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Research on the Robustness of Face Recognition Algorithm
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Abstract ; The existing face recognition algorithms,such as MTCNN algorithm and RetinaFace algorithm ,have been a-
ble to achieve quite high recognition rate for the face images collected under normal lighting technology. However,in
some special applications,there is no exact experimental result that can give us a conclusion on whether the existing
face recognition algorithms have good robustness and maintain a high recognition rate for the face images collected un-
der special lighting technology. We collected more than 6 000 face images obtained under different lighting technolo-
gies as our hybrid face database,and choose four effective face recognition networks designed by using LBPH algo-
rithm , convolutional neural network ( CNN) ,MTCNN algorithm and RetinaFace algorithm ,which are tested on the open
source WIDER FACE database and our hybrid face database respectively. Finally, it is found that RetinaFace
algorithm is robust to face images obtained through different lighting technologies. We further use the deep learning la-
beling tool to label the face images misjudged by RetinaFace algorithm,and send the labeled images to RetinaFace
face recognition network for retraining. The optimized RetinaFace face detection model achieves 98.6% recognition ac-
curacy ,which further improves the robustness of RetinaFace algorithm to different lighting conditions.

Key words: LBPH algorithm ; convolutional neural network ; MTCNN algorithm ; RetinaFace algorithm ;facial identifi-

cation ;robustness

EEACC:6135E doi:10.3969/j.issn.1005-9490.2022.05.018

%£F ANRIRSIEE T E R AR ST
ek, RIkT,HMME, T AU

(TR B2 5 TR, V195 J3JH 215006)

XTI EUEOR T RESE B GBS, B B9 R B I MTCNN %23 | RetinaFace #3% , £ 25 RE IS UG
A2 GRS SR SRR iR N P, X 7R R IR R TR B NG EMG, BUA I AR AN R R B
TRIF RS e PRFFE S AR R B3R A i D SE IR 25 SRR 45 AR5 8 . AR SCIEE T 6 000 £ 5K AE AR TR IR BH 2 R
ARG MG AE A BATRIR & NS EEEE TR A LBPH #k E B 24 M4 (CNN) \MTCNN %75 | RetinaFace 8 35 1% 11
HT PR R AR P2, 43 5% TF IR 9 WIDER FACE A G248 2 N3 A1 a9 & AR B e 04T 7k, & kB
RetinaFace 3532 X5 T [R] FE B £ ARAG B 0 ARG UG B B ar g et AT — 2 R H TR 2 2T bR i T H X RetinaFace 55
VRPN G AT T AR, IR AR I ) {425 A 3] RetinaFace A P 51 X 28 vp 8581 2k, 1AL )5 1) RetinaFace A 4G
AR T 98.6% 1Y NGB HERM R, [#115 RetinaFace BXF A RIS A0S B MEHUAS T E— 25 1037,

SCHEA : LBPH vk B BN 2 4% ; MTCNN %75 ; RetinaFace B35 AU &k

R E 425 . TN957.52 XEkFRINED A X EHS:1005-9490(2022)05-1123-06

H iy )32 N LA RS 39 5 & Xt R K TR B2 AE H OGR4 F 350y, fEdE Lt
WIDER FACE A 04 E#B AE 0% SR A9 48 mr 0 A G ERBR N P Gn B JURAG I v A 7 o T3S 9 )2 Uk %) LB
PRI SRTT WIDER FACE AR %504k 22 b il A S (] A — AR ) FRATT AR AR R B R AR R 1Y

B SRR FZK B RBEFE 4T H (61906128) ;71704 A SABl2AFE 410 H ( BK20180834)
%5 B #5.2021-06-21 & B H5.2021-07-27



1124 W F

% 45 %

JERREANS N #EAT IR0 BUA AR
LM TIRAOUREABR R NIRRT HA R
U B PRI SR AR S R A TR AL

FATHEE T 6 000 Z5KR HIA A DE IR H AR AT 2]
AN G A T R BAT T BT NI Sl e . 18T 1 3391
ok RO SRR CFAT IR IR AR RO R A
BRI HEARTT B[R] — AR TSk N R

HYe Uit FAmiEe ROk
E1 RAFRRBEZEASIHABREL
ARSCA R T IURRE FH A A 1RO 53 1) AR
BOIFLEFRATA A TR, A X s ks T
NIGIRBIM %% 985 % WIDER FACE A B4 12
FATHTR A B B8 2 2R A7 T NG 18 31 o fy 5
i, AHERZ M2 (CNN) \MTCNN 5332  Reti-
naFace B LT AR5 9 2%, 76 7 — 5085 22 I
BUE T 84.3%,98.7% ,99.4% i A AR I VERR & | 1]
IR A BIE B L AURAS T 72.7% ,64.5% ,95.8% )
NEARSIMERI R . 9K RetinaFace . E A WY
BHEE,
G RN TX 45 2 B RetinaFace A 51 RY 2% 33k
13 T Al AR AL IS 18 RetinaFace A K 1R 51 99 2% 76 1R
BBAEE EIAR] T 98.6% 19 N U R R E—
HARE T RetinaFace BB,

1 ABRIRAIMZEZS5HIE

1.1 LBPH AR&i2 5 4% B A< R I8

LBPH B3k 1 Je Xt B A% 947 K B Ak Ak
B AR RGP B AR A R Bk RO
SRIG ABEAMG R i o s i Wk v 22 (v R 15
PIAFHAR R R S KB RN R I kAT —
HEF Gt , A5 2 R LG R LBP Ziid R

FA3E0Y LBP it 5 53 F ki 22 A7 i X,
Iy A% X 5 3R AR LBP FI ULBP fY{E
REGZ XA LBPH &, 444 X 58 LBPH &%
Fbe ok, gk i 45 2 5 iR KRR LBP 4 A% B 5 &1, n
Kl 2 fizs, AWEITRATLUE ) LBPH Bk BA R AF 1
BHEE,

LBPH A 15 51 ) 4% 3 2o 5 B 4G I X 42 1
LBPH & 5% 1Y LBP 4ihd & )7 K 7R 47 He i, 18
o A I B R Ok A W A I RS R S S AR 3
FAKRBIE I,

EXISH

B2 EHEGURIEL LBP B
1.2 CNN ABGiR5I0 M4 B A JHIE
1.2.1  HHHEE
B 22 W 4% ( Convolutional Netural Network,
CNN) VR 36 LR AR A7 5 A1F 42 BB ol 22 )
2 FRATTH CNN 8 U 22 0 45 B 58 — A0 0 1 3
o, FR A, i U8R, SoE FRE AR . CNN
TR I T R 5 B PR v A PR 9 45 3R 6 R A
e, BRJG AR L FRGEAR A B L
s 3 R, 22 5x5 AR — 3R AR K B
FUR, A BRI — MR R, 0 AT, 1 R A6
(RERURIEH TE 0~255 Z[8]) , Hla] 3x3 ZEFER W)
A L b TR RS 2B L CNN &
ST EZ ot Yl R 2 ) B o315 O 0 K A v i
TR AR A NS R R URRAE

1011|000
o|1f1]|1]o0 1l el a AR
°°111®01o=243
ofo|l1]1]o0 alella

2 | 3 | 4
of1]1)]0{(0O0

B3 FASRMEGHITEMERR

1.2.2 FIF CNN #E47 ARG TR0 Y Jr 2

F B 2 R 2 U A S, 3 A4
PO SRR WL SR BRI Ak 2 R I 3 2R
(IS U/ P ISt 157 S (1 NS N N A | 7 e
i, TR A o3 2 i G MG A T T 531

BRZ 5 T8 AR 40x40 9GBS, B4
B S E NS EBRIE R BRATE ek
IR — 6 B, 1 ARG (B4 b 1 B — 5 R AIE
(B . B 5 8 BUZ T 6 BURE 15
FEFUZH 25 R, RIG CNN B R 2 90 25 5 i
AW BB, B A8 1 R AE S REAE 94
() B TR | P45 2 G RS B0 6 5 5 4 iy
R T G ERN G RUZ M 45 8L

A2 FE AT BEOR BN B4 2 [l 8 1 AT
P& WIS HCR RGP 5t AR )



%58

NS, FZ IR T F R T ABIRAF kAt R B BB A a4 S AT A

1125

EYERE WG B A7 BT R 2 A [ s
DA g, A E AR,
b, A3 R K AL A Ak  ZEFRAITAG CNN A
R X 2 e B T Rt A

SR N b Ak U2 A ke R D) —
by 3fe ARCER S 4, A b g B A, SR 5 e L fi
ReLU i pRAL ), HIBE E R Rk Ak S50, e &k
BIRATRT E By 2ets

WE 4 iR, 5% LeNets fH1) R H O 1%
THAY CNN 26 F P 2 < B FRZ2 + Tt Ak 27 Sk B B
D EARAE | 38 1 — A 43 22 )2 A B — A AR
TR (R 2 ) RS T AR T RE

BH

= ||

B4 ARIRZISME R LKL

1.3 MTCNN ARG12 30 W 2% B 4 R 12

MTCNN 5357 & —Fh 3 T3 2 ) 9 A
G DU R A %o 55 582, i 08 [ B 7 Js A Az 0 fn
TS5 AT 55, A3 TR e 53012, MTCNN Bk Pk
FE ST, Aor ) B TR

W S s , MTCNN Bk s =g 21455 IR
Ea A S

etk

B} it

L b o

aEfE th

[T T T T Cmnw3X3 ™ ~ " conv:axs  comvadx3z 1 r Conv:3X3 Conv:3 X3 Convi2 X2 fully |
| MP:2X2 .faoe [ MP:3 X3 MP:3X3 connect |:| fac |
| L classification | | L L classification |
| [ 2 |
| > [> . bounding box | | o> > [>|:>U |:| boundingbox |
| regression [ regression |
| 1X1X% 11 2 |
| input size : 1| input size i |
1X1X32 Facial landmark 3X3X64 128 Facial landmark
! 12X12X3 5X5x10 B340 .Iocalization I 24X24X3 11x11x28 ARaR4s localization |
| 1X1X10 11 0 |
O-Net
r Conv:2X2 fully 1

face

10X10 X64

=

MTCNN S35 S R 54T Resize #4F K5
TR UGB BORAS R ) RUBE , A R & 3 . ARG
FEA TR RO 9 5 36 A 213X =7 R 45 itk A7)l
Y, BN T 0] LIS B[R] R/INR: | DA%
M2 R H AR,

P-Net W24 . P-Net 525 2 —A> AR X 3 i) 40 i
W25 P-Net 4% 5% AJE— 12x12x3 BEIE , 8
it 3 ERERZE, FIWX A 12x12 EHR S
FELENIGE I 25 th AN AE A [l U= R0 ARG S S e

P-Net 126 1855 — ¥ 7 i 10 2 HH R 40 i A &
B R AR N B 1 KN 1x X2 2
PIAMA.,

P-Net [ 45 1 55 384 45 M AHE O AG B 17 8, —
JEFRHE T %A P-Net PIZEHY 1212 1 &% ]
BEFEAIESE M AR HE 07 B, A7 A I AR AN
BRI A AT RE 12x 12 09 -G e 22 8 W A,
I LA 4 R 57 A X 5 56 i I o7 B ) i
B XAMRE I/ 1x1x4, I FERHE L T Mok
AEFRIG AT RS , HEZE B A A ARAR I A X R RS HE
(R BE 1R 25 HE Y e FE R 25

P-Net PIZS 55 =00 45 ARG 5 A 5

onv:.

: coni |

L L classification |
2 |

(S E:>E>|:| bounding box :

regression
4 |
[| Facial tandmark '

axax6a 3%X3X128 256

10 localization |

ZREEESREERNEEREN

TR, S A S A5 % 7 35 22 HR AV ' A R A7
B TAE WG E WS E
AN AU ST 4 ) 1ok SR PRt g S T i 1Y)
K/NHK 1x1x10,

o, P-Net W 4%R ] NMS! sk & & & K 5
(B EAE | LASR B MTCNN [ 25% 3 4K ()3 4 T3 3

R-Net M4 R-Net Y /2% 245 44 1 P-Net 1 R 2%
SERM L Z T — )2, R LL T 4 b A 40
false-positive FU1EH] . IR A R-Net 25 Z i,
BT ELGTTCE] 24 %24 %3 [ KN, R-Net W 2% (1) i i
55 P-Net M4 AR, R-Net P45 1) H A& LB K
IR ANHE

O-Net %5 . 0-Net 25 b R-Net (25 L £ T —
EEBUZ T LIS O-Net [ 45 4b B A4 25 5 06 ik
4, i A O-Net LI EHR K /Ny 48x48x3, 0-Net
W2 B LR IV A FEAE A AR BRAE ., score DL K
KL

M\ P-Net (2% 5] R-Net M2, B3 5 J5 1) O-Net
BN TS PNV SEET IS N o AV SRR =R 5 621
K2 2% TR BE (J2 50 o Bk B P I 1R 1)
NG B T 23 7 2 A e RO 5



1126

% 45 %

1.4 RetinaFace ARGiR 5 M 4% E AR E

RetinaFace 531107 J&—Fh 8 14 B GG
M #5 ., RetinaFace 574 >R F & 9411 backbone %]
2 (H A HBEAE B4 CPU L SERTIZAT VGA 3R
IS, 5L F RetinaFace 253 0E— 5 50 H W
B 28 b A% o3 5, 5 B I B AR SO T I &

C6/P6

RYU 3D TR AR AF B, X 25 Bl ROBE S 144 T
ARG R LIRS R GO Y sE AL

K 6 Fi78, RetinaFace 551 32 B A0 H5 DU A A5
B, o iR B T R R i, R SO DL
ZARFIIR

, 10X10X256
T

v

£-40X40X256

'80XI80X256

20X20X256

<
=
oy
@
&
=~
)
3
&

Context Module(x5)

6 RetinaFace A B35 M4 R 4544

BT W24 ; RetinaFace 5335 F 2R T WA
T M2, 43 552 Resnet50 F1 mobilenetV1-0.25"%
LR R GE T M4 75 RetinaFace 537 11]
LIAE LAY CPU W% L SEmhztT, LISEEE VGA 53 9
R, H mobilenetV1-0.25 I T IR EE 7] 43
A, BAT AR R 1SS

FRIE 4 F 18 . RetinaFace B R M P2 3] P6
(RRRAE 4 738 )2, o P2 31 PS s (6 A H i) R
AR ] 72 #2211 55 4H NV %) ResNet 5% 22 B Bt (C2 %)
C5) kil . P6 JEAE C5 Zbidid — 204K 2 1Y 3x3
HBRUTEARIE, C1-C5 27 ImageNet— 11k (¥
£ FFSE IR 19 ResNet— 15213 432K R 2% | P6 2
FH“Xavier” J5 " BEHLMI LA LAY, RetinaFace 8.9
AT RAIE 4 5 R X NIRRT RS

R ScREE ) RetinaFace B8 H M 7 1T 3¢
BT 5 MR G 75 b T 38 s 2 B
ISR A% R SCHEBIRE ). A5 A R A Y
feature map 73 =ANER Y, 43 AT A [A) R B 1) 4
TEFEIR B850 10 B S — I B AR AN S
PR, S AR MRS Bl oS R, B
SCELHLE S S RRIE A Rl G i — 2D i

AT 559 S FARAAIIZRIY anchor i, RetinaFace
(1) B Fr 2t/ ME T T 2455 1Y Loss:

L=L,(pi,p ) +Ap; Ly, (1,67 )+
AZPL'* Lpts( L, li* ) +A 3Pi* Lpixal

A p, FIR anchor @ T A ARG IHER, p,; F#w
EAH, IEFEAS anchor A 1, fAFEA anchor 4 0,1, ,1,"
1 e 5 IEREAR anchor X N7 ) 0 HE A1 EL 52 AR
HEHERINL B AR, 1,17 535378 IEAEAR anchor i
AN S A O T A R LS AR B L
PAF BN 5 R A IR R 22 57

FEALFE A

ARSI Loss : FR A Tl 288 09 7000 45 2R 1
A2 I Loss

QAJGAHE R H Loss : 3 U A 1E AR 25 HE Tl 45
R ET Loss

Q@AY landmark [B1)3 Loss : $BUT A IEAR 2
N SR 5 U 25 S B 1R Loss

@A W 3D A A Loss: Loss 877 S %k
A~y BEN 0.25,0.1 F10.01, 3 B E 7 B
51, RetinaFace 532538 /i1 1 31 SAE F1OC B 65 0E 07
AR E A

2 EWEARFHMLIENINER

2.1 ZREARZH
2.2.1 SEEEEFH

BATEACH TAES L 5I#E = T TensorFlow
Fl pytorch (R B2 I HELR AR FIAS [ Sk 0
(NG X 25 () Python TAERRYE, FFAEFRAT
ARG b5 T PR AR TR D5 28 % AN [ A bz PR
el PRIt . FRAT) TAESSBCE AT

+ Intel (R) Xeon(R) Gold 6128 CPU.

- 512GB DDR4 memory.

+ NVIDIA Geforce RTX 2080Ti GPU.
2.1.2 ANBIEEE S HVEBL

TEBATH SR, BATHH WIDER FACE AJK:
Bl L FAT A C ATRS N EE 4R X A R KR
285 BT T IR

WIDER FACE A K $8i 52 75 S A K U3 45
2R TR B AR | T A0 &5 Y N RS AE U 2
A& NG R AR AR R AR AT A
W 28 AT U 2R ANI U RE IS AR 4 b R AR 25 A A 3]



%58

INER, R T Rk TR F k3T R R R B AR G 5 1127

L8 IE 5 GRS T A RE2E =

EANTHCIRA ANREIEEA S T & TR
A Y 58 L LA Y A g N R TR B ff £ X
THR—IK7E H G (IEHO0) MBI TR 28K
BUE, E-AT 5 2Z 08 7 19 2R FH 28 S 4 O 47 D B
ot RO 5 AMG BB R4S 21 % 10 5k A R
PRAUE T [A)—2H A [R5 A BRI 25 R A [m]  HE
FRIECAANE R R T, A AR RIS A [R] 1R
WIS B R PRI 5T v B R 1 S0 90 245 2R 1 A
TR E
2.2 KIGIIKEERXTLE
22,1 IEEGREMT MR

FRATTAH A 3 49 50 % 45 a4 1% D0 e A B 3R
ML EAT T, b B AR LBPH O 1R ]
250 N S GE B T B i U A R, EL A
LBPH B35 AT A PR AS 23 52 2D6 IR 48k | e
AP B2 & i LBPH Bk i A
TN 0 2% 75 2 S 0k NI R 047 1 25, 9K il ik
XoF L ] DB e A 0 145 R 5 5 2 2 DI e 1) 580 A DT
e, DT 40 W e e ) T 52 5 o ATk, R R
LBPH 55 3 11 /9 A 18 01 ) 28 B A7 1R K 1Y Jm)
PR

%t Ffii i CNN, MTCNN | RetinaFace %% %3t
A I I 2%, 34T TR A WIDER FACE A 04
JE ) WIDER FACE train 53 4 % ™ 45 3647 T 9
2k JFRIVIN R4 B P 28 B AL WIDER FACE test
BARAESAT 7 I, WA B A TP (True Positives,
FOE P00 A AE, SEBR M IE) (TN (True Negatives , E
0, T A £, SEPR A1) (FP ( False Positives, fi1E :
T R 1, SEPR A 1) (FN( False Negatives, ff 1 . i
MR, SEBRoRIE ) R 1 R

F1 AEARIRSIMEERERENIKER

BSR4 TP TN FP FN
CNN M2 84.5% 95.33% 4.61% 15.5%
MTCNN 533% 98.4% 99.83% 0.17% 1.6%
RetinaFace 3.7 99.3% 99.89% 0.11% 0.7%

Wit 1 RATT LA I, 5 F IR LR AHT
B ANG EM% , RetinaFace 809 14 W 28 4 e 2 B 419,
MTCNN 53k ) P 28 P e i =z, AT A it iy
CNN BRI M2 1 PERE 2
2.2.2  AREIEREEAET A RExT i

Sk T b S RN [ BB 5 8 A G EU D 6%
S AN ) S B AR () e | A6t FH I e - ) 8%
R 2043 HI%T WIDER FACE test 04 45 (#543)

FFAT TR 45 A A A ) DU AE B R E AT 1 % L
I, ML R 2 Frs
F2 TEEBEE TR LR ER

TR AER /%
MEVUIMZS WIDER FACE
N = AN o ¥
CNN B FUph 2 ) 2% 84.3 72.7
MTCNN 2.3 98.7 64.5
RetinaFace .3 99.4 95.8

Wi 2 " LLA 1, RetinaFace A 17 51 % 4%
TEXAS FDG BT AR RSO AT RE ORAF L
TR PHERR 5 T MTCNN K R0 48 kAT A &
BT CNN AR B 0 28 9 TE 31 M 0 23R 52 31 1 4
KIS I T —E R 1Y T B, o MTCNN A
PR3] 0 245 52 BB 2R A S e SR
2.2.3  AN[ELNJKTR3] 0 268 14 it I 2R 25 2R %) e

N 7 d ) v YN e | EiE PO N
R BRI A G AT IR I 59 8 T 40 RE
T3, FRATTX 2 A6 I A8 152 ) A BEUR T sl i 1 1
AR FR A, IR 5 5Ok 19 I BHE 5 — i dRnik
A AT 2SR k. RATR ISR IS
MRS S HONR & NI B8 E R AT 1 i — 25 1l
B, A5 B B =0 G TR 1 0 2% 1 U A AR N 5k 3

iV
£33 AEABIRAIMEEENGLERITLL
RSB/ %
PNisa s8I -
Kl Zri sl g5
CNN B 42 f 2% 72.7 78.4
MTCNN 3% 64.5 63.7
RetinaFace 2.7 95.8 98.6

IR 3 FATA LU M 7 AT 0 28 3 o )11 2k
Jii , RetinaFace A U5 P 4% (R HE AR SR A5 3] T — 22
PETt HERES B 7 — A AT H S BTy
CNN AR 2 51 ™ 2% A5 31 7 — 8 B B2 09 42 75 i
MTCNN KU 46 i 300D BN Uk, T 2 i
TR, AN TR MER 23 S AT TR A1

3 MRERSH

X MRS R AT 20 B A R, AR T HAB K 1R
S5, RetinaFace 536 AN (U6 1E 7 06 H B9 A8
FEEA I R B9 ARG IR RE, [R] Bk >R FHAS ] IR
B ARG 3 19 A R AT IR 0 i [l A R Y
BRENE, TEHEAT I ER I SRV 25 )5, RetinaFace 512
P 28 455 7Y 1) P REATS SR T LLAS B i — DAL, Reti-



1128 W F

2 #

% 45 %

naFace BIENE R —1~58 K A9 B0 By Be A AG I 2% , 1)
MECA B AR B W2 5% el Ll T
FEAS AN R AT R R I AR E 67, [l
RetinaFace B8R FH T 1R SO He 25 25 4 | {7531
S4B 1 N 45 B R BT B I o % B AR A AR Ak, Rt
RetinaFace B XA A FEIH 2544 F 09 A6 15 B &%
e R

1M MTCNN 53k BARAE IE R OLIR A T HA R
TF AT A R, SR 1A ] 9 BEBH 2% /4 % MTCNN 35
PR BIPE RE R AR T AR K B [ R AT 4%
RN 2522 J5 , MTCNN B9 60 AN [A] BRI 25 14 () i
UL AR B BE I R A B A R T, ik —2
YPGB A N R AT A A, AT & R 43
G B 15 AN LA 2 P AT RO R 28 A1 BRI 7
ARAAFEAZRN A, I MTCNN 52 5% T A ] B8 0 4%
ARENI G IEA BA S,

FERATEIT CNN ARSI R 25, By 384T
UCRH T W2 “ B2+ A2 X5 AR RFIE R T
PRI, T3 BRL ) P9 £ 45 44 0 125 A 80 b B T A TR
PR FRAE , AR RE I AN B 3 | Rt 2552
FDCRERM R, FESETT MR IER YIRS XA
[F] 5 B 2R A A B R R M R A T — e R

iOE T
4 HEFRIE

R T 53 A A ] BEBH AR AR 535 1Y
S DT 8 PR AR FH AR TR 0 245 118 8 Pk
ARSCNS JUR T N TR P 28 % 7E A [i] HR B AR
T AREA R G B PR B SR AT T X H s
e R AR B T H At ARG IR 3] 887 RetinaFace 55
AR By HA B TR R BE RN AN [] B AR
Pt H4Eae 71, [FRTFRATX) RetinaFace BiE 1T T
W2 B I 2, i PR REAS B T E— D Al TEIR
A NI B B ) R MR R R ARk B T 98.
6% , i —L 45 T RetinaFace 553226 A 5] B8 B 4544
(a5 HERE A E AT BT 2 1 SEBR N H .

&R (2000—) , 5w A
057 I BAR K E RS A
20224239033@ stu.suda.edu.cn , 1823403022

@ stu.suda.edu.cn;

SE

(1] R —Fh3LTF 2 RE LBPH FRAF A P AU Bk [T ].
THHLR 54 ,2015,8(32) :315-319.

(2] A, BlRRk, FhERk. 2T CNN Fl SVM B9 AR R SE /Y
W SSE )], RS ECE TR, 2021,49(2) :378-382,420.

[3] M MR B 55, BRI 4 B RO RS [T 115
HLTF£,2019,45(11) :191-197.

(4] Z=EN,BEE JREFR, 5. Mg %2 2] Bk i 304 vt
Befghor ik [J]. Jeah i 512 W7,2002,22(4) :260-264.

[5] EXCER, B SC A B 28 P 4% v ReLU 80T o6 B0 AL 83T
[J]. {5 El{5,2018(1) :42-43.

[6] Yann L C,Bottou L,Bengio Y et al. Gradient-Based Learning Ap-
plied to Document Recognition[ J]. Proceedings of the IEEE Con-
ference on Computer Vision and Pattern Recognition ( CVPR),
1998,86(11) :2278-2324.

[7] Zhang K P,Zhang Z P,Li Z F et al. Joint Face Detection and A-
lignment using Multi-Task Cascaded Convolutional Networks[ J].
IEEE Signal Processing Letters,2016,23(10) :1499-1503.

[8] WESC®,SRAE RN, 55 FET UG MTCNN [ A DN 5
[J]. hRF R 254 ( AARIERR) ,2020,39(6) :637-641.

[9] Salscheider N O. FeatureNMS : Non-Maximum Suppression by Learn-
ing Feature Embeddings[ C]//2020 25th International Conference
on Pattern Recognition(ICPR) ,Milan, Italy,2021 .7848-7854.

[10] Deng J K,Guo J,Zhou Y X, et al. RetinaFace: Single-Stage Dense
Face Localisation in the Wild[ C]//Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, Seattle,
WA ,USA,2020: 5203-5212.

[11] BEEME B G, Bk, 55, T RetinaFace B9 A £ 8 PEAE
WRIEMFELT]. BB RHLEIA,2021,30(3) : 1-4.

[12] Cai K W,Miao X Y, Wang W, et al. A Modified YOLOv3 Model
for Fish Detection Based on MobileNetvl as Backbone[ J]. Aqua-
cultural Engineering,2020,91,102117.

[13] He K M,Zhang X Y,Ren S Q,et al. Deep Residual Learning for
Image Recognition[ C]//Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition ( CVPR ), Las Vegas,
NV,USA,2016.770-778.

[14] Glorot X, Bengio Y. Understanding the Difficulty of Training Deep
Feedforward Neural Networks[ C]//Proceedings of the Thirteenth
International Conference on Artificial Intelligence and Statistics,
PMLR, Sardinia, ltaly,2010,9:249-256.

[15] KBk, 5k 55, Wibe, 45, HARkilssfe 1R SR ], Wik
AR (L) ,2020,54(3) :529-539.

B OH(1986—), U5, Mk, RIS, Y
FT AU R A5, R RS,
AP, B2~ P Ak B KR, P

—
e ' TS AL B A AR R B,
:.;_: hmin@ suda.edu.cn,
S’
A
o i



