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Establishment of an Electronic Nose System Using Stochastic Resonance

and its Application in Moldy Corn Status Detection”
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(1. College of Food Science and Biotechnology ,Zhejiang Gongshang University , Hangzhou 310035 , China ; )
2. College of Biomedical Engineering and Instrument Science ,Zhejiang University , Hangzhou 310027 , China

Abstract ; Moldy procedure of corn not only causes financial losses to many countries, but also does great harm to
human health and life safety. At present, moldy corn detecting technique of our country drops behind other
countries ,so it is of great importance to develop an electronic nose system for moldy corn detection. In this paper,an
electronic nose system using semiconductor gas sensor array and stochastic resonance has been established. The
sensor array responses to moldy corn are processed by non-linear bistable stochastic resonance system,which can not
only extract the features of moldy corn,but solve the baseline drift problem of the semiconductor gas sensors. Four
kinds of corn samples have been adopted and detected by the proposed system. The electronic nose system can
distinguish the moldy corn status. The system presents fast responses, high sensitivity, small architecture ,low cost,
and owns good practical application value.

Key words : electronic nose ;gas sensor array ;stochastic resonance ;moldy corn

EEACC.7230) doi:10.3969/j. issn. 1004-1699. 2011. 02. 001

ST BEHLIL IR A BT S R G AR
A W AL A E A %

HEAE" HRR R
(1. WL TR RFEHSEY TIREZFEBE, FiH 310035, j
2. WiV R 2 W R TR SRR 248 , Bt 310027

i E . SWEAMEA IR EAR E R, R W R e EE S AE O EREE A G E e, BRifkENSY
AL RIS AR AT —E 5 1, R — SR I S B SR I T R BA EEMME, TR T — R T2 SR %
JERERREF B T R S SR AR SR S BN LR B GAL PR A S R 5 5 AME T SRS B A 8, TR el
AT IR B T B S LR TR T, i I R e T B2 R Ok e SR DURP IR 12 REAS 4 R R L T B RS
BERS X AW BRI R G L O PR R U R ARV IN e FH AR, LA AR R 0 S B AL,

KPR - v T8 UL ARG 51 BE LR ; S A5
hES%ES . TP212.6 XERFRIRED ;A X EHS .1004-1699 (2011)02-0159-06

REEAR, BE G, B e irmE P REr a2 I The SR hEm 125, L8

N A R , o 2 HhE SR04 [ AR SR 1 0F S 10 B ER
A, AR E R SRR S A R L OEHL
ARG, NI E SR OE T EEAE SR, (H
MR IR PR 1S B 25 PR R R B0 T 5 2
MR, ol S S VR AR A 2l 2 7 2
PeoImhEE " 2R 5% ~ 7% MRE 2%
RS, [RI 2728 7 A 0 R B 2 3R U U A\ AR

Ui 4 A AR R SR AR GE AN Oy ik
A IRREHIRTE T DNA BREFIE R A W iE 2R N ik
GUBER IOV BT R ik W RJETIE R
Bek RGN SRR ik R -
WR PR A6 | SR T I 6 07 VR 7 R 1 A 0 I 1] 5 A
JE TR RERDAT AL BT VR RE AR R BT AR S
LT TR R AR 2B

B SRIE . FR QAR R4 H (81000645 ) s WTTLA 1 ARME 4T H (Y1100150)

75 B 87 .2010-07-29 &2 B #7:2010-09-24



#OB R
160

www. chinatransducers. com

X F R
%24 %

LTS — P A AR PR A Tl A SR
FFE Y AU R GELH 1, Be A U AT BR ki A
SRIAGERT . HETER AR R b P R R
JEEVBOR: RO SRS R ), H T2 o th B
TERIP=E MBI SR RSB 1B
NZEMELGE R IEART | H - b b T A M R 1T
P, AHAE R 2L e AR, IX S T A lE R
A At A T B ] AR R SR A )z
R A S AR 2 E 8 [ Warwick K21
Persand S57E 1982 4R EINAMAZ WA BUKE
L SR AR N TR B AR 253k, 4N Josson S5 48T
TR IR U, 45 5 P 22 I 28 AUk, T
A E R, Evans SFMIBFSE T A 8 6 4
PESAR AR SR Olsson ZENILE A TS A€
GEARL PR RS FEEE R ECE T AR
T, BB — e AR i R U SRR T B X o0
HARE Y EN T 8 R G TR BIBEE T H Y
G, AVAR /N S ) —E RE T EAS A e R
B EL - S R LR A ) T A R 1
AR R RLLAEWHR H — B A YA PV T R R
55, 1% B RE PRAERT LA ) LI A PR #2700, 7
BIERRSHR 92.19% 1 SKRLTHGEERIRI Y HL T 5 R 5
XA B AR T AR B AR = i A TS L A
SRMESRIBOR L T3 R AR B AEOR AE G
2 BB AT oA RIS e/
“ ik N TG MRS E A BTk A
JUAERE 7 R AURR 2270 T B B R AE R,
(A 32 5 R TR L F2 A pR AR 43, I B T
R STRREE W0 ) % A s A T 25 G VAN T RE AL
AU Tz PR A A i e
A 1 B E A SR e AR B AR R A 0 HLIK
i BATE MR W B RS AEZ O AT S I 150
IR R/ N S SRS R RETICR, M AT
BRI A R BB (BAEAEA RO IN RAF R AE
TR WIME, it/ 3k il A R SE AR A 28 IR
TR AN B [H Y () 1 24— AN B LA
AR 2 FEIMALE R, N THZ M E T —
PN TR REHIE, (i AREARRZ 1 D0 T 2
Gy AR PRI, FUORS BE T et )l f 2 U
> X LR T2 2% D7 EEAE R RS
BN

AR T — B TR RS, R AARZMX
RS BEALILIR 7 2 S MR U M 43 ) B A e R AR A
B [R5 ¥R T LA R fife e e S A R A%
RELR RS (R E , HF BBIL i £ 08 e AT 320

ST SR 58 5 T LD i T DO
IR R

1 BFERZERIE

BTFERS

P T S 2R G g s R A, R
Bl R LS AL BT, (B IR PRSI I RUE, DA
BN 18 = A BER AR R B S (5
BATOAZ O AR FH T 2N 7] MSP430 s Ab BRAR | 15 Jk
RS SIS 8 A1 RE A SR A AL I
i A AT T AR IR 5 AL AR B SIS 5
P N ey P Ry Rl e ) WA S )
FESRRFER AR IEVRSE , HH G B R I A5

1.1

AR

ARG LR TR ‘
AP . L

L& AR2 @

shkrpes W tl
R ‘ fFERAE.
[ || | mence
o AT

Y et

| LIRS
R
RE

A1 #nliZasghrsgR
TRIRER DR SN % A | 8 Fhp RSk A%
SRS U A R 91 AL R R E N 3R 1 s
SUER R UG O IR AR, B R =
S B E BRI SRR MR E,
AL GE T T 2 MG s — "= ME
A AH B TA] 40, 4 S ARG 32
F1 SEERSFHEIEEK

(R R IS e U AEFN L
1 TGS-825  Hifk#y
2 TGS-821 AKX
3 TGS-826 A
4 TGS-822  W9HE HIZR ZHIRSE
5 TGS-842  fRAH SR (CL ~C8)
6 TGS-813 F e I HE T 4
7 TGS-2610  HkE. Tkt
8 TGS-2201  HA&EMY

1.2 HHBETHRNEE
2 W 2 A7 U B Ak 2 80R BRI &
2 B R A Y EAL R AN ST i



5% 2 H

BEE FAR A THMNERG TR RAAMER LS E TN P e 5 161

s A A i A A, dd T S TR A K R A
M WLEE 80% ~90% FNRE 25 °C ~30 C, Ak
PR RR ROK FeAE FIFEAE DUFh AR 9 W 3K T4
T, B PHC 3 D PATREA ) B AR FR
50 5 B THESIE T R S AL T Rl G R W A
K2, AT/ T4 =K B =K S PR A
FRAS LT S R G R AR P 0 12 DREAS B
ARG 3 5 BOFME, i A L R AR
RIS TR b 2
1.3 BEHLEIRIEE

BEAIL R — PP e SR R G e ke e A
FHE R BRI IRG  FEA5 5 Ak O 2158 1772
PR R DA A5 5 015 e LR AE i AL I
IR, BEVLIHRRZE S AR IFRE RS, A

{5 A TSI P DA — A TR B o b
LIS BR B 032 B 15 B0 Bl AR R
dx__dV(x)

dt_ T+Asin(2wf0t+<p)+m§(t) (1)

V(x) FAELAE XS BRI RER, & (1) Sy i 7 M7 | H:
FIAHSCRR R B[ £(1)€(0) ] =2D8(t) ,a 2R A1H
SUREEf, AR ENE SR D RN T u 2
MESHL,
1 41,5
V(x):zax —Tbx (2)

I (1) T AR

dx .
a:bx—ax3+/lsm(2ﬂfot+go)+«/ 2DE&(t)  (3)
0.06 s e
: — B2
0.04 | 8B L R
N N s
AN
0,02 NN\ - Fk
o N \ ' femas
002 S .
"""""" o~ \
R
—0.04 1 fepme e
~0.06 ! ! P ! ! )
-0.06 -0.04 -0.02 0 0.02 0.0 0.06
(@)% K
L e
10+ RLHR
i - KOK
st/ N_ | N\ i

10k fleikiie fasa
| | feiiis . .
-1.0 =05 0 0.5 1.0
OEHLFS

H R e i 14 2 1 Bl AL LR R PR ) R e b, 1 L
BATEEME L E L

SNR=2[A1@02}2"’S(w>dw 1/8(2)  (4)
S(w) AFG IR IE | S, (02) /217 5430 BN
W 7 50 JiE

2 AYBTRNLEER

2.1 fREZRETIN BT A YA L

K 2 R R AR RS DN S5 8 A S
JOL P, 2% e It Hh L TR B AR, B B R ) 7
A R T B A A R R T, A2 i i 11 P
ARG R A B KR AE IR TFG T, 8 A2 fUER 8
A TR R MR

0.25 —— (LA
—a— LR
% 0.20 F —— LI
2 —a— {Liki4
S 015 —— fhaEs
2 —e— fERERG
= L —<— LT
g 0-10 —— LIRS
» 0.05F

0 5‘0 160 1‘50 260 25‘0 360 3‘50 460 4%0 560
Time/s
B2 FBEBHELAN FAE S5 5 T
P 3 TR A W o A A AR I A 1 B s
P, AT LAWRER HH 2R K 8 A% SRS X DU b A i i
AR I BEA BEA KR 225 AL I 4 W M

Lt M RpE
o101k R
fgas s - JOK
............. ﬁg\i
0.05F N sk
£l X
7 \
Qikr & £ a3
R SN
-0.05 - <
femame fheieasa
-0.10
‘ ‘ feRTEs ‘ |
-0.10 -0.05 0 0.05 0.10
O =K
2r .
I — BT

(TR

B3 BoffaeinizsEiin



B 3

162 www. chinatransducers. com

X F R
%24 %

AR il B R L AR AR AR R B A7 T ] Y
I, DURRER ST A B T EL R RRAE A
TR il HEMERE 57 2 A5 i 1R ) 97728 A6, A5 Rt
1 AR 2 AR IR 4 AR 7 i ma b A B A8
o Xt HEPURRE Ah I SE BRI ACIRZS , B A 45 W0 RE
BB T AT AL
2.2 MiXBEARBFEH RS T E TR S S
Benzi 2 A HZ S FIR A R R v ) 1 39 JE1 3
B BLG 25) REALSIR RO TR I 5
R SRR RARLRIE DT 1 XAk ) — AR TE T F
FRTHERARIN R GE b B A RS, R P g A 4 il
FIARA 57 A ARV, AS IR AE (B A5 2114 25 T 5

i

Singal-to-noise Ratio/dB

-58
—60 1 1 1 1 |
0 50 100 150 200 250 300
Noise intensity
()M R

Singal-to-noise Ratio/dB

Il Il Il Il Il J
0 50 100 150 200 250 300

Noise intensity

(o)

T A, 2 SR S A RS T AR
R EEES R (T 400 C) | KA TARREER 5 Hh LIRS
G, A L AR R JR AR e A
FRUCHRTIN BT A 1 AR A T T bR AL i e
FRAMEFEAL T ARG , RIS T A SRR i
SERE FRATTRE PUF S MU i 14 RG 5CHh A1 T
FETE T 2R G0, U4 Wt P i FE A B A W) e AR A
MLPRAE I L M £, ani&l 4 i, o] DUA R e IR
P IS DA AR TR T B0 SE LR IR (R AL, DAt
RSO B F AR B e 5 o 157 A5 5 R A 7 R
ST, MR AL I AR BB WA 0 155 L RE R IR D5 3k A B
JEHREAT IR 4 AR 25

|
IS
=N
1

Singal-to-noise Ratio/dB

58 1 1 1 1 |
%0 50 100 150 200 250 300

Noise intensity

(byoK

Singal-to-noise Ratio/dB

L L L L L ]
=580 50 100 150 200 250 300

Noise intensity

(d)FF2

B RN o PR e LIRS —— fREER4; v (REERS; A fLIRERe; —e— fRIEERT; —o— LIRS

A4 Am A o) AL R BRI S AT 2 R

BENLAEIRIE I LA 2 — P 15 S R4
BUHEAR Y 45 8 AR R A A A R4 T A Ak B
CUEIE T\ UCRFESE) MO0 T S A BEDL L3R 5=
48 AFRS R RE S U (E MR LR 28 RS0
LI 51 R TIE W 1) v 5 B R IO 174 M 7 5 38 {30 AN
[F], 2RI SRR P A A R LU AR T Y A [ 55, -
497 | SN MERT R EE LA A 195 KoK [ —54,-47 ], X
FHOREZA R 180 ;FHeA: [ —56.6,—48 ], Xof I A o JE 24y
1905747 K[ -55.5,-45 ], %F g M 8 BE 24 170
PRI LY, 308 XS {55t e 7 Sl ek 7 A i 8y
TR HRT R AR AR YA it e o7 {755 2 S 4 i
IREMRLLIMZAFIER 225, i TR IR UL s —
T8 TAELE 200 °C ~400 °C AR TAES H B BRI
NG, 5 A B A e AR5 254 T 3805041
Mr, B R TR 5 S 1R 22 5 ) A BIAGIZ5 S rp | [
R THFRRGENRIEE , RAXGRSRLLR R

GRS AT A (R M LU ZR R 25 57, T LA 2L
TR BRI T, SRS

P 5 A R B TRE A A (R L R 2R AY o073
B, sy 1 FERsY 2 B oTikEE90.3% 5

Principal Component Scatter Plot with Colored Clusters

L 2
L5 OD2
1.0 S4D3 2
ol

5

<]

2

g 05F

o}

S or D4 g1 R

& S2 Kok

£ 05¢ S3 e

g 1ok op1D5 S4 %%

g D2 K

g 15+ S3D5 D3 %?3&
2.0 / s D4 #5 UK

054D D5 TR

_25 1 | | | | | | |

-8 -6 -4 =2 0 2 4 6
First Principal Component
BS5 BUEEREIRSSIE



% 2 BEE R A TREMNERG ST F A AN ERE SN E TR D a5

163

K DU PR i Z I8 R ZE UK, 5 = K 0 25 5 4
/N, A VURATPIRE S ) R 22 S d o HEE, T L =
KPR TR —E gL, SRR RS
AT = R4 2 IX W d HLY I K, R WA W A Uk
AAECRT = RASAL I, A RIRR A D A2 57 LU AT
SORIGK, FEF T 1 RS 2 B i1
ANAVEEAEFEE (KRB R]) B2 PURE b A 21 B4 A 1X
gy, UL IR A A T, IR R
DA S L EPNE=S kS M BSN U) SN SR PN
AL, PIRR A D)4t BN R R EE A I A 5 B 52
FKKMIIT UG K B, A KR = A, e e Rl R A i
FEBN G e AT =R R AERF AR (E
AR RPN EAESS TUR R BB AR AL, AR oM kG f T
FEARILL , JR5 ol Hh B R % A R BRIk 57
AR =R IIRARAL, TR B, RS AT i
Jik, SR E LRIV R AYEIR,

3 4iE

ARICHIER T — B T AL AR S AR
LM S FEHUILIR AL 750 R 58, SE g A 1R
JR KK FHEAE FNFF A2 DURP S 4 A 2 A2 i R S S A dlE
RADBGEASHEY LRI A L IR A B W B R 1Y
W 07 {54522 57 S A o i 1 58 L R IE PR 2 57 1%
T3 AT R S e AR A R A Rl T
] ARG R IR G R 7 i
XTPURP A I R LR HEA T A0 e, A ARRITIZ R T
FRGEAT LXK S PURh A PR i s S R B AR 12
WL FETAE PR, HL S5t O AR fl i b B, BT s
ASEPRRHIE, (EUR TR A 1 S R GTR A T35
KB AR Z i B — AT T AL, FA PR
T RE— T B, i — PR R A T AR
B TtR 527 a YR TR SR N,

SENW .

(1] AR/, AR S0 ML F B PR A A ) B AR AT 5T [ 1] ARk T
24,2004 ,20(4) :121-124.

(2] ZEREAHHIIL b EAR AR A 54 T 8RR [ J]. AR
#1999, (6) :3- 12.

(3] TFEEZE, PN R AR B B S B AR B[ 7). R 3T
LT B, 1997, (4) :64-66.

(4] ATWAZ, JTHAZE , SAMERR , 45 KA 0450 28 G0 A R 63 R o 104 1
HILI]. R RE A 2002, (4) :36-39.

[5] BERSE AP RERE S KIIBEZLR[T]. Rl
iR ,2002,10(6) :1-5

(6]  ZRAFD, MRZE. o S AG I B A 7 M 2 A 1R w14 1o A
FE[J]. LR B ,2009,37(21) :10133-10135.

[7] Persand K,Dodd G H. Analysis of Discrimination Mechanisms in

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[27]

the Mammalian Olfactory System Using a Model Nose[ J]. Nature,
1982,299(5881) :352-355.

B ZE VPOCRE , TP L SR 5 AR I 2 A ) 7
LT ESNE Ay 2 TR S, 2005 ,4(28) :213-217.
SKRLLAG (] E . o SRR B A I b g R [ 7] 4
HULATSE ,2009,3 :181-182.

FhEE B B A R AR R T R )], Rk,
2003,24(5) :161-163.

Gardner J] W, Bartlett P N. A Brief History of Electronic Nose[ J].
Sensors and ActuatorsB,1994 ,18/19.211-220.

Jonsson A, Winquist F, Schnurer J, et al. Electronic Nose for
Microbial Quality Classification of Grains[ J]. International Journal
of Food Microbiology,1997,35:187-193.

Magan N, Evans P. Volatiles as an Indicator of Fungal Activity and
Differentiation Between Species,and the Potential Use of Electronic
Nose Technology for Early Detection of Grain Spoilage.

Olsson J,Borjesson T, Lundstedt T. Detection and Quantification of
Ochratoxin A and Deoxynivalenol in Barley Grains by GC-MS and
Electronic nose [ J]. International Journal of Food Microbiology,
2002,72:203-214.

Balasubramanian S, Panigrahi S, Kottapall I B, et al. Evaluation of
an Artifical Oflactrory System for Grain Quality Discrimination|[ J].
LWT,2007,40.1815-1825.

WRLL, Wi, X822, L B BORTE 25 9 25 722 TU3 v 9
FALI]. ARBAR SR ,2005, (3) :51252.
TR, BB, A%, 55 LT AL R FE P AL S A Y s e
BERIRGIN )] AR EBOR#4,2007,20(6) :1207-1210.
Paolesse R, Alimelli A, Martinlli E, et al. Detection of Fungal Con-
tamination of Cereal Grain Samples by an electronic Nose[ J].
Sensors and Actuators B,2006,119(2) :425-430.

Evans P, Persaud K C,McNeish A S, et al. Evaluation of a Radial
Basis Function Neural Networks for the Determination of Wheat
Quality from Electronic Nose Data[ J]. Sensors and Actuators B,
2000,69 :348-358.

Abramson D, Hulasare R, York R K, et al. Mycotoxins, Ergosterol
and Odor Volatiles in Durum Wheat During Granary Stroage at
16% and 20% Moisture Content[ J]. Journal of Storaged Products
Research ,2005 ,41 :61-76.

JE a8 ROK S Tk R BR SR [ T ] AR B S e T
\k,1998 ,4:10-11.

JEVEEHT. M R P R W [T, R £ ik, 2004,
32(1):9-12.

Benzi R, Sutera A, Vulpiana A. The Mechanism of Stochastic
Resonance[ J]. ] Phys A,1981,14 ;1453 -1456.

Jung P, Hanggi P. Amplification of Small Signals Via Stochastic
Resonance[ J]. Physical Review A,1991,44:8032-8042.
Gammaitoni L, Hanggi P. Stochastic Resonance [ J ]. Reviews of
Modern Physics,1998,71.223-287.

Chapean-Blondeau F. Stochastic Resonance at Phase Noise in
Signal Transmission[ J]. Physical Review E,2000,61:940-943.
Harmer G P, Davis B R, Abbott D. A Review of Stochastic
Resonance : Circuits and Measurement [ J ]. IEEE Transactions on

Instrumentation and Measurement,2002,51 :299-309.



BB H K F R

164 www. chinatransducers. com %24 %
[28] Wenning G, Obermayer K. Activity Driven Adaptive Stochastic [31] Teng-Hao Wang, Guo-Hua Hui, Shao-Ping Deng. A Novel Sweet
Resonance[ J ]. Physical Review Letters, 2003,90; 120602 _1 - Taste Cell-Based Sensor[ J ]. Biosensors and Bioelectronics,2010,
120602_4. doi:10. 1016/]. bios. 2010. 06. 049.

[29] ELREAE BRI, JE T BRAK A (IO IR 28 W 51 RTE L L4 1 < [32] ok, HER AR EHBTFRERBREN LRI L
PRGN T VR ST [ ] AZ AR 242 ,2010,23(2) :179-182. TR SRS ,2006,25(4) :1-4.

[30] ZFF], HELE, AR, 5. LT LR S BAL ER S E [33] XA, W6 & K, FB RE, 456, F - S A6 W00 %09 26 0% 40 30 ik o A
SRR [J]. AR 24,2009 ,22 (5) :664-668. TE[T]. Al TA22%4 ,2010,26 (4) :317-321.

FRIBIR (1944-) 5 #2400,
HFHLRFEYESTREATH, &

BEE % (1980-) , 5, i, F 2008 43K T
VTR T 20 S SR 2

FFEHLO N E R DAL B TS
BT WL TRIR A B b 5 A TR e
R, EEWTTET 10 AL AR Wk
AR R REAXAR R R i
HEAEGUIITT , KARER A RR A5
B AR SR H , B AR

WA, 20 SCLLEL IGE , ghui@ zjgsu. edu. cn;

BT 1) R AR AL R MEMS Ui
Iy N TTISE JC AR/ PRCAbUAS: I 4 A
SERTTE R A R BH E BTH
EPRTE % STIEIW 33 B U S I NE RS
b B I B AR i TR 2 T

yqchen@ mail. bme. zju. edu. cn,



