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The principle of VLBI

2nd of June, 

2011
VLBI, Wroclaw, Harald Schuh 3

kbWSNP
c

1
-=t

b baselinevectorbetweentwo stations

k unit vector to radio source

W rotation matrix for polar motion

S diurnal spin matrix

N nutation matrix

P precessionmatrix

EOP ð

Earth 

Orientation 

Parameters



VLBI observingsystem
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ÁRadio signals of quasars or 
radio galaxies
Å8 channelsX-Band
Å6 channels S-Band
ÅData stream 1Gbit/s
ÅTime & Frequency 

- (DF/F ~ 10-15)
ÅData recording

- Harddisk(MK-5)
- e-transfer

ÁCorrelation   
Åǰt ~  10 to 30 ps



Strengthsof VLBI

VLBI allowsobservationof quasarswhich realizethe CRF

VLBI providescompleteset of EOPand is unique for the

determinationof DUT1 and long-term nutation

VLBI providespreciselythe length of intercontinentalbaselines, 

whichstronglysupport the realizationand maintenanceof the

TRFwith a stable scale
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VeryLongBaselineInterferometry(VLBI)playsa fundamental
role for the realization and maintenance of the global
referenceframes and for the determinationof the EOP:
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International VLBI Service for Geodesy 

and Astrometry - IVS
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IVS is a service of 
IAG ðInternational Association of Geodesy 

IAU ðInternational Astronomical Union 

WDS ðWorld Data System (currently applying for membership)

IVS goals:
To provide a service to support geodetic, geophysical and astrometric research and 
operational activities

To promote research and development in the VLBI technique

To interact with the community of users of VLBI products and to integrate VLBI into a 
global Earth observing system

Main tasks of the IVS are: coordinate VLBI components, guarantee provision of 
products for CRF, TRF, and EOP

IVS inauguration was on March 1, 1999

IVS 10th Anniversary event on March 25, 2009

81 Permanent Components supported by >40 institutions in  >20countries

~270 Associate Members



IVS Components

2nd of June, 

2011
VLBI, Wroclaw, Harald Schuh 8



e-VLBI Intensives (1h)

Ultra-rapid Intensives betweenEurope and Japan

Onsala-Tsukuba

Metsªhovi-Kashima

UT1 turnaround within

< 30 minutes
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21. Feb. 2008: 

Resultswithin4ô after last scan

[Matsuzakaet al., 2008]

[Haas et al., 2011: 

Ultra-rapid dUT1-observations with e-VLBI]
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VLBI product: CRF
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ICRF2

since08/2009

Sources:

total: 3414

defining: 295

linking: 138

Fey et al., 2009:

IERS Technical Note 35

IERS/IVS Working group

chairedby C. Ma



VLBI product: Station velocities
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[IGG Vienna, 2011]



Vienna VLBI Software (VieVS)

Developedat IGG Vienna since2008

Written in MATLAB

Easy to use throughgraphicaluser interfaces
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http://vievs.hg.tuwien.ac.at



VLBI product: EOP
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Earth rotation parametersxpole, ypole, dUT1

Precession/ Nutation parameters

nutation period: 18.6 y

[IGG Vienna, 2011]



VLBI product: EOP 

CombinedEOP are regular IVS products
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Å Complete set of 
EOP 

ïdy, de

ïxp ,yp

ïUT1-UTC 

Å Combined solution 
from 6 Analysis 
Centers

Å 20-30% 
improvement

ïaccuracy

ï robustness

Å R1 & R4 since 
2002

UT1-UTC residuals 

[A. Nothnagel, IVS Analysis Coordinator, 2011

http://vlbi.geod.uni -bonn.de/IVS-AC]



VLBI product: Station motions

Displacement of the TIGO 

radio telescope in 

Concepci·n caused by the 

magnitude 8.8 Earthquake 

on Feb 27, 2010.
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Displacement of TIGO Concepci·n
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The Earthquake 

moved 

Concepci·n by 

about 3 m to the 

west

Similar results 

are obtained 

from GPS 

measurements

3 m WEST

0.7 m SOUTH

after the Earthquake

[IGG Vienna, 2010]



Troposphericdelay
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Vienna Mapping Functions(VMF)

Bºhm et al., 2006

Comparisonwith radiosondedata

2nd of June, 2011VLBI, Wroclaw, Harald Schuh 19

[Niell, 2006]
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VLBI product: Troposphericparameters

Zenith wet delays 

(ZWD)

at Onsala(SWE)

1996-2007
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[IGG Vienna, 2011]



Climate studies using VLBI

Long time-series of 

Zenith Wet Delays 

(ZWD) can be used 

for climate studies

To detect climate 

change series with 

high stability are 

needed
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seealso: R. Heinkelmann, 2008

[Schuh et al., 2006]

Wetzenith delays(blue) at Wettzellfrom VLBI obtained at IGG, 

annual and semiannualsignal (red), linear trend (green).

trend: 0.24 Ñ0.02 mm/ yr
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VLBI product: Tides& loading effects

Deformations of the Earth's 

surface are caused by tides 

and different loading effects:

ïSolid Earth tides

ïOcean loading

ïAtmospheric loading

ïPole tide

These effects must be taken 

into account in VLBI data 

analysis.

This also means it is possible to 

use VLBI to study these effects.



VLBI observessubdailyERP
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CONT 08

[IGG Vienna]



VLBI and GGOS

In the last yearsGGOS, the Global GeodeticObserving

System of the IAG has been implemented.

All VLBI results are providedto GGOS (via the IVS)
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Contributionof VLBI to GGOS
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Parameter Type VLBI GNSS DORIS SLR LLR Altimetry

ICRF(Quasars) X

Nutation X (X) (X) X

Polar Motion X X X X X

UT1 X

Length of Day (X) X X X X

ITRF(Stations) X X X X X (X)

Geocenter X X X X

Gravity Field X X X (X) X

Orbits X X X X X

LEO Orbits X X X X

Ionosphere X X X X

Troposphere X X X X

Time Freq./Clocks (X) X (X)

[M. Rothacher]
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New challengesin geoscience

Increaseof natural disasters
ÅStrong demand for predictionand warning

Global climate change
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Approaches

Combination of all available observations in the sense of GGOS

Improve our understanding of the óSystem Earthò
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VLBI2010: why do we need it?

Agingsystems

New technology

New requirements

phenomenato be observedhavemagnitudesof a few

millimeters mm accuracy!

VLBI2010: responseof the IVS to significantlyimprove

geodeticVLBI and reach this high level of accuracy

2003-2005:

IVS Working Group 3 ăVLBI2010ò

- goalsand requirements

- strategies and recommendations

2nd of June, 2011VLBI, Wroclaw, Harald Schuh 29



VLBI: A FascinatingTechniquefor Geodesyand Astrometry

I. VERY LONG BASELINE INTERFEROMETRY ðPRINCIPLE

II. VLBIPRODUCTS

III. MEETING TODAYôS CHALLENGES

IV. VLBI2010

V. NEW PERSPECTIVES

2nd of June, 2011VLBI, Wroclaw, Harald Schuh 30



WG 3 report
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http://ivscc.gsfc.nasa.gov/about/wg/wg3/IVS_WG3_report_050916.pdf



VLBI2010 ðgoals and strategies

criteria

Á 1 mm positionand 0.1 mm/ yr velocityaccuracyon global 
scales

Á continuousmeasurements(time seriesof EOPs and baselines)

Á turn around time to initial geodeticresults within less than 24 
hours

Á low cost constructionand operation

strategies

Á reducerandomand systematicerrorsof delayobservables

Á improvegeographicdistribution of antennas

Á increasenumberof observations

Á developnewobservingstrategies
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VLBI2010 ðMonte Carlo simulations

baseline

station



VLBI2010 ðsimulation results
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Progress Report of the IVS VLBI2010 Committee, 2009

ftp://ivscc.gsfc.nasa.gov/pub/misc/V2C/PR-V2C_090417.pdf

sourceswitchingintervalclock stability

now

now



VLBI2010 ðV2C Progress Report

òDesign Aspects of the VLBI2010 Systemó
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Current VLBI2010

antenna size 5ï100 m dish ~ 12 m dish

slew speed ~20ï200 deg/min Ó 360 deg/min

sensitivity 200ï15,000 SEFD Ò 2,500 SEFD

frequency range S/X band ~2ï14 (18) GHz

recording rate 128, 256 Mbps 8ï16 Gbps

data transfer
usually ship disks,

some e-transfer

e-transfer, e-VLBI,

ship disks when required

ftp://ivscc.gsfc.nasa.gov/

pub/misc/V2C/TM-2009-

214180.pdf



VLBI2010 ða completely new generation of

VLBI hardwareand software

VLBI2010 also includes

softwarecorrelation
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VLBI correlation in the future

Software correlator

Useof Graphics 

processingunits

(GPU) 

2nd of June, 2011VLBI, Wroclaw, Harald Schuh 37

[T. Hobiger]



VLBI2010 ða completely new generation of

VLBI hardwareand software

VLBI2010 also includes

softwarecorrelation

automation of data analysis

promote e-transfer

manyother aspectsé
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1st VLBI2010 antenna: Hobart (AUS)
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Dedicationof the 1st VLBI2010 antenna by

the Governorof Tasmania; Feb-09-2010; Mt. 

PleasantObservatory, TAS, AUS



New VLBI2010 antennas: AuScope(AUS)
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New VLBI2010 antenna: AUT (NZL)

Auckland
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New VLBI2010 antennas: China
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New VLBI2010 antennas: RAEGE
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RED ATLćNTICA DE ESTACIONES GEODINćMICAS Y ESPACIALES 

(RAEGE)

4 newVLBI 2010 antennas(of TTW type)

Baselines:

ÅYebesðCanaryIslands : 2150 km

ÅYebes ðSao Miguel : 2000 km

ÅYebesðFlores : 2400 km

ÅCanaryIslands ðFlores : 2000 km



Korea VLBI for Geodesy(KVG)

Partlyfor geodesy

2nd of June, 2011VLBI, Wroclaw, Harald Schuh 44



TwinTelescopeWettzell(GER), Vertex Antennas
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New VLBI2010 antennas: TTW



VLBI2010 Network in 2011
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radio telescope

VLBI2010 veryfast

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2012
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2013
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2014
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2015
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2016
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2017
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



VLBI2010 Network in 2017 including potential new

sites
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radio telescope

radio telescope

radio telescope

upgradelegacy

twin radio telescope

potential newsite

radio telescope

VLBI2010 veryfast

VLBI2010 fast

[Hase et al., 2011]



ConclusionsVLBI2010

> 20 new radio telescopeswith VLBI2010 complianceshould

becomeoperational by 2017.

Additional new stations might join in.

By2015 a sufficient number of VLBI2010 compatibleradio

telescopeswill be availablefor initial VLBI2010 operations.

The American/Pacific regionwill lack presenceof VLBI2010 

networkstations.
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Concludingremarks

VLBIplaysan important role in geodesyas it providesunique

information and allows to investigate a lot of geodynamical

and astronomicalphenomena

with VLBI2010 moreprosperousdecadeswill follow
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òmeeting the requirementsof a global societyon a changing

planet in 2020.ò [GGOS, Plag & Pearlman, 2009]



Thankyoufor

yourattention!

harald.schuh@tuwien.ac.at
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Development of VLBI in the 60ôs

First realizationsin Canada (Broten et al., 1967) and in 

the U.S.A. (Bare et al., 1967, Shapiro, 1968)

MK-1 System (accuracy~ 0.5 m)
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MK-1 System



VLBI in the 70ôs

USA:

Shapiro et al. (1972, 1973, 1974): first
astronomical-geodeticVLBI 
experiments

Europe:

Witte (1971) demonstratesthe
potential of VLBI

University of Bonn: Witte, Seeber, 
Campbell und Brosche work with VLBI 
(Campbell und Witte, 1978, Campbell, 
1979); collaborationwith MPIfR

MK-2 System (accuracy: 0.2-0.3 m)
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VLBI in the 80ôs 

Development of the MK-3 System (accuracy: 2-3 cm)

Installation of international observingcampaigns(e.g. within

NASA CrustalDynamics Project)

Radio telescopesin Europe:

ïOnsalaSpace Observatory (SWE)

ïEffelsberg100 m (GER)

ï20 m telescopeat the

ăFundamentalstationò Wettzell(GER)

First metrologicalproof of plate tectonics

ïHerringet al., 1986

rate Haystack-Onsala+ 17 Ñ2 mm/ yr

2nd of June, 

2011
VLBI, Wroclaw, Harald Schuh 59



Extension of the global network (Japan, China, Australia, South-

America)

Antarctica:

9m-radio telescope OõHiggins (DLR, IfaG), since 1992

20m radio telescope Ny¡lesundon Svalbard (NMA), since1994

01.03.1999: Establishment of the IVS 

(International VLBI Service for Geodesy 

and Astrometry)

VLBI in the 90ôs
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Kashima (34 m)

Shanghai (25 m)

Fortaleza (14 m)

Hobart (26 m)

Tidbinbilla (70 m)


