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Design of Gas Identification System with Hierarchical Rule base using
Genetic Algorithms and Rough Sets
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(Yonug-Keun Bang - Hyung-Gi Byun - Chul-Heui Lee)

Abstract — Recently, machine olfactory systems as an artificial substitute of the human olfactory system are being
studied actively because they can scent dangerous gases and identify the type of gases in contamination areas instead of
the human. In this paper, we present an effective design method for the gas identification system. Even though
dimensionality reduction is the very important part, in pattern analysis, We handled effectively the dimensionality
reduction by grouping the sensors of which the measured patterns are similar each other, where genetic algorithms were
used for combination optimization. To identify the gas type, we constructed the hierarchical rule base with two frames
by using rough set theory. The first frame is to accept measurement characteristics of each sensor and the other one is
to reflect the identification patterns of each group. Thus, the proposed methods was able to accomplish effectively
dimensionality reduction as well as accurate gas identification. In simulation, we demonstrated the effectiveness of the

proposed methods by identifying five types of gases.

Key Words : Machine olfactory system, Dimensionality reduction, Genetic algorithms, Rough set theory
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1 Structure of the proposed gas identification system

E]
37

ﬁJN
e
é‘l
I,
d
B\
o
2
o r
(O
Jo
oift

il
Lo,

AR
o
o
u
4
o?‘:',
ol
N
1
i
o
i
N
ol
o
il

http://dx.doi.org/10.5370/KIEE.2012.61.8.1165

of FHEL HE 4L olgste] A Hh wepA
AR ow stne FHE WEsE FAWS Z aF
O Sydos QAHDE 2Fe] FuE AP o ¥
2 g9 7be AW ARE olgskel Bl 499 wAR
A% A A7 AN Hm, ool Bz A3
olgatel Mo Fo FEW TFH/We] YV F YRS
=t

oA FH duelFol o3 aFshet 21z Fitel o
RIS S FI Ad FAE A s 53
EA FE9 AAHS AANA ol AA ool Eg
H BRE AAMEA HAEF Y dolHE Fid] &8
F A3, A s JRY 5 ol o Helge 7%
Aotk B ® & A & Al "ok B3 AF
T : =

23
_ﬁ
il
lﬂl
—{E
o,
4
2
N
i
I
o
=
9
i}
it
rlo
s
_>L
il
o

Li 0131101 =3l Oéoixlt
?‘éﬁﬁi LERLE] gl 7k e %%%
kel A71RY= deolH JHE*O] o
gkt WPE}H Hd &

(1) i electric signal (i,7) (1)

j=1

Normalized value =«

o] 71, Normalized value= 73T
= B 3 sl o 3
FA, 183 electric signal(i,j) &= i

FEa 408
AN EE 24

3.2 dA ofzlolel &St

;;H t—ﬂo] 11:_ Aﬂ}‘i 7H£¥:t1’l—
AAA Aok w7 e =4

s BAE7] fsiAe A dolHE 24 oHOFE'} E
o2 %o EAa, ofdlols TAAE ANl NS =
g4= g g,

Foh B 24 de] fAF ANES Pl of
g e S3E aFer ®Fsa, olF T e AlA
ol HA 1165



http://dx.doi.org/10.5370/KIEE.2012.61.8.1166

The Transactions of the Korean Institute of Electrical Engineers Vol. 61, No. 8, pp. 1166~1171, 2012

< HET®PTXNTEDTETRNT © REXTETTATREE B FR T M OB oK SR W T
T CEFTRMEPART T = B BN o 20 T o ol -
Gy T AR R P KT R o & 2 BapPmn F oHm@
o WT/ E g A do - RH bapnl Mo =T do A o T = < T i Mo = b Ly el = il S
o ® N SRR L, = R T N ey B | T - %% N o— RO RE
o _RP YN oA TR I = A S
= DB m ST e W Ereggriwd B D TR w g T
S E o R W ) = =N " A oo " G T o B Ar
2 e K w P E - UG el A I L )
o T R ™ O s W oT T | i G Mmoo e el g o — o RT
SIS G " Moo B S o o o R el T _ % 3 L <7 o e
Ths T a it Eagse=CFF S B Ry nEaTeE E] P g ey R
=208 T oo om0y e s o o e TR = M =T Yy g
SlE—= 7%ﬂ@9 ue7 %ﬂma g M B P om TF O g Mo PN
=W T X MmO o = o Vi S It w% I & oo o Moo _ e T M
i i S o b.sﬂo_uz_u@ﬂ.?% ,mnmﬂoﬁ Y M&oﬂﬂo%@mﬂf%z_uiﬁrﬁ Ko < %au%%ﬂ@.wrowﬂ%wﬁ.r
TE gwﬂTn_tiw%E#@Aﬂwﬁ W.ﬂ&ﬁ&%#%wﬂ{ T ﬂmr%o@.ﬂr.ﬁimgi&%
s+ 2 o 9 ok i O L = MW E O R m SO wn B ok g Ho ] - - o om X B ®O
P VIS -0 eI FE OGECTEEL Tanl 0 o@wm ow RPITILE uwwlas
B ) = %o P A o} < = e G 3! il oy 3 RN 7R > =
= X TS AT ERY_eEgea I Mo m g TR S kg ® g N o O E
o % % N }nhova.a#m_ﬁ ) == = T I - s A ) " oy ﬂrﬂﬁ% I I
PYI O CumIE Py Rggr o1y IPETEcIgTe_= NohmEEEMeE R
SO vemsvw R Mp Ty E D WG see. T W Ty W Mmoo WML T TN
WS Lo Zwmmgi _moPZrg 2 20 TRsgPridse ® @ o [F_trEwMEw -
e | VI o T T =g =] EA;EW&L%ﬂHA - mo RI T 2 > B 5 -
X o= — TGP L T Mo mm Yo BN e BT S w o W AT Ty o
R TE RIS . ® %EHE P FRRTR T B gE R H F FTroeg _  TRIPPEe s
e Ao A ) T ! R T T T _T RCRERE U
< m7wnxnﬂxgﬂm%waﬂ A 7%ﬂ%ﬂiﬂmiTm€W_ﬁ T R Trrlilels
< ST 2 T x VT pgwadrw FE O Tmplivgw S T O Foaw )
T ETTETMTT o ook TR WRITE T KA ¥ G i o I B R e
THEHBPWVEIEFHNTRERZL RN S T H TR OHETMTEATTTIRNROPITT BRPF NI T
Mo ook, F o Hod ST & o TRl AR_NT e kB Y R N X B R
O . R T, R A B W q i N g o S
TR o g oF A e LI Nr g MR T N e B e B T Kjo R 44 " o
T T B W S B S P e ) KMz T Mg W
I N i e R R A L - gy B PR e My L F T
ST B L, . P FMRETT LT md T L - A o
BN o %ﬁ._zﬂi,m.oe ) A | of grmw M= W T X w o it B '~ R AT
—_ o JIOt e e 0% = ) = o K ]J.‘m Y oJAT_ﬂELJ-o] o =8 5 o A
= X N 7 TR g B X e X % oo W SR oy B T B RN AR op N W ~ T
- - SR I  nEEeT AN Lo aENpERsT wapw DT
TiPRaEsTEosedetiitE DT RRRSTSTERRESL L2 ERTgscil
R = TR I B e STUR s oy 2 NI L ST P I B et iy = ® o X
) I B W oo 2 LR Hl do B OF 3 P M utjlq_uTXLJI ﬂ. r ou < % on o B m,lﬂo
dnmoo_bqwuﬂré}ﬂru%x_.%mﬂ %ﬂp‘mﬁﬁr%mﬂ }1%“.@ . W%%gﬂﬂi&@@ﬂﬁo#E M=o T L&
TR ® Wy o o 3l i e ToE WY gy SW o T ST mm Lk ® T
N Ht&roge%ﬁ.ﬂﬂqﬁaumx%ﬂaﬂ%%ii N e - T T L R B @mo],ol THNTE o)
N B R A R ﬂmfvzﬂ%ﬁﬂx@@uﬂﬂﬂwﬁl,mmxm#mo BT 2o L
o T T o= =y o ' =T o 1 . — o e N o ! 0 dl = o) ﬂ o
W B o r < g . . U ) N
i%szﬁmwaw#gjﬁof;.m#ﬂm_ vwnLMWWﬂO,HOﬁMquqﬁ%w%EA@% g T
o © sty HE e S b~ ST oo X o 2 L E N R WoE Aoy~
A W FLEL e sl e’ [ hx _ghpEatdlalva Ty I -
= B oy o = =R X = ~ oz o = o B L ) e ol JE,mleLeﬁrx_. = N oW
> I W o A A I O R oy N g X gl em EZTE LM % » =+ 2 o S Y
C i, N BT T R B O o L OO . TR
N T om0 f N = N~ B T o
R - S RN SHemTessT bl PriTe TTsouacd T
- — = T m~ B 0 =) o) ) ; ~ o < > — ~o K w0 X Py op = s o)
IR B I R I I mquﬁLWﬁoWMﬁﬂi P MR S L
oga%urrﬂQQzazﬁov%@ﬂ TR L ANy 7%13mﬁ$urmmﬂﬂnzmﬁﬂ_fi@q\u@mﬂﬂﬂﬁimﬁvﬂ
o ) f g 0 oS - < A B nr o R = !
PEF T e oM r ¥y aaE T g ¥ T Ve m i mrr TR a T N p e D
FEHENTU T P E NS DM T T AW o E wm N MW BT T AT T RN o T B

Z
<l

EREEER

=
=

3wk

Ey
=

Ap7 A o)

eyl

i

kel
o

A}

]

-

Tl (gradient) 2}

1166



http://dx.doi.org/10.5370/KIEE.2012.61.8.1167

Table 2 decision table without unnecessary attribute
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Table 3 example of initial decision table for final identification
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