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A study on fault recognition of photovoltaic module with infrared
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Abstract; Failures of the photovoltaic (PV) module can affect the performance of the PV arrays, thus reducing the power generation
efficiency. In serious cases, PV module failures may even jeopardize the safe operation of the power plant. Traditional methods cannot
meet the current demand for fast and correct PV module fault detection. Therefore, this paper proposes a PV module fault identification
method based on the improved EfficientNet algorithm. First, the collected infrared images of PV modules are utilized to establish a fault
dataset, which is then preprocessed by using image segmentation and data enhancement technology. Second, a fault recognition model is
constructed based on the EfficientNet network. Meanwhile, a dual-channel convolutional block attention module (CBAM) is introduced
into the model, which can inhibit the recognition of unnecessary features and enhance the ability to extract spatial feature information,
thus improving the recognition accuracy. Finally, comparative simulation experiments are conducted to validate the effectiveness and
advancement of the proposed model. The experimental results show that the fault recognition accuracy of the model reaches 90. 83% ,
which is 2. 83% higher than that of the original EfficientNet model; in addition, the model size is only 20.3 M, which shows good
practicability and can meet the requirements of practical application of PV power plants.
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Fig. 1 Photovoltaic module infrared image
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Table 1 Comparison of pre-training models

AL 2% BMARSE  BEIR/N/MB HERIER /%
EfficientNet-b0-CBAM ~ 224x224x3 16.4 88.33
EfficientNet-b1-CBAM  224x224x3 30.0 87.50
EfficientNet-b2-CBAM ~ 224x224x3 35.0 88.33
EfficientNet-b3-CBAM ~ 224x224x3 47.1 85. 83
EfficientNet-b4-CBAM ~ 224x224x3 74.3 87.50
EfficientNet-b5-CBAM ~ 224x224x3 116.0 87.50
EfficientNet-b6-CBAM ~ 224x224x3 165.0 84. 17
EfficientNet-b7-CBAM  224x224x3 254.0 85.27
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Table 2 PV module fault data set

A BOEIF/INVMB - BATH/ms 1R/ %
VGGNet 310 445 84.17
ResNet 223 367 85. 83
Inceptionv1 103 223 86. 87
EfficientNet 15.6 207 88. 33
EfficientNet-CBAM 20.3 199 90. 83
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Table 3 Confusion matrix indicator
] HERI R/ % K%/ % A8 5/%

VGGNet 84.17 85. 80 84.17
ResNet 85.83 86. 59 85.83
Inceptionvl 86. 87 88.28 86. 87
EfficientNet 88.33 88.94 88.33
EfficientNet-CBAM 90. 83 90. 93 90. 83
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Fig. 10 Thermal diagram of each model confusion matrix
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Table 4 The results of PV module faults in power plants
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Fig. 12 Thermal diagram of detection result confusion matrix

R FLEREE , 050 X 5l IR AL i B b 9 v 3
FEA T, RN OGRS A R LA R L 7
W, 2 2 BT PRI R AT, XA 4 28 ™ A= 5, {H
HE RS RIEA S Pr Tl 2K

AR T —Fh 2T EfficientNet-CBAM (R YGIRZL 50
PGSR TR 7 v | 38 4 S X L A A5 B LA T 2598

1) AR ST X R A 21 1 AR 21 A1 G B |, R FH RS
G RIBRBOGARBES | A 200 ik P 285 X7 88 I 2k i) 148
(), YR, A P BCE asi X RE A R A T HLAL B, B 70 Gk
FEA B, 4 R (R EO R 22

2) AR SR EfficientNet VB A G R 21 40 EIG ik gz 1R
SR IRESE 51 CBAM V2 SLH] A siml ih
MBConv FEH 254 | W3 18 5 25 8] P2 B B OB AR 210
AMEUG A SRR S, 0 A TR S s
BRIz A Re 1, B TR ARG B

3) 3B ELX L SC B AR AR SO A O A L
JFIAHY) EfficientNet [ 4% FoMERf R 425 T 2. 83% , bk
R [R5 A A% G T A 2 B AR L ik
BRI I 5 00 e e A O 35 A0 g RO A ik 3] T
90. 83% , ML ALK /MY Ky 20. 3 M, LR 5]l e e s B2 1) 32
Ay st I 5 F Al PR B R0 45 0 10% ~ 50% , FLAT — /& RO A
RS AR ST M AT BEAE S AR F 3 A 4y
FEGRAT BN Iz N
52 Uik
(1] FER, B/ —FoBr RO AR B 51 8 28 i b 4 )y v

WEFE[1]. AR ER, 2015, 36(12) : 2765-2772.
WANG H, XU X L. Research on an online fault

detection method for photovoltaic array [ J ]. Chinese
Journal of Scientific Instrument, 2015, 36(12) . 2765-
2772.

[2] &z, XVH:AE, o, 22T B A Gem ik iy ek

PEERER L T SR AR S [ 1], (AR {2441, 2015,
36(11) : 2586-2593.
YU R, LIU G X, XU H. B-distribution uniform
expression  based  photovoltaic  modules reliability
evaluation with degradation data distribution[ J]. Chinese
Journal of Scientific Instrument, 2015, 36(11): 2586-
2593.

[ 3] PBERK, 8%, P/IVbK, S5 T XU H AR IE 55 X
A LR BEA R [T]. K BHRE % 4i, 2022,
43(7) : 56-63.

SUI X, WEI'Y, LUO X L, et al. Research on ecological
photovoltaic model in vulnerable regions for “two-carbon”
objective [ ] ].

43(7) : 56-63.

Acta Energiae Solaris Sinica, 2022,



5 4 3] £

Wr 45 TR FfficientNet (94T 8MEMSOL R AL BB BB 5T 183

[4]

(5]

[6]

(7]

[8]

(9]

[10]

Bbess, sRESPR, sk le, 5. R TG W AR
PHRE Lt AR MR FE RS [T ] X SRR 24, 2017,
38(7): 1570-1578.

QIAN X L, ZHANG H Q, ZHANG H L, et al, Solar cell
surface defect detection based on visual saliency [ J].
Chinese Journal of Scientific Instrument, 2017,38(7) :
1570-1578.

THI, BN, EFmW, % RMBOGR L BXTH )
R giik [J]. b L TR 4R, 2014,
34(1): 1-14.

DING M, WANG W SH, WANG X L, et al. Review on
the impact of large-scale photovoltaic power generation on
power system [ J]. Proceedings of the CSEE, 2014,
34(1): 1-14.

ke, ZAe, R, . EREDGR AR el
AR A K e e B )], AR R
%, 2012, 33(11) ; 2454-2459.

ZHANG Y, MAI Y H, LI G B, et al. Electric leakage
insulation  resistance

path  model and quantitative

measurement for thin film silicon solar module [ J .
Chinese Journal of Scientific Instrument, 2012, 33(11) :
2454-2459.

FEFEAS  FPREE IR, A5, LRGN G OR L
AR TN EE AR B ()] AR R A2 4, 2018,
39(10) ;158-165.

DUBL, HEY Z, YANG R ZH, et al. Modification of
visual detection for silicon photovoltaic cells based on
electromagnetic induction [ J ]. Chinese Journal of
Scientific Instrument, 2018,39(10) :158-165.

PR, Uik RER, FLT SRR A
PR EZW [ T]. W E AL TR A, 2022,
42(9) . 3327-3338.

LIZH H, MA H Q, WU CH H, et al. Aging degree
three

2022,

of photovoltaic modules based on
parameters [ J ]. Proceedings of the CSEE,
42(9) . 3327-3338.

SPATARU S, SERA D, KEREKES T, et al. Diagnostic

diagnosis

method for photovoltaic systems based on light -V
measurements[ J]. Solar Energy, 2015, 119, 29-44.
hERTE, Flpfn, SO0k, A5 JET SV RRESHTRY
AR PE BT P S s T [0 ] K FHAE~= 41,
2022, 43(9) ; 64-72.

MA M Y, WANG H S, MA W T, et al. Shadow

[11]

[12]

[13]

[14]

[15]

[16]

[17]

shielding fault diagnosis of crystalline silicon photovoltaic
modules based on S-V characteristics analysis[ J]. Acta
Energiae Solaris Sinica, 2022, 43(9) : 64-72.

WA, &5, LW, & SETHEAE AR RRL
RA IR S W B PSR [T ], P R R Pl TR
2, 2022, 42(21) . 7843-7855.

HAO Y, DONG L, WANG L J, et al. Power limiting
anomaly data recognition algorithm for photovoltaic power
generation based on mathematical morphology denois-
ing[J]. Proceedings of the CSEE, 2022, 42 (21).
7843-7855.

M5, LI, BRAT, 5. BT e P p sk Al
PEBRSIRE IO [T]. P ERL TR, 2022,
42(13) . 4907-4915.

ZHENG X, ZHAO Y F, CHEN K, et al. Transient
temperature field prediction of photovoltaic modules based
on energy balance method[ J]. Proceedings of the CSEE,
2022, 42(13) . 4907-4915.

MELLIT A, TINA G, KALOHIROU S. Fault detection
and diagnosis methods for photovoltaic systems; A
review[ ]]. Renewable and Sustainable Energy Reviews,
2018, 91 1-17.

EE, TR, BT LLAMEG Y K B BE G R B 51 K
BEsrBr[)]. KFHRESHR, 2010, 31(2): 197-202.
WANG P ZH, ZHENG SH CH. Fault analysis of solar

photovoltaic array based on infrared image[ J]. Chinese

Journal of Solar Energy, 2010, 31(2): 197-202.
VENKATESH S N, SUGUMARAN V. Fault Detection in
aerial images of photovoltaic modules based on Deep
learning[ C]. IOP Conference Series: Materials Science
and Engineering. IOP Publishing, 2021, 1012 (1);
012030.

B, B, XRFET, & LT HEHMSES I 10R
BRSNS 0 [T]. P i BL TR 2 4l
2019, 39(23) ; 6981-6989, 7111.

ZHAO B, LIAO K, DENG CH Y, et al. Recognition and
analysis of photovoltaic panel ash accumulation state
based on convolutional neural learning[ J]. Proceedings
of the CSEE, 2019, 39(23) ; 6981-6989, 7111.

FM, AR, ASHEE. LT InceptionV3 4511
JCARA MO LL AP BG4y R ik [T]. ot 4
w3, 2022, 43(8): 90-94.

JIANG P, LI M Y, LUAN Y J. Fault classification



184 RO O a5k
method for aerial infrared images of photovoltaic modules and gray conversion technology [ J ]. Electronic
based on improved InceptionV3 network [ J ]. Laser Measurement Technology, 2021, 44(11) : 96-102.
Journal, 2022, 43(8) : 90-94. (23] Zubfl, X0, Whig, 55, 2k Tt EfficientNet 5% 5
[18] WANG X, YANG W, QIN B, et al. Intelligent PR 5 4E 8 BoAG TR [T]. A SR 4,
monitoring of photovoltaic panels based on infrared 2023, 42 (11) . 114-118.
detection[ J]. Energy Reports, 2022, 8. 5005-5015. LUO H W, LIU B, YAO H, et al. Lightweight gender
[19] HONG F, SONG J, MENG H, et al. A novel framework and age estimation algorithm based on improved Efficient
on intelligent detection for module defects of PV plant Net [ J]. Transducer and Microsystem Technologies,
combining the visible and infrared images [ J]. Solar 2023, 42 (11): 114-118.
Energy, 2022, 236: 406-416. [24] S0, o0, XIBE. TR SALE 0GR 41 B
[20] EAR, MRY, Hos. SCRAENZ MR BEA R Bk [ 0] A6 mUML 28 i K R 2 2 4, 2022,
G 5L ()], WL RS2 (TR, 2022, 48(7): 1304-1313.
56(8) : 1640-1647. FAN T, SUN T, LIU H. Hot spot detection algorithm of
XIA J F, TANG W Q, YANG Q. Automatic detection of photovoltaic modules based on attention mechanism[ J].
hot spots in photovoltaic aerial infrared images [ J]. Journal of Beijing University of Aeronautics and
Journal of Zhejiang University ( Engineering Science ) , Astronsutics, 2022, 48(7) . 1304-1313.
2022, 56(8) . 1640-1647. 1EEZ/N
(201 EEE, S, $5, % sl UP-Net 0K AR I A S G5 4 , 2000 4 FAE L A

[22]

BREG 23 5 2k [T, B Ah 78 E R, 2023,
42(2); 177-184.

WANG SH, WU H, PENG N, et al. Improved U2-Net
defect segmentation method for solar cells[J]. Foreign
Electronic Measurement Technology, 2023, 42 (2):
177-184.

Wz, BREE, RN, 45, T POl B 5K B e i
FORBDCIR S B BEAT I I [ 7], B 7R HOR,
2021, 44(11) ; 96-102.

LIU Y, CHEN M ZH, XU SH B, et al. Defect detection

method of photovoltaic array based on thermal imaging

REAAF AL, 2014 SR TAEILH )R A%
| T, A A, B AR AL Ty A R A
FEWFETT N BRI R G I R B

ARSI T5 7%

E-mail ; you. lv@ ncepu. edu. cn

Lyu You ( Corresponding author) received his B. Sc. degree
from North China Electric Power University in 2009, and received
his Ph. D. degree from North China Electric Power University in
2014. He is currently an associate professor at NCEPU. His main
research interests include energy system modeling, optimization,

and condition monitoring methods.



