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Expression-robustness 3D face recognition based on facial profiles

Chang Pengpeng'?, Da Feipeng'”, Mei Jun'?
1. School of Automation, Southeast University, Nanjing 210096, China;
2. Key Laboratory of Measurement and Control of Complex Systems of Engineering ,
Ministry of Education, Ministry of Education, Nanjing 210096, China

Abstract: Objective Given the non-intrusive nature and broad surveillance application of face recognition, this technolo-
gy has drawn considerable attention in the fields of pattern recognition and computer vision. However, expression varia-
tion is one of the main challenges in 3D face recognition because the geometric shape of a face changes drastically under
expression variation. For instance, an open mouth can significantly change the topology of the facial surface, which can
degrade the performance of a 3D face recognition system. To handle facial expressions, a novel 3D face recognition meth-
od based on facial profiles is proposed. Method First, the pose of a cropped face is automatically corrected on the basis
of principal component analysis, and all facial scans are transformed into a uniform pose coordinate system. A set of ver-
tical facial profiles in the upper half face region is then extracted to represent a 3D facial scan. Hence, the shapes of two
facial scans can be matched by fitting the shapes of the corresponding facial profiles. Open curve analysis algorithm is ap-
plied to calculate the geodesic distance between a pair of facial profiles extracted from different facial scans. The geodesic

distance is used as a similarity measure. Finally, two facial scans can be matched by using the weighted sum of all levels
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of the corresponding geodesic distance. Result One of the large stavailable public domain 2D and 3D human face data-
sets is the Face Recognition Grand Challenge (FRGC) v2.0, which has been widely used in the literature. Two experi-
ments are conducted using the FRGC v2. 0 dataset; recognition and expression robustness experiments. In the recognition
experiment, the earliest neutral 3D facial scan of every individual is selected to create a gallery of 466 facial scans, and
the rest are used as probes. We test three dataset partition methods that are commonly used in existing 3D face recogni-
tion systems, which also use FRGC v2.0 as the testing dataset (i. e. , non-neutral vs. neutral, all vs. neutral, and
neutral vs. neutral). The Rank-1 recognition rates of our proposed approach in the cases of non-neutral vs. neutral, all
vs. neutral, and neutral vs. neutral are 95.2% , 97. 1% , and 98% , respectively. In the expression-robustness experi-
ment, we consider the gallery in the recognition experiment, and 816 facial scans with an open mouth from the FRGC
v2. 0 dataset are used as the testing set for face recognition. When the facial profiles are extracted from all the facial re-
gions as features, the Rank-1 recognition rate is 82. 8% , whereas that of our proposed method is 93. 5% . Conclusion
Achieving high accuracy in the presence of expression variation is one of the most challenging aspects of 3D face recogni-
tion. To address this problem, a 3D face recognition method based on facial profiles is proposed. A set of vertical facial
profiles are then exiracted to represent facial surface. Given that these facial profiles are extracted from the semi-rigid re-
gion of a face, our proposed approach weakens the adverse effects caused by facial expression, especially large facial ex-
pression deformation, and consequently improves the efficiency of face matching. Experiments are performed using the
FRGC v2. 0 dataset to demonstrate the effectiveness of our algorithm. Results confirm the expression-robustness of the
proposed method.

Key words: 3D face recognition; expression variation; facial profiles; pre-shape space; geodesic distance

BRI R 3 AN A X 2% B k4T TCP UCIE, e J
VC P 4% A e S Ao Mian 28 M $RECER 71X
Sk — R X SR, 3 50 G e TCP 3 e
W, F5e JE A T VA SRR P R BN A T 1, A5 T

0 3

i1

TR A8 BOR A5 AR PR N B AR A

e, BRI B B AR AR R R R S
STENTAS R G WU SR AL B sl L [
RN H A7 A ) VRN IR S 5500 2 4
N1 S B R R R R 5 I, 1 2 R
BT B AR ARAT (IR BIVERE , (R332 6 I8 R A
FAEL R R B, 3R BRI T 2 48 A iR 5
&R 3 ARG 3 B R AR R AR 3 AT AR
T AR, HILF RS20 B H 8, DRt
3 4 IR B BRI AR AR R BB g
52 4 B IRSIAR EL, BAR 3 4k AR A AR K
3 ER BT A 3 4R AR 3 5 5 2 5 3
TEASAL R , PRI o R e 75 A8 AL J2: 3 4k A
PRI RIMER 2 — o O T fift phe 175 28 £ 1y ]
WFFE N AR I T AR e 7 R MR ARAE
IR, FEEA M 3 2, AR T A I B DT L A
O7 i TR AR RAE (7 1 RN T A R AL 7
BT S B R VT TE Y VR X 3 4 A
HiHEATVCHL . Chang 25 AR H T —Fh s FRIE X
SFVCTE B 1 365 107 30 S 0, MO 25 S SRR A 8

REF R TERIRCR . T RERRHIE A 7 i 2R M 3
A N\ Jz T 45 AT 50 JR) A R AR ( BE A Jmy R A A
P BHRARAE GRS ) HEATUCRD . Chua 45 A
I NG il T g i B3k P — 45 A A il 6 ol G 45
RUEEST. PS(point signature) | SX 5 T PS FEAE, R
PEELR R DT E A o Pan 45 A1 ) B 4 A6 70
VCJE 5 A 3 2 A JS X FR AT, DT 2R A5 A Hcs
MITHAE BRZE . X 548 Bk 5 , R Ak (1) Hausdorff
I8 A Lk 2 1) A AR . Drira 25 AT 4R 1
FIH IR 48 1) ol 2 e Az i T, 8 5 AR P B
JUT NS T 5 A% ) i 2R 2 6] B 000 b B 25 4 S AH 0
JE o FEFRERFRAE R AT 3 4k ALY 1 3% ik
FEAE . Bronstein 25 A" I8 5 1% 28 Ak 51k 19 N
TR R A AR A R AR e . AE I 2 4E bR B (MDS)
4 3 4 A A8 R 20 Hh 1A S ) ICP DR E 58 i
YU, Lu % A0SR FHMERE 45 (TPS) sR B )
IEIEAR i, TEK A h Te R AE NI A iy A R4 1)
5 S0 VE R A7) . Wang 45 A
PR — P T ) SR AR ik o 207 IE T SR

© i [H K G BT AR AU AT



0334

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 3,Mar. 2015

FHVIZREE Fp i TGRS 1 A8 2R 15 I I
NI DX, SR LA B T NI h 1) 2,
IR AR R DSk i PR SR NS o e b
CEEOHINEWN ESTER YN SR ST 1A 8

B ALk — R Z A0, i AU o2 3 4E A
BB — AN E T . T 3 4E AR
AEH PR, S B— U IT L BT it B A9 IR )8 58 K 2
EPG . ad mr EACAN fA 3 A A Sk X
VAR FH T MU A4 Kbl e, DR B BBUART B 1) A 20
FIEAR AT S B RS RBURN T RG34
AR SAE R S A BE A SCHR I 1 — i T2 W
DI T R4 B DT L Y 3 4 AU i o i et
AL B2 5 A9 NIRRT LT AR AR A5 B AE L~ 5K A
P19 ZRAEETT I A IS4, RIS IR PR %E &L
AT AR DG FR S, SR 00t 1 25 Ok J32 Sk 1 5 NG X6 b7
RHERAOAIIRE o )i, O 17 BE 2 W ok IS =2 1] ) A
AL o 75 80 P 8 s TG X T 28 79 A AR SR SR
FRENIEAT RS T 3 4EAMG R o IO W1
P DIy TR ST e ok RAME B, BT T 2 R A R
M A5 A 14 Wi 0 DX ek, AT 058 1 R A IR . A
FRGC v2. 0 $idfa 7 b A9 SR 45 R R W, A SCRE R
AR RIBIE, IF BN T R HAT B &
etk

1 FikbiE 5 HE AR EE 4R EX

1.1 TAbiE

FRGC v2. 0 Hdfa e i 3 4 A4 780 33 o ),
Er NI IR A B HR 2 Sk 5 RIS I 25T 43 I8, 9 L
G BRI R A BRI RS IR AE 2 T,
S ECHE HEA T B, 5, B e T
SR LU, LB S R s, DL r =90 mm 2%
TR, B AR AL 5 A9 G X3 D Ao 0 1 g AT X
SSRGS T R TG AT B T
ARG A S B S O 1 ()
(b) iR

XU 5 B 15, 25 R 32 IR 2043 B (PCA)
WIS 3] 3 AN AR IR B S 7 1, B B RS AE AR
S AR 16 A Ay Bl 5 N AE (R 6T IO 1) 4 A 17
BAYER 2 3, BS A TAR R B PR R T AR
A ARG E TR 25 o %A b R AR S S A B
(PCS) o LLELIR M PCS 1 AL I 2, K U1 1

NI 504 0 e 46 3] PCS o, SR 2 285 15 —
e, A 1(e) PR,

! y

(a) J5IR N (ONIEIEUN O SY MAEPN 4

BT DRI 3

Fig. 1 Face cropping and normalization

1.2 EERRELS T

PG ALAIE 3 A ] i s 14y 2 R
—o AEFRNGALAC T, N i 1T 22 A AR ARMIPEIEAZ , 5
5K X G H A 2 AR RN DX
1T 5 70 DX Sl ) 52 2 A7 532 WA SR, e ) W 8 5 -
E R LB G YN R T I NTTPNPN S (9 28
BOR o D9 T AT K A (Y _E 258 23 0 A W
PEXI (RO y =0 Y R A4 R X380 |, i A 91
AR 53 MU A W DX CRIE y < O Y RAR A X
) o 2 AT LR A A RN A
JEWEEL IR TT, A W P DX s A o 8 8 B 4k (i €
8O3 ) FEA B/ TGP P4 DX ) T 8 4 4%
(ZLEER ) T AE EAR, AR R 3 T 1 2 P 22
S, FEOPRAR A d IR A, AR SCRETT I B X
3o, M M DX S PR BT PR A S 2k, SR 4 e
PR,
1.3 HEEHELKR

TELEAS AR Z A LA T woz ST L TJ5 1Y 3 4
NIBHITE g S 48 BON I ThT i 48 B 2 ie, B oG 2
RIS % B 16T A% SO AR G Bl 00
XS PRI, H1E A M X AR R po EA p VDRI K
AT S, Al ARG B b 5k N A4 Hh o TR AR B 2R
SRJEREF-TET p 2352 & IR D7 ) MR 1) 458 i B
([B]H2 S mm) P52, I 5 A i S A5, 733 b
ek NI 22 2K R SR Bk, Anl&l 3 () FT7R o
1.4 EEPHELERME

£ R RUAN ) S W N R IR 2 €t DT
e Bk b 1) 5 R 23 A NI AT DRI D I AT X
HARAE . LI p 5 xoy P 10T HI SS9 ELZLAE
S, BERAEE R AN 3 (b) FioR aL @i &
S ML ESH ML AR 3 mm RAE— AT,

© i [H K G BT AR AU AT



5205 /5308 /201543 8

FARAR, IATGHS, 52 / WRBESHAIEARICELE 3 H AR

0 0
~10f =10
20 1 201
g
£ 30 1 é =30
N N
—40 1 —40r
=50 =50
—60 —60 F
—-70 L L L L L L L -70 L L L L L L L
—60 —40 -20 0 20 40 60 —-60 —-40 -20 0 20 40 60
Y/mm Y/mm

(b) MEEAS NS DA IR T 8 JER 4 11 i P

() MY M DX TP Tl JER 2 P 1 1T

P2 [N NRF WIA: DX A W DX SR i T 4 B 4 fA %o L

Fig. 2 A comparison between facial profiles extracted from the semi-rigid and the non-rigid regions of a face

() SRAF T AR 1 AR FE R LK

(b) T RAT:

(c) I AT B 48 R Lk

B3 RS BRI FR A

Fig. 3 Facial profiles extracting and resampling

XNTF&F ML B A, R RAEL B
WRAES ML Ty ) F IR ES dis FOlk i) AR
T oRAE T £ A SRR AL, SRR i A T 0 B £
B3 (c) iz, ot WZE B, 58 B Z R AR B 23331
542 mm 45 mm 48 mm .51 mm 54 mm .57 mm .
60 mm .60 mm, 60 mm, 60 mm 60 mm, 60 mm,
60 mm .57 mm .54 mm 51 mm 48 mm 45 mm,
42 mm,

FER, T FRGC v2. 0 Sl e v Y VR Z R R B
Sk LA G5 00 1 5 3 DX 2 A Sk e e 4, 31l
K3(a). I, 1 eSSk AT 5| AR, A SC
TEHRAE AL P IF AR 3 (a) Hh AR 48 B £ 42 0
KAE, MR LA R EB&FH T AR

Sk RV I PR3 70 DX I8 SR T R B S 6 i 28 12
T 19 FRRAe FRAORFAE N i 1 S, anfE 3 ()
PR o LLHIEREE BRSO RALE 3 48 A Hi a7 S, AL
LB T SR R R AR A1 188 0 X Sl 52 Sk e
P2 BBk G P 7 3 DX, i HLOROR ff 4k T 3 4
NI T ) A

2 HZITE

T R B IR 1=[0,1] & FiR$REL
f— 2R A ER R I S RO 8, b 1 o 2 808
HT M B WIE R, R A square-root velocity
function (SRVF) "/ Sk iR i<k B, B

0335

© i [H K G BT AR AU AT



0336

Vol.20,No. 3,Mar. 2015

PEERBFEFER
o) = F(B()) = —BD ()
VB |
Xof B PR SRY vl>——— | - || J&RJLE
Vol

3%, q (o) ZE—FERIR R 5L, & AT LU IR i 8
FIEAR, IF BT F i &IB R drdk & Jr 8. X5 F il
RIE MR B HLAE, B AT LUK 28 ML ik B e 4k ol 2
WHE R, 76 SRVF ik T, LES C X

¢ ={g:I >R [g) |7 = 1jC

L*(I,RY) (2)

C° AT R A 5K T Y B 1 5 1 il 48
PR R 5K I il 6 1) 10 IR 23 [8] ( preshape space) o,
R’ FAARRRSGT C° b 2sim iy, ) C° ot —4 22
B2 . RS P WA S HE AT A, W] AT
C° 7] AT 25 G G 26 =2 ] 1 00 1t 2 866 4 R 0
KKIE,

FE C° R T HE R Ak 2R AT IR, LA 4% il
LRAE C° I B B A AR . R C° AYsE SLaT
HL,C° JE—AERE . UL AT C° P g, (1)
g, (e) 00 g, (o) F q, (o) ] R0 b 25 Sy

Dis(q,,q,) = arCCOS(ﬁ<ql(t),q2(t)>dt) (3)

Db 22 P8 A2 R
1
sin( @)

sin(67)q,(t)),r € [0,1] (4)
it'fl:' ,9=Di3(ql ’qz) o
it SRVF SEAliR S HALrIth 4k B K in 24

[ a7 = 1, Bguby T PR AR

e (LR e 2 5 10 R 2 B0 Y TR UK SR AE AE
B XF C° £k B VR e % A8 e R BB S 80T 2 Bk
B Y SRVF ffiik, HAE B A T BRI Rk,
N TR AN ) i REFEHE SO (3) (FRiRIESS
) ME B SBACHE Ll T B PTA PR 3053 R IR
WS B A SR ) o Bilin, X F ik B IR 1=
[O, 1] FIpR KL v, HIZk Boy 2 B 107 —F B BT
o B 1 SRVF ik ¢(1) R T Vy(1)q(y(1)),
X T g, SO R Lq ] R
[q] = 1 /y(1)0q(y(1)) |0 € SO(3),y e Il
(5)

a(r) = (sin(0(1 - 7))q,(1) +

HOXFER S K [ q I A S = 1[q]) g e
C’} M2k BT AR 23 7] (shape space) ™™ . K T
ARAT S Fp G 3R R 4 0 e B T R I A R A
ki)
(0" ,y") =
arg min d (g, ,/y0(q,°y)) (6)

(0,y)eS0(3) xI'
itk (6) e At IR AT 43 31 ) 47 S 4 40 '
B B U R TR e R B 2 R v SR R AR
SRR, #574

g, (1) = Vy (1)0"q,(y" (1)) (7)
el g, I ocE N [ q, JF1l g, |7 S Hrr il
L)

Dis([q,],[q,]) = Dis(q,,q, ) (8)

3 BEEMES ARTE

VAR NS TR (1% TET 00 4 JE 2 1) 12 TBUAE B R A
110 FELIHIIS, 1 e P B AR Y 19 Z T4
JEREk , SR 5 A4 SRV 5300 A 78 A 2 AR AR 78 Xof
O P TR AR 40 B0 4% ) PR AFLBLBE o IR S M A
Y AT A5 I AR TR R A AR X 0L 5 r A% T
BRI E R &S, =[S,,S,,, S, ] (r=
1,2,--,19) o R T ¥ AS [R) 187 F8 5 JB6 2 11 4 41 B2 1]

PTG, 1 ek i R — /N R 3R S, HY)
#HATIH—1k, J
s = S, — min(S,) 9)

max(S,) — min(S,)
SRIG XA —A 5 AR RS 1] & S, SR R SR Rl &
R ISR R U il B

19
S = Zw.fs;'
Jj=1
19
K, w, = ) S, r RN AT Bk i
j=1

Rank-1 $Uj1| % (Rank-1 $FU| 30248 YU 2 Gof I ik
IG5 PR i A N R 545 DT IE , % [l e AR BLAY 1
BRI, 153 2 AU R G IER RN R o RIS
i gl SElIBEA QNIE LR o ZANPIVE O TR = N
(RS

(10)

4 ZWHERSHH

FRGC v2. 0 J&—> R 4 24 I ARG Bdle /%, i

© i [H K G BT AR AU AT



$20%& /538 /20153 8

0337

FHRRR, JATGHS, 1812 / WRIFEEMEAPICEL 3 HARRIRS!

1

LLLLLLL

FAMR )z o AR PE H T 0 4 2 8 - I 2 B R ) P = AP
A UNGAEALA 277 AN A0 943 W8 3 4 Ak, & e P et b e
B 2003 SR F R A 406 44007l T e T
VAN, B 2003 FREM 200 R, 0
B AL 60% )3 ABODREFM AR IE "
AR RN, @ E R K% S s = (7
B A R osel

o T MRA SCHEE RO PE R, 76 FRGC v2. 0 B0 osal ©
P T T B RIS . BRIk & | e e
AR, AR MOE S FR 4R i 5 A AL G 08— m‘i“ﬁmymffo
A AR A & 48 59 P 8 i CMC ( cumulative A AL R A
match characteristic ) f£% & = , IZ HH 2R [ Bt T R G0k (a) BER M 0
[m] AT {BIRSE 0  H 5 TER S 2 ] 2R I
4.1 iRfIxR w&gy'

B4, 76 FRGC v2. 0 K08 e 1 il 1 42 v i B e o
T NI — R TC 315 A, F 466 A~ 21 il P 4 5 R 0941
FHIFA T, Aoy 3 MBS
5 1) 7B AR TN AR B (nommentral vs. 5 7
neutral) ;2) 7 4 A 45 6 2 5 AM FG 2 Call vs. |
neutral ) ;3 ) 5 15 Az 15 TC 24§ A Ho 4 (neutral osal
vs. neutral) , % 3 AR AN A4 BIHEAT 520, ool oMo
30 38 H A I A X S T 30 P 2 R M ogl_. . . , |~=-neumlvs nonncutal
e R I 5 45 B T30 4 B 2% 010 5 03 L0 2 B L. .. S
(fd AR R A h 2 DE L8 ) | 3ok A SCOE v i Pk g (b) A 2 R 85,
R KA R X B R B 00 . 520045 S 4 ] 4 K4 CMC 2
1R, Fig. 4 CMC curve

*F1 RFEREER
Table 1 Identification results comparison /%
ToFRAE N4 R YN Rl v ARG N4
gk A X 45 9.4 92.5 85. 1
N2 R DX 3k 98.0 97.1 95.2

M 4 Fige 1 R I RLE H e TC 3 A I
A AEB ARSI ARG ARG A b R K
e W DR AR A TR L A5 2 PR 43 Sk 98%
97. 1% F195. 2% , WA SCHE LT T 8547 1
OB, B RS A B i it . A, S
s NG DX L, R BE 4 i R T 1. 6% ,4. 6% Al
9.9% o X PR AR S A W X4 i 2 2%
TR R R EA TR, AN (SURE e T 32 R 5 I A K
VR8s 8 X3, T LA $2 U B 4 o), 2% R 8153k A

JIG R A0S e DX 52 S T A P T A, AT b A 30 %8
e ML EORRG FE o
4.2 MRFREWEEEZE

R T BE A SCREE X T KRG B E (T
KNG AL, 2 B2 BRI EIE), A
FRGC v2. 0 Hdfi i P e 557 816 AW Lk F 11 3 4k
KRR A S IR R AT B R 5256, 1 S 5
7 FRGC v2. 0 il g v — 26 [ ik T 1 3 48 Ak
B, SCEGZE SN 6 BRI G I s

© i [H K G BT AR AU AT



0338

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 3,Mar. 2015

82. 8% 1 Rank-1 YU, 1 it LSS W X4 2]
1 Rank-1 P54 93. 5% HEEEHRE S 1 12.9% o S5
LERRWIFN LA, R NS R e IR R i
TR A PO RE RS ZAR KA , [R] a5t
] T AL TR A TR B R

€06
600

BS e s KT 3 4E R BY ) 1] 5

Fig. 5 Examples of the selected faces with an open mouth
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