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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,
Accepted 15 January 2017 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;m?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.

g2 5l gy o Spslme 0 ol ook ke oSS sl a9 docdo-1

2oLl S g (295 @ lge 4 O 51 Sl JESIE 39,00 S0 Glaygige TS s 50 &5 Ceul Syl Jawe g9 S gkl

Please cite this article using: s lod odliw! i3 & be 5l Ao cpl @ glayl (61
A. Taheri-Garavand, M. Omid, H. Ahmadi, S. S. Mohtasebi, G. M. Carlomagno, Intelligent fault diagnosis of cooling radiator based onthermal image processing and artificial
intelligence techniques, Modares Mechanical Engineering, Vol. 17, No. 2, pp. 240-250, 2017 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1396.17.2.10.2
https://mme.modares.ac.ir/article-15-1817-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-12 ]

[ DOR: 20.1001.1.10275940.1396.17.2.10.2 ]

OllEen 9 33513 5 )0l oyl

o2lo)F aglias i)l 3 9 (S0 Y9 GBS Ju ine S SIA Hg3Ldl) agae Jdoubgd oustiis

5 et i gy ST 5 e 5 peS [11] WS solial
s e 2l peg by b @)l ()1 e 92 5l (20 S
Jsbas ©)Sle,S 51 [12] Wiy eslil Speliys (o N5 cov 6L
JAS () Shez anlp JiuS (e 39 b3 Al slp e 2S
Sty CedS ) plaebl () gz s S5 lge (i
Sl 00 03 00 ol i (g 50 () by dl B iS5 55
OEey Oz S5 ais Glp LSl les 5 STy (7]
Sy Omiren [13] wo,S eolatwl &y08 sl po ptwl 5 (6,5 S pis
JAS aely el (Sopsdl Slies Gl gyl conds b
b Sazmsw (22 Gbollinl daygile sl (ECU) Sy 2SI
(2lidy, g Dy slagl o8 lad (595w bgh (5 laSiL
1141 5,5 oolicial (5,58 gl 31 ol sn T Slileia 5 5,08 gla bl

@lod Comdy b ln SBly ol b p by, LS
sloop)ls j3 Falzlaops o owleipé Sjpe 4 daanld g Sl
Condy ol gy (rl &5 el (pdle Candg pantis g il el
sloanse ol (LS gl Lisels iall 5 Sy als 4 e
Sagore RIB! ek Geen g Dhilas g Sl falS (NS g e
iln oyde SIS 5l g prdle Cumdy b lp gbise
O9% 5 & 5 B8 Sloredl (50T 0 (esrae (is 5 ngal
7] 5,5 3561 )5 el

Ll gonaid lp wedse ety alble o Sy G
50,5 @) S ke 3l ol Sl S8 4 g cpaile calie
Gln sl oetle e Lulpd Gl Syl pglar QLT Sl
b SSE LT 5 SVM) plaiay ondle oyl cbgye pglas
233,8 oolial Jlgd (edle e amail Cuz dndib olsea (LDA)
O sl 5l BB sled s (8L (6l SIS 9e 5 ()il 5 [15]
S oplpln 0gd go oolatul Y Gile g Sl o gl> £48g )
o (ANNS) coian omac laSll 4l 5 diedse (asid abole
SRl rizmen 5 Sl Slom (6,5 g9 libes Loy alS
Sl )il lp O 5 ha gd o albibe plinebsl ool
23,8 0oLl (egran (omas AL e LS (S Sl
Ean gras gl 5 platiy Gedle jloy 5l ol e g (uol> [16]
Gl 5 Al glp gl S Cardy b o snaib plsea
S5 sl 3] 55555 5 L [17] oS ealial S S Slunpls
skl LA Glp oras GaSs Gl g (S Jbp Qb Gl
[18] wis S eoliusl S J 75 g Jluzuo

Slon s LS slag,sld pgie able S b (nl o
arugi Heiboly calize Cge ganaib 5 acis gl (Sl gl
5 8 Cu od 4 2leS polal hilon i 5l m ediee 03l
Wi e S o Sorge hod sl pslar 1 s wir il y
5 S5 sl sela aieder LSS B L el Jlosl
Slas39)9 9 (59 DI S (L) (el (3 - (rae sloaSd
Sl 66 - rae &GSl Coles ol eslitul anail 4 Fge
o Sleslitul b gle)S pglas gunail gl wnaiib (lsear (el
A oolaiwl coviie sl Shig

241

0 o5 gy slogize o it 3 Gl anld o 5o [1] a2l
5 ol oolatwl olge i [2] wwyoe wgmedd 4> 55 2000 I i
g w3l Sl ol Vb slos Jooi 4 0B 5ige sl LSl
JEsl ke Slkas ol 2zl o SIS 51 09 Sib g 4y S
Lulyd o s5ise calie S 8las (gl B30 &) 45ise S 0 &S S
il [ axllan [3] el sl izl 5 pge oy ciliis (6,15
e Sl Koo 9 Sl A0 i s 4 i bygils,
Tobe wgare bli gbads) 0 (Fo g (X slagatle )5S0
el b & i ibol) 0 CSIESs e 5 S5 (Sl Sl st e
Feoghier O caoy anol g jadkas o p3lg wiile 2l (23 g olge
S erSsle Jods ikl asgeme plod a5 w65 S)lge 455
S 65 gign 3> | et 3305 5 55K i 3,Slae S
RYS 5ise (s 053 5ise 3 (s KB lacen] & e o
Sl obelS wsd o ygloly jo g ele i slo) o (godxis
b oz LS S K el 85 o o gl cSly
TA] sl ol ¥ 51 ,sbol, il yom 5 aaly) o YL o

e sl by (85 5 (6,185 gy (S0 5l (8 SIS
pAs Dygo 40 g 039 Shon g wad S S slaptacs H3 Do
1 3588 5zl (o Elige Gl DKLl ot Byb g (S,
0dd oSis Sligasy cCudilo dlem> 0929 3 lajidw g lwowd plo &
s o om Sl J 8 ey lady (SBF e
18] 09 a1 a5 2l s @55 4 e Wil o0 45 Wigd o0

O &5 Cal 5390 (5,15 SuS s oS i 5 (S H9bal,
oo S oo Ll Collae )5 Ll it )3 s9ige sles )W 3 gl
Sl g sl Candy il sise e SIS Sl 5 clabs
P SIS g Soenl 4 a2z b ol U age gl )
Sundg b die) ) miee Sl dlex 5l e e B3k 5 0 Ses
6] 25 o0 Cgmm 990

3 Ogliie opdle Comdy patdS Gyl n et 5 Lo
Azl 5o ol plle 4 Cons il Cgare lowend 2] g Dl
s S ot IS 5 ands il el sl s 5el LT
S8hes et 53 b (n ol oo S cpl @ 4z g b 7] ol ()] ogee
0PLoly Cusy b Caz LS oy, Sl el Heibol, cdl
D9 gn ool

e 551 it iy 5l At (oSS
S ol pgai Sy 4 ol 00,5 a5 0 0590 per ol eadiabole
s Gilis L o (o led 48E) Sladais Sad B gdly
o0 yiuS sty 7 g 8 (6 ke 5 (5 )0l8 I L[B] wes e (LS ) e
I oKan 5 o sl oo o0liul Sl g bbbl Candy il o
oolit] oSy, ekt Silyn asly 8,Shee il Cuz (6 Sile,S
ol 5 ool L 1, S g aorly (glo jgmilaiS clos i o] sles,S
C5e 9 l9a (b (b e (sloa slos SIS 5 WS (w il 5)5l3
Shawes e las Sldlas 9] Ws S pwyp 1) axly o Sloe 5 idsy
sl ol g szl Cands b lr Gl LS SESS
101 5,5 oslitul SIS pln (95 slooy plRel wgee 5l 625 ol
HF9e 9 i dapBbL Condg b sl LS Sl ol Sen 5 0L
Gls o8 g,0 slor 905 i ;o oabosliinwl Al s 03D

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


https://dorl.net/dor/20.1001.1.10275940.1396.17.2.10.2
https://mme.modares.ac.ir/article-15-1817-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-12 ]

[ DOR: 20.1001.1.10275940.1396.17.2.10.2 ]

OllEen 9 33513 5 )0l oyl

o2lo)F aglias i)l 3 9 (S0 gD GBS ja ine S SIA Hg3Ldl) agae Jdoubgd oSt

2 Hj9) bl Jelse e 5 (F0p93 (I5 psbar pibal, (s @
o9 L;Q)PM LS S &Lo )‘ solaw! assle ccul 4.3)5’ S ygo
> S5 S ol b Ul ey S5 4 oslie slash]
Slageibe o oy 4 belse (nipe 5 5lsly ) abez 5l g 5SS
(S Jdo a o)l Il jesbaly jo i plply «canl 00y ol
905 AL G Sed by (21 e Sulol b (Fogu
s S mle 00l o ol il ttoed Sloml jgbioly Hauds pw
@ g0 G SIS placas g oaitd plwl (fsyo 4 ol (50,5 5 008
o s 4y ol S, sladly  laay i 5 Lo
O Jo oVlail 5 hes e @ ymie a5 adei Al o alpl L
JEl 3550 o 5 il 3975 @ w0sbie ,ibol, sladly) 5 ooy
Dpde Ojge (Shyd & gl g oy o &)l >
@l Gror abi Gaelinl b G2l cs j5ilol) 0 (35 wgene @
B 5SS
s 53 P o jiboly 5o adsl cgee I S e 3529 @
Gl Slods o )ls ISl g 009, 00 YU jg50 sloo g i (o 5S>
3o 5 OF @0 & i pos Sl 8 50 058 3l sise
oS g )gbsly Cendy Rl (rlple wsde seise (SOLSLL
5 e Dbt 550 osllae Lulpd g0 LU 5 5SS sln O e
Lol (5550
S5 waltie bl o 5Ll Ol sledly K555 anle g
5 lods) 5 by mr b Jlasl ot wiliden ol o loo sladSins
S S oddeedl (Rip m(eee £ 50 P )0 03 ogene
A ol el

b 395 9 g0 -2

25L0)y Cundy Gl (PRA LT i g5lwooly 9 el -1-2
caets siedgn el U daug 5 2l Cr ARBLT i S
o sl Y il s Lulyd s o b)) Gkt g
olsgsb L JSb b axslo oyl ool b 1, ,55bal) Cge (masdl 5 Comdg
orl Gl szl G e o0 ee oLt |y a5 50 Rtles]
ol o ol Gale S alls ol Gelal, Lols 6,8k S alils
OB 3B A 55509 iS¢ pgl dsp L per K o (sla S v 20
lo el wbly e 93 (LS (s dos JiuS axly (el )
oy g Vil Wyl gilsl, 53 (805 O bz ek Gl IS
Ll 00611 Jga jo 152 Olasein .cwl

sl polad and 9 ,95L0)) gue -2-2

Jshte ©gae 5l 25 0)lge ob pasiine eadplxl (loow) 4 424 L

SO
Pz Al g ols Sl gibal; calisee blis yo Ol sladlg) 58,5 @
logyl O jgme by b g osd dg0ume ,g5bol, sladlyh Jolo o385
Slkes ;3 Soe a5 o sloalgl o (and nlply 090 a8
SIS bl i o 5 anile i ol Jld
Ll a7l
wibely slageile wilize (Hlg 0 o glaasis (S5
Bl 53,5 s & Vgona 5 3 pgyn shoolr )05 5 (55,5028
GLE 5 Sp b el (255 e b (@l g jlwely Slles |
sleases Bl 4 ailyn by lga A8 Jodo 4 a5 008 g oS
Sl 58,5 ol 0gd oo )] (K8,5 o g oo oadS gk,
Shboe cop (na g 035 GpSolx oy G a0l s
pll o5 & L gl 4 IS gl oyl

Flow Meter
Temperature Sensor
 —

Radiator & Fan
—

.......... I -

nr
oo
Inverter
X Valve 3 Phase Electromoto
A Velocity Senso

Heating Control

Infrared (IR) Camera

By-Pass Valve

Water Pump Water Heating System

PC for
Sensor Data

Acquisition

Fig. 1 A schematic diagram of experimental setup for thermographic fault diagnosis of cooling radiator
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Fig. 2 Proposed framework for intelligent fault diagnosis and condition
monitoring of cooling radiator [19]
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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
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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
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Table 8 Performance measurements of ANFIS classifier with Genetic
Algorithm feature selection

%0) )Ll sloaasls

Ly

Gowaib &8s

,9Loly sl WS

99.24 9491  96.55 98.45
98.78 9342 9594 97.52

99.64 90.9 97.56 98.45

£S5 o) (o J5 L

9761 9333 80  97.21 oy
99.6 9589 9859  98.76 loaly) 515,
98.23 9512 8863  97.83 Sl ol

98.85 93.93 92.88 98.03 o shila (ke

94.11= sanaib S cds

5 2ol G510 5 SleS slacsysld p e lele S B ol 5
Ay gibol) b Cgee ganalb 5 i Gl Slelxe ige
el 5SS i slo,glsl, 5 oo wogse lanl b esls
glo (i @Sl 5 ladlg) o o VLAl bl 4S5 ) (S8 8
Lalys 5l @l S polal G b sbml H5boly 03 olF (TS
O At Slp Ermg R 90 g el 5 Cgene ypibol; alise
H$bsly lald Sl ole S polad (o ST wh a5l bt
Som el dgpdne pllo j5loly (ol npal b awlis 0 ogene
Sl waz (Bilay g 45 Ca eddas 2b)S nolal Al pin
3lplas jo 1ol eolaiwl 4y 550 e S j0 Soge Jious cadoly ypglas
95 $dpes (Bl Oliiz ()l pold (S Wlie 2le)S psla
b glmel cdl )bl GlaShy el ol Sarge b 5k8
5 S Ry LBl Saa bl 5 S sl dredige sla SsSB4l
omail sl el 3l Coles jo wd oslitul anail 4 S5 slassss
b oslital Cotiie 5 @ e Sl S slop Sl eslitul b (ole)S sl
Slp o9 wolaitl y Comlus oo (o pla gl Glaasls |
o el a gl slagasls W Sle polie .ad oliiwl said b))l
(goimail cds Jols Jow ol polisél L ple 5l edelcansds (WIS
92.88% 98.03% 4, i & iy okt 5 ol s
b cadly b)) 5l o oolpiinn aibole .ol 98.85% 4 93.93%
1) S S5 pimp 5ol ilis Cgee 94110 sundib IS cds
ngbas Ghlon S5l eslanal (plply S ganaib 5 pasls
Seligh (Al g Cusdy Gl lp Serae S pste 2l

el 0018 Jgonal g5l ogue

&lp-5
[1] P. J. Yadav, B. R. Singh, Study on Performance Evaluation of

249

gl 5l eolitl e silol; Cundy (b Ogige SLSL (S
ol jgige Sumdy ol diee 50 e Sbis o 5l Jlil g

L ebol, alizes consg WIS il 6l p o] Cewady ilezsl pwyle 5 Jouo

(S el (gh) g 5tams sla g plas 5l oolistnd b eii) asails
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