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Abstract. This research was pursued in a telescope motion control system that leads to
right ascension and declination. This research will discuss and create a new system for
telescopes that use the ATMega2560 microcontroller which is embedded in the Arduino
Mega board as the brain of this system. The way this system works is first the ATmega2560
microcontroller will read the first position of the telescope after that the telescope will be
moved by the hand box towards right ascension or declination and then the last position of
the telescope will be read by the microcontroller. By using this latest system, the servo
motor in the GOTO telescope can move with three-speed modes namely guide, set and
slew where the speed of the guide requires a frequency of 1604 Hz, the speed of the set
requires a frequency of 51.340 Hz and the slew speed requires a frequency of 501,368
KHz.
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1 Introduction

This GOTO telescope consists of two electronic parts and non-electronic parts. The
electronics section is the part that deals with all power supplies, data, motors and all matters
related to GOTO electricity. While non-electronic parts, such as telescope materials, mirrors,
mechanical parts such as gears and others. The entire body of the GOTO telescope is made of
iron that is sturdy enough to protect the components inside including the electronic components.
But over time, it is possible that the GOTO telescope will experience a decline in function. And
that also happens now, the GOTO telescope is not functioning optimally as before. This has
become one of the problems in the use of the GOTO telescope at this time.

This problem was discovered when an experiment after GOTO was repaired, one of the
function buttons on the handbox did not work so when the observer pressed the GOTO telescope
guide button it did not move at all. This problem causes the control system of the telescope is
not optimal. To anticipate this problem, several solutions are needed. Among them is the
creation of a new control system to optimize the performance of the GOTO telescope again.

The system is a combination of several components that work together and do a certain goal
[1]. The system includes everything, can be about the cable network used, how to communicate
between components, and how to make the output/output as desired. The GOTO telescope
encountered a problem in the motion control system is applied. Therefore, research on the
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motion control system of the GOTO telescope in the direction of the ascensorecta and
declination with three-speed modes using the ATMega2560 microcontroller is intended to make
the latest system for the GOTO telescope so that the telescope can be reused.

2 Methods

The method used for this research is to test all components that will be used in the GOTO
telescope. Testing this system is a step to strengthen that all components in the GOTO
telescope are suitable for use in this telescope. This step starts from testing the board in the
telescope joint right ascension section or RA board and then the declination section or DEC
board, then testing with other components in the GOTO telescope such as the connecting
board made by PT AERING, several sensors, hand box, servo drives and servo motors made
from OMRON. And the last is testing all of the components of the GOTO telescope in order to
find out the communication between the components in the GOTO telescope. The testing
components can be seen on Figure 1 and the whole diagram on Figure 2.

Fig. 1. Testing all of the components of telescope GOTO using Arduino Mega.
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Fig. 2. The whole diagram for testing all of the components of GOTO Telescope.

The process is clear that the first user will choose one of three-speed modes namely slew,
set, guide. Where each mode has its own speed. After that, the user will choose which direction
the telescope will be moved north, south, west or east. All of this will be sent via a signal through
a component called RS485 to the Arduino microcontroller.

After the microcontroller can read the signal given by the hand box. Arduino will execute
the command by moving the servo motor in the right ascension joints and declination of the
telescope. Servo motor is a motor that can work both ways, servo motor works with a closed
feedback system where the position of the servo motor will be informed back to the control
circuit that is inside the servo motor. Servo motor is a device or component that consists of a
DC motor, a series of gears, a control circuit and a potentiometer [2]. A servo motor that moves
is only one of the options, first right ascension or declination depending on the direction chosen
by the right ascension for west and east, declination for north and south. The speed also depends
on which model is chosen, Arduino will adjust according to the user's choice when pressing the
hand box. The speed also depends on which mode is chosen. The signal Arduino commands to
the servo motor is the frequency of PWM (Pulse with Modulation). Pulse Width Modulation
PWM (pulse width modulation) is a digital signal conversion technique in the form of a square
wave (square wave) where the duty cycle of the square wave can be set according to system
requirements [3]. The bigger frequency is given by Arduino, the speed of the servo motor will
be faster

When the telescope has moved as desired by the user. After that Arduino will read where
the telescope's last position is. The position of the telescope can be determined by the switch
that is in the body of the telescope. The switches in the telescope are micro switch, optocoupler
and proximity switch. The position of the telescope will be determined by the condition of the
switch contacted or not. This condition will send a signal to Arduino by the connecting board
where there is a communication IC inside to tell which switches are in contact and not so that
Arduino can deduce where the telescope is.



3 Results and Discussion

Based on the manual book of this servo motor, this servo motor has an encoder resolution
of 10,000 ppr (pulse per rotation) meaning that in one rotation this motor requires 10,000 pulses
[4]. This GOTO telescope has 1: 6912 reduction gear that meaning in one large rotation of the
gear in the GOTO telescope requires 6912 rotation of the motor used [5]. With these two things,
it can be concluded how many pulses are needed to produce one rotation, which 69.120.000
pulse waves. In the GOTO telescope manual book, the speed of each speed is different, 2x
sidereal time for guide mode, 64x sidereal time for set mode and 625x sidereal time. When
converted 1 sidereal day = 86164.1 seconds synodic with this if 69.120.000 pulses divided by
86164.1 seconds synodically will produce 0.0012456871 seconds / ppr. With this frequency will

be found by the formula Iof—— itwil produce a frequency of 802 Hz if rounded.
T 0.0012456871

This frequency is the frequency needed to produce tracking speed. In accordance with the
manual book of the GOTO telescope, guide mode has a speed of 2x tracking speed, this mode
will require 1604 Hz frequency, set mode has a speed of 64x tracking speed, this mode will
require a frequency of 51,340 Hz and slew mode has a speed of 625x speed tracking then
requires a frequency of 501,368 Hz. Microcontroller sketch program can be seen on Figure 3.

/f akmelerasi dari TRACKING ke mode GUIDE // deselerasi dari mode SET ke TRACKING

const int TrackingToGuide OCRA[21] = {19944, 19845, 19353, 19085, || const int SetToTracking QLRRAIS) = (310, 332, 421, 739, 2726, 19944
12466, 17728, 16001, 16019, const int SetToTracking OCRnA N =3; /7 jumlah langkah deselerasi - 1
15108, 14194, 13205, 12503,

11871, 11363, 10957, 10636, / akselerasi dari TRACKING ke mode SLEW

10387, 10201, 10072, 9996, const int TrackingToSlew QCEnAI61] = {10044, 896, 462, 312, 237, 102

9971}, 161, 139, 123, 110, 100, 92, §5.
79,74, 70, 66, 63, 60, 37, 35, 33,
const int TrackingToGuide OCRnA N =20; // jumlah langkah akselerasi — 51,40, 47,46, 45,43, 42 41,40,
1 39,30, 38, 37, 37,36, 33, 35, 34,
34,33, 33, 33, 32, 32, 32, 32, 31,
#/ deselerasi dari mode GUIDE ke TRACKING 31, 31, 31, 31, 30, 30, 30, 30, 30,

30, 30, 303:
const int GuideToTracking OCRnA[2] = {9971, 19944} }
const int TrackingToSet OCEnd N =4§0; / jumlah langlkah skseleras — 1
/! akselerasi dari TRACKING ke mode SET

// deselerasi dari mode SLEW ke TRACKING

const int TrackingToSet OCRnA[36]= {10044, 18031, 14001, 10201,
7392, 3439, 4137, 3216, 2539,
2078, 1717, 1440, 1224, 1053,
014, 801, 707, 620, 566, 517,
479, 447, 422, 400, 383, 368,
335, 343, 336, 320,323, 318,
314, 312, 310, 310}; 282, 105

3631, 5173,

const inf TrackingToSet OCRnA N =33; // jumlah langkah akselerasi- 1 19944} ;

const int SlewToTracking OCEnA N =§0; _/ jumlah langkah deselerasi - 1

Fig. 3. Microcontroller sketch program needed to drive the motor.

In the program, there is acceleration and deceleration soften the motor movement when it
will move or stop because when going to change the speed mode the motor will move in the
tracking speed first and then change the speed mode. The results of the program that have been
made can be seen on Table 1.



Table 1. Result for testing servo motor RA and DEC.

Motor condition

NO. Frequency (Hz)
RA DEC
1 1.604 Moved Moved
2 51.340 Moved Moved
3 501.368 Moved Moved

Table 1 shows the results of the program created. The results of the table show that based
on the frequency given and the accelerated deceleration made, the motor is still able to move
optimally meaning that this new system can make the GOTO telescope move again in
accordance with the GOTO manual book.

But sometimes the speed mode switches itself. This is because the components of the hand
box that are not functioning optimally. As a result, the signal sent to the microcontroller is not
stable so that sometimes the speed mode switches itself. This is alleged because the capacitors
in the hand box are worn out which results in unstable currents in the hand box so that the signal
being sent is unstable.

4 Conclusion

Based on the data and data analysis in the previous chapter, it can be concluded that:

1. The GOTO telescope can be moved towards right ascension and declination with
three-speed modes in accordance with the manual book of the GOTO telescope
where guide mode requires a frequency of 1,604 Hz, set mode requires a frequency
of 51,340 Hz and slew mode requires a frequency of 501,368 Hz to move

2. The program made for the ATMega2560 can make servo motors move the GOTO
telescope towards the ascensorecta and declination with three-speed modes
namely guide, set and slew
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