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Abstract

Singular values and their gradients have been used to analyze the stability and sensitivity of
continuous multiloop systems. But this method has been limited to the discrete systems. This
method is extended in this paper to analyze discrete systems directly in discrete domain. To do
this,derived is the relationship in the disrete system between the stability margins and the minimum
singular value of the return differene matrix, and also implemented is a method which computes

singular value gradients.

This method is applied to the lateralattitude control loop of a remotely

piloted vehide both in continuous case and discrete case for verification of its utility.
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Fig. M-1. Lateral attitude control system of a 0 2 058

remotely piloted vehicle (RPV).
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Table [I-3. Matrices of the plant state equation
which is converted from the
continuouse form (for the sampling
time T=120ms).

Xs (K+1) = ¢ Xs (K) + I';U(K)

Zs(K) =HsXs(K)

0. 9916 0.0007  —0. 1189
—4. 7663 0. 7170 0. 3408
—0.0318  —0. 0063 0. 9941
%=1 o 302 0. 1021 0. 0149
0 0 0
0 0 0
0. 0049 0. 0305 0. 0862
0.0125 —4.5973 4. 4710
0. 0001 0.3726  —0.9527
0.9995  —0.4114 0. 4151
0 0. 0907 0
0 0 0. 0907
0.0015 0. 0043
—0.4114 0. 4151
—0.0315 —0.0773
B0 o o108 0. 0202
0. 0455 0.0
0.0 0. 0455

B g il A
(20} ) 1) o
i r
—_— Arcraft -2
1 )
Eleree X3
Commaad

el (k) (k) 40
+ + n L 4]

K. n m m « ...:T.-——by.nm—?’————

T (k)

J3 M-2. =¥ M-19 57} ol4kAl A&
Fig. M-2. Equivalent discrete system of Fig.
-1
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Table MM-3. Matrices of the controller state
equation which is converted from
the continuouse form(for the
sampling time T= 120ms).

Xc(K+1) = Ac Xc(K)+Be Z(K)

Ue(K) =Cc Xc(K)+Dc Z(K)

Ac= ‘ 1 0 ’= ‘ 1 0 I
0 1-2T 0 0.76
Bc=IT OI='0.12 O'
0 T 0 0.12
Ce=C, De=D
2 EF W
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