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Abstract: To address the challenges of limited sample acquisition, significant cross-scene imaging differences, and diverse
defect shapes and scales in nuclear power plant weld radiographic images, a scene transfer defect recognition method for
nuclear power plant weld radiographic inspection is proposed. Firstly, a denoising diffusion probabilistic model is pre-
trained on multi-scene weld data and iteratively fine-tuned with the target scene data to construct a target style generation
set, thereby alleviating the adverse impact of domain deviation and limited samples on model training. Secondly, a multi-
branch detection structure with a shared backbone and feature pyramid network neck is designed, which fuses anchor-based
and anchor-free prediction mechanisms, to enhance the adaptability to key defects in nuclear power plant scenes while main-
taining the general feature expression ability. Finally, in the inference stage, adaptive window width and window level en-
hancement, wide-directional overlapping block inference, and result fusion strategies are introduced to meet the application
requirements of long, high-resolution weld radiographic images. Compared with mainstream single-stage detection models,
the proposed method achieves an improvement of 1.9 to 5.8 percentage in mean Average Precision at IoU threshold 0.5
(mAP@0.5) in multi-scenario condition. The method attains the defect detection rate of 94.1% and the quantitative deviation

rate of 3.7% in the nuclear power plant scenario, which are comparable to the evaluation level of professional inspectors.
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Moreover, the film evaluation efficiency is improved by 12 times, meeting the practical engineering requirements for as-

sisted evaluation.
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scene transfer
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Fig.1 Training flowchart of weld defect detection model for nuclear

power plants
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Fig. 4 The distribution and examples of 9 types of weld defect instances in long-distance pipeline scenarios
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Table 2 Test software and hardware configuration

24 /5
BAERS Windows 11 x64

CPU Intel(R) Core(TM)i7-12700F

GPU NVIDIA GeForce RTX 3090 Ti

IRFFREE 7S AR AL 1A%
BRIFIRIE

NEU-ZD-VI,220 V/50 Hz
PyTorch 1.11.0+CUDA 11.3+Python 3.9

®3 ER%SH

Table 3 Main training parameters

A AR Kl ms
PP 4000
5DPM WS HEE B, RPN I x 10748 5 2% 1072
e PR e 800
KN 64
YGRS 8x107*
AT PR 640 x 640
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EES KR KO
P 3321 2k Adam
KoukR Gy 3 3ALE SGD
k-means RIEpI Rk
anchor-based ¥ 151k 0 iiE
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R
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Table 4 Multi-scenario comprehensive test set various detection indi-

cators for each category

RRE  SebE mAP@ mAP@

/i M~ 0.5 0.5:0.95
RI 4318 5442 0857  0.843 0.851 0.628
STI 4318 2736 0.841 0.829  0.836 0.609
BT 4318 312 0.798  0.781 0.791 0.556
LFR 4318 485 0.809  0.793 0.802 0.568
IFD 4318 703 0.823  0.807 0816 0.585
IP 4318 268 0.784  0.765 0.776 0.541
CR 4318 193 0.771 0752  0.763 0.523
U 4318 315 0.779  0.761 0.771 0.534
Ic 4318 58 0.743  0.721 0.734 0.492
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Fig. 5 Bar chart showing the performance of defect detection for all

categories
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Table 5 Overall performance comparison of different methods on a

multi-scenario comprehensive test set

mAP@ mAP@

Tk P R FPS
0.5 0.5:0.95
YOLOv5m 0.738 0.729 0.735 0.501 72
YOLOv8m 0.751 0.744 0.749 0.518 75
YOLOvIOm  0.759 0.753 0.757 0.527 79
YOLOv11x 0.776 0.771 0.774 0.545 56
Ak 0.801 0.784 0.793 0.560 65
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Fig. 6 Comparison of detection performance of each model
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Table 6 The results of the ablation experiment

DDPM  £45r3% srbdfe

mAP@ mAP@

% - P R
T HAh HEE 0.5  0.5:0.95
A x x x 0769 0762 0767  0.531
B N x x 0778 0771 0.776  0.540
C J J X 0788  0.779  0.785  0.549
D J J N 0.801 0.784 0.793  0.560
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Table 7 Performance comparison of different methods on nuclear

power plant scenario test set
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Fig. 7 Detection result visualization
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