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Color Code Detection and Recognition Using Image Segmentation
Based on k-Means Clustering Algorithm
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Abstract Severe distortions of colors in the obtained images have made it difficult for color codes to expand
their applications. To reduce the effect of color distortions on reading colors,it will be more desirable to
statistically process as many pixels in the individual color region as possible, than relying on some regularly
sampled pixels. This process may require segmentation, which usually requires edge detection. However, edges
in color codes can be disconnected due tovarious distortions such as zipper effect and reflection, to name a
few, making segmentation incomplete. Edge linking is also a difficult process. In this paper, a more efficient
approach to reducing the effect of color distortions on reading colors, one that excludes precise edge detection
for segmentation, was obtainedby employing the k-means clustering algorithm. And, in detecting color codes, the
properties of both six safe colors and grays were utilized. Experiments were conducted on 144, 4M-pixel,
outdoor images. The proposed method resulted in a color-code detection rate of 100% for the test images, and
an average color-reading accuracy of over 99% for the detected codes, while the highest accuracy that could be
achieved with an approach employing Canny edge detection was 91.28%.

Key words : Zte} F &, Q4] k-HA4 ZAEH

1. M 2 |=1 SIAW, e ZEE & o @2 JHEE AF

gict, Zel A P8 Tt ohle}l 2% 4= o

v} FS(bar code)[1]®} RFID(radio frequency A vt ZERTH o Ao gt fu|FEA HEH(8)
identification)(2l= JHFSE& Tstetl FHA At ol FH TE ¥1 gl el Z=9) RFIDE

"repAfol st g A Bt £ O 98 Sobt Ao de Ao RFD 2o
L EENEE 5 o AL, G4L ASH) IR B A
"RAIAAL: e (twkim2@hycu.ac kr) 7b daslA gemz ezl A" Fdidsht

1100



k3g Fei2E

sy
&
i

m
oy,
e
WE
[
o

PC 7M. P4+ F50] 7kssict. ATzt RFID=
RF 4371 & AA] 48 4= 93 o Kol
2 gromg sgto] dojig = Qith

A7t Bt e oxg Fidetrt g Rgge] o
2t Zet Zro] 38of gt a7st FriE 9l #
A, ddstell d3er Zet Z= JAHELS Vividot
(vividot.com), Colorzip

Imedia (imedia.co kr),

Media (colorzip.com)7} it 18 12 ol K&
Holzo)

o] AFgBhe WFAQ dEt Z=EL

(a)
I3 1. 83

el 2T HAAE]] AN $A-er Zatd
AZE AT Bl ojEgo] vt ZEp FAdellA
RGB(red, green, blue) d¥2] 2 HA9 50%
ol WA= Ao YxtHolrt, o|AL vt I=E &
g F=2 violX|R] ¢gF Sl FE olfE B+
U, JEst et 87t atEE get 22 Q4
gk A7t garekAl &gE olfelr|w st i,
dE{4-8]1 22 B AAE 2= o=k Zet A
BE o]83le HoolA= d7so] Bol e glct,

et A oA Zet AT FRRE Eol7] A
= tEFoR MEHE e FHAES o]8-317]
(14-15] Bt 7hsdtst Zh Zet g9oA w2 3
SAXCRE Ashs o] © ulgAsit o]
£ fElMe dutdo R ofz] HEo] Hastidte] 9
sttt a8y, ZAetEEA dAEL BEe E¢
AsHA We= AW EIt QL 22 olekst o
of 93 Fod 4= 9iar, 2] dZ E=3 o AT
Fgojrt,

weby], 2 = oA ek dAldA Ze}
S E0171 Y ] =

ar
=
™
=
Z

=]
A==

HAER duYE{12]e AE3t
2ollM 67119 obxIgt Zejet o] 4

1101

a9 28 o] FAolA doizl et 2= Haet &
Zret 229 Fovpct dojd MAHH, hue) JEY 3
A& I (histogram)S Hojzok I8 2a)e] =
QA2 AdiHes ARSI dFo] gl FolRT,
a8 2(b)e] H- 3AEIWS Ze Fo] S &
£ 9tk 39 2b)Y AT JAETHE HA =2
E 4YEa 3 uiES AeolA MAgkel e
Hoj3m, 1O 0]99] JAETHE ZF At FYo|A
Holz] AA4fgho) d)ro] S-S HAFETE of7]A, 9
ZozrE AlZtelA ¢HEog Zet w9 AR Z=g)

ARAB) Geloltt. 7 HAETH P Moz M
A AR 7} SaEagoRRy doldl Ay B

A g Mg Holzr) olzNE Teh A4 of
e ¥ 4 9o

(a)
a8 2. Ze 2= a9 H-8|A8TH: (1) T F&

(b

BIe87E RS "o ol S8 Zea
Yol AMgSHE utA ), ) AA 2ot 2= 9
o] F|AE TMEAIG T T3t 2 A G
et 5| AR IWSE FO] ARbe B AE T
Aot M),

0 38 wbAl % 939 T TS AL m
o4t} o714 et =B T W AN 5 ¢ o
2ol Sfele HA(parity check)9} 2 Uukdal of
P A2 7lgol Ze so] HEY & ¢eS % 4
k. olET BHA °oF Feld I- 1 1)) ¢

Zelo] AAHez AMg 7H5E Aolrt,




S2Abe|&stoleER] A7 A6Z, 2006

E3ZE o7 HE] S F= A 93 HFo]
EA5ich 9 AN A" sieete Zet gE off
o](color filter array, CFA)I9, 1015 o]&3le 4Y
A4S FUHeR MEYSIRE ZF 3the O et

< 7Rtk Yo AN AL AFdstrl A3
A, ZF ke s ZEt gl AE BiBte
E]_‘EZ]-O]:?'-(demosalckmg) }4-E& Fgsjof it o
Daiolz ¢YajEe BE de $4Es o4 97t

2 94 _1_-,4 "R # - &I zipper—effect)’ F&
YR oix] E4 9 As "Fo| AF dEpdrt
olgdt A At oA AEo| FFE £ oA
QoA AFF A Al o AZEHoe £
(segmentation) o] 87HS 2uldtr},

3. gat3E 24

ﬂaris A4g aiiE Lol A& DAt

ZHog ojfolFo} jit} 2 =9 HI FEL
67H FE Zete) 4dE o183t RGB & HIS
Zetedi11]1e] H 99% 25 AR8Eth RGB 31
Ae 7z 329 R-, G-, B-ARGES I o] o)
TE Zelo] sjgEe A A4S 98 Hlmsc
A, 37 ARgEel €54 o2, ST AHdig,
2azk 7o) Holghe Ak T B Aolgte] §
23] 39, 1 Akl 5709 FZE el k= Ao
2 ERdEch 3 )¢9 ALe sasg I
(gray)2 #FEch 2 19 49 é"‘:}.
begin initialize x<-0, y«0, o, 4 A

do xe—xtl, ye—y+
if max(R G.B>a AND min(R,GB<p
AND |max(R,G,B-2*mid(R,G, Byt
min(R, G, B)>4
then fx,y) € code color class
else fx,y) € gray class
until x =m, y =n

end

a3 4. 37K Zz= 2R

H-AE gAollA, SkAgEL I=E J9& 22
71 B a2 59 e HE g o835t ¥E
ghE o €} 2] 3K thresholding)[1 113 c},

27 % ¥ o G4l BE we Fu e
2= 9] 2T, 29 6 @ HAxs 9y 2
2 2vel e HES HoiEd 74 Fm g
$EE HAstel el F27t ohd o4 AAsH
£ BHe the WA WA 9% Bag A= B

Holtk, o IFE Asr]  HsiA
(labeling){11]2 3} %*—'lfﬁth

a3 6 ()9 Z3 G4 dlolEd3sr] Ao, -
HE GAFES Fg83te 1% 6 (hE derh o714
Hol &7 *J%ﬁl % &E2 o]Ro|F o} jith 2
719t moFyt e A 7|23t T FARE AR
7t A€t &3], 74 Ao i, AA}F FAZT
o] Z7] ¥]&(4) (1)), AAQ Eol(he)et E(wce)e] H
(2] (2), AAQ) FY9(Sa)T E8 Az F99
H&(4] (3)), AAY 997 T A 9 vl-&(4
(4))0] AArEY

go1ed

a1 <min( A, we)/min(h, w<ay  for a<e<<1.0 )
p1<min( A, we)/max(h, w)<1.0) for p<1.0 ()}
Se /(e * W) < pr for »<1.0 @3)
min( S, 7k *wo/ P/ max(Se, b wo/H<ps for ;<10 (4)

J'.’\ Q

@
a8 6. Feee o

g 7] AT T T2 3

I8 7 (= 4 (1) ~ (99 75 o83t g
AE TH oS HAED 18 7 (b= 18 7 (a)



o1§3 PetE A U A4

S gdle) HAR o] Fohd Qe 22 == o
Aolct. T AN WA G RHo] HE Fu
el ZHEl Y ¥ 4+ ek

(a)

®

a8 7. 329 3F 52 d9@F 2= IA0b)
3.2 Zhat Qi
a8 7 (WellA FaEe] ZEgkE2 CIE L*a*b*

Zhel 291119 a*b* BHOE HEEHCH 1Y 8 (a)
2 (b)x= Zt7r 3-D¢F 2-D I =Z2 Hyito] BRES
Holgoh k-Hv ZEAEHLE o] FYAQA =337
L= A 8 ()] 77HY] WY YPEL Sy B =
. ol 2EAA 7+ F8(major
peak)= 1°ﬂ EH%GF: Zc HWEE /S B ¢

%1

o oA HAE FAo] diF Z= WEY 271 F
23] AMEEASE Yuiste], 2 A9 Z& HEHE2
A7\ = e

L RN EREREYE

®
22 8, arb Blo|H Tt B9 Pet HEE (@) 3D
2} (b) 2-D 2E|Z2 FA]

a7 ok A 2= e sk TSl W
IRl AgAL Ae 2 Holg Y Hol
Zoh aYA T WS 2 BaES ZE AR
FRRCk 7k 97lE atb* WHelM ZesE B4 Ex
sS weo| gt ol Hol G Yutael F
ol YA 1be] 1}01 Beolg AR Ee] o Hol2 3
ol Ze 4 4 oks Aotk olg
B9, B4 AN YL e w2 TS 7}
4 4 Sk
a3 9. ol YHEE Wl et ok WIS 7MY

1103

1% 10 (a) ~ (g H-32EIdfdN Z4 =
Heo] o8 #EE= F4ES BoEr I HE
o o3 B3 zF AH 9 FA|, AATY] A=, &3
AA e 8 BEXste] A sFsh= HAE AAst
Qrt. 38 10 (), (@), (OY] HAEL o] 7|29 9
8] AA=E Aolch A (5 13 FA HAE A
AgL7] st 2R E AN

S>a*8*Qr-0) ©)
7] A,
r=+ w2

ghdict,

S AEOW WY, B, At 2
gto Fat AAsL ZehE
10 ()9 A= HEL ol&3td AAT 4
gt A2 A UL 1AbgeR Zhs ‘IH%°1]
H-3| 2B 7Ivkste] WA +PHn), o =
Hejol gk S|AETFo] HAe AL = dolH,

AN —oo

A5

=2

=& Rz} MA Aols} YoF G Alojell cjaiAl Tl
Aol A, B =EL atht B
RrlHom Sy,

aefsiet. ofeit
w4 2ok 4

MR A TR %
i 4T ¥ e Wh
I ke TR

U A

©

- st
EEx

W R B R 73

(a) (b)

‘G Yoy BOS AR ooy C
26 ST RIS TR W8S 158 s TR 870 T Lid 4F

TE

» 875 e 45
mu A0 238

B sihee b9

& TEE:
TR

SEERE

DL TR TR TR

(®

(0
a3 10, & = dE sgsts 2= 3} 11 H-3)
2EIPEE AE 1a)~7(g)

(e)

Y 11 (@9 (B) a*b* FeolA 67 Zetol o)
o 22t A A5 239 A43AE seltel, ol
Yol AstE AT ZHE A o) Folrt B



ghaAbel7| ekl =i Al AlTE A6, 2006

o

4 Stk o714 T JfzofA £ wad U=
H QgolA ofjuist F-Lofl e, a*b* HHL

Rt M zbe] Ao f-83ttt, 1Y 102 ol &
o] a*b* HHolA A EEE = &L HogFo,
a*b* FH ES ofufidt FES JIX7|%= ok A&
9, 29 11 )Y (a* b*) (0, 7) F-2olA YA

E
=

o

o2 vAlIe= dey "HolA dow, G A 9
25 ¢ 5 ok 39 89A 3oz AgHez A
I 22 7 (ridge)= YA 3haol HA Bhiof 3
g, 23 83 23 11 (beld, 28 7 (Y Z
gt Ao X el sledo] EX51A] g5

e

8 4+ o

.
P
T Wi
| Py fa
N :aéjf&-_;_
o = T
-2 3 -
o BXA -
SERA

o i e
[ Lo 18 ™

(2) (b
3 11, a**FHAJA R, G, B, C, M, Y Mo BE: (a) A
A FE, 0) HAE gl ds E4d #Ha

ok

EE

4.
5709l BAY Wz A" O 1 (09 Ze ZE
Qg AgolA AM3FH L, ZF we] Zeh= 6719
ZHt R, G, B, C, M, YERE 2292 A9 ziojo},
144789 H2E GAE ARt on, ZF HAE
A 25441696 BHAE AM-3tA F7]9 GAto|c},
HAE Ao B2 Cannon 7lH2k2 BS3191,
£ 9k2 Nikon 7iullgt®2 st HIAE G4l
j Zet ZEQ A7|E B 90900|d, oA
9] 0.2% ®Hch ATt 17 128 HAE A}

ko)

off
oX

2 Q4 B oz mejzth

It g9 A& 5L FL5he 14449 HA
E gaol dis] 1¥ 133 Zo] = 949 HES &
Aot Zek FZE HERL 100%%3, HEH Z5d
s} g7 Zeh Q8-S 99% olAtelqith 2914l
k-3F SY2ER L5 I dE 27|30
o5t Jgo 2 yepyitt

53], 70| AstAl sE]ALt gio] Wol whALE
Ao, Hlua ox F& el &2 AY o
A A213) ZE X HEO 93 WHoze
91.28%2 UElgth o7l o2 HE9 2F wEd

Pe 32 S 33T & gl A9t W) oI,

FXR S E Y r ry
S1010]0101010101030

057t sten 0t 40bme

1BE0E

10100 10ztme 03, 100 18 o 10%bm

3213, 144709) BjAE ol o get 2= 9 3
z 2%



olg% ZEIE HE

W Q4

5 3 B
B eEe 7ot 32 Qo k-BF SHLEY
2elFe HEAT A8 PEL A o4 P2
g ge oA dagezt Adst 2Y A5

JSME F Qalsoich 4% A 14479) a2}
& 3719 HAE FAol disiy Zet 2= i?é!’%%ﬂr
AL Z+zF 100%, 99% OAFOR Lfﬁ}kbﬁ. o] &
e R $80) B A% 7ksd e ue)
mhom= W9 39 2713t A3 SEEnd
e} FE oo AYLEE & o suulyl. & 9le

Zojct.

Hne

ro

[1] T. Pavlidis, J. Swartz, and Y.Wang, "Fundamentals of
bar code information theory", IEEE Comi)uter, vol.
23, pp. 74-86, 1990. i

{2] 1. Robertson and 1. Jaialy, "RF id tagging e!:xplained",
Communications Engineer, vol. 1, pp. 20-:23, 2003.

ISBN:

'I!echnology

forecast

[3] Ubiquitous market
89-89861-48-9 94500,  Strategic
Management Institute (STEMI), Nov. 2004.
[4] C. Garcia and G. Tziritas, "Face detec

!
quantized skin color regions merging and wavelet

report,

ion using

packet analysis”, [EEE Transactions on Multimedia,
vol. 1, no. 3, 1999.

[5] M. Jones and J. Rehg, "Statistical color models with
application to skin detection”, Cambridge Research
Laboratory Technical Report Series, 1998i

[6] K. Sobottak and I. Pitas, "Extraction of facial regions
and features using color and shape inf'ormation",
IEEE Int. Conf. on Pattern Recognition, v<_|)1. 3, Aug.
1996, '

[7] D. Chai and K. Ngan, "Face segmentation using
skin-color map in videophone app]icatio'ns", IEEE
Trans. on Circuits and Systems for Video
Technology, vol. 9, no. 4, 1999.

[8]1 J. Park, J. Seo, D. An, and S. Chung, "Detection of

|
Proceeding

of IEEE Int. Conf. on Multimedia and Exlpo, vol. 1,
pp- 133-136, 2000.
[9] W. Lu and Y. Tan, "Color filter array den;losaicking:

IEEE

human faces using skin color and eyes",

New method and performance measures",

1105

Trans. Image Processing, vol. 12, no. 10, pp.
1194-1210, 2003.
[10] R. Ramanath, W. Snyder, and G. Bilbro,

"Demosaicking methods for Bayer color arrays", J.
Electronic Imaging, vol. 11, pp. 306-315, 2002.
[11] R. Gonzalez, R. Woods, and S. Eddins, Digital
Image Processing Using MATLAB, Prentice-Hall,

2004.

[12] R Duda, P. Hart, and D. Stork, Pattern
Classification, 2nd ed., Wiley, 2001.

[13] J.Parker, Algorithms for Image Processing and
Computer Vision, Wiley, 1997.

[4] AENS, §8F, BER, WY L A= gl g
ojmiz] Z=9f e} 4, FRTA2EI=E
A, Al5H, A4Z, pp. 150-159, 2005.

(15] E¥E, /85 A% A71% "2t 229 4§

%’4?‘& AR GHEY A =, iPA

AFE =8, A42W, SP AT, pp. 33-42,

Y E}f $(Tae-Woo Kim) [X5|9]
* 19904 29 : GFThEE HAHE
AZE (F8A
o 1992 29 : SRopiEE AR
AIBET (FEAAD
* 19959 29 : aekdiEtm AxE

Algetat (FEEAh
2003 39 ~ A : FAjol
tietn AREAF e Hage

FAAZA Y, A4, AR EA Y, QFA

&1 Z(Hyeon-Joong Yoo) [ M3 ¥]

e 19821 24
st (Fth

1019919 74 : m|Ra|oista Az}
9 AFETE (FEHAD

o 19969 59 : ujRigtE A}
9 ZFE T (FEEAb

e 1996 10¥ ~ @A : Aot
EE TN LT

A7 A



