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Temperature compensation methods for an electronic nose pre-concentrator

Cheng Lu, Meng Qinghao

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract ; In order to solve the problem that normal electronic nose (e-nose) can hardly detect the low concentration gas odor of parts per
billion (ppb) order, an e-nose pre-concentration scheme and three temperature compensation ( TC) methods are presented in this paper.
Firstly, a pre-concentrator is designed to improve the detection lower limit of the e-nose. Then, aiming at the problem that the detection
and recognition effect of the e-nose decreases when the gas temperature is too high after pre-concentration, three TC methods are
proposed, which are the multivariate regression method, the neural network regression method and the TC ensemble learning method
based on the two methods. Finally, e-nose detection experiment on the interior decoration material ppb level gas odor in vehicle was
conducted. Two materials of polyurethane (PU) leather and polyvinyl chloride (PVC) leather were used to prepare the gases to be
measured in the experiment. The average recognition accuracy rates before pre-concentration, after pre-concentration without TC and after
pre-concentration using the above three TC methods are 61.14% , 80.64% , 91.67%, 91.21% and 95.06% , respectively, which
verifies the effectiveness of the proposed e-nose pre-concentrator and the TC methods.
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Fig.1 Temperature compensation model structure
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Fig.2 Neural network temperature compensation model
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Table 1 Experiment gas detail information
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Table 2 Gas concentration data
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Fig.9 Pre-concentrator temperature and odor interference

IO, PR A B A AR B o BE R, S8 7 5 L0
BEA MR, MELLZE R 26 AR T A, IR 2O A s 4
B BRI L T S S BRI E VOCs R BRI, 5
AU AR T [R] I R T AN ] 5 0 A =2 T
25, AR T A iR 8RR ORI Rl i
AR B T AR A JRLEE MR I R RE A Tk e
TR EPUIRCR o Sl KV BRI B A AR A LT
Wi 7 2R A L g% i 2R R R R, 4 SP3S,
TGS2603 \MP8O1 ., 2 i i iz i £k i A2 fL BE T iX 3 4>
PR SRS B W 57 32 T BE 52 MR R, i 53 o 5 AR
SRR U 32 FE RE MR /N o AN [ AR 22 i o 37 gy 2k 22 S
W2, 5 SRR IR AR LS A T 7 S U

5

MICS5524 TGS2600 MICS5524 TGS2600 ——MICS5524 TGS2600
4 CCs801 + TGS2603 4 CCS801 + TGS2603 4 CCS801 +- TGS2603
MP801 —*-SP3S MP801 —-SP3S MP$01 —+-SP3S
Z 3|~ "TGS2602 ~TGS8100 2 3F —--TGS2602 — TGS8100 Z 3 —--TGS2602 ~—TGS8100
: 5 :
= 2 153 : ."‘".m‘"""-'-... E ? 2rre Secennns,
» et _,,,_N“_:u”« 0 soees
L oAl e et dadaii s [petacss = = 1l exants o paas
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
e /s It il/s B 1R)/s
(a) BEMPUEER]) (b) HEJFPUKERI) (c) B KA MR E PUB L)
(a) Before pre-concentration (b) After pre-concentration (c) After pre-concentration
(PU leather grade 1) (PU leather grade 1) and water cooling(PU leather grade 1)
5r 5 5
——MICS5524 TGS2600 —— MICS5524 TGS2600 —MICS5524 TGS2600
4 CCS801 + TGS2603 4 CCS801 + TGS2603 4 CCS801 + TGS2603
. MP801 —+-SP3S > 3 MP801 —«-SP3S . MP801 —+-SP3S
= 31— -1Gs2602 — TGS8100 & TGS2602 ~— TGS8100 @ 3]~ -TGS2602 ~—TGS8100
L) L) 2 ) .
g g ./’. ”““.”‘ Sevee, oo, g .'.-“ “.‘". Seeeen,
1 renys i l":’f--’“ =2 S e s I'{”f’j:v’“ ----------- R 55
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Fit 16 /s It /s B 1R)/s
(d) BRI (PUR%Z2) (e) BEIFPUKER2) (f) BHEHKARERIEPUK%E%2)

(d) Before pre-concentration
(PU leather grade 2)

(e) After pre-concentration
(PU leather grade 2)

K10 PU BZ4E4% 1,2 AR 17 25

(f) After pre-concentration
and water cooling(PU leather grade 2)

Fig.10 Response curves of PU leather grade 1, 2 gases



5511 T AT S AR R R AME T 1 61
51 St 5r
—MICS5524 TGS2600 — MICS5524 TGS2600 —MICS5524 TGS2600
4 CCS801 +- TGS2603 4 CCS801 +- TGS2603 4 CCS801 +- TGS2603
MP801 —+-SP3S MP801 —e«-SP3S MP801 —e«-SP3S
E 3 TGS2602 ~—TGS8100 E 3 TGS2602 ~— TGS8100 % 3 TGS2602 ~—TGS8100
", =) LIRS N =) -
E ‘E ""“'N.. 'g f’ N""""ﬁn-mo...
| [sseessvssesseesvereene > ."’7;*”,;:4”":&41”‘1'“ 1 ny‘. e i Dz 2 N
S e e R R O — Fh T R =
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
i ) /s I ) /s I /s
(a) BEERM(PVCE %) (b) B (PVCEELK]) (c) EERIFKARERFPVCEER)
(a) Before pre-concentration (b) After pre-concentration (c) After pre-concentration
(PVC leather grade 1) (PVC leather grade 1) and water cooling(PVC leather grade 1)
5r 5r 5+
MICS5524 TGS2600 —MICS5524 TGS2600 —— MICS5524 TGS2600
4 CCS801 +- TGS2603 4 CCS801 +- TGS2603 4 CCS801 +- TGS2603
MP801 —«-SP3S MP801 —+-SP3S MP801 —e+-SP3S
>3 TGS2602  ——TGS8100 = 3 — ~TGS2602 —TGS8100 = 3 TGS2602 TGS8100
o) o e, o e,
‘E 2 "a 2 .~‘°«.m.' E 2 & .”"‘o..‘"
E esecesseeeeeessetttececee E AT E ‘./ g -'-:'“
L ek ki FE T b 1 :}?;,.%’ = 7! 1 :::5””,\)‘“7”:
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
i [A)/s i 1) /s i 18 /s
(d) BEERM(PVCHE%HK2) (e) BHEJE(PVCE%42) (N BHEIKABREPVCHEER2)
(d) Before pre-concentration (e) After pre-concentration (f) After pre-concentration
(PVC leather grade 2) (PVC leather grade 2) and water cooling(PVC leather grade 2)
B PVC EEARE 1,2 SR 1 £k
Fig.11 Response curves of PVC leather grade 1, 2 gases

3.3 SERIELBER

R B UE R R MEE VR A R, S S I B
PEATRRAE SR, PRI AR BEAMEAAREAY | SR IS {2 14340
#r ( principal component analysis, PCA) J7 iyl 17 &4k, £
W 10 GERFAE 73 A ROCR BT, T IR 40 2 A 47 0E 25 [H]
%2 10 4, 558 o 57 35 17 8 HL ( support vector machine,
SVM) K £ 4l ( K-nearest neighbor, KNN)  BP i £ [%
#& (back propagation neural network , BP-NN) 3 Fh/325 77

R B2 SCRRUE B )7 W b 45 5 o BT AT B R dls AL 70
10 4, YAT ] — 20 AR A i, Hoy O A VR I 25
8, B0 52 SCRAIE , 2 WA 232 10 7 24 (Rl 0 O e ¢
4

I BEAT T PU B ORSE G K55 (PVC B UIR
SERIP IS S TRERN R . BRI AR L T
[CE SHINCE SR ST VRNV S i v E 2y Ry S
JEAMRE R AMEAE TR o S5 X S Bl [R5 ik Ak

WHEATUI AL . % ISR A R H b, Br A s BURHIRRERR RN IERE R AR 3 P

x3 ERREREMEAEXIBER

Table 3 Experiment results of pre-concentrator temperature compensation methods
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