[|5 ] % % 3§ PACKAGING JOURNAL
2017 £ 5£ 9 % 2 5 HJ VOL. 9 No. 5 Sep. 2017

T k-Means SRR A QR (IR

doi:10.3969/j.issn.1674-7100.2017.05.010

. b k=
BRI RS AR R
L% 200093
2. H Tk RS
i+ HAE R
W B 412007

H OE. ATHRMKRBEQRAMATAFEIMMWREMR L, BREFE QR
fRrh ey B R, B —FK T HSV RERA 6 k—Means REH %, AT
BESHE QR B M E T WAL, @id LI IWIET £ RGB, Lab, HSV 3 4
FREAER T k—Means R £ k092 R, £ HSV REHA T, REFKKIE
BAG RN K E g B A B G AR, R KRR E MR AP R & e R &
B, # & QR AT Y-, # A AT HSV B & AR 69 K &K AME 8
k-Means B X F ¥ &R ITME S &, ARZMBGHE. TR
R AW, EHSV MERA T, k—Means B £z F R4, BBERE o £ R
REW; TR LWEERD TARKMAFHEBAERRE; LT HSV HE
BER B K AME 69 k-Means B £ F ETAR GH E QR A FMAG EAE, B
B, BT HEAREEARAITHERHDERGRERE, R kALT HSV
FREFER 0 ZAME G k-Means R E F kBT M E 53], TA R EREAL
# & QR AL % A BE R 2 ] 6 B 2R, T B H AR 5 & QR AL AR AL 64 B AR
KR HE QR A; k-Means R EF&; HSV HEHER; HE QR AeyELE,
B

HRESES: TP391.44 MHEFRERD: A

XEHE: 1674-7100(2017)05-0062-07

R R R AR A . TR BORTES B AF

1 HIRnE=

1 QR ( quick response ) i LA FEfiti 45 i
A Eae R AL, ) N A s . T
TS O R o e TR £ e it SR TE i)
WG, PEFT QR AL Xk LA B AR KE R S AL 8
AT SR, R I R AR 2227 5 M e )y ) SR £
FTRA QR AEIA .

F 8, QR A Ay A8 PR 1 4R SR R 1, B
W A SRR B —F B B A K25 e R (AR R . B
o QR I AT QR A5, MR HEE & T AR A |

s BB el v Bith . AMULAE 5 1w B AR
T QR 1, FrLARCH E A= E BT A s
R, RN HTFIHET Jy T B 1 R0 T 45 AN i
HERBEMFRE, 20 QR MIEMILIREY, B
TR M IR s . BEIR BN, P T EiEIN
51 1 R

] A1 0 25 A AR X B 6 i 31 T A F 9
AR HAN T. D, S8 B i ikd i TR @ 4Ef4 ( color
code ) MFIAR, RIS EIE iR T EE R LR 1)
B, ORI AR TR B 6 55, IEA

Wi HE: 2017-07-17

EEWH: HEMTRFEHLESIEARWITE (1D-13-309-007 ) , TR EF 5SS % R s 4 % ph o 5
(201700009 ) , HIFAZETHETIIE (17C0481)
EEEN: 35 FF (1992-) , &, IWEREMWAEN, FEFT A4, FE0F07 0 I SCE BAL R,

E-mail: jiadan106@126.com

BEEE: U € (1973-) . 5, LRGN, RERITRERIEER, WL, F2M3 CAD/CAM, Bkl & A 3l
i, FESCE BACEE S TS, E-mail: yfreeman@sina.com



0522
EHTF k-Means EXHIFZ & QR AZiR A

TSR A & BB T SER . N. Bhardwaj %5 Y %
BRI B &, BleE st RGB iR,
P T —FP T Android RGEAVF A QR MY it )y
2, [FRBOE T 1A T AFERRAS QR M5 2
4 BEK . M. Kikuchi 28 PV H T —FloHr (0%
@ QR Y, S TNt (5 B L imne 1, R A
QR T 7E YCbCr BRI 43 1%, 3 8 UE T
Y SEE R AL G bR E QR i, Cb Ml Cr i N
SRR 1B TR RS A

E N T QRS EHY AHOR, XA
AERDHEAT T HISEIORESE . ook % © B LT Zxing
JFEBREL R QR B AR B SR i, MUY 78 T4k
fagsat, M HEHORE 7R QR A Al SRR A R,
{HOEAE LA SRR AU RS 7 2 QR . B3]
oS UL T B R D s RE T R —
Hehidh, 4% RGB B 4338 18 A E FNEE & AR IE
SRR AR, AT PR T A A QR Y
PIBETH IR S SR SE IR R, i KIS 455 1
RoF, Wb HE G, BRI 2s M A R B

PLEBFSE R E 2158 7 — & MW, X6
QR A HE A B & SR PEAL T PR %, (HAfF7E—2En]
L, A B QR M fEAS A T BRI sl 4 2R H 1L
BRGNS A, R OB R A RS0,
AR R, Mgt B . ARSCHR I —FI LT
k-Means 5.7 % 8 QR 15 31 0 4 S Ab B vk, 7
HSV ( hue, saturation, value ) EiEHI T HE1 17 (4 55
PRI (2, FE R (0 QR A S iR iC (A R
TER A QR IS R WAL B e vh, R A k—Means &
B TE A E . EICEOR T B, AR B RO R
R O g Z [ TR 000, SR AR ) 43
29, M E A QR RIS IERGFE

2 ®B QR MWIRAMRXEREAK

TER GBS R, BB EI, &
ARRARE b o6 336 R R R AR B E (4 T 4T 1 ARk
s TER ORIMRILZAN . PRI SR AE (ORI b
I BRI . A SCEERAFA AR Lab
FUE AL HSV BRI T34
21 BERIENFIERYE

PG TR A ol — AR E R s B Y — Fof
R RECAER . BB P A (E 18 H IR 3
SR 3 dese b, BT B A e

B o MBTEIEAR R UL, BEOBIRI AT L7 AL 3 2K,

£ 1 FiR.
F1 BEERSERIFESEG
Table 1 Classification of color space and
examples of features

EET B 4F 2
" : At
AT i 3 I HL B RGB, CMYK Fil XYZ %

Bt
A RFRIEAE
REktkse M, 2 Aphsrfy Lab, Luv, YUV I YIQ 45
L s A
BRI /AR ARG R
JE /R R
1) RGB Zitairy, sl —IL@isg, it
PNl F NGB, IIZE RGB Bl b, [T
Y6 E #Al LUHANE S350 R, G, B = (IR A M .
=B RER, G, B TIME—REFER MR F A
bR, RIERAET F R X — A ANE N R
B . R, PR AR T HAAS R A B A R R P
2) Lab a8, 5 RGB Hl A AUAH [, Lab
PR — BN R R, Lab BRI Hy
PR 5L & F 1976 il , 2—Fh S5l Jiok
HIBI 250, Lab BRI L 43 Fon g R
B, BUETEHEE [0, 100], EDMAIEFNAEE ; a 2R
gl Bk, BUETEER [127, -128]; b RN M BT
P, BUEHTEEJE [127, -128]. £ Adobe Photoshop
FEUS AL FEK 4 . TIFF 4% X SCFA PDF SCRY &Rl I
| Lab BRI Y B U
M RGB Fil i R 5] Lab 2 (A8 Y64, Hfig
i ] CIE XYZ Bl AU Rl a4, i A =CunF -
X 0.433910 0.376 220 0.189 860\ R
Y |=—| 0212649 0715169 0072182 | G
z | 200017756 0109478 0872915 ) B

HSV, HSI, HSL #1 LCH %

’

(1)
_{116(Y/(3Y"))—16, Y/Y, > 0.008 856

903.3(Y/Y,), Y/Y,<0.008 856
a=500((X/X,)~ £ (Y/7,))s (2)
b=200(f(Y/Y,)-£(2/Z,))s

L (1)~ (2) H: R G, BIEZEM3MEE, BUE
LRI [0, 255];
3 £>0.008 856
— ’ :H: >
S {7.787t+16/116, 1<0.008 8560 el
XX, YIY, 5% 217, X, Y, Z, BIERIAESHH 95.047,
100.000, 108.883.

- 63 -



€1 %= = #§ PACKAGING JOURNAL
2017 £ £ 9% 5 5 HH VOL. 9 No. 5 Sep. 2017

05

3)HSV Bl iRy, HSV Ei (A B ALK 2l o g (ol |
TR RN B B 3 AR AR AR A B . Rk ST, ARG
N AR X R B [RIE, HSV B R 78 S RS
JEM TGO AR BRI MR e, Frid, HSV Bl
B EE AT TR 45 QR A& iR 50 M. HSV Bl
BB R R . R EE R EE 3 AN @Mk RAE S,
Wi 1 R

R H: R, BUEEE R 0° ~360° ,
AR CR B RS Ui N A IR = AR SIS N (N S|
120° , @ 240° . EAIRFMEIE: BEEN 600,
FO 1800, ShEL {3000 .

WORNEE S: BUETERA 0~1, BUE#OK, B
LA,

WIEE V. RonB R SRE, BUELE A
0~1.

(=
a) B =i ROR

b) BRI

E1 HSVEHAGHEE
Fig. 1 HSYV color space model
RGB Zi B R1] HSV Y i et A X0h

1
V=—(R+G+B);
(R+G+B)
Szgmin(R, G, B); (3)
9’ BgG;
H:
| {27[_99 B>Go.

(R-G)+(R~B)
2J(R-G) +(R-B)(G-B)

2.2 BT k-Means BERHBEIRHE

B3 HT (AR I3 35 S LA R ) sl A fBL R A A
QE A, ARPESERA I R R EN I —2, Xt
TRAFRIEEA TR SEER NG 4330, E AR 2%
A kYME (k—Means ) RIS | B o YI(EE L
WE R A LS . k—Means R P2 LAY (19 R 43
BALT

k-Means S3E L BRINT

1) 48 BEHEREALE (BURPE— MG RE)
D={x), Xy, =+, x,}, n MEEME. WEBEEREALE D
TTEHL k& NREAVE NI RO ey, 1y, oo i), B
WHREARSE I ke RERAE

2) WEFTEREA x, (i=1,2,+-, n) S¥IHHES T
gy (=1, 2,0, k) BIBR G HE 85 D(x,, 10)=(x-1)’s 1
F R D(x,, w)y=min{D(x,, )}, WIFEAEE x, J& T4
JREAEE W, Blx,ew,

3) XFF =12, ek, X W T AR AR S
%ﬁ%%%%%$b#ﬁﬁl§%,
FHAREE PREAR AL

4) AR R kAR OO AT E AR
A H AR R B SR AsdR, BNERIEEE (2) 2

k—Means ISR ERESZ IS PN AL B i A2 (A)
AU SRAR, HLABA SR, FIE A TREA
PR 43 B b R AR A0 1% RGB Bt
43 1) 5 3] Lab A1 HSV 2 ANB (a4 5 147 5 24k
L, RO 2 BB A &R A3 | ] oAk
R, feg /R IR s, AT TSI AT .
THERXT a, b L H, V 43 B, AR REAS, S as
BOAR, SCIRZE R A 2 A 3 Fs .

XTI 2b 1 ¢ FTLAE H, 78 HSV BiEsRl |~ [&
15 B VST s RFHCE 2¢ F1 £ RTLAE H, 76 HSV B
AR PR 4> SRR B BT Lab BRERAL,
Ml PIFS Y, k—Means RBLAE HSV Al @ iRl
R AT S IR (0,35

Bl 3 H ) sumD JE AR A B L0 S B
ZH, YA k=6 IF, XF LI 3a H7E HSV
BT 5 Lab BB T sumD R/, Al RIS
tH, 7E HSV B R A PHAS 2 19 sumD 8/, )2

2 @ = arccos

Hoep || 5

- 64 -



05H 5
HTF k—Means EiXHIFZ € QR 3R 7

UM MR DAEL k=4 wF, XTI 3b e
HSV Zil (6 B N 5 Lab 2l (64 K R sumD A9 K /)N,
A LIS FE HSV B BT R AL FRAS 2 AY sumD 45708,

a) B A

d) lena Jii &l

e ) lena HSV [

JEURE AR, el LIS, 7E HSV Bl |
k—Means [REHER TG, AR TR E QR B E1E

A

v

f) lena Lab &

2 FRABERETHRANRE
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Fig.3 Clustering data results with different color models
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Color QR Code Recognition Based on k~—Means Algorithm

JIADan', YOU Fei', ZHANG Qingli', ZENG Zhigao

(1. College of Communication and Art Design, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. School of Computer Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to reduce aliasing effects in color QR decoding and improve the accuracy of color QR code
decoding, a k—Means clustering algorithm based on HSV color space was proposed. Experiments were conducted to
verify the effect of k~—Means clustering algorithm in three color spaces of RGB, Lab and HSV for choosing the right
color space for color QR codes. In HSV color space, the color matching model of color coding module was established
according to the principle of equal Euclidean distance, so as to minimize the aliasing effect of color in decoding. In
the preprocessing phase of color QR code decoding, k~Means clustering algorithm based on ray compensation in HSV
color spaces was used to separate color coding module and to improve the decoding accuracy. The result showed that
in HSV color space, the k~~Means clustering effect was the best, with the image region classification effect being the
clearest. The color matching model could optimally match the color coding module. Therefore k~Means clustering
algorithm based on ray compensation could be used in HSV color space to improve the accuracy of color QR decoding.
Establishing a reasonable model was to set color encoding modules, and to use k—~Means clustering algorithm based on
ray compensation in HSV color space to achieve color segmentation. It could greatly reduce the aliasing effect between
QR color encoding modules and significantly improve the accuracy of color decoding QR.

Keywords: color QR code; k—Means clustering algorithm; HSV color model; color matching model of color
QR code
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