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Observation sites

» impact of iono-
spheric effects on
performance of

GNSS systems G

(EGNQOS, Galileo)

= only 1 min S4
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Observation sites

= united with the CNES/ASECNA network
and new receivers in West Africa

* improved central data management/processing
= first tests on bitgrabbing
* N0 more binaries

ASECNA: L'Agence pour la Securité de la
Navigation aerienne en Afrique et a Madagascar
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Observation sites

MoNEWIC

= additional focus on EWF monitoring

= technically induced distortions of GNSS signals
Important for safety-of-life applications

* three bitgrabber recorders
= continuous operation at GRC and ESA

EWF: non-nominal signal distortions with manifold
causes (high-power amplifier, frequency selectivity,
iInternal multipath) likely at satellite hardware fault

David Wenzel, Institute for Solar-Terrestrial Physics, 11 June 2024



lonosphere recording station ‘#7
DLR
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lonosphere recording station
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lonosphere recording station ‘#7
DLR
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lonosphere recording station
DLR
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lonosphere recording station

DLR

Collaborate
with local
partners

- direct
data usage

Broadband / FTP / Disk
BIN manual copy

\ 4

Central
evaluation &
presentation

Eesa

)

| Antenna (Leica AR 25) ‘

RF cable
GNSS signal

lono station
on-site LI

optional E

.

GNSS receiver (Septentrio PolaRx5S)

Ethernet
RINEX recording
& processing

| Bitgrabber (Syntony Echo R) ‘ E

Ethernet )
event trigger Exchange and postal delivery
& control 4
<
USB
BINmanualcopy | =| = _ssssssssssssssssssssssssssssnsnas

(large amounts)

‘I nternet
RINEX downlo,
maintenance

ad &
control

Laptop (DELL Latitude 5411/5511)

UsB
RINEX manual copy

N

Joint receiver test campaigns

(CTP Large data transfer

e
2o t =
B Sl

i DLR
' =1

’ Replayer (Syntony Echo P) l

5>

I GNSS receiver (various)

Visualisation & analysis

SVERS),
l: =
l ha

programming support
and scientific exchange
between local partners

)_.

and ICTP + DLR

External USB drive

on-site setup / operation

I Office computer

David Wenzel, Institute for Solar-Terrestrial Physics, 11 June 2024



Bitgrabber in general A#y
Original [ DLR

Basic principle

v

GHz

» store raw radio data in a dedicated frequency band

= down-convert to lower frequency band to save .
space and/or reconstruct via up-conversion @iﬁfﬁi
;
MHz
* replay same signal to different receivers (settings)
-> evaluate correction algorithms @ oJA from file
Replay

= test receiver reactions on solar/ionospheric events

» analyze raw data for ionospheric relations

v

» alter recorded data for simulating critical events GHz
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Bitgrabber in the IRS A#y
DLR

Syntony Echo R+P features

ESA specifications

» bitgrabber is an optional addon » separate devices for rec and play
—> catch signal before receiver (splitter)
—> block for antenna’s power

» open format

_ _ = exchangeable drives (up to four
* no playback required on sites SSDs with 2, 4, 8 TB each)
> more recorders than players Y

» GUI-based device

=>» modified with ring buffer (RAM)

and remote controlling scripts

* monitoring time right before events  (idle/monitor switching, event trigger,
-> event-driven trigger mechanism disk change)

= synchronously monitoring L1 and L5
» adeqguate precision
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Bitgrabber limitations ‘#7
DLR

* up to 3 channels with up to 16 bit and 100 MHz
-> the higher the better certain effects can be captured
(and analyzed or replicated in replay),
but also the more increases data size

= write speed 300 MB/s (1200 MB/s via RAID 0)
» unsuitable events may be deleted after analysis only

Channels Quantization Bandwidth Data rate Buffer time 24 GB Record time 2 TB
1 4 bit 10 MHz 10 MB/s 40 min 55.5 hrs
2 8 bit 10 MHz 40 MB/s 10 min 13.8 hrs

3 16 bit 100 MHz 1200 MB/s 0.3 min 0.4 hrs

David Wenzel, Institute for Solar-Terrestrial Physics, 11 June 2024




Installation plan
DLR
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Installation plan A#y
DLR

Connections
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l

. 2A
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4A
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Installation plan A#y
DLR

Connections

| Switch (Netgear 5350 GS308T) |

| T

Network
cables

l
Switch

2N

3N

4N

David Wenzel, Institute for Solar-Terrestrial Physics, 11 June 2024




Installation plan 4#7
DLR

Connections
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Example: Abuja 4#7
DLR

SVID/PRN 79
Histogram with Logarithmic Y-Axis
ABUJ-station in Abuja/Nigeria DOY 001 to 142, 2024

106

= Installed December 2023
= normal iono indices fine

= test mode for bitgrabber
-> trigger parameters?

102

* high S4 is “rare”

101

10°

T T T
1.5 2.0 2.5 3.0
corrected 54

@
Babatunde Rabiu
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Example: Abuja A#y
DLR

SVID0O79
(corrected S4 ge 0.5)

* installed December 2023
= normal iono indices fine |
» test mode for bitgrabber o

> trigger parameters?  :..|

£ .

high S4 is “rare’ o et

= hi is “rare
g 0.5i " o LT o ¢ ® e 9

= events often at night

UTC/hour

@
Babatunde Rabiu
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Example: Abuja A#y
DLR

09-May-2024 DOY130
: ABUJ-Station
" installed December 2023 106 corrected S4 greater or equal 0.8 o
= normal iono indices fine 5 ooL" : - T
= test mode for bitgrabber S eof ]
: T o o ot . .
- trigger parameters’? 0 60: . e uk o |
= ud *%  om
%% 50 |- ; - - =T
_ o , @ A el L LR TR .
» high S4 is “rare 30 .
] “ 20 . it
= events often at night @ 101;;_ * e ‘ ]
» different satellites affected 00:00 04:00 oa:loo 12|:00 16:00 20!00 24:00
UTC/hour
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Example: Abuja

Trigger test for May 2024

TTTT T

= 32 events

* non-uniformly spreaded

= often short (10 min record)

» also long/accumulated (up to 25 min record)
=» 12 hours would already fill the disk
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