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Prototypical Network Improvement of Photovoltaic Panel Defect Classification

HUANG Yan-Qian, CHI Dong-Xiang, CAO Jun-Ye, HAN Jing-Xuan
(School of Electronic and Information Engineering, Shanghai Dianji University, Shanghai 201306, China)

Abstract: In the field of photovoltaic panel defect classification, since traditional defect classification methods and
emerging machine learning methods have limitations, which fail to meet the requirements for such classification, more
reliable solutions are urgently needed. In recent years, few-shot learning, which can quickly learn from@"linﬁted data and be
generalized to new tasks, has gradually sprung up in various fields, bringing new ideas to thesoptimization of defect
technology. Based on a typical few-shot learning method, the prototypical ne?fwork method, this study proposes an
improved prototypical network-based defect classification method for phdtovoltaic panels. By complicating the model
backbone network, improving the model training mode and adjustiné the similarity measurement standard, this method
can effectively solve the problems of the poor feature embedding ability and general classification effect of the
prototypical network for complex samples. The'method has been verified by several comparative experiments on a classic
photovoltaic panel defect data set. The results show that the experimental time of the improved method is greatly
shortened and the model acéuracy is improved.

Key words: defect classification of photovoltaic panels; few-shot learning; complex samples; prototypical network
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(FAU) AR AR B B pE Bodl 41, 8 2000 7K B
Ty B o A TV AR HLAR R 2 ) SE PRz s N sk
M, 15 273 BRI BT (R BRIARE R #52 300%300
BERKERE, BRI 20 N FEZEA R BLE.

A 4b, A SR I8 4 B) B0 4 PVELAD $07
FEPTL R T AL TP 2 DU R S A R A I
AR, WE T 50 2835 36543 5K 300%300 UL 4L HhER
MG, AR RECE 60-70 MEEA, £l =8k,
A5 SR C AR B A U, 5 AE55 50 B JE 1 (B
P A1) AL, v DU SRAE il B B 5.

3.1.2  BREES AR

TESCARMR R B 73 S sy, BREA I 2R 2 B E 2%,
ARSCR AR5 BRI 55 1 KR 2 BB, T TR I8
Tk R RN o BB S, S A B B A R s R BRELERL, G
% 2 PR,

K2 ICRAREREE
RS SRBE AR SRR R 225 3CHR
TR W, Rbr. B, BB R RERSL TR, BIR. SRRAEFr AR EE, e ORAR R T A 5 1A B R [28]
SALES KHEC. JEER. M. STHE. DR ShRAERARLE, Je AR AR X S8 1 A ) AR [29]
(DA Wi, ML, A V5EL L. B SERME R L, SR RIRUR AL B I 2 REUESUDINARL [30]
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3.1.3  HuEmisk e

H, SEPRIRAF I S5 46 B R BE A 12 1 A B T
AR MRS RGO, X TG e o AR A 1 B kT
ARG B B 4 S fE.

AN JFUE A B DL T PR 5 AL B

(1) ZIBRH A A, R AT REORIE T FEA Y
SRS AR, HEBR T

(2) JELAE H s 4R I SR B A AS AT REAS 1k 2Rk
B, FLEA T R, A & o FE A B AR AR SR
BRI (BB BT, SR 5 4% BRI (10 8 A7 TR B 1)
SR e ST A e H, 45 3T FH ) S B A .

3.2 BEEH

ARSI AE Ubuntu 18.04 HIHRAE R 48 F 4T,
KM T Intel(R) Core(TM) i7-11800H (AL ES, T 52
56 A FL ) CPU+GPU [t B /2 2.30 GHz+6'GB, W17
5% 16 GB. IR tt24h, ASCHUSL 015 & 2 Python i3,
7£ Anaconda (Python 3.6.5) H) 4 FEHE 4L T iFkAT 5256, 52
5[] IDE #& Visual Studio code, K T £ % PyTorch.
Sklearn. Numpy. Cv2 SFiAT HI5LIE e K S A
%, BRI SRR 70 AR 4 AN

(1) #5570 =T 4% AResNet FORIEE, SEEE IR 6 20.

1) FI A PyTorch #EZ2 (Torch AT nn . sequential
JiE VL ) functional JE) #4 % ResNetl8.

2) 7F ResNetl18 [ 5:Al I, FFH Torch B 1
nn S [RIVE R (SAM) ALEIE T 8 (CAM).

AResNet 2 BARSCIL T LR 8 M4

1) Convl: — 2.

2) CBAM: 7 [A)yE: &y e+l i w8

3) Conv2: & 1 /> ConvBlock, fL5 T 2 ANk ZEHE.

4) Conv3: 5 2 4™ ConvBlock, @%\T 2 HR R

5) Conv4: % 3 4 ConvBlock, f14r 7 2 MMk 8.

6) Convs: 4 3 4 CoerBlock, AT 2 M RZE.

7) CBAM: 75 [B)j¥ & J1 B+l iE & J1 3.

8) Fc: &ik4% 2.

(2) LGS & 1A 55 B 1 A B 2l AR A Dy TN 25
B 4L, 1% Episodic Training i)l x5 3 7)1 £ 5
A, .

1) R4 73 KA 55 5, FIH PyTorch HEZE TR (1)
dataloader % 58 B T 25 ¥ (PVELAD 4 B £ 42
BT S5 HHE) Ik

2) A GPU, Z kIR >) AResNet [FI4554,

TS24 B R VR B\ B

3Tk, P T VI 25 1 T80 Sh A AE i8N 24 BT 45 (1)
SRR BeFEREAS (W Torch P2 S2BL), 43 Hish

1) JeI A PIL G Ab38 55 3 4 PyTorch HEAL R
{1 Dataloader P 52 't AR k£ 45 1 P B0 3 B
RN (K3 Episodes /NEHR4E), TR FAAEAL N &5k
TRAR BB RE AR (SRR A+ TE 8 A R I 1 HE 2
(f(AResNet)); ‘

2) 57 FF A RE A (0 BEAE G S4TSR 2 (8 (mean
BRH) TR 1, A s SR R R S A G 25

(3) 46 30 3 22K SRR G 1) 26 73 2 ) 4 45 ) 2
U NG — AN 0\ 25 1) o, 260 A Torch 4218 i
S R A 2F% T TR G D R A 4 4w D 194 T 7 BRK G B
1 BUAR LA ;

(@) 13 Softmax 2 24 X LA HR UL FEE 3 F M 2
SMA, VL BT AR R A A R T — 2K A, T
KT R AR 2 BIBR S, I 15 S BR 2SS XU
loss H b5 R %L (Torch FESLHL), a8 i 6 BE I [l 3% 23 AN
W I AL () 3 T 0 4, JRTT B8 3K 45 — M 75 I e
R 4B BT BRI R AR 4 2 5 L
33 RN

AT RIS FE (accuracy) ATS2E6 N (time) 1F
o ST VA U, 1 B AL SN, — ZLAE A STk,
S L4771, E SGH TR 0 RN 4 LA
T 925 (ablation study) T RGBT VR 8 A
Btk 2 b YT, b B UE ANRE AR 2 5 5 T 7
R a4 T T3 S 1 A

R HE SR, ML GEHL AR S 5 7 (KNN)
st LU BRAE, DA /N RE AR 2 51 W 7E SRR B b 4 25 4
5= NIPY932E (4-way, N=4) F175 528 (6-way, N=6) ]
SRR, FE BT R P, DU 4 HSE R BEE R, %5
AT 10 MK, BIEEAE T 5 A, MikEn s
T 5 AN NS B BRI 7 AR
SebbA, WAFEAE T 6 MK, WRELS T 7 4%
VU535 45 2P B B T WAL T Sy, — 2% B IR
L/ —RIIFEARECHN 10 4> (10-shot), F5—2H B E WL
i —RIFEAECH 30 A (30-shot), Y ZREE MGG IELE
H— 2K (R AR T 10 A4S (B8 20 4N, B A&l
% 3 R,

3 IR T A GiHL B8 2 ST T IR RUNRE AR 2 5]
VETE S R AR BRI AT 55 B 4 S 2RO B 5
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BLEE 2 2] 77 (KNN) FVNRE AR 22 2] J7 ik (B0t i Ja
(1 J5 B X 2% 7 V2%) 44 RRAT 55 73 R4 AT 55 BE B Rl 4
TN WIFEFIMIRE (FAZE ), MR 5
BRTHET AWML R X EEENS KN
AN, 753N 6 A, DRAIE YIRS 1K 28 5l 4
KT DR AR 1 2 50 2 (X B B DU 49 280 12 A2,
NN 8 AN FiAh, AR G bR 2] TR AN
T B LR R 1 7 B 4 2 5 AE S5 BRI Y 43 2K A0

INAY R, INEAR 2 S D7 E T 4-way 10-shot/
30-shot Al 6-way 10-shot/30-shot [¥] BE ML K AL 7 20k £
4 RFAL S (N-way K-shot 15 3R), 43 55l % w7 PU 432 Fll
IO HESEEG ;s BRI A, ANFE AR 2 5] 05 A TR A
B4 BB 25 (PVELAD 3045 48) Tl g 28, 1)l
GBS RMAFE -8 THETE 4 ERE
1 ZH 5 bS58 (s 36 45 SR R 36 4, B S SRR RS 1
Al AR I

L\
B3 G S AEGE R R RN R RS B R
- R EZETT T R
EVEIIES Jiik KR 5 R 5 FAT 5 SRR \.\ AR SRR
- y, Y & /NTF-4 i INT4
R ERHURR e | APIPL T ST AEERL 0T T G, 1T T

(Sklearn3E 1) e E] l‘@m%ﬁ/f\ﬁ%

CRBEAR B ED ESE Y ST ) ESE NISE g
S/(MEHL, NFET % o/BENL, NTETH 6/(FENL, N TFETH

B =N )] ESEFNISEY) FREAR AL
A BRI (1E%) — )
4%way 10-shot/[[4 532
a i . 12/(=10) 4/(=10) 4/10
| HOBTER R 4-way 30-shot/PY 432
L AWML 6-way 10-shot//N K 86330 62230
§ " 6-way 30-shot/ 735> (=30) (=30) 6/30
4-way 10-shot/PU 432
’ 30/(=10 10/(=10 10/10
PVELADHHAE (S S SR b, I SRS R0 A-way 30-shotPU5) 6 =19 =19
& F/NBEAR S 51T, TRINZRIEAY) B8 J59% 6-way 30-shot/ /N 702K 30/(30 L0/>30 '
6-way 30-shot/75 72 (=30 (=30 10730
T4 LGRS ) TR A SGHE RTJS 0 R TR R 2 E AR AR BRI 2 2 S50 i R B
R Y5 (B s EpisodefT:-45 CRA#F7730) ARG (%) S8 FH BT (min)
KNN IEIES — 29.1 4 A b
B AViES — 374 L 189
\ 4-way 10-shot L 682 = 114
— R SEES 4-way 30-shot | 698 126
S A N 6-way 10-shoth, | = 67.5 132
a 6-way 30-shot 68.6 145
« 4-way 10-shot 70.3 127
. SRS 4-way 30-shot 71.4 133
TS0 B 2 ) % HeARBT B3 5
N 6-way 10-shot 70.9 129
N 4 6-way 30-shot 723 135
5
o e N "
(1) *t HS/J\#.ZIK#ZI JrE, LA KNN AR R KL% I RAE AN A A

5 2 7 IR IR RLRS BE AN B 50%, S (1% T ik iy s ) Ji
A28 7 i IR L.

(2) /INBEAR 22 2] 5 1 v St i B S R R 4 75 0
(K27 2] R A O AN, BERRS FE REIA 1) 60% LA L,
oSt R R I HE R R v LA F A L

FLIR, BRI SR I, T DUACHL.

(1) G5 21 7572 (KNN) (1 SEae 8 i i, i
2 v T R A SR AN 48 5 1%, /5 3 AN BN e
SE R I 1 7 2K, T et T I A S 2R R 2% 9 1 S
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(2) W T /ANEEAR 22 2] 07, R ST R FE B v, 3
SRR A SR S I 5 A ) 4% 1 S B FH B 22 B
10T o5t J5 1 5 15 T B AR B 2 S 80, M SSOdE R
JiESEES B B4

SR 5 A2 YH AL 56 (PA 5-way 25-shot {4 ablation
study FSES W E), KIS HORE WL 5 Pros. T
TR — PR IE S Ol 2 A A R I
PR LA SO 2 A S S R AR, SR A R K 6
H7R.
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®5 0 BCHEHTE AR B £ N SIS B0 B

EAEE S KT R AT S YIZREE TN/ FFEAR L IO EE ST/ B SFEAR L TREE T/ FEAR L
TR A AR AR e s H A £ e
PVELADEGR 5-way 25-shot/F1.5r 35 10/(=25) 5/(=25) 55

F 6 Sk ET A T Y 2% 5 b SE SR R I
(3T 5-way 5-shot)

GRIRTIN . BERVKEE WA
Tl A L
_— Tt I R o (min)

ATLIR B 59.4 68
SMEEE AR E  BRICHE R 61.8 74
THRRIREEE  63.9 70

ConvNet4

A1 R4 Bh R RIL R 61.1 76
SERIRIERRE  BRIREERS 63.5 83
48 SPHBRICEER 652 80

PN ) 65.6 122

FMERAREN SRS BRIREERS 68.9 132

AResNet PEKREER 700 125
SMERE B /%E‘ZEE%; § 672 140
SRR Wi PGP &) 70.3 153

ESMIRE  PARKER 717 146

H#% 6, ATLUR IR

(1) FE TR 25458 2R PR B B2 & AH R IS L T,
AResNet 1E A 3T W £ YII ZRRFAE RN 2R 00T DLEUAS L
FH ConvNet4 B = AR 2.

(2) TERFAIE RN B8 BN TN 282 A R R 1 00 T
K FH P 07 WP R B A g BE 25 FiE 2 e TS o v (1 A B R
FE, BEARRRHLAT 65% LA A AYRE B2, UG BRI EE
B, R E R R RIS,

(3) 7EH A PR 28 PRAF — FmT, 3 I 245 (1) 5 44 5 bk
5 (AResNet > ConvNet4), sS85 R B K 78 HAb &

TRFF— B, 45 GRS AEAR TN SRR 2 SE K U0 |

A 5 4, 75 H At PRI 35 A AR IR, 396 K 06 B 1 fr S 06y
%W%&E&%%ﬁ%%@%%ﬁ%%ﬁ%%%ﬁ
1S P I e s |

L4 T 2L Sy MO A 7 23 ) % 4 4 £ T A 5]
F) 250 SR 2 B A 1), A B T R R 8 5 A 280 o R A Bk
PREAS (0 REAE, TR 42 PR TR o R A B3k 2 £ 25 3 AR 114
X, i 2 FE B B v 1 ) 4 4% 6 AR AR B B A
KB ; BAG, B TN 2R =T DAL 2507 2 5] i
Foor G T AT S REACREAE, B DIRE T (¥4 2535 I T,
— 35 S BT R S AR B BT, 5 T S 25 A5 A 47
NRE T, ST 3R TR TR FRORS B2 59 b, SEBR thiE B 1P
7 W P B B3 it e/ TP B v S5 A T B ek b Sy
A, i FLE— 354k T B 5 R B A e [X 4

FE, AR FF BT FOORS BE, T FLARAL T M AU i
OVRL, SRTF 7 R 433300, kb T R B 8] A
Bt A, Bk 2 A 0 4 4 T LAk D7 VR T 4T A
RURERE, 7896 IRBR B 53 2K TR AR AIE 7 A% SO0 J5 34
RSt 2 A REAT 2 R L N
4 dim N

3T AR, IR ASR =] — B T P 4 2
A B R 7 T B S T T, R
AHR BT R LT 2%, 4 S4B B/ RE A ST B R
SKASANE B I, 4T AT /N BE 22 ST R R A 24
At i ) S /N 2 30 YR E LN A 5
A ) R o R P AR B R A MURR, AR S R R
90 25 B %, et 7 49 2 TH O 2 4 TR AN ) J) B
e, 5 T £ TR % 7, B Sk A

(1) 321 7 9700 % T/ 26— AResNet T/l %
R 3 TR BEANR 7 % 2K, SRR X T
2540 RCHHE 19 S FERMRAT R 77, SR FHRORS B

(2) 32t T RIS 46 4 T 45 B2 0kt A 0 5130 B
AR REA I 77 2R3 TINS5 L, LR H A B 2
£ B B AT 25 IR REAR RS U R B (R 75 (0 8, 1
1 AT B IS T e R A BB

(3) L0 I B i T 7 K G B 3k
SRR R, D8 K R KR A X 431, AR
5 A I 5 B R A 2K B

7 SCAE 52 SIS R A B S 4 B T 4L
o He Sz, 677 9 DA B % B 2 AL AT ST, 236
bR BRI 3 T 2 X4 (AN Bl ) 2 B A 7
S AEACR IR IRT . BN, TIAS B2 A4 T
BT 4 2R B B D (5 VR A A 4 B K
FEFRTTY, BAiE T ik B3 O R AT AT b, R T
INKE A 25 SRR AR AE T BEARIR AS (MR 2, 7E K e
KA IV PR 7E 525 Tl ATUSR 56 DR AR B 42K 5o

SE 30
1 Chaturvedi P, Hoex B, Walsh TM. Broken metal fingers in
silicon wafer solar cells and PV modules. Solar Energy
Materials and Solar Cells, 2013, 108: 78-81. [doi: 10.1016/
j.solmat.2012.09.013]
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