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Abstract: Differential and power amplifiers are the main components of the antenna azimuth position control
systerm. They played an important role in operating the overall system. This study utilized two approaches
namely, the gradient and Lyapunov approaches for tuning the differential amplifier gains adaptively by using
the Model Reference Adaptive Controller (MRAC). The design process of such controller 1s demonstrated.
Preferred gan value 1s selected as a reference model. Although, gradient approach shows staggering system
response in the overall system’s stability, this leads to the introduction of Lyapunov approach to overcome
the instability. The two approaches are compared for performance analysis and it was noted that gradual
mcrement in the adaptive gain resulted to improvement in stability for both approaches at some range after
which the system response became mstable for gradient approach. The rate of improvement 1s higher in
Lyapunov approach with adaptive gain of 450 as against that of the gradient approach with adaption gain of
22. Moreover, Lyapunov settling time was found to be less than that of the MRAC. The gradient approach
proved to be slow m system response when the system’s mput was increased. Moreover, for an adaptive gain
of 22 and 450 the best system performance was achieved for gradient and Lyapunov approaches, respectively
while the input unit step was maintained as 1. Finally, an improvement on the system response in term of

stability and fastness was found in the Lyapunov approach as against the gradient approach.
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INTRODUCTION

The control of antenna azimuth position 1s a control
challenging problem that attracts researchers to propose
various techmiques for such system. The azimuth
positioning of an antenna involves directly in its
performances as well as its system response characteristic
(Nise, 2000). Hot et al. (2015) carried out an investigation
on satellite tracking by comparing the fuzzy Proportional
Integral Derivative (PID) techniques with the
conventional PID controller to obtain the best in satellite
tracking maneuvering. Both teclmiques were unable
provide good tracking and they as well resulted to
chattering phenomena which lead to not properly tracking
the reference signal for precise positioming. Xuan ef al.
conducted a research work on discrete control system by
utilizing PID controller for better control on satellite
antenna angle deviation. The shortcoming of this research
suffers for the lack of proper tuning of the PID gains.
Soltami ef al. (2011) investigated an overseas satellite
telecommunication, a controller was designed and applied
to an on-board motorized antenna, another controller was
designed to detect fault n the satellite control. Though

the controller was not robust enough to enable handle the
detected fault in the controlled signal. The research
work of Ahmed et al (2014), Astrom and Hagglund
(1995) used PID and Linear Quadratic Gaussian (LQG) for
the control of anterma azimuth position, similar
shortcomings of degraded performance due to system
nonlinearities and delay in reaching setpoint was
experienced by Ahmed et al (2014), Astrom and
Hagglund (1995). A good settling time and less overshoot
were achieved by Okumus et al. (2012) where Fuzzy Logic
Cceontroller (FLC) and a Self-Tuning Fuzzy Logic
Controller (STFLC) was utilized in the design, though
chattering phenomena were reported as the setback. The
pole placement technique for state-feedback controller
was mvestigated by Aveen and Shahdan, Aloo et al.
(2016) were better transient respornse was achieved but
with overshoot and chattering. The aforementioned makes
the antenna azimuth positioning a challenging control
problem; hence, there 13 need for a high-performance
controller to handle the shortcomings.

The model reference adaptive controller with both
approach; gradient and stability approach are proposed
to tune the unknown amplifier gain. This will handle the
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Fig. 1: Schematic diagram of antenna-azimuth position controlling system
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Fig. 2. Block diagram of antenna-azimuth position
controlling system

1ssues related to the antenna azimuth positioming and also
to prevent the lapses experienced in literature. The two
approaches are to be compared to enable justify the best
approach in terms of performance with precise azimuth
positioning, less overshoot, less settling time, more stable
and absent of chattering.

Mathematical modeling of the system: For the control of
the telescope anterma, two potentiometers were used
with one at the input and the other at the output as
transducer. Five subsystems made up the overall system
m which each subsystem 15 of relatively transfer
function. Figure 1 and 2 shows a detailed schematic
diagram and block diagram of the antenna azimuth
position, respectively.

The potentiometer processes the tuming of the
mput rotation angle to voltage and then returned the
input via feedback. The effect of both gain and signal
increases with the alteration of the input and output
voltage. Hence, emror becomes zero; thus implies that
the motor 1s at rest.

Output
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Fig. 3: Block diagram in detail of antenna azimuth control
system

Figure 3 shows more comprehensive block diagram
which indicates the controlling of the positioning of the
anterma. In this study, the antenna 1s considered as a load
while both gears and the loads are commected to the
motor. The motor transfer function can be written as

follows:
Kt
em (S) — JmRa (1 )
EB(S) 3| s+ DmRa+KbKt
JIDR'S

where, R, K, and K, are the motor’s resistance, the
back EMF and torque constant of the motor, respectively.
Damper and inertial are related to the motor via. gear sets
which makes 1t easier to adjust their operative value in the
developed mathematical model:

Kp=—" =
& N2

0.1

Where, N1 and N2 represent the gear teeth:

T, =147 (Kg')=003
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Table 1: Parameters of antenna block diagram

Parameters Configurations
K —

Kt 0.318

Ra 100

K; 100

K, 0.1

where, T, is the load inertia at 8, The equivalent viscous
damping D, at the armature is:

D, =D,+D, (Kg’}=0.02

where, D, is the load viscous damping at 6, From the
problem statement K, = 0.5 Nm'A, K, = 0.5 Vs'rad and the
armature resistance R, = 8 €. So, motor and load the
transfer function would be. Substituting m Eq. 1 it gives
(Eq. 2):
O,(s) 2083 )
E,(s) s(s+1.71)

The product of the gear ratio and Eq. 2 must be
obtain for the motor transfer function; this 15 to give the
ratio of load displacement to armature voltage Eq. 3:

8, (s) o 18m(s) _ 02083 (3
E,(s) E.(s) s(st1.71)
The preamplifier parameters for power and gears of
the above block diagram are given in Table 1. Tn Table 1
gain value is unknown which represents the preamplifier
gain. The related model of each subsystem of antenna
azimuth control system is shown for each transfer
function in Fig.4. Consecutively, the final closed-loop
system model is as obtained in Eq. 4:

eD(S) _ 6.63K (4)
0,(s) & +101.71s°+171s+6.63K

MATERIALS AND METHODS

Model reference adaptive control: An adaptive controller
was considered as a powerful controller used for the
control of the plant parameter to achieve good system
dynamic behavior. An achievement in using adaptive
means of control was reported m term of system
performance and robustness (Uthman and Sudin, 2018;
Ogata, 2010). Hence, MRAC controller was used for its
ability of self-tuning the system’s parameters to optimum
required parameters for an appropriate dynamic behavior
(Oltean ef al., 2016). The basically, MRAC controller
structure involves in the design are as shown in Fig. 5:

6] 1 V(s 100 |E 0.2083 [0.(s
1 + +(8) 0% ()=
N s+100 s(st+1.71)
Preamplifier
Input Power Motor, load

amplifier
Output potentiometer

1

L]

Fig. 4. The related model of every subsystem of antenna
azimuth control system
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Fig. 5. General structure of MRAC system. Figure 51s a
closed loop MRAC with the following parameters:
1(t) Reference input signal;, u(t) Control signal,
y(t) Plant output; y,(t) Reference model output;
e(t) Difference between plant and reference model

output y,(t)

»  Plant to be controlled

» Reference model to generate desired closed loop
output response

+  Controller that is time-varying and whose coefficients
are adjusted by adaptive mechamsm

»  Adaptive mechamsm that uses ‘error’ (difference
between the plant and the desired model output) to
produce controller coefficient

Regardless of the actual system’s parameters, MRAC
takes an adjustment of the controller coefficients for the
resulting closed-loop control system to adopt the
reference model. By so doing the actual parameter values
of the controlled system do not really matter (Astrom and
Wittenmark, 1995).

MRAC has two maim approaches design process,
namely the gradient and Lapunove approach. Pankaj ef al.
(2011) compared the (Massachusetts Institute of
Technology) MIT rule and Lyapunov rule for developing
an adaptation mechanism on the basis of different time
response specifications for the first order system
(Liu et al., 2004). The results shows that the constant
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(adaption gain) has an important role in the nature of
adaptation, hence 1t should be chosen correctly. In this
study, both the two approaches were considered as
shown n section 3.1 and 3.2.

Adaptive gain design with gradient approach MRAC: The
gradient approach known as the MIT rule was developed
at the MIT, USA. Though this approach is relatively
simple in design and easy to use but it has some
weaknesses such as stability problem. For this reasomn,
other MRAC approach was introduced to overcome these
1ssues (Hassan and Sudin, 2014; Panka) ef al., 2011,
Uthman and Sudin, 2013).

MRAC design begins with the tracking error (e)
which 1s defined to be equal to y-y,, where y and vy, as
previously defined. It 1s of great mnportant in MRAC
design for the plan output to follow the reference model
output throughout the simulation period. Therefore, the
tracking error would be minimized by designing a
controller with adjustable parameters such that a certain
cost function would be minimized. In this study, the
change of the gain value of differential amplifier (K) is to
be accommodated by the design of such adaptive
approach. Routh-Herwitz criterion was adopted for the
utilization in obtaining the preamplifier gain value, to
enable the system to reach stability fast. According to the
set criteria, the system will be considered as stable m term
of response if and only if the value of K taken 1s in the
range of 0-262.3 (Clushti et al., 2014). Temelkovski and
Achkoski (2014) stated that the best value of K for better
respense 1s within the value 3.16 (Temelkovski and
Achkoski, 2014). Based on this, the reference model is to
be taken as in Eq. 5, assuming 8,(s) = r Eq. 3:

209.508
33+101.7152+1713+209.508)r

¥ = )]
(

The control objective 18 to adjust the controller
parameter K, so that, e(t) is minimized. To achieve this, a
cost function J{0) is chosen and mimmized. The chosen
cost function is of the form:

1
1(0) =—e
(6)- e
aJ

9.

de

6 g
it aeo0

Let 6 = K. By redefining, the desired azimuth angle is
r and output azimuth angle 13 y. Now, the plant model will
be as shown in Eq. 6:

B 6.63K .
57+101.71s* +171s+6.63K

y

Therefore, using the expression of error, it yields:
€=Y¥n
After substituting Eq. 5 and 6 in Eq. 7, it gives:

6.630
e = 3 B I‘_
5'+101.71s* +171s+6.636
209.508 .
s'+101.73s*+1715+209.508

Hence, the derivative of the tracking error resulted to:

de 6.63r i
de 7101718 +171s+6.638
6.63°0

T
(33+101.7152+1713+6.63e)2

de 6.631 )
do £ +101.718%+171s+6.636
6.630
y 3 2 r
§7+101.71s* +171+6.6360

For perfect model following, v,, most be equal to y as:

de _ 6.63 6.63
46 209.508° ™ 51101715 +1715+209.508

de _ 663 6.63
46 209.508° ™ 200 508" "

6.63/209.508y,,
de/dB = -ve

6.63/(209.508r)y,,,

o 0663 Ve
00508, " Y

ym-209.508/(s(3)+101.71 sW+171 s+209.508)y)

Lets:
663
v Y209.508
Then:
v'e 209.508
B=-"— Yu-3 ; y
s 7 +101.71s°+171s+209.508
As aresult:
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Fig. 6. Gradient approach adaptive gain controller
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Figure 6 shows the simulation block diagram of
gradient approach of adaptive control used for tuning of
controller gain while the adaptive mechanism is shown in
Fig. 7.

Adaptive controller gain design with 1Lapunov
approach: The globally asymptotic stability can be
guaranteed through the Lyapunov second approach.
The term Lyapunov approach will be used
throughout this study. It requires an appropriate
Lyapunov function in the design of MRAC
controller such that the output y of the closed loop
systemn 1s to follow the output of the reference modelthis
15 to mimmize the error (y-v,). This study presents a direct
adaptive  controller  design  which adapts and
accommodates changes in the parameter K. As it is shown
earlier n section 3.1, the reference model 1s:

209.508 .
5°+101.71* +171s+6.63K

Y =

And the plant model is:

6.63K .
s7+101.718* +171s+6.63K

y:

In designing an MRAC using Lyapunov method, the
following steps should be followed.

Step 1: Dernive a differential equation for error. From Eq. 5
and 6 after replacing the differential equation yields:

y = -(101.71y+171y+[1-1}6.631<r] (8
T

}”’m —-(101.71ym +171y, +[y—m-l}209.508r] 9)
T

e=¥-¥Yu ( )

Substituting Eq. 8 and 9 in 10 yields Eq. 11:

(101.7){)%-5@“]+(171)(Y-ym]+ (11)

(6.63K)(y-r)-(209.508)(y,, 1)

Equation 11 can be express as Eq. 12:

o _|101.73e +171e+ 6.63K (y-r)- 12)
209.508(y,, )

Step 2: Find a suitable Lyapunov function, usually m a
quadratic form. The Lyapunov function 1s:

A0 0 0]e
0 A, 0 0
V| eeeX |=|eceeX . e (13)
00k Of_
00 0

2

2
V=he the et X

where, A, A, Ay A0, so that, is positive definite. The

1> Jitd

derlvatlve of becomes:

V =2) eet2), eeth, ceth, XX

V=-2) e[101.73 e+171e+6.63K (y-r)-209.508(y,, -1)]+

W2k, eeth eeth XX
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where, ; for stability must be negative i.e, _,

Step 3: Derive an adaptation mechanism based
on V(é, ce X] such that e goes to zero:

A

111 111

X = -6.63éi“ (y-r)h, =- i

Since, K =X:

K= -6.63é:1 (yr),Let A= ;:

1w fics

K =-6.638)(y1)

Figure & shows the simulation block diagram of
Lyapunov approach adaptive control used for tuning of
controller gain K. Figure 9 shows the adaptive mechanism
block diagram. Table 2 shows the comparison of both the
gradient and Lyapunov approach gain K in term of
equation form.

[ Y,
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1 e O
cle CE - g
Adeptive mechanism —Ty"
To
Y workspace
>k
Plant model

Fig. 8: Lyapunov approach adaptive gain controller
sinulation diagram
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Fig. 9: Simulation diagram of adaptive mechamsm

Table 2: The gradient and Lyapunov approach gain K

Gradient approach design Lyapunov design approach
! K =-yE6.6A+6.6Ar
K= Yute, ye
]
209.508'e
¥ Tey

s(sY +101. 7157117154209, 508

RESULTS AND DISCUSSION

Both MRAC controller design approaches have been
designed for antenna azimuth position control with the
aim to tune the gain adaptively. The simulation is done
using MATLAB platform and result will be presented via.
simulation. Figure 10 and 11 presents the plant time
response (y) of both the two approaches (Gradient and
Lyapunov) when several adaption gain values are applied.
As shown in Fig. 10 the range of accepted adaption gain
values with better plant responses was found at 18<y'<22
for gradient approach. Beyond the stated range the
system goes out of stability at high values of adaption
gain and also the system time response is very slow at
low adaption gain values as examined m Fig. 10. On the
other hand, (Fig. 11) shows best plant time response when
the adaption gain is chosen around 450 for Lyapunov
approach. At small value of adaption gain the system
response 15 slow and has small amount of overshot at
peak time region. Moreover, the response has lugh steady

18 T T —
16} = Ym Gamma=18
Gamma= 25 Gamma= 14
14 Gamma= 22 Gamma=7
—— Gamma=20 Gamma=1

Amplitude

o P P
o N
\?

S O O ¢t
> o @
=
L

SO
N
S

o

0 2 4 6 8 10 12 14 16 18 20

Time

Fig. 10: Output azimuth angle response by applying
different gamma values-gradient approach
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5 06 Gamma= 900"
g 04 Gamma = 600
sl —— Gamma= 450
02 Gamma= 400
" — Gamma= 350
Gamma= 250
o Gamma= 150
02 ) Gamma=100 |
“0 2 4 6 8 10 12 14 16 18 20

Time

Fig. 11: Output azimuth angle response by applying
different gamma values-Lyapunov approach
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Fig. 12: Gradient approach response versus Lyapunov
approach response
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Fig. 13: Difference between y and ym for both adaptive
controller approaches

state error when high value of adaption gain 1s applied.
Worth mentioning, both adaption gains y' and A are
denoted by gamma in the sumulation diagram.

Moreover, Fig.12 shows the plant response (y) of
both approaches (Gradient and Lyaponov) with respect to
the desired model reference (y,,). According to Fig. 12, the
plant model responses of the two approaches are both
trying to follow the reference model. In fact, there are
fewer differences m responses with the Lyaponov
approach from 2-5.8 sec while the gradient approach is
slow and spends more transient time to reach the steady
state response with great differences m response from
2-6 sec.

In addition, the error e and the variation of controller
parameter (68) for both approaches has been shown
m Fig. 13 and 14, respectively. It can be observed that the
error in gradient approach converges longer than the
Lyapunove approach. In the gradient approach the error
converges to=-0.9 which is significantly large, while in
Lyapunov approach it converges to=-0.15. The error in
both approaches reaches zero at the same time (6 sec).

30

S —— theta-gradient
55 L A— theta-Lyapunov
20

—
w

Amplitude
=

Fig. 14: Variation of control parameter (0&) of both
controller approaches
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Fig. 15: System response (y) with different input value in
Lyapunov approach

Figure 14 shows how the controller parameter
(6) converges to 22 with respect to time for

gradient approach when the adaptive gain 13 22

while Lyapunov approach indicated converges to
30 with respect to time when the adaptive
gain 18 450.

Furthermore, result analysis could be gathered
by increasing the mput of the system (r) which
is angular position input 6, on the real system.
Figure 15 and 16 shows the system response achieved
when different values of r are applied for both the
adaptive approaches. According to the
Lyapunov approach (Fig. 15), the system efficiency
and stability are not significantly by changes in

controller

the system mput. While in gradient approach the
stability of the system is significantly affected
in the

with changes shown in

Fig. 16.

system input as
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Fig. 16: System response (y) with different input value in
gradient approach

CONCLUSION

Two approaches of model reference adaptive
controller have been designed for antenna azimuth
position control system. Comparison analysis has been
done with the system response and performance of the
two approaches. The gradient approach 1s simpler i term
of design and modeling while the complicacy was reduced
i configuration of MRAC with Lyapunov rule. Although,
of the simplicity of gradient approach, it has some sudden
stability threatens for an mcreases m the adaption gain.
Lyapunov approach was introduced to overcome the said
stability 1ssues. The adaption gain 1s an important factor
that affects the system response directly, thus, it should
be chosen reasonably. It was noted gradual increase in
the adaptive gain, resulted to improvement in stability for
both approaches until it reaches some range after which
the system response became instability for gradient
approach. The rate of immprovement is ligher in Lyapunov
approach with adaptive gain of 450 as against that of the
gradient approach with adaption gain of 22, Hence,
Lyapunov rule proved to be more stability than the
gradient approach. Moreover, Lyaapunov settling time is
also less for the MRAC which improves the speed of the
system. The gradient approach proves to be slow in
system response when increasing the system’s input. Tt
can be concluded that system performance 1s best for
adaptive gain of 22 and 450 for gradient and Lyapunov
approaches, respectively while the mput umt step was
maintained as 1.
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