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Preprocessing Algorithm Selection and Optimization of Sensor Array in Electronic Noses

Qi Peifeng, Meng Qinghao, Jing Yaqi, Zeng Ming

(Institute of Robotics and Autonomous Systems, School of Electrical Engineering and Automation, Tianjin University, Tianjin,

300072, China)

Abstract: Three gases are tested to investigate the effects of data preprocessing algorithm and optimiza-
tion of sensor array on electronic noses. Preprocessing algorithms are chosen via principal component
analysis (PCA), and the relative difference algorithm is determined for preprocessing data of the elec-
tronic nose for its good classification effect. To optimize the initial array, we first remove sensors abnor-
mally responsing by observing the sensors’ response trend and coefficient of variation. Then we analyze
PCA factor loading and conduct multi-collinearity test to determine possible optimal arrays using the cor-
relation coefficient and variance inflation factor analysis. Finally, we apply back propagation(BP) neural
network to verify the possible optimal arrays through gas recognition. We determine the final array as
well as select other array for controlled study. The results of the check computation certify that the opti-
mization method of sensor array can not only eliminate anomalies and redundant sensors, but also works
well on the classification of test samples.

Key words: electronic nose; coefficient of variation; correlation coefficient; factor loading analysis; vari-
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Fig. 1 Structure diagram of electronic nose system
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Table 1 Eigenvalue of each principal component and contribution rate of variance
PORE7S 20T ARXS 22 43 ¥ & AR IA — 1k
Ea it it it it
AL N AL N AL N AL N
WO oo WO Srgsen MR Gy MR Gy
1 2.960 78.4 2.971 90. 2 2.707 90. 3 3.643 72.7
2 0.614 94.7 0.253 97.9 0. 244 98. 4 1.311 98.9
3 0.184 99.5 0.059 99.8 0. 040 99.7 0. 047 99.9
4 0.017 100. 0 0.010 100. 0 0. 009 100. 0 0.008 100. 0
1.0 0.6
nEalign
08 > oh 04 "un"riiie, e
> CH 02 *
4
0.6 . 00
@ * S
£ 04 ) g 02
! =
© * m g 04 > >
g 02 a W [ S -0s "> T»
S = n m L * .:- & »
& 00f ™ u ‘,H?. -0.8 > "D,
g »> > )y -1.0 >» * Z§
02 , m CO
N g I -12 »> > » CH,
-0.4 . : . - - -14 : ' ' . S
-5 -4 -3 -2 -1 0 1 2 -4 -3 -2 -1 0 1 2 3
PCA1(78.40%) PCA1(90.25%)
K2 X8k ey PCA 1343 K3 250 PCA 134K
Fig. 2 PCA scoring figure of logarithmic method Fig. 3 PCA scoring figure of difference method
1.0 05 * T TE
* = CO
s 0.4 -
T i i, 03
< * f"m S " *
00 g 02 L] > .,
% e &
< 8§ 01 ey
S -0s > < " &
=%} ) » » %)-‘ 0.0 n >
u
g »»’»’» -0.1 .. B W
-1.0 > " W .
2 < = CO 0.2 ek
>n » CH, \ "
-1.5 : : : : : -0.3 ——83 : :
-4 =3 =2 =1 0 1 2 3 -4 -3 -2 -1 0 1 2
PCA1 (90.25%) PCA1 (72.74%)
4 X2 4r I PCA 151 B 5 it H— 1k ity PCA #3514
Fig. 4 PCA scoring figure of relative difference method Fig.5 PCA scoring figure of sensor normalization method

3 B

A SCHR I SN ALTT 1500 D 4 28 D AN TR) I AL 5 5 B S A AR F e 4 43 17— i 8L g
COWIUGFESIAG I o 18 AR I AR A0 0 00 %) R 30 4% EL A A Do 58 SCRBURS 1 10 42 e P 91 PR IE



TS .0 TSP AR A kB AR KA 1103

W51 9 531 I T B AT 4 B R S o 22 9 D0 /N R S AR AL B AT IR I . (2) SR S AR AR . F
W 51 14 25 A2 8% s X 00 X R 14 Wi 7 B SR A A 2 S (L LS A A — R AT T ) o PR kg T UAR 13X — A
I 3 A A S5 14 e SRR 5 T I A S5 R RSO LA R A SRS e 1 K A 10 R R 9% 0 B S AR B
RIS . (DO BRI M . #EAT PCA I s 23 A7 » 45 & A1 5% &R 00 K07 22 I K N i 47
20 T S 2 M G0 A T BE 19 B I P 81 5 (D T B0 ARG 8 R e 2 [ 31 ff S
3.1 tERBTEUES
2 S o T L B R AT T G AR

Ry=(V:/V,.—1)XR, @)
R AR 21 5 R BUROR RE LA L Ve D A% i i 20 T 00 3 [ 3 vl s 01 5 VL Vo, O 73 s ri BEL
S HL TS RISRAE L TR Ry O 20 LBy 20 (D T

185 40 (R B AE R WK I S BR (L CHL B s ©[ % T rosin
AR a3, ikl 6 B . & 6 AT A, & & % 50 * m igggg;g
v
XS F LY 3 R AR B A 2 F L HEEE R o a0 *x *  MICS-5135
A E 0 380 25 £ e EL (0 38 7 0/ = o T szl
3.2 TREH 2 %
2
FRZE SR S A 4 AL BRI IR AE RN B8 20
TRLJEE S S AR R (B K O A A R B ol £ v ot gy
45 5L ) B O E TRAC 2 T 7 1) T 5 R i z I1 . S
%5 A SRR : ; 1]
VARG B A R AR MR R obo e — BB BN Mk )
RSD, E‘Ji‘l’ﬁﬁﬂ? CH K% / ppm
NS 6 4 R BB 7 CHL ACp e L i
RSD; = —— (2) Fig. 6 Resistance change trend of each sensor in

K2NBBEBBL SRR b Lol LA
H 5 A S AL A R AT L 25 A2 TS 10 74 S AR L AR 5/ 0 o DR A P A0 A 13k — 2 9 A A3 Bk ] 1 S
AR I I T — A

CH,

R2 BERBETRAY

Table 2 Coefficient of variation of each sensor

¥ 5 fé ik 4l SR
1 TGS822 0.113 9
2 TGS2610 0.123 7
3 TGS2620 0.123 1
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5 MiCS-5521 0.110 4
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Table 3 Determination coefficient of each sensor Table 4 Variance inflation factor of each sensor
F5 2 1A HE R HE7 5 2530 VIF

1 TGS822 1. 667 1 1 TGS822 2.012 0

2 TGS2610 1.692 2 2 TGS2610 2.354 9

3 TGS2620 2.468 3 3 TGS2620 3.719 1

4 MiCS-5135 3.032 4 4 MiCS-5135 12,187 2

5 MiCS-5521 3.120 5 5 MiCS-5521 7.093 3
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x5 BEIAAERRISEHNEHEINRE %
Table 5 Average relative error of each array combination for quantitative recognition of gas

S1° S2” S3 S4 S5
N 0.7 0.8 2.2 2.8 1.8
CO 3.1 2.3 1.4 1.5 2.2
CH, 3.7 1.8 2.3 2.1 2.6

x6 BEINAGESRINSENRRBENRE %

Table 6 Maximum relative error of each array combination for quantitative recognition of gas

S1° S2° S3 S4 S5
L1 1.3 1.2 3.8 5.3 3.7
CO 6.5 3.5 2.6 2.4 4.8
CH, 7.1 2.9 4.0 3.1 3.8

4.1.2  RAKKRE IR

0 F R 5 B FEF 1 174 20 7 B AS [ 21 43 AR A W 1 B84 © 28 4o A X 25 4395 R Z-score b 1 A 15 4b 3
J& 5% BP W2 AT U S 2 5 HE R4 28 3 R IR R RICR . AR B A2 T B H S e S O [)
R ABE N 3 B g R 7 R 2 82(1.,0,0),C0O0,1,0),CH, (0,0,1), ZEE 4+ CO(1,1,
0). ZEE+CH,(1,0,1),CO+CH,(0,1,1), ZE+CO+CH, (1,1,1), g 3iF 35 BI0RS B 50 3 05 a5
I = 0.9 B B8 hy 8 A R AR s B 1 s < 0. 1 B B Sy AT R R AR s B AE 0.1 ~
0.9 2 8] 0 R iR BB . 3 Pl 2 20 AR RE A BE LI 5 2 K03 . 36 5 < 7 =35 4180 FH T AR 20 26000
FEAR AT L8N 2, LRI 25 SR DL 26 7, b LU0 25 R mT 0 45 B B AL A kT B — SR 38 B E A U (FE X
AU AR R PG DL . 3R 5 Al A1, S2° FI S5 1 IE B U1 e 4w

®7 BEINASSEKRANER

Table 7 Identification results of gases of each array combination

P 25 R S1* S2* S3 S4 S5
NS RESHIE 28 32 31 30 33
AR /% 80.0 91.4 88. 6 85.7 94. 3

4.2 REMEIHE
MR BRI 4R, S27 , S3, S5 R & M B UM R Bl . 527 4 S5 R A UM E P 2 FE AR R
B . UL MR RN S5 SR R e I S2° L S5 R A L T SC B 8 I AR AT B A RTRE B B AL E S OS2,
ST ALRANE 8 Fin LS BRI FAL S 25 R e e L S2° A i & 491 .
x8 MIMRULER

Table 8 Optimization result of array %
MEg]  SF X AR R 22 NN TE A U
S1” 2.5 7.1 80.0
S2” 1.6 3.5 91.4
S5 2.2 4.8 94. 3

5 HRIE

AR A PCA b 4% 4 18 (9 Tl Ak B35 18 5 K 22 200 1 o IO T e o 8 5% 5 0 0 LA B0 L 9 /L
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