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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,

P B0 D 3L B8 S I TING bR PR COL B BASER IMAGE GoDE

Intellectual Property Ofice, the disclosures of
whi ch are incorporated herein in their entirety by
reference. 10 BACKGROUND OF THE INVENTICN 1. Field of

the'Q%‘EFﬁ%EN(?é%R‘ TED PA LIGATIQ
rretho O e COU d B
nore parti cul arly, to a mathod of cl assifyi ng a coI or

of _.each ce]l

[ e code during a decod
pr sap 'Cat'%%cP@HF% geofbeiﬂ?g’tﬂéfl aﬁcgf@a'?l\r Palﬁﬂt %p@hcation No.
1 e, t it
10-2088100%e08de filan o@Pg'ﬂfﬁg 9§| a?@\/\hi ta)gdggg{garﬁﬁe%ﬁgar ﬁodh%txon No.

service using 20 bl ack
10-28R8-093d28 cfiled oreADrit 6s, 20§llcm the Worieahdntalectust teroperty Office,

the JI4Es S Br WA 5 O 80 hefein T R BB Ghptermas

been suggested. However, the colors of <color cells

form ng the color based i mage code change dependi ng on

the Iighting, BA& YN @R THEANVENTEY i onal

cameras, and thus, |t is difficult to recognize the

25 color based i nage code as conpared to a black and
1. wield ofdn&émentiBacent researches have focused on a

us?58|nterface that provides data or services in

AR Iaveyion [HalesHy amstiied RHJesedingd aolon based image
dePangl gak t
codef a8 TRre BRHRary; do 4 HORRUZAatalfir B8l of gethi cell of an
imagemodefdutingeatedsuting pratedsi nto a wirel ess tag, such as
a radio frequency identification 30 (RFID), and an
i mage code, such as a barcode. Specifically, an

2. irﬁ!eyof'laﬂ@n ofhieCiRelapgcosides service by recogni zing an
ge of an jmage code or a marker, is called a paper

us P ihetRast sesagpUrn augmeantetrealinaad emined Toalityssetvics using
blackS bHEYivAte jﬂa&‘t elisy (gﬁiéseaéﬁ& yco?ﬁ}ﬂeﬁc&ﬂ' g%:‘alcre@al uch as mobile

servi ce, servi ces
commpancsphave beérmremiardnedmrﬁg@&r&m as@iof lesedRiidgke, code, such as a
adver t_i serren ser Vi gr gtébl |l e conmer c& etc. usi ng
T

color code, éopﬁo'?ﬂ@ ife\ £, gcbesry suogested, Hawewer, the colors of
color Ge¥s 36nihhttAe &oloDh B L RHSg@Ed8 cHange depending on the lighting,

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 tag, 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 (PUl). 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 1 D barcode illustrates identifying nunbers,

checksum digits, and guide 5 bars using pattern

information in black and white bars. The 2D code has

an error correction capacity using security

infprmation since the 2D code tore a | arger
ersofglioBaR MategeTiart SOHORAIRIMER), aeverlisemait sservice, mobile
comeieres %Ous:ﬁgﬁrfﬁbSﬁe Bhorfd? codes from anong

conventional " col or based i mage codes. A conventi onal

t erAn Hagge sedei anchanmisries aamnbetdmgedemvtnramnﬁsbamcme and a 2D

codd 58 00 4 TR e BB, e s, an guie

barsbuusuhg ﬁaﬁeﬂﬁmmﬂatﬁmjmt Ve Sk ahBQNﬁiﬁ:ﬁEﬁfSt | anl ZD%dHe”ﬁés an error
has tollowi ng constraints in ternms of recognizing an
GOW@%@ecanacﬁgtusm pefurdy dufioamplioralsinset tbe bt wodd aamndstore a larger

amolff S0 a h A 30! EES Y TR LL ApEERY spmples,pti2D codes
fromtarmomg camwemngal cdibr shsad thdie ¢®imgni zed using a | ow

er,f or man Exanpl es of a 2D code consi deri ng
5 uéhCRBRNPRRR Tl ned R 2 RIS TRp UL ghekonment 1S formed

with @%mc&m \m@@e a IgWTbér‘fé}gl r{&%hrﬂ'ﬂgg oroéré%%l é&vgﬂﬂgna! user

col or code ere, bar c
bw!t‘ﬂm@a(yereo@edaﬂmsf dhersebroenbbral kteammaMhasefcﬁEJImrsg anstraints in
I and the color code is a color based I nage
term%%&? CO%%’Z%%? NUBALE: are bl ack and white since bl ack

anfirghiat RUCSHb e heashlé Yo bbwmﬂc@ v@ﬁoﬁé"ﬁaﬁﬁﬁgﬂiﬁ Everyday life.

ot her colors. However, as col or nedi a becoies
Secoggp@ Eaqogalionaalgeritm heslsl Peegjapio@ed awick keridsthird, an image

shouE8 3664280 Xla BRb RIS Bl S8Ry i 2 coce
considedag $uah comstesintst inciude apstber gltde, %ngrd;kcﬁéspbnbés{@?) code
as a color code, an identifier

"m't'%%d%‘ém %%?Pgeﬁ@oﬁaﬁ & ColRtCRAe Whelrera pareaee otheauper code, and
the IR £6§4 bRN RIS N9cK Hﬁ&%ﬁt‘éﬁéﬂ%'a@g%éﬁn\%gﬁé %noofl‘{e &Mor code is a

technol ogy are provid gorit codi ng
color bgised ipegde cpdevery sinple and efficient against a

¢ cihs? BPASVTARE kel ihup° bEPCERRR, Serihiie kan e easiy

recognﬁdds asavompatdie t6aoMesi @ftors30 HONBYE! . ad SROMEA S omes
a col or based j mage code, such as a color code In a

populﬁgggqi,ea COlRs Rasey RGeS 6ﬁ%n\ﬂh1§l‘jd§rrﬂeﬁig-fﬂ@n@lwa%seqwres large

ot BB TpoE AT AHBEAR o g BETHL B e,

comedolodhetsasdight.i mage code. 2 SUWWARY OF THE | NVENTI ON

The present jnventio rovides a nethod of classifyin
Cgpoc%gort %as‘ﬁﬂcw%g%pggeg such as a color code, an identifier }/s er%’coded

~using colors, and error verification and direction detection functions using double

parity technology 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 recordlag medi um haV|ng recor ded
t

t hereon a progr agtMARLRR T INVM&! of
cl o)
e glgrrﬁ-:’ dF%egS%tﬂg ?fg)re‘?lgéngr?@degﬁmetr es '5{%{3@9@% ors, g aceurately
and iegsity cauogectea;o‘mtslm‘cbanh cedl @fsasctblyjr bgs@@ Izrﬁage ebde eveh @Vhen the
| based |rra eé@odgwghe nmet hod i ncl udi ng npling a
Colof ng fneprasteriitics ok A(GaIRBo RGN mqﬂwmngfc
t hq@b@%eﬁ%@éntn@f%&ocs%ddse&%e gﬁ'&é}gre%d%' OFeCBFdlﬁg medium

col or channel having the biggest v e from ano
haviggIrerorded dierebs & pragramg feaeheeuimgl & thaihae lof amsalfxung @olors of a

d pixel; and classifying a color having
COIOP%%%B}@(@(#Cfequency fromanong the colors of the
pi A@dcﬁdlngaﬁmrﬁébﬁdc@ﬁf fRChreseht m@éntﬁ)rp ehére i9oréN8ed 8lrhethod of
15 Accor ? to anot her aspect of pr esent

classityingneolers of Rer@lor bagedvimese @pdmhndaetnodcnnawmgnaagnplmg a

predéfelrm‘r%oolflurﬂbSPbPPixQ%Sf?&nré%ﬁtce‘fl%gﬁgwtgr\ﬁﬁbng) &Orfas&q(ig}%ge code;

rec:ogmlzlmgaa apoloetofza)rmelarfchamethtaomgttaee@[ggemwddﬁn among color
ht ness val ue of the sanple

chan L’Fgl ni n an era‘%tg ap %
A0 o g Bl §ala|5n@ &plonfr §geh veamaleds bixel; and
claséifﬁ}%gca)beror ‘F@@ t'h% rﬂ%@%ﬁ’g&c&@ @rng‘ralpr%hr[d“ﬁe Q18fs c?fothe pixels

based I mge CO e usl ness val u

Sam[ﬁﬁ@fr@ﬁaﬁ@ﬁ?mg% he a exdorpafitbatcet. average vaI ue of the
or npdel

o RReTHEPado b BhactPLiar RifsgRRremba cinoEadn provided 2

methodl df dlassithimy coltre N 4 \eofstobadter iniae @5 def tt‘ié‘?n@tﬁb@r:ncludlng
capabl e, of hue extraction. According to another

del
SamFgg’Ee%tpf%@efﬁﬂﬁlrWe@@nber RY Ghtalo oM Reeief ZOpe ofi Bedcaor based

mao 298! Dol Rh 3B AR B 52 e LUk P Bl
compmnlsaiiwanmra@e valuanaf taesmarrc&tamalsvai em;l‘on‘:elemhm@g%tﬁe color
col.or bhased |na8e code and %roupln

basec&eﬂ“@g‘?n ARG r Hifat AYCIBBF o PYIORINGES HAEa é‘ﬂgoﬁﬁf'{m@”g the
comp‘éﬂh@ﬁed%@é’rﬁgé%@e‘lﬁ fhBectbr cRaThe1ONST & CH ey Il ta a color model

%g ht ness value and the saturation va
capabje Siupyaxtigcion oanrd olassigling aiavlernef eaﬂhocai!tba:sadorbm mtensity and

| del bl f h
hue VAR 7 R by eBoble & 18 iratbRe color based
| Asgerdiraco et gipsci dff 8@ gRRRINt §nvdtion0ltRéreC RAPBERAded A

Qﬁi%%qgﬂ fo various environnents. 3 BRI EF DESCRI PTI ON
meth \Wﬂl\@%oqene R606T hagedtimaver seder ke mathod including:

 obtairAy 3Nt RYSS oRE M8 RHgHRAs VANRNEA®™, Waldration 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 to 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 image

codes; FI G ﬁma col or
in the

code froma i

pr g%RNAbdRY Qﬁﬂlcﬂﬁer @a@ure@eaﬂosaélvérﬂagés %'?QM\é rﬂ)@eééiﬁ invention will
characteristics of a color code used in the

becqipe segre FnpASADY bhdesq:r@mg in getailf exammplant emfbodlmmtaduereof with

rding to an enbodi nent
refe@bc??@ﬂ%é‘tg%ﬁ}&f@@%ﬁrf ﬁ'ﬁg% 4 is a flowhart of a
mefth@d1d$ addiagdinm of axamlpr SRR cades fidim enfohgadbnventional color

odi menf of the present invention; 15 FIG 5 is a
base\d‘l‘b acrtheéf a met hod of decoding a col or based i mage

CORgs. QﬁQQrag(P ?grégﬁiozgg%%g‘gf t %qlo?&?dé’frﬁﬁeé%ong color based

i nvent 1 on; a preproces
imag@pmtmsilmeddh thé presenh odveofiomtecodi ng a col or based

| et PG #eb S dhS kR TIelTIGS ebpgrolor Bods Used i the

presé)ﬂ]taﬁ@érfﬂo(hatl on operation of the nethod of 20 decoding
e code according to an enbodi nent of

a col or based i
t hElGyr %s%ﬁtflowﬂwgpf grmethiod, ofgernoglingl agradescdde according to an

r eration of the color
emb&ﬁg's%fg:t?l cati 8%8@8’@&%‘0% according to an enbodi nent
of Fithe4 |d>$ esfawchary ehhirpetholl &k détddingraf doceddd adording to an
classi fying. colors of a color based i nage

t hod
embﬁmegaegh i RrgSanhipye H)aihnel based cl ustering (MXQ)
d t t
Fﬁtfg’t ?d%%@ﬁgcﬂgg (ﬁsér}n ﬂjart n‘?é d E?deb%%ga image code
aCCOEiimm aryleny’,)ocdﬂmnisofdheaareﬂwmn\kmmed i mage code using

oL of o VGBI PRRPCRRS DRESHPRALIE FBBAH i decoding a
color%@isEH @na é cbﬁeaaééc%%@%tanoémgo@'ﬁié?ﬁ%f e Elle%%ﬁt inYbRonN;

colors_of a col or based e code using
si fl§t-e? 11§ ik dlgevchiegfoet ﬁhﬂ@lbé§gﬁﬁsﬁ@ab@ﬂ cwmrstr@n dtthenmethod of

cecclFLPEbI AR BBE LBt TRAAERbrBin ¥t rn

inventiebhod of classifying colors of a color based inmage
Cﬂgg%u |n a%%érge&%alq%phtggrg gazg%p?iggogperation of the color
classification operatlon, 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 mge code according to an enbodi nent of the present

DETAI SCRI PTI CE THE. | NVI | ON
oI, F is B L et Y cHHe s PING, SOWES Of @ sglor based
imag@eedé wklryg KL MCBR QAR tﬂ&eﬁ%&&%iég&m%ﬂmﬂmco) method,

drawi ngs, in which exenpl ary enbodi nents of
aCCQrﬁmﬁpl aihembpéfmmm therpresephinventionti angk am of an

Codee: uibs n PBREhAfTQen, YR, BRI BrelBRces HE FRethod of

decctdmlng & sbiowi b‘@eﬁhﬁnagd‘labdetaﬂdoﬁdlhgstooén RIS IR0 GE - thd Present
. _Conventionally, an ARTool Kit marker and a pl anner
MVeR¥ker, which are used in an augnmented reality

service, have a sinple code structure in a dynam c

nobil e conputing environnment and require a small

nunber of QE#HLED@ESGRIE§KDM§@THEthﬁéHHTI'IO an store

coﬁfﬁ#'@ ga r zftbg%?%%‘tentﬁfwﬂ{og e oaﬁﬁ%’%ﬁfe gf“y with reference
to thenhOdombaMing PHRIES, il QHEH %§eﬁ"|p'lﬁrg'brﬁﬁ bAIRIROGF 1RO Invention

canera in order to be recogni zed an arge nunber
are she¥fat i ons, and thus, is not suitable in a dynamc

nokihe ] LLO t. Referrin
ang'%ﬁﬁq%%'bag‘ﬁ \ééé é?%ﬁﬂ)l%[gf AGalor ¢ (ﬁ{gp@opo%@ong color based
magbocmxﬁe:h Ql&edCIhOIheCﬁfds%nt limvetaidn ahd a-1co! 28 |§®¢ak§[@rsrﬂawmg the
uter, one cell represents 2 bits, and

chara[ﬁgwtaq EOO]PF}F%{%H on is encoded in 4 colors.
SeCYS'nQ@nt‘Pénaglgt HANR \gc%cﬂkltgﬂ?&g?:%ﬂd%ﬁ g[é'ﬁl gg?\‘?arpéfré%:cgw are used

‘ y| ng co ents ase conn
in anoalgmented mjltwsenvlce bever fhpedese dthetueliora d@@nl@moblle

comiliir Sh Mt BY iyl 5 d sCabd: o GRevURas for decoding,
howes@nefzh §tdtd b viehy amaRRirhGurRRA MoRhafloDAHoRBEe %tco\ﬁ'nﬁe?mal 2D

scanner for excl usi veluy) scanni ng the col or code.
code GgnoTtokeod daregrmreuntsd dnformatiem imvv%@r,at@g;mras @dwrghauemymance

. |
com G LRrbLalREBR AT 4 86 PSRRI BP0 s,
suitalolpen atdyorsnic eqebileesbrsutigeéhviroansbriol ors. are used,
COHB A G 2 L bbb SRS, 610 T o cose
formeNef %o%ﬁd§ellsa| 'Iﬂ"t‘%’ét of @l &oloro‘c%g Rl £ BB ggr?l?%%rtn%ne cell

an identify Is arranged I n the
repregentss’? bits, pﬁnd agcccrfj@lgaﬂ; informatigeisf encretbdainohgolbre A service of

the c8l%|r Wi gn "o l'?angede by 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 bottom of the coI or code. The

IR N TR U ——
datacl@lt gems, M ey Ditst éléh\&ﬂj frBﬁh tHeeﬁérﬁg%g)%tatan %{&Bks‘b‘@@ed on the

and rom1par|t|es and can be used aSIS
rtghtafflqi@ﬁnﬁdoth of #1el eolemeadey ol hiecout abgrpnetcteﬂl is Idispiels&d on the

rint Bt of St Se pTRe “cqsks aligiBhigh eelisandSinguth a pariy

opeﬂaﬁﬁn mmrhcgkl oH@rcoiAhﬁpan(ﬂbw Fror an6 ML calungi) ﬁﬁﬂtroﬁeﬁyl taking the
Eﬁj |te|s not used in the col or code,
recigg r%/C@ 8Fﬂflse'a¢ EPW mgrifies, and eae beresed as ﬁdlaSlS for aligning the

celis@fHa £46 3 White quiet zone with a thickness
of 1gcel FC%HGE)M st around the color code in order to

di ¢n iFrh@uQéhthdwdataelblbceitmdm qumr@@glgmkagrthegnarﬂ@-sccewere Pys,

p @ em,;p Pattqe{@w%that C n be r resented chang
25 e T8t amiePugR Peol Brds toaccoge ghignment cell
Since e ;§®|@¢ udsdlirt 1R SHBRRIde0h AU fH?'tste@g%r[ qlﬁncrga'd@de?’area is

is a flowmhart of a nethod’ of enco
not reg@isedineyvaver.am whiatsniktraome with arthlcbnesfeoﬁ 1 call erayi exist around

e LD BB NGRS OUEE 45 G none. T

numlmé‘raogpattehﬁ triderdarf e neprosEresd changdadobdifg %rt%@”humber of
arranges t he dat a- blt streamin a matrix formin

CO'U“BB%?Q@ O b i Colar 69ra and die nombepof perity reslboder
| bt
Cgfﬁgﬂ@ﬁ%%%@?ﬁé@ ??ﬁ%ﬁ"&ﬁd o égnecg)errfggtaéhcoi&]dyéﬂgedgccgord%g to an

emb%@l@ﬂhbf@@mﬁemﬂmvwlaﬂg the parity bits. Wen a
bits, etc, is

bi.t [ udi th t
cohfTediing PhEREneo i B srtsREdertvBacabiderdivinamurmber in
oper@o@‘pSB@@ pﬂf@d eRBod&H éﬁadg‘ésoﬂ%r @ehan :@%QP@%@ to %aeﬂgfé‘ﬁﬁsstream

and al |%ns color cells forned of theé co
and FE1eas; be %ﬂdﬂt SBGEFTICH‘I G radrva farmopir hpetatioh &3163t anbperatlon

oo A 60 S ASHNT 8 Dol SR o o

resen

error derredimn ramlege@@ra&rs ond giddsla bdﬂ@@%hgmﬁbhﬂbfﬁ%s é;cﬂ’xle?faarlty bits.
ge code f om a canera in operation 34

Wherbl&:&%%’ n@x?ﬁr%ﬂsmﬁ Ui the agiy diitea aleoln ca@piate giiealencoder
chan%é‘@a%%ch”cdﬂéjﬁt dt arn‘?%ﬁ 80&9 %lnld ;9 '&o%?eih%%(gr% §ﬁ1\‘9§30 and

changes t or ce correspo
gener@t@%@mﬂ ahgmmecplat celfs foaped oTltfee cdlecmxdmempeiaﬂmﬁ%énd _

LSS, Ahaheh A PR T BRSO B Rrs o an

emboalm@ﬂmfmlﬁe lprésemlmmgoﬁata bit streans referring to
the |ocation of the code alignment bit, and extracts

aReTaEmng thFK@ Audistgcoder receives an ongmal 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 S410,
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
- S430. 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 5440. Also, 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 mat hod of decoding a col or based i nage

. cod di odj ment of the t
in offiirT §1%05  Alicraf el GoNy, Codke HALBHG M beuaigined by
comBRingTB@el AR sl’ﬂl*eré%é)é’ﬁd ﬂ};ie%rbf%%% opéraBbRer OCess

operati on S505, a color classifi cat| on operation 5525,
an R&r & is aefitéfmha@hobﬁemmulh ofsespdiagda aotwdeased image code

5555, Th d | ud
acodi @8 el Ao ARFH f e et el ng et nod
| dRufefringrto(FRGD), tHanestdd inludesigh Phady @p@ﬂﬁﬁ@@peganon S500,

met hod used in the preprocess operation S505,

a Preprefressooperatiog §§§gf|ﬁ:a&q lom olassilisatiod caperriion {36:2@) an error
3 I C [

cerob 3 o5Bich S8, B Ko EROBHIRA Qo ) e decoser

includes cpxdaeamehaes éokerms bha qﬁepm@@s:ngdﬁeﬁhmdsdqmwwl(all[D)/that sets a
paraneters. In th

{ ap t he met%gs set. b

vpe kP EesrI e e ger saebin 508 eriobaseye eiien S595. and a color
| | b

cell b%@&iﬁé@l"ﬁrﬁ%etﬁBMSH%ﬁhﬁé? F@IDE) ﬁfé%rééliga% %yﬂi% dr?re %@B%@assmcation

The | mage may printed on ‘a phys
metheodcih the @@J’a@é%lfl@tm @pgration £585as tTihe, decoddir sigicagles the color

basegqm%g%l)cg}%:e? %@%ﬁtiéﬁﬁﬂ#li@@m tﬂg?ﬁ%’}%@% sgl %@g'faﬁv ngr%(r:n%ters

pr o GthéormageN SMainire JpRARTESEME BROMKARS that 88 represented
electrical form such as a bit stream or an

phyS@laBbtqroﬁ!ﬁéfrtCﬁIhé i'$ MRINRH- orldner inbage ey tise Priftegeon a physical
medlgfﬁ Led 2N hggcgﬁl?jyrﬁb&(i‘l ol E 48R, BPgis gd d?’Pé'%ilSé)%%alsuch as a

evi ce, suc camera phone,’ a SC

I|qUIdCtalye’waad|S@Id:9C(Lmr)emfaa nmblla draxe, mmhimttﬂ' aI'IS/ Jusedbedisrojector.
eam o

e r esen a bit st
Aiso g i toay L 61, eﬁ%ﬂ i &N GRGlfisAlfOTTaSHoM EB v blk ieam, or an
clect®n®f fl@godgVi ce. Hence, an output signal during the
I mage obtaining operation S500 will be referred to as

aniﬂo@fd@l" h@lreadrilae image ginted oorthedohysicah nnedagrea fainl inage input

hat b e n a ter naI
dovichy G AR e A" 3 bl 2 SOIRLE o A TG e elRygr o o
machmlam@seq caR®, it mmﬁ@é IrePredepte M & itadttaam &8 lapr eldbfonic file
he code image in the original imge are

form, 1S 6Bl Vigya netyark Aga séorﬁsa.qﬂwq% whi ch t he code

[ £
i%@cé Se%rﬁeggﬁutm ell%grfm ol Vg‘((j&q B?{?ﬁﬁﬁﬁa@"e@m Ssoo il be
referrefjeioaasoan $5paltirmgeeoehickdis fﬁmmedag\eansmmwrﬁtmﬂsatedan be

oo ed 1S PR85BS e BT i

code lrrﬂa?@ Hidirg codd InPAdatibe | Gﬁﬁﬁeﬁtﬁmaﬂ'{/ ERIIOCESS ?éjmiigfatHé code

preprocess operation 5505 a maxi mum nunb
imagen thy eppveé §spag aretdisiastedriey bglntlr[gara‘ orediidmi in which the code

image® REHW Ana X bade? Aknic rebd€ e BdSimage.

If the image is received in the image obtaining operation S500, the received
image is preprocessed in the preprocess operation S505. If the code image is not
extracted in operation $510, a PID is increased in operation $515 and the image is

- preprocessed again in the preprocess operation S505. If a maximum number of
preprocessing methods are ali performed in operation $520, 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 mproper, and thus, the imge is received again in the

i mage obtaining operation 5500. If a color is not

le to be classified,in operation S530 .during,the ,

that 33 pteien o FHRTDRE o Kb Sar S o s 1 5?C¢'Yei@9§m & the image
obtaRtey oPetdlioPPSHEM.I Of 2S55816r lsﬁHbi Q&ettaeo 'bfa% Hﬁ?drpé?é‘tion $530

operation S545 even if the color is aSSI [
duringpBieagalenclasgicatioa apapation Sﬁaﬁeaséanlmrarpmcats ionosFaton S550

our e AR R P S sh BhR S ABH AT, et

530,14 GADnexXheramsed iTbpErationcebo5 aﬁbaéebfregﬁéwd?ﬁg r&tdmiéssmcatuon
are all performed, that is, the CIDis greater than a

algORiaRY e ReEBIBEY ob) thecrales idassiication RSP 626 f o maximum
numﬁmc%r c%@glggﬁt%&%e?ﬁodéaré‘gﬁ 2RbLE. et ?ésg@% (Iflg)e%cpreater

I n operation reproce S operati on

thanpemisinmed mgmaeﬂ olassifmetlen rrmthddhc@‘ttlflen(!‘damm aind the color is
per f or 18 ' oper ati on and

5545, th t
ot 38l SEREERTGH T GRPEtey SoABadhs JAroRracess, Cegiadon; $505 is
perfcmeel 5@4in! Sln A oftel %t@&lorﬁBper%%Bh'éEMB“%h@W@&j’dérﬁ)erforms a

outputied and if an error 1s detected in operat
parity gperatiph@ndalesects| arseire tami ahit sfreaat ¢fom c@ﬁzﬁode If an error is

v BEGLERTS o i b AL M ' ctocs
operﬂt&ﬂﬂﬁﬁﬁ@, the wolovicldsRatibneperaRies 524 wpdrdratd aydthG

accor di ngmto an enbodi nent of the present

i ’nﬁlﬁn Pda.a ThRwchaEpploes prefieress erestion §60% af the method of
deco@ﬁ\?el Ve'l%ﬁ’or' Balbdeimide e&%dé’\c Iuét%edcﬁg opmaﬁe écfc%%lnaeto an

I mage, extr eature poin
embodmget ohthe presamtdhvdrdiona cent er of each coI or cell.

o laF BIHgcas 08 aUan B RIgRc Bl RerRTsR N Augw arertract he

code Uﬁia@@ fﬁd?ﬁ tHE McbEd EnbFBIEtract TestBibbintd BE Y @8&%%%8 and

operation S505 includes a binarization operation
searCé\ fongi cetercfirachow!apeaiat iThe BepmcessiopenationyS505 is performed

o oo REAGREL 5 28EAD AL S e B A5 e

In detmiertm ipoeprobdés opbratibh 3HeS5 Bhdladés atbinarifRpnadbematish B500, a

rlzatlon is . used to separate a code inmage froma
: rlolsebgabcl%fl

I8l PSSR 508 @ RRYOARNVaredsaRgle asrarel fiRasation 5620, a
ver‘uc@@ 'Hék&?ﬁbh atﬂi?\eéé?ﬂ) Oé}f]deé b1 RER Chhikg s%%?éW@ﬁeraH@% WO

of the co bi'narizati on opera
each pi xel of an orlglnal i mage is converted to bl ack

a it S| n r ness information of 30
Rg mj"ieqe@a”q era ggg}&val ue of a pixel is higher
thfﬁfblﬁar‘iiﬁh@ﬁh@' dsé’@'teeseﬁélﬁté)'d(%bde lﬁ"lé@%”‘?r%H ead bta(%kground or

| . white and if a brightness val ue of a pixel
objecisaneuadis peddornd rediages QOH@I@XEWed)f @rser@bnnen‘mredieteotlng feature

pointsblo?cthe d%onr\@g?é Olplajrhebbn‘% i'zéﬁlct)n pe?z];troann éd&g eac% 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

velue, 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 5610,
a boundary of each object in the binarized origina
image is detected, and the original imge is divided

in?(Q%HheNcﬁ@e Re@udtios Dpefatiorc9gey | mage, and an area,
which is not a code inmage, along the detected

boURd&eynoigerieductien isperaticno 864Dy iadbagndary ofweash edject in the

PR B 3hfab 4 FEMGL SR e, SAOLY o BRI A0 e
whidReistzaogde irtege, cdndOpr rzéa,08hiSh 28 ndP al dbder ififigd, @ldhy thecCdetected
romthe received original imge, a

t he code irrag fromthe -
bou%%rﬂ/er 36, 1S s 08 dpiding dhe Bvammeas mavrRrifength (circumference
1ats) 0(9:3 j [ hed for based on

Ieng{hﬁ%tf bSuﬁ’é rg’{]ﬁéﬁ]co E#%ﬁ@%&ro&tﬁgﬂké the entire code

e center o ngly;
image is divided into n blocks and a bl ock having the

I b ' I dir h bl ock i

solrCh e aen e e BN GRS sEf st 866Pon Cper at i on

S6%9 ofdi th @3kraELtHROEMIS inAgd ﬂ@n%@%lg@ﬁ@@ d?g;ﬂ%.‘?ma e, a center
of the code lmaae.

i xel s reflecting characteristics
of a epdaps eeedistedrand 8aundaporentanglecif dble codetimags isfsearched for

C C four,vertices of. finder,. . .
basedt MRS of B R, OGN EMIBER mdh B iided into
n blddkeiargl pasloel having theclaegsde HumRes dfSpikBisdodatcRl il 884 block is

formor an indetermnate form the feature points may
Sea"@?secg%%fessed in a segment, such as an outline set.
The feature points of the code inage can be easily

found fromthe extracted code inage using a

cofdjelttd Yedices ExtectmrpDpatatiert3680 i on net hod, such as

a t chin nmet hod,or a,geonetrjcal djstance . L
o oLk raife affEts Bh i o BR8GR Mok Bna s egiing characteristcs

of the e6@& Irhage.t OERarhBRRLTIthe shtDR CE@HISCIE e rRds
The Col %@eCel I ant er Search erati gn 82/40 S n%f(easgiectangle of

a co!gwqﬁg, 6‘_@‘éreV€Ir§C€F~°o@fnf§wEI§fD8é’f6rmﬂ ok@QR code can elignrsent pattern, and
a timfidBakeirt 0 EIheCEh 6 ThpB i el indio R S fdé@hminate

form, cthleofeatira ssdif iscataiyolye Wpf@sbdﬁn%’ﬁ%@gﬁf{grﬂéh%éfﬁfab% g_@fline set.
, accordi ng

ecodi ng .a col or based I nage code o
The 5EER KB BR(CcR 1RI Gile b6 RasivaHDY Jrom fas @ipkipd code
imag% gisgrﬂr&gag@e%mﬁnéhfeé?&%t BbinPlexfrattior Ph&hodelslicR ad Bematching
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
operation S525 includes a sanpling operation S1100,

: udes a |
clas a8 Sh2snsmalosdidos BE BidrtiasslizatBhl gperafion 5525
includie8 ™ 8&mpRhY dyea@tﬁjrf sw@o %h.cﬁrs%rn%ibgﬁh§%%€ber%'c%r pixels of

classifies a color of each color cel

eaclirelgr aat brged @astbei aantey efreactaegor ngll @m atqodm @ﬂl@@ss:ﬂcatlon

e L P

t 0 FRBG8 eBe didwramsnoe tesdritifg the Qfeﬂhﬁlr@ é@ﬁoﬁfmwaﬁ'”the color

r cell is different according to e size of the
0'88$'§‘aeé!0\fﬂe%P%réH@n |%@CC@W'W%§° @Pe%r@gt)dlmﬂférﬂfltbﬁ prasemixinvention.
) |
Refe‘gg?é‘aﬁ)gtl(% gge ?1'u r cI i e?@% sd@%@%on‘?eﬁ&@ c%rtcgli is different

accogdlnglt@thue sulzag)étlm croeiveldncodesisgecol or cI aSSI fi catl on
al gorit sed

Al t h d K-
c1 TR0 PESRETD ‘(‘%%ﬁ@é? THEX KOANEF D eennss@\?% sethod, a
whﬁéWa!an@ebésedJ%blw él@ﬁeﬁ@@‘(WB@@? hﬁgﬁlodv%{ sPgfe- Fﬁﬂla‘b’esalgonthm

can be classified, however, in present invent
basegheolok plassi§calian ($IHAEEY meihﬁduandcﬂ drmeans ealgorhihm: laased color

clsfp 158 OS5 bl BB Mo e, e s

methotisavard i doklrs Wanske ffaduffierd | Huwevel, i afd Predtdd 8Avention, the
code using the MCC net hod, accor di ng to an

GO*Oférﬁfgdmé?rﬁ t%ﬁ‘@%@'@%é@mbtamerﬁm Gile, aipl pEsasy fphg eanvenient

deschibsn. 9, a predeternm ned nunber of pi xel s are sanpl ed
Er)om each color cell in operation S1300 as descri bed

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

saypled f .pixels. Hereinafter, the MCC net hod
%ﬁ@@@ﬁ%@ in detail. A color pixel or a color
CeFlG iR sl defched of %ﬁﬂéﬂwd%f%lé&s‘r@m@%c%rs%@@&b? ba%@:mage

25 each col or channel has a value fromO
code Msinthiendi§ G nathed saccosding o ¢ erabcdlrmntcﬁatha @IreM\Iumgant:on

Refertrf‘ﬁﬁptloe}ﬂ@?% a @e@%’é&% gﬁﬁx%gg %g%f:xﬁwﬁpé]%r%ﬁ%& R Xeclaasch color
cell it opeesipondi 300 pisxddscpibet he RIGL & gngeﬂhb M@tCﬁmetﬁod is applied to
is used during

ol d val ye TPID t hat
the SHRE Buib5h Ggurcls- cHoRtert TEmMGE PPkRouisae described in
detaioperation S505 is used in order to classify black.
When the 30 nunber of pixels sanpled from each col or
cehicolos pixel an ai caltr gelikietiudss ped(greeg; abi plye eclomakamnats, and

cha val
ecn ERlGR sbANGa s ¥ SolR e 780 g, s HiodenSy Rrediiayeolor of
a colAldianpbReaving B eagBsC¥le fiont arfok@! &lor channels of pixels
sampled from the color cell as a color group of the corresponding pixel of the color
cell. Also, a threshold value Tpip 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=(n,g.b)', a
maximum color channel value is max=max(r,g,bi), a middle channel value is

midi=mid(r;,gi,b;), and a threshold value classifying each color is T, a color

“classification function fycc is as follows.

10
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classification function fMcc is as follows. 10
[ Equation 1] max; =max(r,.,qg,,b) an dr,ut d(i x ix
iax~= X ,n theft bark where (max, <T,, and may -nvd,
< ,} or max, <Txa .red Where nmax, = r, and nax, -malt
>Tk Wenn where nman, rnturt >T titre
whom Mae, =b, and maxx, --[Eﬂf'ﬁt{orﬁ'}l' I On: ' ronm Chen wse

t th al hspi xel npl ed from
BB | ehar e, MARE T MR BT g
green, &HE*DI uéﬁé"?s éilﬁﬁ’selfﬁgh ednd megperid; + &n) S1310mand T,
a col or {wh havL&%the,mgl-ghestw{Qr%e%M L8 COI’]SI der ed
g fﬁ ol or of the corresponding, col or ceIL
petat] ghre81320%  he EC &ret hEW dBF: c’f”és%fcfy a col or
by sett'mag Myt TimaTKE , TK2s, BRxFGuTB} 7and j =PI D,
and t hu he M. pethod is advantageous 1f the
characteristics of an inmage are known. On the ot her
hand, the performance of the MCC net hod decreases if
t hén tHeOMEGa medhed i sscolos obéaah mnemasnpledd’l‘nrasanleic@mridw that is,

o B BT, S5 R LSk i a3 ci
havir‘ytﬁer Iﬁbhéﬁtfﬁeqlfen%y i Bé%ﬂ@r‘e@ ¥h ¢8I0k éﬁrtﬁe %SFrleéﬁoﬁmﬁg color cell

and a color is classified accor
in Oé)ﬁéﬁﬁﬂne Shitth TKPhe s MCGemethod ngaeeM%lufyelaerm]ﬁmrs bya setting

Tmccbgﬁf i dﬂ%}s R,?g [szgf}g?! W%nﬁe tﬁ%q;havhﬂtgq Inbthbl i§ alavantageous

if the c'HeIra@t&lKﬁlds of'E’Rl m'%@e aTrEJ KnoWre] {TK2j |, TK2j 2, TK2j 3},

od can be performed ui ckl
L Reoiéhatherbareh 1o RegoamaBes of ShapMe Caminod Kigeraases if the

0 1
char%c%érn%ass%f\?%%{g{@@fél gsrds(?ho Sa]%cHgﬁgr Eas%@ﬂ frﬂ?'l{gtmaln‘ggéed'étr:lo@e ¢ nﬂ‘ﬁ(nown.
Accoudingly, trherd&@ﬁ: imprdneed theapedomharget of tie detumdrneeveraf sets of a
h [es i nyention. The WBCC thod cl ifies
toreshif, PAGEF T asp et 98 BPnand Guiclk Borlesaliaarkscontingly. For
exanfpsleviherRuge, is ENgetHaPEe sl élél'n%htsz At &IF eUEh HAgsHAE Salue T
image is at |east one color cel The quiet zone is
having +& Blisrag folews. col or changes interns of Iighting
and a printing nedia. T, thod includes a white
pat ch operation and a E&u\éﬁgﬁ:ﬁe
TMCC_’;’kw{T ch]r:TKm: RJ’TGJ’ } K2j = {szlaTszz’ K213} 1—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 @ 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 quiet 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 reflects color changes in terms of lighting

and a printing media. The WBCC method includes a white patch operation and a

color classification operation $1430.

11
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color classification operation 51430. 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

reg &3 of. col or channels of color cells.
TheH\)@&Eﬁ‘f“ng)laﬁl SHOPETOR | ar to a gray 5 world
assgImkl 8 ddwaf #HBtdiast szé Bhwhite, 408 &farééténﬂ%g%f lighting or a

correction algorithns, however, the
caméig @3N die pedcted) u&rggoﬁwepquelt ZODk. tﬁréaqMVBCsz&ihod regulates

vl 8o o BB Bk 788 RS bk Ts bbb o @ oroy
world- assenpiion Q@WA); ﬁ?gggmgmn i§ Qin@r oﬁﬁié éolof' %meggoﬁ Rgorithms,
|

col or bs&% | rraeﬁ .
hOWfBV% dhe Bed wses 1he §§ﬁbﬁeﬁ»g \@@m aﬂ plﬁiBbSe(PfsthBrQﬂ‘@t zone
ating an
R T e T
cha#nistdrBifngfthahﬁ)fpr mécbrmat:oﬁl cﬁérar iWoolmhecéil fgti%%mbaga‘r €olor cells
sanpl ed fromthe quiet ,zone atio and
forn R M i f8pod Ands EPdC B & P01 HiiePr P} SR becobtained by
san’ip’ﬁﬂg %everal 'leélé‘%o?f\/ ﬁﬁ@%rré &ﬁin‘i’é coﬁﬁ% ‘éh@rthﬁﬁa%@blatmg an
a brightness val ue of respon ing pi xel
ave@ge YSTU@bpéleﬁkh\ oy I‘Eduegreelm andnbbmemtoronheSM@ of the pixels.

simigrlle S o1 PSols b Bl GhmirR.adat Zaie i aRzriian 7200 and

the mmplesf - tﬁfmiaélgféréwﬂ Qﬁg,!v;,tM)T CWI"@rre <}£1 b..i.$nRhe average value of
a coef i clent for color compensati on

)T

eaC'E@OMdC%ﬂthﬁfoﬁmd/@cbaehtp@ss'»t\wéwe if benperser@inginigels can be
btal tained by Equation 4 in
© aﬁﬁ?ﬁ%’?%ﬁé@ L) S?Qaﬁg{‘?%r@] Pv - ~=1 - 1 PWA

=1-PW 91 la, ~:t ff PIEQu&idn3y wi1lYWO t] f? < r P

0x9101J; / g 0x177 r 0O p>G 0 (} I?i bbi (2

The Cal.or |G assi ficajign q)eratl oR S 1430 e JBCC

met hog: usé«sf“‘a cok«op«}nﬁ 1!1. ¥an ext rgﬂ%&'ﬂ

tone |nfmrftfali| on af &gl t‘he V\,hlb ﬁftchl ng ope¥ ati on.

Exarrpl es of the col or ‘nodel i ncl udes hue, saturation, :
%IM%W \M—é%vg’vel&b“ar ofs’fﬁ'lt Hé ta'gg q/ail?engf EQE:???:(S)’ otr%hgrhﬁlel) of pixels
sampled from an i-th color cellis 2 =(x, r.,g,.,b,.) , a coefficient for color compensation

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

ro-P P P P
RIS R T S S (ol
, R T e TR
" I T 1 SR T w5 F
"';;If "s pm 0 0 I:-l E%f}"w ﬂ {: ’;
F, = Eq = % -1 0 P g 0 |x g;f ::g 0 }3:;%: 0 g
bf Lb; 00 pibw b;_f é 0 0 Rt'f b _é; _

(2) The Color Classification Operation S1430
The WBCC method uses a color model, which can extract 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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12 International Comm ssion on Illum nation (CIE),
cyan, magenta, yellow, and key (CWK), etc. The
classifying of colors using HSV is as follows. A color
vector Pct of a color conpensated color cell is a

intedpglopd! EEMmESEano, HuaE mﬂ‘ﬁ*be”gg%r'ﬂ»dm%%né/h@%m and key

(CMYRYeétcPe hh@rt%smf?fh  of\old l%lﬂ\gg H%ﬁ)’l %s Ftﬂl%vx)é c5‘|8r yector Pg

is expressed in a ange o
of agolﬁfeconnmmtecbnelenmuzm aaad, gram:and blthIRGcB)Imnﬂorcmodel and
to _how hue v

the oy @GPy ReediRi8 o0 % defrespPaafis WSy Blordougidesmtne S Vo).
In H8le acledvallus hchb%res%eﬂ' lﬁfaefaf?@éeoft&t ¥RSR (U%C.F&%og and since

col or channel values is snmall, "and thus it ca
red=Bs Sip@er t4datans bw-ﬁégs earhfenieean fheoplaakified acgording to how

cios%unc |on glgﬁﬁe 1d rheavgl Eochrgﬂ!I fésez?\s?n;j'otﬁp%' oﬂfso if the color is
black, @dﬂarmébewmkthme ¢atexchannet valueisné sﬁﬁalb aﬁd'l'trus it can

be as"’ﬁH)&eQ %Trfri?%glgh q Es‘fgrs >T?;prrbv@itpk!s lgFgﬁF:ﬁ)AcPc%%él%rgly, a color
t bl k bl
c!asé?ﬂlcgagi‘gn_lfljgét]{cg%\‘t}‘\@?_lj?f:c}_lf)?’c@ll%é%@;gy ”01 hPtalcrm |E§ro L

~~~ PvC \24P0a. Vj ThellpgudtmnBince of the WBCC net hod
is highif a white quiet zone exists. However, if the

qui et zone iy dbca e,a code inpge area is
bl urred or igf"ﬁ&a TH* e d HM Spm} V\m“g%’ 3<dark is printed
is not white or col or ed{mmmtpwmm@}}% oymation is
d, 5 anc us, the e of t t hod
f“’?&”é?g?%o?a ec'é’sl n thi g %E%Qf&SV %ol Cgi i s Hof black:
used in the gokor sdleassTicat E@f, opewablzgn  S1430 of
t he WBCC ne , hg I he can use the
MCC et hod q‘?@gcrpﬁ}gﬁy ﬁveb‘fbf‘ & KI\/M ‘hod and a
SLACC net hod, which wl.] be 20 described afterwards,

after a color is _coenpensated...Accordingly, the color
13 conpensation”is thes“g”ﬁé/%al ature of the WBCC

net hod, and the col or "4l assificgtf,on can be combined
with other neth d%.\_.wwwwww’

2P B

\

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 biurred 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.

In 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

13
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(C© The SLACC Method 5 In order to classify a color of
a color cell, a hierarchical clustering nethod may be
used. The hierarchical clustering nmethod gradually

di vides one cluster into detailed clusters. In the

current enbqgdi ment, a_sin e- I.nka gor i (SLA)
comPhS i st cSHrcial s G o'c i 813G e, #1ds the color
clasdificatforicdr B¥veBaTbingf with Beidiqde®bas! assi fy' ng col ors of
a color based 10 image code using the SLACC net hod,
accord| ng to an enbodi nent of the present invention.
on of the col or based i mage code
|s eﬂ $Lﬂgﬁoveﬁ€ngl ng predeterm ned color clusters
acéoratiegtd olassips ccnbobnr@t Es1or ekl e@%r@%kﬂéalctﬂuétenhé method
r cell is map in an arbltrarﬁsco or space

h col
maya%%c%é:c{o he %h@ramhFQP%§1%lﬁ9 nethed| @adwal fﬂlé!ld§saﬁr@ cluster into
detl 8 TIGLCOL0uR8 sl SANERDER, 4 BRcflagbldaym (o1

used a$ Hid Mer@rcbibalscéusiesngnwhw. each other, and adjacent
col [1s i i,ffer nt c 0 | usters have
¢ oF i Jd 5 ?J[%’d"‘iﬁﬁa& ghé W{ Ofé%ééwnaoc%%o&ahewor based
mag%%éhé%?zh@ﬁﬁ@ &%@%gﬁ{cﬁf @068@1%6 8H; erlb&Gerd ¥ tlae present
| ue col or channel values in a col or space,

lﬂVerBﬁDi”brl ghtness, saturati on hue 20 values in a HSV
a col ar. nmodel accor dj

C oL APBRS I 8 R R B el elperang

predei@ommamab@br @fus@ér@@cﬁ&ﬁdmg RBNcHIBRUFo ARG N |o‘f’°e%tcﬁd0(§18r gell, If
3D space is calculated and col or clusters having the

eachnPRiphGRl &t ShapRas! inapB afbHtasn.cokni space waing thengstier information,
e, d
ol 1685 SO BRI o LU 538 PRIES:HERS acon
colorAcejksr i agtglor |crustéreh@wea$ematlvelyervl0wdlsaanccd s tegichngther, and
adjaq ﬁﬂi ed{s{slgﬁ@ %iﬁggﬂs r$ tvgn@b gp%%lglgﬁiong distance with
respéamzsm%thér tdngete HiIsedrRdd Bh ‘P)Be('iétbhﬁfhetisbypﬁ]d Og?]rgéﬁ 9Ad blue
D space. The SLACC net hod uses the
Colorhq:f@rmeémadms i @sR&B replorespacs, ai3d bivn bUgh@ess,osaturatlon hue

l.assi I Th |sals kno as_a nmn
valueFRg iy o stacecy Pl ol 2l moiih BErtolielld e present
mventtlba is lrpptiest a distbede enfdolih eomoBatisSdRoeATentd oF Weeimale code
errenégl n one rou%tand an el enent in another group

locatGi P SRIDECAIT RgICURIeR F0dFolonASIEENaR0 e Ipsimuy distance

are mdigédie SLACC nethod, when C and C are col or
clusters, and x and y are sanples, a distance between

collos ialrmmeelcgnrmlan than abd:lasﬁeedga;q)a‘raﬂldmma 1D or 2D space, and

several color clusters should be classified. Accordingly, in the present invention, a

clustering operation is performed according to brightness information and according
10 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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[Equation 6] f'_4ACc (C1' C) =nind (xy) =ntin1lx
--y Xac rc, xec'o~ of 5 The brightness of achronmatic
color cells is darker than the brightness of

chromati c color cells, and hue of each col or of the

7 3 BT A0 rplio, ingPCELART G EaalbroriRsieeS and Heind v are

sampRIEEa GNtanice BEMMRN SoI6 asterd Banba o@téhé@ a8 f&ﬁivv@en
pixels in different color groups. The SLACC nethod

i ncl udes two steps. I n $Eg@ation Gpbl or cells are aligned
10 according to brightness, and then di vided into an

achromati ¢/gol.d€’, gC'oup anth ad(ghrosaiiia dol-eryigroup by
cal cul ating the col br cefM<E havi ng t#e<f:ar gest

di s|1h§nce bet ween bri ght ness val ues of adjacent col or
celllng, biignt Bﬁ%% 0 aghiaMade giolererells iy Qar@rvlihaadthenbaghtness of

chroFrf?a‘F'ic B s A ﬁh%‘%f éé@fﬁ]ba'b'r ¥f B @f@&a%o%k%@? élﬁ:% as red,

col or ce omat’l €
greeabaaﬁ lﬁaehlsstiéfprmte adsd ol Idcsjssncelbeﬁtlm bzxe[lic v diee same color

| s h t | d
arouffls Bhaft bor TSR TSN RrIHE SPreTh SERA TS 1500)
ASEFH@ m@ﬁ%eﬂﬂioorncmfe@,rtw ét% sOf I@St%g t|h cERY g:'ell§ &b aligned

from anong n col or t he col'or base
acoocdja@ tpsbrgitpess, gand than aih\dd@d hut@ aal aghrofmatinecdlon group and a

r /3
chroff Qe eci bidip vhecbflalifo SReoFRGiesf diRpate e pggest gistance
betweembrrgétdwéss veluebtofi athaedr dBlorcIRNV entdtepad, PikOESSS cells are
clustering mcolor clusters according to a

d'\”d%@ iArResareeal ad idluaginilgrly dastenil it using dugofiraiororells in the
| d
chrorﬁb tic EQI'oPg (ﬁﬁ alsf%&gis{ g%b&‘”%ﬂ;? g}eagggggmmwrgg g’r } ’e(r)4| n
< Stezp 1. Didde @dler selts ao amhd&bﬁrati@ colﬁ]‘ gsdiqspr ag@aa a:gacbmatic
sest. to ot her are obtained, an
colortqg%u%luaiggéﬁg% %pe&tgx@?@lﬁ@ nmerged. This process is

feﬂ@éﬁrﬁi‘ﬁlg thiat Bbioy n3fo@ﬂﬁ§tséé\ﬁ”dfeane¥!f§&§lor CEWV'E\T%W('}:Z &ﬁé‘ﬂg n color

es not exist, Cl is black_ C31is V\hlt

cells @fﬁrtla@r@o,qir kasgest image sadeiis Qv tregahd garz:,q'/ adbuemma!ue of the i-th

IS —Cl7i.%, bl agk d IS
coor PR {LEG2 eHRP LSS 00, R QBB ki Aupoer o
color diiss$tars éhatetswesricy tc&rhxé eblsirah ibencalcubai@ttionsl process of

clustepr)g_m\r/\c?qlorq(i %tg% @CCO?’QII’]ZJ jogférjaég‘}tlgé@%%g IS]_th fr%{c])@/csl (0g. 0

d(EMtonde Xlalu%s%fdéifs&%:cé?lr%eér‘é’eﬁfbn%d iA%h 9scendindBr&t in order

are 'Ilgne a Jacent ce
to obtaan {o 20,010, S0, ThenO,is set as a cluster C;.

Ciusters C, and Gy, which are closest to each other are obtained, and the clusters

0 .0

PELFTEN i+

- Gz and Gy, are merged. This process is repeated. If m is 3 and white exists,

however, gray does not exist, Cq is black, Cs is white, and C, is chromatic color.
Also, if white and gray do not exist, m is 2, C4 is black and C, is non-black.
ff a black cluster is Ck and a non-black cluster is Cyk, a distance between Ck
and Cnk can be calcuiated as follows.
[Equation 7]

JaacclCp Gy min - dlo,0,0=  min o, ~o0,,]j=12 “C-l,

= o ; o z
DB e e B ely g;j'ail;a:‘@f
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Step 2: Divide chromatic color cells into red, green,
and bl ue groups using the SLA (operation S1510) 5 The
color cells in CNK are classified by hue val ues. The
col or ceIIs are aligned using the hue val ues of each

o1 el Phed AT WRERSE 808N 6 T pym ctiggre aligned

adjagé@[qu”group, and CB is a blue group, the foI | ow ng
equation is used. [Equation 8] y Yed efRP6 e,eCirl r
a dfigpct lWIld@ecmomailm dolakedlls ot tedugreed, @nd(b&l)le FropEs using

off , SIPf mu d tr r =~xs), +~wet
the %IG'E&%% ﬁpfﬂ?‘]b $4 ?YY{Q-A by skye tti d(ax,o0~4)o
<30Mheocolbn callsCin) B8Rk ard FRusshitd Bgt S Vo, thhe Boer cells are

. values are arranged fromO to 3600. Pure red is O and
aligngdyysingthe @%é‘ﬁlu% of gech gaigrselcandthenclagdifiast tamgd, green, or

blueyffhd el A, PRich Cr 4 3208 o Co R et P iy FR6 o biue
groupnthel feswingaayuedionamdséd.ue is | ocated in a range
| arger than 180 and |l ess _15 than_300. Accordingly, the

hue val ues can be expres@é‘b‘aﬁgnﬁbuau on 8 above. If
there are 8 colors (red, green, blue, yellow cyan,

magenta, bl a k,.and whit | ors can

classifie {P Féqul atdiher 'ﬁ%ﬁe"&bg%l@go? apad cht ?Wa‘ﬁil} e 2 30
S GOIQK , gymcfw,@rmtm«lﬁ Cobg by a‘h@mlswgln@te@& oG, 250

bl gck) a d C3 (\/\hl*’t‘%}"‘groups}are obt ai*meduh {%%e"g%sﬁA
and C2 is c? erfnedids, Hochnlspadlc @l ormyr o’%gﬂma%ﬂém”%
in Step 20€ clustersin the chromatic” gr 'Up C2 are

di vi ded based on hue val ues usi ng the SLA, and col or

o} I r ' ¢ j t ‘. Mo
Inu?rﬁsr g:%gg U hgtgﬁzlaﬁl 3 §r ?ﬁrgré@%@gr%gﬁgl g{)qilfffbgt hgu?e red is 0
and alsoviéB(S’ cgmda@m gs aQ®°ciaa$Sdltﬁe ésl 246° cohessrdmigly, iredtiBdocated in a

ana§ AT ¢ e Bt 3Rt B8 e

than 66* 9AH féi@ma%%myeﬁ{d ISHWe i id%:%%dt?ﬁﬁa ?%g@%rﬁ&w th Hd1 80° and less

8reen is between 90 and . However,™ suc
than aage Accoadingtyethe bigg uelueam;antuaeexmteased am@e]uam;rn 8 above,

AR 2SO0 SO0 SRECTRI S e Sk, an
whitep)rmeO@cMarsneain \HeAclaBsifedd ?A fﬁyﬂﬂat@ﬂg ﬂi@pbéﬁg dfdreBehromatic color

conpensating 30_colors of color cells via a color
and g Ghienate icoiPTopdnat isrn Stee bLEacbiaskhmddeedwhite) groups are

obtained by the SLA and C; is de_termlned as a chromatic color group. Also in Step
2, clusters in the chromatic group 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 less 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
si npl est met hod from anong hierarchical clustering

not (8 A" BusndR FalG sp Bl bis bEMS fperBico s WGk Biowmeg. e

SLAR Getived @dséd‘lrpﬂfée;ﬁre*s@npéﬁr%ﬂfrﬁerﬂ GRPthe 8 ACC method s the

partitional clustering method can be used, esi d
simpiest miedhed éf@m@m@‘lwé\t@amﬁ@a{nﬁmennq hn&etbadsl howe%r a similar

I f b
rosuf AR 5 bRy iR gbEL AR S B el
current enbodi nent, a K— maans algorithmis used as the

paré' &i@on I cI ust eri ng nethod. FIG 12 is a flowhart
( Methad fying colors of a color based

ey agh o S@éﬁgtgﬁés‘@@%cpﬁﬁven?§ SRS, M) Y e used.

besidesx dhe elicrambieai sclcﬁsiemmgi mbthuge, Thé epaititivnalastlistering method
The KMACC

TR T T .
curré?@\’\%ﬁbdlrﬁé}ﬂ KOs Nalorithrdli & géé‘cptass'tﬁé:%é cﬁi&?'c%léfstenng

and saturation are used for dividing color ce
methgghr omatic color cells and chromatic color ceIIs and

onl Katrasc ot piihadon sRS bt doSTaEa"cdbr based

imagl-coeiengsiag doe IKMATCsmetiod, YMW% %ﬂ'émh&ﬂ%nt of the present
clusterlng net hods, and search or mean vectors

inveniiofip1 ' P, of each cl uster when k clusters exist are
pep\f@(g (NN 0 ' sed in.
Nﬁ}é%f aAﬂ—;hc‘élJe%! e nurrﬁgeipo ng1 Lﬁr’céﬁgﬁﬁ }nﬁsg%umlon as
basedmn pi K8V ¢aibomualsl. onThnEi KMACG metlesml bompriBes Bivo steps like the
C a roedr is.ill r at in Taple 1. 25
SLAGG ettion] Powdvetyo e KiACE (matiey’ & BBsreyt RhoSaiaristy anc
saturafie® afé N8ed FoNERIRT] coléP@eH@lﬁt@ a%i?drﬁéﬁd E?!IOP c8ffs Bh§ Thromatic
accnrdins to nearest E‘ unlit no daimi
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,u,, -, 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]

begln b 2, K g0 n)
it
do while (f = 0
ctassity F, saapie according to nearest g,

Tecumte o
i el
el wiiilbe
oo
Clusstiy P samples aconrdiug to neavest H;
sty 4
uabit ao chanse fn g,
retuomn M, e fh,

end beans
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return r,"7i and |-vclle 17 Step 1: Divide col or
cells into an achromatic group and a chromatic group
(operation 51600) Step 1 includes 3 sub-steps. First
sub-step, in order to classify an achromatic color, a

thanel S EECREPt HEBubru Aghinak BRLe BT R Shromatic group
(opepgidrosMBOD) Then, clusters, which are classified as

achromatic color clusters via both clusterings in _
t erdfBPofl inslusiesi Sy suhdsteps.ur diinsbrsub-step, det erderntad chassify an

achBheRE OB bC plibteingd BBl 5F, ety B° BERRrhpRoand then
clustesihg excortiey to satueation isguriongedAs Thahngustead, Wiieh are classified

resul t obtained by ali g[ni ng hue val ues of all color ,
as aglionatigeolang Hﬁte&%bf@rm Rgléstadngs & tems of intensity and saturation,

are gél‘érrglfr}éapgs dh aclronfatic &Qlor %‘%%ﬁﬁ‘%iﬁé{éfit rigségsbg%%f "tsarﬁlﬂﬁﬁack has

y gni ng saturation va 0 color
relativelydewdrrightiyessr atet satsiratio® vdlGss under various lighting.

10s2110,...0,..C, , cl..B erform a K-neans .

al G5FPTI tE i reslf Sbiainad By Sighimpisiavas ab o sgior cels in

an aseendingnovaéuis, O%n:d{(a, L03),6F,3g€o Val Ue Chamge shaesuidobined b

_to the result o per‘?o?zrri nggct HJé?K- rréé}j;s al gorithm Y

aligninge opaiuf@fion, wwuaghrdneall ccalot ocellsi5irc| ast easdesding  order s
Obtained usjng.the fo ' ] =10

O =R e eor B Lt e 1 np PenRETRicEE RoteBns Pt py el vaiue

is a PAinknamdvaiue ahd enmikienwralhvelues; laugt=RT avsk &@W@Ha?ﬁgb%ccording
anintefnsirgy \_/alued%c, OM k=2, u = ,1.P2 = oNC)

to thespesyiltorpergrpingethedi-greans algoritine  Acapcdinglyagn @cherroatic color

clust&f i%%b?éin@@lﬁs@@%@ fol%iﬁgﬁ?%d&ew' or cl Eitzer é]ZNK

according to saturat ue (C, s, -

Os&fepe 1=1:0 PB)id St amporl €8lls Ghias sinf gchibenationmovior oslister Ay and a
Js_ in the achromatic calor clusters .divided 0
chrorfighé Sl AieBE AN AboRIn ol 1B Raim R Val i o On. k=2,

t =&, K, Hlof2K, and the remaining color cells as non-black
clusters ANK (A, K n A2K)c 25 Step 2: Divide chromatic
coP®P detil BMidg coledcelly dela, aandchrpmatigr oalps cluster Ax and a

orl R LIE100, ) BBk ¥ DR LG O o

4 =dgiuckagdified as red, green, or blue. Assum ng that
' in ANK, the

%is gf_ftge v_fll%é of an i-th cqlor cell
nuner 1of (Bl & pammonceolop rglis i thg ecksamatic iceler 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 $1610) _

By applying the K-means algorithm fo hue values of the color cells in Ay,

“each color cell is classified as red, green, or blue. Assuming that Qy; 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 Hps Moty . Since an initial

~value of an average value of a cluster, in which the K-means algorithm is to be

applied, should be an ideal value, the K-means algorithm is K-means

(O, A k=31, =0, 125 =120, 42, =240) P, € 4, i =1,2,---,C". A color classification

function using the above result is as follows.
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30 values of red, green, and blue clusters are
respectively UR uo, uB . Since an initial value of an
average value of a cluster, in which the K-neans
algorithmis to be applied, should be an ideal val ue,
t he K-neans al orlthn1| an C , ANK, k=3, uR =0, PG
=120, uB 24O)Pg e4K' iEgug@? ah golor classification
functloniu3|ng t he above result is as faollows. 18

[ Equation @4 1 néza‘mmedeup@p) ma{gmﬁ@{)&i@@&%(}mﬁm%}}
F
sjvtan sertu | el DUlerod SRRl ni s et -0

exanpl e, | $imceothapvipuunber k of groups while
classifying chromatic colors is 3, each color ceII is

oot e SR melhr s e PHEDSY ok ol GBS Peifieq Cssifying
chrofﬂa'ﬂ@ Qoldre |§§ ”éé’dh H@b“@elpfsmﬁh id {9&’;888? gﬁdry@%{‘v’t?} Y£u8%f each

the corr espon I g group,
grougs@m bg Cgfﬁauﬁgdhmoqzi@mght@ thenpracedateuof dlabiaedt 1Sanc£e tree center

vatad PR AR 5018 6 L AUR N SRRl olBhitben gy o color
moderisupsdds 4 el hwaviagome. cditek-viRict HSS&%COM% s red koup, a

. nunber of types of color classification can
group RevigsEe errded valnet Heseride 206fis e ggeeiu gsoum aslch remaining

j r group and achronmatic color group in
grou?ﬁﬁ%m%ghﬁg{pﬁod. For exanpl e, when the K-neans
al gidieithbrﬁu/s(}@ppbtlmﬂi ithe mmtmrftrfcmmg of @:Olo@rciassﬁlcatton can be
i fi erati the color cells can

. classificati
incrofp &R Bappd i v, NERCT i S CTaHBS dhrasieht SO RO RPah@ioup and
achrd‘?né”tiébﬁl%? gréuﬁ%ﬁ‘ﬂ@@ @@A@@ﬁ{&;ﬁod hat rae%rﬁg 2 Vr\ﬂ&et Réneans

hi ghest center val ue (brightness va
algortjiarsuis, appligdonpthraadhrgmatie dodmedassjﬁcmtmn operadon stheheolor cells

can 8L BESSE0U oaRe BufTBHE Mo Bais LR EES Rt oan e
assuﬂnbe thal ®yrag) haviegrhd Righiewi esitlet %IQeKEﬁ?{ghtn@é@QﬁlueNéﬂﬁe white
cyan, yellow, and nmagenta groups, |ike

grouf-?réi EESHJP baYipe thﬁéowestzw@%u@lsledaﬁh%@la;qkag@urph eadmsmaining

i3 t er val ues (hue values) of 6
groug’™ H%\ghgdrrgéfceé%g 'y to 0, 120, 240, 60, 180, and

300 casn ofmhemsatlg/cwlarsuawhem krs® dhé eolodicellslicag bandivided into red,

aroo G Ty B e B e P AL LR Bt
groupSatan aki @ﬁsédﬁédi%a‘ébéi ton W@Wgélb§e TRy c*éﬁté%sﬁﬂueﬁlghue v?!ures) of 6

saturation value of a color shows how clear t
groupsare rgspardivelydodBt 6261 i240° ve0° ud80% drswd@Men t he col or

' Sﬁ&r?ﬂwt@ﬁé]fyo%bé s%% 8&0?%%1(%8 %’ §0RBmatic color and a chromatic

color, however, a saturation value, or both intensity value and saturation value with

‘*:'-y

weights may be used. A saturation value of a color shows how clear the color is,

and the saturation vaiue is low when the color is an achromatic color and visa versa.

The intensity value and the saturation value 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 vaiue in the i-th color cell are defined as follows.
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The intensity value and the saturation value vary
according to an applied color nodels. In the present

i nvention, two col or nodels are used, which are an RGB
col or nodel and an YUV (a type of YIQ color node
because these col or ﬁ% are conventional col or
nodel s provided by a ca QQ?qﬂplgﬁbuilt-i n appar at us.
An 3 val ue and a saturation value in the
|-th9cg@% €gfgf)g}are defined as follows. 19 [Equation

10] *%M?;(B@T*Wﬁ%ﬂﬁ y&, {% g, +btt”

1,2, G | sntuntaqn.a

4rr’ Jbrx satigration 4 i O NAYYE 3 <k - 27 D/34=GL . KMACC ( YUV)
* nt@ngisoclygds, +O 59Z4. 011S. faai:2.,.,," ndurattc'n
a, A -6.3r~_. .~Sgg +11. $Dba} +[ 0. 7r, W59 - Ok,

, {~F, ,.'. @ity ;Wrsmm”fhem%e:mnt@en& ty vaI ue and the
satura val ue ar-e: A e an_be
R ' Sty DA et

ation Q3 = 050 G
cl assi accofdi fic Efo 8 ?afﬁ’d'}'t hEn
5 according to the satur ation value. Color cells

£ o b RitBnthes AMGRSRh, Vel ani dhe Pgtulaiicio Vot @6 used, an
achr§ﬁ1faﬁéaé(bl©fl caralpée c%&én‘l@@ ﬂbéérﬁfn@lltté yth\ée'lr%ﬁéﬂr valde, TBR then

Col or Channel Scaling Method he col or
accogdigg slpf theasalbinatigrywaiven nﬁtlimseelisoet&isatﬁf@deaara@hmatm golors in

t s of e| ved i mge .
botn 32565 Befondt *LPE" el b Tt BRI\ AR RRe dBg saturation
valugd rgytbengiffeAdrtly, wéibRteeiol or cl assification al gorithns '

can be used to classify colors obtained under various

Iighting, such as daylight, I|ight bulbs, hal ogen
@Tﬁwcm&r@hédr@s\%aﬁqwém' ng, in a nobile

cohputi ng envi r onment n order to conpensate a
collbe, caltwe c‘@@ﬁjcahmm@igmemsademmmdpabohe aret best |n order to

o R B LU it SRS Bt
undefRidPAghtid). | kBIsd ey d@éﬁﬁ&txoﬁ@gorﬁhﬁ@%aﬁn% %o classn‘y

nmet hods do not use color information of pixels in a
Colora@béam%hl@der warpushlightingoswen as sleviighy, lighttalpsthatogen lighting,

and f e appt “gw% ﬁeﬁgﬁ%@ﬁgﬁm&%ﬁﬁﬁds20Tﬁ:nsﬁfb\l .

melnhodieraio beripdeahicy aappbi, ethawiieBCa mdh@mq&ebeamﬁute patch
sters lltagﬁr |.ar ger thagoa di st ance between el ene

methft Beie cbBrVGe S polroRose R it it Bginad gnd e, KMACC
meth8d CGEEETA, coﬁﬂdcﬁgmanéémg%tm HOWENET the ABCES thethod, the

reen, blue co
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.i_s a coior channel scaling

method.
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channel val ues received froma canera are affected by
a col or change, information 25 regardi ng bri ghtness
and hue values is also affected by the col or change.
Accordingly, when the color change is noticed, an

al j f [ cglor, change is . .

g e GRTBARAEE o bofbrafellsr bt Aig sodke . an index of
eacit bailonekll $alanngdexref thedeol@OcHsHien lisfég wiHeatj is RethBWHRS channel is

f col or $$IL3 of a color code is C, an index of eaqh
ar egéﬁh@P”%W and ip 2 g Gakereshasmel isea @been channelednd whiep j is 3 the

halli el | .

colotBfgiolif & DLPSIEAREL 2 80.3Fts bior Endiffkl 1AARAENgn 1 Bon color
cell.j That3ist He iscalred cirmetlvaie @f Mrud-tle hasretell. Al Aecortimgly, the
: I s col or channel inf O{; mat i on of each color 5 cell. .
MaxigHyp 4rg minimuvValup gt eReh Relor Ghptiee!gire gpshectivelydnay and min,
the BBkIMurAGHRI St cSIBE chARME MR Qréﬂé&p@ﬁmdéfﬂrﬁﬁm Shd min,

each col or channel are respectively max] an ni,
and theelomss! Nalwedram mmengthecolaaimemaraiets vhéaescaloe channel is min

res | ve [ nd.mini.Wt, and fhe |owest-valu
maXipt; o?nﬁgén%hégke{%ﬂ%ﬁa@%m A (78 "o0f0TeSR! 'Sc:&% 61('?’(,gh>z§’n)ne=f(?si &la)
Max;inim;, m@Xmg, ming,8ed ndn efaanehn valdttainbd Hagollowd col or

cell”i's P =(r.,gi, b)) T =(41 1,2 1:,)T 10 max,,

mni, maxim nini"t, an&aeHOREA] "t can be obt ai ned as

foll ows. [Equation 11] ~C e maxi max()l?),_rrint =mn

(1’)a .rlr:: i 3 .= Iu :;:. Y’ /1 m nnmax,

=i n(tmcaliii(l)%gfgg Fntﬁﬁl'f;n@ﬁgﬁ}n“f?qﬁ(ﬁl-l Hence, when an

i nvari abl e nunber, for applying the I(:Igl o;ichag]rjﬁ_e}l)}

scal i ngx pet odmat 9, anmaaki,ngnifimashol dinyak wén(pBT), a

resul tﬁg}éﬁéﬁl i ngﬁeach cofu%? fﬁhanr@l txat 15 i's, a

result of conpensating a color change is as follows. _

[ Efjeaes.owhen)an anarlahienhym’lber,:fﬂrrapp!yltgg the oelelr ¢hiaylme,? scaling

=l -1 zZny vtk Lz STX M naxhb, x1l uiin
methdd, i'd dind hAREBIvaIE L), A el B Ri g AT Sl aherine, that
is, a nesuft of sbmpiensatirapa dolod chiAge 18 8% MIWO! or channel
val ue and the maxi mum cgl or channel val ue. The col or
20 channel scaling et As@uatin ¢dlpensating a col or
change is applied before

. Oy -min ) . N
1y = ming, + ot “ee x (X, - i ), where !5,. e B maxy, 2 8T minmax,,

{rax ,—min )

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.

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

~ora 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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perform ng the SLACC or KMACC net hod. An achromatic
color and a chromatic color of a color code can be
classified by applying various clustering nethods. In
t he present invention, the SLACC nethod and the

aloo T cBs 8485, b gl “aron eV Bfamppdoclia Gl etnoo, an
artifipial mtémgmie mbuﬁfdebraqsé@%rmﬁmeﬂacfd@%@uﬁ@@ns or a
QT clustering algorithmcan be applied instead of the

ra&nd 3df gollowstiart al the, codss recogngioareperation S5a6tafrthegnethod

of d%@’i}*’&?om el PR oo e BAR o s ARPo R i lpresent

invewntiort. he singl e | | nkage 21 algorithm Besides, an el bow
tral  cl usterl ng net hod

o AP Cieers, @@%@@ﬁ@.ﬁl g, a @p o o@gy@*g calor estiiegompleted
and %ﬂrbrP@r i4S@fredid > ari’oea'cé)g%s ff&‘élo?c%ﬂz: is extracted in

reco%3| tion operation
operati@wo BOBaséondmgageade‘orme«t @f dodg cbnsﬁueﬁhhmyersmﬁcordmg to
ent 5 .inventi,on. Refe ln

char%gﬂs’[&q rgg §i%RGC dMaor A0l c§P toleI ?go&)%'cells and a

mixed Qlest @gpredBatedingy éﬁécn‘;@fd?rﬁf étﬁﬁfhﬁg’ln@ﬂﬂaﬁoﬁoﬁﬁaﬁem a color,
constltuent i mage (color cell) is extracted in

or agiads: | dh Hlowole & tsmed shgeTinder pattem, ain @djglemen}' pattern, a
versiISHEB) A0S ATER GRE o Bop  EAREL AABH0Bl, o oo

correa:ﬁdnaod&fvmd(amacetﬂse is represented in a specifi c form
sh 'nglnforrmtlon a pattern, a color, or a shade
%&e@ de cogshiyeRptmage may nridie He snstituan 0&|theg sa@asponding

codePaéﬁdEr fan abe V@Rt?é&gd PBHEF' Baing" cREhQEd SRS eﬁ‘]tférﬂ{bt,o%veéhowmg

pattern, a data codeword areay an e ror correctl
Charm@re&/t@sdofaﬂ@oourespormmg amhstitenst Hfaweexampmgen rmsenof a QR

be .t h . ,
codep SullE I3 PR bER octls, 'Sy TCARERoRh ! Sy woBrsh 2 finder
pattesl)enearder sbiat @ﬁéﬁ‘él@rﬁrhéﬁt Sattdriea %@hfe@?ﬁi}ﬁ%f%%mmg patteri]'n and

constituent. For exanﬁ in case of QR code,
a centgr poiny Bf garh cenler, cotiip ﬂh@cdﬂtaoﬁgd@worai eeen anay dienextracted.

Slmllé’rfly elﬁcébsfe' ij?t colﬁr?&é&%gﬂ?lgrlﬁgdﬂn%{ho llegg{cﬂﬁg }g Oﬁglt'f’@r?f center

po:nt@ﬁdactacoblnt:eﬂ e id erfractedh Gotase okhImiked tbee d\ﬁhl@h !s formed
, In

t ted. 20 Simlarly
of theliSSTEB Rafio O B RBehIA, Solnt s Sbiate.tly Bangh RoInSe &1 pelar oells
accor@ingCadt e e, @bloPaGhd YrabeC el IdE%\Y:gHe rﬁér‘rﬁéﬁérﬁq}f pixels

I'n case of a m xed code, which is for
repregesigneadhoareafmay batetXé'lanteCh duicordinglydan osigicdé jmagé ghould be

orormBTs g gt gl 5o PSS il 1 Ml micd

“code.pi xel s represent| ng each area may be extracted.

Accordlng , .an original inmge should be
Then ormation regarding the code constituent image (color 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

22



10

16

20

25

30

25 referred to when information regarding a col or and
shade is required like a mxed code. Then,
i nformati on regardi ng the code constituent inage
(color cell) is extracted in operation 51910. Based
. e tion infornmatian obtained in.operation
info kgt or e Sk B Rh T RE o8 B ob ainne LR BuTor ™ ptsrval.  The
pixeCipfdrasRionthag b@%@bidi%ﬁﬁe BAT@EpikSlis DPtMolE the [ePdth bhthe pixels
original image. Accordingly, in case of a color ‘code
on pradeterminggeseitdine. i Alsy niei pikel njarraatinn anayiber pbtained by

samplitBixel B 4'oofB Bt P an FravayBler b, SpkaP KL HRE pinirmum
lengfiopaiternffotiag tios cedeimdgeg col or cell. Al so, when

pattern infqQrmation, sug PDF- 417, shoul d be used,

p

; h : 0 D¢
pi XY{ET SIACHRG ﬂmf_eﬂﬂaﬁorgﬁgec@ma@ﬁqﬁ;ﬁﬁoﬂgamés Ferigated to a
predeferfitié Nefid, %L@huaéfé’rcf@rﬂeggswiﬁb' cHaAMctel) )ﬁﬁinber, or symbol in
informati on may be regarding the“entire pixels or
operatiout 184€. | bneade offa bhrcogiexels2Daode, recekdtanted méormation may
oo PRl e L A o BBl L3 AR RS oo
of eatMldo®ir €l eqHataded of he d¥idH BaB, Hiel éﬂﬂé&?ﬁgﬂcﬁ‘rfﬂétion may be

form ng the code i mage. After extracting
regajding Hirakingm of calore xf each awlargedls eadiinicase of enlpgot 8 extracted

. . ' . al: s a correspondin
inforfhaBh 65 68 REEPY AT SuyRE TS “operacion 5160, 1n
caFaenf aachds ¢odecognized bh costeatidé €S €30 adhegperation $1930, a
informatt)i on n&x be regardi ng an arrangenent of
decopiiior &mPe BREPHNEHAEFIRINGI 10F chrERdteRTIgs\Rsed Qor bine of code.
Accol@ngl, §%ﬁe%gb%in§%émobrbf%%8dﬁf @acjﬁoé&f MR a té‘ﬁ%R code, a
b e rlngte‘heklngso

extracted intformation may be rega
barceds, oa scalér eadh, eolnoiked etdde drederi o clésreanf Patérdgdpplidation No.

20055155 ST, BBl ol Ao 30, B4 LG

| nTﬁ@%@hb@%f%&é’éﬂ'ﬁin@ céleroef BTAFbLRRPMARE BB8e according to
according to the characteristics based on a type of

the pespatt invesitinp dBRWifwier, inglugerarciipaerl exprassigoedium information

. i . eac.h: ,E ; o) 0
npu SFRRCE SIS B ol Wialh HCTec a oo o
fightinig @indcalighdimgNoutputBf 0 D@t 0) , a maxi code, a data
matri x code, an intercode, etc., is used. The nethod
of classifying colors of a color based i nage code
aqaenin e . . ‘
ol e e e AR MR iR IR Olratop
i fytieniinputhpe eatdden a type iof meadigmi infrdrichathenode sutepresented is

sloof b R, P e ubt O 8 A0, R, s s =

catholsragsaha gCREY &Lkl ORI dapldyn WD), *G LBRJRI T 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 o 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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When inputting a code, a type of nediumin which the
code is represented is 25 selected and inputted. Wen
the mediumis an electrical nmedium such as a cathode
ray tube (CRT), a liquid crystal displ ay (LCD), or a

di qj TV, ti . ' .
o8 iRl <Bhie s e of doting 4t Wineh & e ipregoonized is
Se*e@fé@'%mﬁm)éd%ﬁ%e i@ﬂﬁné g, coBl WhH@ ffu%"re&@ﬁ%@f(@%rcﬁ@ghtmg,

a changed color is provid
sepaj'pt_& gomensatl@mmemmtcur ¢I’¢aﬂm rsedohneqmren:g aHowever in case of

ionEEE I 5B ! RAGEIPERIRELAT 28, b2 silsde] degoutpp, suon

inforanatiotemay m%dllﬁcﬂ’)all"y'hﬁp&tteﬁhﬂ (ﬂﬁel' ] @ér‘i‘iﬁbh@é’ce'é"@@lb? tRfnge. In
Operation which Sel ects a Type of tin
this £afuaA Wraﬁ%a&w@pep@@milghtlgatusvfy; a @oaﬁucmtiormpensatlon

e PEORRREEAe oSy OBNSES i, il

appled whifar@hpecsatipgnssdi amd siiade i rfesadfangsde Bna.
requi red. However, in case of [lighting, such as a
hal ogen or INC-A, red is enphasized. Accordingly, such

5 mmm@hﬂﬂ%o@ﬁgﬁ'ﬂg%émﬁw ly inputted in order to

conpensat € a this case, an operation
of Leghwiperimdt inmg readgitrnay bagumgdaorcoedff ioc ||;gh‘ang may be outputted

0 g R B T BB RS AL S By S8R R M Adhment or
the cepplimage \Wolvess erreaasat i ng col or and shade changes of
a code image. 10 (3) The Lighting Qutputting Operation

Li dhei 'ﬁge'bmn tcanaigor E@o‘%ﬂbﬁ@?dbés tapnmeifedneadajef castes on a

t t
combUEh S ABUYOLER AT Lo BFVAREP S FRlng, pociur
is arqrdatf-.i stbtagecoeldce mmjecmsmre ddte, whiztiecan beethieraedteriread by a
uter readabl e codes on a

com SR SR SRS e SCTRALSL oeBTP S El
readfoﬁﬂﬂ@f%rﬁofyemomn aﬁﬁ@n%ce‘s% B¥ t@(ﬁ‘%’l?é@@ﬁR@ﬁ\)’%cﬁmagneﬂc

that can store data, which can be t read
tapes dlappyedisks; sapdienl Brtarplosage tevices cang wpercr waves | such as data

ey o e T

also beafiplyibdietkaveoptivedk dripfed tOMPACrI)EERS, scfifht the computer
carrier waves (such as data 20 transm ssion through

readqile cpAe & plergd angexeerisd i diddbuigddaslienr di ng medi um
|
ol 6 SRS 8 oD BGS B RSB ot

colormaseéxmgeeld)dlenlsad istogtedi Meobﬁaattenatlcsﬁcﬁaroémrgatm a printing

' t wh I had
medufirgr mo { Egigp Ea'sgcy ?rgabg %odgvc%% be %Har?gé:c? too{ts osﬁgm ?co!or 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 particularly 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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col or based inmage code is distorted 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 be conpensated.

WhAfcco di ngl.y, the col or based i nage code can be
—%&@m&#recogm zed. Al'so, using the present
i ngent i Si'\nmé%hé@| & cFé%QIfyF?ﬁ%r&ﬂ&%aneéj coftt! B4 %‘gge code, the

easily in a | ow perfornmanCte conputing environmen
metBpgheeMpristIgimt i on  regarding col or and shade of a

ke Bloch Bl PlngT AR BERA RETE el 426 ot oo coer

basetbbuagdeodsy th reference to exenplary enbodi nents
thereof, it will be understood by one of ordinary
skf4909niingha ealer ehatcoletrshaneek hawggStharblgmsh\am from among

cologhBfs 1 BN SR ol o A SBEC SR ot o

he s
deu‘:laasaﬂ/lrhg/ atdudor falingtiienbighkst fisqueteyVifeh dreosd BdB6lors of the
A.met hod of cl assif colors of a color based

plxe‘sr%réofggérgm £REN Cﬁ%?ﬁé‘o"%@y g@lcﬁﬁ. sanpling a
predet erm ned nunber of pixels fromeach cell formng
the color 5 based imge code; recogni zing a col or of
a 2ol orAcmethasl ofiaslassifyirge cblaggesft avabloe Haseoh anagg code, the

el s form ng each sanpl ed pixel as a col or
metlﬂfoﬂ eac@hﬁﬁ | ed pixel; 'and classifying a color having

tlwrhplu’@estprﬁaﬁ@wﬁﬁméd ﬁ[lﬁf&i‘e@rﬂirtﬂxélgefr@fﬁlé’ léfzdrlée'o the color
pi.xel s sanpled fromeach cell as a color of the ce
baseﬁdn@ge@qgj@t hod of classifying colors of a color based

pr %tn e neggﬁgﬁb@pﬂﬂ% xerég ﬂ%ﬁamnggé}u%}boq{eof&xels

t mnmﬂrmatmgasmi/era@fgealoectﬁ thd olpichbnhalg drkaan@edderming the
| ed nunber of pixels;

CO!O@&?%EEQ‘%%%%’ lﬁuri"esé”\%p‘tz?g%?"qs?gnggnahtnleﬁé vaBles@nghannel s of
eaghAngrly thfe%dﬁnﬁ@wéé{‘é‘d a'%@ffagfe @é\as%f'tﬁé%l n‘h%'ls”@f each cell

t he average brightness val changing t
1o a gaippBAdat %apaéw%pta@@e exlraetioot, antje:!amfgmgmamnebs eath cell based

I d I bl f.h
on ARk, €01 B R TodRRRL Lo iR "
intenS|ty and hue val ues of the col or nodel capable of

e exé,ractloH 3. The nmethod of claim 2, wherein
ecol ne o@agama@noe hberein 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 obtaining of the average

~ brightness value comprises:

obtaining the average value of each color channei 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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extraction is any one of color nodel from anong HSV,

H'S CWK, RG&, YIQ and ClE color nodels capabl e of

hue extraction. 25 4. The nethod of claim2, wherein

t he obtaining of the average brightness val ue

co [ . obtainin he average value of each ,col or

coameng a BistRldied AiheE of 4ikelS riogh Sach sl 46Ming the color
bas@bindage badd;he average brightness val ue by dividing the
total of the average values of the col or channels by
t hebigining @noavarape rabisapheach celor Thennek dfottiecfanapladl mumber of
& awger ein the conpensating of the average value -
conpri ses: 25 sanpling a predetern ned nunber of
pi e@hpehsatingeahb aeblagkonaiueg dfheaeR! ehanhsiseding™Be average

._.code; obtaining an average val ue of each col or channel

brigijpess%aldgnpl ed nunber of pixels; and 5 conpensating

t he average val ue of each channel using the average

bri ghtness value. 6. A nethod of classifying colors of

a @ol orAbastitbd migeassiying thiors neft hodoloorntgesli itgagd code, the

met %21{ al ni n% at |l east one of a brightness value and a
'% HEPYER9val ue of each cell forni ng the col or based

| NESEinaRfiSst [BRSE EHOUPA Baghth@ss Shlue 4 9 <AL raGoH Q%Eicﬁ éeach cell

col or ?roup and a chrofmatic col or group based on t
formig theealordprsast imags eadeyandgseupiag tlee calllinidien achromatic color

oroup M AL RRAE U R aARRLI RS b bl vane
and mecsdturatipablieofanfue extraction. 7. The net hod of

cl ?i m 6, further_ conprising classifying colors of
cFSifyINg ¢qlersaehhrelivdnithe chramatic égérigﬁ@@p slgsa et @fca color

modé!lc@pabReo SRt difoncol ors consisting of bl ack,
oG .

ite, and gray, using at |least one of intensity and
saturation of the cells in 20 the achromatic col or

group. -8. Th thod of, claim®6, wherein the groupin .

ot he 10 PEteio! Hairt & Sulid P g slasedvigg woldrs of celts in

the acBAshalinEoldBighewh fritd Br&dlSctad Tdth ahe HdhRbmatid ebRI R8nsisting
a division clustering nethod, an el bow

met hod, ‘
of blagk; WEIE AN F6 disinghat Igasiena phintensity and saturation of the cells in
the achromatic color group.

pixe

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 efbow 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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25 clustering nmethod. 9. The nethod of claim8,
wherein the division clustering nethod uses at | east
one al gorithmfrom anong a K-neans, a fuzzy c-neans,
and a QI clustering algorithm 30 10. The nethod of
cl ai m 8.., wher.ei he.hi erarchi cal clusteri hod .
s 04"t TN Rof ot afas  ilisreindfe ahoniing ot Hikypalls comprises:
| i akpgeslagsitiéitBnSog@bitatwhih orBUgs A48 chiid ga% i
i 2% 1?. %I’fﬁe msﬁ(ggqeo clogqlarywC color

conpl ete |inkage algorithm

group, anghhecghomedic golangreigp basechen ifensitycvaipes séthe eells;
fi i ficatid rat | wWhi ch t.h '] .
SRRSO LD ot Bl i bomati
colocgtaup gnduhe hsedati coltr ersul Yavad urss@uritid ¢4LLS of #he cells:

second cl assification operation which groups the cells
andinto the achromatic 5 col or group and the chromatic

CO T3] d ' ; ; IS .
S I BS SR SRR Y PR b fom o s
classifitatomaoperation wndf therseichad foassificatiba ek atiat, ia@nachromatic color
1sCPer ation and the second cl assification operation, as
C€lSachromatic color cells. 10 12. The nethod of claim
11, wherein the first classification operation and

the second cl assification operation conprise obtaining
an!d.nt etis methed 0é claiar 41, wherainmthe first allassififatioaaperation and

f LBg_ I I based i mage code, aligni.ng the
e S5tdne, SR B8 Ao BRI At M PLEP VBB anc o
satuatiorndilng o dach aMdigmmipitng doier BBséE!imaigeNt®dd, hBligning the
achromatic col or group and the chromatic col or group

intengiy ¥aluss and dig sridwaticny valges tie anaaspending prdereane grouping the
CErON: | . . _
col oL AR 754 4, 00 b AR b o <

sectige lhagingotiner lasgest diftergnoe petvgedrhthegsatupstiomyalué R@d the intensity
valu achromatic col or group and the chromatic col or group

%ased on intensity and saturation of an RGB col or

nodel . 14. The nmethod of claim®6, wherein the grouping

of the cells conprises grouping the cells into the

adRr ondtiecmsdhast oficiim Bnwherain dhe graupingeol the geltsupomprises

B e T e A

baset @hdniznsie agd capiratio ®bf 8ARGB color model.

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 model.

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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cells: sanmpling a predeterm ned nunber of pixels from

a quiet zone of the color 30 based inage code;

obt ai ni ng an average bri ghtness val ue of the sanpl ed

nunber of pixels; and conpensating an average val ue

of color channels of each cell formng the color

based i mage code using the average bri ghtness val ue of

t h136 sanphengthob et cldif Bl Kether o@)ﬁ]ﬂr@lng'rb@fd?étth@(br@upmg of the

aim6, further conp rising before the groupi ng of

Ce"se éwlwg es et ¢h?@r@bvaﬂe§ ﬁéﬁﬂ%l‘ cglhfoiming thecer)or kagad lmage "code.

formng the col or based i mage code. 5 17. The net hod '

of claim 16, wherein the scaling of color channel

vallies Tleomethseésaf aditrail @) whereine cherscalagoelcolorl shand®l values

each channel ; and conpensating the col or channel val ue
COMBHS&Sach cell to a new channel value using the

fQiBtQﬁMrfgga 'églé@tchgﬁneﬂ\%lde of eféﬂﬂ%?nhel aﬂdlaxln -mon;

vhh ), Wiere 1,, oy, Maxi

- riafpetsatiog rihe; (volmlsciwnml e ueEf oéeaphtdellctml amevhahaehel value

ell, maxj and mni are respectively the

usm%saaﬁﬂéﬁvm %uaﬂ%‘ 'the m nimum val ue of the j-th col or
channel, 15 max;nt and mnimare respectively the
maxi mum vaI ue and the ninimumval ue of the entire

al f (s h&igpl or channels nd ST is a s
{fhr]glsﬁ‘blg@ln@kaL ém “we ¢ Oiut & %4 da J[DJ IEa’ffe%g#%. ﬁ’é“maxm

medi um havi ng retor ded ther eon a programfor
executing the nmethod of claim1. 20 19. A conputer
medi um having recorded thereon a

re dab) e recm)r@g&eu
G b & dpliey Bf A Ith&owe CRBaN@ofd@mi-H ell, 7pax; and min; are
respé‘d’éﬁ’@!?t B h%ﬁﬁ'ﬁ\ﬂhevdll?& fr1@!l e MRANLR %Wengf ﬂﬁecgfhd?@!or channel,

her éon a 25 programfor executing t
max,,@ padmein: 28 respec’tzvely the maximum value and the minimum value of the

entire values of the color channels, and ST 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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