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WD 2004/ 006438 PCT/ US2003/ 009971 1 METHOD FOR READI NG
A SYMBOL HAVI NG ENCODED | NFORVATION 5 Field of the

WO pwe/bd48$1 The present invention relates to neptiDUS20a85009971

appar atuses for reading and decodi ng synbol s havi ng
encoded i nformation. In partlicular, the present
invention relates to nethods and apparatuses for
readi ng and decodi ng signals produced from

two-di mensional relief formed synmbols. 10 Background
of the I nvMﬂTIéQDﬁBCI&E ' '%ﬂ%%@‘%ﬁ’m@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_ ar e nc_)w I n comTpn_ usage I n .
prantécdorsolgpeh incartéran sdentifie theabjdctsagrio obtpincinfrrmation relating to

B ESA TR SR S5
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 -2 PCT/ US2003/ 009971 by ot her 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
flabpgyel displags. Tlsfpldﬂﬂlyaa mymhwlns ﬁorm@d allmevté{ gn a display substrate,

nsi t he s ore.a un
e s R R (A
Alf@crﬂa[tﬁﬁi}ﬂ a1 s§§1b§ﬁéduﬁi bOEFRRE dirk&ly sioBRIsub&idte By laser
unber, ““nodel nunber, and/or custoner code. As such,
etdhglggarmbq:rgsu@@ql\e pr@clgg)@d‘eh@f fggm@gﬂ)[r@cem Bgcause a two-
nanufac ur e r I
dgﬁg%ﬁlon &?{g%%%?aércéﬁpqgss RN ﬁl%gllélta ﬁl%%%hﬁ% gﬁl@latlvely

shh@lfdimefisibroil geacy, th&eyraball daly ,stoseua: hnigyertiehtsfi¢rarode forahe
pi cal. substrates rmy be rea

t . ab

sg inclpding wbﬁ G0N $rigHel 0 ‘i@?ﬁé«)@?ﬁmﬁlﬁre@?ﬁvumber
RO Flﬁ%b&g /&Q:usﬁ‘nﬁe@ %odémﬁéjg RE the %?11‘%01@ QA 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

i G
dohalts thdeptird utgenies mkcludinpatie symbdl] Wlth ) thm—ﬂlrrgd:'datmg of a highly

refl ecting contrast and, _as a result,, can be ve
reflective metgl such as chromlalllm Because SU.C% metal coatings are us&élly

conformal in nature and very thin, the relief 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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difficult to i mage. Because the synbol characters are
buri ed beneath a netal thin- film any color

walrdome@sre t hat exi sted between the charact erBCHOS20031609971
substrate can WD 2004/ 006438 PCT/ US2003/ 009971 -3 no
| onger be utilized for imagi3ng the synbol. To conpound
this problem the netal thin-filmusually has a shiny

n§ %ﬁg%? Be ﬁhﬁie%lrfoiﬁh%gl éetﬁgfs‘yﬁlﬁolf urd &&ﬁpo@h& €§ Brobhgn, the metal
charact ers. of the I'nvention 5 The

tlpneﬁdemsualhw bar 4 Sinyoweieee ﬁ’é@h £l taids sifpatenphesuigibe symbol
gho&tcom ngs of the prior art by providi ng nethods

Ha“'Sp, pparatuses for imagi ng and decoding certain
%Mﬁﬁ&bs)f&mhvaﬁloh\/\o di mensional relief formed synbols.
I'n particular the present invention advantageousl|

pr ovilderessprinyeniion ovaamie tFstiady gntages and sRpTropRse of the
XSFJQR lbzlpfm{iﬁ%,hl Y ﬁgﬁd a?atﬁé&% i%agﬁ[@/anﬁl&@@@dmgﬁertam

atac synbols 10 are "at” | east
spabbisabtly adiveedinmatibeal rﬂiﬁ dornyeslt sm:xdi@lsa dd pagticulan thepaesent

ccordance with t ent |
introlRE AnuBtRy bero S R AR A Do &0 epd decofls,
s§RbBIsW &8 ohber Metd digky opinyﬁitﬁﬂfbeﬁi dgesa Eél[s Wigigia dlllensg'mbols
he synbols. I n one aspect of the present invention a
as«g/mimst partigBy Bisewnatle Alspemetiods prg aRparptusghinggcordance with

h nglre n? nﬁvc‘enﬁgrﬁ 92916 51{][ Jo'ﬁgigr%o%rhsgﬁ]% gdg%d%eﬁllé for

I scerna be determn
ddedreinithg thegatidite dﬂﬂlcb bdgdsefor éddodingihe $ymboland

| i dat th t i ned ed b f
hnal yl3ioae grpethel e pierdt yoienioua e VEEn 1HBEE LA SerEneT
pak obvhidmgﬁresélf\tsfjé}k@déHQBfor&fauBﬁ EneR@bs AtNBELondWikEinable

at east partially reﬁresents i nformati on encoded in

ddpe carebec écftelpantda r@gnecadly, Betedeinmerainrrdge 0§ @etrﬁaqf petiern and
%ﬁ\@% 1ner§ c?%eﬂ)e Cé)eg Id %rpgp [ At Ie%%al&%? gfr”] %%fé%in%ﬁ

AzPest d&ém‘hﬁ@ tH/sGEBOL imdpee Al dan cﬁhof&ﬁé éirﬁbdlﬁmﬁgé, Wthh at
reading a relief réipattern havi ng at | east one

lgass pastially r@r@@gfé infarmatosrasednd i ghessligragter, £ udstepmined
hathlé) éé%n%ﬁcﬂ ima e %Ield%co&eﬁqo g&%&%e ﬁfbﬂﬁ‘a{tgﬂ%cm%thm

or cre elmaefrmare ecte
thatél&fpamd means for verlfyl ng the validity of an

d ft d [ Th ' ' . .
o1 of oo, RO T IBRAEE NETy S SICtAPBE R Bhiopine a elief
ﬂa@ﬂeh?lfla\flr@éttl@afsf‘oneriﬁ:eMﬁlbledédtg}é afdl répResAGS; @lcoddtEin@dAtion is

image is preferably determined so that a data cell of
rrogidrthoGeneralln theanpdratis 1nﬂ@d¢sen¢aelrs forqreating apedgpanage from

FEFRIES 48 BB 99,055 PRIPL R BPEQUER Ml U
1&111\3311 rag e8geiimdgh & ey clehiee Iﬁtolnol‘igwrbﬂedml from the relief
pattern. The validity of an edge of the 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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30 apparent in the follow ng detail ed description of

the preferred enbodi nents when read in conjunction
wWowaoh/00d3g8 acconpanyi ng drawi ngs, in which |i kePCT/US2003/009971

reference nunerals are used to identify the sane or

simlar parts in the severald-views. WO 2004/ 006438

PCT/ US2003/ 009971 4 Brief Description of the Draw ngs

BH DREGHIRARY D Ah@Msnds, Wwhich are incorporated. in

and constitute a part of this application, illustrate

severThe aqepaenygingfdraviags,whaeh arganconppraiedin stk copstifyte a part

Scription he enbaodi nent s..serve to exnl ain t
of i aneyen@bhy lush® sER Ao o B i Euf BBy
de&RipBbROF g $nib®dienitsPder e explagiihe plintipleaof ehedfipdndion. A
t wo- di nensi onal synbol shown on a substrate and
bsigbdesarption ¢fahe diaings inps follosehal data field of the
synbak i | UE 8k LY i
L RO TR AT e N Bl SHRA sHh i S
shawing iaamigulai meinfer@al dh Sddwf thg symbplaconiprisirey a plurality of
portjons of the synbol that are raised above a surface
d@YaCteh% substrate thereby forming a relief synbol;
Fi guggie bSs R cfokR8tisRANIGN BF theisMbell oftIE. ISMREPAI0RE line 2-2
Fig. 1 also taken along |line 2-2 out further
showingdi partisuleppartinns efithe symboltthat asgreisef abeyepuyustage pEthg
schemt i c, bl.ock dj agram an exenplary i mgi ng system
Sfésqfaﬁecﬁﬁ“e PRETIRE G 1e§%§%oel, and a reader in accordance
Wi t h FApura SAES trosd-sdédiienginese of theisprdol ofdtig s balsd taken Algng
and decodi ng .a synbol such as the sy o{ s shown in
lmegls2 oyt furtherdpeluding picgafing evedng hesyyeok nage of t he
Syan*iglﬁggf"igab&eﬁiagc blociddTRE 6F aR €£HH A mak R g@Ystem
aspect~of the present 1nvention such as by the’i fragi ng
ingladiegadizghtwource ahidg. redder 20a@nriastowith gn aspegbofithe present
.edges aof the. rai sed rtion f the nbol ;. Eigure
irectEion prdaaeing 51 QERoct b PARR D oSl i Pt M f Fles. 1
B&f0y:dance with the present invention having a
i magi ng device and an output in accordance with an i
aspediigwr Stihen pigesanee phihesymbal shewnip Hige d AisAgaged according

| . ._ . _ _
BBl Bl SRy 300 S B 4
dnd shewingdapaeicilai dgdeb ef thereisehportionesftthesymbolgure 8 is

?:a\r“t gélvglgl{q 6tigg§$}gﬂ%%gkg?€c§éﬁ%%f a?*easdrelg I\Q\g;lbier}n%ccordance 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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Figure 9 is a view of the edge inmage of Fig. 8 further
showi ng indications of 30 the centers of the data

w@edoks0@ss t he synbol ; WO 2004/ 006438 PCT/ US200B¢D0SHT3009971

-5 Figure 10 is a view of the edge imge of Fig. 9
further showng in particula¥- nunerical val ues
assigned to certain corners of the data cells in

accormamed 0k b Ricnof @ ee%d el Bigh BQ’ﬁﬁHér shawmgtm PaBiticular
Figure 11 is a view of t ge im Fi g but

quiperical valpesasignest teﬁéﬁwnapwersfﬂfatht da ee@lé%mtaﬁ@ﬂrd@m Vg an
?g&r ﬂﬂ%%‘?eéeﬂ ﬁggrg[o ance W th an aspect of the

esen |nven gure 12 is a view of the edge
i mageFighreAilgs ag'l@hﬁfl\ﬁhﬂ gdgeningagd iof Fi Othiun frrther siadwies
ass ned t t he dat Il.s of t e edge i nmage, al so in
% il s s eda@%eﬁ grace @aatee@gh@naspect of the

be’eye%ﬂfn'v%honlo Figure 13 is a flowhart of an edge
anal ysi s algorlthntof the present invention that may
be usligufed? is heiest epthe 8dge gt of F2 2 sboéwirtgdnfallditioh biary

f Fi f.th
B pient G JE IR ol eB bR n o FE0% L e
dspedtdE tdprescheinkentn; t he edge inmage al so in accordance
w th another, 15 aspect of the present invention.

Det ai lfléﬁlfe@e"slé a.fbwca?vrt Phan Eﬁgés?‘eﬁ]WSlﬁ atgonithra of the mpseet:t ed
1&19 §n ee@%ﬁhyagg iﬂ anﬁer%% 'o\ftt{ey ow SRt e

eco certain 1 na I's suc as re
ayhbols In partlcular the present |nvent|on has

been eveloped to apal yze | ma s .20 ... .
cont ai §FHd “dha V5 Abhe e, ggfo?g 1] §ReHot agdiign binary
Fbdshsibidao MRYd29 B8 Tehe SREMRAS ﬁs&ﬁﬁ&%&dﬁﬁé& Wit 88bther
within tThe synbols and which data cells generally

gpostio tequelsdt innéwitamat i on t hat can be read in

CSLPROGE Wot h the present invention. Such nethods
s in accordance with the present
I nvenThefesaninvaaty@k Agectds kymalhsds hiel apathtises perefRotively
an_edge_ anal ysis for, determnin the validity 25 of

iwading aaddecodine gapdmages HeyPrboreh asmrdehninRalp 18s of
}?Qﬁmﬂéreﬁl% es'eﬁ‘t {G0EHHROR HIRYe e@Qleé(Pg) 43 @¥m§%§bﬁ’lsymbols

any “Iinear or stacked area, or ot r sy
amtbiping bae atbtlny)ret dilgseoSanyboingbef of deetal celiswhick maye:tomgmse

GReiTHCRap R conl e el e S Msutiontoh dieRed ekl
FOVTR o6 i ihoriRAYR tHANERT bd fe&d {rf RESABARSWith 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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30 VericodeTM or Data Matri xTM or Code OneTM or the
like, that enploys a matrix of data cells, rather
wao b@a/oorss or nore rows of bars and spaces. A sPEKSE03/009971
synbol ogy, as used herein, refers to any synbol ogy,

such as PDF 417, that generd@ldy enploys | WO
2004/ 006438 PCT/ US2003/ 009971 -6 several adjacent rows

s@ersladfobs ,rowshsymmm AP vseMeiedeventiagices dekiddted
by grou s of multiple-width bars and spaces. Area
tipde-width\bars andi$9#¢s. such as are described in

L
4 924Ar%%§>%%%es et B, TRt AR indpg, Patgpt Mo
5&3’1&’;’&2149@;(1 U.S. PhtentsNo.at, m 078. FA typical syzebalrldl frgm Stlcﬂean area
ynmbol 10_inclu an, i terr data.f d Wi th
syRbaloy/S @a%t&lt%’gms%g e Ef e WOL@ mélzdem gyjornal
datged ufwthl&eﬁﬁ@ datd R Cehrkahobd irPd BaBhE W@t field 12 and
rectangul ar as illustrated, although any ot her shapes

dateecells bh arermpelatably reA@nghlem illpsteatedn elhovsh agstosher sldpgs are

Céﬁiiﬁ?l’%? é:dg é%sgéhg)g%aghefz e{rha l[;" rﬁtéeﬁ]cfl bf seceﬂasu(ﬂr}iﬁl &(iils 14 that are
“ofNanE&ktath dtLcdlisacikhittdne < cas sinvwie ﬂiegi?bat’ eeilsbate black (the
reference nunerals 16, 18, 20, and 5 % \/\1)1 gl ? ﬁliﬁ
cgbls flesizpated bitpicence BRI hilfg2G and S2bysie;“Rtfe cpily are
vﬂﬁ{eg(e gl!ll n%r? ce11§%?p1e%te ‘i’dﬁ’tfafﬁelcﬁﬁﬁb@ﬁeﬁ boaitd S used

sSuc as the s
dm@aatt&in@ada ustdat d@n;hnlgl angympotleshgn zﬁta symhmyo b& wsmtbrstood

o o T GBI HER B2y e W o AL RELART £t P K

ihdh &8k bAkAd oftt @ﬁndl Nt RS ahthck dddeliltel 2 is preferably
surrotnded by an orientation and/or timing data ceII

bor deks iBastragd, dhe m@m@lpla@éiql@lameﬁemblx purfavgdedhbly an

t at T
U o G RO B B YRR g
sfyhfbbﬁoﬁéiltz&id)hr At diorder idgpleanyl &fmﬁd fﬂasay ‘da® data)wlld as,

i ncl ude exter nal dat ﬁ‘s & %_ %
IBPW@I el G el 20 ropRdias B bORISS 4é’Fr"tyal?‘? pvide
Whith B8 clé&’er@ﬁém%l %{éécll's RtisRbwn) oL ﬁfvﬁﬁh additional

SUrroun |ng or the external datafleld.
1ﬁﬁmn|aﬁoxpmmcrm@tfeanon, smangjon Lysbod l@n’eﬁczﬂtwal é’mfenably, pureoupding

G bk fighe FEioBii Paced 2 it arShrs Sghite &E1<RatRhled o
SR hﬁ&g c&é@ﬁ@fc redtilFRRACENYsIJfCoffe dhth lckMeairdunddg ths out&enost
gquite zone may be determ ned by the envir onment al

fiatternorfsont cellsnidie reaitgd nupdHeppt eongentric spcfilingayaings of the
GH-EhREhef B oS ARGk gt b 8RBy

ARdtnixevelyg Ith’ﬁaﬁit&hﬁleiatd field I26a:aﬁ abisk haeet 28n€smo¢ané$ shrounded
printing .
by a further quiet zone.

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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or controlled deposition of inks or other coatings, or
may be provided onto a sticker or label by printing
w@eooange488 her suitable techni que and t hen adheP@rus2003/009971
ot herwi se 30 attached to a substrate. Alternatively,
t he synbol 10 can al so be etfched, engraved, or
otherwise forned as a relief pattern on a suitable

otUhs iRtrfe 98 VAR &ffropridte A or %qm RastdBa ta'pgio%rlgt%
may be a gl ass substrate and the synbol 10

tbnckmsedlat/\@ capdl¢ oﬁ@m@mmﬂll@&m@@/l 009 b7 _@apa'blwf foraing a

BTSRRI PROLRE Bk il 1R300 o

ddee mdlgkiBcdnauited asyesefibed Bedoe Iidapadireood tHanrWsﬁlgsn&te 28
relief sypbol, the thi ckness of the syn‘?%%egust mer e|
TRy bR BwerhsiEiteonebip capaie aiavigesyarhal grgemqnddhat

g u@g’?f?o Jgﬁ% fgﬁh@d’\ﬁsbe{ fngh %o%*ﬁ’%%ﬁﬁm 9 ob@hthfi®ymbol, gelhef

strate or object” capa
syfnbbhwbmgelsef symrboll of manyobthdrécnewn oadeveldyzed fotnhat ang magylbe

]Jéaﬁ @yfor as a high contrast synbol, |ow contrast

anye Ueynbol, non-relief synbol, or as any
ot herlnlrnfwa@fosgtey&ioa@ﬁqemmwsyﬁmm nwfp@ i @y gwednby
any technique. In Fig a cross-sectional view of

mraélynw@ Ibogdgr 3 apd ghe dpta eellsH duich 2o theedpéy egll 18, arerpwovided
afgals i eegi%Pg Qv(%t ¢ gsepegﬂtb% s%?fla%es g‘f thg Mt@ﬁe iﬁh%@ fsﬁ;rﬁ{x!)l 10

as ral se res
is orined @s 3 @eliﬁff syiaBols u@R&rﬁﬁtxelyZ ﬂle\lblmdierlﬂztemdyhﬂ)dﬂta ddlls lidsmay

formed as a relief synbol Alternat#aﬁglg, Lh?:e gorde
beqoRPRf SHECoBREEImS Y1t espgt o e e 40 9E thespbtulnys.
Sfﬂaog Q01 W r%&:sg&fsr@ gfo'hs ﬁ&lﬁd@%ﬂé WF FRFEa3%ribid d¥es thereof. As

strate uch raised or recessed regions include
shoenpthe portendifsoeborided 24 @d‘@teéeﬁ $ide bast edgﬁs32._5nct$fb\ﬁhc data cell

ey pdas, o B3 aflorcd P oordi Ao A G coues

ABandand 1t ﬁ%o%?lrthatctﬁe dfustriied bahBEr OZﬂclﬁ&est dﬂlﬁltfdnglfﬁdgss as
has ed 40 and 42. It is noted that the illustrated
tlhgp

weiblsdn theoerpsscteqiemsobliigi 1.1 Beraxamplye sefeising barktogig. 1.he > data
% C{laﬁ%s e%%%,[g Q{ﬁ?d%éa:l g. 2. For exanple, referring

cell 18 includes edges 44
and 4éor cBﬂaﬁ@ppl&cmtlbﬁs nhcamiré syahbairl9,or chetaie mbitioas sf thieol

AR Bt & b B e Lher e bosler TP e BRELL e i

]ttl)tjﬂ@ bend éont{dsi nl lf"gh@ [‘eﬂb@tlﬁgnlgét@%n the sifﬂngs‘lt IU ﬁfd' tﬁ@ §drchE %0 of
etween the synb the surface 30

the lygtistrate@ 82 &lor lémmp,lnammbol auchyastibe sl 1Qsmashlee m&ﬁtﬁbm

e BT b §ibsGhee OGH BRI M B B e ne

A58t el sabstadizAlyThd Sindé) tinahd Yast BE€a SEHBE sythBoltdiched a8 ﬁ)rmed
of a relief synbol etched or formed directly into a

diasdly intp @ substiats, dittly orp comtestaray haRretsat pecauiathe symbol is
R)%%Qﬁjﬁ?e&l@eim%ytﬂp Blik! 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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formed directly into the bulk of the substrate and no

color difference is present. Alternatively, a synbol
wGeowh/oas 3t he synbol 10 may be covered (at | easPCT/US2003/009971

partially) with a coating, either intentionally or

unintentionally, so that amy-contrast 30 that may

have been originally present between the synbol and

the suhsihpabfylakoe fHRNAek patds b andnuddditingR66Rs.. ORIch

coatings may include inks and/or paints from_ witing

ezpmpletran bedewidhig naietaetestonipy deytierananufagtprieg tephrplogy such as

fﬂng&l ?isﬁ&g%gn%?f %um}% gl'?n #8/0 %%é%nggé #ﬁzgoagéﬁ%? Z&ch as

thasyrhieal tlormi}gbqafo@@e& sn t}ﬁ‘Sarfaw@{h@ﬂ the sabistrate A8pwhithisgmbol

m cr oel ectroni cs devjce echnol.o uch

19smay eofftaip EIdug;i 3@1@@ &P Sﬁ@%%&» aggucﬁ

18&)&1@5{1(%{‘& de aﬁ'ugn &3 109nﬁ%5@%at§yﬁthnl§e°r etk h? Q]BQ |‘che1O
orne e surface’ 30 of the’ substrate

suhstrzihe s@/ ﬁhca:l ﬂﬁ paﬁ)el miisplayana glass ar Qmarqmesubsi@m arfd tbﬁ Sxmbkd 10
for trat.e 28, incl {)orrmtlon as

Y b Soh B anpi et i g p6 0

phoRIIER driphyt di€he Bl ShItRd RakFaétofe oF ckitaih rﬂ@f&lec&bﬁlﬁi &dvices,
is a glass or ceram c substrate and_the synbol 10 nm

syeh ﬂs) «nmd cryiseal disnlayy, par of s rspeasaineludss RATnE asybHaniys
;Q%tl e sﬁ}&? &rl with'? %ﬁ%@ﬂ&%c@ﬁ 1 E%e i Gretal Biirh hﬁ)r example
man u a aln f ctlr Irbp

ure o cer croele oni ¢s devi
Gerhivas ]Becq:use:isubhy;sitﬁigs dre&mhafli/}s cor;f@mﬁalmrﬁ nathe qmdone@s&m the
i ncl udes c erln tantl ﬁ]i.*l'
relieforpeteoting AvmBel %gorwéeé Lrcirg sl BAesqry pdhin
the fhlfr‘ ?ﬁx%o@tm;f hA%lEn&'ﬁEanﬁﬁﬁ@Hﬁ cﬁ‘éﬁbh £0RE L1 Msqhat they
usua conformal 1 n nature and very thin, the reliéf
mplaﬂyilav)ﬁf littleeor 9ip rebutirast oy lighd reftectiiity sndogs a sesultagas be very

A

BS henetedl batoh@Wbaribd bérdeathal meRl Gentil@sh sudh dphliditions,
ref ectivity and, as a result, can be very difficult

the cplengdidtessiiee deat guisted dietrpen Hindiractinpnd ﬁh@ ebstrate no longer

f h
B P A g
1apipl thirafilmiesch astdheoraminoprodides esleng er highly efiegttvedurface finish
et ween the characters andthlg1 gtraen | onge
afrtends todther O8squse thedrpmgirisss e db &p %%1900 To

GRIRALOE, chhs ShPd APEER 142 ,A?s%uele ttﬁé df&nwoh lcBhtaiHeh iPéhe
chrom um provi des a shiny ighly reflective surface

sfymhos}, ks cmtvamedtlerﬁlm@snaualfd@maheandom@gfr@ nehréwgb@nevqml@nally

hat he s act er
Bl ATR iR e P hons AR R PSR R D
&B@od§&ﬁ$@pata‘6us@@fﬁr&inﬁgﬂg afd ﬂé‘@dﬁfgadubhllsyrdmm n and
cannot be read with conventionally  known readers

Accor Refeging nexhio Figvbrininpagiag suies 109 Tersadipe Suppols such as
B Y& 's§’rﬂb§l§ gé%&j@.eg éb&)%ﬁ%ﬂ n%l@? BRRALRY, YRR o g system 100

I'magi ng” an odi ng suc
comprises one or more light sources 102 and areader 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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Referring next to Fig. 4, an imaging system 100 for

readi ng synbols such as the relief synbols described
W@bwvmeod438 i | | ustrated. Ceneral ly, the imagi ng BYBEUS2003/009971

100 conprises one or nore |light sources 102 and a

reader 104. As shown, a |igl%- beam 101 fromthe |ight

source 102 inpinges upon a surface 106 of a substrate

a8 \W't‘lﬁh% s§91bbt fored 64 HRGLEEcABF0f the Bﬁbsaﬁ@moé Ofsuttablb e

recei ved the reader 104. Preferably, the
hgbts:rfoeﬂlmmatmgc@gmmelum thedgyusad|in @ﬁmmtlpmilydfnom daék field
artic r h our C
e N
18D ch® a&hpﬁmy\&@o%%ﬂg%é;&ﬂ itk WS En3rHiag ﬂiéllt su@h as an
edges within a synmbol forned on the surface 106 of the
ingapdescentdighd sourey jaight @nitiing,prlaser diodey ¢tGni nat i ng edges

| ncl udg %ﬁ“@?@gﬁ%ﬁ% il GOBN&RE ANy ot BONNOAREL ar1EARY Bne or

optica and um nati on 3our ces.
nh(m: adgesocas é)p disicernled gWthesothe spmbdlORige@h almcsnbmrstmlla ny

Al SR TS Sob TR PPl g
sbﬁ%%aﬁdmﬁl%ely%&ntem@sﬂdv@me cQS(ER eAé%v&mmdqeg}@ Eh1B0s e0h

in any mannef as long as at |east one or nor e edges

neayrbeefiat oy the deadenlde whinh is praferably hgsitionedztwve a portion to

b h £ )
B AP Db EFEPSTVOH Bl QA AR LA o e
foen@hah 11pbt eflitethy d@desﬁtﬁttﬁéi hk@nﬁtﬂ bwubdie fada(ing light can
shown, the |jght source 102 may be offset fromthe

obligely previde lightdrom all pdes %fraa%mtr% Sherehyrilymanssipg the edges.
B@g%%fﬁ%‘i%s%r C%@e &tﬂpz%& t:hggee{dgr P64 BARH ﬁﬁ&gthgx%ﬁé}ﬁ‘ light

one exa aring lrght "formed from
reflgited, evtiitlt omegordhard eensors mm;ebet alkamgwéyo treeive eeﬂecﬁddfghaand

rin ht _can Liquel de | t froma

tpravide gt S el e e Hge ety Mplg Tt R Shrce
102GRH/ 0P BRSREdG 204 By Weirhdve@deldtil tiothe BebstrieRdR to &4 other to
based upon the type of light 15 reflected, which one
sean fsredgesensor s may be arranged to receive reflected

l'i ght n t .
det ec Iflafngedélge %“?“toé ?ﬁfﬂfz/%f ggﬁat tﬁ:SC%F{EH %thstgg C%atmg 6;21 S
iflogltaeed ztshﬁwbﬁlﬂ%peal%eﬁ&ﬂurbﬁlafm\xﬁth o8 @tmme approbtiete 11ght
substrate or to each ot her tbiea scan f or edges. ‘-\ﬁi n F|
sgurcetsichs giths edgiligminatign capablelishisguise 104 areip stdserie
tﬁﬁ@ﬁ%}?&m‘% héed%:eq gé 9650 5£he yroll o, WULA &@e&aredg&edf

nat ed or nore appropriate |ight source
rsised paionh ef thd geidflsyrabolreat fe@d. capabl e i ght source 102
descrl ed thereby form

previ |y i mage.

00 df TS 85 ABrraD, e RRhe BBt | BREe R e
(28deht ﬁﬂém@én s Meustralel €fThe Yérae! 1 @n'@afhrisémbhsry 0.0, an
exenpl ary enbodi ment of a reader 104 in accordance

aentrpl praecssing unit or CPU 112, an imaging device 114, 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



10

15

20

25

30

25 present invention is illustrated. The reader 104

can conprises nenory 110, a central processing unit
W@eo0dP$438.2, an i magi ng device 114, and an outpet/us63/009971

For certain applications, the inmging system 100 may

al so include a gain controtl@rot shown) for

controlling the output |evel of signals produced by
ptdtRsdi .grﬁlélilﬁ%\éld@l@ malthe@ B trandnhi@tBd td &vatachet @mimiter, stored

(not shown). 30 The entire inmaging system 100 may be
leasHy domieter Wengferrorfowyandgdeto s applicatjon pregremyesident fifhin the

. el e distributed so that a sinple,
‘?’F‘%ﬁg\%@a‘ﬂﬁ%ﬁlﬁi t is used to create imge data and to

t r anshetCRN @ 12l ptedfiertisly @ontedis catain bpérafiars dfiid inerginBystem

2004/ 006438 PCT/ .US2003/ 009971 - g_.to Pr 0Cessi n?. The.

10y accardancegthingmchien sets Sev Softed wArE.stgredin the
n?é?ﬁ%tlgbz 165 QbStEmplafeahitthé 00U A&hat EGRR BperMions, such as

orwarded to an application programiresident wthin

debmling impageniptasyteted m fheswdniory TH 6, toRISfeting theafegadity to other

S8 B BB B PR SRR 07 o e R G P ey
130f 198 BB o Yotddi thaME1Eple IR G thdybelvied forg@Eodmihg dndilidubls

contenpl ated that the CPU 112 may control operations,
taslee Bugdisas dgsedidEng i nage data stored in the nenory 110,

trans arg gdrﬂ,g?ﬁ{]ﬁﬂe b]?lﬁglﬁ tz%?tnﬂcttogrog%%?f gnﬁg%étugéﬂswith the present

activati on o sourc the storing o
inhadngion N Thh enemp i Y0 pikfdably tcomprisdssasendtedutthebased read only

nmul ti ple CPU s be used,for perfornming individual 10
rhaRy (RO 46 eRSER Qo oss FSHUT Thia e apLP et G stored

iRMRICARALEESA iTRMPURRHEN Md dbvidis cPiEARR EleciRYEFIWR s
The menory 110 preferably conprises a

remnveh ndiher memogns deviges atk dsi gonteraplaied. (ROM) devi ce

becayse such Vi ges,.are non-vol.ati| g 1

ot or di FHEHIRH BRCE s ShaRg: 1o Sy e e se
HBValsEBe expmphikhel byetkRktidriat Bird Y& citcgits; howenawefware or
Oher nenory devi ces are al so cont enpl at ed.

. : It is
feayraserpy sieratiate paefererbdya in dhsipredative sipplipaty. #iaptaldity to
o ] 0 b
e
rhémonyalr1© ey fuetinsr by @asablef @mpregracinebtey s¢ Hat modificationseor

sinplicity, adaptability to hange, .and | ow cost. It
RSBk (s bR apahe imblemenyd Apuried MuedleitBe | he
PP ARG Edrabt AndBY cdnehiBize® s MERADAP] B, YhichPdsAEH TR B Sptical
so that nodifications or revisions to the software

disles- be i npl ement ed as desired. Moreover, other

252 Ea[glgo@ltﬁg tegci Iggt%g Eeg%@iiﬁ\gﬁ%ﬁg%i tﬁé %rhég%gg d@ﬁce‘ﬁ'ﬁoﬂr}ffe}é’t)@y
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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In one aspect of the present invention, the inmaging
device 114 preferably 25 converts received light into
w@2pkooaBs ty of electrical signals that correspontis1003/009971
the intensity of the received |ight. The plurality of
electrical signals may thenlbe further anplified and

converted into digitized data, which represent an

thé@[gsy. oft id Red BHOBE hAhL oAA8 A5 ARG eRmeHR bt 1iRitBEto any

read.” The 1 maging device 114 nmay conprise a charge
rediqulargattewi Fer ¢QOD)e, thearraxeandicarranpediovhe nsuaherdsueh

I magi ng device 30,may use . . . .
SO Rt <P ST GF PRV 542 Reprangad it gfamoesgggiem in which
th& £4W0Are Biear EMQ kieAddivmnParC B @QAReE RS fashion; or the array can
one-di nensi onal or two-di nensional array of adjacent

herrstapaebimeany ithan patierh ip Whidhdho Beotadipfles qigomlerpdgelatye to

e%la%tljrgg el enent (or pixel) of WD 2004/ 006438
003/009971 -11 the array. It is noted that the

ar r ayEavh phb®d{e@D off thegl @D aedag wendrates a nokiagdei anil toe dutrent aimt

particul ar pattern. For exanple he arr n.b
B BN ST i LT e BRSa BgbhabSe. The
ECDUMSis §ABn & ¢ &Xro%ﬁﬁll? By aaﬁ@@ilgg ¢hd AR iHaPPRAEdiodes in a

1
pattern in which the rows are |rnear and the col ums
saqeentitf metnar in erdeetgpuiredudeasivutnt signaltdestaingthecmiage angl/or

SrsRORas gamr BashiBoBe et RetnlPote i g SR ER R e
tBén preerSBIP atiplisiyd geNeInveRsd B bigdry dge van@s oA fietithedmbging
that represents the intensity of the |ight reflected

dsivics 1l Aeopwartsithereseivethiglydntodunary data vetues epFesgnting an image
I . . : ST Ry '

GG FCHA 6 LDIng Ly HALA RAOLOG 15, i

payalsc inchnleaohpantiosal gamlicondndtar-brisad) randem\ast¢sa geenamgl/ or

urrent |evels fromeach photodi ode. The detected
@%pVQge and/or current levels are then preferably

ampl i fdedraRtppRRYiehd &€ ilmQgiRb AdVike U84 May alsk eSeludy 4 BEht
the imaging device 114 converts the received Ilaht
level dletsictoa ot ghovean Mt detsctingghe igensitndevahof thaljght refleqtedonto

R o L o
the UPLD hueifvatiiathe thstansgreoustcasiy rwabsfithe [iRaldiledtal onto

certain applications the imagi ng device 114 nmay. al so
tha émegiag gevirg hi4- St@bé!ghalév@&%&cgqrme IJceyvry ig;the art, and

ﬂﬁts‘ﬁﬁ%l@ QedebOr LN BIREH ¥viihe£}i§breg%]nttillf@en{i&9.ht refl ected

onto the 1maging device 1147 The [i1ght | evel detector

may pAgréfdeedmdihgil tof zffdctoulypweding s@d 4 tebiefGRhbbl i accordance
f he instantaneous .inte

i ndi.catin ity level of .the

Y BeP by Bt R Gor R g DU Faae Siafi ofan
38 kudteaahatdFHIRCAIRE SmasE2 (RdHowhNA Wi, 15N Préferadlyt, a ndild-step
any suitable detector can be used with the present
¢deeantlysin is performed 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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A preferred nmethod of effectively reading such a
relief synbol in accordance wth the present

WO pwenod4es general |y conprises perform ng an eRgBUS2003/009971
anal ysis of an 25 i mge such as that of the edge image
200 shown in Fig. 5. PrefepabLy, a multi-step edge
analysis is perfornmed in order to efficiently and
thé&ks ahlipp&ath l§él€cfge§ A@cdrﬁfnglys Hnchlés a‘i‘ih%%nééi)ts of the
eI|n1nate invalid es to assign binary values to
rressntliaventionard wsedisl fpm@absﬂmﬁmh dmagpsén fdefermeining the velidity or

| Inva |d b

Ry o PR SAEEER s batfechiBa Wl fofbrerR S ROy
Agpaaag 100 Shbﬁ’ﬁ@n Bi}. 6and el proéess }?lﬁb/@]hﬁ‘t stoveriadigi 1. h
sone coat| as descri bed above can be djfficult to
i mageR &39/ Figo it aipyetearadi racess 3Q(hipr decading #,538ubelin ch

afaaﬁcet Jpaegﬁe@a ﬁf 06 is SHOYRT | A Bkt %8302 obta3@ an

st and as me as snmudges or ot her extraneous
1mﬁgaﬂﬂudﬁﬁmyzaamR@IﬂWBQ@Q@ﬂ@@Q@ZOOsthnmaEM§fha&nappsanaybe
be, ed . Accordi ngl the r| n es .and conc
SRS SRaeete T ounorheariefuut o g B ARt
Gafeha bRO@Sd the HBASERST dgfyté}ﬂ 160 Gls\é@dsbcﬂbﬁd(feo![t is nBMealthAiahy
of potential edges an be di scussed with
image maycentas! & mglé sEmpolipype deensiedionmgy con@insmuliipl symbols
7
t&é’% éa%tg?rﬁg]rg%ﬂg}igogﬁ}g) §Ie sseglugﬁt%\gg P.l?é& e%?rg %@ecggdh\%% q?th the gresent

ide@ndnng a synbol in accordance W th the pr esent
invention is shown. An initial step talns an

i mageA BsXIHEPI4 finds @ zseaewvl&en@ﬁ@n EhF
éé(ﬂng) & reeggons%‘? afe@?giscémﬁés%a E@fd%hf‘ﬁ&i a@’ob?&‘i’s %%%a@rz

techni que such y using a conventiona
(Batmalty aen irhageusi mgntaimevaihdmgmhglssay stellras bOctithaiappent to be

abqve. 1t is noted that an 10.i nage nma n

SRl a5 'esS Be A oo BB mB O Ry e A, S Sl avhic
&Y RRRbAtaid RIBEirEbinitlionS PrafbiaBRE eStep 304 iSGAMRE il dbjakts
decoded in accordance with the present invention. A

Vidlin agtlepg@@‘zlnfemaﬂmbmaﬁbwmamln O paﬁonm@ﬁynwlsa. el may
)
B BT p e TR BB ISeErRAR i
alﬁl;@rt%lﬁxliduyss toadetd;rﬁﬁg@amiammhmtﬁ areds of abntdasgmtml ﬂlape etc.
iSse o Shaus OV AL B OB, 1
E@ﬁg&r abji Sted AL fA1H0 oBRELs SR RL erﬁ&?i%?ay wef@{&ﬁizb@ Br ranked

the step 304 identifies al j ects
such ttthart theery armagtlyzcd in apanticslar oldat. Fm;pxbtepl@yﬂhgd;ts ngy be

f d b
ROk R O3 Sttt s PR e BRESIRRY %0 Bl swmpor
B AnaAR2ddsdfsre af Objecaesisthet. det er m ne and eval uate areas
of contrast, color, shape, etc. Such image. anali%l: Stis

t echni\gtre308beging the wb«m of adirgtorbist ideafificd insien
Mntérﬁplated, 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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contenplated that nultiple objects wwthin a synbol nmay
be prioritized or ranked such that they are anal yzed

w0 pooa/opsg | cul ar order. For exanpl e, objects negr/082003/009971

ranked based on size or shape such that an object that
is likely to be a valid synabdl 25 is anal yzed before
an object that is not. A step 306 begins the analysis

of a Hor bRdmMb) Rfdringl @Ml 8 9Re édgefifn‘ége @@(.‘ﬂls shbwh$n a Cartesian

fé
cont enpl at ed,” however, ? hat al j ects
codeshimaite $}{r§t1=nb19msm$§)xe§ 082409 26 The mﬂr@mn@@wmyl ramabs/used in

6 B2 ind Il bl 5o RO RIThR 3,8 BTl y00 and

04y lﬁeﬂtﬁ@ﬂ ?ﬁ pbﬂié:ﬁtb@,rb}&ﬁiydfznggh allqai'lﬁsmhjfﬁi@re l’lﬁlé sonsadaltyg ested

SucC as e e e | hage snown I N . . .

ho%&wm Hhakany @pr@a@té ﬁﬁﬁtﬁpﬁl@a}i Bedised) gb%ffdétgort wé)rgg%%rem frgy @
@oorﬁnﬁ eoséfﬁtf il el SR BURS ﬁc%rfn?ies e&ges@ow 210,

tran orm term nes strai in
aDOQAL 00638 gPWT4geIB00 37@@:@96812061308:@1 O,eamirﬁilzei,eﬁne the outer

b B ofee B PR AT G 3086 1500 e

th%r@@ﬁth 1ﬁla§y§0@ﬂy@aﬂs1a>&mg&ﬁ@lmtasecﬁbﬂ oF tHeQedges identified
determ ne e relative positions of certain aspects of

inlyepSfe ThWa @é caple seqa in Figy Sptbe infergection ofdlha edeas 300, 26§,

A0l LR Aol AR R, oh0k phd T henely d Bl 8
cReibrd bﬂheta@gama@efzt)er ent froma Cartesian coordinate

t Pr ef bly 308 tif dg
208, A3isp 313 detommisiesf qmgt@a@'efd ﬁﬁ?rﬁ'aé'erg%éehﬁé %‘gbéé the
e%%@ im OOZ:H'P on@%egtlc?f tHe n%ﬂe@&t tnhfénﬁéﬁ fifis m ?BQ g@cro‘n?pﬁlsﬂéd

e sy of the edge I . A next s -
\dlaaamhnﬂmwstohe of theredge anage ZOﬁ@r@ldrgmn rﬂﬁg@xzmplebys 111ustrated

158 S 151 T g SOEIEEE Rt s B PR, ¢ !t Bvine
thO b8 Q?G 1208, Btl’fO tahe2¢l gA&c&@ﬁglyz Q&, matﬁﬂ;Q:o @eﬁ@fﬂda’ca cells
occur a pOIn S

(epady datn celes iL i hg aﬁ]é o% @@mélaéa @ﬂls bh“ea e@xj@ n%ﬁgy@ﬂz@ the A
toﬁﬁx&z;f%ér %# ﬁpclp gﬁ%ﬁﬁ% QQ ﬁbgehﬁilﬁéd EB&‘[H? tFERLDF gflch a cell

n one aspec
iohalfwey betesantachraxsnifi tlmodi]h [ Iéefammgeo Ao Onptatslceld 2 1 4LB

RO R it RAPONIL LS -t Ao Rra B0 10 2R AR b

153.€ 2 é%h‘”o@'ﬂ'les Ah
KD SN0y P b

ofeedge nnag@ra@ﬂlas;@élusmatdéasacrosdes & FigeQcH ig a@réempiateds 'élatl.thﬁ

E 4.data cells has a t ol nt
Geber ot e eetsaniy B s PeRubliady i B B AL aBfpfopror e
&k @At W EymbORST inferest REbE@RbEE] ffed H0¢ Be Ru®ei. | TH& 13 $he
hal fvvago bet ween each axis of the cell. Referrjng._t

wrpgess §00, r g pogicndhpreof; mayde iteratively repeated by trying d1fferent
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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wa2®)/006dsxor di ngl y,
. data cells of edge imge 200 are illustrated as

shown and has center point (1.5, 1.5). Another data
cell 216 is illustrated and has center at point (5.5,
the center point of each oPCT/H820631009971

crosses in Fig. 9. It is cottenplated, that the
centers of the cells may be determ ned in any way and

cbihiads of iR dhtBdIs] 9B Sofferst dTehe&at£ 6gB dafihg %asﬂy &ejdfbﬁﬂled(lfnthm
interest to be decoded need not be known.

tlgﬁ weelinatggysteray Far P 1 the dads eclk 2141,]1%; ogglqrgt %tr(ézt ﬁv@lo 9)’ @,
ﬁreﬂ?ﬁ?ﬁ S%‘ut tiﬁ/é({hgag%lfil d}%@ée IRt tl(_b,( 430{?, o%g(g,aj? 856, 4).
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| nbol d .contenpl. at.ed
eflist cifler SL ORIV es Neo et e el ShySRTETRIELS
deécrr%Qd sYdRal baBH. iThePRipdsk Hf&t@lsist@lsato Mﬁf}eaﬁ%mg 3L<hat ﬂnght

simlar step 314 determines the relative positions of
biehe edge. nkeferrolg to g daba exaepliy dnm ¢ellris ideatiBedbyireiencece

B0 500y De TS PR s rEE68 710 By MR AU Bt cots

sobexxdabav, aall R36 witieh i Redtersat (1.56.8)atRs,aeh), ¢. sams)bend
easi I}/ determined within the coordinate sy sten%

(8afrp) wespachizelyaln a prifprred asppgt OF Ehsy shen 31 6athe{pointy etwe(ef the
Bhter §u dat% ):?l]sgﬂ%eggs g&a gse@el?tgr of #;eadg?ctgﬁt &RA 1261121% @vQﬁﬁed to

corners
c&teﬁpuﬁlﬁmﬁiﬁr@r nbesedgedt presenor Forotxamppa thei e;igbaof thatiata Cell

5 b ARG PRL oY ki § 1 PR Chcitr F e g Sand (-5,

ﬁe%ﬁdﬂeﬁ@y Rh&i&toRl bod ezlsgszbmi Y PEE deh cell eps 3dBhé &
to identify anyt i ng t hat mght be an edge. Referrin

g
1d«mt1}ﬁ|eg Pgeferablye thasis irepropted fomeach [dptajcsll jofi gt gdize dmags 200 such

(5058 QUIEGly 898 gT08 s pup sl AR S

a%%%aluéﬂ%h 1212§ bwﬁabcﬁiﬂnﬂlﬁhﬁi (Zlelﬁttll@rcﬁ g&tph(c%ll’g': and 1§:'Jpr¢fe(rébl)5

Sﬁjé and 10 (3.5, ect | %41 n.a

%P‘é%‘r @bwsh%mga\‘ellrlﬁ@“gvg}ﬁge %aly%lﬁ%o The Iy gx"e‘@?f s, the

édg@ AR gfef%aﬁlgﬁﬁlag ial Rl 0 &5 #BE ad) P29 e
]j ace at

I's evaluated to determ ne
witteagpeoprorte pahpatarizdgmaps apal wéetethnifqess, whishprethemseves
%ges of ttﬂ FIIIgata cell 218 can be determ ned by
VORI B¢ A points (3, 5.5), (3.5, 6), (4, 5.5),

and (Bex®;a st@% 318\6Eng nigkdcal VAR ee@ORSh 32 the 38idrs @3Be data
and 234 of the data cell 218 can be an 15 identified,

®ilepEihasiige images whishmumesice v afuss maxdie usad to duninaigrnyalid
S5 R Rl R b it bl

the dita callIB @Sﬁtﬂ vA theatuntbry obed@c dmlmidn&th édmva partibilyr @ner. In

e pase GRS SOU RS el PR BTl me b deriped

?@E&ﬁ ’1dén|ﬁ?y ?%@ﬁufag@&‘ﬂelz‘%%a’vﬁl %Qﬁ@aﬂﬁ@d&e ki Rind Bk Bbm. It
whi ¢ e anal yzedTas such

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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20 wth appropriate conputerized i mage anal ysi s
techni ques, which are thenselves well known in the
WwW@eao4/00a38 , a step 318 assigns nunerical val ueBCT/OSBaRN9971
of the corners of the data cells of the edge,i mge,
whi ch nunerical values may- Ife- used to elimnate
invalid edges. Preferably, nunerical values are
Q\ﬁ?ﬁieg ﬁ%lde(bfelaCA‘nd)fanfeE%e {BR 188feS aQbrRAGha efurBRlifebort@inde
cells based on the nunber of edges that radiate froma
amgned @maare afér e partichlar earaerragn tleen b aspigneba pelue Bt is the
i nv t e
<A 1 e AT B8 B, B BRERILICS i
aplﬁli/cﬁhbﬁi agdifpe 11I11mhaﬁbm ,Alle itoee-dbscribed directions mall &d réﬂamdéd @ as
corner of a cell that. does.not have any edg&s
up olgftedqviy apd st resprchusly Witk rasRechiodhe Alsymsnd thaprssent
% IFe i gnored al together for the purposes of this
analysis. For exanple, an edge that |eaves a corner
i n aAfccostingy, rrefehiimgﬁo&eig 19¢ eachad itlymendners vhthgeells havingAn
e t.hat ea r cond.directi an be
i diaie S ERGE e Pyl RS SRR B AR
t@hhidue d Adiah @& g}@ fh@raamen\@lm%é&ﬁ&éas@ 5) @3, 6), (4, 6) and
PCT/'US2003/ 009971 -15 assigned a value o ,
(4dye Thh gerneraiv@sS)dnelsfesan adge eavingrin hedin d;tqctl% (aéaan Be

. i
VRS o 1E i Loy Qe eindm 0 RA G (SR Lali8BI BT DO
tl@afi*ﬁeﬁe ﬂheaunﬁfglstdsagn@ba tza:jllme?d)%r 'lthrr a?nertarE(ﬁ 6 Fﬁ:hpies posdse
(0] thi s a lLcatl on a or |1 Stratl , e . .

REID Joa SO Glieopd g e A 9f 4)ani! ap sflgeviae inhg right

dﬂecudne(faém%(gggﬁlue ang) a{ﬂdqﬂérefo%éﬂl%%me% ivasWichbl & 98pE6E14.0

he Fi gur the present application. "Accordingly,
Thefcerner aig(44 6) FAckpded ec@detavofg inlflee dovmdirection (assign@etalus of

B RERolSa SE DR o 0
c@ﬁ@m%' a@s1§ﬁ&f-‘a dabaotel Flnaﬂ-}g tﬁ@éorﬁélf ANed, $) @ichﬂ&s aﬁ)edge( 18aving
and 10 (4, 5). The corner

in th,el dmsdlmtle@ ¢assiga awah@ of ﬁ),tan@daﬁleavmge@ §ltsﬂefit Jueitign a
(%(s% éea \Qefluelgf g %& g%ﬂ@nré dlﬁ%ﬂ%@;?dffr&tfoh? sig‘iﬁmva@lﬁé (ﬁclt) | 44 an

val‘ue ore t e corner
edgslegtmﬁg imtheatighe dotctibn (Idsgnmvailmf of) a8 thedgforanthb u«zhasr is

Gy RIS UGRePUy PRI SAgRimegh FUEarGHe SdEEs

. WSS b&%llavaﬁ@l éh%h of t@n@ﬁﬁc&l%[&% AbEartdaqo %d@)@ﬂeré 8f the cells

assigned a value of 12. 15 The corner at

6)
oif il Qﬁgesmage 2fyway éavtlh@edutﬂ mdn@t@@mutjmr@@rthaﬁmg(vahé egges

nd.an
laz}vru& 6163 Zl'}S‘hag oS én ?sggcet o1f ﬁ%prg Vé{&g nOrgé Iﬁcal values
f6PEHRErS Ihavﬁig Shlid edle 186 ng@h&tfibm 15¢1u@é htyleast BES, G09,Mex; 12

at (4, 5) includes an edge leaving in the down
afdécti on (assign a value of 4), an edge leaving in

the | ﬁfl:tig.q'lf %?Ec'lé%rimage 400 is illustrated which contains several invalid
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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(assign a value of 2), an edge leaving in the up
direction (assign a value of 1), and an 20 edge

wo eaniong3s n the right direction (assign a val urCDUSB)3/009971
and therefore the corner is assigned a value of 15.
Because, as illustrated, the6edge i nage 200 contains
edges which are all valid, each of the nunerica

482D eARSIHNRE al ﬁwﬁl’i@bé‘c@ﬁﬁbedh@h ah elifeis@ot blﬁoweﬂf 1ntat‘kﬁ)rdance
edge i mage 200 naY e utilized to indicate a val

v Br aveaspeeiwil apattisulag cedty exccordingly nie colk pemeis rmayr‘frﬁeassngged
t cof t
o RS b€ ad S BEARE AR Gy BHPE Lot a2

1ddh@fyeéc5rﬁ8ﬁs ithet mtehatt ah @8alid 3dgé514eaﬁng therdftom. 1B ordadol5.
In Fig. an edge .image 400 is illustrated
de@ﬁpmenéa §@<¢@\alar e jsivald, Adeent LomeRhate ﬁov\ﬁl@qre%@ga%leﬂand

v&l{ér e < ﬁﬂ%rs?gdgle Bbth {éﬁ%né‘d £Ra3d Bubriddl ﬁesf?érpd%%ﬁsg tl?f%hge that

nate such invalid edges.
1§ cmﬁmon m/hmm@oawgsnmae wlantified sseamningdidsddgeh | eav es a

Col | ABIRE bR Bafle i by STEGT RS | §PYRSuten
afstewith fegedtQo Hﬁ: dday ab2 dhdefRURa Wl n@ﬂbeﬁﬂlﬁ@sicﬁlly pedsible |

physically possible in a relief or topographica

cgae ;naarwhe ; fern.ohkg ¢dge 4Phés rmg@ow@ t@e@ﬂmo@z(ésﬂ and the
CT. 0
rencegs{% Qﬁ AQQC%?(YIQI ltgeégl%e X 1@ V@%ﬂﬁ%@% ({g@o giuin@’i@h'\glue

an e é 'S ho ance
dﬂltllaname&s:pmtat , 4amagibt |a§sug1fud aceericAbeduaofigl. yurthes

corners may be assign i cal yal ues
et 405 40P ead AT yhichalse g nvﬂgfm e Rstr oln s
4@@ dak, ah @816 icfeﬁtlﬁ'?d'dﬂﬁfoﬁaltﬁiﬁerﬁﬁyvﬂ@éé%f an4invad 2191 1R ety

l'eavi ng therefro In order to determ ne’i f
aprartiel whilized ireidguatifiy g invedidi ed gesa df leerefate, troamaspsct & ¢he present
con idered to e been

R e AP TR et U e Rale SREAE e BT 0

th&eﬁ@;maua@ath@asmcpmner& 1MRy3, bedildentified as an
invalid ed Anot her exerrgl ary invalid

i |1 ushnathes est inay; by usad instgad gf @,rcl@saéiévaloné%g\ﬁgd%ﬁwhed above in
G325 i AEaRRR! oud 1 258, MM e eyt
odld g of alges hrawimgticeréfemc dhateis, iatac¢ddarsl vaticthe peesent
Soien, Slarh s AR U edsl1e5 PR o Sy hes an

I I
A"t ) B Sas Tl o et 0 pe 0

6)nanal (707 echgle aveareodd unsher af edizes mn@@@@fmm@ @,peqlﬁsally, for
and 41Q identify . .addjti

Satpfts e AR doaPTls, 5P 0B (L HTRM Blyg Bk e loabing
théréabindvBito®S rerﬁ_ﬁﬁfn@fc@frﬁrs d)ﬂ”thaﬁthaﬁ peelid edges heveseseiat

i nvention, nunerical _ values for corners that may have

Ipgrpag thereitages Thusaon pdge tenebeideptifisdas lwéldawhqr%ﬂgetedge 1s
@mrflon t conerd fhat e 283dd hmber 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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Anot her test maybe used instead of or in addition to
t hat descri bed above in order to elimnate invalid

weogesoass hin step 320 by identifying corners PCEHUSIVAV@®9971

an 20 odd nunber of edges |eaving therefrom That is,
in accordance with the presknt invention, a corner
havi ng an odd nunber of edges |eaving therefrom

cél[kd 'Fi@fe@a%l;a 'Blna%l: ?ﬂﬁ%s tﬁﬁﬁlﬁﬂifcht@%ntd? offf, Glack dr whitg e@@ rsfﬁl@h 8s
th;e) nun@sma values)of@aﬂ@ﬂ 1ha1\¢e1sa<h 6§I auqhu n‘%@r.the@ﬁtep%é% san be

t.heref rom e
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b9AGERD IFaMAtIGandD doehets aigattihay vhldes armc}n ofhe daﬁameﬂs
of the other invalid edges have one edge |[eavin

Rtefpéfl@g fohie. Thibs stepp 322 gRd 324 mBY CPRBHSS ?C?%%mé’é’PPﬂ &lid
%s %rgglgglg iﬁﬁh&m Qﬁ&ﬂh é'a%]%ﬂégﬁ &%s&ﬁ)\é@ b@f@)v&pdﬁl is

er of eavi ng therefro exanpl e,
nomd rieat sheatow(siynd 4pluamd n@@ bexgcamzclin hay erdeh m@hldm& es

f d 4, T .
SWRGLTAONY. ot P B T BHE 365 PAVEIS g DAT 0oy 4ok £
afiéfBin aliiek Bre a@,ﬁgﬁ&i hQRe c426 ForBgardl8, 4TRY oR€or both of a row
identified as invalid edges. Before t he nessa

ot gﬂumnrﬁe;m lsrpeafo?%@ﬂe d@%@cﬁ?@ 120agey peprformsd gfh?@ liggge3 in
PN A S e BB Pl SRR

tP6d¢ GISABRTRDENE 4 dedoticatdy Gin berprifermed.y, bi nary val ues

that indicate on or off, black or white, such 0}7
the rupeaRiip Hie ro¥F gbaten A2 maydirgt bepe °H§%‘Hmt digggtion of left

t6 Hgfmfegéﬁ §Ph3 %@w&@ﬂh@ @dg&lﬂﬁ%e Gogd PI-éTé}Iab@C@Bﬁ'laﬁ/ V¥, ch

Ign brnary values to each of the data’cel
af Oldr d\/\ESChSSlglyetho $a@p0ﬂiﬁd detazellstoaescating o Bymholtlmags 40Qwith

Ry e R T

a@ﬁ@&ﬂ' | R firstlhdsRatno@RSnitiar vahONicliaRa th id fef dd ¢l of a row
chécking capability as descri bed below. It is note

(thné@ﬁ vt daspeelBindegb piviahis i 1%@@@ seamadiaconhdatp 9elb¢%fldmg
I I
8 u}fj%%gthe% J@é{ltgg tgér\‘.ﬁ/g cflt Ll a%er?(?itafaadce 1?{3’1t %%?gfge is
pt@deme &e&rdgacaﬁmen hesksighed He \cahid o;apoﬁw fremalpyadue af ther

one or_both of a row 10 or SC n [ erf orned
Pradowedatieslk t1Epo So8s 1HRYFSEY @l@ BeRga @ if pisiensd dhq syme
ah& as zﬁzpr@@foﬁ?h’éﬁ F(fi‘texé’tﬁﬁleppigmu ill'hsﬁgt%s thgﬁle\?afuéém@eft%oﬁld

bi nar al ue can be assi g to one or nore data .
b@@lsmgnfal jesotes stagp Toamnwect péﬁﬁ b riglt. scan efcdap 342, theedinary

rfordied in
S o8 b boRionef 40 b gt GrRERRPTRE kS hlfimark e
RARLof ERADT A UatH¥etlh.e NaRhY carBalbd Bapdrfotaledén tirupiposifbor
as 0 or 1, is assigned to each of the data cells far

righé i lefiglizecgmeldhe roverndaatnesican be pegitienedyn theapper right
cﬁ@&ﬁn{:&} th ol 1R Yot BREFHRP b ¥a i r HREQEPCLIs VAl USRS be
described 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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assigned by first assigning an initial value such as 1
to the first data cell of arow (the |left nost data
W@ edoupoc4biext , a val ue is assigned to an adj acePeT/Us1083/009971
cell depending upon whether there is an edge between
the adj acent data cells or-hdt. If an edge is 20
present, the adjacent cell is assigned the value
4039p@5$5 tSGS)I (505n6t5)e(5vﬁl7t&, &ld 6lte 8.5p, el Kmti:sdﬁiea &ath of the
IS present, acent_  da a cell ssi gned

d@?@e?eH&h@ bephlhsIeahdb. 55 Lo e Go 814 A regectisely iy scforonce
Fﬁ:ﬂsﬂ. , dﬂ Lellﬂ%far%ﬁ,e%egﬂﬂagﬁy A ML éeﬂ ﬁﬁ&lef B#‘ ladis a?ﬁgned the
y suc

assi gne scan.”’To conduct a
vaherofdf mmemga tlterelstamredgybetvabmém dataarpelieApmsll B,l tbﬂ data

in the | dr ant.
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A%a%? bREaRE e 1@%91 euge béiweapRHataells B dnddt)ithd @ath 6811 C is
irection of the rows and val ues can be p05|t|oned in

asmnqgiptbeblrrar}g‘mlue efuladfethtfonthe spme sqasens dhe dawmeclhRrikassigmed
1tn§rry \pafl oaf‘%)h }96f %&%h& L &5 %({g}s Rég %ﬂbl w&ﬁ the data cﬂls D

escrrb e|OM/ e va ues O a scan 1 n

~ ap0/By Mdﬂy afid Bpnd &4 thsedmbeeusmm amdaeeme assignbe tashp dinary

| eft uadrant for a top otton1sc n . and n th

vaBigeat O diipal ysbecau%?dh%mﬂs P‘bF %?h%w ¢ datp 65 5. aRd Haghe
c%&&ﬁ%é\;sﬁ ﬂﬁe%a@vameoeﬂge symbol 400, shown in

contdins the data cells that have
t hei rPreferdbdy, birary (8nés ar¢ ajgned o Bll ofihg)celly By Sranging)the rows

W0 .2004/.,00 438 PCT/,US2003/,0099
1 g aifitigns s e mangi gesgiBediNes hus satlpg bty
v‘iﬁ&@ rai‘%ﬁﬁmo%@@ th @b ubﬁ& and b werGedtt Guithant9 6Lthe lcedyed sablatafark

and H respectively for, reference
th¢ eentery of earh of mq daaa cligtfer zeEpht to dgfbandr el 4¢ right sca dat a

%@Jecﬂéf&? ?{% gre %Moveh Teg %S fi gﬂ é%%tlw\é’ige 480. ozgls?ﬁ % %ﬁ)égahg

cause ere s an e data ce

dBlurhfeofdat adde imapd ald prsfeﬁxbiy ganakdt dned abmg(md)bmz&tv welues in the
opposite that of _the

d
DR e SeoL e e e tetaaed atdhs Wb ithe
Age Hﬁ@géjﬁoa £&bldifgl} Sthe ?e%ﬁltﬂl@%&ﬂﬂ @alﬁéé"l%f he\cdlwenOdre 1.

he sane Teason, data cel Dis aSSIQHEd
polsmolncqh ar 1ghe wpperandiovwger lefs qmdsents hethe cmseesﬁbaten@fkéhe centers

F SREDLE NG AP P o B o Feert.

t he bNaar ystdp33@daternthedthe binag) {zaluesueﬁmeftﬁeedam cc-,slswy
Ige between the data cells G and the data cell

analyzing the binapnalys assieped, by the towr sganwféfeéas aB¥ ynd Bk aTlgxls
a\f/n% gjﬂr 1 vér ﬁfﬁﬁg g{%&ﬁgﬁl {84 het Yhiub g‘? flﬁ%k Sscs., Slfcﬂ"'é%ﬂgle

r ct I ons an e mann
m%ﬁng trathtabadvg of Figid2, thb aet edud d¢fi thgbﬂnanya\rajlueswaélg}mi to cell

[Een s T achpattsehi i ERencdbnvareorch ot Relb Hhfher
Q@Jd@, tﬁ@B n%r;f Hiudof delM i thahBhdusBubBibtl dsQilrdfahd safififire 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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respectively and are shown in Fig. 12 for the edge

i mge 400. Also, each of the colums of the edge
Wo pagieo@s®e preferably scanned and assigned bi nBCUS2003/009971

values in the sane manner as was perfornmed above with

respect to the scan of the ¥ws of the edge image

400. Accordingly, the resulting binary values for the
bﬁﬁbu{?ﬁ‘lﬁes&bﬁamfhe piati dello hevk bd&nﬂhtennmpda by ated 3I36\aestep| f6tmay
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nes bi nary val ues for each of thé d
be eldds abgl stem A28 i saye theemesisage andvdesed tsa bign éaO,byhlpm gtep 330
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meRE oBeaE R Eonskier theh efid progest 900 ?fo@eéﬂ%% aAtepf33E] @hichDegins
the net value of the binary ues assigned.to cell A

thesanglysis-of 2 next objesim a@Prdaﬁée w&hﬁhe masenhEWPRtiy 14 thesg s no
oﬁ'[ef ?Sb_]kgts 86 Gflyzed Iﬂ?kno&lgg ceé’%ﬁ? at d 4? ?3042 At ¥s %: YAt L@ all

I'S unani‘nous e scans

tlay @lge imagecapaotee decédmbtheh thglpyocess mey cm&imne t@ﬁtep B30 to
four scansg of steps 32 d 324 equal four

QST PRt ChIEES Phite CeRERTARRO% T oha hShetaRts. JRdFSde

nl?'cigg%r -tMad Hfﬁh ‘afffelfentgtﬂre%dTHsl Mtinéd it HRetRdtRco®d the Brdidipe.

assigned the binary value of zero for each of the
f our WithiespecThuthe bimary vhlaesanvignediostbe cells afdhe ¢dgejmage 400
ero f our scans . e
?] n Hﬁ?’ﬁ iigfqr tl&e {?uB%cagg gllsﬁé(nsé 0‘? ov§ 191s n%té(f]tﬂ%ltctﬁg g?égﬁ{age
4001 FigNe doédiddt Vﬂél@dMlyﬁﬁ%ﬁ&d@&T /Aﬁiﬁﬁ,&)h@ @8&/inage 9400 of
bi nary values for all the data cells _have be

Figtlarinrhevm myFig: Wovihseveral irsglid 26%%9%%@@%5%%&04
4‘9?, Aftﬂiéﬁ @9103%@ oﬁfef R Bpkaih Rof 8EOHENnd 5‘1"8’:&%9&92'&1‘}{5994 bassd

I na val ues"assigned 1 n 336 edge
usedhtyeaskign bmat:}e‘saiﬁa:sl tb yheletlo dé the el geliroigsi tbatt qaajve ubesl toalgeode

¢ efte3n6be i S0 AT EIC et KoWh bt gl g ifpce

11@196 Figbienbws hfé\’tﬁné}?%ldeéj Hat bdd RohskiBnéd ®PthdFur dchns of steps
here are nore objects to consider then the process

33@@mé Pa¢.cBiistly, thesbivargyaBeof 1wpdyche assignersto the éata rells thpts
e e 5 D8] SBREE My O 50 ot 22

aadaby 1ed cbhen Albe, for thoesselB s hate aanatvahleiiﬁ‘éerol the biary
noted that if the edge i

e cannqt t hen
“ele q5iz6tanay bagsstesRd (saeel L st fge@@ 28.11 if¥es cell
1ﬁ&'1¥at9% et the *ablge&% t«Elﬁe g(g%i@dm/s mwﬁntsr QR 4/60khe

exa eco re-tried with different
stch]rm gh «»thd:s wobedsi ﬁlsctomactdnntafy valoe d&els Gdewn frebethof élg?escans

I t
Gt SRt erovidy s oo Siabin PRCwLES 3% sPnpls
1fef‘Hr'1r1ng°’ﬁﬁH§ 0611 I%Béléé Mjnﬁlhl%VFll aldet V8ud ot Bfbrithadell Memegde
i mge 400 of Fig. 12 does not include any invali

ascigoed. IAghgqtdumntsp@ fzerydon tespstonmbippry 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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15 Fig. 12 is shown in Fig. 14 with several invalid
edges illustrated (edges 402, 404, 406, 408, and 410)
WO pooaaiss t o expl ai n how the scans of steps 32PCHNS2082609971
can be wused to assign binary values to the cells of
t he edge inmage that can be-Afsed to decode the edge
i mge. Several data cells are |labeled as I, J, K L,

iR M sie 400f ameREMe andllysio maglbg usddifos A @B hbﬁﬁg hinkewatue of
val ues that can be assigned the four scans of steps

3 2@03@@1@@ thpepll Irbeled § pas 3 M va fug af § apdmay berassighed thee

|
BB o 6y D G ) B o
Fﬁfallgk,t zemﬂ v3R2 of arfor a’Sé’éll 1(ndﬂ:ates dialt sda)‘ls 1néd>lgm>sl_té diredtioos ef a row

IIs t hat, e a net yal ue ro the binar al u
COlBmp afRip ﬁ@gg‘segtegh e)éhltsg e &eqe cpsnot {Re gusleng a fineyy vatue
aﬁd A2 'Be iab@fed%s LRkn@w i ef"(l)r exbﬂlglec @RIl 1dRled 0 Bag 9 [1Et9&iﬂue of

I na val ue for the cell known in 3 out of 4
ZKMénﬁﬁtsdﬂmkdaﬂudnwmm mords the correct binary value

nown, i of .t he SGans ormard L )
for S FRlet T oty s o5 R thonisp hioa s BRG IRES
séf eére bBdorited e ek@hblel @Bﬁlla@dvdliﬂtd &t z!Etcgmlgltﬂ have b ass1gned
value of 1 for the cell Mm assigned. In the
(ool il Brabosl) hAsBEneLlbe Rsrnage a dbessdl

e R lrerd S0 B TR RS o ERBCLE U BERRA RARECT

pbdbimih g fourisgiris provilesf suffivieht liebtmatdnrtd ghdigrs camest hglae;evalues

and assi gn bj nar, val ue, of zero. Therefore

¢ gt sel g i Bl cobig T sl P gneanisylasDarere
Yaltidd 46€

RIS, Al B gRETSfs epia v

CEMﬂdwihzwmsﬂGGQQ@nﬁhnnDMwﬁe edge i mage 400. The sane

anal na be for t
3 sl etfe il B G Bm il Kby
d3scaibed BRYhiHEoABEIng h@xfb tidef setifonR inythe ddrégoink désdﬂ@ﬂaﬂs & isto
the binary value of 1 was assigned for_ 3 _ out of L e 4 .
b@@aﬁ@rstoot:%w&w that W@tle@atttﬁelab? orps op proRodignants ¢fthe Hvertion
hta{)«?'f)eeﬁ%’ﬁb?ratéa ORRAR 'rﬁ&hﬂéaru%ﬁg '119@1§d1 %nﬁ)dﬁﬁﬁﬂtlén%%hape and
um are 1 n di sagr eenent ch a cell cannot
ahanmmang ofphrts, m&meylkvatanéae n;mi@ wrﬁyoubéepamug fromadke spirit and
ﬁé?{h Fo& exanpl e, the cell |abeled K has a net
PUMd may be | abel ed as unknown. It is noted
that if only a top to bottomcolum scan and a left to
right row scan were perforned, for exanple, a binary
val ue of zero m 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
particul arly where




invalid edges are present. Accordingly, assignnment of

incorrect binary values to 15 cells can be mnim zed
w@eooeldarshat ed. Nunerous characteristics and aPWHOISHGES09971

of the invention nmeant to be described by this

docunent have been set fortBlin the foregoing

description. It is to be understood, however, that
wﬂétllgclgmédlgul ar forns or enmbodi nents of the invention

have been illustrated, various nodifications,

Li nc lfdnngqdﬁmdﬁteelatn%ieat%esgf@ﬁ@mbah‘apsze OB prEliRf ORI
f

£t omipyDe a3 (dMiuith K61oas B BSoTRBfe o AUorf ERiAY O

2oomw&meaamammmmlemewdmpﬁgmgmmsmps off ai med is:

1. A nethod of .determ ning featur of, a y ol. pased
on & rel | dRegRiHER Fhe BieRsT G Rssible Sp S AR e} Gétn and
one di scerni bl %oﬁﬂﬂl%@ﬁ@orﬁﬁﬁé&&%sm%v@mﬁ&ge image
information, the method conprising the steps of:

det er i ni ng thenﬁinéméﬁh%dlmeﬂdblg@égmbl e edges of the
izlplr gfs eﬁta avtalﬁgagm}%ntgg age Egger?or?ﬁlga bl %e %I‘ﬁ%YSIS of at least

di scerni bl e edggs; omad d1§k®hia5& ddaes;edde | mage by
perform ng an edge analysis of at |east one of th

di scer nabldeteERgHES 2438 C@B%%Sﬁmgl Homdhe edgg image sq ﬂ?@t the

synmbol fromthe jﬁ{%g t %fggﬁ
decoded to provi iEﬁe In g‘?%&ﬁ?%ﬁméﬂfglgz vv%lt
relief pattern wﬁhmhleem;mﬁ);mltternmﬁﬁhanfwlhod of cI ai m

1, ein,t of . det er m n|n the nce

% scafmraodfrRahr Yiathd u postarifiog i peade of
| Magidigbetiile el dsIf tH@feh@fﬁhtt@fn cdnﬁ}fhs%y Hﬁ%mg\'dfef}eﬁ’éf pattern of
I magi ng device. 3. The nethod of claim 2, wherein the

i naguth‘gsmbqlrvethmmqulrpgadetvmen conprises obliquely

3d il eclthqueﬁlb@ h% clg% 9 \&geq'elrr%gllée% %agglfgt (%‘rﬁflg rel%f B%t patg&hg%%s

of clarm wWhet &y e re
furt Iwhquélgzmﬁecmhgnt ohtozhegliedpdtterst in | i ght

reflectivity to detern ne the pres di scerni bl e
‘edgesthegnet i ofgbid BhoEns Qmag%%ﬁ%& Frlishgatiern further
val i %mp?@es%%tﬁelﬁgamlla&qﬁ hgﬁtsﬂeﬂé‘ét%y% desRRkitte HabdiBe of

indicatrve of the validity of a disCernable edge to an
i nt erdseetrilin edgesa plurality of discernable 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.



6. The nmethod of claim5, wherein the synbolic val ue
conprises a nunerical value. 7. The nethod of claim
w@G20mkenas N a nunerical value indicative of theCT/US2003/009971
validity of a discernable edge assigned to the
intersection of a plurality2®f discernable edges is
based on the nunber of discernable edges that formthe

g. nt ergechéticd obélaitn p) whatih e wiliddiise aep alelvleadiéging 2
2004/ 006438 PCT/ U82003/ 009971 -22 8. The_ nethod, of
ol ai isernghiereden bated @nyaanmesicelilus aspizned fo aiirst infersection

val i %?tdis'agm%‘l edgéss Q@&%Lﬁn@%&l%@ﬁd@@?@ el BRGbIE %P%e to

val ue assi g Fst intersection rnab
edge&cvwhdmhdflrst i ntersection includes the

di scer nabl al | nmet h

c: ai %ﬁ%‘fggﬁ ih s qur%/laéleq Y?é]%?@e%“m rher lqcﬁ’@leﬁdes
val i %haatﬁlgt t!ﬂ@ d@b&ﬁ@tﬂ@ AU LH:R66n RatREried valveWEREALAb 2
val ue assi gned second intersection of

di sceeenadl letee@gw OhoS@mabl?(ﬁdﬁdS, ivitigh speend mterbastipny tnebrdes
t he q el naé@%?‘i% etb}%oapg vdal i dated. 10. The net hod

of cI 1'faat i ng step includes

noal i dl&lel Aghad ofltisimel Jwhkdreinaklgealiddtifie ttep idadeg Vhllfd%ltmg a
nunber of discernihble edges that radiate froma f

st
i nt erditemiblg cdee by getgrainngyfhenrumberad discpmible gdgss | fhat radiate

whi ¢ I
edge T B RERAGEL QPlubpl) oitfReel iR SO WRRY! it
wher ehﬁerﬁeb@orv'mlclwas theglisstrapble ledgeh'@rba vatidated.s

val i tin cernjble ed by. det erm ni th
Honbabesnetnba cb R . Wit He velide Rk Brftipinthaes

Seco r\@hﬂﬁﬁfé £ 8BLrAMIOEdgR bp ldefephining B ndinbeLsNdifdethible edges
edges, which second intersection 1ncludes the

di scehatabiietedity atsecnd intaiseetiomenf aapiaralipshofcdisaesnible edges,
adj ac qt létschh %ﬁéllisé ction | 1?51&(#%?&% J}lggevrﬁgblcg&rfg%tecé g@kefldﬁdated and

edges erel

det ervwihich iadjacdat @ tﬁeﬁfst Fi@pectionpr diseanatds sdgini ng a
b| nar value tgo at | east one data cell 0 tq t the
heagethpd of glaing dewhergin therdeterminmgp teR qopnprises

mher ea g{‘nﬂ% aqaﬁa Hle?b Qlfl(aé/st ¥Ad HSa COMRY {3fmhed§HBol @ be

one. alm 12, wherein the assigned
bi nar@ecmﬁd.le corrprl ses black or white. 15. The net hod

o mp r’ﬁge?gltilﬂd \gf elal%la r112 ¢ vra} erem%hgaSSlgngél B Va{ilue comprises 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



off. 16. The method of claim 12, wherein the
determning a data cell step conprises scanning the
wedye/oddraye in a first direction to assign a bPeEDS2003/009971
value to at |least one data cell. 17. The nethod of
claim 16, wherein the first23irection conprises a row
of the wedge imge. 18. The nethod of claim 17,
wher girBetidheo O3%bn & bie Bk to Mh@at! 1edst oh®ddth gélt anihe row is
2004/ 006438 PCT/ US2003/ 009971 - 23 direction to assi g
a bi AP poarardén ¢ sehttliresion odsft dyreliandpasdst p bayey ‘f%lu‘ée to
row 'tlfeat"’,l‘e SPoRCAM &GS in a right direction to left
di rec P as sl gn a binary value to the at | east
19ne dataetiedd of clm Bhevharirihd defermirdngra d&a celhstep furthehe
deternmi ni.ng a data ceII step.further onpr,i ses .
ScanAPRFIt GBI DARYE ISR 12 & SoEd difFRLT (g a-ign a binary
assi gh@ t@hﬂ@&éﬁ ond/ @th8ell By Ble stAARIthE Bifst qﬁbel&lel | by
the scan in e first direction. 20. The nethod of
20! ai fhe metkmdewfmlanmt e whersonithe dbeandtditsationeqmmprises a golumn of
col ugF Q{gﬁ .the edge image. 21. The nethod of clai m 20,
wher EI°BREPE8 um is scanned in a top to bottom

20i r eqthk Bith@ FESAHTQ wherea the\calunen fsacinhed af a topas boﬂ@xﬁ
data cell and the columm_  is also scanned in a botto

to t éﬁeem@etaisean ¢ BInassYae te the aldeast one data cell ant aﬁolumn
| east 85‘@ a?li eal BottofBo tdf uge]&ré@itoﬂ‘w %fl%ngé tﬁl}'glxe 5 h]e to the at

wher el n p ur i nary val ues assi gne east
one dimaormeddtaeaﬂe anal yzed to determne a single

nar vaI r .th | east ne data cell 3., Th
et e tei eI S (ETRGH DEBHBIRGY RYoprasighefioghe at leas
dec 0%@ dafaRel 608 aly BRI RARESE PAnkRDIRTH VNS %rbh@awast
value to provide the information encoded wthin the

syrrb@hedzwcelm apparatus for reading features of a

?hg ?lﬁp cq%l@gl f %L e& cgr%éﬁg Bg 1herk%e(>\§n AL g@%dlhg ﬁl%tedge

e’ an represen

i nf Ofiffagd Bz[ked oh e RFipAdEBiNSyGaNertb prardde tive aifsrroigion encoded
sensing . a reflected light pattern and creating an edge
i mageVi gt?oﬁym@@hthe reflected light fromthe relief

gat t el a%f‘l 1n%%atﬁ{1§§ bfy lsyqﬁb(glhﬁsé’datllﬂoﬂ' 1¥11&P£pa?cem

I scern
having at least one dlscernable 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.



i mage and for determning a data cell of a synbol

based on the relief pattern so that the synbol can be
wolewadaed3t o provide the informati on encoded weThUs2008@09971
relief pattern. 25. The apparatus of claim 24, as part
of a systemincluding a |ligh-source capable of at

| east partially illumnating the relief pattern so

2y hat ThBepgdratus aslain0?E viticséif tiedeheredaPris@nt haist @@densor
26. The apparatus of claim 24, wherein_ the neans for
senserpble oleensng eldeast gpertiogpiilas seflgetad Helddfrqm ghogigliel
edgeg%g%ge conprises a reader. WD 2004/006438

PCT/ 3/ 009971 -24 27. The apparatus of claim 26,
28her dihe apparatie afidainc2Tywlicsen tiad rehéaStrtivreomprisesrmemory for
capabl e, of sensing at |east a ggrti on of the reflected

| i ghstoringinsimstionyefssnd fenstpEpg an spagetpOedpradeds ys of

26! ai P L WRE 8F Hlaile7, WARI&H thdHch G uRRIRbINDRESes ORI
for storing instruction sets and for storing an inmage
t o beratessiaehit 20 corfrpdlingp decniding agorithmi for 2plyzihgtheiedge
the reader further conprises a central processing
uni t P control Ii ng a decoding al gorithmfor

3ghal Yk Rgpirhes 6€lgeim 2TBereid Che foh@eraPBerabiipriods 4l iiaging
27, wherein the reader further conprises an inmging
devi device forconvating g senpred selfreted light paitara intp pphirality of

pat t i lurality of electrical signals. 31.
The g%%%%f%@éf claim 28, wherein the inmging device
3t onpMhsappaaimbaf ¢eim 2Quphezein dise intaing3@evickvenmpises athesge-
of cl ailﬂ]ﬁ ﬁ .Wherein the inmgi ng device conprises a
CMOS ©Ot é fgcdevi ce.

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

imaging device.



