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Abstract

Reliable dish-antenna positioning is essential for satellite communication
between healthcare personnel and patients through distributed mobile
telemedicine nodes. However, the conventional Proportional-Integral—
Derivative (PID)-based positioning system used on mobile telemedicine vehicles
communicating via NigComSat-1R in Nigeria experiences performance
degradation as communication delays increase and cannot adapt effectively to
parameter variations, changing operating conditions, and nonlinear
uncertainties. This study aims to enhance the performance of satellite dish-
antenna positioning for distributed mobile telemedicine nodes using an
intelligent adaptive control mechanism. A dynamic model of the antenna
positioning system was developed, followed by the design of a Model Reference
Adaptive Control (MRAC) method augmented with a Fuzzy Logic Control
(FLC) algorithm, hereafter termed MRAC-FLC. The proposed controller was
integrated into the positioning system and evaluated in a MATLAB/Simulink
simulation environment. The conventional PID-controlled system exhibited a
rise time of 85.9896 s and a settling time of 153.6396 s under communication
delay. By comparison, the MRAC-FLC system achieved a rise time of 8.2215 s
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and a settling time of 16.1065 s. The proposed system also provided a smoother
control response and improved overshoot performance compared with the
conventional PID controller. These findings demonstrate that integrating
MRAC with FLC substantially improves the transient response of the antenna
positioning system. The enhanced response can facilitate faster antenna tracking
and stabilization during satellite communication, thereby supporting more
efficient information exchange in distributed mobile telemedicine services.

Keywords: Antenna Positioning Control; Distributed Mobile Telemedicine;
Fuzzy Logic Control; Model Reference Adaptive Control; Satellite Dish
Antenna

INTRODUCTION

Healthcare services leveraging Information and Computer Technology (ICT) is
becoming more affordable, and available and has made quality delivery in rural area to be the
same as obtainable in urban cities (Ibiyemi and Ajiboye, 2012b). Therefore, in developing
countries such as Nigeria where there is heightened lack of medical personnel and prevailing
healthcare delivery that seems to be at a low level, the integration and appropriate
implementation of ICT as part of the health system can alleviate these challenges. One of
the technologies that have been deployed as part of healthcare system to provide wide
reaching effect in terms of providing quality healthcare delivery for rural areas or remote

places is the telemedicine.

Telemedicine is one aspect of technology being increasingly deploy in healthcare
services globally. Its introduction in healthcare delivery system in developing countries such
as Nigeria can be a solution to a number of problems facing the healthcare sector. As result
of distribution and mobility nature of telemedicine system including the large land mass of
Nigerian geographical space, large propagation delay occurs during satellite communication
between dish antenna nodes and this can lead to poor quality or instability in system

performance if not compensated.

Many control methods have been developed in literature to enhance positioning
system, such as in Muoghalu and Achebe (2025), Okafor e al. (2025), Onyekwelu, ez al.
(2023), and Eze e al. (2017). In antenna position control system several approaches have
been used. For instance, Onyeka ef a/ (2018) used model predictive controller (MPC) to

enhance the tracking response performance of parabolic antenna and achieved required
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specifications for different prediction horizon. The cost performance of a ground station
satellite antenna was improved cascade compensator (Achebe, 2018). The use of PID
controller compensated system to provide better performance than the uncompensated
system in terms of reduction in dynamic response time domain parameters such as rise time,
settling time, and peak time was demonstrated by Ajiboye ef a/. (2019). Eze ef al. (2021)
studied the use of PID tuned compensator for positioning control of direct current
servomotor-based antenna. The study seeks to design a control scheme that will provide
robustness and effective tracking for efficient azimuth positioning operation of a satellite
antenna. The simulation results obtained showed that the proposed PID tuned compensator
(PIDTC) was able to provide effective tracking and robust in the presence of disturbance.
PID controller was designed to facilitate setpoint the tracking azimuth/elevation of satellite
antenna for efficient line of sight operation in Muoghalu and Achebe (2021). Discrete time
linear quadratic regulator (LQR)-based optimal control system was used to improve the
positioning system of satellite antenna by Anyanwu ez al. (2024). The effect of delay in
position control of satellite dish antenna was reduced by improving the transient and steady-
state response performance using full state feedback (FSFB) algorithm in Ekengwu ef al.
(2022). The performance response of mobile satellite dish antenna network was improved
using PID plus pre-filter by Eze ef a/ (2020). Ekengwu ez al. (2021) presented effect of
Proportional Integral Derivative Tuned Digital Compensator (PIDTDC) on servo-based
ground station satellite antenna positioning control system. High speed response
performance was achieved in satellite antenna positioning system using back propagation
neural network (BPNN) based proportional integral and derivative (PID) controller (Eze ef
al., 2024a).

Considering the control systems reviewed, PID controller and its augmented form
have been the most frequently used technique used in motorized parabolic dish satellite
tracking application including other servo based control systems such as in chopper fed DC
motor speed control (Muoghalu e al., 2021), industrial belt conveyor system (Muoghalu e#
al., 2025), and positioning and trajectory tracking in robot manipulator (Okafor e al, 2025).
Also, implemented in combination of other control algorithm such as LQR (Ekengwu ez a/,
2024) to achieve optimal method. However, the issue of parameter variation and
susceptibility to distortion has been largely reported with PID in literature. This is largely due
to its low cost and the ease of implementation. Hence, this paper proposes intelligent based

adaptive controller that will be able to adapt or adjust the parameters of dish antenna
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positioning control system so as to force the antenna position to follow or behave like an

ideal positioning (reference) model.

METHODS
System Modelling and Configuration

The dynamic characteristics of the dish antenna considered in this work are

represented by mathematical equations in the following subsections.
Determination of Time Delay

The overall travelled distance of the signal divided by the electromagnetic wave speed
(speed of light) is equal to the estimated round trip. The distance, dg, between an earth
station and geostationary satellite is given by (Ajiboye ez al., 2019; Ibiyemi and Ajiboye, 2012a
and 2012b):

dsr = /D? + R? — 2DR cos( agy,) cos(Ag, — A) +

JD? + R? — 2DR cos( @py) c0S(Apy — As) (1)

where Rstands for the radius of the earth in Km, D is sum of the radius of the earth
and altitude of the satellite in Km, Agis the angle of longitude of the sub-satellite point, g,
is the latitude of the sending node location on the earth surface in degree, @, is the latitude
receiving node location on the earth surface in degree, and Ag,, 4,4, are the longitudes of the

sending node and receiving on the earth surface in degrees respectively.

In order to determine the time delay resulting in transmitting signal from the sending
node (antenna) to receiving node, the distance between the transmit node and receive node

is divided by signal speed and is given by Ibiyemi and Ajiboye (2012a):

T =2z ©)

v
where v = 3 X 710°ms !speed of light.

The determined minimum and maximum time delay range was between 0.2461 s at
latitude 4.3°N and longitude 2.73°E of the Gulf of Guinea and 0.2496 s at latitude 13.91°N
and longitude 14.94°E of the Lake Chad (Ibiyemi and Ajiboye, 2012a) respectively.
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Dish Antenna Dynamic

The mathematical expression representing the dynamic characteristics of the dish

assembly is given by Eze e a/. (2020) and Eze ef al. (2024a):

d’0,
de?

+ By S 4 1,6, 3)

Iy
The Laplace transform of Equation (3) assuming the initial conditions are zero,

which represents the model of the dish structure in transfer function is given by Eze ¢f al.

(2020) and Eze ef al. (2024a):

0a(s) _ ta/la 4
0g(s)  s?+(Ba/la)s+(ta/la)

where 84stands for angular displacement of dish in radian, 8is the gear output shaft
angular displacement in radian, I4is the moment of inertia of the dish about an axis of value
140.60 Kgm?, Byis the damping coefficient of value 126.78 Nmsrad™, T4is the torsional
spring stiffness of value 317.5 Nmrad™. Putting these figures into Equation (4) gives:

2.2578
Ga(S) = 2 o0issr2257s ”

The transfer function of actuator motor and gear ratio is given in Eze ez al. (2020)
and Ibiyemi and Ajboye (2012a) by:

0.075
Gm(s) = s(0.015s+1) ©)

K, = 0.033 )

Time Delay Model

The time delay is expressed as transfer function for both forward and feedback paths

expressed by:

Gai(s) = e‘T’S} ®)

Gao(s) =e™ ™

where T,forward path time delay from base station to the dish antenna (or mobile

node) in seconds and Tis the feedback time delay from the dish antenna to the base station.
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Taking the forward path time delay to be equal to feedback time delay then Equation (8) can

be rewritten by:

Gai(s) = e = Ggp(s) = e = Gy(s) =e™™* )

For the simulation, the maximum time delay 0.2496 s was used since it is the worst
case delay (Ajiboye ¢# al, 2019). Thus, the system model in MATLAB/Simulink environment

is shown in Figure 1 and the closed loop transfer function is given by Equation (10).

[@ 0.075 2.2578 »(1)

2 2
Desired 0.015s% 45 52+0.90165+2.2578 Actual

Pasition Forward Delay  Actuator Motor Dish Dynamic Position

Gear Ratio

Feedback Delay
Figure 1: Closed loop Simulink model of dish antenna system

G, (s) = 0a(s) _ 3.76e7 s
p 0r(s) 57 +67.56s7+62.36s° +150.5252+3.76¢ =T

(10)

Controller Design

In this section, a model reference adaptive controller (MRAC) is designed. Many
approaches are used in the design such as Lyapunov theory, augmented error theory and
Massachusetts Institute of Technology (MIT) rule. In this work, a MRAC is developed using
the MIT technique.

Designing the MRAC using MIT requires that the error and cost function be

established as follows:
Adjustment Mechanism

Let the difference between actual output of the process and the reference model

Onoutput be defined as the error, e given by:
e=04—06p 1D

The cost function 8is expressed in terms of the error in Equation (11) and is given by:

J(6) = 5e? (12)
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Minimizing the cost function such that the change in the parameter .can be
maintained in the direction of the negative gradient of J given in Eze e a/. (2017) and Eze et

al. (2024b) as:

ave _ _ o) _ _ . o

dt V0. = "Y€ %, (13)
Equation (13) is an expression of the change in 8 with respect to time in order to
able to minimize the cost function to zero. The expression de/06,is called the sensitivity
derivative, which depicts the change in error ¢ with respect to the cost function J. The
quantity y is a positive value that represents the gain of the adaptation mechanism of the

controller.

Now the objective is to design a reference model defined characteristic performance
that the dished antenna position system will automatically followed or tracked irrespective

of the variations in system or environment parameters.

Let the transfer function of the dish antenna system be equal to K G, (s) where K is
a parameter whose value is unknown. Also, let the reference model be approximated to a
second order transfer function considering the dish antenna structure in Equation (5). Thus

the reference model is defined by:
G (s) = KoGp(s) (14)

where K, is a parameter, whose value is defined, thus the error, Equation (11) can

be expressed by:
E(s) = KGyp(s)U(s) — Ko Gp(s)Uc(5) (15)
where KGp(s)U(s) = 84 such that the control input to the plant is U(s) and
K,Gp(S)Uc(S) = Omod er such that U, (s) is the control input to the reference model.
Therefore, control law is state as given by:
U(s) =6, xU.(s) (16)

Substituting Equation (16) into Equation (15) and taking the partial derivative gives:

IE(s) K
26, = KGp(S)Uc(S) = K_oemodel (17)
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Equating Equation (13) and Equation (17) gives:

a6, K
. re Ko Omodet =~V €Omod el (18)
where y' = y K/K, and the Equation (18) is the law for parameter 6, adjustment

and represents the adjustment mechanism of the adaptive controller.
Reference Model

It is required that reference model G, (s) be designed approximately as a second
order system similar to the dynamics of the dish antenna dynamic characteristics such that

its transient and steady state performance meets that of industrial standard stated as follows

(Aloo et al., 2010):

1. Rise time of less than or equal to 4 s.
ii. Settling time of less than or equal to 5 s.
iii. Overshoot of less than or equal to 10%.
The second order reference model is defined by:

wn?
$24+20wps+wy?

G (s) = (19)

where wy, {stands for the natural frequency and damping ratio. These quantities ate

determined as follows:
M, = e ™NI=¢ 20)

where M), is the maximum percentage overshoot of value 5%. Solving Equation (20)

given by:

5 ¢
loge (7;) = — 7= loge 1)

Results in ¢ = 0.69 and taking a settling time of Ts = 7 s, the natural frequency of
the system is computed using:

Ty =—— (22)

B {wn
Thus w, = 5.77rads™’. Substituting these values into Equation (19) gives:

33.29

Gn(S) = F7eri720 )
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Intelligent Control System Design

The algorithm designed in this work and to enhance the performance of the
telemedicine (that is the antenna positioning system) is the Fuzzy Logic Controller (FLC).
The Mamdani model is used for the developed FLC in MATLAB/Simulink environment.
Centroid is used for the defuzzification method. Figure 2 is the block diagram of the fuzzy

logic controlled antenna positioning system.

> 0
M u Time- y
o 1 o N — Plant >
- a R delay
I CE
Time- |
delay

Figure 2: Fuzzy logic controlled antenna positioning system

As shown in Figure 2, the error E and change in error CE are the two input variables
for the FLC, while the control variable (output of the controller) is U that changes in
accordance to changes in inputs. This is shown Table 1, which is the representation of the
linguistic variables that determine the behaviour of the FL.C in accordance to the transformed
crisp fuzzy input set (or variables) by fuzzification. The linguistic variables are defined as:
negative large (NL), negative medium (NM), negative (NE), zero (ZE), positive (PO),
positive medium (PM), and positive large (PL). Then each input has 3 membership functions

(MFs), while the output has 5 MFs. There are 9 rules formulated for the designed FL.C.

Table 1. Rule table of designed FLC

E/CE NE ZE PO
NE NL NM ZE
ZE NM ZE PM
PO ZE PM PL

The grade value of each input MF is defined as: NE = [-2 -1 0], ZE = [-1 0 1], and
PO = [0 1 2]. Each MF of the output is defined as follows: NL = [-1 -07.5 -0.5], NM = [-
0.75 -0.5 -0.25], ZE = [-0.25 0 0.25], PM = [0.25 0.5 0.75], and PL = [0.5 0.75 1]. It should
be noted that triangular MFs have been used for modelling the inputs and the output. Figures
3a-c show the shapes of the MFs.
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Figure 3(a): Error input membership shape
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Figure 3(b): Change in error membership shape
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Figure 3(c): Output membership shape

The configuration of the proposed automatic control for dish antenna positioning

system in this work is shown in Figure 4.

—
3
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smad el
Reference Model Adjustment
G, (5) Mechanism N
8, g
_ i, Controller G, (5) Plant 4
C(s) Gy ()
G4(5)

Figure 4: Proposed system configuration

Implementation Flowchart
The system parameters are listed in Table 2 for simulation in MATLAB/Simulink environment.

Table 1: Plant parameter (Ibiyemi & Ajiboye, 2012c)

Definition of parameter Symbol Unit Value
Dish angular displacement 04 radian -
Gear output shaft angular displacement By radian -
Moment of inertia of the dish Iy Kgm? 140.60
Damping coefficient B, Nms/rad 126.78
Torsional spring stiffness Ty Nm/rad 317.5
Mass of dish m kg 250
Modulus of rigidity G Pa 77 X 10
Dish radius T4 m 1.2
Polar moment of area for a material circular sectional area ] m* 2.8040 x 10
Circular section diameter D m 0.013
Length of material L m 0.68
Jack gear rasio Ky - 30
Time delay T s 0.25

RESULTS AND DISCUSSION
Step Response of Conventional System

The initial performance of the dish antenna position control system without
incorporating a controller called the conventional system, was tested by simulating the closed
loop transfer function given by Equation (10), using MATLAB/Simulink software. A step

response plot of the result is shown in Figure 5.
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1.2 T T T T

——0C System

0.8 - 1

Amplitude

04 N

02 T

| 1 1 1 1
0 50 100 150 200 250 300 350 400 450
Offset=0 Time (seconds)

0

Figure 5: Step response of the conventional system

The response parameters of the conventional system are characterized as follows:
rise time of 85.9896 s, settling time of 153.6396 s, overshoot of 0, and steady-state error 0.
These parameters indicated that the system response to unit step input is very slow resulting
in prolonged rise (or response) time and settling time of above 60 s (or 1 minute). Though
the step response showed that the conventional system was able to track the desired position
defined in terms of unit step input, it was largely sluggish. This is not desirable for satellite
tracking system considering the efficiency or effectiveness required of it. Such antenna for
telemedicine communication needs to provide urgency or promptness in data or information
sharing for efficient and reliable healthcare delivery. Hence, there is need to compensate for
this weakness by introducing a technique that will improve the response performance of the

control system.

Step Response of Fuzzy Logic Control System

This section presents the result of the step response performance characteristics of
the fuzzy logic (or intelligent) control dish antenna positioning system. The obtained step
response curve to unit step input for FLC system is shown in Figure 6. The numerical
evaluation of the system response with the FLC is listed in Table 3 together with that of the

conventional system.
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Figure 6: Step response of the FLC system

Table 3 Dynamic response parameters of FLC system

Parameter Control condition

Conventional system FLC system

Rise time 85.9896 s 9.2438 s
Settling time 153.6396s 16.1792 s
Peak time 350s 29.7405 s
Peak percentage overshoot 0 0.05%

It is clear from Table 3 that the introduction of FLC into the closed loop control
system for the telemedicine antenna positioning improved its dynamic response performance
parameters. This is based on the largely reduced response (rise) time, settling (convergence)
time, peak time, and peak percentage overshoot achieved. From the obtained results, the
addition of FLC algorithm will make the antenna to respond faster, settles at desired
referenced level to unit telemedicine signal received via satellite and this will ensure improve
communication during healthcare delivery services. The achieved improved is statistically
presented as follows: the FLC system provided 89.3%, 89.5%, and 91.5% improvement in
rise time, settling time, and peak time over the conventional system. However, in both

control conditions, the system offered the same overshoot of zero.

Step Response of MRAC Augmented FLC System

Despite the fact that the FLLC was able to improve the dynamic response of the
telemedicine antenna compared to what was obtainable in the conventional state, the

dynamic or transient response parameters can be further improved. Thus, an adaptive

Volume 4, Issue 4, 2026 447
]



Okafor Chika Paulinus, Muoghalu Chidiebere N., Iloh Johnpaul 1., Achebe Patience N.

control algorithm was used to augment the FLLC called MRAC-FLC as proposed in this work

and the simulation results are presented in this section.

The proposed MRAC-FLC is multi-loop control scheme that uses an adaptive (or
adjustment) mechanism, which is implemented in the outer loop of the controller. The
adjustment mechanism measures and updates the adjustable parameter in accordance to the

error or deviation between the actual position (antenna response) and the reference model
response as in Equation (11). The adjustable or updated signal (or parameter) 0, is applied
to the inner loop fuzzy logic controller (FLC) to adjust or tune its control torque and then

antenna position is adjusted according to the ensuing optimized adaptive fuzzy logic control

commander signal (Eze ez al. 2026).

The simulation curves obtained for varied adaption gain (y = 1, 2, 3, 4, and 5) are
shown in Figures 7 and 8 in terms of the optimized control torque (input) of the proposed
controller and the position response of the antenna unit step input. The numerical values of
dynamic response parameters and the analysis performed in terms of integral square error

(ISE) are listed in Table 4.

1.2 T T T

——MRAC-FLC(Gamma =1)
—— MRAC-FLC (Gamma = 2)
——MRAC-FLC (Gamma =3)
——MRAC-FLC (Gamma = 4)| |
—— MRAC-FLC (Gamma = 5)

e
o

Amplitude
s
[-:]
T
L

I
kS
|

02 1

0 | | L | L | L | |
0 10 20 30 40 50 60 70 80 90 100

Time (seconds)

Figure 7: Step response of the MRAC-FLC system
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=———MRAC-FLC
———MRAC-FLC
——MRAC-FLC
——MRAC-FLC |4
——=MRAC-FLC

Control torque

1 1 1 1 1
50 60 70 80 90 100
Time (seconds)

Figure 8: Control torque response of the MRAC-FLC system

Table 4: Dynamic response parameters of MRAC- FLC system

Parameter Control condition

vy=1 y=2 Yy=3 y=4 Yy=5
Rise time (s) 18.6681 13.0934 10.5943 9.1647  8.2215
Settling time (s) 34.0626 24.3558 20.1219 17.4915 16.1065
Peak time (s) 100 100 80.6329 42.6575 29.9472
Peak percentage overshoot (%) 0 0 0 0.0011  0.0295
Integral square error (ISE) 9.431 6.957 5.863 5213 4.770
Control torque magnitude 24544 34844  4.2473 49448  5.6371

In selecting the adaptation gain,y the values were chosen by tuning from low value
to high value range. It can be seen looking at Table 4 that high adaptation gain value reduces
the rise time, settling time, and peak time. On the other hand, the system overshoot and the
control torque magnitude gradually deteriorate. The ISE performance revealed that the
system offers minimum deviation or error between actual position and referenced position
when the adaptation gain increases. ISE is critical in analysis the effective of controller in
terms of its potential to offer optimal control performance. Therefore, the MRAC-FLC with
adaption gain 5 is considered and selected as the most efficient state for the controller to
offer the finest performance. Also, with adaption gain 5, the proposed MRAC-FLC
outperformed the FLC such that the rise time was reduced from 9.2438 s to 8.2215 s, which
is 11% improvement in response time to received satellite signal. In settling the system at the
reference position, the MRAC-FLC improved the settling time of FLC from 16.1792 s to

16.1065, which is 0.45% improvement. It also achieved better smooth response and stability
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by providing reducing the overshoot from 0.05% to 0.0295%, which is an improvement of

41%.

Performance Comparison

In this section the effectiveness of the designed MRAC-FLC validated via
comparison with the previous studies carried out by Eze ez 2/ (2020) and Ajiboye ez al. (2019)
wherein pre-filter enhanced PID were implemented and PID. Figure 9 shows the step
response performance of the comparison curves for the various control systems. The
numerical analysis of the control systems are presented in Table 5 in terms of dynamic

response parameters,

T T T
FLC

———MRAC-FLC (Gamma = 2)
———MRAC-FLC (Gamma =2)
====MRAC-FLC (Gamma =3)
=====MRAC-FLC (Gamma = 4)
———IMRAC-FLC (Gamma = 5)
= PID+Prefilter

—PID

-
o

-
kS

-
[N

-

Amplitude
o
o

0.6

0.4

0.2

0 | 1 | | 1 | | | 1
0 10 20 30 40 50 60 70 80 90 100

Time (seconds)

Figure 9: Step response of different control systems

Table 5 Performance analysis of dynamic response parameter for different controllers

Control condition Rise time (s) Settling time (s) Peak time (s) Overshoot (%)
Conventional system 85. 9896 153.6396 350 0

FLC 9.2438 16.1792 29.7405 0.05
MRAC-FLC (y = 1) 18.6681 34.0626 100 0
MRAC-FLC (y = 2) 13.0934 24.3558 100 0
MRAC-FLC (y = 3) 10.5943 20.1219 80.6329 0
MRAC-FLC (y = 4) 9.1647 17.4915 42.6575 0.0011
MRAC-FLC (y = 5) 8.2215 16.1065 29.9472 0.0295
PID (Ajiboye et al., 2019) 1.34201 21.3121 3.9422 50.5101
PID-prefilter (Eze ez al., 2020) 4.0913 12.9213 10.6712 5.3201

It can be seen looking at the comparison plot in Figure 9 that the only control system

that exhibit high oscillation or cycling with possibility of introducing high instability during
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the positioning of the antenna for satellite communication is the PID presented in Ajiboye
et al .(2019). This because it outrageously shoots (or peaks) above the desired referenced
position by 50.5% at peak time of at 3.9422 s and subsequently cycles before settling at a
quite prolong settling time of 21.3121 s. Though it offers the most promising performance
in terms of rise time and peak time, the associated high peaking effect introduced by the
controller into the system defeats it supposed advantage of very much reduced rise time. In
the case of the PID-prefilter implemented in Eze ¢f a/. (2020), it is obvious that a great deal
of improvement was achieved compared with the PID especially in terms of overshoot and
settling time. This makes PID-prefilter more efficient and of better performance potential in
practice system than the PID. However, it introduced significant level of oscillation as it
shoots by 5.32% above the referenced position. For the initially designed FLC and the
MRAC algorithms, the system overshoot is near zero or zero. Thus, both FLLC and MRAC-
FLC controllers offered smooth response and more stability to the closed loop control
system. However, with either fuzzy only or with MRAC optimized fuzzy, the system show
deteriorating performance in terms of rise time, settling time and peak time as in Table 5.
Since the basic objective of this work is to design a system that will address the associated
rise time and settling time of the system with causing the system stability and smooth
dynamic response measured in terms of overshoot to deteriorate, the FLC and MRAC-FLC
controllers are the appropriate choice of control system. Considering the fact that the MRAC
algorithm has successfully be used together with FL.C to achieve multi-loop control strategy,
MRAC-FLC at adaptation gain of 5 is selected as the state in which the proposed system

offer the finest performance.

CONCLUSION

This work has implemented a multi-loop control strategy that use model reference
adaptive control (MRAC) augmented fuzzy logic controller (FLC) in dish antenna
positioning for distributed mobile telemedicine nodes. The dynamic equations of a dish
antenna position control system used in distributed mobile telemedicine nodes were obtained
in the form of a transfer function models in continuous time domain. An MRAC algorithm
was developed followed by fuzzy logic control model, which is based on human reasoning
and knowledge. Both MRAC and FL.C were combined in multi-loop arrangement to provide

more stable positioning control for the antenna system. The performance of the system was
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studied in terms of rise time, settling time, peak time, overshoot, and minimum error
performance based on integration of square error (ISE). A multi-loop control system with
MRAC-FLC algorithm was designed and implemented in MATLAB/Simulink environment.
The system performance was evaluated considering the conventional state, the fuzzy logic
control state, the MRAC control state with five adaptation gain scenarios, and the
comparison test to validate the advantage of the designed multi-loop control system over
other schemes. The simulation analysis revealed that the MRAC-FLC yielded the best when
the adaptation gain was five and offered the finest value for control system performance

measured in terms minimum integral square error.
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