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ABSTRACT 

4- 	paper presents an indirect adaptive robust control 

varying plant in the presence of the modeling 

robustness is achieved by using a normalizing 

signal in combination with a dead zone and a 

in the adaptive law. This modified algorithm 

the controller parameters so that the closed 

a certain desired performance closely in 
input and output will remain bounded for 

The proposed adaptive control algorithm is used to 
behavior of an aircraft system in which a good 

obtained. A comparison 
between the ordinary projection algorithm 

and the proposed 
adaptive algorithm in controlling the aircraft 

system is carried out. The simulation results indicate the 

effectiveness of the proposed adaptive control algorithm. 

INTRODUCTION 

Most stability results for adaptive control systems are based 
on 

the assumption that. the model used in the control structure is an 
accurate representation of the process. However, most real 
processes are high order and hence, in general, an approximate 

model is used in practice. In Ell it was demonstrated that 

straightforward application of the stable algorithms found in the 

literature may lead to stability problems when unmodelled plant 
dynamics or modeling error, due to this model-process order 

mismatch, are present. 

In [2,3,4,5), an adaptive pole placement combined with an adaptive 

law is used to control a certain plant with bounded disturbance. 

The main problem is that when the disturbance becomes unbounded 

this will lead to stability problem. 
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identification error 
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is used to estimate 
loop plant will track 

some sense and the plant 

all time. 
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In the robustness problem, the distrubance is internally generated 
and thus depends on the actual plant input and output signals In 
particular, if the adaptive control system was unstable and the 
plant input and output signals were to grow without bound, then 
the disturbance would also grow without bound. In other words, the 
robust stability problem becomes the problem of an internal, 
signal-dependent, and thus potentially unbounded disturbance. 

This paper presents an adaptive pole placement control algorithm 
to control the time varying system in the presence of unmodeled 
plant dynamics. To achieve the robust stability, a normalized 
identification error signal is combined with a dead zone in a 
modified version of projection algorithm. This modified algorithm 
is used to estimate the controller parameters so that the closed 
loop system will behave as the desired performance and the system 
input and output remain bounded for all time. To show the 
effectiveness of the present work, the proposed adaptive control 
algorithm is used successfully to control the behavior of the 
time varying aircraft system in the presence of modeling error. 

A comparison between the proposed adaptive algorithm and the 
ordinary one in controlling the aircraft system is carried out. 
From the obtained results, the proposed adaptive control algorithm 
is superior than the ordinary one. 

SYSTEM MODELING ASSUMPTIONS AND PROBLEM FORMULATION 
It is assumed that the system to be controlled is discrete single 
input-sigle output time varying associated with a modeling error 
and that can be represented in the form: 

A(q-1) at) = U(t) 
Y(t) = q-d B(q-1) 2Ct) + riCt) 	 (1)  

Where UCt), Y(t) and 11<t) are input, output and modeling error 
signals respectively. ACq-1  )and 13(q-1) are defined as: 

ACq-13= 1 + aiCt) q-1 + 	+ anaCt) q-na (2) 
BC(1-1) = boCt) + biCt) q-1  + 	+ bnb (t) -nb 	(3) 

q-1 
denotes the unit delay operator. 

Associated with these polynomials define the modeling error ritt) 
as: 

riCt) = ACq-1) Y(t) 	q-d  BCq-1) UCt) 	 (4) Further, we choose 0 < a < 1, and define the additive modeling 
error as first order dynamic of the plant [6]. 

ECt) = a ECt-1) + IUCt-1)1 + IY(t-1)1 	 (5) 
The modeling error is said to be relatively bounded if there 
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exist a finite p > 0 and E(0) > 0 such that: 
	 1 

n<t) s p E(t) 
	 (63 

It is assumed that: 
Al : The time delay d is known. 
A2 : The relative degree n of the plant is known ( n=na-nb ). 

A3 : A(q 1 and B(q-1) are coprime and assumed to be arbitrary. 
biC 	j=1, 	nb are time 

varying parameters. 
Since the zeros of BCq-1  ) are arbitrary, the plant may be 

nonminimum phase. 

From the above description, the problem is to devise an adaptive 
controller for the plant so that, inspite of the modeling error 
q(t), the adaptive control system is globally stable, and the 
output of the plant follows the bounded desired reference signal 
closely in some sense. 

ADAPTIVE CONTROLLER STRUCTURE 
Consider the following feedback control system associated with 
integral action such that: 

- 	- F(q 1  ) U(t) = R(q 1  ) c(t) 	 (7) 

with 
F(q-1  )= (1 - q 1 ( 1 + f1q

1 	+ fnf, q-nf) 	(8) 

- nr g(q 	= 1 + ro + rlq
1 	+ rnr q 	

(9) 

and 
eCt) = Y (t) 	Y(t) 
	 (10) 

where r(t.) is the tracking error, Y(t) is the system output, and 

yrCt) is the desired bounded set point sequence to be followed. 

Applying the control law (7) to the system (1) results the 
following closed loop system: 

(A(q-1) FCg1) + q-d B(g
1) R(q-1  ) 3 Z(t) = RCq

-1  ) Yr(t) 
(11)  

Y(t) = q-d  B(g1) Z(t) + ii(t) 

Assume that C(q 1) is a stable polynomial of degree nc whose zeros 
represent the desired closed loop location. From equation (11) it 
can be verified that: 

ACq-1) F(q-1) + q-d B(q 1 R(q-1) = C(q-1) (12)  
where: 

 

-1 	-1 	-nc 
C" ) = 1 elq 	Cncq 

n = n F(q-1) ACq 	 11)/C(q ) 
nc = na + nb 
of = nb + d - 1 
nr = na 

(13)  

(14)  
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I 
MODIFIED PROJECTION ALGORITHM: 

In this section, modifications are introduced to the projection 
algorithm [3]. These modifications include a normalized 
identification error combined with a dead zone in which the dead 
zone acts on a suitably normalized relative identification error. 

The system which is represented by the equation (1) can be put in 
more compact form as: 

Y(t) = 0(t-1)T OCt-1) + 71(0 	 (15) 

where 0(0 contains the actual system parameters and defined as: 

0(t-1) = C -a (t) 	a (0 b (0 	b (0 )T 	(16) 1 	'"" na 	1 	'" '' nb 

0(t-1) = C 	Y(t-na) U(t-d),...,U(t-d-nb))T  (17) 

If the plant parameters are assumed to be unknown and time 
invariant, the following projection algorithm [1] 	is used to 
estimate the plant parameters iKt). 

6(0 = e(t-1) + a 0(t-1) e(t)/( 1 + 0(t-1)T  0(t-1) ) (18) 
where e(t) is defined as: 

1 

e(t) = Y(t) - 6(t-1)T  egt-13 

In order to deal with time varying plant and additve 
error, the algorithm (18 -19) should contain a 
identification error such that the relative modeling 
is within the dead zone i.e. the modeling error becomes 

(19) 
modeling 

normalized 
signal error 

bounded. 
Defining a normalizing factor N(t) and 
(normalized error signal) E1(t) as 

N(t) = ro  + E(t) 	yo  > 0 

E1(t) = e(t) / N(t) 

and the adaptive law becomes 

4(0 = 0(t-1) + 

r(t) = r(t-1) + 
where 

a > 0 

a relative error signal 

(20)  

(21)  

Ca 0(t-1) N(t-1) D(E1(t-1)]/r(t-1) 	(22) 

0(t)T0(t) 	 (23) 

r(0) > 0 	 (24) 
D(E1  (0) is a function defined by ( see also fig. Cl)). 

0 if 
DCE1  Ct)) = K(E1  (0 d if 

KCdo - E1(0) if 

1E1(01 s do 
E1(t) 	> do 	(25) 

E (t) 	<-do 1 
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D(E1(t)) 

 

1 

  

  

Fig.(1) The dead zone function DC.) of the 
normalized identifican. error E1(t) 

In the algorithm (22) the identification error e(t) is replaced by 

N(t) OCE1(t)), where DCF,i(t)) is the dead zone function of the 

normalized identification error and do 
is the size of the dead 

zone. The slope K and the dead zone size do 
can be obtained 

through studying their effect on the mean square of the tracking 
control error c(t) and the accurate values of K and do are chosen 

based on achieving a least value of e(t). 

After estimating the time varying parameters of the unknown. 
system, they put in the following form as: 

0(t) = C -a1  Ct) ... -ana
(t) boCt.) 	bnb(t)  (26) T 

ACt,q-1)= 1 + a1(t) q 1+ 	
+ anaCt) q na 	(27) 

8(t,q 13 = o(t) + 1(t) q-1  + 	
+ bnbCt) q-nb 	(28) 

The control signal is calculated as: 

i(t,q-13 F(t,q-1) + q-d  i(t,c1-1) 	
= CCt,4-1) (29) 

F(t,q 1) U(t) = R(t,q-1)  e(t) 	
(30) 

The closed loop adaptive control system thus established comprises 
the plant (1), the controller (29-30) and the adaptive law 

(20-25). 

AIRCRAFT TIME VARYING SYSTEM 
The main properties of the above design algorithm will be 
illustrated by computer simulation results. One of themodels used 
for the experimental analysis under study represents the 
longitudinal dynamics of an aircraft time varying system [7]. It 
is given by the following equation: 

 

and 

X(t) = AC(3(t)) X(t) + B(t) U(t) + n(t) 
X(0) =0 

(31) 

    



I 
-.4085 	0 

02(t) 
A((3(t) = 0 (32) 
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B( t) 

2.85700 

.061581 

0.0000 
(33) 

   

The state variable X1(t) is taken as an output of the aircraft, 
system. A two dimensional vector of unknown parameters 0(t) io 
assumed to be time varying obeying the relations. 

-0.2778 	for 05 t <8 

-0.06444(t-3.689) 	for 	EiS t <13 	(34) 

-0.6 	for 135 t 522 

02(t) = 

-0.4075 

-0.065(t-4.23) 

for 	05 t <10.5 

for 10.5s t <15 

for 155 t 522 

(35) 

    

This system is discretized at sampling T = 0.05 second, and by 
applying the proposed adaptive control algorithm, the allowing 
simulation results will obtain. 

SIMULATION RESULTS 

The aircraft system is represented by a second order AAsference 
equation as: 

Y(t) = - al(t) Y(t-1) - a2(t) )(Ct.-2) + q-d  [ .b1(t) U(t) + 

+ b2(t) U(t-1) 3 	 (36) 

The open loop time varying parameters of equations (34-35) are 
plotted in fig.(2) and the time delay d is chosen equal to 1. At 
the begining of operation, the coefficients of do, K, r(0) and o 
are found to be 0.2, 1., 65 and 3.5 respectively. These obtaiaa0 
values can be chosen through studying their effects on the mean 
square control error and their reasonable values correspond to the 
least value of the mean square control error. 

The values of 70, a and p are chosen as 0.1, 0.1, and 0.2 
respectively. At the starting, the adaptive law is initialized by 
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6T(0) (0) = C 0.0 0.0 0.6 0.6 1. The resulted closed loop control 
system through the proposed adaptive control algorithm behaves as 
shown in fig.(3) for the desired tracking sequence, fig.(4) for 
control signal, fig.(5) for the auxiliary parameters, fig.(6) for 
controller parameters and fig.(7) for additive modeling error. The 

tracking error between the aircraft system and the desired 

performance is shown in fig.(8). 

From the obtained results, a robust behavior of the closed loop 
aircraft system is obtained inspite of modeling error and time 
variation of process parameters. By comparing the results obtained 
by the proposed modified adaptive control algorithm and the 
control algorithm based on the ordinary projection type algorithm, 
the proposed algorithm is superior than the others. This is clearly 

demonstrated in fig.(9) which shows the instability of ordinary 

one especially when dealing with time varying systems. 

CONCLUSION 

1 

To show the effectiveness of the proposed algorithm, it is used 
successfully to control the performance of the time varying 
aircraft system in the presence of disturbance. A comparison 
between the modified adaptive algorithm and the ordinary 
nrojection type in controlling the aircraft system is carried out. 
From the obtained results, the behavior of the proposed adaptive 

control algorithm is robust. 
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