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Abstract: The output power of photovoltaic (PV) arrays exhibits strong randomness and volatility. In the event of a
fault, it can severely impact the safety and stable operation of the power system. Addressing the challenges of low
accuracy and slow convergence in current PV fault diagnosis, this paper proposes a PV array fault diagnosis method
based on the grasshopper optimization algorithm-support vector machine (GOA-SVM) model. Firstly, an equivalent
circuit model of the PV array is established to analyze the variation characteristics of the PV array's voltage-current
curve. Secondly, considering environmental factors and the nonlinear changes in the scale of the PV array, feature
quantities reflecting different fault characteristics are extracted, and the data is mapped into a high-dimensional space for
nonlinear processing. Finally, an improved method for optimizing the nonlinear support vector machine using GOA is
proposed, and a GOA-SVM PV array fault diagnosis model is established, with simulations conducted using practical
examples. The research results indicate that this method can be applied to various PV array models of different scales and
effectively diagnose faults in PV arrays. For a 4x3 PV array scale, the data simulation classification accuracy can reach

99.8088%. When validated using the publicly available dataset from the national institute of standards and technology
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(NIST) , the fault diagnosis accuracy achieves 92.3682%. Compared with other methods, this approach demonstrates

significant improvements in recall rate and F1-Score.

Key words: photovoltaic array; fault diagnosis; multi-classification; optimal hyperplane; GOA-SVM mode

JGAR B2 2 G AR v, 22 6 10 T A AR ), i
THARK W TR L I W 5 5] K B4
S N T D UG SU IR AN U A Y = P O 14
B, H R IADG IR R G R AR, ik e eIk
W %) g s O™ R SR TH L O RS KA
2, [E N AF ALY C R IR R GE ik 12 W H R
75 T A5

UL AE R VF 227 3 Bl 24 1 4% o 2 F 10 e AR
B 12 W ikt JL R EORT 43 O g BRI k| T R 2
H¥E Vi Zek N TR BELSE . SCHR[4 ] i
SOl AR A B RN BR B I B A OB AR B S B BRI
JE VB LA S TR S B S ) R S R T R A 22
I 156, W) ) s [ 20 A Al R o (IR T I
R B R, B TR BE S e P A is AT R 2
A OB E R A E SR, SOk 5 )
b Te NG AR P 51 A PR A 14 ) e B4 i A% ]
Hh R A A TE A e R S IO AR [ 91 Y R 12
Wt , AH 3% D7 125 32 K AUR B2 J PR B3 A0 52 45K, HL 4L
AR T 1 R B S B A%, O R A2
FRORS BE XA, B 52 S SRR SR RS e o SCHRL 67 1od i
I35 ' AR [ 2 1 U i 2, DA il 4 b 32 BRURRAE , R
YIZRATH C X E R 2B A, il o I 2k i i B R 1
SR DN 2t A 6T 5 AR I SR T 32 118 /D, DA 5 B e
G328 AH FOR I AR IBOME FE B . SCER[8 4R T
BT 2 R AR o B A O AR [ B A2
J7 s AHIZBE R ) g A RE B E R OR . N TR R
PALHT AN R B2 ks R . Hoh, X
) /2 HL (supporting vector machine, SVM ) 1 % F
TR S W, B8 AT B R ERR R . SCER 9 )R
T2 2K SVM By G AR 4 1R il e 7 22 W 5 125, 2
SVM 52 1 F8 53 2 H ) 1B 0 B 1412 WiokG T2 5 i
BMOK . A% &8 ot 1% 5k (genetic algorithm,
GA)'M g R 8 % (seagull optimization algorithm,
SOA) "M N T ¥ Bt % ik (artificial bee colony
algorithm , ABC) """ ki - # B 3 (particle swarm
optimization, PSO)"™ K i 5 ¥ (grey wolf optimizer,
GWO)'"™ i 4 & 5 1% (cuckoo search, CS)'7' 45 3k
e SVM 1 HH 5 2 85, 32 v HE UM DG AR B 2]l B
A Y HE R, (BB S ek SRk AT A A U SO

18 25 5 B AN e 38 B A 5 ) e

B X 3K S ] T, AR SO Y — A R T R R —
% F§ 1) & ML (grasshopper optimization algorithm-
support vector machine, GOA-SVM) & & 4 5t {K [
G R I2 W D7 vk o Sfo il ad ST 3 A [A] B 1 DG AR
W 21 45 A5k vl g A Y 2 BB OAN () AR JRE ) L B R T B
e AR B 5 R, o3 B D6 AR 31 B K 22 it 278 A
P 5 P25 S BR45 5  ER 2R AOGAR B 9 ALAR R £ 4 72
o, A8 S I AN [) 5 B R A ) AR AR i, R Bl S
) e 4 s 8] bR AR S G AR B 27 i a2 W 7 1 Y
BN SRR, 51 AR B AL Ak 537k (grasshopper
optimization algorithm , GOA) , L IE L SVM, #4
T GOA-SVM WG AR [ 51l i 12 W A 1 fie the
1 B8 A2 W 5 ¥ 92 B A MO SI0HE A Y i)
IR 5, IR T BB EAT S5 3 A, % 3 AN T
B R SGAR B 50 455 B R A7 53 A, 88 P 56 B ) 52 A o
5 ¥ R WF 5% B¢ (National Institute of Standards and
Technology, NIST ) 28 FF 454l 5 47 B0 Uik, 44 BT 4 7
2 S AE G AE AT X L Uk 1 4R O s Y HE A P
FA R

1 ARBEI R 17

XEOEAR B 5 e LA SR T B O P 2R
AR5 I8 3 XA WL AR BB, o3 B AR X P il e ¢
TR SGAR B AR 22 4 1 1l £k 19 728 A 1 0, OF 2 T IR
LR e e TR B A2 I B RRAIE B L Sl T L 7R
B TR TAEARZS ORI 9 TU # 4 A0 P-U iih
2 AR N 1 2 B .

20
18}
16}
14+

121
10 -

I/A

S~ O
———

LIS}
T

0 20 40 60 80 100 120 140

U/v
1 EFRELRRAAMBKRSTHIUBEL
Figure 1 [-U curves under normal condition and
various fault conditions



174 o R

3

Eid =S 3 20244E9 A

2000
1800}
1600}
1400}

= 1200}

< 1000}

800}
600}
a0t /.

2000 /7

160 150
U/v
2 EFKRAELARAR#EBEKRETHPUBE
Figure 2 P-U curves under normal condition and

various fault conditions

1) o I ke e

ME L 2] LA 264k B 9 K A e B
B B, I FRL O Tsc 28 A AN K, JF 8% L TR Uoe 22 1R AR
K, BH RIS Aol B3, W, % UK
R 5 B Loy B TR UL MU TR Uoe 1 R ol
B AEAIE

2) JFi R

MOGARBES K A T 6 R R 6 B A O Lo A2 AR
AR, FF I HLE Uoe 2B AN K, LR K ) 3R 4 1 A5 4k
3 DR, PR B K ) 2 A AL I L, LR U, R
LU I 1R Ry JL B RRAIE

M1 238 0] LA AR T IR # B AR, Y
SR S e R R R B A T B R B U
M e A T s e B B R U O S o B
T R el A B G SRR AR B WL 1

F1 ORKRMIFAHA
Table 1 Simulation sample of PV array
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e 4 3 174.77 15.91
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1 1 15.38 3.10
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Figure 3 Schematic diagram of support vector machine
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Figure 12 Effects comparison of various algorithms
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