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GALA-V Project Overview

Radio Frequency： 3-14 GHz

Data Acquisition： 4 band (1024 MHz width)
 Nominal Freq. Array: Fc=4.0GHz, 5.6GHz, 10.4GHz, 13.6GHz

 Effective Bandwidth：3.8GHz (10 times more than Conventional）

 VLBI Sensitivity :VLBI Sensitivity=∝ 𝐷1𝐷2 𝐵𝑇
B: 32MHz → 1024MHz (32 times)
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Delay Resolution Function

10 time higher resolution will 

be gained by broader bandwidth

𝜏21 = 𝜏13 − 𝜏23

Frequency comparison by using Transportable Broadband telescopes

By using closure delay relation.



受信機開発・データ取得・処理・解析まで

• Components of the GALA-V System

• 広帯域フィード ー氏原

• RF-Direct SamplingとGICO3ソフトウェア相関器 －岳藤

• 広帯域バンド幅合成 －近藤

Broadband Feed for 
Cassegrain Focus

RF-Direct 
Sampler

Recording

VDIF Stream

Correlation
GICO3

Broadband
BWS

Mk3DB

Calc/Solve

Compatible with 

Mk6, Flexbuf(jive5ab)



MARBLE1 (2.4m)

Broadband VLBI Stations in Japan
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Data Acquisition System

E/O O/E

Broadband Antenna Observation Room 0.1-1.5GHz

Linear Polarization

300k=-174 dBm/Hz

-74dBm/10GHz

-54dBm/10GHzGain=20dB

We have to be careful to compromise (1)avoiding saturation of system 

and (2) increase of noise figure, as discussed by Chris(2012) .

4ch x 2Gbps = 8Gbps/unit

VDIF/VTP

8-16GHz

0- 8 GHz

10G-NIC+Raid PC

Or MK6, FlexBuf

RF-Direct Sampling

K6/GALAS
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BW 1024MHz each

Direct Sampling

Lower Edge= 3.2, 4.8, 8.8, 11.6GHz  

Fine Delay Resolution 
Without Ambiguity

𝑓𝑠



Advantages of RF-Direct Sampling Technique
possible Pcal-free system

Advantages of Direct sampling

1. Simple and less system components.

2. Stable inter-band phase relation

=>  (Pcal,Dcal free)
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Full Bandwidth Synthesis #1-#(6-14GHz)
by Phase Calibration with Radio SourceCross Spectrum

Delay Resolution Function



Delay Behavior Broadband Group Delay (3.2-12.6GHz)
Kashima34 – Ishioka 13m 

Alan Standard Deviation

Sub pico second delay 

resolution at 1 sec.

Exp. on 14 Aug.2015, 

Freq. array=(Lower Edge=3.2, 4.8, 8.8, 11.6GHz)



Closure delay(閉合遅延) relation used for ‘small-small’ baseline.

Advantage: 

速い駆動速度・変形が小さい

大型アンテナの重力・熱変形の影響キャンセル.

 Lower Cost

Disadvantage: 

 Limited Sensitivity, 

閉合遅延への天体構造の影響.

‘Small – Small’   Baseline  

𝜏21(𝑡1) = 𝜏23(𝑡1)-𝜏13 𝑡1 −𝜏13 𝑡1 ሶ𝜏12



Delay Precision

3C273B

Broadband(small-small)

v.s.

Conventional 8180-8680MHz

S/X 500MHz(T2 session)
2.4m Diameter 1.6m Diameter

4C39.25

Broadband ‘small-small’ baseline computed 

by closure delay relation.



CALC/SOLVE Residual

Kas34 – NMIJ 1.6m Kas34-NICT 2.4m
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CALC/SOLVE Residual

NICT 2.4m－NMIJ 1.6m

NICT 2.4m 

U:  3478.6 mm       2.8 mm          

N:   1675.1 mm      0.7 mm          

E:  -2468.9 mm      0.6 mm 

O:Kashim34

A:MARBLE1 NMIJ    1.6m

B:MARBLE2 NICT    2.4m

Analysis residual is no more dominated by measurement precision, 

but unknown excess delay, it may be troposphere.

WRMS Delay Residual ~ 15 psec

𝜏21(𝑡1) = 𝜏23(𝑡1)-𝜏21 𝑡1 −𝜏21 𝑡1 ሶ𝜏23



Position Solution of MBL1-MBL2

NICT 2.4m NMIJ 1.6m

NICT (2.4m) Station Position



GPS - VLBI

VLBI

GPS

NICT 2.4m NMIJ 1.6m

Clock Comparison via VLBI and GPS-ppp

2016Nov25  UTC(NICT) – UTC(NMIJ)



EVGA meeting(5/15-18) 報告

• ENVの広帯域VLBI：BRAND Project

• 電波源構造の効果



EVGA meeting 報告: BRAND Project
•欧州の広帯域化プロジェクトBRAND(BRoadbAND) 

EVN
• Leader：Gino Tuccari(イタリアINAF)、Walter Alef(ドイツ

Maxplank)

• Freq.： 1.5 GHz – 15GHz

• Motivation：Fast freq. switch@EVN, スペクトルインデック
ス, Faraday Rotation, Pulsar

• Technique: 高速サンプリング、デジタルフィルタ

Onsala 20m
4.0-12.5GHz受信機
の計画



EVGA meeting 報告: 電波源構造の影響
• Xu H Ming(SHAO), Anderson M. James(GFZ):

• Ming H Xu, et al.(2016) AJ, 152, (5), id. 151, p.11
•

• CONT14の結果を使って 閉合遅延、閉合位相、閉合振幅 の情報から電波源の構造の影響を
調べている。
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0642+449のCONT14観測データに「２点源モデル」でFitして
電波源構造の影響を計算した結果

0642+449のCONT14観測データに「２点源モデル」を
パラメータ推定して電波源構造の影響を計算した結果



EVGA meeting 報告: 電波源構造の影響

• WRT
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Ω

𝐼 𝑃, 𝜆 𝑒𝑥𝑝 −
2𝜋

𝜆
𝑖𝐵 ∙ 𝑘𝑃 𝑑Ω

𝑘𝑃 = 𝑘𝑃0 + 𝛿𝜃

B

𝑘𝑃

𝑘𝑃0

𝛿𝜃

= 𝑒𝑥𝑝 −
2𝜋

𝜆
𝑖𝐵 ∙ 𝑘𝑃0 න

Ω

𝐼 𝑃, 𝜆 𝑒𝑥𝑝 −
2𝜋

𝜆
𝑖𝐵 ∙ 𝛿𝜃 𝑑Ω

= 𝐴𝑒𝑥𝑝 𝑖 𝜙𝑔 + 𝜙𝑠

𝜙𝑠 = 𝑎𝑟𝑔 න
Ω

𝐼 𝑃, 𝜆 𝑒𝑥𝑝 −
2𝜋

𝜆
𝑖𝐵 ∙ 𝛿𝜃 𝑑Ω

相関位相は

群遅延は

𝜏𝑔 =
𝑑𝜙

𝑑𝜔



2点電波源の場合
• P.Charlot(1990) AJ 99(4)pp.1309-1326
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相関位相

基線長3000km基線長100km

基線長6000km



まとめ

•3-14GHzの広帯域観測が可能になり、サブピコ秒精

度の遅延計測が可能となった。

•長基線では、電波源の影響が無視できない程度寄与

すると予想される。

Thank you for Attention


