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Analysis of Secondary Battery Based on Image Processing of
Computed Tomography
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Abstract

In this study, we presented a method to inspect the mechanical defects of 4680 type lithium-ion batteries
through image processing method. The raw X-ray images are filtered with CLAHE, then Radon inverse
transformations are calculated to reconstruct 3D computed tomography of the battery. Using Haar-cascade,
the ROl is targeted automatically, and the template matchings are applied twice. The variations of contrast
between template and background show the appropriate values for detecting tabs. It was shown that the
proposed algorithm can detect all the tab inside the battery and the distances between tabs. Finally, we
successfully found the geometrical defects of battery.
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(Table 1> Hardware Specification of CT

H/W Value Specification
Penetration
depth 20 ~ 60mm
[rradiation area 400x400mm
X-ray M rement 1
performance easureme 5 —2_ @15 FPS
resolution mm
Pixel resolution 2004m
Pixel matrix 2048%2048

<Figure 1) Hardware Image of CT



A298 A6

CT 7/gh IatHz &

08¢t O[AT |9 4 15

(Figure 2)& ¢e8]& 3220t} 4680 wieiz]<]
X-ray9d4S CLAHE(contrast limited adap-
tive histogram equalization)2 A5} 312
< WA ¥, #lolE 9HEH(Radon inverse trans-
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A4 (ROI: Region Of Interest)& 243t 23]
ol A% el AL A B A A&} o) F
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3 34 94 HH“ < 55, 454 o]F+=
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[ 1: X-ray 2D image of battery ]

2: CLAHE

3: Radon inverse transform

4: Reconstruct CT image

5: Select ROI

6: Detect tabs with feature extractions

7: Measure distance between tabs

8: Contour for unit conversion

9: Calculate distances between tabs

10: Determine state of battery

<Figure 2> Algorithm Flowchart of Battery Inspection

2.1 O|XHHA| 2ME CT J4 &

Jlrl

e

0.25°¢] 7FA° = #d3t 4680 vlele]e] X-ray 4
%+ 1440%-5CLAHE 79$ o83t A2 & 3
stk (Figure 3)& X-ray <49 & oflo]H
(Figure 4)+& (Figure 3)& CLAHE 7|22 A9
s wHE Aajo]r},

<Figure 3> Raw X-ray Image of 4680 Battery

<Figure 4> Application of CLAHE

CLAHE= A5 144042] JAHE #lo]& o
2R Agsbd 331 Ak mjdg 938 4 gt Angela
and Pavel, 2011]. {Figure 5)+= 3311 34} vjd9]
DS Hofn wieie]e] Al A5 55 AHE] el
4 glt}.

<Figure 5) Tomography of 4680 Battery
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<Figure 6) Tomography of 4680 Battery with ROl (blue), Magnified

(Purple)
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<Figure 7> Template Images of Tab

(Figure 7= #=3l wfA el ARgd glEsloln
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<Figure 8> Result of Detected Tab with <Figure 7(a))
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<Figure 9 Template Matching with <Figure 7(b)> and Lower
Threshold Then <Figure 8)
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<Figure 10> Union of <Figure 8> (red) and <Figure 9 (green)
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(Table 2> Detection Results by the Contrast of Templates

value Number of | Relative True condition
detected tabs | error (%)

0.0 103 0.00 OK

0.2 101 1.94 False positive
0.4 136 -32.04 False negative
0.6 136 -32.04 False negative
0.8 136 -32.04 False negative
1.0 91 11.65 False positive
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<Figure 11) Detected Bottom of Tabs Lined up to Bottom with
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