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METHOD OF CLASSI FYI NG COLORS OF COLOR BASED | MAGE CODE
CROSS- REFERENCE TO RELATED PATENT APPLI CATION 5 This
application clains the benefit of Korean Patent
Application No. 10-2006-0057093, filed on June 23,
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Intellectual Property Ofice, the disclosures of
whi ch are incorporated herein in their entirety by
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been suggested. However, the colors of <color cells

formng the col or based i mage code chanoe dependi ng on

the lighting, B IgN {VE

cameras, and thus it is dlfflcult to recogni ze the

25 color based i nage code as conpared to a black and
1. WhAiclceohekaysntidRecent resear ches have focused on a

u r interface that rOV|des data or services in

SuBTESRBE INYeNyoR 6edes 1R adneEwnd plgd %%F{jj"ﬁ%é*i elph based image
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image ende fadrg edlecodingi progess.i nto a wirel ess tag, such as
a radi o frequency identification 30 (RFID), and an
i mage code, such as a barcode. Specifically, an
2. iDbecrfpﬁm oMthe Relafedonit des servi ce by recogni zi ng an
éq% of an inmage code or |scaIIeda paper
u

thePast deeadepan augn@ﬂtq#m e@ﬂtfya%d RENREE fea ltys%ajmﬁ using
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commeges,drae bedroranearcrediarfemandiys agolwi hase(iFfm‘@)e code, such as a
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printing media, and conventional cameras, and thus, it is difficult to recognize the

color based image code as compared to a black and white markers.

Recent researches have focused on a user interface that provides data or
services in a virtual world to a user by embedding tag media in a physical object and
recognizing the physical object using a reader. Tag media used in a tangible user
interface can be divided into a wireless fag, such as a radio frequency identification
(RFID), and an image code, such as a barcode. Specifically, an interface, which
provides service by recognizing an image of an image code or a marker, is called a
paper user interface (PUI). Such interface method is used in studying an

augmented reality and a mixed reality service, and commercial services, such as a
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code. The 1D barcode illustrates identifying nunbers,

checksum digits, and guide 5 bars using pattern

information in black and white bars. The 2D code has
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with agsco %ltg n\;\nﬁ@ffjgﬂ loWw E%\r o e Rzg)%ggﬁtgrr %Eg%g%;&gvr']eﬁi‘?ﬂal user

built-in lvan@Rac @de Hus, ftbenemmmfntlbhalclerammka!v\has dolbaking esnstraints in
erns, and.the color code is a color based inage

termsggaeg;og@glrﬂ%gp WB88s are bl ack and white since black

aF@stMy P@: eRGulED LAty be 85QHhd&tvatousoraingdneQeryday life.
ot her colors. However, as col or medi a becones

Seconsbpuresdandinn alassithin $hauddl hersterlecerd awfikcANd shird, an image
i a- I
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a conventiona
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the QRIdoRetdr8ToRREE S bRItKfAHIChRO Sl bE patterHY @ndRAEIdAYor code is a
technol ogy are provided. An algorithm of decoding a .

color ageastimaggecade.very sinple and efficient against a

PR BRSSP RG0S, D R, e casiy

recoggiged saf aconmgarteuetcs atResicotors 30 Hiowvewear ,asa coldromedliwtgmomes

populfsl Za"%%lhﬁ&a OB iR Il do oo e ang tedireS large
data $tbeYd Plpa& r@ett%rascsdrﬁ,@nuoﬁél%mr:kraﬁwwmdé&ie has

characterls cs rm es It difficult to recognize the
comemibdhe bpsdight.i mage code. 2 SUMMARY 0: THE | NVENTI ON

r? (gf)goesl%gn gglctmlaggp { ic@d Sggfll %%Sa olot %de an %eﬁ?er Ys 88coded
using colors, and error verification and direction detection functions using double
parity technoiogy are provided. An algorithm of decoding a color code is very

simple and efficient against a blur phenomenon since data is represented not in

_.terms of a length pattern of cells, however, in color cells_having the same size.

However, a color change in a color based image code, such as a color code in a
mobile computing environment according to various lighting, camera characteristics,
and printing media characteristics makes it difficult to recognize the color based

image code.
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and easily recognize colors of each cell of a color
based i mage code even when the colors change
according to characteristics of a canera, a printing
medium etc. 5 The present invention also provides a
conmput er readabl e 'ng recor ded
t hereon a prograsVies
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based %e code u3|ng t he average brightness val ue;

Samp@ﬁd‘@ﬁ@@& Gl {a§ea C@Qﬁﬁ%ﬂ‘@a‘i@b average val ue of the
C I t I el
RoQrIREERN Sty SGfet off thel Brdbebl ifterBAT hefAREBIGVided a
methazkbf desséing ncolotse n’é iat yolan dbaskd elm@euesd@f tl‘teh meatldarincluding:
3{3 bIe (5 a.Ct‘Oﬁ Accordln fqﬁ t her based
samplji .o RREnS) clihet i BRblsoRomt Aai] 2hd SRS Fr base
tmagezéod@tdhfwnﬁfg & éﬁéﬂa@élm@h@ﬁéﬁ valeé oﬂtlf@ée}m M&ﬂﬂnb@ﬁ@ﬁplxels
code, the nethod including obtai n \r;:% h east one
| g8s

Compﬁﬂﬁﬁtlf‘@h@m @gerag@ Yadug 9f the §9l0u CRENgals cﬁe"ef%'lﬁ"%the color
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romatl c C a chro
compepnsaied gi\(nuagé)a&hﬂb of thhecoddr bleamelmrtrf edch bell to a color model

ri ght nes | ue esatu at i.on :and . .
capatlf 98P g and Grstbid 8 ddhal e nastikam intensity and
hue vQFu@'sll‘bftH’@céaﬂétﬂﬁ)c%l Baeatﬂé o@heeleaara&néﬁl capabl e of hue

extraction. Accordingly, colors of the color based

i Aeerrdingdto eaethss aspedsidfi be I@ﬁﬁm dnvesttiopo|terec isa pemdded A

oL S81L A B, SRORPYP B SREBH: g, BEDE U RTWDhcng

obtairfidy adttlageisoné dfhe Mrighteads Mamntan@ra siaturation value of each cell

forming the color based image code and grouping the cells into an achromatic color

group and a chromatic color group based on the at least one of the brightness value
and the saturation value; and classifying colors of cells in the chromatic color group
using a hue of a color model capable of hue extraction.

Accordingly, colors of the color based image code can be classified despite

of color changes according o various environments.
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becone nore apparent by describing in detail exenplary
enbodi nents thereof with reference to the attached
drawings in which: 5 FIG 1 is a diagram of exanples
of 2D codes from anong conventional color based inage
codes; FIG QS A ‘J a col or
code from SR S B A VI pllife JSNEShd in the

pﬂ'ﬁ%%oﬁe”é!ﬁ@tdtl‘i’& fe%k&es%ﬁud a @aﬂtﬁéé@ o‘fliﬁﬁ"gﬂgsérh‘%nvention will
us 10

characteristics of a color coe int
becon'pﬂ sxwatappavenrit By deseibBg 31 detadl éxeonplibrr embodimentsiibdreof with
color cade according to an enbodi ment

di
refereﬁg;efch % Ilﬁ%’é\‘?{j RMNES BN G 4 s a flowchart of a

mEt@od [@fa diS?l@@h B¢ eRa®Pled ofcZN@odes Hioth Aehdry edhventional color
enbodi nent of the present invention; 15 FIG 5 is a

basedfimagereadesof a met hod of decoding a col or based i mage
r t

BiS PRI dlpltery B 2R SEAH IR ofor L8 BERE g color based
imageapeleatused iofthe pecseet im@ntibndecodi ng a col or based

| RlanzPof. & thee 3quing feciierarensiomot @ gpior cbde teed in the
preseﬁh%éﬁtfdrpat' on operation of the nethod of 20 decoding

a col or based image code according to an enmbodi ment of

t iéGpBds entlowehart of iaomethridof gnepdingisagelamsotieraccording to an

i B | i peration of the color
embo%ﬁie&@ioﬂfi%p%g%ﬁggwg?ﬁﬁ?rgn’ according to an enbodi nent
ofIGhe iprefientham ot at metfhod-bdefodifg @ tdlowebdetacebrding to an

net hod _of cl assifyi ng colors of a color based i nage
embogimert @b thespigsent y@NE®AInnel based cl ustering ( MCC)

Mg§dod, |sa§qgfv%h'%?t bP afhe r?d@%ﬂ'd@%ﬂ&p@;atrr&e@?ﬂggg%@timage code

i nvention; IS a Iovvc art o

“accordihg 4s iahyamigodiolent of tife presenbinvesiisy | nage code usi ng

A0 B UGV RrE AT Bt LRSI R b REeoaing -

color Bésdd imagkledde, actbRWd &Y &n @f‘nb@dlﬂ’ﬂéhp@f tak pﬂ‘b@én?tllﬁ\)érﬂ@n

calors of a color based imge code using

siFigl d- IS AkBechary&fia m@iqfagl@a&%qat&n @Psgaé&on ehthemethod of
decodﬂnﬂ-écgélor P88 dmaf Ceg%%fg%ﬁﬁ tsm@n%& bt;otf%e present

resent 1 nvention; wchart
mven‘umt hod of cl assi fyl ng colors of a color based inmage

g%g@ﬁ:{fgt a}ér@nﬁ%g&g ocE h%ﬁgm bas?aer%pﬁ% ocgpf.aration of the color
classification operation, according to an embodiment of the present invention;

FIG. 9 is a flowchart of a method of classifying colors of a color based image
code using a max channel based clustering (MCC) method, according to an
embodiment of the present invention;

FIG. 10 is a flowchart of a method of classifying colors of a color based
image code using a white balance based color clustering (WBCC) method,
according to an embodiment of the present invention;

FIG. 11 .is a flowchart of a method of classifying colors of a color based
image code using a single-linkage algorithm based color classification (SLACC)
method, according to an embodiment of the present invention;
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according to an enbodi ment of the present invention;
and FIG 13 is a flowhart of a code recognition

operation of the nmethod of 5 decoding a color based
i mage code according to an enbodi nent of the present

HEIGT narBee Tatfenes BCan At | GRNG PRoR.o0M geler based

mage@fo% histhg ¥ Wrﬁ@arﬁsefal%bﬁﬂﬁﬁ ba%@dtc%ldrhﬁamﬁrﬂ(mm method,
draw ngs, 1 n which exenplar nbodi ments of the

accordlngé@ahmmb@dlmegh@me nme@enémve@tw d@nglgr am of an
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decodir@PlaecslopWared tittagec bad@cicediding @5 af emnisalivient ofdhe Iiresent
Conventional Iy, an ARTool Kit marker and a pl anner

inventigdy-ker, which are used in an augnented reality
service, have a sinple code structure in a dynamc
nobil e conputing environnment and require a small
nunber of DEF&IBEDIDESCHRIPTHONDRJTHE HNVEMEIONCcan store

c Siarehenar thebresey iduentEropl e Psrbbithe iy with reference
to thel BEQIABAMARG dPAWRIGR in MWadeh r(#@gg)lé‘ﬂyg@mﬁgﬂifn%ri’fgr&etha%ventlon

canera in order to be recogni z and a large nunber of
are showér.ati ons, ‘and thus, is not suitable in a dynamc

Ol ! :
TR0, SRRy Y SR AL 08 b o oo
imagd eodesl uskdcipl tie peddant ihventicie aotl BiG.02Briscadebfeoshawing the

mobi | e conputer, one cell represents 2 bits, and
charag@ggp%ﬁ ﬁfg"F(j‘O'OTﬁP@?fmtl on is encoded in 4 colors. A

v%ﬁt:@ﬁal%ﬁ ahNBRTBbKt FRFICAHY BSIShasraRdrdey, @H’c‘h are used

ylng contents of a database that is connected
in an augmmtew@jtty aahide hﬂVI@ea simpleocsts struelutdinng dyvaaic ¢nobile

come i, B fabhef, R 50BN TS BR TSR ot Becocing

howeegresa streld véry S'ma‘ibbnioenpbf)im&)miat@nPDNomrmbomlmmiaI 2D
scanner for excl usi scannhgﬁl the color c d

. The
code gy §fore gdlargamesnt, Qﬁ@ft?rm%anh SO, ABAWET 8 *Qe*éaﬂr}w“ance
cameREinvhiaer t?(ﬂ ge ‘?%(G)(gggﬁzéc? BME GLlak nQﬁ'Jb'eP ef G?EILdti%ﬁE | SRS thus is not

ecause structure Ts sinple, the nunber of
suutabdxpmatdyoamicrmbite@dmwtlggmnv;roamntol ors are used,

SR o H08, 2495 BB et RO €20 JRfyEb6 coe

formednéf aokPdwlisal iroraestofcgl toloAcbiié fot reeanbilpcempotarnone cell
an identifying nunber is arranged in the 5 data-bjt

represants @ bils, gaeh aceoghiaghy irsﬁrm@th;b\sfenqsaé’&ddndh@oipfﬁe A service of
the c&iBt U8Be3%Mh Hb8VEHindddehy only modifying contents of a database that is

connected online. Also, unlike other 2D codes, the color code is suitable in a

mobile computing environment since the color code can be recognized via a
conventional camera built in a mobile phone or a PDA, and not via a scanner for
exclusively scanning the color code. The color code can be used in both an
augmented reality service and a code service for online applications because the
code structure is simple, the number of operations required is small, and colors are
used, and thus, has a large amount of information.

The color code is formed of data-bit cells, parity-bit cells, and a code
alignment cell. A bit stream representing an identifying number is arranged in the
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data-bit cells, and parity bits, derived fromthe

parity operation, are disposed on the right side and
bottom of the color code. The code alignnent cell is
di sposed on the right bottomof the color code. The

data-tEEIS | ¢ PRGOS IR TS B AR oS i ol Mo ansk row of the
data- tﬁtocl;ém'!‘gnaﬁﬂ(ﬂ)arriﬂ}’\bﬁy cﬁ@rﬁierdigfrér'i‘netherr?égltﬁ’b%%gloﬂf a?ef- BR¥YEBd on the

and row parit’es, can be use asi s
right sigle gnd bgttm‘eof theldodordindeng Thedeadmiakgnnpentorediss dispoléb(ﬁon the
right t55hor JF B QU 6ol 'ﬁ%rc%d%éfléﬁﬁf%ﬁelgieh dsihouishya parity

operaffS® midiieutgbn BodbluMnsahd RAY frant Bﬁoﬂh@ﬁ' @oﬁlnhrﬂ EHE '?éwcb?_;) faking the
10 Since white is not used in the color code,

recmr%feﬂh%@r@pwn qumupﬁgtie%rarai coR oS as arhasrs for aligning the

[ a white quiet zone with a thickness
cells d”‘f'g'?“‘?‘f @‘ exil s “around the color code in order to

dirs FiGgRA stnet thatadsit osllscadeDh ¢ mmurgﬁ\ ghhahe r]mriﬂ;@bﬁe;ellé'la@e Pis,
resent ed chang

f t t t hat re
Pas tGRAST FungPtio A6 Pr WBoB P o AP o (heveodst Slapment cel
Since Wl’t@ﬁs ﬁ@tj@sé’d% friaecdidimitie, @ bdd=ry fd@é&?@rﬁ %;c‘,} 4 }é&ie drea is

| onchart of a method of encoding a co
not r e‘é@{t&d dTON@Vleﬁ, awhiterpiiet zomet with atthickpees ohf cellveayt exist around

ine oot £ Dok Th oI e SRR SR e poi. The
numb@haﬁ@eﬁetmthaﬂ&tﬂn bei reprosehied draingedadécoring ®t HRAMUmber of
and arran%%s the data-bit streamin a matrix formin

columgp 8ngrPW 03 319 Colp Cag aaitaa nvimbes o patiyemethasiser
CF\GUQ% eSRchAPEP aRRARIH B Escdlin %CQOISPSU gﬂegroril‘f@"’to an

for an error correction, and gener tes
embodjmtafﬂ‘@rmﬁenhnvenm)mg t he parl ty bits. Wen a

tst ud|ngth arit .is .
CRiGtbh & R Bghideatadehvedbf ofh g pumper in
operat&brc $306s Iﬂw@nﬁcdéro tRsnges wfcﬂintmné?rﬁﬁn@érdto Qetitﬁéiﬁitegream
aligns color cells forned of the colors

and
‘and agaRged [Mhdawait stsam i@ a matsix form Jaaperatios S§1ﬂet hoeperation

8320,39 ﬁﬁfé@b?%a%u?a%@ranﬁpgﬁdsa&g%frj?#‘s% é)? %g@ﬁlca%aﬁd%ﬁﬂs Pw for an

e present 1 nvention.
error aeesstion, ard gienesatas aodi addsah dodegaignmesni diingsiag doé parity bits.

b d rati on 3400.  The
winen 855 er RSB0 AR SRR bR SRR 3 Rl gk Encoder
change§egch BogedRtr streame s ac%ﬁrésp@ahd.ﬁgl EolOP M BpeRatict ¥830 and

30 and changes the color cells to a correspondi ng bit

generafes @ah aligng gelostgeds fommest offihe calrrsdaepeaioact3d@nd

CRI € ] ‘
CPIG 818 SRR bt PEIEY I B80T Lo BEAECERND to an
embochmegmnéﬂrte m‘lesentahvgmta)rdata bit streans referring to
e.l qcat,i of t cogde ali R{nrrent bit, and extracts
aRefefanRg ite F'F'g %@Tﬁgpo g recetves an original image including a color
based image code from a camera in operation S400. The decoder extracts a code
image area from the original image in order to read color cells in operation $410,
and changes the color cells to a corresponding bit stream in operation $420. The
decoder detects and corrects an error by performing a parity operation in operation
5430. Then, the decoder obtains a code alignment bit, aligns data bit streams

referring to the location of the code alignment bit, and extracts an identifying number
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I n operation S440. Al so, an additional color code

pattern can be obtained by conbining the data bit

streans and types of parity operations. FIG 5 is a

flomchart of a nethod of decoding a color based i mage
nt of the present

. code rdi to an epbodi
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oetclRbpBRrESEIET o 48 FHBSDHE B4 8lon 8807 A, conoer
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e I mage may rlnte S|ca
methcsumhthasccdorpalpesuflcatlcrreoaeratlon &525 asthe deoodel dedatiesdhe color

vasecfrbeyil & sl Bl s b el
PI®] et ahage AbBRinihd eoperagen TTBEOOG @ Giviagedtial ®N represented
electrical form such as a bit stream or an

physically e Qlﬂcé”fﬁ”b’e'sf ebt@ingdy otheedmeger @ay bPaclitageon a physical
medtu@’i éUcﬁdaQQ Cp% ber POWRSR br FRHLLE, 0?'?1% g%}%,gjrbﬂ%“%lsal%ga?uch as a

as a camera phone, a
tiquid ca/lsml allspia)PCL@IaBref a m@blleaplhme araeimitoe,a 1Y, os adeahh poojecior.

Aiso, Bt iay R EofdRin b Spllicalibrin mubh &Y adbit stsparg, or an

electr@hiofiRg®reevi ce. Hence, an out put SI gnal during the
i mage obtai ning operation S500 wi referred to as

am @Irqj@ tQatead image pRNted %rﬂﬁ%@hwcahmeﬁﬂg@ ap |igage input
dewcé %hca%na REmet® pRHASE &3 SESnAd %cﬁ@ g:%?ﬁ r Tg?’@géme?glor a fax
g‘es H bat ?ﬁ

I nclu ol s€' or a a co
machmaclwmeﬂg ddse, thefioraget |rmresémedanta bit strepm oolanrelaﬂcbmc file
e original inmage are

form, &?.%‘%WPQ&‘%? TR o Siorfat P e e (R’ cade
| pRORel %\nsdilﬁbﬂt siyndl aufiegdRé m?é@bcébtéﬁﬁﬁ& obeﬁatmdssoo will be

|rrae telrmelsrecelve elrrageotalnlng
referrefbé@aas @w gggipal tfmégﬁe&@u%ds fgmedageangntﬁg@pf!lecérﬁe@an be

proceidl 1, BOABEREES TR e B o OS54 BB i o

code imgnﬁmbﬁtdir@cﬁﬁéhfamaﬁdm I(Dm\tent@n?w e:mlmmnan%faﬂhe code
|mage|0|fn %l’}@?@lggr;ie Lgézgegsé aﬁéﬁ%&éggﬁs&% |n:gt;3,<':\§1 JAeey mjahnwnlldjlchetae code

imagedR $hBWnC Bnd2dadbh it reddtethB! dddeSimage.

if the image is received in the image obtaining operation S500, the received
image is preprocessed in the preprocess operation S505. [f the code image is not
extracted in operation $510, a PID is increased in operation S515 and the image is
preprocessed again in the preprocess operation S505. If a maximum number of
preprocessing methods are all performed in operation S520, that is, the PID is
greater than a maximum preprocessing method identifier (MAXPID), it is determined
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greater than a maxi mum preprocessing nethod identifier
(MAXPID), it is determined 7 that the inage is

i nproper, and thus, the inmage is received again in the
i mage obtaining operation 5500. If a color i s not

be cl assi fi erat on.S530 . r n
that 15 Ge08 SaurEagk 4 g AREhaDis e s g i iho image
obtainRCHpSratibn U@L 11pB &H6Pis ALY hblg tbhise eldsafficdahesidration S530
eration S545 even if the color is classified in

duringdgercwdormiaﬁlmlona)r:@ramrs SorRér @raé &8 §TFeToIRsuEs Invep@stign S550

curing1F, Sricie BRATREPBEHER Bp4€elRRLIFENED i BpFEeddS bpBration

530, d CiR istexdronsed moberatioh S@B@randl @s:errbsp@mding ouisrheldssification
are all erforrre that is, . the CIDis . greater ‘;han a.
algorithgy ismpeifeBNss 'eeﬁ e E(P'aéﬁlawfmt'eﬂ FRargl @é&ﬁ i fIf @& maximum

numbéMPSIH) cla@@iﬁgéﬂ% Frﬂil%dé are aff é)e?‘félrﬁteﬂotl'%ff §|Stg\%5('3lfﬁs ?s‘i%reater

I'n operation reproc Ss operation
than aaeakmumd:ohgauaﬂ classtftdwoennemodedemmemrﬁl\/w;)@lﬁ)| and the color is

545, .the d f t d .
not a8 B8 SIRSer R0y 1 AERIAI Sk o BrePRStdioPhedtien 505 s
perforﬁfédeé{;éih | $n thelerfnt @abetbn apetstRM BEYENthadebeder performs a

outputted and if an error is detected in operation

parity QBStﬁtloﬂrﬁ’\Cb@ﬂ?fGﬁScﬂi %\Qéfpf fregt a it Srpanaef arrokygodes If an emor is

not d@t%E{e%r ”59' I@%‘f n §g6é§ (?\JTH;'J hcﬁ% f%}nt Bfirgr is detected in

reépr ocess ope ap
operaﬁkm Sﬁﬁﬁgth@ anbd)rocrlamﬁmilammabm 8&50blis perfatradd iagalr. G

P EIBE ot Tl of SRR quehibest e 60 SaUA-phthg method of

decodhf fé”&ﬁgr | phsiddemabe evbEaqfustrBfed GRIEIGMBYE aﬁb@t‘@lﬁd“eto an
recei ved i mage, extract feature points of the code

emboﬁilﬁMéOfﬁlﬁjpf%‘éaﬂfweﬂmna center of each color cell.

r?BFo%%gg %ngpaet o‘?‘nt gﬁs %?QEGf o4 EI‘f8F = "f%a%% tg r%aadrac’[ the

SCa

code mgmfrbhetr@rmemal mag@@&tracﬂ feaﬂia‘eqncbmtst dsfethprcameom@;e and
eration ude i nari zati on o

S at
searc o P RRIoF BUGREh RO 5Elar TBR PABRISCSSS BBRIRIANSS0b % petfomed
by 5;;(231‘%&%?@?1 gl gﬁaz%@ék‘eﬁa ﬁémoé“cé‘!@?ﬂna@e a8 r&ir@ﬁed@ﬁ?%bb@mage.

oper 1 on a color cel center search
In detegbefm PrERreEss. o atian SHOS ldmeismtblraﬂnzaa@na@wamtr%@fioo a

wiso ol ABE L SPA0°S L0 AR AL S M THBTSRz0,

verticepdplieetion mpefatiopesaio @ng 4 oslod etk céntep sbarthusperation §640.
of the code inmage. In the binarization operation 5600,

each pi xel of an original imge is converted to bl ack

f*)’Y‘ﬁéB eﬁ&%ﬁfﬁ(ﬁﬁrﬁﬁoﬁ%@bt ness information of 30
t

e pi xel's ness val ue of a pixel is higher
t Wavirmrizhties hisl dsachltueseptanateplaxeode nma@@nfrem &d baokground or
ness val ue, of a

objeciSrhtnd ety e colpsTner adalifte /eifihing feature
pointsObRétte oOJBOIMYRHY. | qﬁaihebbm@hzaﬁém ije@étlcﬁﬂ Semagedch pixel of an

original image is converted to black and white colors using brightness information of
the pixels. If a brightness value of a pixel is higher than a threshold value, the pixel
is converted to white and if a brightness value of a pixel is lower than a threshold
value, the pixel is converted to black. A conventional binarization of an image is
represented in black and white colors; however, the binarization of the present

invention may be represented in other colors.
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represented in black and white col ors; however, the

bi nari zati on of the present invention nay be
represented in other colors. 8 (2) The Noi se Reduction
Operation S610 In the noise reduction operation S610,
a boundary of each object in the binarized origina

i mge is detected, and the original imge is divided

'(‘i)oﬂﬁ’é‘l\%'fs%aRedﬁctMH Obefdtion SOf® | mage, and an area,
whi I's not a code inmage, along the detected

bbmﬁharwswaéucttqm opamationt 5618i v Bpradanveot wechrabiect in the

sinarif PGy LR o LD e DR BRIAR ¥ aree
whichReel estll endegarara &herdd,i whichG2ol@ dotecintteye, tmbmthadétected
the code image fromthe received original i

boundagnt grieresthe, @@@eforgwm'aa.tm &40 g% Wu%é@m%h (circumference
ot B RIBH oy ipR i ORER S [ besed oo

he cen I ng the entire code
|nage 'S d|V|ded into n blocks and a bl ock having the

st _nu ed i.n bl ock is
e Boppra 1'%6?%5‘9%%3 F'?é%%r?t'% i on Operation
SW@rJéﬁofeS@b@f ehePBbdd fmade Foen ﬂ@ﬁademeo@ﬁé’lt ithage, a center
pi xel s reflecting characteristics of the code inage.

of a CESiaﬁ%Ipé%dlﬁﬁedtW fekaundary seeiesdiened th@ecqxt& tmags isosearched for
r r I
vesed SE VA BhRePbL I EAUET ARy B ER P mdb e Efiigos nc
n blodkisnamg) apbittiehavind thehmrgestenumibge of pixets docdéd imeagheblock is
fo or an indetermnate form the feature points nay
searc}g,egg pressed in a segnent, such as an outline set.
The feature points of the code image can be easily

found fromthe extracted code inage using a
c&)‘ﬁ)v'élm Verigesfldategtien SpenatirxB638t i on net hod, such as

t t I
r af%gg.ﬁg poﬁybcf%hg goﬁg : @%g;esﬂericﬂ% (g)ﬂ)r(]eag ggﬁ&gg:g characteristics
of the roeﬂerlmagg t Exam;ﬁwgﬁiﬁei featuretdodtts dfcliede kexticds .of éa&)actangle of
The Co O(et ﬁﬁﬁer Sear ch ?p é%sl oc'g9 S640, Si nce
a colog GPge: 6’6'833 sep deppalteng of GRfsco @61 Fgnment Paﬁef" and
a ttmlﬁ¢ 3p§a‘ifefrh ed!f Be Q?Hd’éaﬁﬁéodkg is ﬁpﬁoﬂetﬁhﬁ t‘?lmcir!;?n ?rﬁiéétgfmlnate

col or cell Is at art _
form, the cﬂ&eaturtagglrﬂﬁ; dagy e @measﬁecbrm s&saagment reuakeas@h oufline set.

Tho (568 PR oF 12 oBF s HAELE SR e 485 SRS coc

imagd leﬂﬁbci% cbngehﬁcﬁnél heatest goinb bxeactiort ehathod eblicipfast Samatching
col or base
method or a geometrical distance operation, and can be more easily found by

referring to a recognition method of each code.

(5) The Color Cell Center Search Operation S640

Since a color code is formed of color cells, a color is classified by extracting
color pixels from the center of each color cell.

FIG. 7 is a flowchart of the color classification operation $525 of the method
of decoding a color based image code of FIG. 5, according to an embodiment of the
present invention.

Referring to FIG. 7, when the center of each color cell of the color based
image code is found in the preprocess operation S505 (refer to FIG. 6), the color
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i mage code is found in the preprocess operation S505
(refer to FIG 6), the color 9 classification
operation S525 is performed. The col or classification
operati on 8525 i ncl udes a sanpling operation 31100,

a4 TR GE S ol ST St S5
mc[udés %Oéé)(h ﬁrﬂj bp 6*&@%' $1 30 'Wﬁ;ch%ﬁﬂbf‘?ﬁe ?]tﬁ%r %W%c?@r pixels of

classif |es a CO or of eac color ce
each eplegeelhbasedt ondbe raamieroft ¢achsenipr cally apkaadlancaiidlessification

ol Qr i fi lop_operation, 525 according
operaﬁén §ﬁ%§‘o‘b§§'cné;ﬁsa$§f st%ég% Egﬂ& (%ﬁ’?ll Ref erring
t 616 Sard didgremayobaes@ibind thesx@bing @ﬂ’@f&ﬁ)nfspm(ﬁaﬁﬂhe color
color cell is different according to the size of

classifjcationeperatiere S2Rmgecoming ke apr emBRdimonlcd tf@qpre@eﬁhmvention
|
Referrgrgqa% éB tbisnggt% nélg]‘ﬂ)%tr of usP‘é‘?@?arH@{%@g% taﬁillgzow deft is different

accordingdpp thd smka@mafegmwddmmdom&a@b color classification
LACC) net hod nd a K- me ased,k caol or
TLE Presart GerRRR R A CRBEnel Bobet d UsE I 0URG) method, o
white %Ieﬁfcecsééed Uélorﬁgcmﬂ@nﬁngacmtrhe%d VASiRYS- nﬁ@ég?é 2lgorithm

can be classified, however, in the lgr esent 1 nvent
basedt epdor glasaifisatione (SLATECI dmehoto@ndcallomsans, algoriiinadiased color

s AR Rl e L AUERL o g, Ui e bove

methods, &aﬂ@tﬂéﬂ@dlcﬁé gdnabei dlassified, ohorsvat i thel presbatse@ention, the
de _.using the MCC net hod, according to an

Colorseafsdmﬁﬁ%ﬁﬁo dputt °b°r dgenblacky et i He. and ameeRy far iy Copvenient
descriflién. 9. a predeterm ned nunber of pixels are sanpled

rom each color cell in operation S1300 as descri bed

in FIG 8, and the MCC nethod is applied to the

W@QW‘% §§ pi xel s. Hereinafter, the MCC nethod '

B detail. A color pixel or a color
cFlG. 9 ichdidashaadhf agmeamd enelabsifieng abioks @h@rﬂtbﬁirﬁaas%ﬁdmage
25 eﬂﬁh co! or channel has a value fromOQ0 to 255. The

code Yging FPeiiPe: acepraifiooto @m empagimspt ehthenatesral inygntion.
Referﬂr{betd Ialgﬁf r orrpt diedrhiRBY "‘?'g{i’!;ﬂger‘%frl’I &Relﬁh:ﬁ@'k%nﬁ:l@ﬁ fﬂirﬁ%aﬁh color

e color c as a co
cell mmarémﬁdﬁag g8 descritfedt ineFisa| &rand ¢he M@Csmetrmd is apphed to

e so 3 PS50, PPl JPEEL. hdS e cosrvea

detail.operation S505 is used in order to classify bl ack.
Wien the 30 nunber of pixels sanpled from each col or
c 8y golgrspixel %fna polon cpll ingludes ped-@reeny;ang blpe cplomghanneta, and

each &ﬁ% X é‘h'ﬁ al\@f}i&@frg% ijie) (’ZSQHX%B I\?CCbm%t cﬁi[ ﬁ?rees tg aolor of
a colorathanrdl aimnrﬁguthg leagdstcwaloe frsmTan@ngplcofor channels of pixels
sampled from the color cell as a color group of the corresponding pixel of the color
cell. Also, a threshold value Teip that is used during the binarization operation S600
from the preprocess operation S505 is used in order to classify black. When the
number of pixels sampled from each color cell is n, an i-th pixel is p=(ri.gi.b)", a
maximum color channel value is max=max(r,g.,b;), a middle channel value is
midi=mid(r;,gi,bi), and a threshold value classifying each color is T, a color

classification function fycc is as follows.

10
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classification function fncc is as follows. 10
[ Equation 1] max, =max(r,,qg,,b) and YzZt{ =tFl bf (ra,
i >bi):L=IL,--,Mthen black where (max, <T,, and
max, .-md, <TK,) or max cT 2 red vvhere nuet a=r, and

maxi - madf >Tx (?'}_ greTg wher e frax =g, and max, -mdi
>T bl ue V\,here max, = AdeRX 1L i g, >Ts unknown
her e. th t I h pi xel

m%’anp e "?’r’d o%g cdf fgtri'gg&l’g" *ﬁ’q s, g%gzol or from

among pédi greere afuerhkig, mgiaimsswﬁf}eﬁnﬁn opemEs j O,
81310 a col.of Maw ng gh >§~requency IS

ongi dered as a col or ‘of ! the corre ponﬁll ng col or cell
wm( ‘olferEaiel on CER0. MRE ACC At HEW. Tad: efassify a

col or wsettwf@gg Thiak 34 T] , dd€L; makl2md TRETG TB} and
j =PI D, %@QQWE ;he MCC nethod i s advant ageous i f
the ch rac}erlstlcs of an inage are known. On the

ot her hand, the performance of the MCC net hod

dée treaBieC 'rrfetfhdsrﬁ a ddlocbheact pixiebsanpledl fremeymnésior seli that is,
a hti ng and printing nedia, are unknown
2 colopgregt mageyfed regpand ol @FW%‘f'?Hén GBEFalioReSE1 Qand a color

havin% Erfe ﬁlﬁﬁ@%@t}%ﬁgr@boﬁﬁﬁérég a@a aSSI A Egso‘fﬂ‘al gSHamgrc%ior cell

one a color is acc
in opﬁmtiorwex%‘i@?(é \/\ﬁbﬁ MCCi snethedt daawwlgsss@vea atolor by setting

Tmccﬁ ! 1-gf %1 T%’Tﬁ pg\l\éllﬁggt(ﬁ] r‘t:lﬁlfﬁg%drl\\}ffgkue & Esvéé]\%n?ageous

if the dh'Ealaﬂ'tbhstaéE@'éﬁ ﬂ'rEﬂ_IgheTQe {idvin. TK2i {TR2; i, TKZ;
2, TK2J3},J met hod can_be performed

q&?rbme;m&w@rméhmrfﬁmme.@ ey MGC rgethgredecreases if the
chara?lleo %Wel%r@lgﬁ@t]{o })é?q;ﬁ; %ﬁ’ld':gﬁ’nt: llnéd are Iunknown

wchart o me fyrn rs o
Accortinghd in ior@‘etoamiﬂrows itmey petferMBﬁ?Ch métthediecedeorshvegaltssts of a

rrent of- i nvent.i on. e, VBCC .
threstil FARSI RS oo BB P D G @ B0k ap bssieny, acugingly.  For
exam@eN&hah CNQQ—: a 86t RaAg el eradelenldifts S 26t 6f a kiR tAKsEbId value T

zone around the code i mage is at |l east one color

having a|j{th PflRds aﬁﬂc@lo“@one i s V\/nl te and reflects color

changes in terns of Z é}%?@daprlntlng medi a.
The V\BCC nmet hod i ncl ud s'a patch operation and a

MCQk {T Tkl:’Tk’zzki'TRJ’TG;!Tﬁr} Tm, {TKZJH K2523 sza} J"123
The MCC method can be performed quickly since the MCC method is a very
simple algorithm.

(B) The WBCC Method

FIG.- 10 is a flowchart of a method of classifying colors of a color based
image code using the WBCC method, according to an embodiment of the present
invention.

The WBCC method classifies colors of color cells using a quist zone around
a code image. The size of the quiet zone around the code image is at least one
color cell. The quiet zone is white and refiects color changes in terms of lighting
and a printing media. The WBCC method includes a white patch operation and a

color classification operation S1430.

11
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color classification operation S1430. 11 (1) Wite

Pat ch Operation Since the color of the quiet zone is
white, the characteristics of lighting or a canera
can be predicted using the quiet zone. The WBCC net hod

t.es es f col or channel s of color cells.
Tﬁgsj{f\%ﬂf@mﬁ %lmlar to a gray 5 world
aAHHEPhe Bob%ﬁkh@%ﬁfb‘?%n%é GhhiteS tﬁ’é‘ %hgfadt&‘?stﬁgcﬁu?ggng ora

correction gorl ns, however,
cametEheJaUr bghpneégﬁed/aja;m toe wla’elzsnef tﬂh\e WBEeC mmibod regulates

valuep i e Shai ST Rplnal eI ERY Frdhali R ie o @ orey

WOﬂd'&SIS@fTﬁﬁiOW(GWW) rﬁéﬂf@da'\mﬂﬂw Iis @)ﬁbocﬁf el b@ior fcoFratnian rithms,

col or basedlrrage code is P, t) . Here,
howevern the VWBES methas) USQ@t%hﬂghﬁ%% y@gm Y ppi%@IsSoffhh@rmwet zone
msteéd“&f aﬂ%v&%gé’ o 5%&%'\}2{ ufe°8+ the e B'Piaﬂw ﬁﬂ%agé” ating an

avera red, green, € col or
Clﬁemimerhlsg d)fﬁattdmorplnfmhmtlonﬁfrari allhl n;{)lombahfrmrpamhg racelor cells

) e UI e I & -eper.at i 400 and .
formii s Glpr Bsad ek it - peruqfe 5, 85, Fr 3 igcoutained by
samplmg1 s@vera{ pReld h%rrﬁ’ﬂ?é @Sﬁe¥ n@TcoldRasn, ‘éﬂh%eﬁhﬁﬁﬁﬁlatmg an

?htness val ue of rrespondi ng pi xel s can
averabe Va_lseob aawbdof)yeaqlgieen,n aBldu bluep@omn chas1els 00f the pixels.

simigg Vet Bheels ot pdhatd ipiraie, Bl 2376 ) Smesrtion S1400 and
the smpreagethwﬁke@ a@é FeRg Ry, ?Q!W)TCW@ =0k, plmetr% aﬁ@ﬁgbaﬁélue of

froman i-th color cel
each court clamng! angt acarfehtr@éﬁp\éa{%t@fowe @ersﬁamadlam pixels can be

obtalﬁé?%)ge gﬁloﬁ Bat oBéra‘i%ﬁW ed using the coefficient

can tai ned quation 4 in operation S 1420.
[ Equation 4] P, rV\va-rl[EqUatuﬁlVS]. Pw per,=1_ "' d bi g w
- T-1Trzr, pOOr P,PfrwO 0 x P P 91, ,

p4,.0x%4; Ox,g,; jba_Lb, ,Q_‘O}PL*"b%'E,"OO
Pw Ttrqyzb%« (2) };t)es éogy o @&sp—fl c@} OA, Qp&—gq—en-
S1430 w3
Simitarly, when a vector of an average value of each color channel of pixels
sampled from an i-th color celtis P =(r,g,,b,)" , a coefficient for color compensation

and a color vector P that is compensated using the coefficient can be obtained by
Equation 4 in operation $1420.

[Equation 4]

r,~B P P P
e — e B = -%
e n e L T,

- LY —— -l

Tl {h ] e O 0| Blr, 0 0 ;
Po=lg, |=|&|-| 0 pp O [x|&l =| 0 Big, 0 [xg

ol 15] 10 0 pul | 0 0 Rib| |}

(2) The Color Classification Operation S1430

The WBCC method uses a color model, which can exitract color tone
information after the white patching operation. Examples of the color model
includes hue, saturation, and value (HSV), hue, saturation, and intensity (HSI), YiQ,

12
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25 The WBCC net hod uses a col or nodel, which can
extract color tone information after the white
pat chi ng operati on. Exanples of the col or nodel

i ncl udes hue, saturati on and val ue (HS\/) hue,
saturation, and |nt

InternaYane i@ TBHSFOE il kg 'em%t ?Ebnwﬁgl i 6\@9@@185) yellpyaand key
(CMYRREA! 2T/ %\als%wlpgfbﬁi d@ﬁ%s #@M@sv Rlds qulBWsCl %Sébpr@&or P

1 ors”usi ng IS as or vector
of a colbr acopleosatednpdosatles g obdr greeh| and bdue élaGEijrc@ém madell, and

N T 7 O LT L TR R

In HSW, a. hu%Gve)Iue Pyl e&@éss@dhﬁ% ﬁéﬁg@%f@\ ah§leQORL 8 )l Bnd since
range of an an <360), and since re

red= Oggé%ﬂfh‘-]@@ amdgblpnéémaacl@mbrc@armbecalass@emmrdnn@dto how

cC 0 t u is
close {5 B, 61 uF) 9565'4Tell Gkd, 4herbipe, 1B, i color i
black,ld difﬂeremcellbéﬁn@eﬁrthe FbGBV\aﬂ@r tirenfEBat@sos sthalh raﬂd thus, it can
val ues is smal | and thus, it can be assuned that

be asgymgﬁt that brighinessefifferencefram whitesis) @,r%% Accordingly, a color
I tion function of
Clasm%@htﬁa@g‘ %f‘;’lh%gtﬁblolso}ggﬁ saﬁfkfllb%[ IEquat |uon I5] bl ack
where (max( P.) - min([P®ationsl j, (nmax(
Pa) - max(1)>Thxa) fwcc (P,, P,P",) mred where (T,, <

h,; 5 360 of,,9<h , bl. een where Tk <
7F , not bl é@ﬁ%l‘iﬁ@’%ﬁ”@%’é*ﬁ‘?@c@f%ﬂ not bl ack.
Van The perif or mance of {MMBQ@MMQGZ,;@ hi gh if a

i etl ne t h t zo
Tl Pt Bt aus 8e? o e Vrngetir o2 | SRhF e or Miack
a 15 nedi dgrden wiibaeh g‘gcé@e-ﬂﬁaprlﬁﬁfé&z’:ﬁfs not vvhlte
or col ored, it elr | pfrordawmt i o amaged, and
t hus, the pe FQ{? ?gﬁéé% g Qﬁ é\?éﬁc rr?édtj‘%g; deteri orat es.
In this case, the HIM«cOI or nodel is used in the color
classification g af‘Ton}/ of the WBCC net hod,
however, the WBCC net hod~¢an useythe MCC net hod
descri bed abo CC net hodaand a SLACC net hod,
which wll be ' eywards, after a color
i s conpensat ed. \AE&brdi hgly, tHe color 13
conpensation is Cial fgature of the WBCC
net hod, and the calor Elassiffication can be conbi ned
Wi th other nethods: “he /SSLACC Met hod

The performance of the WBCC method is high if a white quiet zone exists.
However, if the quiet zone is damaged because a code image area is blurred or if a
medium in which a code is printed is not white or colored, white pixel information is
damaged, and thus, the performance of the WBCC method deteriorates.

fn this case, the HSV color model is used in the color classification operation
51430 of the WBCC method, however, the WBCC method can use the MCC method
described above or a KMACC method and a SLACC method, which will be
described afterwards, after a color is compensated. Accordingly, the color
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5 1n order to classify a color of a color cell, a

hi erarchical clustering nethod may be used. The

hi erarchi cal clustering nethod gradually divides one
cluster into detailed clusters. In the current

comprgiaton T e ot “oeudoe o RaEE’ bR ref 3B color
C'ass'@g‘@éﬁ%we%'ﬁbmb(f}@% S{he?lnﬁgb@%' ng colors of a col or

nage co usi ng ACC net hod, according
to an enbodi nrent of the present invention. A color

cl i ficati f the color based i mage code is
@35@1 M@?%&an predet erm ned color clusters
aFrPBFdBr”t% élﬁsiﬁﬂ) 8rcdie Qf H‘?édl@r”cé’[f @%‘i‘é“ra?cﬁ‘h@&i d&@dtbrind fmethod

each col or ce IS map in an ar |trary col or space
may bagsiseg. t Ff@edmtemrchunamluattenog mathod Qraduallyidivigies aneecluster into

cota D" B Subbof ERRRRRC e SRR Bddm 51

used deihethiveliyhichiasesteiing amstRod o each other, and adj acent

color cells in different col or clusters have a
r ElGt 1T eibya Ifonghartisphaceeiiac of [dagsdying: eclakc BT G Reler based

imagegztadéé Qélﬁpatﬂﬁ L@@Cbﬁeﬂﬁ)‘o‘;ra%lﬂ%‘?n% C%m%&i‘?ﬁbnt%@ﬂe present

annel sina or space,
invenﬂmn bri ght ness, saturation, hue 20 values in a HSV
or,_space,. wever, if col or nDdeI accor |n
* RecioeBBRsoathlErt T pole b RS £ %5y greroing
prederewﬁadw@bw PistetseEBEBr8Ine tRBolofBgRreaten dfosairedolon cell. If
D space is calculated and color clusters having the

each mainr 9eHh iginseppre in @nearrb@raﬁopolmhsgatv% ugthgetheofpioeinformation,
color g%rga% frfqrd' 4& 98‘731 er s 2 rﬁisg t%ftPe Q:rolcgr é[@acﬁeréngdjacent

several color C e classi

color delwirdiangblpr diwstehbape%eelatweﬂyemibseardlstanceItusdearh other, and
tion

aciacTt G EP I Th AR PP R G LS RV A IR ong distance with

respe&otﬁséé’é!?ﬁfﬂe‘{ 5benh Qilé’tﬁh@é icBf P aErirhiied byRed! gredf M blue
space. The SLACC net hod uses the SLA which is a

color nhenmlcmiua$ ig| uRREBi Aglonepees, angdoby rhrighireess, csaturation, hue

vatuef LFR3AEY, 215P e, THBban B, 28R 1006 AU ToTHE presen

1nventtd|“re|§éwﬁee$ta disinanam bgbmoaardtmtéssifaiementhsbeﬁ apdmage code
ement_in one gro nd an el epent in another

locategifn & A0xPeRfeAlS GRICURted nhARET BLEiRs Mg BednisimUTldistance

are mg@ﬁe SLACC net hod, vvhen C, and G are col or clusters,

and y are sanples a di stance between col or
cITis isr mocacopl@bthamadlustefing epamtiondguat!bar 8D space, and

several color clusters should be classified. Accordingly, in the present invention, a
clustering operation is performed according to brightness information and according
to hue information. Consequently, the clustering operation is performed on 1D
space. |

The SLACC method uses the SLA, which is a hierarchical clustering method,
in order to classify a color. The SLA is also known as a minimum method or a
nearest neighbor method, which selects the shortest distance from among distances
between an element in one group and an element in another group while calculating
a distance between two groups.
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f.r CC(C, ,C)=mnd(xy) = ml. Ix-y[ xcCY cC
XCC KCp 5 The brightness of achromatic color cells is
darker than the brightness of chromatic color cells,
and hue of each color of the chromatic color cells,
a e and_ bl u is differen
ol P AT Bl o et o e o mebalor BiStege ot xsdind v are
sampl@boé Aistam@NbSwdicr! @Neeclisereesn Bexdkaintd difbieient
ol or groups. The SLACC nethod includes two steps. In
Step 1, color cells ardEguatigre] 10 according to
brlghtness and then divided into an achromatic col or
group and/g,..4H gife) c mat o (greup %&dlxﬂlﬁ ing the
color ceIIs havi ng’ t he“f#ffgest dlsﬁ bet' ween
ght ness val ues of adjacent color cells. In Step

C Mbebiighiness of aerRomado, e pal gkarkeyr than, than@nshtngss of
chrorr%iﬁ‘cloﬂfrlc\éllé r% ﬁﬂe %f Q!c@bfb‘i’ Webelﬁroﬁﬁgtfﬂ:rccﬁ?ll ¢sils' Buéh'Ss red,
ep are-as

mati c co tail out  each
greenf aht:idwee Edﬁee@ntl Pﬂ?sonaie:hstahoez iIanéenlmx@san the same color

ach o r and a chr oIor roup

aroup § FRGT et At S PRt b ATt s T atpudd or
i ﬂﬂw@@@AC@n@ﬁh@nﬁd&dbsCﬁA{@%téi%' ML Sté;s AT RIBCLIR are aligned
color cells of the color based i mage code is P,

accordipg . togbrightpessinand thee dididgd isto @neachromatisotolor gsbup and a

ovonfig 8l 5fu oDt 5o, B pa AR BAY gt

betweeht @rigrédesss vailueA cfoadjantniooslbr peisesin Bfep ¢| td e;b'ldig'.‘,é‘ﬂs are
Qlor clusters ordl nwg, a_brightness value is

dividefl dpi0id. Sreerns ancrilee simiarly orStepl T By sinccte of gpler cells in the

chron%'t:b%ﬁﬁf ZdrBUﬁ‘n @éf%ﬁl@@b@ﬁt Sé&? étépnacj‘@rﬁefbliowg 0_?_La'nn g

§t%k-‘9t1 d%lvaieccculst @ellsnnto a]n mhewmatlza cahxn @oupwdrictla elrematic

I ained, and the clusters
color @ggéa% r#dﬁ'Ebeﬁé‘&]égé%%g%@Sq?ﬁB; process is repeated. |f
mAissuirgn thathidier eXorstation doaeveh co@:fr&YelﬂP?ﬁ’oﬁDbmong n color
ack, C3|s\M:1|t ahd C2 is chromatic

]
cells GGy colGlapaged iodhi (e g 4T HoBnExd SUS YAILG . the ih
color @é[l 'Fss |§hﬁc‘fﬁ@§+@?/3§ NI bt'aCkAlsbf gellnf’rfd( tﬁétuﬁ{eeHuh?ber of

clustér’i's CONK, I st ance bet wee
color (;msteerﬁdthal\u(s Jenuised dal bal chtaigedsisf m | o%vscorﬁ@n[iﬁqalapmmss of

c!uste?hg n? Bqlgr chgerg arcégrléiu(gcﬁqg %’gB@?ﬁﬁ\% t 9|§oas [%ggi |

dF@rét ofer+valués of allicdlanedis ket \whighed in aRtastending ¥ict!n order

to obt%IneOal{Bg?i?,

40,430,445 50, 1,0, <0, Then,O,is set as a cluster G
Clusters C, and Gy, which are closest to each other are obtained, and the clusters
Ca and Cp are merged. This process is repeated. If m is 3 and white exists,
however, gray does not exist, Cy is black, Cs is white, and C; is chromatic color.
Also, if white and gray do not exist, mis 2, C1 is black and C; is non-black.

If a black cluster is Cx and a non-black cluster is Cnk, a distance between Ck
and Cnk can be calculated as follows.

[Equation 7]
Juacc(Cp Cyd= min dloy0,,)=  min [o,-0,,]j=12~,C-],

9,‘,@6{,93,35‘? €F éﬁr pwieﬂ}g
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adj acent cells. Step 2: Divide chromatic color cells
into red, green, and blue groups using the SLA
(operation S1510) 5 The color cells in CNK are
classified by hue values. The color cells are aligned
I ng e hue val ues .of each col or ceII and h
I 4 Baasink o5 & ot BB pacatit] fgr ¢ MG 4re aligned
aﬁac&%?ﬁ”gR is ared group, CGis a green group, and CB is
a bl'ue group, the follow ng equation is used.

[ Bip@alt @hviBg chromaic acoltfragelis~intg rexd,—greé6, andrlue groups using
(k",,oAJ' +1. ~ 300 iCa,Ca,C-)=n" ;i d(a,h~
theSL% §1é1é)(a +,=ass ox X60 6 ad4ra s o d (o

’ T‘H¥ é&[@N ceft®ln 60@?1 a?‘e (cﬂ’ass‘ﬂ&ﬁ by 0@ vialues' S@héﬁglolcbelis are

. his case, ue values are arranged from?O
ahgnee@@mQ thertee @@Iues ofeachapalonicetl, Bbthegrdassified ko recirgieen, or

blue uBIgGEI SO AR LA e ghSin oo I BN Wb, b a biue

grouplm@a”bm@lmhg 3'¢1Uragages Leegier than 60 and less than 180
and blue Is located in a range | arger than 180 and

|l ess 15 than 300. Accorl@wgtion & he hue val ues can be
expressed as Equation 8 above. If there are 8 coI ors
(red, green, blue, yello and

whi te), {fé“} cﬂﬁ@rsacﬁu.@g"t Z%?&%ebﬁ“&gglﬁﬁ S Pt e A

2 f- @R AGREOTRIILC GOl 0r )R8 8 NN OTEE | GGQlegT ay,, 2 60
fmg@% 3, Cg @n@e Step 1“@:@1*“:; I’ ﬁ)gand (Mﬁ‘ﬂtﬂ@\) {%8 i i
are obta%J Wed W t hem gL Abpaghigx R n? basoa f’m”gﬁ
chromati c' col or group. Also in Step 20 usters in
the chromatic group C2 are divided based on hue val ues

u?rjl %stéli%gsgﬁ: hug'\%l&% Qe \éﬂjaﬂ dcfporﬁcd % 55(?1‘1 S B8 red is 0°

det erm ne range of
and alsjousse"r green iexHIQS| andl tbluehe 234ﬂ5‘veA8:cox:dm:g;ls, eeckis located in a
|f| 6 colors are j,nt chromati c .group, and
range R3S B0 4t daast e l"ue i STHPD 1B eat &1 @ réhte targer
than dderiﬁﬁi le5§ thar?P80Sah§ Biud B3BcABd 9 d Rhge lalffertha3980° and less
low is between 30 and 90, and green is between 90

than 3&9& 180cordingixdhe heiecialugst ean basyeressedias kievationad gbove.

SR 58,8 e el h Y JORR 0 ot B i, ane
white )¢ the cotors grannibey dmssiﬂeﬂ- bptregu[eﬂngltlae drasix peannacHromatic color
and oy BRIORS 69106 onEAR: RbBigheh 461 SRECKh eSOl i ngeups are
obtain@%eéy the SLA and C; is determined as a chromatic color group. Also in Step
2, clusters in the chromatic groub C; are divided based on hue values using the SLA,
and color values of color cells are determined according to a color range of each
cluster.

For example, if the above 8 colors are classified, 6 colors are in the
chromatic group, and thus, the range of hue values are divided into 6. Hence, red
is {ess than 30° or larger than 330°, yellow is between 30° and 90°, and green is
between 90° and 150°.

However, such color range is an ideal value, and the color range may
change when a color distorts according to a status of an image. Such values of the
color range may be pre-obtained via an experiment or applied after compensating

colors of color cells via a color compensation operation. The SLACC method does
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16 not use a threshold value to classify black, unlike

the MCC or WBCC net hod. The SLACC nethod is used in

the present enbodi ment since the SLACC nethod is the

S|nplest nmet hod fron1anDng hi er ar chi cal clustering
hods, however, ml|ar result can be obta

not US@S"T’ Haegh@#érva%icap@ﬁs@abfa@kugﬂuﬁ the MeCheo B @C(TD?thﬂﬁ'e The
smclﬁMﬁ%d\%Qfé@g . gﬂlﬁfﬁaéﬁnte %ltqggainflé(ntasﬁég ng SEACC method is the

partirtion can be us
simpletshenbimdafrom aaiorng bsaralrdhngl roftdiedng 'Fh@thpast hbwenatl, a similar

clu i.n t hod uces th nber of sters by
result §p8 Gect 9 MgATinIng A RIBEANIGH GLiSGeT N Mettios: 10

current enbodi nent, a K-nmeans aI gorithmis used as the
partitional cl usterlng method. FIG 12 is a flowhart
othThéﬂMﬁC&Meﬂm;b fying colors of a color based

MESRHFERT AR SRUTT PRl BT g, B b uses

besidgscthé ViRidrarghigal lduét@ﬂﬂ@dnﬁfhdwe That pasitibial dMébtering method
saturation as based on a HSV col or nodel. The KNA

reduceg (e NWBRET PE Ut by epraduplbe gatikering Aerermbtdlagiers. In the
currentﬂo%ﬁlﬂﬁﬂaméﬂ?e EN G Q@%{l'tl‘ﬁndfst é(?nés St chaljtl {)ﬁé‘lsbﬁ%tenng

saturation are use or di VI ng c or ce
methodchr omati ¢ col or cel I s and chrormtl C coI or cells, and

RO & adificnssl bba Ellied & slaryiig FlGr Phet Solor basec

imageked®RADSING tBOHMATG teRsd f QB ARGNE HEEMDEBRMENL of the present
cl usterl ng met hods, and searches for mean vectors

invention, “uk of each cluster when k clusters exist are
PR, A OO R L o 5
basedamu apHS& colof ongdk | oﬂThefKMAOﬂnlanhoeldommls%s{WJo steps like the
SLAC?—?—Q’H’[@OC&]P ﬁé\{vggﬁalp r 0?1 %E{ﬁ\@kl l lt#qscg { atcﬁfger:?gq: -tglr?clfe: tr%jeg\étsy and
saturaﬁb?éa?é ‘;wr?ga .fof aﬁfmjlﬁg %6!‘{9@3‘!1@ UnfoCadtRBhRSE color @&IRtFhd érematic
color cells, and a K—means algorithm is used for classifying colors of chromatic color
cells while applying hue. The K-means algorithm is one from among well-known
clustering methods, and searches for mean vectors u,4,,--, 1, of each cluster
when K clusters exist are performed. An alternative K-means algorithm is used in
the KMACC method. If the number of color cells is C and pixel information of a

color cell is P={P4, Pa,..., Pc}, a procedure is illustrated in Table 1.

[Table 1]
begtn ks, B kg peq0
it

#o whiile (i«0
chassify . saple according te nearest g,
et 4,
L=

end while

da
¢lassify P smples acoording to nparest H
igeognte 4

until o change fa g,

retum M, th 5 1

endt k-neans
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do classify P sanples aaordlns to nearest pf M to

{4j untl | no choose to 'U, return/.t,lh, ;A end
k-neans 17 Step 1. Divide color cells into an

achromatic group and a chromatic group (operation

51600) Step 1 includes 3 sub-steps. First sub-step, in
obtRr 1t Bivddagsigrycells inde mnoaeiirreatis| grupaangd @s@?@'pmag!c group

to intensity is perforned and then a 5
(opera@ﬁu‘ﬁ‘l(eéroﬂ g according to saturation is performed. Then,

cBtegt er sinclublesh3 aseb-stessi f Fiet asubastepormat o:decrotmrclassnfy an
cl usters via both clusterjngs in terns of inten

It
achrorgglic alQf o8 | JHstergpeaeelTding dedniRNsly iSc RRHRENE é‘ﬂ ofhen a
cluster%%élgcrxﬁhﬁf@ﬁto' §ath PRI MRforhaL:, bﬁ'ﬁéh Hasters SBUREH 4ré Ylassified

ess an saturation val ues' under 'vari ous
as achrbgiatib mgalor/ntmjmm'gatm:éh clUséemrmJnnttesz aif irdenbiyy and saturation,
hue val | ues . of col or_. cel

are odleirdfal s dnoenPE cfigh SFouS Bk is. Sbsymiad that plack has
relatwézpeow%@h{né@@@@@@kulﬁﬁhon&&alg@ ugd@.araﬂo@tsu@ﬁtmgl ues of

color cells in an ascending order is OS ={0sl

18ssurning, thetthe resulbqal@tpmqg!ybp@ g@nmmga valkeswh @dl color cells in
an asc%r%ﬁr%bmr @ng m—g& al, val ye ,is.a gn 'QH@‘tH@ré@ufﬁgﬁta?ned by

maxi num val ue, “EneBver £ge<Val L& thanges accor di ng
alignmgo sdtaratiesiul valoés pexff catini oglot heelis mananal gsearidiviy  order s

s = (pbar retiodohrig-one- | BYSTORG TS BsHTREDS Bkt an intel value
is a mlﬁirﬁbﬂe\/zﬁ@é ahd Qﬁn'a%rﬁt%cvafl’tﬁb R SBLe@gedhie Ehéﬁé&r accordlng

and a chromatic color cluster AINK according t
to the multmf@%formingaﬂh@e‘((r@ar@\@lgmﬂmm mceord#[ghpzan:a@mryatlc color

I into an achromatic col or
CIUSter?FS%tt%'PéM%ngntgge]{gﬁ)% ﬁ%‘?ﬁ”@ “col or cluster A2NK
asnsqu" di-ttht'\ﬂda @@bur@lisqntwa&m@ch@méﬁc detet, cluBter-Aw and a
1-3: Cassify the conmon ¢

t ep
Chmm@fe@l §°'PF1 éil‘iléteécﬁﬂm??@f@'@goﬂocﬁﬂst"%tfe§3't3(jlW'H%d(@r ofm k=2,
Uy = ”mﬁzai’)‘%ze Steps 1-1 and 1-2 as final black clusters
\ K, and the remaining color cells as non-bl ack
cBiep 92 RiKde Acoton callK N 25 scbpratiDicelatecitistesnfsd @nd a

chrom%&gﬁ%lﬁfg{?ﬁlagffg &Zr edacc%r gtng 813 nd bl atliralof Y 05Iue (C, Os, k=2,
My =0, 1y =0,c)

Step 1-3: Classify the common color celis in the achromatic color clusters
divided from the above Steps 1-1 and 1-2 as final black clusters 4, N 4,,, and the
remaining color cells as non-black clusters Ank (4, N4, )°.

Step 2: Divide chromatic color cells into red, green, and blue groups
{Operation S1610)

By applying the K-means algorithm to hue values of the color cells in Ank,
each color cell is classified as red, green, or blue. Assuming that Oy is a hue value
of an i-th color cell in Ank, the number of color cells is C', and average estimation
values of red, green, and blue clusters are respectively u,,u.4,. Since an initial
value of an average value of a cluster, in which the K-means algorithm is fo be
applied, should be an ideal value, the K-means algorithm is K-means
(C' Apg k=30 =0, 11, =120, 14, =240 ) P, € 4y, i =1,2,---,C". A color classification

function using the above result is as follows.
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By applying the K-nmeans algorithmto hue val ues of the
color cells in ANK, each color cell is classified as
red, green, or blue. Assum ng that ki is a hue val ue
of an i-th color cell in ANK, the nunber of col or
cells is C, and avera estimation 30 val ues of red,
green, and bl ue cl ust eféq%" o spectivel y AR uo" MR
Since an initial value of an average value of a

cI uster} reeh Whishbret hedig, S xﬁinﬁﬁﬂlg”@}( gﬁ;%&dgﬁ Aty - ‘?m)}

li.ed] shoul d,be an eal. .val u
S B e B ne At - N TG auy ot dhthe ~ 0}

=240) P, | a2 ANthehiise 2, C A col or cl aSSI fication

functi oh using the above result is as follows. 18
[Equation 9) reel where d(tta -v~),d(ue-a )}
(n2iheHagovenexamels: s <thek nember dk | of ga@typ%(\@hllqmwsﬁymg

chromg @EBW@N%# qtl]\ ccﬂgroc\feq{ %Wgﬁlrdgrr}a fﬂrjr%ﬁ@olta}?ﬁ é‘ﬂéﬂ@'} vglu%fof each

oups aSS|fy|ng ors | each

group GJaanbe axthined duyondingnto3thgr praeedare of Teabitd e \Gihee thé center
each 5 rouqu}can be obtai ned accordjng to t

value B?@@%@@l" dBiGevalueHifhe GHEESPORFEGT 9URe ‘@fe"bﬁéﬁsv color
model%%d Se] g;&]ﬂ? hé@i'n@eth‘éf c r%fdeeél%%gﬂ ftgogﬁﬁttﬁe réledoup, a

is used, a group having the cente
group \hailvur@ theoserder value ¢lesedtdortp° gsdbe,green group, &z iangmaining
[g) goelnter val ue closest to 120 is the green group,
rouPéﬁw L YeRE Y ng group is the blue group. 10 Like the

SLiAeGhEESIHRUC inkendtl e numhbdrydespet of dor classification can be
classification can be increased based on the nunber

increaged dgsedrAufite NHMREE IPfcHiveRaUPs iBopash ghm@at&]aolor group and
achrorﬁﬁf?é %Bﬁntr'g&rﬂﬁﬁl Hrthg RC rﬁ&ﬁ H\g) WhEn the Pﬁmeans
gorithmis ap e

neans plied i
aigorlthnhrsoamhed mothaar achuamtfcl oaor otase;ﬁseatmm operation, dbe awlor cells

can bg glastifist o Basss Wi AteOTemA s grollfs e d K3 singpd can be
assunridiitthafa GroupP hB@ngnee Highdut @Bﬁﬁir Ve Gfrlg‘hﬂ*leb@ value) is the white
(brightness value) is the white g ou a group having .

QfOUp:t%@F@%é‘@N'”@eWﬁele%F gentes viatee i bl@ﬁblgcsoua.n@nféa remaining

[ r he chromatic col or group. In case
groupffﬂ%hc;ﬂgﬁg?tlgcgo grrélfls'v\hen k=6, the color cells can be

dIn/cakssdol ectiromadid colcgsewhen t=Gethecoalor celld tawbe @indded into red,

t K t SLACC the 6
areen gRfErcrari eliiv, pad Saddiie orae. TRt s Freledonints e o
groupé/%bHe@e Héé%lﬂéﬂ' besad 8h Kow HEBE el Entef SRASE Mﬁleyvémes) of 6
0, 240, 60, 180, and 300. An intensity value is

grounsjgeejra‘saectwe}ym Ay 120°a240°188¢ | t8Qoree 393 a chromati c

An intensity value is used for dividing an achromatic color and a chromatic
color, however, a saturation value, or both intensity value and saturation value with
weights may be used. A saturation value of a color shows how clear the color is,
and the saturation value is low when the color is an achromatic color and visa versa.
The intensity value and the saturation vaiue vary according to an applied color
models. In the present invention, two color models are used, which are an RGB
color model and an YUV {a type of YiQ) color model because these color models
are conventional color models provided by a camera or a built-in apparatus. An

intensity value and a saturation value in the i-th color cell are defined as follows.
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col or, however, a saturation value, or both intensity
val ue and saturation value with weights nay be used.
A saturation value of a color shows how cl ear the
color is, 25 and the saturation value is | ow when the
color is an achromatic_col or (Oﬁj visa versa. The
intensity val ue and t HE®&EAPI0 on val ue vary
according to an applied color nodels. In the present
imﬂer@%g CHWWS col or nodel s are used, which are an RGB
col or n P& of YIQ) col or nodel
becau‘sgg’gﬁjé%? gé;?g? Li’,%fgfjls)tzyare conventi onal col or
rmdel L) p#wwded ~Qij ank afBF 8 Yoid ax BNl L=k @ppar at us.
'ﬁo}éﬂ n% y val ue and a saturation value in the
i-t ﬂf“ are defined as follows. 19 [Equation

10] -JQMQ&S@ (,;R@m%z«d:ﬁﬁﬁnﬁlw -

—(r +D, ) 13,1 =S, = i
Ve 5T (TR o7 YR TTET kit

(YU\/) atendy y =b3; +bS9 +0.nb,,tnt2.. A saturation

ga -3r,-t159qg, +ff. $9b|}t+(0 7r, G 54g -Qklt,.t=1;3,

V\H\éfaﬁrbdctqﬁhtﬁ@ inteesiby tv@lye ard 4R ﬁﬁfé'r%ta%rur\'@iweorﬁrﬁava%d an
achroﬁ\%ﬁc utgﬁgl’ @R bRCR[REREHC aE@ér@fnL?éQHaﬁ% ;Fﬁhtgﬁé't% Bfle, and then

to the intensity val
accormngdodihegsaturatm saluer athﬂmr calluelasSiiedr as eddhgomatic colors in

classified, as achromaf.i c col ors,_in,both cases bgel.on .
both a3 e Bhap AeGIDRNE ORGP+ i 1By DaT ey ¢osaturation
value ﬁ@ybtﬁéltjm@?entwa}«éighf&ﬁ/ be differently weighted. (E) The

I'or Channel” Scal ing Method 10 The col or

cI assification algorithnms described above are used in

ogggfhé oI m%aﬁﬁéﬂé%hg& a received imge to

rst e expec e obtained under ideal
| iThlet colgr cmmflcatlha @lgbothned ammb@fatamweabgnmsedm order {o
an be used to cl assj

compepnsgqii? iCRPrs %aqr%l fq){%gﬁ cllf():F) %) ??B%: %rgdefé]ﬁdcg%%# be gbtalned

under'tdi@eﬂtlrbﬁﬁn andof tHRy &6 Blaskifisatdm 8igotithras Eﬁhllﬂeeused to classify
conputlng ‘environment. 15 In order to co

colorscitainedtunsensatousligliing, sseh asgayighb digkh U't'?ét ha@gen lighting,

o EER AR o S g DBy L7 s

mit heder ltllﬂlodmpérfwté/\&:@olmt Hod , WBQC 8eihod ands KiVMEle patch

methctf,PBIOTS GRSSRCR R, WG (1 SLAG L eiBoizandh te KnACC

methdaetdéeda EQR \annk D Schlihd emBRHRN n@hh@ th@OV\FBIECSFdétHlod the
applied to the SLACC and KMACC net hods.

SLACC and KMACC methods do not use color information of pixels in a quiet zone,
and thus, do not use the white patch method. However, the white patch method
can still be applied to the SLACC and KMACC methods.

The SLA method can be ideally applied when a distance between clusters is
larger than a distance between elements in a cluster, despite of a color change by
lighting, a camera, and a printing medium. However, when red, green, blue color
channel values received from a camera are affected by a color change, information
regarding brightness and hue values is also affected by the color change.
Accordingly, when the color change is noticed, an algorithm for compensating a
color change is required. An example of such algorithm is a color channel scaling

method.
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The SLA nethod can be ideally applied when a di stance
between clusters is |arger than a distance between
el enents in a cluster, despite of a color change by
lighting, a canera, and a printi ng nedi um However,
d, , bl |l o d
egpé\?r&giﬁ%tet?\gr%urg Seg gg[o(gyceg! rco@}{ues rlesc% Vaen index of
h bPESRI O grhg %M S h 9 thal et
eac dx{'so&a I,(Sectgr(]:ﬁﬁjb%/ thegc(g}l‘]%r?é“c B @%@ I‘gl ntgléy \Ahérﬁannel s
a red channgll wheohdhgdhe solwtdhamag! sna greﬁn thamndgloand when j is 3 the
nsatl col or hagei reguired. An _exanpl e
color GFEMELRE 5 tlds Ehariel ATRIIGS eolahirhiel dhforgatia dh saeh color
cell. 2Ahabssun ng 4 hed dr’mn@u%ﬁje of alieh codd selpf Ac@@dmrgly, the
code is C, an index of each color cell is i, an index
maxingim @Rd neipEMcYaikaR Pf pach colanshannelare respectivelyrmax; and min;,
I
the mﬁﬂaﬂinﬂnﬁ‘?e lanldsm|%D§ﬂﬁ8l§ﬁ§ﬁ§éﬁ19]%@9%l@ rej?spltegﬂ%&? i eéx"é and, minia,

and tmhleweet va[sueafrdlh lﬂn@@ﬂ@hax%ﬁm, values bfeach aovioe vhanaél is min
rmati on of ea | or

ell. That is,J1-—t-is a ;
maxl”‘re g Anehanng! v ‘ﬂﬁ Ogﬁh‘? '“?'H C@é?roFelﬂe? I :Aﬁe%rl?ﬂ?%ﬂ fisla) s
max;, bfhE, mBRXL R, B8R TR AN, Kah bR HBInRATS BAbRS, channel

aré respect ively maxi mni, he maxi mum and
m ni mum col or channel Eduationailé respectively maxi,
and mni,, andthelo st value from anong the

maxi S ac orc nel is mn nmaxi,,,.
V\henwga%h%agg?) LTFL? g?"(‘(gb‘i ycol or cell is P. =(r;
,09;,b;)T =(3;1 11218 )T 10 r;mX| m ni, maxint,

m ni My, amdx @R, e hag e mbt lm,&mﬁﬁ il 9
[Equatlon 21 Cflcrlanax) nax(flénig() n - mn gh )NS
123138rraxi:rrax(rrax),mnrrax:nup(tnX
nmHenes, whenn@mnilnmr)au}@mmbemémr applyinmaﬂ"ieabdnler whaheel, scaling

methagly #REA Beration YaldSi3ns st dutingFeehdtiorsheiiog. tha
is, a reslitst copgiErdhating b&iolorl&ar@e 1@ dseBldws of conpensating a

col or change is as fol I oWs. %uatl on 12] (11 - mni)
~y m ni m+ x(max; -mn. W’a@n AY, t nac, ,
"STxtttinmax naxj - train r In other words, a range

of all o@glemsrcjl")annel s can, be uniformy, |ncreased to
1, ¢ Hang ‘?rP-Tmm-co-l-gr (BREQTaNing ) @ﬁfe,mm%ma&w
channel ™73 € Phe col or

In other words, a range of all color channels can be uniformly increased to
the minimum color channel value and the maximum color channel value. The color
channel scaling method for compensating a color change is applied before
performing the SLACC or KMACC method. 7

An achromatic color and a chromatic color of a color code can be classified
by applying various clustering methods. In the present invention, the SLACC
method and the K-means algorithm are used, however, similar methods can be
applied as well. For example, as a partitional clustering method, a fuzzy c-means
or a QT clustering algorithm can be applied instead of the K-means algorithm. Also,
as a hierarchical clustering method, a Ward’'s method, an average linkage algorithm,
or a complete linkage algorithm may be applied instead of the single linkage
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20 channel scaling nethod for conpensating a col or

- change is applied before perform ng the SLACC or
KMACC et hod. An achromatic color and a chromatic
color of a color code can be classified by applying

algorithie. SIGREeS: (AN P RBIGTIS FGiBathes ARSBIEL IS dd, Sakthod, an
artlf[c:%qm“@renc innathal, oek By ési%ﬁrfpgﬁoa%a‘?t% Ls&y.as well.

e, as a partrtron clustering nmethod, a
fEKiymtsrraaﬂmvchart ef 198 addestespgnitionl gperatidnrSéah didhe method

o cocRbL S 53 Bl o R 00 by o e resen

invent@yker age |inkage algorithm or a conplete |inkage
al gorithm Hﬁiébe agplledlnstead of the mq@g}lelmkae
2Refgrgog ite Beswhes clagsifyingoncelor oéeiash cafared is gompleted
r. r rtjfic
and o R £ peftet et e TeChnflad dsbrishlor oo o satrpcted in

operatidri3518060. sAaddedwrhir it fofmedef code coastitusnt in@atges according to
operation S555 of the nethod of decgdl ng, a_col o

characaag%tf-st #ale code, '”!?cg@or d Fglar e etk of C@tort ¢flls, and a
mixed Q{oﬁ%‘%Q?ept%stfé%rtft'é)Qp Fﬂ Qt%\hiﬁgefwﬁrm%%onm%ﬁem a color,

ying a colo eac col or |scon'pee
or a shadlean AetQF&rchse toforewtcedf aafiddar patierr; oan talignerent pattern a

. im color cel i.s extracted in eratlon
versiof gudiarfingh 41557 sortecier BEEoE Tk it Bl cOHRAGEL HE, aft ermor
correcli6f @beERBIrd QreLleds.act eri stics of the code image. A
col or code is formed of color cells, and a 10 m xed

cdbe qosleraanstibiant énagn reays petpe the £onsHtyprRLiihe corresponding
code, '5 8” BBL! BB e gtrgg%gerdﬁerarb%gtgstchan@bdatﬁ’t aqﬁ’forrﬁa@t showing

I's forme f1nde ern,” an alignne
charaq:mtlstmsnof dhe cereispangiagt esmstiteenter For exammet !mnaSe\&ﬂ a QR

code, RHERdF  FEIA BoGeeny oloeate of th fpte g BF REpasp, inder
patterRea tBAtef @B of BAHligAMmdnt 9aﬁ@frf eséuiet paint éba ¢iRfigg pattdm, and
can be extracted after being changed into information

a cenigioppint of cerahaeploricali bs the date W@o@f@ﬁn@ay be extracted.
Slmtlalﬁg,ngtt Q%grgl 13 chorec?iﬁfgjlo“anh{ trtfofrﬁéﬁorpfr ‘éOBSatt(‘!W'o‘f Renter

code, onl ocat| ons o ter
point affeashodoidn calemay et d»dramteca Clardase q:f(a m]xen;f cade, whtch :s formed

o tho SRSy 3 bS58 8 SR ShBEA D SR GO o or cs

accorcﬁﬁée’twrtﬁeabgﬁer'ﬁa)’c&ér exhiaghade, &9 @cmtb@fint’orma”tlo@ta%ﬁ pixels
a color code, only information regarding a |ocation

repre@mtlagma@h arpdimay e extigetedol Accemslingliagn @@gl@ﬁt irrgeeshould be

referr%d;ﬁoﬁ?ﬁ%ﬁ%ﬁcﬁg@t@ﬁﬂg@%ﬁoﬁﬂgVg;cféllélr I()a?tdf Qﬁ%?éj Eéc&f@% li e a mixed

code.center points of color cells according to the

pattern color, and shade, or ] ocatign informati n| of .
;t@ns information regardmg the code constituent image (co or cell) is

extracted in operation S1910.

Based on the location information obtained in operation $1900, a form,
pattern, color, and shade of the corresponding constituent image is obtained from
the original image. Accordingly, in case of a color code or a 2D image code,
information regarding a color, shade, etc. of an area can be obtained by extracting
the area in a predetermined width based on the center point of the corresponding

color cell. Also, when pattern information, such as PDF-417, should be used, pixel
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representing each area may be extracted. Accordingly,

an original inmage should be 25 referred to when

i nformati on regarding a color and shade is required

li ke a m xed code. Then, infornation regarding t he

code constituent image (color cell) extracted in
mformab@m af the correamnding sade imege i @btﬁm% in arwyfesniipigrval. The

il 3356 1 EGRRLAR 00 L 000 B0 il of e s

on a prRiiteinsinedtsiameting.r oAlsol lthe opikgli rddrmatiaye may be obtained by

Accordingly, in case of a color code or a 2D %1
samplingdaixels, oh FREP JMagegy an rfate&veém@“ers%&guat[m Sfminimum

rﬁgﬁg by extracting the area in a
[engthgfét%@t‘?gcgm n g% %lrﬁﬁg%d on the center point of the
cﬂufbeemtradhmg;the:aifonnatmn .thal exiraom:bmfpanaﬁnm is converted to a
Su as PDE-417, sho used |er
predelgTiTiach VAL SHEDr 25 1 COTPFBSHURG, HipTegEe TURg OF symbol in

operaﬁm 81920, | h Ghsebfl PbANdOAEINARD cB'@I% tHy éﬁt?adt@(ﬂ ﬂ’ffﬁﬁhatﬁjh may
may be regarding the entire pixels or about the |ength

be regsrdingearpatengement ef patteratienathristeraedianaridackagre whitgecolors
of eacgrL)&gliocr Ogéelpr 'Tﬁt Sk s Q;%lcﬂbé&lllél,gﬁqb%xtré@t'&l |rﬁ&’nﬂ’%ﬁéﬂt ﬁ‘ueay be

|rrag Ihan inter I"er “or "equal

regardihditiiaiRindS df aisrs qiaddctreoldocet], rpdtihecasedsf & tage the extracted
) After extractlg the i forrratlon t he extracted
informafipe May Po eI PHWBSE™M: predet er mi ned val ue,

SHRBNAS BodO'iE er%%@%ﬁt&@@ lﬁhébé\%'hgﬁ S‘i‘@'ﬁ@erl’n Bbeﬁéfﬁﬁoéws‘o a

In oper ation 51 case barcode or a
decodigplesn bapedrtmad tasgdoidifante @araetpnsw b@w o ﬁdym of code.

O A T e R T

barco@@dé chloe evde), agtdtkedntodenlréfen twaKobean rRgentiAmplithion No.
ds of colors of each color cell. and |n case of a

2005- P%@%Mq)h@ macods alatp B iECrgnafifeBodee §i oF H§edn
si%'? r‘ﬁ%iﬁd&*m cizgggym ceeﬁlg dfsa é@lef)%sé@drda@eoaﬁe%md.ng to

n operat| decodi ng can
the prpeeffitoinwenticac oaydiuntdyet mallliﬂﬁ eharrw@eeexwessieg m%@drrbmf@rmatlon

PR v AT AR o BT 3B e o

lighting &84 adigfifing autpuitity eperatiohef er to Korean Patent
J g ppl |cait@| on No. 2005-0025240), a naxicode, a data

matri x code, an intercode, etc., is used. The net hod

; g, .
L1 R, Sprinel el s pROpelen
i Wherdmpmﬁlngwa@edexanmoﬁmeniwn umnmhrcﬂothmmo@is represented is

sctocf ks A BE! Bl o8 S '4¥ SRR gl S0gh s -
cathodié 5y tisk QURPVtS ligGidagstal trRPlay (LCD), or a dlgltai TV, or a printing
medium, such as a newspaper, a magazine, or a plastic, different color changes
may occur, and thus, a clue for compensating a changed color is provided. In this
case, an operation fo compensate for a medium using a coefficient for compensation
is additionally applied while compensating color and shade changes of a code

image.

(2) The Lighting Information Inputting Operation which Selects a Type of
Lighting
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(1) The I mage Expressing Medium Information Inputting
Qperation Wien inputting a code, a type of nediumin

which the code is represented is 25 selected and

i nputted. When the nmediumis an electrical medi um

such as a cathode ray tube (CRT), a liquid crystal
divéprajnputiTn a eodes alitypea af ligMingin avhigh at ¢ode Isvgtiognized is

seieotdlf EP BRfta) F 155 lonthd R FoBEwnfe Bakestihs (uer lsnting, a
separatel c6rApERERRIN BE 2ac6lbRNIRMgeOIsOhot fedUi@dl dMbwdver! I Tase of
" case, an operation to conpensate for a hedi um using a

lightingostehceend W%@Q%rﬁeﬂg@tﬁ)’oﬁe@dsi gmadapizegnalAgeordingly, such

torsBRBREE U RN RS (2RO RO Spfe.
this cdde¢batopenation chedirpensating fibhtiegafsind-a gotffivter JoMémmpensation,
whichi gy GBEASEE & Someupdreiag chRtAH TSI e iohing. 5 adctionaly
app[iegivﬂﬂH %%éﬂs@atiﬁ%@oldﬂﬁ@sﬁ HOERSRSRIACE 4 S irhagdit | g,

separ at e conpensation of a color change Is hot
requi red. However, in case of |lighting, such as a

h en, or JINCA red ds hasi zed. Accordingly, such
5?{?)2%6? h@ﬁf'BﬁfﬁQu@Qgﬁ%@%ﬂgﬂm ly inputted in order to
CORPRIASAEt I § ebaderahay@e.tuired déMbs offasdighBRg ae) Bé bafputted

of conpensating lighting using a coefficient for )
to the aogeeiags: ol Nis RALEAICRAR %ﬂ%ﬂﬁﬁhﬁéefé" Ebardak snyiragment or if

the Cog%g@g[é%\%gfg FeQhahbe ighting, is additionally

e conpensating col or and shade changes of
a Thedmvenage .cah0a(s®) b&hembogled ag €arhputeri regdabler abden on a
ighting built in a reader y be turned or off or .
compyteferdipimibcay edifiaa T8 eap g dsade Forfng Mmedium
is anyOR&aétordbd Geae ithaUtah Istores@atdl whitic8ae Birea&RENRRM by a
or if the code imge covers the reader. The invention

compiten sypieq-beExarREsd We ednpuicerepdakiaecottiug netiug include
r e r :

oy SR LT BB SSLald odBelys ATl COMULE agnet

tapest heppycdiskst opticalatzda stdriagh devicdse aridecaaibr avavesadubly as data
conput er system  Exanpl of the co ter readable .

transERRITRY b HeINSTEN U d ey CRIhB Gt SORARP yoRRaE medium can

also He2 AR AEE Ver THRIMNGK codkd SImRab sysRenesbCthat ARETomputer
f I sks, optical data storage devices, and

| oppy di sk t or .
readab@rmcérismeg grshetecatediin & distribytad éahi@n.on t hr ough
t . rr e i [
o AR ¥ ane, ploser TR B, ¥RH i, BEGTEE RSl i of 2
color Bysdce mBag® cbdiats tistortaipyttee chuesdaidtiesasfde camesd or @dprinting

mediu?rrt],dthgxc% grt l:)ea(ljlseidnin'?lagctlai gtt)crlé %SR%% I:I'?gn%ie%nfo its original color or shade,
and noise can be compensated. Accordingly, the color based image code can be
accurately recognized. Also, using the present invention, a color can be recognized
quickly and easily in a low performance computing environment since information
regarding color and shade of a quiet zone or color based image code is used.

While the present invention has been pariicularly shown and described with
reference to exemplary embodiments thereof, it will be understood by one of ordinary
skill in the art that various changes in form and details may be made therein without
departing from the spirit and scope of the present invention as defined by the

following claims.
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According to the present invention, even when a col or,

shade, or formof a color based i mage code is

di storted by the characteristics of a canera or a

printing 25 nmedium the col or based i nage code can be

changed to its original color or shade, and noi se can
What iseclaigigoeinsat ed. Accordingly, the col or based i mage

P Ao A SR 48, ot bt Miobdege. o

metho@sbr@@fding: i n a | ow performance conputing environnent
since information regarding color_ and shade of a

q@nerlingon redetegninedodidaler phgixetoiiam sack &gl famnipgithe color

t. r nt invention has been particularly shown and
baseddgfflg%i(%?%’vﬂh reference to exenpl ary enbodi nents

treeogaifingi 4 coldrloflee colod ehahneldhayingrike dfiggeslivadue from among
kKill in the art that, various chapges in formand
color anmelsslOmRATRBRMPIRE RIKSI 43 § RBOY O GERR SRS PisR: and
s sHRirg i EGRHcy! FIHARHMERY &% colors of th
STl b cBRA rREAREUR nRESTIERRHGy AR, fife colars of the
pixelsisgampled Koreeaducel agasdorngfithg cedl ors of a col or based
i mage code, the method conprising: sanpling a :

predet erm ned nunber of pixels fromeach cell formng

tshe col ohetoddasaflasdiBie; coltgs ofeaogoiori ingsadl tabge cdde, the
a col or .channel having the biggest val ue from anong
methogltaspPiidiaginel s formi ng each sanpl ed pixel as a col or

oA SRR s 51,3580 HOR0a 3081 26141 1R coor
baseddmeglescaslenpl ed from each cell as a color of the cell.

1Q .2. . A et hod of cl.assifyin lors o col or based.
ShiFle e 2verg® brATRR LT L S Riegt iGod of Pxs
RicRAisdisatingemth aurage vafuddbiplescdidroadRamngtd 6t edeeeiPforming the
the col or "based i mage code; 15 obtaining an average

color hseghiftagsscads weingthe prepgeirishinrameugfan] xel s;
' I
SHEREREF e orPeR AR et Rye Yple BPHENBE SIARER & lch cell
to a colbe nadet agealile iof Inupesdractibneandhalassifdng argplehef each cell based
. t ed I f,th I h I f
on mGERRCAET IS 9185 B B ooc e 3 FRSRERAS! s o,
and classifying a color of each cell based 20 on

intensity and hue val ues of the col or nodel capable of
htie exthagnpthed of claim 2, wherein thecolor model capable of hue

extraction is any one of color model from among HSV, HIS, CMYK, RGB, YIQ, and
CIE color models capable of hue extraction.

4. The method of claim 2, wherein the obfaining of the average
brightness value comprises:

obtaining the average value of each color channel of the sampled number of
pixels; and

obtaining the average brightness value by dividing the total of the average
values of the color channels by the number of color channels.

5. The method of claim 2, wherein the compensating of the average value

comprises:
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3. The nethod of claim2, wherein thecol or nodel

capabl e of hue extraction is any one of col or nodel

fromanong HSV, H'S, CWK, RGB, YIQ and ClE color

nodel s capabl e of hue extraction. 25 4. The nethod of

claim 2, wherein the obtaining of the average

seimiinges predetamminedprusber obpixelsirag eaeh &elénf@fg@ng the color

val ue of, each col or channel of the sanpled nunber of
basedbn@gpscodgnd 30 obtaining the average brightness val ue

avtahitigdanavehiyd vdlab difeddnecélve thgenel v thessavhpled enumber of
col or channels by the nunber of col or channels. 5. The

pixels;i@ithod of claim2, wherein the conpensating of the
5
E%% er 2 ﬁ%uxeef Cé\(@é%ée%lu% l@?kﬁ”@héhrﬁle Cgﬁg;’fh@egvera\ge

each or m ng
bﬂghﬂh&sadﬂmmage code; obtaining an average val ue of each
col or channel of the sanpled nunber of pixels; and 5
conpensating the average val ue of each channel using

tge avﬁrrﬁgﬁ]odbb'f s ees gy %bk*ﬁ‘s & aAcORt Nesse®f image code, the

classifying colors of "a col or based i nage code, the
methogexdmaprisiogipr i si ng: 10 obtaining at | east one of a

R304SR PR AR B R B oo con

forming&hkcdidm kﬂas%dﬁl oddd and @roupingrthecelindnte arthacmatiatic color
col or t%rou bas on the at | east one

group g e R ligaler R AR e kﬁ@syaﬂ%@??%aﬂghmess value
and th%'saa?éﬂaft%h%ldéﬂ 9,@3 of cells in the chromatic col or

using a h of a color 15 nodel capable of hue
estaassaiytng:)mlom ofl'h@llmﬂhleobmﬁmatlalcmk& grouptusing a hue of a color

conpr i Si Slf ing colors of cells in the
'“Oddé@ﬁﬁg F@u ?% bup into one selected fromthe
achromatic colors consisting of black, white, and
ray, u5|ng at | east one of intensjty and faturatlo

¥ heThembshod of SRy THEREHRATPESES) dpsghirgcolgrs gheells in
the aéﬁ%gﬂc Q:folcﬁ a@bﬂ"?qnt %bf@ec‘é&?fr@ﬁpﬂﬂ% Q%r%%étf&ecc%}é éonmstmg

ying col ors use at ast one net
of bladk, avhiteymmng grah) mlagahﬁe&ﬂt opleusdtietansdy and saturation of the cells in

the achromatic color group.

8. The method of claim 6, wherein the grouping of the cells and the
classifying of colors use at least one method from among a hierarchical clustering
method, a division clustering method, an elbow criterion method, and a spectral

clustering method.

9. The method of claim 8, wherein the division clustering method uses at
least one algorithm from among a K-means, a fuzzy c-means, and a QT clustering
algorithm.

10. The method of claim 8, wherein the hierarchical clustering method

uses at least one algorithm from among a single linkage, a Ward’'s method, an

average linkage, and a complete linkage algorithm.
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met hod, a division clustering nethod, an el bow
criterion nethod, and a spectral 25 clustering

met hod. 9. The nmethod of claim8, wherein the division
clustering nethod uses at |east one algorithmfrom
anong a K-neans, a fuzzy c-neans, and a cl usterl ng
digor ienme®AI0f claime6 nwhasin d1e graupingsof s eosises:

0 @rgfp@%m??%%% §§%§i@uoﬂ%ﬁﬁ§ rbgglrl éjnﬁr%gcéfs ﬂﬁgﬁ{g S&tomatic color

group BRE hiesl chymatiy €slaggrduptraas) omnﬂem@owmdm of ihlenimﬂge
algorithm 26 11. The net hod of clai \ﬂhre'ﬂ\
@rg@(mnﬁbc@psflﬁ@tl%|0|p§rqit9@pwh§:gsgrogp§n]ngtce s into the achromatlc
o .
color 853414 7 PFREAR i Drot) Sl HPELARHABeh f h cots
and group based on intensity val ues of the cells; a second

cl ass C oerat n_whi ch . upsthe ells into )
i modherls: V gibinsodf4e RentatFafiprn BB the firs
classﬁﬁfaﬂlelﬁ c?}@i&t‘ibrpﬁné Qhérs%bbﬁcﬂ' cYRAsHRStiIOh dpfatisi, |48 ack@Behatic color
classifying the cells, conmmonly grouped in the
cells. achrorrat| c group fromthe first classification
operation and the second classification operation, as
achromatic color <cells. 10 12. The nethod of claim
b, WhRHeehiethdie of idisin ¢ awh'efdinalhé (ﬁimstoqdassatld:aimnaopleration and
the second cl assification operatjon co r| s%nogt al

the segprdnplansifiestion QReralign Lompisg: Q NG o 4cyplue and a

satura‘ﬁShl va108 ”&fng Eheepo éﬁ?ﬁ'hr*i’g?‘stﬁg édT@tg%a%geiméﬂé @B4BY aliffing the
I nt enS|ty va ues an € saturation values in an

intensiig vahaisnand thie satugationy velusisng arheseendiag [asdemntand: areuping the

cots GRS Gl BT o B, i o on o

sectioR Q{dW%ﬁtHeh%r@@ét WifiéiehBe \HtweeAnte sheurative Walueyand' #helintensity
The net hod of claim6, wherein the grouping of the

Vﬁuecells conprises 20 grouping the groups into the
achromatic col or group and the chromatic col or group
based on intensity and saturation of an RGB col or
mflel . Thet méthed radt dlaidn &, vdh@rem the ghaumng qfrtéegcraiiapfkcrrgpﬂses

*groun B8 ruPHEs 3P BT StE hY SRBET B ehBi o fplor aroup

based%indp\l@ér%ity%d éﬁtarsﬁlotnyofade% bkblat iriedf a YUV col or
noael .

14. The method of claim 6, wherein the grouping of the cells comprises
grouping the cells into the achromatic color group and the chromatic color group

based on intensity and saturation of a YUV color modet.

15.  The method of claim 6, further comprising before the grouping of the
cells:

sampling a predetermined number of pixels from a quiet zone of the color
based image code;

obtaining an average brightness value of the sampled number of pixels; and

compensating an average value of color channels of each cell forming the
color based image code using the average brightness value of the sampled number

of pixels.
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15. The nmethod of claim®6, further conprising before
the grouping of the cells: sanpling a predeterm ned
nunber of pixels froma quiet zone of the color 30
based i nage code; obtaining an average brightness
val ue of the sanpled nunber of pixels; and
conpensati ng an average val ue of color channels of

e 7L ekl o vk Her BBRRRe L AEI0Eg o i of he
cells, valifd Bolo? Ehdfinel Nesudmbiheatiotelcioanngbhef suldiisased image code.

conprising before the grouping of the «cells, scaling
col or channel val ues of each cell form ng the col or

q%sed.fh%aﬁl%tﬁiﬂnd?f rc];gairi"n?m,g\Pﬁel‘E?ﬁ el sRhiird 8F Bokf: channel values

whérein the sca of col or channel val ues
comprizespri ses: obtaining a color channel value of each
channel ; and conpensating th ol or,channel val ue of
oblainiogia colar ﬁhgv’gwqé’ﬁ%%ﬁ carhy EEL A the f ol | owi ng
%%Hﬁ}ér@ﬁtin%%é lcoldF Shannkl UL of e$CABREIINo Bl Mew .channel value
where 1, cP.', max,,,,?STxm nmaxr,,, maxi-mni wherein
using thei follewingveduasionf an j-th col or channel of an i-th
cell, maxi and mini are respectively the maxi num
val ue and the m ni nrum val ue of the j-th col or channel,
15 mex;, ¢t —afif)m nimare respectively the maximm
Lramife, and-the- i H{Rem, valDae ) othethé; € Entitk e % AF fd3INFX 1
t he col 81*ch&HRels, and ST is a scaling threshold
val ue. 18. A conputer readabl e recordi ng medi um havi ng
recorded thereon a programfor executing the nmethod
ofharkim nisla v2luel of an jdbplarerhanssbiabhe itle eelldmay; and min; are

di um havi ng recar ded er eon. [ r,
respedebt e g anEue b B fisRmilAd & hefian color channel,
max; ZeROAN, & afé eipdiciigeRHE wianhainM galecardi ¢t htheinaon value of the

25 program for executing the nethod of CLaLP1q. 28
entire xpkies 4 the eolopehanrele g 81 Is a scaling threshold value.

18. A computer readable recording medium having recorded thereon a

program for executing the method of claim 1.

19. A computer readable recording medium having recorded thereon a

program for executing the method of claim 2.

20. A computer readable recording medium having recorded thereon a
program for executing the method of claim 6.
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METHOD OF CLASSI FYI NG COLORS OF COLOR BASED | MAGE CODE
Provided is a nethod of classifying colors of a color
based i mage code. The colors of each cell formng the
col or based i mage code are classified by sanpling a
predeterm ned nunber of pixels fromeach cell and then
appl ying a max channel based clustering nmethod, a
mhlte ba!ance bas edz gtk of thesDikclozargret hod, a
si ngl e-1inkage al gorithm based col or classification
nezhod, a K-nmeans algorithn1based color classification
Q
30D 85 LA SN TOLORIFOE COLOR Bt ReE CODE
color distortion due to characterlstlcs of a camera,

a printing nediu etc
Igrowded qu a metl%d of class:f)%ng cozors of a color based image code.

The colors of each cell forming the color based image code are classified by
sampling a predetermined number of pixels from each cell and then applying a max
channel based clustering method, a white balance based color clustering method, a
single-linkage algorithm based color classification method, a K-means algorithm
based color classification method, or the like. Accordingly, the colors of an image
code can be accurately recognized despite of a color distortion due to characteristics

of a camera, a printing medium, etc.

Figure 7
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