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Specular Highlight Removal Using Improved Pixel Clustering

XU Li, SONG Ying

(School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Specular highlight removal is a hot topic in the field of computer vision. Existing methods based on
dichromatic reflection model,which separate diffuse and specular reflection components to remove specular highlights in
a single image, tend to cause color distortion and texture loss. To relieve this pr"oblem the p1xe1 clustering algorithm is
improved by using pixel intensity ratio to remove specular highlight, which can more accurately classify pixels and
improve the image color distortion. Firstly, the difference between+the original image and the single channel image of the
minimum intensity value is calculated, to obtain the specular-free image. Secondly, the minimum and maximum diffuse
chromaticity values for each pixel 1n the highiight area is estimated based on the specular-free image. Finally, the
distribution pattern of the pixels in the highlight area are analyzed in a minimum-maximum chromaticity space and
clustered by x-means method. The specular components of highlight area pixels can be easily separated by using the
estimated intensity ratio of diffuse pixels, thereby getting a non-highlight image. Experimental results show that,
compared with the existing method, the peak signal-to-noise ratio increases by 2% to 4% on average, and the image color
distortion and texture loss are improved with better visual effects.

Key words: dichromatic reflection model; chromaticity; reflection component; intensity ratio; x-means

O FETH: WiLE A s H AP RI (2017C31032)
Foundation item: Technology Application Plan for Public Welfare of Zhejiang Province (2017C31032)
WCAR IR 8] 2019-06-04; AEXIN []: 2019-06-28; K I [6]: 2019-07-01; csa #E £k Hi it [8: 2019-12-27

Software TechniquesAlgorithm X AFH AR 5% 209

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7213.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007213
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20204F #5294 5 1 1

FETHENULSE (V7 2 REH b, nia Gesriil™, - F AR
BUH RN AR VTS, BT R 2 0
JURT =4 5 S, AbFR IR B R i R R A
AR B R R, 24 IR S R AR B AR MR R i
I RCRAEAE I F AR, d T40 5k Y 1A 537 5 B R
B G X, X 2 BRI IR 53 S A K,
RHIE D, DL LT AN e B B AR X s
ATV GRS 4 B A8 S S 43 B e
A I8 SRV T S 2 i D' ) R 3 T 2 1) A 1]
WPV BN EAE R . FE AR SRR, RSk
T2 ML EDE LR, XD 5 S . T
B 1o X e SRR AR TH SO LAL S ST RS A 1, 25 Bk 5K
B G B DL AR A i 2L

Tan 25 N AL T00 5 18 S i e vt KR,

A 6L B 11 €8 B R A ARG AR 21 1) o K8
SO, BRI SRISL PR 0 543 5 T 2 4
{1 2 32 ) 3 B T 0 43 B 0 L, (LS 3 Bl
AR H AERT . Shen 28 AV A ek it SF K& MSF
1% (Modified Specular-Free image, MSF), MSF &% {f
FE TS5 EE Tan 28 AUV SF G H 50 H i €0 3 AL
BRI, A5 R B/ v oy B B T R ST oy T A2
St o R B EME 1 6. Shen A1 Cai” AR 5 B 1 X
3508 s Sk X 3ads S~ et P o DT 455 1 e 5 2
HEAT B, T A AT FE I (AR AR B, 1
{7 5, (E RO — M. Shen 25 N UOE /MoK £ )3 25 1]
WG F ST R R, KA KGR R S s R E

5 5 R R A M e /D i P B ZE (B 2 U T S, B

S B A1 12K T 1 35 15 H G ORI L, T
4B G TH S 43 . Souza SENRBIN Ko AR  AAE R
IIN B3 1 2 e R A R = 0 T, O R 2 1
3T RO AR S M I 3 2, Ml AR
G5 IRIRIE L, F2BREMR P BT 4 . UL E 7
T R A PR 2 ORI TR R, L 2 A1
TR SB35 1 21 2 AR08 B A 9 S
LA 11, A T 24 5 850 35 B A e
5, SO A B BB (e, T LG £ % Fl R BEE
S50 F) N 90 47 6 0 2B, ELIK Ry 7 7 B A M
J RTS8 IG5 1 140 5 56 S0 50 L P BRZE B
BRI 5B, Yang %6 \VR P £ L #0 G R 9 2200

210 #AfHARH % Software TechniquesAlgorithm

BT S 5 43 R, ELE 3 R s s A ) 2 1R 4 S
1%, Ren %5 N\ RGB Bt 7 i) 4 3 BRI AL 7 2
T, il ARG S LK. Yang 2 A B o0E
5 5 JBE A A1 U SB EE 58 PR AR, A3 S 1) Bk
B 5 St €08 T BT S 4 4 25 B Wang 45 AU
FH SR EEE L 2 B o 6 49 BB A 7 VR 7 A i o X 35 1) P4 G
D, B S5 HEAT B T AR, (E3 U R P2 T R 45
(IR LR T i

ST R BRI €2 5k L BRRATHE K O B
S 2% TR TR TR 2 1 B, 1% 5 SR 1y vk A
ﬂ%%%&ﬁﬁﬁﬁ%‘ﬁﬁ%i&ﬁ@%%jﬂz x-means, B 3
EARE UKL, IR 45 R, %071 S A A
SRR T G N 5 G 5 6 2R SR,

1 X S S A5 Y
RZ BRI ST BRI, IR . TR
RS R ot ot A5, 0 T) IR R 3 L 0 s S AN T SR 18 S
Fe BT AR AT R A 3T S A K AR Ak SRS, T
BRI S B th TR R T A S S R AN R 5
AL 1. R L0 Jg S A A, B2 e BRI €5 2 2 2 11, B
TR AT 3% B AE ) SI VAR R AR 3R x AL EAL R
RGB it [ &1 (x) o] AR (1):
I(x)=wd(x)D(x)+w§(x)S )

Hrh, D) = S (4L0E (D) gL S = [ EDg(H)dA
B BT I B e, v}y 40 R (o 5 3 A
5 B0 = (100, Iy (0, Ty O EHR e x i LR R A5 10
L wa (o) A MR PR x B8 5 25 241018 ST A R
R QI I A B S (4,08 T
J 5 3 B K E () J W BRI O 6 3 A 93 1 B . 150
R — 80, WE () A RIT R ZIOBLE: g = {gr.ge.a0)
o T o = 5 RO FE . 1B 5 28 LIS 75 A
LI 25 250 R 3 PO B, T S T 4 T DA R A 0
MR 2, i S B BB 5 B T S b )

Shen 2 \U'5E Y4 (Chromaticity) 8185
G — b, EREE SRR 2):

_ I(x)
T =0 I () + Iy (¥) )

Y Uk AT R I8 S B B A AT PR IR A () =

D(x) . ‘ N ‘ -
Dr(x)+Dg(x)+Db(x); %ﬁﬁ&ﬁj’@&rﬁf [’/Liéﬂ_\‘jj

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20204F #5294 5 1 1 http://www.c-s-a.org.cn HENRgGNH

S > N S 2
S5, 45y W= (1) AT LA 8 e S £ B AR I

SRR N (3):

1(x) = mq (x) A(x) +ms (x)T 3)
o, mg (x) = wa ()] Dr () + Dy (x)+ Dy ()| s g (x) =
we(0)]Se+Sg+Sb].

r

2 mECEBRAHEGEIR

A EmM R E 1 FR. BT MSF BB
(b), IR MSF EUG T H BT 18 3= AU e/ i U
(c), BRI AT (d). 755 K 8/ 6 25 D i 6 [X 45

HASRARF AT x-means 522K (), U4 K45 Al it
BRFEE LA B RO A B () ABLTE R4 (g).
2.1 SEREELE

ST ) B 4 {E 189 506 R M2, 7T 4
8 4 B IR0 2R [ 3 S 43 T 4
SRR K, Shen 45 AUOFEBLIERE b, Stk T 3RIELL
A, BRI 98 ST 25 I B K 3 5 9 9
fi (LR B 2 BN BERD) 2 L, T i 3
531042 T AR 3 0 7 S5 AINIROR CE 2 o o e 1% 2%
AT, KSR R .

AL ¥

(a) Animals J5 & (c) /MBS R

(b) MSFIE1% (d) BeKig R

K1 n%‘)‘ﬁ?&ﬁ’%)iif%

SCHR[ 10K 38 BE B Lragio (x) B E SN (4):
Amax mg (x)I"

Lratio () = * K
ratio Amax —Amin 14 (X) Arange (%) (

S 1k (4) W, TR AR L
SR80 S €00 M0 5%, I L1 6 X 1% 28 1 i L
KT R 8 SR A% 2 . T T 0 R L X 3801
WD ISR 2 AR AR B B R (R, BRI 38
83 PP S U A DA
22 BREEEET

Shen £ NPHE ! F MSF B 5018 S 5 (08 .
O\ P, 5 T I B 480 8 Tomn 75 81 MISF 1%
Lg (%) = mg (%) (A (x) = Amin (X)) + Tnin . BT I UG PT LA

SR AR (A g () = fiee ()

Isf,r (x)"'lsf,g (x)+lsf,b (X)’

(e) x-means FEJ45 R

(f) 18 S () BLIl At 7> &
¥
v\ 5

Fothic e fr,g,b). 185 15 R FE LA TS5 /0 i X
S €5 FE AT () = miin (At (), Ast.g (), A () R K
¥ S A €5 AT (x) = max (At (), At g (1), At ().
8 2R P AL O X L % 5 2 MR R X4,
B R MHEE AR RIS 5 FE . A limin () > Tonin I
IR AR A BOG K IA %, B AR S
o34, FEJR S BT P B 3

3 BEREITNENSGH

SCER[10]HH SR 70 R R R Rl B b0 /U
ORZEE S, (HR B E RE R R R 0K, X8
B R R T BIE. SCER[1 1R as 1) 3 AR
R R IRAR FR i e 0 8 i/ i K18 S (08 22 [, 3%

Software TechniquesAlgorithm B EH AR5 211

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20204F #5294 5 1 1

FRPIIR K-means Bk 06 Ak FUME 0 YA AR K a5 4y
932K, T AR AR R R R AT b, T R mD. AR
MHX P EA — 2 MR BR 1, IR K-means HIEIEA
AN B 1K B SRPIRAS B WS 3 = 38 e LA

AR SCHRE HAE ] x-means RRFIEHHTHI G R
(19335, 12525 kd-tree 57i% (k-dimensional tree)'™”)
X} K-means 8% 1) 65— $0IEAHEAT Tk, R 45 Dl
Wi S HEN 4> %7 (Bayesian Information Criterion score,
BIC) ffij8 — ML 2R K, EFHH P e e, ik
X g — K A AT T 2-means 432K, 2-means 73 KX &)
A s A A AN EBURK, BT DL R 1 B B 4 1) 43 RBOR, 73
BORAE 1(e) Fizm.

ARSTAE B/ K18 S S 200 88 723 ) P — T B0 SR

AMGE S R (5): )
da () = [[A” (0 - A" O] (5)
b AP = (ARG, AT (0) 5 APG) = (AR (),
AT (y)) .
SCHR[10142 8 1 S 73 S (x) 93K (6):
S (%) = Imax (x) = Iratio (X) * Irange (X) (6)

X Tinax (%) = Lratio (%) # Trange (¥) 2 7 ES () N %
WU x-means XHME R BEAT K G, BERB RSN
S LU TH A, BB AR D A A 1) i B LL A ot
1B, A MG R m R L iz 8, T DLAR
S (x) 4 Z 1) Ta) L, AT 73 B9 45 1 S 5 2 = P 1(g) BT
7, B TS mo B E 1) Bk,

x-means FIEWEE 1.

PEE b, B A ST S 4 5 3 R R SR A b AL AR ST st
I5-F &N Intel(R) Core(TM) i5-4590 CPU @ 3.30 GHz
12 GB RAM, f#i [ OpenCV 2.3.1 FEPO 34T IR,

ASCM B FRAE G 2 BREE AR [10] 50 1R B A
UG {8 15 ¥ Lk (Peak Signal-to-Noise Ratio, PSNR). 3 1
NARTL 7125 SCHR10,111 75751 PSNR {5 5%, PSNR
R K T8 B 45 SR BGRB8 BB R, AL
J7VEAE 3 TR % L PSNR H 5 SCHER[ 10,1115 F Fr
SR P 2 9 STy U SCIREA0, 11 T BLAL 45 S A H
B, A WASCAEAR 3R ARG 2 43 Shen F1 Zheng
25\, Souza &5 N HEASHE G0 245 W) RO —
S, it animals 8 2(c), [ 2(d) HERAL, AC5[10,11]
HIPLERE B AL 5545 W) 5 0003, I KR O R T
BLFLAFi .

F£ 1 AFTTEER PSNR H

=75 animals cups mask &
Shen %5 A1) 38.55 29.84 26.26
Souza 2 A 38.87 29.45 26.91

AL 39.54 30.36 27.70

BE 1. x-means FRFLIE

-

1) BEHLIEEL — A ZRE 0 A (). ¥

2) HEITAB R RS b A E‘J‘@EE‘J‘@f?jﬁﬁ%—d/\(xisc)iﬁﬁ?ﬂﬁﬁ
933K, p !

3) BB 7 KA AT, FAR AR — 1 WA AH X B AR ) A
YENPIEG O 1, AR5 ST 4 AT ZRIZ T — IR K-means (K=2) 5%,

4 W EBANRSHEA 52351 BIC 4344, BIC {8k KL, DLtk
HeE DR B 3 REATIPIRESIE 2 70 25 RS,

5) [81 21 2) FEATIEAR, W a0 5 5 OGS AR L s BOE —FE, IZ5 TR
B RIAAE.

4 sEuG R 550
SCHR[10,1 1770 2 3 1 58 BF b 25 B = 8 7 =,
Y BAE A STV Bk, #E Shen AT Zheng!' ™ )%k

212 AR H 1 Software TechniquesAlgorithm

% UPRT 3 MEERIVEE (SIREE, 51T animals
A S0 )5 He Shen 2 A0V U618 542 LU 5 T 0,99,
He Souza 4 N\ (R ECHER 3 Q.67, WEAILf 1% He
0 2 ) R 0 S PR 6T eups 1, A0
VL Shen % AU (08 EE32 7 T 0.52, LE Souza
s A1 fl (30 B3R T 0.91. 5 T mask &), 43077
V= HG Shen % AUV ({5 M L3875 T 1.4, L Souza
st |V (5 (5 0 LU AR5 T 0.79.

5 S5 RE

ARSONS A Y 538 8 EE 73 1 B T St o B AN RS 2y
EEBRECHEAT T BRI A SIS BdE o pr . BEXTHER
B RUAE O AR RS AR E B A x-means 5
KRB A shifh e RARH, I 4s BB, A TTERY
KR SRS A5 B 7 i T 4807 7.

A SCTTVEAFAE — 8 R BR P, AN B Ab B R TH AN
JelX 3, et X e 5 BT I A B AR AN AR,
UEAE (Rt 25 BRATUSATS S8 15 25 Ji8 B K v ot 25 PR Hcdis
B, I FIAT AT PR B 2 2] SO AR it i B (0 e 2
B, BRI, ARRAIT T T 1702 dn e 2 BRI AR .

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20204F 552945 11 http://www.c-s-a.org.cn HEN ARG N

Animals [

() A

(b) s

(d) Souza % A1 () Shen % A1

(e) A3

K2 AFRSRAELS

SE Tk 34.85656]

1 Gevers T, Stokman H. Classifying color edges in video into 3 Gevers T, Smeulders AWM. Color-based object recognition.
shadow-geometry, highlight, or material transitions. IEEE Pattern Recognition, 1999, 32(3): 453-464. [doi: 10.1016/
Transactions on Multimedia, 2003, 5(2): 237-243. [doi: S0031-3203(98)00036-3]
10.1109/TMM.2003.811620] 4 Xing XH, Gu GH. Method of quickly recognizing vehicle

2 Tominaga S. Surface identification using the dichromatic plate based on pattern matching and characteristic dot
reflection model. IEEE Transactions on Pattern Analysis and matching. Optoelectronic Technology, 2003, 23(4): 268-270.
Machine Intelligence, 1991, 13(7): 658—670. [doi: 10.1109/ 5 Fuhrmann S, Langguth F, Goesele M. MVE: A multi-view

Software TechniquesAlgorithm FXPFHE AR % 213

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.1109/TMM.2003.811620
http://dx.doi.org/10.1109/34.85656
http://dx.doi.org/10.1109/34.85656
http://dx.doi.org/10.1016/S0031-3203(98)00036-3
http://dx.doi.org/10.1016/S0031-3203(98)00036-3
http://dx.doi.org/10.1109/TMM.2003.811620
http://dx.doi.org/10.1109/34.85656
http://dx.doi.org/10.1109/34.85656
http://dx.doi.org/10.1016/S0031-3203(98)00036-3
http://dx.doi.org/10.1016/S0031-3203(98)00036-3
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20204F #5294 5 1 1

oo}

10

1

—_

12

13

reconstruction environment. Proceedings of the Eurographics
Workshop on Graphics and Cultural Heritage. Darmstadt,
Germany. 2014. 11-18.

Shafer S A. Using color to separate reflection components.
Color Research & Application, 1985, 10(4): 210-218.

Tan RT, lkeuchi K. Separating reflection components of
textured surfaces using a single image. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2005, 27(2):
178-193. [doi: 10.1109/TPAMI.2005.36]

Shen HL, Zhang HG, Shao SJ, et al. Chromaticity-based
separation of reflection components in a single image.
Pattern Recognition, 2008, 41(8): 2461-2469. [doi: 10.
1016/j.patcog.2008.01.026]

Shen HL, Cai QY. Simple and efficient method for
specularity removal in an image. Applied Optics, 2009,
48(14): 2711-2719. [doi: 10.1364/A0.48.002711]

Shen HL, Zheng ZH. Real-time highlight remeval using
intensity ratio. Applied Optics, 2013, 5\2(19): 4483-4493.
[doi: 10.1364/A0,52:0044383] \‘

Souza ACS, Macedo 1\“/ICF , Nascimento VP, et al. Real-time
high-quality specular highlight removal using efficient pixel
clustering. SIBGRAPI. Parana, Brazil. 2018. 56-63.

Li C, Lin S, Zhou K, et al. Specular highlight removal in
facial images. Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Honolulu, HI,
USA. 2017. 2780-2789.

Yang QX, Wang SN, Ahuja N, et al. A uniform framework

for estimating illumination chromaticity, correspondence,

214 H AR H % Software TechniquesAlgorithm

16

20

and specular reflection.
Processing, 2011, 20(1): 53-63. [doi: 10.1109/TTP.2010.
2055573]

Ren WH, Tian JD, Tang YD. Specular reflection separation

IEEE Transactions on Image

with color-lines constraint. IEEE Transactions on Image
Processing, 2017, 26(5): 2327-2337. [doi: 10.1109/TIP.2017.
2675204]

Yang QX, Tang JH, Ahuja N. Efficient and robust specular
highlight removal. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2015, 37(6): 1304-1311. [doi:
10.1109/TPAMI.2014.2360402] \

Wang SK, Yu CY, Sun 'Y/, et al«Specular reflection removal
of ocean surfa%e remote sensing images from UAVs.
Multimedia Tools and Applications, 2018, 77(9): 11363—
11379. [doi: 10.1007/s11042-017-5551-7]

Hartigan JA, Wong MA. A K-means clustering algorithm.
Journal of the Royal Statistical Society: Series C (Applied
Statistics), 1979, 28(1): 100-108.

Pelleg D, Moore A. X-means: Extending K-means with
efficient estimation of the number of clusters. Proceedings of
International Conference on Machine Learning. Stanford,
CA, USA. 2000. 727-734.

Zhou K, Hou QM, Wang R, et al. Real-time KD-tree
construction on graphics hardware. ACM Transactions on
Graphics (TOG), 2008, 27(5): 126.

Kaehler A, Bradski G R. Learning OpenCV 3: Computer
vision in C++ with the OpenCV library. Sebastopol:
O’Reilly, 2016. ‘

%

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/TPAMI.2005.36
http://dx.doi.org/10.1016/j.patcog.2008.01.026
http://dx.doi.org/10.1016/j.patcog.2008.01.026
http://dx.doi.org/10.1364/AO.48.002711
http://dx.doi.org/10.1364/AO.52.004483
http://dx.doi.org/10.1109/TIP.2010.2055573
http://dx.doi.org/10.1109/TIP.2010.2055573
http://dx.doi.org/10.1109/TIP.2017.2675204
http://dx.doi.org/10.1109/TIP.2017.2675204
http://dx.doi.org/10.1109/TPAMI.2014.2360402
http://dx.doi.org/10.1007/s11042-017-5551-7
http://dx.doi.org/10.1109/TPAMI.2005.36
http://dx.doi.org/10.1016/j.patcog.2008.01.026
http://dx.doi.org/10.1016/j.patcog.2008.01.026
http://dx.doi.org/10.1364/AO.48.002711
http://dx.doi.org/10.1364/AO.52.004483
http://dx.doi.org/10.1109/TIP.2010.2055573
http://dx.doi.org/10.1109/TIP.2010.2055573
http://dx.doi.org/10.1109/TIP.2017.2675204
http://dx.doi.org/10.1109/TIP.2017.2675204
http://dx.doi.org/10.1109/TPAMI.2014.2360402
http://dx.doi.org/10.1007/s11042-017-5551-7
http://dx.doi.org/10.1109/TPAMI.2005.36
http://dx.doi.org/10.1016/j.patcog.2008.01.026
http://dx.doi.org/10.1016/j.patcog.2008.01.026
http://dx.doi.org/10.1364/AO.48.002711
http://dx.doi.org/10.1364/AO.52.004483
http://dx.doi.org/10.1109/TIP.2010.2055573
http://dx.doi.org/10.1109/TIP.2010.2055573
http://dx.doi.org/10.1109/TIP.2017.2675204
http://dx.doi.org/10.1109/TIP.2017.2675204
http://dx.doi.org/10.1109/TPAMI.2014.2360402
http://dx.doi.org/10.1007/s11042-017-5551-7
http://www.c-s-a.org.cn

