$16% H5M w1 R BB 2 4k Vol. 16, No.5
2011 4F 5 H Journal of Image and Graphics May, 2011

REESHES: TP91  XEARERG: A XEHS: 1006-8961(2011)05-0850-07
WX RSHER R, SKAER], 8, BRI TR A o0 A SR AN SR ) ALY 3 4 A FRAE S VS BB AR W k5 [J]. b
[ [ 4 P B 2 42 ,2011,16(5) : 850-856

E TN AR REMT HE R 3 %A
B 45 4F A5 T B R B 5

FRE#, KER, G5, BEE

v
(WAL R E B2 G HOR 2B, 065 710127)

B OE o NRRE A e AL SO R VS C 2 3 S LA 8 A0S R S TR — A AR R AT B 5 T D, R A
5 PR E v X AR 5 BR R 3 R Sr AR DT A 3 S AR R BT A R K R 2 s R R R A A 2R
R AR AT LA A5 252 TSR 2w S A RRAIE , 300 10 R T 52 455 1) B AL 28 e N s 4R TP 20 8 ol 39 A K MR RRAIE o
SCHR A R AR B, iR A R MO Mk L S Al ) RAC 1521 1 S A7 A T THC HE B0 4, 78 25 A2 19 B 8 IR (B0 BRI, 50% F) e

KGR MM SCRF AL R RUE 5 K BI{E R K

Three-dimensional facial feature points matching based on K-means clustering

of relative angle context distribution and support vector machine

Ma Hongjing, Zhang Detong, Feng Jun, Geng Guohua
( School of Information Science and Technology, Northwest University, Xi’ an 710127 China)

Abstract; Feature points searching or point correspondence matching is a challenge in computer vision and pattern
recognition, which is very important perquisite for many 2D/3D applications such as image registration, object recognition
and statistical model construction. In this paper, we propose an algorithm for facial feature points matching among 3D point
cloud models. Specifically, the surface points are clustered based on relative angle context (RAC) features, and then the
geometric features of the clustered points are extracted. Afterwards, supported Vector Machine based classification is
employed for final accurate correspondence location. The experimental results demonstrate that our algorithm achieves better
performance than RAC algorithm proposed. Within the confines of a given distance threshold, the accuracy rates of 50%
feature points have even reached to 100% .
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Fig. 1 The RACD curve of “Nose tip”

I BT 5, T 43 o o B R AT A5 5 AT
KRR MPEG-4 B AF 5 SRRl , AR SOt 5E X
T 39 AN ERAE AL W 3 TR, o A ke
BRARAF A, 3k 31 A 20 60 2 A B R AE A, 3k 8 A
B BERAE 5 B BRI R IR 1R

115358 T SR A K ANRRAIE 5, R VA Y e 4
AT EEARN b (m),i=1,2, K, &4
h, (m)fRFERERS m 45 0 AR 5008 B A 1 5 7 A
LA N, R AR S IR, T E DR AE
BREAR M BT RER N h (M) ,j=1,2,,
LG LOWEEA M E S AN, A by (M) fR 4
BM 55 A X A BT RS fEREEL M B
B 5 0 R AE A RSB T

1) 38, (m) 55 h, (M) (ARRLE sf,, (M)
j:1’2,...’LO

2) WE ) HETE B M b LA S
B m 1B § AN REAE A LB

3) WA R M AT S S PRERL R m b
B0 AN RAE S L of, (M), sf, (M), -,
s, (M) i /NELICHE R

4) PR oA N, A SAE N RER M5
i AR AIE S5 0 TG i 5



852 FEEZEE % www. cjig. en

16 %

3500

3000 -

2500

2000

1500 -

RIANER

1000 +

500+ 4

B2 AR R A IR b & i
Fig.2 The RACD curves of

AR AR O A T
right eye center” and “left

eye center” for all samples

B3 FRAE S bR

Fig.3  The standard of feature points

x1 FHAESBARRRBENH

Tab.1 The description of feature points and number of clusters
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Fig.6  The result of manual labeled and feature points location based on K-means clustering of relative angle context

distribution and support vector machine
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Tab.2 Experimental results of different kernel functions

%
2 MA% (C =100) B (C=1000,s=3) LA (C=1000,d=2,c=1)

b5 B HE 5 1 (. B B
5 10 15 20 30 5 10 15 20 30 5 10 15 20 30
1 5 23 27 27 91 5 27 41 82 95 23 77 82 91 100
2 5 64 91 91 100 1477 100 100 100 0 5 5 23 100
3 36 59 8 86 100 36 59 8 100 100 36 82 91 100 100
4 18 55 86 8 95 18 59 95 100 100 23 50 86 100 100
5 41 73 82 82 82 50 82 8 8 86 50 91 91 91 91
6 100 100 100 100 100 100 100 100 100 100 95 100 100 100 100
7 0 9 9 9 9 45 55 64 64 68 45 55 68 68 68
8 55 91 95 95 100 55 8 91 95 95 50 86 95 95 95
9 32 55 82 82 86 41 68 86 86 86 27 55 77 77 82
10 14 64 8 82 86 14 64 8 91 91 0 18 18 23 64
11 5 5 5 5 5 5 9 14 14 14 23 64 73 73 73
12 77 8 91 91 91 77 8 91 91 91 73 77 86 86 86
13 23 45 55 55 73 36 68 95 95 95 32 73 100 100 100
14 9 50 64 64 100 9 45 64 86 100 14 55 64 82 100
15 5 45 55 55 100 5 36 45 86 100 18 73 91 95 100
16 9 55 64 64 100 5 50 59 86 100 5 45 64 91 100
17 9 50 68 68 100 14 50 68 82 100 32 68 91 91 95
18 41 73 86 86 100 36 73 86 100 100 9 64 82 100 100
19 32 68 82 82 100 32 68 82 100 100 36 68 77 95 100
20 0 27 68 68 100 0 27 68 86 100 5 32 64 86 100
21 64 8 100 100 100 59 8 100 100 100 55 91 95 100 100
22 36 73 82 82 82 36 73 77 77 82 36 73 73 73 73
23 18 45 64 64 100 18 45 64 91 100 9 23 36 59 82
24 14 27 27 27 50 36 73 73 86 91 27 55 55 68 95
25 23 8 8 8 86 32 91 91 91 91 55 91 95 95 100
26 23 59 73 73 91 45 68 82 86 91 55 82 100 100 100
27 9 27 55 55 95 9 27 55 77 95 5 18 36 59 73
28 41 82 95 95 100 27 77 91 95 100 32 77 86 91 100
29 0 9 27 27 73 0 9 27 27 73 0 0 14 14 64
30 5 5 5 5 55 14 27 55 64 91 14 27 50 59 77
31 14 50 73 73 82 23 55 68 73 82 9 41 50 55 64
32 9 50 59 59 95 9 50 59 8 95 9 50 59 82 95
33 0 5 18 18 95 0 5 14 45 95 0 5 18 50 95
34 14 45 64 64 68 14 45 59 64 64 14 45 45 50 50
35 5 14 32 32 82 0 5 27 64 86 0 0 23 55 86
36 9 45 59 59 82 5 50 64 73 86 5 50 64 73 86
37 0 0 5 5 77 0 0 23 50 82 0 0 18 27 32
38 0 5 5 59 0 5 9 14 27 0 14 32 64 95
39 0 9 41 41 68 0 9 41 50 64 0 9 45 55 64
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Tab.3 The result of preferences

5 AR 28 5 AR ZH B BAR S8

1 WAk €=100,d=3,c=1 14 £ C=100,d=2,c=1 27 ZWAH €=10,d=3,c=1
2 WA €=10,d=3,c=1 15 £ €=1000,d=3,c=1 28 R C=10

3 WA €C=10,d=5,c=1 16 WAk C=1,d=2,c=1 29 [=3 3 € =1000,s =10
4 = W C=1000,s=3 17 [=3 Y €C=10,s=3 30 LK €C=1000,d=5,c=1
5 ZHiAH €=1000,d=2,c=1 18 ZmiK C=1,d=2,c=1 31 A% €=1000,s=3

6 LR € =100 19 e A% €=10,s=5 32 £ C=1,d=5,c=1
7 LUK €=100,d=5,c=1 20 Pk C =1000 33 Py € =100,s=10

8 [=3 1 C=1000,s=5 21 £ €C=100,d=2,c=1 34 2t c=10

9 B € =1000 22 Wi €=100,d=5,c=1 35 £ €=100,d=3,c=1
10 2 €=100,d=2,c=1 23 T A% €=1000,s=5 36 WA €=100,d=2,c=1
11 ZW €=100,d=3,c=1 24 LWk €=10,d=2,c=1 37 LW C=1,d=5,c=1
12 LA C=10 25 i €C=1000,d=2,c=1 38 o €=1000,d=2,c=1
13 Wi €=1000,d=2,c=1 26 ZWAH €=1000,d=2,c=1 39 5 W A% €=1000,s=10

FT Tz 00 0 e e A A g 4 D IS X
(0 AN R B S o 3 0 B R I et BRI 1) — MR/
(O3 B Y FE AR BRAE . E S H 3l 5E AL I AR 5 5 B b
HEZ AR L BAFEE B d, %5 d <&, IRy 07 7] LA
sz , mWE A SRR . Hob e RS E, AT AR 45 A
TR PEAT I . 1817 8 R T 7k BE B 1

T A
T

60 2 N

N EAZS

—#+— RAC+SVM

g Y L L1

35 7 90113151719 2123 252729 31 33 35 37 39

K7 BESH{E e =10
Fig.7 Distance threshold & =10

10 A1 30 I, K RAC J7 % FLA SCHE Y RAC +
SVM J5 1% B ¢ fiE s 2 A7 ME A R LR 1 5 B T A
4 1 2k A0 RAC Jr v 58 oL 4R AE 5 O E ) 58, 22
e S 4 AU RAC + SVM J5 35 % 437 A9 45 fiE 5
SENLHER AR .l AT, RSO ) RAC + SVM
TEI AR A5 O E B R ] A0 T RAC, R 2 MU AR

100 4444344544434 6-4-4 54 A4t B
om o B '_ : g [ ] qom
" [] A i_ LI ‘: : o _:
u S B e
80 8 —— = -
W )
°\° : :’ i. .
. SR A
g @ TN Tr
5 a A
: ioon
40 8
] . ]
—4—RAC+SVM
IIIIIIIII Ll 1 L1 S T Y A Ty v |
1 357 91113151719 2123252729 3133353739

RHIE bR

K8 BEEHH =30
Fig.8 Distance threshold & =30



856 FEEZEE % www. cjig. en

%16 4

RUENLHER R AR T RAC 59k W& 138 (9 3
RAC + SVM B3k 7 7 19 K 22 BURFAE 25009 40 85 1F 1
FIKF T 100% o XFFHRAMA A AR WA
L SRR M R A 1 R I A, R B B (R
FE /NI A B0 T SRS T R A B A5 R . (H T
b — S0 S M RIAR S P A 25 R AE S, TR B A
A B K A A Sk A AR X SRR AR T R 2 T
P A PRIHE 38 BURRAE A 20 8 R A

4% @

A — b T AR X A 20 A1 BT P SR 2R S 1)
T HLA R AE S A5 o SR AR fA A K
PR R RAT BR AR A YRR AE SR R SR, RS
P IR Y R LT RFAE , 4235 A1 SVM 4326 07 1%
MG TR oy B R AR A5, 38 FIORS 8 E  RRAE 50 H
B o SEBUE R, XoF BT A Rk UM [R] A A% R 2 0t
e B A IR 30 B, 2R Ve i 2 I
TENLEE A 30% LA b A9 45 AR 50 B A OE 6 R 3K 3
T 100% 5 6 AN [s] B4 45 A s JBOAS [+ B A% R 2 B0, e
A a3 72 5L A R HUA: 1 S 4 SR 7 B R
2 30 I, A 50% DAL A9 HEAE 500 B IE R SRR E T
100% , Wk G 38 W S5 RRAIE AT

XF T HE B W B DX AR A Y A7 I A
TE R B B EAR KA1 D0 T A BB A B LR 4F A9 25 21
TCRE 2 K ok figp DR Y [1) AL

% % 3Tk ( References)

—

Lin Weixun, Pan Gang, Wu Zhaohui, et al. A survey on facial

features localization [ J]. Journal of Image and Graphics, 2003,

8(8): 849-859. [ ARAEYN W4 , 5= I HE , 25 Ji6 48 R Ak 5 o2 7

B[] EE R ETE 4R ,2003,8(8) :849-859. ]

[27 Pan Junjun,Zhang Yanning. A new point matching method based
on position similarity [ J]. IEEE Transactions on Machine

Learning Cybernetics, 2005, 19(7) : 18-21.

[3]

[10]

[11]

[12]

[13]

Wang Yingjie,Chua C S,Ho Y K. Facial feature detection and
face recognition from 2D and 3D images [ J]. Pattern Recognition
Letters, 2002,23; 1191-1202.

Zhang Guangpeng, Wang Yunhong. A 3D facial feature point
localization method based on statistical shape model [ J]. IEEE
Transactions on Acoustics, Speech and Signal Processing, 2007,
28 (10) :249-252.

Feng Jun,Horace H S,Yi L, et al. Robust point correspondence
matching and similarity measuring for 3D models by relative
angle- context distributions [ J].

2008, 26(6) : 761-775.

Image and Vision Computing,

Xu Chenghua, Tana T, Wang Yunhong, et al. Combining local
features for robust nose location in 3D facial data[ J]. Pattern
Recognition Letters, 2006,27 :1487-1494.

Li Xiaoli, Da Feipeng. 3D face recognition based on profile and
rigid regions [ J].
15(2) : 266-273. [ =G, 3k €M, A T 00 1 56 B £ i WY 1
AR 3 4 AR [T]. o E E 4 ETE 44,2010, 15(2) :
266-273. ]

Journal of Image and Graphics, 2010,

Li Kang. Research on the technique of face modeling based on
skeletal remains and appliance to forensic facial reconstruction
[D]. Xi’an: Northwest University, 2006. [ 2= &, 3 T /i & (1)
N AR W58 R AR R B A S R g [ D] 75 % .
PE b k2 ,2006. ]

Feng Jun, Horace H S. Chi-square goodness-of-fit test of 3D
point correspondence for model similarity measure and analysis
[J]. Lecture Notes in Computer Science, 2005, 3568 445-
453.

Ehud Rivlin, Isaac Weiss. Local invariants for recognition [ J].
IEEE Transactions on Pattern Analysis and Machine Intelligence
1995, 17(3) :226-238.

Huang Yuting. An algorithm for accurately estimating the normal
and curvature of scattered points cloud [ J]. Machinery Design &
Manufature, 2005 ,6:8-9. [ # %5 168, & 75 55 1 1 5 0 2 1
Kt (1] AU 5 5 , 2005, (6) :8-9. ]
Chapelle O, Haffner P, Vapnik V N. Support vector machines for
histogram-based image classification [ ] ]. IEEE Transactions on
Neural Networks,1999 ,10(5) :1055-1064.

Ahmad A, Khalid M, Yusof R. Kernel methods and support
vector machines for handwriting recognition [ J]. IEEE Student
Conference on Research and Development Proceedings, 2002,

13(2) : 309-312.





