Vol 44,No.01 =k 2 9 A4 1
Jan.25.2025 Zhejiang Electric Power 20254F1 H

FEF R AR S A Hads TR iR AN 5 1
2 &' F F, KEF', RRE, £ B, EgFE

(1. EMYLIRE B BRA R T AL AR, 1179 Jo8  214000;
2. VHZEASI Rop v, A M R A 2 ) 58 T 26 =S, P28 710049)

 E: %S REMRTE SRS NS R EE N R . b TR S 3 S ARy
TGRSR, B T — R TGS R TSR B U . e, i N T Yes i
T 7 AR S 0 B — IR A BTG REAR SRR &, FRAEASAEL H OGA A N AR S BS54 i 1) i i —
Gockde . B, i e Y OCHEE S| A KPCA (B R0 ), A SO RIS B i 43 A e B e 4
fE, FETEICIEYERE o T8 2R THBR A KPCA &5, = 4EFIEF25 0] o, 51 A KSVM (B 2Ry ) bl )
L TR T RS RS AR e R o SRR, % O REAR R R T AR TS A i TR MR SRR B T
93.75%, Xt TFIRE TSR AT AR BIERT R 5 T 80% . BFFT B B A 48 2 115 o BB D 447 A
INZERFEPEARBAE T —Fhpr B, IR A R RS0 2= V5 8 B S T 2% =
KA MERHRIG GBS YDEREIG: SR, SRR T
DOI: 10.19585/j.2jd1.202501013 FrRRtE (R IRARS ) #RIAF8 (OSID) : i

A method for identifying surface contamination components of composite insulators
based on hyperspectral imaging
MIAO Jin', QIN Jun', CHEN Junyu', WU Junfeng', REN Ming*, LIU Runyu’
(1. State Grid Wuxi Power Supply Company, Wuxi, Jiangsu 214000, China;
2. State Key Laboratory of Electrical Insulation for Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The surface contamination components of composite insulators significantly influence the pollution flash-
over voltage. To develop a more efficient and practical method for identifying typical contamination components, this
paper proposes a hyperspectral imaging-based identification method. Firstly, silicone rubber samples with single or
mixed contamination of seven typical pollutants are prepared using standard artificial contamination methods, and
hyperspectral 2D pixel data of these samples are acquired under simulated sunlight conditions. Next, kernelized
principal component analysis (KPCA) is introduced at the 2D pixel level to effectively extract pixel data features of
the typical contamination components. A 3D feature subspace is then established in the spectral dimension using en-
velope elimination and KPCA. Finally, the kernel support vector machine (KSVM) algorithm is employed to iden-
tify the pixel features of the seven contamination components. Results show that the proposed method achieve an
identification accuracy of 93.75% for contamination components on the silicone rubber surface and over 80% for
mixed contaminants. This study provides a novel approach for rapid on-site analysis of contamination components
and flashover characteristics of composite insulators, as well as a reference for live-line inspections and pollution de-
gree measurements in laboratories.

Keywords: insulating silicone rubber; insulation contamination; reflective spectral imaging; contamination de-

gree; spectral feature extraction
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Fig.1 Hyperspectral imaging system in the optical darkroom
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Fig.2 Spectral curve of halogen light source
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Fig.3 Hyperspectral 3D data cube
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551 2 &, % ETROGEREIE G U5 TR IR Tk 129

0.20

—a— PC1

0151

0.10

0.05

Bt
[=]

-0.05

-0.10

-0.15F

~0.20 1 1 1 1 1
0 30 60 90 120 150
WBFS
(a) R34

w

( aS0, Kanhn

3

CuSO0, CaCl, KY5
(b)47 /f}zﬁx( (ﬁk 542.42 nm) B

El6 RitEEFHHERRE®R

Fig.6 Images of cumulative loads and characteristic bands

—e— Fe,0,
1.0 —e— CuSO,
—— CaSO,
——Si0,
0.8 —¢— NaCl
—— CaCl,
—— i
L —— K5
% 0.6
&
= 04F 2 H 7\ et e
o
" / Y A N - S e e e
¥

pas SRS g

400 500 600 700 800 900 1000
K /mm

7 &isHERTHRLE
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