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“Aurora Touching
Sunrise” from NASA
archives
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http://www.youtube.com/watch?v=iUyu7W0XuX0

AERO VISTA Mission Introduction

e AERO & VISTA satellites will collect radio

frequency (RF) data from the auroral
AERO VISTA

Payload regions

(_

e Data will be used to accomplish science

and tech goals

o Study emissions such as Auroral
Kilometric Radiation (AKR), Medium
Frequency Burst (MFB), Auroral Roar,
and Auroral Hiss

o Validate usage of Vector Sensor
Interferometry and RFI survey

Antenna after
Deployment

—
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AERO VISTA

AERO-VISTA RF Instrument VECTOR INTERFEROMETR
‘%ﬁ%‘fglbgggﬁ%)g S SPACE TECHNOLOGY

USING AERO

Dr. Philip J. Erickson, AERO Principal Investigator Dr. Frank Lind, VISTA Principal Investigator
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Ground Station Radio
Uplink: T. Lucas Briggs

AeroVista Interactive

Spectrogram Display

(AVIS): Hirani Sattenapalli
Satellite Commanding
Interface: Aparna Rajesh
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Ground Station Radio
Communications

T. Lucas Briggs
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What is a Ground Station?

« Enables communication a
between spacecraft and E‘?.';';m/
mission operations Araemewmn@V

[CommandTransmissbn]

« Handles all radio operatio T

command scheduling, anc T

data verification tasks

Earth Observation
Data Reception
Source:

https://www.gim-international.com/content/news/pasco-provides-rental-service-for-satellite-ground-stati
on-facilities
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For AERO/VISTA

« Multiple possible Ground Stations in different locations with a wide range
of radio configurations

« Many different types of data with varying sizes of payload
o Commands: small, carries data necessary for spacecraft to execute desired action.

o Acknowledgements: very small, carries data necessary to say “command received”
o Telemetry: large, carries as much information as possible about spacecraft state

o Science: very large, carries a full time-series of spectrum data from auroral emissions
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Digital Communications over Radio

UPLINK

data | want to send "frame" for verification "modulate"” for transmission "demodulate” "deframe" and verify

11010011 = frame |11010011 | frame +/\/\/\/\/\/\/\/—) frame 11010011 | frame ——» 11010011

Ground Space

% ot

k\\ process Sl ah:

N

00010001 €= frame | 00010001 | frame (—/\/\N\/\/\/\/\/\/{— frame | 00010001 | frame [€—— 00010001

"deframe" and verify "demodulate” "modulate"” for transmission "frame" for verification data | want to receive

<

DOWNLINK
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Summary of Requirements

Need a software package that...
« Enables framing/deframing and mod./demod. on uplink/downlink.
. Allows for a wide range of data payload lengths.
« “Dropsin”. Can be imported, started, and maintained anywhere.
« Provides a way to access data remotely and asynchronously.
 Is as configurable as possible
« Is as extendable as possible
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Implementation - GNURadio Flowgraph

Options ) Parameter Parameter Parameter Parameter Parameter Parameter Parameter
Title: AV G'm--_‘ﬁ"'" Radio Id: samp_rate Id: sps Id: center_freq Id: tx_usrp_address Id: rx_usrp_address Id: rx_gain Id: tx_gain
Author: Lucas Briggs Labek Sample Rate Label: Samples per Symbol Label: USRP Carrier Frequency Labek IP Addre... Station Tx | | Labek IP Addre... station Rx Labek Ground Station Rx Gain Labek: Ground Station Tx Gain
Output Language: Python Type: int Type: Int Type: Int Value: serial=3004E05 Value: serial=3094E05 Value: 40 Value: 40
Generate Options: No GUI Value: 500k Value: 4 Value: 245G
Run Options: Prompt for Exit

Parameter
Id: input_socket
Label: Packet Formatter UHD: USRP Sink
Value: tcp:#/127.0.0.1:50001 Device Address: ser.. 3094E05
Sync: No Sync
ZMQ SUB Message Source n MbO: Subdev Spec: AA
Address: tcp//1..0.150001 I} - - - - - off| POV t0 Tagged Stream Tagged Stream Multiply Length Tag Samp rate (Sps): 500k il
Timeout (msec): 100 S — e G S I ChO: Center Freq (Hz): 245G
| Length Scalar: 32 ChO: Gain Value: 40
ChO: Antenna: TXWRX
TSB tag name: packet_len
Parameter
Id: syncword
Label: Syncword e
Value: 10101100..00011111100 ! ) g .
ey s TiingErer Dncio:Gacer g
Correlate Access Code - Tag Samples per Symbol: 4 S W B SN
Access Code: 10101, 11111100 Expected TED Gain: 147 S Sy S AR
ER—— S Quadratur Samp rate (Sps): 500k i
Tag Name: frame_start Damping Factor: 1 Ga Cho: r Freq (Hz): 245G
Maximum Deviation: 4m o C"'"_ w:: .
Output Samples/Symbol: 1 m ‘6‘_-::“' e
Interpolating Resampler: Polyphase Filterbank, MMSE m‘ “""_ -
Fiterbank Arms: 128 E i
Parameter
Id: frame_bytes
Label: Frame Bytes
3:: ";12 Id: am’:sodcet
_ Label: Packet Formatter
Fixed Length Packet Tagger Value: tcp:#127.0.0.1:50000
Ayseomoed S Ixin st :::::::.::::dd Tagged Stream Multiply Length Tag o ZMQ PUB Message Sink
Packet length tag: frame_len
p;:ﬂ.w. 4:9& - Endianness: M5B Length tag names: frame_len l:‘":s x :;:o:n - = - = = = 9| Address: tcp://1...0.1:50000
sl Length Scalar: 125m PRt Iugamenat b Timeout (msec): 100
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Implementation - Software (simplified)

« Database provides asynchronous
remote access.

« Ground Station provides
configuration, handles top-level
operation.

« Radio Interface manages
framing/deframing data,
uplinking/downlinking frames.

. Flowgraph operates the Radio
Transceiver.
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"uplink"

I

"downlink"

not yet implemented

Somewhereina -

Computer
(connected to a radi o
telescope)

\
A

"use this configuration”

Configuration
File

l

Radio Interface

starts l Ground Station <
X Local
[ toaging » Database
the command data as a string of bytes
<«

"start the
Radio" /  Mission
Operahons Q

"send this command
to the spacecraft”

the returned data as a string of bytes

\ 4

"get the result of that command”

starts "framed"
data
o GNURadio
‘ Flowgraph

: Radio <<<
:(—recelve—-_ Transceiver

Somewhere connected to that Computer .

—transmitP»

Somewhere on Earth
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Implementation - Software (simplified)

Somewhereina

. = "uplink” Computer
« Database provides asynchronous B - rgounini e
"start the GroundStation”™
remote access. :
Configuration .
File :
« Ground Station provides S 5
configuration, handles top-level - Ground Station %— :
operation. . o EE
Database .
. "send this command
. he command data as a string of bytes : o the spacecraft”
« Radio Interface manages «— e e
framing/deframing data, Radiolnichiace the returned data as a string of bytes > ‘ "get the result of that command”
uphnklng/ dOWIlllIlklIlg frames. ............................................... e on thatcompuier:
starts “framed" Somewhere connected to that Computer
[ d t .
« Flowgraph operates the Radio = :
Transceiver. o
|, GNURadio [ : SDR “bent-pipe”
Flowgraph i -
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Live
Demo -

PNG File
Transfer
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http://www.youtube.com/watch?v=5SMxow1ln5Q

Next Steps

o Interaction of the Ground Station with the Database needs to be
expanded

o Operation commands, logging, configuration, and satellite command
scheduling, all remote-asynchronous
« GNURadio Flowgraph needs to be expanded
o More/better signal processing for higher SNR (configurable)

« Develop a “mock satellite” version of the Ground Station
o Responds to known commands with dummy data
o Potentially applies a channel model to the signal to test non-ideal conditions

. Integrate with a real transceiver and satellite engineering model
AR MIT
1) HAYSTACK
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Implementation - Software (expanded)

Somewhereina
Computer

(connected to a radio.
o o = not yet implemented )
. Radio Interface exists ™
as 3 important blocks T et e -
| logging stream———
GroundStation . ;
. €————command stream <—-operation commands
o Each has a single -
. ey o *
responSIblhtY9 Packet I_ HEdERadio _| e Mission
PR Formatter s s Operations7
promotes extendability | -~ .. | |
T gt | data downlink_» __Edownlinked science/
f’aml es Radiolnterface ﬁ RedisInterface tStrT,am i i
f data st:fel::\_ <———sat commands for uplink
* See report Or more 7 | -[frames : : Somewhere on Earth

details
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Somewhere in Space

Somewhere connected to that Computer .
I® >>> . AERO
NS /

downlink
- 1
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Modulation and Framing for A/V

« Modulation using Gaussian Frequency Shift Keying (GFSK)
0 1 0 1 1

0 0 4 01 1 B
o Looks a bit like this: - /\/\/\/\/\/\/\/\/\/

« Flexible data framing with the following template:

Optional data whitening

&— Optional CRC-16 calculaton————

/N
WV

Preamble bits Data field

Sync word
Length field
Address field
CRC-16

MIT 3 max 32 8
HAYSTACK 8 XN Dbits——HK—" b i€
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Reliable Data Transfer: Framing

. Preamble: I‘ecognize < Optional data whitening >
S mb()ls, “10Ck On” to binary &——Optional CRC-16 calculaton—————>
ata ® 5|2 -
Preamble bits s s | 3 Data field O
o Syncword: find the start of S |83 5
the data packet L
8 xnbits—x—""2 32 5¢ B 5¢ O 8 x n bits 5¢—16 bits—>

) é‘}%leg%li:l? fﬁé gl;[l;y bytes to o CRC( Cﬁclical Redundancy Check):
Verify that the data has not changed
« Address: where should this

data go « Whitening:

Deterministically randomize the data
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default txrcyml M X

Configuration
Through YAML
Files

0111160101 910000011111100"

Configurable parameters are categorized 2450000000
. . . e: 500000

into “packet”, “radio”, and “redis” LB L
groupings rx_gain: 40.0

: 40.0

~ T

: 50000

"localhost™
6379
0
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Digital Communications: Modulation

0o 0 ! I 0 1 O 0 o0 I 0

« Binary data representation on a

“constant wave”, accomplished g e
through keying W\“J Ub IV\'
o Amplitude-Shift Keying (ASK) o 0 N e ERAls

o Frequency-Shift Keying (FSK) - b

o Phase-Shift Keying (PSK)
. ..many more ATV LATIAVATATIAY
« Our solution: Gaussian FSK (GFSK) TEL 22 %

o FSK with no sudden jumps — o St Keyieg

MW
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Thank you to our mentors

Mary Knapp, Ryan Volz, John Swoboda, Frank Lind, Phil Erickson, Toby
Gedenk, and Geoff Crew
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