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w swO |x@DQt OQmrta XN=W l} h} QaD =@ xv}y@ pQDvm QO "OwW|t Ea=@ =Q
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C=m} QLD QF= |x_Lqt uwO@ xOW QmP |xvR=wt 'LQR l}Uqm VwQ QO "OwW|t
[4w3]"OwW|t s=Hv= pQDvm |=ywQ}v |x@U=Lt w OQmrta XN=W |R=Uxv}y@ QO xrRrR
uDN=U xv}tm QO xOW xDiQo Q=mx@ |R=Uxv}y@ |=yVwQ C}OwOLt p}rO x@ u}vJty
,qta xm OwW|t p=ta= VwQ u}= |Ov@pwtQi QO |}=y|R=UxO=U 'OQmrta XN=W
|=yVwQ |Ovtv=wD x@ xHwD =@ "OwW|t TQDUO R= QwO xv}y@ |=yMU=B x@ |@=}CUO
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=yxR=U p=ai pQDvm |SD=QDU= "2
QO p=aiQ}e |rQDvm |=ysDU}U OQmrta Ow@y@ |=Q@ p=ai pQDvm |=yVwQ |}=v=wD
Q@ sm =L p}Uv=Qi}O |xrO=at "CU= xOW xHwD u; x@ w KQ]t xDWPo |xyO xU R=V}@
[20]%OwW|t xDWwv 1 |x]@=Q CQwYx@ p=ai pQDvm sDU}U x@ RyHt |xR=U V=aDQ=
M �X + C _X +KX = �M��xg(t) +HU(t) (1)

_X ' �X 'xR=U |DNU w |}=Q}t 'sQH |=yT} QD=t ?}DQDx@ K w C 'M 'u; QO xm
?=DW ?}=Q[ Q=OQ@ �xg(t) 'u=mt Q}}eD w CaQU '?=DW |=yQ=OQ@ ?}DQD x@ X w
w pQDvm |=ywQ}v p=ta= pLt Q=OQ@ H 'pQDvm |=ywQ}v Q=OQ@ U(t) 'u}tR CmQL
CqO=at "OvDUy �xrRrR |=ywQ}v� sDU}U Q@ OQ=w |HQ=N |=ywQ}v C}akwt Q=OQ@ �

|x]@=Q� OwW|t xDWwv Cr=L |=[i QO Z = [X; _X]T p}O@D =@ xR=U |m}t=v}O
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_Z(t) = AZ(t) +BU(t) + E�xg(t) (2)
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"OvDUy H = f1gn�1 w � = f1gn�1 w xrRrR l} QLD Q}F-=D
V=aDQ= swO |x@DQt p}Uv=Qi}O |xrO=at 'Cr=L |=[i x@ CqO=at p=kDv= =@
xr�Ut CqwyHt O=OaD =t= 'OwW|t p}O@D pw= |x@DQt p}Uv=Qi}O |xrO=at x@ xR=U
|i=[= CqO=at x@ R=}v QwmPt Cr=L |=[i CqO=at pL |=Q@ "OwW|t Q@=Q@ wO
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(det(R) > 0) u}atC@Ft |a@ Qt |vRwT} QD=tR w �sDU}U Cq=L O=OaD� 2n
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x@ xrRrR p=vo}U =OD@= Qw_vt u}O@ "CU= |rQDvm |=ywQ}v x@ \w@ Qt C=@U=Lt QO
hOy =@ xQy@ T} QD=t QY=va 'xR=@ Qy QO TBU w x} RHD hrDNt |Uv=mQi Kw]U
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|m}t=v}O CqO=at =OD@= %CU= CQwY u}= x@ Q[=L Q=DWwv |xt=O= OvwQ "OwW|t
|x} RHD w 2 VN@ QO LQR VwQ |Ov@pwtQi w Cr=L |=[i QO xR=U CmQL
pt=W '4 VN@ "CU= xOW x�=Q= 3 VN@ QO xDUUo lHwt p}O@D \UwD p=vo}U
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x@V}=Qo?Hwt p�=Ut u}ty "OwW|t TQDUO R= QwO xv}y@ |=yMU=B x@ |@=}CUO
Q}_v |iO=YD |wHwCUH Q@ |vD@t QwLtC}atH |R=Uxv}y@ |=yVwQ R= xO=iDU=
u} QDsyt R=|m} "CU= xOW =yxR=U |xv}y@ pQDvmp�=UtpL QO|Ww=m =Qi |=yVwQ
hOy `@=D u=}O=Qo OQwt QO C=aq]= x@ R=}v sOa 'xOW QmP u} wv |=yVwQ |=y|oS} w
|v=@t w pwY= R= |Q}oxQy@ "CU= wHDUH OvwQ QO xOt;CUOx@ C=aq]= R= xO=iDU= w
|=[i QO |R=Uxv}y@ 'QDtm |D=@U=Lt |xv} Ry 'xH}Dv QO w C=}[=} Q sra |xO=U
Ovtv=wD |Q=R@= u=wvax@ QwmPt |=ysD} Qwor= R= xO=iDU= ?@U """ w xDUw}B w 'xDUUo
sD} Qwor= "CU= xOW q=@ |L=Q] |=yQ}eDt =@ w xO}J}B Q=}U@ `@=wD |R=Uxv}y@ QO
Q=taDU= |xO}OB R= xDiQo s=yr= w xOW x�=Q= [21]'2007 p=U QO |Q=taDU= C@=kQ
s=Ok= Q=taDU= |U=}U � |a=tDH= Ov}=Qi |R=Ux}@W j} Q] R= sD} Qwor= u}= "CU=
'ptDLt |=yMU=B R= x}rw= C}atH VwQ u}= QO "Ovm|t |R=Uxv}y@ p�=Ut pL x@
w OvQ}o|t s=v QoQ=taDU= 'C}akwt u} QDy@ =@ |}=yQwWm "OvwW|t xO}t=v �QwWm�
sD} Qwor= |=yQ=QmD |] "OvQ}o|t Q=}DN= QO OwN |xQtaDUt u=wvax@ =Q =yQwWm Qo}O

%OwW|t p=ta= xv}y@ |=yMU=B x@ |@=}CUO CyH =yQwD=QB= u}= '�=yxyO�
CtU x@ hrDNt |=yCyH R= C=QtaDUt xrLQt u}= QO %15?PH CU=}U "1
|R=UpOt 11 |x]@=Q R= xO=iDU= =@CmQL u}= "Ovvm|tCmQL\@DQt QoQ=taDU=

%OwW|t
x0 = x+ �(t� x); 0 � � � 2 (11)

x@ CmQL u}L QO xQtaDUt QwWm =D OwW|t Ea=@ � � 1 ?} Q[ OwHw
QwD=QB= p=ta= =@ "OwW l}ORv u; x@ hrDNt |=yCyH R= 'QoQ=taDU= QwWm CtU
x0 O}OH C}akwt x@ x u=mt QO OwN C}akwt R= \w@ Qt |xQtaDUt 'QwmPt

"CU= QoQ=taDU= QwWm C}akwt t "O@=}|t p=kDv=
QwD=QB= 'QoQ=taDU= QwWm \UwD C=QtaDUt ?PH Ov}=Qi R= TB %16?qkv= QwD=QB= "2
|}=Hx@=H =@ ?qkv= '|Q=taDU= C@=kQ sD} Qwor= QO "OwW|t p=ta= ?qkv=
u}= OQmrta "OwW|t pOt |iO=YD O}OH |=yC}akwt x@ C=QtaDUt |iO=YD
OvwQ =D OwW|t ?@U w CU= l}DvS sD} Qwor= QO VyH Qorta x@=Wt Ov}=Qi
'C=QtaDUt CmQL u}= |xH}Dv QO "O@=} C=Hv |rLt |=yxv}y@ s=O R= wHDUH
QwWm C}akwt 'OwW OwN QoQ=taDU= QwWm R= QDy@ xQtaDUt QwWm C}akwt Qo =

"OW Oy=wN =Hx@=H QoQ=taDU= =@ xQtaDUt
?L=YD |=Q@ QoQ=taDU= |=yQwWmu}@|D@=kQ 'xrLQtu}= QO %17|Q=taDU=C@=kQ "3
xQtaDUt Ok=i QoQ=taDU= w OQ}o|t pmW QoQ=taDU= u} QDh}a[ R= xQtaDUt l}
=D QwmPt |=yQwD=QB= p=ta= OvwQ "OwW|t hPL |Q=taDU= C@=kQ u=} QH R=
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1. linear quadratic regulator
2. sliding mode control (SMC)
3. pole assignment
4. model predictive control (MPC)
5. poplulation-based algorithms
6. metaheuristic algorithms
7. active tuned mass damper (ATMD)
8. tuned mass damper
9. distributed genetic algorithm
10. particle swarm optimization (PSO)
11. discrete wavelet transform (DWT)
12. pattern search
13. ricatti di�erential equation (RDE)
14. continous wavelet transform
15. assimilation
16. revolution
17. imperialist competition
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