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G}=Dv =@ xOt; CUO x@ G}=Dv 'xR=U ?}U; |}=U=vW QO Q[=L VywSB VwQ
w [40]'�2021�21u} w=QB VwQ |va} 'CtqU V}=B |xRwL QO Q}N= |=yVywSB
'xDiQo s=Hv= |=yxU}=kt "Ov=xOW xU}=kt [24]'�2021� |Qw}m w Twr; VywSB
u=Wv =yVwQ Qo}O Q@ =Q Q[=L Q=DWwv |O=yvW}B VwQ |=yOvtv=wD |@ wN x@
|oS} w xm OvDUy u; Qov=}@ pB |xR=U R= xOt; CUO x@ G}=Dv 'u; Q@xwqa "OyO|t
?}U; CUQO u=mt u}}aD w xR=U j}kO C}a[w X}NWD |}=v=wD 'xOW G=QNDU=

"OQ=O =Q

p=vo}U VR=OQB "2
Z p}O@D "1"2

|v=tR |xDUUo p=vo}U l} 'u; |x]U=wx@ xm CU= |]N C=}rta l} 'Z p}O@D
Z p}O@D j} Q] R= p=kDv= |x]@=Q [41]"O@=}|t p=kDv= |Ot=U@ |xDUw}B |=[i l} x@

OvwW|t G=QNDU= |}=y|oS} w 'OvOW VR=OQB x}rw= s=N |=yxO=O xmu; R= TB
OwHwt ?}U; x@ O}=@ xm [2]OvyO|t u=Wv =Q sDU}U l} |DtqU C}a[w xm
'u=tR %|xRwL xU QO ?}U; x@ T=UL |=y|oS} w [16]"OvW=@ T=UL xR=U QO
|QU |=ypOt |xOv=t}k=@ R= [18w17]"OvwW|t G=QNDU= Ot=U@ � u=tR w Ot=U@
u=Q=mty w Qi|rqH "OQ@ xQy@ ?}U; x@ T=UL |=y|oS} w u=wvax@ u=wD|t |v=tR
G=QNDU= x@ 'AR-ARX |v=tR |QU pOt R= xO=iDU= =@ |WywSB QO '�2020�
|=Q@ =Q |WwQ w OvDN=OQB ?}U; x@ T=UL |oS} w l} u=wvax@ pOt |xOv=t}k=@
'�2021� u=Q=mty w |w[Q [19]"OvOQm `=O@= u; u=mt u}}aD w ?}U; X}NWD
u=wvax@ =Q |v=tR |QU pOt |xOv=t}k=@ R= xOt; CUO x@ |v=wD h}] |r=oJ
xO=iDU= =@ '�2017� u=Q=mty w |Qk=@ [20]"OvOQm |iQat ?}U; x@ T=UL |oS} w
x@ T=UL |=y|oS} w G=QNDU= x@ CQ@r}y p}O@D w lHwt |xDUw}B p}O@D R=
G=QNDU= |=Q@ |Q=t; |=ysD} Qwor= R= |OOaDt u=QoWywSB [21]"OvDN=OQB ?}U;
19 '�2021�5|Qw}m w Twr; [23w22]"Ov=xOQ@ xQy@ ?}U; x@ T=UL |=y|oS} w
R= hrDNt |=yx@DQt 6'CUQm pt=a 'pmW pt=a '|SQv= 'xrk %pt=W |Q=t; XN=W
[24]"Ov=xOQm xO=iDU= ?}U; x@ T=UL |=y|oS} w u=wva x@ =Q """ w |Q=t; |=yu=tt
G=QNDU= |=Q@ |oO}Wm w |B wQDv; uwJ |}=yxQ=t; R= '�2021� u=Q=mty w |wUwt
|=yVwQ u} QDOQ@ Q=mQB R= |m} [25]"Ov=xOQ@ xQy@ ?}U; x@ T=UL |=y|oS} w
xR=U l} |Q=DiQ |=ywor= u=}t Cy=@W u=R}t |xOvyOu=Wv xm '|oS} w G=QNDU=
Q@ uOt; j�=i |=Q@ '�2015�7QDRvt= w p=wy [27w26]"CU= |oDU@ty ?} Q[ 'CU=
|x@U=Lt |oO}J}B w |DNU xrtH R= 'xR=U p=Owt |=yQDt=Q=B G=QNDU= CqmWt
|x@U=Lt R= |rLt |=y?}U; x@ QwmPt |=yQDt=Q=B u}}=B C}U=UL R}v w =yu;
'�2022� u=Q=mty w 8;wy [28]"OvOQm xO=iDU= p=vo}U wO u=}t p@=kDt |oDU@ty
u=mt u}}aD |=Q@ ?}U; x@ T=UL |oS} w l} u=wvax@ |oDU@ty ?} Q[ R=
?} Q[ |x@U=Lt =@ R}v '�2020�9uJ w nvi [29]"OvOQm xO=iDU= xR=U QO ?}U;
w 10nv=} [30]"OvDN=OQB xR=U QO ?}U; u=mt u}}aD x@ =yp=vo}U |oDU@ty
Ot=U@ |xRwL QO =Q |v=tR p=vo}U wO u=}t |oDU@ty |x]@=Q '�2007� u=Q=mty
xOW x@U=Lt |oDU@ty ?} Q[ '=yu; |R=Ux]@=Q x@ xHwD =@ [31]"OvO=O s}taD
QO =yu; R=i hqDN= w =yp=vo}U R= l} Qy |xR=Ov= x@ '|v=tR p=vo}U wO u=}t
T=UL xR=U ?}U; x@ xOW G=QNDU= |oS} w xmv}= =@ "CU= \@DQt Ot=U@ |xRwL
Q=Okt R= QwmPt |oS} w h=QLv= Ea=@ MU=B |=yp=vo}U QO OwHwt R} wv =t= 'CU=
xR=U ?}U; |}=U=vW QO x=@DW= |=y|Q}os}tYD x@ QHvt xm &OwW|t u; j}kO

"OwW|t
'OvDUy Q}oQO u; =@ ?}U; |}=U=vW |=yVwQ xm OwHwt |=yVr=J R= |m}
uOW xO}J}B ?Hwt \ki xv xm 'CU= xOW |Q}oxR=Ov= |=yxO=O |q=@ sHL
OQmrta C}i}m w CaQU Vy=m xmr@ 'OwW|t xR=U Q=DiQ R= xOt; CUO x@ |wor=
w 11wrB wrw=B '=yxO=O O=a@=Vy=m |=Q@ [32]"OQ=O p=@vO x@ =Q?}U; |}=U=vW |=yVwQ
[33]"Ov=xDiQo xQy@ 12 (NPCA)|]NQ}e|D=P |xir-wtp}rLD R= '�2016� u=Q=mty
'|}=QH= Q_v R= =t= 'CU= xOw@ Ovtv=wD xO=O O=a@= Vy=m QO xOW O=yvW}B VwQ xmv}= =@
'(2017) u=Q=mty w 13uv}q}D=t "CU= xDW=O Q@ QO =Q|}xO}J}B w u}ovU C=@U=Lt
xkQw uwQ=w uw}UQoQ |=yVwQ R= xO=iDU= w xQ}eDtOvJ |v=tR |=y|QU T=U= Q@
|=yxO=O O=a@=Vy=m |=Q@ =Q|WwQ 15 (BSS) `@vt Qwm |R=U=OH w 14(SIR) xOW
R= xv}y@ |@=NDv= =@ '�2018� u=Q=mty w 16p=R)Q-u=Q)O [34]"Ov=xOQm |iQat xr=v=mOvJ
|=Q@ w OvDN=OQB xO=O xO=a@= Vy=m |=Q@ |WwQ |iQat x@ MU=B p=vo}U |=yxa]k
17(CRO) |v=HQt |=yxBD |R=Uxv}y@ VwQ R= p=vo}U |=yxa]k |xv}y@ ?=NDv=

[35]"OvOQm xO=iDU=

26



4/
2|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt p=vo}U |xYNWt `@=D '|v=tR |QU |=ypOt R= AR VN@ |=yQDt=Q=B |x@U=Lt

%O};|t CUO x@ Ot=U@ |xRwL QO 6 |x]@=Q \UwD x(t)

xc (!) = 1�1�Pp
i=1 �ie�ij!

� (6)

|oS}w G=QNDU= "3
QO yc w xc Q}eDt wO u=}t |oDU@ty ?} Q[ |x@U=Lt |xwLv '1"3 VN@ QO
w xc |=yQ}eDt xm |}=Hu; R= "CU= xOW x�=Q= �yc(t) w xc(t)� u=tR |xRwL
QO =yu; Q=Okt w OvDUy y(t) w x(t) |=yp=vo}U |xYNWt `@=wD ?}DQD x@ yc
?} Q[ s}kDUt |x@U=Lt u=mt= '�6 |x]@=Q j@=]t� OQ=O OwHw Ot=U@ |xRwL
|oDU@ty |x]@=Q s}taD =@ '2"3 VN@ QO "OQ=Ov OwHw u=tR |xRwL QO |oDU@ty
'3"3 VN@ QO "CU= xOW x�=Q= Q[=L |xr�Ut |=Q@ |rLx=Q 'Ot=U@ |xRwL QO
xOW |iQat 'CU= |Oa)@ wO w \rDNt Q=Okt l} xm 'u} wv |oS} w G=QNDU= |xwLv
'OyO|t u=Wv =Q Q}eDt wO |oDU@ty u=R}t \ki xv xOt; CUO x@ |oS} w "CU=
|x�=Q= x@ 4"3 VN@ QO 'C}=yv QO "Ovm|t u}}aD R}v =Q =yu; |oDU@ty=v COW xmr@
hrDNt |=yV}=tR; C}a]k sOa Qw[L QO u} wv |oS} w |x@U=Lt |=Q@ |WwQ

"CU= xOW xDN=OQB

u=tR |xRwL QO |oDU@ty ?} Q[ "1"3
u=}t |]N \=@DQ= |xOvyO u=Wv xm CU= |Q=t; XN=W l} '|oDU@ty ?} Q[
'+1 Q=Okt "CU= [�1;+1] Q@=Q@ |oDU@ty?} Q[ C=Q}}eD |xR=@ "CU= Q}eDt wO
Vy=m =} w V}=Ri= xm |wLv x@ &CU= Q}eDt wO u=}t |oDU@ty Q=Okt u} QDW}@ Qov=}@
swO Q}eDt Q=Okt QO Vy=m =} w V}=Ri= |xOvyOu=Wv '=yQ}eDt R= |m} Q=Okt QO
u} QDW}@ |=Q=O Q}eDt wO 'OW=@ �1 |oDU@ty ?} Q[ Q=Okt xm |DQwY QO "CU=
l} Q=Okt QO V}=Ri= xm |}xvwo x@ &OvDUy Qo}Om} Tma CyH QO |rw |oDU@ty
u=}t |oDU@ty ?} Q[ |x]@=Q "OwW|t swO Q}eDt QO Q=Okt Vy=m ?Hwt 'Q}eDt

%CU= 7 |x]@=Q pmW x@ yc(t) w xc(t) |=yQ}eDt
corrxy =

P1
t=0 (xc (t)� �xc) (yc (t)� �yc)qP1

t=0 (xc (t)� �xc)2
qP1

t=0 (yc (t)� �yc)2
(7)

�xc w CU= yc w xc |v=tR |=yQ}eDt u=}t |oDU@ty ?} Q[ corrxy 'u; QO xm
"OvDUy Q}N= Q}eDt wO |=yu}ov=}t R}v �yc w

|xRwL C=aq]= R= xO=iDU= =@ |oDU@ty ?} Q[ |x@U=Lt "2"3
Ot=U@

x@ 'yc w xc Q}eDt wO u=}t |oDU@ty ?} Q[ |x@U=Lt |=Q@ '7 |x]@=Q x@ xHwD =@
=yu; |Ot=U@ C=aq]= \ki xm |DQwY QO w CU= R=}v xOW QmP Q}eDt wO |v=tR sQi
"OQm x@U=Lt =Q |oDU@ty ?} Q[ s}kDUt CQwYx@ u=wD|tv 'OW=@ TQDUO QO
|Ot=U@ C=aq]= R= xO=iDU= =@ |oDU@ty ?} Q[ |x@U=Lt u=mt= 'p=L u}= =@
|xRwL x@ O}=@ '7 |xrO=at QO OwHwt |=yCQ=@a 'Q=m u}= |=Q@ "OQ=O OwHw =yQ}eDt
%OwW|t xO=iDU= 9 w 8 |xrO=at wO R= 'C=@U=Lt QO |oO=U |=Q@ "Ov@=} p=kDv= Ot=U@
~x (t) = xc (t)� �xc (8)

~y (t) = yc (t)� �yc (9)

j@=]t 'CU=yxvwtv u=tR |xOvyOu=Wv t 'u; QO xm 'u(t) |v=tR p=vo}U |=Q@
%CU= 1 |x]@=Q

u (z) = Z fu (t)g =
1X
t=0

u (t) z�t (1)

Z p}O@D Qorta |xOv}=tv Zf:g w \rDNt Q=Okt l} w |Ot=U@ Q}eDt z 'u; QO xm
"CU= Z p}O@D CLD u(t) Q}eDt |xDi=} p=kDv= u(z) 'Q[=L VywSB QO "OvDUy
2 |x]@=Q R= xO=iDU= =@ u(t) |v=tR Q}eDt 'OW=@ OwHwt u(z) `@=D xm |DQwY QO

%O};|t CUO x@
u (t) = Z�1 fu (z)g = 1

2�j
I
c
u (z)� zt�1dz (2)H

c(:) CQ=@a "CU= p�1 Q@=Q@ w |twywt Q=Okt l} |xOvyO u=Wv j 'u; QO xm
'c |xDU@ Q}Ut xm |DQwY QO "CU= c |xDU@ Q}Ut |wQ Q@ |Q}op=QoDv= Qorta R}v
'(z = 1ejw8! 2 [��; �]) OW=@ \rDNt |xLiY QO 1 `=aW x@ xQ}=O l}

%OwW|t |U} wvR=@ 3 |x]@=Q pmW x@ 2 |x]@=Q

u (t) = 1
2� s

��� u
�
ej!
�� e(j!t)d! (3)

"CU= |k}kL |Q=Okt w |Ot=U@ Q}eDt ! 'u; QO xm

p=vo}U |xYNWt `@=D w |v=tR |QU p}rLD "2"2
|=yp=vo}U |R=UpOt Qw_vt x@ xmCU= OvtDQOk |Q=t; Q=R@=l} '|v=tR |QUp}rLD
p=vo}U |m}t=v}O w |D=P |=y|oS} w G=QNDU= |}=v=wD w OwW|t xO=iDU= xR=U MU=B
pOt 4 R= |m} 'OW=@ |]N w =DU}= |v=tR p=vo}U xm |DQwY QO [12]"OQ=O =Q MU=B
&OwW|t ?=NDv= |UQQ@ OQwt p=vo}U |=Q@ ARMAX w ARMA 'ARX 'AR

u}at CQwY QO "OQ=O |oDU@ p=vo}U |Q=t; X=wN w C=P x@ u; ?=NDv= |xwLv xm
QO "OwW|t xO=iDU= ARMAX w ARX |=yVwQ R= 'lQLt `@vt |=yxO=O uOw@
MU=B \ki w xDiQo Q=Qk |HQ=N XNWt=v |=yQ=@ CLD xR=U Qo = 'CQwYu}= Q}e
"OwW|t xO=iDU= ARMA w AR pOt wO R= |m} 'OW=@ OwHwt xR=U |HwQN
?}DQD x@ ARMA w AR |=ypOt CLD x(t) MU=B p=vo}U |R=UpOt \@=wQ

%Ov=xOW x�=Q= 5 w 4 \@=wQ QO

x (t) =
pX
i=1

�ix (t� i) + e (t) (4)

x (t) =
pX
i=1

�ix (t� i) +
rX
k=1

�ke (t� k) + e (t) (5)

R= 22 MA w AR |=yVN@ ?D=Qt ?}DQD x@ r w p |=yQDt=Q=B '=yu; QO xm
"CU= xOW QmP |=ypOt |xOv=t}k=@ R}v w OvDUy ARMA w AR |=ypOt
|v}tND Q=Okt R= x(t) p=vo}U |ak=w Q=Okt hqDN= u=R}t |xOvyOu=Wv e(t)
|=yQ=OQ@ "CU= |@=}DUO p@=k 5 w 4 |=yx]@=Q R= l} Qy \UwD xm 'CU= u;
|=yVN@ ?}=Q[ |w=L ?}DQD x@ R}v � = [�1; : : : ; �r] w � = [�1; : : : ; �p]
|QU p}rLD VwQ |=QH= Qw_vtx@ "OvDUy xOW x�=Q= |=ypOt R= MA w AR
Q=DWwv QO "OvwW u}}aD �r =} w p� u; ?D=Qt |xv}y@ Q}O=kt w pOt ẁv O}=@ '|v=tR
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