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C=YNWt xYqN Qw] x@ "CU= xOW xO=iDU= C} RwBt=m O=wt R= ,=t=tD u; CN=U

[19]"CU= 1 pwOH QO w}=w |vi

VywSB u}= QO xO=iDU= OQwt |}=U=vW |=yVwQ "3
K}[wD xOvQB l}t=v}O |}=U=vW |=Q@ xO=iDU= OQwt |=yVwQ OQwt QO 'VN@ u}= QO

"OwW|t xO=O
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"CU= ?U=vt |HwQN O}rwD w |OwQw |=yxO=O VR=OQB |=Q@ |Q=R@= |@Ya |xm@W
l} QO |rY= |=yu=tr= "CU= xDi=} xaUwD u=Uv= Ret OQmrta R= s=yr= =@ Q=R@= u}=

xO=iDU= |R=wQB uwtR; |=yxO=O Qou}tND u=wva x@ u=yvB |x}ql} =@|@Ya |xm@W
x@ C=R}yHD OQmrta Ci= X}NWD |=Q@ |]NQ}e Qou}tND u}= R= [8]"CU= xOW
|DWoR=@ |@Ya |xm@W xU R= u}kkLt "CU= xOW xO=iDU= R=wQB uwtR; QO xDiQ Q=m
u=v; [9]"Ov=xOQm xU}=kt =Q =yu; OQmrta w xO=iDU= OQor=@l}l}t=v}O |}=U=vW |=Q@
uwQDBUQB |@Ya |xm@W l} R= R}v w [10]u=yvB |x}q l} =@ |@Ya |xm@W l} R=
Qo}O |}xar=]t QO "Ovvm|t xO=iDU= [11]pOt OQor=@ l}t=v}O |}=U=vW |=Q@ x}qOvJ
xO=iDU= =@ 'xOvQB l}t=v}O |}=U=vW |=Q@ 3 (RBN) |a=aW |x}=B |xm@W l} R=
|}=U=vW pOt OQmrta TBU w [12]'xOW xO=iDU= 'R=wQB |R=Ux}@W |=yxO=O R=
R= u}vJty "CU= xOW |UQQ@ 'R=Ux}@W QO hrDNt |=yuwtR; s=Hv= =@ w 'xOW
=@ A=QB w@ QwD xOvQB l} |rw] Owt l}t=v}O |}=U=vW |=Q@ |R=wQB uwtR; |=yxO=O
'OQwt u}= QO xO=iDU= OQwt |xm@W [13]&CU= xOW xO=iDU= |@Ya |xm@W ltm
l}rw@ QB}y |R=Up=ai `@=D R= pw= |x}q QO xm CU= x}qwO |@Ya |xm@W l}
|@Ya |xm@W R= "CU= xOW xO=iDU= |]N |R=Up=ai `@=D R= swO |x}q QO w
|=y`=iDQ= w =yCaQU QO� RwQm R=i QO xOvQB l}t=v}O |}=U=vW |=Q@ R}v NNARX

u}kkLt [14]"CU= xOW xO=iDU= �R=wQB R=Ux}@W |=yxO=O T=U= Q@ w hrDNt |R=wQB
=D Ov=xO}Wwm [15]'=t}B=wy l}t=v}O |}=U=vW |=Q@ |@Ya |xm@W R= xO=iDU= ut[
QO "Ovvm |v}@V}B =Q |R=wQB |=ys} SQ Q}=U QO xOvQB Q=DiQ 'l}t=v}O u}= ltm x@
|aU |va} "CU= xOW s=Hv= x=}U x@aH CQwYx@ sDU}U |}=U=vW 'C=ar=]t u}=
R= pY=L� sDU}U |HwQN Q@ �|vwQO l}t=v}O R= `q]= uwO@� xm@W |HwQN xOW
|v}@V}B w |R=Ux}@W |=Q@ |}=U=vW pOt u}= "OwW j@]vt �R=Ux}@W =} R=wQB uwtR;
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sDU}U |=yCr=L "CU= sDU}U Cr=L |=[i |=yT} QD=t u=ty 'O};|t CUO
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"OwW|t |}=U=vW |R=wQB uwtR; |=yxO=O R= xO=iDU= =@ w pB wm CQwYx@ '�|[Qa w
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hqNQ@� pOt u}= QO "CU= �Cr=L CWy ẁtHt QO� xOvQB x@ OQ=w |Wv=QoQ}e
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|L=Q] |=Q@ pOt u}= "OwW|tv xDiQo Q_v QO �8|@v=H VQU |x} w=R w 7xrtL
QO XwYNx@� u=} QH |=}=wR ,qwtat xm =QJ &CU= QD?U=vt xOvQB |xOvvmpQDvm
QoxOy=Wt R= CU= sRq u; |x@U=Lt |=Q@ w OwW|tv |Q}oxR=Ov= �l@U |=yxOvQB
|=yCaQU |Q}oxR=Ov= |=yQoTL R= xO=iDU= xm CU= |r=L QO u}= "OwW xO=iDU=
'swO pOt QO "CU= pw=ODt �=yxOvQB u} QDl@U QO |DL� |vO@ |=y?=DW w |}x} w=R
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h} QaD 4 |x]@=Q j@=]t xv} Ry `@=D 'Q=m u}= |=Q@ "CU= xOW xO=iDU=Vy=m u} QDW}@
%OwW|t

F̂ = eT (k)e(k) (4)

u}tND F̂ w '�?wr]t |HwQN w xm@W |HwQN u}@� =]N Q=OQ@ e(k) u; QO xm
QO xm CW=O xHwD O}=@ "CU= xm@W VRwt; sk Q=QmD QO =]N C=a@ Qt u}ov=}t
|DQwY QO 'u}=Q@=v@ "CU}v umtt =]N C=a@ Qt u}ov=}t |x@U=Lt '\NQ@ C=@U=Lt
=]N C=a@ Qt u}ov=}t u}tND R= 'OW=@ Q_v Ot \NQ@ CQwYx@ l}t=v}O |}=U=vW xm
Qy QO =]N C=a@ Qt u}ov=}t xm CU= u; Q@ ZQi 4 |x]@=Q QO "OwW|t xO=iDU=
|=yQDt=Q=B |v=UQ RwQx@ 'Cr=L u}= QO "CU= s=o u=ty QO =]N C=a@ Qt =@ Q@=Q@ 's=o

%OwW|t x@U=Lt 5 |x]@=Q R= w |}x_Lr u=}O=Qo T=U=Q@ xm@W
xij(k + 1) = xij(k)� �1

@F̂ (k)
@xij(k)

(5)

sk Q=QmD QO �T=}=@ Q=OQ@ w uRw T} QD=t ?}mQD�X T} QD=t |=yx}=Q; xij u; QO xm
QDsm |Q}oO=} MQv xJQy "CU= �C@Ft OOa l}� |Q}oO=} MQv �1 w 'xm@W VRwt;
QO '|iQ] R= "OUQ|t �|a]kt =} |rm |xv}y@� xv}y@ ?=wH x@ QDQ}O sD} Qwor= 'OW=@
|]}=QW QO "OwW =Qo =w |R=Uxv}y@ CU= umtt 'OW=@ O=} R |Q}oO=} MQv xm |DQwY
|}xvwox@ =Q |Q}oO=} MQv u=wD|t 'OW=@ l}D=QO=wm sQi x@ w XNWt xv} Ry `@=D xm
'VywSB u}= QO [20]"OwW u}t[D �xm@W VRwt;� |R=Uxv}y@ |}=Qosy xm OQm u}}aD

"CU= xOW u}}aD =]N w |aU =@ |Q}oO=} MQv

SSEST |}=U=vW VwQ "2"3
|}=U=vW |=Q@ |HwQNOvJ � |OwQwOvJ |}=U=vW VwQ l} SSEST sD} Qwor=
T=U= Q@ |Q=QmD sD} Qwor= u}= "CU= Cr=L |=[i sQi QO sDU}U l}t=v}O
pta �|v}@V}B |HwQN w |ak=w |HwQN u}@ |=]N� |v}@V}B |=]N |R=Uxv}tm
|xRwL |=yxO=O R= u=wD|t SSEST sD} Qwor= R= xO=iDU= =@ |}=U=vW |=Q@ "Ovm|t
VwQ R= xO=iDU= |=Q@ 'VywSB u}= QO [22w21]"OQm xO=iDU= Tv=mQi |xRwL =} u=tR
QO xm CU= xOW xO=iDU= �sDU}U |}=U=vW Q=R@=x@aH� ?rDt Q=Ri=sQv R= 'SSEST

sDU}U l}t=v}O |x}rw= TOL |=Q@ �ZQiV}B CQwY x@� SSEST sD} Qwor= 'u;
Ovm|t xO=iDU= �10 (N4SID) =[iQ} R |}=U=vW |=Q@ |OOa sD} Qwor=� VwQ R=
[21]"CU= Cr=L |=[i sQi QO sDU}U l}t=v}O u}tND |=Q@ |Qo}O VwQ OwN xm

%CU= sDU}U Cr=L |=[i |=yT} QD=t 'sD} Qwor= u}= |HwQN
_x(t) = A;x(t) +Bu(t) +Ke(t) (6)

y(t) = Cx(t) +Du(t) (7)

|OwQw Q=OQ@ u 'sDU}U |HwQN Q=OQ@ y 'sDU}U |=yCr=L Q=OQ@ x u; QO xm
u}= QO "CU= u=tR |xOvyOu=Wv t w sDU}U x@ |OwQw V=WDe= Q=OQ@ e 'sDU}U
ZQiV}B C=t}_vD =@ SSEST sD} Qwor= R= xOvQB l}t=v}O |}=U=vW |=Q@ VywSB

"CU= xOW xO=iDU= �R2014 b ?rDt QO� u;

xOvQB l}t=v}O |}=U=vW C=}�RH "4
pt=W Cr=L |=yQ}eDt 'pw= pOt QO "OwW|t |}=U=vW CQwY wO x@ xOvQB l}t=v}O
|Wv=QoQ}e |=y?=DW �� w �� I}B w pwQ |=}=wR '�r w q 'p� |}x} w=R |=yCaQU

[20]"x}qOvJ |@Ya |xm@W l} "2 pmW

[20]"x}qlD |]N |xm@W l} "3 pmW

|R=Up=ai `@=D 'T=}=@ w uRw |=yT} QD=t '|OwQw |=yxO=O pt=W |@Ya |xm@W
x}qlD |xm@W OvJ uDiQo Q=Qk sy Q=vm R= x}qOvJ |xm@W l} "CU= |HwQN w
|Oa@ |x}q |OwQw 'x}q Qy |HwQN 'Cr=L u}= QO "OwW|t O=H}= |QU CQwY x@
xO=iDU= '|D=@U=Lt |=yQ=Ri=sQv w Q=Ri=CNU |xaUwD x@ xHwD =@ 'xRwQt= "Ow@ Oy=wN
|=Q@ |Q=}U@ |=yxm@W w xOW G}=Q =yxRwL R= |Q=}U@ QO |@Ya |=yxm@W R=
|@Ya |xm@W l} 2 pmW QO [20]"CU= xOW |iQat hrDNt |=yC}r=ai s=Hv=
uRw T} QD=t '|@Ya |xm@W l} R= x}q Qy QO "CU= xOW xO=O V}=tv x}qOvJ
'xH}Dv QO w OwW|t `tH (b) T=}=@ Q=OQ@ =@ w ?Q[ (p) |OwQw Q=OQ@ QO (W )

'Xr=N |OwQw Q@ |R=Up=ai `@=D p=ta= =@ "OwW|t O}rwD (n) 9Xr=N |OwQw
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l}t=v}O xm OyO|t u=Wv R}v �x} wv=F |R=wQB uwtR; |=yxO=O R= xO=iDU= =@� |}=U=vW
sDU}U |=y|HwQN Ov=wD|t |@ wN x@ '|@Ya |xm@W ltm x@ xOW |}=U=vW
x@ |}=U=vW C}i}m |xU}=kt 'u}vJty "Ovm p=@vO |R=wQB |=yuwtR; Q}=U QO =Q
R= xO=iDU= xm OyO|t u=Wv SSEST VwQ x@ |}=U=vW =@ |@Ya |xm@W ltm
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u=wD|t 'u}=Q@=v@ "CU= �|[Qa w |rw] l}t=v}O l}miD uwO@ w� |HwQNOvJ
u}= |xr}Uw x@ =Q xOvQB l}t=v}O |=y|OwQw w =yCr=L u}@ nv}rB wm COW w C=QF=
pwQ MQv Q@ I}B MQv Q}F-=D 'GT} QD=t |=yx}=QO |UQQ@ =@ 'p=Ft |=Q@ "OQm |UQQ@ pOt
p@=k '�QwDwt Q=wO |=RH= w� Mrt VNQJ x@ xHwD =@ nv}rB wm u}= "CU= xOy=Wt p@=k
|=yOwt u}}aD '|Q=O}=B |UQQ@ |=Q@ u=wD|t xOW |}=U=vW pOt R= "Ow@ |v}@V}B
|xm@W R= 'u}vJty "OQm xO=iDU= xOvQB |R=Ux}@W w xOvvmpQDvm |L=Q] '|m}t=v}O
xO=iDU= u=wD|t R}v \NQ@ CQwYx@ 'xOvQB l}t=v}O |}=U=vW |=Q@ |]N |@Ya
Q}}eD p=L QO �|]}Lt \}=QW =}� xOvQB l}t=v}O xm |]}=QW QO 'Cr=L u}= QO "OQm
|ak=w pOt w p=@vO =Q C=Q}}eD u}= |@ wN x@ Ov=wD|t |]N |@Ya |xm@W 'OW=@
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"OQm xO=iDU= xOvQB |=ysDU}UQ} R OQmrta Ci= =} ?}a X}NWD

|v=OQOk w QmWD "7
|R=wQB uwtR; |=yxO=O xm h} QW |DavY x=oWv=O pQDvm w C}=Oy |Qw=:vi QDiO R=
|v=OQOk w QmWD 'OvO=O Q=Qk u=oOvQ=ov Q=}DN= QO VywSB u}= s=Hv= |=Q@ =Q w}=w xOvQB

"OwW|t

"�|]N |xm@W w swO |R=wQB uwtR; |HwQN pt=W� xOvQB CaQU "18 pmW

"�|]N |xm@W w swO |R=wQB uwtR; |HwQN pt=W� xOvQB xrtL |x}w=R "19 pmW

|Q}oxH}Dv "6
uwO@ xOvQB l}t=v}O |}=U=vW |=Q@ |]N |@Ya |xm@W l} R= VywSB u}= QO
uwtR; |=yxO=O R= xO=iDU= =@� xOvQB l}t=v}O |}=U=vW "OW xO=iDU= w}=w u}WvQU
pOt QO "OW s=Hv= pOt wO QO w |HwQNOvJ � |OwQwOvJ CQwY x@ �|R=wQB
|=y?=DW w I}B w pwQ |=}=wR '|}x} w=R |=yCaQU pt=W xOvQB |=yCr=L 'pw=

=yCWwv=B
1. coupling
2. state-space estimation
3. radial basis network
4. steepest descent
5. Wayo
6. polyhedral
7. angle of attack
8. sideslip angle
9. net input
10. numerical algorithm for subspace identi�cation

?rDt Q=Ri=sQv QO sD} Qwor= ZQiV}B Q}O=kt 'SSEST VwQ QO xm OwW|t Qw;O=} "11
"CU= xOWv p=ta= u; QO |Q}}eD w 'xOW ^=Lr

12. root mean square (RMS)
13. epoch
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