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Abstract: For the DR-GAN (Disentangled Representation learning-Generative Adversarial Network), the identity in-
formation is not considered in the whole process of generating frontal faces from non-frontal faces with large pose varia-
tions. It results in the weak identity consistency between non-frontal faces and the generated frontal faces for disentangling
pose from identity. This paper proposes a multi-task learning and identity-constrained generative adversarial network for
face frontalization and recognition. Based on the multi-task learning mechanism, a pose classification module and an identi-

ty constraint recognition module are constructed between the encoder and decoder of the generative network. These two
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modules consider the disentangling of face identity and pose in the generating process. More importantly, face identity su-
pervision information is added in the process of generating faces from non-frontal faces. In the process of training, identity
and pose categories are directly used as the supervision information for learning identity coding features and pose coding
features. The identity feature loss function is designed to constrain the identity coding features of the non-frontal faces to
approximate the identity coding features of the frontal faces. The effective disentangling of identity and pose information in
the non-frontal coding feature is realized. The decoder can more accurately generate a frontal face consistent with the non-
frontal face. On the M’FPA dataset, the frontal faces generated from the non-frontal faces with different poses by the pro-
posed method are used to recognize, achieving a higher face recognition accuracy. The experimental results show that even
when the pose variations are large, the proposed method can still generate a frontal face with a consistent identity, signifi-
cantly improving face recognition accuracy under large pose variations.

Key words: multi-task learning; identity constraint; generative adversarial network; face frontalization; face recog-
nition
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w2 H C

1
Lyw= 70 XHXCEE

O R N T A AR B — A A R, R 2
G I LA 5 T X R A58 2 33X A 2 TRORE X ol [ A5 A
Vg —Fof o 36 MR ARSI 2 v ] DUl i g ke R
AR 25 T I P A R AL T R A o S A 1
Wess.

TENI L, 0= (7) R -

L

i-1. |

(6)

If\.\.z - Ifw— .z

‘if_ifH 2

3 T A ORI £ AR RS A Y R ARV
LU | S e AR A 1 PR 5 2 1 [ et G
S N TR o A Ll I T O30 i e A
[R] R

R T DR A RS T PRI AR L S AR ) AR
— 30, TR BN 4 RO T RRAE— S 2 R
b 2 SRORFAIE H B 25 B 4 B A= B T SRR AR LS
4 T J A TR AR — O 2 ol il 75 A A T G PR T A
FLS B UG T AR =S R S AT e, S E B
PR —3 AR BUR 2% B 2% F MobileFaceNet™’ s
MobileFaceNet [ 4§ S ¥ & 5 /0, [W] i 76 1E G K145 T R
% 35 3] LU v A NI DR T 25, Y N O 2 A R o
45° I, Ve AR GE T RE 5 T AR E RS . AR
FEAE P2 IO 2% B (0% A Ry 4 Jm 1 IS G, s i o
S12 4k () Fe AE ) o . REAE 24 504 O ok Kl L G =X (8)
FR

L= | B -5, (8)

Horp B e m NG R AE 2 O 28 B BB — 2 40k 3
J2 |, A Sl ] MobileFaceNet /£ S~ A6 457 11F 32 B 2 . Lf
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Lo B IE I PR N LS A 1 G MR 1 AR AR 2
Ji] AT B, OR A AE B E R R B Y TE
KU Sy —32K.

B A5 0 R B ER L A 9 A% pR RN AL
155
=4 Lplxel+j‘ Lclsjo""1 Lcls m""1 Lffid
HAsLyg + AL+ A, L, + ALy,

total

(9)
adv sym

S FHHEBEBUBB WDy H xd A Bk 24 i
15T ARG, A (10) ST X 1 0 245, P (11)
A A 4

V,, [-log D, (I{)+log(1 =D, (I} )] (10)

+ AL

VGG [15 log(l _Di (ifl ))+il Lpixel +)“2L 3 cls_id( 1 1)

+/14Lf7id +16Lf+/17Lsym +A4L,, ]
3 (9) Y 8 A0 SR T AE ALY (14 fE Ak ok A LA
G WA 1.

4 EZWHSH
4.1 XWEE
4.1.1 ZWHEIEEEE
ARSI TR A2 MPFPA O R4 TR 0 g 11 25 i)
K. MPFPA B4 45 £ 3 220 > A Wy 4k 397544 5k A K

cls_po

MJdadaWEEEE B Bl

B NFERIRMLE

SR\ - 0 - T B8 P Gxt At vk R/ n=32, 3% AR IR B 1=200.
SR YIRS A A OB R 2

Lo AG-1F K G BEHLREE— AR (n S EEAR ),

2. A (10)E S HEREHLR: BE T B 7 1 BB B 45
30 AT D L BRI T A 0 7 kT A 1 4
4, E’E};\mﬁ%ﬁ’l 3, H BE B i KA R

5. SENILR)S A9 LE BT R 45

RGB & . XA AW, A8 T 62 BN 142 (4 Fh
AR JE A T RS TR (R G B AR . v 4 FPOAS ) ) )
PRGBS0 L BIR B, A8 I iF , IE W £
HAEIRES . 62 PR LS & T AR R A yaw
UGN A pitch BRI E , i FAS SCH AR A
% £ yaw , T LK k356 ARG IRFA0 £ Pitch=0° It 42 &
ASTA] NG O 7 £ yaw 19 13 FEZS A48 1T 490°  +75° |
+60° . +45° +30° . £15°F10°. F &R AN AW 13
PRI RS 4 FpAS [ 1) J P R0 7 AN [ ) ' 251
AT AT . W 6 TR, B T 8 5 MPFPA R
[vi) Ja 1 T A R 7 A i ARG RS, N 2 AR R
PG BN FAF T O IEH RAE ARG R AF R 5T
ﬁﬁw%’“ﬁﬁMEﬂEAM%%%m9w%%£

[#6 Kl MFPA H iEB /0 A #1114

S T 135 A AR M2 3R 135
13x4x7=49 140 5% A RGB &4 , 59 4> AW VE o I ik
RN ZRE ML EA T E . A 4 A
Yy, 3k NG 5 £ o0 0° I L3R 4% Aol B I 7 1 G
FEHMGAE R NI T, 34 25 59 5K % . TR Ax () 59x12%
4x7=19 824 7k N JK FMGAE R DK 4R . DUl A G TR 531
B SR, X b i T A R A T R AR IR A5 2 I
T A AR B %, 1 N R A 4 BRI 26 Mobile-
FaceNet 48 UG AF 1] 5 . 256 v R B PR AE 1)
T 2 [B) Y A 5% R A S 7 Tk NG PR 22 T AL ) 3
FhbRE , AR ) 2 22 1] () A% 92 10 5 0/ | 100 B 7
NI P8 22 T A AL R bk vy . a4 ) g — ik
NI NI IE 5 5 N8R Hh 1 4 5k MR UEA T R AE

Tia) e AR AR BE 1480, SR D i 3] A AR L 5 K B9 A Y
B0y 5 M EME B y— 20, WIS E S . X T 24
AN TEIE 55 A 16, AN [ D 2 1 00 A0S 1550 o
56 22 ) 45 K, r A SIE 6 w42 A s % £ 5t D4 4 op
BB UG EA 74028, 3600 R 6 21, 43 I R T A A
£ R+15°,430°,+45°,+60° ,+75°,+90° , %f T4 s
FABA 1652 5K AF I . 5258 Bsf X [R]— A I 5% £
FA) I 577 1) R TR B R IO S8 . S50 P R 1
Ay DT AR ARLE e K ) N U B 40y 5 ik e 1%
Py —E i SR I ER R A L
4.1.2 LINREIEE

S B BB 12 4% 24 ZE R 1Y Inetl Xeon
E5-2650 CPU, H: 45 4 2.20 GHz, N A£ K 512 GB, GPU
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J& B GeForce RTX 2080 Wi, B i Koy B AHF N
12 GB. 2R ) 4 B2 1 5 J2 Python, TR 5 2% S HEZR R H

#£1 MI-GANMESHILE

Gt 25 G, 1 FLA R4 J2 G0 451

42 Pytorch , F£ ¥4 7E Ubuntu 18.04 245 N izt . 2% BRESE | HK H—1k WO PR
4.1.3 XWSHILE Convl TXTX64 1 HE Tk ReLU
AR MPFPA B0 45 A UG K /N 512x512x3, 8 T Conv2 5x5%64 2| HEEA— ReLU
5N A8 TE A 56 Ty 3204040 e SR B i A TR K/ Conv3 3x3x128 2 | #EEE ReLU
128%128x3 15 5 — &, S8 i ks I b6 R %R I/ Ngg /N Conv4 3x3%256 2 k7 —fk ReLU
128x128x3. [ Bt A o ¢ fiF £2 B ™ 2% {8 A Mobile- Conv5 3%3x512 2 it —1k ReLU
FaceNet, MobileFaceNet £E MS-Celeb-1 M B4 FC T REC 512 A1k ReLU
Ik, IFET MPFPA TE R SRR A T 8008 , 7881 1 26 911 2 $hREUS 5 4R SRET M 0 LU R 4 2 45
R E SR E L MRG0 0. 000 1, £ FC_pol | 158404256 R~k | ReLU
IG5 — PR ) BN R0, T2 T 3 0. YIGRAY _FCpe2 | AOn13 HERA A | RelU
B0k 200 1%, YIRS 32, SR X Adam" 2 (L 5 B ATR B M, 19 LA R 2 G 2 1
W T 2 VI R S T BB . e RO Ay, POl | o256 M | RelU
/12’/13»14»/15’/16»17*11igﬁ\%”ﬁﬁﬂ‘j 10,1,1,10,0.1,100, FC_id2 T 135 I —Ak ReLU
0.3 F10.000 1. W R AR AS e M 1) LA I 45 S R
%10 MIGAN TS 88 G, SN A gl e [ Bauobose | [ it | Rew
M, By A SR M, SIS AS G, R 2% D g A 3% .. MR R IR B 1Y
PRI RIREEH . X THAS%% G, Ry Decomd | 8864 HEA—f | RelU
BT WETURE— R 2 2 iR % Deconv2 3%3x32 4 it g —1k ReLU
R, e TR /N 3x3, 25K 1, L A RS Deconv3 3x3x16 2 i) —1fk ReLU
DG BB B RIRE Tl e G,. W4 —AN 2 2 Deconv4 3%3x8 2 it =1k ReLU
B S — R G RERE R — 3R 228y Tk Convl 3x3x3 L I Rel.U
AR SCTT R A ROV L 4 BT S T B G, 19 % LR bR HUHLEE D, AR = B
Conv5 FIA 342 FC IS A Ff B AR A0 i M A0 Convl 3x364 2 | HMEA— | RelU
LA IR M, AR SR ST Com2 | 3x3x128 2 | MEAME | RelU
4.2 MI-GANXIRZH Conv3 3%3%256 2 it —1k ReLU
FEATT I TR MI-GAN /76 A4E WFPA Hchipge 1 Comt | oo | 2 | ERITHAE | Rel
HEAT SR , AT T MI-GAN J7 3 195 M 3 Coms | $&G12 | 2 | HEA-A | RelU
24t T 58 400 P 19260 I MI-G AN A4 1 T P 14 - ?;*}if;f“ AR —fe | Reld
W o a4
fzﬁf’ %M'I_G AN B3 H 238 FIIEE D, (i = 2,340 FLA 4 2 G 4 1
16 $04E B MEFPA 9% MILGAN 5 4 56 77 1= Mo- Convl 3x3x64 2 it 0 —1k ReLU
bileFaceNet'* , DR-GAN""), TP-GAN™ | CAPG-GAN'*" Com2 | xI28 2 | EATA | RelU
PPRG (1 AR B S (RS L A it A, —comd | ase | 2 | MERAAE | Reld
WA BB A S YR O A S ey ot | Yo | 2 L HOWRE | Rl
1552 7 MobileFaceNet ™ J— Bl U £ JT T A FC1 %Eéﬁzﬁ 1024 i 51k ReLU
e L A5 G BB 2 . DR-GAN! FH2 ) 51 5 fez | o
K2 MI-GAN 53t bL 75 5% B9 A BG IR B AE A% 2 % b A %
FEETY +15° +30° +45° +60° +75° +90°
MobileFaceNet™*! 100.0 95.0 91.5 55.4 22.3 8.3
DR-GAN!" 91.8 87.2 82.9 74.9 64.8 39.2
TP-GANE®! 99.8 98.9 96.5 79.8 65.5 40.5
CAPG-GAN® 99.8 98.8 96.4 76.7 62.3 41.8
PPFG™! 99.5 98.2 96.7 78.1 66.4 42.7
MI-GAN 100.0 98.9 96.8 80.4 67.1 443
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T K B 4 Jry e L, 4 A ey 5 A Jg 43 ) oA G Pl 1% 1) 4
A JR R X3k (Ze R AT HR B R ) R4S OE , T
1 J6: 56 A5 7 BV L, 4 ey A A A JR ARG I &5
A RAE S % . CAPG-GAN" fifi FHl &4 14 heatmap 103
N S S Y U A Ra s ROpA A= (PN ALK
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PPFG) " 75 fe/IMb 5 SR G (B 4545 28 22 53 10 ] s 4
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TERAREL AT, A4 5 R 2R o i s RS SR
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TR YR /N T 60° B, MI-GAN B KR 31 e fff %
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TWE ll ll I;IFEI
Eae) &
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(a) +15° (b) +30°
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- HREE TREOR

(b) 60°

(a) 45°

(d) +60°

B S HE 9 . X BT MI-GAN 38 i %o 0] Ji: 24 1) 45
TR 0 B 00y 20 5, 8 A2 517 1F G RS BE A5 B i b R
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4.2 MI-GAN & B BRI LG & R

AN T MI-GAN XA [l i 5 £ A 8] G
Ji P D A S PR ARG A I T AR 2R . i SR
7~ T MI-GAN 7E R 42 MPFPA b %58 A [ % 81 04 350 4
A P15 0 T R0 A BG4S TE 45 51, AN 7 B . R e g
A £ 6T 1z TR 20 LA, A A Syt A A0 LA, A Al
A S IE R S . R AT L 2 R S RN T 75°
B, A B 1 P BB 458 A b AR 4 B 0 — B0, FE K
52 4 R n B Y R BE A% By MWk A2 SRy SR S H AT . 2
NI s fa B AL 750 i), A B 1) TE B B I % K A
WEAR RS R E 2 R (5 S

[ 8 JE7n T MI-GAN 7E 545 45 MPFPA I X A [A] A
UG T A P 0 4 G P 4% P NG A T T AR A SR T ep
B AR % 7 3 80 G, 20 A i A s 1 4%, T
(i) A7 A5 8 1) IE S PRI, A 0 Sy 5 7 T B A% . AT A
B B AR A R AL f T, AR R 1E IS RS 7E S 1Y
FENE LA B2 15 il s AR B ok 26 Ja M b, BB A 5 BN IE
G VL5 PR R 25 v A — b, R A MIT-G AN 27 25 31| 4 i)
5 B 173 44 B R O 36 408 50 2 A B8 NG i PR A
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7 MI-GAN7E M’ FPA%&%}E%LXT?KM%%@ E’JiMNW'HL‘lZH%E’JJ\EA&ETMﬂc

) +75° () +90°

g) HLILER G

(c) 75°

8 MI-GAN £ M*FPA S8 A b xR TR ARG A il 7 3 i P45 g A A L T LA 25

4.3 MI-GAN B8 BESCIG
ASTR]F HoAth 3 F A BT 0 285 1047 ARG A 1E Ao A5
Y MI-GAN AL T B0 29 U Ee M B84y

FE e M VAR B 3 R AR ARG BRI L, S T DA [
BERAGVE I, 76 MPFPA 2 2838 N B 46 1, X2 i
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FRAEAR G PR, 0T T BRSES:, 20900 0 who M, R,
OISR T B¢ 03 29 RIS M, LK By Gy R AE 451 2 bR KX
L) swho M, CIMBR T f1 BE A p RBER M), who I,
CMBR T B O R AR 2K sRAEL, ). 1 T B 2GR bR

By 1Y S 29 R B S B RRAE L BT LUBMBR T B 63 29 3R
U [F] B BR 1 B Oy AR5 G R . 38 3 JR
T MI-GAN LK AR S AL Bl R AE AN )i % 1 T B9 K2

ﬂ%ﬂ‘/ﬁﬁﬁﬁ, YMBRT M AL DM, R

po?

A RS DU A R L MI-GAN I . i T D5 BH
ASCHRE N 0 A BRSSO R M B 13 P U A B
M B Oy AR % RS L, ,d/\l_]ﬁi'ﬁiEERTﬁhﬁE
[R5 B 15 B — SO IR UG . FRATTEE SR 4R
M’FPA I 3% FH W {f 175 W Fb (Peak Signal to Noise Ratio,
PSNR) #0145 #4 48 &1 ¥4 (Structural Similarity Index Mea-
sure, SSIM) PEH T MI-GAN L K A 56 78 i A5 70 £ i )
TETE (MG T, W3R 4 BT 7R , AT LA B MI-GAN

23S —ATAE PR, AT A& BN 30° 4R, Bl TEASE £ BE R 1Y PSNR 1 SSIM #5728 Fh A2 100 |
%ﬁlf“éﬁi“ﬁn TR AR L Al 18 A5 R A TR ) 1 A A R TE G G S LS R B R ) — Bt e e A,
LR TFEE. T3 005 A7 AR (R T B9 7R T MI-GAN LA K2 AH 26 78 R #4358 43 0] iz
Ly )RS = A A PR UM ER 1 M), 76 [ i 5% £ FE& T AR TE T Ak 2

£3 MI-GAN SRR ARG IR B4 B =5 b B %

A +15° +30° +45° +60° +75° +90°

wlo M FIL, 98.8 95.8 93.5 76.4 62.8 38.5

wlo L, 98.8 96.8 95.4 78.5 65.6 425

wlo M, 98.9 98.9 96.3 78.8 65.8 435

MI-GAN 100 98.9 96.8 80.4 67.1 443

R4 MI-GAN 5ZFERILE PSNR F1 SSIM _EHISLIS 4 R XTEE
£15° £30° +45° +60° +75° +90° SEH{E
sl PSNR/ PSNR/ PSNR/ PSNR/ PSNR/ PSNR/ PSNR/
SSIM SSIM SSIM SSIM SSIM SSIM SSIM
dB dB dB dB dB dB dB

wlo M ML, |15.9316|0.5934 | 15.4270 | 0.5559 | 15.1210 | 0.5520 | 14.5131 | 0.5469 | 14.3740 | 0.5376 | 14.0463 | 0.5231 | 14.9022 | 0.5515
wlo L, 16.0463 | 0.6041 | 15.5050 | 0.5790 | 15.3583 | 0.5699 | 14.8049 | 0.5624 | 14.6563 | 0.5613 | 14.2214 | 0.5356 | 15.0987 | 0.5687
wlo M, 16.0803 | 0.6069 | 15.7285 | 0.5853 | 15.3994 | 0.5749 | 14.8095 | 0.5663 | 14.7334 | 0.5690 | 14.3073 | 0.5435 | 15.1764 | 0.5743
MI-GAN 16.4599 | 0.6244 | 15.9623 | 0.5963 | 15.6697 | 0.5884 | 15.1783 | 0.5765 | 14.8538 | 0.5727 | 14.4544 | 0.5457 | 15.4297 | 0.5840
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25 R BN [ (1451 2K R SRR LA VT B s e vk
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WEMT TS, FI0RR T 8 MR MBI ER 2
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NI PUHER 3 1 AR b e ) BB R AT R 6 AN 7] i
BEA N 09 AR BIERG 3. B A R0 A 00 B Y Rl 2
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WHE
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F ot !
A
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0.151,4, E’JEXL{E 2 150,75,100, 125, 1501 , A, B U
U2 {0.15,0.225,0.3,0.375, 045, A, 19 HUE 5 2
{0.000 05,0.000 075,0.000 1,0.000 125, 0.00015}.
TSR GENE, 905K, A a1 AR Y
(B T oAty 7 AR, A3 BNZALE 72 A [ S UUE T
Xob S T i 5 e N TR SR 1 52 e . BAIET 10 AT LA
ALY AR AT 307, o A R A
B, N A R0 o SR A v, 8 A4 2 e B R S HUTE
AT B T R BARG . Bi 5 I £ B A8, 24\
AR 5 73 R T 30° B, 7E 451 2% bR BSUR i 2 B0 B i
WL BB SRR AR, AN RO T R SR R
Fe T R R B, A2 I FRL Y e ) (B 3, SR 4348
AEIA B e A SRR 2 . DRI, AR SO 2K R SR
Ty Ay Ay Ao gy s Ay P A 3 IR B A 10, 1,1, 10, 0.1,
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4 M A L, o OO A I S 1 s R R A T
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