rix_synbol ng
noasur GHE EAGH o tioh g 1 nelPe BELaPH AbAob COFFEERRG 31 hE Th (HEOW LD
out er resbredge pokAts of the BEMI sconet héhich indicates the percentage
value the cells grow or shrink from their nominal cell size. The
15 AIM grade for print growth converted to present invention is as

follows:

IA

+7.5%
+10.5%
+12.75%

when the print growth percentage

IN

when the print growth percentage

IA

when the print growth percentage

20 when the print growth percentage < +15%

m o Q w p

when the print growth percentage > +15%.

The unused error correction indicates how much of the
error correction capability of the ECC 200 symbol is required
in order to decode the symbol. The more that the error

25 correction 1s used, the poorer the print quality of the symbol.
The grading is as follows:
.62
.50
.37
.25
.25.
The overall grade is defined by the AIM specification.

v

when the unused error correction

\%

when the unused error correction
when the unused error correction

30 when the unused error correction >

H O Q Ww >
v
o O o o ©

when the unused error correction <

This grade selects the overall 1lowest grade among symbol
contrast, axial non-uniformity, print growth percentage, and

35 unused error correction.



solid or broken borders. In Figure 8, lines AlA B1B2, Cl1C2, and D1D2 15
are the four border lines. The four corners of the matrix are the four

poi nts | MMEBed by the four border lines. The noninal FAY0140646¢ or ned
by equally dividing the matrix area with the nunbers of rows and col ums.
The coordi nates of the center of each nominal cell are represented by (Xi N
, YIN) . The center of 20 each active cell, represented by (XiM, YIiM , is
al so neasured froe &Bﬁtéﬁage.fs“éhe aanerned fsetsneasuresl Wwhpt heemehe cel | s
are pl ace r]cthe lg cat %r% Wltth trtg)er %%Sa%r%éel oerhthat thee el | gpare
evenl yPSp&ded. - h ﬁt g?n Ffs8C -5 “défihed "as MDY, {56 RFSe% BPOY +
(yi N agtiMe zaﬂelrﬂ erf difesefata maErfiact i YeecetksyeNanben oéléetcvesceltl s xd
The nginaL, sel 1, 2L2¢ dLal.Re GROSENAS hhe Mdh bar ol h&%ghgal% the
nom nal or eac active w t'h center coordi nates XIM, YiM
5 t he begstadihatas (hawn iryiN)IyepresentRadel Ve et 2L bf Cehés néﬁ?n’a’hoéél I

that hag ithershonteshodi stanee £80ME. t hen centen oh thghacthte gekkixy\0
01/53101 PCT/USO1/ 00646, .10 The .acti v cel Hs ntributing.to the center

of f SePaTdediel Fanhe GPAPNFCAY di splihyad FPom Fle THTH oI 1y TAF6&~"

cat egQriiggss  ddiel ackreeacelivewhesd sdi stamcerdeontpt sicasanesttimontrakers cel |

is Wt 5% he no v&ggﬁe i e from
its ner';;rlrfgslc n(:)rgnE %l’ "ﬂj Hggl aam%en fgLESJg/l g%g_(t)d% g‘?’fgiﬁ na?b ?pgsi ze;
1and Thetasdvecedllls whl@séDCtﬁYStaﬁ@é f riodn iftig steadesi vadnibasedcell theabove

30% ofy the noidal; celinsd 28, 2 Heirsbeedehf sehear ber tAeagueas1t hgteel |

si ze unlformty based on all actjve ceIIs The cell size (or area) of al |
acti v@atrix symbol being measured. Each border line is determined by

fitting a line to the outermost edge points of the cells on the
solid or broken borders. In Figure 8, lines A;A.,B;B,,C,C,, and DD,
15 are the four border lines. The four corners of the matrix are
the four points intersected by the four border lines. The

nominal cells are formed by equally dividing the matrix area with

the numbers of rows and columns. The coordinates of the center
of each nominal cell are represented by (X;",Y,"). The center of
20 each active cell, represented by (X,",¥,"), is also measured from

the image.
The center offset measures whether the cells are placed
in the ideal location with the assumption that the cells are

evenly spaced. The center offset is defined as:

25
> J(xiN -xXMm? o+ (YN- yMme
center offset = 1 € {active cells}
Number of active cells x d
The nominal cell size d can be chosen as the width (or
30 height) of the nominal cells. For each active cell with center

coordinates ((X," ,Y,"), the coordinates (X" ,Y,") represent the
center of the nominal cell that has the shortest distance from

the center of the active cell.



cells are neasured and the average size (or area) of the active cells is
conputed. The size offset error is equivalent to the standard devi ation of
the vari SV sizes fromthe average 15 size. The size HFHE¥/BHpor
measures whet her each cell is simlar to the average cell size. The size
offset error is significant when there are active cells wth sizes
significantly greater or smaller than the average. The average cell size
is related to t'f‘l@epraicﬂttlv@r o hl s VBenttrheuavagagse ceht sicrsrds bii€es2@ sane

h I I ' h
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print growgdristhen the average cell size is smaller than the nom nal cell

si ze, the synbol @sacr@l% i 1 RhbaL gr oW he e Sormn MR Kihag Aechpibayes(for

exanpl e, dot peen 25 never achieve the_ perfect nomnal cell size with
fo prigall glri’oththbﬂtlﬁﬁeOﬁaFﬁédngyhﬁéll FeltoRsFBéred good as long as all

t he c?al I sdare Olel&Qlef@tfm?chte m%@?/@mtiﬁn@ﬁtmﬂﬂgmnﬁ@:jm@ttedomnhne

normal i zed . carrel ati on_of t y ith tk eali.ze ata matrix 30

t enpl aﬁeé.l ﬁh%%%@é???egf’da?ﬁgnaﬁ?i 99t Eﬁ%l 3?81}13 SﬁleLrlatsé& e the sanme

hei ght, vvi dth, niierctofve ewsl,l wanber dbﬁt@nd:erﬁmm mmnpalr&ersm yofrdark on

| i ght Kelg ]I gshta (?Wgayg ?? rcﬂg gﬁ}ngaggt Eb%l Q%Eg nmeasured. To generate the
ells

acti v&e at e, ata matrix bei ng neasured needs to be
decoded and |ts 'éhi@(ﬁl% oddisadc BrSATSERRARL ¢ 8 aitg fedd. SThies UnALermattivon i s

then d Qn 180" eals ddhedideal i zad templatee (e Jden) IOZfetaltle@altatv% has
two values O and 1, with O representing dark cells and Rresentlng WO

01/ 53Kl FerUSCEFDDBYEed 32d| FYRt 2¥BFRES bzﬁakgrtﬁée%ef’gl FhRaBEhiNG score
as hi gheiass p@scs{bﬂabetetihe Shapeiek Ut e larior the édeabbzedtt enpltate can

be set to uar angul [ oyn ot.h S e shape
of theStcaerfcf%%l gﬁVla Rt o et%agugégﬁs {E: % %ggo%ut% (gﬁo;é/lggg %er%@%
15cor e sizalesi rEwe r egaed| e§8seotf terrerqmrlkeagures whether each cell 1s

similar to the average cell size. The size offset error 1is
significant when there are active cells with sizes significantly
greater or smaller than the average. The average cell size is
related to the print growth. When the average cell size 1is the
20 same as the nominal cell size, the symbol has no print growth.
When the average cell size is greater than the nominal cell size,
the symbol has positive print growth. When the average cell size
is smaller than the nominal cell size, the symbol has negative
print growth. Some marking techniques (for example, dot peen)
25 may never achieve the perfect nominal cell size with no print
growth, but the marked symbol is considered good as long as all

the cells are of uniform size.
The overall matching is computed as the normalized
correlation of the symbol with the idealized data matrix
30 template. The idealized data matrix template is generated to
have the same height, width, number of rows, number of columns,
and polarity (dark on light or light on dark) as the data matrix
being measured. To generate the active cells in the template,
the data matrix being measured needs to be decoded and its error
35 correction scheme identified. This information is then used to
recreate the idealized template. The idealized template has two

values 0 and 1, with 0 representing dark cells and 1 representing



techni ques used, then a rectangular cell with nomnal cell wdth and

hei ght shoul d be used. The overall matching score reflects the data

matri x' sWYOBFAIN quality. The present invention builds onPGT&ISRI/RP646
specification 10 and provides additional nmeasures to determne the quality
of the data matrix marks. Center offiget and size offset neasurenents are
enpl oyed to determne the data matrix quality in terns of cell placenent
accur agyhandc€el s . si zm caagestténrcyovdoatbnpatehinle senter asf fisieth and si ze

of fset val.ues, the edges of —each af -he i ndi.vj 1 t i Ll's
needsptoc?sl}«l,E e;duntgl?e a%ga?%e?gbgﬁedgre%\%g E’L etg%ntledre Ligczadc?o?esﬁgin%t%r %gs of
t he célel setThe stwpse,byeaficchuthe. i pagad srppbbessedanng tegrsserbdecan be

per forped pin ARy eRe ob1hhen By onyal enakaikiheds krown apsbhatki el d.
For exarrpfse, the data matri x .can be binari zed Hﬁlﬁgg ao%l nghe 20 threshol d
o]

et er RVitEd Ias &R TG hiSSI3Gr adwi ngeERE Sdat SEABREFF K usHi§ VAFF 6489
adapt irv@ Hireshohdiag teeiaquestahibeledgeslcanithenbniundlf cemit wedbhnary

i mage. The edges can o be foun di rec fro g c i e
31 g SRR S dUe Hat gt | 7t echy duce hbH EbAT B8y - & B R IERES 1o
25 Reftérer ideg-a ondthelf1owedaall stoahltn. Figure 9, in operation, the data

matrix mark is lgcated angd: d 16 58 8Pas Lon | M SRR 25p b BErPERRE ogual ity
of the data nat r%@iipeneasur%g\p&ﬁ% ng the A?MnSpeci fi cat?%n based uﬁgn

19y mbolanco progiitde Hradel tigmet easdrads ondghefBinct fheuAtidéd tar Pér t

corr eglir@N, mAnei 30maveEal | canade. oHIR fr SRNEs i AW ahtt £ H& theaseamuhes t he
addi tional as ect%‘i{:hat gffect pr.i.nt Uéi| i tg in_the fgl | ow _ng eg%ep%.f I n
step B HIRLEYEHRPi 0ok Bt e driter €Tt ¢ it &F T ¥ c §5PditTat e of SHBRI Al

cel | sceand gl eradncebtcsrzeyanpdcorput ed.ze IprEiestmmnal Tel tosprgei s
check in step 4 h opt pal Si .S nat L £ ( exanpl e,
at | egzg’[e §epr%%<éé]f solf]lftlée\’;\jiE d%ﬁ? gl?%e%%?%%ti IVn1Z(§tl(§E(Ialei%s' g‘l reeg%?ig%s(]ég %%Egt ég 6.
13 her wibse, i ndhiev iddital W 021 /1B3101x PO LUS0a¢@@s460 be found, and thereby

derive the center locations and areas of the cells. The steps
by which the image is processed and registered can be performed
in any one of the many conventional methods known in the field.
For example, the data matrix can be binarized using a single
20 threshold determined based on histogramming the data matrix, or
using various adaptive thresholding techniques. The edges can
be found from the binary image. The edges can also be found
directly from the gray scale image using standard edge detection
techniques such as Sobel or Gradient method.
25 Referring to the flow chart shown in Figure 9, in
operation, the data matrix mark is located and decoded in step
1. In step 2, the print gquality of the data matrix is measured
using the AIM Specification based upon symbol contrast, print
growth, axial non-uniformity, unused error correction, and
30 overall grade. The present invention then measures the
additional aspects that affect print quality in the following
steps.
In step 3, the data matrix’s four corners, center
coordinates of nominal cells, and nominal cell size are computed.
35 The nominal cell size is checked in step 4. If the nominal cell
size is not too small (for example, at least 5 pixels in width}),

then the image is directly used in step 6. Otherwise, the data



12 matrix image is re-sanpled in step 5 to increase its resolution. The
re-sanpled image will then be used in step 6. The nethod then uses the

fol | ow n@v‘??lésf"'g‘fl ve process in order to obtain nore preci®d/93H/P8eat abl e
measurenent scores. In step 6, the four 5 corners of the data matri x and
the center coordinates of the nomnal2 cells are conmputed. The center

of fset and size offset are conputed in step 7. In step 8, the idealized

t enpl &tta&ﬂlsc igenss atsed carshridieedvier altlepmat chi J’chr:eapat ttds rassfepidn.the
met hod,, che r.Qhfs iz ftse av bee 0 yt ed
nor e Sfﬁlan IC séﬁlﬁ&?hfﬁﬁ%g rvf’gt lt ﬁ%hégggaeé ﬁegrrﬁé?h% eﬁl i;]h%or%(estandard
mor phdibsyi Gls‘plea)ﬁ@leatfpéﬁﬁ?wﬂﬁ%%‘éErQGlf’érpr%%%mcllrhgﬂﬂ%r |t@agétq&au PPy et o
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for another iterati Oncfgae*r%t he center offset and size of

et,_nmeas gent S.
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i ncr easwladecredsendelthef e@t@r@lkomstzélﬁm deartugreccel | Ipl aderen?, umhbor m ty
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affectlngt size, thus yield better cell size uniformty
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of fset and size offset are c hose abtained in th pr%ﬁl ous
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nei t her Ifferences 30 is significant in ste thenthelteratlve
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for enhancing certain measurements. For example, depending on
the polarity of the data matrix, erosion or dilation may fill
some voids in data matrix cells or increase/decrease cell feature
20 size for better cell placement uniformity measurement. Open or
close operation will remove noise spots without affecting the
cell size, thus yield better cell size uniformity measurement.
In step 9, if the center offset error and size offset error have
been measured more than once, then the newly obtained center
25 offset and size offset are compared with those obtained in the
previous iteration to obtain the differences for both offsets in
step 11. 1In step 12, if any of the difference is significant,
then step 10 is performed and the enhanced image is used in a new
iteration starting with step 6. If neither of the differences
30 is significant in step 12, then the iterative process stops. The
center offset, size offset, on/off cells, wrong cells and/or
codewords based on used error correction are displayed in step
13.
The center offset may likely indicate any cell
35 placement problem for data matrix symbols generated from inkjet

printing or dot-peen technique. For example, inkjet marks may



13. The center offset may likely indicate any cell 35 placenent problem
for data matri x synbols generated frominkjet printing or dot-peen

t echni quévO pgs31ekanpl e, inkjet marks nmay WO 01/53101 PCT/ USOt80@0646 13 not
di splay any print growth problem However, these marks tend to have

erroneous cell locations. Using the ter offset alone w Il help reject

mar ks \ vm'th cell center m splacenent problens. The size offset can be used

to i ndigate whether, &*&u& A&@r&o%%pce%we%ran t%\é%% A% M the
sane ata matrl X.

aranmeter changes in the mark éprocess such as
pr essur® BaEtaRfe ot Gp%&n 53 @3S po lf\ﬂaﬁhﬁ |C@r1?t|@t¥l dereterdiiing, it
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sonme extrenme cas sqone cells m r e. ot hers may
be severely overggﬁntsé&.e I—Ci)ai{#%edt 0%%1?:?}? eésggv Ibq%b%ab §P§ ther %@%t hod
& verefls ryaat@dmted xigh pin queahi syze ma’clwnm dam:esamei hal atttze maprrasent
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Wil b%£€$§g§s gtéteéoérf\ﬁglgegé% Ilﬁ gﬁ%nﬂ?ﬁﬂﬂgaﬁaﬂrfa&sﬁllﬁv@{% %%e Sser ption
set fothangdovie. dat-peen Her efater WY ieddradticad ithdea s esmé‘lhn@ar iidt i ons,

nodi figcathogsipnd tehaylgescd ea beht8vead tte xf alynpMit Nt hensears s@fedihe
i nventi on]Ss as defined i n t he aggended clains, WD 01/53101 PCT/ USOL/ Q0646

14 WHECHS CLAIVEEPTS: 4t T ROReERDES f of OVRr FRYE Aghadt RERELY] ?epﬁlﬁtlb&@al ity
aonpr ivéi Nge tdieh st epsaef bel seatiragyaodatariateidx mark; decoding said data

matrix mark; nmeaguring g.RELohoquabiLy,of ex%fa‘ogl%a%%s”%tfr Ko Mifiod of
verifying data matrix print quality in accordance with the
present invention, it 1is believed that other modifications,
variations and changes will be suggested to those skilled in the
15 art in view of the description set forth above. It is therefor
to be understood that all such variations, modifications and
changes are believed to fall within the scope of the invention

as defined in the appended claims.



measuring additional aspects that affect print quality, said additional
aspects conapri sing at |least one of the follow ng: cell placenent

uni f or i WP OISR cel| size uniformity; nmeasuring an over AGTV¥LEOMAg
score; displaying at |east one of a center offset, size offset, on/off
cells, wong cells, and/or codewordsibased on the error correction;
perform ng standard norphol ogi cal operations for enhancing the imge

qual i tyyatro T&cC luIeVMEIrEs o obust nmeasurenent; and resanpling an i mage of
said data matrix to achieve better neasurenents. 2. A nethod for verifying
data matrix print quality, as recited in claiml, wherein said step of
measuring a print. quahétipodf feai vedataimat diaxanmmalt ris periror nedalstpng t he

AIM  Speeifiisqald Ahe Srdpdmifiod for verifying data matrix print quality,

as recited in claim2, wherein said step of neasuring a print quality of
said data matrix nar K@ Hded wHif SAbots ditfast,  print growth, axial
non-uni formty, unusek®idiolg G T®cdd o, maeh x averia) | grade. WO 01/53101

PCT/ USOL/ 00646 15 4. A method for_verifying. dat tri i nt lity,
recitod in claim 1, WHEOIT Chi 0 BAT I SENEhe i (o7 H e Hedbbrele T

whet hearéel | s of said data matrix are placed in ideal [|ocations based upon
Gat o matrix prine qua o e PaarFEaES ARREEE “hErorn end BRI Csi ve
uni f orrietly tiyeaswies adghidtitreya legapPadld Gimpai Hihtat neeask ¢mesefithe to an
averageililowing:
cell placement uniformity; and
cell size uniformity;
measuring an overall matching score;
displaying at least one of a center offset, size
offset, on/off cells, wrong cells, and/or codewords based on the
error correction;
performing standard morphological operations for
enhancing the image quality to achieve more robust measurement;
and
resampling an image of said data matrix to achieve

betfter measurements.

2. A method for verifying data matrix print quality,
as recited in claim 1, wherein said step of measuring a print
quality of said data matrix mark 1s performed using the AIM

Specification.

3. A method for verifying data matrix print quality,
as recited in claim 2, wherein said step of measuring a print
quality of said data matrix mark is based upon symbol contrast,
print growth, axial non-uniformity, unused error correction, and

overall grade.



cell size. 6. A nethod for verifying data matrix print quality, as recited
inclaim5, wherein said average cell size is related to print growh, so
that wheWR¥/@¥'YUverage cell size is larger than an ideal ]%é”y %1%2@,6 sai d
data matri x has positive print growh, when said average cell size is

smal l er than said ideal «cell size, said data matrix has negative print
gromh. 7. A nethod for verifying data matrix print quality, as recited in
claimb5, wherein saia ngatteodrat e xvesi Twivsy dda el mgood: wheinsagdatekls are
of uni_form si.ze 2t hqd f i fyLE t trd in it as
R o G R
out | i meastursal whitheracei ks of Aspdt Aedaf R TFER AT HrEed nalr LLephi nt

qual i hhecataSdLhd 8841 Dpshaiam & s Whyt8idh aci®t rsxieorhate d:Se peoehded
based upon each cell having uniformsize and placenent in an ideal

| ocat PdFCS4hd sai d overal | matching score is then normal- ized between said
tenplate and said matrix. 10. A nethod for verifying data matrix print

quality, as recited inclaim?l er gl i t p ] ndard
nmor phol ogi cal ogée'r a?‘} onh%t Oo%{?r?%e&%&%i%%?%af?%%x o‘%%%g{l r%{]%%?t@t’ op
hat, wel kecamddrax+ailainViD 0H&3301 RPAT USOL/ 6de46unifotmitx meahodesor

ver | Tyl Al &t 1l ProAtogual hhya FORPELSHE0 LG 81eps, Ofn dFEiuLBO an
ideal data matrix grid, wth equal spacing between cells of said data
mat ri ¥€ild 50t3¢ axes based on said data matrix symbol being measured;
determ ning a nomnal cell size; nmeasuring a center of each active cell of
;?: g gﬁéa matr Ié(. ar}g n?'entlllodcgatlorce\pet]?{flenrgé ng@g Ittl)gtrsf'gidp{*gggl qgg&{i‘tyr,mt X
as recited in claim 5, wherein said average cell size is related
to print growth, so that when said average cell size is larger
than an ideal cell size, said data matrix has positive print
growth, when said average cell size is smaller than said ideal

cell size, said data matrix has negative print growth.

7. A method for verifying data matrix print quality,
as recited in claim 5, wherein said data matrix is considered

good when said cells are of uniform size.

8. A method for verifying data matrix print quality,
as recited in claim 1, wherein said overall matching score 1is

based upon an outline of said data matrix.

9. A method for verifying data matrix print qﬁality,
as recited in claim 8, wherein a matrix template 1is provided
based upon each cell having uniform size and placement in an
ideal location, and said overall matching score is then normal-

ized Dbetween said template and said matrix.

10. A method for verifying data matrix print quality,
as recited in claim 1, wherein said step of performing standard
morphological operations comprises erosion, dilation, open,

close, top hat, well, and max+min.



measuring a center offset error which is a measure of cell placenent
uniformty of said data matri x, based upon active cells of said data
mat ri x. W.01A3ret hod for verifying data matrix print qual iPCr/uSossoedeci t ed
in claiml1l, further conprising the step of displaying a nunber of cells
whi ch derive a center offset in three _followng categories: a first total
rangi ng between 0 and 15% of said noOomnal cell size; a second total

rangi ng between ;5% %%F’S&% frsaidl - namnal g ol 1 S 28 hiydtotal
greater than _30°olof sai non%Pna(fra cell sfgljg. 13. A et o%‘p o? %%rli?y%ng
dat a weMPE pPrihtthfuaiieRes Ookonprising the steps of: measuring a size
gffset error of cell dSéIZﬁfllrly@l g@rqﬁbﬁlbaf@ggll Qﬂa@fixf-l@ﬁ:iiﬂ? Q,@'L!ﬂdlr{S %&uﬁ@i d
ata matrix; _nmeasuring cell sizes of a ctive c of sai ta

ot 1 PPN Sh B e & S A P AN TS S et 4

mat r i xaiandiadet erani mizngs wavall heengfhsetueedpor as equivalent to a standard

devi ati on of various j f V, g Il _size. WO 01/53101
PCTI USOL/ 00646 17 14&%&%%@%%3%%%@}?%% %%fga%%lz%htrix print quality,

as recited in clai m IMeasered nasgedtesntcdr edfdlseacthdecaedd cdf | said

pl acenmnt; problem tan daf ai aBlti xesyabolis, genarat edy f samyi nkigtl @&EAti ng
or dot-peen technique, wherein said center offset helps reject marks with
cel | Béhter fslia nt problems. 15. A method for verifying data matrix

print quality, as resdedim d aemtt3, ohheseigrsat ditsicie icf hsetasndecat es
of cell placement uniformity of said data matrix, based upon

active cells of said data matrix.

12. A method for verifying data matrix print quality,
as recited in claim 11, further comprising the step of displaying
a number of cells which derive a center offset in three following
categories:

a first total ranging between 0 and 15% of said
nominal cell size;

a second total ranging between 15% and 30% of said
nominal cell size; and

a third total greater than 30% of said nominal

cell size.

13. A method for verifying data matrix print quality,

comprising the steps of:

measuring a size offset error of cell size
uniformity based on all active cells of said data matrix;

measuring cell sizes of all active cells of said
data matrix;

computing an average size of said active cells of
said data matrix; and

determining said size offset error as equivalent
to a standard deviation of various cell sizes from average cell

size.



whet her said cells of said data matrix are produced with an even size
within a single data matrix. 16. A nethod for verifying data matrix print
quality, waa@/stdited in claiml, wherein said nmethod is perdmusmedo@n a

W ndows based personal computer. 17. A method for verifying data matrix
print quality, as recited in clain1%§, wherein said nmethod is performed on
a Wndows based personal conputer A nethod for verifying data matri x

rint quality, reei i i i nmed on
D W ndons. based” ber cormfEabl of My B O RO e r ¢
print %élaql;tecbéﬁpﬁll@lﬁ‘glﬂ-heW}é‘Fé‘fb‘snoffalCﬂ @@merrg Oaff@@ttalﬁﬁtlﬂa enaaﬁkall

decodigi, s <h gt BopBém i z(oﬂ&agta NRASHL % ng;é BréngeAuabity ekopaidrdata
matri x mark using, the AIM S eig)lrflcatltr)hre ased upo nbol _contras pri nt

gr owt PE 25419 fn AR TR TR 3 CTRTBEE ¢ SPPREG To “Seh SR (8ol 1 Ta7d LovEral |
gradexenﬁnnumamkadMithooellaspﬁtés nhaplattrehtppirnbleqgal ity, said

addi tional aspects conprising at |east one of the follow ng: cel

pl acenent uniformty; and cell size uniformty; W 01/53101 PCTI USO1/ 00646
18 neasuring an bver & Imgidtachiingy yeoidyidiosghip pgtaizenréntofifisdtitysi ze

of f setyg Ogéeﬁftedceiﬂls,clwl@mglgel léhe ANG{ 0L 2¢QdenOr s okased opnLihe eLisor
correction; perf ornlng st andar.d nor phol ogi.cal operations far_ enhancing the

|nageWﬂﬁﬂWQS/%%f%uﬁﬁ Hord b pgde FeaddreERt PTOPNCRAdIVIG Pat 48P one
of theifad lowing: £reosnhebe datatinedrix.

16. A method for verifying data matrix print quality,
as recited in claim 1, wherein said method is performed on a

Windows based personal computer.

17. A method for verifying data matrix print quality,
as recited in claim 11, wherein said method is performed on a

Windows based personal computer.

18. A method for verifying data matrix print quality,
as recited in claim 13, wherein said method is performed cn a

Windows based personal computer.

19. A method for verifying data matrix print quality

comprising the steps of:

locating a data matrix mark;

decoding said data matrix mark;

measuring a print quality of said data matrix mark
using the AIM Specification based upon symbol contrast, print
growth, axial non-uniformity, error correction scheme used, and
overall grade;

measuring additional aspects that affect print
quality, said additional aspects comprising at least one of the
following:

cell placement uniformity; and

cell size uniformity;



open, close, top hat, well, and max+m n; and resanpling an i mage of said
data matrix to achieve better measurenents of at |east one of the

fol |l ow NYOOMEM@ n said cell placenent uniformty neasurespCmusdioesdscel | s
of said data matrix are placed in deal |ocations wth based upon an
assunption that said cells are evenl 3i8pl aced, wherein said cell size

uni formty neasures whether each cell” of said data matrix is simlar to an

average cell size, whereip;s ignaég@%?g@lclgg!tcﬁhéggig?o el.ated to print

"
growt h, so that when said average cell size is _ {fén an ideal cell
size, said data matri®ipRs2poR¥Ft AvECPrieat Gricth, sweh oShpdtaverdgd fcel |

si ze ice19M8) | efrdih@n sai Usj deahqgel! sbaewosakd pdata MBLri xnhhas chegative
print growth, wherein said data matrix is considered good when said cells

are of-Uli§drif’si ze, wherein said overall matching score is based upon an
outline of said data patféoxniandsnederd monpholxgteapl aberks iphevitded
based an. .. I i i fo i C nt.in_an .ideal

| ocat i(%%l,a ca%ggcgtak?% %I{I/% al ?9%%?%%'%%“ %(::%J?ee%?gm?%ugng%%?%}gl %“%%8‘?68 v?életh said
t enpl attelartinai dtndtadst o 025313 PO WS 00646-051ip120. dAlmstiead f or

verifygug datg st riXp PRAD; @eal] t¥ndcAREkShPIahhe steps of @ deriving an
i deal data matrix grid, with equal . spacing between cells of said data
matrix in both axes bESEHBH SLA4M FAIE Rt FRxIsIHbR M iny treastitege
det er ety andweth nathetes | oSi 2€; 18BASUBhBYod cBBt €plobwaeaegh active cell of

said data matrix andwggri glgal IFl?gnt(:%rlli ncii cated sla% d ideal data matrix

by
. . S agement ‘urn ormi measur
gri d; and neasuri ng a cen?er (0] Set érror Vghl C% IS a neasu % €S

whether cells of said data matrix are placed in deal locations
with based upon an assumption that said cells are evenly placed,

wherein said cell size uniformity measures whether
each cell of said data matrix is similar to an average cell size,

wherein said average cell size is related to print
growth, so that when said average cell size 1is larger than an
ideal cell size, said data matrix has positive print growth, when
said average cell size is smaller than said ideal cell size, said
data matrix has negative print growth,

wherein said data matrix is considered good when
said cells are of uniform size,

wherein said overall matching score is based upon
an outline of said data matrix, and

wherein a matrix template is provided based upon
each cell having uniform size and placement in an ideal location,
and said overall matching score is then normalized between said

template and said matrix.



of cell placenent uniformty of said data matri x, based upon active cells
of said data matrix; displaying a nunber of cells which derive a center

of fset i NQAVE0k o | owi ng categories: a first total rangi RRCHPRYMfately

between 0 and 150 of said nominal cell size; a second total ranging

approxi mately between 15% and 30% ofigsaid nomi nal cell size; and a third

total greater than approxinmately 30% of said nomnal cell size. neasuring

a size offset erzor ofa eelthesl fer werfidiyiinbydbasedaornial braati geatellys of

sai d data mﬁ th geg%é gscell sizes of all active cells of said data
age

com .
mat ri X; g an av Size of said active cells of said data

matri x; and det er m ni dgrsuidgsize igfdaletdata omassigquinial enwithoegustandar d

devi até&;t AL QuSn CeL1 18T gesshIonuaveragereglin BbE8R, as@/egrgbeeaabﬁ
center Is Indicates cel|l ~ placement problemfor data matrix synbols

gener #asid f@%?ﬁl‘?ﬁ(‘f’é%x E)Yli‘“ﬁ??n]@eblflgd’é}?aﬁééﬁdt echni que, wherein said center
of fset helps reject gat&smwhihgcel homenter ceispkaeenent probl ems, and
wherein said size offset indi cates et her. sai dh cel l.s of e)s(_Lal' \(k)gata. trix

are produced with an @VeR"st2 G5 CTa & ngf e aafE e 95 0ff53101
PCT/ USGiit/=00648r 120 a20l & nethed fC@mt\seeTlJfrderrgam abpatseidd prdedl qdaltiat y

corrprln%ﬂglkg h%[lséep%gf | ocating a data matrix mark; decoding said data
mat ri x termning four corners, center of noninal cells
measuring a center offset error which is a measure

of cell placement uniformity of said data matrix, based upon
active cells of said data matrix;
displaying a number of cells which derive a center
offset in three following categories:
a first total ranging approximately between
0 and 15% of said nominal cell size;
a second total ranging approximately between
15% and 30% of said nominal cell size; and
a third total greater than approximately 30%
of said nominal cell size.
measuring a size offset error of cell size
uniformity based on all active cells of said data matrix;
measuring cell sizes of all active cells of said
data matrix;
computing an average size of said active cells of
said data matrix; and
determining said size offset error as equivalent
to a standard deviation of various cell sizes from average cell
size,
wherein sald center offset indicates cell
placement problem for data matrix symbols generated from inkjet
printing or dot-peen technique, wherein said center offset helps
reject marks with cell center misplacement problems, and
wherein said size offset indicates whether said
cells of said data matrix are produced with an even size within

a single data matrix.



and nom nal cell size for said data matrix; conparing said nom nal cel

si ze mﬁtsgs Lgﬁ ence size; re-sanpling sald nom nal cell_size when

nom nal P is less than said reference size; detern?qwﬂﬁnﬂwﬁw
corners and center of said nomnal cells; deriving and storing center

of fset and size offset; generating avidealized tenplate and conputing an
overall match; determning if center offset and size offset have been
measur ed nore thah.onck mgerddrimmyestigndargd datrep haltadixc alkr iope kataildartsy when

said center %ﬂge%hgngtggée o¢ffset have been neasured only once, and
repeatin sal termning four corners and center of said nom na

cells; conparing centépcéﬁﬂ§étaaﬁét§|@étéﬂﬁs@@thh val ue of previous

iteration when said shepogfindetennl pirg wWhteent arkof fset and size of fset
have been neasured nnre than once_i s ositive; and di spl ayi ng at | east one

of said center offset3etEFrPeNIPISEPUL oHPORFE el FH i negirel s&diis

codemnﬁd$1baﬁeﬂaloneﬂmesezeofomosaadtdama whenmrix;di ff erence between sai d

center offset and siégmﬁé;gﬁélggl&wgbﬁgggfqgaiv%”k;eratlons i Jear,  zero;

and perfornmng standa 0gi cal erations u nFﬁg to said
step ofizketerm ning four corners and center of said nominal cells when

sai d difference between_sahd1¢8nt ef.;@f fegti ANd side offset gfesaid ftyw
consecutive iterati ons i S not near zero.
nominal cell size 1s less than said reference size;

determining four corners and center of said
nominal cells;

deriving and storing center offset and size
offset;

generating an idealized template and computing an
overall match;

determining 1f center offset and size offset have
been measured more than once;

performing standard morphological operations when
said center offset and size offset have been measured only once,
and repeating said step of determining four corners and center
of said nominal cells;

comparing center offset and size offset with value
of previous iteration when said step of determining if center
offset and size offset have been measured more than once is
positive; and

displaying at least one of said center offset,
size offset, on/off cells, wrong cells, and/or codewords based
on the error correction, when a difference between said center
offset and size offset of two consecutive iterations is near
zero; and

performing standard morphological operations and
returning to said step of determining four corners and center of
said nominal cells when said difference between said center
offset and size offset of said two consecutive iterations is not

near 2zZero.



