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Abstract: Transformer oil leakage has become an increasingly prominent fault in power systems, posing a significant risk
to equipment reliability and operational safety. To address the current challenges of limited training data and low image
quality in transformer oil leakage detection, this paper proposes a method for generating transformer oil leakage image
datasets based on a liquid spreading model and physical modeling. The method simulates the diffusion, evaporation, and
absorption of transformer oil on ground surfaces and numerically solves the process using grid partitioning and the finite
difference method, thereby obtaining the density distribution of oil stains on the ground. In the process of simulating the
spreading of oil stains on the ground, anisotropic diffusion coefficients and spatial modulation of surface material proper-
ties are introduced to enhance the interpretability and diversity of oil stain morphology. By integrating simulations of
multi-scene and multi-view within 3D virtual environments, the method expands data coverage and provides sufficient
training samples for detection models. Experiments are carried out on image similarity and transformer oil leakage detec-
tion based on synthetic datasets. The generated data have high visual and structural similarity with real images, and can
effectively serve transformer oil leakage detection tasks.
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Fig.1 Framework for generating transformer oil leakage dataset based on two-dimensional spreading model
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Table 2 Comparison of experimental results using YOLOvV5

for object detection

BIEES

TR HAmLE Pl% RI% Fi mAP50/%
)51
YOLOvV5s 76.9 56.4 65.074 67.1
YOLOV5 A 2003 79.2 533 63.719 65.6
vom . . . B
SEE G
YOLOvV8m 76.9 58.8 66.643 69.8
YOLOV5s 66.8 52.9 59.043 60.4
YOLOV5 C 200 9K 68.0 54.1 60.259 55.5
vom . . . .
AR E G
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vom . . . .
A G
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YOLOV5 E 1000 3 753 62.4 68.264 725
vom . K . .
AR RS
YOLOv8m 81.7 69.0 74.814 81.5
YOLOV5s 1000 3k 83.7 68.3 75.220 72.0
YOLOVSm o S 893 65.1 75.303 72.5
200 3K EL
YOLOVS 83.2 67.8 74.714 79.6
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Fig.13 Example of real oil stains on the ground
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Table 3 Comparison of experimental results using Faster

R-CNN for object detection

it WEEIE  P% RI% Fi mAP50/%
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Fig.14 Comparison of different oil stain morphology simula-

tion methods in a 3D scene

4 AFEIBTAE T 200 H AR IIRCR XS E
Table 4 Comparison of oil stain generation methods for

object detection

MBESCRRE PI% RI% F mAP50/%
JUTE % 57.6 47.1 51.9 52.0
B AL 7 583 47.8 52.8 51.4
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