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Crazy things happen when high-energy solar radiation finds its way to the poles!

e Lots of electric charge + a strong magnetic field = M)

S
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Crazy things happen when high-energy solar radiation finds its way to the poles!

e  Lots of electric charge + a strong maanetic field = , 4 iy g
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https://nssdc.asfc.nasa.gov/nme/spacecraft/display.action?id=1977-102A

LaBelle, J., and Anderson, R.R., Ground-level detection of Auroral Kilometric Radiation
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How to study these phenomena?

e What do these radio waves look like, and where do they come from?
e How do we observe them through the kilometer-wave-opaque atmosphere?

Frequency Range: 100kHz <-> 5SMHz

: .

Getty Images/iStockPhoto
https://astronomy.com/news/2021/11/recent-aurora-captured-from-iss
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Radio waves, antennas, electromagnetism, oh my!
e Satellites above the ionosphere can get us physical access ; s e

e Westill need to think in 3D to design the optimal science gear
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The spacecraft

e Twin 6U CubeSats to more-than-double the data output NN e
with interferometry . — -
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https://astrobites.org/2013/04/17/the-whirlpool-galaxy-like-youve-never-seen-it-before/
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OBJECTIVE #1: We need to talk to the spacecraft.

e Uplink (data to sat): Pings, commands, data acknowledgements
e Downlink (data from sat): Health/status telemetry, experiment data, command
acknowledgements

SOLUTION: Use a ground station:

Uplink

Downlink

Westford Radio Telescope Satellite

; H AYSTAC K https.//png.pngitem.com/pimgs/s/116-1166977_satellite-png-transparent-png.png
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“Ground Zero” -- the Westod antenna

e The “single point of failure” for
satellite communications

e Software-defined radios process
incoming signals in real time

e All communications are also
recorded for later reference

What's Next Reflections
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OBJECTIVE #2: We need to NOT do everything by hand.

e LEO satellite passes only last from 5 to 15 minutes - very limited time to exchange data & send commands
e It'sinefficient and unnecessary to have a human manually control low-level communication processes.

SOLUTION: Use a scheduler.

401.000.000 Mueser”

] HAYSTACK -
=27 OBSERVATORY J. Gubner, MIT DeMi Team 12
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Haystack Satcom

e Open source software package
e Full stack: from signal to spreadsheet

e Configurable for any satellite or

mission

e Needs to remain human-accessible

Haystack Satcom Walkthrough

\
What's Next

Drew Langford
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GNURadio: Open Source Signal Processing

) HAYSTACK 1) Radlo
. OBSERVATORY e 2 Nl

THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM
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GNURadio: Open Source Signal Processing

Data signal

‘ DC offset ’ ‘ Carrier ]

FM "Digital” Radio Signal

https://atlantahiddendogfence.com/the-truth-about-digital-modulation/
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GNURadio: Open Source Signal Processing

) v ™ L B

, . A\ ), \
Data signal ( / /
— _ \\ Y

FM "Digital” Radio Signal
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GNURadio: Open Source Signal Processing
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e p————————— Uplink / Transmit chain
Current GNURadIO — “Modulation |

Implementations

Connection from ground station

v

..'Signal acaﬁisition

=% Digital data pui:bcessing
Downlink / Receive chain 20
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Ground Station Software ; e

INFO:root:Ground station initlalized with config /home/riccloli/avgsi/AEROVISTA-
GSI/src/av-satcon/configs/demo_22.ynl

e Extension of development of REU e

INFO:root:Forking RX flowgraph process 1
INFO:root:Starting flowgraph <class 'aerovista_ground_rx_2qfsk.aerovista_ground_

1 rx_2gfsk'>
p rOJ ec IN Uinux; GNU C++ version 9.4.0; Boost_107480; UHD_4.1.0.HEAD-release

Detected Device: B210
Operating over USB 3.
Initialize CODEC control...
. N d Inttialize Radio control...
ee S O R I Performing register loopback test...

Register loopback test passed

What's Next Reflections

performing register loopback test...

M 5 Register loopback test passed

Tra nsm It a n mo U ate . Setting master clock rate selection to 'automatic'.
Asking for clock rate 16.000800 MHI...

. Actually got clock rate 16.000000 MHz.
Re ce Ive a n d d e m Od U la te Asking for clock rate 32.000000 MHZ...

" Actually got clock rate 32.000000 MHZ.
gr::log :DEBUG: correlate_access_code_tag_bbe® - Access code: 930b5Side
. . gr::log :DEBUG: correlate_access_code_tag_bbo - Mask: ffffffff
Packetize and depacketize Turo:raot:Forking T flougreph process 1
INFO:root:Starting flowgraph <class 'satcom.flowgraphs.ground_tx_2gfsk.ground_tx

_2gfsk.ground_tx_2gfsk'>

Accept user input or preprog rammed : Toetected bevicer 8210 ) LCoRAOTA0N D4, 1:0.HERD release

Operating over USB 3.

o O O O

d h l Initialtize CODEC control...
N itialt di l...
co m m a n S a Sy n c ro n O U S y N ::r:’o:nl:\: ?:gl:l::":;:pbeck test...
i . . l;eg}stc; loopb:ck tc:t p‘\:ss:dt
L erforming register loopbac est...
o Facilitate communication between several
N Setting master clock rate selection to 'automatic'.
. $ 82 Asking for clock rate 16.000000 MHz...
programs and data sources, over multiple | Roktn o Cloc fake 3. innee Wi
Actually got clock rate 32.000000 MHz.
INFO:root:Ground station started
t l INFO: e i
protocols oot 1Btts Mo ok S8 tepe[192.52.01. 17213857
INFO:root:NNG manager started

o Be as configurable and flexible as possible 5 e ot e

SN HAYSTACK AERO-VISTA-GS startup readout
OBSERVATORY 21
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Ground Station Architecture
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Config File lists interface and
flowgraph initial conditions

Redis server provides remote access
to ground station & allows data
stream queuing

Interface starts and handles
GNURadio flowgraphs

Flowgraph processes perform
mod/demod, operate radio
hardware

NNGBridge Facilitates
communication between Redis
server and mission-level software

\J

What's Next

Reflections
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A Flowgraph-centric Approach

e Pros:
o Utilizes an array of pre-written
communications software

USRP Source

[y (Sps): 2
oall:r Freq (Hz): 430M

o No need to reimplement
atomic-level processes

e Cons:

o Configurable parameters must
be hard-coded before

deployment T
o Less quality control of each Ty
line of code e
| HAYSTACK

—=as OBSERVATORY 24
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Frank Lind
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What's Next Reflections

Next Steps

e |Immediate:
o Flowgraph vs Python architecture
o Test GSimplementation on Westford

hardware
o Introduce GNURadio signal processing
for LEO
e Future:

o Expand flowgraph library

o Acknowledgement (ACK) signal
detection / response
Full UX experience Frank Lind
Porting our GNURadio blocks to C++

OBSERVATORY 27
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<¢— cspBridge
Watch for:

- Packet traffic

<4— NanoMCS
Watch for:

- Packet data
input
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Project Challenges

e Radio

o Digital modulation
o 1Q & complex wave representation

e Programming

o Linux

o OOP

o GNURadio
e Labtime

o Couldn't verify GS software on actual
satellite/Westford hardware

HAYSTACK

OBSERVATORY Frank Lind %0




Thank you!

Questions?

A-V REU 2022 mentors: Mary Knapp, John Swoboda, Ryan Volz, Tobias Gedenk
A-V REU 2022 student collaborators: Allen Chang, Alexis Lupo

g "TT st
L% 7)“/ HAYSTACK

OBSERVATORY

"3?
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Resources and Further Reading

Main code repository: https:/github.mit.edu/AEROVISTA/Haystack-GS|

Haystack GNURadio plugin: https:/github.mit.edu/AEROVISTA/ar-haystack [internal]

AERO: Auroral Emission Radio Observer (2018 Erickson et al.)

AERO & VISTA: Demonstrating HF Radio Interferometry with Vector Sensors (2019 Lind et al.)

USing GNURadiO FOI" CUbesat ground StatiOn OpS: Decoding images from AMICal Sat — Daniel Estévez

32


https://github.mit.edu/AEROVISTA/Haystack-GSI
https://github.mit.edu/AEROVISTA/gr-haystack
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=4265&context=smallsat
https://digitalcommons.usu.edu/smallsat/2019/all2019/96/
https://destevez.net/2020/03/decoding-images-from-amical-sat/

Radlo comms interface

Frank Lind

Science data porta

------
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AERO-VISTA Ground Systems Arcl
Overview — Version 1.2

Pyhon Daat

Ay
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P e
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QT GUI Entry

Author: rice
Output Language:
Generate Options:

Variable

1D: e

Value: 100 Gain: 1

UHD: USRP Source Throttie e e e
1D tiocks_trvottse 0 . *
Sampie Rate: %

RRC Fliter Tops
1D: variatie__fiter tap

Excess BW:
Num Taps: 101

Cho: Center Freq (Hz): 384
Cho: AGC: Det

Cho: Gain Vailus

Cho: Antenna: RX2

Reterence: 1

Sample Rate: 500k

Decimating FIR Fliter
Complex to Mag™~2 1D: v fiter 30 0.0

Multiply Conjugate =

3 co._mag squared Decimation: 1 s_mu_ongugate.

Decimating FIR Fliter
Complex to Mag~2 1D: i fiter xoox 0 Multiply
mag_squared, | Decimation: o 10: mestipty 0 0
Taps:

Inttial Phaze (Radians): 0

QT GUI Time Sink
1D: qrow_time sink x 01
Number of Polnts: 1.0
Sample Rate: 30¢

Autoscale: No GUI Time Sink
Symbol Sync e qr me Sins
Char To Float 1D: g time a
10: cigtal symbol_sync xx

i 2 : blocks_chas o e Number of Polnts: 1
Timing Error Detector: Garcne Z e
Sampies per Symbol: 208333 e

Expected TED Galn: 1

Loop Bandwidth: 10m
Damping Factor: 1
Maximum Deviation: 100m
Output Sampies/Symbol: 1
Interpolating Resampler:

Tag Debug
1D: twocks tag debug 1
Access Code: 10010..11011110
Threshold: 2
Tag Name: #am

QT GUI Histogram Sink
1D: qrul Mestogram sink x 1
Number of Points: 30
Number of Bins: 100
Autoscale: ¥
Accumulate:

Min x-axis: -1

Max x-axis: 1

[pont_paid

HAYSTACK
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Specific changes

e Flowgraph library

o  Brought out more config options

e NNGBridge

o Main pathway for hardware testing

e Improved packet parsing

o  Overlapping packet detection
o Packet CRC check

e Software health logging
e Flowgraph-level signal processing improvements

S HAYSTACK
OBSERVATORY
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