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Abstract. The automation in all its aspects has become widespread and promises to represent the future for
information technology, according to some researchers. This paper aims to present and discuss the results from the
development of an automated system for maneuvering of the parabolic reflector antennas of a satellite communication.
This work automates the key steps involved in the manual maneuvering of an antenna dish. Based on procedures for
the manual maneuvering a satellite dish, was proposed an architecture that employs hardware solutions and software.
It was added to the platform a GPS antenna to monitor the spatial location, and a digital receiver, which provides the
value for the carrier-to-noise ratio, C/N. The main focus of this work was to design and develop in Java, a Control
System Antenna Maneuvering, 3SA that can process the information of the spatial position of the antenna, generating a
reference signal for a servo capable of processing the C/N and making a fine adjustment of the position of the antenna
in order to improve signal reception. The user can select the desired satellite and monitor the process of automatic
annotation, through a set of user-friendly graphical interfaces. In the context of this work, we found that even if the
antenna is in a desired position, the C/N ratios should be above a minimum value for a good reception. Consequently,
it was necessary to design a control system to fine-tuning the antenna position. Our approach in this case was to use a
fuzzy controller which employed 63 rules, generated according to rules of thumb used in the process of manual
maneuvering a satellite dish. This solution allowed for better placement of the antenna and therefore a C/N ratio above
the minimum for good reception. The experimental results showed a perfect match for our approach to automate the
key steps manual maneuvering an antenna dish.
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1. INTRODUCTION

The maneuvering of satellite dishes is currently performed manually wasting many hours to perform this process.
Basically, for the manual, we use a spectrum analyzer to monitor the signal during movement of the antenna until the
desired satellite is found. Also, to look for the location of a satellite in order to achieve the best reception is an
exhaustive process.

Figure 1 illustrates a professional application of parabolic antennas: a satellite communication system to send and
receive TV, radio and internet. The parabolic antennas have a high cost, that depends on the diameter of the antenna.
Since each antenna is dedicated to a satellite, it is difficult to point it. So, it is necessary an automated system in order to
achieve the optimum positioning for reception of the signal.
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Figure 6 — Matlab® Fuzzy Logic Toolbox
For mapping the physical variables to the set of fuzzy linguistic variables, the triangular function was chosen since
fact the method of maximum average defuzzification was chosen.
Table 1 shows the seven membership functions for variable received signal and their limits.

Table 1 — Standardization of input 1.

Inputl | S1|S2|S3|S4|S5|S6|S7

Lower |2 | 3|4 |5|6 |78
Peak 3|/4|5|6(7|8|9
high 4|15|6|7|8|9/|10

Data in Tablel is implemented using a triangular function, as shown in Figure 7.

Figure 7 — Relevance functions of the normalized signal reception

The second input corresponds to the track error received signal, which should remain between -0.8 to 0.8 dB. Table
2 presents the second input that has nine relevance functions.

Table 2 — Normalization of input 2

Input2 |-EG| -EM |-EP| -E | E | +E | +EP | +EM | +EG
Lower -1 -1 -1,-0(-0[{0]02|04] 0,6
Peak -1 -1 0|-0|0]02/04]| 06 |08
high -1 -0 0| 0 (0,2|04| 06| 0,8 1

Data in Table 2 are implemented using the triangular function, as shown in Figure 8.
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Figure 8 — Relevance functions of the standard error of the received signal.

Table 3 and Figure 9 show the limits of the relevant output. The direction of movement of the antenna will be
positive for clockwise motion and negative for counterclockwise.

Table 3 — Normalization of output.

Output | -R6 | -R5 | -R4 | -R3 | -R2 | -R1 R |RlL|R2|R3|R4|R5|R6
Lower | -6 -5 -4 -3 -2 -1,25 |05 0 | 0,5 |125 3

Peak -5 -4 -3 -2 |-1,25| -0,5 0 |05(125| 2 4

high -4 -3 -2 |-125| -0,5 0 05 (125| 2 3 5
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Figure 9 — Normalized relevance functions of the control signal.

From the input and output linguistic variables and from the configuration of their relevance functions, 63 rules were

developed, as shown in Table 4.

Table 4 — Block of fuzzy rules

-EG |-EM | -EP | -E E +E | +EP | +M | +EG
S1 | -R6 | -R6 | -R6 | -R6 | +R6 | +R6 | +R6 | +R6 | +R6
S2 | -R5 | -R5 | -R5 | -R5 | +R5 | +R5 | +R5 | +R5 | +R5
S3 |-R4 | -R4 | -R4 | -R4 | +R4 | +R4 | +R4 | +R4 | +R4
S4 | -R3|-R3|-R3 | -R3|+R3 | +R3 | +R3 | +R3 | +R3
S5 | -R2 | -R2 | -R2 | -R2 | +R2 | +R2 | +R2 | +R2 | +R2
S6 | -R1|-R1|-R1|-R1|+R1|+R1| +R1 | +R1 | +R1
S7 R R R R R R R R R

Figure 10 illustrates the implementation of the block of fuzzy rules, according to Table 4.
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Figure 10 — Block of rules

Below are some examples of the implementation of the block of fuzzy rules:
*If (Input_1 is S1) and (Input_2 is -EG) then (Output is -R6)
*If (Input_1 is S2) and (Input_2 is -EM) then (Output is -R5)
*If (Input_1 is S3) and (Input_2 is -EG) then (Output is -R4)

5. VALIDATION OF THE EXPERIMENT

The validation experiment was performed in Santa Cruz farm, in Cachoeira Paulista -SP, using a receiving antenna
with a 3.2 m diameter parabolic reflector.

We added to the platform an antenna, a GPS to monitor the same spatial location, and a digital receiver, which
provides the C/N. Our Control System Antenna Maneuvering, S3A, processed the information of the spatial position of
the antenna, generating a reference signal for a servo (not treated in this work). After processed, if the C/N was not
adequate, the system performed a fine antenna positioning to improve the received signal.

Given that K represents the time instant, the input data Sy are obtained directly from the receiver. The error data
Ex4q1 are calculated by Ex,; = Sk4+1 — Sk, and the values of the movement of the antenna are obtained from the
response of the fuzzy method.

Table 5 represents the results obtained in the field, by moving the antenna. When the values of the signal increased,
the corresponding motion values of the antenna decreased.

Table 5 — Results obtained from experience and testing of the measures in the field.

K Movimento da Antena Sk, dB Ex.q1,dB
0 - 5.37 -

1 1.00° Right 5.95 0.58

2 1.81° Rigth 6.35 0.38

3 1.34° Rigth 6.94 0.59

4 0.93° Rigth 7.58 0.64

5 0.97° Left 7.50 -0.80

6 0.52° Rigth 8.44 0.90

6. CONCLUSION

The results proved to be very good.

Based on the manual pointing we could generate all the architecture control system and create a simple and fully
operational Control System Antenna Maneuvering (S3A).

An efficient fuzzy controller was developed, with 63 rules to interpret human knowledge during the pointing.

The manual procedure takes about 50 minutes to align the antenna until it find the level of C/N required (> = 8 dB).
In the manual procedure is not always found the value of the C/N > = 8 dB, due to having a large number of exhausting
attempts so obtain a value close to that.

With our system the alignment took only about 3 min to be successfully completed, it was found at a C/N of 8.44
dB.

This response of the C/N ratio was obtained starting from 6 attempts of the system until it reaches the desired value.
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So, we can conclude that the results obtained from the experiments validated the system S3A and our automation
goals were completely achieved.
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