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The identification about the automotive bumper based on Newton
interpolation polynomial-infrared derivative spectroscopy

HE Xinlong , WANG Jifen
(Institute of Forensic Science and Technology, People’s Public Security University of China, Beijing 102623, China)

Abstract: In order to improve the efficiency of identification, reduce the cost of detection, and realize the rapid and non-
destructive classification of the automotive bumper fragments, a rapid and accurate identification method about the automotive
bumper was proposed based on infrared fingerprint spectroscopy, Newton interpolation polynomial, spectral derivation, and
discriminant analysis. Infrared spectra of six kinds of brands of bumper samples including 40 different versions were acquired in
this paper, and a discriminant model was established by taking Newton polynomial interpolation, spectral derivation, and other
methods into account. The results show that the overall accuracy rate of the discriminant model based on the fingerprint zone
(80.0% ) is higher than that of the full-band model (77.5% ). The accuracy rate of the discriminant based on fingerprint
spectroscopy combined with 4th Newton interpolation polynomial processing can reach 85%. Selecting DF, and DF, as the
discriminant axis to construct the discriminant classification model, the accuracy rate of the discriminant can be promoted to
100% . In summary, combining infrared fingerprint spectroscopy, 4th Newton interpolation polynomial, first derivative and

discriminant analysis, the new method has higher accuracy in detecting the automotive bumper, and provides a new idea and

reference for the identification of other physical evidence in the forensic science.
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Table 1  The details of 6 kinds of samples

number brand sample
Audi-1, Audi-2, Audi-3, Audi4,
1 Audi
Audi-5, Audi-6, Audi-7
Honda-1, Honda-2, Honda-3,
2 Honda
Honda<4 , Honda-5, Honda-6
Buick-1, Buick-2, Buick-3,
3 Buick
Buick<4, Buick-5, Bucik-6
Ford-1, Ford-2, Ford-3, Ford4,
4 Ford
Ford-5, Ford-6, Ford-7, Ford-8, Ford-9
Nissan-1, Nissan-2, Nissan-3,
5 Nissan
Nissan-4, Nissan-5, Nissan-6, Nissan-7
Changan-1, Changan-2, Changan-3,
6 Changan

Changan4, Changan-5
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Table 2 Predicted results under full and fingerprint spectra

accuracy/ %
type total accuracy/%
Audi Changan Ford Nissan Buick Honda
full band spectrum 57.1 40.0 100.0 85.7 66.7 83.3 77.5
fingerprint spectrum 85.7 40.0 100.0 85.7 66.7 83.3 80.0
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Table 3 Predicted results after different polynomial order

interpolation accuracy/ %
times Audi  Changan Nissan  Buick  Honda Ford
0 85.7 40.0 100.0  85.7 66.7 83.3
1 85.7 60.0 100.0  83.3 66.7 88.9
2 71.4 60.0 85.7 66.7 83.4 88.9
3 42.9 20.0 85.7 66.7 66.7 77.8
4 85.7 60.0 85.7 83.4 83.4 100.0
5 85.7 60.0 85.7 100.0  66.7 88.9
6 57.1 60.0 100.0  50.0 83.3 88.9
90,
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Fig. 1 The overall discriminant accuracy with different polynomial order
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Table 4  Predicted results after different derivative processing

accuracy/ %
bpe Audi Changan Ford Nissan Buick Honda total aceuracy/%
original spectrum 85.7 100.0 83.3 83.3 85.7 60.0 85.0
the 1st derivative spectrum 100.0 100.0 100.0 100.0 100.0 100.0 100.0
the 2nd derivative spectrum 100.0 100.0 100.0 85.7 100.0 100.0 97.5
the 3rd derivative spectrum 100.0 80.0 88.9 100.0 100.0 100.0 95.0
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Table 5 The details of discriminant function

function total  correlation  function test ~ Wilks’ Lambda Sig
DF, 187.098  0.997 ltob 0.000 0.000
DF, 83.153 0.99%4 2105 0.000 0.001
DF; 12.735 0.963 3t05 0.007 0.373
DF, 4.683 0.908 4105 0.096 0.913
DF; 0.835 0.675 5 0.545 0.998
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Fig.2 The discriminant spatial distribution of each sample
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