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Spectral Pattern Recognition of Heavy Mineral Oil Using
Support Vector Machine Modeling

Hou Wei, Wang Jifen", He Xinlong
School of Investigation, People's Public Security University of China, Beijing 100038, China

Abstract The inspection and analysis of heavy mineral oil plays an important role in dealing with traffic-accident
cases. In order to obtain accurate classifications of heavy mineral oils, we collected infrared and Raman spectral data
for 120 samples of five kinds of heavy mineral oils, including gasoline engine oil, diesel engine oil, grease, gear oil,
and hydraulic oil. We established a classification and discrimination model for heavy mineral oil by using a support
vector machine (SVM) combined with a spectral-fusion method. The results showed the accuracy of modeling
classification using single-spectrum data to be rather low. When we modeled and analyzed the data obtained from
primary spectral fusion, the classification and recognition rates for the five heavy mineral oils were slightly better,
with an accuracy up to 75% . However, modeling that used data from intermediate spectral fusion combined with
principal component analysis achieved complete differentiation among the five heavy mineral oils, with feature
extraction from the 26-dimensional matrix being the best, with an accuracy up to 100%. In summary, spectral-
fusion data combined with SVM modeling analysis can achieve complete separation among heavy mineral oils. The
method improves the efficiency of inspection and identification, which fulfills the goal of rapid and accurate
inspection for frontline law-enforcement personnel. It also provides theoretical support and a reference method for
relevant cases.
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Fig. 1 Infrared spectra of some samples
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Fig. 3 Classification accuracy of five kinds of heavy mineral oils under two types of spectral data models

FH T 3 FH DG KA wT %0 . R 20 A0 ' 1% B R
OISR #E AT SVM L, T 1Y SR 43 250 )
#E B 3 B AR HLOBCME M . 4 i R 67, 5006 A
65. 50 %0 3 ZLAM 3 FHE A A X YR AL A1 S AL Y 43
RPN HE B 2 T 2005 B AL (B X T IR
TRV T A 4 28 R 01 o 5 23 A ) A 25, T A S ARk
P T Y 43 S U i R A [R) (3428 66. 67200,
AT L PR AN [ 255 Y A O ok 2 8 v 0 & v T
ST BRI, AR A B — 3 RO i AT
(453 28 N HE AR R 3R, ok 8 420 5 Fh EH B4
THT X A FF ke e B B AT 1 — 25 A B, DU 55 R
BOm AT HER S B .

3.3 ETHRAERSHBENERX RIS EER

ZIAN 6 % A 4R B0 IX 7 R4 B BCE 1300 ~
400 cm " PN A — BE X, 12 DX 30 1 Y 0 T AR
Aot R WY ., B BR B RRAEE 38 L B8 S

PN = 2 Nl T2 o €= N 8 ) S A= oy 4R
3 DS 72 A W A 0 3o 22 1 TG O AR 2 i B HE
(R TUZ% 1 G A W 7 DX 3 50 B3 i i AT 45 380 20k 1%
UG DX, AR TR R R 2 G L AR A IX 7
ORI EAE 3100~2400 cm ' A1 1700 ~100 cm
X 4 I, A X 120 0 H B4 I RE AR B 21
AT AR BUIX R A G 1% 4 i B 24 4 8UIX
FIL 2 7 42 U B 2 5 1 U DX RN 21 A0l i 4
W B RS e 0 KRN BB I 4k BE LT AN
T 80X FNRT B GG e X 21 A0 6 ik 4 D BE R fir 2
1% 4 Uk BORCHE HE 1T 00 G G R 45 T o B AR
HEAT S, AE AT AR 2] 6 Fhp) O LG AR AR . il
FH SVM #8740 5%k L 6 Fh 40 2% il 45 Ol 1% 8
T 4y 2 S AR R A S QL. Q2. Q3. Q4.
Q5 M1 Q6 AT RN, 6 PR T 45 2 51 LA Y 43
FER AR R 3 i DL 1 AL 4,

15 PHE A YINTE 6 B SOLIE Bl B AR R Y 2 SR B HER R

Table 1

Classification accuracy of five kinds of heavy mineral oils under the six types of data models of

primary spectral fusion

Classification accuracy /%

Heavy mineral oil

Ql Q2 Q3 Q4 Q5 Q6
Gasoline engine oil 75.00 85.00 80. 00 80. 00 75.00 75.00
Diesel engine oil 81. 82 18.18 63. 64 45.00 36. 36 81. 82
Grease 25.00 75.00 75.00 100 100 100
Gear oil 66.67 0 33.33 0 66.67 66.67
Hydraulic oil 0 50. 00 0 50. 00 0 0
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Table 2 Classification of two samples to be determined
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