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High-precision and Real-time Detection Algorithm for Photovoltaic Glass Edge Defects Based on
Feature Reuse and Cheap Operation

DING Xuxing,ZHOU Xueding, QIAN Qiang,REN Yueyue and FENG Youhong

School of Physics and Electronic Information, Anhui Normal University, Wuhu, Anhui 241002, China
Abstract Aiming at the problems of large amount of calculation,large amount of parameters,slow detection speed and low detec-
tion accuracy of existing defect detection algorithms, this paper proposes a high-precision and real-time detection algorithm for
photovoltaic glass edge defects based on YOLOvVS5. Firstly,a newly designed dense connection block(New_DBlock(C)) based on
cheap operation and feature reuse is used to replace the C3 block of YOLOv5’s feature extraction network, which reduced the cal-
culation amount and parameter amount of the whole algorithm. Secondly, the C2f _SE block fused with the channel attention
mechanism SE(Squeeze-and-Excitation) is used to replace the C3 block of the YOLOv5’s feature fusion network to improve the
detection speed and detection accuracy. Finally,the improved YOLOv8’s decoupling detection head is used to replace the coupling
detection head of YOLOV5 to improve the positioning accuracy and classification accuracy of the algorithm. The experimental re-
sults show that the improved algorithm mAP@O0. 5 is increased by 1. 0% ,mAP@0. 5:0. 95 is increased by 3. 1% ,the amount of
calculation is decreased by 48. 1% , the amount of parameters is decreased by 56. 7%, and the detection speed is increased by
18.5%. Compared with other mainstream YOLO and R-CNN series algorithms, the improved algorithm also has higher detection
accuracy,detection speed,and lower amount of calculation and parameters, which is suitable for the real-time detection of photo-
voltaic glass edge defects.

Keywords Photovoltaic glass,Defect detection, YOLOv5s.Object detection, Attention mechanism
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(b) Improved YOLOvV8’s head
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Fig. 7 Diagram of the structure of YOLOv8’s head and improved
YOLOv8’s head
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(d) Shuidi
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Fig. 8 Image of edge defect of photovoltaic glass

x1 O IRHIERFRE

Table 1 Experimental dataset information
Parameters Parameter values
Number of images 3164
Average resolution 368 * 368
Average memory 7.02kB

Bengbian, Liangbian, Shaobian, Shuidi

Bengbian(1898) , Liangbian(1424) ,
Shaobian(1043) , Shuidi(1456)

Categories
Number of defects of each

category

3.2 EWIE

A S5 % 4 09 FF & B F h PyCharm, 7F & AE S h Py-
torch, 4 i i# 7 9 Python, Jfib 52 % ¥R 58 2 $ B W0 % 2
i 5.
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Table 2 Experimental environment configuration

Parameters Parameter values
CPU Intel(R) Core(TM) i7-12700H(20 CPUs) @2, 3GHz
GPU NVIDIA GeForce RTX3060
RAM 32GB
ROM 1TB

Operating system Windows 11

3.3 MR
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YJ{i (Mean Average Precision,mAP) ,P-R Hli £k (Precision-re-
call curve) \Z ${ & (Parameters) , 31 %4 & (Computation) A K
A — R BB &1 B (932 47 I ] (Time) 7E iy 37 40 455 784 14 i (1
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o P-R R AT AL, P-R i 2k it A [2] 3 (Recall, RO A1 i #f 3
(Precision, PY 4, HAA R A X (36) — K (39) i -
TP

P=1rp+Fp (36)
__Tp )
R=TpTFN (37)

1
AP:J P(R)dR (38)
0
mAP:%iAP(i) (39)
i=1

Horp, TP g BRI g 1 451 049 15 BE AR 50 FP ok 45 70 T30 0
TE Y SRR B FN S BB T30 Sy 670461 0 TE R A 55 ohy Bk
P2 I B s AP (DRSS @ JEBRIEI AP M,
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3.4.1 BRI BGEHTE 69 P-R wh & Atk

B9 451 T YOLOvSs #E# gt #Efif J5 P-R M £ 45 5. %
P-R T4 25 0 0 i 42 B s 7 A .l TR AT, 0 T A R K
T2 B L O R B Y P-ROHh 2 i AR HG Ak AR R Y P-R i
SR TE FR ] G TR O, U W T R S R TR T AR R K R TR )
RAETHEERT, BIELF, XA 5535 (all classes
20, B AT AL Y P-R 267 52 (0. 930,0. 930D, Bk R
R P-RHh 8- 4 45 9 (0. 971, 0. 971) , B Bt 3 J5 4 84 1y
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BB S MBI RLTE 4y AT 45 EVERETE 4T,
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(a)Before improvement (b) After improvement
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Fig. 9 Results of P-R curves before and after improvement
3.4.2 ARA BCHEAT )G 6 Ml A L AT

h TRCES B E YOLOvSs Jg 9 488 18 7 A8 I ORS BE I A9 1
A8, AS Sl 3 R 1 A BCHE A2 HEAT O O B B, S IR A5 AR 4n
23 FTA . Hop £ BB 2R AR R R ToU by 0.5 BT,
mAP@0. 5 F/R7E IoU 4 0.5 B AT A K 5149 AP {; mAP@
0.5:0.95 %R IoU 43 %14 0.5.0.55,0. 6,0. 65,0. 7,0. 75,

0.8,0.85,0.9,0.95 W, T A7 B {E T A9 mAP F¥{H .
3 WO RIS BRI TR % a3 L

Table 3 Comparison of defect recognition rate before and after

improvement
AP AP@ AP@
Model - - - - — mAP® m
Bengbian Liangbian Shaobian  Shuidi 0.5 0.5:0.95
YOLOv5sM261 0. 978 0.995 0. 995 0.958 0.982  0.882
Ours 0.989 0.995 0.995 0.991 0.992 0.913

R AL B AP (ERTE ToU 9 0.5 W BT L5 44 o 45 90 e (.

M2 3 MSEER 45 SR Al 0, 2 ToU #5880, 5 i, Bk = 1
TS XoF 5 0 R 58 340 1Y TR ) 2R 5 T O R R R &R — A L (]
HCHE S AT A 6E 5 3 A K T B IR B0 E 4 B S 98, 994 Al
99. 1% , M4 F YOLOv5s 88, 2 42 7+ T 1. 1% A 3. 3%
K FFEREEEI A mAP@0. 5 24 99. 2% . mAP@0. 5.
0.95 9 91. 3% . AHE T i i Wi A B AL, 23 S48 5 T 1. 006 AN
3.1% ., X EFH Tkt A ) New_DBlock (C) A5 £ 38 33 45 fiF
S HIBIL S 4 A e 25 000 245 )22 v ) R AR 51 4% 338 R BB IR )2 3 o
TR BA AR S RS R X A TE /N B B 1Y i 0
8 17K T8 SR B B0 BF AR AIE A B AN S A AR AE B It AR v 2 2, A
T T ARG D A5 20 (g R DA B2 . m) i, C20_SE A5 il i i
TEVE R ALE SE K T 250 G Y G B R AR 3R AT A, 1 i
T B AE R AR R R A5 R R Y A R
— AR T, IRk, A A I ORS B T, o BE SR B T IR G 3
L=
3.4.3 AR AT G 09 A i B AT Mk

T RE S B TR A AR TR A 0 R AR S s ek /b AR TR
B T 5 £ R S B0 o A i A AR TR 9 T 406 e S TR 19 52 AT I (]
F 4 P T IR S B9 YOLOvSs 8 80 15 H 55 & L 5 80
BATETIE] B X g R, Hob L A_GLA_M, AT 43 3l 38 7% B Y
YT TR S ECE RS AT A R 2EE

F4 o BRI SRR R TR ) LG R L
Table4 Comparison of computation, parameters and running time

before and after improvement

Computation Parameters Running time

Model —
GFLOPs A_G Params A_M Time/ms A_T

YOLOv5s26]  16.0 7.03%106 A 15.7
———— 3,99X 100 ———— 2.9

Ours 8.3 3.04X10° 12.8

T ML TR O 25 51 B I A

I 4 AT, TR I A R A T AR R 45 B4 A 0 R IE 4 L
R A T3 R R 2 30 AR New_DBlock (C) #E 3t ,
AR TRABA NI AR NS4, Hh AN E e
1 8.3 GFLOPs, Z ¥4 & 4 3. 04 X 10°, A & F ot #F /i 19
YOLOvSs BER, 205 T T 48. 1% H1 56. 7% . [AIAT . A4 %
B RS L 2, B2 T AR B A R T 5 C2f_SE Y AR
EHE B I HL T RRAE @l A X 45 1 RRAE B U4 TR RE AR 2 T 45
RO R R, 2R 4 A SE I A5 R AT A ok S R BT iE
ATEFE R 12, 8 ms, A B T BU#E T 9 YOLOvSs B A, iz 17 i
4T T 18.5% . DRI, 7F 155 I 2 B30 o RS 0 5 2 T
Wk R AR AL BE T A
3.4.4 HRRER

TR GEA ST AR H 0 B i TR SN I 4 R A A AL
SR AR SCHETF YOLOvSs BRI IEAT T 1 fl 52 56, 52 56 25 51 4n
F 5 FTAlL LA,
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Table 5 Results of ablation experiments
@ @ ©)] AP/ mAI’@_l}O. v GFLOPs Params Time/ms
Bengbian Liangbian Shaobian Shuidi 0.95/%

— — — 97. 80 99. 48 99.51 95.79 88.2 16.0 7.03%10° 15.7

N - - 98. 48 99. 49 99.51 98.62 89.7 4.7 2.033X10° 15.0

N v — 98. 83 99. 50 99. 48 98.74 90. 8 5.3 2.313 X108 13.1

N N N4 98.91 99.52 99.53 99.13 91.3 8.3 3.043x108 12. 8

H @™ E New_DBlock(O B, “ @73 C21_SE Bk ,“ @™ fCR A M Sk Sk ./ 7 7R 2 Fi A8 B R AR B, — 7 3078 20 i) 4 2 K R atE

Bide . Fh & 2K AP ERRAE ToU Sy 0.5 IF BT A JoHL T 44k 455 B A

3.4.5 A B H AT 69 4wl 2R A

J9 T HEMS EH W LR AZ YOLOvSs #5243l 35 5 5 9 K6 0 %
SRR XS 1 BT A A o 0 4R 1A AT R AR T A
oAb 2, BARZE A& 10 PR,

(¢)Detection results after model improvement

P10 AL O TR Y T A R kR

Fig. 10 Visual detection effect before and after improvement

AR BRI A, e dERTAY YOLOvSs #5658 % K A4 1
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AW BARAEIE, M2 T, o 5 A0 88 8 45 4E &
FHBIL S8 T8 AL R 4 R A BE 8 A 20 R R A Y 3 &
B[R] A B A5 R o DG 358 i YA N R Y i B . A SE
BRI F L T B9 YOLOvSs #5807k 3k B b B A 42
g 1 S A R AR X T R R T3 S 1 30 L e i DA D A
B HL 5 7 R B 22 Ll R 780 1% 9 0 s e 7 P A 1Y

FA 20 5 B 4 D TR 19 5 30 S8 B S B A T S 1 5 0 R L
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Hb A T 2 R S e B L O A B 8 B o A R
PR At o 2 AR 300 A0 2R T A R ARG 0 AR B A ek
T 4 A TR A DU 5 2R
3.5 AEEETHERESTLE

S Tk — A U i S AR A il 4 AR R L AR S AR AT )
AR (IR D AHE R S50 3B (L3 2)7F 8 i ik S5 1 455 7
54 2 M F AR I 8 2% (Faster R-CNN, R-FCNM, Cas-
cade R-CNN, SSD, YOLOv5, YOLOX. YOLOv7%7,
YOLOvS) B B Bl [ 46 35 1% (MFAM-Net®', FINet™*), De-
fectNet™ ) E47 5%t b, BRI ST 0 25 - a3k 6 fir gl

3% 6 FOS2I6 25 B ] 0, A A T 20l B4 7 I B A AG T
AL, A AR R ARG DRS B A 22 R K AT S S8R D
B 3g A7 i ) 45 3 7 A e B B Tt b, B R A AR A B
BT 93.2%~98. 1%, ST 89. 7% ~97. 2% ,i8 1T
AR 448 T 31, 9% ~64. 1%, AH Xt F 28 0 B B B H b 46
TSI, A3 5 A R 10 A A 0 A R B AT R MR DA RS
B by mRm TR ERE. B, mAP@0. 5 & T
1.0%~5.8% ,mAP@0.5:0. 95 &5 T 0.3% ~7. 6%, &
HIEAT 37. 1% ~83. 0%, SHE WA T 49.5% ~87.5%
BATI 465 T 6.6% ~35. 7% . MIXFT T A By bk g 4
#: FMAM_Net, FINet #l DefectNet, 2 3 J5 14 85 3 458 0 45 0
KR e B AT TR P, Ko, mAP@o0. 5 #2951 0. 2% ~
L9%, BT HERFAT 16. 9% ~48. 2% . FEIHH B S5
B 5 F FMAM_ Net F1 DefectNet, 3 o i1 2 & 43 51 41 %t
W T 48, 4% 67. 7%, S HE 43 AR X B T 73,6 06
76.5% . Rk, 55 T R MR BE ARG N 38 BE DA B BR IR o LE A
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Table 6 Performance comparison of different models
Model mAP@0. 5 mAP@0.5:0. 95 GFLOPs Params Time/ms
Faster R-CNN[1J 0. 990 0.907 164.1 39.72X108 35.7
Two-Stage models R-FCNL29J 0.988 0.912 121.2 29.40X 105 18.8
Cascade R-CNNI3J 0.994 0.916 433.8 107.11x 108 27.3
SSDL1s] 0.934 0.837 48.7 24,4108 15.9
YOLOv5s-26) 0.982 0. 882 16.0 7.03%10° 15.7
One-Stage models YOLOvV7_tiny 30 0.979 0.874 13.2 6.02x10° 18.4
YOLOX_sH18] 0.975 0.888 26.9 8.94 X106 19.9
YOLOv8s-21) 0.982 0.910 28. 4 11.13%10° 13.7
FMAM-Net:31] 0.973 0.907 16. 1 11.50% 108 17.4
Defect detection
algorithms FINet:32] 7 0.985 0.891 — — 15.4
DefectNet!33] 0.990 0.904 25.7 12.93% 106 24.7
Ours 0.992 0.913 8.3 3.04X10° 12.8
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