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Solar Panel Defect Detection Based on Improved YOLOVS

TANG Zhao, TANG Dongfeng, JIANG Pin, CHEN Xin

(School of Information and Electrical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract ; The wide application of solar panels in photovoltaic systems makes the monitoring of their performance
and reliability particularly important. The performance of traditional detection algorithms in solar panel defect
detection is poor due to complex lighting conditions and serious background interference. Therefore, this paper,
based on YOLOvS algorithm, proposes an improved method, i.e. YOLOV8-LZW , which is optimized for current
detection difficulties. First, the LNA-Conv module, combined with average pooling and maximum pooling, can
efficiently extract multi-scale features, reduce computing costs, and improve the speed and accuracy of detection.
In addition, a new probe ZTDC-Detect is designed, which effectively improves the alignment ability of target
features through dynamic alignment of tasks. The classification and boundary box regression features are optimized
respectively, which significantly enhances the detection ability of defects in the target and complex background.
Finally, WloU ; is introduced to evaluate the quality of the anchor frame using a dynamic non-monootone focusing
mechanism, and an intelligent gradient gain allocation strategy is introduced to improve the prediction accuracy of
the complex defect region by boundary frame regression, and enhance the robusiness of the model in detecting

small cracks and fuzzy defects, and demonstrate the superior performance of YOLOv8-LZW on the solar panel
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defect data set. Its mAP@ 0.5 and computational capacity are superior to the original YOLOv8, fully meeting the
demand for efficient and accurate detection of solar panels.

Keywords: solar panel; defect detection; mode decomposition; YOLOv8-LZW ; loss function
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SN RCRA R B TR B 2% 2 1 %8, WE T & TT 4R 22 1806 46 BRI 22 M 4% ( Convolutional Neural Networks,
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YOLOv8n Bet 1 K BHE HL ARG I A TR , 12 AR R i & T e 2808 AU B LNA-Conv B U3k ZTDC-Detect
SR AL WloU 5, S8 35 3R T 1B RIS I FRORS B 1. 150G, o P R s BUBE B LINA-Conv fUEL 245 BURE
B, LNA-Conv £5 5GP BIt AL i R M AL HOAR | REAS i Al B2 )OS RAAIE A () R AR 59 A, 3T 1 4G
R E S0 L 5 LUK, BT RSk ZTDC-Detect , B TALGEREIN Sk , ZTDC-Detect 1l 14T 55 3h 250 55 48k
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PEIAUR NS , WloU 3 5 2% bR BCHR iRy 17 140 S AE ] U068 52 A% e BEq DX 3ol g FATNDAS 2, (oA i A 00 /SR SO
AR B IR AR ARG BACE 5 79 YOLOVS-LZW 28 AR ANIAT 1 7.
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2.2 LNA-Conv &2
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i ANHFRIE I B ST T AR AL, H AR R B AR HEA T S AR I R RAE A & 223 P A AR A

%00 = AvgPool2d(x,kernel_size = 2,stride = 1,padding = 0) . (1)

s v, IR A (B, C L H W) Hoh H' =H-1, W' =W-1.
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ZIE R B T AR B Ay PR x, F x, 0, BIBAR K (B, C /2, H W) ,x, WITER N (B, C,/2,
H' W), % B R SEAR R RHEAL AT 55, (G BRUADHE , 320 S 100 07 2 R RRAE A SR B g 4 o, " AT IR A
(B,C,/2,H" ,W").

x," = Conv(x,,kernel_size = 3 ,stride = 2,padding = 1) . (2)
x, B S B R R A SRy P A A
%, = MaxPool2d(x, ,kernel_size = 3, stride = 2,padding = 1) . (3)
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ST B R E AL p E v (p) AT AR N

y(p) = kz,wkx(p +py) - (8)

P o WAL 0, AEBUZLEIIE 5 p, B BRI E E R X T A TR, SRR p, $2
PR p+Ap,, Horb Apy S22~ BIR i A . AR, DCNV2 3k G| AT 6 5 my. BRI, R AR T2 46 B i
Hoh

y(p) = Z,wkx(p +p, + Ap,)my. (9)
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y offset field

input feature map output feature map
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2.3.5 CRCS #3k

4nl&l 8 Firzis, CRCS fy 2 ASE BRI 2 A0 pR A, AR R A 0 I A5 LRI 14T i A A 141 3
i 2 AERUZ (1A IxL B REELER 14> 3x3 B AR BURTRAFAL) , ] relu 30 BRES I AR, I8
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relu sigmoid

input output
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(B0 B 43 TR S 0 ) 7o R E ) 13 B 5 4, R AR PSR R A X )1 s A A 170 16T 52 0. Wo U
RESEA ROt SR AR T S5 SRR AR, 25 P TR I 45 (4 BE AR PR RE. Wo U s Y SO

p (10)

Ly = B,aRWIOULloU H
o
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(W2 +H) ~

; (11)

Ry;,p = exp
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L &R G M
LINIMEEE
TE IR E AR 1R,
A1 SBEE
Wi B PR 5L Wi & 44 B
BE RS Windows11
CPU 12th Gen Intel(R) Core(TM) i5-12400F
GPU NVIDIA GeForce RTX 4060(8G)
i Python3.8.19
IRBEE S HESR 1.3.0
HiH R CUDAI11.7
SIS SRR E AR 2 R,
A2 EBAK
ZH X HfH
Epochs AR E R 300
Patience Tl g5t i & S A 50
Batch_size A% 32
Images_size GYEINES 640640
Ir LY GRS 0.01
Momentum o) R 0.937
SRR
SEER AR T Kaggle 5 2% F (1% 0K BH B8 H Tt AR Bi 4 2000 48, 3 22 18l im0 IR BR S A JEAN T,
B AR A 9256 37 5 B L PR 1 e A XML A% AT FR 1 (B 9) , bR i H AR & 16 1
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cracked dust

B9 FrHEEBRH



55 4 4] R 2 TG YOLOVS (1 A B BE H st bR e i 75

3.3 EMIBIR

R T VAR R I MERE , AR SGEPE IR EE (mAP) (B B (R) K% (P) BT S 4L (Param) DL ) 1T
T 8 (GFLOPs) 5§ 5 ANEARE A I RE A PEAT FE h.

R FERAERUAE FIr A IE JSAEA i s Bh A It 1 TE R AR L 91 15 A [ 258 B R A B Y BB A% 4 T il 12 1E 2%
HAR, A g DL /b X F s B0 S w2 0 s, B IR e E AN

TP
T TP + FN

P 7Rk TN Ay 1E R AR SR SRy 1 R AR (1) U 3], i b i 2308 AR TR P 1A 1 150 45 /0> , Tl &% SR
TP EE X AR R IRA S T b B R AR AN

[ (15)

TP + FP

mAP JEZH HERRIAESS WL A TR FE bR, Sl TR B RRG #% P AN [B1%6 R (RS K PEA
FERIPERE. mAP@ 0.5 7R 2 ToU BIME N 0.5 BYAS [R5 0 F- 205 BE . R e T BT AE A 288 591 v 1 7 24
AE 7, et i H AR R INALR R AAG 5 F EEE bR. R A R

l n
AP =— Y AP 16
m . Z (16)

R

(14)

AP =fP(R) dR. (17)

s TP O B T A R T ZRAEAS TN Ay 1 8 AR A B TP oAy B 2R 85 452 U T AR AS T Oy 1E 2R A
AHG FN F5 7 SR AR R R 5% LK L SR AS TR0 A 171 28 R AR AR5

Param F/RBIRY A ] 2% 2] SH00) BB 8E LLE T (M) 2800, 808K, BRI B XE A5 5)
A LA NGB AN B 5 s GFLOPs ( Giga Floating-point Operations Per second ) 3% 7 #5 B 7E — YR Fif [i] # 2L A
JIF R W RIS SRR, GFLOPs By , U MR 05085 %, HEFIAE I
3.4 HELKIE

R T B EAS SCHR A R A 50, LA YOLOV8n A5 R1 Ry Befilh, 7375 il LNA-Conv , ZTDC-Detect,
WloU ,ixX 3 kit Iy i AT S5 7 A ane 3 Fios , RAXS He > et Oy i VR .

3 HBERERSN

LNA-Conv ZTDC-Detect WloU mAP@ 0.5 R P Params/M GFLOPs
0.780 0.751 0.813 3.0 8.1
2 0.792 0.755 0.835 2.6 7.4
v 0.807 0.749 0.849 2.5 7.1
vV 0.796 0.731 0.842 3.0 8.1
v Vv 0.817 0.771 0.824 2.1 6.4
vV vV 0.812 0.775 0.850 2.5 7.1
v vV 0.811 0.795 0.805 2.6 7.4
v v vV 0.822 0.792 0.856 2.1 6.4

NV FRRZHGE TR M IAARYE R 3 (9455, 51 A LNA-Conv BIERS , mAP@ 0.5 $275 1 1.2% , R 42
w51 0.4% , P $6 1 2.2%.3% W] LNA-Conv BLHATRLIE 38 1R RS A 3, JCHOR AR I/ TR A 5 T R 1
G- R IRAT [0 A AT $E T, (ELAR o A i 2 A5 /0, 2 A2 B XA it 3 Fr) 482 T4 P 5 0 W] A2 LNA-Conv £
B R8I 1 S AN E0T G B A SRR RS SCHE R (A BE T, DI AR TS s 1) 7 B A
5| A\ ZTDC-Detect Bt 5 ,mAP@ 0.5 $5 1 2.7%, P $255 1 3.6%.ZTDC-Detect Bt i 352 T4 1 BLRL ARG
B, SR AR B AGJ7 R UL 5. mAP@ 0.5 Fil P 1% 1 25 4 5 2 W], ZTDC-Detect BEHAE £ = A AL X
FUbR B HERR AN 7 Th0 A 7% T B0, T RE S A (I AR A A% 33 A0 1 17 15 R B BRI AN T U AR 5 R, AT
T GIA WloU s #5k B UR , mAP@ 0.5 425 T 1.6% P $25 1 2.9%. WloU ;5 5k s AL 51 AT T 4%
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12 F mAP@ 0.5, 32 B B e D/ DR R sy A Asr ) i) SRR i 21 1 S 2R . SR, WoU
AR I SRR 56 T S H AR DX I, v 1 S TR [ o i 8 ARG 1 12

F A I 5 YOLOv8n JERIIRIAT H , mAP@ 0.5 32T+ T 4.2% R 12T+ T 4.1% ,P 25+ T 4.3%),
BRI SHO8 /D3 173, RIEH TR T 1.7GFLOPs. A SEBG 45 5 0] LAt YOLOVS-LZW Xf Lt YOLOv8n
FERTINRG A T 8O0 B B A EE TR Rl oH 550 17 A A 25 R AR
3.5 HAIFTLL LI

KT IFA YOLOVS-LZW 1 A B A FL b B B I 4 00 1 /9 28 5, % YOLOVS-LZW &5 RT-DETR"' |
YOLOvS™ [ YOLOvI 1™ 3 2 H i 3= 3 H Am K5 0% LA SRl 4 th 19 YOLOVIL 3847 AR, £ i 1 5tk
el NGRS MR o )5 2 SL 0 S B050E LA SN Fa b5 5 T, 35 AR S2 96 PR 4 — 30, ARIEXT T
P 2t R A R sk 4 51810 R,

% 4 L IasE RN

Model mAP@ 0.5 R P Params/M GFLOPs

Faster R-CNN 0.753 0.737 0.792 24.2 114.9
RT-DETR 0.756 0.720 0.837 28.5 100.6
SSD 0.674 0.657 0.724 7.8 28.4
YOLOvS 0.810 0.745 0.841 2.5 7.2
YOLOv6 0.791 0.739 0.834 4.2 11.9
YOLOv10 0.791 0.742 0.835 2.7 8.4
YOLOvl11 0.793 0.722 0.835 2.6 6.4
YOLOv8-LZW 0.822 0.792 0.856 2.1 6.4

0.8 AN A LA I SO e e —— =
O ; L i

0.6

—— yolov8n-LZW
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— RI-DETR

— SSD

—— yolov5

—— yolov6
yolov8n

—— yolov10
yolovll

02

0 50 100 150 200 250 300
Epochs

B 10 mAP@50 #frb L4 R

WA SC T BE T 9 YOLOVS-LZW 5 Faster R-CNN, RT-DETR, SSD, YOLOv5, YOLOv6, YOLOv10,
YOLOv11 3X 6 NSeifF Al b NS IR 25 R mT LA« ik it 1) YOLOv8-LZW 7 mAP@0.5,R, P, Param
LI Jz GFLOPs $5%7 2B 5. mAP@ 0.5 {4342 5 6.9% ,6.6% ,14.8% ,1.2% ,3.1%,3.1% ,2.9% , R i
ARIREE T 5.5%,7.2% ,13.5% ,4.7% ,5.3%,5.0%,7.0% , P {4y $4#2 5 T 6.4%,1.9% ,13.2%,1.5%,
2.2%,2.1% ,2.1% FERSHEC G EWA T B3 TR EIR, A SO BT i 382 0 A B Rk E i [R]
I/ 1A G, AT LA A2 O FH B F b AR e o P A 0 7 3K

R T HE YOLOV8-LZW B (3Z At , A8 SCHE Gitcode WAL | sl B 3 B 48 b AT 1 S0 x5k i 45
5T 3 FPERBEZEAY  injure (F14%7) Lcorrosion (i) (attach ([ 35 4)) AR HE AL 3G 58 (Rl 3 LI S 400 &
FPEM AR IR S Z AR — 20 SE IR 45 SR 3R 5 7R, YOLOV8-LZW Sk 7E Gitcode JRUHLI: 1 it B K4 4 1)
mAP@ 0.5 iK% | 72.8% , L IEMERIRIE 5 T 5.7% . 25 3K W] YOLOVS-LZW S83EAE H Anfa il 41 55 Hh R Bl



5 4 3] R4, 45 T 0k YOLOVS (14 A B i H, AR e A0 71

ORI ERE. LLAR XA E SRR AN T R R B T B A, 2 I UE T AR AN [ B 4
L 1k RE
A5 ZACH TS

Model mAP@ 0.5 R P Params/M GFLOPs
YOLOv8n 0.671 0.617 0.669 3.0 8.1
YOLOv8-LZW 0.728 0.705 0.674 2.1 6.4

3.6 WML

T LR BUAS SCR AR AR T HA 3 A SO AR, e B T 3 70 LA AR 9 O P v b A BT 45
PEAT RIS A & 11 Bz, T LA H 70 R BH B R Tt Al R A 0 A 55+, 28t s SRR AE AN TR B 2 o
TR HARBRBE AR B R

JRE Faster R-CNN RT-DETR SSD YOLOv8n ARSI
A 11 TR

4 2

D) 3R 17— APk E i) YOLOVS-LZW AR ] K BH AE Fi o B e 3 46 DM AT 55 S 3R 2 SR e ] - i B B s
REZAR T3 82.2% WAl B3 HE S B idi/b 1 1.7M, 55 YOLOv8n i A 28 SIS I S 05 AH LE , AR B R 7i
RIS BE AR Ty g R B A

2) RS S PR BT K B E Al b A R B R S 16 1 — o i 20 i A 1 e e SEL I SR T, AR B D'
N ST S B/ NSRRI 25 T R RE AT A7 A — i JRy PR 2% P A R 7 52 o B2 P T T W 1)
U552 BRI, AR F0R i — AR R R AR 28 251 LA e 5 10 G R e A i IS B, [ S8 2 AR A0 Y
BREAAEAS KSR , AR THE L (132 AL AE ) ASHIDRS JEE , HHE2h A FH BE Fit it AR R BE SR e A 00 P TR A JEE.
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