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Characterization of Electrical Tapes by Optical Coherence Tomography
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Abstract Optical coherence tomography (OCT) is a non-destructive, high-resolution, and fast tomographic imaging
technique. Electrical tape is an important physical evidence in the forensic science. A self-built frequency-domain
OCT system is employed to obtain two-dimensional (2D) cross-sectional OCT images of electrical tapes from ten
different brands. The optical path, the scattering intensity ratio, the number of signal peaks, and the attenuation
coefficient are extracted from the 2D cross-sectional OCT images of electrical tapes. Statistically significant
differences of the parameters are compared in those different samples. Meanwhile, three-dimensional (3D) OCT
image reconstruction of the electrical tapes is also implemented to create transverse sectional images beneath the
surface. The experiments demonstrate that OCT provides a series of new features to effectively distinguish different
brands of electrical tapes. OCT provides in-situ, non-destructive, high-resolution, and easily operated real-time
examination, and it is a promising method for electrical tape examination in the forensic science.
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Fig. 1 Photograph of electrical tape samples
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Table 1 Information of electrical tape samples
No. Brand Manufacturer
Al TESA TESA., Germany
A2 COBRA Huaxia Industry Co., Ltd., Hebei, China
A3 YOUXIN Youxin Packaging Materials Co., Ltd., Dongguan, China
A4 DELI Sino-American DELI Tools Co., Ltd., Yuyao, China
A5 SHUWANG Shushi Industrial Co., Ltd., Hubei, China
A6 WANDE Yahua Adhesive Product Co., Ltd., Tianjin, China
A7 VINI Denka Co., Ltd., Japan
A8 TIANTAN Tiantan Adhesive Product Co., Ltd., Beijing, China
A9 HUWANG Huaxia Industry Co., Ltd., Hebei, China
Al10 SINCERE Sincere Adhesive Product Co.. Ltd., Ningbo, China
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Fig. 3 Schematic of frequency-domain OCT system
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Fig. 4 (a) 2D OCT cross-sectional image and (b) A-scan signal of an electrical tape
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Fig. 5

(a) 2D OCT cross-sectional image of Al; (b) 2D OCT cross-sectional image of A2;

(c) A-scan signal of Al; (d) A-scan signal of A2
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Table 2 Optical path of different electrical tape samples
No. Average optical path and error /pm
Al 162.964+1.68
A2 288.96+1.68
A3 297.36+1.68
A4 286.44+1.68
A5 288.12£2.06
A6
A7 201.640
A8 177.24+3.14
A9 298.2+0
Al0 274.6842.06
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Table 3 Comparison of the scattering intensity ratio of
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Fig. 6 (a) 2D OCT cross-sectional image of A3; (b) 2D OCT cross-sectional image of A4;

(¢) A-scan signal of A3; (d) A-scan signal of A4

A [a] R IS AR o Y TS B L HE

different electrical tape samples

No. Average scattering intensity ratio and error
Al 6.06+0.67
A2 57.8244.26
A3 41.88+8.89
A4 24.0642.25
A5 14.68+1.41
A6

A7 1.62+0.41
A8 8.71+1.65
A9 48.32+5.21
Al10 16.18+1.86
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Fig. 7 (a) 2D OCT cross-sectional image of A5; (b) 2D OCT cross-sectional image of A6;

(¢) A-scan signal of A5; (d) A-scan signal of A6
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Table 4 Number of signal peaks of

different electrical tape samples

No. Number of signal peaks
Al 2
A2 2
A3 2
A4 2
A5 2
A6 1
A7 2
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Fig. 8 Fitted exponential curves of peak 1 and the following 10 points for samples (a) A7 and (b) A8
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Table 5 Attenuation coefficients of

different electrical tape samples

No. Average attenuation coefficient and error
Al 11.04+1.15
A2 77.542.42
A3 57.86+2.05
A4 89.4+2.89
A5 67.1842.79
A6 64.342.29
A7 82.86+5.79
A8 67.0242.67
A9 64.8645.15
A10 58.384+2.08
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Table 6 Comparison of the significant difference (»<C0.05) in the characteristic parameters of different samples

Al A2 A3 A4 A5 A6 A7 A8 A9
Al
A2 a, b, d
A3 a, b, d a, b, d
A4 a, b, d a, b, d a, b, d
A5 a, b, d b, d a, b, d b, d
A6 c, d c, d c, d c, d c
A7 a, b, d a, b a, b, d a, b a, b, d c, d
A8 a, b, d a, b, d a, b, d a, b, d a, b c a, b, d
A9 a, b, d a, b, d d a, b, d a, b c a, b, d a, b
A10 a, b, d a, b, d a, b a, b, d a, d c, d a, b, d a, b, d a, b, d

a: optical path; b: scattering intensity ratio; c: number of signal peaks; d: attenuation coefficient.
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Fig. 9 (a) 3D reconstruction image of A9; (b) transverse sectional image of A9 at the depth of 100 pm;

(¢) 3D reconstruction image of A10; (d)transverse sectional image of A10 at the depth of 100 pm
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