FAaet M1
2018 4E 1 J

H 3 b 2
ACTA AUTOMATICA SINICA

Vol. 44, No. 1
January, 2018

ETREEMN AR RERFHEMR

IFE KAR' EBERER> IxRl® FEXR

W OE RIS R AR5 N RSB S5 ) 22— AR SCE T E A RO AR, e
SRR FA AT A RARERAE. 8 5%, TEM A 2825 SO A LA RRAEFE AR BE AT R T 4T, R IE 48185 -7 i I
TE. BRIASCR ARFHEY 2 2TE AT AERLBFREFT 47, FIH mRMR HAXT 2926 S KBERHE. 21 74
A FEREE . 427 T3 A LUBIREE H TC AR R FEAT 015308, b N 4840 SR G IR B £ B i 5 M EdESE. FIAH LPP,
Isomap. LE, PCA fil LDA 83T 5404 5 B, Hoh iy 4 MEARAERIE T B s L T 76, e iRk
FEFRIAE RO, A ORI 425553 J48. SVM. RBF network, Naive Bayes. Bayes network 7 Weka Y5 X582 DGR HEE
AN RN AT A AR, L5645 R R R A RRAE 0 A G SRR A ISP I R e, L LU BRRAE 2 JSFR ARt T
MRRE R SE. ASCE S K E SRR R T RN SR /T 7T 210 W ik RS L TimB g, hE=ARiEAR
FRAEAE AR 4t 23 [ AR AE R R BV S T-I0%, 84 S T8 4 A RIVRRAIE 0 18 44 2 ) A 48 A AN AU 0] Sy A R T A ATi J vk,
(] B 5 = R b A B A A S RIF9E A

KR A EORERE, AR e, ARSI, g

SIAME I, SRR, BIRA, oo, ZERE. B TFRELSSHN AR RIEFMESFsT. B shfb#Mi, 2018, 44(1): 140—159
DOI 10.16383/j.aas.2018.c160585

Research of Face Ethnic Features from Manifold Structure

WANG Cun-Rui’? ZHANG Qing-Ling! DUAN Xiao-Dong? WANG Yuan-Gang® LI Ze-Dong'

Abstract Facial ethnic feature selection and analysis is one of the most significant research focuses in face recognition
and anthropology. In this paper, we build a Chinese ethnic face database including three ethnic groups. Manifold learning
is used to analyze facial ethnic features. Firstly, we conduct manifold analysis on the basis of facial geometric indicators
proposed by anthropologist, which, however, does not formulate sub-manifold distributed by semantics. Therefore, we
intend to expand the scope of facial features by calculating the complete distances, angles and indexes with landmarks.
Then, we adopt mRMR to filter 2 926 distance indicators, more than 219 450 angle indicators and more than 4 279 275 index
indicators. Finally, we can obtain 5 datasets with features of distance, angle, index, anthropology and mixing. Several
popular manifold learning methods including LPP, ISOMAP, LE, PCA and LDA are utilized to study the above mentioned
datasets, and we get the distinguishable manifold structure of facial ethic feature and clusters in 4 of the 5 datasets. To
evaluate the validity of filtered features, we make use of classification algorithms including J48, SVM, RBF network, Naive
Bayes, and Bayes network implemented in Weka for cross validation experiments by ethnic semantics. Experimental
results indicate that the average of classification accuracy on the dataset with mixing features is higher than that of other
datasets, and that the index is more salient than other geometric features. Moreover, by full experimental investigation,
we find that ethnic facial data can generate sub-manifold structure distributed by semantics. Facial features of three
Chinese ethnic groups exhibit different ethnic semantic sub-manifolds in the low-dimensional space. Facial measurement
indicators obtained by manifold analysis and feature selection not only provide a method for facial ethnic groups analysis,

but also enrich and improve the related research work in anthropology.
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Fig.1 The cognitive order of face recognition[ﬁ]

MB35 (Manifold learning) AJ A i 4 R F: 4
Bidha 25 1) TS ARAE B ST S5 4, H 3 v 4k 25 ) v
PRGERIE, HoK AR KRB ST oA A AL AT PASKE
P v 4 B W 4, 3 m] AT A Z A Rt AR BT AT
TER DS 2010 4F Seung il Lee #E Science % 31
SAFIRRIEALY R0 7 N SE AL, UEsE
TN & R GE 0] DA PRI AP AR M L 254
(O RE 77, B R AL SE R AR OL. 2430 50 A:
BIG TOCHRAS L, 5. s BRI 1)
A8k, N ) v 4 s ) v 2 e A H G R
FM . AR SR R ARGERUE; EXFT A
I BRBAARFAIE A2 153 ZEAS [R] A A AE Hh R AR A 2 1 1Y
R4E R IE A T AT A 5. 2015 4R 3CHR [20] 45 H,
IR Bl R AE R T AH K ARIE R R IT. 1M
Xt v R ] B 1 IR AE, AR SR 24
Ll ERVANEE S P AN YN g 4 €1E S L DEE PN 3K
FRAEXS FB 23 PO 1) N R AE AT T RTIIA 5, RS
FEW] i ] 1 A [m] R T R AR TR A AE 2 AR A
i PORARAE I T S5 M B F0 75 BT 2 RGBSR 1.
7R SR A A T 22 R I ko v A T S R
TR B AR R EAT B 5T, % B T A 2o N
TR PR A B, BETAIE S K ROTBRFAIE .

1 fHxI{E

T A 3 A A NI B T = 4 2 1) v A Ik 4
TIE N M iR R 2 —. B
I EARFEAT S50 2 2], 7 AR AT RE IR AR SE, B
BARB S B F = RN, ABRTIRER,
B W BB A TRIER R ¥R BRI 2R
P23 [ 55E A F 84 434 (Principal component
analysis, PCA)2% | £iE] 51404 (Linear discrim-
inant analysis, LDA)20 57 543434 (Indepen-
dent component correlation algorithm, ICA)=27



142 H 3l 1k

E N

44 %

T YEF R (Two-dimensional principal com-
ponent analysis, 2DPCA)28) | = 4 £ 1 1 51| 43
#r (Two-dimensional linear discriminant analysis,
2DLDA)PY 4 Tenenbaum %542 4 0 Fh i T 2%
M EYE, Rkt A (Locally linear embedding,
LLE ) 14k gf (Isometric feature mapping,
Isomap)®, &% LLE J5 ¥ 48 FE 43 i i A B Al
Xof W P iﬂzgfﬁ;% m, PP R AE RS (Laplacian
eigenmaps, LE)BY 35T 2003 4E4% Belkin [ B\
PR, 2T RS AT B I B R R R Y.
T LLE fI LE 3P 4E A 1A B0y
ﬁﬂi’%ﬁfﬂéfé, AR A ARG A, MEDAZR

FERRTFEA RRZESR S, T2 He %4510 T JRilb Oy
3‘& =2 (Locahty preserving projection, LPP)[B2-33
PIAEE, Bt LE MZerk{bife). B4 LLE #1 LE

BA—HRA R, He FIB\ L EHXF LLE #E47 sk,
Lzl‘ﬁTﬁ/\B%%m(/\ (Neighborhood preserving
embedding, NPE)BY. || 455 7 Isomap (/&
filt B 51T AR > ik, R ARARAH ¢ VR 2

OLPP 2-D age manifold
0.12 T v T \ v -

AR AT T34 P S T MBOR R 7 R feh 7
1] PR A £ J3E S R SR Ve AE R 2 R AR AR A s
il S B X R 56 & R B AR SEBT) 2007 AR
THET N FE A ) I PR S A RAT A ) B
Chen 258 ¥¢ LPP 3Ll BT 4y, $2H—
i 4k R iR R % (Two-dimensional neighbor-
hood preserving embedding, 2DLPP) %k, H#%
e HERERE AT OT I AT 4E R A T4 2011 4,
KA H8 NPE 4 2 3] 4, B 4B 45 Sy
fx A (Two-dimensional neighborhood preserving
embedding, 2DNPE) &%, fi#tk 7 NPE AJgE
A1 5 AL

T 27 2] AN AT AR Sy AR 3R Sl 8 R A o 7 7
W, BN TN AR I AT 118 LA 10 SR N AE
PR RO, T2 AR AR IS TR E H, Guo %
1 2008 ﬁﬁ)\ﬂ“ﬁfﬁ”mﬁ; AT R AT, S
R FAFE I I RIL 45, ol 2( ) B, 7E 0
~ 45 Z N R I SIRRIE 1, 60 2 DA EREAR
TE S5 K o3 11 B TR AR, T8 N 1 TR S B

3000 ,
0.1 "'..-‘.;.}' S (k
008 . 20007 m Neutral “' “r ﬁ
’ = Happy max 75
0.06 1000 Negtive < : V‘ F
0.04 _’& B s 4
0.02 "ﬁ T )
0 -1 000 E Ao T !
-0.02 ‘
' -2 000 Ly "
-0.04
-0.06 I -3.000
AN =4000 -3000 -2000 -1 000 0 1000 2000 3000
-0.08
008 0.06-0.04-0.02 0 0.02 0.04 0.06
(a) FERRIL (b)y ERGWIE

(a) Age manifold

38 4.5

{(b) Expression manifold

Individual 1 surprise
Individual 2 surprise
Individual 3 surprise
Individual 4 surprise
Individual 5 surprise
Individual 6 surprise
Individual 1 happy
Individual 2 happy
Individual 3 happy
Individual 4 happy
Individual 5 happy
Individual 6 happy
Individual 1 sad
Individual 2 sad
Individual 3 sad
Individual 4 sad
Individual 5 sad
Tndividual 6 sad
Neutral face

R kEKF L FFFF oo o0

(©) FRMEIIRFEGIEE L0
(¢) Semantic distribution of expression manifolds of different individuals
K2 NIRRT L

Fig.2 Semantic distribution of age and facial expression attributes



1 FAFES: BT RIBETR NG RIRFFEDFTE 143

w1, SCHR [42]) 76 Frey AR EEREM 13047 Isomap,
HOPEZR . R % IE R A i 24 ) TR A MR AE
AR BN 2 (b) BYARYE 23 18] 4544 A [7] A 14
N1 B R 2 TE AN R R Y. ZE 3557
i A RIHEZL R 20 A A K248 25 0], R 20 0T e
AE GRS 6 N MAFR R ROEE S — BT 4E T
RN — N L, WK 2 (c) FioR, IR TR H
ANV I 2 1 B H 2 58 (A SR 4 A 149,

PN = = AR ZS (FU N Z N F == ESqES R
] BTG HEAT T TH P AR AR 5T, R T 0 A% DRI B
TERRR R . A0l B e RO T B R 4R
W AWK, DA ) 2 FN = e TR 2 A A
T 10 T 285 T 2 i 2 8 R LA A 25
O R E AR, — L DA AR A R T R AR A,
BIANA LN AR A BE L 2 . T ARER AT DAGE 2 AH
KRBV AG VATV AT AH N Bk A AR AE
AEALRT PATEBR ARG N A LA R AR £ dh, BT
IR G A = 4E R g AT LA &S I 2 8 o
Br A B g e 2 — PO Ay g T R E AR
[7] DI = A R R R R 2, TR |, 456G
NG SCHRORT ) Va7 AR i i A i 4
R T PR Jo 1 T AR AR A A 52 G 6 20 AN R
TR TLATARAE, a0 3 s, dladix 20 A~ A LA
FHE BT AN [F] OB ARZE IR B 25 (] 2544 3% 20 S A
B LA R AE LR T YE (1) FRISE (22). BT &
(z3). Bk (za) AR (v5) 898 (v6) B
(137)\ Wﬁﬁﬁl‘ﬁ (fﬂs)\ ﬁﬁ%ﬁ ($9)~ 5'%;% ($10)~ (12}
RATE (x11). FIRE (z12). JBEK (z15). BREK
(«T14)~ S%EIJL/( (3315)~ H%EIJL/( (3316) JE TR (3517)\ iR
T («7718)\ 2m (5519)\ H%E*H ($20)-

gm0 | N\ AR
(Forchead height) (Physiognomica
il —l face height)
(Morphological PR A T2

. N JV
face heighty = | 71 (Intercanthal width)
N
& M e
| T

AT 34—

{Binocular width)
S .  ~a gy
(Nose height) |

R#HE

(Eye fissure length)
IR

(Pupillary distance)

0\
[l .
S

(Face Width)"\'
ﬁ; oe
(Lowﬁ%fb{%ﬂglﬁ A_ .“hﬁ_
et
mE__ S
(Manj;blj\e width) 7 L
K3 AR A AR B RE
Fig.3 Facial length attribute in anthropology
N EBHR SRR A {21, 20, 20}, T
s \ — D
A B T U AT AR Rl 2 € RT, D

{Nose width)

— - MR
{Mouth width)

REGANEBRFAEEER. B3 {2, 20, 20}
bra—Fh d gEi B S M iR A B RP Z5(E]
Hrp (d < D), M2, wiA w]RESRE]— LB if R 4E
Bt {yr, v2, - yn} RFTRIXA NG LATRHE Ko
&, Hby e RP. W 4 FoR, Hoep iR QR
1R, R EACRYEE R, ORI, ASCHA
IR Y 3 AN IR 2 41, & 4 (a) N
B, B 4 (b) Atctkd, sr#CT Laplacian®! A
LPPP2 Jrjp iy,

e 4 froR, FERRAFEEERE AT, 3 R
RS Laplacian fi % R A0 LPP i JE 25 [F %%
P AIRARAE R, AN [ R AR BOA T 1 4%
R TE R TRt B 4. 2 i TR N e
AR BRAE B BRI B LA A B AR B E X
(R TUART R AR 48 B BAR, B A 28z PR I L
UPRFAE, X EE 4R PR AR B A RE IS IA AN ] BB AE A4
NBEFRFAEZE S DR T ISR I 1Y IR S
B R HTIAE NS fa e R IR R ED LA
BRIGEHATHISE, FIH AFS ME&TE XALTE N Je2F 45
A 2 TR AT SCRFAEEAT 0 AT W, . B
(ENDIUNCSE 2% V0 i AW 94 AV e 8 AT SN S
SCEZGERUT AR 1) o [ 45 LR B 5 Ak
SE AR RGTE SR TS5, 2) Nl
oL S IREESEN: 2PN AN

ARSCREAT T E 3 A RO N BB A 7 A
I7] PR T SR 4.

2 ZRIEAGHES

AR SO FE A% BB A A AR AL, AR DI
OrAIEE 3 A RBE S B AE. nR 1 FoR, P
7 A BN B B HEHbBR AL B, PRI, T AR L
PEALANEIERAY 3 AR IEAT 70, EEd T AT
A28 AN [ 3k ) R DX BREREK, () — DRI P ) B Tk
ATRES TN F B SRR X 20 B

F1 3 AR DECER LE) Y

The demographical comparison of the three
[53]

Table 1

ethnic groups

5973 UNELie UNEERIRC)! HEPRA
i 16926 381 1.27 I
YL IR 10069 346 0.76 FoR
i 1830929 0.14 Ak

ASCORIE T R SRIER 3 Rk, BT
PR BRI 4T DR bR B A
g,



144 H /A 44 %
02 0.2
: 0.1 > )
- “ o
0.1 —~ ."N .'!‘l 0 e "; f.:.-:“ Soum
&s_ . ) ..
0 o ~0.1 :
o « K
% :
—0.1 - Korean ey -0.2] e :
« Uyghur -~ 9o 02 . Zhuang
Zhuang 0.2
02+ 0 0 X 1
04 03 5 0
02 01 0 g1 g, 02 —027=p3 2
(a) BIEFEA Laplacian i (b) LHEFEA Laplacian i JE
(a) Male Laplacian manifold (b) Female Laplacian manifold
01 Korean
0.1 « Uyghur
0.05 0.05 Zhuang
0 0
.- <
~0.05. B,
Korean -0.022 RO S
- Uyghur v,
Zhuang —-0.0219 cTetNY
-0.1 ° —\
P—
/‘o/{ e 01
20.0222 0,05 ~0.0218 o5 0
(c) HYEREE LPP R (d) ZHFEA LPP JTE
(¢) Male LPP manifold (d) Female LPP manifold

B4 bR (). deE/RiE (hike) . SIER (RE) BLoibai
Fig.4 Male and female manifold structure of three ethnies (Zhuang, Uygur, Korean)

FEANRERHE 100 A, 5 202 50 A, M
KA RIRAN B R, SRR RAFR R T 18 ~ 22
%, AT DABRARAT it PR 30 B RARFALE A S0

N T HER R R E 2 IR B Bt . SR
RIUNPE 5 s B HEAS 2 GEAn 2 ALOAIALG ARt
TR B 6 RN 3 A R N B0 4 B
AP AR ST RAE AT AR ORI R RRAE A
P R Ay A TR G e B A

B 5 N EdE R AL ER

Fig.5 The environment and setup for facial

image collection

3 ANRFHMEREMEBIETE
NI JUARTIE AR AR o 1 T N 28240 BT

'http://zs.dInu.edu.cn/minzu300face.rar

(RIORIR=g 2 e S-Sl e S i P S 1O S
fbdEAR, A0k SO B 6 55 5 T 2 A AR R
PR, BEAh, HT R G RO T LR AR5
2 WE AT 6 28 A XA N RS ST T3t
JUATAFAE RS BRI A, 107 R B N R FFAE R Z
(] 8 3R SO B AT, ARSI LTS AE, 75

K6 =ARgiEm AKEdnde
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Table 3  The selected distance-based features by mRMR
T AT X I A

1 IRZLTESE . JEHRBE RS . JE 5 RIS L

2 JE B K ERAE. Bk, RESIRNAEE. TEEE

3 TR A 0 S RIS ) LA K AR AE

4 W5 JE QB S, WA RS B, JE -5 Hok b

AN LKL KTE. mYE. B, B, BIE. DR, NIRAE.
WA SMRAFEEE . AR AR iR ST, REUKE. TF A
[INZES

(a) | ZRAUTE Y LT RFAE
(a) Weight 1

(b) 2 FERRY) LTHFAE
(b) Weight 2

(c) 3 2R ) UFTREAE (dy 4 FARUT Y ) LITRHE
(c) Weight 3 (d) Weight 4
BT R FERCE R A A BE T UATARAE

Fig.11 The demonstration of 4 types of

distance-based features
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Fig.12 The illustration of ethnic manifold structure based on selected features
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Fig.13 The demonstration of 4 types of angular features
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Table 4  The selected angle features by mRMR
BE AR EE DR A
1 JHRA JE 5 R A SR BRI I A R R

2 B, BRR, TEHEILS BIRAE XA AX,

HALE R T I R TR ek JE MR 12 5 R
3 A IR IREAIE, JHIRZ FMBERAR, BILMBERR
4 JEFIE R AR P MR S50 85 22 1 5 32 5 R

ARICR AL SR PCA M LDA St BEREAT IR
W, PCA J& 1986 4F Jolliffe $i& i i 2k M B4 47
A PRI A A LDA, tonif Fisher 2151
FLD i Belhumeur F 1996 45| A A .54 RE 401,
HHA AR = E AR A B B die () R s
[, TS DA EIFHECS A5 . IRk s 1] 45
HIRCR.

R PCA Hil LDA %) 2% R A /B2 43 BT 45
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Fig.14 The principal component distribution of angular features
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Table 5 The 15 Physical anthropological definition of 15
frontal face index

A FRBCRHIES B s TRBFIE A R
1 KT mREL 9 Fas T IIEE 3
2 WL SR AL 10 WUHR L
3 KT SEFR AL 11 Fas T
4 JEASHIREL 12 SR (44
5 yiZOMMITE(§:14 13 X5
6 B 14 ENRVS L
7 TR T LR 15 IEZE
8 WA TE HE 2

AL SR I 15 AT 208 LR 4R 5K
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Fig.16 The demonstration of types of ratio-features
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Table 6  The index features with different weight

5 AN EE PRI A
(MRZE= ) / (i IR 25) 0.329

1 (IR ) / (B35 JE B0 0.362
(BHEGJHBER)/ (WHS5ER) 0.312
(BBESIRN IR / (FELREE) 0.35
(IR#EE) / (R S5EEER) 0.302

2 (m3EKE) / (EEEEE@’) 0.302
(EMREEE) / (8BS 53R IER) 0.301
(BFEKE) / (BBSWHEE) 0.302
(H24) / (B35 BHEE) 0.30

3 (B 5IRN A ﬁﬁﬁ%”)/(ﬁﬁ%%‘f“) 0.294
(BLFPER) / (BF L S HR M RO ) 0.297
(EIRE) / (RESIRANAERE) 0.297
(HRZIEE) / (RIS HIPY A B ) 0.274

4 (BE5 LEER) / (JBEBS TEER) 0.283
(SRIKE) / (RIS TR ) 0.281

(d) b7 LPP e
(d) Index LPP manifold
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Table 7 The selected 51 geometric features from Table 8 The frequent itemsets of the characteristic edge
distance-based and angular attributes and point in the mixed attributes
D %7 VA WE 1D %3 VA U ID B iE B D R R
1 1 (49,57)/(22,7) 0.669 27 1 (39,43)/(7,22) 0.299 1 39~43 6 IR 122 16 Jd
2 49~52 6 LK 2 49 16 £
2 1 (35,47)/(23,51) 0.362 28 1 (49,69)/(34,72) 0.296 RIEE
3 37~51 4 LEEE 3 5l 14 5
3 1 (37,51)/(16,24) 0.35 20 I (22,73)/(21,64) 0.298 4 ssear 3 - 4 ol 1 i
4 1 (39,43)/(22,36) 0.329 30 I (49,52)/(15,7) 0.296 5 49~57 3 sREE 5 50 10 5
5 1 (50,71)/(33,60) 0.33 31 1 (35,47)/(28,51) 0.298 6 22~73 2 JBHEEE 6 35 9 i
6 1 (49,52)/(5,17) 0.312 32 1 (25,50)/(21,27) 0.292 7 31~35 2 &4} 787 7 i
7 1 (22,76)/(21,54) 0.312 33 1 (37,51)/(14,19) 0.294 8 M~22 2 EOmEL 8 43 7 R
9 16 ~24 2 Bk 2 9 52 7
8 1 (51,59)/(22,45) 0.302 34 A~ (21,55,26) 0.289 WL ot
10 21~54 2 HAFEx1 10 39 6 ilE3
1 1 1) 0. I 4 1) 0.
9 (31,35)/(37,51) 0.305 35 (39,43)/(28,51) 0.287 11 2350 2 EMER2 11 24 5 .
10 A ~£(51,59,27) 0.311 36 1 (49,52)/(22,38) 0.289 12 23~51 2 HEEE3 12 57 4 5
11 1 (39,43)/(20,58) 0.302 37 1 (49,76)/(35,72) 0.289 13 23 4 I
12 T (37,59)/(14,22) 0.302 38 1 (50,52)/(22,60) 0.286 14 31 3 i
13 1 (17,36)/(23,50) 0.302 30 1 (35,47)/(23,50) 0.287 15 46 3 R
16 14 3 sk
14 1 £(31,22,33) 0.297 40 1 (49,52)/(7,35) 0.287
17 16 3 ik
15 1 (49,52)/(60,74) 0.304 41 1 (22,53)/(21,50) 0.284 s 73 ) o
16 1 (50,55)/(17,55) 0.301 42 I (50,70)/(33,60) 0.285 19 54 2 M

[y
EN|
—

(

(
18,21)/(33,49) 0.302 43 A« (17,49,21) 0.285
(

(

18 1 (35,60)/(21,54) 0.305 44 I (37,51)/(16,24) 0.285
19 1 (39,43)/(23,51) 0.303 45 1 (37,51)/(16,24) 0.282
20 1 A 2 (51,25,59) 0.283
21 I (22,73)/(21,76) 0.347 47 A 2 (35,29,49) 0.284

( )
( )
( )
( )
( )
(37,51)/(18,25) 0.301 46
( )
( )
( )
( )

22 1 (49,52)/(24,66) 0.303 48 1 (49,57)/(22,43) 0.282
23 1 (49,57)/(14,22) 0.302 49 1 (39,43)/(19,49) 0.282
24 1 (50,57)/(29,61) 0.296 50 A £ (21,49,25) 0.281
25 A £(21,36,22) 0299 51 1 (31,35)/(24,51) 0.279
26 A £(22,60,50) 0.298

W T REKIE, A REME

R 201 T A HE
5.5 SEIRSTAR

R G 2 i X B 328 1) Al S B AT o0 A, 2 2R
FIAN ] 288 i =Xk G Py AR A ) 45 A 2 4
PR B i 2 ) P AN [R) A LA RR AR A A k.
RPN AEE /R . LA g N g, 2ad
BRI R . FRAERUENL . JURRRAETT AL, FRAE %
SR, RSS20 SRIEEFFE (A Hns),
ey 195 DU ERFE (B %diisk) . 250 ASJL
T BERFAE (C Brdlidie) . 250 A LHUBIFRECREAE (D %
PaER) M = FhRAIEARTEE Y 51 MR SRR 4

B8 32 %

JBiT 21 %

AR 32 %

B 18 4RFR e TR T 4070 Le B
Fig. 18 The distribution of landmarks from different

facial area
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CPU, 8GB W1#; MR #1ER S WinT; 5L
T H.: Weka version 3.6/6%,
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Fig.19 The distribution of ratio-features in low dimensional space
BT R AL PERE, & L TP Rate, FP recall — — LT (9)
Rate. i % (Precision). #r 4z % (Recall). F- TP+ FN

Measure. AUC (Area under curve) 201 5 FRi0
SME L X2, TH R RER, Rk Y =

2 (9) HERBICHNE N I 73 S IR AR Iy
B SRFEA LA LB

Wi, y2, s unt REIRERIARSHE, HIEHRF TP
Z 0 RIS RL k A RN, S E—2K Precision = TP FP (10)

€y BIE kg, AR AR T v IEEAHHE
BRI, mHAFEAYRERSE. TP ARy
AU T W ) IE AR AN K, BN AR FAR R AR IR T
MR T2 IEREAEL, FPACRB A RAR BRI
HIEFER) TREA R, TN A7) JEE Y I o Fi 0
W DOREA KL, I3 IS 10 0 FEROR LS, B B Y
TP {Ewlirs, FP K.

3 (10) FRRME IR 0 IE AR S BT o A
RIEZERIREAE Y LA

AUC @ o ROC & Ty AR, 4 n] PATA
7 ROC 4 N i sR Az AR e fil, AUC 1y
BPUETERIFE 0.5~ 1 Z[al. AUC BRI EAREOR
F . F-Measure X fk°~ F-Score, &—fh4iiTH,
W H T IPNBAL  IF 3R,

TP
TPrate = TP+ FN (7) FoMeasure — 2 x Precision X Recall (11>
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EAERH J48 A JETIEHEAT 9L, R E A
AIRAEL 0.25, SEIRZE R 9 FR, IR A FHERUR SR
orRastabn e T AR S, HUCA A RO 55 A
LR BEERFIE RO AR 7 JEBCR R T HU B AE K,
KRR .

9 J48 R IE > IR A R AR AR

Table 9  J48 cross validation results after

feature learning

DataSet Sex TP Rate FP Rate Precision Recall F-Measure AUC

A M 0.753 0.123 0.753 0.753 0.753 0.814
B M 0.833 0.083 0.834 0.833 0.833 0.879
C M 0.92 0.04 0.921 0.921 0.921 0.935
D M  0.90 0.05 0.902 0.9 0.90 0.935
E M 0.96 0.02 0.96 0.96 0.96 0.975
A F 0727 0.137 0.725 0.727 0.724 0.775
B F 0773 0.113 0.776 0.773  0.773  0.863
C F 0.813 0.093 0.814 0.813 0.812 0.853
D F 0767 0.117 0.765 0.767 0.764 0.844
E F 0.813 0.093 0.818 0.813 0.814 0.888

P JA8 FRAL A LI AL v] DATE L7 PR AR
FUBRRRAE T S, AR S B 4 J48 Yedfept
HH L TR 31 e (A DR SRR, AN 20 .

MAS TR ZE BRI () D SR T AR < R e
LY 4 29 S0, fAEEUREN 3 25 &
FUU, FeB b BB A 3 2 4 SN ] UL A
HE S A LA B 4R 1) LR (R B R IR AR, 24K
B0 3. MR ZEOE, B0 B0 0 4% B0 A A
faf, T H LR OB R A SUKRE 4 4543 200 h v]
AR 3 735 T AR AIE B 4 19 A8 SUIGHIE ) - 35 E 1
0] DL N L P BB AR AE B T DA B Gl %k A R
FEHATHEA.

A SCHI ] Naive Bayes #4743 285250103 dnk
10 ffi7n, Ho Naive Bayes R K2 #REW, 1
117k i Simple estimator, 20 iR & FRE £
ERARAR G R A i, B ORI B s 4 4 2 Fe A
PREAT, Lot B AR A 2R R AR AL T LU O3 R R 2K
G e

2 11 *jy Naive Bayes Fyk /250004 454
TR A Ta bR B S AR TE AR R B By,
LU B AR £ 5 40 S Fa bR 5 B B S 00 2 4R 3t
AAH M, Lo R LU RRAE S S o e Fe bm i T
IR

% 12 2y RBFNetwork 42352845 51005 Jorh
BEALRRFECH 1. SeffiniEmzE A 0.1, RETRIR%L
PSS A FEARTEA A B3I B 4T, 3 M LU 9 e AiE 4K
PEEEor EARAT R BT, Lok f BE B 45 7E b T dg
Tl AUC S A A8 AR T LB Rr e 5 48

7 10 Naive Bayes SZIG 455

Table 10  Naive Bayes experimental results

DataSet Sex TP Rate FP Rate Precision Recall F-Measure AUC

A M 0.82 0.09 0.821 0.82 0.82 0.927
B M  0.90 0.05 0.903 0.90 0.901 0.96
C M  0.96 0.02 0.96  0.96 0.96 0.993
D M 0.967 0.017 0.968 0.967 0.967 0.992
E M 0.973 0.013 0.974 0.973 0.973 0.999
A F 0773 0.113 0.779 0.773 0.772  0.882
B F 0753 0.123 0.755 0.753  0.750  0.902
C F 0.893 0.053 0.894 0.893 0.893 0.947
D F 0.887 0.057 0.889 0.887 0.887 0.956
E F  0.92 0.04 0.921 0.92 0.92 0.979

(1) BT ARKERFER J48 JLsfRf
—49 5 52 [AfE (HRHEKE) <0.068703
74 5 75 [A)§E < 0.006452
40 55 42 [a)FE (IRZFEE) < 0.014295:K (M)
40 5 42 [a]fE (IRAFEEE) > 0.014295
22 5 32 [E (JEIRMIEE) < 0.022762:Z(M)
22 5 32 [H]FE (JERRIEIFE) > 0.022762:U(M)
74 5 75 [A]HE > 0.006452
22 5 49 [AfE (BHEMSS5ZEMEE) < 0.102522:Z(M)
22 549 [ (BHEMASZEMEE) > 0.102522
1 522 [EE (BE&S5%MA) <0.110805:U(M)
1 5 22 [fE (JBE5KMA) > 0.110805:K(M)
49 5 52 [A)fE (S KEE) > 0.0687
32 5 49 [|FE (HFPZAM S5 LIRE) < 0.090825:Z(M)
32 5 49 [AfE (@M A5 LIRE) > 0.090825
[22 529 [AIEE (BR4MBASEE) < 0.090452:U(M)
o 22 5 29 [H)BE (BRSMA R 5JEE) > 0.090452:K(M)
(2) BT N AERER J48 gusfft

[25, 22 522, 51 Al (EABES8F ) <1.620231

17, 32 5 32, 21 fEF <0.265308:U(M)
17, 32 5 32, 21 & > 0.265308:K(M)
25,22 522, 51 A (EEBEESHPH) >1.620231
36, 58 5 58, 49 fAfE (BHE57HRE) <0.378533
52, 49 5 49, 60 #F (REMAF) < 0.366858:U(M)
52, 49 5 49, 60 fRE (REAFE) > 0.366858:Z(M)
36, 58 5 49, 58 M (RHE5ZCHRE) > 0.378533:Z(M)
(3) T A LLBIFHERT J48 skt
39, 43 5 28, 51 Wl (IRZ. BESEMIER ) <0.197569:K (M)

39, 43 5 28, 51 Wl (RZ. EESHEIRH) > 0197569
49, 57 518, 77 el (3. BESEAIERHL) <0.253139:U(M)

49,57 5 18, 77 Wl (BR . B EBS5 LEAERLL) > 0.253139
49,57 57,15 Wl (BE. FHRmEH L) <0.142401: K(M)

49,57 57, 15 il (5#3#E. AfREmE) > 0.142401: Z(M)
Bl 20 AN[FFRAR T B RO R S
Fig.20 Ethnic classification decision trees with

different indicators

%13 f1% 14 2 SVM § 7 Fh A 7] 528 24
Fgh R, # 13 R Weka i) LibSVM 8 4 258
1661 Hoep 4y I C-SVC, Rz ol
R E ) degree = 3, B REH Y coef, = 0,
cachesize = 40 MB. AR B FTRAFHEEIRE S
L1905 S o R FR AR EE A A R], 2o PRV A R AR A
T LB R AIE B 4.
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Table 11

711 Bayes network SZIG 45 R

Bayes network experimental results

DataSet Sex TP Rate FP Rate Precision Recall F-Measure AUC

WV

MR 14 1] DUF 1 58 PR 0 TR A R SR 2 A L
PR AE B £ 7 FAR AR A ], ZPEIR A RRAE £ P 42
WA AR T LB AT B 4.

R LS AN [R) B i B X 4R E 0t 14 S ), A SCORF
FRHIEJE 4% mRMR THEIAE score #ETHERF, #K
PIBIEFRAE SR, BT A R Bk 5 R R B0 AR 1
HiZk, W 21 Fios.

14 SVM H SMO L2564k
SVM in SMO experimental results

Table 14

DataSet Sex TP Rate FP Rate Precision Recall F-Measure AUC

A

M

0.893
0.967
0.967

0.053
0.017
0.017

0.895
0.967
0.967

0.893
0.967
0.967

0.893
0.967
0.967

0.944
0.982
0.983

A M 0.793 0.103 0.793 0.793 0.793  0.923
B M 0.893 0.053 0.897 0.893 0.894 0.962
C M 0.967 0.017 0.967 0.967 0.967 0.995
D M 0.967 0.017 0.967 0.967 0.967 0.992
E M 0.967 0.017 0.967 0.987 0.987 1.0

A F 0.733 0.133 0.735 0.733 0.734 0.883
B F 0.767 0.117 0.766 0.767 0.766  0.898
(@] F 0.887 0.057 0.888 0.887 0.887 0.951
D F 0.900 0.05 0.901 0.9 0.9 0.964
E F 0913 0.043 0.914 0.913 0.913 0.983

712 RBF network 2565455
Table 12 RBF network experimental results

DataSet Sex TP Rate FP Rate Precision Recall F-Measure AUC

A M 0.773 0.113 0.775 0.773 0.773 0.871
B M 0.913 0.043 0.915 0.913 0.914 0.947
C M 0.967 0.017 0.967 0.967 0.967 0.978
D M 0.973 0.013 0.974 0.973 0.973 0.976
E M 0.993 0.003 0.993 0.993 0.993 0.994
A F 0.753 0.123 0.753 0.753 0.753  0.866
B F  0.807 0.097 0.805 0.807 0.805 0.904
C F 0.900 0.050 0.900 0.900 0.900 0.937
D F 0.893 0.053 0.893 0.893 0.893 0.943
E F 0.907 0.047 0.909 0.907 0.907 0.94
213 SVM ' LibSVM L5545
Table 13  SVM in LibSVM experimental results

DataSet Sex TP Rate FP Rate Precision Recall F-Measure AUC

A

om0 Qw

H 0O Qw »

M

£ 2 ER

5 I M5 S B 5|

0.773
0.82
0.86

0.933

0.953

0.733
0.720
0.667
0.860
0.92

0.113 0.775 0.773  0.772 0.83
0.09 0.823 0.82 0.823  0.865
0.07 0.858 0.86 0.857  0.895
0.033 0.934 0.933 0.933 0.95
0.023 0.953 0.953 0.953 0.965
0.133 0.752 0.733  0.734 0.8
0.14 0.758  0.72 0.713 0.79
0.167  0.715 0.667  0.608 0.75
0.07 0.862 0.86 0.859 0.895
0.04 0.922 0.92 0.92 0.94

[ I A SR SR T Weka, H 37 19 SMO (Se-
quential minimal optimization )67 2y #4743 28 52
%5, SMO B2 —f T SVM I Zha 72 v i
P B . 7E SMO BYE T, REch £

= o aQw
£ 2 2 =2

m 0 Qw >
0 = = 93 9

0.973
0.973

0.867
0.907
0.907
0.933
0.953

0.013
0.013

0.067
0.047
0.047
0.033
0.023

0.974
0.973

0.868
0.907
0.907
0.934
0.954

0.973
0.973

0.867
0.907
0.907
0.933
0.953

0.973
0.973

0.985
0.985

0.867
0.907
0.907
0.934
0.953

0.922
0.947
0.943
0.965
0.97

F# 15
Table 15

N7 FBIER e S (%) Jor 22

The average accuracy (%) and variance of

different classification algorithms

el

J4a8

Naive Bayes

BayesNet

M(20 KJEHHE)
M(195 K BEHHAE)
M(250 ffBEHHIE)
M(400 )
M(51 JRAHHE)
F(20 KEERHE)
F(195 KJEHHIE)
F (250 fEHT)
F(400 ff BERFAE)
F(51 IBEHHE)
M(20 K EEHEE)
M(195 KJEHHE)
M(250 £ BEHAE)
M(400 s BEHHAE)
M(51 IR AFHIE)
F(20 KEEFHIE)
F(195 KERHE)
F(250 ffRERHIE)
F (400 #E4E)
F(51 IREHHE)

80.00 + 1.83
83.33 £2.21
92.00 £ 1.05
90.00 £ 1.11
96.00 + 0.55
72.67+2.31
77.33 £1.51
81.33 £2.78
76.67 + 2.51
81.33 +2.10
77.33 £2.17
91.33 £ 0.95
96.70 £ 0.85
97.30 £0.35
99.33 +1.25
75.33 £ 2.87
80.67 £1.14
90.00 £ 1.10
89.33 £0.85
90.67 + 0.94

89.33 £ 1.04
90.00 £ 1.06
96.00 £ 0.55
96.70 + 0.47
97.33 +£0.21
77.33 £ 1.44
75.33 £ 1.21
89.33 £0.95
88.67 £ 0.55
92.00 + 0.35
89.33 +1.65
96.67 + 0.54
96.70 + 0.56
97.30 + 0.61
97.33 £ 0.49
86.67 £1.19
90.67 £1.29
90.67 £ 0.88
93.33 £1.30
95.33 £ 0.76

79.30 + 1.62
89.33 £ 0.69
96.70 £ 0.85
96.70 £ 0.28
98.67 + 0.53
73.33 £ 1.94
76.67 £ 1.20
88.67 £ 0.47
90.00 £ 0.38
91.33 +0.32
77.33 £1.03
82.00 £ 0.99
86.00 £ 0.32
93.30 £ 0.52
95.33 +0.49
73.33 £1.67
72.00 £1.43
66.67 £ 1.08
86.00 £ 0.73
92.00 + 0.89
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(d) The accuracy curve of the mixed feature data set (E)
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Fig.21 The recongnition rates comparison based on different types of features
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6 51

AR T 2 e i 5w B = A R
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