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Snagnoun

\ ' snag \
Definition of snag
: a concealed or unexpected difficulty or obstacle
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Beam Wave Guide System!:

2.3 GHz - 26 GHz

Receivers:
C-Band 4.7 - 7.6 GHz
K-Band 20 - 25 GHz

EVN Band Sz(approx) )

L-Banc 1.4 - 1.7 GHz
C-Bano 4.0 - 6.0 GHz
M-Bano 5.7 - 7.7 GHz
X-Banc 3.0 - 9.9 GHz
K-Banc 18 - 26 GHz

[1] http://spacecenter.gov.ua/contents/pdf/Ulyanov New Ukrainian RT-32-Zolochiv-2019.pdf

[2] https://deki.mpifr-bonn.mpg.de/Working Groups/EVN TOG/Frequency ranges for 2%2F%2F4 Gbps/0ld Frequency range table
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Site requirement

Phase-coherent system:

- local oscillator
- sampler

- backend

- recorder*




Site requirement

Phase-coherent system:

- local oscillator
- sampler

- backend

- recorder*

- common time/frequency standard
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https://ohwr.orqg/project/white-rabbit/wikis/home
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10/125 MHz
GPS/cesium | 1pps N WR master w:ackup
or WR switch master
reference clock UTC timecod (configured as a PTP grandmaster) and reference clock
downlink ports
_ multiple uplink paths
uplink ports for timing redudnancy
WR switch WR switch WR switch
downlink ports
uplink ports
WR switch WR switch
mmmmqff/f
data-only routes outside
WR the tree topology, managed
node by the Spanning Tree protocol
< timing and data routes <P data-only routes

https://ohwr.org/project/white-rabbit/wikis/home
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 only then compute coherence/correlation
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Sample rate

Sky frequency

Sample type

Domain

Data format

Zolochiv RT32

2n - 106 s/s

100 Hz tunable

16 bit (real or complex)

waveform or spectra

NADR Data Format
own structure
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Zolochiv RT32

Sample rate 2n - 108 s/s

Sky frequency 100 Hz tunable

Sample type 16 bit (real or complex)

Domain waveform or spectra

NADR Data Format

Data format
own structure
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JIVE

Zolochiv RT32

Sample rate 2n - 108 s/s

Sky frequency 100 Hz tunable

Sample type 16 bit (real or complex)

Domain waveform or spectra

NADR Data Format

Data format
own structure
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JIVE

Zolochiv RT32

Sample rate 2n - 10 s/s
Sky frequency 100 Hz tunable

Sample type 16 bit (real or complex)

Domain waveform or spectra

NADR Data Format

Data format
own structure
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JIVE

Zolochiv RT32

Sample rate 2n - 108 s/s

Sky frequency 100 Hz tunable

Sample type 16 bit (real or complex)

Domain waveform or spectra

NADR Data Format
Data format
own structure
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®
Zolochiv RT32 VLBI
= JIVE
Sample rate 2n - 10°s /s / 2n - 10°s /s
Sky frequency 100 Hz tunable / tunable
Sample type 16 bit (real or complex) ¢ 2 bit real
Domain waveform or spectra L time (voltage)
NADR Data Format VDIF format(™)
Data format . .
own structure iInternational standard

(*) https://vlbi.org/wp-content/uploads/2019/03/VDIF specification Release 1.1.1.pdf
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Digital back end R
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Digital back end R

internet
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Digital back end R

ethernet (UDP/IP)
2n-106 Mbps
real sampled
VDIF
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local eth recorder

ethernet (UDP/IP)
2n-106 Mbps
real sampled
VDIF
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| H
b | N
|

( ¥

local eth recorder

ethernet (UDP/IP)
2n-106 Mbps
real sampled
VDIF

—

internet
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The VDIF format*

VLBI

Data
Interchange
Format

(*) Ratified in 2009, following community discussion at IVTW
(International VLBI Technology Workshop)
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The VDIF format

g Date Frame
< . i fyin
Data Frame Header SQ\W
VDIF
Data Array Data
Frame

https://v1lbi.org/wp-content/uploads/2019/03/VDIF specification Release 1.1.1.pdf
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Data Frame Header
Thread D O - -

Data Array

“"THREAD" ik
"= =eoe Thread D |

Data Array
Time segment O

In the VDIF concept, each time-series of Data
Frames from the same set of sub-bands(s) 1s known
as a ‘Data Thread’, where each Data Thread 1s

identified by a ‘Thread ID’ embedded in the Data
Frame Header.

Data Frame Header
Thead D2 === ks s ===

Data Array
Time segment O

Data Frame Header
- - Thread D 0

Data Array
Time segment 1
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“THREAD"

In the VDIF concept, each time-series of Data
Frames from the same set of sub-bands(s) 1s known
as a ‘Data Thread’, where each Data Thread 1s

identified by a ‘Thread ID’ embeddec
Frame Header.

Technicalities of VLBl w/ the EVN

| 1n the Data

verkouter@jive.eu
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Thread D O

Data Array
Time segment O

Data Array
Time segment O

Data Frame Header
Thread D 2

Data Array
Time segment O

- Thread D O i

Time segment 1
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“THREAD"

In the VDIF concept, each time-series of Data
Frames from the same set of sub-bands(s) 1s known
as a ‘Data Thread’, where each Data Thread 1s

identified by a ‘Thread ID’ embedded in the Data
Frame Header.

verkouter@jive.eu
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Data Array
Time segment O
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Other (useful) VDIF properties

sampling rate 2"-:10° samples / sec

time stamp accuracy + longevity
- can describe = 128 Gbps data rates w/o problems
- can take data for ~33 years continuously before wrap

supports:
- odd number of channels (one channel per VDIF thread 1is OK)

- real and complex sampling
- 1-32 bit / sample’

(*) Subject to other constraints some sample widths are impossible, though

verkouter@jive.eu




EVN software correlator

Accepts standard VLBI VDIF
- 2 bit / sample
- real data

Optimized (supported) flavours:
- single thread with all channels
- each channel 1n separate thread

The VDIF standard allows many more configurations and supporting all of them is unpractical

verkouter@jive.eu



The ethernet recorder

JIVE



JIVE

Mark6 (MIT Haystack/Conduant)

- proprietary hardware

- only one supplier (Conduant Corp.)
- = 8 Gpbs

- 30 k€ (inc. 32 x 10 TE

HDD)
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JIVE

Mark6 (MIT Haystack/Conduant)

- proprietary hardware

- only one supplier (Conduant Corp.)
- = 8 Gpbs

- 30 k€ (inc. 32 x 10 TE

HDD)

FlexBuff (Metsahovi / JIVE)

- fully customizable, COTS
- n Gpbs

- 16 k€ (inc. 36 x 10 TB HDD)

Concept: A. Mujunen, Metsdhovi
Productionalized: JIVE
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The ethernet recorder

JIVE



The ethernet recorder *,
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The ethernet recorder *,

>> GB RAM
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The ethernet recorder *,

ethernet cards

&%
Y
/:

>> GB RAM
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The ethernet recorder

ethernet cards

many HardDisks

>> GB RAM

October 2021
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The ethernet recorder

ethernet cards

many HardDisks

>> GB RAM

October 2021
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The ethernet recorder *,

The only tangible difference between the systems. The rest is semantics/software.

Marke6

FlexBuff
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The ethernet recorder *,

The only tangible difference between the systems. The rest is semantics/software.

Mark6 removable disk packs

FlexBuff
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The ethernet recorder *,

The only tangible difference between the systems. The rest is semantics/software.

Mark6 removable disk packs

FlexBuff fixed disks
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EVN: disk-shippingless

- recorded

- e-VLBI (real-time)

JIVE



EVN: disk-shippingless “,

- recorded

- data recorded locally (FlexBuff, )
- transferred off-1line to JIVE over 1internet
- correlate when data from all stations rcv'’d

- e-VLBI (real-time)
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EVN: disk-shippingless “,

- recorded

- data recorded locally (FlexBuff, )
- transferred off-1line to JIVE over 1internet
- correlate when data from all stations rcv'’d

- e-VLBI (real-time)
- real-time over (public) i1internet
- direct transfer into correlator
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EVN: disk-shippingless “,

- Use jivebab' software

- high-speed local recording
- supports all VLBI recorders / data formats

- built-in high speed network protocol UDT-

[1] https://github.com/jive-vibi/jive5ab
[2] e.g. https://udt.sourceforge.io/doc/udt-ccc-sc05-v10.pdf
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EVN: disk-shippingless %,

- Use jivebab' software

- high-speed local recording
- supports all VLBI recorders / data formats

- built-in high speed network protocol UDT-

sfxc-sw - Traffic - B4 (flexbufs)

TCP

.0
08:40

UbDT

Technicalities of VLBl w/ the EVN

[1] https://github.com/jive-vibi/jive5ab
[2] e.g. https://udt.sourceforge.io/doc/udt-ccc-sc05-v10.pdf
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. disk-shippingless *,

2

——
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N: disk-shippingless %,

vrvnn,,
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EVN: disk-shippingless %,

e

XX oLoGIC

12300
InfiniBand Switch

s\

Software Correlator QJIVE
October 2021
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EVN: disk-shippingless “,

-~ T

12300
InfiniBand Switch I

Software Correlator @JIVE
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1hternet connection S

v = L-band = observing data rate < 2 Gbps
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1hternet connection L

- recorded
- e-VLBI (real-time)

v = L-band = observing data rate < 2 Gbps
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1hternet connection L

- recorded

- connection speed = 0.5 observing data rate
- 1 Gpbs and higher ok

- e-VLBI (real-time)

v = L-band = observing data rate s 2 Gbps
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1hternet connection L

- recorded

- connection speed = 0.5 observing data rate
- 1 Gpbs and higher ok

- e-VLBI (real-time)
- connection speed = 1.5 observing data rate
- 2-3 Gbps and higher ok

v = L-band = observing data rate s 2 Gbps
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a network engineer .
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a network engineer .
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Technical Operations Group®

Techilies @ stations and correlator

- meet 1n person (~9 month duty cycle)
- since COVID-19 also on-line/Zoom
- mall exploder

https://mailman.astron.nl/listinfo/evntech
- perfect opportunity to share

- performance of the EVN
- (technical/social) information
- new developments

- procedures
- experlences
- drinks ..
[*] https://www.evlbi.org/TOG
Technicalities of VLBl w/ the EVN verkouter@iive.eu ~ October 2021




Technical Oper~+ ons Group’

Tec h-- _ < X 9| d corre 1 ator

——————————— nth duty cycle)
\-1line/Zoom

evntech

share

[*] https://www.evlbi.org/TOG
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Technical Operations Group®

Techilies @ stations and correlator

- meet 1n person (~9 month duty cycle)
- since COVID-19 also on-line/Zoom
- mall exploder

https://mailman.astron.nl/listinfo/evntech
- perfect opportunity to share

- performance of the EVN
- (technical/social) information
- new developments

- procedures
- experlences
- drinks ..
[*] https://www.evlbi.org/TOG
Technicalities of VLBl w/ the EVN verkouter@iive.eu ~ October 2021




Thanks for
attention!
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Summarizing

Requirements for VLBI*

JIVE

» phase-coherent system at site
» VLBI compatible “digital back end”:
- data format
- sampling rate
» VLBI data recorder
» network connectivity
» access to source of network knowledge

(*) Likely applies to all VLBI networks, not just EVN
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