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' A $-mework $or cond&n prro&uring appmmh tM uses &e sense of meII wus 
k ~ ~ h ~ & t i  & d-se the fa& of plug-~&$ring, l ~ s s  of mpressian and  or 
f h f r o m  ifu e x h u s t ~ s s  ofgasuhe*&d &mob& engine. 

An eh&unk aose baed WPUWOIP nwhrbag hurhare and software was dweloped 

using the -ark fo OM smell plinnr that m s p o n d  to nomud operuthg codZ071~ 

(UUI +aribUS inmkced GrmOrd o p d g  co*ns* 

Fmy C-memas d K means &sberhg were usgd m ~ p b r d o r y  & t ~  V&UU&&OIL 

tools to arc- iftlu o W s d  smellpin&from Yrc developed ~ s d e m  could charade* the 

f& c o w e r i d  

The rest& ofqbra$bry ckter  an@& showed that the ohiaed smefl p& c o d  

fa& C Q l t s ~ e c t .  

Kq words: BZectmnic nose,. condition @toring, automobile engine, fault djagnosis, cluster 
andpis, 

The eBciency of every machine, 

equipment or system is of great c o n m  .to 

both the manufacturer and the end user 153. 

Condition Monitoring (CM) is defined as a 

method by which smd vahtims in the 

- perfumance of. qLl@nmt can be derected' 

and used ta indicate fhe need for 

maintenance and the prediction of failure 

;?a!. It can be used tb sppraise.the current 

?'%E Eld tStiIll& ~6 fLkllX 6ht45 0f 

r,? iprnent, using red time measrrremmts 

condition is the use of CM techniques, Its 

technolu&a, such as vibration analysis, 

i n h - d  t h d  imaging, oil d y s i s ,  

.motor c m t  analysis and ulm-sbnic flow 

detection dong with m y  others have been. - 
W&ly used for detecting imminent 

equipment failures in various industries [I 11. 

CM techniques have been applied in various 

fields for the purpose of fault detection and 

. isolation, Vibration m ~ s u ~ m m t s  were dso 
' 

@ed out with s i n e  and multiple senson 

on 35kW induction motor for the purpose of 

wd calhllations. ~e%knce [3] pointed out fault identification of the motors as reported 

&t a contributing factor in providing by [Ill. Re fmce  [ I ]  reported the use of 
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3.4 

~ o f I t l b d c a t h g ~ k o r d a t o m o n i t a r  odours, vapom and gases [a. EIecmafc 

the t iamd aging of automobile engine oils nose utilizes an htrmmt, WIG& corqnks 

so a @ct tbe appropiate time for two main components; an m y  of tlectronh 

.taghe oil change. Reference [I31 bvdoped chemical sensors with paortial qecificity and 
a CM baxed &ad uig& copling system 

m&1. The developed model was capable of recognizing simple or complex 

expe3jaerroed on a real life diesel engine odom [q. T h e  two main components can 

pcrwered ele&&y ~ f z a t o r  to simulate be further divided,into six functional blocks, 
.vations f~ml t s  s u ~ h  as fan ~ t ,  &lostat m shown in AS 1, namely; dour hand~jng 

~ a n d p u m p ~ b .  - ' . and ddivery system, sensm m y ,  chamber, 

~leeaonic Wses .are tedmology sigoq conditioning, data aoquisition, sigod 
impkmmtation of aptems that are wed for promsing and intelligent pattern recog? 

~ ~ ~ a a a a d 4 A a ! l s 5 c a t i o n o f  nition. 

m dmB € b c h  Woclcx o d w  . . Reference- [7] npolted the use of aleetKmic 

h d h g  and ,ddiwxy syahm, msor m y  nose for the djrscrimimtion of odours -&om 

and s i g d  mdiiming.pvide the trim plastio mataids used in automobila. 

v ~ a t i o ~  in d alectm& lbse El- nose was applied to quantify the 

implementations because of the nature of mount of csrbon monoxide and methane ,in 

*prodwing adyte that could bs solid, humid air [93. A method for determination. 

liquid*& [ a 1 ~ a b e l s ~ , ~  m d ~ i n  of the volatile compounds present in new 
F J  I can be d d  the hardware interface . &d used engine lubricant oils was reported, 

.: 
k ~ m  the may of eledrmic chemical . [12). The elwtronic nose sensor my - 

semm and the patkm+wognition system. was able to correlate and diffmntiate both 
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!the new apd the used oils by their increased 

&leaga. &f~~&de [a lipplied high 

'-- *kXmnic -1 awe- sarson m 
exhaust gases from ~ ~ f i ~  ktornotive 

eagine for the purpose of emission control. 

The m y  +luded a tin-mide-baed sensor 

doped for oxide WOJ sensitivity, a 

Sic-based hydmadm (q) w r ,  and 

an oxygen s b  (03 [8]. The nsults 
' 

obtained showed that the electronic nose 

sensors were adequate tQ monitor differeat 

aspect of the enginu'c 'exhaust c h e d d  

~ ~ t s  q ~ ~ v e 1 y .  One of the 

drawbach of non-pmasi& use of the 

technorogyis thehigh acquisition cost. 

In this study, we hvestigatd me 

&- of P low cost elaknic nage 

basod*schrmethatcouldbeusedto 

~ t h e ~ b o f g a s o t i a e  

enginl-for possible fauIt &a@& 

aadiatio$. 

2.0 MErnODOIaGY 

The system archikctum fur the 

dev6h-t 0f ekCWk aoSe b S d  a 
schemeisshowninPig. 2 ~ g o f ~  

hardware mi softw- material co- 

me W w m e  comgonmts consisting d 
a r r a y o f c h e m i ~ ~ t h o l t w i u ~ d i e  

exhau&& and data qtl is i l ion SySmKi 

to capwe exhast cha=t&&cs (data) of . 
automobile engiic in normal +ng 

d t i o n s  and various i n d u d  zdmomd 

o p m h g  conditions. Softwm v t s  

consistirrg of pmem remgdtian fgorithm 

were used-to extract w&d fea- £rum fhe 

rawdataobtainedfromthearrayof~ ' 

a n d d a t a q ~ o n s y s t e m , a a d t o ~  

some indud faults. 

a FAULT T- 

PREDICT1 ON 

DIGITAL COMPUTER . 
DATA SwE'A! 
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---.--.---- 1 mxPSRma I , MIXTURE+ ' SPARK ' 
1 -----?' ----- 1 

IaLus I 1 . EKPRmum' 
,-------- C ------- 

. IGNITION c: 
COMPRESBION I 

f 

) EXMUSTGAGES 
(a CO, No&@ 
*., OmERS) 

1 +,,,,,) ~ E X l m ~  
GAS&SrnNOltCkr) 

FUEL FILTER 

An antmobile gasoline powered c b m h  qf a n b e  engine in relation to 

, m g b  fault mode]: that mto h I &  

cc-mideration major faults that cunld i&e in 

reference to the combtion chamber is 
. 

y o p o d  as 8 h m  in Fig. 3. The model 

c m s h  of itled, combustion chamber; ideal 

produce c h  exhaust gas- as by-p&ct. 

O W  mn ideal situations such 8s plug-not- 

' &g fad& 'cmnpm~m faults, gasket 

fad&, cdnmkr faults wen included in the 

(a) The W w a r e  Compnenta 

The haxdware matexiah consisted of 

c W c d  sensor5, dam aqdsition systtim 

and mme ktegratd md discrete electrical 

mmponents, The hardware wwo-nents 

that made up the s w m  architecture in Eg. 

2 are described asfdgws. 

model. Ideal sibations were repmimted by ms section gives brief description 

b r o h  ha md solid lines qxmmkd non of the gas ~ ~ 1 1 8 0 ~ s  used in this work and their 

i d d  sitwtioxw The modeI pvided.better 

and shpfifid qmatims of a 4 o r o W ~ n  

specrficatiws. Semiconductor metal oxide 

chemo resistive chemical sensors type wm-e 

used brame they are quite sensitive. to 
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pum~u~note marams $ucn as artotlols and IS mmectd as shown in ffre basic circuit in 

cumWm but rn less efficient at -4, theootputamxasthelogd~ 

&&ng sulphur or nitrugen lm3e.d odom. (VRL) inc- as be d a  maistame a 

T b e ~ ~ v i t y o f ~ t y g e o f s e n s w i s  quite (Rs) -, q a g  on gas -- 
goad. They anz reI&veIy &&ant to . . 

tioa % circuit dkgmm far dl TOS8n 

humidity ,Ad to, ageing, and me made of me the same aad'simiEar for other sda- 

~ g ~ . ~ ' ~ m ~ p c r b u t  The pmhct i n f a t i a n  for the other 

W v d y  consume mom piwvw thatl c i t k  chemical sawom is obtainable from the 

ficns~m. pthe~ p~puiar ~ m ~ a  Q p 8  a8 mandai:m ( w w ~ . f i g a r o s e n s o r ~ ~ ~ ~ ) .  

q w a m ~ ~  - conducting 

P O f y m W e n s m . ~ s ~ d  S a l S a S  

'IGS 813, TGS 822, TaS. 816, TGS 260"L, 

TCSS 5W2, TOS 2104 atid mS 2201 were 

. ~ b a a s a m ~ b m d ~ t o ~  

M - S ~ = C Q ~ , N Z , N O ~ , C Q ,  

colub&bIe 'fAe major sensing LEGEMD 
mms;Lmiti=~- 

,&mt!nt h a t i n  o x I d s f l m ? b n e W  PINS~%~:N@W- 
has a low conddviry in c l b  air with a PIN 2: IIeater PositiveTamhd 

m s :  IkaterM~veTennind 
nylon 66 base. 

+ The electrid- piftcatiom me 

summarhi in @Table 1, When the sensor 
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ktbm anaIogue or digital QVW; time, By C ,  
comfdag Suitdlle et'k zlcq4sition 

~ c ' a n ~ ~ t o p a ~ ~ ~ ~ ,  

-me, relati& M d & ,  light, resistance, 

-ne, paver, speeq&tion and so on* 

fico's data ampidtion system ADG1.1 was 
t, 

wed in &is ;isdy ~wwwWWWPicate&com). B 

provided maximum of 11 channels of 

im Jam ?nput and produced digital. output 

sign& &GE~ were e v e n a p  amred into 

the pmmd cmputer.@C) Via rbt univad 

serial bus (Urn) ports for ftkk ~ndysfs .  

(dl m-- 
~ P C w i d ~ ~ e x l t i p I V  1.3 GEEz~ntsl 

pmemr Plod was used %a tolstore digital 

daLa dM by the Pico data quisition 

'system. ' 

6) T h e M m  Co-t$on 

MI the hadware components 

-bed' earlier were c0lanect:d to one 

a n m k  by soldedng and where appropriate 

by h a i o n  into qpqriaee dots to 

wdmo to &e system architecture described 

in Rg- 2 The elec&d ~ ~ ~ r i s t i c s  of the - 
i t&mmbd W w m  were fine tuned to 

achieve functioning hardyare in'terfaca. Fig. 

5 shows the picture of some hardware 

components jntercmncctions, Ten Figaro 
4 

chemical smsmy were enclosed pIasti~ 

chamber that contained the exhaust: fumes: 

TGS 813A, TGS 816, TGS 813B, TGS 

5042, TGS 2MA, TOS - 2 1 W ,  TGS 

2U)1& TGS 2201B, TOS 822 and TGS 

2602. T ~ C  sensors' power supply pins were 

 corn^^ to the appropi ate. power supply 

units and the d o g  output of the ten 

were ~xmaected to screw tephds 

of channels 1 to 10 a on the data acquisition 

system. The data acquisition g y s t m  was 

connected to the PC via the USB port. The 

developed hardware configuration for the 

electronic nose heed CM scheme for fault 

diagnosis of automobile gasoline engine I s  

shown in Hgure 6. 

r'  ' a I - (0 Software Qmpoments 

K - k s  (KMJ and Fuzzy C-Means 

0' data duskring algorithms were 

a h d  into p r o m  using Matlab 6.5 

progaming envixomnt and pattm 

.;recognition foolbox from PRToois [4] and 

STPRTmls' [f43- in this work fm 
unsupenisd classfication of the data 

s a p l a  obtained. The choice of  atl lab was 
-':&came d kge coUection of analysis ._ 

.b%oxes 'and good handling of multi- 

dimmsiond data. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



. . 
%+3 obtsined fnan m; e&hc exhaust tail . . 

&e h ~lc.&mm.of a cmvmer 
c 

i S- 6 iww 3 ; n t r a ~ a ~ l i l  

L j d o n  Bags p)* mp set was u4ti$l to 

connect each d the IIB eonLanlng the 

contained the &ray of the selected Tagucti 

mws. S W c  headspace' arialysis dour 

hmdhg and ~ ~ m p h g  method was &d to . . 

expose the exhaust h e  samples to the . 

plastic dumber tiecause the exhaust firme 
' 

h d s  to dim upwards in clean air due to 

its lighter weight &us there was no need for 

eIahhte odour handling and sampling 

method. 

were taken from &a 

senson 60 seconds after the introduction of 
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& e x h m t f m m ~ l e W ~ a i t t i &  4.0 laE!WL~APifDDJS~IOEI 

plagtic chmbw sh as +A~&ve 0d0ur ~h mults of cluseeriag a t ~ y i w  

d o n  of the heads+- The digitized -ed out on the dame& a& .town in 
data m coketed '&~-1y for 10 P i p  7 a m 3 . W ~  8. ~ g &  7 showa h 

minutes mihg Pico A& lUl0 data mults of KM dwmiug alg&thms on the 

~ @ t i o n  s y s h  into* the psmd test bed engine Fig. 8 dmws the results d 

computer fa smap and fwkx analysis. ECM clwtaing dgaaithm on tbe'test bed 

1 4 # x l O d a t a ~ e s ( l d a ~ ) f o r &  ' engine. The results d KM. clwkdng 

ufhten{lO) Wtd- m a b g  atotd of d ~ ~ ~ ~ t h a t r n a s t a f t h e d a t a f d l  

l ~ x ~ O ~ ~ ( ~ O ~ ~ m  i n t o ~ p ~ e x s e p t a f e \ r r ~ + .  

c o l i e c ~  tbe bst -& engine. ~ h t  TWO crmses of cluster center overlap wepe 

& f m s w e a e p u r g e d s t f t e r e v ~ a j l  mdd, namdy (- I) ovalap of two 
mmmemmtsothattbeycan~totheir p l u p u t  f"uing and W pIu&EMlOt firing 

~qwct ive  d&dt $we8 lctioya J b l i t i e  ~ , a n d ~ ~ 1 ~ ~ ~ ~ ~ 4 ' ~ d ~ & g m s w m  ' 

. w i l h ~ ~ n s e o f c o m ~ & .  . piston ring fad&. AU ottter faults have clear 

chum centem. The results- of PC=M 

d ~ s b w s t h t ~ o f t k d a w ~  

ths ~~ gs. was & at'- 
':& . - bqemhtre. Fhther nmm&zMiun was 

of a h  sensor to range [U, a. me 

algmitlams wm to ascat& how wen 

~ w f f e $ l e ~ ~ f r w n ~  

M o p e d s ~  in relatima to k.engim 

condifiws investigated, The obtained data 

w a s w e l l ~ b y I f K ~ t s E r o m t h e  

two 4-g dgurifhm W n g  into 

 on their manbedtip propdes. 

FeM &gns each dah p i n t  into cIwexs 

with son& probability of beimging wMe 

m cl&g assigns data points to exactly- 

me cluster. 
. - 

for the two data c h k b g  aIgmitAms 
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50 COMUifSTOH 
A hnwofk for tRe &AqmEak of 

h 1 o w c a t ~ o n ~ s e ~ G M ~ e  
. + a  

for '&e *aqu&itirn of d m- aaneS of 

iscqoiPsd with the ~ e f q d  s@Fm wme 

good nqmmWio118 bf tb nwmal and 
- w m d  f& cmditihls h m ~  A 

gooa dstatw b* &El&= ;h nrkificial 
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neuraI n e t w d  d d  be usedm the 

s m e l l p r i n t s - ~ ~ t h c d u v e I o p e d C M  

Fn conclasidn, the &mlopPd 

system pxovides ir framework for low cost 

e]:cdrmic mxs based systeg far diagnosis 

6fahwtIletated MI& a wm4piaton 
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