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Abstract— The automatic system satellite signal strength 

tracking model through the positioning of the receiving antenna 

is one way to reduce the problem of attenuation and signal 

strength instability which is quite influential in tracking the 

satellite orbit position. The method of applying the antenna 

movement technique by adjusting the azimuth and elevation 

angles is possible to detect the position of the satellite orbit 

trajectory accurately. Therefore, the expected goal is to know 

the existence of the satellite's orbital trajectory and ensure that 

the signal strength it transmits will always be stable in all 

conditions. The empirical quantitative method is used to 

support the achievement of these objectives where the technique 

is carried out through field observations and device design 

involving calculations and applied mathematical equations 

based on information on satellite position data as a tracking 

object as well as a source of signal strength. Based on the test 

results, it shows that all the positions of the tracked satellite 

orbital trajectories produce a minimum and maximum 

azimuth-elevation angle of 0.52% - 4.02% and 0.25% - 3.99% 

when the system detects NSS6. Furthermore, when the system 

detects Palapa D, the minimum values for the percentage of 

maximum deviation error are 0.6% and 4.67% with a tolerance 

of the alignment angle to the satellite of < 20. Overall, the 

designed system is able to track the position of the satellite's 

orbit path based on the level of signal strength stability on the 

parabolic receiver antenna which is designed with small 

percentage of angle error. 

Keywords— satellite, antenna parabolic, strength signal, 

azimuth, elevation, orbit 

I. INTRODUCTION 

Development of a tracking system for antenna signal 

strength in satellite communication are increasing and needed 

in determining the target position of the orbital trajectory of 

a satellite. The positioning of the satellite path requires 

increasing the gain of the receiving antenna although this will 

reduce the width of the antenna beam itself. Therefore, this 

tracking system is needed to control the movement of the 

angular position of the receiving antenna automatically. To 

improve its accuracy a design method is needed by taking one 

of the main parameters of the satellite orbital position namely 

the azimuth and elevation angles which are an important part 

of the designed system. Previous research describes a signal 

strength tracking system that only uses the azimuth angle 

parameter as the source of the tracking angle by only being 

applied indoors through Wi-Fi access points [1][2]. 

Other research results from advice the concept of tracking 

satellite signal amplification automatically through a closed 

loop algorithm approach which results in a miss position loss 

of 1 dB of the total tracking results [3]. While other research 

results explain the application of the auto-tracking design 

model using a microcontroller, GPS, sat finder, and digital 

compass to synchronize the azimuth and elevation angles to 

one satellite orbit position, namely the Cakrawarta-2 satellite, 

where this research also designed an automatic tracking 

device that points to the Cakrawarta satellite -2 which is in 

the corner of 107.35 East Longitude, the S-band frequency is 

2520 MHz - 2670 MHz [4][5]. The weakness of the previous 

signal strength tracking system has been improved by 

proposing the addition of a pointing control system that can 

produce accuracy and a minimum average error of 11.3º 

(azimuth) and 1.2º (elevation) even though the azimuth angle 

is still found to be deficient, namely fault tolerance is still 

under ITU-R regulatory standards of 2º from its peak pointing 

[6]. 

Therefore, this research will design a development model 

of a signal strength automatic tracking device using a 

parabolic antenna type as a regulator to obtain variations in 

azimuth and elevation angles as input indicators to obtain 

signal strength at azimuth angles ≤ 2º and elevation ≤ 2º to 

minimize transmission losses. which affects the position of 

the orbital trajectory of the tracked satellite. Based on some 

information data obtained from previous research, the 

objective of this research is to develop a model of a satellite 

signal strong automation tracking system by a parabolic type 

earth receiver antenna which is used to determine the position 

of the orbit of the satellite trajectory accurately with a very 

high error detection value small. 

II. METHOD 

The method in this research used a quantitative empirical 

descriptive and field observation approach. Field 

observations were done by collecting information data such 

as the type of satellite to be tracked, the allocation of working 

frequency, and the signal strength condition of the last 

position of the satellite's orbit based on the value obtained 

from a standard signal strength measuring instrument. While 

the quantitative empirical descriptive method is used when 

the field information data has been previously obtained and 

then processed through calculations using a mathematical 
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approach, then modeled into a system device. The system 

development model is shown through the research flow 

algorithm as illustrated in Fig. 1. 
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Fig. 1. Algorithm Design System 

Linearly, changes in azimuth and elevation angles follow 

changes in signal strength received by the antenna, where the 

magnitude can be determined using equations (1) and (2). 

 

𝐴′ = tan−1 [𝑙𝑠−𝑙𝑒]

sin 𝐿𝑒
                               (1) 

 

Where 𝐴′ denotes the satellite azimuth angle. Changes in 

azimuth angle really depend on the position of latitude (Le), 

longitude of the receiving antenna (le) and satellite (ls). While 

the change in elevation angle is stated by the following 

equation: 

 

𝐸 = 𝑡𝑎𝑛−1 [
(6.6107345−cos γ)

sin 𝛾
]    (2) 

 

Where E is the satellite elevation angle which will change 

its value linearly according with changes in the satellite 

azimuth angle. 

III. RESULT AND DISCUSSION 

The developed model requires testing so that the system 

is designed according to specifications to obtain good device 

performance. The test step is carried out using a comparison 

technique, which is to compare the results of the calculations 

with their measurements for several satellites, namely NSS6 

and Palapa D. 

A. Block Diagram 

Based on the algorithm described in Fig. 1, it can be 

implemented into a system block as shown in Fig. 2. 
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Fig. 2. Block Diagram of the System 

The system is designed based on three parts, namely 

input, process, and output. The input section consists of 

several sensors such as GPS, digital compass, and 

accelerometer, which detect and track the orbital position of 

the satellite which provides information on the angle of the 

satellite position to the microcontroller. This microcontroller 

will translate the angular position of the sensor through the 

help of motor windows 1 and 2 to move the parabolic antenna 

to a certain signal strength point according to the position of 

the detected satellite orbit [7]-[12]. Smartphones receive 

notification information from the microcontroller which can 

set and monitor realtime with special specifications [13]-[16]. 

B. Margin Error Value 

Test results show that the error margin value is a measure 

to determine the percentage accuracy of the final result based 
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on the deviation parameter of the test result value with the 

reference value obtained from the calculation results for each 

satellite object as stated below: 

• Azimuth angle of satellite NSS6 

 

A’= tan−1 [𝑡𝑎𝑛(1.658063−1.1878271)]

sin(−0.12017)
 

                   = 61.820  

 

Azimuth = 3600 – 61.820 

               = 289.170 

 

• Elevation angle of satellite NSS6 

 

cos γ  = cos(−0,12017) . cos(1.658063 − 1.1878271) 

               = 0.968815 

 

    𝛾  = cos−1(cos 𝛾) 

 = cos−1(0.968815) 

              = 0.250394 

  E = tan−1 [
(5.64192)

(0.247786)
] – 0.250394 

      = 73.140 
 

• Azimuth angle of satellite PAPALA D 

 

A’= tan−1 [𝑡𝑎𝑛(1.972222 −1.1878271)]

sin(−0.12017)
 

    = −38.160
 

 

• Elevation angle of satellite PAPALA D  

 

cos γ  = cos −0.12017 . cos(1.972222 − 1.1878271) 

            = 0.98841 

 

      𝛾  = cos−1(cos 𝛾) 

               = cos−1(0.98841) 

               = 0.152395 

     E = tan−1 [
(5.622324)

(0.152395)
] – 0.152395 

 = 79.720 

The result of this calculation is used as a reference value 

to determine the angle deviation error based on the difference 

between the test and the calculation. Tables 1 and 2 show the 

results of the comparison data along with the percentage error 

margin value for the overall test results of azimuth and 

elevation angles on NSS6 and Palapa D satellites [17]-[20]. 

TABLE I.  COMPARISON ANALYSIS RESULT OF SATELLITE POSITION NSS6 

No 

Monitoring Position 

Calculate Result 
Detection 

Result 

Margin Error 

(%) 

      

1 298.17 73.14 294.52 74.95 1.89 1.81 

2 298.17 73.14 296.18 71.92 4.02 1.22 

3 298.17 73.14 297.88 72.89 2.26 0.25 

4 298.17 73.14 297.99 73.64 2.20 0.50 

5 298.17 73.14 295.80 72.51 1.97 0.63 

6 298.17 73.14 296.10 74.54 0.52 1.40 

7 298.17 73.14 299.49 75.44 2.36 2.30 

8 298.17 73.14 297.45 72.84 1.21 0.30 

9 298.17 73.14 298.27 72.18 3.01 0.96 

10 298.17 73.14 297.43 74.42 2.94 1.28 

 

TABLE II.  COMPARISON ANALYSIS RESULT OF SATELLITE 

POSITION PALAPA D 

No 

Monitoring Position 

Calculate Result 
Detection 

Result 

Margin Error 

(%) 

      

1 38.17 79.72 39.58 77.97 1.41 1.75 

2 38.17 79.72 41.37 77.59 3.20 2.13 

3 38.17 79.72 40.56 80.54 2.39 0.82 

4 38.17 79.72 42.57 79.58 4.4 0.14 

5 38.17 79.72 40.82 81.92 2.65 2.20 

6 38.17 79.72 37.32 79.59 0.85 0.13 

7 38.17 79.72 35.26 80.96 2.91 1.24 

8 38.17 79.72 33.5 78.55 4.67 1.17 

9 38.17 79.72 41.00 79.70 2.83 0.02 

10 38.17 79.72 37.57 78.45 0.60 1.27 

 

From the data shown in Tables 1 and 2, the system 

performance can be described through its characteristic curve 

as illustrated in Fig. 3. 

 

 

Fig. 3. Block Diagram of the System 

The comparison of the azimuth and elevation angle test 

results shows that the change in the margin of error at the 

elevation angle is quite large compared to the azimuth angle 

which indirectly affects the change in signal gain received by 

the receiving antenna. Besides, the intensity of changes in the 

up and down of the signal strength occurs more due to the 

possibility of an obstacle in the transmission path so that the 

angle and level of the signal strength can easily change 

quickly [21]-[23].     

The increase in changes in azimuth and elevation angles 

in the tracking position of the NSS 6 satellite was greater than 

that of Palapa D so that it had an impact on the quality of the 

resulting signal to be more varied. The results of this analysis 
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are reinforced by the results of previous research which 

explain changes in the strength signal of satellite signals that 

will always result in a rapid change of azimuth angles and 

elevation values [24]-[27] while the accuracy is very much 

determined by the angle of movement of the tracking system 

with the position angle of the object being tracked [28]-[31]. 

IV. CONCLUSION 

Based on the results of the design and testing, it shows 

that the system can work well with an average margin of error 

below two degrees (< 20) by the research objectives, although 

some results are greater than two degrees. The successful 

performance of this system can be seen when this automation 

device can capture variations in changes in azimuth and 

elevation angles according to the surrounding environment 

with a minimum error percentage range of 0.52% and a 

maximum of 4.67%. 
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