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Spacecraft NavigationSpacecraft Navigation
R&RR + VLBIR&RR + VLBI
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OutlineOutline

What is difference? VLBI for SpacecraftWhat is difference? VLBI for Spacecraft
–– Observation EquationObservation Equation
–– Curved wave front = Curved wave front = PParallax effectsarallax effects
Data Acquisition TerminalData Acquisition Terminal
–– K5/VSSP: DiskK5/VSSP: Disk--Based system Based system 

+ Software Correlator+ Software Correlator
Observables & Delta VLBIObservables & Delta VLBI
–– Group DelayGroup Delay
–– Phase DelayPhase Delay
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VLBI delay model for finite VLBI delay model for finite 
distance radio sourcedistance radio source

VLBI for finite distance VLBI for finite distance 
radio sourceradio source

StandardStandard VLBIVLBI
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Relativistic VLBI delay model for Relativistic VLBI delay model for 
finite distance radio sourcefinite distance radio source
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CONSENSUS MODEL (M.Eubanks 1991)
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Finite Distance VLBI MODEL (Sekido & Fukushima 2005)



FVLBI FVLBI –– Consensus modelConsensus model
MarsMars:  Kashima:  Kashima--Algonquin(9000km)Algonquin(9000km)
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FVLBI FVLBI –– Consensus modelConsensus model
VenusVenus: Kashima: Kashima--Algonquin(9000km)Algonquin(9000km)
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Data Acquisition SystemData Acquisition System：：K5/VSSPK5/VSSP

Sampling rate:40kSampling rate:40k--16MHz16MHz
Quantization bit: 1Quantization bit: 1--8bit8bit
4ch/board4ch/board
10MHz,1PPS inputs10MHz,1PPS inputs
Max rate: 64Mbps/boardMax rate: 64Mbps/board

K5 VLBI System



Observable: Observable: Group DelayGroup Delay
Range signalTelemetry Signal

Spectrum

Fringe Phase

Delay Resolution 
Function



Group Delay:Group Delay: DeltaDelta--VLBIVLBI
May 30 2005
Spacecraft: HAYABUSA
0440+345: 14.6 deg. Away
Switching cycle:12 min.



Group DelayGroup Delay (Post(Post--fit Residual)fit Residual)
AstrometricAstrometric AnalysisAnalysis

quasor

~100 nano sec.

~MHz
(frq.)

Signal type from Spacecraft



Observable:Observable:PhasePhase delaydelay



Closure Closure phase delayphase delay Tomakomai
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As result of phase connection, 
Very precise delay observable 
was obtained over 24 hours. 

(June 4th experiments)



Including Algonquin
Baseline

Radio source coordinates  Radio source coordinates  
TTobsobs NNstnstn NNbasbas
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6/46/4 26 h26 h 77 2121

Origin is 
determined 
orbit with 
R&RR 



SummarySummary
VLBI delay model for Finite distance Radio VLBI delay model for Finite distance Radio 
Source:Source:
–– Curved wave front = parallaxCurved wave front = parallax
DiskDisk--Based Data Recording System + Based Data Recording System + 
Software Correlator: Software Correlator: 
–– Network + Flexible Data processingNetwork + Flexible Data processing
Observable:Observable:
–– Currently: DeltaCurrently: Delta--VLBI with VLBI with Group DelayGroup Delay
–– Future: DeltaFuture: Delta--VLBI with VLBI with Phase delayPhase delay



FVLBI FVLBI –– Consensus modelConsensus model
PSR1937+21PSR1937+21: Kashima: Kashima--

Algonquin(9000km)Algonquin(9000km)
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Delay effect by Annual parallaxDelay effect by Annual parallax



有限距離モデルー有限距離モデルーConsensusConsensus
距離距離 ≧≧１０ｐｃ１０ｐｃ
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