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Project Overview
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Project Purpose & Objectives

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.

@® Commercial-off-the-shelf (COTS) where
possible

e Interface with user laptop

e Portable:46.3 kg (102 Ibs), able to be
carried a distance of 100 meters by two
people

A\




Motors

Under 100 m

Establish
Contact

Within 60 min




Levels of Success

T

- Transportable in back oftruck | - Take TLE data and for

- Assembled <6 hours az/el pointing commands = - Provide power to all sub -
Level 1 |- Track LEO satellites at 5/sec | - Data packets systems
- Communicate with LEO demodulated using - System used with monitor,
satellite at 10+°elevation above | QPSK keyboard, and mouse
horizon -BER < 18
- Transportable by unpowered - Able to predict LEO - System used with personal
rolling vehicle satellite locations to less laptop interfaced using secure
Level 2 - Assembled <2 hours than 2.75°deg accuracy | shell over a Cat-5 ethernet cable
- Reconfigurable for other @ - Reconfigurable for other
frequency bands frequency bands
Level 3 |~ Two people carry 100 meters -BER < 19

- Assembled < 1hour

Bold: Complete and verified



Baseline Design

S-Band Feed
Modified Dish
SPX01/HR Motors Tripod Adapter Plate
Electronics Case
Dutch Hill
Tripod

1.12m to 2.08m
Carrying Case




Functional Block Diagram

User <
Computer

Cat5e

Demodulation

)

Pluto
Software

N/SMA

~
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(ZX60-P33ULN+) |
-

l SMA

MicroUSB

Y

Adalm Pluto
SDR

F 3

GPS

Y

Y

Tracking
Software

Conditioning and
Processing Unit

LH-13XL
Feed

QPSK

~
- -

Satellite

SPX-02HR
Motor Unit

v 1

Controller

Y

(GlobalSat BU-353-54) | USB

NUC Computer

A

Power Source | NUC Power 33VIOW 12V 200 W 24V 600 W
120 V AC Supply AC-DC AC-DC AC-DC
I 1 ) )

UsB

MD-02 Motor |

Legend

= Power
— Satellite Signal
=== Pginting Control

Antenna Unit

D QOutside Project Scope
D To be developed
D Purchased

l
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Critical
Elements




7A\
Updates from MSR Q)

@® Electrical relay on motor controller shorted

during component testing
o Replaced relay, motortested 2/22, fullrange of

: 70 | (A
motion functionality . i) XK
. . .. . . L ¥
o Demo-dish testing and pointing accuracy testing is ‘vlf("f?fn_ 257
¢ 1 /"‘0""'l 4
now delayed e < *%
e Allsoftware component tests are complete =

e Modified dish being worked on
o Adapterplates made (2/15)
o Tabs cut(2/22)




Project Schedule
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/AN
Schedule o

/19 2/19 3/19 4/19 5/19
28 3 10 17 24 3 10 17 24 3L 7 14 21 28 5
ARGUS
Spring Semester | I
MSR . .
Assemble Demo Dish
Test RF Component Losses . N
Assemble Full Demo Dish Test SDR and Motor i > Critical Path
Test SDR
Motor Testing ——
TRR "

Test Motor Controller and Pointing Accuracy

Modify Dish Kit

Calibrate Tracking Software
Motor-Controller Testing
Modify Dish Kit

Test Pointing Accuracy
Test Demo Dish

AlAA Paper Due

Test Modified Antenna

Last Machining Day

Test Demo|Dish

l Test Modified Antenna

—> Test RF System

Legend
Fully Integrate System Mechanical
. Software SyS1tem
AES Industry Symposium 'L
Testing
SFR ) ‘[
Integration

College Expo Milestone Full System . \
Test Full System Test

Final Report Due




Test Readiness
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Functional Requirement 1

FR 1.0 | The ground station shall be capable of receiving signals from a Low Earth Orbit satellite
between 2.2 - 2.3 GHz, in Quadrature Phase Shift Keying (QPSK) modulation with a Bit
Error Rate (BER) of 19 a bit rate of 2 Mbit/s, and a G/T of 3 dB/K.
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RF Path Verification

Related Components:
@® Antenna dish

Feed

Low noise amplifier and
power converter

N-SMA adapter

SMA cables and
passthrough

Signal processing software
MicroUSB cables

Adalm Pluto SDRs

NEMA

7A\
©

QPSK

User s | Demodulation LNA LH-13XL Satellite
Computer (2X60-P33ULN+) Feed
SMA
Pluto T Adalm Pluto SPX-02HR
Software - SDR Motor Unit Legend
Conditioning and \ i) | g::::: ::C:::t Scope
»  Tracking Processing Unit MD-02 Motor |__ [ Unrelated to FR
GPS | Software s/ Controller el
(GlobalSat BU-353-54) | Usa g usa 1
NUC Computer Antenna Unit
f ———
Power Source .| NUC Power 33VIOW 12V 200 W 24 V600 W
120 VAC | Supply AC-DC AC-DC AC-DC
I 1 i )
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NUC

N/SMA

Antenna

ofe adapter Feed

P33ULN+
LNA

Component J\

2.25 GHz
LHCP

Level 1 Testing

Losses

LNAGain (W4

SDR > Dipole (WAL ___ 2

BEE Y

NUC J
J

Demodulation

RF Path Verification

Level 2 Testing

\

Feed Rx Test J

(

Demo Dish Gain [EJsU!

Modified Dish 3/22

Gain

Level 3 Testing

/

Full RF System
Test

~

a/s
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Level 2 - Feed Rx Test with LNA and SDR / complete (/N

Objective @® Ensure feed picks up at target ceer [ pemoatiaton LA s 17 e
frequency f T || [ —

how LNA lify signal Sofware ae SPxcozR

L4 nam _
S ov ca 4 p g Cenditioning and ! i = 2{::? ??:.Lu
o Tracking Processing Unit MD-02 Motor " = ginting Co
. . . RIS v Software = Controller '?Jlfil:jﬁn:';a‘.jsuuue
Location e Discovery Learning Center - e comie — 8 e
S e

Power Source NUC Power 3aviow 12V 200 W 24V 600W
120 V AC Supply AC-DC AC-DC AC-DC
[ t t 1

Test Design
2 MHz Tone

@ Transmission

@ Display Screen S-Band Feed

® GNURadio w/ LNA
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Level 2 - Feed Rx Test with LNA and SDR /' complete m

Safety @® No concerns

Project e Shows that feed

Risk can pick up target

Mitigation frequency

e [NAcapable of
amplifying target
frequency

e SDRcan process
target frequency

DR 1.I: The ground station shallreceive between 2.2 GHz and 2.3 GHz
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Feed Rx Test with LNA and SDR Results

Received Power [dB]
S &

N
o

-30

Feed>LNA>SDR Gain vs. Distance

¢ Measured Power
—— Fit Line

Pp =

_ PrGrGgpa?

(41td)?

0.2 0.4 0.6
Distance [m]

Expectation

Results

Verification

A\

O 4

@® Powerloss with

increased range,
exact loss rate
nearly impossible to
model

Gain decreases at a
rate of -23.12
dB/meter with test
design

Noise floor of-64.90
dB

SDR capable of
processing 2.4 GHz
signal

NUC can perform
FFT on 2.4 GHz
signal

18



Level 2- Demo and Modified Dish Gain- March 14 & 22

Obijective

Location

Test Design

Requirement

Ensure dish will have enough gain to
validate link budget

Analyze gain change between
demo and modified dish

Business Field

User
Computer

Demodulation

D

Use SDR to transmit tone at 2.4 GHz
Analyze power levelreceived by
feed alone and demo dish with feed
on network analyzer

Repeat test conditions with modified
dish

Expected

T

Pluta
Software [

Adalm Pluto
SDR

Tracking
Software

GPS
St BLI-353-5

[Glahalsa HU.353.54) | U5H

Power Source

Processing Unit

Cenditioning and

LH-13XL
Feed

Satellite

SPX-02HR
Motor Unit

-

MD-02 Motor
Controller

NUC Computer

e e

NUC Power

120V AC

Supply

uem

javiow
AC-DC

T

Antenna Unit

12V 200 W

AC-DC

f

Verification

Project Risk Mitigation

]
e dad

SR
§
:

24\ 600 W ‘

DR 1.5: The ground station
antenna shallhave a gain of
at least 24.3 dBi.

27 dB gain
from antenna

Network analyzer
power levels

Reduces risk ofnot having enough
gain to receive signal
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Level 3 - Full RF Subsystem Test April 2
wr

Objective @® Ensure full RF system can
receive a signal with a high
enough gain

. . . u , . = LH-13XL g .
Location e Engineering Center Roof Computer | | |Demodutation -l Feed [~
i { s
Pluto Adalm Pluto SPX-02HR
Software SDR Motor Unit
Test Design e Point dish at known R T T 1
. . > Tracking Processing Unit MD-02 Maotor
satellite location _ . sorware || Controter [*
e Attempt to receive signal RESASEUES pea
. [
from sate llite Power Source NUC Power 33V10W }7 12V200W | | 24 V600 W ‘
120 V AC 7 supply AG-DC AC-DC AC-DC
| f t 1

Requirement Expected Verification Project Risk Mitigation
FR 1 Signal received Receive, demodulate,and | Reduces risk ofnot being able to
save incoming data receive a signal

20



Functional Requirement 2

FR 2.0 @ The ground station shall mechanically steer a dish/antenna system to follow
a LEO satellite between 200 km to 600 km between 10° elevation and 170
elevation.

A\
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Tracking Verification

SPX-01/HR
Motor

MD-02
Controller

NUC

120V

Level 1 Testing

/ Power

Converter
Output

Controller
Power

Motor
Power

GPS

Functionality

-

\

v

v

v

¥

Level 2 Testing

( Computer \

Motor Control J

Motor Slew
Rate \/

Motor Range
of Motion J

Encoder J

Accuracy

Level 3 Testing

Sun Calibration JEJ{¢5:

s P

Track Satellite
Over

Complete Pass

~

4/14
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Tracking Verification

Related Components:

GPS _
Motors + controller Col:fpel;te, | cose
Power converters

NUC computer and
power supply

Cat-5 ethernet cable
GUI

Tracking sofiware
Motor control software
USB type Bcable

GPS

(Globalsat BU-353-S4) | USB

Demodulation

Pluto
Software

-~

MISMA

LNA <

(ZX60-P33ULN+)

~

¢ SMA

MicrolUSE

Y

Adalm Pluto
SDR

Tracking
Software

NUC Computer

use

Conditioning and
Processing Unit

LH-13XL
Feed

SPX-02HR
Motor Unit

MD-02 Motor
Controller

Antenna Unit

7A\
©

QPSK
e

v Satellite

Legend
[ | outside Project Scope
Related to FR
[ ] Unrelated to FR

Power Source | NUC Power 33V1IOW 12V 200 W 24V 600 W
120 VAC Supply AC-DC AC-DC AC-DC
R — f t 1
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Level 2 - Motor Slew Rate Test Design V' Complete @

-5-
o ~
Objective Ensure motor can move at 5/s
>5s

Location Senior Projects Room

Test Design @® Give motora command to rotate 180°

e Verify that it rotates m less than 36
seconds

e Run 3 trials in each direction

Requirement Expected Verification Project Risk
Mitigation
Angle DR 2.3: The antenna Slew rate: Slew time Motor can slew at High voltage
Command | motorshallbe able to | 7.2%s less than 36 speed required for & current
move the antenna at a seconds tracking LEO satellite

slew rate of5%s

24




Level 2 - Motor Slew Rate Test Results

Direction

Expected per
Spec Sheet

Azimuth: 0°to
180°

Azimuth: 180
to0°

Elevation: 0°to
180°

Elevation: 180
to0°

Average Slew
Time
(3 Trials)

Average Slew
Rate

7.2 degrees/sec

30.76 sec 5.852
degrees/sec
30.29 sec 5.942
degrees/sec
30.21 sec 5.958
degrees/sec
29.99 sec 6.002

degrees/sec

b |

- T _....JI [
P 1L | WY,
M

v

25



Level 2 - Motor Control Software System Test Design @

o
Objective Ensure GUI can control motor to Y 4 & N~
follow a satellite through a pass /”?j

Location Trudy's Lab \ / J/ Complete
Test Design @® Create a set of simulated

passes

e Ensure motor control =
software can control motor to e )
follow passes

Inputs Requirement Expected Verification Project Risk Mitigation
Simulated FR 2 Motor will follow all | Ensure motor can Ensures that motor can
passes simulated passes follow all simulated track LEO satellite

accurately passes accurately
26




Level 2 - Motor Control Software System Test Results @

Azimuth vs. Time

o
2]
S,
g 107
o
o
<
S 5t
=0
g —— Commanded Position (Satellite)
E L7 —&— Motor Position

0‘—‘ 1 1 1 1 1

0 5 10 15 20 25
Time [s]
Elevation vs. Time

o
3
0 10} SCEETIEM Maximum discrepancy between
g’ satellite path and motor
S | pointing is 2.86 degrees. This
= remains within expected
> Commanded Position (Satellite) . h
& & Motor Position antenna beamwidth.

0‘:‘ 1 1 1 1 1

0 5 10 15 20 25

Time [s]
27



Level 2- Sun Calibration -March8 . VA\

Objective Ensure system can see the sun in the power
Spectrum

Location Engineering Center Roof

Test Design e Point dish at sun

e Ensure powercan be seen in
frequency spectrum and location can
be fine tuned using power spike

Requirement Expected Verification Project Risk
Mitigation
Sun DR 2.2: The pointing Sun shows | Ensure sun can be Ensures that High
location | controlaccuracy must be up in seen in frequency motor can be voltage &
within 4.5°to maintain frequency | spectrum and be calibrated to current
downlink capabilities spectrum able to find reduce pointing
throughout the entire maximum power error
pass. o8




Level 3 - Full Tracking Subsystem Test - April 14 @

-g-' N,
Objective Ensure ground station can follow \t—."\
satellite over a pass gy
Location Engineering Center Roof \

Test Design e Assemble NUC, motor, motor
controller, dish, and tripod

e Use user laptop to control
ground station over a satellite
pass

Requirement | Expected Verification Project Risk
Mitigation
Satellite TLE FR 2 Signal to noise Signalreceived | Ensures that entire High
file from SWAS ratio around 17.21 | from tracked tracking subsystem voltage &
and SWIFT sate llite functions as desired current

29



Functional Requirement 4

FR 4.0 ARGUS shall weigh less than 46.3 kg (102 Ibs) and be capable of being
carried a distance of 100 meters by two people.

A\
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Mobility Verification

Level 1 Testing

/

Component
Weight

Measurement

~

Level 2 Testing

-

Integrated Case
Weight
Measurement

Section
Assembly Test

3/29

3/31

Level 3 Testing

~

Carry/Assembly [EZAES

A\
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Assembly Explanation ©

Interface plate

32



Level 1- Component Weights v Complete @

Objective @® Verify component weight Dish original | 2.63 Feed 0.57
compared to spec sheets hardware
e Estimate final system total
weight Dish 4.22 Tripod | 5.82

modifications

Test Design e Weigh components on scale Motor 13.51 Power & 2.83

Requirement Expected Verification Project Risk Current Total [z ¥R ]
Mitigation
: : 46.3 kg
DR 4.1: The ground Entire system Weighed Ensure system can

station shall weigh weight less components | be carried into the
less than 46.3 kg. than 46.3 kg on scale field 33

® Senior Projects Room Electronics | 5.02 Cases | T.B.D




Level 2 - Dish Section Assembly- March 22

Objective @® Verify assembly time
e Determine amount oftools
and components needed

Location e Senior Projects Room

Test Design e Replicate in field assembly

Requirement Expected Verification Project Risk Mitigation Safety

DR 4.2: ARGUS shallbe | Assembly time is | Timed two Ensures dish can be Cuts or
able to be assembled less than 60 person assembled in required | injuries

by 2 operators in less minutes with <2 assembly amount of time assembling
than 60 minutes. tools test dish




Full System Test
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Full System Test- April 14 YA

Objective Verify entire ground station
functions as desired
Business Field

Test e Transport and setup ground
Design station

e Track satellite across entire pass
e Receive signal from satellite

Data Needed Expected Project Risk Mitigation

Satellite TLE @ All FR’s System Ensure Ensures complete Injuries carrying
file, transmit functions | signalis ground station system, high
frequency, correctly | received functions as desired voltage & current

and data rate
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Budget Spent

Subsystem Cost $

Electrical 1005.31
Software 879.68
Mechanical 3040.17
Miscellaneous 170.32

Money Spent 5095.48

EEF Grant +2500

Remaining Budget 2404.52

Miscellaneous,

Total 7500.00 $17032

ENGINEERING

F FLIND
L FUND
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Forward Looking

Procurement
Status Date Needed by
Travel Cases Not Purchased 3/22/19
Capacitor Not Purchased 3/22/19

32.06% margin left in budget
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Questions?
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Backup Slides
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Management

A\



Task Breakdown Structure

7A\
©

Complete CAD Full Mechanical
Build Model for All Construct Motor Prog. Motor Modified Dish Case Installation Operation Compile
Mechanical Unmodified Integrated & Tripod Operation With Completion Completion Testing Mechanical
~> Labor: 39.84% Dish Components Interfacing Plate Dish Installed Mar 11 Mar 11 Completion User Guide
Jan 29 Feb 15 Feb 22 Mar 1 Labor: 10.48% Labor: 2.62% April 12 April 20
Labor: 1.05% Labor: 1.97% Labor: 2.62% Labor: 0.79% AR o Labor: 13.11% Labor: 5.24%
P ~ ~ ~ -~ - e ~ - ~
[ RF Component | SDR to RF 1 [ | Modified Dish | (Final Electronics |
_ . |Proof of Concept G aing & System Electronic Box Electronics Thermal "Day in Gain vs. Integration &
Electronics SDR w/ WIFI Losses Testin Reception Design Thermal Model |_|the Life" Testing Standard Simultaneous
Labor: 24.77% Feb 1 Feb 1 9 Testing Feb 22 Feb 23 Mar 4 Dish Gain Operation
\. J Labor: 0.52% Labor: 1.31% Feb 15 Labor: 2.62% Labor: 1.97% Labor: 2.62% Mar 31 April 20
. )| T | | Labor:2.62% | | )| | | | Labor:2.62% | | Labor:10.48% |
A M - . - M - S - S M - A A . -
: usa::'ifu;n . Send Serial \erify Calibration| | RF Circuitand | | Satellite Pass Compile
Software Data Tragsfer Comms to Method and Processing Final Power Software
L){ Labor: 18.35% }-; over Cat5e Motor Controller Program Integration Verification User Guide
s Feb 17 Feb 24 Mar 15 March 8 April 20 April 20
- Labor: 2.62% | Labor: 1.97% Labor: 3.28% Labor: 2.62% Labor: 2.62% Labor: 5.24%
" Management F.:;";."%‘QS Comporentand | rustprotocos || FalSHm | | Copale
Labor: 17.04% }—) AIAA, SFR) Documentation f::;‘:_"; t;;:b Coordination User Guide
\ Labor: 1.31% T Labor: 5.24% Labor: 5.24% 43

Labor: 2.62%




FR2.0

Tracking Hardware Subsystem

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

N

ARGUS

44



Software - Overview VA\

e Overview:

o Tracks and displays future passes

and CUITC l'lt locatiOI'l Ofspe Ciﬁed e Painting: Output Satellite Bit Stream
. -- (1!‘\)\ Tra Gl‘;‘“ PT:‘;I:L:':k E
sate llite —— o [ r” 1
Control antenna pointing position | °_| || |\| |‘|||| |||\|||W ' | ’
o Receive signal, display, and save bit = 2:_‘|”|| | | || | |H|‘ ||||| | ||| ‘ \|| | |
stream to file S e wnany = Al “ || ‘ H ‘ ‘| || ' | ” |
o III t . | ,: | | IJ J IIIIII |_
pu S. I = e e —
o Lat/Lon/Alt from GPS or QTH file ;} R ,
o TLE text file 7 s \S"\ . ,|ﬁf'[.‘_-r|\w‘|1
o Signal Frequency & Bandwidth i i . é | ‘|
o Adalm Pluto Signal ] . ‘ Y
\ ' ¢l e
e Outputs: N A l“*Hl ' H'"“l | \” |nw L l"' V'

o Binary text file ofdemodulated signal

o Tracking GUI & Signal Processing

GUI 45



Level + Motor Functionality and Power  / complete @

Obijective °

-

Test °
Design

Ensure motor
and motor
controller are
working
together
correctly

Trudy’s lab

Test all four
directions and

fullrange of Result: Motor works as expected & desired
motion

Data Requirement | Expected Verification Risk
Needed

None DR2.1,2.4 Motor moves to all | Ensure motor can move in every | ®High voltage/current

positions and in all | direction and over full range of e Reduces risk By:

directions motion 46



Level 2- Motor Control Software v Complete
Unit Testing

Objective e Ensure all software
functions as desired

Location e FEngineering Center .
Recp e Ran 20 tests in 45.909s

Test e Create a set ofunit 0K

Design tests for each part of
software

e Run unit tests with
motor controller,
motor, and GPS
connected to NUC

None All Tests Pass | All Tests Pass e Hard to Unit test GUI’s
e Reduces Risk By:

Result: All tests pass.




Level 1 GPS Functionality Test Vl\\

Objective e Ensure GPS Data is accurate
e GPSis used to determine
satellite position

e Determine measurement
time needed for accurate
data

Location e DLC Roof

Test Design e Record GPS data and
compare to Google Maps
data iy

e Compare accuracy of
different measurement
lengths

Result: GPS is accurate to less than 10 meters.

Data Needed Requirement | Expected Verification

Google Maps Data | DR 2.2 Accurate to +3 Data matches Google Maps | Multipath
GPS Data meters 48




STK: Tracking Rate Verification AN

ARGUS

DR2.3 The antenna motor shall be able to move the antenna at a slew rate 0o£5.0 /s

e Worst case pass
o Elliptical orbit
o Pass directly overhead
o Retrograde

e Max Rate:4.419s

Angular Rates (deg/sec)

FOR UNFUNDED EDUCATIONAL USE ONLY

4.0—§ \
15—§
Max of 4.41 °/s
2.5—:
204+
154+
104+
054
1]
0.5+ N T N N
23!07 23!08 23!09 23!10 23‘11 23!12 23!13 23!14 23!15 23!16 23!1? 23!18
Dec 2 Sun 2018 Time (UTCG)
L] I
Angular Rate (deg/sec) Azimuth Rate (deg/sec) Elevation Rate (deg/sec)
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Azimuth and Elevation Calibration VA\

Azimuth and Elevatl%g of MTI over Boulder ARGUS

DR2.2 The pointing control accuracy must be within
3.25° to maintain downlink capabilities
throughout the entire pass.

e Manual Control Frame - Dither around
Sun, find strongest signal strength

e C(Calibration Frame - Set current pointing
angles to predicted Sun location

180"

Ground Station

Sun Azimuth and Point in Predicted

Elevation

ARGUS GUI Location and Dither

50



FR 10

A\

ARGUS

Signal Conditioning & Processing

The ground station shallbe capable ofreceiving signals from a Low Earth Orbit
satellite between 2.2 - 2.3 GHz, in Quadrature Phase Shift Keying (QPSK) modulation
with a Bit Error Rate (BER) of 10, a bit rate of 2 Mbit/s, and a G/T of3 dB/K.

51



Level 1- SDR & Free Space Loss Verification

Objective

Location

Test

Design 2 4GHz carrier frequency Computer | | Demodulation| | | il i Feed '
. . T l BN
through Adalm Pluto with dipole oo m P
Software SDR Motor Unit
a nte nna Conditim_ﬂing an ] i
e Receive tone through second o | | Jracking _ MD-02 Motor
Adalm Pluto with dlp ole ' NUC Computer Antenna Unit
f
ante nna Power Source NUC Power 33vVi0wW || 12vV2oow 24\ 600 W
120V AC Supply AC-DC AC-DC AC-DC

e Ensure SDR’s are working
correctly

e Discovery Learning Center

e Transmittone at 2MHz with

User

Demodulation

LH-13XL

T

i

\}

Input Needed | Requirement Expected Verification

Receive 2MHz tone from
transmitting Pluto

None DR 1.10

Power level drop with
increased range

52




Level 1- SDR & Free Space Loss Verification  / complete VA\

Objective e Ensure SDRs can interact with
RF signals

Location e Discovery Learning Center r

2MHz cosine

Test e Transmit tone at 2MHz with

Design 2 .4GHz carrier frequency
through Adalm Pluto dipole
antenna

e Receive tone through other SDR
Adalm Pluto dipole antenna

tone source

Mixed with
2.AGHZ

USER INTERFACE

Antenna

Result: Power level drops as expected.

Data Needed Requirement Expected Verification
None DR 1.10 Receive 2MHz tone from Power level drop with
transmitting pluto increased range

53




SDR & Free Space Loss Test Design

2MHz cosine Throttle to SDR & Mixing Dipole Dipole
tone source 6 MHz with 2 4GHz Antenna Antenna

Initial User Final User
Interface Interface

@ Transmission
@ Source
@ GNURadio

@ User Interface
54



Feed Rx Test Design

Random Bit
Source

Compare
original to
demodulated

@ Transmission
@ Post Processing
@ Source

@ GNURadio

Throttle to QPSK
6 MHz Modulation

Write random
bits to file

Write
demodulated
bits to file

QPSK
Demodulation

Dipole
Antenna

S-Band Feed

55



Level 1- Bit Error Rate Verification v/ Complete @

Objective @® Ensure system willbe able to
receive accurate data from a

sate llite e Total System SNR: 17.21

e Ensure software is receiving data o From ASEN 3300 link budget
and modulate the data

Location e Senior projects room e Result: Sample BER=0
1 0,
Test e Create random 5-10° bits o  With 99%confidence our BER meets

Design e Modulate, add noise, demodulate requirement at current system SNR
e (Compare to original signal

Data Needed Requirement | Expected Verification | Risk
System SNR DR 1.2 BER=~10"° BER<I10 - ® Theoretical system SNR
Bit Error Rate e Reduces Risk By: Modulation

Functionality and Receive
capability

56




BER Test Design ©

e Ran 20 times with 250,000,000 bits

Random
Noise Source

Random Bit Throttle to QPSK Add noise to QPSK
Source 6 MHz Modulation signal Demodulation

Write
demodulated
bits to file

@ Post Processing Write random

@ Source bits to file
@ GNURadio

Compare

original to
demodulated 57



Level 1- NUC Processing Speed Test

Objective

Location

Test
Design

Ensure NUC can handle 6 MHz
sampling frequency

Clark conference room

Modulate 20Mbits, transmit at

6 MHz sampling frequency with
2.5GHz carrier frequency through
Adalm Pluto Dipole Antenna
Receive and demodulate through
other Adalm Pluto Antenna and
NUC

Ensure that 20Mbits were sent
and received in 10 seconds, and
are identical

Data Needed | Requirement | Expected

'ﬁ.
i
4

3

v Complete

D

]
HeEMA
User % i LNA LH-13XL }
Computer ] Demodulation T B Feed v.| Satellite
T — * SHA
Pluto o Adalm Pluto SPX-02HR
Software SDR Motor Unit e
— Conditioning and v t g s
Tracking Processing Unit MD-02 Motor |_|
GPS Software Controller O o 4 Scope
|Glabalsa 5U.-353.54) [ U5Y =R D To be developed
NUC Computer Antenna Unit ] Fuen
Power Source NUC Power javiow 12V 200 W 24\ 600 W
120V AC Supply AC-DC AC-DC AC-DC

i f ;

Result: NUC handled signal well &demodulated correctly

Verification

None

DR 14, 1.10 NUC can handle

sampling frequency

Ensure bits are all
present

e Wifi interference
e Modulation
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NUC Processing Speed Test Design

Random Bit Throttle to QPSK SDR & Mixing Dipole
Source I\ 15 V4 Modulation with 2.4GHz Antenna

Write random Dipole
bits to file Antenna

Compare Write
original to demodulated
demodulated bits to file

QPSK
Demodulation

@ Transmission
@ Post Processing

@ Source

@ GNURadio i



Level 1- Low Noise Amplifier Component Test = compiete @

Objective Determine LNA gain at target
frequency

Location Akos’ Office

Equipment Spectrum analyzer, 3.3V source, N-
u 2 LH-13XL .
SMA adapters, attenuator Computer | | Permoduton ortin, Foeg | Saelie
p )
T
. . . . Pluta - Adalm Pluto SPX-OQHB —
A LNA is powered, passed a signal via Software |- SDR Motor Unit —
1 Cenditioning and 1 i — s ?;?;GMI
network analyzer, Rx gain measured Tracang Processing Unit Moozmotor] || |~
'thalgz:ﬁzbz.ﬁﬂ LSy Som‘are [T--1 contm"er E :JJBi:en:itc.suw!
: NUC Computer Antenna Unit g| F‘:;:::JM
T '
Power Source NUC Power 33viow }_ 12V 200W 24V 600 W ‘
120V AC Supply AC-DC AC-DC AC-DC
| i i .

Data Needed Requirement | Expected Verification

LNA Gain DR 1.9 10.7 dB gain at 2.3 GHz ~10 dB gain increase on Rx ESD
(Spec. sheet) when LNA is powered 60




Level 1- Low Noise Amplifier Component Test = compiete @

Objective Determine LNA gain at target
frequency

Location Akos’ Office

Equipment Spectrum analyzer, 3.3V source, N-
SMA adapters, attenuator

A LNA is powered, passed a signal via
network analyzer, Rx gain measured

Result: 10 dB increase matches specifications.

Data Needed Requirement | Expected Verification

LNA Gain DR 1.9 10.7 dB gain at 2.3 GHz ~10 dB gain increase on Rx ESD
(Spec. sheet) when LNA is powered 61




GNURadio Software Diagram YA\

ARGUS

Adalm Pluto SDR ‘ Digital Filtering - Demodulation

E—

Frequency: e FFT Plot
2.2-2.3 GHz

Bit Rate:

e Bit Plot

2MHz

Mixing

Amplify FR L0 | The ground station shallbe capable ofreceiving signals from a
ADC Low Earth Orbit satellite between 2.2 - 2.3 GHz, in Quadrature
Phase Shift Keying (QPSK) modulation with a Bit Error Rate
(BER) 0of 10-°, a bit rate of 2 Mbit/s , and a G/T of 3 dB/K.
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Bit Error Rate VA\

ARGUS
FR 10 The ground station shallbe capable ofreceiving signals from a Low Earth Orbit

satellite between 2.2 - 2.3 GHz, in Quadrature Phase Shift Keying (QPSK)modulation
with a Bit Error Rate (BER) of10°, a bit rate of 2 Mbit/s, and a G/T of3 dB/K

BER varying SNR

BER is governed by the system
Signalto Noise Ratio (SNR)

i \
o

e Must have SNR>10.4dB to *
achieve BER of 10-° \\SNR =10.4 dB
® Current system SNR = 17.21dB

o BER=8.9¢-9 |
o Determined using ASEN 3300 link SNR

budget and typical transmit values v [Meets Requirement

i
102
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Critical Manufacturing Area: Electrical

/

_
‘

g

Power Source

User < Signal
Computer | cas Processing
—‘ Software [€
”| Tracking
GPS »| Software
(GlobalSat BU-353-S4) UsSB ¢
Motor Control
Software

MN/SMA

LNA

A

l SMA

MicrolUSB

Adalm Pluto

> SDR

Conditioning and

Processing Unit

(ZX60-P33ULN+) |

LH-13XL
Feed

SPX-01HR
Motor Unit

v 1

Controller

h J

NUC Computer

¥ 3

.| NUC Power

120V AC

\I

Supply

Use

33V1oOwW
AC-DC

MD-02 Motor «

Satellite

Y

\}

Q

-

Legend
= Power
= Satellite Signal
=== Pointing Control

Antenna Unit

[

|:| Not purchased/Started

|:| On the way/In Progress
|:| Arrived/Finished

D Qutside Project Scope

SDR

Motor
Controller

NUC

\_

q§

\_

Y/

T

12V 200 W
AC-DC

24V 60Q@ W

AC-D

t

4
-
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Electrical - Components

‘ Manufacturing ‘

Wiring Assembly

Radio Frequency Path Design

Power Supply

D Critical Element

Purchased ‘ m

Cables

LNA

Motor Controller

NUC

GPS

SDR

Power Converters

Feeds
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Electrical - Overview

A\

O 4

N/SMA Antenna

33V k,-,,qﬁ adapter Feed
T—

= Power

= Digital Data

= = = 2.25 GHz
ZX60- LHCP
P33ULN+
Adalm |2 LNA
Pluto |
PR SPX-01/HR

Motor

MD-02
Controller

== RF Analog
Data

12V
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System Integration Plan

2
Legend
1 | Interface Completed .
2x 4 Core
= 2  February
= T :
~_ 3 ) March & April Az/El Motors Antenna Dish
120V 2
U ———— > § = A S =
User Computer
3 ~ —
120V
60 Hz LNA
i )
Motor Controller ' | ‘
i
| | |
usB ", usB
2.0 2.0| 2
| Stakes
./.;/
|: 3 \]
i SMA Connector
! Electronics i
Case GPS Adalm Pluto SDR

SMA
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Functional Requirement 3

FR3.0 | The ground station shall be reconfigurable to be used for different RF bands.

A\
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Reconfigurability Testing - April 14 VA\

Objective e Ensure ground station |
can be reconfigured «L
for other frequency

bands
Location e Senior Projects Room
Test e Takeoutall
Design components needed
for reconfigurability

e Feed, SDR, LNA

Requirement Expected Verification
FR 3 Components can be All can be removed Ring mount does not fit all
removed easily and quickly | within 30 minutes feeds. Adjusting size and

measuring medigates this 69




A\

ARGUS

Antenna Subsystem

FR 10  The ground station shallbe capable ofreceiving signals from a Low Earth
Orbit satellite between 2.2 - 2.3 GHz, in Quadrature Phase Shift Keying
(QPSK)modulation with a Bit Error Rate (BER)of 10, a bit rate of2 Mbit/s,
and a G/T of 3 dB/K.

FR4.0 = ARGUS shall weigh less than 46.3 kg (102 lbs)and be capable ofbeing
carried a distance of 100 meters by two people.
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RF Ham Design Reflector AN

ARGUS

Feed Support
Hardware

) LS m "
o Meets specified 27 dB at 2.3 GHz requirement; however, fails to meet mobility require ment
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Modification of Reflector 7&

ARGUS

Current RFHam dish:
® Assembly time 6+hours

e Single continuous mesh
e Multiple tools

Modifications:
® Assembly time less than 1hour

e Split nto 12 connectable
pieces
e Fewerthan 4 tools

Modularity:
e 22 gauge aluminum sheet
attaches to ribs
e Pectals attach to central hub
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7N

ARGUS

Modification of Reflector

v [Meets mobility requirements (FR.4)
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Antenna Gain Calculation

Pasternack SMA Male to N Male Adapter
« L, =0.07dB

ZX60-P33ULN+ MiniCircuits LNA
. —44 K
. GLNA =11.3 dB

Pasternack SMA to SMA Cable
o = 2m,0.7%3:>LA =1.4dR

. LZ = Lg =0.45dB

Adalm-Pluto SDR
. = 288.6K

ARGUS
Antenna
Feed Ly=Li+Ly+ L3
\\*
L L
! a=10" 10
LNA AT
\ \\\
L = Loss ‘)‘ S~
~a
B [ = Line Length Ts = aT,+ (1 —a)Ty + + G
LNA/
Ly
la|La = TS = 140K
L3 SDR Telemetry
Bitstream
Requirement: £=3% |G . —262dBi
: q T required — .
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Estimated Efficiency AN

564 - Feed and Blockage Efficiency ARGUS

N=MNreedpi 052

2 05 B
D

—_— 0.48
Gparabolic =1 2

0.46

=044 Optimal ARGUS antenna is

- 53.7 % efficient
Gain at 53.7% efficiency | 28.08 dBi '
04+
Gain at 35% cfficiency 26.22 dBi i
Required gain 26.2 dBi 0.36
0.34 : L ‘ ' : '
0 5 10 15 20 25 30

Feed lllumination Taper (dB)

v/ [ Meets bandwidth and gain requirements (FR.1
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Critical Manufacturing Area: Mechanical

User < Signal
Computer | ca= Processing
*‘ Software  [*

> Tracking

GPS » Software

(GlobalSat BU-353-54) UsSB

Y

Motor Control

Software

Power Source

120V AC

NISM,

LNA

(ZX60-P33ULN+) | ¢

i SMA

MicroUse

Adalm Pluto

> SDR

Conditioning and

Processing Unit

LH-13XL
Feed

SPX-01HR
Motor Unit

QPSK

.

v 1

Controller

NUC Computer

_| NUC Power

i

Supply

uUsBe

3.3Vi1oWwW
AC-DC

MD-02 Motor |_

Antenna Unit

Satellite

Legend
== Power
= Satellite Signal
=== Pointing Control

12V 200 W
AC-DC

I:‘ Mot purchased/Started

D ©On the way/In Progress
I:‘ Arrived/Finished

|:| Qutside Project Scope

SDR

Motor
Controller

NUC

24V 600 W
AC-DC

T

)

)
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Mechanical - Components

Manufacture

@

@)

n Critical Element

Purchase

Dish Kits

Modification Materials

Motor System -/

Tripod

Hardware Case

Electronics Case




Mechanical - Modified Dish

e Slow shipping ofdish kit caused

later start time
o  Work on off-days and weekends to
offset slow start

e Alladditional components and
tools purchased and prepared
e C(hallenges:

o Splitting up outer ring for panels
o Buckling ofthe mesh
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Mechanical - Modified Dish w

@® Stillneed to machine aluminum tabs

o Can be done in stacks in CNC machine

o Files are prepared - - - - - - =

o Doing test print . ) z . . ? s

e Modification to center hub

i p——t—t b4 e © 4 b R b+
o~ 2
o — B | & | | & | L
" s " 3.94

J1.18] 02, RS B2 .
276
1

P —— © | ® | @ | | & —— |

! + + + o o
=1 27.56 | o'
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D

Mechanical - Tripod and Motor System Mount

e Changed selected tripod from CDR to accommodate uneven ground
e Need to create adapter plate to connect tripod to motors

o Tripod and motor have not arrived
e Current plan: | B

o Surveying tripod i L b Ny

o Create adapter plate
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Functional Requirement 5

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

A\
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Interfacing Verification " Complete m

Objective e Ensure software has
full functionality over
secure shell connection

Location e Senior Projects Room

Test e Complete unit testing

Design of each software piece
over secure shell
connection

Result: All Tests pass and all pieces work over Cat-5 connection.

Data Needed Requirement Expected Verification

None FR 5 All Pass Ensure all pass Minimal 82
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Verification and Validation



Antenna Gain/Beamwidth Test @

ARGUS
. _ PrGrGri
Transmit signal with R (4nd)?
I;r;fvv::(fiitr;ssttern and _ Pe(4nd)? | Equipment Procurement
2 Cr="p G Needed
/ SDR Purchase
/ Measure power
Control transmit P/ received, compute gain
frequency )> * Transmit Borrow/Purchase
: Antenna
Waveform Wave form Borrow
g_. Analyzer Analyze r
d>30m Rotatedish,
monitor power Measuring wheel @ Borrow
level to verify
Turn on ARGUS antenna, beamwidth

measure ambient power for 1
minute to zero measurement
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Antenna Gain/Beamwidth Test 7&

ARGUS

Objective e Verify antenna gain
e Verify halfpower beam width

(HPBW) - )>

Rurallocation or RF test range
IS5 FR 1: Gain, Beamwidth

Data Needed Compared To Potential Measurement Issues

Efficiency model, 29.5dBi e Externalsignalnoise
dish kit specs at 2.4GHz e Signalreflection from ground
e Incorrect feed placement
Beamwidth Idealized estimates, 6.5° e Pointing accuracy

dish kit specs
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Objective e Test ARGUS portability m
R i i I fr
e EheOm Full System Test ©

ARGUS
Location Business Field

FR Verified All FR g

« -

‘ Components packed qusemble ARGUS \ qCalibrate with Sun Az/El

in cases
/NN e\ LS s
/1 § T, 0.....;‘.-:.'...; e /I— o
\\_,7 rr. T ”:‘“‘;::M"_q T T \'\J—
4 T w\'/;\;/:‘\\_;
Write Bitstream Demodulate Signal ‘ n Engage satellitetracking
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