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Project Motivation

The motive for a portable ground station is such that a military personnel in
combat may deploy the ground station to communicate with the "SeeMe"
constellation. The SeeMe satellites will take an image of a specified location on
Earth and downlink the image directly to the soldier. This allows the user to
image unknown locations real-time is a short, simple manner.
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Project Definition

Mission Statement: The ARGUS ground station is designed to
be able to track a LEO satellite and receive a telemetry
downlink using a platform that is both portable and more

affordable than current S-Band ground stations for
implementation in remote locations.

* Low Cost < $5000.00
* Commercial Off The Shelf (COTS) where possible

* Portable — two person carry

Signal Processing Conclusion
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Functional Requirements

The ground station shall be capable of receiving signals from a

LEO satellite between 2.2 to 2.3 GHz, in QPSK modulation with a BER of 10e-5, and
a G/T of 3 dB/K.

The ground station shall mechanically steer an antenna/system to follow a LEO
satellite between altitude of 200 km to 600 km between 10° elevation and 170°
elevation.

3.0 The ground station shall be reconfigurable to be used for different RF bands.
4.0 Two people shall be capable of carrying and assembling the ground station.

5.0 The ground station onboard computer shall interface with a laptop using a Cat-
5 ethernet cable.

Project Overview Baseline Design Tracking Signal Processing Conclusion



D

CONOPS



Legend
===  Overall
Ground
Station | @ ®

‘ Transport




Legend
P> Overall
Ground
Station

‘ Transport



Legend
— Overall
Ground
Station | @

‘ Transport
A

Establish
Contact

:

<IIIIIIIIIIIIIIIIIIIII

o .s P aAssemblY Pl
®

4 f




Establish
Contact
<IIIIIIIIIIIIIIIIIIII
Legend Illllllllllll
q Over'a”
Ground
Station | @

‘ Transport
A



Establish
Contact
<IIIIIIIIIIIIIIIIIIII
Legend Illlllllllll
q Over'a”
Ground
Station | @

‘ Transport
A



Motors

Establish
Contact

Legend ‘
=== Overall
Ground
Station | @

‘ Transport
A




Critical Project Elements

Tracking Tracking Signal
Hardware @ Software [ Processing

Antenna

Mobility
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Baseline Design

* This is a rough preliminary
design of the ground
station

* Displayed are:
* Antenna parabolic dish

* Two-axis motorized gimbal
mount

e Case with the SDR, Signal
Processing Circuit, NUC,
motor controller, and
motor drivers
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Antenna Baseline Design

* Customer Requirements:

Frequency Range | 2.2-2.3 GHz

Polarization | Right Hand Circular Polarized
Gain/Temperature Ratio | 3 dB/K

* Used these parameters to calculate design variables of
antenna:

Diameter | |.5 m

Half Power Beamwidth | 9°
Gain | 27.3 dBi
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Antenna Baseline Design
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Tracking Software

Obtain azimuth, elevation,
and a predicted orbit from
downloaded TLE using
orbit propagator and
coordinate transformation

Project Overview Baseline Design

Baseline Design

Calibrate pointing and
verify signal

Tracking

Maintain link with satellite
during pass

Signal Processing

Conclusion




Tracking Hardware Baseline Design

* Custom parabolic dish
Two-Axis Gimbal

* Driven by two direct
drive motors
Rotational data
provided by absolute
rotary encoders
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Tracking Hardware Baseline Design

* Components:
* Elevation and azimuthal motor(s)
* Two-axis Gimbal mount

* Rotary Encoder, Hall Effect
Sensor, etc.

* Motor controller
* Motor Driver

* Requirements:

* Must be capable of driving
antenna at max slew rate of
2.26° per second

* Mount must be capable of
withstanding driving torques

* Shall be able to point to an
accuracy of +4°
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Signal Conditioning Baseline Design

External w9
* Components Computer | 1150
* Low-noise amplifier (LNA) |
e Gain: 15-25 dB &’ﬁ:ﬁﬁr E ‘ Software Defned
. Power Source |— FleF:ch’:::(iron _
* Bandpass filter Tz Siona
Legend Softvre Processing
* PaSSband: 2 tO 2.5 GHZ — :ow:r (\.:It;ges TBD) Circuit
=== Satellite Bit Stream
=== Pointing Control Amplifier
o Inte rfaces Satelile TLE dein ‘ Motor H Arduino ‘
Drivers Due
* Antenna feed — SMA or N-type connector (input) ‘j‘b"d F'“’lj”‘:“"" ey | s ||
0 be develope Motors Encoders
* Software defined radio — SMA connector (output) | Tbepuchas Antenna Unit
* LNA to filter — SMA connectors (internal) N
Satellite

* Purpose
* Amplify target signal above noise floor for accurate sampling

* Isolate signal from other powerful sources to reduce error from interference
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Frequency Range 2.2-2.3 GHz

Antenna Parameters

Polarization Right Hand Circular Polarized

Gain/Temperature Ratio | 3 dB/K

Dish Design For Highest Efficiency

®* Feed Point
External
w, et
Computer text file
Onboard | pgnink ‘ Software Defined
Power Computer | processing Radio
Power Source .
120V AC Regulation -
Contol
1 n
® Software |— Signal
Legend Processing
=== Power (Voltages TBD) Circuit
=== Satellite Bit Stream

Amplifier

=== Ppinting Control
Satellite TLE data

Motaor Arduino
Drivers Due

|

Cutside Project Scope

Downlink

Pointing Shaft
To be developed ‘ Motors Encoders
" | To be purchased Antenna Unit

! apsk

0 0.2 0.4 0.6 0.8 1 Satellite
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Gain Estimation Requirement:  7- =37

L = Loss
Antenna l = Line Length
Feed Tenn r—temperiae ® LOsses are dependent on purchased components
* Estimate component losses to determine required
L, Lp Bandpass Lc Telemet gain:
LN SDR |— lelemetry
Iy )/ lg :ilter le Bitstream
BPF
L
a=10""10

Te=aT, + (1 —a)Ty+ 7, 1. 4 1SDR_
o GLNA/ loss
Lc

Ly = — (ly + lg) + Lgpr + (# of connectors) L pnnector
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Option |: Commercial Antenna

* Off the shelf
possibilities that meet
frequency, polarization,
gain, and beamwidth
requirements

* Weight range: 1 7-60 Ibs

* Less mobile

* Verified by mWAVE RPDC-6-22-N-R|
manufacturer 6 ft
Aluminum
* $4000 MWAVE RPCD-4-23-S
4 ft
Aluminum

Project Overview Baseline Design Antenna Tracking Signal Processing Conclusion
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Option 2: Building Reflector; Buying Feed

*A: Parabolic Dish Reflector
*B: Commercial Feed

*C.: Struts and Feed Mounting System

Project Overview Baseline Design Antenna Tracking Signal Processing Conclusion
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Option 2A: Parabolic Reflector Design

Basedon 6 = 118° Depth = 0.212 m
Diameter = .5 m Focus = 0.663 m

Assemble

—)

’-Y

e
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Option 2A: Parabolic Reflector Design

* A=13.252 cm
* Manufacturing Accuracy/Minimum Gap size = M10 = .32 cm

* Numerous Design Options
“*Mold Injected w/ Mylar Skin
“»*Carbon Fiber
“*Metallic Mesh
Viable to be assembled in house, if in split panel configuration
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Option 2B: Commercially Available Feeds

Southwest Antennas Helical #1005-
007
|.7-2.7 GHz
LHCP
H Beamwidth: 360° | '

V Beamwidth: | | 8°

Alaris Antennas SPRL-A0010
1.0-2.5 GHz
LHCP
Beamwidth: 120°
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Option 2C: Feed Mount

* 4 supports to hold in feed center
* Aluminum: lightweight

* Thin: I/8" diameter to reduce
blockage loss
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Antenna Verification

30

Variable

Verification

Dish parameters: frequency, gain, and
HPBW

Anechoic chamber

Dish dimensions: weight and size, surface
accuracy

SolidWorks Simulation

Feed parameters: beamwidth, polarization

Manufacturer's spec sheet

Feed dimensions: weight and size

Manufacturer's spec sheet

Project Overview Baseline Design Antenna

Tracking Signal Processing

Conclusion
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Two Line Element Set

MTI
26102U 00014A 18287.55642534 .00005617 00000-0 97971-4 @ 9992
26102 97.5765 128.0378 0007825 323.3119 91.8875 15.51134943 29527

YAOGAN 6
34839U 09021A  18287.71605027 .00000664 00000-0 27907-4 @ 9998
34839 97.0819 319.8707 0029555 42.2947 318.0564 15.26319735526486

NP NP

* TLE text file, downloaded from Space-Track.org

* Contains Keplerian elements such as e, i, w, Q, Me, n
* From these Azimuth, Elevation can be derived

* Also contains important identifiers

Project Overview Baseline Design Tracking Signal Processing Conclusion
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Tracking Software — Program Track

* Gpredict/Predict
* Has database containing TLE sets o~
for satellites R«
* Outputs Azimuth and /@
Elevation dependent of time _

* Create our own orbit-prediction :
software e 4
* Have a TLE reader s

* Theory from ASEN 3200 for

calculating remaining orbital
elements, position, and velocity

 Coordinate Transformations to 4
calculate Azimuth and Elevation
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Tracking Software — Auto-Track

* Point in predicted Azimuth W
and Elevation from TLE data e TF
* Obtain Signal % |

* Perform signal to noise (SNR) |
calculation on signal S S E ¢

* Follow direction of strongest T
SNR

* Could be slightly different than

TLE prediction due to TLE d
error

Project Overview Baseline Design Tracking Signal Processing Conclusion
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Tracking Software — Confirming Frequency Range

Altitude Requirement |200-600 km
Frequency Range 2.2-2.3 GHz

* In order to confirm the frequency range, two S-
band LEO satellites will be tested for
reception :

* MTI: operating at 2.2| GHz
* Yaogan 6: operating at 2.296 GHz
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Tracking Hardware Control Interface

Project Overview

Simulink Control
Design

NUC

l UsB

Automnatic Code |

Generation

>

Arduino Due

| Motor Driver

Legend

Power (3.3 V)
W, 8 Desired

W, 8 Actual
Single-use deployment

Baseline Design

PID Feedback

Direct Drive
pr— Motor with
Rotary Encoder
s

Tracking

Signal Processing

Conclusion
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Azimuth and Elevation Calibration

* Azimuth: Point at sun, zero with tracking software to
achieve 0° (true North)

* Elevation: Level tool to achieve 0° (horizon)

* Software tuning
* Power on sequence
* TLE load and track to starting points

Elevation, 6

Azimuth,

Project Overview Baseline Design Tracking Signal Processing Conclusion



38

W 06 to Motor Commands

* Determine number of motor steps for given angle
* Requires sufficient resolution...

- Obesirec — Motor steps

Project Overview Baseline Design Tracking Signal Processing Conclusion
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Motor Resolution

* Minimum shaft movement required to be on-target

eError - eTLE, Error + eMotor, Error < 4.5o

* Requires minimum of

80 steps/revolution
* Easily acquired COTS
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Motor Torque

* Torque needed to drive antenna

* High enough to accelerate to and maintain the maximum
slew rate

Must be rated for at least
4.57 N-m of torque

Project Overview Baseline Design Tracking Signal Processing Conclusion
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Tracking Verification

Variable Verification

Track between 10-170 degrees Demonstrate range of motion

Minimum motor resolution Datasheet

Minimum motor torque Datasheet

Tracking Software STK

Frequency Range Two satellites, one at each limit of frequency range

Project Overview Baseline Design Tracking

Signal Processing Conclusion
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Software Defined Radio (SDR) — Processing

* The ground station will have an SDR pa
to process the received signal ‘
* Mixing — _
* Amplification and Filtering R o comeuter D%
* Analog to Digital Conversion oo e swosss  procaesing
* SDR output will be received and — En;\%lsglrm T Circuit
processed using software created Satelie TLE daia o | hge
using open source GNURadio e P | || o
software packages 7] Tobe purchasee Aenna Ui

. QPBK

e Demodulation

Satellite
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SDR Options

Requirements:
* 2.1:Max Frequency >= 2.5GHz
* 2.10.1:Sample Rate >= 5MHz

Desires:

e Low Cost
 Accurate ADC

HackRF One ADALM-PLUTO LimeSDR
Cost $300 $100 $300
Max Frequency |6 GHz 3.8 GHz 3.5 GHz
ADC Bits 8 bits |2 bits 12 bits
Sampling Rate | 20 MHz 61.44 MHz 61.44 MHz
Description Hess has Experience Meant for Education Not Well
Well Documented Decent Documentation | Documented
Coding Examples Fairly New Product Crowdfunded
Online Hard to Find Specs

Project Overview Baseline Design

Tracking

Signal Processing

Conclusion
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Software Block Diagram

Onboard

Software Defined
Power Computer Radic
Power Source ——————— -
120V AC Regulation

Pointing
Control
Legend

‘ Signal
Bag"‘t:fss Processing
Circuit

=== Power (Voltages TBD)
=== Satellite Bit Stream
=== Pointing Control
Satellite TLE data

Amplifier

Motor
Drivers
Quitside Project Scope

I

Painting

.| Arduino [
Due

To be developed

| Shaft
Motors Encoders
To be purchased

Azimuth & Azimuth & Motor Controller
TLE, QTH TLE Propagation | Clcvation Elevation
i Angles
Text Files | || & Coordinate g ﬁ;gfﬂn::trték Angles
User Interface Transformation _
Signal
Conditioning
User Laptop Signal-to-Noise
Ratio
¥
Legend . _ _ Amplification
Sj p : Signal-to-Noise |, Fourier , L
'gnhal Frocessing Ratio Calculation Transform __
Software Analog to Digital
i Conversion
| | Tracking Software Output Bit
Stream : ‘ Dlgltﬂ.'
Demodulation |+ Signal
[] Hardware Digital Filter
NUC Mini PC ADALM PLUTO
Software Defined Radio
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Signal Processing Verification

Variable

Verification

Signal Conditioning (LNA & BPF)

Attenuated Generated Signal

Bit Error Rate (SDR)

Generated Signal Comparison

Maximum Frequency (SDR)

Product purchase specification

Bandwidth (SDR)

Product purchase specification

Project Overview Baseline Design

Tracking Signal Processing

Conclusion
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Final Product

1.5m Parabolic
Reflector

Elevation Motor
Hard Case

Azimuth Motor
SDR Motor Controllers

Project Overview Signal Processing Conclusion
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Conclusions

Tracking Hardware | Motor Torque

Objective Requirement Verified?
Communication Antenna dish requirements v
Antenna feed requirements v
Signal Processing Software Defined Radio v
Tracking Software Program Track v
Auto-Track v
v
v

Motor Resolution

Project Overview Baseline Design Tracking Signal Processing Conclusion



Budget

Summary
ltem Cost (S)
SDR 100.00
NUC Mini PC 550.00
Dish 1000.00
Feed 800.00
Electronics 250.00
Motors 1000.00
Transportation Equipment 300.00
Remaining Funds 1000.00
Total 5000.00

Project Overview

Antenna

Transportation
Equipment, 6%

Tracking

SDR, 2%

Electronics, 5%

Signal Processing

Conclusion
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Gantt Chart: Fall Semester

Oct '18 Nov '18 Dec '18

21 28 18

e Research and
Select Parabolic

Dish Material
1 — ] e Refine CAD
_'I‘———} Model of Dish
EE—

J
|

51
Legend
Team Meetings

Critical Path

CDR

Parabolic Dish
Test Plans
Tracking Software
Tracking Hardware
Important Dates

Conclusion
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Gantt Chart: Fall Semester e Meetings
Oct '18 5 Nov '18 . Dec 18 -—) Critical Path
—

21

CDR

Parabolic Dish
Test Plans
Tracking Software
Tracking Hardware
* Plan Dish and <~ Important Dates

Antenna Tests
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Gantt Chart Fall Semester e eetings

21 s 26 5 S 15 s ; De - i : Critical Path
_ CDR
| Parabolic Dish

Test Plans
- Tracking Software
~ Tracking Hardware
~ Important Dates
e Research

and Select:

« NUC

* Microcontroller

« LNA

* Electronics Case
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Gantt Chart Fall Semester

Oct '18 Nov '18 Dec '18
21 28 11 18 25 2 9 16

Software Planning
for:
* Auto-Track
SDR
Software
Testing and

] Verification
—

1041

"'\-\.\_H-___.-"
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Legend
Team Meetings

Critical Path

CDR

Parabolic Dish
Test Plans
Tracking Software
Tracking Hardware
Important Dates

Conclusion
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Gantt Chart Fall Semester Logend

_ Team Meetings

T L 2 il 16 — Critical Path
_ CDR

| Parabolic Dish

Test Plans

Tracking Software
Tracking Hardware
~ Important Dates

e CDR Revisions
and Submit

* Final Report
Revisions and
Submit
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Gantt Chart Fall Semester

Oct '18 Nov * Dec '18
21 28 11 18 25 2 2] 16

Legend
Team Meetings

.

— Critical Path
I CDR
_ Parabolic Dish

S | >  Test Plans
—:]—

Tracking Software
— Tracking Hardware
Important Dates
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Slew Rate Calculations

Knowns:

km?
= 38600 ——
M 2

rp, = 6578 km
ro, = 6978 km

a=6778 km

Equations:

0=

60

Assume: Elliptic orbit at
perigee directly above
user in retrograde orbit.
2 body problem

Work:

v=1[2—#—E=7.898km/3
r a

; = 0.0395 rad/s = 2.2627 °/s
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Antenna Gain Assumptions

System Gain with Increasing LNA Gain

28 T T
215 —
= 27 — —
= perature
£ T T
28 — &
k=)
]
'S i
g -
& 265 -
275
- i
LNA Temp = 26K,
o — 34
2 27 p i
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o] -~ 73 :
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g 265 P o9 |
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255 \ | | | | \ | \
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System Temperature 206 206.2 2064 2066 206.8 207 2072 2074 2076 2D7§|

System Temperature



62

Gain Estimation Requirement: 7 =3 %

L = Loss
Antenna [ = Line Length
Feed Tina Tspr T = Temperature
Ly LN Lg Bandpass L¢ SDR | Telemetry
L, } lg Filter I Bitstream
‘ Lgpr ‘
a=10""10

TS - aTa + (1 - a)TO + TLNA +ﬂ
GLNA/ loss
L¢

Ly = — (I + lg) + Lgpr + (# of connectors)L onnector

Project Overview Baseline Design Antenna Tracking Signal Processing Conclusion



Antenna Gain Assumptions

l, =1, =0.05m

lC=2m

loss

(Belden 9913 cable)

3 connectors
Lconnector = —0.05 dB

LBPF - _15 dB

L = Loss
Antenna [ = Line Length
Feed
L, LN Lg Bandpass Lc SDR |— Telemetry
Iy )/ lp Filter lc Bitstream
Lgpr
a =100
TS=aTa+(1—a)T0+ +G <
[
LNA /Lc L, = 0SS

— (ly + ) + Lgpr + (# of connectors) L onnector

= 60K = 1000 K

GLNA - 18 dB
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Antenna Baseline Design
I 1

Beam Width Equation D~ 4tan(0/4)

D2
Focus Length f — 16—d
0.6 ¢
0.5 ,E(i)scrlls (_'
Woave length A= Ia
332 y2 Z
Paraboloid Equation : = —
a?  b*
2 ,g2
Solution 2 = 2. 6( —2)

(45)2  (4])
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Parabolic Reflector Dimensions

4 3 2 1
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2 1

65

65



Parabolic Reflector Properties

Mass properties of Dish_Ass
Configuration: Default
Coordinate system: -- default --

Mass = 14.40 kilograms
\Wlume = 0.01 cubic meters
Surface area = 5.59 square meters
Center of mass: ( meters )

X =0.07

Y=0.30

Z=017

Principal axes of inertia and principal moments of inertia: ( kilograms * square meters )
dken at the center of mass.

Ix = ( 0.00, 0.00, 1.00) Px = 1.82
ly = (1.00, 0.00, 0.00) Py = 1.82
Iz =( 0.00, 1.00, 0.00) Pz =270

Moments of inertia: ( kilograms * square meters )

dken at the center of mass and aligned with the output coordinate system.
Lxx = 1.82Lxy = 0.00Lxz = 0.00
lyx = 0.00 lyy = 2.70 Lyz = 0.00
Lzx = 0.00Lzy = 0.00Lzz = 1.82

Moments of inertia: ( kilograms * square meters )
dken at the output coordinate system.

Ixx = 3.58 Ixy = 0.32 Ixz=0.18

lyx =0.32 lyy = 3.20 lyz=0.75

Izx =0.18 lzy = 0.75 lzz = 3.23
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Commercial Dish Details

Mwave RPDC-6-22-N-R |
6 ft

Aluminum
Feed supported by 4 aluminum bars
Dual polarized: RHCP and LHCP
Type N RF inputs behind feed

RHCP System Sense
Frequency Gain HPBW On-Axis Axial F/B Return Loss
(GHz) (dBic) (deg.) Ratio (dB) (dB) (dB)
2.00 28.6 53 0.7 =40 283
2.25 29.0 5.2 1.1 =40 22.0
2.50 29.7 4.9 1.0 =40 34.9

67

Mwave RPCD-4-23-S

6 ft
Aluminum

Feed supported by 4 aluminum bars
Dual polarized: RHCP and LHCP
Type SMA female inputs behind feed
Comes with optional pipe mount

RHCP-System Port

Frequency Gain HPBW On-Axis Axial F/B Return
(GHz) (dBic) (deg.) Ratio (dB) Loss
(dB) (dB)
2.15 25.5 8.0 0.3 =40 18.6
2.25 25.7 7.7 0.3 =40 279
2.35 25.9 7.5 0.6 =40 27.0
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Commercial Feed Details

Southwest Antennas Helical #1005-007
|.7-2.7 GHz Gain: 4dBi
LHCP Input Power: 50 W
H Beamwidth: 360° SMA Female RF connector
V Beamwidth: | 18° 7" long, 5.5" diameter
Bandwidth; | GHz |7 oz

Alaris Antennas SPRL-AQ0010

1.0-2.5 GHz N Female RF connector
LHCP 17" long, 6" diameter
Beamwidth: 120° 5.5 |bs
Gain: 7 dBi

Input Power: 50 W

68
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Tracking Software Design — Confirming Strongest
Signal

* Two methods for confirming signal:

* Perturb and observe method applied to SNR
* Small alterations to predicted direction during pass

* If SNR improves, change to new reference direction

* SNR calculated by performing FFT of small sample of data at dithered location, compare target
peak to average noise floor dB, reference this to previous undithered direction SNR figure

* Continue to dither about new, better reference point in search of better SNR
* Dither angle determined pending antenna beam width

* MPPT Algorithm — gradient descent method through Simulink

* Determine slope of signal strength in all directions and trend toward highest slope of
increasing SNR figure
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Power Regulation

Components

* AC-DC converter

* Readily available COTS
¢ <$100

e DC-DC converter
 Tunable
e <$%$20
e 3-40V to |.5-35V
* Upto 3A

AC-DC Converter

DC-DC Converter

70
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Budget

Subsystem

Cost ($)

Antenna

SDR

Laptop

Tracking Hardware

500 (direct drive motor x2, motor driver x|, rotary
encoder x2,Arduino Due x|, micro USB cable xI)

Mobility

Total

71
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Tracking

72

Item Quantity Cost Each (%)
Direct Drive Motor 2 500.00
Motor Driver I 7.00
Rotary Encoder 2 500.00
Arduino Due | 38.50
Micro USB Cable I 3.00
Total
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Tracking Software Baseline Design — TLE Prediction

Next: MTI in 09:46:09

Boulder

Next: MTI
in 09:46:06

m

[ MTI

Azimuth :
Elevation :
Slant Range :
Range Rate :
: AOS: 2018/10/14 01:16:13
SSP Loc. :
Footprint :
Altitude :
Velocity :
Doppler@100M :
Sig. Loss :

Sig. Delay :
Mean Anom. :
Orbit Phase :
Orbit Num. :
Visibility :

Next Event

225.54°
-10.68°

3786 km
-4.994 km/sec

CK54GA
4469 km
412 km
7.667 km/sec
1666 Hz
143.96 dB
12.63 msec
34.94°
49.14°
2937
Daylight




Tracking Software Baseline Design — TLE Prediction

Boulder -

vaoan 6

Boulder

Next: YAOGAN 6
in 08:43:31

[¥] YAOGAN 6

Next: YAOGAN 6 in 08:43:32

Azimuth :
Elevation
Slant Range :
Range Rate
Next Event :
SSP Loc.
Footprint :
Altitude :
Velocity :
Doppler@100M :
Sig. Loss :
Sig. Delay :
Mean Anom. :
Orbit Phase :
Orbit Num.
Visibility :

203.27°

: -26.80°

6728 km

: 6.302 km/sec

AOS: 2018/10/12 00:49:15

: CH62ME

4943 km

511 km
7.598 km/sec
-2102 Hz
148.96 dB
22.44 msec
103.13°
145.03°

: 52601

Daylight



Trackable Field of View

LEO Orbit

Ground Station

Trackable Region

10°

Earth

Field of view is rotated
orthogonally from the
surface location of the
ground station to
ensure that any satellite
pass that comes above
10° from the surface
horizon can be tracked
in any direction
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Tracking Software — Confirming Auto-Track -
Function

Position (Az,El)
generated from

TLE text file has some error = . N
f o Actua polsition in (Az,El) o
Accuracy of TLE depends on: pE== the satelte
/ v AX
 Sensors *Oulnl) _, 8
j X(t)g,
 Amount of data collected . e S
. antenna dish and
* Type of orbit

instrumentation error)

These vary for each TLE which N /N a4
causes accuracies of TLEs to vary
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Tracking Software Baseline Design

Position (Az,El)
generated from —

* |nstrumentation used will contain ™ o
R *rie Q Actual position in (Az,El) of
some inherent system error A the satelte.
* Assuming these errors, the
station must dither towards the I R

Ax

4.5° Half Power

Position (Az, El) the
Beamwidth

direction with greatest increase in zrem: dshan

S N R ::s(ti:uCrI::ri\:gtion error)
 Gradient descent method
* Algorithm used: MPPT with

Simulink

9° Half Power
Beamwidth



78

Final Position

Position (Az,El)
generated from

TLE a
X pLE

Actual position in (Az,El) of
the satellite.

4.5° Half Power

Position (Az, El) the
Beamwidth

antenna dish and
feed will be pointing
in (including
instrumentation error)

'\

\ 9° Half Power
Beamwidth
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Tracking Software — TLE prediction

Upcoming passes for MTI
Observer: Boulder,
LAT:40.02 LON:-105.72

A0S TCA LOS Duration Max El1 A0S Az LOS Az
2018/10/14 ©1:16:13 2018/10/14 ©1:20:17 2018/10/14 01:24:21 ©00:08:08 9.25 39.59 143.81
2018/10/14 ©2:47:24 2018/10/14 ©2:52:28 2018/10/14 02:57:31 00:10:06 36.66 3.25 2©9.76
2018/10/14 13:12:38 2018/10/14 13:17:42 2018/10/14 13:22:45 00:10:06 42.51 153.24 355.20
2018/10/14 14:46:06 2018/10/14 14:49:55 2018/10/14 14:53:44 0©0:07:37 7.65 220.74 317.50
2018/10/15 ©2:01:19 2018/10/15 ©2:06:25 2018/10/15 ©02:11:31 ©0:10:11 39.09 19.64 178.37
2018/10/15 ©3:34:00 2018/10/15 ©3:38:01 2018/10/15 ©03:42:03 ©00:08:03 9.55 345.61 242.90

2018/10/15 12:27:47 2018/10/15 12:31:54 2018/10/15 12:36:01 ©00:08:13 16.53 119.76 12.87
2018/10/15 13:58:32 2018/106/15 14:©3:33 2018/10/15 14:08:35 ©00:10:02 33.87 184.41 338.87
2018/10/16 ©1:16:02 2018/106/16 ©1:20:04 2018/10/16 01:24:06 ©00:08:04 9.01 40.02 143.13
2018/10/16 ©2:47:11 2018/10/16 ©2:52:15 2018/10/16 ©02:57:18 ©00:10:07 37.60 3.52 2©9.25

Orbit 2943

Time Az E1 Range Footp

2018/10/14 ©1:16:13 39.59 -0.00 2369 4544
2018/10/14 ©01:16:38 42.75 1.20 2239 4543
2018/10/14 ©01:17:02 46.28 2.41 2114 4541
2018/10/14 ©01:17:26 50.24 3.62 1998 4540
2018/10/14 ©1:17:51 54.67 4.81 189@ 4538
2018/10/14 ©1:18:15 59.61 5.95 1794 4536
2018/10/14 ©01:18:4@ 65.08 7.00 1711 4535
2018/190/14 ©01:19:04 71.07 7.91 1643 4533
2018/10/14 ©1:19:28 77.54 8.63 1592 4532
2018/10/14 ©1:19:53 84.37 9.09 156 4530
2018/10/14 ©01:20:17 91.40 9.25 1548 4528
2018/10/14 ©01:20:42 98.45 9.11 1556 4527
2018/190/14 ©01:21:06 165.33 8.67 1585 4525
2018/10/14 ©1:21:3@ 111.86 7.97 1633 4524
2018/10/14 ©1:21:55 117.94 7.07 1699 4522
2018/10/14 ©01:22:19 123.49 6.02 1780 4521
2018/10/14 ©01:22:44 128.51 4.87 1874 4520
2018/10/14 ©1:23:08 133.01 3.67 198©@ 4518
2018/10/14 ©01:23:32 137.03 2.44 2096 4517
2018/10/14 ©01:23:57 140.61 1.21 2220 4516
2018/10/14 ©1:24:21 143.81 -0.00 2350 4515

Orbit 2944

Time Az E1 Range Footp

2018/10/14 02:47:24 3.25 ©.00 2370 4550
2018/10/14 ©02:47:55 1.93 2.82 2156 4549
2018/10/14 ©02:48:25 0.29 4.24 1944 4547
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Tracking Hardware — Minimum Torque Est.

If the maximum slew rate is: 2.26°/s

Then the motors should be powerful
enough to accelerate the dish to this
rate w/o breaking the 4° pointing
accuracy.

Therefore, the motors must supply a
minimum torque of;

DOy = Wy -t ==> At = 29m2% — 177 sec

Wimax
. f.vl.;'d,e__q 2.265_{3

A yong = = =1.277°/52
req At 1.77s /

d
Tmin = [ " @req = (3.58kg-m2)-(1.28°§) 4.572N -m




Antenna

8l

Item Cost ($)
Dish: Commercial $4000
Dish: Build

Feed $300-$800

8l



Parabolic Dish Design

D\ *
Gparabolic =1 (T)

N = NiuNsppiMpoiNg

Can be estimated with precise

Mit> Nsp» bt knowledge of feed pattern

NpotsNg — Difficult to quantify

Assuming efficiency of

)

50%, D=1.5 m

Project Overview Baseline Design Antenna

. G
Requirement: —=3%
Ts K

80 Aperture Efficiency vs. Dish Depth for D=1.5m
70
60 +

50 |-

40

o (%)

Feed Pattern = cos"(0,/2)

n=2
—==—"With Feed Blockage

30

20

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Dish Depth (m)

- Use to design optimal dish depth

Tracking Conclusion

Signal Processing
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Gantt Chart: Spring Semester

13 20 27 3 10 17 24 3 10 17 24 3L 7 14 21 2B

Purchase SDR, LNA,

Microcontrollers, Electronics
Case, Dish Materials

Prototype Dish
* Revise Design

e Build Final Dish
g | !
H . H
& J H
- . H

Design
Expo




Gantt Chart: Spring Semester

1/19 2/19 3/19
13 20 27 3 10 17 24 3

/| h

-

— * Implement Software on SDR
—=3 * Implement Auto-Track
p— Algorithm on NUC

e Test SDR
e Test Auto-
e Test Anter

4/19

10 17 24 3L 7 14

Track
na Motors

21

2B

5/19

1
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Design
Expo



Gantt Chart: Sp

rin

Semester

L

Fully Integrate
System

Test Full System
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