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Origin of phase fluctuation

~N

frequency variation of
radio wave

temporal spatial
lonosphere
atmosphere

thermal noise

phase variation in
receiver

. !

It is difficult to obtain the
correlation phase with an
accuracy of 4.3 deg

satellite/f( |

lonosphere

....................

eresnnesse s T
...........................................

.................................................
.........................

PLOJ PLOJ
s| rO-® | rO-®
& [ PLO < [ PLO
= L0~ = L.0O~®
I \. - I N

v A 4

Correlation processing

N



Method for reducing the influence of
lonosphere, atmosphere, receiver

elongation
between Rstar

D= Alternately observe Rstar and Vstar

Differential phase @ (t )- @ \(t)

Y. Kono, et. d , “Precise positioning
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Z
reducing the influence of
lonosphere, atmosphere, receiver

> of spacecraft by multi-frequency VLBI",

Earth Planets Space, vol.55, pp.581-
589, 2003.




Atmospheric QI nghui LU, et. a, “Statistical characteristics of atmospheric

phase fluctuation

Phase ( rad)

phase fluctuations observed by a VLBI system using a beacon wave from

ageostationary satellite", | EEE Trans,, Antennaand Propa., vol.53,
no.4, pp.1519-1527, April 2005.
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Same-beam differential

VLBl New method
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Chance for same beam differential VLBI observation of SELENE
VLBI station of SELENE
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Chance for same beam differential VLBI observation of SELENE
Elevation of Vstar and Rstar , and difference in Doppler frequency
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Procedure and conditions for obtaining phase delay in X-band

Differential phase 21t ambiguity ionosphere phase error
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whether conditions of Eq.1-
4 are possibly satisfied by
using same beam VLBI??
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Variation in phase and
delay in receiver
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Variation in phase and
delay in receiver
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Variation in phase and
delay in receiver

Correlation

Correlation phase and
Spectrum on a short

: : baseline of 26
Correlation phase fluctuation Ee M
— Sband Mizusawal0 20
ok
EO @ R(t)- @ \(t)
;g integral  phase
101 Nov. 15, 2004 | | time variation
0 1 Time (h) 2 3 410.16s 1.7deg RMS
60s 0.7deg RMS
0.8 - Caumd by .
Irregularities in phase Qinghui Liu e.a
characteristic of the Reference | New method of measuring

/| transmitting antenna
and spin of satellite

L

-~

| . 1 I

Freauency (sz)

phase characteristics of
antenna using Doppler
frequency measurement

technique”, |EEE Trans,
Antenna and Propa., vol.52,
no.12, pp.3312-3318, Dec.
2004.

16



| nfluence of ionosphere
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m | nfluence of atmosphere

Mizusawa 2005
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| nfluence of atmosphere
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Phase variation caused by transmitting antenna | Phase variations
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Phase variation caused by transmitting antenna

When baseline
becomes longer, the
difference in direction
of the two telescopes
become larger, and
then the correlation
phase becomes larger.
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Removing phase variation caused by spin
and irregularity in phase characteristics

FIR-LPF using Kaiser window
function

Kaser function
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Removing phase variation caused by spin and
iIrregularity in phase characteristics

Phase (deg)
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Influence of irregularity in phase characteristics of transmitting on
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Phase variation caused
by thermal noise

Integral time 100 s, bandwidth 50 Hz
SN (dB) phase variation (deg)

Rstar Vstar Rstar Vstar

Sband 19 19 0.7 0.7
X-band 17 19 1.1 0.7

Error in orbit prediction A T

Orbit of V- and Rstar can be
determined by range and Doppler
measurement with an accuracy of
100m, which corresponds to delay

grorof AT =1ns

Differential delay between S and
X-band A T

Difference in positions of S- and X-
band transmitting antenna 3.5 ps
lonosphere 4.7 ps

total 0.0082 ns

other

Clock offset of H-masers at
two stations is canceled

Position error of telescopeis
only several cm can be
Ignored
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Phase variation in main beam

of receiving antenna % .
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Phase and power characteristics of receiving antenna
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Phase and power characteristics of receiving antenna

o (a) 20m antenna phase (b) 20m antenna power EL =44.8 deg
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receiving antenna

Phase variation in main beam of
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Phase and power characteristics | Before correction, phase variation 0.055 rad

of receiving antenna
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Phase and power characteristics of receiving antenna
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Conclusion

Phase error in S- and X-band in
same beam differential VLBI

Error Source  Phase error Phase error

[lo s|]]deg [[o X]] deg

Receiver 1 1
Atmosphere 0.7 2.8
Receivingantenna 1.7 1.7
Thermal noise 0.7 0.7,1.1

Transmitting antenna 0.02 0.02

Root sum square 2.2 3.7

Satisfied condition for removing 21t
Condition Eq.(1) Eq.(2) Eq.(3) Eq.(4)
Available 0.02 0.16 048 0.34
Required 0.5 0.5 0.5 0.5

errors

I

21T problem can be solved
by same beam VLBI

. =

Difference in delay can be

ADs At1s At xs [[o9d] [[0X]]
0.1TECU 1ns 0.0082ns 3.1deg 5.2deg

obtained with an accuracy of

several ps, relative position
of R- and Vstar can be

determined with an accurac

of tens cm. 35




Interesting studies using same beam VLBI technology
Chandrayaan

High order gravity
field determination

correlator

36



Residual DOOR [m/s
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The residual DORR on MIZUSAWA10m — SHANGHAI baseline.
Estimated DORR is sum of predicted DORR and the residual DORR.

Doppler residuals [mm/s]

Doppler residuals during overlapping arcs, May 30, SMART-1

Arc 1

I L I
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Residual [cm]

VLBI residuals SMART-1 arc, May 30 2006
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Residuals [cm]

2.5

1.5

0.5

Residuals for overlapping arcs, VLBI data, SMART-1, May 30 2006

T ¥ ¥ T ¥ y T
Arc 1 +

Orbit overlap Arc2 X

differences using both
data types

N SOWOONC

X

09:00 10:00 11:00 12:00

Time [hh:mm]

39



