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# E: ok, ARSI 4% (generative adversarial network, GAN) Rk B EAR A RIS EIRIFT E XY
PRI, R, BIEEFR A I, FERRRANS A A IR, B AR R & T A R S SR 15 8 60 A A AT I 44
(conditional generative adversaria network, CGAN), &2 A M40 K12 B2 —A2 L F b2 E 7. IR FEH
CGAN H &K A& 4] GAN FikEARFEEE M L HAE XA MG —ANEZRE. A, RET A LA ZEE
15 )3 — AL (class-aware instance normalization, CAIN). ZAUE] 4% R & Huak A 5] CGAN ¥, s —Fr 37 o9 4 A,
LM AZR, B CAIN-GAN. CAIN-GAN #8645 o) Bl A M-SR 6503015 & R it — F 1R H A SF b & ot fl. 2
INTF R SR B 6 R sE BRI, 5 b LAY GAN Rk 69 77 k3T 6, CAIN-GAN 7 i Al it ) A AR 48648 %45 &
FAERT A A o A BE AT AR AT

KB AT L, ARSFEE R, )2 — s

HREESES: TP391

s AR S SPRRSE, BB, INSIE, FEeE. JE T IIVE R S A — AL N R A . iRk, 2022, 33(7):
2716-2728. http://www.jos.org.cn/1000-9825/6281.htm

B3 5] A% Shu XB, Shi CL, Sun YL, Tang JH. Class-aware Instance Normalization Mechanism for Face Age Synthesis. Ruan
Jian Xue Bao/Journal of Software, 2022, 33(7): 2716-2728 (in Chinese). http://www.jos.org.cn/1000-9825/6281.htm

Class-awar e I nstance Nor malization M echanism for Face Age Synthesis

SHU Xiang-Bo, SHI Cheng-Long, SUN Yun-Lian, TANG Jin-Hui

(School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In recent years, the generation adversarial networks (GAN) family has been successfully applied for face age synthesis.
Nevertheless, it is found that even if the conditional generation adversarial networks (CGAN) are good at using age prior information, the
important age information will be discarded to some extent, when CGAN is used to address the problem of face age synthesis. Thisis an
important factor that makes the performance of the GAN family represented by CGAN in face age synthesis task reach the bottleneck
period. Therefore, a class-aware instance normalization (CAIN) is proposed, which can be flexibly embedded in CGANSs, called
CAIN-GAN, for thoroughly leveraging the age prior information to improve the performance of face age synthesis. Experiments on the
public datasets show that the proposed CAIN-GAN can improve the performance of face age synthesis only by leveraging the face
age-related information, compared with several GAN-based face age synthesis methods.

Key words: generation adversarial network; face age synthesis; normalization mechanism

NGRS A I B 2, EOSES 65 B ZRIATER T, 5 KA B & A E RS XA
L2 N BRI A O 3 KB )L B BRI G AR A O S VAT 55 L 8 IR & U9 11
SR B, LAt T 7 T AR B0y S T SRR A 4 U A 7 VR TVRI I T BB AL () N e A i i

« FEGIH: BHEANET 2030——"F — 8 T4 fig” F K I H (2018AAA0102001); [H 5 4R Bl 3 4: (61732007, 62072245,
61702265, 62076131)
W R i i) 2020-08-04; & B [i]: 2020-09-27; % HI it [i]: 2020-12-14

© TEBREEEEIEDT  htp/ www. jos. org. cn



BRI &0 R T ERE & E )3 AU 49 ASS A, 2717

Horp, BT R R R A T % R BRI A AN R B SR NJIG ZE e, T T B  (RAE e B v E
SR B G LE 2 I R T R S e AR A, T4 SR, T A BN B 4% (generative adversarial network,
GAN) [ NG AF WS B B 7 VA FH 02 3 SR s £ NG AT 68 8 R AR T 2 i (v 22 5 1900 32 %) 7 W py
AMIFF I IR RO, BT AR A8 G 8 T 20 003 P8 4 B v R, BRT kG LA 4% 4 AR e o) 47 P 4% (conditional
generative adversarial network, CGAN)!™ 2y SEfk (¥ A JK4F i 45 B 5 106 GAN SR b 6 o 4 3230 4R 17,
GAN ZR G AE NI A8 5 AT 55 L Pk REALLT- SR 2 T RSN, A T4 T NI ER & 8O, — S i #1A
3SR il B TF BOR 9 5m AJ AE 08 & OBCR, 49 W A9 P ARSI 2 Sk R F AR B8 SR 50 45 DR T GAN RAE IR &
FRPERE. AR, ASCEIHRAI, AR RN ERREHL GAN FAANRTER G RN EEREZ —.
B i 3 TR AR IS S0 36 45 B CGAN, ta7E— @R L& RERE B

222 R (R DG TAREDS T CGAN 7 7 Bl 00 531 8 v 43 530 SR R S il ) — Pl m kB 03— e 243 i
PR 5 2% I U o P 5 e . Bk, BT AR & A 45, CGAN A T 5 — k8 BOW MY one-hot
b EE 4cE, 248 AR HERER FRIAR G, B RZHIET CGAN M NGFER & & T/ &%
WA R B IR AE B ) one-hot 4 i &l 5 AR UG AT Df 42, JEAE 0 P B8 FAE s . R LR, i
TAREB Y one-hot 4nfid &l it HF 4 6 X A0 5 AR 2 AR ERAE 1 ml LB (RIS SR M SRR B4, B 1]
I RERE 5 one-hot 4 5 18] 4 35 A 484, TR IEE one-hot 4 15 ] B 5 AR B VR 70 A4 P 35 B B 1 e ik X b gk
B0 T HoAm B FB 4y, MR AR R R P RIEE - (5 2.1 gt Pl A SUE AL AT
PEANMRRE), Xk BRG] T K2 5T CGAN NI AERE & 7 248 NI AR 8 & AT 45 T If Pk g

BETLL LM, 51k —ANE%: “RERISE CGAN S f A — L FE P R 4E R HH (5 82 BT i 4,
S A I A8 7840 102G 56 A B LUBUAM B0 (4 1 3 5 I N 4L B8 0 4 E VA — 467180 Rk, o 7 o 4 3t ) P 4
FEIAE B, ASCIEAREIN O 2 S BN AERE B RTIR T, S0 FE R e m BN BISEwA— 2. Biksk
B, A0 GRU(gated recurrent unit) ™5 A E L1 — A2, IR B T AN A0 2 B0 R S 00— 1
(class-aware instance normalization, CAIN)HL#l. CAIN 7EJH— L FFAE I, Z7A 2% 18 2% 2 Bl B Y
GO REAE B Mo, RO T MR R RN 2E, DL G 2 L 0 CGAN R 45 Hh (¥ 1) 1) 2%
PEBE. 5% 50 00 2 A L, RS0 0 28 08 A AL A B P IR SR B0 5 B T K, Sk A a2 8
R IR R

g BT, ARSI EE SRS S WU (1) ARSCHRH T AN IR A TS A T S U A R R B AR i A %
(class-aware instance normalization GAN, CAIN-GAN)JRALHE A G 88 & AT 45, (2) b T I is S AR
B, ASCBETE T AN T 2 B 2 S 4 H — 4k (class-aware instance normalization, CAIN)Z, 164 pi#s 78
SRR LI A5 B (B) A T HEBR A A I PR e, A SCBv T — MR (R A 2 K0 2, TR Ze M ek 0D AR 2 A i
B LINFER R .

1 HxIE

11 ANBEEREN

E NG 08 A ) A B, BT R B NS RS B U v OV E AN AR BT Y N 2
SI0720-22) g TR I R A AE TAE B R R TS B S R IR T R NG S R
AT, BT B R (R AR IS 45 1 T 1 5 AR BETE 22 B S BRI I AE S A o R rp B AR (A 5823241

O JLAE, GAN SR P24 N 45 AT 45 103 T BK e Zh. 1, IPCGAN (identity preserved
conditional generative adversarial network)7Ze fff I 45t 2 I 25 K 75 B i, 3 3o 47 8 20 2R Ok ke p
NI A 8T H AR eE R B, BRI B 00 300 0 BRAIE B 05 B A, R0, GAN FEH#% & AT %5 _LAT
BN T PEBESRTFAOMSUN. A TR B0t L PR REFRTF, Yang 4% APV A T 4 B4 40 59 o AR A% 0 0 31 %,
N2 A REE S A [ AT S0 590 LA S8 5 e S B (i ek B oA T AR AR RS R RE, L AP i AN
P28 I 3 A Ji 38 100 4% 2 4 3R 4 Jei A0 38 A N T g A5 R, T AH SGHIT  5 RT I S B A0 W, AR SCR B AR I35 B
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(1 E R, AEBRE] GAN FIRTEAERE & AT 5 EYERESSHM — AN E R F. Hil, 1648 GAN Joikifift g 2 F b4
AR G i R |8, T CGAN (conditional generative adversarial network) 7 £ 4505 €] F 31 18] F s 01 4% B4R
T Al . MO, A SCLL CGAN g JERl N 48 44y, BTN R AR RS A AT 45 v 47 8 e 45 JE 10 A% 33 1) AL,
TR H T 20 At 199 2% 7l B 1) 6 1 2R 003 2 S 90 A — A 1 s B 2E A 9 2% (CAIN-GAN), KA g A48 &
F 1) 7.
1.2 VA—LHH

R, AR O BT R 2% R U AR 2 A R B AN B AR AL B BORTTE A B B ARAEAL Y B B AR R AR
PR G 28 S8 E RN B 2. SEAGBY BEIA H A, I 7 S A R T BN YA PR A I DRI 0 2 RS (. B
SRAL BRI TC 4 A A — Ak (b 2 UA — e S8 UA — ) W LA 18 3 30 2R R 3 ) 2 e, AH R — S8 4 0H — 1k
M TAET 3OO GAiE W) T ARG TE 4V — A 7 SE R RE S b2 L% S BRI (5 B, 245 B A G 4
W R 2 L SR, L4k, ILM Norm (instance-level meta normalization) ™ & K b R 44 b B 0 2 )
Wy BOREAT B A A S, X AR e FRIE DR T 22 T BINTE UE R BRI S, ILM Norm 7E A4 B B 24
52 B TLARUE AL I BURFAE I (3 . B IORAE, 45 1F VT — Ak WL BRI G 3645 A D B St 4R B
P B i 07 6 AR e, ARURAE — @ FEJE LG T O 2% D AR E B 5IUE &R —HLEIA R, AR ST i
PHf) CAIN fig it 7840 2 18 L% 2] B I AE IR 5 B S5 FE IR e 105 RIS R,

2 RHRMTAE

AR SC T B VE WA AR A G B s B AP HFl A B CGAN W, LI CGAN 75 NS EERS & AT 45 i ik
e, B 1R T ASCHE ) CAIN-GAN J7i it 2% 4589, ] LLE B, CAIN-GAN - Z ik s G FH|jl4% D
FRe. o, FEAERGAS G i, $ B 5 iR TR FH 2 i S U — 4k (CAIN) AR 4% 42 1) one-hot 4 fi5 18] K 1
SE) VA4 2 TAEH) ) e, 32 07775 patchGAN ) i 3% (R AL 51N T — ol (10 43 4] 1 28

C[pmmEmm | O Escrasplaamsican)
PES

EIE Y - %1

=
p HERE L =Y
- w_l
D> gani j-iﬂ}iﬁ’i 4 4
& R

]

GRU [~ Tanh

'CAIN i conv m convTranspose © HiE @ mE @Ex (D sigmoid ’

1 ASCHR 1 CAIN-GAN [t k2% 4544

2.1 R
BEX N AR 885 oA 55, CGAN i 28 i /MEREBOW B2 (1 one-hot 2w TS ] K 1B 4511, £48 7R B
ERTMARAR, o, iel,2,.. k k BT B(ENMERENNEH . 85, KZHMETHESE ARG
5 R L 1Rl A7 4 8 S 3045 JE K one-hot 4 5 I K BFRE, A Sk D00 B8R0 2B e (R N, O SR 949 I — AL 1A T
SRR, XS PR R AR SRR R TR @ T SORTE AR X MG . e, B G PO AR
5 x F1 one-hot 2 A5 ] K 73 24 % B I PIAN B R, 430 Wo BT Wiz, T8 2 R 22 1) B 1 e ik ST 367
y=Conv(W,,X)+Conv(W,,K;)+b=P+b;, i 1,2,... k D
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e, P=Conv(W,,x), bi=Conv(W,Ki)+b, Conv(-) & &ML, y KRB Z 1%, P2 A EHR x h iR E k5
SRR AE BTG RIARRIE B, b 2 B T A I &, T by il LR AR 2 5 ARG x BRI —A 2. WAK()
PRI, R IAR B K I AOGEN Ty IR B I, B Foonw 2 E CGAN M 25 h & i sz 15— 40 5
MRRAE R, noeh BT w 23 R RRAE B IR A 838 . @A SE R 51, SAN 38 2k Setl 3 — 4k i i S A8 e vh (1 24
SN
_ yn,c,w,h _;u(y)n,c .

P = o, P

_(P4b)ygpu—u(PHB),,

B O'(P+bi)n,c ﬁ+7/

_ Pn,c,h,w+(bi)n,c,h,w_lu(P)n,c _lu(bi)n.c .

- o(P). &

F)n,c,h,w _IU(P)n,c

e, P

@)

() 1 H W
) =—r z
(D), HWhZ:;WZ:l

(), = \/,j,vzz(z—y(z)n,c)ﬂze{y, P.b}
h=1w=1

Horpr, o SRR BE B ) B 5 e, 1 ()5 o() 0 RN S R, H S W R R R E ) = 5 58
M HE S 45 BT LLUR IR, R fiE B A AR R SE 50 A5 BAE Sl — L E Bk 2. iIX 2 520 CGAN [ AR 4F
WA T e A2 R — 2 R A
2.2 EHFELHIVI—LE(CAIN)

FABLTF CGAN P8 R g U — A MU, AR SCHE HA 0 28003 2 s VA — 46 2 (CAITN) 8 3 — 10 JZ H AR HEAL By
B, BRI RO R R M S AT 2. W 2 | BB NEREE, R 2 fo o, BT
gig, WFL L R R

Fr:,c.h.wz fr:VCthwsi_ ﬂ:c (3)
O,

nc

Mo, S B oS 4RI £ IR T 28, S R

s _ii% fi
/un,c - HW - n,c,h,w?

h=1w=:

. AW _ (4)
o-:,c = \/|_&N22(fr:,c,h,w _lunSl,c)2

h=1w=1
AT Miyato 25 NBRU T4, A SOR A AT RIS 285045 S K one-hot 4fid ] K B4k dfidh ) . &%k, Kt
one-hot % it ¢ K JEAT e MEWLES, 43 A S — A T i el =W, K LB o =W, K (Wit W) 0 U ). %
N o Sy AR R AR ARRS AL SN 5 S U5 2. i A S B o B e A ()Y
Mos,, SR BNERER. 5 ILM NormBUAI;, ASC% BRI us 1 ol 295 G BRI B i
SR, ik, ASCH GRU SIS H — 4, Gl TR A E 0 B R 2 o B AR S R AR
B, CAIN it Rr 4E B ) B k545 21

02, =GRU (03,0,
Hive = GRU (Upc, fnc), (5)
Fl ., =F

nchw ~ "nchw

-sigmoid (o) + 12,
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2.3 REFIHIH=

CGAN ¥ N 5 & AR e 105 510 one-hot 2w A 18] K HEZAE R FIA S Mg, 280000 B i Ak
ER S5 AR BORT 8L Hob, ie1,2,.. k kK RORAER B (RIAE I 28 0) I8 H . A4l one-hot 4 i 18] K 7]
A RN AL B, SO AN A 3 AN B L el ()N S B R TR BURFAE Py B 2 T4y
Qo VHHHRFAE P 5 P K L 58 3 T893 ga( ) HUHI AN D o), i HH A 2§41 Dy LI FUIU AL .

SERETE T, @) SRR P, Mtk RO E G . A&, — MRt m B y=ax+b) )3
1A H AR AR & BB, AR, A& ERERE RN one-hot LKl K X T &8 2t £k
U DT BR A A A 5 0 2 e R 5 ) i L 00, R0, 2R e P R B0 i R R A0 20 P T B4 S e 3 B, X PR A
TZETERE. TR RIEA ), A SR T R R AR 2, BRETE @) AR R e B (R BN
N B S, i B g INBIR R Bk UL, 1 5644 one-hot 45 ] K BEAT R PRI, 43 A5 B PIAN 0] &

a=WiK; (6)

5 =WK; (7)

b, Wad5 W, 35900 W R, 00T 2 B 0 TR B (L+siglan)) 5 m+D 435504 @o() R 1) B 5 i 5 1)
For, sig(-) % sigmoid B& %L, m K RRHIE P IIAME, #EK THHE P I o) RISk

¢)2(P):(1+sig(aJ)(P—m)+m+ﬁ, iel?2,...k 8

MAK(B)-AR (@) P T LLF H, 8 TR LKA B M one-hot 4 Kl K 5 ¢o(-) A2 I5 55 (i 15T #5AH
K XFEAEJEEE M2 IA Ak, FERSEIR AR B Sk, X BT RN Z, A T AR AL L
IERES), ASCK sigmoid BTN T REE .

24 BIRERE

9 T WIZRTHE H A CAIN-GAN, 28 30 26 i SURHHAR R BRI AR I ZR2E i 48 G R34 D, A& 1
NI R R T REESE. B x Ay 73 il 2 8 TR AF R B o FI A bR R B t LSt N I8, Hob, 0e1,2,... K, te 1,
2,k KRR ERE B (BNAE R RN I E H . 84, CAIN-GAN H (bR ot e v B 2 X p:

Lp = E, ,»[(D(z]K\)~D?] +%[Ex~p(x)[D(XI K1+ By o [D(GO6 K 1K),
L = Ecpol(D(G(X K,) [ K,) =1)?]
Horpr, Ko Fl Ky 20 5l @0 N TR B o FIEARFEREL t 1) one-hot il 8], & (zK) W IEFEASXS, (xK)A
(GK), KA AFEARRT. BEJG, h T IRIES 05 BT 505 BAEFE RS ol FEh A28, IR — B R oI A3
W 2 T R TR,

©)

Lrec=lX-G(G(X,Ky),Ko) [ (10)

A, ASOK IR P R AT B 5 25 2B HARUR, JF DLW PaE 2 975 :U % I 28 CAIN-GAN 1

G I D. Ay Al A A 53 Joll 42 0S8 2R AT A 453 2K (KO BT 2 8, LA 0K F AR5 K T
LD = I‘adv' }

(11)
LG = ﬂ’lLadv . j2Lrer:

3 ¥ Iy

5561 7 P2 ), A SCAE Morpht®, CACDPOIL 2 FG-NETEYX 34Nl 4 b HEAT S SRR AR S5
LIRS A BERE. 8 T AT LRER, A N BUGR 5 B 6) L 7 VR AR IR AR B 7 95, 0 5, A3
H BT B 4 P K 1A MTCNINPOLGEAT X 5% #080, FLI 4 3] 256x256 (K1 R~k Hivk, &30 Morph
FI CACD 43l HiB 4y, o, 20%fF AR 4E, B4 80%fE il 4k, fiJa, A3CH CACD Fl Morph R ¥5 4R %
XI5y 4 EE. R 18 T CACD A Morph [f Y1 25 5 IR SE o AN 4288 B B A, 5 Morph AT CACD
AN, FG-NET A& 7 82 AN A 1000 5K B, FLIX S P 545 w4 Va2 0-69 %7
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% 1 Morph fl CACD i f# %¥s

Morph CACD
16-30 31-40 41-50 51-77 14-30 31-40 41-50 51-62
VEXS 13106 11553 8408 2419 37 461 31537 30088 21961
TR AE 3006 2699 2123 611 9458 8677 6743 5304

31 R¥EE

TENZRI B, A6 Adami™f £ 5 0 4 il e A0 0 5] 283647 U4k . CAIN-GAN )27 3] A BEE A 131074,
B 5 26 Y Zirh B3 1x2075, Y2k MORPH I5f, 4% 30 4,=200 F1.1,=2.5. I %k CACD I, 4% 3 A4,=500 F
A=1. b4k, Morph 285 8 752 0L 8 5K B A LANREIRUIZR 1 )3 kAR, i CACD 5 ZELA 8 5k Ay 1 ANE IR
IR 7 )5 IIEAR.
3.2 EMESHF

(1) FwsA g 1

b T SEVEHL BT NG AR A B ah B, AR ST CAIN-GAN B —4F I8 R i A6 & i B A AR s B, 1 2
BT NBERSRER, Bas 24 M4k, i 12 MRk H CACD (i 41T), H 4k AT Morph (J5 4
7). P AR ZE AR, ASCRI, RN A kR A BT, R4S AR LK 4807 I H AR
R T ARAERUA G R, EAPRRAZ R ISR DL R g0 A vk L 433 k.

30-40 4050  50-62 1430  30-40 4050  50-62 1430 3040 40-50
PR, B, B £

W o g o W

ey IR, IS,

Kl 2 CAIN-GAN [N AFEES 5 B B, SEMERRTE RS A B, oAb & By A P

(2) S5 TR

N T 52 W T AT A B, A SRR X S TR i se i e, J CACD b Il Z545 31 i s 71 7
FG-NET TR, A SCRIX S TR 3 Bl JET4E GAN [ A MG AR 6 & ik )7 i%:(CDLP G RFAM ST
GAN 1 NG AE I 25 1 77 10:(CAAE® 5 PGGANPPE)FIEE T CGAN 1 A AE 4 &5 i 77 72:(C-GANI* GLCA-
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GANI™ WGLCA-GANP). & 3 ji CAIN-GAN 52 i TAERIFEL4E . [l GLCA-GAN Fil WGLCA-GAN —
BE, XS WA B MR SO S, P 3 fras, CDL Al RFA 14 4 AR ANELSE, CAAE R A .
HAR PGGAN 3 b 1 o 4 25 1) M BB A A A pOROR AT 31 T 5 3 48 T, AR 5 RS AN T () 4 8 I 25 AR [r] oy A
B, FEEL ARG A R Z R, Ah, PGGAN & B HTH #6 Ik (A (b A —3. LhA E 60+ A4, 25 1 7k AN Je ik
O TS 2 I A G R (A2 1. C-GAN F1 GLCA-GAN 4 It A8 Bl 7E WGLCA-GAN 14 2 7k
AN, AR IRAS I R T 2R MIRAS, S ARAFEN. ML T, CAIN-GAN &M AR A AT N
GBI ZAL G, AT A A R AERS . IXUE B T AR SCTE TG LAl B 0 4% 5 B (TR T, sl b S R AR
Sk fs ML T T CGAN [Pk fg.

Input face
30+ —60+ coL C-GAN GLCA-GAN PGGAN WGLCA-GAN Ours
20+—60+
<R
20+—40+

(s : T’ . = 23 ) « f
I - B 2 y 'S 4 'y £ i %
, 71 2] ¢ Ak

B3 Stir TAEM L

(3) HEL NI ik

NI AR AR AN — AN IE LRI AR AL I B, N 8 ) S bt D) ) LA I AR RS B AR SCLL2E ST B 4 AN
U BV AR SR 00 A B N S, O JLAR A0 A 8 B AF S S 30 A5 BT HE 8, MR BDELLM R AL IE R, 2801k
P, 10 2.2 Wk wlf Rl of AREE | MERBIER LKA R, A 1 AMERBSE 2 MERRBI R —
BELAEE A BT RAR N - u + L)l M e- 0%+ L-o)uk2, L, ee(0,1). 78Ik ik 4L 1 4R I8 25 56 15
BT, CAIN-GAN ] LAF BIRELE N e & g K, Wik 4w, Bl @R I2 2 CAIN-GAN 7
T S AR B A NI, AN AR B2 T N CAIN-GAN FEIESEAE I e 0 (5 B4R & F
WA ARG B ey LUK, SE S NI AERE & e I T CAIN-GAN G AFE S S5 5645 18 B A ANHT 19 4% 46l

&b
He /J.
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N T BE S R TUHEATAF 6 S U0 A7 S8 B PP 45 I B X B4 e AR B M R WA, AR ST SR i E LI AE
W B2 TR B 0y Ay /N B L R S BE RIS . CAIN-GAN EAN A1 B (1034 4 NG AR 8 45 )l & R 11 5 i
. XRFRE AL B VAT RIS RN NS R 1 AT R, B 247 5 AT TP R N A N\ R AR RS £ A
R, B AT KIS LS NI AR 15 a5 R . B i) A B, CAIN-GAN fEAN SRR 15 L (1 22 A\
RIS RS RIS T DM RCR, BE— DKL T CAIN-GAN FEF 64 i e 6 15 B L i & pek

14-30 50-62

Kl 5 CAIN-GAN {2 5 L4 N RS & sl i

33 EESH

B T PSR ASR, A 8 v B R (Rt s VA G 4 68 1 7 R 1) 9 0 T B4 (2820 T,
AT Gy ST I A A T S50 R0 N 5 4 56 0 S 56 oK e B VP Al CAIN-GAN [ ARG AF 88 & etk g, A T AT ik s
ZHT AR, Ak 30 % LR AR A B B AL AE S BOE AR B AR, A SCS 4] Face++1Tk il
NI @, SRR v 5 A S0 F 2.

(1) RVl

H AR A8 B 1A BN T 5 G 5% 97 (1 0 52 A I P 2 8 5 222 2 DV A G J0 N I8 A 8 A6 82 110 o R H b 408
R ZER, A G R AR RS 5 S A I AR R AT, B N I ) AR S TE R, U BN AR RS A T
VR AR SC AR 1 %5 AR08 B K P 2 AR08 O HAR SRS, TF 55 BN 1) 45 A58 B S 24 4 188 15 K AR X
PAFS BB AR AR R R 22, 3R 2 B 7B SR 5 A B0 A B AR VR AL g5 SR Jeh, 3k 2
“H NG R B N B B AT 4 9 o AE Morph BT CACD Eidin 5, ANER B & A (R H A
SCTERE 30 % LA I G B AR RS B ) RS0 S AR RSP I AE A V. 3R 2 NS 4 AT A T
RS AE RS & BT S B RS R 228, 10, GLCA-GAN 7E“31-40" (E i BE i AR R 2218 0 4.41, &%
AR B B N T 5 00 Y. B SN IS PR ST S AR A T ) 254, B

AW R ZE A = BN (1 V- S5 A 08 A B — 0 52 N 1P 24 4 8 A (L.
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R2rh, IR R AR R B RN R ZE . WER T AT LLE H, AT %48 Morph ) 51-77
U BN CACD 1) 31-40 SFR Be AT 1 e/ MWAE RS 1R 22, R WIARSCONVEAE NI AR 5 BN, % A N B
WA B A 2 R B AN . SR TRA I R, R MR R S DR BR 3R A I PR B 2 A — i P R ik e
IR N I (143 S L, DR IR YN G 8 5 17 A 280 0 5 JN G PR 438 22 2 AN W] O e 1.

R2 FUHVPMEER

Morph i 4 CACD %¥i4k
31-40 41-50 51-77 | 31-40 41-50 51-62
SEd PN 53 37.84 47.04 5743 | 3755 47.32 5284
RPN 3881 48.06 58.14 | 38.04 4651 54.07

SR AR B AR R LR
GLCA-GAN 441 079 368 206 222 584
PGGAN 038 052 148 07 022 057
WGLCA-GAN | 023 134 08 159 099 030
Ours(A /) | 097 102 071 049 081 123

(2) SrHRir

T AFHEE, 1 PGGANPE T vk 4y th ks e, A C{E Morph F1 CACD 75 TAR@FAR=10-5 A
threshold=76.5 I A IR, IR 3 ] UG B, AR SC7EA B &5 4508 BL I A S0 E 2 40 1R iy, XIEAR T
CAIN-GAN TESER & i B R0 S 0015 BARFERE . [EAEE RN L, AT H A IRLE Morph(51-77) Al
CACD(31-40) L8 T AL M4ER R = g5 (3R 2), HHZ ANRIIEGER ) 3R 7 — 1R &5 3.
X A SCHE K CAIN SR GRU R il 42 i 58 56047 S A ISHEAE A B s, RIS I /&t GRU
PR T 428 S SR s 1O A b s S AR 8 2 B0 15 B 5 NI A5 S 1) LB B, R I P ) 928 SR IO A T 43 16, 2 4F
W SE 3015 DN Y AL FEAS I, AN REAEAS B e — B A AR Re, WE BT AE a8 Al v M g4 &, T A\ 36 E
e TR AR SRR B N AL AR N, N IE (S Bt S AR XS LA S, BRI A58 31E P BEAR XS AL,

* 3 ANREUES R (%)
Morph % 4 CACD #i#li 4k
31-40 41-50 51-77 31-40 41-50 51-62
GLCA-GAN 97.66 96.67 91.85 - - -
PGGAN 100 98.91 93.09 99.99 99.81 98.28
WGLCA-GAN 99.94 99.93 99.55 97.71 97.65 96.28
ours (AL 1K) 100 100 99.42 99.96 99.95 99.94

BEAk, T 3E— 20 o W AR SRR Y (0 5 IR AR R AR RS BUIR B 4 e N R RE, 38 4 45 i TR R AR
B T RN G % 1 BT 7 10 A Al 55 N I 56 TR 45 AL
B4 AT R B Z AV N IR W 15 F0Onk I 19 5 8 A v A 61k 45 2R (%)

LEWS R 2
Morph ¥ 4 CACD #i#i4E
PRAE S B
o 16-30 31-40 41-50 51-77 14-30 31-40 41-50 51-62
H ARAF 8 B
0% LT - 0.97 1.02 0.71 — 0.49 0.81 1.23
31-40 0.21 - 1.09 1.91 1.05 — 1.11 3.30
41-50 4.92 2.81 = 2.74 491 4.74 - 3.80
50 % Ll I 6.90 6.65 5.30 & 6.94 5.21 4.86 —
N LR
PRAE S B
_ 16-30 31-40 41-50 51-77 14-30 31-40 41-50 51-62
AR A0S B
30 % LLF - 100 100 99.42 — 99.96 99.95 99.94
31-40 97.30 - 98.70 97.78 98.04 — 98.07 97.20
41-50 96.66 98.60 — 98.03 97.23 97.67 - 98.26
50 % Ll I 91.97 94.50 95.01 - 93.25 94.87 95.09 —
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TER AP IR R ZE G b, MR B (1T) 53— H AR BL(F1) Joxt L 16 A7 8 1 22 (v 55 5 =X
ST B SRNG IR AR RS B T AR (R TR B G B H RR AR S B (A R, AR S A S TR E AR AR R B IR
G5 HOGE PR B0 S N () S 30 AR 8, L ZE (D ARl 25, |

AP ZE A = SN T R P38 A A T — A BN PSP 3 AR08 A 1)

HERAFHINGE G OISR, HE—ANEER BLAT) 5 E A H b BL () Bt B 19 AR 56 30F 3 K 1
FO7 AU E KRR BT S R A R H BRI B A RN, SR G R A B AR R B
A NG 5 S R B s A AR R NI JEAT A3, BT ARG X 1135 5 4y 30 F SR B e s Bl 4
0B B TE 2R NS e ml UR BN, 9 AR AT 08 B B i AF 8 B A O, JLARE IR 22 5 N TG 36 F 28 (¥ 1 R 4 |-
Eb M T 4E 0 BRI AE % B & I AR AR08 35 22 5 A 56 F 2 1 1 R B g — . Sk L i R DR T g 2 1t T A2
TEAA R IET B R, TN AR A B B IR B B, AN S T VA AR S G s BT, —
1 o AT S IR NG 15 R B 2 B N A A I B R b, ANIE A B 9k A B IR R
FH.
34 HBLRIE

TEARSCHE ) CAIN-GAN Jyidirt, CAIN FIRE 5 5 45 1R147 43 )2 4 v AR B3 AR 48 25 S0 i F o)
FERS SIS RN D BRI 2, T 251 JE R CAIN FIRL K R 3 5 vE g, S236 i i — AN Bk 5 12 ) s
BIE—4 B4 T CAIN, F IN-GAN; 5 —NEEMET & R 7 T RS 2%, F NSD-GAN. i T 5 i I th
PEAL, ASCAER] 6 LA T 30 % LR AN 60 % BLE i) NG 4F e & B 45 2R

6(a)lL#R T CAIN-GAN Fl IN-GAN 7& CACD %4l 5 EM NI & i . T LUK L, CAIN-GAN &
B AR EE IN-GAN & 510 A ZE X3 B 58 hnsE 21, CAIN-GAN & B A R4S AE 15 B EL IN-GAN & 3% 1 A i
FRAE A B 2w, B, CAIN-GAN & AR T 30 25 11 A 1K) B JR 3k o B 4 4 X AN AR 38 B RRAE

AL T CAIN-GAN F1 NSD-GAN 7E CACD ##li4k EIFER & s &, Wikl 6(b)fi7~. NSD-GAN
BRI AR B A SRR R, (BN RE AR U M SR DX AR W s k. 45 SR 3R B, CAIN-GAN Lk NSD-GAN K
HEGFW A ER A RERE. o, TSR N BRE BT, X— 57 CAIN-GAN MIFRG Hdh i
TR LS T L

Hi A 14-20 50-62

gAY 14-30 30-62 fim APy

MAER 14-30 50-62 B R 14-30 50-62 fAE N 14-30 50-62

NED-GAN

CAIN-GAN

L L N RE RS S
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4 2 i

h TR GAN FRAENRARE & AT 5 LIYE RSN, ASCHEH T —Fh 3 12 5l 5= sE ) 5 — 0 1 %
PrA R 45 CAIN-GAN. %M 45 7E T AT 4l Bh I 8 H B I RT4R ~, R T CGAN B R AEZR A 3%
MAFE WA DGR B AR SCER 1) CAIN-GAN A AN FEZTTHR, RIS T — AN B W2 & i3 — {6 (CAIN) 2
RI— A RIRE R . Bk, SBEREKMEE, CAIN ZERLIEF IS NIRFER & . SEZRH
AN, AL B35 7T DL 22 A0 R 2K AR W S 30 A5 R R A BT B b s JiE, AR SCHE R O 4R L
HHAT T e o, W5 A LR ikl Eh s, UEW] T A SCEE ) CAIN-GAN (17T 2% 1.

References:
[1] Antipov G, Baccouche M, Dugelay JL. Face aging with conditional generative adversarial networks. In: Proc. of the IEEE Int’|
Conf. on Information Processing. 2017. 2089-2093.
[2] sShu XB. Facid attribute estimation and age synthesis [Ph.D. Thesis]. Nanjing: Nanjing University of Science and Technology,
2016 (in Chinese with English abstract).
[3] Liang B, Yang T, Wang GQ, Li XX. A face aging algorithm and research. PC Fan, 2017, 11: 64 (in Chinese with English abstract).
[4] Park U, Tong Y, Jai AK. Age-invariant face recognition. IEEE Trans. on Pattern Analysis and Machine Intelligence, 2010, 32(5):
947-954.
[5] Shu X, Tang J, Lai H, Liu L, Yan S. Personalized age progression with aging dictionary. In: Proc. of the IEEE Int'| Conf. on
Computer Vision. 2015. 3970-3978.
[6] Cao M, Tian Q, Ma TH, Chen SC. Human facial attributes estimation: A survey. Ruan Jian Xue Bao/Journa of Software, 2019,
30(7): 2188-2207 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5837.htm [doi: 10.13328/j.cnki.j0s.005837]
[7] Kemelmacher-Shlizerman |, Suwajanakorn S, Seitz SM. Illumination-aware age progression. In: Proc. of the IEEE Conf. on
Computer Vision and Pattern Recognition. 2014. 3334-3341.
[8] Suo J, Chen X, Shan S, Gao W, Dai Q. A concatenational graph evolution aging model. |IEEE Trans. on Pattern Analysis and
Machine Intelligence, 2012, 34(11): 2083-2096.
[9] Tang X. Identity-preserved generative adversarial networks for face aging. Electronic Design Engineering, 2018, 26(7): 174-178,
184 (in Chinese with English abstract).
[10] Song HZ, Wu XJ. High-quality image generation model for face aging/processing. Journa of Image and Graphics, 2019, 24(4):
592-602 (in Chinese with English abstract).
[11] MirzaM, Osindero S. Conditional generative adversarial nets. arXiv: 1411.1784, 2014.
[12] Antipov G, Baccouche M, Dugelay JL. Face aging with conditional generative adversarial networks. In: Proc. of the IEEE Int’|
Conf. on Information Processing. 2017. 2089-2093.
[13] Radford A, Metz L, Chintala S. Unsupervised representation learning with deep convolutional generative adversarial networks.
arXiv: 1511.06434, 2015.
[14] Ulyanov D, Vedaldi A, Lempitsky V. Instance normalization: The missing ingredient for fast stylization. arXiv: 1607. 08022, 2016.
[15] IsolaP, Zhu JY, Zhou T, Efros AA. Image-to-image translation with conditional adversarial networks. In: Proc. of the IEEE Conf.
on Computer Vision and Pattern Recognition. 2017. 1125-1134.
[16] loffe S, Szegedy C. Batch normalization: Accelerating deep network training by reducing internal covariate shift. arXiv:
1502.03167, 2015.
[17] Park T, Liu MY, Wang TC, Zhu JY. Semantic image synthesis with spatially-adaptive normalization. In: Proc. of the IEEE Conf.
on Computer Vision and Pattern Recognition. 2019. 2337-2346.
[18] Huang X, Belongie S. Arbitrary style transfer in real-time with adaptive instance normalization. In: Proc. of the IEEE Int’'| Conf. on
Computer Vision. 2017. 1501-1510.
[19] Chung J, Gulcehre C, Cho K, Bengio Y. Empirical evaluation of gated recurrent neural networks on sequence modeling. arXiv:
1412.3555, 2014.

© TEBREEEEIEDT  htp/ www. jos. org. cn



AR AT RANEE F )3 — A 89 A A AR, 2797

[20] Fu Y, Guo G, Huang TS. Age synthesis and estimation via faces: A survey. |IEEE Trans. on Pattern Analysis and Machine
Intelligence, 2010, 32(11): 1955-1976.

[21] Tiddeman B, Burt M, Perrett D. Prototyping and transforming facial textures for perception research. |[EEE Computer Graphics and
Applications, 2001, 21(5): 42-50.

[22] Shu X, Tang J, Lai H, Niu Z, Yan S. Kinship-guided age progression. Pattern Recognition, 2016, 59: 156—167.

[23] Tsai MH, Liao YK, Lin IC. Human face aging with guided prediction and detail synthesis. Multimedia Tools and Applications,
2014, 72(1): 801-824.

[24] Shu X, Tang J, Li Z, La H, Zhang L, Yan S. Personalized age progression with bi-level aging dictionary learning. |EEE Trans. on
Pattern Analysis and Machine Intelligence, 2018, 40(4): 905-917.

[25] SunY, TangJ, Shu X, Sun Z, Tistarell M. Facial age synthesis with label distribution-guided generative adversarial network. |EEE
Trans. on Information Forensics and Security, 2020, 15: 2679-2691.

[26] SunY, Tang J, Sun Z, Tistarelli M. Facial age and expression synthesis using ordinal ranking adversarial network. |EEE Trans. on
Information Forensics and Security, 2020, 15: 2960-2972.

[27] Wang Z, Tang X, Luo W, Gao S. Face aging with identity preserved conditional generative adversaria networks. In: Proc. of the
IEEE Conf. on Computer Vision and Pattern Recognition. 2018. 7939-7947.

[28] Yang H, Huang D, Wang Y, Jain AK. Learning face age progression: A pyramid architecture of GANs. In: Proc. of the IEEE Conf.
on Computer Vision and Pattern Recognition. 2018. 31-39.

[29] Li P,HuY, HeR, Sun Z. Globa and local consistent wavelet-domain age synthesis. IEEE Trans. on Information Forensics and
Security, 2019. [doi: 10.1109/TIFS.2019.2907973]

[30] Dong H, Liang X, Zhang Y, Zhang X, Xie Z, Wu B, Zhang Z, Shen X, Yin J. Fashion editing with multi-scale attention
normalization. arXiv: 1906.00884, 2019.

[31] Jia'S, Chen DJ, Chen HT. Instance-level Meta normalization. In: Proc. of the IEEE Conf. on Computer Vision and Pattern
Recognition. 2019. 4865-4873.

[32] DumoulinV, Shlens J, Kudlur M. A learned representation for artistic style. arXiv: 1610.07629, 2016.

[33] Miyato T, Koyama M. cGANs with projection discriminator. arXiv: 1802.05637, 2018.

[34] Choi Y, UhY, Yoo J, HaJW. StarGan v2: Diverse image synthesis for multiple domains. In: Proc. of the IEEE Conf. on Computer
Vision and Pattern Recognition. 2020. 8188-8197.

[35] Mao X, Li Q, XieH, Lau RY, Wang Z, Smolley PS. Least squares generative adversarial networks. In: Proc. of the |EEE Int’'| Conf.
on Computer Vision. 2017. 2794-2802.

[36] Zhu JY, Park T, Isola P, Efros AA. Unpaired image-to-image translation using cycle-consistent adversarial networks. In: Proc. of
the IEEE Int’'| Conf. on Computer Vision. 2017. 2223-2232.

[37] Rawls AW, Ricanek K. Morph: Development and optimization of a longitudinal age progression database. In: Proc. of the
European Workshop on Biometrics and Identity Management. 2009. 17—-24.

[38] Chen BC, Chen CS, Hsu WH. Face recognition and retrieval using cross-age reference coding with cross-age celebrity dataset.
|EEE Trans. on Multimedia, 2015, 17(6): 804—-815.

[39] 2020. http://www.fgnet.rsunit.com/

[40] Zhang K, Zhang Z, Li Z, Qiao Y. Joint face detection and alignment using multitask cascaded convolutional networks. |EEE Signal
Processing Letters, 2016, 23(10): 1499-1503.

[41] KingmaDP, BaJ. Adam: A method for stochastic optimization. arXiv: 1412.6980, 2014.

[42] Wang W, Cui Z, Yan Y, Feng J, Yan S, Shu X, Sebe N. Recurrent face aging. In: Proc. of the |[EEE Conf. on Computer Vision and
Pattern Recognition. 2016. 2378-2386.

[43] Zhang Z, Song Y, Qi H. Age progression/regression by conditional adversarial autoencoder. In: Proc. of the IEEE Conf. on
Computer Vision and Pattern Recognition. 2017. 5810-5818.

[44] LiuS, SunY, Zhu D, Bao R, Wang W, Shu X, Yan S. Face aging with contextual generative adversarial nets. In: Proc. of the ACM
Int'l Conf. on Multimedia. 2017. 82—-90.

© TEBREEEEIEDT  htp/ www. jos. org. cn



2728 HAFFIR 2022 5% 3345 T4

[45] LiP,HuY,LiQ, HeR, SunZ. Global and local consistent age generative adversarial networks. In: Proc. of the IEEE Int'| Conf. on
Pattern Recognition. 2018. 1073-1078.

[46] 2020. https://www.faceplusplus.com.cn

Bf o 32 5 % ST

[2] &R AT E YA T 5 2 A & B [ 270 50]. M nt: MRt #E 1K %, 2016.

[3] @M, Bk, EE4, FHEn. — M AR 2RSS, Rk, 2017, 11: 64.

(6] #A, M, D, BRRMAL AR A T A S5k, BaEdR, 2019, 30(7): 2188-2207. http://www.jos.org.cn/1000-
9825/5837.htm [doi: 10.13328/j.cnki.jos.005837]

[9] U, JET- Pl s 25 i 5 0y OR e AN 4. 7 ot L7, 2018, 26(7): 174-178, 184.

[10] REPE, Z/MG. N2 A v R BEVE A B iy . b [ 5 B 54 4R, 2019, 24(4): 592-602.

g (1986—), X, WL, #E, WL
AR, CCF fdhas i, RSN
B R RL N 2520 T

FNZE(1986—), %, 1L, mIEd%, CCF
Tk gy By, A2 ST R AR M E IR
A, B, L.

MR A (1995—), J, WA, FEHFI E&E@sL1—), B, Wt #E, Mtk
AR NS Gk, ARG A3, CCF A H 2 B, T FT4R b

L2 Z RN EDI T

2R AFUFIEIT  hitps/ www. jOs. org. cn




