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Differential Raman Spectroscopy Visualization and Rapid
Identification of Shoe Sole Materials
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' School of Investigation, People’s Public Security University of China, Beijing 100038, China ;
* Nanjing Jianzhi Instrument and Equipment Co. , Ltd., Nanjing, Jiangsu 210049, China

Abstract Using differential Raman spectroscopy and decision tree model, a classification model for identifying
common shoe sole materials is established. This is a new method for identifying shoe sole materials. After
preprocessing the pre-spectrum, the samples are classified according to the main components of the shoe sole, and
then principal component and hierarchical clustering analyses are used to verify the classification results. Based on
the classification results, a classification tree model is established, and finally 51 samples are recognized and
classified with overall classification accuracy of 98.0% and the accuracy is 84. 3% after cross-validation. These
results show that using differential Raman spectroscopy and decision tree model can realize a more accurate
identification and classification of shoe sole sample spectrum, providing a certain reference for the differentiation and
identification of other physical evidence.
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Table 1 Classification results of 51 samples

Category Main ingredient

Sample serial number

17.,37,87.97,107 ,117 ,127 ,147 ,167 , 177,187,207 ,217 ,227 ,237,
247,267,277 ,287,297 ,317,327,337,357 ,397 ,437 ,447 ,457 ,507

1 EVA
2 NR 27,47
3 pPVC
4 BR

;77,137,197 ,257,307 ,36

2467 ,517

57,347,407 ,417 ,427 ,497

67,157,377 ,387 ,477 ,487
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Table 2 Vibration group information of four types of samples
Ingredient Peak/cm! Vibration attribution
633 —C = O stretching vibration
814,1059,1127 C—C stretching vibration
EVA 1296 —CH,; non-planar rocking vibration
1370 —CH,; symmetrical deformation vibration
1435 —C—H shear vibration in CH,
294,349,516 C—C—C stretching vibration
1210 C—C stretching vibration
NR 1261 —CH, in-plane deformation
1369 —CH, and— CH, in-plane deformation
1652 Trans C = C double bond stretching vibration
634,680 C—Cl stretching vibration
PVC 1082 C—C stretching vibration
1303 C—H bond asymmetric swing vibration
1436 C—H bond bending vibration characteristic peak
282,452 C—C—C stretching vibration
BR 985 C—C stretching vibration
1437 —C—H stretching vibration in CH,
1652 Trans C = C stretching vibration
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Tab. 3 Decision tree classification results of four types of

shoe sole samples

Practical Classification
1 2 3 4
testing accuracy/ %
1 29 0 0 0 100
2 0 10 0 0 100
3 0 0 6 0 100
4 0 0 1 5 83.3
Overall
classification 56.9 19.6 13.7 9.8 98.0
accuracy/ %
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