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Tab.2 Comparison of insulator defect description effect

R ER

B E R

SEFE B

1.LSTM

caption: “an insulator can be used normally”

B —MIEWWALLT

2.LLaVA

caption: “the insulator in the image has a piece of
plastic, wrapped around it”

B B IS R PR

3. AR

caption: “a white plastic bag is wrapped around

the insulator”

B A A OB RIELL T RN

BN 2 Hets

1. LSTM

caption: “a disc of the insulator is intact”

B BE TR REEN

2.LLaVA

caption: “the insulator in the image is damaged”
B B IAE TR

3. ATCRERY

caption: “the insulator was burned”

B BT

1.LSTM
caption: “a good insulator without damage”

B A IEWEH R4 T2 380

¥ 2.LLaVA

| caption: “the problem with the insulator in the

image is that it has a crack in it”

B B AR R R AR — SRR

3. AR

caption: “a stone is in the middle of the insulator”

B TR R sk

® N B fsi

1.LSTM

caption: “an insulator can be used normally”

Fe — A IEEWALT

2.LLaVA

caption: “the insulator in the image has a damage
in it, which is a defect that could potentially cause
electrical issues or even a short circuit”

B BRI AGAA I, X2 — AT
FL A1 A 2 T B [

3. AR

caption: “an insulator with a black burn mark”

¥ B TH R ORERT

(((

AR B

1.LSTM

caption: “an insulator can be used normally”

B —AMEWRALT

2.LLaVA

caption: “there is a crack in the insulator”

B MG TARTE— SRR

3. ARSCHERY

caption: “the damaged area is in the middle of the

insulator”

B AT A — 7 X IR

1.LSTM

caption: “a insulator can cause problems”

B — A2 REUN B4 S T

2.LLaVA

caption: “the insulator in the image has a crack in
it”

B B IA SR — kR

3. AR

caption: “a crack in the insulator”

B —MEERSENLL T

@R B

1.LSTM

caption: “a broken insulator”

P — AR LT

2.LLaVA

caption: “the insulator in the image has a crack in
it, which is a sign of damage or wear”

B BRI G T A R E, RN EUE R
LR

3. ASCHER

caption: “one of the discs of the insulator is

damaged”
B G A R R R

OFE 3734

1. LSTM

caption: “a disc of the insulator is intact”

ETlE G SRR RS E Jib)

2.LLaVA

caption: “there is damage to the insulator. It has a
crack in it, which indicates that it is not in good
condition and may not be functioning properly”
B G TAAEBUR, B DMREELLT Lk,
IR L2 T IRE AL, WRASIER LIE
3. AR

caption: “the crack is in the middle disk of the

insulator”

B REEELGT Ry

R,

wmx E @R N “one of the discs of the
insulator is damaged” , BN LT — 1< H
SEAR Y, AT UL BT B O i R 08 HE R R R 4 2% 1 )
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A ISR S T R IR A R, X AR SR R IE R
Y21 AT RIOA SN, S5 R WK 3 b, BT LSTM
1) G A R B BRI 5k R A &% T RB R Y “a
good insulator without damage” , B & %A 45 1
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IR A A MG N E R A& TR R E, W
“image” “show” Fl “large” %5 ia] B AR WL T 44
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X 28 21 ) IR HOIRZS STA ik S mAERf , I B AT A
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Tab.3 Comparison of normal image description effect of

insulator

(8

I B & SEE i

1.LSTM

caption: “a good insulator without damage”
B —MNRABGN B AL T

2. LLaVA

caption: “the insulator in the image is large”
B ARG TR

3. RS

caption: “a good insulator without damage”

B o ANRAERINEG T

1.LSTM

caption: “a good insulator without damage”
B - MNREBIR L LT
2.LLaVA

caption: “the image shows a large insulator”
Fe ERRRKE - RLEGE T

3. ARSCET

caption: “an insulator can be used normally”

B —ANIERMHNES T

EH BB P15 fif ik

1. LSTM

caption: “a good insulator without damage”
B —MNERAMGNERALLGT

2. LLaVA

caption: "the problem with the insulator in

SEEEbEH) )

the image is that it is broken"

e BIIAZTHR T

3. AR

caption: “a good insulator without damage”

B —ANRABRGINAESE T

1. LSTM

caption: “a good insulator without damage”
B DNERABGNEBLASL T

2. LLaVA

caption: “the image shows a normal
insulator”

B BRRRT AN EENLGT

3. ASCRER

caption: “an insulator can be used normally”

B —ADIERERNLESE T

2.2.4 5T BRI VR A 15 bR

B Ja BEAT SO S IE E B VR SR XU PR A B
NPT 4ER (Bilingual Evaluation Understudy, BLEU)
BT R BR3P 48 A7 ( Consensus-based
Image Description Evaluation, CIDEr). & T 7 [A]%
(1P FE PR (Recall-Oriented Understudy for Gisting
Evaluation, ROUGE-L) & 2 HE 5 I 8 13 U7 4l 45 b
(Metric for Evaluation of Translation with Explicit
Ordering, METEOR) LA K i S il 1) Bl 5 538 18 A
( Semantic Propositional Image Caption Evaluation,
SPICE) HEATHEREMIIR, R WK 4. K 4 W LLE
i, A ST R T 3 X0 P AG B #{ BLEU i 2
83.51%, AL LSTM BT+ 22.52%, AL LLaVA
A $2 Tt 8.93%, Al 7E CIDEr\ROUGE-L.METEOR

x4 BEGERREIERLE

Tab.4 Comparison of image caption model
PEAT AR LSTM LLaVA AILTT i

BLEU-1(%) 72.29 81.77 88.00
BLEU-2(%) 69.68 80.69 84.18
BLEU-3(%) 66.46 73.65 81.86
BLEU-4(%) 64.22 70.54 79.99
CIDEr 1.85 1.94
ROUGE-L(%) 78.48 81.59
METEOR(%) 43.44 51.50

SPICE(%) 31.25 37.88
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Semantic Description Method of High-Speed Railway Contact Net
Insulator Defects Based on Diffusion Model Detection
Chen Yong'? An Zhuoaobo' Zhou Jianyu'
(1. School of Electronic and Information Engineering Lanzhou Jiaotong University Lanzhou 730070 China
2. Engineering Research Center for Artificial Intelligence and Graphics & Image Processing

Lanzhou Jiaotong University Lanzhou 730070 China)

Abstract The catenary insulator is a critical component of the traction power supply system for high-speed
railways. It not only provides electrical control insulation but also plays an essential role in supporting the catenary
arm structure. Therefore, the operational safety of the insulator is directly related to the stability of the entire high-
speed railway system. However, the detection of insulator defects is often subject to various interferences due to
the complex and dynamic railway environment, resulting in low detection accuracy. Moreover, traditional detection
methods generally only identify the presence of defects but fail to provide specific semantic descriptions of these
defects. This limitation significantly hampers the efficiency of fault diagnosis and maintenance operations. To
address these challenges, this paper proposes a defect description method for insulators based on a diffusion model.
This method optimizes existing detection technologies in several ways, enabling the model to not only detect
insulator defects more accurately but also generate detailed textual descriptions of these defects.

Firstly, we designed a large-kernel spatial selection feature extraction network. Compared to traditional
feature extraction networks, this network captures the feature information of insulator defects through larger spatial
convolution kernels, significantly enhancing the model's ability to extract insulator defect features. The model can
accurately identify potential defects in the insulator, even in complex backgrounds. Secondly, we proposed a
detection decoder with a fusion diffusion mechanism based on the diffusion model. This decoder generates noise
boxes and uses inverse Bayesian diffusion to restore predictions of the insulator's true bounding box, significantly
improving the model's resistance to background interference. This innovation allows the model to more effectively
isolate background noise in complex environments, thereby improving the accuracy of defect detection. Finally,
to address the limitations of traditional detection models in semantic description, we designed an encoder and
decoder based on a cross-attention mechanism to achieve cross-modal mapping between images and text. By using
the BLIP model driven by a text filtering mechanism, the model can generate corresponding textual descriptions
of the defects based on the detection results. The functionality not only provides maintenance personnel with more
intuitive references but also greatly enhances the efficiency of fault handling. Experimental results validate the
effectiveness of our method. The proposed insulator defect detection model achieved the mAPg s of 93.04% and
the AR and F1-score of up to 83.22% and 82.91%. The BLEU achieved 83.51%, with CIDEr of 1.94, ROUGE-L
of 81.59%, METEOR of 51.50%, and SPICE of 37.88%.

The experimental results lead to the following conclusions: (1) Utilizing a large-kernel spatial selection
feature extraction network as the image encoder enhances the insulator defect detection network's ability to focus
on key features, thereby improving the model's detection accuracy. (2) To address the issue of insulator defect
detection being easily disturbed by complex background environments, a detection decoder with a fusion diffusion
mechanism was designed. This decoder performs inverse Bayesian diffusion on the noise boxes generated by the
decoder, restoring the prediction of the insulator's true bounding box. The model's ability to resist background
interference reduces the loss of semantic information related to insulator defects, and enhances the accuracy of the
predicted bounding boxes. (3) A cross-modal mapping module was designed to map the relationship between
insulator image defect features and text features. The language modeling encoder outputs a textual description of
the insulator defects, completing the detection task. Thus, the proposed model not only offers higher detection
accuracy but also generates accurate and detailed semantic descriptions of the defects, meeting the actual needs
for insulator defect detection and description.

Keywords: High speed railway catenary, insulator defect detection, defect image caption, diffusion model,
cross-attention
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