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Method for Identifying the Degree of Battery Defects by Fusing
Dual-Mode Ultrasonic Imaging and Deep Vision
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Abstract: To address the challenges of internal and external defect detection throughout the
full life cycle of batteries including production, transportation and service, and to improve the
quantitative accuracy and engineering practicability of defect evaluation, this paper proposes
a battery defect degree identification method integrating dual-mode ultrasonic imaging and
deep vision. Firstly, based on the dual-mode imaging technology of ultrasonic transmission
scanning and reflection scanning, combined with the preparation of defective batteries under
multiple working conditions and data augmentation methods, a structured image database
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covering typical defects such as air bubbles, mechanical indentation, scratches, surface
attachments, and electrolyte infiltration uniformity was constructed based on 36 sample
batteries. Secondly, a battery defect identification model based on deep learning and
computer vision is designed, and an Attention Residual U-Net defect segmentation network
integrating residual learning and attention gate mechanism is proposed. The residual block is
adopted to alleviate the gradient vanishing problem, and the attention gate is utilized to
enhance the features of defect regions, so as to achieve accurate segmentation of tiny and
irregular defects in batteries. Finally, to realize quantitative identification and graded early
warning of defect severity, the defect thresholds, score mapping rules, and weight allocation
are quantified based on K-means clustering, Analytic Hierarchy Process (AHP), and Failure
Mode and Effects Analysis (FMEA). Specifically, K-means clustering and normal distribution
fitting are used to determine the natural thresholds of defect pixel areas; AHP is applied to
quantify the impact weights of different defects; FMEA is adopted to analyze the failure
modes, severity, and occurrence probability of each defect, and the score mapping rules are
formulated to map defect parameters to quantitative scores. The comprehensive score is then
discretized into four quality levels: Excellent, Good, Qualified, and Risk, realizing hierarchical
early warning of battery states Verified by the constructed database containing more than
2500 defect images, the proposed method achieves a mloU of 0.8783 and a Dice coefficient
of 0.9328. It can accurately identify internal and external battery defects and quantify state
grades, providing efficient and reliable technical support for battery quality control.

Keywords: Battery; defect identification; ultrasonic detection; Attention Residual U-Net;

graded warning
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Principle of Dual-mode Ultrasound Scanning (a) Schematic diagram of the working mode of the

ultrasound scanning equipment (b) Result of ultrasound transmission scanning (c) Result of ultrasound
reflection scanning
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Fig2 Construction of the defect image database
based on dual-mode ultrasound imaging
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Table 3 Model Comparison Results

el mloU Dice Accuracy
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Fig 6 Ultrasonic scanning and segmentation results

of qualified grade batteries (a) transmission scanning

image (b) reflection scanning image
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Fig 8 Ultrasonic scanning and segmentation results
of high-quality grade batteries (a) Transmission
scanning image (b) Reflection scanning image (c)
Segmentation result of reflection image
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