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12 AFHEERENZBERT L

AR SCRVE BRI it B, FE YOLOVSs
RS -, EE T 5] A S2-MLPv2 & )
KL, 7F Neck #8438 Fi} GSConv+SlimNeck 2H
AR, B A B O PR SILU B 3 i FRe LU .
J T U B T A A R A, B
HEE S LT 8 AT Al S gG, Z5 R 2,

K2 BERMHNEMERER

S2-MLPv2  GSConv-

s RS SlimNeck FReLU Z%i/M Precision/% Recall/% mAP50/%
1 7.01 84.9 713 80.2
2 N 9.11 84.6 78.6 81.3
3 N 6.73 81.3 80.3 81.7
4 N 7.12 84.0 79.1 82.6
5 N N 8.83 83.4 80.4 82.8
6 J N 9.22 85.4 774 82.1
7 N N 6.79 85.8 783 82.7
8 N N N 8.89 86.0 79.3 83.2

2T UFE Y, R SO X A 72
] T —E eI ER . K S28-MLPv2 {3 & 1AL
il A ARSI T R4, AHECT B, mAPSO$2
FATLIANESLA, BSHaEamEk. &
GSConv+SlimNeck ZH & #5 e g A Neck #F 43,
mAPS0 2T 1.5 E 4y iy Rl iy, S8 T
0.28M. K¢ IUE PRECE il FReLU,, S8 {3
Jo.11 MR, mAPSOETE T 2.4 1 23 A,
e, ¥ S2-MLPv2 1 3 JJ F1 GSConv+SlimNeck
BRI ARSI H] FRe LU 0% pREL, 1E
PRI SRR K 1.88 M AYTRIET, FER &0 H5 b
B TARKETE, H, Precision. Recall,
mAPSOZMIHETF T 1.1, 2.0 LK 3.0 E 43 A5 .

J T B AE A SCE Y YOLOvSs [0 28 455 780 11
PEfE, B H 5 2 H K 4% YOLOv4, YOLOvSs,
YOLOX ., SSD#EA7xfH, 25583,

* 3 ZH BRGNS L

ha=2 Ak ZHARIM Precision/%  Recall/% — mAP50/%

1 YOLOv4 64.36 82.46 58.59 73.94
2 YOLOX-s 8.97 83.60 75.70 81.40
3 YOLOvS5s 7.01 84.90 77.30 80.20
4 SSD 26.29 85.81 69.35 81.28
4 Ours 8.89 86.00 79.30 83.20

3 LIAE M, M T ILRZ i —Fr B
HFRAM R, YOLOvA B BRI ot T HE K,
SRR Ik 64.36 M, [HIF 1A 14 3 45 v 1 46 )
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BRI T A SCHGH L . SSDRVES R
BRI HHABFEME T A SR, . A SO A
Bl FEIA S2-MLPv2 1 i, S8 sk
T YOLOvSs 57, (2 e R IS B 7 1 A i $2
7, mAP50 ik #| T 83.2%, # LT YOLOvSs,
mAPS0 2 5 T 34N E 43 a8, IF HH A LAl
BRI S T RAL(E .

4 g

AR SCER X8 B R AR AT 55 PR AR . A
o, A AE ), 48— A G YOLOVSs 1 M
gE AR, g 5] A S2-MLPv2 7 A ALE .
SlimNeck+GSConv 41 & 5 He A% 345 Neck #1553
fii FH FRe LU 3803 pRZCA QR JAS 1Y) SiLU 0 PR
G AT Al SCIREE SRR, A SCk
P IE ARG IS IR 2 T 86.0%, A IRk E| T
79.3%, mAP50 ik %] T 83.2%, PEREL TR 4R
YOLOvSs #5280, BRHS A S HURFIE(S B, W2
Xof T P 2 2 oA fR ARG B TSR
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Road crack detection method based on YOLOv5

Yang Jingwei, Li Yuansong’

(College of Computer Science and Engineering, Sichuan University of Science and Engineering, Yibin 644000, China )

Abstract: Aiming at the problems of low detection accuracy, error detection and missing detection in road surface crack target

detection by deep learning, a road surface crack detection method based on improved YOLOVS is proposed. Firstly, the S2-MLPv2

attention module was added to the backbone network of YOLOvV5 to improve the model’ s accurate positioning ability. Secondly, in

the neck part, GSConv+Slim-neck combined structure is used to reduce the complexity of the model and improve the accuracy. Fi-

nally, the activation function is changed to FReLLU, and RelLU and PReL.U are extended to 2D activation function, which solves the

space insensitivity problem in activation function. The experimental results indicate that compared to the traditional YOLOVS, this

model achieves a 3-percentage-point increase in mAP50, demonstrating better detection performance and meeting the requirements

for accurate detection.

Keywords: crack detection; deep learning; YOLOvS; attention mechanism
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Shallow Feature

Feature
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1.1 BOR R B ARpAE 32 U 3k
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BB m ADFEAS I n WA RFAE . QN2 R,
Fols FAR IR

T AR ST I AR, R A A RN
N3 ET 4R, IR R — D ERRER Y
Ja — ARG A AT 20 R I R AE T
MO F7R, 1, 35 m AR RS n WY J
R TVRFAE

T, = Com)lXlEBConU,“(Conle](Tf)) (1)

AR RF ] LB AR 2 7 L N ) L JE R i
EORERIC SR LV 2 2 BN AL (MLP) Al
Sigmoid PRER PEAN AN [] T 7E 25 s [B] R AE I 9 FE
BV, P A W) RN 1) R B T AL
KN, AR ] REERFAIE Lo W0 (2) B -
i Sigmoid (MLP(T},))OT,

Tr = (2)

j Sigmoid ( MLP(T))
K2 OFIRFER, T7RRE m DA 4
JRB AL R
1.2 R B FARRAL B2 3k

BN R ROBE I ERRAE S, O 7 S BURRAIE
GRS, WRRREE TR G . BG U iE 3
F7R

FC
+

FC Sigmoid

[l
K | B
Ty e
|| L/
|

B3 mEfHERS

Sum
K

) FH it 25 A0 XU Rs ) RLBE 9 47 JEL 2 2T B[R] 2
FIEACE o I AN 2% H 2 R — 1 Sigmoid PR
BORSZEL, B ] EZHEACE W, = (3) s

W, = Sigmoid (FC(FC(T,©T,)))  (3)

KB OFRBEIBEERM, W48 T4
I A RUBE b A AR, W, e R7OK,
Wi F7R e m D FEA T 5 M) R 1) B A
Ho SR AP ] R ST AL AR
FHER SR, a0 (4) B .

Ty = T OWey + TrOwyy (4)
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A3 1K MLP 1 Sigmoid pRAUN FH T H 4
Pt i R B, R 72 2 WU S 5 S T,

HosE S (6) i :

P = Sigmoid ( MLP(T/"©T"))  (6)
- prr

prr =

zp:n,n
RS n WU 4 A B, T Pt R m A REAR
T n TR SE BRI 0 E . RO B TR AR
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N
P;:l — FC( 2 T/n, n @P;nfn) (7)
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. H Prr e RVUSFIRE m M REA
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SR, R Py R AU R O 7 AR () -

u G
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2.1 BFEEEANHX L

CASIA-B"J& v [ B2 Bt [ 8l A 53 T 4
BERY S BIR S, L BT ME . 5 A
M) 2 WEdESE . 28R4 R 124032
W BRI, B2 B 3R TE
A, WIEHATENM) . HHATE(BG) MIZESR
AKATHE (CL), HRATEFRAEE T 11AME
(N 0°~180°, HAFMEERIIEIRE A 187) . Xfh I
WM, RaZiAE BT 1100751,

CASIA-B #4ls S AN AATEH 7 FLE B I R 5
AR AR, A SCR FH SCik [ ] e i = Fh kil 4 7
K, AR, AR/ MERINZE(ST) . PAEAR
25 (MT) FIRAEAR N2 (LT) ., fEST H, Fj24 4
ZAiXHE AT, HA 100432385 Tk ;
FEMTH, i 6242l E PR, Ha 624
FZIRFE TR ELTh, w74 ZikE T
Y, Has50zi8E 1. AR5 7
T HR HIEH AT E RS B RT 4 4751 (nm-01,
nm-02, nm-03, nm-04)1ENEMZE, FIALK 6
A F H) (nm-05, nm-06, bg-01, bg-02, cl-01,
cl-O2)fE A AR

HFHh = oA R RSN 2SR IR R .
Fr AR ECR 150000 1K .

®2 BBYH

Hyper-Parameters Value
Batch size (8, 8)
Resolution 64x64
Sequence Length 30
Optimizer Adam
Lr 1E-2
Iterations 150000
Loss Triplet
Margin 0.2
K 32

®1 HEEXSY
Division Train Test
Small-Sample(ST) 24 100
Mid-Sample( MT) 62 62
Large-Sample(LT) 74 50

2.2 ERBRHFE

AR S B T IR B 2 2] HE SR PyTorch DA K
RTX 3090 & &N M- 5. ARIER %k GE,
PRSI AR R, AR 30— S g v ) 25 A5 R Y A
K, BRBESHILEER?2,

RERIYIZRAIHEIR K/ N 8 x 8 x 30, BIREML
BEHS AN, B A BRI [R] 25 i 2% 1
KA T8 MERITA, RIG WAL P8
T30 WU . Wi RS AR BT KNy 64 X 64,
KWL SRR R o s, 18 32, BEAURH]
Adam fRALAR, 2 FR N 1E-2, A, 7E=IC
PR R SO E T, Margin i # 4 0.2,

2.3 WM
AL AR IE S, Rank-1 #ERI R FER K
BN — K 2R HAR M HERG R, IR A7 AL
PEREVEAN FE bR . 1 S L — e s, Ht
BRIRAT
1, if Label =Lab
](Labelq,Labelg)é 0. ifLab llsﬁL b
, 1 Label,# La
Hrr: Label, 55 Label, 53 SRR W44 25 LA K
TEMFEEAREE . A 48 Bn 2 3 2o o0 265 00 AR AiF B
BARE] WS 2L Rank-1 fERGRAT, HEE®E
Gt A AR E RS A e, AT

(11)

Rank-1 :‘MQHEZJ(LabeQ,Lade) (12)
=0
Hrr: QIURAERG, KR ERE.
2.4 EBRER

R R AS SCRE IR RE . #F CASIA-B I
WA SO kS B O T A, F
T EALFE GaitSet™ . GaitTB'®', GaitPart' . Gait-
Net " FHIMGAN"?', SZEGZE R UL 3,

WRHEEAE A N [ Rl 43 7 AT e BT, A
STRIG3 70 , ALY GaitSet ML, 7235
AR AT L 25 AR B 3T . 5 GaitTB M
o, ANHE CLATE S FIHERESAE. GaitTB i
TERIN R TRy S 45, AE NM FIBG 454
TRESATE Z A BERAE, BAE CL A& T AR
FORRENAMR . fEMTRILT R4 R, A
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% 3 CASIA-BEIEE 37X 4R THIFH Rank-1 HERHER (%)
Gallery NM 1-4 0~180°
Probe T L . . R A T
GaitSet 646 833 904 865 802 755 803 860 8.1 814 596  79.5
NM5-6  CaitTB 762 87.8 938 918 836 785 834 904 931 864 727 852
Ours 727 854 924 894 790 758 807 881 893 835 742 8238
GaitSet 558 705 769 755 697 634 680 758 762 707 525  68.6
ST BGI2 CaitTB 688 791 855 826 768 710 769 832 848 788 653 715
Ours 633 733 803 781 692 637 703 770 795 722 620 717
GaitSet 204 431 495 487 423 403 449 474 430 357 256 409
CLI2  GaitTB 409 500 545 523 491 463 476 506 447 399 324 462
Ours 383 504 543 538 519 498 525 553 527 468 385 495
MGAN' 549 659 721 748 711 657 700 756 762 686 538  68.1
GaitSet 868 952 980 945 915 891 91 950 974 937 802  92.0
NSO CiTB 905 964 990 975 937 905 939 979 985 o948 854 944
Ours 940 979 989 978 946 925 952 984 992 971 910  96.1
MGAN'2) 485 585 597 580 537 498 540 613 595 559 431 547
Wi per, CHSe 799 89 912 867 8L6 767 80 882 %03 885 730 843
GaitTB 854 927 952 938 877 841 882 941 945 912  8L1 898
Ours 882 939 955 933 875 816 882 932 960 929 83 906
MGAN'® 231 345 363 333 329 327 342 376 337 267 210 315
Gy, G520 660 T8 93 61 62 65 665 675 600 459 s
GaitTB 646 766 827 767 702 646 713 747 733 696 541 708
Ours 704 806 843 816 753 711 748 815 827 786 637 768
GaitNet 912 920 905 956 869 926 935 960 909 888 890 916
GaitSet 908 979 994 969 936 917 950 978 989 968 858  95.0
NM5-6  GaitTB 935 964 990 975 937 905 939 979 985 948 854 967
GaitPart 941 986 993 985 940 923 959 984 992 978 904  96.2
Ours 9.0 995 996 980 960 961 974 994 999 985 955 978
GaitNet 830 878 883 933 826 748 895 910 861 812 856 857
GaitSet 838 912 918 888 833 810 841 900 922 944 790  87.2
LT BGI2 GaiTB 910 956 963 955 918 877 915 950 969 946 855 9238
GaitPart  89.1 948 967 951 883 949 890 935 961 938 858 915
Ours 916 964 963 940 894 856 892 949 975 970 915 931
GaitNet 421 582 651 707 680 70.6 653 694 515 501 366 589
GaitSet 614 754 807 773 721 701 715 735 735 684 500 704
CLI2  GaitTB 724 842 872 818 772 751 786 814 812 783 623 781
GaitPart 707 855 869 8.3 771 725 769 822 838 802 665 787
Ours 749 857 858 824 794 768 789 814 855 845 710 806

D7 VR AE Z A AT AE 2 F T AR A B B p
JEHR AT R I 241 CL T4 T IR
A . R RTRER AN [R) EE 4 Rl 4 0 2
ST EAE CLAE Fiz b tERe o, KIEAT
AT T, NM TN LTI IEFATER
-, Y5 GaitPart MY, AR SO IEAERTALAE . DRI
ARG (07, 907, 180°) K S it 01 v .

B R T 28 RpAERAE , T AL 55 A 20 A b
EEMARIB AR, BIRIERE 5 A SR EE =
MATE R T A 1.6% W20 . 105 HAl J7 1240
o, ASCFIEAEA AT AE 2545 0T A LA 4T
BEN T AR BE , EW] T AR SOk B XU
] ROBE R A S U 9 AL 3 . 7E T BG 5
CLATESLKMTF, GaitPart FUPEREHS B Fi%, (H
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1.9%. TEMFEZMT, SHAEME, 43
AVEYEREARE T N i
2.5 EEREFERIELE

R T R FEAS [ B )RR A4 25 R A RE R
B, ARSCUAMIGERIEAE A 3, FE LAl
SIS RE KR BE RN BE iR R AR, 56
WEAE =M ESM FRoTERE. BARZE R IR 4,

£4 FEMEREFHFHERE(%)

Rank-1 Accuracy

Multi-scale Features

Frame-  Short-  Long-  Dual- NM  BG CL Mean

level term term level
N 96.7 91.1 780 886
N N 97.5 93.1 80.1 902
N N 97.1 923 795 896
N v 978 931 806 905

MR AT O E AR 5] A
AR BE R RRAE , X HE AT =2l S22 R, R
JEE A R R MRRAE 27 ) B Tl b 3 s 1)
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x1 EHETHBURGIR

S1: Transportation officials are urging carpool and teleworking as
options to combat an expected flood of drivers on the road.
S2: A Baltimore prosecutor accused a police detective of
“ sabotaging " investigations related to the death of
Freddie Gray, accusing him of fabricating notes to suggest
that the states medical examiner believed the manner of death
was an accident rather than a homicide.
S3: The heated exchange came in the chaotic sixth day of the
trial of Baltimore Officer Caesar Goodson Jr.who drove the
police van in which Gray suffered a fatal spine injury in 2015.

Event type life.die.deathcausedbyviolentevents

killer: Caesar Goodson Jr; victim: Freddie
Event argunents .
Gray; place: Baltimore
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ELAN-W #3k . i3t f£ GPU #» Sophon SE5 L #9 JniE 25 R AW, %5 FHAKEN k5 YOLOVT AL AR K 2.6% W9 4%

JE, A9t B khé E %4K, 4 Sophon SE5 L2k A ) T 54 FPS, AHMH4 YOLOV7#5F T 39 FPS,
XKEiF: YOLOv7; B AR#m; ShuffleNet; #2435 ; Sophon SE5

0 35§

T2 B FAT AR A 400, A ARG T A
Sah A B EE N M E. T U
ol SRR S DN N Rl R7y al [ ESINE N
FRHEAT e 2 Rb B A DU A SR A7 R U0 Y
B, HYERRIFIRX BN RG R & HE
AU

H Al B bR &L B8 RIS —2K
JE— BB AR IR, R R R ORG RE mE
ik, MREHEIEA YOLO 25125, —JEMrE
HAst s, deibfrefn, MEfrads, K
R, (N, ARAEILA R-CNN R&515,
FESCBR T AR, T — B B B ARAG I 57k 254
faj e, BE AP, R &M CEF X
Fegchy, 38T Tz N

ASCHE YOLOVT Bk ka1, 2% Hal
75 Rt S I A8 2 k), X L I 4% 5 ey a4 7 el
b, B R A B AR R B, AR
R A UG B2 A TR B, BRI 4 3R, 42
FERE I, BE TEE LI

Wi BEE: 2023-10-17 &R EH: 2023-11-15

1 MExXxIE

YOLOv7 Z 91 S 7E A I 8 32 5 K5 1 I A
TR SZATIRAAH L, AR 254
L BRI AN B A I 3k DL K 3 S bR %
o3 BC A5 D7 T FEAT SO, A S RS JBE 3k 2
BT PA

ERE RS S EXZWIINA NP N 2l prRvS
W2 YOLO R AL, 38 b % K I 25 SR 17
UG EIPNN TRl EE S/ TTE e S SR 7Y ivalllf=A
B TEZA Bt Bk B, K40
HREL, X R EOR WA S, — AT
FIEGPU Liafy, TR AR &I HERT)
A PR3 B IEIR IR B AP (RO o B XX
[, A S 58 i 4 P 37 557 F i P il 4
S TT, X YOLOVT W 26 25 #4) i 47 98 % i ek
#, M TAEEZEALIT =4 .

(1) *f ShuffleNetv2 e 7 BEAT Bk, f
FH Bt J5 AR e Xt Backbone HEAT B Ay, DARRAK
POZE PRI, PR B

(2) 7£ Backbone A i ¥s I 2 L6, LA
PETHRG IR 5 i B SPPF i 4 SPP AR BR™S, 7E

EER/N: AT(1998—), 8, THA A EiEMER L FFRT AL RG; *@EEE . MF)N (1972—),
B ml & A, 8 H IR, FF R m ALK R A 5 AL R 4, E-mail : taoqingchuan@scu.edu.cn; % $53%(2000—), 5§ ,

M & e A, R AR BT 50 A T @ A AR KRR 5 AT R R 4
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SEPRAEAE fl A [ s b e B8R Gk

(3) fii F GSConv £ B9 %F Neck W1 1 i 4
AT R 4 5[] I H] VoVGSCSP A He 35 4
E-ELAN B, i 25 ZHF0E1 2 70 705 B AC T Y
[FEE, DR TCAY, RRARM TR, Ik
PEFERE

2 HEHiFEHTH
2.1 ShuffleNetv2 W &5k

2.1.1 ShuffleNetv2 & AAE 3k

ShuffleNetv2 &2 7E ShuffleNetv 1" i JE Al 3
W TR A . 5 ShuffleNetv] #H L, 75 R4 58
FBE N IERGRE &, HAES O U
bk, &M THE RS A .

ARSCIE A SRR I UE, 48 O T R 4 s b
FHE B B ) DU e S B0 . (D[R] S 3 18 R /)N
e/ ME N AEDT R 3 Q2 f {4146 B2 18
WA K s QM R L SBEOIFTE; @A
REZME T R R PRIE" . FE T XU ARJEN], A&
7 ShuffleNetv1 Al F 42t ShuffleNetv2, HIEA
PGNP 1R .

Input
Channel Input
Split
1X1 1X1
Conv Conv
+ BN+ReLlU BN+ReLU
3X3 3X3 DWConv ~ 3X3 DWConv
DWConv (stride=2) (stride=2)
< BN <+ BN + BN
1X1 1X1 1X1
Conv Conv Conv
BN+Re LU BN+Re LU BN+Re LU
Concaﬂ Concat
Channel Channel
Shuffle Shuffle
OQutput OQutput
(a) (b)

1 ShuffleNetv2 Bt

5j ShuffleNetvl #H ., ShuffleNetv2 #4724 F
PO k. OFFHE Channel SplitBiid, (RHEFER
i N\ O E — B QO x 1 RR R R
BB ORI ABARIE, I stride 42
MR BT RFE s @(H A Concat U Add

B, wbocRYGsE, NN AE S A
SRR AL TR
212 RREEREHETTI

ShuffleNet % &t fifi ] 1 2H 45 # (group conv,
GConv) . TR 1] 43 B % #1 (depth-wise separable
conv, DSConv), HIRFEEATEAIRYSHE, &5
PR, R 2% AR R AL . THE A A BT
i 12 B 5 R ME 4 F (standard convenience,
SConv) HE A7 X L, BB iy A REAIE 181 K/
Wx H, WABEHHRC, WitEEEChC,, &
BRI |k % ko FRfEERISEE A

P =C xkxkxC(C, (1)

21 A5 FRE ok o i AR i 1 R R S
ARSI . BRI SHE R
P=%xk><k><cu (2)

WAy B R KB A RE . RS
L (depth wise, DW) F1 & 5 45 1 (point wise,
PW), REEPERAMEIE b oE ARSI, &
Jr it i 2 A RS A R8I 2 ] 280, S B
SBIER A (U RN Pk Al E 2 i &t w)

P,=CXxkxk+1x1xC xC, (3)

@:cixkxk+1x1xcixcozi+izi(4)

P, CxkxkxC, cC, ¥ F

Xf =M R SRR T LUK, bRt
MESHERK, HERSEERH Ve, HEM
Oy B TRZY g H /K, 3 A 2H s BRI S
AR, AT DA AR 4 S8R,
PRI JE
2.1.3 ##t )5 Shuffle_Block

AR TN B 5 BURRAIR 1 2% 1 2 8 i
PIvbR T R U, {H i HE I () M B AR
shuffle 15/ 12 i 45 PR 2y 1 il e J8 8 [a] {5
BT R R M AFAEBY o 7E ShuffleNetv2 /7, [F]
IR DL P A D7 2 58 A [) e T ) )45 258
Ui, AR ST B A B[Rl s hn T
PR, AR Ak, BRI AR Sk
PEE A shuffle IHL

ABFFEERI, TERHEAE A BRI, 5k2E
B b i BB s o B B G o Sy T ARG
U B0 B T AR S5, RIS BR O 22 119 2 (R RS AIE
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AR FEAE ShuffleNetv2 B FEARL He (47 1143 32
IR B, o s 25 R e 2 s .

Input

Input

BN+Re LU
3X3 DWConv
(stride=2)
BN
3%3 3X3 DWConv 353 pcony
DWConv (stride=2) | (st rige-1)

Qutput

2 B Shuffle_Block 83k

2.2 SE#3
FRENOUTIAEEMG . B ARG T b 3 4 4,
HRIAG T B, TR T REAR T
B PEfE . SENet! ™ %5 B 5 1 2 1AL 51 A #)
CNNHr, HEGH G, SRR R D,
5T B 2k £ . SENet A9 SE £ Bk
W — A, TR [ 7 38 T AN (R
PYRLE R, OCTESA IR IEAS B, BRIk
157 B 285808 . SERTHEHIN A 3 iR .

IXTIXC sy Ix1xe

e
% JEGEN EEIERSY %{Eﬂﬁ\?f‘ﬁﬁ
we
/4

3 SE##Eh

SE B 2 =N EE . R4 (squeeze) |
t H (excitation) Fll scale #52/E . Hiod #2150 & Hr
TEE X 2 b G BUS 1S BIRIE R U, HosE %
N C, FFEEIRAN W x Hy 2365 %5 U A7 48
PRAE, TRARIE AR ESC I, XA T A R
TEEA TR 1 x 1 x CeRfERmaE; K5

Rz o) i i i IR AT A A 1 x 1 x C
i fJaRxm S UM, RIEa 15200 A
RO BRI P, i T8 BRI B RS 5 U
—H BRI A R 5N

1 H W o
Z:HXWZ{,Z{X((LJ) (5)

Horpy X (4,7) FRFFEES ifT, 650 MMR R
{EL, WORLH SRR B S8 AT

PN AR e 32 B py 43 SR RS PR AR
B AN Z AN 22BN, =k
FanE 4 s

IXIX XS IXIXCXS
ERatio 1X1X(¢ ERatio [X1X(
IX1XC 4 4 4 & IX1XC
7% 12 ¥ ¥

B4 #BhER

2.3 SPPFAEH

SPP 5 32 2 FH R A i A USRIV —
SR I A REAE PG ECAG IR ASL . SPP A B fi % %ot
ANTRROBE AR AE T AT R 4 R, RERE 1S 2
0T LS AR {5 B . SPPF 1E SPP LAt [ 1k
frofh, B 7B AYTHEE R, B T e
B, IRTTAR S8 FH SPPF S8 58 AN [] N 45
HEE RS . SPPFREIHRANIE 5 BT 7R .

input MaxPool MaxPool MaxPool

»azsr N

l 2 f 2 1
‘-—b CBS —poutput
L4

E 5 SPPFi&th

2.4 GSConv##

PrifE B B AT R AR SR IR, 2 o BURFAIE
IR TTAY, BRI S E 238 e B e 1y 1 F 5
i, Han 5542 H ) Ghost Conv 3L, SEXTHFE
EISARfEE R, 52D R IR, R 5 X
TR RIS AT et AR 4, B B P RAE TS
FNAREBIPHER] R, ¥ AR Y8

Ghost Conv [ @A HERE T 72 W HFE R
AR (ER AR T R R i R
THEEFE . b TR EEACE R, LY
$2 T GSConv B, WA 6 T . o A
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WMEE R C, C,, Bt —HEIE
R C 2, SRIG Sk R A AT ) [) 4 18 1 2R
9 C/2 WA, d5 e 3 R AT DR ALE E
TRVE, HesRiEE RE B A, R TR R IX
AE 1. % IEF shuffle 2 M 287 4k, HIH
SR EGTL, A Gk X 44 shuffle
BE, B B9 GSConv WNIE 7 FE7R

G (0/2

{ 9=10

6 GSConv&fR

(o/2

Co/2 i

?

Co/2

B 7 i#EH GSConvEiR

GSConv A LAFE B2 R A5 146 FURTER B2 7T 43
BGBPHE N, ERDTHA Y [R B AR A IR
WERFE B B bR S R, 153 803 B3R K 1)
FRAE R, CRAIEAS R () i . AR SCHI AT
GSConv ) VoVGSCSP 5 £k 5 4 X 4% Hh 1) ELAN
SRR, BER S BRI TR,
VoVGSCSP B 25 4 & 8 Ff 7 .

input output
) Conv Concat—» Conv

8 VoVGSCSP #ihéEH

2.5 HItRE AR KL EH

TE UL b et & A S A L al b, B R H
o 0 O] 6% 1) 45 58 0 AT B AL, A5 B an & 9 T
TN ORI R 4%, SO R R SCR R, FRH:

& HumanNet-tiny .

640 X640X 3

CBS
i 320X 320X 16

CBS

] 320X 320X 16

CBS

i 320 X 320X 32

CBS

1 160X160x 32
Shuffle Block

GSConv ——| VoVGSCSP—»(RepCony|

i 160X 160X 32 T
Shuffle Block — Concat
! 80X 80X 64 i
GSConv
Shuffle Block upsample
i 80X 80X 64 1 l
Shuffle Block GSConv — Concat
il 40X 40X 128 1 !
Shuffle Block— Concat —— VoVGSCSP VoVGSCSP —b-
1 oxa0x12 J
Shuffle Block
1 20x20%25 GSConv
Shuffle Block
upsample
! 20X 20X 256 Concat
SELayer l

SPPF — GSConv

VOVGSCSP ¥ RepConv.

B 9 HumanNet-tiny { 4% Z5 44 &

3 SLIEXfEE

3.1 %LBFE

ARSCHEPEHTA GPU Y PC Fl Sophon SES 1K
ST . Horh PCIE LS W& 1,

*1 PCEH#ERE

ek 28
CPU 12 #% Intel(R) 8255C CPU @ 2.50GHz
GPU RTX 3080(10 GB) * 1
N AT 40 GB

AR ubuntu20.04, PyTorch 1.10.0, Cuda 11.3

Sophon SE5 J&5 RERHE 1 0B — b Zkit
g, HAEREILTS . ThARMR. HAEMFICE WK 2,
% 2 Sophon SE5E&FI&K

S ZH
CPU BM1684 8 1% A53@2.3GHz
HER G |5 TPU
NFF 12 GB
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3.2 EBHEHER

T AT AR E PSR Z /N Ehr, FiE
FIASCRE RS T 5, PRI ROCR R
. ASCEk s A H BE 4, b4 3246 K
KN SE R AR L 1250 5K M 45 K A LKA CUHK
Occlusion Dataset F1IEEL K 2120 7 & -, FL6616
SKIE Fr, {8 ] labelimg TAHTARIESS . A8 : 21
130 53 Y1 5 G R A AL

3.3 SR

331 GPURELR

R Y B UE AR S AR A A A AR, ik
B YOLOVT 25 H YOLOVS 251 (1938 43 #55 BUAE Sy
XL, ol FH A ) e 2 R AR PR R, %
WU BRI FEAT E RN SR X L 2 AR
M35 (GFLOPs) . BEHUTR/IN | 4 2L A e
W, SLEREIR LR 3,

%3 FEEEGPURIELR

PR BRI R

BERER criope B FPS mAP/%
YOLOvSs 15.8 14.4 77 96.0
YOLOv5s-Ghost 8.2 7.8 78 93.9
YOLOV7 105.1 74.8 62 96.2
YOLOv7-tiny 132 12.3 102 94.7
HumanNet-tiny 7.1 52 104 93.6

10 Ui 7 AN R BAE GPU L A S B il

ML 10 (R S5 5k E , 78 GPU &
RUERRE R MRS DU 13 A4 o X A RERL ) S 4
R AT DAL, A SCHE S A A HumanNet-tiny
FELRFER e RS DRG0 [ B, S AU 4 5
M BE A, X 7.1 GFLOPs; A% H1 K/INsl/)y ]
52 MB, #EFLHEEA YOLOVT #2747 67.9%.
3.3.2 Sophon SE5FEZ: R

A SCHTHE B HumanNet-tiny #5785 75 55 &
Bhgucss b, FHHIIARAR . M & it
o R IR AR AR 28 2] Sophon SES 18 45 L iE AT
Wik, g g iR Lk 4,

(e) YOLOv7-tiny (f) HumanNet-tiny
E 10 ARZALNBRE

%4 Sophon SE5_E HumanNet-tiny 5 YOLOv7

(B S mAP/% =R 2 /FPS
YOLOv7 95.5 15
HumanNet-tiny 93.2 54

11 4 HumanNet-tiny &5 % £ Sophon SES
S ARSI AR

B 11  Sophon SE5 _E HumanNet-tiny #& il 35 58 &

MR SRR E , #°5 ) Sophon SES5 )5,
HumanNet-tiny 1 58 %58 &7 b ks ) 2] A4 . 45 &
% 3 PRI RIEE LT GPU ESZIRgs R, IE 4
SEHSEE AT LU Y, IR i T HumanNet-
tiny A BERIR T 0.4 E 40, BFEAR S AR T
RiKF] 54 FPS, %t YOLOVT BYMEREET: 39 FPS,
H. Sophon SES By Ih#E(L 9.6 W, i/NT GPU H K
G DIHE

EIRTEXT L S S R TR T, A SO
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i) HumanNet-tiny .75 e84, HiTHE & MS
B AN TEHER A ., AR T7E GPU
A HE R H R S T, HAE Sophon SES |2 THG
FOMEA gL, XFH YOLOv7 427139 FPS, figE7E 4>
FIH Sophon SES AR INAE . hs #EFLAEPL#, 1&

MTEER DS L.
4 HiE

XGRS m AR, BHIERHIRE Y
SRR L N AT, A SCHE YOLOVT #
H T — 260k 55 i i s ny el b, B
HumanNet-tiny 535 . 505K W], 2B EAE GPU
Fi1 Sophon SES5 - HRHUAT T A i 114 A 0 200 S Fn 4
LR, HAE Sophon SES IR IAF] 54 FPS,
HINFEAL 9.6 W, FRIIZEIELEHA B =4
B N T E— 2046 A RS B LA R HE B
TE R 22 TAE T, B 2T Sophon SES (414
T BT AgE, AR R AR rh A [] 48V RS 2 4
PEHE RSO0, R — 2D 4R TR AR D RS B2 A
PR 4
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£ T DBNet Bt 1016 % 55 8 X AR MEE A 52

T o, AR

(R TR TRES AP, K 300384)

WE: 43477 AN T, WA GEMN L ENAERERFRERESF P, 18 2 A 6 R IEFE IR K
%, FINGRBHEEE AT EE AR CBAM, B RSETH MR, FHRFBEH ML RIS 7L
At L, Bt E e Sk £ ICDAR 2015 84 % Lo a5 8w £ A PR TR 2 54R_ 7 2.2, 5.4 %424
B L, KE| T 89.2% F2 63.6% K 74.3%, F-IREIEA I, it DBNet SR M F ik K ALk JE An il B I B

EOE i

KEIR: XAEN; SR, THAL; REFT; CBAM

0 3l

SCF SR NS FURIE B A i 0 A
Rz —, BERSIC MG A2 Fh G BAEAR . 72
HAE B, SCTTE A Fh U k& 154 Bk
BEE W BRSSO S i
AR R, XEF BN TR S . AT
BRERRE . Tk AT RA EEE
X BEE E R B, FERREREN
TAERE R, R B R O A4 3
FARE, SRR 55 h R B I 5 A

B R 55 b R SO IN E B AR R SO K
IO — > B B0 R, b S B R R SOAR
Bl ) A shAk e B AL B . BUAE ) H 2R 55
AR Ty EE A LA P MBS Tk A
IR S5 SCAS RGN R T IR B8 2 2 1Y 1 AR 37 5 3
A

X TAR G B AR 5 SOR K T vk, —
ST AT SCAR I RFAE N T BT R 9 R AE
WO, SRR AR G 4y B AR AT 3 25
Epshtein %52 $ H 2 1) 58 & A8 e (SWT) 1937 57 5C
ARG 7k, HEAUEE A canny 1 204653

Wi HE: 2023-10-20 EFaHE: 2023-11-28

$EUOSCF R I G AR B AL, AR i d i 1 T
(0 68,y 2 S A R T A ) SO X Bl (H 2 O
T AT BRSO 2, R i H BRI K
J7 10 (Y SCAS AN RETH R B2 2R 1 5 50 R .
Matas %5 4 Hi —Fh 2 8L T 73 K UE £ 1) MSER 3
SOCTFAREIE L . MSER 5 i A Bl i fese v
FIF A VES, HRTERH . SCIR AR A
PIEOL T, BRI R I AN

BEE THA LB R A R, R 2 1 2
W TR IR 25~ SRR I T 3 37 s SO I 2 v B
TR 7 2 3 5 SR 7 1k FEE Sy N T
A BEAE [B1 5 J7 2 FRHS T R 43 #1057

% %) Faster R-CNN )3 &, Zhong 25 #EH
DeepText J7 1%, iz B brAer il 553 i FH 21 [ 4K
st SCARKGIN TAERP . Liao 55 V61 XF H 2k 53¢
ARYFFESE T TextBoxes B, A ERAT
KFZE RGBT, BBXT 7K P SCAR BUS AN B 1
DIPERE . Tian %742 H 1 CTPN SCASAG I3k
R AR T 2 E T8 MY anchor AL, il H
CNN+RNN AEA RGN 1 52 2% b7 5 R 1] 3 A1
M SCF . Shi %4 T SegLink SCASK I 7774

HELWE: BRaAMFEAL(61502340); iz T A AH 5 £ 4 (18JCQNJCO1000)
EE® N *@ S Toe(1985—), F b ARG ITA W &, 8l 48 BT 5 A A L% 8k B4 2, E-mail:
yx_tjut@163.com; AL (1998—) , B, 7~ BAE-F A, A+, AT 507 #1 A EAR AL 32
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R T2 ASE YT 25 gty SCAS R[] B 5 R SCAS A ) 25
W2z, DL ERSCFERIN T B, FEE XK
T B SCARK I, Tk R ARG s Y £
AT ) A SCAS DL RS R0 S AS 1 A ) )
Zhou ZEP % T DenseBox 2R H F11 U-Net [ 4544
Pl TR T PR B SCAS K 5k EAST,  RERS
R BR 1 AR e DU A HABIE IR

TR 55 9 5 U F B B AR A 441
BT o W0y Oy AR AR B T A A R I R
Deng 554t 35 T 52651 151 R 43 31 1) SCAS e i 43
% PixelLink, 123 R A EI R, BGE T
FHERNE B T, BT SIn 50 H), R
W e, SRF R EAH L, PixelLink 7]
DITEZASRE B ARAS B ar s n] th iy tese, (HiZ07
TR AR @ SCAS S A1) 4 IO e 2% . Wang 55 V4
i PSENet, 2 SCARN W2 ] LSAE TR R
Z IR ARIERE B R RS, RIS HTE S R 7k
M7 A JE A . Lin SR T —Fh I T 506 4
) (1 SCAS KGN 53 PANNet., 1% 9 2% 5% F A 0
XA A MB8T5 VA SR 5 30 118 SR IX S
REZE PR I BT, el 5 X 4 Akl s A T LR v
Long 25 W H T TextSnake #5171, 2245175 5% H]
IR AR, RGN EOCRERAE, REIELIK
V- 207 1 RS il 0T 2R RO SRR SCAR S
Liao 55 H& Hh —Fh al i3 —{E Ak (DBNet) 1Y 7715
TR AR A 2, 2 2 SCAR XS
AR 23 LRI S0 % 1, P BRI, R vy 1 A B
PR RS REFTASE AR i [ P JEE

1 [l

A TR JEE ~ > SO 7 7k 32 2 b Ak
PREL, T 02 LA S NMS AL A, A TS5
Titk, T URIE 7~ 1 SCAS G I A5 3 JEE R J2
EHEA RFEMBETE SR, ARSI SS T,
K95 SOREURAFAE S 2RI T R, E20 0
LA LA -

(1) kg5 WG EA—. mT kRS TAE
BURRIRYE 55 R AR BT A —, AT
B R E R 2, JF R RZBE G H T+
ERE, o2 BIAEO0 ., Mk . EP
P2 RO, 5 BOCR R IO B A4 Uk
RAE, WE 1(a) fiR.

(2) K55 SCARZ AL Bl 2 (6] A )
M AR s bR, O T B SR PR BGIE Al fig
WELZ M EAR AR O, [R)I SC3 IF AR IR 2 nk
FLIU Y RE R DI, i i s B i, B
JSAS RN F) SC 7 DX, T BSOS AS A I A7 A
HERR R AN o BSCRAMERTRIRE, AnE 1(b) i

(3) K55 SCARHRRRUZ 2% SABEFh 2 REE . K55
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FAE), M HAFEEMEEE A —, HarA

Ab PR 2 BAAR R A S, TP E RN T SR IX
BREENERE, AE 1 () R .

— —

(a) JEHEALY
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SR R Z iR

1 REXKXERTHEER
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1.3 Swin Transformer block

Swin Transformer block Z5 4 4N &l 2 ffr 7=, H
— AT BhE A MSA SR AT, HKE—A>
PiJEMLP, HiE GELU AL M. i1~ MSA B
PO MLP A Z R —4> LN (LayerNorm)
2, TR G — R 22 %4

W-MSA SW-MSA

B 2 Swin Transformer block

Swin Transformer block ¥4y A FRAE & 43-#] R
AN, RIGTERAE H WA A EZE L
il R G NL BT A TR MR OC 2R . XA T 1 4k
9 A T B AL BB % Ul 1 5 5 A% B I N AT
#&, BERSALPHERAM IR RS . 7ER Nk A
HEE S, Swin Transformer block Bk T 78 B4~
FN#EAT BEE R, 5T RERE 1A
B 7 R AL . R AR R RV 0N
JUER Z RS H., TS 7 T 4 ) e vF AN [ 1
F 22 18] (405 S A 3k, DT 4l 442 B D30 el g A
K& o B Swin Transformer B4 & — A4~ £ )2 &
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HHLMLP) , HF X8 0 N B RRIE 2E 17 R 2
AR RIS . MLP B A i 82 2 4 a, i@ ik
PATE PRECGH AT AR etk A8 4, K T RIAUAY R IA
BEJT o R T hnsmA B i NS Y A A2E 7, Swin
Transformer # % H T 5% 22 M2 IH—1b . 5%
22T R SRR RN 2835 MLP A% 3 J5 (1) R A1 AH
hn, JEIE— AR AR NS B AR AT I — kb
B, ORUE T RRIE A — B R AR e 1

1.4 HEEHK

TERG B E AT 55, 3B T AY0 k pRi %k
(ORAEES B HIE T DO 1 1E A NN S (| N UM TE (e
FUBHIG o AEARS i, K5 HS B Al 40 2 X A5
HIYINZRAY R
1.41 BEBANHE

MAKX (DR, BRIGNIURE AL K
BB EBRZ AR . B bR &
T B Y AT DL Ay, AR B R 48 A e G IXU I
fili 5 B EUR AR . SR, AT LR A AN RE 58
AR ER P R BRI Sy o P, XM R 2
REATAE 52 100 245 JHL A dfe 2 3 2 AR RUARFALE o

Lpy(x.8) =[x = 2], (1)
XD »FonBEREG, $RREIEIE,
|1, Fma= L A L2 ENA.

1.4.2  *THAR & Fo ki 40 T BLAR %

AP, WA (2) ~ (4) P A T 5
VRl A 1 A P52 ) 573 A Sfe A A 16 2 1 450 ) B
P, T AN BN R A S 0 4
BT 5 B BEAR S HE T patch 1Y o S 45 I 10 A
BRI A& D EIR I« £, D, G, a6
SaFAELEG . SRR Kl R
. B SHONE NGRS Tioh, s 2R
FEIRBR I, 1578 B 1 A 4 O B L 7R IR B 45 2
Ktk o fJa, FREPTERAG, WA RK(S),
FEAEAE S G AN LS B 1 v ]R3 AE 2 (8] 35
(4, X BEREAE NS 50 25 1 ] J= R L. 45X
(5) 27 S A 1) PRI RRAE o X8 AR il DL
FC AU i AR, A TR LA A T
FLSC R SE AR LA B XA, fHL 2 /0 AT LAy
TR S 1) DX A A A

L,=-E[logD,(x)] - E[1 - 1logD,(x)] (2)

L,=-E[logD,(%)] (3)
LAdu:SgG(LD)_{_Sgg(LG) (4)
Lpy(x, %) = | MFD,(x) + MFD,(£) )

1.43 Bk

WM (6) i, XA e 20 F I 2543
IR 0 i ek B, T LA i B AN
L EUR IR PR, fTEAR (6, x, 2, ¢4
B S R . LS R A TI 24 53 %1 0 2%
B i o XK EEEIE T ER TP i E %
FRAE, Gk, SRR O O T I B RN 2%
BP0 B, 5 PG A 2 5 P 0o o e 17 i
K.

L(ef) =6+ 60| . (6)

BT BB, FRATE USSR R R

L(x,%x) = aLpy(x,%) + BLy, (x,%) +yLyy, (x,%) +
SL,, (x,%)

(7)
Hd. o, B, y s8I E Jy 10, 10, 100 F1
20, XA R TR, LIRS FEN K
Bl L AL R

2 ZWHERSH

2.1 BFEELELHHE

TE CelebA-HQ 45 45 1 2FAk oy 42 (1) &
SRR B ESLT CelebA BUESE, U T
CelebA Fdi 4 i iy o i A B8, DL SO
by 255 A v AR T A B R N R
CelebA-HQ #Hi4E 6275 T 30000 5k AJG E4, =&
H AT s R ARG B R 2 — o A SONE R
£E P BEDLRIE T 28000 Tk A G EGBE T 525, H
Hh 26000 5K FF 125, 2000 5K HFK

A H I AR Ry A A R RS,
HR R AE L ) e B R R R . ARV R R
P B 0 K INJE S Ry 256%256, ST b BEA
N5, ] Adam BIEPR ALK PREL, BEEN
LHIURF 2] %4 0.001

2.2 SLBHIFIE

AR ALK 50 Windows 11 &40, T
P22 [ 28 1 PyTorch 1.11.0 HE4EF1 Python 3.8 4%
14, GPU A NVIDIA GeForce RTX3090.
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2.3 WFhEAR

KT XA SCRE AL VERE HEAT A T, A
TG 47, AR SCR T EMS48 B2 4 TRy
PP AR AR . W {ELAR MR L (PSNR) | 4544 A DL 1k
(SSIM) I 7 1% 22 (RMSE ) SR A 15 52 45 11
PERE, TR T A AR .
MAX?
Hdr, MSE A¥477{H1% 2% (Mean Squared Error) .

(2u,pm, + C1)(20,, + C2)
(> +p’+Cl(o,+0,”+C2)

(9)

Hrr: o,y ORI MHEUE R, p, o, o,
SR R AR . ARUE2EFNE 5 2%

MSE = #zl IE[O(i,j) ~cip] (0
Hrb: m, n RoREURIRST RN, 0F1C o3 HIAE

RIRGEAEEE . i, CERER 15 1T,
MG R.
2.4 WHEEBEHKRA(CelebA-HQ)

R T UERR B (AT R, AR SR A R
5 CE® . GLGIC" . DMFN" | CTSDG " Al
MFCL "' BRI AE [A] — B i 4 | (CelebA-HQ)
HATIREE, DA rh O RS Ry it Xk

F 12 PSNR, SSIM HI RMSE =M E#5r 3k
TEAN 7S FRBIA AR 8, ik 244 oy e A 1
REFEAR, AT LA AESAMBIARL, A SOy
BB 0 L 19 F- 34 PSNR =k 27.225 dB, SSIM
4509154, RMSE N 11.475, S HETEN
Wb, =IUHEAR AR A AR B 4 T, FE 4k
ASOTERA TS EBRIBEE 255

®1 REHEMARIEERERLE

PSNR = 1010g10(

SSIM =

Method PSNR/dB SSIM RMSE
CE 25.770 0.8976 13.154
GLCIC 24312 0.8697 16.027
DMFN 25.326 0.8814 14.294
CTSDG+ 26.1691 0.9043 13.048
MFCL 26.263 0.9003 12.9649
ATk 26.805 0.9154 11.475
2.5 EETH

SE PP LA LS B s R B K 1Y

B K3 R T ARSCEELEEAE S CelebA-HQ
FRERAMBE LR B T(A)~(F) ANHEBRT
JE HR R T A Ry i 2 X T CelebA-HQ I
HIE R 45, AT LU B o A R # PR
FERSA o h , (HAR S RE 1S B 42 R 5 4
Y SO A BB R 455, BRI 7(A) ~(F) &
RS EML, B 7(0) MR R SR
PG 75 A7 A 22 5, (Rt 36 2 0 B SR D 75 oK o
MR TE, AR SCEDAE CelebA-HQ BHE 4 1Y
1852 45 AR RE A BN 8 1T H A IS X

(D) (E) (F)

B3 ANHEENBSEESER

3 &iE

AR SO BB RY Y £ P AR R T MR E Y
Fiik, o T BA T ETERG B EAE S TR R
FRE, $EH T —F B S Swin Transformer F1 UNet
1) GAN NGB S 50 o A RAE A i h ol A
T Swin Transformer Z5#4 , % ] Swin Transformer
BT CNN, R TS RN 48 0k
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PRAC AL 2%, SE T B 5 1 e T A RS s
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B s v B 3 v B A 1
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Combined Swin Transformer and UNet for GAN face inpainting

Zhang Menglan®

(College of Computer Science and Technology, Taiyuan Normal University, Jinzhong 030619, China)

Abstract: Most of the GAN-based face restoration techniques use CNN for restoration, ignoring the global information and

overall uniformity of face restoration, which leads to unsatisfactory restoration results. Based on this problem, a joint Swin Trans-

former and UNet GAN face repair algorithm is proposed for face image repair. The method adopts the GAN generator-discriminator

architecture as a whole, using Swin Transformer as the backbone network for capturing the global dependencies of the image, and

the encoding-decoding structure of UNet for feature extraction and reconstruction in the local region. The experimental results show

that the method can better handle the face image restoration task compared to previous methods.

Keywords: generative adversarial networks; face inpainting; Swin Transformer; UNet
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2  ETF LSTM-Attention B 4> K& FY

2.1 LSTM

£ 55 92 12 W 4% (long-short term memory,
LSTM) j& —Ff 2 T3 15 %EF 25 M 4% (recurrent neu-
ral network, RNN) (9 B [a] F A1 Ab FRZE AR W
A5 AT IR A 42 ) £ S S AR A 38 O 4 o —
SEIHARZS YA WAL, kS T RNN P 2 35
R - S o B T 2R PR K IR R, LSTML il
= AT TGP B TR P2 1 I 45 1C 1L BT S
A, BETSIRIEE A5 B U I gofr 2221,
A A A B 0 e 2, S B A B AR R
2 TP AL L R

b(

I plct

4
X
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[->>(

13
sigmatd

i ifl m,| o
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i Xt

=
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foRRBEN 1 AREREEN o, AFTHET]
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B2 LSTMZiE

LSTM B LI A RRARAS PR 3R 4, HAK
AR AR AT

fi=aWh, , +Z'x, +b,) (1)
i =o(Wh,_ +Zx +b,) (2)
o,=c(W'h, ,+Zx,+b,) (3)
h, = 0,® tanh (c,) (4)

¢, =fOc,_, +1,Om, (5)

m,=tanh(W"h,_, + Z"x, + b,) (6)
Horpr: o Fl tanh 43 512 00 oA ZCR AL IE DT R
B W, oWl owe, W, 2, 2N, 20, ZnRIRAL
FBAL, by, b b, b TR, TR
rp e ) 28 i EIR AR, AT
FERIT TR T SR B AR ), A A 27 )
SRR B 27 > SRR

2.2 ERANMH

1 & S1HL I (attention mechanism) 5 A &)
PEHEREAILRIZEAL, R A PR A
A ER B, BRI s, SeiE BAt
PR IRI RO IC , PREUA RORBOCHE B,
LA TR L R B AR BTG Y Transformer A5 Y
WUPKE v B I L) 3z B 2] A SR 5 AL B
TS A 45U

WE 3 s, FeM T E iR E R,
Se i Query A1 Key #EATAHLEE 1A, JF45 3107
BAORUE, RJE R RUE AT IH— b 245 3] 5
FERT FHRRCE , 55 H A L Value $EATIIECKR
Mo R AL E A A 37 Bl b Az
[ YOG OC &, RRASAR Gr b FR A4 AP 51, H:
B AAR N

v (7)

T
Attention(Q, K, V) = Softmax( QK
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Woo H, xe Ry e R 51 7= B A Fl %
M, m BB, o3RI il
FA— BN T, o Mg 825y, AR
SCy RN R 4 x T, HA e R At
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A2 SR A /MILE R B ARG, 58



%5 63 Lk . T LSTM-Attention 25 [8] H b5 4020158 - 41 -

I J 9 R I A B0 64 0 AR, []
FEMASE E PP R AT PERE .

I

I

I

I

I
S| ™
ssT—
IS
-+ g Output

UOTIUYLY
WIST
1nodoaq

7 7 1 [E
o8 of = o =
ols Sl olel|=
1 yS|o|= Bl ] S & -
= = = =
ZITIEFE 2B A 2| E 3
S|z = =z = z 2 i
- Z S S| g = |
3 = 2] 5 |
= = = L= I L

Input
E 4 ETFLSTM-Attention 17 8] BiRH &R 4

— YRR H OB e £ 5T B BOG AR h 2 i —
HekRE, HA 1D CNNs 58 BG4 #h 28 19 R AE
P, HBHZEE bR ifEL)ZE (Batch Norm) LA
K ReLU ek, IAH 1 S KM ALB AR XS I 2R
) A5 R AT A . B SRR GG AR i 2
HHAATT

h(x)=f(W*x + b) (8)
Hrp, =2 GHE T, WEEHEK, (2]
T REL ReLU

LSTM-Attention BLH 171 57 ffi 12 675 H 2k i +<
Wiz 2l fa 31 42 BUR #8 E AURRE , AL 4E LSTM
JZ . R SIHLEIA Dropout. iy AR YEAR i £k 28
LSTM 3 H58J5 . B[] 20 1) B R 2 b, 04[] 25
By 4 o, BHZAE M IE R IHLHIAY Query, 5 IH[R] 25
it o, 2B S RN Value, 945 A 2 1 A8 46
FE B 0, /N Key, Query F1 Value #H3 J5 i H 25
SHERE, BARTHET

Q,=w,(o, +h,) (9)
V,=w,o, (10)
Z, = tanh (Q,w, )V, (11)

FRAE il A R 17 57 ml A b A A H B Y R
TE R AR R o e B A, I e s o
KGR A HDHEEAER 1D CNNs B
AR AE T LSTM-A ttention % M A4 45 R 3R A 7
Fbdy, SRJE S Softmax XA i #EATIH— kAL FE
FEAR R 3 ) o B AR 1Y) 3 2 45

3 LWHHSH
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Research on space object classificationbased on LSTM-Attention

Yang Liyou’, Yu Xianbing, Li Zhi

(College of Electronics Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Aiming at the problems of the difficulty of describing the unique attributes of space objects and their motion trends

using a single element, as well as the low accuracy of the existing space object classification techniques, constructs a space object

classification model based on LSTM-Attention. The model does not need to carry out additional feature engineering, and is capable

of linking the contextual information and long-term dependencies of space object sequence data, extracting the local features of the

object and modelling its long-term motion trends. Validated using real light curve observations taken from the Mini-Mega

TORTORA (MMT) system, designed to use a model with high data processing efficiency compared to traditional methods, and is

able to improve the classification accuracy of space objects and satisfy some of the application requirements of space situational

awareness.

Keywords: space object classification; deep learning; LSTM; attention mechanism
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A multilayer encryption algorithm for smart network mobile terminal data
link based on disturbance judgment

Liang Zhenghua, Wen Quanbo’, Zou Lipeng

(Guizhou Science and Technology Innovation Center Co., Ltd., Guiyang 550000, China)

Abstract: The traditional data link protection methods for smart mobile terminals usually do not consider interference judg-
ment, resulting in single-layer visibility algorithms being easily interfered with and unable to fully protect sensitive information on
mobile terminals. To address this issue, a multi-layer encryption algorithm for smart network mobile terminal data link is proposed.
After analyzing the electromagnetic interference mechanism of the data link, determine whether the data link is affected by interfer-
ence based on different trends and error rates under different disturbance frequencies. Based on these analysis results and judg-
ments, design multi-layer encryption algorithms to enhance the security of the data chain. The first layer encryption technology is
used to encode data chain data to ensure that the data is not tampered with and can be restored to the original data at the receiving
end. The second layer encryption technology is used to ensure the security level of the data received from the data link unit, and to
prevent malicious attacks from damaging the data. The third layer encryption technology is used to prevent virus intrusion and pro-
tect data received from other data link nodes. Implement security protection of mobile terminal data links through multi-layer en-
cryption technology. The experimental results show that the packet loss rate is low, the overall weighted protection time is relatively
stable, and the length of the generated ciphertext is short.

Keywords: intelligent network; mobile terminal data chain; multi-password joint protection; protection method
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Phishing website identification based on Bi-LSTM with attention

mechanism

Shang Peiwen”, Li Dongshuai

(School of Electronics & Information Engineering, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: With the popularization of the Internet, phishing websites that people contact are one of the most common types of

cybercrime, causing huge economic loss and information leakage. Based on this, a model based on Bi-LSTM (bidirectional long

short memory neural network ) combined with an attention mechanism is proposed to recognize phishing websites. Data were prepro-

cessed, word vectors were constructed using the Word2Vec model, features is extracted using Bi-LSTM, attention weights were cal-

culated using the attention mechanism to generate final feature vectors, and the classification of phishing websites was obtained by

using the sigmoid function. Experimental results show that the model is 98.3% effective in detecting phishing sites, and can effec-

tively deal with the threat of phishing attacks and maintain the security of phishing sites.

Keywords: phishing websites; Bi-LSTM; Word2Vec; attention mechanism
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Gait recognition method based on dual-level temporal features

Wei Yongchao', Xu Weiqi*', Zhu Hongchao®, Zhu Zihan’, Liu Weijie’

(1. Scientific Research Office, China Civil Aviation Flight Academy, Deyang 618307, China;
2. School of Civil Aviation Safety Engineering, China Civil Aviation Flight Academy, Deyang 618307, China;
3. School of Avionics and Electrical Engineering, China Civil Aviation Flight Academy, Deyang 618307, China)

Abstract: At present, most gait recognition methods focus on the modeling of a single time scale of gait sequences, ignoring the

information interaction of different time scales. Based on this, a dual-scale temporal feature representation network is proposed. This

method aggregates two time level features to obtain the motion representation of gait, and fuses the features on the two time scales to

achieve information interaction. Through experimental verification, the performance of this method on the data set CASIA-B sur-

passes the mainstream gait recognition method, and the Rank-1 accuracy rate reaches 97.8%, 93.1% and 80.6% under NM, BG

and CL conditions, respectively.

Keywords: gait recognition; time level; spatial features; multi-view recognition
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Hough circle detection based on image brightness equalization technology

Ren Jiansong', Lai Fengjing

(School of Electromechanical and Vehicle Engineering , Chongging Jiaotong University, Chongqing 400074, China)

Abstract: The positioning of chess pieces is a crucial link in the vision system of chess robot. Hough circle transform is the

most commonly used circle detection algorithm in the vision system of chess robot. The detection algorithm has the advantages of

detecting multiple circles at the same time to meet the needs of real-time detection of chess games, but it also exposes instability in

dark lighting environment, resulting in large local shadows and local reflections in the acquired images, which makes the detection

deviation. In order to overcome the photosensitivity and enhance the robustness of detection, an image brightness equalization algo-

rithm is designed. In order to verify the feasibility of the scheme, a control experiment of Hough circle detection with and without

image brightness equalization algorithm is carried out respectively in the dark light source environment. The experimental results

show that after adding the image brightness equalization algorithm to the chessboard image collected under the dark light environ-

ment, the error can be corrected, the inner contour circle of the chess pieces in the image can be accurately detected, and the pre-

cise positioning of the chess pieces can be accurately realized.

Keywords: brightness equalization; Hough circle transformation; chess robot; bicubic interpolation
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Design of road pothole detection based on improved YOLOv5

Zhou Yanyi, Zhou Yue’e’, Shen Linyun, Shen Li, Zhao Yuandong

(Zijin College, Nanjing University of Science and Technology, Nanjing 210023, China)

Abstract: With the increase of road traffic, the accurate identification of targets in pavement detection has become an impor-
tant research topic. To enhance the recognition accuracy of targets in pavement detection, an improved YOLOvS5-based target detec-
tion algorithm is proposed in this design, which optimizes the loss function. In comparison to the original YOLOv5 algorithm, com-
pared with the original YOLOVS algorithm, the accuracy of road potholes detection reaches 89.1% surpassing the original YOLOv5
algorithm by a significant margin of 7.7%. At the same time, there were fewer missed detection phenomena, and the design algo-
rithm had a good detection accuracy. The proposed algorithm yields excellent outcomes in the object recognition task, as demon-
strated by the results, and its precision and real-time performance are enhanced.

Keywords: object detection; optimized loss function; road surface detection; improve YOLOvS
(E#%197)

Document level event argument recognition based on
BERT and graph attention network

Wang Kai’, Liao Tao

(School of Computer Science and Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: Event argument recognition is one of the sub-tasks of event extraction. Its purpose is to identify event-related argu-
ments and corresponding argument roles in text. The research shows that sentence dependency is helpful to the task of event argu-
ment recognition. However, it is easy to introduce irrelevant arguments in the construction of discourse dependency relations to gen-
erate noise, which is poorly handled by existing methods. To solve this problem, an article level event argument recognition model
based on BERT and graph attention network is proposed. This model solves the noise problem from two perspectives. On the one
hand, it constructs more effective discourse dependency syntactic features by obtaining sufficient semantic features of the text. On
the other hand, the graph attention network is used to assign different weights to different argument nodes to eliminate invalid argu-
ments. The experimental results on RAMS corpus show that the proposed method can effectively solve the noise problem in the
context-dependent syntactic relation, and obtain a good result of context-level event argument recognition.

Keywords: document level event argument recognition; dependency syntactic relation; BERT; graph attention network.



%30 5 %F 6 M
2024 4£3 H 25 H

IMTZEH
Modern Computer - 65 -

45 1007-1423(2024)06-0065-04

DOTI: 10.3969/].issn.1007-1423.2024.06.012

ETF Transformer & 8RB E1E AT

BrmE, Fxal”

(PO RER A P BB, BT 530000)

WE: FRFQRAMIAER (PP ALY FFAFEFELNEL, TORAMIERNZLANEZAERA LRGBS T
WM EFARRERRETH@B AN FEREXRTE, KA TE7REGRANFHHHe%it, 45T E%% 9 Rm
ZAE AT AR T B R G B e 9, 4R T — AP A T Transformer #9827 TPPI A+ & & SR #4740 ZAE R 9 F0m , BA%
RXBIE R R AN, SRR EALRORBAEE LT 695 R N 0.944, FILH T BT o9 TN A A

KERA : Transformer; &8 fi; AAEZAER; Fam

0 5l

B -2 SO B (PPILs) & AR Wik
HAEMAY R, WREI MR . 1.
R LA S AE S i & 2R A ariG s, PPIs iR
B2 PPIs FSE B 2L A1 . HAET, # HAY PPIs
PUN T IR SR BB A28 . e JLUTTE . H K
ALl B EEAR . Hoh, EERERU AR
G L TTIE R AR BN H UL, AHME DK R
[ N e A Drini = s N CIN VS 82y 5/
= AR PPIs i . 2 LR T8 R A ) —
RN, WAL PAG LRI,
Ao v 3 0 R AR R A B 5T 8 B
K, =X kA E R 8 B PPs B4t T T
PEFIVTREME . AR, MEEMLES I AR E
J&, AN T — R0 F g v s FRRAE T
PR 73k o X B8 7 3L 1 PPTs TN 7 1t LE 55
AR EAG R, WL R AL, LR
M. KNN, 2283 FAE s v 27 > Bl —
L6 T AEXFR B PPIs B MLAR 24 2] kit AT T &40
FIPEAL o X ey ik v (K 2 0% SR R IR TR i
PR TRCIAT: 55 A8 A5 5 SR FIBI R

TR B 2 ) H R 10 B i J A 1 22 R 2 1t
THEZEMTTEL, BREEYEEY . EE il
THEHUI A [ AR5 AL E . TR 2R ) SR e

s HER: 2023-10-18

A 2024-02-01

fiff e — 26 ELA Pk M 0 AR 0 17 U8 2% 1)y T 2
sl TR KRR Ty, A0 RNA 25 5 7 5 il
W2 -0 A U AR T R T
W SHLA2E ML, B 2E ) ik nl LA TE
B S5 FR B Bl T IR HUASE T 4 54l 4 v
H s BUE SURFIE . L, P23 TR
M5k E &g B T PPIs WIS i dn
Hashemifar ZE5 32 1 T —HEZR DPPI, fHi S
& BRI 22 W 4% (CNN) J 3R 3 1 537 91 v 4 o7 1
S VERERYERIE ; DNN-PPIBE AL 1] CNN F1 K
FCA e &, R 1 B — 27 81
H ol 2% 2 2 (R REAE R W PPLs; PIPR7 A & 45
FA A 38 5 B0 v in A TR 8% BE 6 5 CNN, 7E
PPIs iR 57 1 W T RAFHIMERE; Song 64
0T RGBT A R E RN A5 AL REAE A TAGPPI
BERIRAN T PPIs

NIRRT AR, HAR 76 B0 2 1 5 AH A
VB 7 TS T AR B i 2 A, {H 2 Tl o
WA TRk — 24w, AR SCR A 2L T Trans-
former [Y J5 2 X BT A9 TAGPPT A5 5 1 47 ek
33 TPPIEL AL, FfAE NS M g da 4 L kqT
FAEAE IR, A5 2] TOAE AR R 0.944, A
T AE TAGPPLA AL |- 75 21 (1) 15 I o 1 R 0.925
PR T LN 3 5 . TPPLAE AU Y T4 v A
1 s

EERN: e g (1999—), ), Ll FHA AR L, LT @A EWE LS, FBEEL: F L0 (1965—),
B mETA LA S, 2AZ, TR 7w A IAREE HEH AR, E-mail: wws1996@163.com



© 66 - DI A 20244

LNINEAS 7oy

Transformer 7

R EF A S

R AT B R HRHE R AR E
+
=S i

AN (i

1 TPPIERER TIERZE

1 HRSH®

1.1 %#%

h TSI R LR e T AR -
A O BRI T kAT AR, AT
A DIP E5 4 A s 4 19 N 28 1 - 28 1 BB A
AFI A Negatome U 2 rh IS A2 9 N2 8 11 - 2R
R AR, 45 1698 F AZREE (M i, IE ke
A4 R 1160 %

1.2 ¥HEHa

F FH Elnaggar 55 $2 | f#) 2 T Transformer f5
R HE BT S R AT AR Y ] R OR
e 2 fiR .

‘ LX1024 ‘ ‘ tkﬁﬁiﬁﬁﬁm)ﬁl‘ﬂii%%‘

T
T T 1T 1

Trans former 7%

Hj] Hﬁ] Hj] Hj] FRic R
T
‘mAKfi*YﬂLﬁﬁﬁF[ﬁ$§|

B2 £REAREAERTHREE

HeBRIN R

XF—A | B A e dt i Asic A, REs
o7 B Y i o A Y 1) 5 3l o Transformer £5 7

N A IERR A T SO, 7]
HEHBEELR, Wil RN L x 1024, L
o A\ R A R R R

1.3 HETGATV2WEMBMEWITE

AR A 1 T P 254 SR T 1 O P
FISCE, AR R B b L 1 RN L x L,
SRJGHEZE t LT Transformer B8 (1) 25 11 J i 5 45
T (L) A5 30 Y B 115 A ) 2t 3R TR (EL 45 P 422 fil
P i ) 2 11 5 Pl R e o el v g T AR e 2 0
R, AR IR A k) . ER AR

TR EA—IZ GATV2 )2, ZJRik ARKIbibZ2
AL E 128 MG IC IR e 2 0E, LIW RS54
FRIE SR HUB R i th RN, B, R —X
FEAMZEEE GG, AT T EMrE5H
FREIm &, 0N F,, e R©PHIF, e RV,
1.4 T TextCNN &3 F 7 B 4E th it &

KRN = ERERUZEM = B R L2
AT 8 R SRR B B, AR
FE T Transformer £ Y [ pLM I iy A5 B 1Y 25 1 5
I ] R Lox 1024, 7532 BUE (A5 R 38T 3
FRAE RS AR, B L0 B KAE E Sk 1200, LU
B £ TextCNN BLH 5 1 1) & RN 2, X F
KB /NT 1200 B 51 0 S T8 b AR . X
T B R B ) R IR A B — B RZ M R
R/ 1198 x 128, 7E 200 2 — Wk e Kb 4k
22 05 B RN R 399 x 128, HA FRAYHEE
YE=Wk, 15318 O R T 91 A R AE KN4y
BAF, e R*PHIF, e R0,
1.5 FAEB% T

TE R R A TSR A AL BRAS 2 A4 2 P
)RR SNRHE (F, R ) S5 FRRAE(F,, O F )
Wit F,,=(1-w)F, +wF, MF_,=(1-wF,+
wk TG, FFRA IS N RRIE A T B2 I i A
F|MLP J2 5 21t Sigmoid BREIS 2] fx 2 1Y T 0 2%
A, 0m 1. o, 1R A RS A B AHE
YERT; ORI AR A FH AR

1.6 W riE5FNHF

AHE 5T R T0A% 28 O AE 1Y 5 15 ok PE A
TPPIAL BRI PR . FERRIR S, Fdmwir-3y
Ay, BOH R A NI ZhEE, R A —



%5 63 Wihe 7245 . FET Transformer 1Y 2 (A J5AH BAE FH 0B 52 © 67 -

By AR , SRR AT LB LR I 5 4 R AR
Z 0] A AR [ BB X o e A R A% A8 S
WS R

A T7 AT Z ST e PG, gl
W (Accuracy, ACC) . HiE (Precision, Prec).
H & (Recall, R). #%%‘fi(Specificity, Spec) .
F1 5350 (F1 score, F1). ROC 4T i X (area
under curve, AUC) . PRC i £k T 1 # (the area
under the precision-recallcurve, AUPRC).

2 KBWERKESH

2.1 ERTHEMEASHEE

TPPIASE A 3 3 FN 52 56 32 B0 ] T IR 2% )
HEZE PyTorch, ffi ] Python ZwF2if = o [Ali}, 52
¥ A H T GPU 5% K B9 i1 i 71, B NVIDIA
Quadro RTX, 24 GB 17, TPPIFLHLF]H Adam
AL, TE A AT B S 25 epoch i
BN 50, 2% 2] FH batchsize 3 5] 4 0.001 F1 32,
J TR A, EIIZRER T Dropout £
Ao HASECR H PyTorch HEAL ) ERIAE
2.2 &I

TR TPPLE AL 5 g ik kATt , 7
AHF B 45 (AN B A B 48 ) B kT T &
P15 AH B A FH G T A58 7R 3 R B A 38 S
WE, e M as AR I AT 45 R i P31 .

2.3 TPPIMA L H T &k

TPPIAERIAE N HR M B 48 Ly 25 28 0
F 1, MR TGS, FEAREATSEE
b, BERVRE Y HERR R (ACC) 2 0.944 . V244G
J& (Prec) 71 0.953 . ~F-#4 4 1134 (Recall ) 24 0.935
S 2 S VE (Spec) 0954, 1 F1 4y KN
0.944 . -3 ROC i F 1 LA (AUC) 24 0.986
P4 PRC £ T 1HFL(AUPRC) 24 0.987,

F1 BEAEAXEARYBEE L AR XEIEMNER

Fold Set #EffiR H5E  HREE FERME FLH% AUC AUPRC

1 0.960 0.981 0.938  0.982 0.959 0.986 0.986
2 0.938 0938 0.938  0.938 0.938  0.980 0.980
3 0942 0971 0911 0973 0.940 0.988 0.989
4 0.944 0.946 0942  0.946 0.944  0.988 0.990
5 0.938 0930 0.946  0.929 0.938  0.986 0.988
Average 0944 0953 0935 0.954 0.944 0986 0.987

TPPIAL R 51 AAHY LR 45 R L322
F2A LIAR 5 H g A A A PIPRY
SCNN'' | TransPPI'"" I TAGPPI'4H [t 4%, TPPI
BRI i 25 4 T o ok 3 IR 7R f8 T 4y b X
A1 0T A AH B FH R R, A g e
HERR

F2 AEAFEEANEREOARBEE EAMEREIEE

Model — #ERfZE K% HBIE RSPE F14%0 AUC  AUPRC

PIPR 0.923 0900 0.953 0950 0925 0977 0975
SCNN 0.937 0927 0.948 0947 0.937 0983 0.981
TransPPI  0.936 0915 0961 0911 0.938 0987 0.987
TAGPPI 0925 0923 0929 0921 0925 0977 0974
TPPI1

(OLITS )

0944 0953 0935 0954 0944 0986 0.987

i AR AT RS R,
3 HiE

AR SO TAGPPIAR RUHEAT T etk , i LT
Transformer FY &% 171 5T 1 75 154 284 X0 2 11 i3 7 4] gk
fromtty, TR AFf F GAT A RCE IR GATV2 3E 47 8
BT S5 A REAE (BRI, 19 T R R UR )
FHEE, B 1 RTAL T A R 3

S 3k

[1] ZHANG S,ZHOU]J T,HU H L, et al. A deep learn-
ing framework for modeling structural features of
RNA-binding protein targets [J]. Nucleic Acids Re-
search,2016,44(4) :e32.

[2] ZHENG SJ,LI Y J,CHEN S, et al. Publisher Cor-
rection: predicting drug-protein interaction using
quasi-visual question answering system [J]. Nature
Machine Intelligence ,2020,2(9) :551.

[3] JUMPER J, EVANS R, PRITZEL A, et al. Highly
accurate protein structure prediction with AlphaFold
[J]. Nature,2021,596(7873) : 583-589.

[4] XAE, Zkit, 74%, 5. A TRAMNE W%
EaRAMZERTRAER(]] SHXFFR(TS
#),2019,49(2) :570-577.

[5] HASHEMIFAR S, NEYSHABUR B, KHAN A A,
et al. Predicting protein-protein interactions through
sequence-based deep learning [J]. Bioinformatics,
2018,34(17) :i802-i810.

[6] LIH,GONG X]J,YU H,et al. Deep neural network

based predictions of protein interactions using pri-



68

I FEA

2024 4F

mary sequences [J]. Molecules,2018,23(8) : 1923.
CHEN M H,J-T JU C,ZHOU G Y, et al. Multifac-
eted protein-protein interaction prediction based on
Siamese residual RCNN[]]. Bioinformatics, 2019, 35
(14):i305-i314.

SONG B S, LUO X Y,LUO X L, et al. Learning
spatial structures of proteins improves protein-protein
interaction prediction U] Brief Bioinform, 2022, 23
(2) :bbab558.

ELNAGGAR A,HEINZINGER M,DALLAGO C,

et al. ProtTrans: toward understanding the language
of life through self-supervised learning [J]. IEEE
Trans Pattern Anal Mach Intell, 2022, 44 (10) :
7112-7127.

AR, B R, AW, 5% . A T Transformer M 4469 3055
FRA TR [J]. BLAR G AU, 2022,28(18) :9-15.
YANG X D,YANG S P,LIAN X Y, et al. Transfer
learning via multi-scale convolutional neural layers for
human-virus protein-protein interaction prediction

[J]. Bioinformatics,2021,37(24) :4771-4778.

Transformer-based protein interaction prediction research

Jin Xiaohong, Wei Wenshan™

(College of Electronic Information, Guangxi Minzu University, Nanning 530000, China)

Abstract: The study of protein interactions (PPIs) is of great significance in biology, and the study of protein interactions and

their interaction types is essential for understanding cell biological processes in normal and disease states, thereby aiding the iden-

tification of therapeutic targets and the design of new drugs. In this paper, aiming at the problem that the prediction accuracy of tra-

ditional protein interaction prediction models is not high enough, a Transformer-based model TPPI is proposed to predict protein in-

teractions. The results of the five-fold cross-validation experiment show that the prediction accuracy of the model on the human pro-

tein dataset is 0.944, showing good prediction accuracy.

Keywords: Transformer; protein; interaction; forecast

(E#F257)

Lightweight human body detection algorithm suitable for edge devices

Zhou Ning, Tao Qingchuan’, Peng Boxing

(College of Electronics Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: A lightweight human detection algorithm based on YOLOv7 is proposed to address the issue of complex human de-

tection networks that perform poorly when deployed on edge devices. The algorithm first replaces the original network ELAN mod-

ule with the improved ShuffleNev2 basic module; Next, add SE attention and SPPF pooling at the end of the backbone network;

Then, in the Neck section, the improved GSConv is used to replace the standard convolution, and the GSConv based VoVGSCSP is

introduced to replace the ELAN-W module. The validation results on GPU and Sophon SE5 show that this lightweight human detec-

tion algorithm loses 2.6% accuracy compared to YOLOvV7, but significantly reduces computational complexity. The inference speed

on Sophon SES reaches 54 FPS, which is 39 FPS higher than YOLOv7.

Keywords: YOLOv7; target detection; ShuffleNet; edge computing; Sophon SE5
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Research on improved LSD line feature extraction algorithm

Tan Shuaiqi', Sun Hao™, Li Jianming'

(1. School of Electronic Information Engineering, Chongqing Technology and Business Institute, Chongqing 401520, China;
2. School of Management, Chongqing University of Technology, Chongqing 400054, China)

Abstract: In view of the problem that the LSD straight line segment detection algorithm may lead to the fragmentation of
straight line extraction, proposes an improved LSD line feature detection algorithm, which filters straight lines based on angles and
distances, solves the problem of fragmentation of straight line extraction, and uses LBD descriptors to describe The similarity of line
features between adjacent frame images improves the computational efficiency of visual SLAM pose optimization. A comparative ex-
periment was conducted between the LSD algorithm and improved algorithm on a public data set. The results show that the im-
proved LSD improves matching accuracy by 27.8%.

Keywords: visual SLAM; LSD-SLAM; line features

(E#%317)

Research on improved text detection algorithm for prosecutorial scenarios
based on DBNet

Yu Xiao’, Lin Shiji
(School of Electrical Engineering and Automation, Tianjin University of Technology, Tianjin 300384, China)

Abstract: In the text detection of inspection scene, the existing detection algorithms still have the problems of high false detec-
tion rate and high missing detection rate. By improving the existing feature extraction network, introducing the efficient channel at-
tention and spatial attention module CBAM, and improving the differentiable binary function, the improved network is applied to
the text detection of inspection scene. The accuracy, recall and F value of the improved algorithm on ICDAR 2015 data set in-
creased by 2.2, 5.4 and 4.2 percentage, respectively, to 89.2%, 63.6% and 74.3% compared with those before the improvement. Ex-
perimental data show that the improved DBNet text detection algorithm has a significant improvement in convergence speed and de-
tection accuracy.

Keywords: text detection; prosecutorial scenes; sifferentiable binarization; deep learning; CBAM
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Risk assessment of apron control system based on uncertainty

Liao Yong', Huang Jie, Fang Na, Zhao Yiyang

(College of Air Traffic Management, Civil Aviation Flight University of China, Guanghan 618300, China)

Abstract: Risk assessment of ramp control system is an important measure to improve airport safety level, but how to evaluate

ramp control system scientifically and objectively and get the assessment results close to reality is a difficult problem. Based on

this, a risk assessment system for apron control system was established. From the perspective of combined weight method, the evalu-

ation weights were combined by multiplication and normalization, and DS evidence theory was introduced to evaluate the apron con-

trol system of an airport on the basis of fuzzy set theory, and a conclusion was drawn that personnel factors are the focus of the apron

control system safety system. It has a good guiding significance for the safety improvement of apron control system.

Keywords: apron control; combined weight method; uncertainty; membership function; DS evidence theory; risk assessment
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A maintenance and support mode for shared information system
equipment framework based on CBM

Pang Junwei', Zhang Peng”’, Hou Xingming'

(1. Graduate School of Aerospace Engineering University, Beijing 100084, China;

2. Beijing Institute of Space Information Relay Transmission Technology, Beijing 100084, China)

Abstract: With the continuous development of information and digital technology, the urgent need for information sharing and

collaboration between enterprises and organizations has driven the emergence of shared information systems. Enterprises and orga-

nizations can achieve resource sharing and interconnectivity through shared information system equipment, avoid information silos

and resource waste, and improve information collaboration and decision-making efficiency. However, shared information systems

still face some challenges. For example, the existing shared information system maintenance methods and frameworks are outdated

and have low scalability. To solve these problems, a new shared information system equipment maintenance and support system

framework based on CBM was constructed, which integrated fuzzy theory, grey model and the existing shared information system

maintenance system. The proposed framework optimizes the traditional equipment maintenance and support modes and provides a

scientific reference for maintenance management work.

Keywords: CBM theory; shared information system; fuzzy theory; grey model; equipment maintenance and support
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Abstract: The typical fault analysis and processing tasks of information system are highly dependent on empirical data. Apply-
ing large language model (LLM) to this professional task can significantly improve the efficiency and accuracy of fault analysis and
processing. However, there are issues such as low accuracy, insufficient and outdated knowledge when using LLM in the profes-
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(College of Electronics Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In order to better solve the problem about side lobe level suppression and nulls control of linear antenna arrays, an

improved Harris hawks algorithm (IHHA ) is proposed. The algorithm first uses a single eagle search strategy to expand the global

search scope of the algorithm, and then introduces adaptive control theory to improve the search accuracy of the algorithm and ac-

celerate the convergence of the algorithm. The simulation results show that compared with particle swarm optimization, cuckoo

search algorithm, ant colony optimization algorithm and standard Harris hawks optimization algorithm, the proposed algorithm has

more advantages in reducing the side lobe level and controlling nulls of the linear antenna arrays.
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2.5 HEESE
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A, MRS, ST

b) 405 DU Y J& PE 4% 45 A1 2 17 1) 5 s

cs sl 1= o e e} < f1.2.00
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222 XFRAFEAK
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M BEAE TN Mk BUfE 8, T
FARCR . FAIX,, X, X, X, i i i 35 En-
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B v 5 4 AR5 B Wi B 288 B A R A -5 B Ak
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print("UISEA#H: * + strimnist.train.images.shape[8]))
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176.
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K5 & 142,2022(1) :122-125.

(4] Bod ATFRESIGETFHRANELRTFR
[D]. & &R E K5, 2020.

[5] & . ATRESFIGHRAEZ 50 R
[D]. d R aRd K5, 2021,

Research on the application of OCR technology based on neural network
in automatic marking system

Wang Rui’, Lin Kai

(Department of Information and Artificial Intelligence, Anhui Business College, Wuhu 241002, China)

Abstract: In order to improve the accuracy and efficiency of school marking, OCR technology is used to scan test papers and

identify candidates’ response text. In view of the shortcomings of traditional OCR technology, neural network technology in artifi-

cial intelligence is used to improve OCR technology and target OCR text detection and text recognition. In two major steps, the

CTPN model is used for text detection, and the CNN, Seq2Seq, and Attention models are used for text recognition, which greatly im-

proves the accuracy and efficiency of recognition and provides support for the next step of automatic marking.

Keywords: neural network; OCR technology; automatic marking
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EF GA-XGBoost ik fil i & I A~ BTN 5

tem .t %

(R JEAR MR LR A5 BT

FE2EBe, KM 450000)

HWE: REMMATERGE, TEREFAELBPOLMS, REFEVTNAEXZA KRB ORE L LR
W ZE M RACIA R ARG Tl B T TR E AR, T d AR TSR ARIERAIT A, AR
38 (Pearson ) 48 56 M %5 v - AT . £ B30 7 dy BAR R = F 09 B & o 4T AT XGBoost B2 AL 5 5 i #lds . TN R AF U 49 19)
M, FAIANGEEEF(GA)TLESF T E . MR ESHARA, AL ERRTAMNTHERE 5, HALEREAN. AT
H %569 XGBoost A, GA-XGBoost B A LA # 3 69 TRMATZ, RMSEAUH 0.034 . H b, GA-XGBoost FM AL AL 7T A 5

MR EE AT I A EH TR
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0 358§
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TR E =8, JEor R, %D
SKH T NSGM (1, N) A f T I 7ol 55 48 AR
PR, (HARH MR I B R R R
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AL A, AT YR, i
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SRAENS MR B 7= 1, (AR — | S X
KL AN, AT XGCBoost 5 LSTM
BEAIZE Ao, B X A 4 A 0 3l 2 1B A 7 95
M, B — X GBoost 7E AL B AT Zu BR 45 A0 I
SCHER TN AR, iy E e 5 1 5 | AR
RIPIEFE (LSSA) AL XGBoost 2%k, #E—24
TET B R RGO . FEE R A A BT R
XGBoost 3 7 5% M KL £ 7= & 1) £ & [ ik ¥
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TS5 AR A A A 7 12 5000 (8 o A . 3E
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FHE L BGH TR RT, PR A SCTE HE A7 1] P 48 AR
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1 BEsRIE A 20 B 78 5L

1.1 HEkF

W CGTrAgiHELE) (hELM TR
W) ERGH R SRR, B R I AR
X1 (F2ab) | fREsEHE X2 i) . &R
HL o X3 (fCTFFL/NED) ™ RV AL A 3l 1 X4
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b ) L A5 ) R R A R A e 42
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S R T - S Al I & 2 (]
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(1) K¢ 7K it (Pearson ) AH G VE R %k . M 1 AT LAY
O R 2], A RGEBE AR . AR . R
T B LA K AR AR 36 7 8] B A 1 3 1Y 1E
FHOCE o 3k ¢ B 30 2 B] 32 2 7 AR RL A A1 50 3K 51
TR, s e AT AR — R R
AREE SN T A P R Ay RN S AR X R
KRB ST ) Ty 2 RIS bR PR R
TR DGR . X AT AR R R X PR P R
Kiuf, ERBEAHERA RS, e E
M Z A7 —FhEe A AR FL A G &R o e oh,
ML VE Y46 R i RS 1T DU 2R R A SR 2R IE
G, H5Z 9 mARE R I b B A OC . &5
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X207 M) . AR X3(Z T R/ |
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Feature Correlation
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1.00 0.97 0.98 -0.61 UZEE —0.46
0.97 1.00 099 -0.62 EORLAR -0.50
0.98 0.99 1.00  -0.62 EORLAN -0.49

-0.61 -0.62 -0.62 1.00 | -0.47 | 0.76

0.08 M ({047 1.00 | -0.50

-0.51 -046 -050 -049 076 -0.50 1.00
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Grain yield prediction based on GA-XGBoost algorithm in Henan Province

Fu Jinpeng', Wang Zhe
(College of Information Engineering, North China University of Water Resources and Electric Power, Zhengzhou 450000, China)

Abstract: The food issue is related to the fate of the country, and the food issue is the foundation of the national economic de-
velopment foundation. The change of grain output is directly related to the food security and the optimization and adjustment of agri-
cultural structure in our country. In order to improve the accuracy and efficiency of grain production forecasting in Henan Province,
relevant data such as grain production in Henan Province were summarized and analyzed, and the main factors affecting grain pro-
duction in Henan Province were determined by Pearson correlation impact analysis. Aiming at the problem that XGBoost model is
easy lo overfit and inaccurate in prediction, genetic algorithm (GA) was introduced to optimize its learning rate and tree depth, so as
to predict grain yield in Henan Province more accurately. The simulation results show that compared with the traditional XGBoost
model, GA-XGBoost model has higher prediction accuracy, RMSE is only 0.034. Therefore, GA-XGBoost forecasting model can
make more accurate prediction of grain yield.

Keywords: grain yield forecast; XGBoost algorithm; genetic algorithm; Pearson correlation



%30 %5 % 6 M
2024 4£3 H 25 H

IMTZEH
Modern Computer - 111 -

T4 =B

W E 5 1007-1423(2024)06-0111-06

DOI: 10.3969/j.issn.1007-1423.2024.06.021

T PyQtHX H Bl& R E R 4%t

e, B,

BERE, xIrRK

(P E RS WAT2E s R AC il A B4, TN 618307)

WE: EALEEXHEH R AT RA BB GG, #R TR TR E) 69 R Rl B3 8 AT
BB LI A RIS, T AR BB @R R, TR F R A, B RIRAK, AR R
AR, BRGBEGE. BT GBS BAIRAF . ZRH T AR R % B LA BGRMAT R 69 X B

BB EREPIA, EALIRGB AL,
KEWR: PyQu; WA BME; BBRE; Skt

0 3

XUH FGAL B AR DGO 58 2 AL 3 5
RSB R G A B AU, B
MIAS RSB A H b AT M5 Bk &, I
AR 2 B RS & L R AT Rk, Al
VAR R A AN TR IR B AR SRS R, 3 2%
AR IR AW, i€ b S dl
fik, B ] LAy e SR i A R AN A E A T
E SR 171 A W N WP A ES T S D S 54
LR RO . X SCAN T AR AR AL,
e ER R A B R R, i, =48
L AT AR BRG] Al A B
FERGYIHAT Z RN

TEARIBORH R BRI, FH SIS 7 3% 18
R P Sr B A5k R XU BR Sk
VEN GRG0 & 22 [ 9 A ] 147
B A ULRIRZE, BT DI R AR5 8K
AR I 6] 3 51 R0 S LA 25 b BEA T 57 BoA
SLRRPE SR o MR AR IS )7 1) B X 5 2 4

il

WimBE: 2024-02-22 ERBEH: 2024-03-05
HEE&WH: wil 44H4 %5 8 (2023YFSY0025)

ARG AE [F] — I [) 9 50T AN [ P45k B e 4 R
M EGESE, 2 Reas T muERf . E IR
W 2 PR AR SRR 7 R E R . LSRRI T
ALBEF (ALign the image and text representations
BEfore Fusing them) , {#i image-text contrastive

loss. momentum distillation 55 #2F K fif e Z A 2
B R X5E, JF7EAL I VQA . NLVR2
SRR L, M T VILLA (Vision and Lan-
guage Large scale Adversarial training ) f& Y47 By $2
Fo ZEHR4E L) Blackfin533 DSP 1 CPLD Sy 5l
BT B AR L AL LB AR AL
HW e 248, I8 i B 1Y Census 59 X4 R
15 B #E AT J2 U W o R Mk PR AEN S o
SAATVI3H MM AD LR | SAATI21H LA 2 it
B, ST REBRERYEIR, IF
T RIS

PyQt & Python 2 25 5 S BLAY QU , BA
ZAMA; QU —EET Cr+ZmfE il 5 it m
L A LA ok B mT A A i O P B
(GUD), HAMARREF-BBiTie)s. £

TEBEN: a3 H(1974—), B, FTMEHA AL, FUL, LA FIF, TLHRTH @A S PIEGBRATE ZES LR
Fy BAA(1992—) , %, W RARA, LA R A, £ BRI @ A 2 ¥ B Z A S EE RS SR ES R B
(1993—), B LA FFEA ML, F1IF, £ 2R 6 A RAUS B AR RAF LA S 45 A4 E-mail: huiguoteng@sina.com;
XA (1966—), F , W J A Bl 4, 3% 4 & 505, L2 7 @ A RAUES &8 KRB HELS T HF R ERFHH
AEF



< 112 - I 2024 4F:

RELLIES o JLURACHS S TF T IR, X A i AF
TR AL N B TR B A, o fie (i Qui
AR SRR | WE5E . s

ARV AT 2 Sl A i AR, DA
FHELH AT LG PR AL H B85k R £ S B A il R
T ARG B S bR SR O A, Bt
— TP RE A% S2 IR - 15 X W H Bk 1 R AR B
[ f AT SR A SR, (2 BEA A5 X 5 ] 1B itk
st T e JEE (A T SRR F T H.

1 EAXFEE

1.1 RNEZGRLREE

AH ARk 8 H R4 — A R B &
B TP RER Sk, HAZM A A5k Z A [
FERIBEES, T P B S SR AR 1 S m Y £
B RS AR AR, 5 AR IR
JAL, FIHIZA2E Al DI A (4 = 4 S AR (5
B BT R H BRR S, ORI T A 1
HNSE, REMNFEEWEINER . IS,
RHBAGK R TR L A . BORMERE 2
SR, i, AR AR i I S A
7 sk 8 HBC T 45k 1y i 5 A 22 I T R

ARSCLASEPRBETE 17 5, 5 R A4S i A
TS S n] WG R AN A G T8 i B
W55 R A BIE S, 32 e T 3 FH A £ S AT L
JEXH I AR I 55 15k o B SR R e v, HEAb
FEFNFEAR AR SR AN P 1 7R

A A

Y-

-
I

[ Ao
[ N
[ A\
[ \ Y
[} MY
ol

| \

N

(b) W H #E5k
A R ]

(a) ZLAMAT BLOEXH
AR Sk

B1 BEGREREMNEMERBIGRE

1.2 REREHE

ZLAMEMG B S A I R 4 2D A A AL i
W s 5 5 0 2L M S AT R RSCR T

2, RS RT DUTE S ] LTS Y
T HARA AR BE AN HEAT RAF SRk, R
ARG ZA IO RAFHEREZm ., o o3
FRERBRT (AbAEAE EUR X LR . BB
WAL . TCIR AR R SR . T WL
EURAVE R H & A0 i R ER RN
K2, BAREGEEM . XTI S . SCg
TR BT N S, (D ARAFAE 2 5 32 HoAt v] L
FEUE . RARE T HREE ) Bl A 2% £ 8 O =5
2 3 Al R Bk AT RO R A, AT
WIBAE EAN, B RO EAME, A
il 573 95 55 S DN 114 BIF 5 3 A v % BRI = Y R
G5 B4 B bR B 207 15 8 F i
FEFIRG L

2 Bt
2.1 HHEERTHERE
BAFREEA TAERARWE 2 B

PiE )

A
FH

KA 5

TE R
B RER }

IFtRAF

!
£
SRk

KAEAL
i)

RN | AAMEIR
480X 640 | | 480X 640

SIS
480X 1280

B2 EXRIEREREE

EEAT THIRA . FIRGEERE . WL
PRATBE RN I A SR ] S TR R IR
I 32 2 H BRI A IR W A B
IEH R ShIF SR pE AT AL i R S RS R
RAETR o 09 RN RE L O 38 ARG
o ZOR AL B W R, 5 H 2 B A 480+
640, F LIRS R () 1 AT K- PR (Al Il



oM BB AR LT PyQUAYRLH R S8R 0T © 13

FIRAE A, LLAMEMRAER) , (T HIE IR K14
R T AR A R A L T R B AZ
FEXRAR YRG5 BTSSR, JF T8 Wk
i, Hoh A 1 T IRDE Blim py P 22 AR R
FEVRER, 2 2 T i T LR AE B
WA T S RAE, AR IS4 T I AE T
UL BRI P A EARSS | B2 EUR AR R R A
i 2 (frames per second, FPS); AR 2 Fr i) ) T
B RET R, A SO EERE R TAEY 5 U
48071280 73 R X H Ay KT REE, N T
6RO 9RO BRI A, IR IR ) R AR 4
RLL avi BUPATAS X2 B

2.2 EABARE

N TAETIBRE, X TR P A E5 R
AL AT TR, R T E R R
TEHR, AR S A HRE R 3 R

3 ERAFE(GUNE

i 3 B bR A AT LU O B AR
(logo) . ZFRFIRRAS o FEARER T J5A HA~ 2
AELX, pailt Sl SR, Hh
REANLAAFR . ST DX 5 A 2% i B A B g
Wh e CREEEEACSKT, Al s R T
S (i P A R B AT o A O A B A Sk 44 A
CRBIEREERT, BAER S AT R Bk
sl A% LS BRI 4R S s T dR sl
(EEINEE: 3 S TP o S B R GEE TS
“BCE AT, AETT IR S 2 s B I
AIPRAT AR . “REICILIT X PN #5425 £H A D BE
R e CRERERUB, aE B e PR BRI
BRI R, PR BRI L
ISP R K S R C 2 S S
MR T B A5 O B, Rl B AT 4k
GRS AR, T S B A 45 1k R

Uige, s BT SEa s kR . U (S BB R
R4 4 T EDE ARSI 2, ik i ]
DA e ) e T A A 5645 S i Rl LDl 1 R
EENMRE R, Al i o 2050 E B (G S
TS R AL R i MG DF 2 2 i v P
Mo A 1T ARHUEMGCR AR A B )5 B DL R iR
{8, A e (IR (DA s S ) 15 B AR
PR AL R EE (FPS) {5 B AR AR I T 9 A2 b 7 itEA 7
JEyR . i, sEak 3 A E S AT LUE T
KAEMIBTE] Ry 202345 11 A 5 H 18 1F 2543 35 %%,
YT RP R AR A I AN 161

3 X

3.1 SBFE

A it id i Python 4 7 16 & & IDLE 3 85
T, HKH OpenCV ., Numpy. PyQt5 55 JF 1E Ky 52
95 B TR SR 2 B0 A
HABEMPABFE R 1,

x1 REHREES

I H Hid 15
BERG Windows11 22H2
CPU Core(TM) i7-8700K
N7 16 GB
GPU GTX 1080 Ti
HEES Python 3.10
s 2 OpenCV, Numpy. PyQt5%§
PAN S PyCharm Community Edition 2023.3.2
PRk R JE S500]W

N T TR R, ARSI RSP A
LA S RS 4D B TR A T A A B R BE XS 42
JIr >R £ 1] AT 1) BEL38 38 3 B R 480%640, X XLE
T8 1] TE SE AT PE 2 S R0 S B Ol 480+
1280, Fifi Ji 38 32 SR B2 A [R) 4 A 400 01 250 90 >Fe
R T =R R 46 2R A X EE A 9, LSRR
AT A A E s T TR T .

3.2 BUEERK

W (FPS) 2 4 A R 4 i B 4R, B
PRAGIZOUA T B . RS ESE | I (A) R 2
FEA S S FEAS A S50, I LA T3 1)
WG RS A T SEPRRCR S e 1 BB



- 114 - I 2024 4F:

AU T MR A BT IR AL T T REA KL
i, AT Sy TR X 32 Sl R R R A R
W, BB A PR R, Bk
AEAEIERE T 60 s, BalaiEig Wk 4. i T

40

WE AW E N 15 FPS,  FIF LLES2BR R S5
P B SR IBCE A Ry 15 1) Mo i T R O UE B R0 9 B
VAR AT i i T R AR B, AREL T SC R A B
b A ek

MR (60 5)

—FEA
BEA 13918

kA2

— A2

SoBEAR3
FEA 331K
FeA4
FEA 4 Hyft

10 |- Vi

0] | | | | | | | | |

1
1234567 8910111213141516171819 20212223 242526272829 30313233 34353637383940 414243 44454647484950 51 5253 54 555657585960

Fr5

4 MUEREREEE

A o SRR A DU A B (R 60) 12
FrREAIIT, A2 PR (Y e/ MR 324 10;
FRORMTR S 34 Y IAEREAS 1A 5 ) T A X
LY 5N 2 T I AR XS 375 T iR,
Y TR Z2 R 4E 1.56 1F 480+ 1280 [ 1H] [ -
T A TS R 9 22O AT DA H TR A e S 1
HorPREAR 4 bR EZE R, 7R A Bl 1
K BEAR2BIbREZE BN, B IR P sh M dw
/N, I ELAR A S B i A Xz S T sh
Peos i T im AR 5, XS ST
H o PR —3, TRAEdiE k2 .

x2 MERMKEE

% T TR A X632 5 B TR 0 e 1
- WAL BEA2  BER3 MEA4
N i 10 10 10 10
IToNIES 34 31 32 32
) 17.02 15.97 18.55 17.35
MR 45 {1
16.49 17.95
o 6.23 5.50 7.06 7.16
TR AR 25
5.86 7.11

3.3 B2 MR

FERT SCIER A SRt 2 b, dE— X iz
ekt TR, XA FE SIS
[Fi] B ) PR30 K R AT % AT B R A, WRAR K
B AT A e S DL R A AT DAAL
R A

AR TT T -E SR A RS, I
FIRE9 s, WKIEZRET264s(Z20), FE
) S BR Al R A AR 98 KRR, AR IHIE T+
A CPIRS” ~ PR T BRI BT
FITRW . REWH . LB N6
ORISR TR s B 3.
3.4 EHWHR

T A AR BT A R A A R B0 SRR
B TAE S T R A, IR AT O
LR ARSEH 30T, B LA B4 1 o T i
AR RRCE o B R 4R il v s 2 o AR
RIGAFAE S 6] R Kot 4 B 2 2% )
avi A% A DU E S HAT FeA kol . 5 A f =
]/ | P B R R ) R A T RE S LR



5 63 BB AR LT PyQUAYRLH R S8R 0T - 115 -

® 3 REMNHHIER

HFx [N NA T MR /KB SIWEUEPS R EHRR/NVKB SRR ARG EL
T 1 9 13 R 1229 150 18001 16.67 14.65
WA 2 7264 I R 1259807 112828 13077766 15.53 10.38
LA 3 3606 IEE R 683520 55293 6491180 15.33 9.50
LA 4 2869 1B R 716082 46221 5166303 16.11 7.21
WL 5 3768 IR 951148 59570 6784598 15.81 7.13
AT 6 467 5% K Wi Ha, 124717 7339 842449 15.72 6.75
AT 7 2621 Bl 671029 40267 4719877 15.36 7.03
Bt 20604 4407531 321668 37100174 15.61 8.42

D7 B AT RO AL R, i LA SC e 2SR FH G 40 A
K5 2 B E G . Zad ik, IS =X
FEGRAEE () X B2 [6.75,14.65 ], SEPFR B
BIEARASEECN 8.42, SEFR AL 46 f5 %k 8.95,
g 5 frR .

BT 2 R & TR 46 2

;Z‘Tt 10 10 :;T
PR PUIR2 WA 3 WA 4 LS B 6 WL 7
WA TR
B 5 ST EREESE
3.5 BFEMA
£ Windows8, Windows10, Windowsl1,
Raspberry pi. JetsonNano 2575 FiEAT 1 32 FRN
W, BREIEWREBTT,
4 Z5iE
A SRR 25 Al A ) TAE S 5, LA

£L A AT DG A H A5 Sk SR 42 52 PR A8 i 51 T
Vi 3 50 T E B R PR TR R O & A, D
PyCharm NHAFIF L IEE, HMi OpenCV . PyQt5.,
Numpy % Python 2, BT H T —FF X H #8545 3%
HI MG A5 BRI T2, Jf X iR | e
P RZERE S . B A RE & O m kAT T I,
i gL ?’Eiﬁ?ﬁﬁxﬁ§§<>‘ﬁfikﬁFlzlf‘ LB

GEME L SEHIE, AT RATE R H AR Sk ML (i T )
KA i POUGHEE 8 A5 BN ] 8 15 (B, %
I AR AR m i S5 eIz
TRl UE H AT BB E RS MRaEisty, BT
PP AT BT TSP T AR SRS ST
HhE 2 ) H R R AR, 7RIS
HEA —E HOHE) B EARIE R X

Bk
(1] TR, KHBR,FD05,5 maREFINEHSE
BRAH AR R R [J]. 3 S 42,2020, 46(5) :

1-11.

[2] LIJN,SELVARAJU R R, GOTMARE A D, et al.
Align before fuse: vision and language representation
learning with momentum distillation[ EB/OL]. arXiv:
2107.07651,2021.

(3] F8& fAaik, HE% 5 AT DSPHR AL A
S]] HEM ARG A ,2011,20(11):20-22,49.

[4] stk 2. —F 0B BERE & et (]
T L F R FRCA KA FIR),2016,28(4):
437-443.

[5] MLH ELAF. PyQs 5 Quikit IF £ GUITFA W+
ah s A L] ], 30 ok b BR e R 3 R AR, 2020, 19
(1):19-21

[6] & MBAL LRI HHEL[D]. B%
0% 5 i K ¥ ,2018.

[7] LIS T,KANG X D,FANG L Y, et al. Pixel-level
image fusion:a survey of the state of the art UJ Infor-
mation Fusion,2017,33:100-112.

[8] MA JY,MA Y,LI C. Infrared and visible image fu-
sion methods and applications: a survey [J]. Informa-
tion Fusion,2019,45:153-178.

[9] k. A THZ R L XA IE R %X B ARAF
FID 1. #M F6M K5, 2017.

[10] A E 3 UM R RARHHE R % Sk a2 ()], +H5F
AR Z R ,2011,21(9) : 73-76.



116 - M AZEH 2024 4F

Design of binocular image acquisition software based on PyQt

Yang Changqi, Zhai Zixi, Hui Guoteng’, Liu Xiaodong
(College of Air Traffic Management, Civil Aviation Flight University of China, Guanghan 618307, China)

Abstract: During the process of capturing binocular image information in the actual air traffic controller working scenario, us-
ing this software design to horizontally stitch and encode the acquired images from different channels into video data enables the
alignment of binocular images in the time domain, facilitating data storage, management and utilization. Through practical testing,
this software design demonstrates good performance in terms of stability during operation, image compression efficiency, and cross—
platform compatibility. This design can address the binocular image data acquisition needs in both practical engineering and re-
search projects, demonstrating strong versatility.

Keywords: PyQt; binocular images; image acquisition; software design

(EE#%1027)

A privacy protection scheme based on attribute encryption in smart cities

Shi Hao, Tian Ye’

(College of Computer Science and Technology, Taiyuan Normal University, Jinzhong 030619, China)

Abstract: The data involved in smart cities covers sensitive information such as people’s personal information, location data,
and traffic data. In order to meet the needs of data sharing and privacy protection in smart cities, this paper provides a new solution
for privacy data protection in smart cities with attribute-based traceable encryption technology and introduces the composition of
the solution in detail. According to attributes to fine-grained control of different users to the data access rights, effectively improve
the security of private data.

Keywords: privacy protection; attribute based encryption of ciphertext policy; smart city
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Design of wireless measurement and control system for LED street lights
in smart park based on ZigBee

Chai Xilin"*

, Shao Zhaoyong’

(1. School of Electronic and Electrical Engineering, Lanzhou Petrochemical University of Vocational Technology,

Lanzhou 730060, China; 2. Petro China Lanzhou Petrochemical Company, Lanzhou 730060, China)

Abstract: Based on the ZigBee wireless sensor network, combined with the construction requirements of the intelligent park,

the LED street light intensity sensing control system is designed and realized, which mainly includes two parts: hardware design

and software design. The hardware core part includes the design of LED sensing terminal node and Zigbee central module (coordi-

nator). It is equipped with two-level high-performance MCU to provide edge computing capability at the edge of the network, it

mainly involves the design of power circuit, serial port circuit, LED driver circuit, interface circuit, etc. Its software part first com-

pletes the design and debugging of the coordinator control program and terminal node control program based on the IAR develop-

ment environment and Z-Stack protocol stack. Finally, a monitoring software with an interactive GUI interface was developed and

implemented based on VS software, achieving remote access and control functions.

Keywords: wireless sensor network; LED lights; licht intensity sensing; edge computing
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