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Research on non-destructive identification about vehicle paints by DT-KNN-FDA
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(1. Institute of Criminal Investigation, People’ s Public Security University of China, Beijing 102600, China; 2. School of Public
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Abstract: An identification method based on fingerprint spectroscopy combined with decision tree, k-nearest neighbor, and
Fisher discriminant analysis ( DT-KNN-FDA) model was proposed to achieve the rapid and non-destructive identification of the
vehicle paints and performed by theoretical analysis and experimental verification. The infrared absorption spectroscopy for a total
of 60 samples of car paint were collected and obtained as the experimental data. Through the selection of characteristic wave
numbers, a multi-classification model based on the DT, KNN analysis, and FDA was established and compared. 58 sets of
adjustment data were extracted through correlation analysis, and a classification model was constructed based on this. The results
show that the overall discrimination accuracy of DT classification model, KNN classification model and FDA classification model
for each sample is 77.80% , 72.31% , and 85.00% , respectively; infrared spectroscopy combined with DT-KNN-FDA analysis

can realize the distinction between products of different brands is ideal for classification. This method is fast, accurate, and

effective, and has certain universality and significance.
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Table 1 56 characteristic wavenumbers and its spectral data of a sample from Chengdeli were selected by correlation analysis

characteristic spectral characteristic spectral characteristic spectral characteristic spectral
wavenumber/cm ™! data wavenumber/cm ™ data wavenumber/cm ™! data wavenumber/cm ™! data
501 68.30139 729 70. 59264 802 71.68636 922 70.73677
679 68.22303 733 69.40947 806 71.35540 926 70. 43494
683 67.50737 737 68. 54868 810 71.42767 930 70. 13481
687 66.34003 741 67.97828 814 71.63278 1003 70. 44617
690 64.28992 744 67.37168 818 71.80663 1057 67.02615
694 60.26677 748 66.37009 822 71.85703 1092 66.28056
698 56. 67580 771 70.23232 891 71.66743 1095 65.56648
702 58.64999 775 71.62344 895 71.50935 1099 64.66272
706 65.09207 779 72.36163 899 71.30006 1103 63.62498
710 70. 65044 783 72.76534 903 71.05427 1107 62.63717
714 72.93565 787 72.91515 906 70.95933 1146 59.33903
717 73.04305 791 72.90823 910 70.95816 1176 63.28623
721 72.39362 795 72.68170 914 70.95504 1250 71.51285
725 71.59163 798 72.25454 918 70.89352 1277 73.97288
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Table 2 Classification results of 4 brand samples by DT

brands Chengdeli ~ Munchsett Sanhe  Sangmei

100. 00 94.30 0.00

classification accuracy/% 0.00
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Table 3 Classification results of 4 brand samples by KNN

brands Chengdeli ~ Munchsett Sanhe  Sanmei

classification accuracy/ % 0.00 0.00 96.80  25.00
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Table 4 The abstract of FDA functions about 4 brand samples

variance . .
function Wilks’

function  contribution  correlation significance
test lambda
rate/ %
A 63.7 0.810 1~3 0.153 0.000
f 30.0 0.688 2~3 0.444 0.001
5 6.3 0.398 3 0.842 0.006

“variance contribution rate” Bl 7 Z 51k %, I8 7 1L
FIH R E S REAR AT X A3, “ correlation” B AH &
PE AR 23 2H 5 A oA B T] G AH DG M, AH G 1 1
5, W ZH B AE A bR 2 bkt . “ Wilks” lamb-
da” 2 N J5 FS SO 7 L Z L, HAE B B
A TR (1 5 0 . < significance ” B i
ZE, 25 0.01 < significance <0. 05, W A [RIAEASTE
PRAL 125 57 W 3, 47 significance <0. 01, D 22 5 4% it
F, HE 4 A, Fisher SRR HEE T 3 42k
BIf, o A fro f, =0. 003xg, +0. 470x, — 0. 366x, +
0. 422x; — 1. 361x,, + 1. 267x,, — 0. 538x,,, -
0.026x, + 0. 09, + 0. 02x,, + 1. 9, f, =
—0.013x5y, + 0. 497x50 — 0. Tlxg + 0. 224x, —
0. 418,05 +0. 7761, — 0. 068x,,, 0. Trs +0. 308x,,, +
0. 057x,09, + 4. 519, f; = 0. 0295, — 0. 31lx,, +
0.492x,; —0. 137x5 + 0022, +0. 451x,, - 0. 39x,,, —
0.392x,,5 +0. 4164, +0. 134x,4, —4. 374,

Hop f, 5 22 0TIk R 5 (63. 7% ) JAE f, B HEA
AT DX B, HAR N £, (30. 0% ) #i1 £5(6.3% ) . f,
L ARCHER T 0. 65, RBIA[E 43 4H 5 f, A,
AOAHSCHER SR o KBS L f, 1 f, #Y Wilks” lambda
G920 0. 154 F10. 842 W pR 1 AR AL 2 W AR5
Wi 1) 0 FPEAL S o o A Sy 1 significance 34/ T
0.01, W22 5 2 2, REAR 0 i B8 &% A AR 1 23 2 17
Do L5 LRTIR, RIS IESE £, VLI S5 VR0 H10 eR %L

/
o
// °
v
— @ Chengdeli
2 S0 @ Munchsett
2°90 5 . °Sanhe /
}) 4}3}5 ° o .2 Sangmei

Fig. 1 Distribution of 4 brand samples under FDA model
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