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Abstract: The design of the loss function is crucial in deep face recognition. A common practice is to add a fixed
margin term to all classes to modify the decision boundary between classes, compress the distance between intra-class fea-
tures, and improve the ability of the model to separate features of different classes. However, adding the same margin term
for all classes may ignore the inconsistency between classes in the face recognition dataset. In order to further improve the
effectiveness of the model, we argue that the model should pay different attention to the samples of different classes accord-
ing to the learning difficulty of the class. In this paper, we introduce a method for hard class mining based on the bias be-
tween the center of the class mean and the center of the class weight, called center bias estimation. The method proposed in
this paper adaptively assigns margin terms of different sizes to different classes according to the value of center bias estima-
tion. At the same time, to solve the problem of unstable calculation of center bias estimation in the early stage of training,
we propose an adaptively changing convergence parameter to adjust the credibility of center bias estimation and design rele-
vant experiments to prove the effectiveness of the convergence parameters. In the face verification baseline dataset, the pro-
posed method in this paper is improved by 0.26% on average accuracy compared with the baseline method, reaching

96.62%. In two large face verification test datasets, when FPR is equal to 0.01%, the TPR scores of our method is improved
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by 0.58% and 0.22%, respectively, and the experimental results of 88.47% and 92.29% are obtained, and multiple experi-

mental results show that our method is better than the general existing algorithms. The implementation code is published on

https://github.com/TCCofWANG/FR-Centers-Bias.
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SRR YRR () S SRR B ke A ek AR e I i i, B T
BEAL S BRRE A RE AN 2, IR IE T AR B 1 25 3
H AR SE A HER , EACE rhoO W AR % 20 B A7
FECH IO R 2ZE A TEARRUE . I, R REEEZE A [R]I
SRy BOW T hoC s 22 A AR R S AR EE . e D
IR ZEAG TR HERR I, 5 I A URSS B Fe 7 AT B 8K
TR, 7E Y25 [ B B Mk 0 — £ 2% PRI X B 7, S o) K
INEYRLCER , ff Al TSRS I L WSS B AR
FH TE A A 10T 107 288 591 4 4% 5% AR BLBE T 5845 3], SE PR
HIYN 2t B, R F 3L F mini-batch M R PEAT22 2 ff
FH 3 T 48 O AU 31 F 25 09 7 =Xk 2h 48 1187 i 8L
ZH e

min

1
N
Horb kR NG o kR, N SRR TSR k2D BT Y
mini-batch HAJFEASR , o FRoR 1 o A RIALEE . ZE3I|
ZRIT IR, B8 1= 0, {ff T8 BOMALRS 3 ~F- 1Rk B0 2
AL C:

sz;%(l—a)é%x;+a€f” (9)
o N ZRIRTESE kA5 HUB Y mini-batch W@ T4 i 281
FEARR . BT 2 a=099, 5 AL S B,
A7) WAR g 3 R 3G ) (R] B 4

mi:mbase+t. hi 'madd (10)

=

N
(1—()z)z‘cost9l.+oz't"’1 (8)
0
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4 CosFace ShpereFace & RAd FHAE ArcFace " fN[E]

B 140 5 VA A T GHE AR A [ ZE FRDEEE KN, A1)
ST —ER FAIRIRG , e R AP R pRASUE SCan=C(11)

es-cos(Qﬁm,) (1)

L=-log o

es . cus(&, + m,) 5+ cost;

+
J=0.y;#y;

4 ZBELERST

4.1 BIEE

A S 86 v fiff ] MS-Celeb-1M B0 HF 5 ) MSIMV2,
MSIMV3 Fl Glint (1) F 4 GlintMini £ W I 24, E 4145
AL 29580 J7 510 7 . 520 J7 gk A IR . Mo,
MSIMV2 5 MS-Celeb-1M 45 41 LL , MSTIMV 2 £ i 4E
X EHR AT 115 BTG 5, 9o/ R 7 RS AH DG 1Y R
$4 v B0 B A L MSIMV3 2 7E MSIMV2 Stk b H
T 5 8 AR A s G 00 A5 A A 1 O B KUK M S 10 B 4
4 . GlintMini J& Glint B 9 174, —E e 1AL
2 Glint 40405 4 1) B AFAE

ASCAE T 6 A4 08 B E B AR 1 Sy g ik 4R ok
AT TR AR BE , 73 54 AgeDB (Age DataBase)
LFW (Labeled Faces in the Wild) . CA-LFW (Cross-Age
Labeled Faces in the Wild) . CFP-FF (Celebrities in
Frontal-Profile Frontal to Frontal) , CFP-FP (Celebrities in
Frontal-Profile Frontal to Profile) . CP-LFW (Cross-Pose
LEW). 33X SRl AP T AR 3 5 i N (144, e
B PEAG AR RIS A SRR RE Ty . HeAh T BRI
P4l B3R 4 1IB-B (IARPA Janus Benchmark-B) Fl IJB-C
(IARPA Janus Benchmark-C) fE MR 4E | i — 46 56
BERIPERE . UB-B AR R0 TR A 2 029 4 M4 118
446 5K NG EME ik BE EUR AL B T A RS SRIE DGR
FIAF I AZ AL . B-C B AL TR A 3 531 #4MAR)
140 695 5K A JK K15, 5 1IB-B Bdli 4R AH L , 1)B-C & dhi 4R
MR A Tz A8 4k, 2 T IPAG Bk A T ok
AR B O AT 55 H A P, R T A b 36 A KR
I G R . A ArcFace™® i B9 IILR PR, 75 17B-
BFI1IB-C M4 b3 B EAT 1 VC RO B2 400k . Jir 4k
P A 245 IR insightface J5 AT AL B, B A A
AR R s G I A TR 08 5 i DD, 45 3] 1123112 8 3R/
1 RGB EMEAE IRl .
4.2 IZRE

XF T AR FE IR, 422 Bt scrk L6 ] iy o7 X
AT 8 . XF 112112 9% A PR B (B K 0~255 18
FEl 406 i 31 —0.5~0.5 35 [l , 7 I 25 42 BR 0.5 AR R B AL
IRV B AR s g s 7 =X

FE S il T 2 28450, 43 51 & ResNet ™ (Re-
sidual Networks ) Fl1 MobileFaceNet"! , ResNet f#i FH T 1F
ArcFace & 3 & i J5 45 44 , MobileFaceNet 11445 #)
SIFWSC—F. A B A i R 2 A A 512 4
BEHL ] SCD AL 2% HEAT I 25, ) 1f 2% > R Bl
0.1, batch X/NEE 1 024, — I 0F)I1 24 3 7 25 VK,
Bl epoch=25, £ epoch A 8 .16 .22 Hif , 2 ) FRGi ek hy 4 iy
A 0.1 4% . Frfa SEEGFE 2 5K RTX3090 b FH 245 FE 1|
Y. WA FRR UL, DR BT AT S50 A AR AL I 2R AR R
FHEL E IRk &

4.3 BSEEXR

H R 22 A TP s IR LA 2 [ 2 N
64, BT T AH I 52 56 % 168 2 BTl (6] B, A BEE I )
B mg, FEAT B S 0 B . VR S ER 0 RE R 45 R
ResNet-18, Ffi HLIE 5 MSIMV3 $ s 48 5 A7 28 5080 1/5
JIT X L AR A AE A I 2 4E . 7E AgeDB . CA-LFW , CFP-
FF.CFP-FP .CP-LFW I LFW FAKIE 1:1 8907 K38 56
R 2, 5 8 45 A 245 8 AVG . X F 1JB-B il
1JB-C, i F U B O BEA T, 30 5% TPR@FPR=1%
A 45 RS R L3 1.

AR R () AT, X T h, =0 26 50, Hoa B
Mo TN T2 T2 51, = 1 93, S dre a2 5T 119
J5, RS 43 T B d5e K (R BRG , TRTBRAE R e + g0 24
Mo+ 1y WO 350 R T B L 20 v B AT e 3850 70 e LA Wi
B R R E my, 500 0.4.0.45.0.5,m 4, R 0.1 5%,
0.05, # 48 ArcFace'® v m (1 B30 B , K My + M4
BEAE 0.45~0.6 X [R] N, 84 %) LUAS FITE my, HO.4 1
BRI HE LA 2 S BOE S i MERE . A SRR T myy,
BT RETE L HF myge + Mo DTSR BIR ) 26 AH [R] DX [R] 9, 12
My N 0.2 5 0.15, 78 my, 0.4, m,, ~0.15 I, #5575 fig
AR G SHOT R PERE

F1 TRASHEARER JISETHERIRER 0%

RN | BRR | ave | ome | o
Mase Mogq
0.4 0.1 94.15 96.01 96.91
0.4 0.05 93.69 94.58 95.47
0.45 0.05 93.43 94.05 94.86
0.45 0.1 93.67 94.63 95.27
0.5 0.05 93.47 91.94 93.33
0.5 0.1 93.30 93.95 94.67
0.4 0.2 92.92 81.44 79.86
04 0.15 94.51 96.46 97.17

TE ML T AR R BCR I 1 1 2L

4.4 WHSHHIER
e O IR ZE Al T TS B R A T 1Y
W&k, 73 T BEE I Gk AU R 24T IS B ey
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WCSIE L, G 6 it . A RIS A B 1 0 T, B AL 7E AN
[ 4 A RISl /2 [RIRE , A R 5id 46 AR 4l
BERY [) REAE 2% 2 B8 1 AN [R) WS S B A {E B A —
. FE A = /D B AL | 40 ResNet-18 Fl1 Mobile-
faceNet, WSS HU 1 i A S FEAE 0.7~0.73 X ] 1N .

0.75
0.70
0.65
£ 0.60 MSLMV 3-ir50
MSLMV3-irl 8
0.55
MSLMV3-mbfn
0.50 GlintMini-ir18
GlintMini-mbfn
0.45
0 25000 50000 75000 100000 125000
AR UK

F6 B AR RBERU SIS R AR T a3

R T UEBH USSR e A R T T SE R L ik
EUSAS 5 E5E ¢ =1 Z [ X5, R 2 B TR
FEAY | 43 5] & ResNet-18 Fil MoBileFaceNet (MBFN) , 7£
MSIMV3 MSIMV2. GlintMini b #7525 , 78 1JB-B Fl
1JB-C 4% 8 JiU 5 19 P i 1t A5 903t | i2 5% TPR@FPR=
0.1% B Z5 5 BRI AR 2

222 5N, 7E MSIMV3 MSIMV2 ., GlintMini £ 45 £
o IE S B I GRS AL L [ E S e R 1
AR AE 1JB-B AT 1JB-C M 4E R4 . H X 1
ResNet-18 5 MobileFaceNet 145 0] & B, H 38 IS4
t 7¥ MobileFaceNet I B8 #2 Ft 1) 1 B Eb 7E ResNet |2 TH
% T E AL, MobileFaceNet A5 5 25 & AF %)
ResNet B, 2 ZRmn i, e 25 Ak 1T A 1 vl g
PR 2 L2 T R R AL 25 F A s in , R, o G

®2 AENGEMAEERBIERASH AR B0 %

pllES il HERREERN 1 1JB-B 1JB-C
MSIMV3 ResNet 4k 92.96 94.70
MS1MV3 ResNet [# 7 92.90 94.67
MSIMV3 MBFN 24k 92.20 94.09
MS1MV3 MBFN [#il 7 91.99 93.94
MSIMV2 ResNet 24k 92.40 94.24
MSIMV2 ResNet [fil 92.36 94.15
MSIMV2 MBFN A4k 91.63 93.55
MSIMV2 MBFN [fil 91.32 93.47
GlintMini ResNet 24k 92.97 94.77
GlintMini ResNet & % 92.94 94.75
GlintMini MBFN B4k 92.05 94.04
GlintMini MBFN E 92.04 94.02

N ZHL B RRE RTINS 72, S ar Mg TP .
4.5 XFtbEIm

1650 D 3T [ Bl P 3 2 RS A MERE AN S HR AN
UNGOE T N ik = 2 sl b S E o U E T
BRG] AREA R A T B0 25 BB S A SO O
FH ResNet-18 f£ MSIMV3 H#ii 4 FiEATxT L. T 55
A ArcFace A 4G, 76 MSIMV2 bt ¥EFT T A ALYl
GRXT LG . AR SCIE Sk T FE 6 1K IE4E AgeDB L CA-LFW |
CFP-FF , CFP-FP, CP-LFW , LFW F 2 4~ il 12 £E 1JB-B
1JB-C A SCB0 25 5 . #E 6 B0 uFSE L ARIE 11 /977X
THRREEAR R 10 S AR B IE AR (1 HERA R 25 51 R 45
TS E AVG I, ILAL T T 3491 F 435, 158
WY 45 SR PRy 7R 2R 3. I4E 1UB-B F11JB-C JJ42 e
MY 0 5 AUC HI TPR@FPR=0.01% I 1) 25 5 | #i#4
2SR PRI fE 3 4.

323 ARSI T VAR 2B N IS B e A A
T A R, HAE 6 MR 4 LAY AVG
F A3 f i, R 5 AL D oM b, A SO kA E
A3 ZRUERR S, T T840 A DR ] ) AN — SO A Tm) . A S

®3 WIEEERRBRIEHHILRER Hfr %

PR PR EE Y e AgeDB CA-LFW | CFP-FF | CFP-FP | CP-LFW LFW AVG F Y8
ArcFace!® MSIMV3 97.27 95.75 99.70 95.50 90.23 99.68 96.36 96.26
CosFace!” MSIMV3 97.35 95.77 99.76 95.84 90.45 99.65 96.47 96.39
AdaptiveFace™ MSIMV3 97.10 95.63 99.83 95.70 90.55 99.70 96.42 96.31
MV-Softmax MSIMV3 97.47 95.67 99.81 96.57 90.40 99.72 96.61 96.40
MagFace"” MSIMV3 97.35 95.78 99.73 95.91 89.77 99.68 96.37 96.34
BoundaryFace!” MSIMV3 97.30 95.67 99.71 95.87 90.40 99.52 96.41 96.31
CurricularFace!™ MSIMV3 97.25 95.57 99.80 94.74 90.52 99.57 96.24 96.12
ATk MSIMV3 97.50 95.82 99.79 96.24 90.72 99.63 96.62 96.48
ArcFace MSIMV2 97.40 95.80 99.77 93.69 89.75 99.67 96.01 95.82
ATk MSIMV2 97.57 95.70 99.74 94.69 90.00 99.57 96.21 96.06

VI IR AR S A R B AR R 2R B A R R BRI %
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F4 WKELREREEHHLHER AT %
. _ . ) IJB-B IJB-B IJB-C IJB-C
R R UIEZRS
TPR(FPR=0.01%) AUC TPR(FPR=0.01%) AUC
ArcFace! MS1MV3 87.89 99.49 92.07 99.58
CosFace® MSIMV3 87.15 99.45 92.21 99.56
AdaptiveFace™ MSIMV3 87.84 99.37 91.48 99.51
MV-Softmax"! MSIMV3 87.52 99.49 91.39 99.59
MagFace'”! MSIMV3 86.69 99.48 90.69 99.57
BoundaryFace'™! MSIMV3 87.17 99.47 91.02 99.59
CurricularFace!"! MS1MV3 88.02 99.38 92.07 99.55
RICTTI: MSIMV3 88.47 99.52 92.29 99.63
ArcFace! MSIMV2 85.30 99.42 90.82 99.51
RICTTI: MSIMV2 85.74 99.42 91.21 99.54

V< MIVHEL 27 M RSO 4 F 2 LA Rt e BRI H s
B 1 P R, NG TR 53] 7 D 0 6 8 158 T A — o 5 2
JE R A iR [) 3 22 8] 1) SE PR 22 SR, 42 HR 1B-B I
1JB-C i 328 48 (i Ik B 180, WF 9% N B o 2 [
FPR{H T 1Y TPR /- BU/E NP F br . AL 4 v AL 75
TPR 434 &, SE56G 25 R R A SO 78 2 NI 4E 1Y
TR RE RIS OE T80 ik . 7 MSIMV3 BediiE I, 31
W ITT7E S ArcFace #EATXT EL , BERSAE 1JB-B 1 1JB-C
K4 E3RTE 0.58% F10.22% 42Tt , HLAE ArcFace JRiE
3C A MSIMV2 #5045 48 E A T ArcFace J5 ¥ , 13 %1
0.44% F10.39% MEE T, S IR BE R B3 LAk, BT
T P — 2 T AUC A4, AUC AN BIRE S R TT
ARSI T P RE . 76 AUC /050 1, S2a6 25 SRR A B
B A 2 I A L IR RE AL T30 ik .
4.6 FREMZXIW
XM LA 2 A A2 40, 357 3k TA R 1 FH 2 AR i
SR S5 0T EOW, LR U, 2800 A R SR S R R 2R N
FITAT 5 AE 20 %5 17 2R AT 0 B A 52 AR DL B2 L 2K
SR Y5 i 5 28 N RR AR ME ) B2 A AR AR — B, R RE R B
28 51 R R A 5 28R PO AT SE AR LR S 38 L %
% 2D A TR A sZ AR B 4, MESR 1 1
TR AEAR, AR, X AR BB A WA — il SUHMESS Y
=, XA RAE I T o SR AT T IX
S 22 A5 T 5 BRI SR A T, R R 2L T AE
UL IT B , AR SR T 1R S22 (5) g
JERXERE b BR Bl T LA TR IE R
h=1-r, (12)
Horpr r FORIEB i ARTEARUE N TR A RE 2= 2] h
FIIH mini-batch B YIZE 77 2, r A8 FH 48 BUMALES 1 3
A THICAE 8T
= NL,(I —a);cos9i+a-rf’l
TE B0 4 MSIMV3, MSIMV2, GlintMini | ] FH

r

(13)

ResNet-18 il MoBileFaceNet (MBFN ) #F 47 52 56 , 45 #4 4:
AE {1 JT] 1IB-B 1 1JB-C 528 8 - 4 4R 107 1 350 0 3K,
10 5% TPR@FPR=0.1% I} 945 5 B /R FE R 5 H .

®5 LRBIFROMBEBITERASBEMREER s

L %

ERS T LR A 1JB-B 1JB-C
MS1MV3 ResNet G 92.96 94.70
MSIMV3 ResNet i 92.81 94.57
MSIMV3 MBFN S IR 92.20 94.09
MSIMV3 MBFN B 91.92 94.05
MSIMV2 ResNet S IR 92.40 94.24
MS1MV2 ResNet Bt 92.38 94.24
MSIMV2 MBEFN b 91.63 93.55
MSIMV2 MBFN Bt 91.48 93.40
GlintMini ResNet IR 92.97 94.77
GlintMini ResNet B 92.94 94.68
GlintMini MBFN J5 b 92.05 94.04
GlintMini MBFN B 92.41 94.28

TE L P AR R (B T R A X LB 4

I RTEE S B, K BAE MSIMV3  MSIMV2 |,
ResNet #1 MobileFaceNet [ H.0 i 25 42 P (eSS )7 =0 HB R
H s Sl % A 1T 0 5 B S A R RE B . BT
W T REAR SR e ) 5K o A 1 3 5L, A S Ay
AT, H R 22 Ak 1T R T RRIE B IESE T 5IA
R APA ESE A B SCRY . R, 20 P A i 254
TS 30 Y 25 DRI 43 A, A0 P 7 7 . S DRV JE 1 A
558085 1 K B A I AL, 1 BH O i 22 4 37 =X
PR e S FE AT . Hoh R R R 2K R
MERE SR, bt (R 4R 3 2R RIE B i v . (AR
B2, 7 GlintMini 2048 45, MBFN (3 3 5 1 2 4~ 4
AL h 2R AT A, T GlintMini £l 48 2
Glint Z 88 5 194, I i A5 0 635 ik 5 =, B X
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A R 0 28 01 T e #0403 2 PR AR IR L 0855 T
FEAr AR, PRIt At FH H O i 22 32 40 S XESS R R4
A R AR FEAS B R 5 T/ N RN . A
AE MSIMV3 B 46 b o0 25 Ak 1T 5 Y SR 5% Ak 1
TR R B A/ MSIMV2 AR TR 3, RS IA
SHATAE B ] U O e 22 A5 T E DA B A bR 25 g s
HIECHE S5 | b5 25 s SRR O R 22 A T T A HERR 7, =
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YEHR It — SO 57 R
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(BT AN [ 2 531 19 365 107 53 C AN [] £ B (8] B g, S R
[F] 1) B () Sh 2 0 C . RIS, O 1 g R iy 30 r o i 22
THRA R 1Y (R, A SCHR T 3h 2SR R S S48, )
e e 22T AT B L B T 2 A EIATE KA
PUNEE B b 1 5230 45 SR IR 1 A SO0 25 A 30
SR A SRR AR SO A T I Ok L Rk 1 2R
() AN — S0P 1 27 > ) (B3 5 5 JE s % R 1R AR 10 1Y
FEASPEAT IERA AL FE . PR, REAS PT RE 2 S BURE DR A 18]
OIHC . AR TAEREE— D O0 AT, RERS W] i Ak 32 5]
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