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Backiround research & project definition
16 days

Initial concepts
15 days,

Refinement of initial designs
29 days

Build & test Definition
42 days

35 days
Signal-processing software testing

UHF reception testing 35 days
UHF subsystem testing cont'd D

12 days

UHF transmit testinglD 22y
Satellite contact validationlll) 0 <oy
Rotator testing D 17 cays
Documentation for project trade-off_ 17 days

CSAPDR Detailed Test Report
8 Oct 2 Mar

CDR DUR DDR Design Expo
17 Oct 12 Mar 26 Mar 18 Apr

6 Sep 27 Oct 28 Nov
Project kickoff Requirements Definition PDR
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Budget Breakdown

HR Budget - Personnel Allocation Materials Budget - Subsystem Allocation

Mast
— $1875
$650 \‘ 18.8% Antennas
27.7%
65,785
$4,760
RF Front End

$63,260 276%
Rotator
Engineering Consultants @ UPEI Technicians @ UPEI Faculty 20.0%

Total current project budget = $70,545 CAD
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Risk Management

Initial high-level project risks Likelihood | 5
1. Licensing 4
2. Unfamiliarity with satcoms 3
3. Long-lead time items
4. Unreliable tracking system 2
5. No link between CubeSat and GS
6. Inappropriate radiation emissions 1
7. Insufficient time for full systems test
8. Component compatibility 1 2 3 4 5
Consequence
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Risk Management

Revised high-level project risks Likelihood | 5

1. Licensing 4 (10

2. Unfamiliarity with satcoms

3. Long-lead time items 3

4. Unreliable tracking system > |8

5. No link between CubeSat and GS

6. Inappropriate radiation emissions 1 11,2,4,5,6

7. Insufficient time for full systems test

8. Component compatibility 1 2 3 4 5
Newly identified risks Consequence

1. Shipping delay of international
components
2 Chanaes to CubeSat commes svstem



Qutput : Directivity
Frequency : 438 MHz
Max value : 14.1 dBi
Min value : -33 dBi

Azmuth : [0° , 360°)
Bevation : [-180° , 180°)

MATLAB model of Yagi radiation pattern




MATLAB model of parabolic reflector radiation pattern



!
Velocity [mm/s]
Flow Trajectories 1

Solidworks wind loading simulations
on full ground station (left) and on
Yagi antenna (right).




System Layout

Roof Equipment (Mounted to Rail)

Antenna M2 Antennas 2
Azimuth/Elevation 436-CP30 : ; Ant:nsna RF H;mDevsugn
Rotator Yagi .5 Meter Dish Kit

S-BAND
SPX-02 432-440MHz
A Hn B 3400 MHz
Gain: 15.50 dBic e
Gain: 30.3 dBd
600W, 50ohms 500W
LHCP/RHCP

---------- Lightning Protection “*==1---° Lightning Protection




System Layout

""" Lightning Protection

o Lightning Protection

Electrical Box Devices (Mounted to Tower)

+12v
T v A Low Noise Amplifier
. Nooelec
Antenna Switch Ant +5V 0-4GHz
Teledyne CCR-335 Performance at 2.4GHz
SPDT, Failsafe o— Gain: 12 9B
12V,500hms T Rx Noise: 1.8 dB
SMA Female
Low Noise Amplifier
Power Amplifier 5V Nooelec
CML Microcircuits PA 0-4GHz
EV0021-435 Performance st 438\iHz
435MHz A Gain: 25 dB Y Band Pass Filter
Gsin: 22 dBm A Noise: 0.75 dB —~_ Mini-Circuits
Output: 1.8W N P 7N 2300-2500MHz
I 500hms
Passive
svoc| 5V,25WADC | 120vac
Band Pass Filter Power Supply
Control Cabl, «—
”8_; 0’: 2 —~_ Mini-Gircuits € |LNA& Power Amp.
% 400-510MHz LimeSDR
50ohms
Passive 12voc | 12V, 25WADC | 120 vAC
<—| Power Supply [€—
" Antenna Switch
SDR Transceiver
Tx_1 (low) Rx_1 (low) 0-3GHz
+5V pra—
LimeMicrosystems
2Tx&2Rx
LimeSDR USB Type-A Halt-Duplex

Rx_2 (high)




Passive 12voc | 12V, 25WADC | 120 vAC
<—| Power Supply [€—
Antenna Switch

SDR Transceiver
0-3GHz
LimeMicrosystems
2Tx&2Rx

LimeSDR USB Type-A Half-Duplex

Tx_1(low) Rx_1 (low)
+5V ¢ |

Rx_2 (high)

USB 3.0 Cable Extender

Rotator Controller > +18V

Rot2Prog Room 119 (Mission Control)

USB Cable PC
Windows
18V, 360W ADC GNURadio
12vDC €  Power Supply  [€—120VAC Orbitron

Rotator Controller
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Item Manufacturer Supplier Quantity ( ((::,Z;t)) Part No. Description
Antenna Assembly
. R&L
Yagi Antenna M2 Antennas . 1 $386.38 436CP30 UHF antenna.
Electronics
1.5m Mesh Dish RFHamdesign | REHamdesign 1 390.15 | FPBIMSKIT | | arabolic mesh dish for
s-band antenna/
Dish Feed Antenna RFHamdesign | RFHamdesign 1 $213.11 CIR2320 S-band antenna
Dish Feed Clamp RFHamdesign RFHamdesign 1 $177.40 CLX-06 Secures aptegna to
parabolic dish.




Rotator Assembly

Rotator w/ Controller RFHamdesign | RFHamdesign 1
18V/20A Power Supply Meishile Amazon.ca |
Controller Cable RFHamdesign | RFHamdesign 25m




Item Manufacturer Supplier Quantity ( gZSIt)) Part No. Description
RF Front End
SDR Transceiver . Lime Crowd Supply 1 $391.69 N/A Soﬂware-defmed iy
Microsystems transceiver.
Low Noise Amplifier NooElec Amazon.ca ) $80.00 100812 Amphﬂes'weak received
(Rx) AR - signals
: CML .. EV9021- Amplifies transmitted

Power Amplifier (Tx) Microcircuits Digi-Key | $171.84 435 signals.

UHF Bandpass Filter | Mini Circuits | Mini Circuits 1 $79.95 ZABP- Dt .out-of-band
2400-S+ signals.

S-Band Bandpass Filter | Mini Circuits | Mini Circuits 1 $49.95 ZABé):tSO- Fllters;i?gl:l‘:;)s Eora

CIMini-Circuits
BAND PASS FILTER
ZFBP-2400-S+
IN  2300- MHz  OUT

- e

EIMini-Circuits
BAND PASS FILTER

ZABP-450-S+
400 - 510 MHz e ¥

www.minicircuits.com
L .““!

R UUS5860194!

/&
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. . Cost e
Item Manufacturer Supplier Quantity (CAD) Part No. Description
RF Front End
Relay between Tx and
Rx/Tx Switch Teledyne Mouser 1 $200 Rx lines to protect
devices.
5V, 25W Power Supply | MeanWell Digi-Key 1 $18.98 | RS-25-5 e
AR amplifiers.
Power supply for
2V. 2
12V, 25W Power MeanWell Digi-Key 1 $18.98 | RS-25-12 LimeSDR & Rx/Tx
Supply PR )
Switch
. Connects RF front end
Misc. Short Coax TBD TBD TBD | $100 TBD devices within electrical
Runs/Adapters box
USB.3'O active T Connects LimeSDR to
extension repeater Tripplite NewEgg 2 $220 TBD mission control PC
cables '




Item Manufacturer Supplier Quantity ( ((:‘:ZSI;) Part No. Description
Mast Materials
Coaxial Cable TBD TBD TBD | $150 TBD G i ke b
RF front end devices
Fiberglass Tube Cross- McMaster- McMaster-Carr 1 $75 R535K76 Locally sources, supports
Boom Carr antennas and rotator
Expandable Foam TBD TBD TBD $15 TBD ez s (o lben
stiffness.
Metal and fasteners for TBD TBD TBD $350 TBD Locally sourced, material
tower for antenna tower
Locally sourced,
Electrical Box TBD TBD | $150 TBD enclosure to house RF
front end devices.
Lightning Protection TBD TBD TBD $50 M || SO CEs i
surge damage.




Options Vanable

10z top_biock 10 fregy [ WX GUI FFT Sink ] ]
e f it 757 GNU Radio flowgraph for FM Radio
Sample Rate: 1,710 . . .
Vanable Bascbaad Freq: 1003 demodulation with LimeSDR.
10z samg_rate ¢ ¥ per Div: 10 48
Valwor 1.73M LimeSuite Source (RX) ‘ >I ¥ Dives 10
S 4 Devaoe Seral: Ref Lewel (dB): 0
WX GUT Shder Fie Ref Scale (p2p): 2
TD: freg shder RF Froquescy: 100.3M T Serec 1006
Labek: Freq Sample Rate: 1.71M Refresh Rate: 18
Default Vakse: 10033 Oversamples Defauk l Freq Sed Varname: Nore
NCO Freguescy: 0 L

i SO
- : Cahbratson BW: 150

Maxwrmany 110M Pathe A ok
Comvertor: Float — J e Low Pass Filter

Anadog Fdter BW: 29

Digital Filter W: 0 Decsmation: | ) )
£l -r ' e

WX GUI Shder Gain (dB): 35 — e 1.730¢ WEBFM Recrive Pl_l l— - —bl _—
10 1 g ol e -] Quadrater Rote 53 A Sk
Labek: Gor T ranstion Width: 1M Andio Decimmation: 35 l———__.b.

T Wisndowy: Hamieminy G e
- . Teta: 6

Mo 100
Comverter: Float

Validates systems integration of antena, SDR and software. Can be modified to
receive (and in transmit) digital data when modulation method is determined!



SWR = measure of impedance mismatch
between antenna and feed line.

Represents amount of RF energy “reflected”
when transmitting
Measured with Vector Network Analyzer (VNA)

Measured Yagi SWR =1.49 : 1

Represents 4% of total transmitted RF energy
reflected, or antenna efficiency of 96%.



Full systems integration and validation of UHF subsystem.
o Antenna
o Transceiver and front-end components
o GNU Radio signal-processing codes for transmitting and receiving digital signals
on UHF.

Testing, validation, and integration of rotator subsystem.
o Components should arrive in time for Expo, if not for DDR.
o Short test period.

Final prototype - Demonstrate that system can track and receive signals from passing
satellites during Design Expo.

“Phase 1” complete

o Subsystem design decisions finalized
o Hand-off plan for future students



Th,ankyou!

The SpudNik-1 CubeSat Ground Station
team would like to thank project PI Dr.
Grant McSorley, technician Mr. Justin
Perry, course instructors Mr. David
Taylor and Dr. Bishnu Acharya,
procurement liaisons Mrs. Janice Murphy
and Mr. Wayne Simmons, IT technician
Mr. Jeff MacDonald, and members of the
PEI Amateur Radio community: Mr. Chris
Vessey, Mr. Brent Taylor, Mr. Bill
McMaster, and Mr. Bernie Cormier, as
well as CSA CCP sat communications
specialist Mr. Peter Kazakoff.
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Link Budget

Figure of Merrit (G/
T)

Modulation Method

System Margin (Eb/
No)

System Margin
(SNR)

Detailed Design

UHF Uplink

-21.3 dB/k

GFSK

17.9 dB at
19200 kbps

16.1 dB
at 19200 bps

UHF Downlink S-band Downlink
-9.1 dB/K
GFSK DQPSK
14.8 dB

at 19200 kbps

12.8 dB
at 19200 kbps




Filter Types
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