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Abstract:This project aims to develop a GoTo modular
universal equatorial mount for telescopes, addressing the
limitations of traditional alt-azimuth mounts by enhancing
adaptability, user-friendliness, and precision. The mount's
modular design allows users to customize and upgrade
their system to accommodate various telescope sizes and
configurations, making it suitable for a wide range of
observational tasks, from planetary viewing to deep-sky
exploration. A key feature is its ability to align accurately
with the Earth's rotational axis, ensuring smooth tracking
of celestial objects and minimizing the challenges of
manual tracking, especially during long-exposure
astrophotography. The automated GoTo functionality
enables users to easily locate and track celestial objects by
entering coordinates or selecting targets from a database,
significantly reducing the time and effort required for
observations—an  especially beneficial feature for
beginners. Additionally, the mount incorporates advanced
motorized controls driven by high-precision stepper
motors and a user-friendly software suite, allowing for
both manual and automated operation. Designed for
portability and ease of assembly, the mount features
lightweight yet durable materials, ensuring convenience
for transport and storage. Overall, this innovative solution
combines mechanical engineering, electronics, and
software development to create a robust, versatile tool that
meets the evolving needs of both amateur and professional
astronomers.
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I.  INTRODUCTION

The exploration of celestial objects has long captivated
humanity, driving advances in both amateur and professional

astronomy. With the advent of accessible technology, there is
a growing demand for affordable, efficient, and user-friendly
telescopic systems that can enhance astronomical observation
experiences. This paper presents a novel solution: a low-cost,
modular, and universal equatorial telescope mount designed
specifically for automatic tracking of celestial objects.
Traditional telescope mounts often present barriers to entry for
amateur astronomers due to their complexity, cost, and the
steep learning curve associated with manual tracking. Our
proposed mount seeks to democratize the field of astronomy
by providing an intuitive system that combines affordability
with functionality. The modular design allows users to
customize and expand the system according to their needs,
fostering a greater engagement with astronomical
observation.This paper outlines the design principles, key
features, and operational mechanisms of the telescope mount,
alongside an evaluation of its performance in real-world
settings. By leveraging advancements in technology and
materials, we aim to bridge the gap between professional-
grade equipment and amateur accessibility, ultimately
contributing to a broader appreciation and understanding of
the cosmos. We anticipate that this innovative solution will
not only enhance the experience of amateur astronomers but
also inspire future generations to explore the wonders of the
universe.

II. PROPOSED METHODOLOGY

1. Requirements Analysis

e Define Obijectives: Start by defining the primary goals,
which are to create a telescope mount that is cost-
effective, modular, and capable of accurately tracking
celestial objects automatically. It should also be user-
friendly and portable, making it accessible to both
beginners and advanced users. Consider potential
applications, such as astrophotography or educational use,
to refine the design’s objectives.

e PerformanceSpecifications: Outline specific
performance criteria, including tracking accuracy (e.g.,
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within a few arcseconds), load capacity (how much
weight the mount can hold), and rotational speed to keep
up with Earth’s rotation. Set a target budget that covers all
components, and specify modularity requirements, like
the ability to swap parts or adjust or adjust for different
telescope types and sizes.
ResearchExistingSolutions:Investigate current market
solutions, such as entry-level equatorial mounts and Go-
To mounts, noting the limitations and advantages of each.
Identify the features that are most appealing (such as ease
of alignment) and those that increase cost or complexity,
like proprietary control systems. Document these findings
to guide design choices that will reduce costs without
compromising performance.

2.Mechanical Design

Structural Design: Design a robust yet compact base that
holds the telescope and mount in a balanced position,
minimizing vibration. Choose between tripod-based
structures, which are highly portable, or a fixed platform
if stability is more critical. Design the structure to be easy
to assemble and disassemble, enabling quick setup for
field observations and easy transport.

Equatorial Axis: Select an equatorial mount type that
allows one axis to align with Earth’s polar axis, making it
easier to track objects with a single motor. The German
Equatorial Mount (GEM) is a popular choice, but a Fork
Mount may simplify construction. Consider adding
counterweights to balance the telescope’s weight,
ensuring the mount operates smoothly with minimal
motor strain.

Modular Assembly:Opt for modular parts on the Right
Ascension (RA) and Declination (DEC) axes, allowing
for easy attachment of different telescopes and
accessories. Design these parts with interchangeable
fittings or adapters that support various payloads, so users
can customize their setup according to telescope size or
weight requirements.

Materials and CAD Modeling: Select materials that are
lightweight yet durable, such as aluminum for structural
components and 3D-printed PLA or ABS for gear
assemblies. Use CAD software to create 3D models of the
entire design, testing the stability, weight distribution, and
resilience of each part. Run simulations, such as finite
element analysis (FEA), to predict potential weak points
and ensure the structure’s robustness.

3.Motorized Control System

Motor Selection: Choose stepper motors for precision
control over RA and DEC movements, as they allow fine
adjustments in tracking speed and position. Ensure the
motors provide enough torque to handle the combined
weight of the telescope, counterweights, and accessories.
Check for compatibility with motor drivers to guarantee
smooth operation.
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Motor Drivers: Select microstepping drivers, such as the
A4988 or DRV8825, to control stepper motors smoothly,
enabling precise adjustments to RA and DEC positions.
Microstepping provides finer movement, which is
especially important for long-exposure astrophotography.
Test different driver configurations to balance speed and
accuracy.

Power Supply: Design a power system compatible with
portable power sources, like rechargeable batteries or a
USB power bank. Check the power requirements of all
components to prevent overloading. Add voltage
regulation if needed to ensure a stable power supply,
which is essential for maintaining consistent tracking
accuracy during prolonged observation sessions.

Power Management: Implement power-saving features,
like shutting down the Go-To system once tracking is
established, or reducing motor power during idle
moments. This can extend battery life, making the system
suitable for all-night sessions without needing frequent
recharges or replacements.

4.Electronics and Control System

Microcontroller Selection: Select a microcontroller, such
as an Arduino or ESP32, with adequate processing power
and memory to handle real-time tracking calculations,
motor control, and sensor input. Ensure it has sufficient
I/0 pins for connecting motors, sensors, and
communication modules, like Bluetooth or Wi-Fi for
remote control.

Sensors: Integrate orientation sensors, such as gyroscopes
and accelerometers (e.g., MPUG050), to assist with initial
setup and alignment. These sensors can help the user
orient the mount to the celestial poles accurately, which is
crucial for reducing tracking errors. Add limit switches to
prevent the mount from over-rotating, protecting both the
motors and gears.

Go-To and Tracking: Implement a basic Go-To system,
allowing users to input or select celestial objects by name.
The system should access a small onboard database of
object coordinates, automatically calculating RA and
DEC motor steps to position the telescope accurately.
Design the tracking algorithm to keep objects centered as
Earth rotates, using sidereal rate adjustments.

Interface: Create a user interface for controlling the
telescope, which could be as simple as physical buttons
on the mount or a more sophisticated mobile app. The app
can offer users the ability to select celestial objects,
initiate tracking, and monitor the telescope’s position.
Ensure the interface is intuitive, even for users with
minimal experience.

5. Software Development

Tracking Algorithm: Develop a real-time tracking
algorithm to calculate sidereal tracking speed, converting
celestial coordinates into motor steps for smooth RA and
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DEC movement. Include corrections for atmospheric
refraction and alignment errors to maintain accuracy over
time. This algorithm should be robust enough to handle
minor misalignments and keep the target object centered.
Go-To Feature: Program the Go-To functionality,
allowing the user to input or select an object, after which
the mount automatically moves to the desired coordinates.
Create a database of common celestial objects (such as
stars, planets, and popular nebulae), stored in flash
memory or on an SD card. The Go-To function should
calculate the shortest path from the mount’s current
position to the target, optimizing battery life and motor
efficiency.

User Interface (Ul): Design the Ul to include basic
options for RA/DEC alignment, object selection, and
tracking speed. If developing a mobile app, integrate
buttons for selecting celestial objects and manually
adjusting the telescope’s position. Use clear feedback
messages to guide users, such as indicating successful
alignment or alerting them to calibration errors.

6.Calibration and Testing

Polar Alignment: Provide clear alignment methods,
including step-by-step guidance on aligning the RA axis
with the celestial pole, such as through a polar scope or
laser attachment. Users should be able to achieve accurate
alignment even without extensive astronomical
knowledge, improving the mount’s ease of use.

Tracking Accuracy Testing: Conduct initial tests by
tracking a fixed terrestrial object (like a distant tower or
building) during the day. Check for any drifting or
irregular movements, indicating alignment or motor
calibration issues. Once daytime testing is successful,
switch to observing bright celestial objects, like the Moon
or planets, for real-world tracking verification.

Error Correction: Use a feedback loop with real-time
error correction to compensate for minor drift due to
mechanical inaccuracies. This may involve slight
adjustments to RA or DEC motor speed based on
feedback from the orientation sensors. Such correction
systems are essential for maintaining accuracy during
long-exposure astrophotography sessions.

7.Cost Optimization

Component Sourcing: Seek cost-effective parts from
reputable suppliers or consider salvaging
componentsRasfrom existing equipment where feasible.
Parts such as stepper motors, bearings, and structural
aluminum can often be obtained from used or recycled
equipment. Avoid proprietary or high-end components
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that could increase overall costs without providing
essential benefits.

3D Printing: Utilize 3D printing for non-load-bearing
components, such as motor mounts, housings, and smaller
gears. This approach not only reduces costs but also
allows for customization. Experiment with various 3D
print materials (like PLA and ABS) to find the balance
between cost, strength, and durability

Modularity for Customization: Design components to
be replaceable and upgradable, allowing users to swap
parts like motor drivers or control boards. This modular
approach also allows for potential repairs or adjustments
in the field, reducing downtime if any component fails.

8.Documentation and User Guide

Assembly Manual: Create a detailed, step-by-step
assembly guide, with annotated diagrams and photos of
each step. Include a list of tools and components required
for each stage, making it straightforward for users to
assemble or disassemble the mount.

User Guide: Develop a comprehensive user guide,
including sections on initial setup, polar alignment, Go-
To function, tracking, and alignment tips. Add
troubleshooting steps for common issues like motor stalls
or tracking inaccuracies.

Software Documentation: Provide a user-friendly
overview of the tracking software, with explanations of
key functions, like sidereal rate adjustments and database
access. Include instructions on how to update firmware or
make minor modifications if users want to customize
functionality.

Maintenance Tips: Include instructions for routine
maintenance, such as lubricating moving parts, checking
motor alignment, and battery care. These steps will help
users extend the mount’s lifespan and maintain tracking
accuracy over time.

9.Performance Evaluation

Field Testing: Begin with static testing in the daytime to
verify tracking on distant objects, ensuring stability and
accuracy. Conduct nighttime field tests under varying
conditions, like low and high ambient temperatures, and
check tracking for multiple celestial objects. Record
observations of any deviations to improve algorithms and
fine-tune settings.

Comparison with Commercial Models: Once testing is
complete, compare the mount’s performance with entry-
level commercial models.
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Fig. 1. System flowchart

I1l. EXPERIMENT AND RESULT B.Components Simulated:

- Stepper Motor Control: Simulated via a stepper motor library
to observe response to positional changes.

- Motor Driver: Emulated to test the control and microstepping
behavior under software commands.

- Gyroscope : Simulated to assess real-time response and
accuracy of orientation data used for alignment.

- Encoder: Emulated to verify feedback loops that adjust
stepper motor movement based on position tracking.

- Arduino Platform: Code was deployed on an Arduino
simulation platform to test response times and evaluate
processing limitations.

- Target Object Selection: A series of virtual targets with
preset RA/DEC coordinates were chosen to test tracking
accuracy and Go-To functionality.

The goal of this experiment is to evaluate the performance of
the software components responsible for tracking and
positioning functions in a low-cost, modular equatorial
telescope mount. Specifically, the software should control the
stepper motors accurately for tracking celestial objects, use the
gyroscope for alignment adjustments, and apply feedback from
the encoder to ensure position accuracy. The experiment will
assess the software’s ability to coordinate all components in
real-time to achieve stable and accurate tracking.

1. Materials and Simulation Setup

A.Simulation Environment: The code was tested within a
simulated environment to replicate field conditions. This
environment emulated the functioning of key components,
including the stepper motors, motor drivers, gyroscope,
encoder, and Arduino microcontroller.
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2.Procedure - The software adjusts motor positions in response to
A Initialization and Alignment Simulation gyroscope data, aligning the RA axis with the virtual celestial

- The code initializes by setting a default position and pole. Feedback from the encoder checks and refines this
receiving initial orientation data from the gyroscope, alignment.

simulating alignment toward the celestial pole. Calibration is

performed using simulated data from the gyroscope.

STEP_PIN_RA
DIR_PIN RA A
STEP_PIN_DEC
DIR PIN DEC ¢

ENCODER A 2
ENCODER B a4

Accelstepper motorRA(AccelStepper: :DRIVER, STEP _PIN RA, DIR _PIN RA);
AccelStepper motorDEC(AccelStepper: :DRIVER, STEP PIN DEC, DIR PIN DEC):

Encoder encoder(ENCODER_A, ENCODER_BB);

MPUGOSO mpu;

encoderPposition 5 H

Fg 3.Itegrated code for simulation
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B.Go-To Functionality Simulation

- The user inputs the RA/DEC coordinates of a target celestial
object, triggering the Go-To algorithm.

- The code calculates the necessary steps for the RA and DEC
motors to reach the target position. The simulated stepper
motors respond accordingly, and encoder feedback verifies the
alignment accuracy at the destination.

- Positioning errors are recorded by observing discrepancies
between target and actual encoder valuesafter each
movement.

motorRA
motorRA
motorDEC.

mpu.initialize

Impu.testConnection

encoderPosilion =
"I

encoder.rea

C.Sidereal Tracking Test

- Once aligned with a target, the sidereal tracking code
initiates continuous movement of the RA motor at sidereal
speed.

- Encoder data is used in real-time to detect and correct any
deviation from the expected sidereal path. Drift measurements
are taken at regular intervals over a 30-minute simulated
session.

- Positional adjustments are applied automatically based on
encoder feedback, and tracking accuracy is recorded.

encoderPosition);

L ax, ay, az;
EXs BY> E%;
mpu.getMotl ion6 (&a

)5 S

D. Response to Simulated Environmental Conditions

- To test software resilience, random disturbances (such as
simulated wind vibration) were introduced. The software’s
ability to maintain tracking stability by responding to encoder
and gyroscope feedback was observed and recorded.

3.Results

A.Initialization and Alignment Accuracy

- Observations: Upon initializing, the software took
approximately 2-3 seconds to process initial gyroscope data
and calculate alignment adjustments. The encoder confirmed
positional accuracy within 0.3 degrees of the virtual celestial
pole.

- Implications: This level of accuracy suggests that the
alignment process, though simulated, is sufficient for real-time
field usage. The use of gyroscope feedback in combination

Fig. 4. Integrated code for simulation
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with encoder data provides effective positional accuracy for
setup.

B. Go-To Functionality Accuracy

- Observations: The software demonstrated an average initial
positioning error of 0.2 degrees when the Go-To function
targeted simulated celestial objects. After encoder-based
adjustments, this error was reduced to within 0.05 degrees,
effectively centering the target object in the field of view.

- Implications: The Go-To algorithm efficiently calculates
required motor steps and leverages encoder feedback to
achieve high positioning accuracy. This accuracy is expected
to perform well in real-world applications, allowing the user to
locate and center celestial objects reliably.
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C. Sidereal Tracking Accuracy

- Observations: During the 30-minute simulated tracking test,
drift was observed at an average rate of 3 arcseconds per
minute. Encoder-based corrections applied by the software
successfully maintained the target object within 1 arcminute of
the desired position.

-Implications: The sidereal tracking algorithm performs well
for visual observation and short-exposure photography, though
minor drift correction may be necessary for longer observation
periods. Encoder feedback is effective in detecting and
adjusting for minor misalignments, maintaining consistent
tracking accuracy.

Fig. 5.Simulated circuit

D.Response to Environmental Disturbances

-Observations: When simulated disturbances were introduced,
the software responded within 1 second to correct the mount’s
position using gyroscope and encoder feedback. Recovery
accuracy was within 0.1 degrees of the original position,
demonstrating software resilience.

-Implications: The system's real-time response to disturbances
indicates its capability for stable performance under moderate
environmental influences, enhancing its usability for field
conditions.

E.Processing Efficiency and Real-Time Performance

- Observations: The Arduino-based code executed all tasks
with minimal delay, averaging a 100 ms response time for
position adjustments. No significant lag was detected, and the
microcontroller’s processing capacity was adequate for
managing motor control, feedback, and tracking tasks
simultaneously.

- Implications: The software’s efficiency indicates that it can
handle real-time tracking and Go-To commands without
requiring higher-performance hardware, thus maintaining low
system costs.
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Fig. 6.Simulated wor'king of the System

The software component of the modular telescope mount
successfully demonstrated functionality across all simulated
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tests. Key outcomes include precise Go-To performance with
encoder-based adjustment, reliable sidereal tracking with
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minimal drift, and fast response to positional disturbances.
These results suggest that the software can perform accurately
under field conditions, offering reliable tracking and target
positioning on low-cost hardware. The implementation of
encoder and gyroscope feedback loops effectively enhances
both the accuracy and stability of tracking, supporting the
mount’s suitability for amateur astronomers and educational
purposes. Future refinements may focus on optimizing real-
time corrections for prolonged astrophotography sessions

IV. CONCLUSION

The development and integration of low-cost, modular
equatorial telescope mount designed to automatically track
celestial objects, demonstratesignificant advancements in
making astronomical observation more accessible. The design
incorporates easily obtainable materials and open-source
control software, enabling amateur astronomers and educators
to assemble and operate the mount with minimal technical
barriers.

Simulation results of various components' code were essential
in validating the mount’s functionality and performance. Motor
control simulations indicated smooth and stable operation,
achieving targeted positioning with minimal error. Tracking
algorithmsensure they could handle the relative motions of
celestial objects accurately, while feedback loops optimize to
compensate for mechanical inconsistencies and environmental
disturbances, thus enhancing overall precision..

The Raspberry Pi served as the central processing unit,
coordinating various components. The modular design allows
for flexibility in assembly and customization but also ensured
compatibility with future hardware and software updates. It
also allows users to customize or upgrade the system with
ease, promoting an open-source framework that encourages
community-driven  innovation and  enhancements.Our
simulations and physical testing demonstratethat the mount
achieves a satisfactory level of precision, suitable for both
visual observation and basic astrophotography. Future work
will aim to refine the tracking algorithms and improve
environmental adaptability.

Overall, this project illustrates the potential for low-cost,
modular telescope mounts to to create an affordable, accessible
equatorial mount  capable of  precise  celestial
tracking.ltdemocratize access to astronomy, offering an
accessible yet functional tool for observation and education. By
combining low-cost hardware with the flexibility of open-
source programming, this design offers a practical tool for
educational and amateur astronomical observation, contributing
to broader access and interest in astronomy.

V. REFERENCES

H. Bouzakri and A. Abbou,(2019) "Study and
Realization of A Monoaxial Solar Tracker Over an
Equatorial Mount,” 7th International Renewable and

[1].

49

[2].

[3].

[4].

[5].

[6].

[71.

[8].

[al.

[10].

Sustainable Energy Conference (IRSEC), Agadir,
Morocco, 2019, pp. 1-6, doi:
10.1109/IRSEC48032.2019.9078168.

B. Espinoza-Garcia, P. Yanyachi and G. C. Mamani,
"Control of a Telescope Mount for Astronomical
Observations and LEO Satellite Tracking,” 2024
IEEE URUCON, Montevideo, Uruguay, 2024, pp. 1-
5, doi: 10.1109/URUCON®63440.2024.1085007

F. Arranz, J. Abad, P. Ramos, S. Bielsa, A. Yanes-
Diaz and G. Palacios-Navarro,(2023) "On Identifying
Natural Frequencies in the JAST80 Telescope and
Validation With a Simplified 3-D Model," in IEEE
Transactions on Instrumentation and Measurement,
vol. 72, pp. 1-13, Art no. 6501213, doi:
10.1109/T1M.2023.3246530.

K. C. O'Brien, R. C. Heidt and G. J. Owens,(2019)
"A transportable 16-GHz solar telescope for
atmospheric transmissivity measurements,” in Radio
Science, vol. 7, no. 2, pp. 215-221, doi:
10.1029/RS007i002p00215.

P. J. Napier, A. R. Thompson and R. D. Ekers,(2022)
"The very large array: Design and performance of a
modern synthesis radio telescope," in Proceedings of
the IEEE, vol. 71, no. 11, pp. 1295-1320, doi:
10.1109/PROC.2022.12765.

C. Naverschnigg, D. Ojdani¢, A. Sinn and G.
Schitter, "Analysis and Control of a Robotic
Telescope System for High-Speed Small-UAV
Tracking,” in IEEE Aerospace and Electronic
Systems Magazine, doi:
10.1109/MAES.2024.3515894.

Z. Lei, M. Wang, T. Lei and D. Li, "Tracking moving
weak objects in celestial image sequences,” in IEEE
Transactions on Aerospace and Electronic Systems,
vol. 52, no. 3, pp. 1257-1266, June 2016, doi:
10.1109/TAES.2015.150110.

U. Mutilba, G. Kortaberria, F. Egafia and J. A.
Yague-Fabra, "Relative pointing error verification of
the Telescope Mount Assembly subsystem for the
Large Synoptic Survey Telescope,” 2018 5th IEEE
International Workshop on Metrology for AeroSpace
(MetroAeroSpace), Rome, Italy, 2018, pp. 155-160,
doi: 10.1109/MetroAeroSpace.2018.8453570.

H. Jiang et al., "A distributed control system for a
radio telescope with six-meter hexapod mount," 2009
IEEE International Conference on Control and
Automation, Christchurch, New Zealand, 2009, pp.
2003-2010, doi: 10.1109/ICCA.2009.5410319

K. Venkatramani and E. Subramaniyan, "Design and
Analysis of Space Objects Tracking Algorithm,”
2023 IEEE 3rd Applied Signal Processing
Conference (ASPCON), India, 2023, pp. 61-65, doi:
10.1109/ASPCON59071.2023.10396252



|JEAST

INTERNATIONAL JOURNAL
OF ENGINEERING APPLIED SCIENCE
AND TECHNOLOGY

ABOUT LJEAST

International Journal of Engineering Applied Science

PEER REVIEWED

All submissions are rigorously peer

and Technology (IJEAST) is a peer-reviewed, open
access journal that publishes high-quality research
papers in the field of Engineering, Applied Science
and Technology.

reviewed to ensure quality.

OPEN ACCESS

IJEAST aims to provide a platform for researchers, Free and unrestricted access to
e B : research for all.
academicians, and professionals to share their
innovative ideas, research findings, and practical
GLOBAL REACH

Connecting researchers and

experiences with the global scientific community.

professionals worldwide.

FOCUS AREAS
® Engineering
TIMELY PUBLICATION

@ Applied Science
We ensure a swift and efficient

® @ ® @

® Technology publication process.
@ [nnovation & Development

@ Interdisciplinary Studies

@ For more information, visit our website

www.ijeast.com
INTERNATIONAL JOURNAL B4 editor@ijeast.com
OF ENGINEERING APPLIED SCIENCE ® "
AND TECHNOLOGY www.ljeast.com

Q India

2455-2143




