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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 20mMSs
Cost $3800
Power consumption 8oW
Pointing accuracy +/- 1 degree

Electronics dimensions 20" x 20" x 10"

Weight slb




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 horizontal azimuths that will damage the telescope)

 Shall support sidereal tracking in which the declination motor does not move and right
ascension motor tracks at sidereal rate



Realistic and Design Constraints

* Economic and Time Constraints
* Shared $1,000 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

Hardwired : :
. - » Indicator Lights
Connection
» Microcontroller
Joystick Y
y » Motors/Encoder
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Software Block Diagram

Setup() Global Variables
-Pin mode configuration
-Variable initialization Joystick()
e Basic API for future -Interrupt Configuration -Maps hardware commands to motors
endeavors with our own -Going to home movement or
: -Begins tracking
wrapper functions |
e Serial events and Loop() SerialEvent()
corresponding helper -Run Joystick() / -Parse & Perform requests sent by CS
functions for mathematics -Conditional Check for home Team
* ISRs designed to be as | o - Fttmctions
light weight as possible e Fa——
- - -Sending back proper positioning
Interrupt Service Routines()
-Optical sensors
-Motor Encoders




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

Home edge

Sensor
/ (mounted to non-rotating
part)

/ End of travel

Interrupter
(mounted
to gear)




Optical Sensors

Supply to Input Diode of OPBY5{L Sensars

1o




Microcontroller

PWM 110 Total Primary Clock speed
pins pins pins Programming
Language

MSP430G2

Raspberry Pl 3

ATmega328

ATmega2560

ATmega2560 has large number of pins
PWM pins very easy to use for
development

Client's desire for Arduino-compatible
MCUs

Price

$17- 23.75
$35.68

$22

$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

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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PCB —Rev 2
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Temporary Mount

Laser Pointer «—— Optical Sensor
(Telescope) & Interrupter

«——— DEC Motor
& Encoder

RA Motor
& Encoder




Intradisciplinary Integration - ME

PY Gear RatIO Right Ascension
e 38000:1 for RA
e 100:1 for DEC

* 38,000:1 gear ratio makes -
6°/second slew rate Assembly
impossible.

Lower

* Also requires higher PWM
frequency than Arduino is
capable of.




Moon ' D O ©
Type: moon N
Magnitude: -12.03 (reduced to -11.85 by 1.42 Alrmasses) gildacarrn
Absolute Magnitude: 0.21

Mean Opposition Magnitude: -12.74

RA/Dec (J2000.0): 6h32m07.21s/+22°51'55.0"

RA/Dec (on date): 6h33m20.74s/+22°50'55.3"

HA/Dec: 20h38m55.91s/4+22°51'14.3" (apparent)

Az /Alt.: +85°12'21.7"/+44°40'17.4" (apparent) . __ November Orionids

Gal. long./lat.: -169°36'54.0"/+6°12'29.0" ) @E?RTE » )

Supergal. long./lat.: +18°02'58.2"/-51°01'16.2" 5

Ecl. long./lat. (J2000.0): +97°23'43.9"/-0°22'05.1" ’ Betelgeuse

Ecl. long./lat. (on date): +97°40'41.9"/-0°21'56.0" o : . . / ion (120! m
Ecliptic obliquity (on date): +23°26'10.2" _ ¢ Rigel !

Mean Sidereal Time: 3h12m13.6s s

2 : X 200 22°51'51,29"
Apparent Sidereal Time: 3h12m12.5s

Slew telescope to X

4rl<»

Rise: 20h25m Current object Center of the screen
Transit: 3h19m
Set: 10h12m L M=

Parallactic Angle: -71°45'27.8"

IAU Constellation: Gem o

Distance from Sun: 0.991 AU (148.230 M km) «Procyon

Distance: 0.002523 AU (377398.796 km) . e EE —
-M

Equatorial rotation velocity: 0.005 km/s ,a-Monocerotids G Sirius

Apparent diameter: +0°31'39.12" :

Diameter: 3474.8 km

Sidereal period: 27.32 days (0.075 a)

Mean solar T uBnaAmO3 [ cemea ]
Mean solar dag': 708h44m03.0s e Cameta

Synodic period: 29.53 days (0.081 a)

Phase angle: +44°02'11.8"

Elongation: +135°51'42.5" »
llluminated: 85.9% =

Albedo: 0.120 .

Moon age: 18.4 days old

m

Earth, Orlando, 0 m FOV 106° 17.2 FPS  2019-11-15 23:57:19 UTC-05:00




Software Development



Problem Recap

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



Mount Selection

German Equatorial Mount

Advantages-
* Standard Tracking

* Only one motor required
* Less complicated algorithm

* Integration with observatory
* Easier programming

Drawbacks-
* Mount needs to be angled to north pole




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



Software Design




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
CDR ¢
Software development
PCB #2 Testing
Temporary mount development
Mid-term demo
CS Integration
Presentation
ME Integration & Final Testing
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



Questions?



DEMO



Stellarium commands

* :GD# (command for requesting declination motor position)
* :GR# (command for requesting right ascension motor position)

* M-RA motor degrees-DEC motor degrees (string created by CS team to
integrate with EE team. Example: M-114.04-106.09)



Stellarium - Live demo

1. Set Stellarium time to midnight
2. Slew to 12225 (Yanfernandez)

* RA position: ~ 7h32m 9.2s

* DEC position: ~16°5m 15.2s

3. Slew to Cappella
4. Joystick



Pointing
accuracy
demonstration

Command is sent to RA motor
to slew to 225 degrees

After confirming it reached
the position, a new command
is sent for 20 degrees

Using a 1:1 gear ratio for
testing

1) M-225.0-225.0

2) M-20.0-20.0

YouTube Link



https://www.youtube.com/watch?v=78VDDVP3i3k

Video
demonstration

During boot-up sequence,
motors go to home position
(where both sensors are
triggered)

Once reached home, allow
movement

Joystick will only let
movement occur in opposite
direction of motion from
which sensor was hit

Clicking the joystick button
triggers tracking

A second press takes it out of
tracking

YouTube Link



https://www.youtube.com/watch?v=78VDDVP3i3k
https://www.youtube.com/watch?v=ijZciPK95tI

