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Introduction VGOS Broadband Network by the Early 2020s 

Thememberorganizationsof the InternationalVLBI Servicefor GeodesyandAstrometry(IVS) operate

anobservationalnetworkof VLBI telescopesthatcurrentlyconsistsof about40 stationsworldwide. This

S/X VLBI network was developedmainly in the 1970s and 1980s. Due to the aging infrastructurebut

alsobecauseof demandingnewscientificrequirements,thelargerIVS communityplannedandstartedto

roll out thenext-generationVLBI systemcalledVGOS(VLBI GlobalObservingSystem)at existingand

new sites over the last few years. The roll-out effort is ongoing and it is anticipatedthat the VGOS

networkmay becomefully operationalin the early 2020s. OnceVLBI productscanbederivedfrom the

new systemin an operationalmanner,the VGOS network will replacethe legacyS/X network as the

productionsystemof theIVS.

TheVGOSnetworkis expectedto continuouslygrow overthenextseveralyearsandto reachsomelevel

of maturityin theearly2020s. By then,we expectto havea22-stationnetworkavailable.

Legacy S/X vs. VGOS

Whena largernumberof legacyS/X antennasstartedto approachtheir end-of-lifetime, theIVS conceived

a next-generationVLBI systemwhich hascometo beknownasVGOS(VLBI GlobalObservingSystem).

Unlike thelegacysystem,VGOSwill bea dedicatedinstrumentthatis not intendedto shareantennaswith

other applications. In order to be able to satisfy increasedscientific requirements,the new systemwas

basedon fulfilling threeoverarchingcriteria: (1) 1-mm positionaccuracyon globalscales,(2) continuous

measurementsfor time seriesof stationpositionsand Earth orientationparameters,and (3) turnaround

time to initial geodeticresultsof less than 24 hours. Thesecriteria determinedthe definition of the

specificationsof theVGOSsystem.
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How Geodetic VLBI Works
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Distribution plot of the VLBI stations that contributed to the
2016IVSMasterObservingplan

Theestablishmentof theVGOSobservingnetworkis makingsteadyprogress. By December2018some

seven stations were broadbandready. Initial VGOS results were obtained in the VGOS CONT17

campaign. A focus for the VGOS project for the next severalyearswill be the establishmentof the

necessarycorrelationanddatatransport/storageresourcesthat will be necessaryto transitionthe VGOS

from its trial statusto theoperationalsystemof theIVS.
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The VLBI observableis the differencein the arrival

time of a radio signal (from a quasar)at two different

radio telescopes. The measuredtime delay, using the

speedof light, can be interpretedas a distance. The

distanceis the componentof the baselinetoward the

source (quasar). By observing many sources, all

componentsof thebaselinecanbedetermined.

Station Recent milestone VGOS broadband

GGAO VGOS CONT17 ready

Westford VGOSCONT17 ready

WettzellSouth VGOSCONT17 ready

Yebes VGOSCONT17 ready

Ishioka VGOSCONT17 ready

KokeePark VGOSCONT17 ready

Onsala(Oe, Ow) VGOS test sessions ready

Badary Fixedbroadbandsystem 2017 (S/X/Ka)

Zelenchukskaya Fixed broadband system 2017 (S/X/Ka)

AuScope (Hobart) VGOS fringe test with Ishioka late 2018

AuScope (Yg, Ke) Upgrade work in progress 2019

Santa Maria Started S/X observing 2019

Sheshan RT erected, signal chain work 2019

Ny-Ålesund RTserected, signal chain work 2019

HartRAO RT erected, signal chain work 2019

Svetloe RT erected, signal chain work 2019 (S/X/Ka)

McDonald RT FAT done, civil works end 2019

Gran Canaria RT in warehouse, civil works 2020

Metsähovi pedestal built, RT on site 2020

Tahiti Site selected, RFI survey 2022

Brazil (Fortaleza) Under discussion 2022

Flores RFI surveys 2022+
2016 2017

The Current Legacy S/X VLBI Network

VGOS Roll -out Progress and Some Early Results

Legacy S/X System VGOS System Benefit

Antenna size 5ï100 m dish 12ï13 m dish reducedcost

Slew speed ~20ï200 deg/min Ó 360 deg/min
more observations for 

troposphere

Sensitivity 200ï15,000 SEFD Ò 2,500 SEFDmore homogeneous

Frequency range
S/X band 

[2 bands]

~2ï14 GHz 

[1 broadband w/ 4 bands]

increasedsensitivity, 

data precision

Recording rate 128, 256, 512 Mbps 8, 16,32 Gbps increased sensitivity

Data transfer
usually e-transfer,

some ship disks

e-transfer,ship disks 

when required

Signal processing analog/digital digital stable instrumentation

Selected characteris-
tics of the current
and future VLBI sys-
tems

ThecurrentlyusedlegacyS/X observingnetworkof the IVS consistsof about40 stations. This includes

the IVS NetworkStationsasofficial membercomponentsof the IVS aswell asseveralcooperatingsites

that contributeto the IVS observingprogram,in particularthe ten stationsof the VLBA and the three

NASA DSN stations.

Compact radio 
source (quasar)

Ishioka-KPGO

Oncethe specificationswereset,work commencedon establishingan observingnetwork in the early to

mid 2010s. Sincethen,thenetworkgrewandcontinuesto groworganically.

After first fringeswith the VGOS broadbandsystemsome1ï2 yearsearlier,first actualgeodeticresults

weredeterminedon thedemonstrationbaselineGGAO to Westfordin late2014. Adding furtherstationsin

North America, Europe,and Japan,a six-station network observedcontinuouslyfor five days in the

CONT17 campaign(VGOSCONT17) in December2017.

SomeVGOS CONT17 results and beyond:

�‡ The WRMS scatter of postfit delay residuals about the 

mean (not shown) is at the 4-mm level, which is a few 

times larger than impliedby the measurementerrors.

�‡ The scatter of the long-term VGOS baseline length 

estimates is at the 1-mm level (Niell et al., 2018).

�‡ Baseline length repeatability over the 5-day CONT17 

sessionsranges between 1ï8 mm. The Figure shows 

IshiokaïKokee, with a WRMSscatterof 2.8 mm.

VGOS antenna broad-
band ready

IVS Network Station
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VGOS antenna under con-
struction or planned

Typical IVS observing week 
in 2016

Typical IVS observing week 
in the early 2020s
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Cooperating VLBI Site
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