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Abstract: An image processing method based on the HSV space model with an improved K-means

clustering algorithm is proposed to accurately identify and extract the hot spot part of photovoltaic

modules. First, the infrared image is transformed into the HSV space and bilaterally filtered to remove

noise and improve the image contrast. Second, the Gaussian kernel function is used to extract the image

grayscale probability density function, and then the initial clustering center is obtained. Finally, K-means

clustering is applied to the image using prior knowledge to extract and quantify the hot spot defects. The

research results show that the method can quickly detect and locate the hotspot position and calculate the

degree of damage to the photovoltaic panel, and has high accuracy, good sensitivity, and stability.
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Table 1 Zenmuse H20T infrared camera parameters

Wavelength Measuring Focal
Resolution
range range length
640x512 8-14 pm —40°C to 150°C 13.5 mm
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Fig.2 Comparison of image pre-processing effects: (a) Original

drawing; (b) Pre processed image; (c) Gray distribution of

original image; (d) Gray distribution of preprocessing

image
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Table 2 Evaluation table of K-means improvement effect

Algorithm IE DBI SC
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Traditional K-means  3.5804 0.4719 0.8248

SR )T AU R JE S mT DA Ok Rk R R
AR, RS IR AL G KO SSME SRR K ME
BRBNE 20)#HT 100 YasHEXT I, 4558k 9
Fior, b e g K SRR, K (g sz
RFL 100 TR RFIHME, W AR SEZ oA U R
FOEIEAR L. WEIFTTCUE , 4 K $EFE LR
FEEHL R I IG R, AR LA A AR
ffe e, Him K S im/MEARZE 26 X, THEHEERALYE
e ARSCHEIEVIME TR ORE R I T/ EIR
A By IR PR 2R 5 P, e i R RS B B RO,
IEARRELE 72 A 18 1K, REME KR FEFR T+ SRR T Bk
FE SR,

40

Results of improving K-means
— — — Results of traditional K-means ]
35 Average number of iterations ]

Number of iteration
= 8

%
=1

-
o
T

0 10 20 3 40 s e 70 80 0 10
Number of execution
K9 AFSEAIEAGE XL
Fig. 9 Comparison chart of iteration speed of different
algorithms

3.2 BHIRMREITME

N T B AEA SRR AR AT S S A 1 3%
P, ASCR K AR5 3CHR[25] [8IFTHI T ik
BEATXIEG, SR 10 frs.
480

SCHR[2577E THUE A5 46 g b o 5K i HE4T iz
fiff, F4hE OSTU BiE A ECR A Bt sk iE, &
10(c)o SCHR[25]50 #7100 e 78 R UG, AN RETER
SENL A, X T8 A KE S RS UG I 3145
FARZEBR, AR A DR 5 5 R D #A B
B, o HIAREE . SCHRBIAI B #E ki il &
IR UBE AT EUR SR FAIRIL,  REa8AG A g S T
P, PP O BN HER, (2L 52 B USRI,
NG G AR B AR R B 3G il — s T3, i
10()FT7R o AL RERS A 20k G 20 7 BUR (1 75 5
BEUS T, R A IABEALE KRN, Xk
R AR BEAS A B R

L 1§J; p

Bl10  RESESBERIIR E: (a) Sod K 39EF D 05
K ¥MEEE: (o) Budt OSTU 5k (d) B HE&&R/N =
P ik

Comparison chart of different algorithms for defect
detection; (a) Improved K-means algorithm; (b)

Traditional K-means algorithm; (¢) Improved OSTU
algorithm; (d) B-spline least square fitting method

R T S B UE A SR SV T AT, SEERSR
FRIRRIEA 84 HrikBrshfa etk 44+ 20 71 5 gt
AT, BB K BN S 5 B MR HG LU R AR,
PRI A, KE#E P, BREIE R MGEEE FIERN
PEMFEAR, A2
— TP+TN
CT,+T,+F,+F,

— TP

T, +F,

— TP

T, +F,

— 2TP

2T, +F, +F,

A Tp NRABEERFAIET 2RI s TnoNAERABE SR
FEAIERA 73 2R ELH s Py o ARBEA E AR RABE A E
Fp ARSI i BB 5 H

MARSE R ank 3 s, AILAEH, T4 K
YME SR AN SCHR[ ST ekl 77 7%, 2T HSV =% A4

Fig.10

(20)




Fa6E H4W
20244 A

B B I T G K (RS C ARBR B A I 77 3

Vol.46 No.4
Apr. 2024

®3 AFRSEFAERG
Table 3 Results of different algorithm indexes

Algorithm Accuracy/%  Precision/% Recall/% F-measure/%
Improved K-means 90.86 95.95 85.54 90.45
Traditional K-means 84.92 82.67 81.58 82.12
Literature [8] 85.79 88.41 78.21 82.99
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