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In the mobile communication via satellite, received systems are mounted on
the mobile device such as ship, train, car or airplane. In order to receive
continuous signals, received antenna system must be steered in both the
azimuthal and elevation angle to track a satellite. This paper proposes the
improved step-tracking algorithm using for mobile receiver system
viasatellite Vinasat I. This paper also presents the results of study, design and
manufacture of the discrete-time controller system for the fast tracking of a
satellite by applying an improved step tracking algorithm with fuzzy
proportional integral derivativecontroller. Simulated and experimental results
indicate that the system performances obtain from applying the improved
step tracking algorithm and the fuzzy controller was better than traditional
control systems.
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1. INTRODUCTION

In the communication ways, satellite communication is known such as a means of providing not
only fixed broadband and internet services but also provides mobile communication services and services of
a new generation networks. The satellite received system shown in Figure 1, which consists of a satellite
antenna, a low-noise block-down converter (LNB), a set-top box tuner, antenna control unit (ACU) and
mechanical system.

In order to receive signal efficiently from the satellite, particularly, on a mobile satellite
communication system, a satellite antenna must be controlled to track a target satellite accurately. Tracking
capabilities depend on many parts, for example tracking algorithm, the beam width of the antennas, the speed
of mobile motions and the response time of motor controller. One of the traditional tracking algorithm is used
a step tracking algorithm [1]. However, algorithm was mainly applied for system, which has stable signal and
not fading such as ship board system, fixed receiver system. Many antenna tracking system using step
tracking algorithm have been implemented [1-4]. But tracking time is limited. This paper proposes improved
steptracking algorithm by combining traditional steptracking algorithm with opened algorithm, which use
global positioning system (GPS) receiver and angle sensor in order to descreasetracking time of controller.

Moreover, in the proportional integral derivative (PID) control system, due to the effects of noise
and measurement errors as well as non-linear nature of the engine, leading to the calibration parameters of
the PID controller is difficult to achieve good values, specially the response time is not optimal [2] [5].
Therefore, control system is performed by using a fuzzy controller todescrease response time.

To demonstrate the effectiveness of the system, the paper describes the design and fabrication of a
control system, which has been capable of searching and satellite auto-tracking used for Vinasat-1
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satellite. Under these conditions, the purpose of this paper is (i) to present satellite tracking algorithm, (ii) to
propose improved step tracking algorithm (iii) to design and fabricate the satellite tracking control system
and (iv) results and analysis.
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Figure 1. Configuration of satellite receiver system

2. SATELLITE TRACKING ALGORITHM

2.1. Satellite Searching Method

Satellite tracking control system divides into two function groups, namely searching and tracking
control method [6], it is shown in Figure 2. There are two types of satellite searching method: Mechanical
and electrical. In the mechanical method, both elevation and azimuth angles of fixed transmitter are
controlled by pressing azimuth up and down keys or elevation right and left keys to drive a motor system. For
electronic method, searching system is done automatically by rotating the antenna according to the elevation
and azimuth angle, which was calculated.

[ Searching methods ] [ Tracking methods ]
| |
Mechanical Closeii—loop ]
|
Electronic Opened-loop ]

Figure 2. Satellite searching and tracking methods

To perform the process of finding a satellite, we must base on the parameters of the satellite and
ground station. A ground station is located at a known point on the surface of the Earth is defined by latitude
8, and longitude A. Geostationary satellite is determined by longitude Ag and altitude above ground. These
parameters can calculate the azimuth angle (angle measured east from north in the horizontal plane) and
elevation angle (angle between the line of sight to the satellite and the local horizontal plane) of the line of
sight (LOS) to the geostationary satellite. Based on these parameters can control automatically or manually
the ground station antenna to capture the satellite.

2.2. Satellite Tracking Algorithm

There are two tracking algorithm, namely an opened-loop method and closed-loop method. The
opened-loop uses information of mobile position from GPS receiver and angle sensors. In contrary, the
closed-loop method utilizes the satellite signal to track it such as the step tracking algorithm. To increase the
accuracy of the tracking process both opened-loop and closed-loop are used.

The diagram of step tracking algorithm is shown in Figure 3. The step tracking algorithm operation
start when the antenna control system set initial step shift in any direction, then the received signal level will
be used for comparison with the signal level before moving. If the received signal has increased, the antenna
continues one-step shift in the same direction. If the received signal level has decreased, the antenna moves
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in the opposite direction. By step-by-step turns, the receiver antenna can track the point of the highest signal
level [7].

Firstly, the control system operates in the manually or automatically search mode via parameters of
ground stations and satellites. Then the system switches to tracking mode. In this mode, the control system
will perform tracking process until AGC signal level is over the threshold level and tracking state keeps the
idle stage. When the receiver system moves, if the AGC signal level drops between the threshold level,
tracking system will move to searching mode.
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Figure 3. Diagram of step tracking algorithm

This algorithm has the advantages that the hardware configuration and the software are simple and
low cost because this algorithm uses only feedback about the received signal level to the control facility.
However, algorithm also has disadvantages that the received signal from the satellite to be stable and not
fading, and when the receiver move on detour or intersection, the system will take time to search and track to
stabilize the signal. To using effective the step tracking algorithm, we have combined with opened-loop
algorithm. Diagram of proposed opened-loop algorithm is shown in Figure 4.

This algorithm uses the location information of receiver stations through high-accuracy GPS
receiver combined with sensor systems elevation angle and azimuth angle. Information about longitude and
latitude of the stations obtained from the GPS receiver to calculate the base elevation angle (EL1) and
azimuth (AZ1) of the mobile stations. This value is compared with the elevation angle (EL2) and azimuth
(AZ2) obtained from the angle sensors, which are located on the rotated axis of the antenna.

Opened-loop algorithms has the advantage of maintaining the tracking process when system moves
with high speed and moves across the street. However, the disadvantages of this algorithm are accuracy
depends on the accuracy of the GPS receiver, as well as the angle sensors and angle converters.
Therefore, this method can combine with step tracking algorithms to take the advantage of the two methods.
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Figure 4. Diagram of opened-loop algorithm
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3. PROPOSES IMPROVED STEP-TRACKING ALGORITHM

To take the advantages and restrict the dis advantages of the two methods above, the paper proposes
improved tracking algorithm by combining step tracking and opened-loop algorithm, the algorithm diagram
shown in Figure 5.

Firstly, the control system operates in the opened-loop traking mode. The parameters obtained from
the GPS receiver and angle sensors will be calculated to adjust antenna elevation angle and azimuth angle to
track the satellite. Then, the system switches to step tracking mode. In this mode, the control system will
perform tracking process until AGC signal level is over the threshold level and tracking state keeps the idle
stage. When the receiver system moves, if the AGC signal level drops below the threshold 1 due to moving
or rounding of a vehicle, tracking system will switch to opened-loop tracking mode to reposition the antenna
position, after that system shifts to step tracking mode. If the AGC signal level drops between the threshold 1
or threshold 2 levels, tracking system will shifts to step tracking mode.

Which threshold 2 is greater than threshold 1. When the AGC is greater than threshold 2, the system
still obtains a stable signal. When the AGC signal level drops below the threshold 1 due to the received
antenna is shifted completely different direction, and then the system will become disoriented. To reduce the
searching and tracking time, the system needs to determine the azimuth and elevation angle of the antenna by
switching to opened-loop mode. In this mode, the system calculates position combined with sensor systems
to control the antenna to a new location and the system switches to step tracking to tuning the antenna

position.

[ Opened-loop tracking
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Step tracking mode
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Figure 5. Diagram of improved step tracking algorithm

In step tracking algorithm, the tracking time come back to the steady state for a long time because
the antenna has been completely changed direction and must be done from the searching mode. When
combining algorithms are opened-loop tracking, elevation angle and azimuth are calculated in a very fast
time, thus the tracking time is shorten and the received signal to ensure continuity.

4. DESIGN AND FABRICATION OF SATELLITE TRACKING CONTROL SYSTEM

The architecture of the tracking control system is shown in Figure 6. Center microcontroller receives
signals from inputs such as keyboard, GPS receiver, AGC, angle sensors, encoder. After that, microcontroller
implements control process using the combined tracking algorithm with fuzzy PID controller [7].
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Figure 6. Block diagram of experimental configuration

mﬂ

To obtain the AGC signal level, the AGC detector provided the proportional signal level of AGC
voltage. This AGC signal passed through the A/D converter to convert digital signal. Because the AGC
signal range is very narrow, A/D converter must have a high accuracy with 12 bit resolution.

To calculating the elevation and azimuth angle of antenna, microcontroller read the latitude and
longitude value of ground station from the GPS receiver and angle value from sensors. By comparison
between the angle value of GPS and sensors, system controls the motor driving rotating new position.

The electronic scheme and tracking control system are shown in Figure 7. Motor driving circuit uses
power transistor 2SC2581 and 2SA1106, which installed in the form of H-bridge. System uses
microcontroller Atmega-128 that is 8 bit microcontroller [8].

Figure 7. The electronic scheme and completed tracking control system

In order to confirm a performance of tracking algorithm and fuzzy controller, the parabola antenna
with a diameter of 60cm is used for Vinasat 1 satellite. Mechanical system use two 24V-DC servo motors
with speed of 1500 rpm, elevation range of rotation is from 0°to 90%and azimuth is from 0° to 355°.

In the PID controll system, due to the effects of noise and measurement errors as well as non-linear
nature of the engine, leading to the calibration parameters of the PID controller is difficult to achieve good
value [9]. Therefore, a fine-tuning process is performed by a fuzzy controller before applying to the system
controller.
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285 0 ISSN: 2088-8708

I—P Kp
p{du/dt
L P Ki

. . * A
Kec Derivative kil '13_5 (103) —> :]

>
) Fuzzy Controller ol den(s)
‘ ¥ DC motor Scope
Step Ke b, de
PID Controller

Figure 8. Simulink diagram fuzzy PID controller

The structure of the fuzzy PID controller is shown in Figure 8. Fuzzy controller will perform
optimizing control parameters of PID controller based on the current parameters of the classical error (e) and
the rate of the change of error (de/dt). Therefore, the input of the fuzzy controller includes control error signal
e(t) and its derivative de(t). The outputs of the fuzzy controller are three PID parameters: Kp, K, Kp[10].

The simulated results of PID controller and fuzzy controller are shown in Figures 9 and 10. The
result shows that the response of PID controller is oscillatory and long setting time, which can damage the
system. But the response of fuzzy PID controller is better than PID controller.

Figure 9. The step response of the PID controller

Figure 10. The step response of the fuzzy PID controller
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5. RESULTS AND ANALYSIS

Figure 11 indicates variations of the AGC voltage versus time when using the PID controller and
fuzzy PID controller. At the point of 10s, the time to reach the focus item is observed 0.8s in case of PID
controller and 0.4s in case of fuzzy PID controller.

The results show that the AGC level curve is flatter than in case of PID controller.

Figure 11. AGC level with PID controller (a) Figure 12. AGC level with fuzzy PID controller

Figures 13, 14 and 15 shows the tracking time using step-tracking, opened-loop algorithm and
improved step tracking algorithm.The system performs searching mode in the time from 0 to 5 seconds, then
moves to tracking mode and turn to stable mode. When the receiver system moves, the received antenna
would be disoriented, so the system switches to tracking mode (at point A) and the time to track and return
stable state takes about 2-4s when using step-tracking algorithm and about 0.5-0.7s when using opened-loop
algorithm or improved step tracking algorithm.

Figure 13. The tracking time using step-tracking Figure 14. The tracking time using opened-loop
algorithm algorithm

Improvement of steptracking algorithm used formobile receiver system via satellite (Tran Van Hoi)
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Figure 15. The tracking time using improved step tracking algorithm

From the Figures 14 and 15, we can see that when using the combined tracking algorithm the
tracking time is shortened time equivalent when using opened-loop algorithm, but the quality of signal is
more stable due to combining step-traking algorithm to tune the antenna position more accurately.

6. CONCLUSION

This paper proposed improved step tracking algorithm by combining step tracking and opened-loop
algorithm to descrease tracking time. The paper also presented the study, design and fabrication of the
searching and satellite auto-tracking system used for mobile satellite receiver. In order to descrease response
time, the system also applied fuzzy control method to design self-tuning fuzzy PID controller. The result
shows that the system applies improved tracking algorithm with fuzzy PID controller has a better
performance in response time, tracking time.

Table 1. Comparison with the previous published

Ref Controller Tracking time Response time
[1] H.robustcontroller 0.6s -
2] PI controller 0.6s 0.6s
This work Fuzzy PID controller 0.5-0.7s 0.4s
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