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Team organization comes from values, which are tradeoffs

We Choose
@® Inhvestin skilldevelopment of all members
e Design with a thoroughness fit for space

What do we not choose?

WashU Satellite



Team organization comes from values, which are tradeoffs

We Choose
@® Investin skilldevelopment of all members
e Design with a thoroughness fit for space
What do we not choose?
e Strict minimization of budget
e Optimmized design/build speed
e Optimized flexibility
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Requirements reduce risk and make testing easier

Description i Status
GS-1 resonant architecture shall be operable from 432-437.5 MHz inclusive with

1.1.1 VSWR of less than 1.5:1 Performance ~ Yellow v
GS-1 shall achieve a link budget predicting SNR of 0 at an altitude of and

1.1.2 elevation of 10 degrees Design v Yellow v
GS-1 shall use an appropriate hybrid coupler for circular polarization with a

1.1.3 500hm+/-5% PCB line Design - Green v

1.1.4 GS-1 shall use two orthogonal arrays for circular polarization Design - Green -

1.15 GS-1 shall be capable of transmitting or receiving at 15dBi under range test Performance ~ Yellow hd
GS-1 transmit path shall achieve 20W with all amplifiers operating >15dB below

1.21 their IP3 Functional v Green hd

1.2.2 GS-1 transmit path shall include suitable filtering for harmonics Functional v Green v

1.3.1 GS-1 reception path shall achieve a gain of >=32dB between antenna and HackRF  Performance ~ Yellow A
GS-1 reception path shall achieve a noise figure <3dB between antenna and

1.3.2 HackRF Functional M Green v
GS-1 shall achieve >=0dB SNR from a real satellite transmission at 15 degrees

1.33 elevation or a simulated test Performance ~ Yellow -
GS-1 shall switch with an IC powered and controlled by a Raspberry Pi and capable

1.4.1 of handling 20W CW Functional A Green hd
GS-1 shall use an encoding system when querying capable of being decoded by

211 amateur nanosatellites Performance ~ Green hd
GS-1 shall be capable of encoding and transmitting data packets with a maximum

211 size of 1024 bytes. Design v Green v
GS-1 shall use CCSDS & AX.25 to decode transmissions common to amature

221 nanosatellites Functional M Green he

3.1.1 GS-1 shall provide 180-degree elevation control for the Yagi antenna Performance ~ Green v

3.1.2 GS-1 shall provide 360-degree azimuthal control for the Yagi antenna Performance ~ Green A
GS-1 shall achieve an angular tolerance of +5 degrees in elevation for antenna

3.2.1 pointing. Performance ~ Green A

GS-1 shall achieve an anaillar talerance of +5 deareas in azimuth for antenna
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Responsible engineers own their design work

“Desion [ ©°veo"m R 01 Testin H
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Team structure supports individual responsibility

Chief Systems
Engineer

Chief Engineer 1 Chief Engineer 2

Ground Station POC

Engineering POC Engineering POC Engineering POC Engineering POC

Ground Station 1
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Review cycles and documentation stop issues early

GS-1Mechanical Final Design Review

WUSat | Mechanical- 1.0.0 | [10/11/2024]

<

Figure 5: The architecture of the RF front-end. Rx
Txincludes an LNA preamp with
The LNAs are currently designed to operate on
testing they might be placed on a single PCB. A
The power amplifier operates with a VDD of 13 Team: Mechanical
. . . L Chief Engineer: Jack Galloway
Design Considerations, Decisions, and R Responsible Engineer(s): Jack Galloway, Geoffrey Goffman,
This subsystem is designed to meet link budget and to supply the HackRf
on Rx and the antenna subsystem on Tx with sufficient power to support
communications. The main concern of this subsystem is ensuring sufficient
Signal-to-Noise Ratio. If SNR is not sufficient, there will be excessive packet loss at
best and total communication failure at worst. In the context of satellite
communication, we view an SNR of 20dB as an appropriate target.
To this effect, the use of LNAs is essential in order to introduce as little
noise as possible to the signal along its propagation chain. Additionally, strict
bandpass filters are also necessary in order to remove as much extraneous noise
as possible, especially before amplification.
Our link budget currently specifies an uplink Tx transmitter power of 10dBW.
The 25dBW amplifier is our only option within the price range and has the added
benefit of flexibility in amplifier configuration, since a maximum linear input is not
necessarily required.

SDR Amplifier Configuralionr

As of now, the SDR amplifier configuration is undetermined. It will probably
be determined not through analysis but through trial and error, starting with low
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shall be capable of operating outdoors in all seasons

b Requirements for 65-1

hall be capable of pointing a yagi antenna with 180 degree elevation and 360
» azimuthal control with an angular tolerance of +/- 5 degrees

lesign shall minimize bending of antenna and any support components
hall have a base fitting within a 2m x 2m square area
hall have a non-penetrating roof mount

_hall have an enclosure for all sensitive electronics

30 17.28 112 4375

20 17.39 1.12 437.5
15 17.57 112 437.5
10 18.71 141 112 4375
5 1826 135 1.12 4375

Table 3: The gain and impedance matching of the antenna above real ground.

However, this is for a “perfect construction” Yagi of our design! Unfortunately,
while our tolerances do not affect directionality too much, they absolutely can
affect SWR and impedance matching. Through an iterative tuning process, we
hope to minimize losses to SWR through reinforcement and adjustment rather than
building randomly within a defined tolerance range.

An interesting note here is that the ARRL design and the simulator appear at
a first glance to disagree on the resonating frequency of, or the correct
measurements for, the antenna, as measured by SWR/load impedance frequency
sweep and frequency of maximum gain, which are correlated. Looking at the SWR
plots, it became apparent that the ARRL design places its center frequency at the
center of the 1.5:1 bandwidth, while we place our center frequency at the actual
resonating frequency, which is not quite in the center. See Figure TMTband_SWR

SWR

3

400 Freq MHz 450

7.2 GS-1 shall be capable of operating in winds up to 40mph
7.3 GS-1 shall be capable of withstanding winds up to 90mph
7.4 GS-1 shall be capable of withstanding 12in of snow

Level 3 Requirements for GS-1

311

312

(GS-1 shall use a COTS rotator capable of the angular requirements specified in 3.1
(GS-1 shall have a support arm capable of connecting the yagi antenna to the rotator unit

(GS-1 shall have a support arm with a maximum deflection of under normal operating
conditions

GS-1 shall have an antenna with a maximum deflection of 50mm under normal operating
conditions

GS-1 shall have a frame and any additional elements that fit inside the specified area
GS-1 shall not have any elements that may damage the roof for securement of the frame:
GS-1 shall have a water-proof enclosure for electronics

GS-1 shall have an enclosure with a heating element to maintain internal temperatures of



Different Values for Different Domains

Electronics (“do it custom and learn”)

Structure (“analyze thoroughly to absolutely minimize failure risks”)

Software (“leverage and contribute to open  -source”)
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Open - source tracking infrastructure reduces developmental
complexity
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Communication frontend supports adaptive mission management

Grafana Visualization

GS-1SDR Transceiver Command Interface

gs-control
router

AWS Ground Station OpenMCT

other MMIs
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Grafana enables comprehensive integration without unnecessary

graphical development
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A modest RF front end with established link budget tools
ensures connection

LY LEO Orbit - Option #1 NOTE
Low Earth Orbit Properties
Slant Range to Spacecraft vs. Elevation Anglt
Parameter:
Bl Earth Radius:
)] Height of Apogee (ha):
Height of Perigee (hp):
Semi-Major Axis (a):

Orbit Velocity S
pSpacecraft

h = mean height above
S = Slant Range

) 8 = elevation angle
r=h+Re

1.0885 deg./day
0 Not Implemented _|deg./day
Mean Orbit Altitude: 600.00 km Re = 6378.136 km

Mean Orbit Radius: 6,978.14 km - -
Sun inati 97.79 o §_\Earth Station

Elevation Angle (5): 10.0 ®

Slant Range (S):

To Center of Earth —

ArduShield

ArduinoUNO3 &) High Earth Orbit (HEO) - Option #2
9 HEO Orbit Properties
and NADIR-Pointing

LEO Orbit Geometry

S/C Spinning

Parameter: Value:
73 Earth Radius: 6,378.14 km
e —er e r—_
LNAL BPFL
=
=
RP14B1 Antenna (CIRC]
i HBCL (CIRC)
USB
use
BPF2
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Antenna design can be easy...

@® Use Simulation and Scripting when a

realistic_antennar:
parameter- or possibility-space is
artificial_circ =

la rg e oo measure_relative_to_driven = Fa

Total Field EZNEC Pro/2+
0dB

num_elements = 19

offset_mm = 75
drop_back_mm = 20
drop_front_mm = 30

antenna_height_mm = 2500

antenna_elevation_angle = math.radians(45)

twist_orientation = *

437.5 MHz back_deflection_mm =
Elevation Flot Cursor Elev 43.0 deg o
Azimuth Angle 0.0 deg. Gain 17.8 dBi .
Outer Ring 17.8 dBi -0.01 dBmax front_deflection_mm

Slice Max Gain  17.8 dBi @ Elev Angle = 43.0 deg.
Beamwidth  23.1 deg.; -3dB @ 33.7, 56.8 deg :
Sidelobe Gain 6.1 dBi @ Elev Angle = 13.0 deg driven_element_type
Front/Sidelobe  11.69 dB
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Analysis loops can be broken by physical testing

Invest in flexible test equipment S

s

Grey band: 430 -440 MHz,
1.5-VSWR bandwidth: 25 MHz,
@437.5 MHz, VSWR=1.16
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FEA’s support safety and function (even when material

constraints are imposed

von Mises (N/m~2) URES (mm)

1,603¢+08 .

\ . 14436408 -
. 1.282¢+08
1.122¢+08
| 9618e+07
. 8.016¢+07
| 6413407
| 4810e+07
3.207e+07
1605¢+07
1.902¢-+04

[==IPlot Step: 13 (53]
— Vield strength: 2.039¢ +08

1.603e+08 ¢

2541e+01

2287e+01

_ 2033e+01

_ 1779401

_ 1525e+01

1.270e+01

| 1016e+01

7.623e+00

5.082e+00

2541e+00

1.000e-30

——
[ cuorn
e

| amesn

18488001
Q226000
1.0468-03

URES (mm)

28160400

_ 2253400

_ 1972400

| 16300400

WashU Satellite

1.4082+00.

| 11270400

| 844901

5.633-01

2816e-01

1000230



Agenda

Organizing for Success

Building a Ground Station

Experience and Reflection

WashU Satellite



Always Worth i

Robust Test Equipment is

in

ing

Invest
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Talk to your local Hams!
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Custom RF PCBs: good for skills, can be bad for timeline

REFS:

GS—1 V2
RFE-B0O

SN
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Individual ownership: balance this with team flexibility

Chief Systems
Engineer

Chief Engineer 1 Chief Engineer 2
Ground Station POC
Engineering POC Engineering POC ’? Engineering POC

Ground Station 1
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Use requirements or other means to document assumptions

Description i Status
GS-1 resonant architecture shall be operable from 432-437.5 MHz inclusive with

1.1.1 VSWR of less than 1.5:1 Performance ~ Yellow v
GS-1 shall achieve a link budget predicting SNR of 0 at an altitude of and

1.1.2 elevation of 10 degrees Design v Yellow v
GS-1 shall use an appropriate hybrid coupler for circular polarization with a

1.1.3 500hm+/-5% PCB line Design - Green v

1.1.4 GS-1 shall use two orthogonal arrays for circular polarization Design - Green -

1.15 GS-1 shall be capable of transmitting or receiving at 15dBi under range test Performance ~ Yellow hd
GS-1 transmit path shall achieve 20W with all amplifiers operating >15dB below

1.21 their IP3 Functional v Green hd

1.2.2 GS-1 transmit path shall include suitable filtering for harmonics Functional v Green v

1.3.1 GS-1 reception path shall achieve a gain of >=32dB between antenna and HackRF  Performance ~ Yellow A
GS-1 reception path shall achieve a noise figure <3dB between antenna and

1.3.2 HackRF Functional M Green v
GS-1 shall achieve >=0dB SNR from a real satellite transmission at 15 degrees

1.33 elevation or a simulated test Performance ~ Yellow -
GS-1 shall switch with an IC powered and controlled by a Raspberry Pi and capable

1.4.1 of handling 20W CW Functional A Green hd
GS-1 shall use an encoding system when querying capable of being decoded by

211 amateur nanosatellites Performance ~ Green hd
GS-1 shall be capable of encoding and transmitting data packets with a maximum

211 size of 1024 bytes. Design v Green v
GS-1 shall use CCSDS & AX.25 to decode transmissions common to amature

221 nanosatellites Functional M Green he

3.1.1 GS-1 shall provide 180-degree elevation control for the Yagi antenna Performance ~ Green v

3.1.2 GS-1 shall provide 360-degree azimuthal control for the Yagi antenna Performance ~ Green A
GS-1 shall achieve an angular tolerance of +5 degrees in elevation for antenna

3.2.1 pointing. Performance ~ Green A

GS-1 shall achieve an anaillar talerance of +5 deareas in azimuth for antenna

WashU Satellite



Ground Stations: very fun!

ArduShield

Yaesu65500
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Thank You!

Questions?
Owen Cromly - c.owen@wustl.edu Ben Cook - b.j.cook@wustl.edu
Electrical & Computer Engineering Electrical & Systems Engineering
Presenter

Sophie Fendler - a.fendler@wustl.edu

Physics
[=]+. [=]

:E \.ﬁ Contact us at: satelliteteam@wustl.edu

WashUSatellite.com
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