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Project Motivation

e Ground stations consist ofa
motorized antenna system used to
communicate with satellites

e Current ground stations are
expensive and stationary

e Mobile ground stations could be used
to provide instantaneous
communication with small satellites in
remote locations

e Communication is real-time and direct
to the user

ARGUS

Current stationary S-Band ground station:

Project Risks

~$50,000

Validation

roject Planning
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Project Objective @ |

ARGUS

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
Interface with user laptop (monitor)
e Portable:46.3 kg (102 Ibs), able to be carried a distance of 100 meters by

two people
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Functional Requirements Zo

ARGUS
=

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 10°, a bit rate of 2 Mbit/s, and a G/T of 3 dB/K.

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 °and 170° local elevation.

3.0 The ground station shallbe reconfigurable to be used for different RF bands.

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.

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

™
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Design Solution
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Helical Antenna @

Feed

ARGUS

1.5m Parabolic
Reflector

Azimuth/Ele vation
Motors

Transportable Case _
Tripod
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Functional Block Diagram - (%

V. aPsK ARGUS
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Satellite

16
— = Software Flow Chart 04\
=== Pointing Control e " A R G U S
- B SPX-01 Motor
BU-353-54 GPS Controller
Azimuth &
QTH File Elevation
Angles
[ [ .
TLE File L ' Signal
. Conditionin
User Interface TLE Propagation d
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User Laptop ¥
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Legend Amplification
D Tracking Software Demodulation [<— Digital Filter [ J,
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[[] Hardware ADALM PLUTO
NUC Mini PC Software Defined Radio
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Antenna Unit Subsystem

Satellite

LH-13XL
Feed

Legend

= Power
=== Satellite Bit Stream
=== Pginting Control

h 4

LNA
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A
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Sensors: SPX-01

Unit
Outside Project Scope
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Purpose Design Solution Design Regs.

Project Risks Validation Project Planning



~
Q{Q&
N
@® Antenna Feed \:

o Purpose: Collect incoming signal
o Model: RFHam Design H-13XL
o Specs:LCHP at2.1-2.6 GHz, 110°beamwidth

e Antenna Dish
o Purpose: Magnify and focus incoming signal
o Model: RFHam Design 1.5 m
o Specs:Metal mesh, aluminum struts, 6 kg

e Antenna Base

o Purpose: Support antenna system and motors
o Model: RFHam Design
o Specs:670mm — 830mm height, 30 kg max load

Purpose [ ion Design Regs. Project Risks Validation



Motor System @

ARGUS

- W

SPX-01: az/el motors + position sensors +controller

$655.78
0.5 deg resolution

e Interfaces with onboard
computer
Manual/auto control
Designed for continuous

tracking A ——

Az/El motors + position sensors Motor controller
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Signal Conditioning and Processing N

~ QPSK
\
I
F N-SMA

LH-13XL Adapter
Feed

Legend

- ‘;I Motor Controller: Rot2Prog I-{
m— Power 12V DC

=== Satellite Bit Stream
=== Pointing Control

LNA
(ZXB0-PIULNY)

Az/El Motors + Position
Sensors: SPX-01

Antenna Unit

Qutside Project Scope

To be developed 3.0V DC

To be purchased

Intel Nuc

Pointi
Computer Control
Power oftwa Micro USE
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@® Low Noise Amplifier (LNA)
o Purpose: Increase signal gain
o Model: Minicircuits ZX60-P33ULN+
o Specs: 4.8 dB Gain, 0.38 dB Noise

e Software Defined Radio (SDR)

o Purpose: Process incoming RF data
o Model: Adalm Pluto
o Specs:325 MHz to 3.8 GHz Frequency Range, 12 bit

ADC, 20 MHz max RX data rate

e Onboard Computer
o Purpose: Process incoming RF data and control tracking

o Model: Inte]l NUC Kit NUC7I7DNKE
o Specs:i7 Processor, 16gb RAM, 512gb SSD

Design Regs. /, Project Risks S Validation roject Planning
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Critical Project Elements
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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 of 2 Mbit/s,
and a G/T of 3 dB/K

FR4.0

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

Purpose
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RF Ham Design Reflector

Feed Support
Hardware

LS m
e Meets specified 27 dB at 2.3 GHz require ment; however, fails to meet mobility require ment

Design Solution Design Regs. Project Risks Project Planning




Modification of Reflector

Current RFHam dish:
® Assembly time 6+hours

e Single continuous mesh
e Multiple tools

Modifications:
® Assembly time less than 1hour

e Split into 12 connectable
pieces
e Fewerthan 4 tools

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

o
S
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ARGUS

Modification of Reflector

v [Meets mobility re quirements (FR.4)

Validation Project Planning
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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
V4 4+ L=2m07E =1, =14dB

. LZ = L3 =0.45dB

Adalm-Pluto SDR
. = 288.6K

Antenna
Feed

Ly

Purpose
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38 — | Grequirea = 26.2 dBi

N

ARGUS
Ltl:L1+L2+L3
\\*
a=10""10
“\
[N
\ \\\
L = Loss ‘)‘ Sl
~a
[ = Line Length Ts = aT,+ (1 —a)Ty + + G
LNA/
La
= Ty = 140K

SDR

Design Regs.

Telemetry

Bitstream
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Estimated Efficiency VA\

Feed and Blockage Efficiency

0.54 ARGUS
N=MNfeeallbl 052}
2 05 B
D _
G =7 0.48
arabolic —
p A 0.46
=044 - | Optimal ARGUS antenna is
- 53.7 % efficient
Gain at 53.7% efficiency | 28.08 dBi '
04
Gain at 35% efficiency 26.22 dBi i
Required gain 26.2 dBi1 0.36 |-
0.34 : : ‘ : ' '
0 5 10 15 20 25 30

Feed lllumination Taper (dB)

v [Meets bandwidth and gain requirements (FR.1
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Tracking Hardware Subsystem

FR2.0

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.

Purpose
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STK: Tracking Rate Verification

DR2.3

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

ARGUS

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

e Max Rate:4.419s

Angular Rates (deg/sec)

-0.54

Purpose Design Solutio

FOR UNFUNDED EDUCATIONAL USE ONLY

4.0+

3.59

3.0+

254

204

0.5

0

HITTTTT T e e e e T

\
Max of 4.41 °/s

—
23:07
Dec 2 Sun 2013

Angular Rate (deg/sec)

—y e s —y —y —y —y
23:12 23:13 23:14 2315 23:16 2317 23:18

Time (UTCG)

[ ]
Azimuth Rate (deg/sec)

—y —y —y e
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Validation roject Planning
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Worst Case Pointing Error

- -

0 + 0

- BTLE, Error T 0

Pointing Error Motor, Error

0 <3.25°-110°-143°

Motor, Error

7 <0.72°

Motor, Error

Tracking, Error

n

ARGUS

0

Pointing Error

F=0,,=6.5°

<3.25°

OTLE, Error, Max = 1.43°
BTracking, Error, Max = 1.10 °

Project Risks Validation Project Planning
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Antenna Motor System

® Specs:

o

Azimuth
m Range:0°to 360°
m Speed:7.2%sec

ARGUS

o Elevation
m Range:+90°
m Speed:7.2%sec
o Maximum Load: 30 kg
o Position sensors with accuracy: 0.5°
DR 2.3 The antenna motor shallbe able to move the antenna at a slew rate 0of5.0 /s
DR2.4  The antenna motor shallhave a pointing accuracy greater than 0.72°

Purpose

N
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Tracking Overview VA\

ARGUS

Az/El angular command

SPX-01
e
I Motor system
I \ 4 r ____________ I
| R I
Extern.al .| Controller: I' LAz motor *_Sensor I
power: > —
12V DC I Rot2Prog R I
| I'| EI motor » Sensor I
T Lo i Sereer T
I
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Software Interface VA\

ARGUS
Enable serial communication ) Input lat/long =W Calibrate =P Select target m®p Engage
Azimuth Elevation
1 .3 0° 0.0 O0°
Read: -- Read: --
|
'E | Target Settings
/ AEROCUBE 6A - Track Device:  test - Engage
_ . Az:  16L.79° Monitor
""'-é-""' El:  -81.00°
AT:  45:38 Cycle: | oo + | msec
Tolerance: = 0.50 — + | deg
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ARGUS

Tracking Software Subsystem

FR2.0

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.

Purpose
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Tracking Software
Demonstration

Antenna Pointing:
" Hanual Hode
) G
GUT

ARGUS +E1 A
1Y
Upcoming Passes for Yaogan B over Boulder: +hz b
Pass 11 i

Start: Thu Now 29 08:04151 2018, Azimuth: 9.14°

Finish: Thu Nov 23 08:1:13 2018, Azinuth: 196.65° Lopu4f=irch
Hazimum Elevation: 74.45°

0

ass 27 Input Elevation:

Start: Thu Nou 29 09:40:00 D018, Azinuths 334,76°

Finishi Thu Nav 23 0814625 2018, Azinuthi 264,54° o
Haxinun Elevations 4,28°

Set Az¢El
e T
Start: Thu Nov 23 17:12:57 2018, Azimuth: 60,147

Current Azimuth: 223,63, Current Elevation: 61,07
Finish; Thu Now 29 17714315 2018, Azimuth: 47,027
Maximum Elevation: 0,02

FR2.0 The ground station shall mechanically steer a il ‘Mdy'q_th - malva_nganm
dish/antenna system to follow a LEO satellite femith ond Hlevetion Yaugannﬁ over Bouider
between 200 km to 600 km between 10°elevation . 8. fmogen o
and 170°elevation.

sun

2
30
40
0

60
70
80
90

o
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Calibration & Manual Control Frames

39

ﬂﬁm ARGUS
Tracking

L0 4 GUI

Purpose

Design Solution o

Antenna Pointing:
" Manual Mode
* Program Track

+E1 A
-1 Y
+Hz b

Az 4
Input Azimuth:
0
Input Elevation:
0
Set Az/El

Current Azimuth: 223.63, Current Elevation: 61,07

£l A
-8y

>
- 4

Input Azinuth:
o

Input Elevation:
o

Set Az/EL

Current. Rzinuth: 223.63, Current Elevation: 61.07)

TLE File: Yaogens.tle

[ Errrss

Azimuth and Elevation gf Yaogan 6 over Boulder

® Yaogans
sun

Design Regs. Project Risks
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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 capabilitie s
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

ARGUS GUI Elevation Location and Dither

o
S
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Upcoming Pass Frame

Upcoming Passes for MTI ower Boulder:

Pazs 1:

Start: Mon Mow 26 18:05:36 2018, Azimuth: 55,65°
Finizh: Mon Mow 26 18:11:00 2018, Azimuthi 120,547
Maximum Elevation: 2,04°
Pazs 23
Start: Mon Mow 26 19:35:28 2018, Azimuth: 10,82°
Finizh: Mon Mow 26 19:45:50 2018, Azimuthi 195,04°
Maximum Elevation: 82,28°
Pazs 33
Start: Mon Mow 26 21:09:20 2018, Azimuth: 330,76°
Finish: Hon Mow 2B 21:14:42 2018, Azimuth: 266,47
Maximum Elevation: 3,22°

i

N

N
7 ,./)

Project Risks

TLE File: Yaogens.tle

Azimuth and Elevation 3f Yaogan 6 over Boulder

Validation

Project Planning
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STK: Upcoming Pass Verification

DR2.2

The pointing control accuracy must be within 3.25° to maintain

downlink capabilities throughout the entire pass.

ARGUS (Mountain Time)

Upcoming Paszes for MTI owver Boulder:

Start:
Finizh:

Start:
Finizhz

FPaz=s 1:
Sun Dec 2 18:035:20 2018,
Sun Dec 2 18:08:01 2018,

RBzimuths
Bzimuth

Maximum Elewation: 2,1°

Paz= o+

Sun Dec 2 19:32:59 2018,

Sun Dec 2 19:43:11 2018,

Azimuths:
Azimuthz

Maxinlim Elevation: 4,437

FPaz=s 3t

B0, 52"
115, 76"

12,35
132,14*

Start: Sun Dec 2 21:06:27 2018, Azimuth: 333,397
Finizh: Sun Dec 2 21:12:18 2018, Azimuth: 262,77
Maximum Elewation: 4,08%

Purpose

"> Design Solution

i

Design Regs.

Placel-To-Mti 26102

Start Time (UTCG)

N

ARGUS

Stop Time (UTCG)

3 Dec 2018 02:32:58.799

3 Dec 2018 02:43:11.240

Project Risks

v O Verified

Validation

roject Planning
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Az/El Plot Frame (%

ARGUS

-QTH Files Boulder.qth TLE File: Yaoganb,tle

Azimuth and Elevation 8: Yaogan 6 over Boulder

fAntenna Pointing:

e

n ) i
Yaogan 6 - oz
@ g r

& sun Urconing Pazees for Yaogan 6 over Boulders ey

Input Azinuth:

Input Elevation:
o

Set Az/EL
Current. Rzinuth: 223.63, Current Elevation: 61.07)

2
30
40
50
60
70

80"
90,
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STK: Azimuth/Elevation Verification N

DR2.2 The pointing control accuracy must be within 3.25° to maintain ARGUS
downlink capabilities throughout the entire pass.
Azimuth and Elevati%g of MTI over Boulder FOR UNFUNDED EDUCATIONAL USE ONLY

(d2g)

270"

Purpose i i Design Regs. Project Risks Validation roject Planning
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ARGUS

Signal Conditioning & Processing

FR 1.0

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.

Purpose

Design Solution \\ > Design Regs. > Project Risks | Validation Project Planning



GNURadio Software Diagram VA\

ARGUS

Adalm Pluto SDR ‘ Digital Filtering - Demodulation

=)

Frequency: e FFT Plot
2.2-2.3 GHz
Bit Rate:

2MHz

e Bit Plot

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.

Purpose , Design Solution \ Design Regs. Project Risks Validation




GNURadio Software Demonstration VA\M

1 m Data 0
L | HW M mrnn r—‘ 1 nm n
0.8
€ 06
2
]
i
< 04
0.2
o UL U gluyl aiogur v gty
T T T T T 1
0 5 10 15 20 25
Time (us)
] m Data 0
0
20
@
@ -a0
=2
£
g0 -
5 60
S g0 ]
5
] a1
[ 1
-100
-120
-140
T T T T T T T T 1
2000 -1.500 -1.000 -0500 0000 0500  1.000 1500  2.000

Frequency (MHz)

=
\\

ARGUS

DR 1.4 The ground station shall be capable of
demodulating a signalusing the QPSK
modulation scheme.

DR 1.10 The ground station shall be able to receive a
data rate ofat least 2 million bits per second.

Design Regs.

Project Risks Validation oject Planning
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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 Keyng (QPSK)modulation
with a Bit Error Rate (BER) of10?, a bit rate of2 Mbit/s, and a G/T of 3 dB/K.
BER is governed by the system
Signal to Noise Ratio (SNR) )
e Musthave SNR>10.4dB to
. ool SNR=10.4dB
achieve BER of 10 \
e Current system SNR = 17.21dB \
o BER=89e9 o 2
o Determined using ASEN 3300 link SR
budget and typical transmit values v [Meets Requirement

=

Purpose Design Solution \3 Design Regs Project Risks Validation roject Planning
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ARGUS

Mobility

FR4.0

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

Purpose
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Mobility: Mass Estimate

Components Components
Feed lkg Tripod 1.9 kg
Dish 6 kg SDR 0.12 kg
Az/El motors 12.8 kg Electronics 2.2 kg
Motor Controller 2 kg Case 154 kg
NUC 12 kg Mounting Bracket L6 kg
Total 44.2kg <46.3kg | v Meets Mass Requirement (FR4.0)

ARGUS

Purpose > Design Solution \
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Risk Management
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Gain

Blockage and efficiency calculations flawed, too little gain to get satellite signal

Manufacturing Modifications to dish result in incorrect parabola, unaccounted for blockage
TLE Accuracy dependent on source and age of TLE

Motor Motor resolution and limits cause error in tracking sate llite

Mobility Violate OSHA standards

Calibration Inaccurate calibration of Az/El causes inaccurate pointing and tracking
BER High BER causes data to be erroneous and unusable

Full Integration

Failure between subsystem interfaces causes entire system failure

ARGUS

Risk Matrix

Severity

1 2

5 | Mobility

Legend

Low (1-4)

Moderate (5-9)

Likelihood

High (10-14)

Critical (15-25)

ey

Full Inte gration

1. Motor Error
2. Calibration




Mitigation 53
Larger dish gives bigger margin of error ﬂ‘ \

TLE Download most recent TLE’s for testing ARGUS

Motor Buy more precise motors RIS k Mltlg atlo n

Mobility Purchase a case with less mass

Calibration Antenna point at strongest signal from sun during calibration

BER INA, short cable lengths, specific frequency band Severity

Full Integration

1

Legend

Low (1-4)

Moderate (5-9)

1. Motor Error Dish Gain
2. Calibration

Likelihood

High (10-14)

Critical (15-25)
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Verification and Validation



Test Plan @SS

Component Test: Integration Test: Systems Test: ARGUS
Jan. 15th - Feb. 1lth Feb. 1lth - Mar. 1lth Mar. 1lth - April 2 Ist

Antenna: Antenna System: Antenna System:
- Dish manufacturing - Gain - S-Band satellite signal
- Motor calibration - Beamwidth reception
- Feed functionality
Signal Processing Test: Signal Processing Test:
Signal Processing: - QPSKdemodulation - S-Band signal
- GNURadio -  BER processed
- Predict - Cat5 connection
-  GPS Motor System Test:
Motor System Test: - MTI+ Yaogan 6
Hardware: - Rotation rate tracking
- Power Transformer - Rotation range
- Capacitor Mobility:
- Motor Functionality - Transportand
- Component weights assembly > 100m

N
b
/

Design Regs. Project Risks Validation / Project Planning
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Signal Processmg System Level Test
&N

Create QPSK signal
Add noise to signal Read file using NUC
with GNURadio at 2

in Matlab
- minimum 460,518 using SNR and write
to give 99% signal to file MHz

confidence

Y

Compare signal to Output signal through De#gguﬁﬁ‘?: and
Matlab generated Cat5 Ethernet cord to write to file

signal users laptop

processed signal

II

NUC
QPSK Demodulated
4 | =D =
(GNURadio) Catb

ARGUS

Equipment Procurement
Needed

Laptop Owned
GNURadio Open Source

Possible Measure ment Errors

e NUC Processing Speed
e Reconfigurability
e length oftest (time)

Design Regs. ;

Purpose

Project Risks
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Signal Processing System Level Test

Objective

Location

FR
Verified

N

2O 4

e Verify NUC Processing speed
e (at5 data port connection
e GNURadio on S-Band signal

ARGUS

Information before Transmiting

08|

ITLL

o 06F
P
=1
—~04F

0.2

FR 1: BER, QPSK Demodulation, Bandwidth
FR 3: Reconfigurability
FR 5: Cat5 Connection

- . .
o & -3
4 5 6 7
Bit

0

(N1 3

1 13 8 9 10

QPSK modulated signal

Amplitude

o=
1
ofF

1
2

J I I I I |
0 0.5 1 4 2 23]

Data Needed | Compared To Expected . QPSK madulated signal with nolse e
BER Matlab estimation | 8§.9E-9 gu \AM/\A/
QPSK Signal Matlab generated @ Matlab generated 2] - b - . o

Time [sec] %10°®

signal signal

Purpose

o
S

Design Regs.
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Antenna Gain/Beamwidth Test

ARGUS

. _ PrGrGrA
Transmit signal with R™ " (4nd)? i
known gain pattern and i
S a Pr(4md)?
| power output '=>Gp =
/ - PG A2
/ O
/”‘ Measure power
Control transmit k,’.-’/ received, compute gain
frequency )) 4
/

Waveform
Analyzer

d>30m ‘ Rotatedish,

: monitor power
level to verify
Turn on ARGUS antenna, beamwidth
measure ambient power for 1
minute to zero measurement

2

Equipment Procurement
Needed

SDR Purchase
Transmit Borrow/Purchase
Antenna

Wave form Borrow

Analyzer

Measuring wheel @ Borrow

Purpose Design Solution 5 Design Regs. > Project Risks Validation

roject Planning




Antenna Gain/Beamwidth Test VA\

ARGUS

Objective e Verify antenna gain
e Verify halfpower beam width

(HPBW) - )>

Location Rural location or RF test range

IS5 FR 1: Gain, Beamwidth

Data Needed Compared To Expected Potential Measurement Issues

Gain 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

\,_\

N

Purpose / Design Solution Design Regs. / Project Risks > \Validation

/




Motor System Level Test VA\

ARGUS

) 2] )

Aach DiheFeed Ve motrcotroter
otor system. 0 time to calculate slew
Includes tripod and between 10-170 rate
cable degrees

Equipment Procurement
Needed
Timer Owned
Protractor Borrow

Power Supply | Borrow

Purpose i ion Design Regs. > Project Risks Validation roject Planning




Motor System Level Test VA\

ARGUS

Objective e Testcable wrap f@ﬁg‘é‘\‘%"
e Show motor control system k
e Testencoders "

Location ITLL

FR Verified FR 2: Slew rate, range of motion

Data Needed Resolution Expected Possible Measurement Errors
Rotation Rate 0.5°/s 7.2°s o

e Timing accuracy
Rotation Angle 1° 10°-170° e Angle measurement accuracy

Purpose / Design Solution \,

e

Design Regs. /, Project Risks ‘ Validation

e



Mobility System Level Test @

Equipment Procure ment
Needed
All ARGUS components Scale Borrow
packed in carrying case
- Measuring Borrow
wheel
Stopwatch Borrow/Owned

Egvﬁ'

Weigh disassembled
system

H Assemble ARGUS

Carry 100m

=

Purpose Design Solution \ Design Regs. , Project Risks Validation




Mobility System Level Test

Objective o Verify weight requirements
e Demonstrate mobility
e Show assembly is under 60min

Location Business field

FR Verified FR 4: Mass, assembly time

Data Needed Requirement Expected
Weight 46.3 kg 42.6 kg
Assembly Time | 60 min 35 min

oy

N

ARGUS

X

Project Risks >

Validation

Project Planning

Purpose / Design Solution \, Design Regs. /

e

e



Objective e Test ARGUS portability
e Receive signal from
sate llite

Full System Test

Location Business Field

FR Verified

All FR

Components packed
in cases

Write Bitstream

™

Purpose Design Solution

0

ARGUS

Azimuth and Elevatign of MTI over Boulder

ssemble ARGUS

‘ E Calibrate with Sun Az/El ‘

01 o Ly o

Design Regs.

Project Risks Validation

roject Planning



Project Planning
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Organizational Structure

Dennis Akos
Advisor

Anahid Blaisdell
Project Manager

Michael
Tzimourakas
Financial Lead

Adam Hess
Systems Engineer

Raytheon
Customer

Gera Fuentes
Test and Safety
Lead

ARGUS

i Stuart Adam Dodge
TDla::_a Ml_atad Penkowsky Ja'l";::"LLOé'ez Signal Processing
LAERIRIRL 4 Controls Lead =2 Lead

Trevor Barth
Electronics Lead

Tyler Murphy
Mechanical Lead

T1 Fulton
Manufacturing Lead

Purpose Design Solution Design Regs.

Project Risks

Validation

Project Planning




Wo
Deliverables

K

ﬂ

Purpose

oy

Management

Cost Plan

Test Plan

%EED
g5 |2

Risk Matrix

Safety/Test

Facilities

Procedures

Transportation

Mk

Legend

:] Completed
(] Future work

reakdown Structure

Antenna

Kit Selection

g
&
3

Layout

:
g
| 8| &

4
1

Cap !
gg
B 5
g

]
:

Manufacturing
Assembly
Werification

ration

Validation

Design Regs.

Tracking

'
'
f

i

>
a
2
—
3

Model Tested

=
=
(1]
%

Software Test

Verification

Validation

£
£

Project Risk

Motors

Torgue/Speed
Calculations

=
2
ﬂ

o
4
=5

£
E
=
%

g

Verification

HIEIERE
HHE

Validation

Validation

0w

ARGUS

Signal
Processing

Demodulation
ith GNU Radio

Select LNA

Pointing
Accuracy
Calculations

Simulated
Closing Link

Signal
Simulation

Verification

Validation

roject Planning




Work Plan JA\

1/19 2/19 3/19 4/19 5/19
u ARGUS

ARGUS

Spring Semester
START
Purchase SDR
Purchase LNA
Purchase Microcontroller
Purchase NUC
Purchase Electronics Case
Purchase Dish Kit
Finalize Plan to Make Dish Mobile
Implement Tracking on NUC and Mic...
Implement Software into SDR
Calibrate Pointing
Calibrate SDR
Motor-Controller Testing
Motor Testing
Modify Dish Kit
Test Pointing Accuracy
Test SDR
Test Built Antenna
Fully Integrate System
Test Full System
Senior Design Expo

Legend ‘\\

Purchases
Software

Antenna
Test

Integration

Milestonej

Purpose . Design Solution Design Regs. Project Risks Validation > Project Planning




Work Plan JA\

1/19 2/19 3/19 4/19 5/19 ARGUS

ARGUS

Spring Semester
START
Purchase SDR
Purchase LNA
Purchase Microcontroller
Purchase NUC
Purchase Electronics Case
Purchase Dish Kit
Finalize Plan to Make Dish Mobile
Implement Tracking on NUC and Mic...
Implement Software into SDR
Calibrate Pointing
Calibrate SDR
Motor-Controller Testing
Motor Testing
Modify Dish Kit
Test Pointing Accuracy
Test SDR
Test Built Antenna
Fully Integrate System
Test Full System
Senior Design Expo

Legend \

Purchases
Software

Antenna
Test

Integration

Milestonej

Implementing Software

«—— Testing and
Calibration

/
BIENN

Purpose . Design Solution Design Regs. Project Risks . Validation > Project Planning




Work Plan JA\

1/19 2/19 3/19 4/19 5/19 ARGUS
ARGUS
Spring Semester

START ¢
Purchase SDR [N
Purchase LNA I / Legend \
Purchase Microcontroller I
Purchase NUC o [ Purchases
Purchase Electronics Case N S

(| oftware
Purchase Dish Kit I
Finalize Plan to Make Dish Mobile o [1 Antenna
Implement Tracking on NUC and Mic...
Implement Software into SDR B Test
Calibrate Pointing 0/ Integration
Calibrate SDR .
Motor-Controller Testing \ <> MlleStone/

Motor Testing

Modify Dish Kit

Test Pointing Accuracy
Test SDR

Test Built Antenna
Fully Integrate System ‘

Dish Kit Modifying

Antenna Gain Testing

Test Full System
Senior Design Expo

Purpose . Design Solution Design Regs. Project Risks . Validation > Project Planning
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Work Plan JA\

1/19 2/19 3/19 4/19 5/19 ARGUS

ARGUS

Spring Semester
START
Purchase SDR
Purchase LNA
Purchase Microcontroller
Purchase NUC
Purchase Electronics Case
Purchase Dish Kit
Finalize Plan to Make Dish Mobile I
Implement Tracking on NUC and Mic...
Implement Software into SDR
Calibrate Pointing
Calibrate SDR
Motor-Controller Testing
Motor Testing
Modify Dish Kit
Test Pointing Accuracy
Test SDR
Test Built Antenna
Fully Integrate System
Test Full System
Senior Design Expo

/ Legend \

Purchases
Software
Antenna
Test

[ Integration
<>  Milestone
Fully \ /

Integrate System and
Full System Test

Design
Expo

Purpose . Design Solution Design Regs. Project Risks . Validation > Project Planning




Work Plan — Critical Path — VA\

1/19 2/19 3/19 4/19 5/19 ARGUS

ARGUS

Spring Semester
START
Purchase SDR
Purchase LNA
Purchase Microcontroller
Purchase NUC
Purchase Electronics Case
Purchase Dish Kit
Finalize Plan to Make Dish Mobile
Implement Tracking on NUC and Mic...
Implement Software into SDR
Calibrate Pointing
Calibrate SDR
Motor-Controller Testing
Motor Testing
Modify Dish Kit
Test Pointing Accuracy
Test SDR
Test Built Antenna
Fully Integrate System
Test Full System
Senior Design Expo

Obtaining / Legend \
Products

Purchases
Software

Antenna
Test

Integration

Milestonej

Implementing
Software

Major Driver: Dish
~ Kit Modifying

Testing and
Integration

/
BIENN

Purpose > Design Solution Design Regs. Project Risks Validation > Project Planning




Budget N

Total: $3419.25 A R@G Us

Adalm Pluto, 2.92%

on | Co)]

Motor + Controller 782.58 16 6B RAM, 3.48%
Ele ctronics 1134.10 g 50:":?:‘?’1:‘,:;’;1’%1"
Dish +Feed 627.67 o

Tripod 475.00

Pelican Case 400.00 o

Remaining Funds 1580.65 e e

Total 5000.00 e s 1

AC-DC Converter, 0.27%

N

Purpose > Design Solution \\/ Design Regs. , Project Risks Validation roject Planning
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Mason, James. “Development ofa MATLAB/STK TLE Accuracy Assessment Tool, in Support ofthe NASA Ames Space
Traffic Management Project.” August, 2009. https://arxiv.org/pdf/1304.0842 pdf

Splatalogue, www.cv.nrao.edu/course/astr534/Equations.html.

STK help.agicom/stk/index.htm#training/manuals. htm?TocPath=Training| 0.

Kildal, Per-Simon. Foundations of Antenna Engineering: a Unified Approach for Line-of-Sight and Mulfjpath. Kildal Antenn
AB,2015.

“Cables, Coaxial Cable, Cable Connectors, Adapters, Attenuators, Microwave Parts.” Pasternack, www.pasternack.com/.
“Tools for Spacecraft and Communication Design.” Amateur Radio in Space www.amsat.org/tools-for-calculating-
spacecraft-communications-link-budgets-and-other-design-issues/.

http://www.rthamdesign.com/index.php

Hamlib rotator control command library: http://manpages.ubuntu.com/manpages/xenial/man8&/rotctld.8 html

RF Hamdesign- Mesh Dish Kit 1.5m"Specifications Sheet”. PDF file. 20 18. www.rthamdesign.com/downloads/rf-
hamdesign-dish-kit Im5 kit spec.pdf.

SPXO01 Azimuth & Elevation Rotor Including Controf'SPX-01Specifications Sheet”. PDF file. 20 18.
www.rthamdesign.com/downloads/spx-0 I-specifications.pdf.



http://www.pasternack.com/
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http://www.rfhamdesign.com/index.php
http://manpages.ubuntu.com/manpages/xenial/man8/rotctld.8.html
http://www.rfhamdesign.com/downloads/rf-hamdesign-dish-kit_1m5_kit_spec.pdf
http://www.rfhamdesign.com/downloads/spx-01-specifications.pdf
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Total List N

Adalm Pluto 99.99 2.92%
Intel NUC Kit 530.98 15.53%
16 GB RAM 118.99 3.48%
500 GB SSD 90.00 2.63%
Low Noise Amplifier (LNA) 94.95 2.78%
GPS 27.97 0.82%
Motor + Controller 782.58 22.89%
Tripod 475.00 13.89%
72 In. SMA Cable 113.08 3.31%
Dish Kit 512.67 14.99%

9.33 0.27%
29.18 0.85%
400.00 11.70%
19.63 0.57%
115.00 3.36%
1,580.65 46.23%
3,419.35 100.00%

AC-DC Converter
120-24 Transformer
Pelican Case

N to SMA Adapter
Antenna Feed
Remaining Funds

R72E V2 AR Vo SR Vs SE Vo SR Vo SRR Vo B Vo SR ¥ S Vs S ¥ S ¥ o I Y R "2 A V2 S V2 R Vo8

Total Income



Changes Made Since PDR VA\

Purchase and modify dish kit

Purchase motor gimbal

More precise gain number

Removal of auto-track

2O 4

ARGUS

Cost effectiveness due to amount of man
hours necessary to build dish from scratch

Difficulty in accuracy and efficiency. Out of
scope

Specific components chosen, thus, accurately
calculated losses

Out of scope due to difficulty, processing
constraints, and stram on motors
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1.0

2.0

3.0

4.0

5.0

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 10-°, a
bandwidth of 2MHz, and a G/T of 3 dB/K.

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.

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

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

The ground station onboard computer shall interface
with a laptop using a Cat5 ethernet cable.

Verification of conditioning and processing QPSK
signal in lab setting, power reception test of LEO
satellite with integrated system

Slew rate and pointing accuracy testing of integrated
gimbal/antenna assembly, tracking satellite during
pass monitoring signal strength

All band specific components are accessible and
interfaced with industry standard connectors

Weight budgeting, mobility and assembly
demonstrations

Passage of required data between laptop and NUC



Reconfigurability

FR 3.0 ' The ground station shall be reconfigurable to be used for different RF bands.

7Ny

ARGUS



Reconfigurability to Other Frequency Bands

Components Dependent

upon Frequency

Feed

SDR

Parabolic dish material

LNA

Reason

Picks up specific band and made for specific
focal length to diameter ratio; diameter
depends on frequency

SDR has maximum frequency and sampling

rate, upgrade may be required at higher
frequencies.

Must use material smaller than 1/10th of
wavelength

Made for specific frequency bands

Reconfigurable Solution

Modular ring clamp makes it possible
to swap out feed at other band,
provided F/D ratio is similar

Change defined frequency window
and sampling rate according to new
band OR insert new SDR using the
same connections

None needed; current mesh is valid
up to 11 GHz

Replace LNA to accommodate new
band

81



Laptop Interface

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

-5

N

ARGUS



Power Budget @

ARGUS

Motor Assembly 24 VAC, 50/60 Hz 45.6 W
NUC Computer 19V 120 W
LNA 3.0V 0.5W

*All other components powered through USB connections to NUC computer



Power Components

e 120-24 VAC Transformer
o Used for providing 24 VAC to pointing
motors
o Rated for 100 W (45.6 W required)
o Verification: Multimeter reading of input and
output for voltage and frequency
e 120 VAC to 3.3 VDC AC-DC Converter
o 3.3 VDC required for LNA
o Rated for 9.9 W (0.5 W required)
o Verification: Multimeter reading of DC output




GPS Module

e Purpose:
o Determine precise location of ground station
used for calibration and timing

e Model:
o Globalsat BU-353
® Specs:

o Stationary Accuracy of +/- 3 meters
o $30

ARGUS




Low Noise Amplifier

e Purpose:

(@]

Increase signal gain

e Model:

(@]

Minicircuits ZX60-P33ULN+

® Specs:

o

O

o

Gain: 4.8 dB

Noise:0.38 dB

Max Power Draw: 0.2 Watts
$94.95

ARGUS



Software Defined Radio VA\

e Purpose:
o Process incoming RF data

e Model:
o Adalm Pluto

® Specs:
o Up to 20 MHz Bit Rate
12 bit ADC
Frequency Range: 325 MHz to 3.8 GHz
$100

o O O



Onboard Computer

e Purpose:

o Process incoming RF data and control tracking
e Model:

o Inte]l NUC Kit NUC717DNKE
® Specs:

o Inteli7 Processor

o 3.6 GHz Clock Speed
o $750

ARGUS




BER Equation

Using QPSK Modulation, BER is calculated by:

e Varying SNR (E/N) gives BER

https://en.wikipedia.org/wiki/Phase-shift keymng#Bit error rate 2

N

ARGUS


https://en.wikipedia.org/wiki/Phase-shift_keying#Bit_error_rate_2

BER Confidence Level Calculation VA\

ARGUS

~N — N,.*BER
CLzl_e errorsze bits *

N, = ~In(1-CL) _ —ln(1i0.99) 60517 0186
BER 10°°

https:// www.keysight.com/mam/editorial.jspx?cke y=148 110 6 &ad=148 110 6 &nid=11143.0.0 0 &c=eng &cc=US



https://www.keysight.com/main/editorial.jspx?ckey=1481106&id=1481106&nid=-11143.0.00&lc=eng&cc=US

What is QPSK Modulation? (7

ARGUS

1.0 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) 0of 105, and a G/T of 3 dB/K.

e (QPSKModulation is a method ofencoding bits within a @ ®
wave form SN
e Slice transmitted signal into four parts by varying phase ; % = C:Dl—ln
o 45°135°180°225°
e Shape ofwave indicates what pair ofbits are being transmitted m@ | @

. o 10
e Piece received signalback together %o



QPSK Modulation

Transmission:

e Bit stream broken up into 2 parts

©  Odd Bits =Inphase Component ()
o Even Bits =Quadrature Phase
Component (Q)

e 2 waves created composed of4

periods
o Certain shape ofcosine =0
o Certain shape ofsine =1

e Waves combined with 2 bits per
period of transmitted signal

Amplitude

Amplitude

Message

Time [sec]

ARGUS
Sending the letter “A™:
01000001
Wave | (odd bits)
-/\ 0 T, 0 1
Time [sec] T T
Wave Q (even bits) 3 4
T, 0 1
Time [sec] T T
QPSK modulated signal [l + Q] 3 4
Tz
\_A)\ 01 )
i T T




QPSK Modulation

)

2E ARGUS
b
sn(t) =4/ T cos(2nft + (1 —n)), n=0,1.
L] b
Reception:
o 1 Wave | (odd bits)
e Fmalwave is received E .
o _ 5 0 0 0 2/ 0 0 g
containing 2 bits per g,
. T Time [sec] T
CcI10 1 Wave Q (even bits) 4
P d . 0 B T 7 - 3 - T
e
e Results in 2 times faster £ o~ 9 L o 1
=
< _
data rate 1-|- T Time [sec] T
PY O I h alf th e BER Wlth ; ! QPSK modulated signal [| + Q] 3 4
S T
° 2
same data rate §° o \A\ 00 01 )
2 T T1 Time [sec] 3 T4

Received the letter “A”: 01000001



GNURadio Software Diagram

Options
1D: rtl_gpsk

Generate Options: OT GUI

Variable Variable
1D: samp_rate 1D: bandwidth
Value: 5M Value: 2M

PlutoSDR Source
Device URI:
LO Freguency: 2.25G
Sample rate: 5SM
RF bandwidth: 2M
Buffer size: 32.768k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Manual
Manual Gain (dB): &4
Filter:
Filter auto: True

Sample Rate: 5M
l b l Cutoff Freq: 100k

Low Pass Filter
Decimation: 1
Gain: 1

Transition Width: 1M
Window: Hamming
Beta: 6.76

Adalm Pluto SDR |:> Filtering |:> Demodulation

QT GUI Range
1D: freq
Label: Frequency
Default Value: 2.25G
Start: 2.2G
Stop: 2.3G
Step: 10M

PSK Demod
Number of Constellation Points: 4
Differential Encoding: No
Samples/Symbol: 10
Excess BW: 350m
Frequency BW: 62.8m
Timing BW: 62.8m
Phase BW: 62.8m
Gray Code: Yes

Thrott

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 5M
Autoscale: No

Char To Float
Scale: 1

QT GUI Frequency Sink
FFT Size: 1.024k

Sample Rate: 5M

Center Frequency (Hz): 0
Bandwidth (Hz): 5M

ARGUS
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TLE Predicted Error

e In the absence oftruth
data Two Line Element text
files can be propagated
and compared to the
positions assumed to be
the most accurate, the
epoch.

e The positions ofthe
satellite are then
propagated and compared
to the original position

Residual (km)

Residual (km)

Residual (km)

N

2O 4

ARGUS
+  Radial
O ¢4+ i‘;w;'{aj:‘, S e g g S B B EROS I TS
i L G 3808 FUETE T B S I P o xRS gt kg ¥ P
R LR “;“*.r"“.svfs":%?: 1oty %KI'-'-‘ sar tBe el 0 T
* N L I ey {::f}
05 I | | | I 1 =
0 1 2 3 4 5 6 7
Propagation Time (days)
[ +  Transverse (along-track)|
P . 3, +
Ries sy gy odT has s gfp tow o fo Jls o Fe als LR s vhe
0 ,.,....,,.p.;,.;ga;ﬁ%x¥.3.:«:‘~:.§£9§?:.‘.r:£§..:...t;. ,.;;.._:‘,,:s @‘ 'tv} vy ‘:s&., ‘%
' L N i o tr it I
* Ry
10 | 1 1 | | | : ’I
0 1 2 3 4 5 6 7
Propagation Time (days)
| +  Cross- track| Y 5 B
W T A B B E o2 * .
bote ok 2 Gt | gasb L SO .
e R W L
2 - - g e - el . - . 2 + : 3 *
% ¥ e 4 . + .
05 1 1 | 1 | i I
1 2 64 4 B 6 7

Propagation Time (days)



Bit Error Rate & QPSK Verification

e Purpose: Ensure received bit stream will be

accurate and software can successfully
demodulate QPSKsignals.

e Procedure:

o Create QPSKmodulated signal in MATLAB of at least
460,518 bits to give 99% confidence

o Add noise to signal (assume Additive White Gaussian)
using signal to noise ratio of 17.21

o  Wrtite to file

o Read file using GNURadio and Demodulate
Write output bit stream to file and compare to original
bit stream in MATLAB

ARGUS

Information befor iting
&

. r e Transmi
- ‘
6

H
ol

- -
-4 o
3 4 5
Bit
QPSK modulated signal

7 8 9 10

VAVAAVAVAV

I I L I |
0 0.5 1 1L 2 245

Time [sec] %108
QPSK modulated signal with noise

VAVAAVAYAV/

I I L I |
0 0.5 1 by 2 255

Time [sec] %1078



Controller Interface 7

ARGUS

Rot2Prog motor controller (back)

Azimuth .motor gonnector: Elevation motor connector:  USB computer control
Motor drive (2 pins) Motor drive (2 pins) connector: built-in tracking
Impulse sense (2 pins) Impulse sense (2 pins) interface or popular tracking

programs



Reflector Design Choice @

o 3 Materials and Dish Styles Explored AREDS

Aluminum Ribs with Aluminum Mesh 3D Printed Hexagonal Design Carbon Fiber Panels

XDifficult to Manufacture % Not Time Efficient XOver Budget
XNot Cost/Time Effective XHeavy X Difficult to Verify



Dish Wind Loading Estimation /A

Ham Design spec sheet 500
® 15 Meter dish with 2.8 mm
Mesh 400
RF HAMDESIGN
WIND LOAD - 1M5 MESH DISH 2.8mm Mesh —_
=
00,0 '—'300
@
o
e (o]
L

00,00 // 200 B
0,00

100 |

O* | | | | | | |
0 20 40 60 80 100 120 140 160

Wind Speed [km/h]




Antenna Efficiency (7 \

D ?
Gpa'r'abolic =1 7

N = NspNitt Mpol NpMNbftlbs = Nfeedllbl

[\

Feed Blockage
Efficiency Efficiency



Feed Loss Sources 7

A\101

) O 4
Nfeed = NspMitt NMpot Mo e

center blockage d
aperture illumination

____________________ < n o Phase Efficiency

aperture
illuminat

| g pol Polarization Sidelobe Efficiency

Msp

feed
-~ illumination
(\4\ taper
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Feed Efficiency  7feea = 15y [ %

"hSUS
7
0 =i
o
o
w -0.5
2
=
@
__5 -1
-
w —
45 : R LR i )
5 10 15 20 25 30 i
Feed lllumination Taper (dB) §
i =
_ o &
m
<)
§-1
=
=
S
£
=
-3 - : : : — -35 : : ' - ,
5 10 15 20 25 30 5 10 15 20 25 30

Feed lllumination Taper (dB) Feed illumination Taper (dB)



Blockage Loss

ﬂbs
0~
o
T,
g |
5 =) :
@
o |
L [
S
S ot : 10 dB taper ~.
2 | 15 dB taper
= | 20 dB taper
w I| = — — - Commercial dish kit
-15 i | i i i J
0 10 20 30 40 50
Strut Width (mm)
Tof
0 S

Feed Blockage Loss (dB)
o

2 10 dB taper
15 dB taper
25t - 20 dB taper
— = = » Commercial dish kit
_3 i L i LY J
0 100 200 300 400 500

Feed Diameter (mm)

Total Blockage Loss (dB)

-14

-1.45

-1.5

-1.55

-1.6

-1.65

-1.7

-1.75

-1.8

-1.85

-1.9

NMbt = Nbfllbs

K™

L 1 1 1 1 J

0 5 10 15 20 25 30
Feed lllumination Taper (dB)

N

ARGUS



Antenna Surface Efficiency

Assume surface errors € have Gaussian distribution with an rms of 0. Surface efficiency is then

2

oo ()]

Varying the error-to-wavelength ratio results in the
following efficiency distribution:

09

08

0.7

0.6

=05}

047F

03r

02

0.1}

Efficiency

#  RFHam Kit Efficiency | ]

0.05

0.1

al A

0.15 0.2

0.25

Y.

A\104

ARGUS
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Signal to Noise Ratio (SNR) Verification (/

ARGUS

e Purpose: Determine if signals
received from orbit are
distinguishable from noise floor

e Procedure:

o Track transmitting LEO satellite

o Perform fourier transform on
signals

o Compare signal power to average
noise floor power

o Compare actual SNR to SNR range
for acceptable bit error rate

o Pure tone transmit. Low power.
Sinusoid



RFHamDesign Predicted Gain

38

36

34

Gain (dBi)

28

26

24

RFHamDesign 1.5m Dish Kit

— — Polyfit Function
® RFHamDesign Reported Gain

Frequency (GHz)

29.3

29.25

29.2

29.15

291

29.05

Gain (dBi)

29

28.95

28.9

28.85

N

ARGUS

Argus Design Operation

2.2 2.22 2.24 2.26 2.28 23
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Antenna Radiation Pattern

Unblocked Reflector Pattern
0

30

60

90

120

150

20

40
180

330

300

270

240

210

Feed Taper

—10 dB
—==15'dB
20 dB

90

60

120

Total Radiation Pattern

30

150

20

40

0

180

330

300

270

240

210

N

ARGUS

Feed Taper

——10 dB
==15.dB
20 dB




Gain Verification

Two possibilities:
® Anechoic chamber test
e Far-field radiation test

Estimated Far-Field distance:

DZ

2
d>7=3302m

Anechoic chamber noft feasible

NEAR FIELD

NON-RADIATIVE
(REACTIVE)

RADIATIVE
(FRESNEL)

\\\\\

N

ARGUS

FAR FIELD



Motor Modeling @

ARGUS

ZF = I@ Newton’s 2nd law for rotational motion
T — b@ — 19 Torque proportional to current, C by constant a

aC — b@ — ]9 Friction opposes torque, proportional to ang vel by constant b

Axis of rotation }

@ bé(t) friction

E==59(t) angular velocity
T(t) shaft torque




Transfer Function Modeling N

e Commanding position: PID control
0(s) B a : 0(s) a(Kps® + Kps + KJ)
C(s) Is?+bs Oa(s) 153+ (b+aKp)s? +akK]
® Commanding angular rate: PID control
9(8) B a ~0(s) a(Kps® + Kps + Kj)

g pr—

O(S) N IS b gd(s) (I+GKD)32+(aKp+b)s+aK[




PID Block Diagram

Desired position
or angular rate ==

Error

Controller

>

I/’

Control
signal

Plant

a

Position

\
Kp+—1+sKp
S

Encoder

Is? + bs
a

Is+b

Angular rate

N

2O 4

\ 111
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angular rate
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Simulink and Arduino Controls

Int motor=46;

int motort =48;

Int motor2=50;

int motor3=52;

void setup()

{
pinMode(motor,OUTPUT);
pinMode(motort, OUTPUT):
pinMode(motor2 OUTPUT):
pinMode(motor3, OUTPUT):

}

woid loop()
{

digitalWrite(m otor, HIGH);
digitalWrite(m otor1 ,LOW);
delay(1000);
digitalWrite(m otor, LOW):
digitalwrite(m otor1 , HIGH):
delay(1000);
digitaWrite(motor2 HIGH);
digitalWrite(motor3,LOW);
delay(1000):
digitalWrite(m otor2,LOW);
digitalWrite(m otor3,HIGH);
delay(1000):

112

ARGUS
ARDUINO

1 > I

VCC1 Pin9
O\G ' Digital Qutput

0 —po T
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Display [ ]
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Iri

Pin 10

Digital Output1



Signal Reception

e According to ASEN 3300 Lab 11
link budget, current signal to
noise ratio figure is 17.21dB prior
to amplification

® Chosen LNA has a gain of 4 dB
and a noise figure 0f0.4 dB

o Signalto noise ratio will
barely be reduced by
amplification

Calculation Assumptions:

TX Antenna Gain: 6.0 dBi

TX Pointing Error:+6°(-12 dB loss)
TX Power: 5 Watts

RX Diameter: L5 m

RX Antenna Efficiency: 50%

RX Beamwidth: 9°

RX Pointing Accuracy: 0.5°
Range:400 km

Frequency: 2.3 GHz

7Ny

ARGUS
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Control Interface Vé\
GUS
ARGU
l. Connect controller to computer via USB
2. Enable communication to controller with TCP using Hamlib’s rotcld library
Example Linux command: “rotctld -m 202 -s 19200 -r /de v/ttyUSBO”
Model

Baud Port

l. Input current lat/long

2. Perform manual sun calibration

3. Select satellite to track

4. Engage tracking
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2.0

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 1%, a bit rate of 2

Mbit/s, and a G/T of 3 dB/K.

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\115

Requirements & Their Satisfaction (/

2O 4

ARGUS

The dish, LNA, and SDR are designed to handle signals
between 2.2-2.3 GHz

The software is capable of QPSK demodulation ofthe
signal, as well as handling signals with high bandwidth
The MATLAB simulation showed the BER willbe well
below 10

The dish is designed with a mmimum gain of27 dBj,
which satisfies the G/T require ment

The software is capable oftracking a LEO satellite from 0°
to 90°elevation

The motors will use PID controlto ensure that they are
pointing as close to the desired position as possible



Requirements & Their Satisfaction (/
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3.0

4.0

5.0

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

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

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

Components can be swapped out; dish
needs no adjustment

The mass estimate is 45.32 kg, which is
less than the require ment.

The carrying case and dish disassembly
will allow for easy transport.

Linux Secure Shell with X11 Forwarding



Disassembled and Packaged System
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