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Introduction

* UCF Robinson Observatory on Ara Drive
was built in 1994 and has been a research
and education facility run by the
Department of Physics

* The current control system is built by
BisqueTCS and is a highly proprietary piece
of hardware that requires flyingin a
specialist any time there is an issue at a cost

* FSlasked ateam of EE, CS and ME students
to create an open-source scale model of the
existing 20" Ritchey-Chretien Telescope and
its control box as the first phase of replacing
the current system




Goals & Objectives

* To create a scale model for use as a testing platform without
posing harm to the expensive existing hardware such as the
custom Pittman motors

* The secondary intent of the project is to create and release open-
source plans which would allow amateur astronomers to build their
own scale model of the telescope system

* This involves designing a PCB to interface with astronomy
software to translate commands to the right ascension and
declination motors that drive the telescope



Specifications

Sensor response time 20Mms
Cost $800

Power consumption 8oW

Pointing accuracy +/- 1 degree




Required Features

 Shall interpret control signals from Stellarium software.

* Shall accept secondary input from user operated joystick to move motors manually at
variable slew rates

* Shall support homing capability for the telescope.

* Shall support pointing limits (no declinations below the horizon; no horizontal azimuths
that will damage the telescope)
 Shall support the ability to work in multiple modes:

* Sidereal tracking: in which the declination motor does not move and right ascension
motor tracks at sidereal rate

* Nonsidereal tracking in which both motors move at non-standard tracking rates



Realistic and Design Constraints

* Economic and Time Constraints
* $750 grant
* Interdisciplinary team milestones

* Environmental, Social and Political Constraints
 Geared towards amateur astronomer

» Manufacturability and Sustainability Constraints
* Open-source, COTS equipment



Overall System Diagram
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Control Diagram
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Software Block Diagram

* Push to make the
software as user friendly
as possible with our own
wrapper functions

* ISR's were designed to be
as light weight as possible

Setup()
-Pin mode configuration
-Variable initialization

A 4 \ 4

Loop()
-Conditional logic
-Reset configurations
-Serial commands
-Variable status checks

Global Variables

A

Interrupt Service Routines
-Optical sensors
-Joystick mode

A

A\ 4

Helper Functions
-Mathematical operations
-Executing of logic
-Enabling/Disabling features




Part Selection and Design



Right Ascension & Declination Motors

High at low speeds High even at high speeds

High with encoder feedback High

More suitable for low speeds More suitable for high speeds

Moderate

Moderate




NEMA-17 STM17R-3NE

RPS * Step Count = Pulse Frequency



Motors & Encoders

Encoder Differential Line Receivers Input Pulse Subtractor Output Pulse
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Sensors

4.5—16V
12 mA

Digital /O I2C

TT Electronics ams
OPBg80T51Z AS5601
$5.04 $3.49 + Magnet

3-5V
16 mA
N/A

SSC/IIF
Infineon
TLI5012B

$7.23 + Magnet




Optical Switch




Optical Sensors

Supply to Input Diode of OPBY5{L Sensars

1o




Microcontroller

PWM [1/O Total Primary Clock speed | Price
pins pins pins Programming
Language

MSP430G2 $17- 23.75

Raspberry Pl 3 $35.68

ATmega328 $22

ATmega2560 $38.50




ATmega2560 and Status LEDs




On-Board Microcontroller (ATmega328)

Status LEDs ATmega32s




Joystick

Analog outputs tell the program the
speed and direction in which to move
the right ascension and declination
motors

Digital output is used to take control
of the telescope operation from the
tracking software using interrupts

Need to make sure there are
tolerances programmed to avoid
unwanted telescope motion

No

2.7X2.1X2.1
$19.95

Yes

1.64x1.2Xx1.1
$6.95

2
1
5V

Yes

1.25X1.5X 1.5
$5.95




Power Supply

* 150W, 6.3A
* Universal input voltage
* Regulated output voltage

* Designed for use with DC-
bowered
stepper/servo/integrated
motors

6.3A

24VDC

150W

$172.00

6.7A

48VDC

320W

$262.00

NO

Variable

Variable

Variable
Variable




Joystick, Power Supply and Resistor
Connections

2ADC Input Terminal Block

ATmega power pins

Joystick




Overall PCB Schematic
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Overall PCB Layout—Rev 1
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ing

Test

* Breadboard



Overall PCB Layout — Rev 2
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Temporary Mount




Software Development



Problem Recap

* How to utilize a set of hardware (motors, optical sensors, joystick)
to view celestial bodies
* Locating the body as desired
* Preventing damage to telescope
* Tracking implementation
 Designing in a way to be simple to code and understand



Mount Selection

German Equatorial Mount
Advantages
* Tracking

* Only one motor required
* Less complicated algorithm

* Integration with observatory

Drawbacks
* Mount needs to be angled to north pole
* Requires a meridian flip




Meridian Flip

* Physical elements of the
telescope can cause harm
during operation

* A calculated maneuver using
both motors can fix this
problem

Morth Leg

“iewing objects East of the Meridian “iewing objec st of the Meridian




Hardware to Software Translation

* German Equatorial Mount maps the sky as a latitude and longitude
coordinate system

* Encoders on the stepper motors are directly translated to degrees
in the sky

* Optical sensors can be used to determine when to perform a
meridian flip



Administrative Content



Project Milestone Chart

Senior Design 2 - EE Sub-Team

8/26 9/2 9/9 9/16 9/23 9/30 10/7 10/14 10/21 10/28 11/4 11/11 11/18 11/25 12/2 12/9

Build prototype

Software development

CDR

Hardware/Software check
Address prototype issues
Integrate & assemble final project
Mid-term demo

Test and fine tune

Presentation

Showcase

Final document due




Budget

$204.00 $408.00
$38.50 $38.50
$172.00 $172.00

$5.04 $10.08

$5.95 $5.95
$16.41 $16.41

$105.21 $105.21




Work Distribution

Anthony Eubanks = Melinda Ramos

Brian Glass Anthony Eubanks
Brian Glass Anthony Eubanks
Thomas Vilan Melinda Ramos
Thomas Vilan Anthony Eubanks
Melinda Ramos Brian Glass

Anthony Eubanks = Thomas Vilan



Project Progress

Initial Prototype Testing
Aquiring Remaining Parts
Software Progress

PCB Manufacturing

Integration with CS & ME teams

Total System Progress
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Questions?



