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Prediction of Facial Beauty Based on HodgeRank
JIANG Ting, ZHU Ming '

(School of Information Science and Technology, University of Science and Technology of China, Hefei 230022, China)

Abstract: In recent v'years, with the rapid development of computer technology, perception of human facial beauty is an
important aspect of human intelligence and has attracted more and more attention of researchers. For the current study
methods that exist in the training data set of scoring most depends on manual processes, and the facial beauty assessment
is not detailed enough to predict the results, this paper aims to investigate and develop intelligent systems for learning
the concept of female facial beauty with data mining learning and producing human-like predictors. Our work is notably
different from and goes beyond previous works. We impose less restrictions in terms of pose, lighting, background on
the face images used for training and testing, which greatly reduces the manual operation for classification and we do
not require costly manual annotation of landmark facial features but simply take raw pixels or textuge fgature as inputs.
We show that a biologically-inspired model with clustering and the improved BP network method can produce results
that are much more human-like approach.

L
Key words: facial beauty prediction; HodgeRank sorting; clustering idea; improved BPmetwork; facial feature

SEAT RAZE Nt ko0 R, 5% R ASRIKR
ﬁ.A%ﬁﬁ%%W%ﬁ%%%??ﬁ%ﬁ%%ﬁ%
BT SE, 2%, BES . DNANLEE 7 T O 5000 A
FNTHEAT TR ZAEM B 78 AR, (BAF AR NI A 5
FESRININ, 2 H AT IR BA g R E R, nfe
USSR, KA BT ARSI IR B
EAL R, ARSI AR 2 AR, BE
BRI, NIADGH 2 TYRAR, AR
TEH ORISR Bk I N IESSRARKTTE, 7
BIESEZE LT, AT AL AT ML Dk, 1

© EE&TH R T RB(XDA06011203)
AR 11:2015-07-28; B & ek 17]:2015-09-24

Xt NSRS AT FL R A BRI 5 A & 3 as, £E
e #0318 T AR LA v S 3 i A X 1) A s it
hEEEENSHNE. TR, AR SRIE BT TN
MERABAVE G+, BAEEZRSLHME.

B T SEMLER AR JE, TSI )
SRR SZ B AAIGE, % 2D A1 3D A F (k5 5
FERRL, BRI, A Y, MR
JCL T AR A T4, SR E T AR SRR
WFTEAN ST, G 5 350 5 1 Tt 2 v SEALAL e AN 2
W2 USRI FT RO IR0, SR N IR S 300 R 202 MR

Special Issue % i&-45iA 29

© MERERBATRT

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



it E N R g N M

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

2016 4 £ 25% % 4 M

e SRR, BT AR 5 017 A IR0 A
WL 5, R T 2 SR S £
0 KOS S5 RO 036 PR 6y VA A 40
{32 H ) 9 N 5 5008 TS S8R PR 2 31 0
SR TN TR ( 3 500 A4 AR L35 g A 35
S TR B 52 O 0, T R B (X 0, I
A N3 A . VR 310 W e
b NI AT A, K 1 A T LA
Fy A6 35 00 Y B R —/ Lt 50, L
1 1 L 1 A 35 500 1 KB I, e B
R A SE IR Kb, B R R, B AT
HodgeRank {0\ 330 Bl R4, 1% 2 Gife (6 4R
SEAE KA N T VP AR IR, 135 A S50
Hy A S B, I 5 B A AR 550 19 0~100 1]
fy— A~ Rk, B EA AR IO,

S R ZHANE S B — & A AT A, 2
— A A TR, 2R A S R S R,
SN EEHEAT G

1 FHRTAE

NI 5 T W B = AT B R v
Ko NRRREHRE. A S50 M i
1.1 BiEEEE

R 7E A SE 3R FORF 50 b A B B2 11 432K
FEAG LT UM% (DEESE: LE KB,
MR % B PR 1 — AN, RV 7 AR 2 W
FE— IR AT A28, ARG R R4 SRk SE 1,
15 BUAR o IER KA T 12007 19 1 e s ke AU

R A — AR 4 2hm e, B — /NI 200 i

— R 45 2 R B T — 3K MR 14 S ()4
FRAEHEAT 50 260, S/ NECREE R W% 7 R TTAT, (LB
EHURAE K, TE— KK BT (KU, %07
RFTAT; (3)FIRIRT L5825, AR 2 26 K 1 v i
U S0 — 3K, CHE R LR T 5 S
ST, %795 0 U 2 R S, T
TAER2AEH K. IR DA 1000 SKE A, 1
T BT A B R B 7 B B HEAT C2 ) = 499500 IR EE
e, B — AN S L — R A R 0 T AR, T
LB LB SR 1 2 R 2 R 22T L, 3
PRBE R, BGE SRR, P EA AT 4 2 732k
AT 4 MR L . A SRR B R,

30 LiR-Ziik Special Issue

{EL AT AR 3R 5 B I L R AR = KB IS L,
KK T 1 T AE B, AT L 4 AT
HodgeRank HEF, 5K/ 82— AMHRT (0150 E1F g
NPy TGESD

12 AHHERER

NI 35 55 FE 16 B 9T o 32 8 0 KR A AT
(DJUITHRAE, 7E AR B T EARIA B SCRORAE 22, i
AL A2 R ) LT 9 8T e 0 B A4 R L
RO IR UL A, AR O LI A
A BN ) 68 A SR IEAIFIA—(LIE R
{1 RO 3ATR ETRRRO R R (5 B4, (R MAHAE,
SR 0 47 H7 A e BT GE A1, 075 R T L
T RO 5 125 5 P L 0 B 15 3
SURLAE B, HEARW B AR R IR R. 5
HRT14] K K L A AR RN

(L) T RN G A 38 00 B AR K,
R A P P A0 T, FL b T B2 A7 A3
BRSSP FAIEHR . IR AR B0 5 2 VR SR B
WARTK. 7 QR Iy i s AR T Bk N T
SR, % BRHEAK P I B R A AR X R LB A
SCr, TR L LT AU E 0 S0 5 .

13 ARERETN %

NS 5 BT oK PR D AR 35 4 L )
)35 2R A M 53053 7150 LA 0 b 0 30 £
b, B AN e E N, Scik(12) % 5 — N AR
CVHEER 1T VN A PR SN CAR R SR S IN
P2 T i B R A0 D B 80 49 B 28 3
B FHVR 2 21 77 6K 5 N S
TSI AR S SE, SCRRI1S]FR UL CSOR J7ik
R4 A A B ) £ SRR T S5 IR0 %, 6 A3
AR ISR RS B R4 1 FL: K T\
[SIOES - AN P AR IN ==L e S PUIPN P
A REAREE 16, 7 BV A P A R4 5 50 5 43 260
EEESEES EEIN P S ESNE SR oS
S SRS K2, SRR N4 B TR
L EMAUSHIUTAL, BT AN 42

2 RMIINE

BRGNP R Bl S AL PN & Ay
2K, k1 R,

© PEREE ST

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



2016 4 $25% % 4 M

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

it E N R g N M

Hdls e 4k

il

5 S0 LR

LN CES

K1

By A B N B A BR 4R, AT REALI A |

] (R 7 5 b, 849 2 b —m B A R = sk B
17 7 6 b, 43 5 X EOE o 18 e T B A
HodgeRank #ERREHE, 15 2GR 1A 702
i S5 S NP PO RSAE XS S A8, 55— by
AR B R S —YE FE A R — 2K, R
PRI BAE R R L, WRIEE RIS
TR SESAE. 5 Fh vk ek B A REAEAE A I
g, BRI B AR IR H ARHERE, R BP
PRZE X 28 FEAT U505 3 IR 2B I 2 ST BB, RIFRAT]
JIT 85 2L 1) S 500 EE TR ALY
2.1 HodgeRank HEF

HodgeRank!"*}& 2008 4F Yao, Jiang, Lim %5 A2
K, EA—AD I BIRHS LR A E R A
S A A A B TR, AT DA i 55 38 ) 3

P A — B e AR A% 3 1 10 i B Ok & BRI BRI, |

HodgeRank HE/75HEH LS IR 2 (] 70 =A%
Ry i el IR T S e al LN %ﬁﬁiﬂf%l‘ﬂ.’?%fﬁ?’f
)8 S AR R (1) B S OR, 2R A0L A<B<C(A<B
B B A FIIESRBE R A m)XFHOC R, s ks
PR R, BT LR L E R4, &
&, FKGIRA M HE T 45 R B — Bt g R ),
FEIXAN WGt R rp, 6P AT AT DAAS 31— S X
MR LR, 45 R ARt vk, W2kl A<B<C<A
XL R LR g R, AR 7 2 () s il 1 2
Wlrp, RPBRZE. %22 Hhi KR, Ui e 4 R AR A%
WYERZ, HeR s BT E B, WFHEEEZN
Pl A 4 SRR v S B 5 BRI T A5

—_ gn HodgeRank
AN PR ¥
|

B

EXZ i
Iy gt
. A -
RYHEE .
. -

B A= {12, m) R m AWRE, V= (12,0}
R AR, X HBAREERE AV XV IR, %
AR o 5 TR R FRARE, Y =Y (YF
FoR s a MR LA | A § RIS,
(R

oo | 1o WA B L S5
T s

E X AR @ AXV XV — [0,00)
Y 1, M b 1 & iRy

"o, st @

e vt 1 4 5 4 1A £ Ao SR M 1 A 44 14
s:V —>R W8, PRk T

min¥ (s -5, %) ()
ETE%%ﬁEﬁthﬁm%%iiﬁ%WWMﬂ
SN L

minZ wij(si =5 —Y,.j) 4)

ser’l ij.a

oty =(X, 00 )/(E,0f) 0 = 20

% G = (V. E) FR B Pt I v e i A,
E 20t 4 30, A

E={hJ}€(Z}ZLaﬁ>0} )

{EBox T — X ELRR I LAY (i, )} (ot Ee B0

ny AT a, AP E DN § B § R a,
APEAHE U E T ), WA, +a,, = n, (BA X
KR ). X8 — %1 {i,jjeE fWlF 8 %A

(M

a

Special Issue % i-4¢id 31

© HEBEERIR T

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



it E N R g N M

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

2016 4 £ 25% % 4 M

7["/' =aij/nij ’ﬁ Yt/ =(aij _aji)/nij =2”ij -1 ’(4)ﬁﬂu\
5N
n z n; (sl.—sj —(27[1.].—1))2 )

serl {i.j}<E
R R R LS i B 2 T AR V) 2 ik A e
REBAE, A
7, =Prob{ifyFEIE i) = F{s[ —S].} %)
XHF aJRARR. B, B RR R, HFE AR
Bz, B, WK F € SO R Y, = F' (ﬁy).
HAVHEY, =5, -5, + &, ¢, 7M. HHINFERAT:

1) B AR

Y, =2m,; -1 (8)
2) Bradley-Terry #i7!:
o,
e ©)

i
¥ y

3) Thurstone-Mosteller 7
Y, =F"(m) (10)
HrhoMp W EF Z&HRERH

F(x) e adr

1 e
NG J —x/[20*(1-p) 12
4) AR
Y, = arcsin(27rij —1) (11)
RABRRAL TR BRENE, ¥, AR T4
{i, ]} SO o, RS SUE RIS p,

HodgeRank $i it 1 —/MEA R R R e 4

Iy BUTHE R DA SRS ) Ja A HE e (AN — SR A S

TE I 2 chxd L AR T 5505 (0504
22 BIRS% O

2t HodgeRank HEFF 053355, 735114500 45
K I P SN, R AR A T B 4 G R
FRUA L P 432K SR ) VE AR RS A R TR 77 95 KL%
%, A5k,
2.2.1 Mk

KHEREME, @ HRERBINMMEH—HE
IIARLE 0~100, K- EAERE 20 23 VA 8—2%, 21 0~20 5

32 LiR-ZiIR Special Issue

RN 3, 21~40 1A% 3, IRIRSSHE, 42 I3 B
MBS R T, “H, <, <37, IR%E>. 1F
SME 4 IRV R S 10 PP AT 403, LRI A
24 3 10 LR LA AN S T T AN R AR I A I
BEBS, BRI 4 RE A 5B B 5 1 5 %25 B o
Lo, HONERIIE I, SRICHAR B AR AE, THE S
ISP B B, U B TR R L 2 B
ZIRAREA 02551,

222 5k \

S PR J 4 HEAT S AN R P 4> KR B #2845
5. bR 1 5 s SEGRIRI ] AL ELAT L TFRLELN,
DT B 5 e A 52 52 M 0 P L K B0 6 £ i
TR BP Sk AAEII G K, SO, 5
N\ R 555/ K S B ot DA ol SR 44 ) BP
BL3E, UL T AT K AR ) BP 2.

1) B0 BT ARG — Y A A 1 e e B
— WA BN BIA R R VAR T, 4

AW (t) =0 X +aAW (t—1) (12)
Moo REERM, ac(01). SEBUZN T LR
SR AL, X F ¢ %00 R R R, i
2 T PR AR A AR, AT AN RE 28, SR
ZRdd

2) EERIET ST % SRy BB, iR
ST LR, 15X IR 7 A/ 28058 W 25 e,
16 2 AU B X 4, K KBS SR v 4,
f 0 4 4 B N LA T 3 AR08, S R B
S5 S0, T B e S R % T U
AT ne BB <), MBIRLEFIE T RS,
Bt iTnesO >1).

3) BINBEEET: O, =1/(1+e "), net, #i%
BN, MAEHET 0, i D, —O, (D ZMEHH, O
S BRt H PYEORI, TR A TR X, ot
4 4> 10T LAIR 4 R4 (0 N, {22 3 H A e
HAIX, 2R THXF R4 A=1.

AR 15350 1 P S0 R 1 PR A B B AT
BP 4% %5, 1% HLA A PR REAE, it 2t 251
B AAF R —A 0~100 [8] I BUESE N A1 7.

© PEREE ST

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



2016 4 $25% % 4 M

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

it E N R g N M

69.5

Elm2m3
X
=
32
it 27.6
24.1 24
Ey
e 8.3 8.1
05217 [ [
BI5 AT Bradley-Terry #i 7

FER T

3
&2 % F B HodgeRank HEF 45 543 Aii ~
i i1 HodgeRan ﬁF?n‘% ‘

3 S AR
3.1 SEIS#4RAY HodgeRank HEF a2
FEFA AR E (S BAE, S LR 2000
S P AT WIS 0 S B, "R 5 L
HEAT T80 3 AL A 0 b, P28 AT
I EERR RO 6010 2, ELK ) 43 2 AR AR >
TR0 TAR B XKL AT HodgeRank #f
R, AR P A — A AL IR I —
e E B PTA AH M — AR, A T

AT

4m5
32
27.6 24 28 26
16 16 14
8.3 8.1 I I
Thurstone-Mostellerf& AR A
-

\

6010 VO 37 [7 42 6 (1) (1.1D) 9 4F e 525
HodgeRank 45 %70 il =N IEZ W E 4. Bk
I3 BRI HERE UL R 3R A5 S AR HE R B R — B I &
B, FSese s 2 BUE 3 — 3] 0~100 1EAE A
AEXS 7B ) F RSS20 HE 5 45 5 0 A
2 iR, fESEIR AR, HIE R K a8 RS,
1%L Bradley-Terry 55 1 = £ 25 4o 485 7Y (1) 7 S48 1
rfH. Wl 3 frar, HodgeRank 75 21 1 & A 16 4 # 45

K3 ER2RER: (DAIRBETH RN 75KE T, (;)ilocigeRank HF R EIH 7 3Kk E8 — R E v, GAL
IR T H TR 7 5K A, (4)HodgeRank HEFF 70 K45 21 7 5K55 TR T, (5)SRU015 21 (19 1& A AR 2 {H

32 N EHE MM AR R AT
PR SE S5 AT RO B, AR

NI RAEREAT X EE SR
1) BTEE BEEEEKE ARG ERRE A

Special Issue % i-45id 33

© TERERE AT

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



it E N R g N M

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

2016 4 £ 25% % 4 M

FHFEREN, B RN A100x 100, 7531 (1 REAE
410000 x 1 4.

2) LBPHFE: {3 & FH 1) 8 4RI A LBP, JH¥%
LBP 45 kit B 7 K ATik, BRI E N
256x1 4

3) FETHRE A ] ASM BRI | 68 4~
AR T RRAE, 192 0 136 x 1 4E.

3.2.1 f4r2%

BEXT R EE, #2000 5K B #2B8E N 5 K,
LE S A AE N BT 5 A EL B0 R : 16%- 19%- 24%.
24%. 17%, B340 KBOS5. S vk S R s
(UL b = FARRAE, 159 2% R 2R 50 B R R . &
100 7k B HEAT AR, éfﬁﬁr%ﬁé%ﬁ{ﬂJE’J)ﬂKi&z
AR, Wk 3 ik —Pis. L
322 5K " -

£1%f BP %4, ﬁ@@ﬂmﬁ%&ﬁ&gmmuﬁ
NT iR }Eﬁﬁf%i %ﬂ;ﬁzimﬁﬁxwﬂﬂ’m&ﬂé
HEAT IS5, 1R 2 BUITA FEAR I TR 2 M. EHXt
ANE R FHAEM SN R . BEE. B )Em

RENE 1 Pios.
1 ANIEE R RS IR 19X 28 24 J2 FA) 1 e B
FEHERE U7k PN i )2 By
T 100001 100 100
LBP 257 100 30
H:T 68 NMFAE A 137 100 30

Rasr 2 A ont R EE 200,150,100,50,30,20 Fif
SEEGEE FORIUA. % 2 BIR T AR BP W28 F k)
BP MZ%1E LBP H#fiE T A R0 B

2 brvfE BP RIS BP AR E(LBP 4F1E)

A IEARIREL
¥Rk BP 0% 1789
et BP 5vk 68

AN LI, Ay vHﬁMA%
A (AR R 1, (38 R T A4 E R
WA, BT LN %%%%%@%iﬁ RA5E i
S I SRR IN R A P 2 1) 4 SRR g

IR 5 MR, AN TR,

B HCE L T 2) S5 5 SR A R AE 2 [A] (iR ZE AN
FETRTELI 0-1 M2 S, TRt S 45 AN EEAE 4]
) ZEAE A AR iR Z A5 R . RlE SORZE TR
AAN:

{ 0, S = Spope <5

error =

|S_Shope /(Smax_smin)’s_shope >5 (13)
Hoprs,, RNHEE, s, & TTER R ER

FORMERT 100, s, A ATKEN ) 408 5 /ME P 0.

TE2R 3 0F b T JURMF A BT V2 I kst BP [45
(RIS as LU IZ SEAHERT, T8 4 SR TRRESIEA
HE) BP BT B LBP!%{EJ& &E’J;’:B‘j

3 AR AL SR ) SR 4 R UE R L M*éﬁfﬁl?iﬁﬁ)

FAESR U 12 T7VE—(%) Tk (%) \, %71‘%’” FEIS(s) FAAFEAFERS (s)
TR 88.67 5 N3 - 875006.2 1.065
LBP 19501 o 88.34 247.385 0316
HT 68 MFER, \"; 90 72.57 250.46 0.498

92 64

B4 W BUREAS (K S 30 R T 206 (1)AHL 20 245 21 i) SE 300 P

34 LiR-ZiIR Special Issue

slé

— H RH

61 63 38 19

ZEAL; () 7 FAT B 1 B I &5

© TERERE AT

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



2016 4 $25% % 4 M

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

E N R g N M

i3 S AT DU H SO BT (4 5 VA A S SR Ak
AL AR K RIPL S, RSO BP 2% BL R A
(¥] LBP HFALHEAT (K A SEE I 000, HA R th R &

hi-

.

4 45

PRI SO, BATIR M 7 — P HT A i S 30 5
RV NG o N R A R S G O
HodgeRank /PO IE, X AR & A 24724 1 2R
AR RN T2 1 BP IR I4H 22K, 15
BN B 0 2 248, R HAE N B SE 3 . g
MBI S5 R, RPIBATEIEA R, W4T, fEARK
(0 AR AR BATE S35 77 R KA G 5% I A A 2
BATHRIE, PR St R g R A G, R KR
LA S N1 i BRFAE S AH I ATEL il A
ke, FEARSHR 2 DN 3R 0%, Mol S I A 1 e 3
U 6 g A SEUBE 1) 7 35 47 S 5 T2 4 )5 B
AT TR

SE 30k
1 Zhao W, Chellappa R, Phillips PJ, et al. Face recognition: A
literature survey. ACM Computing Surveys (CSUR), 2003,
35(4): 399-458.

2 Tan X, Chen S, Zhou ZH, et al. Face recognition from a single

image per person: A survey. Pattern Recognition, 2006, 39(9):

1725-1745.
3 Fasel B, Luettin J. Automatic facial expression analysis: a

survey. Pattern Recognition, 2003, 36(1): 259-275.

4 Shan C, Gong S, McOwan PW. Facial expression recognition *

based on local binary patterns: A comprehensive study. Image
and Vision Computing, 2009,27(6):803—816.

5 Moghaddam B, Yapg MH. I:earning gender with support
faces. IEEE Tfan;. on Pattern Analysis and Machine

Intelligence, 2002, 24(5): 707-711.

6 Guo G, Fu Y, Dyer CR, et al. Image-based human age
estimation by manifold learning and locally adjusted robust
regression. IEEE Trans. on Image Processing, 2008, 17(7):
1178-1188.

7 Fu Y, Huang TS. Human age estimation with regression on
discriminative aging manifold. IEEE Trans. on Multimedia,
2008, 10(4): 578-584.

8 Likert R. A technique for the measurement of attitudes.
Archives of Psychology, 1932. \ . :

9 Oliva A, Torralba A. Modeling the shape of the scene: A holistic
representation gf the spatial envelope. International Journal of
Computer Vision, 2001, 42(3): 145-175.

10 MG, 5 R0 i 53 A R B A 30 BE VAN T2 0,

2012,35(2):244-248.

11 Milutinovic J, Zelic K, Nedeljkovic N. Evaluation of facial
beauty using anthropometric proportions. The Scientific
World Journal, 2014.

12 Zhang D, Zhao Q, Chen F. Quantitative analysis of human
facial beauty using geometric features. Pattern Recognition,
2011, 44(4): 940-950.

13 Grammer K, Thornhill R. Human (Homo sapiens) facial
attractiveness and sexual selection: The role of symmetry
and averageness. Journal of Comparative Psychology, 1994,
108(3): 233. LY

14 Gray D, Yu K, Xu W, etal. Prediqt__ing facial beauty without
landmarks. Cpm'puter Vision-ECéV 2010. Springer Berlin
Hgidelber’g, 2010: 434-447.

15 Yaﬁ H. Cost-sensitive ordinal regression for fully automatic
facial beauty assessment. Neurocomputing, 2014, 129: 334
—342.

16 Sizemore RK. HodgeRank: Applying Combinatorial Hodge
Theory to Sports Ranking. 2013.

17 HAEL— PG A BP Hi5 (5 B RS THE,2015,(6):111-115.

Special Issue % i-45iA 35

© MERERBATRT

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



