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Abstract: The lack of facial features caused by wearing masks leads to the degradation of face
recognition system performance. The methods of traditional occluded face recognition cannot integrate
the computing resources of the edge layer and the device layer. Besides, previous research is short of
comprehensive consideration of the facial characteristics including occluded and unoccluded parts. To
solve the above problems, a device-edge collaborative occluded face recognition method based on
cross-domain feature fusion is put forward. Specifically, the device-edge collaborative face recognition
architecture gets the utmost out of device and edge resources for real-time occluded face recognition.
Then a cross-domain facial feature fusion method is presented which combines both the explicit domain

and the implicit domain facial. Furthermore, a delay-optimized edge recognition task scheduling method
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is devised, which comprehensively considers the task load, computing power, bandwidth, and delay

tolerance constraints of the edge. This method can dynamically schedule face recognition tasks and

minimize recognition delay while ensuring recognition accuracy. The experimental results show that the

proposed method achieves an average gain of about 21% in recognition latency, while the accuracy of the

face recognition task is the same compared to the baseline method.
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MFR2 #5445 , Bt AL A A 800 A % % (400 A~ 1E Xt
400 %) o Ry T X T A SR PR RE A T
AL, 4w frids , £ F ResNet £ A trunk-CNN 452
B, FESC 8 T A SRR DL AT (R H
B M o ResNet™ J& 77 fifi I (1) 4 B # 28  4%
(CNN)ZAE Z — , Bl Z R A SRR R A

A SC N Pycharm, Pytorch v1.2.0 3£ 55 J¢ #&
Ubuntul6.04 #:/E R %5 | #E4T T 525, 7F Intel 19 3.7GHz
CPU £H132GB A GTX2080 Ti i) GPU fIlR%5-%% FiadfT.
T 2R 08 PR G T B S IPAG AR S Y e
TUE— AN L IBARE R A~ G 4 R vERE . 7F
= RIASTR] I F B 3 PRl T AR SO HE AR A
PERE . (1)Unmasked-to-Unmasked , —~38 % FR /145,
PEAG LAY 72 A 5 (2) Unmasked-to-Masked , 7EIR ] 5
G P AR ARG UG, ARSI 1 EE A A B0
(3)Masked-to-Masked A VCHL , i 72 /9% 356 4 A
(14 B 3 AR R SR [

ST HEAT A LAY AR, X L S YN B
RMFRD I MFR2 #1471 505% . & 1 R 73U A
T B A 06 UE 25 2, 3 2 2 AUC IR IEZS S o X T

-gl + e
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MFR2 a4 0 1N AR U SE 56, AR SORE BT A
R 5 11 R Pl A5 B 55 A L 4 o i P A S 4 Y
NG R AR AL S AR A v o R SCHR H A 07 i 5
SR L ST P R SR I L AR o . IR
SR AR SR T AR M P T T R 3 I RE R

HE TR 2B 1 S I R I 5] SRR O T R AR 1A Y
AR AT T AN S 5 AR R LA AT A 4 Y T
A% o i HAR TR TS MU T N B9 B R Ak, A
R T A DX~ 70 ) 4R BT Sk 47 & R B R AR
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R1AMHEER
Datasets Models Accuracy(%)

RMFRD Unmasked-Unmasked Unmasked-Masked Masked-Masked

Baseline 98.63 92.57 91.26

Baseline+EFE 97.58 93.25 92.16

Baseline+IFE 97.85 93.35 92.52

INFR 97.65 93.23 93.58

LBP 97.95 92.54 91.56

LUP 98.02 94.28 92.70

Ours 98.52 93.40 92.23

MFR2 Baseline 99.45 91.22 86.63

Baseline+EFE 99.75 92.16 87.43

Baseline+IFE 99.52 91.45 91.40

INFR 98.16 90.13 91.35

LBP 98.65 91.45 90.84

LUP 99.92 92.76 92.37

Ours 99.86 92.38 91.37

AR SCAFRDT T AR EER B A6 BT PPAR PP AS [ A5
RIECE N AYTERE . E55— MBS, Bl Baseline+EFE,
A SCHE AR A R T B R AR 5 i , (30K i

FEE AR F 1 CNN BRU P DU T EREPEAY . 7E56
TAECE T, B BaselineHIFE,, % T 0 =CAFRAF , B FH
TR AOHEZE i B RRAE BG5 T vE EAT PEA

F2 AUCHIELER

Datasets Models AUC(%)

RMFRD Unmasked-Unmasked Unmasked-Masked Masked-Masked

Baseline 99.74 97.57 98.26

Baseline+EFE 99.54 99.25 99.16

Baseline+IFE 99.63 99.91 97.95

INFR 99.69 97.92 97.58

LBP 99.56 97.54 98.99

LUP 99.17 99.41 99.37

Ours 99.52 97.40 98.96

MFR2 Baseline 99.90 96.22 94.63

Baseline+EFE 99.95 96.16 94.43

Baseline+IFE 99.92 96.15 96.40

INFR 98.96 96.13 96.35

LBP 99.53 97.87 98.41

LUP 99.95 97.54 97.63

Ours 99.93 97.38 97.32

N T HCRA SCHY 7 ik 5 HE R TR S 2R B T
T A FTE RIS (FLOPs) 5 1 M 28 S8 ikt
MFE 3 PR . ASCHIRRIEA BN 20 %, JF H AR

T 30% TR IRFSE , F $ 07 0 A G RO A (A
JE A R 45 LR 57%



18 T AR B 2 4 (A AR B 2 D)
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R3 ARAHEENESH BWZRIZEH(FLOPs) FHEAELER
(EH M RRUB A AR B

Models FLOPs  Network Parameters(M)  Average time(s)
Baseline 2627.24 31.56 1.56
Baseline+EFE  2628.96 31.59 1.28
Baseline+IFE  2628.45 31.26 1.25
INFR - - 1.23
LBP - - 1.08
LUP 2627.79 31.54 0.91
Our 2628.12 28.71 0.85

6 =&

ARSCHE T — -1 DM A A0 2R 45
BRI BT A 2 SR R AR RS i ) 5 | IR CNN
B T DR A R, ASSCER Y T —Fizs
SRS AE R 077 e i O RIE ) [R) B, S mT
RESZ B A B AL, P B AR AL A BE AT
IS, G X R R A RIAT 55 1) 04T, i 2 R B 5 1
I BT EENAT 5 A TR, LSO ) fie (ST A2
TEZA>E RSP G B 4 b R A R S
FW] AR A5 AR A PR ) 7 T BAT DL,
RIS AE— RIS B PERE . AR REERT
FE TN ] — A E GO 55

5% 30k (References) :

(1] kL, X, S48, BRAh, XU/INmH, BOREHE . A S
WFFEIE LT ] 32441, 2022, 33(07):2411-2446.

(2] /NG, BRORAE A IR N ) 23t : D725 ) 1] 381
B2 [T ATRHLER, 2018, 41(01):177-207.

[3] Barnouti N H. Improve face recognition rate using different
image pre-processing techniques [J]. American Journal of
Engineering Research (AJER), 2016, 5(4): 46-53.

(4] Ejaz M S, Islam M R, Sifatullah M, et al. Implementation of
principal component analysis on masked and non-masked face
recognition[ C ]//1st International Conference on Advances in
Science, Engineering and Robotics Technology (ICASERT),
2019: 1-5.

[5]  FRJLMR, ATk Bt AT/ NI B iR (R FISTA <0 (1],
R EE R A2 4 (H AR BRE M), 2020, 27(01):19-23+41.

[6] Xu'Y, Zhong A, Yang J, et al. LPP solution schemes for use
with face recognition[J]. Pattern Recognition, 2010, 43(12):
4165-4176.

[7]  Fredj HB, Bouguezzi S, Souani C. Face recognition in un-

constrained environment with CNN[J]. The Visual Computer,

(8]

2021, 37(2): 217-226.
AR, Bt 4, BAEAE facenet JZ 7R AR J 51 1 265 1 ARG 150
Fk T B R G 2A4), 2022, 17(01):107-115.
B, BEH A, BUUE, RIS . — R T AnkE AR Y
MR RBRITIELLT ], HL 515 A2, 2021, 43(05):1448-1456.
TR, Wiar, 22, B, 0 A0, o B4, R T T
IR F R G St IR R B U [T ], i 72548,
2021, 49(12):2437-2448.
TF, TR, sRfi, 5k TR T VGG RE R 1 5 EE
B PRI AT ] AR, 2021, 32(11):3659-3668.
Jeevan G, Zacharias G C, Nair M S, et al. An empirical study
of the impact of masks on face recognition[] 1. Pattern Rec-
ognition, 2022, 122: 108308.
Deng J, Guo J, Xue N, et al. Arcface: Additive angular margin
loss for deep face recognition| C ]//Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recogni-
tion, 2019: 4690-4699.
Ding F, Peng P, Huang Y, et al. Masked face recognition with
latent part detection [ C]//Proceedings of the 28th ACM In-
ternational Conference on Multimedia, 2020: 2281-2289.
Feihong L, Hang C, Kang L, etal. Toward High-quality
Face-Mask Occluded Restoration[ J]. ACM Transactions on
Multimedia Computing, Communications, and Applications
(TOMM), Accepted on March 2022.
e, KR, SRR, BT T 6G IR e {5 1
—RAELT]. R R R 2R (B SRR IR), 2022, 29(03):
9-16.
Song L, Gong D, Li Z, et al. Occlusion robust face recognition
based on mask learning with pairwise differential siamese
network [ CJ//Proceedings of the IEEE/CVF International
Conference on Computer Vision, 2019: 773-782.
Zhang Y, Wang X, Shakeel M S, et al. Learning upper patch
attention using dual-branch training strategy for masked face
recognition[J |. Pattern Recognition, 2022, 126: 108522.
Li Y. Deep reinforcement learning: an overview [ DB/OL ].
arXiv:1701.07274, 2017.
Schulman J, Wolski F, Dhariwal P, et al. Proximal policy
optimization algorithms[ DB/OL]. arXiv:1707.06347, 2017.
Huang G B, Mattar M, Berg T, et al. Labeled faces in the wild:
a database forstudying face recognition in unconstrained en-
vironments [ C ]//Workshop on Faces in'Real-Life'Images:
Detection, Alignment, and Recognition, 2008.
Anwar A, Raychowdhury A. Masked face recognition for
secure authentication[ DB/OL ]. arXiv:2008.11104, 2020.
Targ S, Almeida D, Lyman K. Resnet in resnet: generalizing
residual architectures| DB/OL ].arXiv:1603.08029, 2016.
YRR Lk



