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Abstract — Communication systems have recently been very important in mini unmanned aerial vehicles (UAV), which include
many research subjects. Directional antennas are generally used in communication systems, and they should continuously and
efficiently follow the UAVs with minimal errors. For this purpose, an “Antenna Tracker” system, which is capable of real-time
autonomous orientation based on GPS data from the UAV, was designed. In the beginning, the system’s 3-dimensional solid
model was obtained in SOLIDWORKS™ and its dynamical model was made in MATLAB / Simulink™ environment. For
controlling the system, a discrete-time model-based computed torque proportional controller, which is the state-of-the-art
innovation in this study, was designed in two axes, and then its simulation studies were conducted on the STM32 board. The
simulation studies showed that controlling the pan and tilt axes is sufficient for effective tracking, and the presented antenna
tracker system is suitable for use in mobile ground control stations (GCS). By using a short sampling time for the controller,
stable and precise antenna tracking is accomplished for a given reference path. When a 0.5 Hz sinusoidal reference signal input
which is the maximum speed for any antenna tracker was used as a sample reference track, £0.3- and £0.6-degrees position error
of pan and tilt angles were obtained, respectively. The controller can easily satisfy a smooth tracking operation with high
accuracy.
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. INTRODUCTION throughout the flight. It is sufficient to control the pan and tilt

Unmanned Aerial Vehicles (UAV) are utilized in a vast of ~ &S for tracking; the system rotates 360 degrees on the pan
application goals and it continues its developing day by day. ~ Xis and 90 degrees on the tilt axis for optimum tracking [4].
As one of these aims, namely observation, is operated for ~ndeed, for this optimum tracking, one of the most important
several different purposes in the civilian field, in fact, itismore ~ Prerequisites is sensitive positioning with respect to the

frequently and importantly in the military [1] [2]. As the main ~ controller of the system. The most frequently used antenna
factor of such systems, the directional antennas are generally ~ racker system in civil UAVs is ARDUPILOT that is an open-

used for live video streaming and telemetry transmission in  Seurce controller [12][13]. One of the biggest advantages of
Mini UAVs [3][4]. In order to avoid any interruption in the this kind of controller is |ts_compat|b|I|ty Wlth an open-source
telemetry data or images which are obtained by the UAV, they =~ Ground Control Station interface and its wide range of
are providing communication between antennas that must ~documentation. However, it has some drawbacks in terms of
always be located as facing each other at a certain angle. practical anq academl_c perspectives. .

Especially, in such systems where the Ground Control Station For practical considerations, it is limited by their cost.
(GCS) is mobile, obtaining the right directions of the antennas ~ Although, its control software is free of charge, the system is
is a serious problem [5][6]. Actually, the autonomous antenna designed to _be conducted with an expensive controller card
tracking systems which are called Antenna Trackers, are Such as Pixhawk™ [14]. Besides, the controller of
working for used on military or civil UAVs that communicate ARDUPILOT's antenna tracker has been developed
with directional antennas. According to the GPS or barometer  SPecifically for servo motors which are costly comparing to

data were taken by the UAV, Antenna Trackers are positioning ~ c0mMmon DC motors. The presently designed antenna tracker
the antennas in the communication process to the UAV ~ Can be customized through applying open-source systems such
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as Mission Planner freely, it is an obvious advantage when
compared with the other expensive commercial software
[15][16].

In academic perspectives, open-source software, and codes
do not give a way to accomplish complicated controller design
attaining high performance to track the reference UAV signal
path due to the complexity of the source codes and lack of
capability of the whole functions required for Lyapunov
controller [17]. Apart from that the controller which is
designed in this open-source libraries, the performance of the
controller rules depends directly on the electronic capabilities
such as analog/digital readings speed/resolutions and coding
techniques such as sampling time and one cycle at processors.
The continuous-time control theory does not meet these
criteria for the control system in terms of the sampling period
and resolution values at measurements in real-life applications
[18].

When the current studies are criticized, it could be
apparently seen that there is inadequacy on discrete-time
modeling and controller design to sensitive position control
[71(81[9][10][11].

Astari et al [7] has developed a PID controller in continuous
time for such systems. However, these kinds of continuous-
time models could not be realized in the real applications
adequately. In real systems, the sampling rate is one of the
crucial elements which has to be considered due to the process
members. Besides, Riyandi et al [8] have designed a PID
controller with fuzzy logic for a GPS-based antenna tracker
system to increase the system quality compared to the
conventional PID controllers. Although this controller
achieved high accuracy and a better response than the previous
ones, the fuzzy logic usage in such systems has a low
implementation quality. Actually, the fuzzy logic algorithm
must be developed for each unique case therefore it may not
be an optimum solution. Uthman et al [9] has mentioned that
a discrete control system using a PID controller is better in
terms of achieved a better control on satellite angle deviation
while they designed a PID controller in continuous time.
Accordingly, the various research studies on the antenna
tracker control systems show that general approaches
constituted in continuous time, which yields less realizable
systems.

Due to the whole reasons given above, the discrete-time
modeling and controller design is the best approach to
implement the Antenna tracker device. Otherwise, the
implementation of any code with the basis of continuous one
cannot be easily performed in practice.

In this study, the antenna tracker system with a Lyapunov-
based proportional controller in discrete time to track the mini-
UAVSs has been designed. First, the mathematical model of the
mechanical system is obtained. Then, a torque computed
controller in discrete time based on the Lyapunov Stability
Theorem is applied. Moreover, the model is reformed within
the capability of the usage for any antenna tracker system,
since can be modified by changing the moment of inertia and
damping ratio coefficients. This makes an innovative
improvement in academic manners. The system consists of a
GPS-based, two-axis antenna tracker with a discrete
proportional controller. The controller is embedded on an
STM32 board. The deficiencies of the previous research
projects were tried to be eliminated by the developed antenna
tracker.
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Il. METHOD

A. System in General

The designed antenna tracker system has a structure that can
move 360 degrees in the pan axis and 90 degrees in the tilt
axis. Tracking will be carried out according to the GPS data
received from the UAV. GPS will be used to measure the
position of the Antenna tracker and the Inertial Measurement
Unit (IMU) to measure its angle. Basically, the coordinate
points of the UAV are determined by GPS and transmitted to
the GCS, the antenna receives the coordinates of the UAV and
transmits them to the GCS antenna position and the position of
the plane. After specifying the orientation by using the angle
calculation algorithm, the data is sent to the controller which
triggers the drive system and the IMU gives feedback to the
controller to identify the error.

B. Figures and Tables

Three major factors were taken into consideration during the
design phase; the antenna should be capable to rotate in two
axes freely; the cost should be competitive compared to the
other trackers in the market, the system should be compact,
accessible, and easy to carry by one person. To meet these
requirements firstly it was decided to use 3D printed ABS part
due to its effective cost, practical design, and fast production
ability; it can be printed in complex parts within hours, which
is much faster than the molding process or machined parts
[19]. In figure 1, the view of the 3D design is given. To be
simply accessible, the system will be mounted over a tripod
that can be quickly detachable to ensure proper transportability
to the fly zone. Also, to distribute the weight of the antenna,
two bearings will be used. The system consists basically of a
scaffold, two brushed DC motors, an antenna, an inertia
measurement unit, a tripod, and several fasteners.
SOLIDWORKS™ was used to design the two axes Antenna
Tracker. The part over the tripod can rotate in the pan axis, the
upper part can rotate on the tilt axis. The antenna and the tripod
can be easily detached during transportation. During the
realization of the system, a major challenge that had been
encountered was wrapped cables around the device.

Fig. 1. 3D Design of Tracker System

C. System Modelling

As a design restriction, it is assumed that the tilt and pan
axis move independently since the model is operated under
low angular velocity conditions. Dynamic equations for the
biaxial antenna tracker have been obtained by using
Lagrangian mechanics [20]. All the related equations have
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been applied to the system which was based on the earth fixed
frame.

In the antenna trackers, the main mechanical concern is
calculating the net moment of inertia during tracking to find
the central gravity of the system. Then, the net torque which is
fitted by the design requirements has been determined that
were calculated as . , Tpqn ON tilt and pan axis, respectively.
Basically, [ distance from the center of gravity to torque
applied point, J&2¢, 727" are the equivalent moment of inertia
of the antenna tracker system, CZ*,Cz,"™ are equivalent
damping coefficient of antenna tracker. 8 is the tilt axis and y
is the pan axis angle, and m refers to the mass of rotating part
of the system. The model of pan and tilt axes are as follows:

Teae = JEWO + CLE6 + mglcos(6) (1)

O]

The state-space model of the system for tilt axis is as follows:

well-|o -]

— ]pan Cpan

Tpan = eq V

ttlt

@)
+ i (teite — mgl cos(6))
tilt
eq
Besides, the pan axis as follows:
. 0 1 0
. _ |yl _ Cpan Y
Zpan = [y] = lo ]Pan l}/J + e (Tpan) ()
eq

To achieve a precise amount of moment of inertia as a
requirement of the operation; all required variables were found
by computer-aided simulations, besides the damping ratio
which was defined by experimental data. Indeed, all the design
parameters were shown in the Experiment chapter.

D. Controller Design

The key factor of the system as a decision parameter is the
net torque due to the main part of the system is rotatable.
Therefore, for the controller design, the computed torque
control method centric model is used. Moreover, position
control is used with respect to the Lyapunov-based
proportional discrete controller. To attain flexibility on the
sampling time during the tracking, the discrete controlling
approach would be more beneficial than the other.
Furthermore, using one controller parameter comes with an
advantage for sake of simplicity. Thus, by changing only one
parameter, the system can be modified easily [20][21][22]. In
theory, there are many different controller design approaches
that have a wide range such as PID, PD, PI, Fuzzy Logic, etc.
In this study, the main core is the energy-based controller. So,
through constituting a Lyapunov stability theorem-based
proportional controller, it is obtained. Here, the main purpose
is achieving the convergence to zero in the error over energy
equations which gives stability condition of the system. The
controller diagram is given in figure 2.
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Fig. 2. The controller diagram

Basically, the coordinate of the UAV is determined by its
GPS and transmitted to the ground control station. The antenna
receives the coordinates of the UAV and transmits its position
and the position of the plane to the ground station. After
determined the orientation by using the tracking algorithm, the
data is sent to the controller which triggers the actuator. The
IMU gives feedback to the controller to determine the error.
Finally, the system location is attained successfully by the
position. This algorithm is repeated for both axes, namely the
tilt and pan.

To accomplish the robust control the novel approach has
been developed which is based on discrete-time controller
design. Firstly, the system has been modeled mathematically,
then discretization is done. Finally, an energy-based
proportional controller through the Lyapunov Stability
Theorem has been designed [17]. Thus, position control of the
system was better than the ones whose previous studies.

The results of discretization of (1) and (2) in time are
shown in equations (5) and (6), respectively:

2
]+em]d4
]tllt Cgli]lt
dz ~ 2d,

)

+mg(r + 1) cos(0[k —
= Teae[k — 1]

pan pan
2

2d
]pan Cpan
ol

tth

tilt
o [

+0[k — 1] ®)

ylk + 1] [
(6)

+ ylk — 1]

= Tpan[k ]

In the Lyapunov controller, the selected energy function
must always be positive and its change over time must be a
negative value to achieve system stability.

Selected the energy function of the system whose e]t]
refers to the error of the system as follows:

Lle[k]] = e[k]? 7)

and

Lle[k + 1]] — Lle[k]] = e[k + 1]? — e[k]?

(8)
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If,
elk + 1] = A.e[k] ©)
and substitute for the equation (8):
Lle[k + 1]] — L[e[k]] = e[k]*(4Z — 1) (10)

It can be expressed as. So, the equality that the system
must provide stability which is shown:

e[k]?(A2-1)<0s0o-1<A4,<1 (11)
The error in the system is as follows:
elk] = Orerlk] — 0[k] (12)
and
elk +1] = 00 [k + 1] — O]k + 1] (13)

To reach the correct results of equation (9), the controller
input must be equal to one in equation 14 and equation 15 as
for the tilt and pan axis, respectively, by using feedback
linearization. Then, according to equation 11, the stabilization
of the system can be achieved over controller parameter Ae.

| 2e

2
4
I8 kgt

a? " 2dg

Touelk — 11 = (reslk + 1] — AF* (8, [k] — O[K]) — (=

sl el
Mk_l](?_ 2_'%) _ (mg(r+1) cos(6[k]) 1 (14)
i i ar ) EF ap
RS d_§+ 2d¢ ?"’ 2d;
and
Tpan [k - 1] = (Vref[k + 1] - Agan(yref[k] - }/[k])
_219 .pan
y[k] __egpan
e df
]eq.pan + Ceq.pan
d? 2d, (15)
]eq.pan Ceq.pan
_V[k—”(d—g— “55) 1
]eq.pan+ Ceq.pan ]eq.pan + Ceq.pan
d? 2d, 2 2d,
If it ranges between
-1<4,<1 (16)

the stable system can be obtained. As it is shown in the eq.
(11), the energy of the error always converges to zero.
Therefore, the system could be stable. However, the negative
values of A, can make the system stable but oscillated. Thus,
in practice, A¢is taken as between 0 and 1.

E. Tracking Algorithm

To process the calculations to determine the tilt angle,
knowledge of the distance between the UAV and the GCS are
required. The distance as seen in figure 3, “d” can be calculated

using the Spherical Law of Cosines Equations as follows:
AQ) = @2 - @1 (17)

(18)

d = cos™!(sin@, x sin®, + cos@, x cos@, x cosAp) X R
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where ¢, is longitude of the GCS, ¢, is longitude of the UAV,
@, is latitude of the GCS, @, is altitude of the UAV and R is
average radius of earth (6.371x10° m).

0 = tan~! (Ad—") (20)

h, is altitude of UAV, h, is altitude of GCS. 8 is the tilt angle
for antenna tracker. Thus, the required reference angles are
calculated [23].

UAV

Ah

'd" Distance

GCS
Fig. 3. Tracking angle

Table 1. Design Parameters for Simulation

- PAN AXIS TILT AXIS
solver | Centered difference | Centered difference
Type approximation approximation
Refence (m/4) sin(2nft) (m/3) sin(2nft)
Signal (f=0.5) (f=0.5)
Torque
Limit 2.5 [Nm] 2.5 [Nm]
Jeq 2502.11x107%[Kgm?] | 3459.55x107° [Kgm?]
rad rad
Cog | 02INm/C] | 02[Nm/()]]
m 1.17 Kg
I 0.13m

I11.LEXPERIMENTS

The desigh made in SOLIDWORKSTM was transferred to
MATLAB / Simulink™ environment and controlled by
Lyapunov based proportional discreate controller. Relevant
parameter values are given in Table 1.

Various simulations were performed at different sampling
times and with different controller coefficients. The simulations
conditions under which the test was performed are the
coefficients with 0.1, 0.5, 0.9 for pan and tilt axis.
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Fig.4. Pan and Tilt Axis References Tracking with 1 ms and 0.1 Controller Coefficient
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Fig. 6. Pan and Tilt Axis Controller Input with 1 ms and 0.1 Controller Coefficient

As a result of the simulations, the best result for 1 ms
sampling time was obtained with a controller coefficient of 0.1
for both pan and tilt axes. Reference tracking controller input
and Kalman filter performance are given with these parameters
in figures 4, 5 and 6, respectively.

For the tilt axis, a 60-degree 0.5 Hz sine signal can be
referenced with an error of 0.02 degrees in 1 [ms] sampling
time. For the pan axis, reference tracking can be made with an
error of 0.001 degrees for a 0.5 Hz sine signal of 45 degrees.
As it can be seen in figure 4, in the tilt axes, the “jitter” is
occurred in the beginning of the application due to limiting the
torque 2.5 [Nm] as it can be shown table 1. In figure 6 the
torque output of the system can be seen clearly. The similar
phenomenon is observed for the other simulations of this study.
In the same conditions, in a noisy measurement with a standard
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deviation of 5.7 degrees, the standard deviation of the
measurement error for the pan axis was reduced to 0.03 degree
for the pan axis and 0.25 degree for the tilt axis. To make the
system follow the reference, 0.75 Nm torque is required for the
tilt axis and 0.1 Nm torque is required for the pan axis.

IV.EXPERIMENTAL STUDIES AND RESULTS

The system was set up and tested as in figure 7. The system
consists of an STM32F4, two 12V Geared DC motors with
encoder, two motor drivers, a power supply, a tripod, an
antenna, and connection elements. The feedback for the
position of motors for the controller was received by the
encoder.
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The values in the simulation were used for the system
model, except for the damping coefficient. The tests were
performed for different sampling times and different controller
coefficients. The tests were repeated for different damping
coefficients to arrive at the actual damping coefficient of the
system.

To make real tests compatible with the simulation, the
system was first tested with the same values in the simulation
at sampling times of 1 ms. The results are given in figure 8.

For the same test, the error graph in the pan and tilt axes is
as shown in figure 8.

Fig. 7. Test System for Antenna Tracker

V. DISCUSSION

Antenna trackers are the included subsystems that are
important for operational appliances. The main requirement of
such systems is reaching the tracking with a proper desired
path on the tilt and pan axis. However, the generic problem of
such systems is possible deviations during communication of
directional antennas among the other attendant ones in
practice. In this case, the suggested solution in this paper has
achieved success to obtain proper tracking of the reference
inputs.
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As the experimental results showed, the reference path has
been tracked with 180 degrees/sec angular velocity within the
position error ranges in 0.3 degrees and 0.6 degrees in pan and
tilt axes, respectively in 1 ms sampling time. Among the
previous research, it can be mostly seen that the error values
have been indicated as zero degrees with respect to pan and tilt
axes, since they were operated as only simulations and in
continuous time cases [9][24][25][26]. However, there is also
a narrow range of real-time case studies which have higher
error values than this study. Nugroho & Dectaviansyah [23]
showed small errors such as 5.62 degrees in the pan axis and
1.51 degrees in the tilt axis in their study. Actually, these error
values are even higher than the output of our test in real-time.
Also, Hancioglu et al [27] have given their test data results
through several test attempts. Their output was higher than our
results. Therefore, when comparing to the previous studies the
controller of the system shows huge development in terms of
positioning.

The performed angular velocity value is above the average
for the standard applications and controlled successfully
[28][29]. This made huge advantage for tracking especially
during take-off and landing phases of flight. Hence the
commercial problem for the UAV antenna trackers is reduced.

The controller of the system has been tested for sampling
times as 1 ms. As mentioned above under the given sampling
time conditions, the system showed good quality tracking with
the small error values given in Results section. This benefit
came with a flexibility in choosing components of the system.
By the way, for the longer sampling time the position error
variables are expanded. Therefore, the more sampling time is
tested for the controller, the more position error is observed. In
any case, the system stays in the stable ranges.

Overall, the design system archives robust control for the
tasks whose high angular velocity with high sensitivity.
Comparing to commercial antenna tracker systems and
academic research, better stability, and less deviation in terms
of positioning even if high angular velocities have been

10
Time [s]

20

Fig.8 Pan and Tilt Axis Reference Tracking and Controller PWM Input with 1ms, 0.1 Controller Coefficient
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obtained as the system superiority. Nevertheless, the vast
majority of research in this field has a lack of capability of
realizing with continuous-time modality; this study could
show higher realizable results in terms of discrete-time
controller design. This phenomenon has been proven in Xiong
& Zhang’s [30] study as well. As an improvement to this study,
our work has accomplished the operation task well in practice.

VI1.CONCLUSION

In this study, a discrete-time, the energy-based
proportional controller has been presented using the Lyapunov
Stability Theorem for antenna tracker systems that is suitable
for mini-UAVSs. From the results of the study, it can be clearly
concluded that the designed controller shows high
performance in terms of stability. The UAVs can be tracked
within a very low range of error compared to the previous
studies in the literature, specifically less than 1 rad range of
position error as it mentioned before. By using a 0.5 Hz
sinusoidal reference signal input that is actually very high
speed for such systems, within the sample reference track; less
fluctuated and more stable tracking was obtained in terms of
the position of the system in comparison to the other
commercial antenna trackers and related previous research.
Most importantly, this study involved a brand-new design and
achieved a successful discrete-time controller task in this field.
By doing so, this approach fills the huge gap in antenna tracker
research applications.

List of Symbols

T Torque [Nm]
0 Tilt Angle [rad]
y Pan Angle [rad]
Distance [m]
d; Sampling time [s]
m Mass [Kg]
Ji Inertia [kgm?]
l Distance [m]
c Damping Coeff. [Nm/(rad/s)]
R Average Radius of Earth [m]
0] Latitude [rad]
) Longitude [rad]
h Altitude [m]
e Error [rad]
A, Controller Coeff. [-]
z State Matrix
L Energy function

83

References

1. Udeanu, G., Dobrescu, A. and Oltean, M., 2016,
May. Unmanned aerial vehicle in military
operations. In The 18th International Conference
“Scientific  Research and Education in the Air
Force—AFASES”,  Brasov, Romania (pp. 199-205).

DOI: 10.19062/2247-3173.2016.18.1.26

2. Orfanus, D., de Freitas, E.P. and Eliassen, F., 2016.

Self-organization as a supporting paradigm  for
military UAV relay networks. IEEE
Communications  letters, 20(4), pp.804-807. DOI:

10.1109/LCOMM.2016.2524405

3. Dimc, F. and Magister, T., 2006, December. Mini
UAV communication link systems. In Proc. ICTS
(pp. 95-118).

4. Xiao, Z., Xia, P. and Xia, X.G., 2016. Enabling

UAV cellular with millimeter-wave
communication:  Potentials and  approaches. IEEE
Communications  Magazine, 54(5), pp.66-73. DOI:

10.1109/MCOM.2016.7470937

5. Zhao, N., Yang, X., Ren, A., Zhang, Z., Zhao, W.,

Hu, F., Rehman, M.U., Abbas, H. and Abolhasan,
M., 2018. Antenna and propagation considerations
for amateur uav  monitoring. IEEE  Access, 6,
pp.28001-28007. DOI:

10.1109/ACCESS.2018.2838062

6. Kumari, N., Kumar, R. and Bajaj, R., 2018. Energy
efficient communication using reconfigurable
directional antenna in MANET. Procedia Computer
Science, 125, pp.194-200.

7. Astari M, Rusimamto P, Rancang Bangun Sistem
Pengendalian Posisi Azimut Antenna Tracker
Berbasis Global Positioning System (Gps) Dengan

Kendali PID, 2018, Jurnal Teknik Elektro, 7(03).

8. Sumardi, S., 2018. PID Parameters Auto-Tuning
on. Jurnal Teknologi dan Sistem Komputer, 6(3),
pp.122-128. DOI:

https://doi.org/10.14710/jtsiskom.6.3.2018.122-
128.

9. Uthman, A. and Sudin, S., 2018. Antenna azimuth

position control system using PID controller &
state-feedback controller approach. International
Journal of Electrical and Computer Engineering
(JECE), 8(3), pp.1539-1550. DOl:

10.11591/ijece.v8i3.pp1539-1550



International Journal of Multidisciplinary Studies and Innovative Technologies, 2022,6 (1):77-85

10. Hui, J., Xudong, Z. and Haiyu, J., 2018. Research on
ship-borne  UXB antenna servo system based on
LQG

controller.

11. Lin, J.M., Lin, C.H. and Hu, J.N., 2017, July. Mobile
robot-based antenna tracking system on RPV using
intelligent neural controller. In 2017 International
Conference  on Machine Learning and Cybernetics
(ICMLC) (Vol. 2, pp. 633-639). IEEE. DOI:
10.1109/1CMLC.2017.8108980

12.https://ardupilot.org/

13. Ganti, Sai R, Yoohwan K. Design of low-cost onboard

auto-tracking  antenna  for  small UAS. 2015
12th International Conference on Information
Technology-New  Generations. IEEE, 2015. DOI:

10.1109/ITNG.2015.50

14. Changoluisa, 1., Barzallo, J., Pantoja, J., Cayo, S.,

Navarro-Méndez, D.V. and Cruz, PJ, 2019,
October. A Portable UAV  Tracking System for
Communications and Video Transmission. In 2019
IEEE 4th Colombian Conference on  Automatic
Control (CCAQC) (pp. 1-6). IEEE. DOl:
10.1109/CCAC.2019.8921053

15. Peterson, A., 2019. Benthic biodiversity in the
north-eastern Baltic Sea: mapping methods, spatial

patterns, and relations to environmental gradients.

16. Firmansyah, R., Mustofa, M.B.A.,
and Saputra, P.P.S., 2020, November.
Monitoring  Telemetry System Based on

Prasetya, M.E.
Weather
Arduino

Pro Mini With Antenna Tracker Using Transceiver
Module SV651 and SV611. In International Joint
Conference on Science and Engineering (IJCSE
2020) (pp. 322-330). Atlantis Press.

17. LEWIS, F.L., 2004. NEIL MUNRO, PH. D., D. SC.

18. Podrzaj, P., 2018, February. Contionuous VS
discrete PID  controller. In 2018 IEEE  9th
International Conference on Mechanical and
Intelligent  Manufacturing  Technologies  (ICMIMT)

(pp. 177-181). IEEE.

19. Mor6n C et al. New prototype of photovoltaic solar
tracker based on arduino. Energies 10.9 (2017):
1298. DOI https://doi.org/10.3390/en10091298

20. Lewis, F.L., Dawson, D.M. and Abdallah, C.T.,

84

2003. Robot  manipulator  control:  theory and
practice. CRC Press.
21. Ogata, K., 1995. Discrete-time control systems.

Prentice-Hall, Inc..

22. Kuo, B.C. and Golnaraghi, M.F., 1995. Automatic
control systems (Vol. 9). Englewood Cliffs, NJ:
Prentice-Hall.

23. Nugroho, G. and Dectaviansyah, D., 2018. Design,

manufacture  and  performance  analysis of an
automatic antenna tracker for an unmanned aerial
vehicle (UAV). Journal of Mechatronics, Electrical
Power, and Vehicular Technology, 9(1), pp.32-40.

DOI 10.14203/j.mev.2018.v9.32-40

24. Ajiboye, A.T., Ajayi, AR. and Ayinla, S.L., 2019.
Effects of PID Controller on Performance of Dish
Antenna  Position Control for Distributed Mobile
Telemedicine Nodes. Arid Zone Journal of
Engineering, Technology and Environment, 15(2),
pp.304-313.

2014.
azimuth
Journal  of

25. Temelkovskia, B. and Achkoskia,
Modeling and  simulation of antenna
position  control  system. International

Multidisciplinary and Current Research, 4.

J,

26. Romsai, W., Nawikavatan,
Puangdownreong, D., 2021,
Controller  Design for  Antenna
Control System by Lévy-Flight
Search  Algorithm. In 2021
Conference on Electrical

Computer, Telecommunications and Information
Technology  (ECTI-CON)  (pp.  858-861). IEEE.

DOI: 10.1109/ECTI-CON51831.2021.9454731

A., Lurang, K. and
May. Optimal PID
Azimuth  Position
Intensified Current
18th  International
Engineering/Electronics,

27. Hancioglu, O.K., Celik, M. and Tumerdem, U.,
2018, May. Kinematics and tracking control of

a four axis antenna for Satcom on the Move.
In 2018 International Power Electronics
Conference (IPEC-Niigata 2018-ECCE
Asia) (pp. 1680-1686). IEEE. DOI:

10.23919/IPEC.2018.8507963

28. Diaz, D.F.M., Montilla, M.E.R. and Suddarth, S.,
2011, October. Active tracking position antenna
base: A low cost approximation with servo gimbals.
In IX Latin American Robotics Symposium and
IEEE Colombian Conference on Automatic Control,


https://doi.org/10.3390/en10091298

International Journal of Multidisciplinary Studies and Innovative Technologies, 2022,6 (1):77-85

2011 IEEE (pp. 1-6). |EEE. DOI:
10.1109/LARC.2011.6086855

29. Chen, Z., Yin, D., Chen, D., Pan, M. and Lai, J.,
2017, December. WiFi-based UAV Communication
and Monitoring System in Regional Inspection. In

2017 International Conference on Computer
Technology, Electronics and Communication
(ICCTEC) (pp. 1395-1401). IEEE. DOI:

10.1109/ICCTEC.2017.00305

30. Xiong, J.J. and Zhang, G., 2016. Discrete-time
sliding mode control for a quadrotor
UAV. Optik, 127(8), pp.3718-3722. DOI
https://doi.org/10.1016/}.ijle0.2016.01.010

85





