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Enhanced YOLOVS for photovoltaic cell defect detection
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Abstract: To address the challenges of low recognition accuracy for small target defects and insufficient multi-scale
feature capture capability in traditional vision-based methods for solar cell inspection, this study proposes an improved
YOLOvS algorithm based on cross-scale feature enhancement and dynamic parameter optimization. First, a multi-
branch residual structure is designed as the core, integrating re-parameterization techniques and adjustable dilated
convolution to construct the dilation-enhanced reparametrized residual block, which enhances contextual awareness of
target defects through cross-layer feature interaction, thereby improving detection accuracy. Second, deformable
convolutional networks version 2 are embedded into the C2f module, combined with an auxiliary detection module to
build a dynamic feature adaptation network, improving geometric feature extraction for micro-defects. Finally, a wise
intersection over union loss function with a dynamic focusing mechanism is introduced to optimize bounding box
matching and enhance regression precision. Experimental results demonstrate that the improved model achieves a mean
average precision of 91. 8% with only 3. 03 M parameters, outperforming the baseline model by 4% while maintaining
lightweight architecture and improved detection performance.
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Table 3 AP value comparison
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Fig. 11  mAP value comparison
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6 N N N 86. 1 3.01 7.6 90. 9
7 N N N N 88. 6 3.03 7.9 91.8
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Table 5 Loss function comparison results

TR Params/M  FLOPs/G  mAP/%  FPS
YOLOv8n 3.01 8.1 87.8 91.3
+DIoU 3.03 8.2 87.5 86.5
+GIoU 3.01 8.1 88.3 89. 1
+PIoU 3.04 8.0 87.3 87.6
+SIoU 3.04 8.0 87.9 86. 2
+WIoU 3.01 8.1 88.4 87. 4

R6 REGN RN L

Table 6 Model detection performance comparison

1 A Params/M FLOPs/G mAP/ %
Faster-RCNN 138. 27 83.4 85.2
SSD 54.13 54.6 84.2
YOLOv5s 9.21 23.8 88.6
YOLO7-tiny 6.02 13.2 87.5
YOLOv8n 3.01 8.1 87.8
YOLOv10n 2.69 8.2 88. 8
SCRR[9] 120. 87 72.5 90. 3
SCik[12] 3.23 8.7 89. 4
Ours 3.03 7.9 91.8

2) 5 H AR

R R G VAR R () SO OR AR IR A EL AOHE 4
TFRZ BRI L S0, X LA BT 45 Faster-RCNN,SSD,
YOLO &% (YOLOv5s, YOLOv7-tiny. YOLOv10n) Bk K
SCHRLO AN SCHR [ 12 10 el ift 77 i o S0 00 T A AT X A TR B2
SRR ER DR BRIEAT 3R 58 X L 4y BT s HLAR S 56 4
Bk 6 .

SR 2 R W, it S R A 2 IR A AR L R B A
5 YOLOvSn #H I, mAP 427+ 4. 0% H it B3R i 1%
g 5REY% YOLOvIOn #H [, 508 A i 0. 34 M,
{H mAP #2FF 3% ; A1 L BBy Be AT Faster-RCNN, mAP $2
T BE 35 6.6 %6 5 HL T3 9 U5 T #E R A B AIG s STk 9 48
B Faster-RCNN MU S £ m AT B it &, H mAP
(RS T AR SCRERY 5 4 45 F SCHR (12 04 etk Oy 8 o A SO 7l
T S B0 38 0 /N B T HR TR 9 B O ARG RGBT L 8%

erock 069 0.53

() RREZR

(a) Large-scale line crack

(b)) ZREENES

(b) Line crack and star crack

HAEF 2. 4% 7E 5 YOLOvSs, YOLO7-tiny Hl SSD 4 %F
Vo B AR AL T R RS B U1 2 R T T X R R AL
ARER I UE T A T R R T S R R A T
LR R Y-
2.7 HWMZLERTLE

ST R N AT A ) R B T AR SO R 4
B> ER B TR, &5 R A 12 fin ., B 12 R F4
RB LB 5 P, YOLOv8n 4 R R AIE #2 UAR 12 53
L YR A BEAG N , T g A TR 5 ok 2 IR R AT A L D A Rk
BRI 58 BEARI; B 12 (b) A (o) /3
255 WA SR 5 ARG 00 o, A A A A e R R RO 0 B A 4
e 71 B 12 B 275 50T B9 BB I A I 37 5 ot A Y
T o) 3 5 T S SR RE 0 A R ) R A AR A G R B R
g5 b AR SR A B A T Y R A 4 BE 0 RN R S g
F1H RO TR AL 42 T T R A I 1 B8

(OL]
(c) Finger

(d) &
(d) Black core

e B3 4 X REA T g b ERC YOLOVSn A6 45 5 L T J7 1844k Bt S 45 280 46 ) 425 5
Bl 12 K iugh At b

Fig. 12 Detection results comparison

o 145 -



%48 % v 7o ¥ o3 A
3 g " Y()L()VS—].)ELSGd defect  detection . algorithm  for
photovoltaic panels [ J ]. Electronic Measurement
B 5 Dk 3 B A 0 5 5 o L A SR — 2 Technology. 2024, 47(23): 181-192.

F YOLOvS 1y i ik B2 B, 7 = T W % % DRRB #1 [6] ZHANG X, ZHANG Y N, GAO T, et al. A novel SSD-

DCNv2 Fla it C2f 2, 3 1 5% 22 % 15 5 3 5 J8 52 W7 8 2 HL based detection algorithm suitable for small object [ J].

) 10 0B AR AE FEHRE ) L $E TN B A 09 A I R RO L A IEICE Transactions on Information and Systems,

A AuxDetect 03k 4% £, 6 ) DONv2 2 3% i 2023, 106(5) : 625-634,

B e — 2 BT D R RORS B S T WiseToU  L7] BREGZEA, J7 &, 46, 3 F it YOLOv7-tiny #9586

et JE AT 5 2 5RO RS TG A T FRE [ i L ST gt AR Pl b Bl B A I B 9k L. ST AL TR S R, 2024,

F] MO B ) mAP (I5F] T 91. 8% .4 YOLOvSn 60C15):336-343.

FUARTF 49, 5o A B R TP R . 7E AR R B R FPS 17 XU W, LI W X, FANG ZH, et al. Photovoltaic cell

AR L %R R A A RS B BB e A R A A defect detection algorithm based on improved

A TR T L R T R A 7 R U A L R A YOLOv7-tiny [ J J. Computer Engineering and

I S P 5 E 07 0 2 B L o ok 1 B 5 7 Applications. 2024 6015): 336-313.

A TR 1 % 5 A S 7 3 I 28 R 2 5 4 T 1 (7D A 4 [8] SUBY, CHEN HY, ZHOU ZH. BAF-detector: An

Ko DR efficient CNN-based detector for photovoltaic cell

defect detection[ J]. IEEE Transactions on Industrial

S % 3Ltk .

Electronics, 2021, 69(3): 3161-3171.

(1] #mW,. #HRE, BIE, 5. 86 YOLOvS bR (9] JEJruk. 28 B, 3 T o E 4% 0 Ak U-Net B8 1 5% {h

WGBSR FALT . - TR . 2025, 48(1): 92- it EL {56 B K 0 C)0. b 7 90 ik £ R 2024,
99. 47(5):102-111.
YANG L, YANG CH CH, YANG G H, et al WANG F B, LI W H. Defect detection in EL images
Improved YOLOv8-based defect detection algorithm of photovoltaic cells based on improved lightweight U-
for photovoltaic cells [ J]. Electronic Measurement Net model[J]. Electronic Measurement Technology.,
Technology, 2025, 48(1): 92-99. 2024, 47(5). 102-111.

[2] WREIC. A PE SR 5 RIHAER I ZRA MR (107 TU X G, YUAN Z H. LIU BK, et al. An improved
SR Bl AL Ko ni AT S LT . 2 & MR R AR 2022, YOLOv5 for object detection in visible and thermal
39(5):1847-1858. infrared images based on contrastive learning [ J].
CAO SH W, ZHOU G Q, CAI Q L, et al. Review of Frontiers in Physics, 2023, 11: 1193245.
solar cells: materials, policy-driven mechanisms and [11] 3k3E, T30 . 427, 2T RFCARep-YOLOvSn 161k
application prospects[J]. Acta Materiae Compositae L B G R T v (T A HL TR S N, 2025,
Sinica, 2022, 39(5):1847-1858. 61(3):131-143.

[3]  F#. 4. BHK.5. T8t YOLOvSs KFHAEH ZHANG J, WANG W B, YU Y. et al. Photovoltaic
T 2 T B R Bk [T ). B T i 4 R 2025, cell defect detection algorithm based on RFCARep-
48(5) :128-136. YOLOvS8n[J]. Computer Engineering and Applications,
WANG W, YU X, MIAO J X, et al. Improved 2025, 61(3): 131-143.

YOLOv5s-based surface defect detection algorithm for [12] ZEmese 5T, 00 M3y, LTS %22 W% W Ko
solar cells[J]. Electronic Measurement Technology, M RG2S W], A8 2# ], 2022,43(9) :
2025, 48(5): 128-136. 81-87.

(4] WIRRSE , 5% — 4. ST A% 00 B A8 P ik s A D0 7k 7 st MU X D, WEI X, ZENG ZH J, et al. Fault diagnosis
TR ANE A FR 254, 2024 ,45(7) . 1-26. of spacecraft telemetry, tracking and command system
HU ZH Q, WU Y Q. Research progress on machine based on attention residual network [ J ]. Chinese
vision-based chip defect detection[J]. Chinese Journal Journal of Scientific Instrument. 2022, 43(9) . 81-87.
of Scientific Instrument, 2024, 45(7). 1-26. (1310 A . X355 ja » B e » 25 ik T 5 2 00 i e R H b ik

(5] #KE VT, T&, 5. 2T U YOLOVS Jafk ik
B R I Bk [T, B I A 4R, 2024, 47 (23) .
181-192.

YANG CH CH, HE X X, WANG R, et al. Improved

+ 146 -

B I 3 i L) ). Al 7 B R, 2025, 48(5) :184-192.
YANG L., DENG ] W, DUAN H L., et al
Reparameterization-based defect detection algorithm

for photovoltaic cells [ J]. Electronic Measurement



xR T B YOLOVS 89 4R & o S g el %21
Technology, 2025, 48(5): 184-192. [19] ZHU X ZH, HU H, LIN S, et al. Deformable

[14] XUfL. 2500, X, 45 TR kot YOLOvSn 44 convnets v2: More deformable, better results[ C J.

Ze T H BB ATy 2 [T ], I S AR A ), IEEE/CVF Conference on Computer Vision and
2025,39(1) :57-69. Pattern Recognition, 2019. 9308-9316.
LIU H, LI M., LIU ZH J. et al. Lightweight [20] WANG C Y, BOCHKOVSKIY A, LIAO H Y M.
improved YOLOv8n-based defect detection method for YOLOv7: Trainable bag-of-freebies sets new state-of-
insulator self-explosion [ J ]. Journal of Electronic the-art for real-time object detectors[C]. IEEE/CVF
Measurement and Instrumentation, 2025, 39 (1): Conference on Computer Vision and Pattern
57-69. Recognition, 2023: 7464-7475.

(150 W 085 Bk 0 75 E. ek 2 T YOLOv8n W92 fb [21] TONG ZJ. CHEN Y H, XU Z W, et al. Wise-IoU:
WAL 2 T Bk BE R DU B R [T ). B I o B R 2025, Bounding box regression loss with dynamic focusing
48(3):74-82. mechanism[J]. ArXiv preprint arXiv:2301. 10051, 2023.
GANG SH, LIU P SH, GUO X W, et al [22] SU B Y., ZHOU ZH., CHEN H Y. PVEL-AD: A
Lightweight improved YOLOv8n-based surface defect large-scale open-world dataset for photovoltaic cell
detection algorithm for steel materials[J]. Electronic anomaly detection [ J ]. IEEE Transactions on
Measurement Technology, 2025, 48(3): 74-82. Industrial Informatics, 2022, 19(1) . 404-413.

[16] WEI H R, LIU X, XU SH CH, et al. DWRSeg:  {EZ& S
Rethinking efficient acquisition of multi-scale contextual X 18] 18] L A% W 5E A . 3 ERE ST O 1A R O AR H O B G S
information for real-time semantic segmentation [ J . M BEREE2E S,

ArXiv preprint arXiv:2212. 01173, 2022. E-mail:2447999350@qq. com

[17] CHEN X B, LIU CH., WANG SH, et al. LSI- EAW.EIHEE, EEUIIT T M E SR E AR AL B
YOLOv8: An improved rapid and high accuracy E-mail : 2005051 @ hebut. edu. cn
landslide identification model based on YOLOv8 from MES. WA, EEFR W IE 22K 445 8%
remote sensing images[ J]. IEEE Access, 2024, 12: W5 2R
97739-97751. E-mail: 1307927431 @ qq. com

[18] DING X H, ZHANG Y Y. GE Y X, e al SREE WL BEI A L £ S BF 507 1 3 R

Unireplknet: A
convnet for audio video point cloud time-series and
IEEE/CVF Conference on
2024 .

universal perception large-kernel
image recognition [ C .
Computer Vision and Pattern Recognition,

5513-56524.

B

;
1,

E-mail: wex202321902027@163. com

ek

BWEFCAMGIEE) , HB, ZBWUTF ) 1 P B M R e
LI AV AR

E-mail:2002089(@hebut. edu. cn

o 147 -



