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leCiH pB |=yx}=B CQw=Ht QO |oDUW?; u}tND

?=D?W sQm � ANFIS xv}y@ pOt \UwD
�|QDmO |wHWv=O� |Q}t= lt=}U

�Q=}O=DU=� � OvwiUw} RQ@} Qi
�Q=}Wv=O� wrv=@aW O}aU

|wor= |@}mQD |xOW |R=Uxv}y@ sD} Qwor= l} R= xO=iDU= =@ Q=@ u}rw= |=Q@ xar=]t u}= QO
|@}mQD sD} Qwor= "OW |v}@V}B wrkwO pB |=yx}=B CQw=Ht QO |oDUW?;

�FA� ?=D?WsQm sD} Qwor= w �ANFIS� T}iv= |xm@W ?}mQD R= �ANFIS-FA�
CQw=Ht QO |oDUW?; jta |wQ Q@ QF-wt |=yQDt=Q=B R= xO=iDU= =@ TBU "OW pY=L
G}=Dv T=U= Q@ "OvOW h} QaDANFIS-FA w ANFIS pOt Q=yJ 'wrkwO |=yx}=B

|QDW}@ CkO |=Q=O ANFIS-FA |=ypOt xm O=O u=Wv G}=Dv p}rLD w x} RHD '|R=UpOt
R= |a@=D QDQ@ pOt "OW s=Hv= pOt C}U=UL p}rLD TBU "OvOw@ ANFIS =@ xU}=kt QO

pOt u}= |=Q@ RMSE w MAPE 'R2 Q}O=kt ',qFt "Ow@ |OwQw |=yQDt=Q=B |x}rm
=]N `} RwD G}=Dv u}vJsy "OW x@U=Lt 0 015 '5 876 '0 991 =@ |w=Ut ?}DQDx@

TBU "OvOw@ OYQO 5 R= QDtm |}=]N |=Q=O QDQ@ pOt G}=Dv OYQO 66 ,=OwOL xm O=O u=Wv
'CiH pB |=yx}=B h=Q]= QO |oDUW?; |xQiL jta u}tND |=Q@ |OwQw QDt=Q=B u} QDQF-wt

xm OW XNWt C}a]k sOa p}rLD l} s=Hv= =@ TBU "OW |iQat '�Fr� OwQi OOa
"Ow@ |ak=w Q=Okt R= QDW}@ |OQmrta |=Q=O QDQ@ pOt

siamak amiri2001@yahoo.com
fariborzyosefvand@gmail.com
saeid.shabanlou@gmail.com

pB |=yx}=B '|oDUW?; jta '?=D?W sQm sD} Qwor= 'ANFIS %|O}rm u=oS=w
"C}a]k sOa p}rLD 'CiH

xtOkt "1
pOt wO |oDUW?; u}tND |=Q@ =yv; "OvOQm |R=UpOt =Q 1=yQPo@;Q} R |HwQN QO
R= |OOa pOt xm OvO=O u=Wv OwN G}=Dv p}rLD w x} RHD =@ xm OvOQm x�=Q= hrDNt
xwQo CQw=Ht QO |oDUW?; jta |v}@V}B |=Q@ [7]"CU= Q=OQwNQ@ |@U=vt CkO
x�=Q= |OOa pOt l} �2007� nvH w |vD=@ 'T}iv= R= xO=iDU= =@ pB |=yx}=B

[8]"OvO=O
|@Ya |xm@W |=ysD} Qwor= R= xO=iDU= =@pmW |wQ}=OpB |=yx}=B|oDUW?;
x@ =ypB Ov@CWB |=Q@ [9]"OW |R=UpOt �2009� Qwovwo w C=Q}i \UwD hrDNt
|@Ya |xm@W w T}iv= |=yVwQ R= xO=iDU= =@ �2010� p}t=Rwt 'hrDNt pmW
|xar=]t G}=Dv p}rLD w x} RHD =@ w= [10]"OQm |R=Ux}@W =Q |oDUW?; |xQiL jta
xO=RhHv u}vJty "CU= Q=OQwNQ@ |QDW}@CkO R= ANFIS pOt xm O=O u=Wv OwN
Q=OQ@ u}W=t w =yxO=O |ywQo |Ov@xDUO pOt R= xO=iDU= =@ �2013� u=Q=mty w
|m}rwQO}y \}=QW |=Q@ =Q =ypB Ov@CWB |m}ORv QO |oDUW?; jta u=@}DWB
G}=Dv p}rLD w x} RHD [11]"OvOR u}tND lQLDt QDU@ p=v=m hm \}=QW w pqR ?;
|t}_a "CU=yxO=O |ywQo |Ov@xDUO pOt QDW}@CkO |xOvyOu=Wv =yv; |xar=]t
xwQo CQw=Ht QO |oDUW?; |v}@V}B |=Q@ =Q ANFIS pOt �2016� u=Q=mty w
�2018� u=Q=mty w wrv=@aW [12]"OvOQm |R=Uxv}y@ h=Y ?; \}=QW QO pB |=yx}=B

"OwW|t ?wULt =ypB ?} QND QO |rY= p}qO R= |m} |oDUW?; '|rm Qw]x@
|L=Q] QO u; uDiQo Q_vQO w u; sHL |v}@V}B 'xO}OB u}= j}kO CN=vW u}=Q@=v@
R= |oDUW?; Vy=m w pQDvm |=Q@ sRq C=O}ytD uOQ@ Q=mx@ xty R= QDsyt w =ypB
w |v}t= '�2010� [1]u=Q=mty w |v=}DW; |}=]a,qFt "CU= Q=OQwNQ@ |}=RU@C}ty=
�2016� [4]u=Q=mty w nv=w '�2015� [3]u=Q=mty w uwUQDB '�2011� [2]u=Q=mty
|UQQ@ pB |=yx}=B CQw=Ht QO =Q |oDUW?; |wor= �2016� [5]wv} Q=t w wDw}rw= w

"OvOQm
w xO}J}B p�=Ut |v}@V}B |=Q@ sQv C=@U=Lt R= xO=iDU= Q}N= |=yp=U QO
|=Q@ R}v |irDNt C=ar=]t Qo}O hQ] R= "CU= xDi=} VQDUo Q=}U@ |]NQ}e
u=Q=mty w CvQD "CU= xDiQo s=Hv= =ypB h=Q]= QO |oDUW?; |wor= |v}@V}B
?; |m}rwQO}y \}=QW QO =Q pB |=yx}=B h=Q]= QO |oDUW?; |wor= �1993�
[6]"OvOQm p}rLD w x} RHD |awvYt |@Ya |xm@W R= xO=iDU= =@ lQLDt QDU@ w pqR
|oDUW?; jta |awvYt |@Ya |xm@W |=ypOt \UwD �2001� |=O w wv=} Q}r

pw�Ut xOvU} wv �
"1399 3 19 VQ}PB '1399 2 22 x}LqY= '1398 6 4 Ci=} QO %M} Q=D

DOI:10.24200/J30.2020.53832.2591

u=Q}= 'x=Wv=tQm '|tqU= O=R; x=oWv=O 'x=Wv=tQm OL=w '?; |UOvyt xwQo
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"|OwQw wO =@ pOt |=Q@ T}iv= |xm@W Q=DN=U "1 pmW

|xm@W "CU= |ak=w |HwQN w xm@W R= xOt; CUO x@ |HwQN hqDN= |R=Uxv}tm
u=}@ Q} R CQwY x@ uwv=k Qy xm CU= uwv=k n w |OwQw |oS} w m |=Q=O ANFIS

[15]%OwW|t
Ri : if (x1 is fi1) and (xj is fij) and

(xm is fim) then output = fi (1)

uwv=k |HwQN fi w xj |wQ uwv=k C} w[a `@=D w |OwQw jth 'xj u; QO xm
h} QaD Q} R CQwY x@ CU= Gaussian pmW |=Q=O xm gij C} w[a `@=D "CU=

[16]%OwW|t

gij (x) = exp

 
�1

2
�
x� cij
�ij

�2!
(2)

s}y=wN xH}Dv QO "CU= xOW xO=iDU= �AND� Qopta u=wvax@ ?Q[ R=
[15]%CW=O

�i =
mY
j=1

g (ij) (xj) (3)

=@ R}v sDU}U |HwQN "OyO|t u=Wv =Q uwv=k |xOW p=ai |xHQO �i u; QO xm
[15]%OwW|t x@U=Lt Q} R CQwY x@ pkF RmQt |x]@=Q

f (x) =
Pn
i=1 �ifiPn
i=1 �i

(4)

|=yxawtHt ẁv %R= Ov=CQ=@a 'ANFIS |R=UpOt QO QF-wt w syt pt=a GvB
|xw}W '|HwQN |R=i |xawtHt ẁv '|OwQw |R=i |=yxawtHt O=OaD '|OwQw |R=i
'|FrFt Ovv=t |irDNt `=wv= QO |OwQw |R=i |=yxawtHt "=yQ=QmD O=OaD w |R=Uxv}y@
QO |Uwo ?wN OQmrta x@ xHwD =@ 'xar=]t u}= QO "OvDUy """ w |Uwo '|}xkvRwP
ẁv wO QO R}v |HwQN |R=i |=yxawtHt "OwW|t xO=iDU= ẁv u}= R= 'Q}N= C=ar=]t

"CU= xOW xO=iDU= |]N |R=i |xawtHt R= xar=]t u}= QO xm OvDUy |]N wC@=F
xDiQo Q_v QO 5000 =@ Q@=Q@ xm@WVRwt; |=Q@ xOW xDiQo Q_vQO Q=QmD O=OaD 'u}= Q@ xwqa
Fuzzy Inference System �FIS� O}rwD |=Q@ xO=iDU= OQwt VwQ "CU= xOW
C@Uv xm CU=Fuzzy C-means Clustering �FCM� VwQ 'xar=]t u}= QO
C=ar=]t QO |kiwt OQmrta w OQ=O R=}v |QDtm QDt=Q=B O=OaD x@ 'Qo}O |=yVwQ x@
|R=Uxv}y@ VwQ wO 'ANFIS |xm@W QO |R=Uxv}y@ |xwLv "CU= xDW=O Q}N=
xm �BP-LS� Ov=least square �LS� w BP R= 4|@}mQD w 3�BP�Q=WDv= TB

jQeDUt C=LiY h=Q]= QO |oDUW?; jta 'uS u=}@ |U} wvxt=vQ@ R= xO=iDU= =@
w |t}_a 'u}= Q@xwqa [13]"OvOQm |R=Ux}@W =Q xHQO 180 sN p=v=m l} uwQO
pOt l} \UwD =Q =ypB x=ox}mD CQw=Ht QO |oDUW?; Q}O=kt �2019� u=Q=mty
|r[=iD pt=mD sD} Qwor= =@ =Q T}iv= pOt =yu; "OvOR u}tND |awvYt Vwy |@}mQD

[14]"OvOQm ?}mQD OQivt Q=OQ@ |x} RHD VwQ w
|wor= |xQ=@ QO |OwOLt C=ar=]t xm OwW|t xOy=Wt u}W}B C=ar=]t QwQt =@
u}= QO u}vJty "CU= xOW s=Hv= wrkwO pB |=yx}=B CQw=Ht QO |oDUW?;
jta u}tND |=Q@ ANFIS-FA u=wva =@ |@}mQD pOt l} =@ u}rw= |=Q@ xar=]t
|=Q@ 'Qo}O u=}@ x@ "CU= xOW x�=Q= wrkwO |=yx}=B h=Q]= QO |oDUW?; |xQiL
Qw_vtx@ u}vJsy "OW xO=iDU= ?=D?W sQm sD} Qwor= R= T}iv= pOt |R=Uxv}y@
R= u}vJsy "OW xDiQo xQy@ wrQ=mCvwt |R=Ux}@W R= |OOa pOt CkO |UQQ@
pOt G}=Dv |HvUQ=@Da= |=QH= |=Q@ 5 |w=Ut k =@ |QO@ Q[ |HvUQ=@Da= VwQ
ANFIS-FA w ANFIS |=ypOt R= l} Qy |=Q@ TBU "OW xO=iDU= |OOa
u} QDQF-wt w QDQ@ pOt C}U=UL p}rLD s=Hv= =@ "OW O}rwD Cw=iDt pOt VW
|}=U=vW wrkwO pB |=yx}=B CQw=Ht QO |oDUW?; |xQiL jta |wQ Q@ QDt=Q=B

"OW

T}iv= |xm@W "2
|Qw]x@ &CU= |awvYt |@Ya |xm@W w |R=i sDU}U R= |@}mQD T}iv= |xm@W
w |OwQw u}@ |}x]@=Q |R=i VN@ "OQ=OQ@ QO u=tRsy Qw]x@ =Q wO Qy |=}=Rt xm
x@ |R=i VN@ C} w[a `@=wD x@ \w@ Qt |=yQDt=Q=B w CU= xOQm Q=QkQ@ |HwQN
C=}YwYN TB "OvwW|t u}}aD |@Ya |xm@W |WRwt; |=ysD} Qwor= |xr}Uw
ltm x@ sDU}U u}= "CU= xDiyv sDU}U u}= QO |@Ya w |R=i pOt wO Qy
G=DvDU= w Q=QkQ@ =Q =y|HwQN w =y|OwQw u}@ |]NQ}e \=@DQ= '2|v=@ R s}y=it
'C} w[a |xHQO '|OwQw |=yxO=O =@ ?U=vDt ANFIS ?U=vt Q=DN=U "Ovm|t
R= xOW|L=Q] |xvwtv "OwW|t ?=NDv= '|HwQN C} w[a |xHQO `@=wD w u}v=wk
�|OwQw� pw= |x}q QO "CU= xOW x�=Q= 1 pmW QO |OwQw wO =@ ANFIS pOt
?Q[ =@ "OwW|t XNWt |R=i hrDNt |=yxR=@ x@ |OwQw Qy jraD u=R}t
CUOx@ swO |x}q QO (wi) =yuwv=k uRw 'Qo}Om} QO xQo Qy x@ |OwQw Q}O=kt
|x}q "OQ}o|t s=Hv= u}v=wk |@Uv uRw |x@U=Lt pta 'swU |x}q QO "O};|t
x@ |OwQw |=yp=vo}U |wQ Q@ C=}rta s=Hv= R= xm CU= u}v=wk |x}q 'sQ=yJ
u; hOy xm CU= �f � xm@W |HwQN 'QN; |x}q " OwW|t pY=L x}q u}=

16
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xi (t+ 1) = xi (t) + �r (xj � xi) (7)

%CU= Q} R CQwY x@ ?=D?W sQm sD} Qwor= x@ \w@ Qt OvwQ '|rm Qw] x@
�x}rw= C}atH� ?=D?W |=ysQm |x}rw= |yOQ=Okt w u}}aD "1

OwN C}akwt QO C}atH R= OQi Qy |=Q@ xv} Ry `@=D uOQw; CUOx@ "2
C}atH R= OQi Qy x@ Qwv COW |iO=YD X}YND "3

|xv} Ry `@=wD |x@U=Lt |x]U=w x@ C}atH QO OQi �u} QDQwvQB� u} QDy@ u}}aD "4
C}atH O=Qi= pm

xHwD =@ Qwv COW |v=UQRwQx@ w OQi u} QDy@ CtU x@ C}atH O=Qi= Qo}O CmQL "5
u; x@

'Oa@ |xrLQt CtU x@ CmQL 'Ow@ =}yt hkwD \}=QW Qo = &hkwD \}=QW |UQQ@ "6
4 s=o CtU x@ CmQL CQwY u}= Q}e QO

"sD} Qwor= u=}=B "7
?PH `@=D 'x}rw= C}atH O=OaD x@ pt=m Qw]x@ ?=D?W sQm sD} Qwor= OQmrta
?PH CaQU 'OW=@ QDW}@ Qwv ?PH ?} Q[ xJ Qy "CU= xDU@=w ?PH ?} Q[ w

"OwW|t QDW}@ 'OQi u} QDQwvQB CtU x@ C}atH O=Qi=

|y=oW}=tR; pOt "4
nv=w |y=oW}=tR; Q}O=kt R= |OOa |=ypOt G}=Dv |HvUQ=@Da= |=Q@ xar=]t u}= QO
p=v=m l} pt=W =yv; |y=oW}=tR; pOt [4]"OwW|t xO=iDU= �2016� u=Q=mty w
wO ?Yv =@ =yv; "CU= QDt 0 7 w 0 42 '12 `=iDQ= w ZQa 'pw] x@ |r}]DUt
jta "OvOQm VQ=Ro =Q =yv; h=Q]= QO |oDUW?; Q=Okt QDt|Dv=U 6 Q]k x@ pB |x}=B
QDt 6 u; pw] w QDt|Dv=U 15 |y=oW}=tR; |xar=]t u}= QO ?wUQ |x}q |x}rw=

"CU= xOW `k=w C=@ wUQ |x}q \Uw QO d |xrY=i =@ CiH |=yx}=B w CU=

pB |=yx}=B h=Q]= QO |oDUW?; "5
|v}t= w [1]�2012� u=Q=mty w |}=]a '[18]�2006� |DWy@ w |v=}DW; |}=]a
|=yx}=B xwQo CQw=Ht QO |oDUW?; jta xm OvOQm u=}@ [2]�2010� u=Q=mty w
jta Q@=Q@ ?}DQD x@ xm CU= d50 'm 'D 'd 'Sn 'h 'U 'Uc R= |a@=D �ds� pB
'u=} QH CyH =@ |R=wt pB |=yx}=B O=OaD '?wUQ C=QP \UwDt Q]k '|oDUW?;
'u=} QH =@ |R=wt CyH QO pB |=yx}=B RmQt x@ RmQt |xrY=i 'pB |=yx}=B Q]k
CaQU 'u=} QH jta 'u=} QH Q@ Owta CyH QO pB |=yx}=B RmQt x@ RmQt |xrY=i

"CU= C=@ wUQ |wQ Q@x}rw= CmQL Cra x@ |v=QL@ CaQU w u=} QH \UwDt
ds = f (d50;m; n; D; d; Sn; h; U; Uc) (8)

R= d |xrY=i x@ xm x}=B wO CQw=Ht QO =Q |oDUW?; �2016� u=Q=mty w nv=w
d50 'm 'n 'd 'Sn 'Uc Q}O=kt =yv; |xar=]t QO "OvOQm |Q}oxR=Ov= 'OvQ=O Q=Qk sy
Q} R CQwYx@ 1�4 |x]@=Q Oa@ uwO@ |=yxwQo uDiQo Q_vQO =@ "OvDUy C@=F ,=@} QkD

[4]%OwW|t |U} wvR=@
ds=h = f (D=h; d=h; Fr) (9)

Q@ xwqa xar=]t u}= QO "OvDUy xm@W VRwt; |=Q@ l}Uqm |=ysD} Qwor= wO u}=
O}OH |Q=mD@==Qi sD} Qwor= l} xm ?=D?W sQm sD} Qwor= R= '|@}mQD VwQ R= xO=iDU=
|R=Uxv}y@ |=Q@ FA "OwW|t xO=iDU= R}v 'CU= |]NQ}e p�=Ut pL QO OvtDQOk w
OQwt 'hrDNt |=y|OwQw |=Q@ �c w �� pt=W membership function ?}=Q[

"OwW|t u=}@ sD} Qwor= u}= OQmpta |ovwoJ 'xt=O= QO "OQ}o|t Q=Qk xO=iDU=

?=D?W sQm sD} Qwor= "3
|xO}= "OW x�=Q= �2008� [16]'nv=} \UwD Q=@u}rw= '5�FA� ?=D?W sQm sD} Qwor=
u}= "CU= xOW xDiQo s=yr= ?=D?W |=ysQm u=}t |Qwv \=@DQ= R= sD} Qwor= u}= |rY=
,q=tDL= w |Q=mty 'u; QO xm CUv=O 6|t=LOR= Vwy Qy=_t R= u=wD|t =Q sD} Qwor=
xm Ovvm|t O=H}= =Q |OvtWwy R= |QDq=@ |x@DQt 'Vwysm w xO=U |=[a= C@=kQ
|x}=B Q@ ?=D?W sQm sD} Qwor= "CU}v pwYL p@=k =RH= R= l}I}y \UwD ,=a]k

%��2010� [18]nv=}� CU= xOW x�=Q= Q} R u}v=wk
x@ OwN C}UvH R= Q_v hQY |va} 'OvDUy |D}UvH wO =y?=D?W sQm |xty "1
'?=D?W sQm l} xm |Qw]x@ OQm Ovy=wN CmQL |QDh=iW w QD?=PH CQwY

"Ovm|t ?PH =Q Qo}O |=y?=D?W sQm s=tD
umtt u}vJsy "CU=?U=vDt u;VWNQO =@ ?=D?W sQml}C}@=PH xHQO "2
p=L "O@=} Vy=m Qo}O |=y?=D?WsQm R= xrY=i V}=Ri= =@ |oOvWNQO CU=
|iO=YD CQwYx@ x=ou; 'OW=@ xDW=Ov OwHw |QD?=PH ?=D?W sQm l} Qo =

"OQm Oy=wN CmQL
"OwW|t u}}aD hOy `@=D Q=Okt\UwD '?=D?W sQml} Qwv COW =}|oOvWNQO "3
Q=DiQ R= xm CU= C}atH |x}=B Q@ |rt=mD |tD} Qwor= '?=D?W sQm sD} Qwor=
"CU= xOW xDiQo s=yr= =yv; |D}atH Vwy w =Pe |wHwCUH QO ?=D?W |=ysQm
|xta] sQm Qy w Ovvm|t CmQL |iO=YD CQwYx@ ?=D?W |=ysQm Ca}@] QO
?PH OwN CtU x@ =Q u=Qo}O w Ovm|t `]=U |QDW}@ Qwv OwN R= 'Ovm =O}B |QDy@
Qo}Om} x@ =yu; ?PH OYQO 'OW=@ QDW}@ Qo}Om} R= sQm wO |xrY=i xJ Qy "Ovm|t
u}= "OQ=O Tma C@Uv ?PH u=R}t w CaQU =@ xrY=i '|DQ=@a x@ "OwW|t QDtm
x@ CmQL w Qwv COW C=Q}}eD %CU= xOW p}mWD |U=U= VN@ wO R= sD} Qwor=
"OQ=O |oDU@ xv} Ry `@=D Q=Okt x@ Qwv COW u=R}t "QDW}@ Qwv =@ ?=D?W sQm CtU
QDtm Qwv =@ ?=D?W |=ysQm 'QDO=} R Qwv =@ ?=D?W sQm '|R=Uxv}tm p�=Ut QO TB
w ith xQP C}akwt xi '?=D?W sQm O=OaD n O}vm ZQi w Ovm|t ?PH OwN x@ =Q
|xv} Ry `@=D Q=Okt =@ Q@=Q@ 'sQm Qy |oOvWNQO u=R}t TB "OW=@ xv} Ry `@=D f(xi)

[17]%Ow@ Oy=wN u;
Ii = f (xi) 1 � i � n (5)

|}xR=Ov= xJ =D OyO|t u=Wv xmCU= Qwv |xYNWtl} |=Q=O ?=D?W sQm Qy
j w i sQm wO u}@ |xrY=i Q}}eD =@ w CU= |@Uv |Q=Okt xYNWt u}= "CU= |wk

[17]%OwW|t h} QaD Q} R CQwYx@ ?PH `@=D "Ovm|t Q}}eD
� (r) = �0e�
r

2
(6)

sQm CmQL "CU= Qwv ?PH ?} Q[ 
 w r = 0 |=R= x@ ?PH u=R}t �0 u; QO xm
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