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Recognition of Gaseous Indoor-Air Pollutants Using Multi-Gas Sensory System

Takashi Oyabu, Member (Toyama University of International Studies), Shigeki Hirobayashi, Member,
Haruhiko Kimura, Non-member (Kanazawa University)

The housing environment is changing with the change in the energy situation in Japan. The house is grad-

ually becoming an airtight structure to economize energy, and an indoor air-quality is going down. In this

study, the gaseous indoor-air pollutants are recognized by a multi-gas sensory system using the OPS5 system

which is one of the production systems. The sensory system has six gas sensors. Eight gases are selected

as main indoor-air pollutants. They are’carbon dioxide, carbon monoxide, ammonia, propane, methane,
cigarette smoke, ethanol and formaldehyde gases. The concentration of some of these will be calculated by
the system. The sensor outputs are input into a computer every 4 seconds. The recognition processes are
done in this interval and a specific kind of pollutant is identified. About twenty rules are employed in this

system.

*—"7— F : gas sensor, multi-gas sensory system, indoor-air pollutants, OPS5, production system
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Fig.2. A photograph of the sensor unit.
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Fig.3. Recognition system of the gaseous indoor-air pollutants.
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Fig.5. Sensor outputs for ammonia gas.
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Table 1.

Output sensitivities of six sensors for eight gaseous indoor-air pollutants. ©, O, & and

blank mean very high, high, more or less high and no response, respectively.
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(literalize value ;; 75 2%
cgs ; ;CGS DfE
ams ; ; AMS Of
"cos ;;C0S D
nxs ; sNXS o
col2s ; ;€028 DfE
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cos
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nxs

co2s

ahs)
1 CODBEERRT7-—F /AL AV}
{literalize co

cos)
3 CO2OBEERFERTT-F VAR LAV}
(literalize co2

co2s)
1 CHHOBEZYRTI—-F 7 AE)L AV}
(literalize ch4

cgs)
;3 TUNVOBEERXRTI-FV/AE) LAV
(literalize propan

cgs)
(s COORIET2RELEERYET 7 —F U /AT YL A Y
b

(literalize cod
co0 ;;CODBEEDPTER
col i CODBEED LR
co00 ;;CODBEOTER
coll) ;;COMDBEDLR

1 C2OMETHARELBERERT 7 —F /AT IR
Vb

(literalize co2d
€020 ;35C02 DEEEDOTR
co21 ;;C02 DEEEZD IR
6200 ;;COZDBEOTER
co211) ;;C02 DRED LR

3 CHHOMETA2RELEEEZEERT7I—F v/ XAE)I LA
vk ’

(literalize ch4d
cgs0 ;;CCS DEEEDOTH
cgsl ;iCCS DBEECER
cgs00  ;;CH4 D/EDOTER
cgsil) ;;CHA DRED LR

5y TONVOMETIBRELEERERT 7 -F /AT
LAV}
(literalize propand

cgs0 ;;CCS DEEZOTR

cgsl ;;CCS DEEZD LR

cgs000 ;; 7OV DOBREDTHE

cgsiil) ;; FusivOREN LR

(p startup
(start)
-3
(make base ~cgs (compute(accept)+0.05)

~ams (compute{accept)+0.05)
~cos (compute(accept)+0.05)
“nxs (compute(accept)+0.06)
~co2s (compute (accept)+0.05)
~ahs (compute(accept)+0.05))})
cod “co0 0 “col 2.02

“co00 0 "coll 60)
cod “co0 2.02 “col 2.27

~co00 50 “coll 100)
cod “co0 2.27 “col 2.42

~co00 100 ~“coll 150)
cod “co0 2.42 “col 2.49

~co00 150 ~“coll 200)
cod “co0 2.49 “col 2.53

~co00 200 “coll 250)
cod “co0 0 "col 2.02

~c000 0 “coll 50)
co2d “co20 0 “co21 0.11

(make
(make
(make
(make
{make
(make

(make

TERE, 118528, FHIE
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(make
(make
(make
(make
(make
(make
(make
(make
(make
(make
(make
(make
(make

(make

“c0200 300
“c020 0.11
“c0200 550
“c020 0.42
“¢c0200 800
“c020 0.84

co2d

co2d

co2d

“co211 550)
“co2i 0.42
“co211 800)
“co21 0.84
“c02il 1050)
"co21 1.25

“c0200 1050 “co211 1300)

co2d “co20 1.25
"c0200 1300
“co20 1.46
“c0200 1550
“cgs0 0 “cg
“cgs00 0 “c
“cgs0 0.4 ©
“cgs00 250
“cgs0 0.6
“cgs00 500
ch4d ~“cgsO 0.74
“cgs00 750
propand “cgs0 0
“cgs000
propand “cgs0 0.
~cgs000
propand “cgsO 0.
“cgs000
propand “cgs0O 0.
“cgs000
propand “cgsO 1.
“cgs000

co2d

ch4d

chdd

chdd

“co2l 1.46
“co211 1550)
“co21 1.63
“co211 1800)

s1 0.4

gsil 250)

cgsl 0.6

“cgsil 500)

cgsl 0.74

“cgslil 750)
“cgsl 0.88
“cgsil 1000)
“cgsl 0.576

0 “cgsiil 100)

576 “cgsl 0.8
100 “cgsiil 200)

8 “cgsl 0.959

200 “cgsiii 300)

959 “cgsl 1.079

300 “cgsiil 400)

079 “cgsl 1.173

400 ~cgsiii 500)

(p r1
(base ~“cgs <a> “ams <b> “cos <c>
“nxs <d> “co2s <e> ~“ahs <h>)
-
(make value “cgs (accept) “ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) ~ahs (accept)))

(p r2
(base “cgs <a> “ams <b> “cos <c>
“nxs <d> “co2s <e> “ahs <h>)
(value “cgs > <a> "ams <= <b> “cos {<f> > <e>}
“nxs <= <d> “co2s <= <e> “ahs <= <h>)
-
(write (crlf)"I detected CO.")
(make co “cos (compute <f> - <c> + 0.05))
(remove 2))

(p r2t
(co “cos <ad>)
(cod ~“co0 < <a> “col >= <a> “co00 <b> ~“coll <c>)
-—>
(write <b> ~ <¢> (erlf))
(remove 1)
(make value “cgs (accept) "ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) “ahs (accept)))

(p r3
(base “cgs <a>
“nxs <d>
(value “cgs <=
“nxs <=
“ahs <=

“ams <b> "cos <c>
“co2s <e> ~ahs <h>)
<a> “amg <= <b> “cos <= <c>
<d> “co2s {<f> > <e>}
<h>)
-
(write (crlf)"I detected CD2.")



(make co2 “co2s (compute <f> - <e> +0.05))
(remove 2))

(p r31
(co2 ~“co2s <a>)
(co2d ~"co20 < <a> "co21 >= <a>
“c0200 <b> “co211 <c>)
-
(write <b> ~ <c> (crlf))
(remove 1)
(make value “cgs (accept) “ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) “ahs (accept)))

(p rd
(base “cgs <a> ~ams <b> “cos <c>
“nxs <d> “co2s <e> “ahs <h>)
(value “cgs > <a> ~“ams > <b> “cos > <c>
“nxs <= <d> “co2s <= <e> “ahs <= <h>)
->
(write (crlf)"I detected C2H50H.")
(remove 2)
(make value “cgs (accept) ~“ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) “ahs (accept)))

(p 5
(base “cgs <a> “ams <b> ~cos <c>
“nxs <d> “co2s <e> “ahs <h>)
(value “cgs {<f> > <a>} ~ams <= <b> “cos <= <c>
“nxs <= <d> “co2s <= <e> “ahs > <h>)
-->
(vrite (crlf)"I detected CH4.")
(make ch4 “cgs (compute <f> - <a> + 0.05))
(remove 2))

(p r51
(ch4 “cgs <a>)
(ch4d ~cgs0 < <a> “cgsl >= <a>
“cgs00 <b> “cgsil <c>)
-->
(write <b> ~ <c> (crlf))
(remove 1)
(make value “cgs (accept) ~“ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) “ahs (accept)))

(p 6

(base “cgs <a> "ams <b> “cos <c>

“nxs <d> “co2s <e> “ahs <h>)
(value “cgs > <a> “ams > <b> “cos <= <c>
“nxs > <d> “co2s <= <e> “ahs <= <h>)

==Y

(write (crlf)"I detected NH3.")

(remove 2)

(make value “cgs (accept) ~ams (accept)

~cos (accept) “nxs (accept)

(remove 2)

(make value “cgs (accept) “ams (accept)
“cos (accept) “nxs (accept)
~co2s (accept) ~ahs (accept)))

(p r8
(base “cgs <a> “ams <b> “cos <c>
“nxs <d> “co2s <e> "ahs <h>)
(value “cgs > <a> “ams > <b>
~“cos > <c> “nxs > <d> “co2s > <e>

~ahs <= <h>)
-->
(write (crlf)"I detected Cigarette Smoke.")
(remove 2)

(make value “cgs (accept) "ams (accept)
“cos (accept) “nxs (accept)
~co2s (accept) ~ahs (accept)))

(p r9
(base “cgs <a> "ams <b> “cos <c>
“nxs <d> “co2s <e> "ahs <h>)
(value “cgs {<f> > <a>} “ams <= <b> “cos <= <c>
“nxs <= <d> “co2s <= <e> “ahs <= <h>)
-->
(write (crlf)"I detected Propane.")
(make propan “cgs (compute <f> - <a> + 0.05))
(remove 2))

(p r91
(propan “cgs <a>)
(propand ~“cgs0 < <a> “cgsl >= <a>
~cgs000 <b> ~“cgsill <c>)
-->
(write <b> ~ <c> (crlf))
(remove 1)
(make value ~“cgs (accept) “ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) ~ahs (accept)))

(p r10
(value ~“cgs <a> "ams <b> ~“cos <c>
“nxs <d> “co2s <e> “ahs <h>)
-=>
(remove 1)
(make value “cgs (accept) “ams (accept)
“cos (accept) “nxs (accept)
“co2s (accept) “ahs (accept)))

~co2s (accept) ~ahs (accept))) (ER) 19734, L¥RAZIHMArHsLBES
To TS HERMBEAEE - XEREXFHEE, 73
FEAEE () BHTRF#S. 80 £LRLTF
ERIRZERT, BhEUR, BRL&T, 91EZILE
BREAXZBUHSERNDHIR, 94 £52, FA

LU AT ACMTAHRICHE (T2Et) .

X B ZAX

(p r7
(base “cgs <a> “ams <b> ~“cos <c>
“nxs <d> “co2s <e> “ahs <h>)
(value “cgs > <a> “ams > <b> "cos <= <c>
~“nxs <= <d> “co2s <= <e> “ahs <= <h>)
-=>
(vrite (crlf)"I detected HCHO.")
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