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Photovoltaic Array State Evaluation Based on Fusion of Grey Relational Analysis and FCM
WANG Chuanzhi, WU Hongwei, WANG Shinong
School of Electrical Engineering, Anhui Polytechnic University, Anhui Wuhu 241000, China

Abstract: Objective With the large-scale application of photovoltaic (PV) power generation, photovoltaic arrays
operating in natural environments are prone to frequent failures. To accurately predict the state of photovoltaic arrays and
improve the operational safety and power generation efficiency of photovoltaic systems, a method combining grey relational
analysis and fuzzy C-means (FCM) is proposed. Methods First, a mathematical simulation model of the photovoltaic
array is established to perform a grey relational analysis between the simulated I-V curve data and measured data. The
health index of the photovoltaic array is then calculated, and the health status is classified into four levels: healthy, sub-
healthy, abnormal, and faulty. Subsequently, for photovoltaic arrays with sub-healthy or abnormal status and similar
health indices, the fuzzy C-means clustering algorithm is applied to cluster the corresponding PV array data to obtain
cluster centers. These cluster centers and test data are used in the Gaussian membership function to determine the state of
the photovoltaic array. Results The proposed method is validated through simulation and experiments. The results show
that the combination of grey relational analysis and FCM not only reduces the demand for operational data and
computational complexity of photovoltaic arrays but also accurately identifies the state of the photovoltaic array.
Conclusion The integration of grey relational analysis and FCM addresses the issue of imprecise state assessment of
photovoltaic arrays using grey relational analysis alone. It also reduces the data requirements and workload associated with
fuzzy C-means clustering for state assessment of photovoltaic arrays.
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Fig. 1 Status assessment system for PV arrays
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Fig.2 Flowchart of health level classification

o] vtz |

based on grey relational analysis

TR CHR BE GRD BME w 5 i 5E 5 9 4] 4y
DCRC , AR SCREHC= AR 3 ok KA D SR 2 R

H(6)—(8) W, u, \u, uy Fl u, NEAEFEFEL )RR
B a b e Fld 5= REGRE A, i a=0.5 b=
0.6.¢c=0.8.d=0.9,

R T T b 3R R G AR BE A B (d A, 5]
FRAEEL H, . f@RTeE0TR AR

Uy
H,=UH'V=(ul,u2,u3,u4) . =
U3
Uy
U0y FUy 0y YU vy v, (9)
K(9) 1, U, AR AR 55 RS i SR8

FEE V A RBES B (v, ,v,,05,0,)"=(0.9,0.5,0.3,
0.1)",

H, BTSSR 0~ 1, OGRS AR5 4R T 0. 8
IF, HEE 2 R (il B, T X 6 AR B 21 AT Ak B, 4 ik B
BAUTE 0.6~ 0.8 Z ]}y W {g 5, >4 fdt B 46 4 7E 0.5 ~
0. 6 Z[H] R Sk %o I Ag Bl k5 i Y6 AR [ 91 i2E 47 AR
7 AR 00 R A P Sl B S ER R A7) A I 5 > i R A
INT 0.5 SRR R DGR B A T 44
4.2 CREFALHN
4.2.1 FFESEIER

R T N GAR B B (R R A A | T 0 PR A BE A
BCRFEFR A FE R R AE S8, Bk a0 R 3 A4 i
VERFRIES ™

(1) H— RIS IR Uyopy -

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



%54

IHEF,E REXBEONE FCM B4 0 bR B 7R AT 4 95

U

m

N XU,
H(10) T, n, ARSI H R BB U, W%
Stk 445 FF i L
(2) H—Abim RYIR SR Lyopy :
I

m

n xlsc—ref

(10)

Lyorm =

(11)

X)) 0, KRB A I B EG T, NBH
SEAR LAY S L

(3) iﬁi?ﬁ? Qg 2
u,l,
U1,
A 12)H, U, KGR EES T HL R 5 T, R G AR 5]
) 6 % FEL VG
4.2.2 FCM 5t )@ B i Je AR B SR 25270 3 o
Jiik

AR B4 B R 25 25 R H0 Ui 4 R A P 3 TS, TN
B AT

(1) SRAETD il B 5 45 9 AR B 4 B K ol o
S T R BOE AT A —fk b A5 B AR AE S
B, FaE R R R C,

(2) M FCM RISAIEXTIH—fAb PR A B 51T
BRI FRIE AL,

(3) I TR i pR ORI WG AR B4 471 (IR 2
A H=h

(12)

Qpp =

G 2
w(x)=e * x100% (13)
K(13) W u(x) S x BIRIEEE ;u o IR o
Shy e T R Y R MR e T R B AR L o 1B AT ER AR
A

Continuous

Mooy “Moin
6
K (14) P s, IR S B B (B A /M
(4) HEHMABIRFIES B S &I REDLZ
[F1) 14 S5 Ja B2, BNASGF- 2975 30 5 S Jas 5 #4008 SR T B2 R
INEAT HOAE, SRR e R — TR B PR 4528

ag =

(14)

i 1
TETRFSF AN | | e |
KM A S T

| WANREE |
B I
TR TN
, N2
| whERREc |
IRCTE R
‘ X RSB T L
V| FmremE ks sgee bl | 1
j | IRCMBEREIR 2 s
! b e
FOMIEK RS R P

B3 RREFIREXRBHETRER

Fig. 3 Flowchart of PV array state type judgment
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Table 7 Membership of experimental PV modules /%
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Fig. 11 Basic structure of BP neural network
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