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Title of thesis:

MODEL REFERENCE ADAPTIVE CONTROL IN THE PRESENCE OF
UNMODELED DYNAMICS AND SINUSOIDAL DISTURBANCES

ABSTRACT:

This thesis is concerned with application of Model Reference
Adaptive Control(MRAC)} technique on real systems. After literature
overviewing, it is assured that currently available s t andard
adaptive control algorithms would likely become unstable in the
presence of unmodeled plant dynamics and external sinusoidal
disturbances. In such nonlinear dynamic control system, there
exist two infinite gain operators, which can cause the 1loop gain
to increase without bound; yielding an unstable control system as
operation time proceeds.

For such problems to be tackled; we propose a modified MRAC-
algorithm, that introduces a new concept of periodic resetting of
the adaptation mechanism (PRAM). The optimal adaptation time used
in the resetting mechanism, is computed on-line via minimizing an
appropriate guadratic criterion.

A convergence test is proposed to detect early, any expected
instability; in order to switch on the PRAM-algorithm in the
proper time.

For realizing best possible performance , we proposed a new
simple procedure to determine on-line the proper vector of gain
parameters, in a near-optimal way. The obtained wvalues are used
for initializing the PRAM- algorithm .

An i1llustrative example, chosen from literature, is used to
test the validity of the analytical arguments and improvements of

the proposed algorithm. The obtained simulation resutls are quite
satisfactory.

The developed technigue has been also applied to the longitu-
dinal control problem of a high-speed fighter aircraft, in the
presence of unmodeled dynamics and sinuscidal disturbances.
Simulation results have proved that the proposed control technigue
is robust, and capable of solving problems that £face the othex
available techniques.
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SYMBOLS AND ABBREVIATIONS

denominator polynomial of a discrete transfer function
in the backwvard shift operator dd.

numerator polynomial of a discrete transfer function
in the backvard shift operator q .

indicates that the polynomial A(g ') has degree n.
indicates that the polynomial B(qﬂ) has degree m.

indicates relative degree, n' = n-w.

Laplace transform variable in continuocus transfer funct-

. tons, unless it is stated that s =-%%(as time-derivative

operator).

plant gain, in plant transfer £function.

plant output.

output of the system.

control signal, or manipulated input to the controlled
output of the reference model.

reference command, or reference input (set point}.
output error signal, e(t)= y(t)-ym(t).

delay of the plant.

delay of the system.

-Model Reference Adaptive Control.

Reduced Order Model Reference Adptive cOﬁtrol.
Continuous Adptive Algorithm No. 1.

biscrete Adaptive Algorithm No. 2.

output disturbance.

amplitude of sinusoidal disturbance.

frequency of sinusoidal disturbance, d{t)= d° sin wot.
11
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PRTF

LTI

£

Positive Real Transfer Function.
Linear Time Invariant.

matrix of adaptation gain coefficients Y.,
adaptation rate factors.

vector of auxiliary variables, used in the structure
adaptive algorithms (e.q. CAl, DAZ}.

vector of gain parameters.

vector of nominal gain parameters.

indicates time constant

time constant cf the reference model.

norm of a function, or a vector.

time

sampling-period of the discrete systenm.
settling-time of system's transient response.
adaptation-time.

cptimal choice for adaptation-time.

summation.
adder.
multiplier

Convergence Test.

or

of

time-interval, every which CT is periodically operated.

performance criterion.

Slope of V, or performance gradient (V\).
natural freguency of a second order system.
damped frequency of a second order systenm.
damping coefficient of a second order systenm.
time till filrst overshoot,

first overshoot ratio.

111
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time till second overshoot.

second overshoot ratio.

Periodic Resetting of Adaptation Mechanism.
Initial Gains.

Initial Gains Adjustment Algorithm.

the cyclic period of resetting the PRAM- algorithm,

(TCY¥C =T ).
a
opt

no. of computatation cycle in the on-line adaptive
control.

DPisturbance-Free.

apsolute relative change of gain parameter KL.

absolute relative change of performance V.
the change in pitch angle of aircraft.
Aircraft reference input of pitch (set point).

indicates short-period mode of an aircraft, in the
longitudinal vertical plane of motion.

indicates phugoid mode of an aircraft, in the longitudi-

nal vertical plane of motion.
the change in aircraft angle of attack.

the change in elevator deflection angle.

v
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