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Multifeature Automatic Spectral Classification of Plastic Steel Window
Based on Machine Learning Model at Molecular Level
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'School of Investigation, People’s Public Security University of China, Beijing 100038, China;
*School of Public Security Administration, People’s Public Security University of China, Beijing 100038, China

Abstract To help the reconnaissance organs obtain more clues during the case investigation process, the material
evidence of plastic and steel windows commonly used in the work was identified using efficient and data-based
nondestructive identification. To analyze and identify the material evidence, principal component analysis (PCA)
preprocessing was performed in conjunction with Fisher discriminant analysis (FDA) -optimal parameter combination
support vector machine (SVM). The two-dimensional characterization and recognition of “brand-batch” were
accomplished based on the theoretical and experimental analyses of 126 sets of Fourier transform infrared spectrum data
extracted from 6 brands, such as “Jinpeng” and “Conch” . Based on the PCA results of three spectral segments,
namely, the complete spectrum, functional group, and fingerprint segments, a data classification model based on Fisher
discriminant analysis was created. The classification accuracy of the entire spectrum segment was determined to be the
highest at 66.7%. The SVM classification model was built using the eigenvalues of the entire spectrum. The effects of the
penalty factor C and radial basis function (RBF) gamma value s on the classification accuracy of the SVM classification
model were investigated, and the SVM classification model based on the optimal parameter combination (C = 10, ¢ =
2.5) was obtained. The best classification model was used to distinguish the different batches of “Conch” brand plastic
steel window samples, and the classification accuracy reached 100%. The classification results of this method are ideal as
they can fulfill the needs of the rapid classification of plastic steel window cases and are expected to provide some reference
for its application in the field of forensic science research.
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Table 1 Basic information of 126 samples

Brand Production place Quantity
Jinpeng Binhai, Tianjin 27
Hailuo Tangshan, Hebei Province 30
Vica plastic Songjiang, Shanghai 21
Shuangfu Nan’an, Fujian Province 9
Huaihai profile Huai’an, Jiangsu Province 9
Ruihao Suzhou, Jiangsu Province 30
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Table 2 Parameters of Fourier infrared spectrometer

Facility

Nicolet 5700 Fourier transform infrared spectrometer

Number of scans

Spectral resolution /cm ™

Measuring range /cm ™'

Parameter
Dynamic adjustment /s '

Noise-signal ratio

64
2
4000-400
130000
50000+ 1
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Fig. 2 Infrared spectrum diagram of 126 plastic steel window

samples
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Table 3 Principal component analysis scores of Fourier transform infrared spectral data

Full range Fingerprint region Functional area

Cumulative Cumulative Cumulative

variance variance variance

Component Eigenvalue Component Eigenvalue Component Eigenvalue

contribution contribution contribution

rate /% rate /% rate /%
1 844.772 90. 447 1 202.71 86. 628 1 660. 351 94.336
2 52.312 96. 048 2 25.529 97.538 2 30.376 98.675
3 24.765 98.699 3 1.769 98. 294 3 4.594 99. 332
4 3.805 99.106 4 1.501 98.936 4 1. 986 99.615
5 2.551 99.379 5 1.079 99.397
6 1.526 99. 543
7 1.144 99.665
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Fig. 3 Overall classification accuracy of Fisher discrimination

analysis of plastic steel window samples
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Table 4 Influence of penalty factor and gamma value on overall classification accuracy of plastic steel window samples unit: %4
RBF ¢
Penalty factor
0.2 0.5 0.8 1 1.2 1.5 2 2.5 3
1 87.5 87.5 87.5 90. 62 90. 62 90. 62 90. 62 93.75 96. 88
5 90. 62 90. 62 93.75 93.75 96. 88 96. 88 96. 88 96. 88 100
10 90. 62 93.75 96. 88 96. 88 96. 88 96. 88 96. 88 100 100
50 96. 88 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100
@ the first quarter
100 M the second quarter
A the third quarter
the fourth quarter
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Fig. 5 [Influence of penalty factor and gamma value on overall

classification accuracy of plastic steel window samples
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Fig. 6 Classification accuracy of different batches of conch

brand plastic steel window
FrFU 534 o IR 6 7T LUFR H A4 Uk A9 23 28 e A< ik
#1007 , SRS 2R HERG 21K 100 %6 , 7] — b FRAS [ 4t
UCHY SR AN 3 RE S 5¢ 42 70 T o I SR WA ik T iS4
A SVM 43 28455 1Y G A8 A b X 43 A [ 5t L AN [+
LB, S8 T S AU B T AEARAE 2 m .
BREIRS T2 /i 2 2 TAE i S R IR R A —
BRI AT B AR R B B A 22 S

1630005-5



$£59% £ 16H1/2022 £ 8 A/ EBFFHE

K56 Y SVM R AL 73 2 45 23

Table 5 SVM model classification results of 6 brand samples
Sample set Brand Jinpeng  Hailuo  Vicaplastic ~ Shuangfu Huaihai profile Ruthao  Accuracy
Jinpeng 24 100
Hailuo 21 100
. Vica plastic 18 100
Training sample
Shuangfu 3 100
Huaihai profile 9 100
Ruihao 21 100
Jinpeng 3 100
Hailuo 9 100
Vica plastic 3 100
Test sample
Shuangfu 3 100
Huaihai profile 3 100
Ruihao 9 100
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