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IntroductionIntroduction
(What is aim?)(What is aim?)
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To measure a calibration baselineTo measure a calibration baseline

GSIGSI

CalibrationCalibration
BaselineBaseline
(10 km)(10 km)

Tsukuba CityTsukuba City

The calibration baseline : The calibration baseline : 
Facilities for check and validate Facilities for check and validate 
surveying instruments surveying instruments 
(GPS, EDM, etc(GPS, EDM, etc……))
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Introduction of Introduction of 
a transportable a transportable 
VLBI systemVLBI system
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2006 2006 We sWe started development of a compact VLBI system tarted development of a compact VLBI system 
collaborate with GSI and NICT.collaborate with GSI and NICT.

2006 ~ 20072006 ~ 2007
Feasibility Study and DesignFeasibility Study and Design
Compact frequency standard was tested on VLBI. Compact frequency standard was tested on VLBI. 

20082008 1st prototype of compact antenna was made.1st prototype of compact antenna was made.
First light on 1st prototypeFirst light on 1st prototype

20092009 We pWe performed geodetic VLBI exp. using 1st prototype.
2nd prototype of compact antenna was made.2nd prototype of compact antenna was made.
We performed geodetic VLBI exp. using two prototypes.

Timeline of developmentTimeline of development
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FirstFirst PrototypePrototype

1.65m1.65m

At Kashima, NICTAt Kashima, NICT

●● Driving Speed  5Driving Speed  5 deg.deg.//secsec
●● S/XS/X--bandband
●● Tsys  ~ 140 K (X)Tsys  ~ 140 K (X)

~ 180 K (S)~ 180 K (S)
●● BroadBroad--Band FeedBand Feed
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SecondSecond PrototypePrototype

1.5m1.5m

At At TsukubaTsukuba, , GSIGSI

●● Driving Speed  5Driving Speed  5 deg.deg.//secsec
●● S/XS/X--bandband
●● Tsys  ~ 1Tsys  ~ 1660 K (X)0 K (X)

~ ~ 20200 K (S)0 K (S)
●● BroadBroad--Band FeedBand Feed
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Feature :Feature : Easy to transportEasy to transport by (by (onlyonly)) manman--powerpower
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Feature :Feature : Easy to mount other survey instrumentsEasy to mount other survey instruments

VLBI VLBI 
reference   reference   
pointpointGPSGPS
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Frequency StandardFrequency Standard

LaserLaser--pumped pumped Cs GasCs Gas--cellcell

Frequency StandardFrequency Standard

It has been confirmed to It has been confirmed to 
use  on geodetic VLBI !use  on geodetic VLBI !

(Ishii et al 2008, J. (Ishii et al 2008, J. GeodGeod, Soc. Japan), Soc. Japan)
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To distribute precise and accurate RF signal to remote users
To be used as a mean of optical clock comparison

RF distribution using optical fibers

10-18

10-17

10-16

10-15

10-14

10-13

10-12

10-11

100 101 102 103 104 105 106

TWSTFTCs fountain

Optical clock
Our goal

Averaging time [s]
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Optical fiber link

Frequency Standard (Planned)Frequency Standard (Planned)
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CostsCosts

●● Antenna and mount : $ Antenna and mount : $ 11440 0 thousand thousand USD USD 
●● Receiver                     : $ 50 thousand USD Receiver                     : $ 50 thousand USD 
●● BackBack--end  end  ((K5K5)) : $ 100 thousand USD: $ 100 thousand USD
●● CsCs--Gas Cell  Std.      : Gas Cell  Std.      : $$ 11220 0 tthousand USDhousand USD



Feb, 8, 2010 Sixth IVS General Meeting

ApplicationsApplications
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For VLBI2010For VLBI2010
・・To achieve the challenging To achieve the challenging 

measurement precision of measurement precision of 
VLBI2010.VLBI2010.
(1 mm (1 mm position accuracy)position accuracy)

・・We have to deal with the We have to deal with the pproblem roblem 
of antenna deformation.of antenna deformation.
(Thermal and gravitational)(Thermal and gravitational)
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For VLBI2010 Contd.For VLBI2010 Contd.
・・One of the solution : One of the solution : 

ConnectedConnected--element element interferometoryinterferometory

Compact Compact ““referencereference”” antennaantenna VLBI2010 antennaVLBI2010 antenna
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Time & Frequency TransferTime & Frequency Transfer

VLBI

GNSS TWSTFT

VLBI

GNSS TWSTFT

VLBI

GNSS TWSTFT

VLBI

GNSS TWSTFT

VLBI

GNSS TWSTFT

VLBI

GNSS TWSTFT
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Performance testsPerformance tests
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Feb. 12, 2009Feb. 12, 2009

X-band

S-band
ACU

FS9

Fringe detection test for Fringe detection test for 1st prototype1st prototype
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KASHIM11

1st prototype

TSUKUB32

193845.6±2.3 mm

Geodetic VLBI exp. using Geodetic VLBI exp. using 1st prototype1st prototype

We got a baseline length around 200 m !We got a baseline length around 200 m !

Jun. 25Jun. 25--26, 200926, 2009
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TSUKUB32

2nd prototype

1st prototype

Geodetic VLBI exp. using Geodetic VLBI exp. using two prototypestwo prototypes

Dec. 24Dec. 24--25, 200925, 2009

We got a baseline length around 54 km !We got a baseline length around 54 km !

54184878.6±2.7 mm
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SummarySummary
We designed and madeWe designed and made the two prototypes of the two prototypes of 

transportable VLBI system.transportable VLBI system.
We made some performance tests for these We made some performance tests for these 

prototypes.prototypes.
We confirmed that these prototypes can be We confirmed that these prototypes can be 

used on geodetic VLBI.used on geodetic VLBI.
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We are going to examine the antenna efficiency We are going to examine the antenna efficiency 
in anechoic chamber using a nearin anechoic chamber using a near--field field 
measurement system.measurement system.
We are going to upgrade and modifyWe are going to upgrade and modify

Antenna : Two reflectors (ringAntenna : Two reflectors (ring--focus design?)focus design?)
FrontFront--end : Cooling?  end : Cooling?  ((LNA and Feed?LNA and Feed?))
BaBackck--end : Higher Speed Sampler (ADS3000+)    end : Higher Speed Sampler (ADS3000+)    

OutlookOutlook
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Thank Thank you for your attention !you for your attention !

・・These prototypes of compact antennas was These prototypes of compact antennas was 
made by VEGA TECHNOLOGY INC.made by VEGA TECHNOLOGY INC.
http://http://www.vegatechnology.co.jp/kaihatsu.htmlwww.vegatechnology.co.jp/kaihatsu.html

・・This This work was supported by a Grantwork was supported by a Grant--inin--Aid for Aid for 
scientific research (KAKENHI, No.212410043)scientific research (KAKENHI, No.212410043)


