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The principle of VLB
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VLBlobservimng system

A Radio signals of quasars or
radio galaxies
A 8 channelsXBand
A 6 channels SBand
A Data stream 1Gbit/s
A Time & Frequency
- (DF/F ~ 10%5)
A Data recording
- Harddisk(MK-5)
- etransfer

Data transfer to correlator
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Aj, ~ 10to 30 ps
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Strengths of VLB

VeryLongBaseline Interferometry (VLBI)plays a fundamental
role for the realization and maintenance of the global
referenceframes and for the determination of the EOP

i VLBlallowsobservationof quasarswhichrealizethe CRF

i VLBlprovidescomplete set of EGFand is unique for the
determinationof DUT1and longterm nutation

i VLBIlprovidespreciselythe length of intercontinental baselines
which stronglysupportthe realizationand maintenanceof the
TRFwith a stable scale
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International VILBISSevweddor Geodesy
and Astrometry - IVS

IVS is a service of

£ IAG 0 International Association of Geodesy

£ IAU 0 International Astronomical Union

£ WDSd World Data System (currently applying for membership)

IVS goals:

i To provide a service to support geodetic, geophysical aastrometric 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 ¢
global Earth observing system

Main tasks of the IVS are: coordinate VLBI components, guarantee provision o
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 >2€buntries

~270 Associate Members
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e-VLBIIhtensives {hh)

i Ultrarapid IntensivesbetweenEuropeand Japan

CHALMERS Chalmers University of Technology

¥ OnsalaTsukuba v 3
Me t s 2-Kashivna 4

Inté[netz ‘;'

| TR~ 7 Y

Onsala (20m)

¥ UT1lturnaround within
< 30 minutes

21. Feb. 2008: b S Sy
Resultswithin4 6 a f bcarr [ (14m)‘ Keshima (4m)
[Matsuzakaet al., 2008]

ﬁl{\ Onsala Space Observatory

[Haas et al., 2011
Ultrarapid dUT Xobservationswith e-VLBI]
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VLBIproduct: CRF

r ICRF2

since 08/2009

Sources
total:
defining:
linking:

Fey et al., 20009:

3414
295
138

IERS Technical Note 35
IERS/IVS Workingjroup

chaired by C. Ma
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VLBIproduct: Station velocities
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[IGG Vienna, 2011]
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Vienna WIEB S tftware (M S)

i Developedat IGG Viennasince 2008
i Writtenin MATLAB

i Easyto use through graphicaluser interfaces

Vie_sched Vie_glob

Vie_sim

http://vievs.hg.tuwien.ac.at
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VLBlproduct: EQP

i Earthrotation parametersxpole, ypole, dUT1

[IGG Vienna, 2011]
EoPr vieysameters
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1990

1985
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ViLBIproduct: EQP

i CombinedEOPare regularVSproducts

AC - COMBI A Complete set of
L S e e EOP
BKG DGFl GSFC IAA USNO 1
1 I dy,de
g ’ i Xp,yp
B l ‘ \I ,t ’i 1 I UTEUTC
= ot J f 'm' q w N ,‘ WL iyl g daedM® | A Combined solutior
5 ‘ ' «/ | 'p‘ ri ﬂ iy from 6 Analysis
4 H | h \ Centers
5’ ‘ A 20-30%
[ improvement
o—— 1l , A Medians(each7days fors+-35days)| | accuracy
1985 1990 1995 2000 2005 2010 i robustness
UTZUTC residuals A R1 & R4 since
[A. Nothnagel, IVS AnalysiSoordinator 2011 2002

http://vibi.geod.uni-bonn.de/IVSAC]
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VLBIproduct: Station motions

i Displacement of the TIGO

radio telescope in 2 T mm
Concepci-n ca M }% E
/

magnitude 8.8 Earthquake | / I
on Feb 27, 2010. )
/ﬂ‘lGO ongepcion
/
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r.;’z'Jj
: : 3
v Earthquake ‘} :
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i The Earthquake
moved
Concepcli
about 3 m to the
west

£ Similar results
are obtained
from GPS

measurements
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Tropoespheticdelay

Hydrostatic Wet
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Vienna NtappmgFunctions (VINIB)

F BO°hm et al . |, 2006

i Comparisonwith radiosondedata
15

% NMFh

+ GMFh

X IMFh(NCEP)

/A VMF1h(ECMWF)

~ \\\ \
10F Vs, s S

station height error in mm

[Niell, 2006]

latitude
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VLBIproduct: Tropesgheticparameters

i Zenith wet delays
(ZWD)

at Onsala(SWE)
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Climate studies using VLB

i Long timeseries of o [Schuhetal, 20051

Zenith Wet Delays | |

250

(ZWD) can be used Bl i
for climate studies YN

150 - {k

WZD. mm
3

© To detect climate
change series with |
high stability are (AR
needed | | trend: 0.24 N0.02 mm/yr

i

|] | LAk ‘?f ‘
'f 'l """" r

ll -

-100 : : :
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

seealso: R. Heinkelmann, 2008  Wetzenith delays(blue) at Wettzellfrom VLBIlobtained at IGG,
annual and semiannualsignal (red), lineartrend (green).
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VLBIproduct: Tides & loading effects

i Deformations of the Earth's
surface are caused by tides
and different loading effects:

I Solid Earth tides —
I Ocean loading
I Atmospheric loading

I Pole tide
i These effects must be tm

Into account in VLBI data
analysis. n

barometer

& This also means it is possible to  nypotnes:
use VLBI to study these effects.

14 Sep 08 18 UT
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VL Blobservessubdaily ERP
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VLBland GGBGS

i Inthe last yearsGGOSthe GlobalGeodeticObserving
Systemof the IAGhas beenimplemented

i All VLBFesults are providedto GGOS (vighe IVS)




Contribution of VLBIto GGGS

[M. Rothacher]

-

ICRF (Quasars)

Nutation X (X) (X) X

Polar Motion X X X X X

UT1 X

Length of Day (X) X X X X
ITRHStations) 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
lonosphere X X X X
Troposphere X X X
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New challengesin geoscience

¥ Increaseof natural disasters
A Strongdemand for prediction and warning

i Globalclimate change™2="""""
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Approaches

¥ Combination of all available observations in the sense of GGOS
Il mprove our understanding of

3

iy

unami detection [
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VLBR2010: why do we need it?

I

Agingsystems
Newtechnology
Newrequirements

phenomenato be observedhave magnitudesof a few
millimeters == mm accuracy

VLBI2010: responseof the IVSto significantlyimprove
geodeticVLBland reachthis high level of accuracy

2003-2005:

| VS Wor king Group 3‘—0(3-\
o)

- goalsand requirements

- strategiesand recommendations
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WG 3report

Vision for eodelic VLB

http://ivscc.gsfc.nasa.gov/about/wg/wg3/IVS_WG3_report_050916.pdf
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VLBIR2010 6 goals and strategies

£ criteria

A 1 mm positionand 0.1 mm/yr velocityaccuracyon global
scales

continuous measurements(time series of EOPsand baselines

turn around time to initial geodeticresults within lessthan 24
hours

low cost constructionand operation

A
A

)

i strategies

reducerandom and systematicerrors of delay observables
Improve geographicdistribution of antennas

Increase number of observations

developnew observingstrategies

v > v



VLBR2010 6 Monte Caitlosimulations

SCHEDULE 5 I_
(SKED, uniform sky) aseline
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VLBR2010 o simulation results

clock stability source switchinginterval
4 A e 12 : :
—— Solve ——ag¢— Solve
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Progress Reporof the IVS VLBI2010Committeg 2009
ftp://ivscc.gsfc.nasa.gov/pub/misc/V2C/PR-V2C_090417.pdf
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VLBI2010 6 V2C RragresiRepart

P oDesi

gn Aspects of the

Current VLBI2010
antenna size 51 100 m dish ~ 12 m dish
slew speed ~201 200 deg/min 0360 deg/min
sensitivity 20071 15,000 SEFD 02,500 SEFD

frequency range

S/X band

~2i 14 (18) GHz

recording rate

128, 256 Mbps

8i 16 Gbps

data transfer

usually ship disks
some etransfer

e-transfer, eVLBI,
ship disks when required

VLBI, Wroclaw, Harald Schuh

Design Aspects of the
:VLBI2010 System_

ftp://ivscc.gsfc.nasa.gov/
pub/misc/V2C/TM-2009 -
214180.pdf
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VLBI2010 6 a completely new generation of
VLBlIhardware and software

VLBI2010 alsoincludes

¥ software correlation

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



VLBIcorrelation in the future

g Software Correl ator . - COARSE SEARCH FUNCTION ( 64x128)
. : KASHIM 1L — TOMAKO11 Ret Freq{MHz) = 8300.64
i Useof Graphics 0.001%] e o i(a} = oo
[ . : af, (Hz) = = 0.0001
processingunits el =7isie-s
(GPU)

[T. Hobiger]
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VLBIR2010 6 a completely new generation of
ViLBIhardware and software

VLBI2010 alsoincludes
i softwarecorrelation
i automation of data analysis
i promote etransfer

I manyother aspectse

VLBI, Wroclaw, Harald Schuh
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1st VLBI2010 antenna: Hobat (ASS)

Dedicationof the 1st VLBI2010antennaby
the Governorof Tasmanig Fe09-2010; Mt.
PleasantObservatory, TAS, AUS

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



New VLEBZ0l0antennas: AuScape(AUS)

ticor iy

55555

) Yarragadee

Curtinu ¥

“:; AuScope
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New VIBI2010antenna: AUIT(INNZL)

¥ Auckland

UNIVERSITY

TE WANANGA ARONUI O TAMAKI MAKAU RAU
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New VIB120l0antennas: Chimna

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



New VIEBIZOlDantennas: RAEGE

RED ATLéNTI CA DE ESTACI ONES G
(RAEGE)

Agores [slands

4 newVLBI 2010antennas(of TTW type) N

Flores Graciosa

Baselines caosoges TS
Avebesd Canarylslands 2150 km e -,;;;\:‘“ o
Arebesd Sao Miguel : 2000 km T n sao o
Avebesd Flores : 2400 km (o <0 e
ACanarylslands & Flores : 2000 km i, Gl

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



Korea VB lfor Geodlesy(KV&)

i Partlyfor geodesy

Seoul KVN
(Yonsei Univ.)

Sejong KVG
(36° 31'33"N,
127° 18'19"E)

Ulsan KVN
(Ulsan Univ.)

359km
&, — JejuKVN

(Tamna Univ.)

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



New VEBR2Z0IDantennas: TITW

i TwinTelescopeWettzell(GER), VerteAntennas

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



VLB R2010 Netwotkimn 2011

nymi‘ 3

s LG - VLBI2010veryfast
© radiotelescope

twin radio telescope

VLBI2010fast
| © radiotelescope

upgradelegacy

® radiotelescope

Frsse Frovsogins
¥ Cooperating VL6l Sae

5 Former VS Sae

§ Forthcoming S Sae

[Hase et al., 2011]
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VLBI, Wroclaw, Harald Schuh 2011



VLBR2010 Netwotkin 2012

s LG - VLBI2010veryfast
© radiotelescope

twin radio telescope

VLBI2010fast
| © radiotelescope

upgradelegacy

® radiotelescope

Frsse Frovsogins
?‘mmu&n

5 Former V'S Sae

§ Forthcoming S Sae

[Hase et al., 2011]
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VLB R2010 Netwotkin 2013

s LG - VLBI2010veryfast
© radiotelescope

twin radio telescope

| VLBI2010fast
; w@ | | © radiotelescope

1 upgradelegacy

® radiotelescope
s see frovsggins

?‘mmu&n
5" Former VS Sie
kmnssu

[Hase et al., 2011]
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VLB R2010 Netwotkim 2014

s LG | VLBI2010veryfast
© radiotelescope

twin radio telescope

| VLBI2010fast
; w@ | | © radiotelescope

1 upgradelegacy

® radiotelescope
s see frovsggins

?‘mmu&n
5" Former VS Sie

gt Fsyome

[Hase et al., 2011]
2nd of June,
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VLBR2010 Netwotkimn 2015

s LG | VLBI2010veryfast

© radiotelescope

twin radio telescope

| VLBI2010fast
; m@ | | © radiotelescope

ey -
o ¥ upgradelegacy

® radiotelescope
¥ vs see frovsggins

?’mmm
5" Former VS Sie

gt Fsyome

[Hase et al., 2011]
2nd of June,
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VLBR2010 Netwotkin 2016

s LG | VLBI2010veryfast

© radiotelescope

twin radio telescope

| VLBI2010fast
; m@ | | © radiotelescope

ey -
o ¥ upgradelegacy

® radiotelescope
¥ vs see frovsggins

?’mmm
5" Former VS Sie
k’FMNSSk

[Hase et al., 2011]
2nd of June,
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VLB R010 Netwotkim 2017

L= ’
Coneenio-}
fivs see Frorsgpins
?’m»g\ﬂ.nm
5 Former V'S S
¥ Forthcoming VS Sae

)

[Hase et al., 2011]

VLBI, Wroclaw, Harald Schuh

VLBI2010veryfast

© radiotelescope

twin radio telescope

VLBI2010fast

| © radiotelescope

upgradelegacy

® radiotelescope
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VLBR010 Netwotkin 2017 including potential new

sites

Fvsse Frorsgpins
?'Coopuﬁgwaﬁt

5 Former V'S Sie

| Forthcoming VS Sae

)

[Hase et al., 2011]
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VLBI2010veryfast

© radiotelescope

twin radio telescope

VLBI2010fast
© radiotelescope

upgradelegacy

® radiotelescope

potential new site

© radiotelescope

2nd of June,
2011



CondlusionsVLBR2010

i > 20 newradio telescopeswith VLBI2010 complianceshould
becomeoperationalby 2017.

i Additionalnew stations might join in.

r By2015 a sufficient number of VLBI2010 compatibleradio
telescopeswill be availablefor initial VLBI2010operations

& The American/Pacifiaegionwill lack presenceof VLBI2010
network stations.



Congludgimgremarks

i VLBlplaysan important role in geodesyas it providesunique

information and allows to investigate a lot of geodynamical
and astronomicalphenomena

& with VLBR010 more prosperousdecadeswill follow

daneeting the requirementsof a globalsocietyon a changing
pl anet icBos,2d) LHman009]




Thankyoufor
your attention!

harald.schuh@tuwien.ac.at
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Development of VLBIimnthe 6(0s0 S

i Firstrealizationsin Canada (Broten et al., 1967and in
the U.S.A. (Bare et al., 1967, Shapiro, 1968)

F MK-1 System accuracy~ 0.5 m)

MK-1 System

2nd of June,
2011
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VLBIlimthe 700s0 s

USA:

¥ Shapiro et al. (1972, 1973, 1974):first
astronomicalgeodeticVLBI
experiments

Europe:

£ Witte (1971) demonstratesthe
potential of VLBI

& Universityof Bonn: Witte, Seeber, LT
Campbell und Broschevork with VLBI USSR S
(Campbell und Witte, 1978, Campbell, i =it
1979); collaborationwith MPIfR A |

¥ MK-2 System @accuracy 0.2-0.3 m)



VLBIlimthe 8 0s0 S

i Developmentof the MK-3 System @accuracy 2-3 cm)

i Installation of international observingcampaigns(e.g.within
NASACrustalDynamics Project)

i Radiotelescopesin Europe:
I OnsalaSpace Observatory (SWE)
I Effelsbergl00 m (GER)
I 20 m telescopeat the
aFundame n tWettzeli(GER)I o n - ¥

” P ey
A s OO RS
| i er )

¥ Firstmetrologicalproof of plate tectonics #%
i Herringet al., 1986 |
rate HaystackOnsala+ 17 N2 mm/yr

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



VLBl inth RO <

i Extensionof the global network (Japan, China, Australia, South
America)

& Antarctica:
Omr adi o t el es c o plfaQg, Grcé&l99g i ns (

- Hobart (26 m) i
£ 20m radio telescopeNyP?3" € Sam Bv@lbard (NMA)ince 1994

£ 01.03.1999: Establishment of the IVS
(International VLBI Service for Geodesy

SRRSO metry)

S Fortaleza (14 m)
Tidbinbilla (70 m)



