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WD 2004/ 006438 PCT/ US2003/ 009971 -' METHOD FOR
READI NG A SYMBOL HAVI NG ENCODED | NFORMATI ON 5 Field

wo@bRootloas4Bvent i on The present invention rel at eBCT/0S2003/009971

nmet hods and apparatuses for reading and decoding
synbol s havi ng encoded i nforlrati on. In particular, the
present invention relates to nethods and apparat uses
for readi ng and decodi ng signals produced from

two-di mensional relief formed synmbols. 10 Background
of the Invmf%ﬁﬁww %{%%@V@@omnl y
used to deci pher GODERINEORYARIEN on obj ects in
order to identify the objects or to obtain information
1;r. l.ating to .the-object. A bar code synbol is a conmon
%&M@Pﬁ%ﬁ&#&o i | formof synbology, and typically

Conpr rE&prele @ivieRiich Rat¥eoth&Rbdsimt apPirathsdsl forifeattindtahd

separated by 15 spaces_of varjous w dths. Because the,
dsapding aympele bavingproeded ndomatiops &k particlpy phe present invention

Cof | . So
GBI HIRS AT B S endnk PRS0 OIS ge om
tivogtinensbha eéliad fdrmetsyiméokynbol . The el ectrical signal
can then he analyzed and decoded to provide an

AOS R e Ipygati@lent ati on of the synmbol, which can

cont ” . e . . . . q
Sy rrbg(:) 1(%?&%1%112@ %{eﬁ{s@é EmBRBMIsed REdLRIHREHata BRRbSIGDE

type are now i n conmbn usage in_
prantédorsolzpgt incartlérdn ddensifie theab]dotaarie obtpindofarmetion relating to
oint of, sale.dentification, or logistical trackin
B9 leric A BBt SRhNLAEPBRIR R BLinl B S1351b0Rey,
SUTPELAGY condstised £patterh 6F ddrtivatlbrd FvV@ouswidditsepiratep dge
to convey a correspondingly small anmpunt of data, .
spacesalf vedousawidthgi Fepasise e basand sense claments hoye diffesen dight
Ilgﬁgain%ec‘ﬁgllagféﬁ?tics% {eﬁ@ 'pdaﬁ%gﬂ&pgg n%?ol?ﬁ(tm | TP onal by
conprirse a matri X ar occupl es Z Ut for m amount of
sphamghtav liply raflegeinfeomalthy synatstl afge klectrioal sgnabca hhape.

Instead of bars and .gpace round or square rks
D ae decofet OimERYidr af RLeTRRET P PRI dhe e ok
WRich 83 eaih Qedt IR infhHhAIHBIHLANhE 86t TRRCEIEHmMIs 8f this

result, a two-dinensional matrix synbol ogy can

type hugdwvisingreimmianarseges/innvrious aprdioatiansi srch aginMentoyy Fermtol,

of. space.th . convent i.qnal one- di nensi onal bar
R Sﬂﬁﬁéelﬁgﬂga&% 8" ) %18@}%1;121%6%&%1%(1 on | abel s,
whi chBedaaseddnivigibnblconmebdigehsional BeXBSloge t&uires a relatively large

Al ternatively, bar codes can be set in relief or
FrRPuRs @f fach theanmey 8 geyrepandigely smadimequnt ofdats segallgdtwo-

Sﬁ‘{égsim{al%taf‘%e@gmb%gféﬁé“‘flh{/‘@bee%t(fébéleﬂed. M bk A8mensional
nol di ng, or

symbology may comprise a matrix that occupies a uniform amount of space having a

aLLe

generally rectangular or square shape. Instead of bars and spaces, round or square
marks disposed at particular rows and columns of the matrix correspond to the
information being conveyed. As a result, a two-dimensional matrix symbology can
include significantly more data within a given volume of space than a conventional
one-dimensional bar code.

Many bar code symbols are printed on labels, which are affixed to objects,
boxes, etc. Alternatively, bar codes can be set in relief or formed within the surface

of an object. This can be done by stamping, engraving, etching, milling, molding, or
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WD 2004/ 006438 PCT/ US2003/ 009971 -2 by other known
nmet hods. The synbols can be either raised fromthe
waeiaed3®r depressed within the surface. SuchCT/E51003/009971

fornmed synbol s can be nore durable, |ess expensive,
and provide other benefits-8f typical bar code | abels.
However, such relief formed synbols can be difficult
by Bthee Eﬁ’owlﬁ tiRtho@dlr T nybaly il taddithentifsed cm)tnat}te sbrface or
scanni ng t echni ques, because the contras betmeg
densessed vathén the sedaced Syeh slish § Borgred SVW@O@;‘P B¢ moge durable, less

I I a
SERSSRL bk e B SRR bt SRR e e
reh‘ef fdremed \spinbbls cad bedtfﬁclﬁew&eahmm@ cxhresmﬂy agailbabl emani-edritget
e ual ly .there maki.ng di fferenti atlo et ween
e, Beeh o cpehgst e racn el oSS fdtflons of

Héass&ﬂbw BRI 1At F@ex@iple, iMPRsir¥eimeosahs 5 yeieotagied
utlllze;%%ntmg% |nenS|on§?35ynbol in the nanufacture

sxaﬁbwi}, bethdhebigh end logv mﬁr@@i ﬂrsqﬁymbazll:, refleptithe ﬁcanmngt eaml
B fi B Inerd P fBink i jr RN bebyiveh QTGN dhd R | ¥

lgg¢ﬁgv&@dﬁﬁhntapproprlate i nk or other SU|tabIe

techni que. . Alternatively, d be..f or

dir e&qewaﬁiﬁu@ftaﬁ@“‘é‘f}ﬁ% of éf‘@‘)‘glf“?ré ‘tg'Y Hijizgs Wo-
d@é&%ﬁorﬁa}* %?;rﬁ;ﬁl & gﬂé %?dn%!fef&ﬂlré ek hﬁéroél@&t%rﬂ& REREESTh as certain

cause mensi onal synbol ogy can conpress a
flabpge] displaps. Dfpicklyaa mymhwlns ﬁorm@d alitiectls! gn a display substrate,

t.h
S TR RN oV L (AP Ae T O L efmaue.
Alf@crﬂa[tﬁﬁi}ﬂ a1 s§§1b§ﬁéduﬁi bOEFRRE dirk&ly sioBRIsub&idte By laser

unmber, "~ npdél nunber, and/or customer code. As such,
etdhmggarmmrsﬁutt@he precigioageliel fanmﬁﬂ)r@em Bggause a two-

manuf. act ur e r I
dgﬁg%ﬁlon &?{g%%%?aércéﬁpqgss RN ﬁl%gllélta ﬁl%%%hﬁ% gﬁl@latlvely
shh@lfdimefisibroil geacy, th&eyraball dajy ,stoseua: hnigyerhiehisfi¢rarode dorghe

pi cal. substrates rmy be rea

t ab
sg ARCUHPS SLCRABRAMALAN FAEHeL D H@%%J@Fﬂm%‘??re%ﬁ‘?lvumber
R Flﬁ%b&g /&Q:usﬁ‘nﬁe@ %odémﬁéjg RE the %?11‘%01@ Qb Bé Qsddlt8tautomate

pane such as liquid cr di spl ays,
th@nﬁasﬁwnuh;ag ﬁﬁtestmgplscm'sa@, end inag alsolsseblamanufagerasing

the s fllmcoatlng of a highly
IF@F@@%? “ngﬁpﬁab@ﬂo forgYomi um Because such neta
coat i G&Rrale sdéﬁ%?fn'bms e DS BhidaNsubsiratéEmante veadyble with
thin, the relief aspects of the synbol fornmed on the

ogub@ttmaléy e ewpTEnt p Frosvev o @0 LY H@C?aﬁm&sm igythe

e
dohalts thdextird Sutgene mkhdinpatiie syrball Wlth ) thm—ﬂlrrgd:'datmg of a highly
refl ecti nglt contrast and,_as a result, can be VerLéll&

re

rgfleqtiveangtaksych apgiEom e aBecaupesnchy ey coprngS At B
Rukd 1 RENgaE An@vEB R, tHiBief aspects of the symbol formed on the

substrate are usually preserved in the thin-film coating thereby forming a buried

relief symbol. A significant drawback of such buried relief symbols is that they
generally have little or no light reflecting contrast and, as a result, can be very
difficult to image. Because the symbol characters are buried beneath a metal thin-

film, any color difference that existed between the characters and the substrate can
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film any color difference that existed between the
characters and the substrate can WO 2004/ 006438
w8803/ 009971 -3 no |onger be utilized fRPET/US2003/009971
i magi ng the synbol. To conpound this problem the
metal thin-filmusually has-a shiny surface finish
that tends to further obscure the synbol characters.

noYSRBRE Ye ﬁﬁhiéﬂlefof %{Kg 108 sPmibbie Ty @agifund Miepioblm, the metal

overcones the di sadvant a es and shortcom ngs of the
tignifdm wsuellphagy Sinsunge ﬂﬁb@sat ippihar Qpsewrerths symbol
bmigt' ng and decodi ng certain syrrbol s such as

W6S'd rensi onal relief formed synbols. In particul ar
Sulingry % el Invédieant i on advant ageously provi des
apparatuses and nethods to rea nd decod nbol s
wher &ibs MserenGRVERSoR °¥8"§@’§1"§)Fheéﬁ MBS aBﬁ? ]?J(g{ nipgs| of the
P oI' Bt %Kgyg(ﬁvléﬁﬁ% I%Els odd gnﬁ 'égpaﬁ‘étuée%%f inRidd Al décoding certain

i scer S and appar atuses in
sgmbolsdacicas tmct—dhmenhenqd relsd rﬁ@rmad\ﬁefmbpbn Ip garticular the present

advant a eus rf orm,an .e r
R R I SR
sYRBoBEWARDES onb Br MBR: EPE6L aryf nuinfiter PF &8 0Ells WivieiA thadynibols
Synbol image based on a relief pattern, which
areprleast perially diserspabinif AISﬁamﬁ@ﬁd&md nmeTateses Insgcopidaage with
tlg@fregérﬁ% %ﬁ%ﬂﬁgﬁ &an da]d%ar?t?&g)ﬁgﬂigbglk{ﬁe? & p&ﬁ'ﬁggﬁaﬂ g:lg]ig@ &@Jl?ﬁlé Yor
détdrintidhg g \taheﬁyief aichiedgs fed@;@oﬂmgpbe fymbulng an edge
anal ysis of the geterm ned ed ﬁr):l‘ddete m ne the]e
syrrb&P ongagRect of thepreserid IHPVGB’PO‘E 6 Brasy 5@ on APlg
p’z&&; %féh Bffebdn® dntod@RhATRA%SH hﬁkf RERRLE ANeRNERIGES dhble

e fellef pattern, can be determ ned so that the

edgerbami bé deigmiveth Generdlyo detdrnivingramvddge of the relisf petiemiagd

oded Wi t hi n. erelef atter
R F hPine S A ngh L Sk dpathdy FERp gflermined
ddgé@bﬁl&etémﬁ:ﬁb tRfsympal in@ige. Moddtd gelbbdf the sphballiage, which at
di'scernabl e edge and representi ng}pencoded i nf orgr%él on
Ipast ppitiglly arnaesets dpanatipn eufedesip Aheelis! patemmy gars bedeprenined

sfoCi[‘x%tctﬁg an}Sc}g 11%@ B! ft5 mvtlﬁeet'hgg fglg-ﬁeﬁﬁi)nl e'nggﬁed within

ern or ver|

thelgehecﬁbattm edge 25 i mage. The edge |rmge is

prefe abI created fromli t reflected

reli F et o e VgD ehapé’&&@sofﬁf {Rding agglief

ﬁd@@ﬁ?hdv%goﬁt%a%f S disdBiaBldedaednd e f}:ﬁ‘&@htn?g eradél ®&rnadibn is
| mge based on the relie attern can be

lﬂiemddéxdGmer whaapparagss inglidesrmedng rforeqf@ai@e@nwﬂgﬁmaaer@m

L tkFeabbt G ad3 God Rt e HEYIRY ofAFedgs of the cdge
aRigar b edge nl{r)ﬂhge ﬁ@rbﬁmbﬂw cidefed iffoadliglesefléopdd foom affie tetief
e

referred i ments
1§)attem The validity of an edge o \ththe edge image is preferably determined so that a

data cell of a symbol image based on the relief pattern can be decoded to provide the
information encoded within the relief pattern.

These and other features and advantages of the present invention will be
apparent in the following detailed description of the preferred embodiments when
read in conjunction with the accompanying drawings, in which like reference

numerals are used to identify the same or similar parts in the several views.
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read in conjunction with the acconpanyi ng draw ngs, in
which like reference nunerals are used to identify

W bh@4peqes or simlar parts in the several vi ewsBCT/U&003/009971

2004/ 006438 PCT/ US2003/ 009971 -4- Brief Description

of the Draw ngs The acconpadyi ng draw ngs, which are
incorporated in and constitute a part of this

FRP D@ iRl of i elimdse several aspects of the

nvention and together with description of the
enbod‘hmmmmame drayviagplvelich mﬁenmqrcﬁeé ieandofonstifte a part

vent i.on i ef descri the as
of By Sty s e S Ehec 2P Bhely ML fEy e
dsyoHpEbn SN NG din shtdsekVedfoexplach the peEnbipls ofl tHednvdntiohan
an internal data field of the symbol conprising a
bpefidescriptorort theidresings|is as fofiogisie 2 is a
Cros Is t
ol ong FitE s SRRy Bro BRAITAP et chéhn bp a3 and
shdmelngyﬂ‘paxitlcullaamn mtenal alateficldbbthe sgmbol domywisofg 4 plerality of
subs rate thereby formng a relief synbol; Figure 3 is
taGeg%s- secti onal view of the synbol  of Fi g. 1 also

takerrigh® Qgs a bloBEsettidnfWiew Bf thR&§mboICd fudi. nlgtaﬁetﬂﬁl@hg Ofe 2-2
covering the synbol; Figure 4 is a schematic bl ock

stibwaipgdmperticalar pordiant of the symbelibateyetaised abave msirfrge Ahths
and a _re n accordance with an aspect

SBf?Sanﬁw &1 é%g g %\r/eelzln??}g%’ ‘#br i magi ng and decoding a

SyanFIgLﬁH Ghs asrokdeectipilolisy shierymboFiffig. lalso Rikamalodg

_Figg is an _edge i mage of the syn%po)l shown in Fig.

lipezs2 pﬁtef@@beraevé@qhag ﬁ@oatt‘rtg YCHBHBEISYBPOb he present

inve By e

4" 50 G TS bR pLRR AR 09 SRS R B

ipdnding ndighf souhe aslylratredtder i apeoslabeé with ag espeenof the pte@mt

S8R ol R R g

in accordance mnth an aspect of the present
|nvent|on f or proceSS|n? synbol such _as the edge
i rrag Figadvinan adgeiigiags of ths spingok shownjig Fig.f mmuaa@dt acgprding

tg lagis etc?otﬁt\i}éé ﬁ{éenql 19\%5{15}? g&c%ﬂas%?ﬁﬂé gﬁ%‘ﬁ% Ws epn §1'g)'?vn in Fig. 4

ure |Ss“a vl e
dnida@ewig ifrpartichlas bdpse of theaal@ad p@tivanof the)smﬂbaiat e
fS ﬁﬂ ﬁ?g]gurgl g\ﬂgg %n’lﬁzlpg) gg?%rpto a rea%%r usa eglg agcorda.t%e with

the present invention having a imaging device and an output in accordance with an
aspect of the present invention for processing a symbol such as the edge image
shown in Fig. 5;

Figure 7 is a flowchart of a edge analysis algorithm in accordance with the
present invention;

Figure 8 is a view of the edge image of Fig. 5 shown in a Cartesian
coordinate system; ‘

Figure 9 is a view of the edge image of Fig. 8 further showing indications of
the centers of the data cells of the symbol;
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30 the centers of the data cells of the synbol; WO
2004/ 006438 PCT/ US2003/009971 -5 Figure 10 is a view

w@bootlas4agige i mage of Fig. 9 further show ng iPCT/US2003/009971

particular nunerical values assigned to certain
corners of the data cells itnSaccordance with an
aspect of the present invention; Figure 11 is a view

of t hEigedde ik BRgsy of thEleBge Phdpdof Fig Ditefthehavivig ib particular
exenpl a‘r% inval i d edges that can be determned in
HEpgcdhyiees gstignegio gepiaiacogters ¢fdhe data selln injageerdencewith an
l.gur I - V] of the edge image of Fig. 9
e{szshg(\&/{mo%}%&ﬁé%ag]fl}élé@%gnbl nary values assigned to the
dat a Eighided 1df atvirev eflhe edgaimengalof big. 8 bac fiotletasleeving t h
anot her ., aspect of the present invention;, 10 Figure 1
?@nﬁw mﬁgﬁﬁg%ftﬁ%{ﬁméag detgringd 1nsaceprsigpee ith g Saget of the
REe&SEMventidavention that may be used for the steps 322
and/or 324 of the flowchart of Fig. 7; and Figure 14
i s a Kigew 13fis avieveditbe iedgayanage ofFg. 9 showhginraddition binary
addi tion Qi nar val.ues .assjgned tq the data cell.s of
PRl aniied e e BT RS led e o Hoash R B ainer
@ﬁ@@@ft}@fpr&g&ﬁt preat i nvention. Detail ed Description
The present invention is directed to nethods and

apparkigwsds if afloarhat of yeedge analysis algositem of tsamagnt
S TR R R T TP B o 2 o e Pl 7
4ral anal yze i mages of symbols 20 containing one or nore

edges_.of y. nuber .of data cel l.s. whi ch nmay .conpr.i se.
geonek epre s gt o P cGcimiee or _ﬁlgfﬂé Sﬂw@& ig agﬁaor_l Binary
WhiGhsH8iA 16 hd EatH IR Athe/ed R 1RANE A S RORD0IIRAQS WRE hiMther
that can be read in accordance with the present

aspodtiof therpreseguientmhods and appar at uses in ‘accordance
I\B/Iétt o Bgsc resent i nvention can advantageously al so be
m an edge analysis for determning the

val i dTlieg/préSen0inventidh ie digestedl @ meieohmbappheatses el esfectively
The principles of the present .invention_may he applied

eadins yndgepadingroerin trges oriyabolssuch attedat simehels.
e e e R e
sontdining gye oamotese@igehef @iymumbee bedaa tellsawlyich ymdyaioogyise
SR RS A E R R AR K05 SRS
prokRle chiiatinRHN0¥S that B8 Bd réa®in accordance with the present invention.
Such methods and apparatuses in accordance with the present invention can
advantageously also be used to perform an edge analysis for determining the validity
of such edges for decoding the symbols.

The principles of the present invention may be applied to any symbol from
any linear or stacked area, or other symbology, and preferably those symbols formed
as area relief patterns, as discussed below. An area symbology, as used herein,
refers to any symbology, such as those commercially known under the tradenames

Vericode™ or Data Matrix ™ or Code One™ or the like, that employs a matrix of

- data cells, rather than one or more rows of bars and spaces. A stacked symbology,

as used herein, refers to any symbology, such as PDF 417, that generally employs
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data cells, rather than one or nore rows of bars and
spaces. A stacked synbol ogy, as used herein, refers

W 200ai096438 nbol ogy, such as PDF 417, that generBdT/¥S2003/009971

enpl oys WO 2004/ 006438 PCT/ US2003/ 009971 -6 several

adj acent rows of synbols, e#&ch row having several
characters defined by groups of multiple-width bars
s@tHal SEAGEE roWE BEsyIYIHNE lcagH RSy Baveng\evbrak cigiters definadisby
are described in U S Patent No. 5,612,524, and U S
greps of TBiplerwadth bergnd Apesesi cal symbol 10 from such an
area I r |

the- ARSI AR st Gl LSl Bihs ot fosripet in P IEP Aot
51610628 adnddaiSa Patehi No. 14924, 0 280 g thypiical symiaalrliOxromisiichhan area

syboleay st e + apetrrety diksughobid it e Y niag
d@fa ol PP WAARARERY dathAS eIl DI itrarigh@ il HERfrDE witia d’atzf fieldd 2 and

as certain data ceils 14 that are “on" and
daelrctelis hd dlatmef@mbll}sremtangﬁiax asgtlustraggd, _althqqghganymﬂ'ler shapes are

"on" I s, ane bl
cpftmpliied ANiEpa) Beated ob R L EnSSRHARUELAN 14 that are
“oft hitd @i@in dMid Edls(1UNBat e Al Ngs ﬁeiwns tlef“oheelisdre binak (the
data field 12). Such on and off ﬁi{gg}na‘tﬁl ons arfgsg ul?
celis @@mteﬁ@yae@wmémglﬁw iy 18020, 89 ibe they offg cells are
v#m &%nl({é@ 1s 38 eklh{éﬁ{ay d Sﬁ'eﬁf‘ ' QRCITBY ah@otised

or dif eren ting etvveen ata c Is 14 including
desigatibne bife, used andechdings syeibol aschtak dieksyantl Wi {tes uddersigod

|| us rate t he internal ield.12.is era

thgtay G dgnaon B & sed B PRI AP Fiyoh ok el 14
d%amhﬁg or?rﬂnd\’)ﬁ‘ ¢hnd 3, WP Bi¥ckugRdviligr tim ng and

ori entation.” The border I's t@épl cally forned

from Asalﬂi'ustclam(h theeinfesnal slataj figld) §2 fsenr rab)m swrquadedby #at a
f leR 0%9 For tgquPng;gd eelfr']lﬁog Y e(vhgcie]il %T?f) ?/er %&/ fog %q?ng and

sgﬁmsl @Blmatiaﬂd lmetmader 20typithidy foatoed Iﬁroﬁﬂ“cﬁf’ldam adls as,
timng or synbol |dent|f|cat|o

fe
il d\hektempldaiy Figldr26mmrgpndipg ﬂ%ﬁ%ﬁ §r1 ey be prpgidgd,
witich hiay RE@Yded&HbrmliSa I?a[ GHtls (ot %H&‘/?n)etgi”br‘(ﬁ!icﬁﬁg addBtiol€ Or

nore concentric rectilinear rings of data cells
mfmmatnmrdmmgmdzmmmu tisrimpet synpai t@n’nﬁ@tﬁwho Mefc@blys surthmding

uire er. o c.rectili.near..rin
e Bordesty B R Skl SR8 FEI A9, TS Tited il Abied ltieghivaleifro
R Gr Hote BnceMiTRAbctERGEringd DAL HAta ceNEsitrouhliBg the outermost
external data field 26 can act as a qui et_zone, or can

mnttenofi onnerlls. Thy requitedinyarberof @tncmé fectl%e@y‘%é pf thg
A3 0 B L O SRR AR, S
ARéhhth@sy, tier ext@yaldatpfieldi26edn acttas aquiit lzmlmemr canrbelsatretinded

by rinting or any other suitable technique and then
 GHEFORET Wi se

The symbol 10 may be formed directly on a substrate 28 such as by printing

or controlled deposition of inks or other coatings, or may be provided onto a sticker
or label by printing or any other suitable technique and then adhered or otherwise
attached to a substrate. Alternatively, the symbol 10 can also be etched, engraved,
or otherwise formed as a relief pattern on a suitable substrate or object. As an

example, the substrate 28 may be a glass substrate and the symbol 10 may be printed
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30 attached to a substrate. Alternatively, the synbol

10 can al so be etched, engraved, or otherw se forned
W@2008/00aBs8 ef pattern on a suitable substrate oPCDDF®O$/009971

As an exanple, the substrate 28 may be a gl ass

substrate and the synbol 107wy be printed WO

2004/ 006438 PCT/ US2003/ 009971 -7 on the substrate 28

oN ths ARRAL PR IvAEa PMspritie fltQr klefesd 28%0 hsx/er@lwpgf@pnate
appropriate thickness that is capable of formng a

thisknas$ thayistrebabla of feemingratsliel symbfodr Fp g capableof fefming a

0ot 1 L GEPE O N R el BT ke B gt
dagé @ﬁdl%@ﬁcdiﬁh@ﬂéd a$ aeScﬁbemth hdsl uﬁdtmtowelasﬂbsubmaee 28

be any substrate or object c bl e of havin
laasslmsm 1subgrARAr et apabkHel hNHS & PR %ﬂmi heawb@d%hat

tgg ,Irﬁgfo; 3 yygsoefﬁogﬁem% ?ﬁtmpn,%k?bdl quc&mraﬁ%ymwm;ef

non-re or as any oth

syl non-rdm\f aympelg of wanytotm&nmy ob devdlqradearmint aach yay be

é echni que. n Fig. 2, a cross-sectional view of the
Y4y 16PN 1 is shown. 10 Generally, the border

24 ang F‘ig@ datcis8dtlonalliew DR s§mbbl €0 8k, €& dhohd,

are provided as raised regions with respect to a

@@nefaélcfetbs(borﬁer 2hend thesdatmedls 14, sk as th?e!la;‘a%ﬁf’é]ol 8, axg prpyded
iagedﬁregwgs gatﬁl %)eef:f%'ﬂgoixl‘facé%d @F tﬂ?tsﬁbsﬁjgy aZSSt xpgecrgtgé 3 bol 10

it €gthried as wélief spapelc tAIlt@nztthelys theftmeder 2@ anfl thddata cells 14 may

substrate 28. _ Such rajsed or reces ed3§§9| ons, i ncl e

rped gpegeserdsiegions Bk resRgeido dhrTis e sURITREE
é f rioLd ('>rqgcé§§e(f Ilgglohg f&ﬁfde%ﬁe Qf‘nﬂ)k)@dﬁ@écrﬁlbﬁ él'%ei'ﬁﬁ%reof As

ges 32 and data cel 18 has edges 36 and
B8wnathd pbﬁmnprfrthe loordef 24 ¢rethi dxrfdsde bas esiges hamd @ﬁr;tth@detﬂ@cell

O anesos s faend Gaaptionp R Gt Phor G rigni il b s

4209815 REdd Rk tAE ilftistated syio6] 1©4AMRIS, adﬂﬂfoﬁﬁlf ed@gs not
back to Fig. 1, the data cell 18 includes ed

visibleds thexgossaicciden oEFig. 2pPoT examplsn sefercing bagl for gswlb%@ata
(ﬁ 1%rm ﬁ?ésqgfgeso%{ %Ilﬁgg%oof the synbol, such as the

Gata rder 24 may be forned so that
t her @‘dr&eﬂhlntapbﬁcemlbnﬂ(lh@ﬁniré ssahbolrl Olar ghttain @bttens ofthey
bet ween t he_ synbol rfac

Seelpasihe d#farcelé& ‘hﬁ’f eggfd&?ﬁ%ma@sioff’g{d ﬁ%ggtstk}?rséﬁ

ﬂ'l@le TRYo BStRist ﬂltlf‘giilt %ﬂecﬁ%bﬁl‘iéﬂé& #he rsﬁﬁgoloﬂ) ﬁldStH@ §Jrfa%5 80 of
wherelin the col or of the synbol and the col or of

ms sghshrster2®t d caienargplosa symbalishsh astihe ssanlaol 10rmayhiee I@Ia}i@d or

a.relief d .or, forne nt
Shefeidobis S PR iR ST e g pE 1 of the
RBERUS BrelBSENTENY! thé Samd, Tnrikelcadi beatén,ef Sj?rhboltelﬁ@eb ot Formed
of the substrate and no color difference is present.

diracdly et invsebsfrate Lismerono eamimst asayt ieePTeseRb Becauts the symplol is
foPNEd gge&@tm{oetﬁé bulk of the substrate and no color difference is present.
Alternatively, a symbol such as the symbol 10 may be covered (at least
partially) with a coating, either intentionally or unintentionally, so that any contrast
that may have been originally present between the symbol and the substrate is no
longer substantially present. Such coatings may include inks and/or paints from

writing or other marking devices, or other coatings from a deposition process.
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partially) with a coating, either intentionally or
unintentionally, so that any contrast 30 that may
whaone/ob@as origi nally present between the synbpdT/ES103/009971
the substrate is no | onger substantially present. Such
coatings may include inks ar8d/ or paints from witing
or other marking devices, or other coatings froma
deposidatiafs fag %I%%fbe m&%%ﬂ %@4&%&1@5&&5&(}9&&9 9944
-8 Coating al so be formed as part of
eramplicasn @p.fﬁ@%mn@wlecmcs dspacrnanufagiules feémﬂiog.\/rﬁuch as
I a

%Er?ci? dfsf& gg@%m%gac%#’ﬂag&gmnu C?%:rlf%ﬁr}ﬂg tt(;e E%EQ A%@(bo? MG as

tl?@@}&ﬁlﬁdlrlg tha®y be fHrmad oa tirysotfate E)JﬁhhaSubsh’a’e 28y whhath syfibol

maybe fornmed on the surface 30 of the substrate 28,
Mynencanfaia @mnsqufodmﬁe& eﬁﬁe;%%a SEPrtigR aféailecf’ 1Rg @fcgc ode
Suaber f S

{hf¥mbgich, BCYRT Affiod ot hiihetibaich Suier, 40! TR
sﬁtnp:trartal(v far atﬂtm pasal lésplaytiea ghss otrceaarﬁicaubqtaﬁean@hs pyrakol 10

€&I as or ceranm c Subs rtate and t€ Eﬁ/ﬂbol 10 may
By FoRRBad fiverCan By eRTe PR BT A PR ah Y BURE such as
ﬂlﬁétdlﬁhd’@ap}@r&ttﬂé likd) Rt mEactifteo fl dektgin nlnﬁrdehﬁtromcs devices,
manuf acture of certain mcroel ectroni cs devj ces,

syole s biguifl icejistad displaye.atartaf §ist prggess frgudes POYqﬁ@ng@E%%@lal

t t
il e SRt Piel BURBE AR s s £ b Bhon, BE pgmpte
dhesmixa rTBéc&tuseSshrch raSbaHngs ltmﬂ;usldey sardbrnead a hatgse aadevery thin, the

apcerEtopt B RyBIRLATHO8 SOFUb e syl preacvedn

R ﬁﬁﬁ | Abdi, DA%?g%‘ifY&ﬁt drawbm&ftsnbmre‘hek £9n?t9ﬁ§ 1srtgat they

st gnificant r awback of such relief Sy nbol s is that
gdnemllg 51ag@h@1ean|r Ing chatvast in light ecfluctivity smhes asgesultneanibgtvery

t|vt s aresult di f.fi
ifrovfidh s aiea® vl S uinoR g Rr 1Rty Rabink” Bebause
the by 18681 chifakter st buBeCBetath 4 Metabibilm ¢h suchGpplations,
becone buried beneath a netal thin-filmin such

the pelor diffesense that jgxisted |bepwegn thresharrcters pugd the splstigte no longer
%%%%Aﬂﬁ ‘ﬁg@fnﬁcotr%a%n@r}ﬂeg reag%tao uﬁ&’tﬂ n,gg,]%fe%

an be VI ew
me(ﬁbthunﬁlrh iich g dbipdreimm p‘roﬁﬂem&a slahy bh hrghfyl ﬂeﬁecsiu&eh;urfsce finish

hr o rovi des a_shi i ghl flect f
AR PR45 0 Ror CBROeS 1 e OiE e S ot @ 2P e ekt ¢
ShARERs &Jmtas ‘ﬁ?ﬁk@até‘@elfsrlﬂ %rsqeﬂl th@ﬁﬁéﬁ%tl%ﬁ%oﬁﬂdﬁl@d ﬁ?th%he

data cells 14. such, the i nf or mati on cont ai ned
tymebol Wtﬂqusmcbenmtmle@mam amﬂeca@pat b@eaﬁmthucnn‘maonaﬂy

cannot t onven n

RO R, et RN AR os PR fon provide
nBheas e V&s@@f&lﬁm E@mdmlmﬂah gyibals, f or

i magi ng an ecodl ng such synbols. Referring next to

Fig. Befegng rrﬁé@rqq@lgs@s#@ma@e sygem 188 derigadipasynloly shah as

88 relld SyhBbis AbsHOERAbGY IEARLERES ABAUEILY, Ihd inhdidld G5 100
neraliy, the imaging system1l

comprises one or more light sources 102 and a reader 104. As shown, a light beam

101 from the light source 102 impinges upon a surface 106 of a substrate 108 where

it is reflected as a light beam 103 to be received by the reader 104. Preferably, the

light source 102 is capable of edge illumination of relief patterns. In particular, the

light source 102 is preferably capable of at least partially illuminating at least some
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conprises one or nore |light sources 102 and a reader

104. As shown, a light beam 101 fromthe |ight source
wdaom4iomashges upon a surface 106 of a substrat BCT082003/009971

where 30 it is reflected as a |ight beam 103 to be

received by the reader 104.-9%referably, the 1ight

source 102 is capable of edge illumnnation of relief

eﬁéést@lrtlﬂﬁ 2 s%b@ﬂfcﬁ*ﬂn@&' bithe suPfce 10606 the SusEBte @B, iSSitable
preferably capable of at |east partially illumnatin

FabilonlmonisAee00 oS8R In GOOBSBUBITED. ok Held

oBE R LR R REL LSRG e E A A6% ML shlEe
10D ehs! d@mpﬁges&ymebnlda demaf@dtde@malfblygémMg tighksuch ab dn

opti cal m croscopy devices and i1l um nation sources.
ingandeppertdight squies, pilight eidinger lasey digdgneteonpri se any

k NOWAHR] ﬁ;& ¢ g@r&?ﬁﬁl @gﬁ;b& Eridbd &%@rxﬁ%ﬁ@{aaé mg bs aq&m Bie or

an 5 cent source
nh@s edged;l adbe didcernedhWHergytht sgmbolowlgd(GR ams;abstjmtmﬁlye nt ed

pig:g)ﬁ:%g%;uﬁ? @Pﬁg‘%stga%‘g}rgi?ﬁtgle &)ﬁg]&h (s or%(}Zn%P@d%ega??east

s§h‘1*é%§ﬂ§ﬂlf'3]}|l1ﬂs]¥1 orﬁﬁfeﬁ@@é’d&ﬂﬂ@redggh} h&s SR, i 19ht E&rce 102

exa source 102 oul d be at | east

ma)hlm/Wﬁftet bom fd}g g¢aylelo}q4ewmhl i ﬁrﬁﬁ@w.‘/m@élft@agbq@ve aggrtion to
0
R R e

fohdd Romtlipht thatisg bistiEsadrehd (Be inay be u@e’tﬁl Sichd ring lighe can
reader 104. As one exanple, a.ring |i formed fro

abigpely oFeids h@htcfr%é%ﬂéﬁs ofpesubstgaie ﬁ‘we e1 lywgnpting theedge
émg t Sglt;g()l' EdHbe @Wx} ReQ¥ddr 164 Qeméd b S%Whéltilpesdﬂfg%t

a substrate t um nating the edges.
reflepted, sxén&noneoqrrmdme sertsptsi madbevarrdriged theceiva d@lecm(déhght and

based ugon the t refl ected, whi

g prorote S Sl Bpeestiireghe dr P b BpE AMpteorl il source
1op Gk R Rtk reh@erR 09 YA DeTh&RAlrSlafi @R R E Biilshdteldd € each other to
detected edge pattern. Mreover, the |ight source 102

sseifasredgese reader 104 may be moved relative to the

subst

2 O HEHE Dlnd StRf Tt AL [ R0 olea SHAARC cldtne i
1nﬁﬁfaltéigas418\dwbﬁld a@;@earlv&heatlnahﬁﬂteas;vnth oo Idclnara[ﬁpla)primﬂ&é'rght
| um nat e Wi t one or nor aproprlate |gt urce
soUEas syeh anibe éé%eellhmm%w&wg# fs’%lﬁéevré‘e 103 preViayshdesqried

t%lgx% ?&tﬁ'k%g Ql%gf]%gre lﬁgge 266 BB ¥y RS IM0N o EnaHdLer, TRGS of |

can be seen, edges of ~ ralsed
rp'rsedpolmi@nsbfﬁlbeelrélsyrabolsyﬂmﬂ are read. In Fi g. 6 an

nbod f
it SR SRR o EipRa raster o0t PERGHEETHSvin e

FréReemveidorCR NIGRARA] TRE réWaBPT04 dahQonipris&Lmbh 110 a
processing unit or CPU 112, an inagi n? devi ce and
eentralprperssing gnitpy CPU 112, an 1mag1ng dev1ce 14, and an output 116. For

certain applications, the imaging system 100 may also include a gain control (not

shown) for controlling the output level of signals produced by the imaging device
114 and a light level detector (not shown).

The entire imaging system 100 may be contained within a single unit.
Alternatively, the elements may be distributed so that a simple, lightweight unit is

used to create image data and to transmit the data to a central unit for further
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certain applications, the inmaging system 100 may al so
i nclude a gain control (not shown) for controlling
wao b@4ooi4ptit | evel of signals produced by the i pemyUsm03/009971

device 114 and a |ight |level detector (not shown). 30
The entire i magi ng system 400-may be contai ned within

a single unit. Alternatively, the elenents may be
pibcRbdihd UTRSinSpcldatmay BBt Gandnhi@tbd YeArORtachiétl donbfuter, stored
used to create image data and to transmt the data to
lecallg forr later transfer esrfornprdedelo ap@PPleiop peuggem resident within the

. PCT./ A 971 -10 processing. The i mage data may
IIP%HE%Q%%&%%% tted to an attached conputer, stored

| ocalThe R 11 2pesferbbilareshtesls oertdinbpanidad dfeheimaging system

appl i cation p[%gran1nesident mﬁéhin th ina%ing‘

195 41 afrordagss MithpRgruedion sois eg-sEWAM §F FeSorEdin then
n?é?ﬁw t(ﬁ@.tl'lg.nﬁ i@fcoﬁt@ﬁglélt@théeEQhé ¥ten? mayl Qhtiol ofGHRSHAARE as

instruction , €.d., softwarie or firnmmare,
dstatieglimagetdata storedir the bi@norytl 1Dstrasfarangthetimdge date ta biber

CPU 112.. C rol, .oper atj.ons uch.as codin
syiege v g e SPRsE ahhany BeFonEE of SERI hepmen
11 0REs dBbFotcd tRAHRILpIS RIS Bnaydeliséd fir@Rrfofmineéndilidiakl
source 102, and the storing of data in the nenory

taskg suqhr asidecedis® noted that nultiple CPU s maybe used
for p j . NEbM : [
nny 05, SRR R 193 hOhch RS 0P HEY LR LT AR rgsent
itiwenkioh h&@hp heseny 110 preferablg comptisesresenrigontiiGtopbascd reddl only
conpri ses a.sem conduct qr-based read qnl nor,
oty BONEdSibrsaise Stdhityass cencir wlRgh spbpem e siged
iREFITibnd 103G eS8 dtordddShitif teatVided eV @B R eleBtrRAOFALS is
wthin the devices even after electrical power i's 15
remnpede dOther tremonydoiges desvdlseeonsgraplatedo cont enpl at ed.

It is,cont t at. the functio .

S+ or Qb REFATAEES fhal B furkdions, bAT AT YREL LRI bR St
rhdyaslkd be heoniptiskedy tediitidnal Hart SyirddivRts; ookt waso@ware or
firmvare systens are Ereferred due to their_rel gti ve

fymypsire sYSi§s ag ppelamed duytotheir rolativgstmpliity) alaptaguity tq ¢

. i _
ohindt, 38 ERELEAPHH Al bitmBed P RAUCHE R ap IR
sembiyait1 Ormaly furihat beoerssabte ormprogramonbdld, so tHaemedificatons or
can, be

. i npl epent ed as.desired. reove ot her
R R eSO B Bl S B D BS54 20 P T e NUEO B APSF 110,
pRHaina® sIRRehdda On HRRKIIEEH as Membsy 110) sdheasasi@etic 6f optical
the present invention, the imging device 114

dislet er ably 25 converts received light into a
Phur gl ¥ QfecPbERE st it ARBh thl Rl gif@aEAEPAN DL Rl

converts received light into a plurality of electrical signals that correspond to the

intensity of the received light. The plurality of electrical signals may then be further
amplified and converted into digitized data, which represent an image of the
substrate 108 including a symbol to be read. The imaging device 114 may comprise
a charge coupled device (CCD), for example. Moreover, one such imaging device
may use complimentary-metal-oxide-semiconductor (CMOS) technology.

Typically, a CCD comprises a one-dimensional or two-dimensional array of adjacent

photodiodes with each photodiode defining a distinct picture element (or pixel) of
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intensity of the received light. The plurality of

el ectrical signals nmay then be further anplified and
w@orwnmeed4asl i nto digitized data, which represeneCHIS2003/009971

i mage of the substrate 108 including a synbol to be

read. The imagi ng device 1141may conprise a charge

coupl ed device (CCD), for exanple. Moreover, one such

thé@[%}n It ﬁjsedetE@thgghgﬁMay 8fthe CCD imaging element is not limited to any
conpl’i ment ary- net al - ox1 de- sem conductor ( CMOS)

naetmwarlp@gym Wpcmplg,,thgamman&magggl in the usual order of

1one- di nmen nsi onal .array of adjacen
(B G g o lirios’ sy it BUrEaech i F Ay pP TR Hicn
tRé Fdw Be BheARAl tHedolBhXerk offket\Pa Z@@Mlﬁ@ﬁﬂ&ﬁ or the array can
PCT/ US2003/ 009971 -11 the arra I's noted that the
berareppgest inany oiepprttern i yhishdhe otpéloel@t ar¢ pidieredgelava
e%@l%{ gyl ar pattern. For exanple, the array can be
arranged in the usual order of |inear rows and

col uniech phbdide ay thealCheray [zangeids b Nokagdiaadfondurrent that

whi.ch I ol
SRS HT G iPRRS o s el s gnto (B PenGuir PAYIoNBHe ST b

@@Daa?ﬁ?qls L AnREYel &idglcalfbY %Et'i‘va'tlﬁﬁ‘fﬁﬁ ﬁhlv‘idiﬁl b@diQdes
are ordered relative to each ot Each phot odi ode

sefjueniiel D@D rin alylelg@rmoém@@nwum sigyel cantdining thervoliage and/or
t hat r.esent f.t | i refl

B RS BER T PSRt ot et gy b T are
tﬁ@rﬁﬁﬂé&ﬂ‘alﬁ!y efiplifed 6@l &Qﬁvbﬁtecaﬁ)tblﬁzafyldag vialies.i A@ﬂeﬂt}ﬁuﬁlﬂagmg
CENOt odi odes in a 10 sequential manner in order to

sgddé caﬁthtbmecglvgchhght@mqtbamw Aatarvaley EproRgeting Ay ,mage
GH45E SPoAIEh Bl IR A6, REPbOLLAMR TR IR BP0 which

maphlsd irethderdnoamnivedl tsenhidondidtoabased adnd omedcoess me@tﬁctrg r
é{m& magi ng device 114 converts the received |ight
‘bi nary data val ues representing an inmage of the

Synbofor Jeﬁsmtagp%amoﬂ@ﬂl@ lfﬁaglﬂg %leﬁ@é’ 10enfay ARG FhdLE®Sh fight

t he nenor al so i nclude conventi onal

lgeqtidetsntvn émqi shoya)eler d@tﬁ@mg\t e odensityriavst of the Rapyreflensed onto

t
tﬁ% irp%gg chggf}f eshe%hl’?? teg%?éc@cgr(rﬁ%{ fp gld\%ﬁ%}%lgg%e@&ﬁgut to
tHe 0P 1 IMindhvating1he istdrtaredueintembity hwrel sfghd liglefrbRetaonto
onto the i ? ng device 114, The light | evel det ect or

thaympsing davcal t- giuchight lsielslrieciass atg Welknepiy in he art
B SRAIL RBP4 304 AU bR TR ok VL), ] the

l'ected onto the | I ng device 114. Such
| i ght Alpeefetrediziethot] of sffacrtsfe]/}eiehdlhg oveh & wlichwyndol jn angdrdance

swtabedtector an be t he .pres
IR i feat o B hep o MOR SPeEP MBI G PRLH g o
12E0 sacH & th@tfof%@%'e i Ag APENHAAMGE Fighist fPréfBﬁbgf , @9@ilti-step
i nvention generally c rrprl ses perform ng an e
leglapalysis éf pegformed In order to efficiently and reliably read such a relief
symbol but also to eliminate invalid edges and to assign binary values to the data
cells of the symbol for use in decoding the symbol. Invalid edges may be present in
such an image for a variety of reasons. For example, such images, especially those
for relief symbols covered with some coating as described above can be difficult to
image and may contain artifacts and/or features which appear to be edges of the

underlying symbol. Also, dust and dirt, as well as smudges or other extraneous
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25 i mage such as that of the edge i mage 200 shown in

Fig. 5. Preferably, a nulti-step edge analysis is
w@esohoodresl in order to efficiently and reli abl pCT/E8903/009971

such a relief synbol but also to elimnate invalid

edges and to assign binary-v¥2akues to the data cells

of the synbol for use in decoding the synbol. Invalid

BELE Y BYp &8 tPBESRRE. ABcor8Mely, fb frilGfes 21 AnVdpid Sitke

of reaSons. For exanple, such inmages, especially those

@esehibinvemtionagte useiiy dbsanadizétgetchimpges drrdetesaininghe yalidity or

.descri bed above n i ff. ' e

R R AR SRR L R0 bRt

Adg aRagf 200BowH MBI, Yiand tiseprbedss fl8lvelart shosin iarkdg di.rt,

as well as snudges or other extraneous WD 2004/ 006438

pCT/ Ustommede b1y 1, a preferradiracesn O iop dgroding & ymabr)da

LEGAH NG Y the &)Pé:s eﬁﬁh@&iti@h?ﬁlﬁ%. o | _%teg f30b RBtains an

present invention are use for analyzing such I mages
imagel &t ee arahjizad) sudheasvlad edfetipmage 200 shosin idiRig. Sof An image may be
t.enti al edges a i 11, be discussed wth reference
iErkbSannRR  dedap s TR ER S PrinER §OTS T
daRRrD6:105ESInd the Wahdhg sydkan 00 BisbhBed dbove. Rek BbfeldMkat b
Fig. 7, a preferred process 300 for decoding a synbol
image sy ceaaincesinglesymhel tobeglsprded py sayicontaimsmyKiplhsyppls

e 7, B R B peL g

iabémioned by any known or devel oped techni que such as
by using a conventjional canera_ or by using the
i magi HECEhsipet R tisls gbississeitun ap dase qbtaiped oteRP Wn dior

: . . | ot
bl hERHR oF Beak DL AltsPind) DOl MDA obliuS HIARAHE.
Gemandliya ae ovageycan costenpuatitlissinbylsde setled objectsdbatrapaers o be
w th the present invention. next ste 04 finds ..
Srtals S 2% i of PERebpRea g paD odghsy BflS which
ARt RELPHFodatidh e RsefBab0 el sBpt3 048N efies all objects
identified as objects to be analyzed. 15 General

|

withinagmageet israshihat way be seghels 08 personepf syas oy Stohanay
hat | . .

RSB T B B ER r eppi

dalnittesmijues to daeadnéd afdevahiatecareasRifebatrash| oplort stapstetp
304 identifies all objects  within an im of . .
hdmage anahas tﬁaynws Stsell Kngn gt ArBRE B Ay, Tt

HEdnIR%d t&@nﬁﬁéﬁmjbae SHHRY a2 SH S oM e it 38N B RRREH

I mage processing or "graphical 20 anal’ysi's techni ques
suoh et drayianeanaiytzed imh paticular emlsr. of oreaamples objeets vy be

sh etc. . Such im al ysi s, Lechni S .are l ]
BB bashboh e hoRr P08 rapiet HRFSHARS sl sumbor
fshaklyrad Bdfere @n @Bjeeethat Wnbhi N a synbol may be ,
prioritized or ranked such that they are analyzed in

a parf\istap 396 begias the aoglysisyod gyfiret obigst eptfipthip siep 304. Itis
contemplated, however, that all of the objects identified by step 304 may be
simultaneously analyzed such as by using multiple image analysis systems or
another similar approach. A step 308 finds the edges or outside boundaries of the
object being analyzed such as the edge image 200 shown in Fig. 5. Any technique
for determining the edges of the object may be used. One preferred technique is to

use a Hough transform, which determines straight lines.
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ranked based on size or shape such that an object that
is likely to be a valid synbol 25 is anal yzed before

w@eooshp@sg that is not. A step 306 begi ns the BECEUYH0F009971

of a first object identified in step 304. It is
contenpl at ed, however, thati1akl of the objects
identified by step 304 may be sinultaneously anal yzed

such rRs ey §'1€93rﬂ?1léidﬂqg(58 'tH@&%eélﬂ@ ¥ 30GisHhSWANE a Wartesian
anot her sinilar approach. A ste finds the edges

OODrdm&tt@y&@nbb’rlml@&aXeé 203 fnd Re4.30 @m@@ma@éwgmanw Yeoresgd in

s, the e
8T PRebRe BGbTR SR S0 Rblbr oot sy
hey bisedd, iPperticubl iy @y itragh andlyds saftviape thas & wedHoltdhnoted
transform whi ch determ nes straight | i nes

homsaen ok ay erdings SysemeeRy/be used i gdition, torgy ditferent from a
¢ estaﬁ e DGatndted lygtems Prhfafs b@?%‘c’eﬁg@ﬁég&r&%s b%e%%wom@o

tesian coordinate syst€m axes 202 and
a‘ﬁﬂél@ ofthetiedge enagest0OmTieyedpes 2%e2|08 210 pandleX1 2tdgfine the outer

det rmn the e osi ti f rta spects of
HoRaTHat BT MiedgEohe UGS TaP e 200 Bchert Hopal ¢ Rergne B
RR¥erd HREE e@%@kn\é%b 906 8f thaideridpahe inSertteB8n of thel sdlgBidestified
5 however hat "any coordi nate system may be used in

in@tpB08n Thes, 68 cat lper e i Figr Sntha interseationod thecestzes 29288,

e S Bl (1 ERL Wik I Ab 19 3 gRet el e
i A g e iy
det erA B3 12 Helempigen e 51005@0%@9 @a genterted st Eﬁ]}ls of the
&80 %ngg h Bﬁe hﬂk@t’f&ﬁﬁé e@e&tndehﬁo@ﬂgsesay de @Edofrrt;ﬁi@hed

I n step an be seen In Ig , .
Wwindnethe éxmansmns)bf thhedg@i e200 arokgywn. @, examgle? emllustrated

65 t‘éed?‘ﬁaaé%tlmg@tv@v?ﬂctg himnetss ot xS B defuocdb pavine

thé 6ded 236 ABISED 10, ABE 21 Pe ARSSi liinigB) theGhattiR @ o€y 64 @ta cells
the data cells of the ed e |rra e 200. In one aspect

(srchydria grllas it i Aaehof ths 5 has R eaBeRRaRiTegn thy
L P%ué’%st%?éstﬂc Pt LG M o ol
ik halMway betwoarpedchaxarofhecel. rRm”enrmgdxﬁ F@Qaa dathlcsll Rddisng
h d 206, 208, 21 d 212, A i, t
PR BEh NS GO Sl 3) CANPEet ot s bipdef gnd bys
ée\nter E@ﬁ&nﬂl‘s 5t 08) 64 clltimahe heSchts p@m@ 8RR df @1‘16‘64bdata cells

hin the coordl nat e system whi ch can easi |
Qf@tdgc image .00 Braxtllusigated hecrossss ar Figf 9.slid$ centemplate@pthiatthe

hal f between ga axi s, of the cel,l 0
Rl G g SRR Bl T AL ok May St 3EE Gl Bind B the
ddbe 5ma§e &)syMDbﬂﬁferéb@t@b&@écbd&ﬂ-&ed5‘not bé ksdwmt Eehtad) the
has center at point Accor di ngy ¥w1 t he

preprse pOhEr ﬁtpoﬁtonetbéllﬁtoéﬁnw ipgatiyglyarepeated ng different

matrix configurations until a solution is found. Generally, in one aspect of the

present invention, the process may be repeated until the symbol decodes. It is
further contemplated that this technique may be applied to any edge image or
symbol and is not limited to a square matrix.

A similar step 314 determines the relative positions of the corners of the data

cells within the coordinate system. Again, as above with respect to determining the
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of edge image 200 are illustrated as crosses in Fig.

9. It is contenplated, that the centers of the cells
woreap4loasddiet ermi ned in any way and that the di nRCEUSI983/009971

of the 25 edge inage or synbol of interest to be

decoded need not be known.-That is, the process 300,

or a portion thereof, nmay be iteratively repeated by

cbritis @ il dak£LEQR! the @Bfrfefs)bf(tﬁ&’kﬁat@ uglRtdan e ebgilyi detéi‘mmed within
solution is found. Generally, in. one aspect of the

thy cooedinate Aysteri BAT CxAmPle rﬂart % cthyl basicapeat dd Lub (1 2 (2,
t) d?%rﬁ?ﬁklg)e%)edﬁa %élf21'6 asc Eﬁepft Qg g”@j %%2 4dak, 4).

de na t 0 a or 30
sy nboI exf md;tepss lnﬁcdetérmmdse)dlet}mr ar Bmquraetlmiarrdata ceﬂ includes any

sim .l step 314 d rm nes e ative.posi.tions .of
RS, SR aHe ot T dav e e oDt OB e P 8
RYSHEMn AR Belo®S "Fﬂé%_l_?pd% bhstee SPeRtto identef ffyhiAL Bt might

the WO 2004/ 006438 PCT/ US2003/009971 - 14 centers of
behe edge. aRefetring, to g % on peensplarty datrecelias #leptifipd by zafengace

SRR AL TR Pyl 5 & S0 YRR

2&)); 2(22224 2hd 226 dvh(lcg} hab} ceibsat (zt ﬂes ﬁ)a(as 0635)I, (425,65 $jaand
corners at (5 Next

(§{5e‘ﬂ)5BIP§PQSF§V@B’mI% é@r%ﬁ@%%we% of Ht?tst%P %yléi(o fheonﬂngrbe%?ea the
ﬁtlte} of I\l 9@1? Plﬂyer 5P gff(gﬂl%% nt€ & Q%‘ePgdﬁi cdiMé@bhidated to

ermning t Re VAl an i dent edge is
dé&smrneb;dtbthan otl @dtadr edge Impvese'ﬁh eF@lmcpum@ thie e;igespoﬁthe datg cell

31 o B s b a2 PR SSSap0 109,

9)8%%&&6&%1 RWTRIRRS 224,830 1982, %%@@ﬂthe@éﬁc@ﬁ@l@cﬁﬁﬂ%ﬁf
at and has ad acent data cells 220, 222,

1Qezmﬁee\n Brei@@zabmthms mmﬁ@tedefm esch data cet of thegedgy imagp 200 such

tﬁat @;l Dore nga%%%%)f %lf f‘ 1%1%% %eﬁss(léhé %:%% 1‘?19&%8%%1% Q(tlﬁ dn SAch

dnlevalubest Say Bt aacdﬁqﬂﬁhé‘(ﬂqlsuamﬁl dr @t@h@@llyaﬁdi ig Ihefece&xhy er
of an adj acent data cell is eval at ed to te Elm ne
agpenplished by yiliziag wellgeopa | lﬁ}agééli*ﬁ ySigRR vzs,%xsng} et Wgrds, the
f

%QE‘E r% 2&{0‘]? pis p0| % b gj (i g%ﬁfo‘%ﬁﬁﬁt %1&%3?% Q@aﬂyﬂ% a)s such
wirtidag{pBoiiate Ec)mplﬁenmddmagb ynalydrﬂateel@tgngeszwbmhzgﬂthemgdves
arig 234 of t he data cell 218 can be an 15 identifi ed.

is is repeated for each data cell of the

edge N&R @?st&@@l $ bKelEns hiideriad] valRes ®dachbf gdgRend ofthé data
of the data cells of the edge image are identified.

s bf thasdge isnaget whishmunesisalyelisapaydieaed foselamingte dpvalid
egi{glaf mrg%lreh%lf\\é,a}iﬁgrt(en‘%alp\;aﬁe@ ra?ebals}f @& &OéEBh |T0§ hﬁ%oﬁye s of eaﬁh of

iZzi'n OWn maean ysi's software. Fh’ ot
the dsts ,celllshlﬁlse@ dfy éhd nmgher Bﬂ@dges tlrm efdéata liloyn a particdbgédradr. In
f or mat , V\hl ch may be anal yzed as such 2

agepdapsie it theqwpRen e ST agh et mgrise| ‘éﬁ\l%*&ﬁw b dsgermined
i Gh 1 @ne ) RpaRehME Sorn¥Bls hak A8 ihvhil{dRgBkddiating therefrom. It

is noted that a corner of a cell that does not have any edges radiating therefrom may
be assigned a value of zero or maybe ignored altogether for the purposes of this
analysis. For example, an edge that leaves a corner in a first direction can be
assigned a value of 1. An edge that leaves a corner in a second direction can be

assigned a value of 2. An edge that leaves a corner in a third direction can be
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Next, a step 318 assigns nunerical values to each of

the corners of the data cells of the edge,i nage,
waokioghodassreri cal val ues may be used to el i m naP@r/US2003/009971

invalid edges. Preferably, nunerical values are

assigned to each of the corifers of each of 25 the data

cells based on the nunber of edges that radiate froma

afiddell @WaBle ST NG, ah RdgiBaOEARB G&oick h 4 RRrdIE&eMdn can be
invention a set of numerical values may be determ ned

asshgried @anluedui®: i A particplar eqraern can thesybeeassigaedhavalhg thahis the

i nval.i d ed l,ating . .S :

bR P T B P LA AT o= LR s i

aplibatibh agd foreilekration, My above-dassibga ditectiona ikt botrefaeedto as

or. maybe ignored altaogether for the pgrposg& of this

ugdlefindawiyjagd right regpeshinely withyegsghtothe Fiaugesplthepresspher

a'%@icgﬁ&iﬁrst direction can be assigned a value of 1. An
ge that |leaves a corner in a second direction can be

assi gredrdinghy refermrig @. Figrl Opdaph dfttlat cdreery efthe celds rying n

third.direction c 004{ 006438
oo U B0 P o e T A0 A PG oR TR S
QAR N AL oh @AUBHleAtHe AafACk]l N8 Bad S3théd afl{3] 8% 1(3,9), fgﬂ)’ aed
assigned a value of 8. A particular corner can then be

(4<i dhe gomerall (3eSinelpd¢sentedae legyingdr thewp dirctian (3s5igh e
' . t.] . COL )
L LR TP U Py B M PY A0S
tiedvefoes the somebBthssiphald vahmsofd. | Thebeornefae (3, &)l itchudes albedge
up, left, dowy, and right respecti vel ith respect t
l%aﬁglgppghﬁ %%W%ﬁl_r?%@n&%gg@ﬁtva %Biﬁ‘ﬁséagﬁ%ﬁ&é%%ﬁ% Plh‘é? yight
e ('aﬁ%%rg 2 v of #Pand8RGBRRE tHetB e iNREEn&] a VAIBe 6€14.5

avi ng es radiating therefromare | abeled with the
Thelcoesr ais@ Gniedluflesoan ¢dge levingsn theddwi digectiondasaign a value of

4 XE&%&%Q&&%@% e ﬁéﬁ diée)%ﬁoﬁ‘rﬁ%s@g GG éﬁ‘be it gié)efor@ Bhe
coftfel 14ARSi oA £U8I8e bEAVFIEILY,Ahd EEnétnt @41 eilidlades @assidleaving
value of 1) and an edge leaving in the ri ggtr direction
in thegloym direptipu éassigng)valg @t 4. arcdee laavingdn tsrlgl dirpedion

: | I . !
@R RRu o), HEedle 193} O Birectonlcibsighl Ve 1T and an
edfe lhviapgdn dre réghy dirbetboni (agignre vahee of §)hand titkrefood thenorner is

(assign va f 8) and therefore the corner is
S S By 0 R L SRR s

- WiHed Bdes andedeR 05 BRHURRrcA vallfs d9Mehedith @6l dopibrd S5tRE 881s

a value of 4) and an edge |leaving Tn the |eft _
ofitheewige dmaga2®) gay he utilized toindjatemdaliheqradrdiamingtyelid edges

ERAE el BRSS! Bl FSonfoP P BiBeca e
0 sk BBvinASali@Bdgs Valvihg thdrefdm iacluslgdedsedys, 6g9,i 10, 12

the left direction (assign a value of 2), an edge
anddving in the up direction (assign a value of 1), and

o0, 2380 SR oy 4 RSl i
edges and which will be used in order to explain how step 318 of the process 300
may be utilized to eliminate such invalid edges. A first invalid edge 402 can be seen
which leaves a cell corner located at (5, 7) and which also leaves a cell corner
located at (6, 7). The edge 402 is determined to be invalid because such an edge is

not physically possible in a relief or topographical pattern. Additionally, the edge
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assigned a val ue of 15. Because, as illustrated, the
edge i mage 200 contains edges which are all valid,
we@2wh/oafs38 he numeri cal val ues assigned to the POF/I82083/009971
of the cells of the edge i nage 200 maybe utilized to
indicate a valid corner haviég valid edges | eaving
therefrom That is, in an aspect of the present
40D Yr?agltHleémgﬁh't@E hé GV BoUESe shoh bR ed €I MOF Slidvadi idccordance
es leaving therefrominclude at |east 3, 5,
veth i) asm@ct of 2 paivetlar sodet pAqepgflingly, thaselb agpaers meaydberssizned
i |l ustrated [ S I
et R g1 3 SRR ANAR, R S s Miehiot IS5 S0 2
iddneifpEsraes shal Othy Ry ab thvdlid kigeldating élerettomt b érldeﬂ”to
invalid_ edges. Afirst invalid edge 402 can 3 ﬂieen 30
GRISFBIRC 64D RAICHaE B1ge it WP ALY, AESR IS s considepdtogathepand
v%gé)bétﬁ Yferhave Ekeﬂ:e% &d 1nlvﬁﬁ@h\gﬁeﬁ‘$al @6sigrfakions] I?l?e &ﬁg%at
eternlne |nva ecause such an
i$ sommon tcphtychlooaiekg/rnp}obfsldbhmﬁa&asaanrlamlef edge.

ESBZ?M hi ca tergg%g@l oniﬂflé%%ﬁéh%dgl: YOuiccussed

ag@é;é ’@ﬁﬁtﬂ%@e@% Vg 0D eRSGER UG dd n8AEe piysitally possible .
| owed in accordance mnth an aspect of a particul ar

eds@lm a mticbpatieriy| Yhe edge 40¢ 1 casampe tcsthﬁﬁyﬂ@éata(ésﬁgqﬂéd e

n v h..

RHRER Gam-vAr R Ge Hihetar G3BRN LE1K1erll a Sl Yotue

olgan @nd lthd dW?érlad(Edgﬁlaiy Fa%Sﬁ%laim{Lﬁlﬁﬁrﬂ:m vdlue of Ide rFurtheﬁ
etermine if a_particular ge .| nval i g, ad C

eelgsi0s 40, and 4 0: wiiFalse sgcgklﬁ@%hd}d@es AplusEbd, “fhe edges

8 IS, Sndd QY@I&E&‘Q AR oUNGhnhMeal VA AWTaT & Oﬁland 13 that may
esi gnat i ons, edge that is common fo Both corners

a&myaebmhzdém identefiyinggneatidi edged. | Thesefgre, infaroaspest of the present

TP et Y OO el ey RS FRBRE sl ot
tR&eRohQdclnedhidetoll, D@ A ghysixahliy4possi bl e 10 edge

inarelief pattern The edge 404 i s, common t he
cor nefnather(test gy beriged mstead pﬁ@rr ingdditign to fhat descnbed above in

HE&W gh n‘ifgl?d Q(g %j@z'ithﬂf st ;ﬁSZ(ﬁ)y %th%@%? ﬂ%’{a @avs:-ean

nunerica e corner
cﬁlﬂmugﬂmdoﬁedgemawmltheraﬂrm dhatlig, 1nlﬁumrﬂmcp w1ﬁﬂgesre$aﬁ
408,. and 410, which Iso ach i L‘ﬁd ed

inyengieny HEQRCT ingf rFf’a%;Heﬁlc}l@ateS an

e RefRPdhg RURB! | Calle Rhest (Qf4)1(3 419 (3; 4)a(51| sigstiga&s N, (7,

may 15 also be“uti’lized in idenfif

6)hasde(f7 o7 egach hamam@ﬁeonnhﬁ of pégep ﬂ@ymtheneﬁv@n {Speeifically, for

al val ues ne t i
BATELS. ol st s Ll ST TR ) Bhot g DENE gl e,
tBerefrdm widile @b derddininfrRofrRey oftths btheRiRelidisditts v (ﬁﬁtdadgé
or in_ addition to that descrjbed_above in order to

leaving therediomn, By ar edgednay bidsnishiedprs3prrlidywhere fheiedgs iy
SURG! & dobidrs BAY fa®n odd number of edges leaving therefrom. For

example, the corners at (5, 4) and (5, 5) each have three edges leaving therefrom and
have common edge 404. Thus, edge 404 can be identified as invalid. Also, by the
same analysis, edges 402, 406, and 408 may be identified as invalid edges.

Before the message contained in a symbol or edge image (such as the edge

image 400) can be decoded, logical values or codes are assigned to each of the data
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20 odd nunber of edges |eaving therefrom That is, in
accordance with the present invention, a corner having

wa@eoosdab4tinber of edges | eavi ng therefrom i ndi PEX/8S20831009971

error. Referring to Fig. 11, the corners at (2, 4),
(3’ 4)’ (5’ 4)’ (5’ 5)’ (5"177)a (6! 7)! (7a 6)’ and
(7, 7) each have an odd nunber of edges | eaving

céltbe rﬁéfem %mfaw (rélﬁ&l thé{b m&i@ate o2 8L, Black Bfewﬁné r&r ssueh as
sy each have three e

theaavmqrg:ahﬁalmeif @fandrh m used t A8 suabiraifiilieg siep .aag €80 e

ciniu1 &pgegqgéﬁ s'c%}\}/?? r'ogv a{[§ %gsg%% Q%Ynf}r Yganl?esg ?chf(lﬁfgevaaﬁg cells ff)}l(()jwed

bhasts 32!4&h&1¢ga1sla8colmmassig@ i enlsed foaachafthe alataaxéﬁs.
number of edges | eaving therefron1 For exanple, the
Rebring to Big. [Fthesleps Ad2 et:-sd %ﬁamé&eﬂmﬁa%swwpaaﬂa%

T T R e

netedeha i yosvssand ed@lﬁmmtﬁrg/ beds{bﬁnn@nd adyP Brdwaylchehng

dentified B h .
stieaposl | s SeO8RTeP Fraguy CeasHomat Rens g
aFtBRSIRardQ}ues 3t A8 gARTIOARE cellsO Fop @karﬁ@le Ufer Bfic G618 ofih fow

assignéd to each of the data WD 2004/ 006438
oPCTLBXCaBIsaEoommed the Aeeasie|siep I36anay Appsriormied fgop line 323 in
B aliﬁ e%trgc?\%%?l aﬁ ﬂ}i}?‘él 1?1nché) i)rd)ggso 1?4693 lﬁgﬁl;[y’ m& (,Gan beet %mgged

t6 bedlor ofeldatdiedlls atdepoddAZepcaiin Hegperfoanedict ed t h at S cans
a row to assign binary values tq each of th

cel | A s@nIBHisoVp ot sieR 8ap My Airstberpesiogned 1 ¢ the auﬁﬂl%)f left
t%ﬁ%htg(ﬁ' LG Hhe Y@&Jvéjgisthé Qd & F§9f40t) h ?ré%éltaﬁlg‘:ﬂ)ﬁﬁry value, such

erring to Fig. he ste
as Orp 1l Beassigaetsto |each)q1ﬁihs datg celds forctdating a Symbcpirlnmgd #oywith

further erraqr che cap bilit s des bel o
srgberly Tt defiaeis RCraRa sty IR ESRED. DB ey
abdl oAby dedssighflgUiifigial ﬁalﬂ@édomgqu@ ke ﬁﬂst ddt célpéﬁdrow
that a decode step 326 nay be perforned at any

(toetleft nmsmﬁt@' celBl Disat, arveh)&s% pegiggd toan pdiaceat daéa C¢b¢ependmg
Xg %e er ﬁx ag '3 é@g&{'thgf 8&9"& oceﬁ§ 01C Atu 'Tflad{':‘ 1s
he C ode step may pDe per

gu pert or med” or me
présest, ﬁib&dg an:enﬁ-_den is Es)ngnbﬁ) theonabie, o@bsmﬂﬁtorpmhmalumd the

prqce e.a binary valu ssigned .to,qne
pé?wwwiat%%&% T€ e pdgeds aéeesl&e&@t%ﬁcegﬁla 8& 5ighed %%ame
VARRMs e $2GiohOvs!. qfor%k&ﬁpfézﬁl%:’? y ilfusfrites ’Qi%al@esfaflﬁsﬁl%i cbﬁ‘ld

the direction of left to ri each the rows of
hehemgm@eby e es %00, T]@mhéwabllyﬁ ‘L‘Qarlg‘tll‘trzsafltryof\ﬁéerpu?e22 thedninary

assi.qned. t each_of
P18 Bp Prgiord jRS OV R aBBEAn it o b R e
defiRAbT EdcRGf e dutL &S Al deah cms@ubgammaluy tmenpposne or
decoded. Val ues are assigned by first assigning

righi £0 left djegtien e throses andialyasgan e 8psidonca i 19 VRper Heht
u%\fan{ M(}ﬁ? c agnes tma?l@tﬁ% CF%?{& bf ﬁﬂﬂ tf'thead Y@(I:él'ﬁ AR will be

acen a epen
descrlbed beloyv the Values obtained by a scan in the columns by step 324 can be

positioned in the upper left quadrant for a top to bottom scan and in the lower left
quadrant for a bottom to top scan.

As an example, the row of the edge symbol 400, shown in Fig. 12, which
contains the data cells that have their centers at (5.5, 1.5), (5.5, 2.5), (5.5, 3.5), (5.5,
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upon whether there is an edge between the adjacent
data cells or not. If an edge is 20 present, the

wa@eajoaoenss cel | is assigned the val ue opposite PCDOS100E009971
value of the previous data cell. If no edge is
present, the adjacent data-¢®Fl is assigned the sane
value as the previous cell. For exanple, Fig. 12

4 5)1 @4535 6&5)?@6 Nierwy 65. 54alﬂye&dt(lsia; SSoukill behtesaiteidg@ach bffthe
suc can. To conduct a left to right scan

dBaczals Fes mqenwedwa Aidh G INTHE. Gosed ety fis FistBee

Pﬁ#sﬂgtthﬂ H‘gﬁ.{ﬂ?ﬁ{g (% %J% fﬂ%?@f $hd al céﬁifagélef Be Agéé, aSER Rl'the

A scan can
vahrefodlmdNkxit,rbetdvse dppoisianedge betmiegin thetdatal astls Adandefé,tth@) data

t h | u d
cBll g st B o VRl EROSICLRER e RiEFievs flun GEnPEDSS
&%&%{1 bREaush et an %agé Betwhn eldataddR]ls Basdrd, Bieddhe bawc is

e 'val ues obt ai ned é a scan in the col ums béﬁste

asszgnesiathe bélar}p‘@élilft ¢fonelind,for the spppesasomhe dptmenlbRts assigned
tlg% %1 ah% otrftog r%esc%‘h?% {}g enné Q%ag 8 Ent Igg{v%eeg %lgei data cﬂls D

. ah@W, &f anﬂffe agdlgand vyliad da4e0@ellsSH) (W\/and G dré gesigh2d t()/\ﬂnle bmary

vcéo rég)?"og SFBI;IEH eyé ggotggse%ﬁgtl)esls telgg %\{\gsf}nhgé(rigg ?:%eé and 1VH the
d%@aocﬂe/lqui’%%élgggm%ﬁﬁgfb%@%i i -18 4.5), (5.5, 5.5),
: 8.5), will be

desc rRrbfechblEdhotarpyaltéscare dmgledéd) ia& Oﬁﬁn@ ‘colieby scabping dherows

f
ifabpliy gilpetihnand if heghading doseiP RO ARy Thits U8 rohllifE BGR,
vafiles atRRitfe®ih e uppasnl Jovest ﬁé]ﬁ quathnt€ oPthe troshe@that mark
because there is an edge between the data cells A and

tBe certiers @heachdf g datpeqlls forarighida lefhanddefide yichiarcae
BROSVAS B sRlwh APE e 84 dRkAnEE ho® A, cg B he

ause ere s an e data ce
(ﬁlurtnlmaoﬁihé %gbeﬁagﬁaneQQreihmbl}gmdnddlmdbsmgteﬂ bigdry efahltés ih the

And, for the sa reason, t| e dat a c D is, assi gr}.%(lj
SEFRS TRATHST §5 YA ReSIoged abasle i PO g orthe

éa@@ %5% e AL ")@@c@r&ﬁ@y q;ﬁ& ?esﬁﬁin%gbngry @ﬂqeﬁfor theadthnms #8d

he data Ce G are assigned to
ndsmomqh ar 1§he 1pparand éovexfr 1@& quadrants yf thig stassesdhatiyearls thesceagers

FEAG ST R R B Bat S odtiop Pion SR Yefiftclivdlb.

val ueSeaf £sta§ S3@d@emiifestht bifary Regtudrebt &chbfﬁm&mm &dls by
the rows in both directions and in the man

aebeizshe bigoyeluerangigned b thedew scppftrs ﬁ@Z av%ﬁ%‘ésThls
RERsRIBY BRAE corflide M HRPRE VAR o B! LN, 11RANAD

0SSes centers of each the
witrdng @l daa ée:brA a)f Fighe, the nbtesfaluemfcthd: bmaryt\caluas @Isﬂlgmdan cell

SR, 0 B S B e 5B ot
@g&@g Ah8bfaly & Sfi6s Sley A &ARRRAMARY, &fisl BNesd Jlll dFahd scans are in
agreement. Accordingly, a net value of the four scans of steps 322 and 324 equal to
four may be used to indicate that the data cell can be assigned a binary value of 1.
Similarly, the data cell B has been assigned the binary value of zero for each of the
four scans. Thus, for the same reason, a net value of zero for the four scans may be

used to indicate that the data cell can be assigned the binary value of zero. Once the
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same manner as was performed above wth respect to the
scan of the rows of the edge inmage 400. Accordingly,
wo b@4esss ti ng binary values for the colums aPE&r/B82003/009971
positioned in the upper and | ower |eft quadrants of
the crosses that mark the ckhters of each of the data
cells for atop to bottomand a bottomto top scan
biraspeliidés\fer 31 the Natit cellahstepen d6tetrined by step 38ha sbipriEdymay
val yues for_ each of the data ce anal yz th
bf PRI BER A RSBt R doras e tigh Sl b oh Sapbinary
vﬁiggs 2L fbmed 1 6, %‘ﬁ{e)éﬁgé 1R ik E&JCHQ%IBIQ%%&’&F hﬂgm&lbﬁ may

va]I ue of the four scans. For exanpl e, 25 referrin
be madaba step B2Rtoofaveily. mdpaga 4nd preceed i metepﬁ3@,méhlbh Bigp y30

l. [ d, t J is 4 (1+
Y RSP bR Sl SRR Ry Qe
Y€ EBjectt REcdlsItRE thed Mhaigrobdss 300 !pro%eebd‘s 16 BRI IBIASWiticR Gagins
to 1 as all of the scans are in enent .

thcanshgismg lryrextohieat iy agegedagee wHE thf‘d%rPS%l&a%m&n S hsge are no
oot pBRfHs 58 SRt Bon P BfockRenBE o aREh 301, IREL KR Fopr if
tHe ed3@ 1Dhgd daandtybe debedddiahen thelproddshiagy bergmuass stigp 830 tche

bi n | f f h of th

AR A e el The b 5o B reyethe O Sxpit i doende
ngagrl{f I%Qﬂ&ﬁwﬁﬁ)dlf?@reml{ﬁl%ghdl@s ddTe8 M SrdbhRtdebbe: ﬂ@h&s%

be assigned the binary value of zero. Once the
2004 /Wb x8pe@Theb2oos valoooPsigned ® the pellsyofifae edas imgge 400

sBywp imbig” it Pr S Lof FUS G b} B Rugnds 8 sdinfhee
400008, i haoedgr indiRBmanydsedidadged et\dasuah,rme etigd inexge 400 of

Fé‘éillzggéﬁovéa”@ﬁ&x%%uﬁgée%i%‘?w%e@3 iy e it

4%)@ e4d§e (ﬁg ?)C 3 fhih Ro® the &9 513%’@29 hnd 38R ¢330

tonsi ers not nore o Ject have been
usekbtt dskiige dirary wsatleeps 18 Bl celllf of ﬂeredgamagertbate:an bp astdstotdgcode

onsider then th ess 332
S gt 1Sl o8 B2 AR AL RE], b8 b RSl
A8, qflg almlcsﬁoWs e Bihgy RaRRE Hat be[thfH'Hsblgﬂed by tHefiBﬁlesc@ﬁdaoﬂ%téps
ot her “obj ects to be anal yzed then the process ends at

R29nd r324;3E1rstlyt, thedbipasy ez@lqe o may bagseigeertie therla celbmhat

be dec

R
and 3'Qﬂrl(§§é celFEO)r Ase\fot thosd Mlsdlﬁmdhdee a ﬁay/ahxe aof ezeltorthetimary

wth differ ent t hreshol ds_defi ned i.n ﬁ 3efcode
vafe qfizeogey be ysigned e sel - oAtq%WBP%af vﬁ\?a Q&g Toracell
ﬁ&l%étg§£§lq¥ fn@ c&E@ct belary vAbe %}gh@é@pwés'ﬁﬂﬁvrﬂgg Sewa offhe

e four” scans scussed above, it is
samtw dnfottet wtohh ﬁx&g:enﬁﬂﬂgmry 40l0e gfas kngwn ipbetb@$ theorcans
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In order to explain howthe scans of steps

Boigneth dIn:meA,ccd@mn lsean from top to bottom a binary value of zero has been
assigned while the scan from bottom to top disagrees and assigns a binary value of
1. However, both the right to left and left to right scans agree and assign a binary
value of zero. Therefore, because the binary value of zero has been assigned by 3 of

the 4 scans, the cell may be assigned the binary value of zero to be used to decode
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used to assign binary values to the cells of the edge
i mge that can be used to decode the edge inmage.

w@ewaned4dglat a cells are |labeled as |, J, K, L,PerusSivn3/009971
for reference. Al so, Fig. 14 shows the binary val ues
that can be assigned by th&f-our scans of steps 20 322
and 324. Firstly, the binary value of 1 nay be

tlRSRliod Rfsbel400! Mhedaina afifllis niapdk uséipfoe azel @hviviglaut eflue of
four for the binary val ues assjigned by the four scans

3o os exspples tize celllgbeled) hasanet apiuepf 3 apdl sy tegssighgk
bﬁufeaw \§a1ﬁfbc?ft1 l@%‘ﬁ&seathgﬁ &f\?e &1 %/Fg %)sfglﬁg\d ?dé{ka(&glog \g@oét‘&ans

Fﬁialll]er nel' V@llue of dor aaceibilnlchcaten thad: adaas it dygtositddireationsof a row
bi nary val ue for the cell kngwn i n out af 4 of
o pn SrelsorpoBieRby RSy Tk 4] SRR e ESHEA DLy gatue
a¥@ﬁla§ @9#561&1 B R t f‘@r SEABER, tHelcRl Wfetbdat ‘Ea@é‘ﬁgﬁ”@h@ of
or either a row or colum but not both. For exanpl e,
2raefl exayibedatiebed dseinkebwnl abel ed Min Fig. 14, a net

I f f b
ol i Bei U9 41  Ern o isP Bl R R R0 5 e b apy

sESw &8 pBrforasedll, BResambiel £bindsy wt@doff deedminiet hove beentagggned
di sagrees and assigns a binary value of 30 1. However,

tyerlhRdmerren (Gl Kt sélomhe aspignedine bingry vejie of DarBecapiedbls
g?lﬁe(ilal o8 1t gacrep be Y@ e&’fa Eﬁ&gwn-qgﬁl%tegﬁ% ?ncgl?x%&?us e
ary value of zZero been assi gned by 0
petfernding €aun Scaris peovdées sulﬁ@qtelhenﬂaﬂmitgmetd akdign bonnaut bimagy vedues
of zero.to be used.to decode 2004/ 006438,
tpperialisonie and fotprtity. %ainwéheé&v@ kOB dartelarly Jhere

1Mﬁh3é§ge°s a?@ﬁfre?c%t U%Fégof:iﬁfgl}a a %ﬂméh@%f HMioAefiMinathbiRedlo
For exanpl e, the cell” Tabe has a net val ue of

cahammbnmmnmmzaésr@nnmwkﬁe b|nary val ue of 1 because

Scand el iy A TARMMEE b Bilim e G ©

destribed B tEs docudRO Biniechedh IS&CfbttIiJ ﬁSthéﬁ‘ox&gdSmgldEscﬁipﬁon It isto
colum are in disagreenent. such_a _cell

b andesPahdw e Ve yfmswa@culéﬁ gormayr SEbpdERTs o 4B vention
hﬂ@%ﬂ&‘ﬁql%luﬁ%fedeifﬁ}f%s oecﬁﬁgal’glg)ﬁe, él@&ﬁ%ﬁ%dﬁ&ﬁ%n@te‘lﬁ&pe and

ue o ahd nay das u I's not ed

aniaagerma‘nt ofpartsaandthe ke hantbe magiewithous departingifremithd spitiband
row scan were perforned, for exanple, a binary

S9%Helfgﬂb?m¥%‘}t’c9nm ght have been assigned 10 to cell K
in error (cell K should be assigned the binary val ue
of 1). Because it is generally preferred that a cel
be identified as unknown rather than incorrect,
perform ng four scans provides sufficient informtion
to assign correct binary values to certain cells and
to identify certain other cells as unknown
particularly where invalid edges are present.
Accordi ngly, assignnent of incorrect binary values to
15 cells can be mnimzed or elimnated.



Nuner ous characteristics and advant ages of the

i nvention neant to be described by this docunent have
whemn/oeass forth in the foregoi ng description. PCT/US2008009971

be understood, however, that while particular forns or

enbodi nents of the inventiell-have been illustrated,

various nodifications, including nodifications to

Whapeclamnedl 0 arrangenent of parts, and the |ike, can

be made w t hout departi ng}rfromthe@rgl rit and, scope
lof tH’emeHwém dsiermingne Bl sod symberhases o0 g i @ntem
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f eat ur es (ﬁitacé nygﬁﬂql fb%%“’é n%ﬁisg@ff#@ ﬁj"ége ggfﬁ%%{rﬁgeﬂ'ﬁ%i ng

a dateacmkilmfmmhum theemethod nempliising thei séps ofdge and
representi enco i nf or i on,. the nmethod ..

conpri si n %l@?%g? IBPSCenefl “iﬁeﬁFWG ﬁﬁﬁ‘é %J.llg%r&l}g’gpagtpm and
di scerni bl e edg@gnfin i'ﬂ%‘orfrﬁhbl?fep?@%ﬁtﬁﬁ% &ngh edzeiRhgd NY

i nformation representatlve of an edge i mage including
t he di scerni bl eneldélegtha/@scredabhemggme edge i mge by

performn an SI 8t { least
di scer nabl%e?g%fbngﬁee e erWﬁr?%%nlg dats c:er}aﬁ)}I osf&?’ﬁee%t

synbol fromth%rﬁdﬂ%ddm@ﬁlablbddigaﬁ ahle synbol can be
decoded to provide the information encoded. within th

relief patdelrminng 9I4éta§§1ﬂr‘8&he symbohomdhe gdgcgmage & phat the
1, wherein the gé,;n%]g I

di scerni bl e edges & %e&reg @gp b%@@f%é@%@?@égnwdw

i magi ng the reIWiﬂﬁmm}ailteheﬁpadIbm aftitbe symipadl with an

| magi he, net erelnth
4 g T oo olgin Levidlpndfs G afifeBting e rturiye OF
dI I eGhidcRehible @0EesIHtRe ti8f pabletdonbsse€iagiflg thERElidTphi&H of
of claim3, wherein the imaging of the reltef pattern
furt ﬁlequymlmirpvlﬂsmmﬂgmgiqvwg contrast in |light
ef |l ecti r r.ol.Rl:
%aged neatidhla bPOBEL 8 T M RARAIRe Mo PR bhBics
Va|I@%hq&@yﬁheamqgﬂﬁﬁbﬁ&&hﬁﬁﬁmﬂpMﬂ@na synbolic value

i ndi cative_ of e validity of a disce edge .t
4nt ercnsiba of qal%ﬁuwlaww eolﬁna&l%%frt e ql@?ea&&ﬁl of |

The nBhheleOhtithd Eﬁn@ast"iﬂ ‘ﬁ%ﬁt’ &ﬂ&&ﬁ/l@xmeﬂeﬁln%%éjﬁesence of

conpriseés a nunerical val
discernible edges.

5. The method of claim 1, wherein the validating step comprises assigning a
symbolic value indicative of the validity of a discernable edge to an

intersection of a plurality of discernable edges.

6. The method of claim 5, wherein the symbolic value comprises a numerical
value.
7. The method of claim 6, wherein a numerical value indicative of the validity

of a discernable edge assigned to the intersection of a plurality of discernable
edges is based on the number of discernable edges that form the intersection

of a plurality of discernable edges.



7. The method of claim®6, wherein a nunerical val ue

indicative of the validity of a discernable edge
W@s®ugoaas t o the intersection of a plurality oOPCT/US2003/009971

di scernabl e edges is based on the nunber of

di scernabl e edges that foraR2he intersection of a

plurality of discernable edges. WO 2004/ 006438

FCT/ GPRRWANODEONAim 6,22hdlein Tinevahidatioglstop irelhwlevafidating the
wherein .the validating step, include validatijn

the .
di scekiseameblecdge bpied o aormericalneliecassiched (2 st %f_ﬁ%&ﬂon
to a off!d{s%Emhﬁteeehggsg Wh?ﬁ?n fi Qtfinghs%&?&f‘ﬁmuﬂe ﬁlg%e ax\é’ﬁl't?lg Rdge to

first intersection’includes the di scerna
be vaeivdBdsdd. 9. The nethod of claim8, wherein the

val i dating, step further i.ncludes .validating.the

%i sc gﬁﬁé’&% 0‘59 ﬁg%‘a% e‘@}f"%ﬁn h%Y?ﬁ’é’f‘P‘&%Fte?/ glf‘%}"?g chzlfdaﬁ ed
t0 ay,Beantht AlLEBEEL 8k Wkedbs § BUMRALA vﬁﬁﬂ%si%x\l&ll t6h
second intersection includes the discernable edge to

be vaktatdtistersettion Thdisernahlecdgts, otha¢nsevondingaredetion insludes
val i dat i.ng_ st Lncl udes.yal jdating a discernible
edgeqﬁﬁ/dl&g%?’bﬁ?ﬁﬁ&%egtot eé'alr%aﬁ%dér of di scerni bl e edges

tohat ThRGhéhed of Elaim &, Whersih théWaidagag step iludes phlidatihg by

of discernible edges, which first intersectign .

i ncl yesrmible edge by defspramgdhenupbaofvicemshle gdges that 1adiate
met h ' : |, 1 ' [

Fur t R AR B ior OB, S/ MEehintel e R s

det eriniersenigort imeludasitherdissérndble edgamfotiecvatidgted. t hat

i sc o808 8688 M Endb B0t e Bitsh it des
the djpagiPPiRcSIBE ddeBo d¥RihimEthe ANhbeMB Gifcelriible edges

adjacent to the first intersection of discernable
edgeghatradiatefeommatshemndanterseetion of a pliwmatissi of digpernible edges,

determi.ni ng a,data cel l. ORI | [ gni

oi naryiga ey §ReReiBnipdifR dEiRlftle « ARk 0V Hiied and
synboyhichis di§acedeioqne trst inderseblion BEdRostnable edgbsm 12,
wherei n the assigned bjnary. val ue conprise ero or,

! s
Bne. e methed pbelRen oWherriiths deternyifingd ¢atd %f%%?wes
bi nar ). : I '
o " AR B kOB & b iR
conprdesededon or off. 16. The method of claim 12,

i’%h er e{'l‘pe rtngt%og %&‘ glraurlr}l rlllb,n\gheall‘eig%eaasgleglnled ?)}n% vatud écln?;?nsses Zero
or one.

14.  The method of claim 12, wherein the assigned binary value comprises black
or white.

15.  The method of claim 12, wherein the assigned binary value comprises on or
off.

16.  The method of claim 12, wherein the determining a data cell step comprises
scanning the edge image in a first direction to assign a binary value to at least
one data cell.

17.  The method of claim 16, wherein the first direction comprises a row of the
edge image.

18.  The method of claim 17, wherein the row is scanned in a left to right



scanning the edge image in a first direction to assign

a binary value to at least one data cell. 17. The
woredohoob4sd cl ai m 16, wherein the first directiPCI/US2003/009971

conprises a row of the edge image. 18. The nethod of

claim17, wherein the row423scanned in a left to

ri ght WO 2004/ 006438 PCT/ US2003/ 009971 -23 direction

t o aggbibnaolkAA ¥ binatyuaildedtotheatdbast 6ASHat Bl slat the edY s
and the rowis also scanned in a right direction to

| ef t algpseanmed in ¢ ebiditegliomtodpl dirgetios lgastign a pparyayalue to

| eas 19. The net hod of claim 18,
Mergl}egﬁ?%agﬁggget%%ﬁ&% ng a data cell step further

1e.o0npiThs esctisabefhilain 18hehewethie dapeminingia date oellistep further
direction to assig binary. value to at |east on

a .
dat a CEBPTISGs,eRpRNG (s fdsq {Magk it p pesond drechandh assie a bigary

met NQdueho & RAToAOdatBaT BY thelsbsn R8O Rtkt dirb&fdnl ON
conprises a columm of the edge inmage. 21. The nethod

20f c[The medigod efmdaimi 19, wherepothgsecand diueakiereebmprisgs & eplums of
bdtt&rg‘:ﬁfjienectei) on to assign a binary value to the at
| east™oNnE dRt&  cel | and the colum “is also scanned in

28, botrhemdtitod Gvlain 35 tvhefit headRingisacdtingd iy a wpl tt ®ottém
the at |east one data cell. 22. The net hod ?f claim
21, WHestEnfosssignp bpprvayausig theat 1gast ppsideaa cell ankthg column

| east . r a fhe to the at
syl il € AaLIE1 L Al 8%t p oo
23. Tewst oretduvadcedfl cl ai m 12, further conprising the

tep.of decodi .the edge. image.based on the assjgned
251 PR 1 s SUCRHPIH GHHAL OHOThegagED the i feast
Wi t highe HBG BN AROInaly2dd to Mt GRRRE RbiHsleltAfary ORAUL A& the at least
features of a synbol based upon a relief” pattern

havi ioge datalcgdst one di scernabl e edge and representing

ncoded info t.1.0n t he . C i si.ng.
280s C SEaIhSL R RE, 30ty BRRBHSRY B R Rhifpes TR URe
edge indp@based) 3 €t dspighed Bifaryaklrab peblidgiht idfoanatiohencoded

relief pattern; and neans for verifying the validity
of avdftdegiesyBibel.edge of the edge i mage and for

f
A1 1 B, Ok iy B XISl o g
pr ovihdeing at least one discernable edge and representing encoded information,
the apparatus comprising:

means for sensing a reflected light pattern and creating an edge image
based upon the reflected light from the relief pattern; and

means for verifying the validity of a discernable edge of the edge
image and for determining a data cell of a symbol based on
the relief pattern so that the symbol can be decoded to provide
the information encoded within the relief pattern.

25. The apparatus of claim 24, as part of a system including a light source
capable of at least partially illuminating the relief pattern so that the at least
one discernable edge can be read.

26. The apparatus of claim 24, wherein the means for sensing a reflected light

pattern and creating an edge image comprises a reader.



the information encoded within the relief pattern. 25.
The apparatus of claim?24, as part of a system
WO p@k0ai4Bg) a | i ght source capabl e of at | eastPCT/US2003/009971
partially illum nating the relief pattern so that the
at least one discernable €¥ge can be read. 26. The
apparatus of claim 24, wherein the nmeans for sensing a
2ref | aukappdrat@h bf clpiat 26 Wheadifl tl@‘dl%adérrd:@n‘%ﬁs@% feabiG@Sensor
conprises a reader. W) 2004/006438 PCT/ US2003/ 009971
- 24 gapabinel sgpying atleast e poioniohtixetellgpied Eekf frove thesghel
Co”p:biat?@rﬁ at | east one sensor capable of sensing at
| east "a portion of the reflected light fromthe relief
2pat t dhe ap@diatud beclaipp2’, atheseinthectead enfditherwhmpeises thémory for
reader further conprises menory for storin
| nat FOEPERIREHE SHANGPT SPBRE A maTeS tﬁ&gé@%ﬁ%‘eﬂe
2§€C08ed apgiatud BEIZRPET, 3t hiReifl ihCledd P fdrfher WORDALEL 4 Bfitral
reader further conprises a central processing unit
for poreessihg unityfoa codmiling gy dedoging algonthoy fonaralyzingigetedge
edge. inmage. 30. The apparatus of claim 27, wherein
the F8&fer further conprises an inmaging device for
300NV ahkiapgarktie oS €RBEY7, vildréia tieshrehd gurthatchbeipfisésindnging
plurality of electrical signals. 31. The apparatus of
cl ai Hevige fogrepwirting the sprngd reflpciright patésrp inte @ plygality of
char ge- device. 32. The apparatus of claim 28,
mhergfer?uﬁﬁgﬁ n%%_ljl ng devi ce conprises a CMOS i naging
3devi Gte apparatus of claim 28, wherein the imaging device comprises a charge-

coupled device.
32. The apparatus of claim 28, wherein the imaging device comprises a CMOS

imaging device.



