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|=Q@ |@Ya |xm@W w l}t=v}O uwQ=w |=yVwQ x@ pQDvm sDU}U |L=Q] Q=DWwv u}= QO
=@ =OD@= 'Qw_vt u}= |=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt \UwDt OQ@ |}=wy Ovi=OB lWwt l}

xOW |L=Q] |}xOvvmpQDvm 'QwNUB |xkrL wO w l} =@ l}t=v}O uwQ=w VwQ R= xO=iDU=
'xOWvpOt |=yl}t=v}O w |v}at=v x@ C@Uv pQDvm sDU}U |R=Usw=kt |=Q@ TBU "CU=

x@ �� hv=B=}r |Q=O}=B |x} Q_v T=U=Q@ �� |iNt |x}q =@ |@Ya |xm@W l}
'xt=O= QO "CU= xOW xi=[= QwNUB xkrL l} =@ xOW |L=Q] l}t=v}O uwQ=w |xOvvmpQDvm
?}=Q[ C=Q}}eD w =yC}a]k sOa uDiQo Q_v QO =@ xOW |L=Q] pQDvm sDU}U xU OQmrta

Twmat p}O@D |=Q@ |@Ya |=yxm@W R= "CU= xOW xU}=kt w |UQQ@ |m}t=v}OwQ�;
|Q=oR=U uwv=k "OwW|t xO=iDU= 'OQ=O OQ@ Q=m QwNUB |R=U|]N QO xm '|]NQ}e

xHQO VW |R=Ux}@W G}=Dv "O};|t CUOx@ u=tRsy |@Ya |xm@W |=Q@ Q=O}=B |=yuRw
u}@ QO "CU= Qo}O xOvvmpQDvm wO C@Uv |@Ya pQDvm sDU}U |QDQ@ Qou=}@ 'xOvQB |O=R;
u} QDu}}=B QO QwNUB |xkrL l} =@ l}t=v}O uwQ=w pQDvm sDU}U OQmrta 'xOvvmpQDvm xU

"OQ}o|t Q=Qk x=o}=H
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pQDvm sDU}U '|k}@]D xOvvmpQDvm 'hv=B=}r |Q=O}=B |x} Q_v %|O}rm u=oS=w
"l}t=v}O uwQ=w '|@Ya |xm@W '|]NQ}e

xtOkt "1
w l@O}i =@ |R=U|]N Ovv=t 'xv}tR u}= QO xOW xDN=vW |=yVwQ "OvDUy |]N
|xrtH R= "OvDUy xOvQB sUH R= C=aq]= wVv=O x@ xDU@=w COWx@ 'l}t=v}O uwQ=w
[3]l@O}i =@ |R=U|]N VwQ w [2w1]l}t=v}O uwQ=w |xw}W x@ u=wD|t =yVwQ u}=
?Um |=Q@ =yVwQ Q}=U =@ ?}mQD C}r@=k R= l}t=v}O uwQ=w |xw}W "OQm xQ=W=
STT lWwt l} |=Q@ |Dwr}=B wD= |L=Q] x@ u}kkLt "CU= Q=OQwNQ@ QDy@ |xH}Dv
uwQ=w |=yxQy@ '`HQt pOt ltmx@ w [4]Ov=xDN=OQB |k}@]D l}t=v}O uwQ=w VwQ x@
'xU}=kt R= pY=L G}=Dv "Ov=xOQm s}_vD =Q |HQ=N w |rN=O |xkrL wO =@ l}t=v}O
R= xO=iDU= =@ "CU= l}Uqm pQDvm =@ xU}=kt QO QwmPt |xOvvmpQDvm |QDQ@ R= |m =L
[5]'xOW |L=Q] R=wQB `} QU lWwt |=Q@ pQDvm sDU}U l} �l}t=v}O uwQ=w VwQ�
VN@ l} '=yC}a]k sOa w |v}at=v p@=kt QO xOvvmpQDvm uOQmsw=kt |=Q@ TBU
=y|v}at=v Q@=Q@ QO |@ wr]t OQmrta Cwr}=B wD= u; ltmx@ xm xOW xi=[= u; x@ |R=i
Q@ ?r=e VwQ �1xQy@ |Ov@pwOH� |xw}W Q}N= |xyO R= V}B =D "CU= xO=O x�=Q=
&OwW|t |L=Q] xOvvmpQDvm 'lWwt |Q=m \=kv O=OaD x@ VwQ u}= QO "Ow@ =y|L=Q]
Cwr}=B wD= |L=Q] |=Q@ xw}W u}= R= u}kkLt "CU= xv} RyQB w Q}oCkw jwi VwQ =Pr

[8�6]"Ov=xOQm xO=iDU= lWwt
|=yC}a]ksOa K}HwD QO OvtCQOk |Q=R@= u=wvax@ |@Ya |=yxm@W ,=Q}N=

|=ysDUU}U |L=Q] QO |O}OH |=yVr=J x@ QHvt 'xOvovH |=y=t}B=wy CiQW}B
'l@U |=ylWwtCN=U |=Q@ VqD 'R} QoQ=O=Q |=yxOvQB `=O@= "CU= xOW |Ovi=OB
\w@ Qt pQDvm QOhrDNt CqmWt RwQ@ x@ Qt=u}= "CU= xO=OV}=Ri= =Q `} QU wlJwm
'x@=Wt Qw]x@ "Ot=Hv=|t |rQDvm Kw]U `]kt K]U Vy=m w uQ=kDt=v |=yxvO@ x@
x@ =ylWwt |R=wQB Cm =B VQDUo x@ QHvt q=@ |Q}PB Qwv=t =@ |}=y=t}B=wy VQDUo
|xrtL |=}=wR QO QwNUB xkrL l} =@ xOW|L=Q] l}t=v}O uwQ=w |xOvvmpQDvm
"OvDUy u=tR =@ Q}eDt w |]NQ}e ,=D}y=t `} QU |=ylWwt l}t=v}O "OwW|t q=@
l}t=v}O R= |i}a[ ?} QkD 'R=wQB |ak=w \}=QW |R=Ux}@W uOw@pmWt x@ xHwD =@
|m}t=v}OwQ�; C=aq]= u}=Q@=v@ "O};|t CUO x@ |m}t=v}OwQ�; ?}=Q[ w xOvQB |ak=w
p�=Ut u}= "OvQ=O |}=yC}a]k sOa w |v}at=v '|ak=w pOt x@ C@Uv 'xOt; CUO x@
R= QD=Qi |=yxw}W |wHwCUH Qw_vtx@ |D=k}kLD w =yVqD x@ 'x@=Wt CqmWt w
|xH}Dv "O}t=Hv= Cwr}=B wD= |L=Q] |=yVwQ Q@ sm =L *uQOt w l}Uqm |=ypQDvm
QDW}@ "Ow@ OvtWwy w |]NQ}e 'sw=kt pQDvm |=yVwQ uOW KQ]t =yC}r=ai u}=
l@O}i R= xO=iDU= =@CmQL CqO=at |R=U|]N Q@|vD@t|]NQ}e pQDvm |=yxw}W
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L=Q][11w10]%OvwW|t u=}@ u}vJ 'xOvQB CaQU |=yxir-wt

� = tan�1 w
u

(6)

� = sin�1 v
V

(7)

[11w10]%OvwW|th} QaD 8|xrO=atj@=]t R}v xvO@C=YDNt QO xOvQBCaQU|=yxir-wt8>>>><>>>>:
u = V cos� cos�

v = V sin�

w = V sin� cos�

(8)

|=yxir-wt Qou=Wv w w v 'u &sQH Qou=Wv m &wQ}v Qou=Wv F =yxrO=at u}= QO
w � '' &|UQv}= u=tt Qou=Wv I &|}x} w=R |=yMQv Qou=Wv r w q 'p &xOvQB CaQU
Qw=DWo Qou=Wv N wM 'L w &xOvQB |rm CaQU Qou=Wv V &Qr} w= |=}=wR Qou=Wv  

"OvDUy

pQDvm sDU}U |L=Q] "3
u=wD|t =Q l}t=v}O uwQ=w |xw}W '|]NQ}e |xOvvmpQDvm |L=Q] |=yVwQ u}@ QO
Q=}U@ OQ@ Q=m Q}N= |xyO QO XwYNx@ xm CUv=O =yVwQ u} QDOvtDQOk xQtR QO
|R=UuwQ=w T=U=Q@ |]NpOt ?} QkD xw}W u}= T=U= "CU= xDW=O |}xOQDUo
|xm@W wl}t=v}O uwQ=w xw}W T=U=Q@ pQDvm sDU}U |L=Q] x@ Q=DWwv u}= QO "CU=
'xar=]tCLDlWwt uOw@ STT x@ xHwD =@ u; |xi}_w xmCN=OQB s}y=wN |@Ya
[12]"CU= QiY pwQ |x} w=R QO |@v=H VQU w xrtL |=}=wR pQDvm u}t=Qi ?}kaD

[13]%OQm u=}@ u}vJ u=wD|t =Q |]NQ}e l}t=v}O l} |rm Qw]x@
_x = f(x; u); y = Cx (9)

|HwQN R= p=L "CU= C@=F |@} Q[ C w 'Cr=L Q}eDt x 'sDU}U |HwQN y

u}vJ =Q pY=L |HwQN CqO=at "OwW Qy=_ u; QO u |OwQw =D s} Q}o|t jDWt
[13]%s}U} wv|t

y(d) = h(x) +G(x)u (10)

u = G(x)�1 [v � h(x)] (11)

pQDvm sDU}U hOy xm |v=tR "CU= xDU@xkrL sDU}U ?wr]t l}t=v}O v u; QO xm
[13]%OwW|t ?=NDv= 12 |x]@=Q j@=]t v QDt=Q=B 'OW=@ �?}kaD�

v = x(n) � k1e� k2 _e� :::� kn�1e(n�1) (12)

|xQy@ l} Qou=}@ k '?}kaD |=]N e 'x Cr=L Q}eDt s=n jDWt x(n) u; QO xm
"CU= pwQ w |@v=H VQU 'xrtL |=}=wR pt=W x w 'C@=F

QwNUB |xkrL wO =@ l}t=v}O uwQ=w pQDvm sDU}U "1"3
%CWwv u}vJ ' x pw= |x@DQt C=kDWt ?ULQ@ u=wD|t =Q 12 |xrO=at

v = _x+ k(xc � x) (13)

VN@ wO x@lWwt l}t=v}O CQwYu}= QO "CU= u=tQi p=vo}U Q=Okt xc u; QO xm
l}t=v}O w 'r w q 'p|=yCr=L pt=W `} QUl}t=v}O "OwW|t s}UkD xDUy; w `} QU

\UwD ?U=vt ?} QkD C}r@=k w �u}qu;� \NQ@ VRwt; "OvOW KQ]t xOvQB l}t=v}O
|xU}=kt "CU= xDN=U pO@ Qw_vt u}= |=Q@?U=vt|}xv} Ro x@ =Q|@Ya |xm@W 'u;
R= u=Wv [9] BTT lWwt l} |=Q@ xQy@ |Ov@pwOH VwQ =@ |@Ya |xOvvmpQDvm
=y|v}at=v =@ OQwNQ@ QO xQy@ |Ov@pwOH VwQ x@ C@Uv |@Ya |xOvvmpQDvm |QDQ@
p=vo}U |x@DQt x@ xHwD =@ QwNUB |=yxkrL O=OaD 'l}t=v}O uwQ=w VwQ QO "OQ=O
"CU= Q=PoQ}F-=D sDU}U OQmrta w |}=Q=m QO s}kDUt Qw]x@ xm OwW|t u}}aD |OwQw
R= xO=iDU= =@ pQDvm sDU}U |L=Q] x@ C@Uv VwQ wO x@ =OD@= Q=DWwv u}= QO
|xm@W 'QwNUB |xkrLl} =@ xOvvmpQDvm x@TBU "CU= xOW s=Ok=l}t=v}O uwQ=w
"OwW|t xi=[= u; x@ s}kDUt |k}@]D pQDvm Q@ |v@t |iNt |x}q l} =@ |@Ya
pQDvm sDU}U |L=Q] TBU w OwW|t u=}@ lWwt CmQL CqO=at 'swO VN@ QO
=@ xOW |L=Q] |xOvvmpQDvm x@ 'C}=yv QO "OwW|t |UQQ@ l}t=v}O uwQ=w VwQ x@
Q=OxOya |@Ya |xm@W "OW Oy=wN xi=[= |@Ya |xm@W 'QwNUB |xkrL l}
|R=U2sw=kt w ?} QkD |=]N hPL =@ |k}@]D CQwYx@ |R=U|]N Ow@y@ |xi}_w
sD} Qwor= =@ xOW |L=Q] |xm@W "CU= C=W=WDe= w =y|v}at=v x@ C@Uv sDU}U
QO "OwW|t p}tmD hv=B=}r |Q=O}=B |x} Q_v R= pY=L �u}qu;� \NQ@ VRwt;
uwQ=w |xOvvmpQDvm |}=Q=m w =}=Rt R= xm s}@=}|t CUO |@}mQD Cwr}=B wD= l} x@ xH}Dv
sDU}U OQmrta |@=} RQ= |=Q@ C}=yv QO "CU= Q=OQwNQ@ |k}@]D w |@Ya 'l}t=v}O
'|}=wy Ovi=OB |}xrLQtwO lWwt l} |wQ |R=Ux}@W s=Hv= =@ 'xOW |L=Q] pQDvm

"OwW|t x�=Q= xrY=L G}=Dv

CmQL CqO=at "2
pOt "s} Q=O R=}v xOvQB R= |rOt x@ 'xOvvmpQDvm OQmrta w xOvQB Q=DiQ |UQQ@ |=Q@
'O};|t CUO x@ uDw}v CmQL u}v=wk R= xO=iDU= =@ w CmQL CqO=at ltmx@ lWwt
=} sDU}U |}x} w=R w |]N |=y?=DW =@ =Q |HQ=N |=yQw=DWo w =ywQ}v ẁtHt xm
Qw=DWo '�1 |x]@=Q� wQ}v CqO=at xawtHt 'T=U= u}tyQ@ "OvR=U|t \@DQt xvO@

[10]%R= Ow@ Oy=wN CQ=@a �5 =D 3 \@=wQ� Qr} w= |=}=wR w �2 |x]@=Q�
8>>>><>>>>:
P
Fx = m( _U +WQ� V R)P
Fy = m( _V + UR�WP )P
Fz = m( _W + V P � UQ)

(1)

8>>>><>>>>:
L = Ix _p� Ixz _r + qr(Iz � Iy)� Ixzpq
M = Iy _q + rp(Ix � Iz) + Ixz(p2 � r2)

N = Iz _r � Ixz _p+ pq(Iy � Ix) + Ixzqr

(2)

_' = p+ q sin' tan � + r cos' tan � (3)

_� = q cos'� r sin' (4)

_ = (q sin'+ r cos') sec � (5)

|oDU@=w p}rOx@ '|rm Cr=L QO xOvQB |wQ |m}t=v}OwQ�; |=yu=tt w =ywQ}v ?}=Q[
OvDUy |}xO}J}B `@=wD |=Q=O 'pQDvm Kw]U |=yh=QLv= w `=iDQ= 'M=t OOa '=}=wR x@
?ULQ@ '|@v=H VQU w xrtL |x} w=R "CU= xOW |Q=OOwN u; QmP R= =Hv}= QO xm

4
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}UL %OwW|t xDWwv u}vJ |rN=O |xkrL x@ \w@ Qt \@=wQ '2 |xrO=at R= xO=iDU= =@2664 p

q

r

3775 = f2 + g2

2664 �p
�q
�r

3775 (20)

2664 �p
�q
�r

3775 = g�1
2 (v2 � f2) (21)

|}x} w=R |=yMQv u}t=Qi =@ Q@=Q@ x Q}eDt |=R=x@ 12 |xrO=at =@ Q@=Q@ v2 u; QO xm
%OvDUy g2 w f2 |=yT} QD=t w '17 xrO=at2664 fp

fq
fr

3775 =

26664
_
l +(Iy�Izqr)

Ix
_m+(Iz�Ix)pr

Iy
_n+(Ix�Iy)pq

Iz

37775 (22)

%u; QO xm8>>>><>>>>:
_
l = QSD(Cl0 + Cl�� + Clpp+ Clrr)
_m = QSD(Cm0 + Cm��+ Cmqq)
_n = QSD(Cn0 + Cn�� + Cnpp+ Cnrr)

(23)

g1 = QSD

2664
Cl�p
Ix

0 Cl�r
Ix

0 Cm�q
Iy

0
Cn�p
Iz

0 Cn�r
Iz

3775 (24)

QF= uDiQo Q_v QO =@ CU= pQDvm Kw]U C=Q}}eD =@ Q@=Q@ xm |rN=O |xkrL |HwQN
swUQt |=yVwQ R= |m} "OwW|t OQ=w lWwt pOt x@ |rQDvm Kw]U |=yQorta
"CU= sDU}U |}=Q}t w |a}@] Tv=mQi |wQ R= xQy@ u}}aD 'k |=yxQy@ u}}aD |=Q@
"CU= ?wr]t 0 7 |}=Q}t w 3 |a}@] Tv=mQi '|R=wQB C}i}m K]U x@ xHwD =@
w |rN=O |=yxQy@ |rY= Q]k |wQ |=yx}=QO |=R=x@ x=wNrO xH}Dv 'T=U= u}tyQ@

"O};|t CUO x@ 4 2 w 9 =@ Q@=Q@ ?}DQDx@ |HQ=N

QwNUB |xkrL l} =@ l}t=v}O uwQ=w pQDvm sDU}U "2"3
l}t=v}O uwQ=w pQDvm 'x swO |x@DQt C=kDWt ?ULQ@ 12 |xrO=at |U} wvR=@ =@

%Ow@ Oy=wN QwNUB |xkrL l} pt=W
v = �x+ [kD ( _xc � _x) + kp (xc � x)] (25)

x@ =Q QwmPt CqO=at 3 w '13 '12 CqO=at R= |Q}ojDWt Q=@l} =@ CQwYu}= QO
%s}U} wv|t Q} R |U} QD=t sQi2664 ��

��

�'

3775 = f + g

2664 �p
�q
�r

3775 (26)

%R= CU= CQ=@a l}t=v}O uwQ=w |xOvvmpQDvm |HwQN CQwYu}= QO2664 �p
�q
�r

3775 = g�1(v � f) (27)

w |rN=O |xkrL wO R= lWwt Cwr}=B wD= "CU= ' w � '� |=}=wR pt=W xDUy;
'|vwQ}@ |xkrL QO "OwW|t p}mWD xDUy; w `} QU |=yl}t=v}O pQDvm |=Q@ |vwQ}@
|=yu=tQi ?}kaD p}yUD |=Q@ ' w � '� w 'xDUy; |=yCr=L |=Q@ xOvvmpQDvm
|=y|OwQw r w q 'p `} QU |=yCr=L xm ZQi u}= =@ 'OwW|t |L=Q] xOW xO=O
'|vwQ}@ |xkrL QO xDUy; |=yCr=L |xOvvmpQDvm |L=Q] R= Oa@ "OvDUy pQDvm
w q 'p `} QU |=yCr=L =D OwW|t |L=Q] =RHt Qw]x@ |vwQO |xkrL |xOvvmpQDvm
'�p |ak=w pQDvm |=y|OwQw |Q}oQ=mx@ =@ =Q |vwQ}@ xkrL pQDvm |OwQw |=yQ}Ut r
|i=m |v=tR T=}kt xm OwW x}HwD Ov=wD|t |DQwY QO VwQ u}= "Ovm p=@vO �r w �q
'p |=yCr=L 'u}=Q@=v@ 'OW=@ xDW=O OwHw |vwQ}@ w |vwQO |xkrL |=yl}t=v}O u}@
|xkrL QO ' w � '� |=yCr=L R= QD`} QU |r}N O}=@ |vwQO |xkrL QO r w q

"OvW=@ |vwQ}@
s}y=wN 15 w 14 CqO=at x@ 8 =D 6 CqO=at R= '|Q@H C=}rta |tm =@

[14]%O}UQ
_� =� QS

mV cos�
CL + q � tan�(p cos�+ r sin�)

+ g
V cos�

(cos' cos � cos�+ sin � sin�)� T sin�
mV cos� (14)

_� = QS
mV

Cy cos� + g
V

cos� sin' cos � + p sin�

� r cos�+ sin�
V

(g cos� sin � � g sin� cos' cos �

� T cos�
m

) (15)

%CW=O s}y=wN |U} QD=t sQi x@ 3 xrO=at w q=@ |xrO=at wO |U} wvR=@ =@2664 _�
_�

_'

3775 = f1 + g1

2664 p

q

r

3775 (16)

xrO=at pmWx@ 16 |xrO=at uOQmTwmat =@ rc w qc 'pc |=yu=tQi CQwYu}= QO
%O};|t CUO x@ 172664 pc

qc
rc

3775 = g�1
1 (v �

2664 f�
f�
f'

3775) (17)

VQU 'xrtL |=}=wR =@ Q@=Q@ x Q}eDt |=R=x@ 12 |xrO=at =@ Q@=Q@ v QDt=Q=B u; QO xm
%Ov=lWwt |=yQDt=Q=B R= |a@=wD R}v g1 w f1 |=yT} QD=t "CU= pwQ w |@v=H

f� =� QS
MV cos�

CL0 + g cos' cos � cos�+ sin � sin�
V cos�

� T sin�
MV cos�

f� =QS cos�
MV

Cy0 + g
V

cos� sin' cos �

+ sin�
V

(g cos� sin � � g sin� cos' cos � � T cos�
M

)f'=0

(18)

g1 = QSD

2664 � tan� cos� 1 � tan� sin�

sin� 0 � cos�

1 sin' tan � cos' tan �

3775
(19)
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"|iNt |x}q l} =@ |@Ya |xm@W pOt "1 pmW

KP |=yxQy@ w �W '�V |=yQDt=Q=B Q}O=kt 'VN@ u}= CqO=at xawtHt QO
|O=tDa= p@=k w j}kO pL x=Q "OwW ?=NDv= K=Q] \UwD O}=@ AT} QD=t QO KD w
xi=[= w |R=UxO=}B R= TB 'Q}O=kt u}= u}}aD |=Q@ =Pr "OQ=Ov OwHw Qw_vt u}= |=Q@
?=NDv= |Q}O=kt =]N w uwtR; VwQ x@ 'l}t=v}O uwQ=w sDU}U x@ xm@W uOQm
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pQDvm CLD |=}=wR =@ Q@=Q@ x Q}eDt |=R=x@ 12 |xrO=at R= v QDt=Q=B u; QO xm
"OvDUy lWwt |=yQDt=Q=B ?ULQ@ R}v g w f |=yT} QD=t w 'O};|t CUO x@
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|R=UuwQ=w |=]N u=Q@H |=Q@ �|iNt |x}q l} w |HwQN |x}q '|OwQw |x}q�
|iNt |x}q l} =@ xm@W |HwQN "CU= xOW xO=iDU= xOvvmpQDvm |R=Usw=kt w

%R= CU= CQ=@a x |OwQw Q=OQ@ ?ULQ@
vad = WT�(V Tx) (28)

|R=Up=ai `@=Dl}� w '|HwQN w|OwQw uRw |=yT} QD=t?}DQDx@W wV u; QO xm
=Q =yv; u=wD|tv w Ov=xDN=vW=v p;xO}= uRw |=yT} QD=t "CU= OQ=Ov=DU= O}} wto}U
xOW jDWt p}Uv=Qi}O CqO=at ltmx@ |rw@k p@=k CkO =@ =t= 'OQm x@U=Lt j}kO
u}v=wk 'xw}W u}= R= xO=iDU= =@ "Ov=x@U=Lt p@=k �3hv=B=}r |Q=O}=B R}r=v; |xw}W� R=

[16]%OwW|t x@U=Lt 20 w 19 \@=wQ j@=]t uRw `@=wD VRwt;
_W = �[(� � �0V Tx)� + � kekW ]�w (29)
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[16]%OwW|t x@U=Lt u}vJ � 'CqO=at u}=
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%O};|t CUO x@ Q u}at C@Ft T} QD=t Qy |=R=x@

ATP + PA = �Q (32)

[16]%OvwW|t h} QaD u}vJ Hurwitz Q=}at T=U=Q@ B w A |=yT} QD=t

A =

" 0 I

�KP �KD

#
; B =

" 0
I

#
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xDiQo Q_v QO 6�6 OL=w T} QD=t l} Q T} QD=t xr=kt u}= QO "CiQo Q_v QO

"OW
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"CW=O Oy=wN
|L=Q] |=yxOvvmpQDvm Ovv=ty R}v BTT Q=DN=U =@ |}=ylWwt pQDvm sDU}U
(�) lv@ |x} w=R =@ (') pwQ |x} w=R xm Cw=iD u}= =@ 'CU= Q=DWwv u}= QO xOW
QiY |@v=H VQU |x} w=R QO xrtL w lv@ |=}=wR u}t=Qi ?}kaD hOy w u} Ro}=H

"CU= �QiY x@ l}ORv =}�
u=wD|t xar=]t u}= QO xOW|L=Q] pQDvm sDU}U R= s} wW|t Qw;O=} u=}=B QO
Qw_vt u}= |=Q@ "OQm xO=iDU= R}v """w UAV '=t}B=wy Q}_v xOvQB s=UH= Q}=U |=Q@
|=yQDt=Q=B w �"""w uRw 'l}t=v}OwQ�; ?}=Q[ Ovv=t� xOvQB C=YNWt =yvD CU= |i=m

"OvwW KqY= =yxOvvmpQDvm s}_vD

"|k}@]D� |@Ya |xOvvmpQDvm QO pQDvm Kw]U C=Q}}eD "16 pmW

C}a[w xU QO |rQDvm Kw]U C=Q}}eD |xOvyOu=Wv R}v 16 =D 14 |=ypmW
|UQQ@ |=Q@ "OvDUy xOW |L=Q] |=ypQDvm �20 |=]N w �10 |=]N '=]N uwO@
=@ "CU= O=} R C=Q}}eD ?}W |=Q=O |r=ta= u=tQi p=vo}U 'pQDvm sDU}U OQmrta
|L=Q] |=yxOvvmpQDvm QO |rQDvm Kw]U |=yx} w=R C=Q}}eD 'p=vo}U ẁv u}= x@ xHwD
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1. gain scheduling
2. robust
3. Lyapunov stability analysis techniques
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