Archive of SID.ir

g5y Ao

4 YT odile (55 (S (ST (E gt (o 4S5 3 G351 o (oS 5 (S5l Jone
590 e 381 ) glico

$850kex Rox
Parviz_choopankari@yah00.com |, i x5 « codbusl of3T olSiils «liniios g pole axly cpolin cwdige di ) owlis IS

Srie ol
AZIZI@SrDIau.ac.ir ol ! )l s« odlol 83T olKitils wliizs § ple axly calio wiige (51,50 boliw] ~(Jgiue 0l 95)

©old,l olgs voxo
mjershadi@gmail.com 1,1 <)l ye5 (Sl pl) ol pl Sledbl 5,5l 5 pole oKtimghy caulin wdige aass 5558 ( chogh Lidls

by o SVlonile o (Gnita Glr Sras e 40D 5 G Ghis alr S 0%, S Ghegky (50 t0uSe
"\'“Jﬁ" 039> 5O as 03 L\)T o 55L1.) |°L; L G}L”S)DP Ciuo ubub)ls )‘ 65‘ g U"‘ axJllao S)90 g o0 43|)| 590 52 u“.,l)_el
b ol oo OV ile § Ol wdly g o ol 3wy ot diols il Kty (6105 § o .00 oo Cdlad 4,045 Slakad
et (s3ledae sl ols G oo il > 5 (il 68y Drimes 5 SYIiwile momo s adse 4 65l 5 e b ol
)I)S‘ F)J B O 9 o0l ‘5)9—‘@.> olo VO ‘S)LO) o)l; B uléy 9 @‘P Voo slaw Cosos a(MLP) AAY ..\4..> UBM)" ‘S.Ac—Lg)ls
o YT pislo S Ol ot 5 emas— 58 Al (glwesly wes e lis PRV CRY s cwl ouls o)l MATLAB
u’“"")“ﬂ [EPVOW} CAJLQJ BEK) A.A.‘BL: w‘/&‘ UYTU.M.ALQ Lg).\d.:u.:)».wé 9 Lg)lSuLn) GO ‘J.;|))Lu ] 00 u‘)....o_u AL g Ul'd) (SR VY u...mlf

el 00 3551 0 0o y0 AF 00 0010 drwg cmas (55l Jow B0 i (pizen gd co 0,0 BY e 4 (590 00 Ol

2658 Bhie (crac A (i (590 40 (oS wlals

& balyy b lapl bYs 5 casls slaailes n sasis

Sl ilosls @l aSs lozs,5 5 sosyg om oL b doudio—)

2y s JLasil Gy gmae 85s 0 )l 55 [V] o Sen
oy gaosls leslaul L CNC ole 5 jaskis
e diny o [Y] o) Ke & g b Wles,S gy
el 5 plowl e 4K S @ g sloaile b
N SN S TV B EN
Al jsb & Gtalejl olSws g9, 2 1y 089y 095 023
£ 5l Badms cpl jo oolaiul 590 (gmac Al Ll ool sl
@ (79 9 Sl «09)9 Sl yo (g slasi og 4Y an
P9y aw bl cue Joo 0 Feg Yo Y Ly oS
i ol by, 45 Al atie g oad IS5 Al o

Corresponding author: azizi@srbiau.ac.ir

o) 5l - oyleis VY il

By ok 4 ae (loaSl 5 656 Ghie 3l gla L o
S0 2 padis flaw J> g 5 amis gla)ls o
2l wlile 5 4Yair ae aSud wlatsS 15 solicul
50 Sl gl Jlam! pals Lo 4 pvac 556 ok
o ‘_,’Ja> s @15’ M)..\.s oS ‘U‘"L""’ 6“”6}‘5{“-“’-'4’
ooliul 55 5 ek (6 S0l onllh cralad pie 395 Layl
(ST 9 8909 et dkly 0yl S 4y y3 03 s
A Gy o 5 i YT il Gges pankid o
Sl » i aVaiz ol Sy op)l8 DV Sen 5 b

G Luly, 00,8 addlas |y Cpile Condy Lankid by,

VEVCAND il ful VEV NV il f b
Vo )led VY 690

AP-FR Sloeio

CaS g g9 0 § (oo A9 piled

Archive of SID.ir


mailto:azizi@srbiau.ac.ir
mailto:mjershadi@gmail.com
mailto:azizi@srbiau.ac.ir

Archive of SID.ir

e g il (D33 (S Gl Sy (L gman (cmas $4Sl 9 (558 Bl oS ) (g 5lw e

Sl sl eolaiwl iSlas ln ool aldas o L0l Gole
Joe S dnngi g Bdai (o5 cnac oSSl ool b
ooliial gzl Gals S8 5 Il (il i sl
sl (Gl pmas 0,805, 5 WlaSl, Il 5l g ST
Sl addllas o2 s Loll ool Casay (g S Az
YU 8o g o5 slas b s i 1y 4l ale  SSGANFIS
2 OB cne anaib 5 ais 4 Vo] ))Kes
(osirnsd 9 Gsl.o) Lng‘S?)JB )‘ oolawl L\ LS“""M Lg‘od.io Lng)yj.a
9 L{bm}l.w )Lo—l uul..u‘ 5 ‘5::...\0 Lg‘od}é IPge O s_iﬁ),.lz
@ 220 s 2wl (ANFIS) 56 cae gl pivw
S 097y Gygo 48 g plle il slacdl> 4o sael Cawo
5 lelis sl ANFIS 555, o5 aeo o ol 255 4
Lol slozel BB cxio o28ly oo IS 10 0 Sles ganai b
9ol slmools aan gl ooty gy IS il o
5 saaz g DNV GhSes 5 5lgd ol ZAVXA LiobesT g
wL‘u)‘ 6&0&‘0 U»Lw‘ » o)Lw foD w." uw U""ﬁ)
oy by lp wlg se a5 wiles )5 &l (g Ll (Sliys
La)_f)lj_e salaiwl Oy90 Sl ol355 C:)Ua'.i 6‘)‘.’ Lg)t;}Lu%.c
Lg)LoL.; u.:.m:] 0‘5";5“ )lf)L..: ‘_g)ls—wa.c .loL....M.:‘ )| oolaul
O ilotand b oS (olalid £58g 5l (s )
Silodae S5 g ANFIS ax LS, 5y, 51 a5 e
B SLlS oaclisS s (s Lanseis gy sl o alold
o 5l oS5 0,50, DY) s 5 ool ool Jgud
—03,5 &)l 1, ANFIS § _isigy Julow baosls (g ,9ld Sole
odds odalive polie sl cubn o S 5l (S mbo Wil
TRL 5 ols 5Lt mlts «pzmod and ANFIS s Luwgs
2 &Pl 185 GLS oj5p mee slonially S olyieay
o DY s 5 5505 6,55 0l GLS (slaogsp o,Sloe
5 bl Dl SIS o Freten 5 (S S Wlodw; azs
e ) o gl (pgad a4 Gl plio 9w
Saogh 9 SSlogil Ojg0 4 Cbows plugmw SO bl 4
Ol o eas Wl 658 = seas w5 ol 5l cals
P9y Olyeds Wlgioo s oo L1, Joud B i Gados
Ded 485 5 A Cgue Ledigd Laid Sy 0 cawlie
50 Codbge doye e glls euls Al peac— g5l At

WWW.pgprc.ir

el [f] J 5ol S0 g giios .l o ,500 £95 90 5
Lj,».ﬂ.‘?u L)"‘ Be o 00 'al?u‘ (‘51'4;,9.{: LS‘).I Qo> 09"‘“’ sSA)
2 eGeoe et g b S les slaietle pbices Gl
-l oS S oolial L a5l Sgrge g 5 s lel alod sl
o».\.a" Cewds @Lu o] 00l ﬁl.’?u‘ AJYA& (s 41».“: 9 (mas
WD gy wpses amakb jo o ol laS gl
L Vs cac aSUE g, 4 Cod omac -8
o9y 31 [O] Y55 5 615 Lawgs ooty plowl anlllas .5l (6 i
Lol 00l solazul (o Lgl.mo.:..i}u ‘5>L, ) ‘5:-*4‘_6}[5
5 &S lge cov gladdlae yo [#] ol 5ee 5 sobT (e
D55 g ;0 9 1Sy cac Sl SaS 4y 5,095 Ol e
Szl by geduw 3l oolaiul a5 Wlodw ) a4
g el paseis )3 C80 Bl cu 9,355 Cgne partis
sl ane (melS oo g Oless Gloj LielS o] 4zl o
Gl Gl gl el asles 65K Sless
5 Gosorte Vg oo (Sluidl lallaz 5 (LBU Slyeens slaas o
5 (s, deze bl ALl y0 s jo 1) (60 S
5 SIS 2 gmae SladSd )5 gy @ [V San
@ ol Oliwl 35 0S50 w595 sleaSed &l 2 Siny Dl ess
e Olpieds gl ghil 5 Loly> g (ol Condy (o)
loaSed g 5l o8 lapta )3 528 25015 9
ook ailaiSlo (s ) §p 5 S 20 0 Jo 8 (b 5
Sloj 0ogaze Sy o oolidl IS 5l o, g5be y g0l 3 il > Jdo aS
—ools lsicdy Dledbl -l 5l oslaiul b g oogad olulis 1) ol
b ras S8 i Jhe ooz e 9 S99 sl
Sl sl ol Ol s a5 enss
@S ewon Sl om s ot ) 0508 slasileeandl
Cawd & dom i 45 W0ged 0ddlive cmas aSl 5l 2>
sl gileyghml 5 SoLBLLS 5l les a5 adly o,Slee b ool
oS el ol ol ol 4z 5 5l Csllas SLalS sl oo a8
Ls'}...u)é le-ﬁ-ﬂda o.\;‘y‘;o (eas 4&&‘4 d.l.‘.wj aQ 03 f‘).)a JM
25 ol o5 sl il 5 (SoLELIS 5l m iy sl
[Mlsise 5 hop a8k Gp @iy saSd J5 4
5,509y b gilwands 1 ooliul b ()l canslie (535 50!
anyp Gl g 55905 SRl Sz 0 (S ipten (2l
9 oéj.q.; ] ‘) blf)l.wl; col u,o.:‘ 4.1[?}5 u‘ﬁ.o..u
5 Sogere SxSoill lp eslinal sy9e (Lol (slajlre
5y 45,2 anie wslaiul 0j50 (5l cwlw pis)il
SS9 30 g (oo 4 pubd

Archive of SID.ir



Archive of SID.ir

oLyl olgzraemo 9 63 3 ol (5 0kez My \A

FB slo o3 liee SialS 4 atoly il 1S (5590 40 il

0?95 9513

Slidg g 5 sleosls Jolis (gl ol o )bl sanal>
oyl $510) 5,055 laba alg Gl o taio cyeile YY
VO Jogb o e olyd Ve olawi b cirio crile 08 Lo 511 (L,]

ibos sy Jgaze £95 Ve g olo
bl & lal o eV Toeile L3 e Jolse ololis
lml Cges (yp 5 e VNoile (> S Jalse
Syzrge shao (peile jlaiged oV S )3 aS iejl0 o0 00

Sl 00l o0ly ylis ails LSy

LS SN ST TR {

(5 0 Sgpoup oy ) nio SYT il 5 Glaiges =) S8

@ ol i b Jleel VT pile @lakad jo  SonSls ol -
canliols Joo jo ol dalad G 5l oolatl b g abogy o (gankad
dged oY S8 0 lp el gy 4 azg

ol oo ooly s eud ALl | Siige >

LJ.a/\' ua)Jo..\.wdw W ;ian&y)uﬁw—v(&&

ol ml) 0uS s 5l oolaiul pos ladns guiS obm-

YIS o 6,8l il s yee 3l ios eolatul b g (ele
Lol 0als ool las Sloging a0l (o 4

Wk

Selegt g youp o)l axs —¥ &

o) 4l - oleis VY >

b (s b 5 s slo il 4 Ly o s
&lp PSOs St o580l yszmen 100 aiadisn (sla by,
00 1) gl o)lg5 oo epuiS ool as 8 slo ol b (o3gal
o edlie ol bl o Lol dlie aisy Sgn e
w3y 90 Ol 3 Ylopile 5 i b
oKl 5 saudgy mulio,s bty lopings 5l oslaiwl og !
o (Sop S8 Wl e Noeile S i
@ azy b Jbon a8 ey oIS B0kl (BasSads
51 ool (YT ile S Smoi 9 el Coenl
o Y1 pile Sl pend g 5500055 0 1) Lo aS etians
el 5w el Jloyen lohs Cuaanl Gl aes (o)L
loasbinlis g Olpens glayd 5l ool Cows 4 (glaosls
900 Limli8l aes oo lis olliws 5 Ol 50,58
o FB sl Gle el a4l @l )5
Lol Sl gz

L ome s, 5| oybom oanli ity Sl 51 skl
@ilide SVlie 0 oS Gmiin Suz 0 eras —o3
LR 63D 'Bl;u‘ LgL‘bgs“’))‘.’ 4 Aol L Ll 00l solaul
AU emin @ Oty slagiagh L So e 0w S
€30 690t Gl se SYIoeile (> ot
5‘;&4;“@5)30»5)QL)JMLRAUJ|‘AJ RGO PR
Sz s Nonsle S Gt 4 @36 gl g
w‘ ol 4.».‘>L>).| (590 58 J‘“‘“)ﬂ

OLoLS ol (e (ras— (558 4l adgl (6 S0k (56
9 SIS (97 (sl gy (nl &5 Sl (slojez (5 5 o3
ol e S shgy ol |y e sleaieS jo uile 4 iles
aS mas— g5l oS 5 Al ey Sl 00l (6,815 4 dllio
WS oo By 1) dal b colee

Sloal-y

a e DYlopile D3 Gngin 2 ol (R Gl
5 4525 Cal 00d WSy 55 g0 I » ol U
5 Olyess Glapd 5l ool Cuws 4 gleools Julou
s oo lis boliws 5 Sl g0 ,S,5 sbeaslinlils

CandnS S 33 0 § (ko0 A9 bl

Archive of SID.ir



Archive of SID.ir

vy g ouiile (53 (S e Sl (SFguan omas GASab g (531 Ehin (oS 5 (g 5lw o

O Ve o Sailogiy (Bt 1 (V) S5

g5 Gl 2 Fe Jelsesl (o 45 al 4z brgy90 e
oealS fadsr e Gl sleely 5l (SO el adgr ai e
Oty &5 Cenl ol Ban &Bly o ol odgi sloai e
Ol pily alls oad Bpo anie 4 Cond 1) 0oy oyl
s wblior (590 0 B 58 4 S sl 39m 9 (295
sboanjo ol jlicadS (als a5 b b sl Slejls ST
Ll 03,5 0l (5550 4 5% Wl o S 15 055 Slojls
e ] Alale Il dguw i ole 12 (5590 4 &)l juo duwlxe (0970
S50+ 90 D) (liee delxe (gog50 ailale Dl el
Ole V g9z 5o 9o ole (902 | sl ole (590 0 ole
Ol 5 b ole VO (Slej 03k ;o (5550 02 455 5 5ok

Ll 00 00ls

S99 My 5 65905 Ol e dmslme =) Jgu

S50 S5,| )30 (olo) (Floj o3| i3,
B [ Va-srY gl )
WL | Fvevey oyl ¥
Vel | BFVYEY ool T
PEL | FAYAY: | ool ¥
I KT SOV IO I
L VreaVy| isel| £
SN VAYYD| amel] V
-Y#L | YEREENA ot olo| A
AV | \Yoova PRI
BT /A R WNATAYA oo olof Ve
-f-7 ALYYYY w2330 ol V)
VAL | SYDYAY | msglys ol 1Y
-7. YA.--AQ o235 obo| VY
WA | V- AAAY | ms i ol VF
97 [VVFAYYY| gl o] V0

8 ol gt ras b 25 gras—i aKed
&S ol ol 5l el o 655w SBL (51wl olusl
Bl g bl pac 3925 Lulyd 50 Wiedsh (Slopla
sbasll Lol slo ols ayazgi b g sjle Jgd Jl o ,Sdos
5ol cubli g as ué wlgs aied ;08 et t im o s
51 oolitul ¢ s o631 S kol ool 1 g ks
3P T 9 89959 O Ally (355 s @ 50 0y il
ondib o> ANFIS wiaise slaaSis j aiss oy
aS el S5 Joe S ANFIS coil ouds oolaul Cgs
s 55 ANFIS ol 656 g (cmae (39, 99 5l (oS 5 ol
J=oly 08l s 4 (sl Wilgi go a5 el jeme o0ls g

WWW.pgprc.ir

3heslaul il (50l pas (Sl o ol sbml-
20l @ 5 (She 4 axg gen calial gl o Sl
oLz CNC oo NSK 53048-2RS Ko b F s

ol 00 o0l

N\

CNC olsz.s NSK 53048-2RS £z, L, —F JSois

adgl slge 3l oolatul pac : olliws Slopdass 5l aeli y oyuls -

Aol & USG50 adgl dlge v 5l s it 0lSiws cwlio
el o 00ls ylis 03 g CNC ol&itiss ooy gulass

won )

ENTER NEW DELET |eccunere
I W s s e
=]

. ] bl M e 2]
A..]yCA.PCNC omdo&mﬁﬁubﬂ—aw
PR IR A Jleel : NC olXsws o &S b ol
Ol NC ol&Kiws pmiy & S 50 cawbis (5, S0ls ) pas « i

ol 00 o0l

2y (F) S
‘é‘c)jé 6&&9).» 'abul pos LSTA'»{ Slalad (S")} éL?U‘—
5 g o lailinl e Sladad loolatwl b a5l o Jlesl

L

NC olSxws

Gl 00l 00l uLw.: U” Y- )

S g g9 I0 § (oo A piled

Archive of SID.ir



Archive of SID.ir

@3Lo)l Slgzr oo 9 32 3¢ mol (B 0Lex 9 x \Al
AD = {AW, A®, . A®)} ® i Wl g 0] 53 098 o0litianl a5 @i JSoine (51

Wz by (i Cogae wly ©j90 4 650 sladcgene
o3k el g e Cew Ik Ll lakex
ol g dsdge b S s [—a, +B] (1= 1,2,..,10)
JESPS [ PV VIS SR UU S P St N PUTIN IS e
4>, a5 asl atils seg (0) akal, o AD, xie[—ay, +B;]
2Bl als jho b Coghe ol

g Losls Jol al>peo )5 1 omae— 58 4l gilwdoe
g Yloile oube yae Jold (09,5 sloosls a5 Ciledll
G0k Gae @B e pend Gloy S (Lo e
KA Oeiile (3098 (o yewd )0 (e A2 B o QYTQ.:.:JLA
VT pdle (s ooy S (255 gools  4kBS e
Axy gam alye 50 098 0 (6 pslaer g Al 4iBS e
g oxd atuie lagdgygeras i aSd il
5 Grid Partition 65! 55 b s oo 3 (bj90] Slilas
ol aimen 3 pds e Oyee Subtractive Clustering
WY Wiz gy sras 4Sed g 55 g (551 pias anlllae
sl a8 ,5 15 oslicl 550

Gros (Fyman omac 4d S (MLP) @Y aiz g9ty
Sl bl cl oals LSS g SOl oo ATl
Y S wileads LSas JUSew <dlje ln 695, Y
WIS (oo (e b 0 S (o0 el (63959 3590 50 &S (295
2P &5 Oley slaa Sl elgds (golass g0 cnl e 5o
aY S5 L LMLP s)ls 18 sewa MLP Sy Slawls
(e ASD A Slaingn O Shee po o B 4 0B i
@ Ol o (6 S0l MSLEe (sl el Y s gy
~(599,5 iz il slacsaze g5, » o] Wisdh po 438,55
L) (Ko o5 WS e ok 5 aitaee il (295
o 5l oS oo 1) lazgys 5 basdgyg o (Sl

b é sldse s pSok colls =)

2y oley 4o o 6 pFob culls =¥

1) Y i gt o 45 S gl A S 3

o) 4l - oleis VY >

a5 5,8 oo S sl adgl (558 Jow Jolis a5 531 Lol
ol 29,5 9 (699,5 s ools Sl oas Zl Sl aclgd 4l
gl (558 (lsd 095 e lp (oras SlaaSd wa al> e o

g go 00ls u:;)‘yoi
1636 G mle g3lw ]

colS 5l Glgee giledae ez 56 sle S sl
u_i{ )l ‘-AW uu]u .Q; oolaw! 6?5)5—605)5 6&00“)
Sl Loy oSk el T ol 5 s ololis alis
i 4 j0.0,.5 )8 colatl 9,90 f kol &b sla
b ol X = (X1,X2, X3, -, Xn) @955 syl & § 29,5
S Jbasl Kooy y a9, )Lxli.o e QlS.o\ >
Shgar (F3,5 S g (§93,9 wiz slresly 5l S M acgems
Dy ee a8 a5 o 5 Al
Vi = fXin, Xiz, o Xin)  (=1,2,..,m) (V)
s G03g0] 81y Jgo S osls ol g5, 5l g oo b
©99;9 Sl p Sl 4 Ty (29,5 polie uess Cuz 3
WS X = (XiI'XiZ' ""Xin)
}/’\1 = f(XipXiz' ""Xin) (1 = 1'2' 'm) (Y)
POVETOILITY Sy 51t I E IR GRS JI C 0S| E K K s
Aol (0 00l (S polie 5 (295 polie o gl (0,5
:)iio Syle b

~ 2 .
Z?;1[f(xi1,xiz; s Xin) — Yi] - min (V)
ol e M 5l eslical b F LT sl i cg ey ol 5o
L;‘>|)Ja (XiJYi)' (l = 1,2,...,m) u}.‘>3):> S5 9 (5999 n
O ol Glge !y Jaw o oad LSis g5l aclgd 008 o

3905 Gl ) &9
Rule; = IF x4 is
AYDAND x, is A" AND, ..., ANDx,, is AJ™, )

n
THENy = Z wilxi +wl
i=1

QT 0 as
4ji€{1,2, ..., 1}
w! = {wl,wl, ..., wh,wh}
il oo 0aelB 2 JU i Glayllly asgexe
Wl oo g3 Oyem X slad o 636 sleac e

S g g9 I0 § (oo A piled

Archive of SID.ir



Archive of SID.ir

vy g il (D33 (S Gl Sy (L gman (cmas $4Sl 9 (558 Bl oS ) (g 5lw e

w090 (38 Ll eudaii 4 £g,0 ToolboX .t sl il
G gorh LS5 Ve bl g Hybrid og, Gl b e
Error « 155 ceems 0 ol 0 5 meiSise hjsel

Training Error
0.6
0.4
g
[
02
* * * * * * * * * *
0
0 7 4 6 8 10

Epochs

Error Training -1y Js
ledbl kL, Subtractive Clustering o ;¢3! bl b

Sl 0l ooly HLaS VY S o oS Wi e

input inputmf rule outputmf output

Logical Operations
®
® or

et

Gps )0 Cugas @y g5 Bl dall Gl can o
@ Cagae mlg IS0 Bk gl el il L 56
Ely IS8 byl cnl s b g cal atsly ool
S (srae SLSSS loslinal a5 5 5 walss s Cogae
099y Ol Bl Sehe Yl i Cuge wlgi DL o wilsi oo
Sloodls jee b g Conl (e SloaSed 4t Sl x50

ANFIS jsl -1Y Jsi

K2l us s Gl Cughe @l A phe 5l (290!
FSid 5l am Wl oo Canay boosls (B3, 0,5 Jaw g bosls
s & bgiye (5553 ST ST (ilsd g Cugde s a3
Sbos aolol (B b aSis (Agel 098 oe 03ls (590l A
wwbo 3 4 i 9 00,5 S Jlade Jols glas a5
o il i b )lSo olawy az 2 Yeors 0gd dige
alS 1S5 L Ve b alis opl o sl j2eS o Lol
&l il 58 (oo ovalive pias sl Glime 5o 0L
s SlBle 5 bawg ) Bl s dlie (pl lulpd (6l Cugae

WWW.pgprc.ir

WY W Gerten (s 40D O)lagls A S5
Voo ol olael Bolay i lo 1381 6 5 51 oolazul b lal o
Checking sols ¥+ iz g0 s EXCEl 581 0 5 L1, ol,5 ools
a s wlol ) eoges bkl Training eols Ve g
S 50 gl eols ggeze £45 00 ) Yo - FMcLachlan et al
Gl osls dcgezms .V .ol yulas 5 caslie Training (y:8,5
,o Anfis Edit jgrws b g(aigs olonl Solal & jgo 4
slaosls Load Data cwnd ;8 wac—;6 TOOIDOX
151 sl Ss o mli 58,5 Load |, Train yCheck

ol 00 &

5 x10% Training Data (000)
1.5
= > O
05 = o
: ot b5
0 .0 (¢ OO0 o
0 10 20 30 40 50 60 70
data set index
sobar Ll 5l e (590] (slaosls -4 JSC&
= »x10% Checking Data (+++)
(e]
2 ¢
=
e}
(¢}
o
o @® e ¥
J'T/; o 00
oo Gt o g
40 50 60 70
data set index

Hobas Sl 51 o ool sleesls —e i

9o slls asGenerate FIS s o a5 amo o olis ol
Subtractive Clustering , Grid Partition .,
505 Ly Grid Partition oo, Gl b ol js asb o
3L Cugae 1l g5 iy 551 Cugle @ls slasi (53,5 oL
@B s g5t s Jboy s lalsS) g sladiied 4 i )
S g el Cewds pslhae ol wols (ijgel a5 as & jso
b 4z 4o g pod axlge ENTOr 7.67814 LSS oo
5 eolizwl L Subtractive Clustering o, ol

S g g9 I0 § (oo A piled

Archive of SID.ir



Archive of SID.ir

oLyl olgzraemo 9 63 3 ol (5 0Lez My Vo

i 181
s Membership function plots

= imAdustec2!
L’M ‘
int outt

in2

in3

XX

in4

S e p)laz (59559 Bl &gy -7 Sl

input variable "ind"

IS 4z 45 LS (lg 00 00 oy gl g 4z L
Ly o ogue dBl yiiin plasw 43 (699,59 Sl jlogei jo milos
ld sl glp s e ogae alg glayal )l

At 5 ihe g cewlin (6 S rea

(G 2lgf by Joe

0= [-3 T i o oo b

o

Gaussmf(x,[sig,mu]) : Matlab s b

toaud oolawl (6318 s
$5 9w gian 5 (SUL wgs (959 (SUL glictal pins
Slp Slatuns 5,555, K drwgs Hekaie 4 VAL Jls o
30 e glitwl g )l @l g3 lgd adgs
3l Sl 4 0 85 latins; 5 5 LS slapis

0,8 o0 )l,8 oolauly g aliily
a2 @l ()T G9el g pitass ()b 5l an ST al> ey
@ Oley Sue eSS ples a5 (293 g b dnale
50 48 ael Casay aiboe byl el $SLo ails 5 YT ile

Gl 00l 00l ul.w; VY Ji.w

int = 8.340+03 in2= 488 in3 = 540 ind=38

L 0 Y O
2] 0 A 0 [
B R SR e

-1749 19410

9 3 6%y JS sRule -1y s
S99 JLE, VA 5V la S 50 eadh sy sl logas

out! = 8.83e+03

o) 4l - oleis VY >

Gazg b ‘,.fp...o.a.’ (o slogo9,5 ol el 0uls o)
Sz g,5 slawi g b JUSK e 5l oas gl sl slo S5g olass
Vg oo (ATAe puagns (Sl 00 (sl

S99 pe ¥ oa olass cnl (aghy lasdgys 4 axs b
Sl el @ 25 b o Cogde gl olas e
33,5 o et 00l Jlos!

e Sa63959 lp ot oslitul Cogas Rl VY SS
o oolatuwl Cogac ali VE S g (o Uil fley Do)
G0 IS8y Geasd ploy D) s slas2959 12
SO e Slaogys sln oad eolital Cugac
Glp oas eolanwl Cogac b VF USE 5 (@Yl
e e gl Jae anTb 0 (ol8is jae) pic slacsds)s
s oo lid |

plot points:
FIS Variables Membership function plots

B

outt

input variable “in1"

S s Jsl 53535 35 el ¥ IS

i 181

pot
FIS Variablos Membership function plots

&
o Jm

X

n2

XX

X

S8 s 30 (539)9 b @y VP S

input varable “n2*

ot poits: i
function plots

) in3duster3 indcluster!  in3duster2
e ‘ 't
int

outt

in2

in3

@ input variable “in3*

ind

S s pom (5399 Bl @l VO S

S g g9 I0 § (oo A piled

Archive of SID.ir



Archive of SID.ir

\i4 g ouiile (53 (S e Sl (SFguan omas GASab g (531 Ehin (oS 5 (g 5lw o

Cadbgo b3l Gl (St Joo s -Y Jeu

odd 39T Hlude | oxBly I yLS|daoy
1124440 e )
Tra.4as) vt v
104.490f g v
VI4A9AF Ve ¥
OYA.A9FY 0f- 0
¥ivaaaag VA $
VFEA44Y VPO v
VILRAAY e A
629.44Y¥ g 4
1064334y Vo8- V.
VFY.A94Y VEE "
14144944 Yoy VY
yvaqaay VA WY
09.499¢ £ V¥
Ir1a.aay Y- Vo
A09.99AY as- VF
v-4.4449 vy VY
aYYa.44ay OYA- VA
FYLA9AY st Ve
VIT429A0 DY v
1Y44.444) VA-- i
VF£4.4444 VEY- vY
YA "o vy
V-19.4949 Ve v¥

G’Lu5w|od.~uuamm*‘ JiquJjb)bé\S)}'a.’Lo.&b

Qo Ve 4%‘5%°}5Lﬁ)£°)%f6‘ﬁ5ﬁle@&o)'i)w
0355 AN aS Jde cuy® G O)lge ple gl el 009

Ll
slaosls g oas train slaesls (Jaw 0,5 RUN L sl 5o
L oo train slrools Il .l oads ools lis Jow jo a3l
Sl Jao g anil op 4 Soop dly b slacsls
&l Qsﬁﬂ Sl @ VY s Vsl IS o o)l o9 Flusl

o] 00

%104 Training data : o FIS output : *

Output

Uosgel laools s 1YY Sl

WWW.pgprc.ir

2t G5B i TV lagg)s SIS -1 S

et e S

12000
10000
8000
6000
4000

2000

2 34 5 6 7 8 9101112131415 1617 1819 2021 2223 24

ANFiS Jow o415 ol -Ye JSi

olas 1) Yo ) (699,8 90 48, o 4w b j0 VA JSSS
o5 i A.J)f fl?u‘ uLMulJLA 9 LB’M g.:l.u»)‘ uwl.w‘ PR (0
Yile 6,80k 9 rals sl ley e slolas
Gl St S0 wup e 4> 4y b Gl
S5 wiglhe cl a4 g atils rolidl w15 e YT sk
9 opilgd ulul a5 05 co 00y NS 0 06D oo
Sae oSws o li8l g yeesd ley Sl malS b ocouds
Gilhe ol a5 Wl so Gl als IS slaodiws 5,5 )b;
sl oo b ol Ul

i@l Qe Jsaz 5o ol Cossy @l Gulul
5 SN Srter Sohll g ol @l b 8,5 & 90 051
1wl 00l 45|)|T J5»3T~ J.i.a)d c)Lu é)j]fw

CandnS S 33 0 § (ko0 A9 bl

Archive of SID.ir



Archive of SID.ir

oLyl dlgzraemo 9 633 ol (ST OLex Moy vy

oz jgdome (eSibe aday slofal)ly oo o Shoe (23,1 sl
sk so, (MAE)glhs s Sk (RMSE)

ool o0 oolitl (R?) (ranss sy 9 (€) o

(Y = Yy)?
Z?=1(Yi - Y)z

RMSE o i Joe 0,8kes ob55) sl skl sl Las 5|
ﬁxﬁ)m)ol)b&}wispua}mgowl.mMAEs

R2=1-

ol 0a ool lis y 5 S¥sles jo a5 wies o LA g,

RMSE = ’w

1
MAE = a (Y = o)l

€= 100% wn |Yi—Y2i
n 1=1 Y;

b3 b Yo (i 00i200L83 Yi 398 Ly, o
3 a (L |y gems S 5 polie 5ailie Vg (y30 5

5 Joe (7o i(oadly ovalive) Bum Jlake i g 4N sy Y
b o Slaslive ol

R2 ssile plamsls o drlome 0,Skee b5 ¥ Jso
snsee oLt |, MAE 5 RMSE «NSE

ANfis o Slee b3, -F Jgao
Stage R2 | RMSE | MAE | €(%)

Training | Y-+ .Y XY - ¥y

Testing | *-A Voo ¥ V.OF | -0

Joe g9 ovolis bybae cpl sl y sdwlcaws 4 polis
oads ooy HLas ¥ Jaaz jo a5 jeblen o (gle 4l
JLel ANFIS 45 0iS o ol ooy dislme polie oyl el

el b ol i 6l cenlio Sl gl ls oal
e Joe como a2 lh 90 nl &b 5l Y Joor mls e, cnl )l

o) g -1 o plous VY il

Checking data: + FIS output:*

10000 7
* *
3 *
£ 5000
o} *
* * ¥
* *
* * ¥ % o %
0—*—*—'%H—*i‘—*—*—***—*—*—k
0 5 10 15 20 25 30
Index

UinlesT sloosls o (¥Y Sl
955 g (5318 Lok a4 o oty 595!
B 355 0 (536 il s & it S VY S 50

RO PRV K

Jsl pls »

. 4

Sed
o plS »

555 g (558 gl i 4 gite o ,sN VY USCS

¥

9 odd patie (oras il ALl slassgyy A cnl
6355 SBo3IS 3 pdy g0 Dj50 T s 5 B350] Slikos
S ley Sl (Jlo s Yl dibe e Joll
oz ATl le s pile ()5 le ) o Al B o>
oy Y Toile (3 ploy Do (29,5 sosls g adds
oo bl 5l golass ¥ Jodm ;0 g oo druloe adds
ROWH PR NN A RPN Sp ERU U1 VY I JCOWR S
mas —53 Al CBs i sl Cawdy @l 4 axg b
a5 asb oo do 0 £ T sllas e g 0w, AF o (5luJo
009 05 3 rasm g Al 8o i (o9 b et L
Nptle 3 st > oS5 S ) sl
Lol gaio

tANis 5 Slos 5, b ylro

4 )0 092y s (g Slade b))l sln A slajlne
odd (S Slaizg S DS elul p osas 5k o
lgil (Aly g osllas sla s3> 5

CandnS S 33 0 § (ko0 A9 bl

Archive of SID.ir



Archive of SID.ir

YA g ouiile (33 (S ey Sl (Fgman (smas GASeb g 55B Fhie (oS S (g 5lw o

MATLAB jséls 5 Anfis gl -Y Jsan

5558 Ty ANfis s
M) A lie
Szl ploy el ley e 3 of«; B yos | o5 Gloj e ANFiS Jae sl | ol oles
(4i30) (4230) yrosi | (aid0) oY1 eilol  (Jl) (42,35) 5
(797 5 8l
v q. of- 2 Y- 119.499) e A
VY- Y- fY- Yo Yf- Y¥9.445) s e YA
YA- VA Ye. 2 9. 969.490F <D
) R of- 0 Y- 119.99AF BT
fY- Y- YA 0 NG AY4.44FY e OF
Y. VA YA 0 YA Tiva.a4as ceee¥
£0 \Y. £40 [2 V50 15F.444Y ceeny
\Y. of- 0 Y- 119.49AY Y
fy. YA AR I P Ha9.44av¥ coe Y0
Vo - 5 Y. X VOF- 10649.499Y e
A 5. N Y- VFE ARG ceeeY
Q5. . v.. v B2 1-14.4999 AAFYD
Y- fA- 0 YA 1va.494Y ceeny
Y Y 7 s 7. 64.444¥ ERCRRA
VY Y- s 2 \YY- 1¥19.444Y ceeef
7 V.Y I 7. A09.49AY e\
7 VO o \- Yy Y-4.44414 AYY-A
fay- ve. 55+ ) AYA- aYva.aaqy ceenY
NE Y- SA- v SF. £Y¥4.29AY Y
VoA §. AT 0 VVF- VITAA9A0 <oV F
\EA- Y- YA 0 YA 1Y44.494) s A
\YA- VA E Y. VFY- 1$54.4944 AYAE
Vo 5- aYo Y- \YO YYF.A99A ceen)
9. s Yoo ¥ VoY y-+14.4944 VAR ¢4

ot Wl 8, e sl a5 jsbles (pras -5 Al
Jovz o mls &5 wog Sxie YT eile & ol o

Sl 0als ST Joaz 0 gilu e 29,5 @l
s~ aSh S8 e odal Cussy @S 4 a2y b
a5 ol oo 0,08 1 slas e g 0o ,0 AF 0als (5le Jow
OO S 9 smas— )l ALl S8 e (g YU eaias i
Ylgetle 2F G 0 55 s8Ses ol sl

WWW.pgprc.ir

Sloolatnl b gois YT peile P St 4 allie ) o

e (6590 e Gl SLewl) 5o (ras—(s5l8 A
Vil Giliee labid ples 4 Cond el cles ol
am g 008 by gl 516 o 4 by je 0,515 5 (ixio
45 00, drloe 1) (5)90 0 Sl cabgpe soosls (6 5laer
wr Sl B il saalie LB Y Jgax 0 mls
mae —55 4 g5ledoe 4 Matlab l5sls 5 o aliws

Silodae 3l o peSley Y Tile S i @y

S g g9 I0 § (oo A piled

Archive of SID.ir



Archive of SID.ir

[7] Bahraini,

[8]

[9]

&Lyl olgzaemo g 633 pol (5385 0Lex 2o p

M., Bakhtiyari, H., Baharvandi, B.
(2014). Application of neural networks in
preventive maintenance and repairs of distribution
networks of Lorestan province electricity company.
International Science and Technology Research
Conference. [In Persian]

Yousefi, Sh. and Azizi, A. (2017). Providing an
appropriate maintenance strategy using simulation
with a system dynamics approach: a step towards
increasing productivity and reducing the cost of
repairs at the Pasargad safe manufacturing plant".
JR_MIEJ-4-16_001 [In persian]

Sarhan, A. A. (2015). Adaptive neuro-fuzzy
approach to predict tool wear accurately in turning
operations ~ for ~ maximum  cutting  tool
utilization. IFAC-PapersOnLine, 48(1), 93-98.

[10] Abdelkrim, C., Meridjet, M. S., Boutasseta, N., &

Boulanouar, L. (2019). Detection and classification
of bearing faults in industrial geared motors using
temporal features and adaptive neuro-fuzzy
inference system. Heliyon, 5(8), €02046.

[11]zhu, F., & Wu, Y. (2014). A rapid structural

damage detection method using integrated ANFIS
and interval modeling technique. Applied Soft
Computing, 25, 473-484.

[12] Ershadi, M. J., Qhanadi Taghizadeh, O., & Hadji

Molana, S. M. (2021). Selection and performance
estimation of Green Lean Six Sigma Projects: a
hybrid approach of technology readiness level, data
envelopment analysis, and ANFIS. Environmental
Science and Pollution Research, 28(23), 29394-
29411.

[13]Venturini, F. (2015). The modern drivers of

productivity. Research Policy, 44(2), 357-369.

[14] Nouri Kameri, M., Paiganeh, G., & Nouri Khajovi,

M. (2012). Using intelligent fuzzy-neural methods
and multi-layer neural networks in detecting the
main defects of rotating machines. Amirkabir
Mechanical Engineering Journal, 45(2), 105-
118.[In persian]

o) 4l - oleis VY >

[1]

(2]

[3]

[4]

[5]

(6]

va

& S A=

oo oal adyS la 50 K00 A b SO Sy &5 jsbles
Ll 5l o5 wBbioe sone Ole RPN addlas
5 P ol Goe el oS sad ol am giledo
5 & 0key Do Rl o o slaa e el 5 Dl ess
Sosere Oliee el 5o g ond SYlele (s pdy e
2SS Gl 5 e Sl S Ol S I o1
a2l St pte S i 4l ) Gl mls
SO S0 oS psb pler g Cuils wialigr o Sbegil )50
I9d JB 5 o> 5 @ls Gaion (nl o oud &lf pia 0b
Sl amoco @11 o (gl 5 Vb s 5 ylisabsl bl b
Weligr Al Cuxr ;S qwle (oB) Ol 9sd e

Dgd 03y B4 mlbo o b o>

&l -y
Lei, Y., He, Z., & Zi, Y. (2008). A new approach to
intelligent ~ fault  diagnosis  of  rotating
machinery. Expert Systems with

applications, 35(4), 1593-1600.

Knapp, G. M. & Wang, H. P. (1992). Machine fault
classification: a neural network approach.
International Journal of Production Research, 30(4),
811-823.

Wang, C. C., Kang, Y., Shen, P. C., Chang, Y. P.,
& Chung, Y. L. (2010). Applications of fault
diagnosis in rotating machinery by using time series
analysis with neural network. Expert Systems with
Applications, 37(2). 1696-1702.

Zamani Mohiabadi, M. (2013). Car maintenance
and repairs with the help of neural network.
Mechanical Engineering, 23(2), 71-81. [In Persian].

Becraft, W. R., & Lee, P. L. (1993). An integrated
neural network/expert system approach for fault
diagnosis. Computers & chemical engineering,
17(10), 1001-1014.

Zio, E., & Gola, G. (2009). A neuro-fuzzy technique
for fault diagnosis and its application to rotating
machinery. Reliability Engineering & System
Safety, 94(1), 78-88.

S g g9 I0 § (oo A piled

Archive of SID.ir



Archive of SID.ir

Combined Modeling of Fuzzy Logic and Artificial Neural
Network to Predict Machine Breakdowns in Order to Increase
Productivity

Parviz Chopankari

Master's Degree in Industrial Engineering, Science and Research Unit, Islamic Azad University, Tehran, Iran
Parviz_choopankari@yahoo.com

Amir Azizi
(Responsible author). Assistant professor and faculty member of Islamic Azad University, Faculty of
Industrial Engineering, Islamic Azad University, Science and Research Unit, Tehran, Iran. azizi@srbiau.ac.ir

Mohammad Javad Ershadi
Ph.D. in Industrial Engineering, Research Assistant Professor, Iran Science and Information Technology
Research Institute (IRANDAC), Tehran, Iran. mjershadi@gmail.com

Abstract: In this research, a hybrid approach based on fuzzy logic and artificial neural
network is presented to predict the failure of machines in order to increase productivity.
The subject of this research is one of the factories of the automobile industry named
Diaco Ide Aria, which operates in the field of automobile parts production. Preventive
maintenance requires correct prediction of breakdowns and accidents, equipment and
machines so that productivity can be increased by timely and correct maintenance of
machines as well as fixing defects and breakdowns. To model the multi-layer perceptron
fuzzy-neural network (MLP), first, 100 failures and stops were collected in a period of
15 months and then entered into MATLAB software. The obtained results show that the
implementation of fuzzy-neural network and the prediction of machine failure time has
reduced the duration and cost of repairs. Therefore, the working time and accessibility of
the machines increased and ultimately increased the productivity by 57%, also, the
accuracy of the developed neural-fuzzy model was estimated at 94%.

Keywords: productivity, prediction, neural network, fuzzy logic.
1. Introduction

In recent years, fuzzy logic and neural networks have been successfully used in pattern
recognition and fault diagnosis problems. Multi-layer neural network and fuzzy-neural adaptive
inference system due to reducing the probability of human error in sensitive decisions, powerful
estimation of non-linear functions in the presence of uncertainty, the ability to learn adaptively
and also the use of expert knowledge in obtaining the relationship between input and output, in
diagnosing the defects of industrial machines are expanding.

Nap et al.[1] studied the application of a multi-layer feed forward network based on the machine
condition detection method, and presented certain fuzzy relationships between failure signs and
their reasons with many nonlinear relationships between the inputs and outputs of the network.
Lee et al [2] have also investigated the application of fault back propagation neural network in
the diagnosis of CNC machine failure using oscillatory data. A research was done by Wing et
al.[3] in the field of fault finding of rotating machines with the help of neural network. In this
article, four defects of imbalance, misalignment, bearing damage and oil whipping have been
created separately on the testing machine. The neural network used in this research was a three-
layer type. The number of neurons in input, middle and output layers was equal to 20, 30 and 40
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respectively. The fault finding process was repeated with three methods, different coefficients,
and it was found that the method of different coefficients is better than the other two types. In
the study conducted by Ziv and Gola [4], the fuzzy-neural method was used in fault finding of
industrial machines.

Today, the use of backup systems in manufacturing industries has a special place. The use of
this system in diagnosing and predicting the failure of industrial machines can be of great help
to manufacturers, employers, workers, etc.

As can be seen from previous studies, neural or fuzzy-neural method has been used to predict
failure in various articles. According to the investigations, it was found that in none of the
previous researches, the effect of predicting the failure of industrial machines on increasing
productivity has not been investigated. Therefore, this article is based on the combined method
of neural network and fuzzy inference system to predict the failure of machines in order to
increase productivity.

In this research, in addition to predicting the failure of industrial machines, its effect on
increasing productivity has also been discussed. Analyzing the data obtained from the repair
forms and the functional certificates of the equipment and devices shows that the increase in the
productivity of the factory is dependent on the decrease in the amount of predictable breakdowns
of the equipment.

2. Research method

The statistical population in this research includes the breakdown and stoppage data of 22
industrial machines in the auto parts factory (Diaco Idea Aria) out of 56 industrial machines with
100 breakdowns during 15 months and 20 types of manufactured products.

Productivity: due to the fact that one of the factors influencing the amount of production is the
cost of production. One of the ways to increase production is to reduce production costs. In fact,
the goal is to have the highest amount of production compared to the cost spent. The amount of
output and profit of the organization compared to costs is productivity. That is, if an organization
can reduce its organizational costs by keeping the quality constant, it can say that it has created
productivity. In Table 1, the productivity rate and productivity growth in a period of 3 months
are calculated and shown as examples.

Table 1: Calculation of productivity and productivity growth

growth roductivit of time period row
productivity p Y (months)

59% 19.0633 First month 1
13% 47.6233 second month 2
-10% 54,7142 The third month 3

Fuzzy-neural network: It is a kind of artificial neural network based on the Takagi-Sugno
fuzzy system. Since intelligent systems have an acceptable performance in the presence of
uncertainty and inaccuracy, and considering the main properties of neural networks, that is;
Powerful estimation of non-linear functions and adaptive learning capability as well as the
main property of fuzzy systems, that is; Using expert knowledge to obtain the relationship
between input and output. In this research, ANFIS smart networks have been used to classify
defects.

Fuzzy-neural network modeling: at first, by using random number determination software,
100 failure data were selected with Excel software into two parts: 30 checking data and 70
training data (based on the theory of McLachlan et al, 2004 1. ten The type of data set is
suitable and valid for considering Training. 2. The data sets must be created randomly.) and
with the Anfis Edit command in the Fuzzy-Neural Toolbox in the Load Data section, load the
Check and Train data and the results It is presented in Figures 1 and 2.
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Figure 1: Training data after random selection
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Figure 2: Test data after random selection
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The results show that in the Generate FIS section, which has two algorithms, Grid Partition and
Subtractive Clustering, first by choosing the Grid Partition algorithm, by increasing and
decreasing the number of fuzzy membership functions, and changing the type of fuzzy
membership function from triangular to trapezoidal and bell-shaped and The normal and linear
type of fuzzy output that we taught did not get the desired results and after the tenth repetition
we encountered Error 7.67814 and as a result we started to adjust the fuzzy structure by selecting
the Subtractive Clustering algorithm using the fixed parameters of the Toolbox. Then we start
training by choosing the Hybrid method and selecting 10 iterations, and finally, in the tenth
iteration, we reach Error 0.060433, which can be seen in Figure 3.

Training Error
0.6

Error

Epochs
Figure 3: Error Training

By choosing the Subtractive Clustering algorithm, Anfis information structure with 4 inputs
and 1 output and 3 rules form the structure shown in Figure 4.

input inputmf rule outputmf output

Figure 4: ANFIS structure

According to the inputs of the research, this number reaches 4 inputs. The number of

membership functions is also determined according to the applied parameters. Figure 5
membership function used for system inputs (repair waiting time) and Figure 6 membership
function used for system inputs (repair time) and Figure 7 membership function used for
system inputs (machine working time) and Figure 8 shows the membership function used for
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system inputs (device life) in the modeling process of the circuit fault.
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Figure 5: Membership functions of the first input of the fuzzy system
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Figure 7: Membership functions of the third input of the fuzzy system
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Figure 8: Membership functions of the fourth input of the fuzzy system

According to the drawn membership functions, it can be said that the more the separation of
functions in the input diagrams to the system is, the more independent the defects related to the
parameters of the membership functions are, and more suitable and effective for the decision-
making process.

Based on the results obtained in the table below, the degree of compatibility of the estimation
with the actual results and the predictive ability and accuracy of the estimation of the results are
presented in Table 2:

Table 2: Prediction model results for success evaluation

Estimated value Real Row
performance
119.9991 120 1
239.9961 240 2
959.9954 960 3
119.9984 120 4
1P 5l ) ool —VY wl> CandS S0 00 g (ewidideo &y yiled
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As shown in Table 2, the estimation results of the designed model are very close to the actual
calculated efficiency and for 4 cases it was almost 100%. For other cases, the approximation of
the model was not less than 0.98.

Finally, by running the model, the trained data and real data are shown in the model. If the
trained data are close to the real results data, it means that the model has a good inference
capability. Figures 10 and 11 show the results of this test.

it 104 Training data : o FIS output : *

Output

Index
Figure 10: Training data test

Checking data: + FIS output:*
10000

Output
g

*

* R g *

0 Lk—k FRVRVE. SN * Kk % ¥ )

0 5 10 15 20 25 30
Index

Figure 11: Testing the test data

3-Results

In this section, the inputs of the fuzzy-neural network are specified and the training and then
testing operations are performed. The input data includes useful life of machines in years, repair
time in minutes, working time of machines, waiting time in minutes, and output data of machine
breakdown time in minutes. Table 3 shows some of the desired results obtained from the fuzzy-
neural network.

According to the obtained results, the accuracy rate of the modeled fuzzy-neural network is 94%
and its error rate is 6%, which indicates the high accuracy rate of the fuzzy-neural network and
the low error of this combined network in predicting machine failures. It is industrial.

An example of the results obtained from Matlab software is shown in Table 3.

4-Discussion and conclusion:

In this article, we predicted the failure of industrial machines using fuzzy-neural network in order
to increase productivity. First, we got a complete understanding of all the different parts of
industrial machines and the functions related to each of them, and after collecting the relevant
data, we calculated the productivity, the results of which can be seen in Table 1. Finally, for
Examining the problem in Matlab software, we modeled the fuzzy-neural network to predict
machine failure. After modeling the fuzzy-neural network, as expected, we saw the prediction
of the duration of the failure of industrial machines, and the results are in the results table. The
modeling output is presented in Table 3.
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Table 3- Anfis results of MATLAB software

Comparison
Waiting | Repair Ma_chm_e Device life | Downtime |Estimation of (difference
time time |working time (years) (minutes) | Anfis model between real
(minutes) [(minutes)| (minutes) y and output
downtime)
30 90 540 6 120 119.9991 0.0008
120 120 420 25 240 239.9961 0.0038
780 180 360 6 960 959.9954 0.0045
10 110 540 5 120 119.9984 0.0015
420 120 780 5 540 539.9943 0.0056

According to the obtained results, the accuracy rate of the modeled fuzzy-neural network is 94%
and its error rate is 6%, which indicates the high accuracy rate of the fuzzy-neural network and
the low error rate of this artificial network in predicting the failure of industrial machines.

As mentioned earlier, the other aspect considered in this study is the increase in productivity,
which after doing the modeling, it was concluded that the reduction in the duration of
breakdowns and repairs and the reduction in network costs lead to an increase in the working
time and The availability of machines is increased and finally the productivity increases.
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