5

 the' BBjaEeRsr RO H

iG

15

20

25

30

-I- METHOD FOR READING A SYMBOL HAVING ENCODED
INFORMATION 5 Field of the Invention The present invention relates to
methods and apparatuses for reading and decoding symbols having
encoded information. In particular, the present invention relates to
methods and apparatuses for reading ahd decoding signals produced
from two-dimensional relief formed symbols. 10 Background of the
Invention Optical imaging systems are commonly used to decipher data
symbols printed3ABE{eBtE ORI ABINENS YR BB e &4 BEMNGhbtain
information relating to the"dHje DRI A EGHMYHEBSINs a common
one-dimensional form of symbology, and typically comprises a pattern of
verhigat barsedhvaditus widths separated by 15 spaces of various widths.
Because ﬂfﬁ bar and space el en%s haye different light reflecting,,

€ present igvention relates

characterisfics, & reader CAn CoRvArt a SyHTES At RmTalaeicy St syd
andsedfigaretibtls leftomedchrded thésyatival. Eheneleatricilssigamintarvention
neRiBRs alEERAnd ARSRIRIRRYAR ARAIBLAAND SIS als produced from
representation of the symbol, which can contain certain | ormation about
%@/‘%‘Pﬂ%ﬂé BFIRIR0 type are now in common usage in
vaaukapplicatidnIngtighhas inventory control, point of sale identification,
or Iogisticgl H(%?kin S)éstertns. Because conventional one-dimensional
symbologyTequireea ratatven farge™ HS5¢ Sp4eenbrrdatiaygbols
cotrarisdrdingisctiadir-den guideofiflathe sbjaailed twibtdimesinmdibaiating to
codf Syfeholaaies DaYe heendeveloped: st dimensianal 25 symbology,

symbology may comprise a matrix that occupies a uniform amou
spaed HENHYy dogerertprtemAguRiFien Sqtrees shinve vidthe adrefdted by
ANEhEEACH AU HICh RIS UBEONHKS iSRS eshal PRIIGIALINE A0, light

CO|Uﬂ‘In of tge matriig corres%gnd to the information being conveyed. AS a
reSUlt. a tRO- IS oAl ATRNHL ShASNSE, AT Rt G Sig s HESR oy
dataakitig thelight refieted Hbsphesiiinia the\riieaRkighal can then be
ong:gi ianal any bar.code symbols are printed.on lahels,
R e e R R
setideran sersinrastaminformatonfabeut the object. Bar code symbols of this

type are now in common usage in various applications, such as inventory control,

point of sale identification, or logistical tracking systems.
Because conventional one-dimensional symbology requireé a i'elativeiy large
: momt of space to corivey a correspondingly small amount of data, so-called two-
dimensional bar code symbologies liave been developed. A two-dimensional
symbology may comprise a matrix that occupies a uniform amount of space having a
generaily rectangular or square shape. Instead of bars and spaces, réﬁﬂd or square
"marks disposed at particular rows and columns of the mairix cotrespond to the
- information being conveyed. Asa result, a two-dimensional matrix sjfmbology can
. include significantly more date within a given volume of space than a conventional
one-dimensional bar code. o
| M;my bar code symbdls are printed on labels, which are affixed to objects,
_ boxes, etc. Altémativeiy, 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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of an object. This can be done by stamping, engraving, etching, milling,
molding, or | by other known methods. The symbols can be either raised
from the surface or depressed within the surface. Such relief formed
symbols can be more durable, less expensive, and provide other benefits
of typical bar code labels. However, such relief formed symbols can be

dlf{i%lg%ﬁgr gad using clrrenlly I}{%?@éﬁﬂ%ﬁﬂg%gé $ANHBSurface or
tec niques, ecause the contrast e_tween raised and recessed pOI’tIOﬂS
of dtrresyedbeitkingbnareigdonndocizhipmmedis umaels cap AR M s Gaeble, less
trﬁ 'E%E@f@y%ﬁar?’ﬁ?&%e%ﬁ%&x‘?&#&@ @ﬂﬁﬂﬂﬁ\d Eﬁgiw& Iﬁfbﬂlﬁé thfﬂ&ﬁi

e scanning beam substantjally equally thereby making differentiation
R R G T30 T Al S L g RARLTE G B e ot e
appiiaation eftadywesdisansiahakeymisotegy adilizésdatwocaivsrsReshans of

SYoal i lieRaNMIAC S CFIPIGORIREIRAIER ARYiERS SUEh as AR
paneel d'flglplays.g%?/plcglly, a symbol is formed directly on a display
subisuhed, bohitts i absimsl e wiarsioBy Y e IHeh BBHTCBR ARG PEAREr

suitgble techpiguanyAllaustivelin the syahokreudhefotmaiktisadtly-onto

the substrate hy laser 15 etching or other suitable precision relief forming -
protesas BevAEe 4 wo- dimensional symbology can compress a large
amount obdatanvithiin sppdietiical\o fomealt-dimensionb$ gpbaie gihetidzassolwo-
can, SorS Sl o'ﬁ%%@'%{a%s;ﬁaec&?lfetBffm%&géfé@&%n{@&me&%ueﬂ as certain
information as serial number, lot number, batch number, model number,

anfspenedismavodopiesliyicnsimbelinismedAiraelv e84 (HRIrD MRR96:
theymRR Wachiin e Rt esinBrRC Rsee S PS8 YNAIsOcBIkGtable technique.

manufacturers to protect against component theft or forgery. Generally,
sUCHIETHABEY RFEbH AP ?f&r%f&g‘?%%%’/ o s Pz B Taser
COBMAO oA thENavib Rk rélief fvaingpeahs phocessingstep in
the,.manufacture of certgin flgxtn% %I i Y5 oﬁH?Qfﬂ%Q%iﬁiﬁW?&ﬂﬁvely
dis%ﬁ%?lﬁgge%gﬁi}) g5 Covers %eﬁ%ggu@str_ate,.inclgding the symbol,
witbnzethiinfinsionsitinerar thanymot e etave miutarsidantileeirdmianine
BQmé%lmglsﬁ%§mﬁﬁfﬁdi%Efia@%ﬂfﬂﬁ@ﬁﬁbﬁhﬂﬂ%@ waichvanyber,
thin, the relief aspects of the symhol forme%h% strate are gau%l mate
preBefrEARYRR AT OTFSIRE P HRerét Y gaBafed réTier symbol.
A signifisameltaibpacieaisplobiited seliefsyatoisadsi¢hatnfapturers to -
protect against component theft or forgery.
Generally, such symbols formed on typical substrates may be readable with
- conventionally known equipment. However, an early processing step in the '
manufacture of certain flat panel displays, such as Hauid crystal displays, necessarily
covers the entire substrate, including the symbol, with a thin-film coating of a highly
reflective metal such as chromium. Because such metal coatings are usually
conformal in nature and very thin, the relief aspects of the symbol formed on the |
substrate are usnally preserved in the thin-film coating thereby forming a buried
relief symbol. A significant drawback of such buﬁed relief symbols is that they
generaily 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 sublstra.te can



30 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 3 no longer be utilized for imaging the
symbol. To compound this problem, the metal - thin-film usually has a
shiny surface finish that tends to furtier obscure the symbol characters.
Summary of the Invention Embodiments of the present invention
nolgeass el datartigebaren il ofe spmpgansk dHe nspbleatthy metal
thi¥avdingmethedssEngd aprRattus@sior inacing.ane: sacarling: cerial
symbols such as two-dimensional relief formed symbols. In particular,
Ch@%%t&'ﬁments of the present invention advantageously provide
S inSihs Andmiethods to read and decode symbols wherein one or

mor %ﬁr&én?ﬁ‘é(ﬁ%’??e%&ﬁfh g’tﬁ‘ﬁ' %%51% Hesumhok %rsgaaﬁcﬁ least

partially discernable. Also, methods and apparatuses in accordance with
shesfpoMmaridhoprivs prdsaroidbriostbeds 489 anrasssissijopangsing nd
deBSIiREBARI £ IARRNANSISIORARIEHBIIBEANSINF IRV A SHALRAGES Ik ular,

ecoding the symbols. In accordance with a first aspect of the present
¢ %‘ﬁ‘ﬂﬁﬂﬁ? Hﬁeélf‘s RSB E O MO SRR AT RS DAY LDt
to badedddeacigfipaite whhaiinmadwosdicdessidnal mattixraffdata @élsvithin
i n .informati he, met omprising.the steps of:
th%ﬁé?%?ﬁ%%%%‘%%%ﬂ%@ B e e
ace@Hipiing inforhediorenepredereivet ot wmntied ganathgatagdesdy partighio
pefRRIE seniativenaf thertwaedimensionrl mrity of datacels Arddncidinge
the discernible edges; validating the edge image by performing an edge
sY®Rlsis of at least one of the discernable edges; and determining data

cells'BRASETERTE OT o e SeaE s gESE HAY BHESY HBE Sapayided 2
mdiRsodeddepipyidertariBiomaiianmensadacbivitindhareliehratiern efdhe

~symbol. In accordance with a second aspect of the present invention
dincaroRb RIS A 4A1 SPIAY ATRECRSP TS AR HedtiIFeuTBR 08y b SR EHeE
cokpeRiAg aliefppiterndeaying motve-ginensi i ativiefdata 6elis relief
representing encoded information, the apparatus comprising; means for

PalEiAang SOrRREHR PIBHRHIRILIPPESGEALATITY A dggdnitatd fast partially

representative of the two-dimensional matrix of data cells and including the

discernible edges; validating the edge image by performing an edge analysis of at
least one of the discernable edges; and determining data cells of the symbol from the
edge image so that the symbol can be decoded to provide the information encoded
within the relief pattern of the symbol.

In accordance with a second aspect of the present invention, there is provided
an apparatus for reading features of a symbol based upon a relief pattern having a
two-dimensional matrix of data cells representing encoded information, the apparatus
comprising: means for sensing a reflected light pattern and creating an edge image at
least partially representative of the two-dimensional matrix of data cells and 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.



least partially representative of the two-dimensional matrix of data cells
and 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. -3a- In accordance wild a third aspect of the present
invention, there is provided a method of determining features of a symbol
based on a relief pattern having a data cell with at least one discernible
edgdaamteepresseriihg Shicbaueshidrihatorseiianrieatiod bermpsisioyided a

me%ﬁ%ﬁ%?&e%f%@ 'PQ&H&%S%FQ%Q%Qf rlisce r&{@%@%@ %ﬁtfétrﬁhﬁa\fﬁléeg data

pattern and compiling information representative of an edge image

celinwitil ridersé ctpsdiseaibible gges avdiidatisgeccdyedadaigeonyEfoiffing
mARAWEARaYS S Of@bssrsianamalithesisseranble,edaes haad98s of the

analysis comprising assigning a symbolic “value indicative of the validity of

relig (ipséisrn At courp lingin ipraps BatisisPenpItvaley ot afise dnngslnelyging the
s o astenpnnaRdas el abbERRoLIan IR LAIEINIBRISa, Dakhe

symbol can be decoded to provide the information encoded within the

leasg it phtterdiromeblyrilssk. thordee HBGh AT B SyREESHigTaye hagabelic
valR BiRligRatterR WhiGh serresentsispcadeddniarmationandineludesiat of

least one discernable edge can be determined. Generally, determining an

disserpakde prisealiarhdeieraing vallansl eichesyenhnhEqadbe sige image so
thRBhfosing1an cHo8RpalSS alihadetemmingd loe L8R AR/IRATINR heier

symbol image. A data cell of the symbol image, which at least partially
pafispredébes idhation encoded in the relief pattern, can be determined so

that the, symnlahiaags canhrierasadian evdedis piarmaligrencoded

within the relief pattern. In ‘another embodiment, an apparatus for reading

rapeReTp aRIFEA avivigration ard sirdvdrscerisath ensdljecamatis
Rocadedintarmationdis Rrovidedn GRRIBING Me-APRAAIUSINGIIRS the

means for creating an edge image from a reflected light pattern and
deieapiaed ederipimgihevaldmeeearabigs of the &gainrdsdetsat edge
d50a98-s preferablyisiaated frembobtisfiesied framgbesiief Ratigin. The
validity of an edge of the edge image is preferably determined so that a
raial baepyesents information encoded in the relief pattern, can be determined so
that the symbol image can be decoded to provide the information encoded within the

relief pattern.

In another embodiment, an apparatus for reading a relief pattern having at
least one discernable edge and representing encoded information is provided.
Generally, the apparatus includes means for creating an edge image from a reflected
light pattern and means for verifying the validity of an edge of the edge image. The
edge image is preferably created from light reflected 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 pattem can be decoded to provide the information
encoded within the relief pattern.

These and other aspects 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.



symbol image based on the relief pattern can be decoded to provide the
information encoded within the relief pattern. These and other aspects
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. -4- Brief Description of the Drawings The accompanying drawings,

Wh}gh e incogporag%g in.an and constitute a part of this application,
sﬁa?eé%%%@a?%%m%nventlon and together with description of
the embo@hmertsnuemdng dRpiaEs (Hdush e RIS TRTRE DR enal 8IS gpart
degerintion.efthe drandngs 18aR-H0llowss Fameel-daan @ﬁ@m@@m with

two-dimensional symbol shown on a substrate and sh artl ular
an qiﬁfémépaaﬁ%%fa%ﬁﬂawﬁ%’ﬁé8m%§“s %“?&i‘%&’ &at
5 Figserddscagiossfaretianaingely affimeymbol of Fig. | taken along I|ne

2-2 10 showing,in a”'CU'aL&O{t'O rgeégsnsaxq}tzwmvs raised,2hoeind

a surface ofthé su Statethe eby orming a relief symbol; Figure 3 is a
crossseionartimlontiesysh bordidiplithesey takePemRripinge Py of
- further é@ﬁg.ldlng a coating covering the symbol; Figure 4 is a schematic

block diagram of an exemplary imaging s stem 15 includin ht
source ar%d%}‘i%atfear ‘?FP%?CE‘EE%W&@‘WW% gl ocfr%t%@plrggg%‘tgalong line 2

10 invmmlﬁg‘ @ ﬂh‘l@@tﬁg podti lRCOttingsaslysh Hﬁlt&u@l‘msdlabwa botfashofithe
|n F| é} 3, F| ure ?ehe? ?’% image of the symbol shown in Fig.
e glfafm §'an as the present invention such as by

the mag@gsgaﬁemmﬁmtiﬂgl memmf shmhih g il igattidlsrareaydsns
the,raised Reions of haiymRekEIOUeAds s.echamatic block diagram of

- areader usable in accordance with the present invention having a

~ imaging dEes 4ipaRPETHIR Wﬁ’éé&@?ﬁb@f\ﬁﬂﬁ’?@lﬂ%’é@?w&%@g’e nt
15 INVRRtQNHOk BEREessiRgaacy Rbebsuch asdhe-edgt inagsecsbbtin jncSégt
5;

invention for imaging and decoding a symbol such as the symbols shown in Figs. 1,
2 and 3; '

Figure 5 is an edge image of the symbol shown in Fig. 1 as imaged according

to an aspect of the present invention such as by the imaging system shown in Fig. 4
20 and showing in particular edges of the raised portions of the symbol; -

_Figure 6 is a schematic block diagram of a reader usable in accordance with
the present invention having a imaging device and an eutput in accordance with an
aspect of the present invention for processing a symbol such as the edge image
shown in Fig. 5; . |

25 - 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 shownina Cartesian
coordinate system; | .

Figure 9 is a view of the edge image of Fig. 8 further showing mdlcatmns of

30 the centers of the data cells of the symbol;



25 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 30 the centers of the data
cells of the symbol; -5- Figure 10 is a view of the edge image of Fig. 9
further showing in particular numerical values assigned to certain corners
of the data cells in accordance with an "éspect of the present invention;

. Figure 11 i iew .of the edge image.of Fig. 9 but further showing 5
exemplaryk?r%g? i%%igge‘g%ﬁaot can %gedé‘%%%ﬁﬁﬁ%agﬁ %E@ﬁﬁéﬁﬁ&'\ﬁﬁh“éﬁmc‘ﬁ“

aspEEShkvPres apti medritoartBigrmas i hvitataakiheedgeitangewdth an

Fig. =hbovying jRdditiaripary values assigned to the data cells of the
edge imag}ij also in_accordance with another aspect of the present

invention: 16 EfqUrd’ £'1€% S rint Brags efifisad anisiardigoshaing the

Presennifweitiabidhalseaybead b e stepsc3deiand oFid2h ok b8 of ihe

flowghart.of Fig. 7. and Figure 14 is a view of the edge image of Fig. 11
sh\é\l[v%}iéng%nr‘}ggg?t?gﬁ binary values assigned to the data cells of the edge
image alséigeccbidantewnflihardtemad afpectOfiibeipesentdnisrtiony
DetabedRassriptionsEhadresenistuentionts diracled o melods apd o
apparatuses for effectively reading and decoding certain images or

synfiRTE S RECFENEISGAI®ES. In particular: the present invention has

10been develgpad Diandyzelmegem sy H0)si <A SRR NEHRNG QFpore
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codd information that can be read in accordance with the present

invention gSueh Mgthogs.and L s ip.accordance with the.present
invention cla%%%ad%gn%a eousIg/q%iﬁés%]?eﬁ?iérlIJl §§382§ ﬁé?fio?mo‘gﬁngdﬁggaﬁﬁ%’?jﬁnm
for %@Fﬁﬁﬁ%‘%ﬁ@ s [%5@ cells of the edge image also in accordance with another

aspect of the present invention.
Detailed Description

The present invention is directed to methods and apparamses. for effectively
reading and decodiﬁg-certaizi images or symbols such as relief symbols. In
particular, the present invention has been developed to analyze fiages of symbols
containing one or more edges of any number of data cells which nay comprise
geometric shapes contained within the symbols and which data cells geﬁerally '
provide coded information that can be read in accordance with the present invention.
Such methods'.and apparatuses in accordance with the present invention can
‘adva;ztageously also be used to perform an edge analysis for determining the vahdity
of such edges for decoding the symbols. '

The principles of the present invention may be applied to any 'symi;oi from
any linear or stacked area, or other symbology, and preferably those symbois 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 spaceé. A stacked symbology,

as used herein, refers to any symbology, such as PDF 417, that generally employs



25 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 30 VericodeTM or Data Mg%rixTM or Code OneTM or the like,
that employs a matrix of data cells, rather than one or more rows of bars

SRR SR R P R NG D G140 @ efined by

sym ofggy,Jsuc‘ as P at generally employs 1 -6- several
adjavens W bhtsmsiisbaaendt6ietaving several characters defined by

groups of Mpultipleswiskhbbars 2l IsRRAGE vl RSy Mhelngie smaresweltent No.
own, such as are described in U.S. Patent No 5,6%{%,%% and U.S

kn \ .S.
 Parehl NG 489K 074 SR)pIcal SriIor1 O AHTL SR ko sock i area
5 syrepelegeisidlisivatedinm Fig. 1. Genedllytitheysymbd) iindtadedngemal
internal ield 1.2 with, internal Ie. d iR ' j6|
o 1 e B b5 hng

althisértedni/cusarefapey meaeshenipibeenins YMael fy plsrarasae
ff'@o%?exﬁlﬁ];ﬁ;ﬁir t@i&;} &k@@;ﬁgﬁk@ i%’?e%ﬂ@l}cﬁfﬁ ﬁ@# 1 .’Eﬂ@ﬁ @@f(t)aha cﬁi@&&:ﬁwsﬂtﬂat are
~that are "off." As shown, the "on" cells arg black (the 10 cells designated
by réfer¥HtETRmErASE 5ihsh ?%n&%z) %:ﬁﬁ‘fé’%{b ‘%’ff- %%uggé?ﬁeag o é{‘ (the
10 (thedigrdaihing «ils efthadatemnat-aatssfied 212 pnS 3eh winlarnbledfil” cells are
designations are. used in decoding a 0 S L.}O. Itis
unders oeoé: That an 6iﬁnasr§/ é%%fé%%ﬂ%@%gaaé%éeq%feﬁﬁ ?ﬁ‘rfge%gr?%gting

betdveignatiats ersliesed inriseriing orsunepbsudd antha sustnblitasbinerdsrgeod
whige: 1 Asillysicatechihe insinaldata figiglmitprefssaplysuirevaterk

by-an orientation and/or timing data cell border 24, which is typically used

© for WSHSERERE BYrABoPadntetion et AR HRaaRdS B feally formed from “on*
- 15data cellsgsiillsisiradetheAn@xtdraah diata fivld R6fstasbunaiogniiee bprer

R A Sl e SN P
idesyifibationrianéder abhe budolindimicdheiborgéfiomoemiaieshartata
field; 3G dfRroxidedeia A Q2N SAHNAIERE We border 24 may be provided,

which may include external data cells (not shown) for providing additional _

20-  information on oﬁentation, timing or symbol identification.. Preferably, sum:}unding

| the border 24 or the external data field 25, if provided, is a quite zone equivalent to_
one or more concentric rectilinear rings of “off” data cells surrounding the outermost
'péttem of “on” cells. The required number of concentric rectilinear rings of the
quite zone may be determined by the environmental factors of symbol usage.

25 Altemati-véiy, the external data field 26 can act as a quiet zone or can be surrounded

. by a furiher guiet zone. ,

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

" or controiled 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

30 attached to a substrate. Alternatively, the symbol 10 can also be etched, engraved,

or otherwise formed as a relief pattern on a'suitabie substrate or object. Asan

example, the substrate 28 may be a glass substrate and the symbol 10 may be Pfinté?d _



one or more concentric rectilinear rings of "off' data cells surrounding the
outermost pattern of "on" cells. The required number of concentric
rectilinear rings of the quite zone may be determined by the
environmental factors of symbol usage. 25 Alternatively, the external data
field 26 can act as a quiet zone or can be surrounded 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 icker or label by printing ar any other suitable technique
angvfheens%(fﬁea?%?itéo‘%t%h%?ﬁﬁ%%nﬁg AU G D Lerhte ARG ARBIRRSIFE
thetlspkners|tha saerpdbletsd Btching, .entetivedbodr Otheewiseierofdckama a
religf;palienn.oma syiable r ject. As an_example, the
subs%rate 28 may be a Iaﬁfgﬁ%s ra%ﬁglr?i tééegé%%%ﬁf errr%l@bbaes B?lrrtlfef(f o

_ 7°4grRRl SE et dte oB A Hpsapbno priare iHKkoriHersike Saishoshbveaterds

5 apprepiatey tiisknessihajds: capalie of ferping AJsliabayaagk-Jo Ba that
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cae%bsle %1; é%@i reggf Sy b?ﬁl’ the thickn s? of the symbol must
merély be discernible as part of C%‘ngaétéﬁ’éﬂ%g s'88H $Tgek&siisdd
befgwbil.isamuéictgodithiattive substiaté?8vh nralebopny Subatraie @ty be
ob;gﬁﬁgtggfapll@ gchﬂﬁl\ﬂ'gg'_a symbol formed thereon and that the symbol
may be formed as a high contrast symbol, low contrast symbol, relief
symbol, Fbfilfefief §§rabetcEprad wsy 6fiibe xiokel o ablicdopistshormat and
Maekealformed i teeh s R fid 42aa 510sssestioaa Wewe o thiied
symbal 10 of.Fig. |.is shown. 10 Geperally, the border 24 and the data
CCSAELIECRR T AR IP A 0 i RoTaRe A GGG mbol 10
reépontd assurdticEs3hbdthd Buhstiady, 2Beoedetine aymiieldf dsiformedy
a%, felighnbal el AR RS2 BN AR Cols g 1Ry
be formed as recessed regions with‘respec 10 the surfate 306 fﬁe S

subtidtisaBor serased seg Bsrischisiscme og e didoxteiblesdgentbroeof. As

 disgewnihie pdambEIROboRRA MO & ROTIQR NS BORIL! 34 ARty cen

the Jeft side has edges 32 and 34, the data cell 18 has edges 36 and 38,
a3 S ORI P Ehe b ARCPHEEHPIE AL PAGRGEApt gl 294
is 4(bsed 4hafthenititesteate cheyinlsahbtta ipslbsleriadditignaldursingces not

the data cell 1 4°an

cell 18 includes edges 44 and 46.

VisidindnE s serinn g 59 %Oﬁgagésig,pésfeiﬁileg NG Ragk 10 Rid: s

For certain applications, the entire symbol 10 or certain portions of thé :
symbol, such as the data cells 14 or the border 24 mﬁy be formed so that there is
Ii_ttle or no contrast in light reflectivity between the symbol 10 and the surface 30 of
the substrate 28. For example, a symbol such as the symbol 10 may be printed or
otherwise formed on a substrate wherein the color of the symbol and the color of the
substrate are substantially the same. In the case of a relief symbol etched or formed
ciire_cﬂy into a substrate, little or no contrast may be present because the symbol is
formed directly into the bulk of the substrate and no color difference is présent. :

Alternatively, a symbol such as the symbol 10 may be covered (at least-
partiaily) with a coating, either intentionally or unintentionally, so _thaﬁ 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. -



20 For certain applications, the entire symbol 10 or certain portions of the
symbol; such as the data cells 14 or the border 24 may be formed so that
there is little or no contrast in light reflectivity between the symbol 10 and
the surface 30 of the substrate 28. For example, a symbol such as the
symbol 10 may be printed or otherwise formed on a substrate wherein the
color of the symbol and the color of the 25 substrate are substantially the
same. In the case of a relief symbol etched or formed directly into a
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that tends to further obscure the geometric shapes that make up the symbol
characters such as. the data cells 14. As such, the information contained in the
symbol is contained in the spatial domain and cannot be read with conventionally
known readers. Accordingly, the inventive aspects of the present invention provide
25 methods and apparatuses for imaging and deceding such symbols.
Referring next to Fig. 4, an imaging system 100 for reading symbeols such as
the relief symbols described above is illustrated. Generally, the imaging system 100
comprises one or more light sources 102 and a reader 104. As shown, a Iigﬁt beam
101 from the light source 102 impinges upon a surface 106 of a substrate 108 where
30 itisreflected 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 partiélly illuminating at least some



the color difference that existed between the characters and the substrate
no longer can be utilized in viewing or reading the symbol. To compound
this problem, a 20 metal thin-film such as chromium provides a shiny or
highly reflective surface finish that tends to further obscure the geometric
shapes that make up the symbol characters such as the data cells 14. As
such, the information contained in the symbol is contained in the spatial
domain and cannot be read with converftionally known readers.

Accqrdingly,.the inventive aspects of the present invention provide 25
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source such as the edge iliumination capabile light source 102 previously described
thereby forming an edge image 200 of the symbol 10. As can be seen, edges of
raised portions of the relief symbol are read. |

InFig. 6, an exemplary embodiment of a reader 104 in accordance with the
present invention is illustrated. The reader 104 can comprises memory 110, a
central processing 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



to provide signals representing the detected edge pattern. Moreover, the
light source 102 and/or the reader 104 may be moved relative to the
substrate or to each other to scan for edges. In Fig. 5, the symbol 10 of
Fig. 3 that may be coated with the coating 48 is 20 illustrated as it would
appear when illuminated with one or more appropriate light source such
as the edge illumination capable light source 102 previously described
thereby forming an edge image 200 of tWe“symbol 10. As can be seen,

edges of _raiseé% ortions of the relief symbol are read. In Fig..6, an i
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15 SUGBAS/BECOMRY AMLEPAUSEHONSGB dohlepIamizroprocessor may be.

used with the present invention. The memory 110 preferably comprises a
semicondﬁéfdi%?%artggghﬁﬁﬁf fraehsR aﬁréfﬁf c eosée};usfélssuc on set

deviceshiebeanesniatikhaisy mﬂiﬁbﬂ%lﬁdedrgd circuits: however software or
firmware systems are preferred due to their relative simplicity, adaptability to
change, and low cost. It is also contemplated that any ROM devices such as the
20  memory 110 may further be erasable or programmable, so that modifications or
revisions to the software can be implemented as desired. Moreover, other
permanent storage media can be utilized as mem’c;fy 110, such as magnetic or optical
_ disks. 7 7
In one aspect of the present invention, the imaging device 114 preferably
25 . 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
.30 . may use complime:ntary—metal-oxide-semicoziductor (CMOS) technology.
Typically, a CCD comprises a one-dimensional or two-dimensional array of adjacent

- ~ photodiodes with each photodiode defining a distinct picture element (cﬁ_f pixel) of



instructions to remain in storage within the devices even after electrical
power is 15 removed. Other memory devices are also contemplated. It is
contemplated that the functions performed by the stored instruction set
may also be accomplished by traditional hard wired circuits; however
software or firmware systems are preferred due to their relative simplicity,
adaptability to change, and low cost. It is also contemplated that any
ROM devices such as the 20 memory110-may further be erasable or
pro%{gggrryagl?i SO tthé’;\tthrrg%?ification or revisions to the software can be
implemented as HaSHEN! Mo AR Bth&-Hemaamer esm denaidimiiedrio any
be ntitizadrapatiemoryrkiempls itesimagnetie: ar-epiiepin disksuln eder of
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represent an image of the substrate 108 including a symbol to be read.

Thé:ﬁ?nagiﬁé‘ device 114 may comprise a charge coupled. device (CCD),
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the individual photodiodes in a 10 sequential manner in order to
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the imaging device 114. The light level detector may provide a digitized output to
20 the CPU 112 indicating the instantaneous intensity level of the light reflected onto
the imaging device 114. Such light level detectors are well known in the art, and
any suitable detector can be used with the present invention,
A preferred method of effectively reading such a relief symbol in accordance
with the present invention generally comprises performing an edge analysis of an
25  image such as that of the edge image 200 shown in Fig, 5. Preferably, a multi-step
- edgeanalysis 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 symbot 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
30 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



then preferably amplified and converted to binary data values. After the
imaging device 114 converts the received light into binary data values
representing an image of the symbol, the binary data values may be
transmitted to the memory 110, which 15 may also include conventional
semiconductor-based random access memory (RANI). For certain
applications the imaging device 114 may, also include a light level
detector (not shown) for detecting the”lrlftehsity level of the light reflected

ontg the imaging device 114. The light level detector may.provide a
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camera or by using the imaging system 100 discussed above. It is noted
thabPapccomplished by using known or developed image processing or graphical
20 analysis techniques to determine and evaluate areas of contrast, color, shape, etc,
Such image analysis techniques are well known and commerciaily available. It is
contemplated that multiple objects within a symbol may be prioritized or ranked
such that they are analyzed in a particular order. For example, objects may be
ranked based on size or shape such that an object that is likely to be a valid symbol
25 is analyzed before an object that is not.

A step 306 begins the analysis of a first object identified in step 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

30 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.



10 image may contain a single symbol to be decoded or may contain
multiple symbols to be either simultaneously or sequentially decoded in
accordance with the present invention. A next step 304 finds objects
within an image obtained in step 302. For example, regions or areas of
contrast may be identified as objects to be analyzed. 15 Generally, an
image can contain valid symbols as well as objects that appear to be
symbols such as smudges or extraneodid marks, writing, and other
symbols, which not ontaln %oded information. Preferably, the step

d
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coordinate system, which can easily be determined. That is, the center of such a cell
is halfway between each axis of the cell. Referring to Fig. 9, a data cell 214 is
shown and has center point (1.5, 1.5). Another data cell 216 is illustrated and has
center at point (5.5, 4.5)." Accordingly, the center point of each of the 64 data cells
of edge image 200 are illustrated as crosses in Fig. 9. It is conternplated, that the |
centers of the cells may be determined in any way and that the dimensions of the
edge image or symbol of interest to be decoded need not be known. That is, the
process 300, or a portion thereof, may be iteratively fepeated by trying different
matrix eonﬁgurations until a solution is found. Generally, in one aspect of the
present invention, the process may be repeated until the symbol decodes. Tt is
further contemmplated 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



boundaries of the symbol of the edge image 200. A next step 310
determines the comers of the edge image 200 by considering the
intersection of the edges identified 10 in step 308. Thus, as can be seen in
Fig. 8, the intersection of the edges 206, 208, 210, and 212 occur at
points (1, 1), (1, 9), (9, 9), and (9, 1) thereby defining the corners of the
edge image 200. A step 312 determines the positions of the centers of the
data cells of the edge image 200. In b}fé“aspect of the present invention
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a step. 35 sﬁgaegg‘{a%%iwmﬁiﬁmm%aag@qmggs%%& InCRigESvARYs Bhe
edges, dither va id or invalid. Determining the validity of an identified edgne
is edge image 200 is preferably in a digital format, which may be analyzed as su

20  with appropriate computerized image analysis techniques, which are themselves

well known in the art.

Next, a step 318 assigns numerical values to each of the corners of the data
cells of the edge image, which numerical values may be used to eliminate invalid
edges. Preferably, numerical values are assigned to each of the comners of each of

25 thedata Ceﬂs. based on the number of edges that radiate from a particular corner. In

accordance with the present invention a sst of numerical values may be determined
that can identify a particular corner as having an invalid edge radiating 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 mayi)e ignored altogether for the purposes of this

30  analysis. For example, an edge that leaves a cornerina first direction can be

| assi.gned 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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- be assigned a-value that'is the sum

described in detail below. The purpose of step 316 is to identify anything
that might be an edge. Referring to Fig. 9, an exemplary data cell is
identified by reference numeral 218. The data cell 218 has a center at
(3.5, 5.5) and has adjacent data cells 220, 222, 224, and 226 which have
centers at (2.5, 5.5), (3.5, 6.5), (4.5, 5.5), and 10 (3.5, 4.5) respectively. In
a preferred aspect of the step 316, the point between the center of a data
cell of interest and the center of an adj]at%ént data cell is evaluated to

f tLS P{gsent. For example, the edges of
the data cell 218 can be determined by 16oKIG BEIHE HERTE: dresisp panhe
6) ?iﬂ%’@%)% eS8 raticotdingiyetivenstige$928i 260 223k @ R340f
theueteéa el 218:GambeRasi5.ide ﬂih%%aﬁ{ﬁﬁﬁa%&é@'%&% {ﬁé’e@t%%’ 0L this
each da%a cellé)fgthg? edge image 200 such that all potential edgeS 0 all o
HiGa"ia

thePBATA AR Sr e ahevierdRtirpdsticastians sl batiefmedio as
beadetiniplehedd/isutaliypegiaghicadyrandds praerablveagoauplished
b)éwﬂgij@&lyvell-known image analysis software. In other words, the edge
image .200 is preferably in a digital format, which may be analyzed as
such 204MitRTdpioprritereartphieriie dichagelanalysis techailie dawbich
i ihermstiopusRliiouRIn AR AAFIE SR merical
edg ic

V%éléﬁrﬁ to each of the %gmers of the data cells of the e.image, w

nUTBREAT vATLES FEyBE Beedrtboslimiibesisoats etges) Hefrablg). and
gmnékiéﬁha/awﬁ@ ate::la_@ ﬁ@ﬁ%ﬂé@?@azag@famr@qh 5{_\@{&? aachef @?gfﬁiﬁa

Q number of edges, that radiate from a particular
cc?%%lé%%ﬁ Pz%:%ccg)gr% ar% e With the E)greelélg% ‘%‘Vgﬂﬁ&{aﬁ%@ dFplufRrandalues
ntB§rderedie sainerdsersisad idetifo A aFtieulamesmes,as hriides an edge
invakd eelagd agdiating t, | t corner.of a cell that. .
does n%et have any edé%??gci%ﬁlgﬁlgatﬁ%fggﬁ r%gg/mbg ﬁ%é?g‘ﬁ‘é‘& gvéﬁﬁ*ggf
2 &FSBPETHEIGnErEa Ml diersforechn pomss ésoisigscat anhiysisl For
eXaenplecan ¢4gs theltla@saee0saeninia HSh ARG IS AsSidnad ¢

fl, edge.that leaves a corner in a second direction ¢an be
e e 0 o Aot XA veTe e

RO inassigned avwiiee 06 AFnllly aheosigasthat R ayescRiGa a8 kil fleaving

f ASSH : lue of.S. ticul th
P B S R T S

JATHEN AP eBihet 2o rdep iepras sche direction (assign a value of 1), and an

edge leaving in the right direction (assign a value of 8) and therefore the corner is.

~ assigned a value of 15. Because, as illustrated, the edge image 200 contains edges

8 which are all valid, each of the numerical values assigned to the corners of the cells

of the edge image 200 may be utilized to indicate a valid corner having valid edges
leaving therefrom. That is, in an aspect of the present invention, numerical values
for corners having valid edges leaving therefrom include at least 3, 5,6,9,10, 12
and 15. _ '

InFig. 11, an edge image 400 is illustrated which contains several invalid
éd_gbs 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 (8, 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

- mot physically possible in a relief or topo graphical pattern. Additionally, the edge



application and for illustration, the above-described directions will be
referred to as 5 up, left, down, and right respectively with respect to the
Figures of the present application. Accordingly, referring to Fig. 10, each
of the corners of the cells having edges radiating therefrom are labeled
with the values assigned from the above -technique. As an example, the
data cell 218 has comers at (3, 5), (3,_.8) (4, 6), and 10 (4, 5). The comer
at (3, 5) includes an edge leaving in the up direction (assign a value of 1)

a”‘l@ﬁ%ﬁ&e'&@s\{gﬁ%& the fight direction@ssia fevalug AE&V@M accordance
ero

therefore the corner Is assigned a value of 9. The carner at (3, 6) includes

an wHbEn eweHg it retigslancafecASRorEEEh RS SR ORET ey A5 BlgRed
leayingeininedightodirestiondgssionia. valmaf Shandubstalomhthe LB met 2

is assigned a value of 12. 15 The comer at (4, 6) includes an ed ving
P TR A AR B S Sy e
5 dirdetiomi@sigmatiaiae W) cindaditkreforerthecroorn erdasasiigrrddogether and
Val%%eg_g gb&i @8‘1[%%&95@&{ Alsf eﬁki’%&?@ﬁé&ﬂ&i@%&%‘é@ﬂ&ﬂﬂﬁ@@dg& that

down direction (assign a value of 4), an edge leaving in the left direction
(assigPranva e bib coarredge BaREY RcthE Gp talidit$assign a value of
1), and am20:eeasieaving inina dglkt Airastinns(assigia siyalue akd)sansged
therefore the corner is .assjgned.a value o 45 Because, as illust g EQ !
iy ST e e e BT e
10 valeds: assigued poithe. cOheexdz ofiiidcalisnoit e the gerivrgid 200 anbihde
utiigegtondieateavaligReL DaNha ald daee BRI EHRI value
That'is, in @n’aspect of the' present invention, numerical values 25 for
corefcké andlihg s alifed ) Emits wEms MR LTRSS R I Igrger,
10,3205k Lendnafiins bl naicRdne snagevAe isdksstiatathvihiel. cCoiRtaifiss
several invalid. edge anﬁ wlaéc;h wijll be use? in. order.to lai te
316 (0 P40 55 A DG RSB BhRHRe e SRy
15 firstlsavedidtidtige d0R@aifvie Seeani@edghicllessfoscaivalh espaeirdbbaprgsent
(5, ‘7%%[1901‘{" hl&:'i‘l%‘zl%gl o8 8368 celearner Jocatedah(fidkdbheiedas402
is de ermlnéa to be invalid because such an‘edge is not physically
podbintdimcineliskedt tepsbdraphicalphtedih. a8dditionally, the edge -16-
402 may be gesigpated pednyalichhecayss: shehdanoadgeatis: detaitewasbire in
aC%?'Ei%I? Qac,giimiﬁate invalid edges within step 320 by identifying corners that have an
20  odd number.of edges leaving therefrom. That is, in accordance with the present
invention, a corner having an odd number of edges leaving therefrom indicates an
error. Referring to Fig. 11, the corners at (2, 4), (3, 4), (5, 4), (5, 5), (5,1, (6, 1), (7,
6), and (7, 7) each have an odd number of edges leaving therefrom. Specifically, for
- example, the corners at (5, 4), (5, 5), and (2, 4) each have three edges leaving
25  therefrom while the remaining corners of the other invalid edges have one edge
leaving therefrom. Thus, an edge may be identified as invalid where the edgeis
common to corners that have an odd number O_f edges leaving therefrom. For
example, the comers at (5, 4) and (5, 5) each have thres edges leaving therefrom and
- have common edge 404. Thus, edge 404 can be identified as invalid. Also, by the
30 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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with an aspect of a particular code. Accordingly, the cell corners may be
assigned numerical values of 8 and 2 respectively. As such, the

numerical values of 8 and 2 identify comers that may have an invalid

edge leaving therefrom. In order to 5 determine if a particular edge is
invalid, adjacent corners are considered together and where both comers
have been assigned invalid numerical designations, the edge that is
common to both comers may be identifi€d as an invalid edge. Another
exegnrts)la}g)r/ ifvaglr? %d e 404 is illustrated in Fig. 11. As discussed above
with respect 13 the WP LG %0 A B NE o BHeorn higasictalysuch as
possiblentetggissatelaijatensdheadgerd4is conepen 1a:1he.
comer : e er.at (5, 4). Accordingly, the.comer at (5, 5
B B R B P e
asEhEERIRdhetissny 4l celwns 1o Resigiebinetgedid08, <08 odnit 440, cells.

whiealst eaelyinvalid adden e bitalsdobin alaes, 406,40, and
418ir'd ntlfy additional ngﬁ%gncal values of 1, 4, 7, and 13 tha %ay 15 also
be“UitiliZe iﬁ"%’a"é’ﬁﬁ@/}ﬂ%' flPBanERting crprbilify 4 dassubeobaey. Ttis
proseit tiatetiows audnerdicahvatizebioceoiees ihatrayihaveiinvalid

e | heref include at least 1, 2, 4, 7, 8, 11, 13, and 14.
Aigo%?eﬂ?%gta %%LyF § 583%3 ?rl\as%:gzg Cc())fae(e) rssliﬁpa%? St & %e§foﬁgi§§ﬁ3§8ya%\9e
in 28fAGIEEANsarsInstiBdcddgdhamitin Ster82apby identifing samefs row

that bavearca0 Hﬁé@%@é@&%%é&?‘%%gfﬁ%fﬁ%%&@ t(isseeiﬁge 323 in

agé:.or %nce with the present invention, a corner having an odd number o
eddé

5 P oIS T BT UG AR e PR OSPRS i FegPer ingno yelige £an freassigned
cdmers atr@rd)ialB cd)s Gickhd®stay & B3 pkeihnéd. 6), and (7, 7) each

have an pdd number of edges leaving therefrom. Specifically, for .
examplegtﬁ%a%})n m%?sf As ?%?pé?é)rf%ﬁ §‘f§ g periRRdvE thrsirediipacot left
lelViHE S tachedfche vwhiteoflberedgriningedine iy thisoihbmvalithe, such
edgeshavae JRG.R408 ' r hus, an edge may.be idepfifie
as invalid _Whe_rggﬁhe edéggg}i/g}%%?n%%ng%gsc%?n%%ﬁﬂ%? Fgg\i}rg%néﬁf %ﬁ{r)n‘iglegr1

oPLORFEY iidstiipfiatarails thasmexahsrauens omdaerdeds ajuasds, 5)
casligadeities adgemieavingithemiionand NBVECOMEAY 6906404
Tﬁwﬁg,z 5,9%% é%% tg%glge i ee,ntifit(verd ag_invalid. Also, by the 30 same endin
analysis, edges 2G5 406 “And WIBSHL BErikiAmRaassat Mg eelldepending
Beporenthetimetsags eortigabelncensywniiihasnedge iIRGR fouchras Bage is
Bl an 40 RanE ARTRETLLRIR YEIRER AR Al
previous data cell. Ifno edge is present, the adjacent data cell is assigned the same
value as the previous cell. For exatnple, Fig. 12 illustrates binary values that could
be assigned by such as scan. To conduct a left to right scan of step 322, the binary
values can be positioned in the lower right quadrant of the cross that marks the
center of each of the data cells. A scan can also be performed in the opposite or
right to left direction of the rows and values can be positioned in the upper right
‘quadrant of the crosses that mark the center of each of the data cells. As will be
described belo:uv, 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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-17- cells. Preferably, binary values that indicate on or off, black or white,
etc., such as the numerical values of 0 and 1, are used. As such, a further
step 322 can be conducted that scans a row to assign binary values to
each of the data cells followed by a step 324 that scans a column to
assign binary values to each of the data cells. 5 Referring to Fig. 13 the
steps 322 and 324 may comprise scarﬁg'rl opposing directions for
providing further error checking capability as described below. It is noted
tha tﬁ}e a (15(:5"@ <33y a?ﬁ?(gy.?%.i agy YeLsingldinghch of the
simL[jTérgge(')g{?s]}] I i‘s’négzjci that a%geco e s’teps_]} 326 may be performed.at
anyitineclisthes Brsarpirkides ArdBaSsignBdioInenddhscserebhiold Sifpce:
one:k:ROMOhA:1E0¥AH A1, GliMBaSEAhisHRe! IRIMsttithdecodessiopdRe
may be performed (see line 323 in Fig. 7). Moreover, at pointdn ghe,
protd4E e eé‘%%eg?‘ysi/ea%eé'eclgr? Ib%ég%é%tﬁvee nttgeon%agr& r{:%brie rc1ata’ ceils™®
a dedibBessteyieean the ipeafyryb. okmein fhathvd toviseiatepagooehes tirst
be performed,in. the ditegtion oblaft.to ight:of easikofine rewsshtie cis

edge’image 400. Preferably, a binary value, such 15asQorl,is . i
asdigmertdotedinaes B ata cEMRUJPERRRIITCT SR OIS HAY %400 RiRsianed
pr%%f%@fgﬁi%@@lm&ﬂﬁsmwayew@mbﬁbede@eﬁle& ddadueds D
are assigne irst.assjgni n initial value s as | to the first dat
ColF Bt BT ADLCHAR SR NEH b IR Rt o g by
adjasienvdataitedllddpeninghapinawhéghdetivers @@@@@giésaémééﬁ the
adjggtear% ﬂ@famc&efggg%dq%ﬁ an epﬁg% I5p40 present, the adjacent cell is

assigned the value opposite from the value of the previous data cell. If no

edge is pRiséxebiliebmRCEberatEe ceN ek e thiacsity SrarpingiREows
Preyi Qs lbcRohSRMPIRe Fithde? dhdsiinie skuinanTialyes tealiaaplbinbey

assigned by such as scan. To conduyct a left to right scan of step 322, the
bin¥HPARTROTLASE PISTARG ﬁ?ﬁs"rgwaﬁiﬁg%%ﬁﬁr S gl Foan

15 thatimaskieihef 2acherthe dhraciofthe rtidtatcédl addefincodghhiwerbe
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performed in the oppasite or rght todeft, direct] thgyro as
Cor UG I e ULt HONT ioih Sl o ol et E o e
cerelnoheatthoferze dacounp itk AbFBERSAD R Al in the

obtainedh%:aScaR 0 hecRlkiBS R wileR3R&CANRE RRSILIOREER Highe

upper left quadrant for a top, to bottom scan and in_the %ow rleft 30
qu %@ﬁ?ﬁﬁ%‘*ﬁ%ﬂéﬁ%‘*ﬁﬁ%‘%&&ﬁ resulting binary values tor the columns are

positioned in the upper and lower left quadrants of the crosses that mark the centers
of each of the data cells for a top to bottom and a bottom to top scan respectively.
Next, a step 336 determines the binary values for each of the data cells by
analyzing the binary value assigned by the four scans of steps 322 and 324. This
analysis may include considering the net value of the four scans. For example,
referring to data ceil A of Fig. 12, the net value of the binary values assigned to cell
Ads4 (IHH +1). Each of the scans has assigned a value of 1 10 the cell. In other
words, the binary value of cell A is unanimously equal to 1 as all of the scans are in
agreement. Accordingly, a net value of the four scans of steps 322 and 324 equal 1o
~ four may be used to indicate that the data cell can be assigned 2 binary value of 1.
Similarly, the data cell B has been assigned the binary value of zero for each of the
four scans. Thus, fo.r 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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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,Is 4.5), (5.5, 5.5), (5.5, 6.5), (5.5, 7.5), and (5.5, 8.5), will be
described. Each of the data cells has been labeled as A, B, C, D, B, F, G,
and H respectively for reference. Firstly, the initial data cell, specifically,

the data cell labeled by A is assigned the value of 1. Next, because there

is an edge between the data cells A and B, the data 5 cell B is assigned

the hinar. 0 ite that of the previqus data cell or 0, Again,
WAl S B B R
is RERsGREaheBisapEY R BN, deradretsasdgeransnbabel dattiediinary

D imngsigRac.4a bigant yal Q@g@figxagg%ﬂé@e@ﬂﬁﬁ&ggegpegg&%‘éﬁ%‘&y
be we%(ré the data cells D and E, E. and F, and F and G, the data cells E,

F, Aha e S8 gne P rtidts masrass daleseed dalise BaBatibichita 330
is erneidgms atteen: tie drte cejtaEane tdeileediiadcalkidgs assgmesde are
the hi .Preferably, binar lues are assigned to all .of the:
o B e RS SRS o o e e
abivendihis ofifeneasahing binaprdaloey dhehsasitioned vartiienupptreande no

lowekrightayassantaiohthercrogsastbalmark 13 the senters of sashal ¢
th%gaéa cells for a ng?éteto left and left to right scan respectively and are
show

FORT ERET 57510t datpdish dipd AspTates BarkstRe wottrmaAdbrthe
ed@edi@mga}av&@feﬁﬁablmsﬁaﬂdaﬁﬁiaﬁﬁﬁss'md)i%Eyﬁxéflzh&ﬁé,it}czéﬁﬁcode
S A errormea, appv Ith, respect to fthe scan of the
R R P e I R B ey
the colurfifith apered feobribivetyindnesuspenahe lbwerllefifiba digatenaktioo

CIgeses; : f e >
anﬁc@%%‘ﬁ?fﬁ”ﬁ%gfﬁ‘i%‘é%33533?3%5‘%?‘%5‘%%%“5%%?@% e
bi

IGekiriresa0h Britds aaviraiidint siia i &pislas iage 400 of
aSigredsuhdie iﬁ&ﬁﬁimiﬂ‘f lgéea??;]aaaaa@cﬁg%éﬁmﬁa@&m'l Y, 404,
in nsiderig the,net value.of the four scans. For example, 25
o o A R N R P S 2O o be
aﬁ@f@@s@i&eﬁimﬁsmi(msmmﬁmmeﬁm soagsthatsassignss & decode
Vaﬂéee@ée]iﬁg.\é@.e &8l lp &ﬁ*a%lf‘laﬂé’%{@%aé@i%d%g"i‘r}‘ @Iﬂea%ﬁcﬁl Qﬁ\lrseferechlﬁ%ly

unanimously equal to 1 as all of the scans ar€ ih” agfeement. Accor

a fePvBigeldriinwidhe b wises shasom deasEnetiathe four scans of steps
322 and 324. Firstly, the binary value of 1 may be assigned to the data cells that

e}

have a net value of four for the binary values assigned by the four scans of steps 322
and 324 (see cell ). Also, for those cells that have a net value of zero the binary
value of zero may be assigned (see cell L), A net value of either 1 or 3 for a cell
indicates that the correct binary value for the cell was known in 3 out of 4 of the

- scans. In other words, the correct binary value was known in. both of the scans
(forward and backward) for either a row or column but not both. For exafnple,

referring to the cell labeled M in Fig. 14, a net value of 1 for the ceil M may be

- assigned. In the column scan 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



four may be used to indicate that the data cell can be assigned a binary
value of 1. 30 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 -19- binary values for
all the data cells have been determined by step 336 a step 326 may be
performed, which step 326 attempts to decode the edge image based on

th%ht%ge]e@gg Ial’X gﬁ%@ﬁ@&gﬂ@ a%%gi/slg the,ed9e dnaoe IR RUaeaRsiulbt value of

deco cision maééy e made at a step 328 to save the m‘essa%%1
&

and precesarataeasibBhelofithase ot yalue b isiae re v heasr e
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5 arembecdiher pbjecisigrbemnalyPec then thehrovoss eradsianed stbppa3salue
Itis noted (hakif; 1he £098 INA0e cAaNathe RAQAAGNED HRPHEESRue of

may continue to step 330 to 10 consider any other objects or the decode
maasé Testhe datrlidataisie the decode may be re-tried with different
Lhresholqi% definadsin: @fdﬁr%@ Q@ﬁt@d%@ﬂ]aﬁx MREEA0RanNih :{@ﬁﬁ@ﬂﬁ:h@th&w
inary values assigned to the cells of the edge image 40 own in Fig,
SO HETGST CERL RS IS aB VAR NPT S T gmed
10 408 @&IFigiddoésndl ikiddanssipralithetigesy Adwuch] thBewyes it is
- image 400 of .15 Fig. 12 | i iseveral inyald.edgas
illu%%g g%y(%gg%rgﬁg?}j%&%@?()g%%%fﬁﬁlﬁ% In ord?gr, to explain how the
- scandohing feus scaanr avid oS e defaemedion FOGFAR) GaTtRsS RiptRE values
-~ cells Qi ihe Rlgsinagedhat candig sseddmsecadmdba pagriimagehere
Several data cells are labeled as |, J, K, |, and Méor referegce. ‘Alslo F{'g.
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15 StepsiOsR2minthaz4d &Hirgihyishrdinary value of 1 may be assigned to
the data cells that have a net valu four for ' v igned
by the fogr?us%eéﬁgso S S%tg %fsaaﬁge%vj%ge ggﬁ)é?iﬁsé%{?@rﬁ%gg%g?s )
thatehaedbyshirdaeuoters e pinaey fuahia Breoreseing Besaieiipted! 510
(s8R Gallkobaneivaliue afpithetclon3dar anal ndissiesihat dreoresiton

binary value for the cell was known in 3 out of 4. of the 25 scans, In.other q
wohes ben cBRASE Bin iy U FROGESHHB AT ISERE BIFE SRGTS PR
20 anghagkwait)fpsaithad eheolkeraluannadatwitidaotiepiing @onptbs spirit and

scope of the invention.



referring to the cell labeled M in Fig. 14, a net value of 1 for the cell M may
be assigned. In the column scan 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 30 1. However, both the right to left and left to
rightdMiins 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 pe a Si O‘d the binary value of zero to be used to decode -20- the
edge MGG P HRRER BaalKid FHEbBoared ansralictnaiswihgvinaatvo-
véifnengitng! Foriexdiyiesthecpeibtatintedddasiaranatvieleofnand may
Qe,&gggg@eg tgg bipary value of 1 because the binary value of 1 was
assigned for 3 out of the 4 scans. Finally, a net value of 2 for a cell

indicate S¥REAMEEEESPEHI6SIHE Hirsribitedts oS alird polemendi@mpiling

disagreememb:rHatisy smhs&t&@w@aﬂﬂpé@% M@?Qét@&ﬁmw%%s&%ve
may be labc%!?g as unknown. For Ie th@ cell.labeled K has a net

value of 2 and may SRS, BE R noa\”/tvénc SSRGS PO R0

bottom colf#issscan and a left to right row scan were performed, for

exampleadeinansyaliye Rizens mighthavebean assigned 4140 gell & in
error (cell I% shoulg be ass%“ied the binary value of 1). Because it is

generally pre SfETTéi ?hegfgs be identified as unknown rather than

incorrectstgeifonmiia folls s€dnsprividesstiffietzetinigsmatianiie 4sgigncan
correct bin@Q&¥%H&§t&‘ﬁr@@ﬂ@'éﬂecﬁkléxﬁg‘gopegc%%gyvﬁ% 1ain.Q r% g;fa%!:%nac% the

unknown particularly where invalid edges are present. Accor
assignmenfyé‘fqﬂborrect binary values to 15 cells can be minimized or
eliminated. Numerous characteristics and advantages of the invention

mea thls cume have been set forth in
fore féijﬁ gg:%ﬁ)%%%g?t%hmlﬂe tun gr%[ 7 RSEh églscermme

ﬁ&&ﬁ‘ea t&%émﬁwmmt%gmmvmmmmmmmmm
\ikgiis gagdifications, including modifications to shape, and 20
arrangement of parts, and the like, can be made without departing from

the spirit and scope of the invention. -21- CLAIMS 1. A method of
deteFhdimagdéaftomdt, wbymb&mg@h@nfahet@tqﬁ@m bavinga duidmuely

directing hght onto the relief pattem

4. The method of claim 3, wherein the imaging of the relief pattern further comprises

utilizing contrast in light reflectivity to determine the presence of 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 pluraiity of

discernable edges.



dimensional matrix of data cells representing encoded information, the

method comprising the steps of: determining the presence of discernible

edges of the relief pattern and compiiag information representative of an

edge image at least partially representative of the two-dimensional matrix
ceIIs and i cludlng the discernible edges; validating the edge

Ay =R S e i

e@Qesbmd oletenmiering] daite eslisned tha ﬁymiﬂ&lrfmﬂbﬁhﬁ’ SdgeninRASRS,

th@5wﬁfﬁyﬂmglsgaﬂmtascg%saagl%dd%%epggf%g;ghe% 345 on encoded

within the relief pattern of the symbo S&im 1, wherein
the step of determining the presence of discernible edges of the relief

patierTigantises ihagingheceliof ﬂ@f&@ﬁﬁ%&@%@ﬂ{&hﬁém& idating the

nﬁ%lr}g&g% ice, §aSanrQethod of claim 2, Wh%reln the imaging of the
pattern cgbmprlses SBHGGRR e %ﬁ%gﬁﬁ OhESHRS B ési’eﬁré?fe?ﬁ 4,
THEwaMEE et B, srherdnaiecimagirigdes the dsliefpatteradurtver
campEsas utilizing contrast in light reflectivity to determine the presence

of discernible edges. 5. The method of claim 1. wherein the validating step
comprises assigning a symbolic value indicative of the validity of a
dis¢elmabheteothel aam Interseotite of Alplnsatity ok idisceundbie edgesrhibie

T@@gmgrIaeemgm&m;%@&gxm@%m %ogppﬁ.%g% Qz“mgrg'g%ﬂm

value. he method of claim 6, wherein a1 numerical value indicative o

thel %aﬁaﬁy%Pada@Eéh%%ﬁéeéd@@%‘é@neerﬁew inedvdechioriistanable edge to
pler alitidmédliscernable edges is based on the number of discernable

edges that form the intersection of a plurality of discernable edges. -22- 8.
The method of claim 6, wherein the validating step include validating the
disterramethed 9é Brisetlonbarainriverivdiivongsas Sigteditoladfsselidating a

iniessectonefdiscersaiiandses.which fisstinisseglionincludasdhe .
dlscergable edge to be va date 9. The method of claim 8, wherein the
'va? C?ntlng ES ‘C%Jm% erRHJ({ &?e éﬁ?&gﬂhﬁ mges wh;ch second intersection includes

the dlscernable edge to be vaiidated and which is adjacent to the first intersection of
discernable edges.

12. The method of claim 1, wherein the determining a data cell step comprises assigning

2 binary value to at least one data cell so-that the symboi can be decoded.
13. The method of claim 12, wherein the assigned binary value comprises zero or one.

14. 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,

15. The method of claim 14, wherein the first direction comprises a row of the edge

image.

16. The method of claim 15, wherein the row is scanned in a left to right direction to

assign a binary value to the at least one data cell and the row is also scanned in a



discernable edge based on a numerical value assigned to a second
intersection of discernable edges, which second intersection includes the
discernable edge to be validated. 10z3Fhe method of claim 1, wherein the
validating step includes validating a discernible edge by determining the
number of discernible edges that radiate from a first intersection of a

plutShtyBTaREE I fracigasowasien fikiparterlEe tolamt et enndata cell

discernable edge to be validated. 11. The method of claim 10, wherein

th idati tep further includes validating a discernible e by i
de%gf?nq}%?ﬁg%ﬂﬁeor%%ggr%g%%&m Ia%mee gg%nt%gt PR é}tiesﬁ‘?% TSEBRE=s
int&t&EEaD o tiLpimeit ofsdpsod Willshsietlyessighichiser oalddntarsiections

inclegesitherliscarnable maagrieRg validated and which is adjacent to the
first intersection of discernable edges. 12. The method of claim 1,

wherein the determining a data cell step comprises assigning a binary
valbieTir atddaddneidata eélirso thatsthensyinboleanhedecodsdmt 3 The
methpd.Qf glaim 12, wherein the assigned binary value comprises zero or
one. 14. 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
valieTie atddasboneinat ealdb Ehe methocafelaim. 14, whewein hection
first diregtion: ise ow: of the edge image, 16.. The method of ..
i O s 28 AT et e
bifRRP Tl RSHIREtiaR [eastisna diatvcalivanie terbwsismsetscaiined in a
__3right direction to left direction to assign a binary value to the at least

oraﬁ tea cg#]b dlozf"(;li.!:’lll?n qbethgd of cfj. &6, wherein the determinin% a data
céll 'step Turther cormprises SEERMREIHEsR R I B Fmel Lt BRdenefae
to exibigmasaipal jovizloentosat dewit bmerydatascil thy thescancidathedirst
-direction. 18. The method of claim 17, wherein the second direction
caomprises a column of the edge image. 19. The method of claim 18,

wherdfif AEEIGHHHR dCalinBE irPRRE TS Bstsmaditeranting tor sdaryimage
birtasydval uke tedigeed hieast ahe datacetdk andithesatumnisaiseseanned
in g hoffom to top direction to assign a binary value to the at least one
data cell.

22. An apparatus for reading features of a symbol based upon =2 relief pattern having a
two-dimensional matrix of data cells representing encoded information, the apparatus
comprising: 7

means for sensing a reflected light pattern and creating an edge image at least
partially representative of the two-dimensional matrix of data cells and based
upon the reflected light from the relief pattern; and

teans for verifying the validiry 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 imformation encoded within the relief

pattern.

23. The apparatus of claim 22, 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,



20. The method of claim 19, wherein plural binary values assigned to the
at least one data cell are analyzed to determine a single binary value for
the at least one data cell. 21. The méthod of claim 12, further comprising
the step of decoding the edge image based on the assigned binary value

te previ Inf tion.encoded within the symbol. 22, An aratus
O R o s e R R Rt
RIS &R SRS ATAREIPREBT deita Telistrepresenting encoded information,

the apparatus comprising: means for sensing a reflected light pattern and
creating an edge i e at least partially representative of the

wt“&%:g?‘rgé" S5 s %?&“?fgd‘é’ g 5@%ﬁ%%ﬁé§8ﬁ%ﬁ?&ﬁ%ﬁf@ﬂaé@aoﬁ@ﬁwble
frdrsetbingelisbpattemcanitneatisfor Vgriffing theaalidityof.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
& infST ARSI ST aa witRATEHR theliepdsniistr sammireapparatfsraroring
cleamu@Rnastpant cfrawsyiatem ineksdingeaibighigource capable of at least
partially illuminating the relief pattern so that the at least one discernable
edge can be read, -24- 24. The apparatus of claim 22, wherein the means
for seRSHRYAARIRCHE light PaRteintamradre Sigraceeiirssmergeal processing
cammrisesBolRRLE k25 The APRRaRISal chig 24, wherein the reader
comprises at least one sensor capable of sensing at least a portion of the
reflected light from the relief pattern. 26. The apparatus of claim 25,
wAterdif 2hearangier figithef.corarsiists mednoiytier storngeinstinetion setse

e J&ﬁ@?ﬁﬁ@&@&ﬁﬁé@gﬁg\%@&%ﬁ@@%&n %&01%%1&%%@%@{:&! %gﬁﬁ? '

wherein the reader further comprises a central processing unit for
controlling a decoding algorithm for analyzing the edge image. 28. The
apharatusmitaiainf 2sinwite rdierthethedtap iy theccQpfises AhiRagngled
device for converting the sensed reflected light pattern into a plurality of
electrical signals. 29. The apparatus of claim 26, wherein the imaging
device comprises a charge-coupled device.

30. The apparatus of claim 26, wherein the imaging device comprises a CMOS imaging

device.

31. A method of determining features of a symbol based on a relief pattern having a data
cell with at least one discernible edge and representing encoded information, the method
comprising the steps of:
determining the presence of discernible edges of the relief pattern and compiling
information representative of an edge image including the discernible edges;
validating the edge image by performing an edge anaivsis of af least one of the
discernable edges, the edge analysis comprising assigning a symbolic value
indicative of the validity of a discernable edge to an intersection of a plurality
of discernabie edges; and
determining a data cell of the symbol from the edge image so that the svmbol can
be decoded to provide the information encoded within the relief pattern of the

symbod,



30. The apparatus of claim 26, wherein the imaging device comprises a
CMOS imaging device. 31. A method of determining features of a symbol
based on a relief pattern having a date-cell with at least one discernible
edge and representing encoded information, the method comprising the
steps of: determining the presence of discernible edges of the relief

pattern and compiling information representative of an edge image
includinesting dfséaseritiing depswesvel dstinigptiresed ge dimdigerayepehtsinyagiata
apgdan Rivsimolatipast e ahthediscanalie cAgtm e 8498, em,
analysis, comprising assigning a symbolic valué indicative o t?le va |d1|]ty of(11
2 ATERBFRE6NE ¥88%(o an intersection of a plurality of discernable edges:
and determining tvclatesaett of dhecsyibibelifinrorthe ege inagams0.halithe
symbol can; . ide the information encoded within the (
relief patterﬁr%gﬁ%gegggl%%%?%@ﬁg%gf] A %%fﬁlgaeé?cgg?%nﬁ%%rﬁ r\% Cférgf%?r@e%dﬁ?s’
a symBBifRsEedhsies amaen Bt NG Watareslbwitheatesastonithe

discernible edgerabd epresaniing angoded.nfernatinn e methodmer o

comprising &E\S%E%? S (%fér e%%ﬁ%rr;nglin fjt_he ggesenge of discernible edges of
the relief pattern and compiing TTormation reprEEEtas bP LR Ge
image includittgrideiaideesniblehdthgeisrevalidating tesetgéimangdibydee to be
performing aniedae analysis of at least one of the discernable edges, the
edge adntal sis. comprisin determinin? the number of discernible edges

that rathata Pt B EHar SECHETPOF Bopi s Ry 25 eRgt & Aitahs qyrbol can be
which first idterse¢tioprineludesitfienliscernabteedgritalees valishates cand
determinin fa cell of the symbol from the edge image so that the
symbol can be decoded to provide the information encoded within the

relief pattern of the symbol.



