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1. Combined control
method

2. LOG/LTR method

3. Their comparison for
two example
(longitudinal
landing and flare
phase landing)
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Figure 1. Combination LQT with Kalman Filter (KF)
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LQG/LTR method
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%(t) = Ax(t) + Bu(t)
y(t) = Cx(t)
e(t) = r(t) —y(t) = r(t) — C.x(t)
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Minimisation Policy in combined méthod

J= %GT(tf )Fe(tf)+% j:f e (1)Qe(t) +u™ (t)Ru(t) ot

Minimisation Policy in LQG/LTR
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Calculating feed forward and feedback gain. ::.
O
Rank [co] = n [CO]: [B AB ... AHB]

u(t) = ~K (1) + U, ()

P(t)=—PA-A"P-C'QC+PBR'B"P=0
K,=R'B'P
Calculating Feedback gain for both methods are the same
h(t) = -[A-BK]"h(t)-C'Qr(t) =0
h(t) = (A-BK,,)" (-CQr()) K, =R*B"|-(A-BK,)""CTQ)

u (t)=R*B"h(t) u(t) = K x(t) + K r(t)



Kalman Filter Dynamics and its gain calculation

%(t) = Ax(t) + Bu(t) + HE(t)

y(t) = Cx(t) +6(t)

£(t) = x(t) — X(t)
J= E{Zn:giz (t)} =E{e" (t)e(t) }= tracdE{ e(t)e™ (t)]]

X(t) = AX(t) + Bu(t) + L[y(t) — CX(t)]

T =cov{ge}=E{ee" |

AL +XAT+GEE -XC'O'Cx =0

L=XC'O"




LTR Procedure for both methods:

Consider: G,(s)=C(sI-A) "B

Is minimum phase. We have to select an
appropriate Q and R for the riccati equation to
find feedback gain so that K (sl —A)"B
Has good step respond ie.

In low frequency g[be(sI —~ A)‘lBJ>>1

In high frequency Eleb(sl - A)‘lBJ <<1

=— ul + BB’
O =4l

K2 (8)G,(s) - be(SI _A)_lB




Example: The example is about LX)

Longitudinal Control for automatic landing.
The matrices A, B and C describe the
longitudinal dynamics for a transport
aircraft in the flare phase when its speed is

250 s y(t)=sin(t) h@)zzg.lxem(_Lj

-0.0386 18.9840 -32.1930
-0.0010 -0.6325 0.0056
A= 0 0 0
0.0001 -0.7591 -0.0008
-0.0436-249.7600 249.7600

10.1000 0
-0.0002 0
B= 0 0
0.0247  -0.0108
0 0
-1<9o, <1

2.667

0 0.0001

1.0000 0.0000
1.0000 0

-0.5138 -0.0000
0 0

1 0 0 0 O
C:
0O 0 0 0 1

~25% <5, < 25°
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Figure 3: (&) Minimum and maximum singular values diagram for sysm=k,(si-A)'B
(dB). (b) Minimum and maximum singular values diagram for sys kpf = K,(s)G , (s)

(dB).
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Figure 4. LQG/LTR minimum and maximum singular values
diagram for input to output transfer function (  (1+GK,) GK, )

and combined method minimum and maximum singular values
diagram for input to output transfer function ( (1 +GK,) GK, ) (dB).



(a)
Fifure 5: (a) LQG/LTR’s tracking performance
(b) Control vector

(b)




(a) (b)
Fifure 6: (a) combined method’s tracking performance
(b) Control vector



Example 2: The example is about Longitudinal Control for
automatic landing. The matrices A, B and C describe the
longitudinal dynamics for a medium size transport aircraft in
the flare phase when its speed is 250 ft/s.

-0.6463 0 1.0000 0 0
0 0 1.0000 0 0
A=| -0.7739 0 -0.5298 0 -0.0110
-250.0000 250.0000 0 0 0
0 0 0 0 -10.0000
0
0 0 0
S —25" <0, <25
0 t
" h(t)=36.37 ><exp(— ﬁj

C=(0 0 0 1 0)
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Figure 8 : (a) LQG/LTR’s minimum and maximum singular values
diagram for input to output transfer function ( (1+GK ,)"GK, )

(b) combined method’s minimum and maximum singular values
diagram for input to output transfer function ( (1+GK,)"GK, ) (dB).



(a)
Fifure 9: (a) LQG/LTR’s tracking performance
(b) Control

(b)




(a) (b)
Fifure 10: (a) combined method’s tracking performance
(b) Control vector
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Fifure 11: A new idea for Online Controller system
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Thank you for your attention



