-1-  METHOD FOR READI NG A SYMBOL HAVI NG ENCODED

| NFORMATION 5 Field of the Invention The present
invention relates to methods and apparatuses for
readi ng and decodi ng synbol s havi ng encoded
information. In particular, the present invention
relates to nmet hods and apparatuses for reading and
decodi ng 'signal s produced from two-dinmensional relief
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-2- by other known net hods. The synbols can be either
rai sed fromthe surface or depressed within the
surface. Such relief formed synbols can be nore
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“generally have. httle or no hght reflecting contrast and, asa result can be very

difficult to image. Because the symbol characters are buned ’oeneath a metal thin-

.. film, any color difference thatr existed between the charac_ters and the _sub_stl_'a_te can -




film any color difference that existed between the
characters and the substrate can -3- no | onger be
utilized for imging the synbol. To conpound this
problem the netal thin-filmusually has a shiny
surface finish that tends to further obscure the
synbol characters. Summary of the Invention 5 The
present invention overcones the di sadvantages and
shortcom ngs of the prior art by providi ng nethods
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These and other features and advantages of the present invention will be

épparent in the following detailed description of the preferred embodiments when

o ::ead in conjunction with the accompanying drawings, in which like reference

numerals are used to identify the same or similar parts in the several views.




read in conjunction with the acconpanyi ng draw ngs, in
which like reference nunerals are used to identify
the sane or simlar parts in the several views. -4-
Brief Description of the Drawi ngs The acconpanyi ng
draw ngs, which are incorporated in and constitute a
part of this application, illustrate several aspects
of the invention and togethergwith description of the
enbodi nents serve to explain the principles of the
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30 the centers of the data cells of the synbol; -5-
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data cells, rather than one or nore rows of bars and
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30 attached to a substrate.. Alternatively, the synbol
10 can al so be etched, engraved, or otherw se forned
as a relief pattern on a suitable substrate or object.
As an exanple, the substrate 28 may be a gl ass
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have any appropriate thickness that is capabl e of
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101 fromthe Iight source 102 inpinges upon a surface
106 of a substrate 108 where 30 it is reflected as a
i ght beam 103 to be received by the reader 104..
Preferably, the [|ight source 102 is capable of edge
illumnation of relief patterns. In particular, the
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central processing unit or CPU 112 an imaging device 114, and an output 116. For

certain applications, the ima‘ging system 100 may also include a gain control (ﬁbt

-‘ shown) for controllmg the output level of sxgnals produced by the i lmagmg device
L 114 and a hght level detector (not shown) '

The entire i 1magmg systexn 100 may be contamed w1thm a smgle unit.
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shown) for controlling the output |evel of signals
produced by the imagi ng device 114 and a |ight [|evel
detector (not shown). 30 The entire imagi ng system 100
may be contained within a single unit. Alternatively,
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- Inone aspect of the present invention, the imaging device 114 preferably

';7 converts recclved Light into a plurality of electncal sxgnals that correspond to the
intensity of the received light. . The plurality of electrical signals may then be further
amphﬁed and converted into digitized data, which represent an image ofthe .

| _ substrate 108 mcludmg a symbol to be read.. The imaging device 114 may comprise |

. a charge coupled device (CCD), for exa.mple Moreover, one such imaging device

may use comphmentary—metal-omde—sennconductor (CMOS) technology:

.Typlcally, a CCD comprises a one-dnnensmnal or two-dimensional array of adjacent

photodmdes with each photodiode deﬂmng a distinct plCtlll"e element (or prxel) of




anplified and converted into digitized data, which

represent an image of the substrate 108 including a

synbol to be read.. The inmging device 114 nay

conprise a charge coupl ed device (CCD), for exanple.
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- _edge-analysm is performed in order to efficiently and reliably read such a relief

symbol but also to eliminate invalid edges and to a‘ssigri binary values to the data

' oells of the symbol for use in decoding the symbol. Invalid edges may be present in

" such an 1mage for a variety of reasons. For example, such images, especmlly 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 srmid‘ges or other extraneous




edge analysis is perforned in order to efficiently and
reliably read such a relief synbol but also to
elimnate invalid edges and to assign binary values to
the data cells of the synmbol for use in decoding the
synbol . Invalid edges may be present in such an inmage
for a variety of reasons. For exanple, such imges,
especially those 30 for reliegf, synbols covered with
sonme coating as described above can be difficult to
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25 is anal yzed before an object that is not. A step
306 begins the analysis of a first object identified
in step 304. It is contenplated, however, that all of
the objects identified by step 304 may be

si mul t aneously anal yzed such as by using nultiple

i mge anal ysis systens or another sim/lar approach. A
step 308 finds the edges or ﬁytSIde boundari es of the
30 obj ect being analyzed such”as the edge i nage 200
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symbol and is not limited to a square matrix.
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cells of the edge imge, which nunerical values may be
used to elimnate invalid edges. Preferably,
nuneri cal values are assigned to each of the corners
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which are all valid, each of the nunerical val ues
assigned to the corners of the cells of the edge

i mage 200 may be utilized to indicate a valid corner
having valid edges |leaving therefrom That is, in an
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i nvention, a comer having an odd nunber of edges
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quadrant for a bottom to top scan. -
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agreement. Accordingly, a net value of the four scans of steps 322 and 324 equal to .

_ B four may be used to indicate that the data cell can be assigned abinary value of 1.
30 Smularly, 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 asmgned the binary. value of zero. Once the



edge i mage 400. Accordingly, the resulting binary
values for the colums are 20. positioned in the upper
and |l ower |eft quadrants of the crosses that mark the
centers .of each of the data cells for atop to
bottom and a bottomto top scan respectively. Next, a
step 336 determ nes the binary values for each of the
data cells by analyzing the_hjnary val ue assigned by
the four scans of steps 322 and 324. This analysis
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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 bih,a_ry,

~ value of zero. Therefore, because the binary value of zero has been assigned by 3 of

' _th¢ 4 scans, the cell may be assigned the binary value of zero to be used to decode




the edge image. Several data cells are |abeled as I,

J, K L, and Mfor reference. Al so, Fig. 14 shows the
bi nary val ues that can be assigned by the four scans

of steps 20 322 and 324. Firstly, the binary val ue of

1 may be assigned to the data cells that have a net
value of four for the binary val ues assigned by the
four scans of steps 322 and2824 (see cell 1). Al so,

for those cells that have a net value of zero the
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_fofmﬁ@eofaeqaugﬁomt is generally preferred that a cell
‘be identified as unknown rather than incorrect,
per form ng four. scans prOV|des sufficient |nfornat|on
to.assign correct binary values to certain cells and
"to identify certain other cells as unknown
particularly where invalid edges are present.
Accordingly, assignnment of incorrect binary val ues to
15 cel'l s can be mnim zed or elimnated. Numerous

. characteristics and advantages of the i nvention nmeant
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descri bed by this docunment have been set forth in the
foregoing description. It is to be understood,
however, that while particular forms or enbodi nents of
the invention have been illustrated, various

nodi fications, including nodifications to shape, and
20 arrangenent of parts, and the |like, can be nade

wi t hout departing fromthe spirit and scope of the
invention. -21- What is clained is: 1. A nmethod of
detyekapisiged gat ures of- a synbol based on a relief
pattern having a data cell with at | east one

di deer ninathasysleteriningfeargencti mnbehlomekedl arelief pattem

f
ot or el o daaPodISHON QTR iR Al iR b Rninting,

relief fpw&odeelnnfoanatmncthﬁmmhon gompﬁsiﬁgmlbls&ps of:
repr esent at Idé?

di scerni bl e ‘€dge fc,mn%/n"gia P’%E\elnf’%%‘g‘f“f?émérﬁﬁ ‘éggeﬁgﬁ'%‘ e fJief pattern and
perform ng an edgemgiliak yiformatibn fiprdseastive 0B B e ifuh®

di scernabl e edges ermning a data cell of the
synbol fromthe é@ﬁ?gﬁﬁé’s‘%‘“]ﬁ 8%he synbol can be

decoded to prhbdﬁtﬂgtﬂd‘sagdzﬁﬁa@éﬂji b ERE ARG adlFdN of af 1Bt
relief pattern of ttg %lé‘ie The met hod of  claim .
1, wherein the sPBpOIhe distemahlesdars: aosk presence of

di scer ni bl e deegsingfa daben 6fm6fs¥rﬁ Itffo‘iﬁ‘ﬂ?@g%kr hﬁgéso that the

i maging the relief pattern of
i 'magi ng devi ce. $mbphgarherdeended to mloandmﬂm inforeatisinrenedded

imaging of the rﬁ'kthﬁfth@éhét?a@er?%?ﬁ-{e sZﬁ%ol obl i quely

dlrectlng light onto th 4. The met hod
of? c| aihf methpdof glaim ﬂh‘éhqrmguersgppmff dbﬂaanmeiglthefprpmwe]fn

- f hegis 0 eli e ‘
ur theg; AR dd3ESotthd 1elidd e AEASL: infeibl B3 crier iavasd

reflectivi erm ne e pre
edges. U8 elwﬁhhomagfngdemcm 1, wherein the

val i da es a ni.n c val ue
i %dl caﬁggm@#}ﬁ Bﬁe va gafe ’ga%}flg 8@%5%{]&’@%%"05@”5??
i nt er seldiquely dmfecmg:ihght ahtbthe roliefga&gr nabl e edges. 6. .

B R R LR R

6, | WI; ecomnptisas atiliverg @alras &l Iilﬁlt oMLty t¥ @efmihb e presence of
valldi (Lgcemlble edges.
5. ' The method of claim 1, wherein the validating step comprises assigning a
symbolic value indicative of the validity of a discernable edge toan

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 numeérical value indicative of the validity

7' ofa discemable‘edge'assigned to the intersection of a 151ura1ity’ of discernable
" | edges is based on the nuinber of d1scernable edges that form the mtersect:on

" ofa plurahty of dlscernable edges.




of a discernabl e edge assigned to the intersection of
a plurality of discemable edges is based on the
nunber of discernable edges that formthe intersection
of a plurality of discernable edges. 9? 8. The nethod
of claim®6, wherein the validating step include
validating the discernable edge based on a nunerica
val ue assigned to a first intwersection of discernable
edges, which first intersection includes the

di scer naik 8,c8ARf ERim bSyhedil HatBhatide st RcREE PR the

_cI aim8, wherein the validati ng step further jnclu
val i dat ﬂwgemﬁée erlas baved gppaveed@E! b%%"e%fs’csﬂedatoﬁtﬁfﬁr“i‘tﬁfé‘?mon

val ue ag E{i abiéjed% cs, ﬁ:ﬁ@i{jst o ?Jcﬁ&?fnbﬁﬁesﬁfxe discernable edge to
di scer na es, secon I ntersection includes
t he di sbewadab\teel edge to be validated. 10. The nethod

oc! 2l %&memgr of bidint 8%l ﬂ@kgﬁlﬂt i 88 hGLHABRes
valldat n i scerni’bl e edge J n|n
nunber Gﬁhdatlsg therdisobroatdelgrtgs baﬂﬁépn laadmatleﬂl valn@msm«rd tegt
intersectio
whi on- 1 Fe i B 8 icuiba baslh SRR S8R Ion ncludes
: edge totliaelmaﬂnabiataq;btob&vaﬁﬂhtednet hod of claim 10,

. VaI SlatnF]E\ g L] ng eée?fb‘&g %é};hgé{l%%}ﬁ? mgl%ées \ﬁﬂldatmg a
: nunber @I‘Bcdﬂhﬁm@t by @et&ﬁ@ﬁﬁg the hﬁlhbdsraxfldﬁt:ﬁmbtemdga that radiate

Sigoe. Fam e CBlegREn A aPLEEY of lseRmiflnBgs Rgbet st
di scer nﬁ'ﬂér&cﬁ&ﬂﬁcﬁ@eﬁﬁe disdeldBle@dg@tdthe w)ahdatdﬂi is

adjacent to the first intersection of di sc%nabl

eddbs. The methad ghelpignl G wbete the Yalidging siemfupther includes

det er m Fdlﬁgttﬁ% Q&E&rﬁ@l'eledéélﬁrme&%ﬁﬁﬁﬂgstﬁé nmﬁﬁ&'og HisE&mBle edges
bi nary value to at |east one data cell so that the

 synbol tairagiste foue sesand intersertion ofsthergligiof disggraplppdges,

wher ei n‘"’“%ﬁe@"%né? gﬁggecpbﬂ Mddthé Bis mﬁé?ﬁ%ﬁé £ 1R VHidd¥d and

one. a|n11 erel n The assigned
bi nary . whichds mbawpnﬂtsdrpfbttamkrse@pnwﬁdlseemabﬁf edgefe net hod

8{) }T% lr ?Is‘feﬁs Iglﬁﬂl}g@ 8}‘.: gilfl ?1 f, h@l %%1&19 q& ?wggﬂg fayda?é%leﬂ @tfg comprises
. wher ei nassigaingetténay nilngtoat Hadt ane dith celt mpthatdhmymﬂaelscan be

scannlcge%ﬁti%e edge image in a first direction to
assi gn ¥Bifary value to at | east :

- 13. - The method of claim 12, wherein the assigned bmary value compnses ZEro

or one; :
14, The method of claim 12, wherem the a551gned binary value comprises black ‘
| or white. ' ‘ -
- 15.  The method of claim 12, wherein the assigned binary value comprises on or
16. The method of claim 12 wherein the detcnmmng a data cell step comprises
' .scanmng the edgc mlage ina ﬁrst direction to assign a binary value to at least .
one data cell, ‘ _
17. - The method of claim 16 whereln the ﬁrst direction comprises a row of the
edge i 1mage

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




one data cell. 17. The nethod of claim 16, wherein the
first direction conprises a row of the edge inmage.

18. The method of claim 17, wherein the rowis scanned
inaleft toright 23 direction to assign a binary
value to the at | east one data cell and the rowis

al so scanned in aright direction to left direction
to. assign a binary value taq,, the at | east one data
cell. 19. The net hod of cld%%ﬁe, wherein the

- det erm pj data cell step further cqnprises o
scanni rﬁ%lef & ‘3}% G a&&&@' Y%uegfo s FFGStdW“F gE‘f" Pﬂia‘tdothe ToWw 18
assi gn alsolstanaed/in arddhtiéirdcBortto 1¢feaisdction & MAdikz@a 6Rbly valie to
- the scan én the first direction. 20. The nethod of
cl ai m 1% 20Jgeho8e fatefel second direction conprises a

Cal9unm Thb mettod of eigin i SYRGRreindhe dFbEiREE B Aska @bl GLhAma0,
wherein the colunn is scanned in a top to bottom
“di r ect FOAPTSS s&upigg the eAgsimage ipA ﬁ?@)‘ldointeﬁ@ndﬂ assigna binpg

data cehlhe &4 1dali®n6 Akt BY]] by e 8ol HE @?{l%ﬁe&ti&ﬁ?‘ bot t om
n a a

tggto'p direction to assig binary value to the at
|

| st Shemathed okdpim 19 wherpindhewecorstilivettion eommrizds a column of
wher ei ﬂleghggﬁ{agp_i nary val ues assigned to the at .| east
one data cell are analyzed to determne a single

 bhar y Themglod ef claime20awhereindhe cobumen Wataunedin a tog & boflom

- met hodg:af.s:6h Al SR r.C i sing the step.of ..
ocod: drcetif ) dhida bty ARE «CAURIfefd B Sl echl BB o cqpunn
val ue isglspiseanheitintatetiomfiotopaircaivnan assitch biniry kaloe toltke at

© synbol gpparatus for reading features of a
-'synbol.le%sgéréﬁap%%'a relief pattern having at |east

0Bz di Bleonethdl & cbApe 1 pwhkréift Plied Sitay0hl @RGEASR to the at least

information, ..the ratus conpr,ising: neans_for
sensi noe 43R ARV ROgh ARG HRGIA BAHEPCIARe Tgr R oHlew
i mage org@agdepon the reflected light fromthe relief "

- pajter;. and ans for verifying the validity of a :
- cerﬁm@wﬂ%@w 1g Hfarther gamprgng the stepiof decoding thy edizag

G0t haT Ehed PSR BART LAl b bl Slorf Rt
i nf or HétiBheskabeled within the relief pattern. '
| 24, An-apparatus for reading features of a symbol based upon a_reliéfpaftem :
- having at least one discernable edge and representing encoded information, -
the apparatus comprising; . o
- means for sensing a reflected light pattern and g:eating an edge iniage )
- based upon the reflected light ﬁdm the relief pattern; and
" means for verifying the yalidity‘ ofa discérnablé ¢dge of the edge
~ imageand for detei‘mining a data cell of a s'y'n'lbol'based on
' the relief pattern so that the symbol can be decoded to pf&vide
| the information encoded within the relief pattern. S
25. The apparatus of clairgi 24, as paﬁ ofa syStem includihg a light source' | |
. capable of at least partially illuminating the relief pattern so that the at least
B onie discernable edge can be read. - | '
26.. :‘I‘he apparafus' qf claim 24, wherein the means for sensing a reflected light -

~ pattern and creating an edge image comprises a reader.




25. The apparatus of claim 24, as part of a system
including a |ight source capable of at |east
partially illumnating the relief pattern so that the
at | east one discernable edge can be read. 26. The
apparatus of claim 24, wherein the nmeans for sensing a
reflected light pattern and creating an edge inmage
conprises a reader. -24- 27.o4he apparatus of claim
26 wherein the reader conprises at | east one sensor
bl
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cI al m 2Fpablvhafisedsingtah éasteaadeironfOﬁ thetreflectadiinht e thasliety
for- storing instruction sets and for storing an inmage
to be ed. 29. The apparatus. of claim 27, wherein
t hes.r eaﬂﬁraplﬁmtﬁMclam 2Py whesin theaeader ﬁjrthemonq:esss memory for

uni t fo .Cont Il|n or
anal yzi® &Fﬂ‘b‘g@”@ é'g"%t) l?arﬁeﬁgé Gf claim
3729 V\hﬁgﬂlaﬁpdmﬁﬁs 6@@5&&@7;‘%&5& ﬂleaefaef fisther a:mpnmga aregtral ,
~device for convertin r | o
 patter ﬁrqcﬁfsa’ga“nﬁlfﬂrrcz?gﬁr? n%? ecé’ﬁ r"f%"&ﬁ?m gqréﬂ%{??ng iedge_ :
_ The ap@@ﬁ@t us of claim 28, wherein the inmagi ng device
‘ rises a char cqupl ed devi ce he appar at us
r@ ai LR spparakpsy éﬁ‘f“?ﬂew}il%ﬁﬂ}?gwﬁ%ﬁgé@e’é‘iﬂ%rf paging:
4BREd Y q&%ﬁﬁg the sensed reflected light pattern into a plurality of
electrical signals. '

DS
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31.  The apparatus of claim 28., wherein the irhaging device comprises a charge- - -
. coupled device. _ _
32. . The apparatus of claim 28, wherein the imaging device comprises 2 CMOS .

imaging device.




