KIGAS Vol. 16, No. 1, February, 2012
v (Journal of the Korean Institute of Gas)

77129 RALsH oS 25t FEELASEHI SVM2| H 1

'0]7|uH
ZFU gt JFAAEFT Y
011'd 129 7¢ F11, 20123 29 26¥ 574, 29 269 A=)

Comparison of Partial Least Squares and
Support Vector Machine for the Autoignition
Temperature Prediction of Organic Compounds

' Gibaek Lee

Department of Chemical and Biological Engineering, Chungju National University
(Received December 7, 2011; Revised February 26, 2012; Accepted February 26, 2012)

2 o

st 9 A E S et = 7Hg T 23 249 st A st o) AF dolHe 1 2= B
3t dlol Bl & A= Aol of el 4971 Wik ©] 47-0) A1i= DIPPR 801 91| A 2 50370 71 % <] A-A 315 4
o o] H 25 B AAwE A S o S8 B8 3 225 (PLS) 2 support vector machine(SVM) 2 &8 2+ 31 H]
WG TE LE VA HS 0] 8314 5970 28717} o] d|Smd o) E ot ok F R oA A of & v
AAFE DA AF o2 ALE QA5 o] 83t A4 = 9l a, SVME A& 71 v} 7} 4=7} B0} particle swarm opti-
mizationg ©]-&-3F 23} = o] &3tk AA dlolg o &) Al4kE BHF - ) L 2= PLS7}58.59K 91, SVM©)
29.11K4 4] SVMe] PLSol| H] 3] - $-4=3) o] 24 5& Rtk

Abstract - The autoignition temperature is one of the most important physical properties used to determine
the flammability characteristics of chemical substances. Despite the needs of the experimental autoignition
temperature data for the design of chemical plants, it is not easy to get the data. This study have built and
compared partial least squares (PLS) and support vector machine (SVM) models to predict the autoignition
temperatures of 503 organic compounds out of DIPPR 801. As the independent variables of the models, 59
functional groups were chosen based on the group contribution method. The prediction errors calculated from
cross-validation were employed to determine the optimal parameters of two models. And, particle swarm
optimization was used to get three parameters of SVM model. The PLS and SVM results of the average
absolute errors for the whole data range from 58.59K and 29.11K, respectively, indicating that the predictive
ability of the SVM is much superior than PLS.

Key words : autoignition temperature, property estimation, group contribution methods, partial least squa-
res, support vector machine, particle swarm optimization
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Table 1. Previous works and their results
. Chemometrics AAE [K] R RMS [K] No. of Ratio of
Works Inputs method (train/test) (train/test) (train/test) whole data | training data
Suzuki 6 molecular multi-parameter | train 33.0/whole
(1994) descriptors regression 33.6 0.951/- ) 250 40%
Tetteh 6 molecular
et al. descri tum neural network 17.1/30.1 0.976/0.913 - 248 34%
(1996) lescriptors
Albari et 58 functional
al.(2003) groups neural network 17.8/16.7 0.98/0.98 - 490 96%
Pan et 6 molecular
al.(2008) descriptors SVM - 0.963/0.953 | 29.82/30.99 90 58%
multiple linear
Pan et 9 molecular regression 30.98/32.70 0.932/0.925 | 37.99/36.86 » 207
al(2009) descriptors ?
SVM 27.55/28.88 0.949/0.935 | 33.21/36.86
Table 2. The functional groups of the model
No. Group No. Group No. Group No. Group
1(E1) -CH3 16(E16) =S 31(M14) -CO2- 46(R6) -N<
2(E2) =CH2 17(E17) -H 32(M15) -SO2- 47(R7) NH
3(E3) =CH 18(M1) >C< 33(M16) -SO- 48(R8) CcO
4(E4) =N 19(M2) >C= 34(M17) P 49(R9) (0]
5(E5) -NH2 20(M3) =C= 35(M18) >C<(-X)* 50(R10) =C
6(E6) -NO2 21(M4) -C= 36(M19) >C=(-X)* 51(R11) S
7(E7) -SH 22(M5) -CH2- 37(M20) -CH2-(-X)* 52(R12) >Si<
8(E8) -Br 23(M6) >CH- 38(M21) >CH-(-X)* 53(A1) =CH-
9(E9) -F 24(M7) -CH= 39(M22) -CH=(-X)* 54(A2) =C<
10(E10) -Cl 25(M8) >N- 40(M23) >Si< 55(A3) =C<(-X)*
11(E11) -COH 26(M9) -N= 41(R1) -CH2- 56(A4) >N-
12(E12) -COOH 27(M10) -NH- 42(R2) =CH- 57(A5) (0]
13(E13) =0 28(M11) -O- 43(R3) >CH- 58(A6) o-B, m-B, p-B
14(E14) -OH(alcohol) 29(M12) -S- 44(R4) >C< 59(A7) 3-branch benzene**
15(E15) -OH(phenol) 30(M13) -CO- 45(R5) =C<

*-X: attached to halogen atoms, **3-branch benzene: (1,2,3), (1,2,4), or (1,3,5)

/43 (principal components, PC)
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Table 3. Summary of autoignition temperature
estimation results

Parameter PLS SVM (PLIE?;ISW
AAE(train) [K] 5934 2580 230
AAE(test) [K] 5563 4226 132
AAE(whole) [K] 5859  29.11 2.01

Max Error(train) [K] 31998  275.14 1.16
Max Eror(test) [K] 27358  233.37 117
Max Error(whole) [K] 31998  275.14 116
R(train) 0751 0961 0.78
Rtest) 0777 0858 091

R(whole) 0756 0941 0.80
RMS(train) [K] 8140  35.17 231
RMS(test) [K] 7419 61.19 121
RMS(whole) [K] 80.00 4172 192

- 30 -



7120 AQWEHA 52 9T FRALAS

Table 4. 10 compounds having the biggest absolute errors

H 3l SVM ] H]

Compound Exp. Value [k] Predicted Value [k] Absolute Error [k] Training or Test
Benzoyl Chloride 358.15 633.3 275.1 Training
Cyclopentadiene 913.15 679.8 2334 Test
O-Dichlorobenzene 921 698.6 222.4 Test
5-Methyl-2-Hexanone 464.15 661.7 197.6 Training
Phthalic Anhydride 857 695.6 161.4 Test
Methylethanolamine 623.15 767.9 144.8 Test
1-Chloropentane 533 677.2 144.2 Training
2-Methyl-3-Ethylpentane 733.15 596.7 136.5 Test
Dimethyl Sulfate 461.15 597.5 136.4 Training
Aniline 890 753.7 136.3 Training
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