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Background

VLBI-Very Long

Baseline Interferometry

Consists of many radio telescopes, spread
out throughout the globe

Enables many measurements: Astronomy,
Geodesy, and more

The Westford Radio Telescope is an
example of a Geodetic VLBI Telescope




Background to Project

VGOS- VLBI Global Observing
System

GNSS and VGOS are completely
independent

|ldeais to add a GNSS band to VLBI
Improves accuracy of terrestrial

reference frame (TRF)
Fuses VGOS and GNSS
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G1-VGOS

VGOS: CURRENT DBE
G1-VGOS: NEW 5TH OBSERVATION BAND
G2-VGOS: CALIBRATION unc RECORDER
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e Geodetic antenna connected to two signal splitters
e Divides antenna into hardware and software defined radio paths
e Additional signal splitter for splitting the radio data into 2 channels
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e Hardware GNSS Receiver: Trimble NetRS
e Used for geodesy & datalogging, saves files in proprietary format
e Thisformatisconvertedinto RINEX

RINEX: Receiver INdependent EXchange Format
Common exchange format for allowing any GNSS receiver to share

observations. Frequently used by surveyors.

Why?

Validation for comparison against SDR GNSS receiver path
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e Software defined GNSS receiver path

GNSS-SDR RINEX
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e Record 2 channel RF using thor.py, or The Haystack Observatory

Recorder

DigitalRF: a file format accompanied with software tools for R/W

Stores raw complex rf samples in HDF5 (binary) files

Very flexible format and excellent software suite
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e GNSS-SDR: Open source software defined GNSS receiver

e Supports live data from SDR, or recorded data from file

e Uses “flowgraphs”, defined in config file, for signal processing and
position triangulation

e Has many applications, we just need RINEX output

e Verify RINEX output by comparing it to hardware RINEX

e GNSS-SDR doesn't support DigitalRF
e We need workaround to read RF data 8



Digital RF Channel Source
Directory: /home/avoronov/ch0

out

-"_\—Piin
EmErties}- NG

pipe into GNSS-SDR

IShort To Complex
Scale Factor: 1
Vector Input: Yes

Throttle
Sample Rate: 4M
Limit: None

rint
store
|Erint Edu

Message Debug
PDU Vectors: On

Interprocess communication using ZeroMQ
Has limitations compared to using other formats

Y Center Frequency (Hz): 0

Wa

ZMQ PUB Sink
Address: tcp://127.0.0.1:5561
Timeout (msec): 100
Pass Tags: No
Filter Key:

Connection: Bind

QT GUI Sink
Name:
FFT Size: 1024

Bandwidth (Hz): 4M
Update Rate: 10

Use GNU-Radio, software for RF data processing in “flowgraphs”
Use DigitalRF library to read DRF data, convert datatypes, and
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e We have RINEX from hardware and software radio configs
e We will now convert recorded data into VDIF
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e VLBI Systems exchange data

—»HDF5—~| GNSS-SDR |+ RINEX

through packetized format 00010203 04050607 03090A0B OCODOEQF

e VDIF:VLBI Data Interchange [Header (i rinmirmagiia
| 10008003 EDFEABAC 00004033 831503F2
Format, has 32 byte headers 2AQA7C43 8B699D59 CBI96D9A 99965067
and payload 59CSASA7 S509D9SE@ 3C96746C AASS5A546
- 9FQC5935 6CEABEAS CE6135DB A1CEA1CO
e VDIF Headers have: Time of F2eaag? 211D15E7 HO1EAFBO BAE461gH7
: A7MeasHB ONENF 28 DT\ YA 8
recording, data type, number @1,2508E9¥ L :at ;5
of channels and th reads, AA989266 F4C6#94 60A34B7A 65ADDAD1
thread and station ID’s 1986D258 E409366A 7884E8SF 635477BA

D85A9%681 A80DAGEYS 6718CDE9 62EAGEAA
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e Baseband
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| thor.py

Python library
rts VDIF

o Writes improper headers

>IHDF5
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e We want toinclude: Center frequency, sampling rate, bandwidth,
etc, from metadata

e We will use Baseband to quantize RF data and do everything else

ourselves.
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e Have hardware & software receiver stacks
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e Recorded & processed GNSS data
e Verified & converted into VDIF format

Summary
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T Future Improvements
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e More robust comparison for output RINEX files
e Working dual band GNSS-SDR configuration
e More robust VDIF converter program

Splitter I_,,, with TwinRX daughterboard
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Questions?
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Challenges faced with GNSS-SDR

e It'sdifficult to tell what exactly isn't working when troubleshooting

o Syntaxerror: Crash with limited details why

o Configuration error: Shows no satellites or has poor performance
e GPShasafewradiobands, | wantedtorecord L1 and L2C:

o L1: Most people use this band. It is the oldest.

o L2C: Newer band with fewer users. In “preoperational” status
e Could not get GNSS-SDR to work with L2C band despite intensive

troubleshooting. Unsure what the issue is.
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