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Extraction of Information of Driving-State from a Gas Sensor Response by Genetic Algorithm

Takahiro Hayashi, Non-member, Haruhiko Kimura, Non-member (Kanazawa University), Takashi
Oyabu, Member (Kanazawa University of Economics), Tatsuhiko Nishikawa, Member (Kanazawa

Municipal Senior High School of Technology)

In this paper, we tried to extract information of driving-state of gas generating sources which are located in

an indoor space(e.g. oil stoves, gas ranges and so on) for recognition of human activities and environmental

changes. It is necessary for extracting information of driving-state of gas generating sources that not only

a signal of gas concentration in an indoor space but also signals of components in gas concentration which

depend on each gas generating source are estimated. In this paper, we proposed methods to find appropriate

combination of component signals of gas generating sources using Genetic Algorithm{GA). Then, uniqueness

and robustness theorem in estimation by our methods are shown in computing simulations. And we shown

it is possible to extract information of driving-state of gas generating sources from a gas sensor response in

an actual experiment.
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Fig. 1. Transfer Model for Gas Generating Point

and Gas Sensor.

2. ENLEOET VL

R BT B EHEMO 7 VA STER (8) TIREX
NbOLERTH L., LTIZEBERT.

(2:1) BEEFI  —BCT RACAEINLHASE
Navier Stokes D FREATHEEN L. TOHFREACIIESR
WP FERE, HEEIREL RTERSN, RILHEBE0HE
BRMERECERTA S EABELOPIC o TV D O,
Lol BiEEDVN S VAT BRI R
THELLY, BELRTEUTELZELHL2IR -
Twp W, 22T, ¥B2RTETHHBERCERL,
BHE B AT LATHUT A, ERICBIT 2T IRE
y(n) &, B 1D XY IZA ARERT z(n) 2 HRBEE 5
2T, TOREENRIEE A(n) PR TSN 2ES L
%%, FITHEZMEREL, BEV AT AL TE
HWOEERDEF MALEIT. z(n),y(n), (n) iZH > 71
YT ENTEBRVNETET A, L nidBEEHTH L.
DrkE, UToBBRIERIL Twa,

-
—

oo

y(n)= Y z(k)h(n— k) = z(n) » h(n)

k=—0o0

(1)
(x : convolution)

BREFVE, BELLTAPREETHNITEES
S %A, LdL, BEEIRLCOREYELR E>T
k. 2Fh, BEETVIBEHRTRELEMGE, BETS
HAVEEBEDHETHL., ENTEET S ET—HMC
(REAKELN) BREC R 2 LEZENIENbE-T
V% OD 0D R TI, BENICBWTRET AT ANE
BETHLILEEIIRLET S,

(2:2) BNEEEE ki, VAEEROEFIVILE
79, —RRICTHBERI R ARE AL S BRHES~NE
BERT 5 REBY (ED) L ABRERw, THET 2 @
Bes (BlE) ofie L THEY 5,

—RHIIEBIEH T A(n) PREEHIZELSWTWE, Ly
L, X#k(5) Tit, ENEBBROBRESEY, ZALF¥—
BMELFMTLIEICLIDERMIRLTE Y, BEEHE

534

K2 HWEOVAFERIMNT LBNES
Fig.2. Observed Signal in Environment of Plural
Gas Generating Points.
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Fig.3. Chromosome and Phenotype.
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Table 1. Means and Standard Deviations of Driv-
ing Time of the Sources.

Source
S1
S2
S3

o
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M
49.970
30.030 | 3.220
11.050 | 3.083

Sample 100
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Table 2. Level of Input Events Signals while Driv-
ing of Gas Generating Sources.
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Table 3. Parameters in GA.
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Fig. 8 Transition of Maximum and Mean Fitness
Values of Population.
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Fig.10. Results of Separation in Adding Several
Magnitudes of Noise.
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Table 4. Source Events.
6:35 | AiA R —7 | ON
6:40 | WAL T ON
6:51 | MER ON
6:53 | FALV» Y OFF
6:55 | FAL Y ON
7:03 { HAL VT OFF
7:08 | KR OFF
711 | FAL VT ON
713 | FRAL LY OFF
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Fig. 13. Observed Sensor Response and Estimated
Sensor Response.
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Table 6. Means and Standard Deviations of Driv-
ing Time of the Sources.

Source n o
HMA P —7 | 11513 | 21.79
HAVyY 7.63 4.31
MER 5.67 2.87
Sample 34
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Fig.15. Transition of Fitness Values.

250 100 0M0b o Hvd, ZoBOBT~ %
B 13(a) 2 RT. EBTIX, 2OMOZAT ARERORK
IR OBRM 2 FMEK Ry TR S, E25 )V
LT, BRECIET AREFOMEA TS & ekl T
bhot (F4). TOHEHUTPLEEENLT ARLER
EMEFEYH 14(a) ICRT. DBECOESETEF Y VT
NORSEFTEFER, HiEiL -t FIRELAVERL, K
BHETHIUTH AREFET L ICEAEOHNEEZRY. 0
TEDEIIT K (13) (S feEo 7. BIBUCHBIT 2L, HF R
BEFOHIHE T 2 BEAFE CREL 2 FEREESOF
BE% BHH AREFEO L FIREL NV ETEHETH 5.
LR, SEHO-OOFMBAKEL T REAVWEDT,
BEDH ARLEREOEEIERICET A HITBFLEL 2
2OT, By Y S EBEOEBT S ¥ —EHRN- T
bLWFDHBTC BV, &F AREEOBEBRHICET
Dt Pk BERECF R OIRT. £, KR
Bw2 GANT A—F3EROBNTH 5.

(5-2) EBRHEE FMEEHBLLTRITHAVTGAR
L ARBILIEA TV o 2B TR I5IRT. R FHA
BT, BREFORTRLEFBEROETREL, £
HOFHOBCEDRBERLIODTHL. M2 DL GA
PRHBEMCE TV LI ED SN 5H. GA D XD EAHMIC
BonzEEty HIRSER130Db) D LI ko7 F,
BEERMESIAE 14(b) © & ) ko, EHERLES L E
BL7FY)VFVORSESCHDE, BEFHEIILY
ﬁ%bt&ﬁ%%u%?wﬁhb@ﬁ%Tﬁbﬁﬁ@fﬂ
oA, BBEBII-EL .

TmpsaE, 1204118, FHRF

541

(5:3) BROBIE HIEFOULLLEYIRLILLTHY
OThOBERIIW >PpEZ LN S, —Diktr VERIE
FIZMbSMEICLLHENELOND, Ly FILEDHE
hd 2 VidEP 2 HET 5B E0MRIEETFMbo 28
&, BEOAULEDNRUL TR RALITER Z-72YH
B2 0T 50T, TORENRIEFTOILL)RIL
LTHOBEOET Y 7V oThih-TRRBLELS
ha, 3/, HOBRRELC, YABEEFEOBITICL LY
AMEBDOBEZ X 2 HEFEZL SN D, REFETIE, Q)
RO LA EEFEOEFIC X 3 BELHEDENE AN
EEIRNEETWADOT, WEICH AREFESY HEL 7
BE» OO THhIEL 2L LEZ LR L. £72,
BETREFENBHL TnWE0T, REOEANIZL D {EE
BBEANPEL R L 2R BLLREZLNLDL, ER
12, BERHEDELEOTHE, URiobo L kxTH K
&,

LAdL, THLAZESEFCThREC 2300, BE
BRI —HLTBY, Eo 9 ) Y FHATOENOT AH
EREOREBIRFIIIBCE S, FHICRLAL I, GA
L0#EETHECHRBERES —7 v oty FEER
B EA TV EERESLDOTY -7 v O FIRE
ERIBEFEINTVLEE, BELEOEFITED
LTw, LHL, ¥—F v bt s EBETII LML
MENMD 0 - BETH-Th, TFMPHK RLEBVWLZ L
T, EEHRERBOBREIRER P ETNIETEFIE,
BEEMOFITEIIEDLRVEASEKENLIOT, 20k
SREEIIITMYBRIENTE, VAREERORERK
REBT ALY TEEL G o/ b ELDNS,

6. ¥ & &

KB LTI, BERICBIT 27 AREBEOREIREL R
TH-010, BRICKRBSh AT A YOS EEET
LT, GAZBWTH REAFEOEINOKME S H
ENMETAEEEZBREL. T, BREFROFEYML R
FTrOIHERY Sl —-Ya vl o TESTEO—F
Mr ONA NEORIERTo7-. ¥/, BEOZNEBIEIC
BOWTH AREERSESTONREHALER, FAEE
BORBRAEIZITBEHTELI ERRLT.

KB LTI CARBEVD I ETH AREEOHREERZ
T2 EATES. GA LS SRBEBERIC L AR
FHEORMTHY, BRI LV HBETH > B RLER
ZRT AT ABALHBECER SR EZ ST T 5 09,
Ihi GADERORREREVIFHZTIL(HHD
TiE% <, GADOFENREIY PO =¥ 5 MEMICHEA
GRS N S - MEEHFL RO ANB I L5 T
X5FEHMICHLLEZ DL, SHOWETIE, GA DM
BB EBFRICET IR EATL I EICXD, 1
EDFERLLE DFETIITE Lo ESTENTTEEE
ol BHl—D0ORELEL S,

BRICBIT AT AREFROBRERELT HLZ L E, BER



DREFTLZFBRMT AT TR L, ABOES/ S5 — V3
HANEOLRDBHEEZ LIS, WEEML TV HEEA
R0 & T 24 R ENREIHMEAT) AL
AT LOBEIIFL, KREOFNESTFTE 5.

= &

FHFFRICERL, BILKFTESAMREHER T ERL AR
B#EIRIC A RLHBETES T LA, TTICHELTEL

3.
(F 124 02 B 23 B3A+, F 12406 A 09 HFEZ)

X #&

(1) T. Oyabu, H. Nanto, H. Kasahara, T. Onodera, N. Nakata,
“Odor sensing characteristics in residential space and its ap-
plication to walfare”, Proceeding of 3rd International Con-

ference on Engineering Design and Automation, pp. 321-

328(1999)

T. Seiyama, “Chemical senscr-current state and future out-

look”, Chemical Sensor Technology, vol. 1, pp. 1-13, Kodan-

sha Ltd and Elsever, 1988.

AHE, MHED, WREE, PAEE, RREE, VUL ZEEEE

HALHFT VL&Y - FARTRILY A7 2DHR”, B

KFEA/LGE, vol. 119-E, no. 4, pp. 194-200(1999)

KBS UE, LHREH, ANEE, BREOBRIEAIRT AL 4

CXBMEEARFTE=S )V, BRFESWAE, vol117-E,

no.6, pp.314-320(1997)

S. Hirobayashi, H. Kimura, T. Oyabu, “Detection of Human

Activities by Inverse Filtration of Gas Sensor Response”, Sen-

sors and Actuaters B, vol. 56, pp.144-150(1999)

T. Oyabu, C. Kuiqgian, S. Ishizuka, Y.Matsuura, and H.

Kimura, “The detection of gaseous indoor air pollutants using

a multi-sensor system”, East Asia Conference on Chemical

Sensor, no. 1G04, pp. 22-26(1995)

D. E. Goldberg, ”Genetic Algorithms in Search, Optimiza-

tion, and Machine Lerning”, Addison-Wesley(1989)

LTRSS, MBRHE, ARERE, KBEEUTE, H ALy FIREET

2BV A MAKRER OB, EBRF R XL, Vol.118-E,No.2,

pp.106-112(1998)

AEERE, “HEHRROBEH A", LA, pp. 66-96(1994)

(2)

(3)

(4)

(6)

(7)
(8)

(9)

(10) REEK, “FEHRORFON MM BLFR", GRS,
pp.1-28(1993)
(11) KESTE KHEE, 708 7Y 30 Y A7 L AOLANNE

HNZERFEREORE, ERFEHIE, Vol.117-E, No.5, pp.243-
249(1997)

KBS E, LRSS, ANEE, «OLVFH ALV H I A7 51215
BRZERFERT AR & RENE", BERFRWLEE, Vol.118-E,
No.2, pp-92-99(1998)

AR, ANEE, RU=#kX, K&ETE s 7AL760
BIZX B2EAT AREFERETOHT”, EFHBREREF R,
Vol.J81-A No.11 pp.1600-1610(1998)

fRERE, SRIZHT VT ) XLOZRE, +— Att, pp.59-104(1994)
JeEFEE, » RIEMT LT ) X4, E¥KE,pp.3-39(1993)

(12)

(13)

(14)
(15)

# ’ £ (GERR) 1998 FERRFTLFRBERIFHRTERH
¥, 2000 ERKFERBAMEMRBETHR
AT A TEEYELRAREST. REREE
EHRAEERG I RPREREY. ETHBREESE

P
non

542

(¥£R) 1974 ERFRERKFTERICHEL
EHEE, 79 ERILAZTEMAEL (IFRT
%) REBT, AEELE () 9%. 80 E£&R
LFEHARER, 84 FERKFEREBEFZ MY
B ETHESRKETERERY A7 L 1T%%
Hig. IT¥Et. ETHHREEFS, FRLEy
&, \IHBFEREKE.

A HEFE

X # 2UE (EB) 1973 FET2REAFTEMERMELRER
T. 5 FRMAREEXFHREIHEE. 73
EEREE (W) BRHATARSH. 80 £&RKL
FHEEIREHM, BEdR, BETETILEENL
EBAFEAXZEHHELFHPBIR, 94 FHRLR
T 98 £ LFBFAFHR. T¥EL. BEFHH
BEXS, FHIEBRHEYS, ERIFLEKE.

B )l B O (EBR) 1966 EREIFEAFLEKBRERTER
THHEE, RERSNR/NEERIETERR
e, 69 I TERKEH, T2€8/IBYT
EmEHGhH, 19 FSRTLTERREH, 94
EIRKFRFR B RBEM AR RFHRHFEL
BLEREET. # (I%). Efg
. EF¥&%4H.

BERER,

T. IEE Japan, Vol. 120-E, No. 11, 2000



