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Abstract The traceability analysis of material evidence has always been a tough area of forensic expertise, which is
crucial for criminal investigations. This study proposes a new method for the detection and traceability analysis of human
fingernail samples using attenuated total reflection Fourier transformed infrared spectroscopy (ATR-FTIR) combined with
machine learning related methods. The ATR-FTIR of fingernails from 195 volunteers were collected. These volunteers
came from 18 provinces located in the 7 regions of China. The dimensionality of the original spectral data was reduced via
principal component analysis (PCA) and factor analysis (FA) after preprocessing. Multilayer perceptron (MLP), radial
basis function (RBF), decision tree (DT), and support vector machine (SVM) models were used for classification and
recognition. The experimental results show that in the subsequent modeling analysis, there is little difference between
PCA and FA. The classification effect of the MLP is better than that of the RBF. The classification accuracy of the
training set and test set of the PCA-DT model based on the CHAID algorithm can reach 91. 0% and 92. 0% , respectively,
which are better than those of the exhaustive CHAID, CRT, and QUEST algorithms. PCA-SVM model based on the
polynomial kernel function can fully distinguish fingernail samples from seven regions and five provinces in North China.
Its classification accuracy is better than those of RBF, Sigmoid, and linear kernel functions. Therefore, the ATR-FTIR
technology combined with the PCA-SVM model can accurately classify the fingernail samples from different regions. This
study establishes a new method reference for analyzing the traceability of fingernail evidence.
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Fig. 1

Infrared spectra of fingernail samples. (a) Infrared spectra of different sampling sites for the same fingernail sample; (b) infrared

spectra of ten fingernails from the same person; (¢) infrared spectra of fingernail samples from different people

Bt ALk 258 A [] 39 T ) 5 45 a3, 40 R A Al AT
TP HE B REAR B LD AN RS 45 R R A — AR+ 35 3
3 [ 22 5 O F AN B A — R B E A T H
Tk R AR R B X RS R an 1] 1(b) B
N, HH L1~1L5 R1~R5 43 5 £ R £ F A F L4848
FeigigE. mE 1) MAZAERE A 4HF18
H 21 A0 3 1 A T 22 0 O R B i, U2 42 F HdR 4R
FHf X 0 S s & T A L R — R AR R A
A IR JC B B IX 50

R 5 A B R A 1 A TS 5 A 21 A0 6 R An
E 1) iR, A~E s SR AR B R &, 45 58 BoR
AN HE I 21 A1 33 T 5 b 35 Sl AL ABL, {FL e JEZ
AR X 0 A BT IX B BT A RE AR 34 7R BB 3292
1618.1532 1241 cm "5 b A5 45 Sk B S 14 4% 06, A Dk B
92925 em U Ab & — 72 = A AR B FE U BCR
1079 em™ ' Ab A5 — B 06 AR X 0 = A T 22 ), 5 A e
R & @ N S N T S R N TE 3 VA= N S O VR 22
FEAIILFE 1 AR LA g AT g R R B R AR

1830002-3



R LOAMDEIE I  HARS J5 5

Table 1 Spectral peaks and their modes of vibration

1

Wavenumber /cm ™ Mode of vibration

O-H stretching, carboxyl

3292 . .
acid and derivatives
3068 Amide A and B and NH stretching
2995 C-H symmetric stretching (CH2 and
5
CH3 anti symmetric and symmetric
2858 stretching modes )
1618 C=C stretching
Amide II, C-N stretch and
1532 .
N-H in plane bend
1461 C-H deformation in CH2
Amide Il band, C-N stretching
1241 . .
vibrations
1062 C-C trans conformation
756 Cis-R, CH=CHR
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Fig. 2 Variance contribution rate depending on number of principal components and factor components. (a) Principal components;

(b) factor components
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Classification accuracy of MLP and RBF models based on PCA and FA dimensionality reduction. (a) PCA-MLP; (b) FA-MLP;

(c) PCA-RBF; (d) FA-RBF
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Table 2 Classification accuracy of decision tree model based on different algorithms

Classification accuracy /%

Region CHAID Exhaustive CHAID CRT QUEST
Training set Test set Training set Test set Training set Test set Training set Test set
R1 92.9 94.4 82.6 92.9 97.6 84.2 87.2 81.0
R2 62.5 50.0 57.1 66.7 71.4 66.7 100.0 100.0
R3 97.2 92.9 96. 4 86.4 86. 1 85.7 94.3 93.3
R4 100.0 83.3 80.0 100.0 66.7 100.0 85.7 33.3
R5 84.2 100.0 91.7 62.5 85.7 83.3 94.7 100.0
R6 88.9 100.0 100. 0 80.0 84.6 57.1 73.3 100.0
R7 94.4 100.0 100.0 100.0 95.0 100.0 46.7 20.0
Total 91.0 92.0 89.2 86.2 89.1 82.8 84.8 73.7
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Table 3  Classification accuracy of support vector machine
model based on different kernel functions
Classification accuracy /%
Type RBF Polynomial Sigmoid Linear
kernel kernel kernel kernel
Training set ~ 90.8 100.0 47.3 88.6
Test set 92.2 100.0 50.0 82.8
* R1
= R2
® R3
® R4
@ R5
v R6
A R7

P4 BT SVM AR 45 T RE A 25 1] 43 15 5]
Fig. 4 Spatial classification details of fingernail samples based
on SVM model
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Ay FPUN R IR B T 100 %0 5 76 XF 7 K Hb XA HIFP 248
R AS R A7 340 900 20 25 F, MLP il SVM A4 43 28 31 1) %
SR 94. 7% A 100% . X —Z5 R ER, 5 MLP A
A EE, SV M A Y BE 6% T Jim o i b X i H R AR 2R 15 040 1)
G323 T G S S R AE A R 0 BT

F2d  MLP A SVM B X IR F R 2EREA 1) 43 2 45 1

Table 4 Classification results of unknown samples by MLP and SVM models

. Total number Number of Number of correctly classified samples Classification accuracy /%
Project of samples unknown samples MLP SVM MLP SVM

1 195 57 54 57 94.7 100.0

2 60 15 15 15 100.0 100.0
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