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Fig. 1

The flowchart of modified hierarchical clustering analysis
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Table 1 The light fuel samples list
No. TR SES ¥t No. RS ¥
1 SHEMES R B 21 93 FVRIN RIS
2 SHBREL P 22 932 LRI HRIE
3 3HEWES R Uk 23 93 HEJRM RISk
4 3H B A 24 93% MV $99k
5 3H WKL P 25 93 FMVIN B
6 SH WKL YL 26 93 EVRIM 3995k
7 SH# R YL 27 97 FEARIM /YL
8 3H WAL TR 28 97 FRARM FHUk
9 3HBEREL P 29 97 # EVRI YO
10 3#WEHEL TP 30 0# L R
11 3# WK ot 31 0# FimLEM IO
12 3#mESMRE UL 32 0# FimEEM I
13 90# ERR TPt 33 0# FimEEMH I
4 90# EARM YL 34 O# Fim LM WO
15 90# EHKM T 35 0# I LEH IO
16 90z Iyl Ut 36 O# LM Uk
17 90# EMm It 37 O# FEFSEM PO
18 90# FEMRIM  #IL 38 0# LN HEOL
19 93# HERKM T 39 O# LW Uk
20 93# IV R
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Fig. 2 Raman spectra before and after adsorption

filtration of 31 jet fuel sample No. 3

@XF FHAT 55 90T S M RE . R A A0 b e} e U R A
A0 3R AT il A L 2 O B R i UARPIR AE AR K I BN kAR
B2 R AR WG A7 TR A AR A5 IR IS 40 4 5 ¢ o B a1 R
fEVE . [ 3 A 4 43504 16 5 90 & 4 VR IMAE M A 37 5 0
£ 0 P SRR o S R PR RS B Sk R R, BT
A, Zad R AL BESS . FERL 2R N 176~2 850 cm ' 2
f] 7 5 4 e A AN SR 2R AR AR KT AR IR T B, B ook
T IR AT 0 B R

QX T HA BRVOETT T T VMR, i3 i W B Ak 2 B 95
THBRPEET I, (M RE fhr 2o RE AR AE R B i ok, DL 32 5
O £ 2 S e S g i), HL 3o VR BF 7 U 1z B S T B N 5
B .
2.2 MHEREREHWER

AR T 42 10 B0 R G R I e TR R R AT
RGP, RELRWE 6 iR,



810 itk 5 i 4 A 539 %5

BHoe RHEEEKRELR
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Fig. 4 Raman spectra before and after adsorption filtration of
0% Automobile diesel fuel sample No. 37
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hierarchical clustering process
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Table 2 Clustering results based on leave one out cross validation
£ R4 BT RO 1) B B A ST BRI oo 1] 7 B S
No. 3mE 0% %E 3k 972HE o 0% No. 34WE 90£%  932% 974 % oz 0% %
SR IR AR 25 R B 1B | P SRR R AR 125 R S 2 3 I B3
1 0.000 63 0.13435 0.31096 0.27262 0.067 67 0.018 74 21 0.316 14 0.116 93 0.001 24 0.080 57 0.237 60 0.282 49
2 0.000 69 0.136 04 0.31254 0.27250 0.07012 0.018 78 22 0.262 09 0.072 68 0.00437 0.06963 0.20091 0.23152
3 0.000 67 0.13592 0.31291 0.27332 0.06935 0.01878 23 0.294 81 0.10308 0.00131 0.07455 0.22342 0.26153
4 0.00094 0.11358 0.27599 0.24209 0.058 04 0.013 77 24 0.308 50 0.114 54 0.00081 0.07877 0.23228 0.275 32
5 0.00093 0.117 01 0.27870 0.243 20 0.058 91 0.013 23 25 0.308 04 0.114 24 0.000 81 0.079 23 0.23163 0.274 87
6 0.003 08 0.11899 0.29062 0.25041 0.06328 0.012 50 26 0.324 65 0.13575 0.008 11 0.08939 0.247 15 0.290 99
7 0.000 90 0.13437 0.31241 0.27629 0.068 74 0.020 27 27 0.25859 0.12779 0.074 54 0.000 14 0.238 69 0.239 57
8 0.00075 0.13626 0.31391 0.27493 0.071 58 0.020 06 28 0.260 00 0.127 60 0.074 16 0.000 05 0.239 84 0.241 30
9 0.00083 0.13571 0.314 21 0.277 10 0.06952 0.019 72 29 0.26043 0.127 88 0.073 89 0.000 05 0.239 98 0.24156
10 0.00089 0.11368 0.276 20 0.24252 0.059 85 0.014 45 30 0.05159 0.11554 0.237 07 0.244 38 0.006 31 0.027 08
11 0.000 83 0.116 57 0.28029 0.246 82 0.059 13 0.013 96 31 0.05386 0.11382 0.23398 0.24294 0.00274 0.029 62
12 0.003 12 0.118 31 0.290 27 0.250 77 0.063 91 0.012 87 32 0.08779 0.12681 0.21833 0.22923 0.01515 0.059 41
13 0.126 43 0.00082 0.10219 0.12247 0.11588 0.115 90 33 0.066 67 0.116 75 0.221 97 0.23174 0.003 03 0.040 05
14 0.124 06 0.000 96 0.106 44 0.13469 0.11266 0.110 52 34 0.096 16 0.121 76 0.217 35 0.249 88 0.006 48 0.066 77
15 0.127 45 0.001 00 0.10273 0.12362 0.11799 0.117 39 35 0.062 32 0.11929 0.24192 0.257 44 0.006 17 0.041 42
16 0.12515 0.001 05 0.106 15 0.133 13 0.112 48 0.111 45 36 0.018 90 0.11140 0.25518 0.23808 0.03533 0.001 38
17 0.12773 0.001 02 0.10231 0.12326 0.11826 0.117 72 37 0.02348 0.09841 0.23704 0.22179 0.026 57 0.007 60
18 0.123 91 0.001 01 0.10719 0.13360 0.11098 0.110 16 38 0.016 16 0.13183 0.29499 0.256 64 0.057 74 0.003 98
19 0.25136 0.06972 0.02318 0.06917 0.20891 0.23191 39 0.017 96 0.12325 0.28098 0.25588 0.046 26 0.002 63
20 0.333 60 0.13997 0.00530 0.09185 0.248 34 0.297 52
SE AT AT I SRR . B T AT AR i PR A U R R T Ak 4 o A WA B MR RE I, LT 6 K394 HA
BgA b B S e B R s, IR R A B, 4R — b AN TRV L 8 % G T SRR AE 9 TlRE 1) S P b 2 PR B Sl iR
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A Fast Raman Spectroscopy Classification Method for Fuels Combining
the Fluorescence Background Correction Based on GCB Preprocess and
Modified Hierarchical Clustering

YU Xing-chen" ?, GUAN Liang'* , LI Zi-cun', GONG Ying-zhong', MA Jun', XU Xian®

1. Oil Department, Army Logistical University of PLA, Chongging 401311, China

2. 76174 Army. Guilin Logistical Support Center., Guilin 512200, China

3. Military Energy and Supply Technical Service Center, Logistics Support Department of PLA, Beijing 100036, China

Abstract In this article, a Raman spectroscopy classification method combining the fluorescence background rejection based on
graphitized carbon black (GCB) preprocessing and modified hierarchical clustering analysis (HCA) has been put forward, by
which 39 fuel samples have been classified correctly and automatically into six types of 0 # automobile diesel fuel, 0 # general
diesel fuel, 97 # gasoline, 934 gasoline and 34 jet fuel. GCB preprocessing, during which 50mg GCB is used to filter 0. 75 mL
fuel sample once, has no influence on those samples which have no fluorescence background such as 3 # jet fuels and gasolines
and can reject effectively the weak fluorescence background of gasoline and automobile diesel fuel samples and strong fluorescence
background of gasoline and general diesel fuel samples. Firstly, the Procrustes distance in the Procrustes analysis (PA) was
adopted to measure the similarity between the samples for the classical HCA which was regarded as the modeling stage in the
modified HCA algorithm. And the centroid vectors belonging to the different clusters were calculated according to the results of
the HCA. Secondly, the types of the unknown test samples could be determined by calculating and comparing the Procrustes dis-
tances between the test samples and the centroid vectors of the clusters. The “leave-one-out” cross validation results based on
the 39 samples belonging to 6 classes have shown that the GCB preprocessing is an effective fluorescence rejection method for Ra-

man spectra of light fuels which can be applied to qualitative and quantitative analysis.

Keywords Raman spectroscopy; Fluorescence rejection; Graphitized carbon black ( GCB); Hierarchical clustering analysis
(HCA) ; Classification; Light fuel
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