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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, an intelligent diagnosis system has been developed and applied for classifying six types of
Received 13 November 2016 cooling radiator conditions by means of infrared thermal images; namely, radiator tube blockage,
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radiator fin blockage, loose connections between fins and tubes, radiator door failure, coolant leakage
Available Online 13 February 2017

and normal. The proposed system consists of several subsequent procedures including thermal image
acquisition, preprocessing, of images via two dimensional discrete wavelet transform (2D-DWT),

g;{j';g?gfs’ feature extraction, feature selection, and classification. The 2D-DWT was implemented to decompose
ANFIS the thermal images. Subsequently, statistical texture features were extracted from the original and
Genetic Algorithm decomposed thermal images. Consequently, statistical texture features are extracted from the original

Fault Diagnosis Thermography and decomposed thermal images to develop ANFIS classifiers. In this paper, the significant and relevant

features are selected based on genetic algorithm (GA) in order to enhance the performance of ANFIS
classifier. For evaluating ANFIS classifier performance, the values of the confusion matrix, such as
specificity, sensitivity, precision and accuracy were computed. The overall accuracy of the classifier
was 94.11 %. The results demonstrated that this system can be employed satisfactorily as intelligent
condition monitoring and fault diagnosis for a class of cooling radiator.
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Fig. 1 A schematic diagram of experimental setup for thermographic fault diagnosis of cooling radiator
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Table 1 Details of fault diagnosis and condition monitoring of cooling
radiator experimental setup
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Table 2 statistical features extracted from thermal images of radiator
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[ Normalization of extracted features ]
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Fig. 3 Flowchart of feature selection process
Sy bl anlp sl Jolye 3 Y

oSS o )8 b)) 390 (Sl anse &bl eslaiul b Conexr
(S35 e Shee 5 ) £ Gl )l eslital b al>ye
Wl yedy 53 Nebie wdgi s Gl g Sl (sl
Pl 33 (S5 Comex olped 4 5 iS00 13 D3 3590 o)k
Lacl (e 5 pojges)S solani XipS (oo )8 am i sl S5l
il 9 Wgd oo Jiiie dn Jod 4 paditne 3l ol (BeS0) Cona
b Jlye (e 208 (o0 i3S Sy 5z 5l esliinl b amy s sliael
S el b 580l oo aslol 090 Jol> glaails Lo oS Jle;
e ge Ao pj byd aw | (S

ah) Gon b b o) sla ol 5 liws ST s byl
Soye ol o wsd Jole Jod B abul Sl 5 SesS (Sl
Owexs 0001 5 pdy BB alinl oo gl ol 50 .k oo aesls ail)3
R lxe ol 0 ccySas o zghans olows L epafilis M YU Ly, o°
Sl 5195 B g (3155 U o Sgz S o5 lgen
s iy o ol o5 Sz Comex (B3l e oyt ST ipgs byt
e obl T Bl gy css 5l Jlgie
igia anl b ol ] il 100 5 i s oy o 51 spgm byt
[19] 098 oo
Wopgjges,S (Aules 0926 (Al
Sl o)) (29999 Sl p Syge 4 (S Sl altase 10 Lapgiges,S
5 el oo Sy 5l Sy St edimonlis ) b Casl sid
Jo oly eaimslis oy ol e dcgomme @dly jo sl obe)S glas
s bl 525 pojges S Job ol abgiye pgigeg)S les b g bt
odiaslis il Syl el 05 & Glej el (g 30) Lo Sy JS
S o LBl alas il ao b plypli o5 a5 o je g pll Sy bl

2 oplaids 17 093 1396 i)l (wrde Suilke wdiie



Ollen 9 335135 5 )0l oyl

o2lo)F saglias i)l 3 9 (900 gD GBS ja ine SHISIA Hg3Lidl) agae Jdoubgd oustiis

S polie Cule ;0 9 WS oS Al>pe 8 (Mg QP € b A polis)
g I b el ol 0 e

Jes ol Bas S g5, 63l zlusul L ANFIS a5 bl 5
padie iy (sla el jlude 5 (53959 8 Ty Cugae @l dlaws S (o0
gl dlels 50 058 Ll casliie Wl 36 ouilgd ples o JU s
oy 85 (ls Lawgs b pade i sl yall adsl polie (cuac - 50
Ol petly oyt GBI nl 5l e (nl asle ax ol 09t oolas
J19] ol pas B3 Jouz Ly, oS L adsl olie

SIS s )SSW lise bl 5l gle)S polas (sanainl
e S mle ot edSs 5 by S33.5) LIS b5 4
osliial 0 (allos LS 5 siliol, Aot g baaly) o LS oYLl ey
5 ogere Elite Glaceady (39 (aie @ axg b cwl w18
@ one pasid LS alle s Slee Gl oo )5ibsly o e
Slead )l sla g, (2l slp 0,5 2l 1) smatl sla o ol jen
il solinad plazél Geple ) gy @yl gl asls
035038 Dbl 5 (a3ly b sl (SlaWM5) Sledbl (5l lezel
oS il SG sl plasdl G ple 5SSl wiail by
5 0ols Collae sl LIS saraslis aygiw a5 as s lis 1) awdls
el ddids Lawgs Wosls 00 pesd o WIS oy,

il | M 50 (CF) anainl lawgs o5 (spslas » Mj e
Yo @yl Bl j IS 4 () (ox8ly gumanb o a5 Jl> js ouls
@ &S aed oladiges (15)) (myle (ol (kb slael (alply s o
apdab lawg (#) gl | 5 sladiges ¢ wiloads gamails
2,08 0525 > 4 snail aedd e gl leais sanail sy 4
hog gy 4 & see obdge (TP) more Cole Slawoas
ol Cuite Slogoni ol 0ad ganaibs pli LIS 0 (CF) swailb
a3 3 Gl pli WIS 4 (C) anaids Lawgs oliiil 4 a8 oladiges (FP)
apdab hog gy 4 gbdses (TN) more st Sloseal .ol

(FN) ool dite Slogonal g 0did (gomails pli OIS 0 (CT)

e — 65 gl dlbolu paie Gidu sloyial )b adsl polie 3 Jgus
Table 3 Primary parameter values for antecedent part of ANFIS

el (akasl)) jladie
a Ax/2(nms— 1)
b 2
c Xmin T (ime — 1) - Ax/ (e — 1)

¢ C '
O Hiy frin
Cy Myt Tt Hnp
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Fig. 6 Sample of the acquired infrared thermal images of the six
condition of radiator, a: normal radiator, b- radiator tubes blockage, c-
coolant leakage, d- radiator door failure, e- loose connections between
fins and tubes and f: radiator fins blockage
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Fig. 7 Convergence performance of Genetic Algorithm for cost
function values

waip b polie sl S5 ot ys S ol Kom 3, Shes gimie 7SS

nobal 3l g A Sla Sy slon JS slp snaiib ol o Shee e
Ry b epSd ol sl )b 50 (b s wnail o055 s le)S
polde ol LSis 5 Jaz (o cadosls las slasél s ple el oyl
Al LSS 556 Jgam elal cpl g g dcwle ilazel s sle JSas
5 OleSe Loyl LMl (oled (61526 Jgar (elulyy anadibs cnl 0)Sles
5 Comlus (Coro widid Cds O p Gl 4 Sk polie
85 el 98.02 5 90.48 88.2 96.6 plp iy 4 oy solas
2ol BIBLL ply 7,5 G S5g IS (699,59 b (il wiaids IS
ol o bl cawnl Bl e (69959 o ile ol el anails o
Sl - ST aslsd aly 2 oy cnl el S 4 aslsd ol sl il
GrS s slp g0l Hloy g o oduzmy wlols wed oo oL 556
e sl (g Crl 50 dm Rl g (S Sl nlpls 9 o0 By
oW i 6l sawelimmsds (lacl e il w4 8,7 Jglas .ol
o e 5l eolaiwl b el snail L jebol, il Coxdg
Soasls @ byye polie 5 S phpsNl oS 5 hawgs sad il
b oo go ylis 1y 5iboly bals sl WS pled (gl sodaculn g ]
Womo (gdipdinb <8 LIS o 6l 4 Sile polis 8 Jguz 4 axy
98.85 493.93 92.88 98.03 iy iy a4 oy solatsl § Sl
S iy lon 99,0 b Jao jo el ganail IS cds ol
80 cpl l 94.11% U ol (L] § S5 0,85 oS ) cSiin
O g i 0,8lee Sy GBI ey ekl anail b aolie jo
oley caal guly by s cpl 0) cudls (6,568 Cilpe w Fuly oo
S s (Gl (Fhg QB e el gandil > o Al
sras GodSel JlaS (el (Aegh & Cawd 3855 (nl o ol

ol a8l 20138] o oolaswl (93,83 sussaids IS s L) egiae

S5 domi -4
@ A S Sl Heige ()5 SEE e 05 Sl 5 (G Lek),
azgi Loyl | calize )15 Laylyds o 55ige gllas (glos (el yo ol
9 Slalad jos 2l 233k 5 3,8hes Sgte 53 SIS e Coenl @

2 oplaibs 17 095 1396 wiums)l (e Suille Swiise

ol FSEE 5 W)l 0 5 Sl Gl Jel sladsl b 93 Ll

Sloj el by laasid (S35 peibal, Johie e o
oo (nl )0 150 Gl s 350 oo s 5l slaaSl 5l iz (S8
5 Jb 5l oyl Jul Glles s0iS e yol cpl a5 0l jialS | alad
oolitil (565 el whaws 5l 0l Ul 0Ly 0 gl o0 lg2 4 518
slocwnd plo jl Gio lon laaSiid gogaune (g j0 Lo 5 05 o0
oSt Ceand o o) g (60 USE Lolly sl Capndgaen
55 b el @l ool peal o 4l Glea 5l 50y, eadagans
GaSs ()5 el iy los oaias (LA ¢ e 98 pslal o i
JEl a0 wad (g ol o lse joee Gl (abeS e Hsikol,
g5 orl )l Ol g 555 o D50 )l H5lal, ) (S o o)l
OBl g0 les g 00,8 haxd 1) y9ige (6,15 SES i 8 Slos e
B9l sgige (FABLI 1L 5 (Fwscwnl 4 e iy

& Ry ol -2-3

ol il chlisen Ly gle S ks 31 (Fip gl et al>yo 5l oy
wle)S 515a51620) 162030 il sunaiels Al e (ol Woools yuilo
S8 & S5 sl leaner Ghgy Sl crlale sl (SRy 30
o S35 5l degazmar omiee bl Slilas il atisl oy )55)
GrSol HYL cds clnlxe poe ol iaS o Shg olal ralS ol
sl Sy wade Ol | (Fhy oozl 4 Jgor b oslinul anail
5 @l pslas 5l g e )l sla Ty oo 5l 95T 5 G lgen
Slexe SBlzl (Sig izmen (Slgl (n i S oo Wb pgla
TUss il |yl sl Sy om Sl S Bl s
(S50 app @l polie sl Ses3 w)sl (@l Kow o Slos (oo
Ao oo LS ) il izl b 2) alay

o 9 polai (guivaib -3-3
doaSls g lody 8,5 M as Julo a5 Lol alisee daly
5 &b g byl o Jb SVl o)y Gl TS mle i
2ol ane o iy QL 5 gl pm il @l G
C5es LardS Cgzr Alide bll obo)S polal ganailb gl ole)S

Al oolawl ju ,93b0l,

S5 ka5 8 g e sl S 4 Jgux
Table 4 Selected features, based on Genetic Algorithm.

<db LS)L"" slaShs

& 3
i 3

(55 5188y
Sy
Sre Sl

rolas

(G 5uS3) Lol olo)S ygai
Srge haud i gl

Szge oS (Bl LSz gl
Sge hd g0ges DLz gl

Sge o g,k8 Ol gl

248



Ollen 9 335135 5 )0l oyl

o2lo)F aglias i)l 33 9 (S0 Y9 LB SHSS Ju ine S SIA Hg3Ldl) agae Jdoubgd oSt

1 1 28 2 2 1

< A
0 70 1 0 O 0 lodlg) S8 5
39 2 1 1 1 0 Al b,

8l osel Cws 4 Blazel uw b 4 by s bl sloasls polie 8 Jeus
s Sy 5l eolatal b el sl b jglol, bt condy oW b
S5 o, o Jags oads sl

Table 8 Performance measurements of ANFIS classifier with Genetic
Algorithm feature selection
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Table 5 Confusion matrix obtained from the evaluation of ANFIS
classifier without feature selection.
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Table 6 Performance measurements of ANIFS classifier without
feature selection
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Table 7 Confusion matrix obtained from the evaluation of ANFIS
classifier with Genetic Algorithm feature selection
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