Delta-VLBI Test Observation
at HAYABUSA's approch to
ITOKAWA

B 7 &, mIIE— (NICT),
SIE, EAEAF MBRE,
pRFE—, IR, AR, (ISAS/JAXA)
KAafEs (ELH)




7

Outline

Bk

AVLBI BITEDFEE
Signal /\> kg = EEER

=4HM7?
\_

= EDRE

)drﬂ

AVLBI observation of HAYABUSA
Epoch: 20054 11AH 4H, 12H, 19H, 25H
*E'Efﬁiﬁﬁﬁ 2~ 8

Aix (E%Ux) —ClEilE 75\

%fohét)\? ASTGEBIE -0y DI

IEMT

/




s

Spacecraft Navigation
R&RR + VLBI

s  R&RR




/7

A VLBI T AIFFE

¥

12

-H_/\ﬁfF

EEETRIRRE

=
Hi>z

RO B

EHR-

v




/Relation between

™~

Angular Resolution and Delay Resolution

AL=cA T
AgoBAL_ AT
B B

BIEFRE: At
HEiEEK: B
EENEEE: A6
FIE: ¢

Baseline B




7

AR IE T AIAR

_ A
O, = /(SNR X EﬁectiveBandwidth)

N

\

Hayabusa Observations
In May /30~July 4 2005

le-10

/RMS of delay measurement (sec)

=
D
1 1
o
\l
IBLBLILLLLL

]

o (A Telemety Signal |
Pl
O \
Range Signal 2! OX :
~
V.

. Bandwidth Synthesis s

(Quasar’s signal)

T~

10 100

Signal to Noise Ratio (SNR) |

1000

Delay
precision
Target

b

/




VLBl #HH|=: FEiE

DDOR signal

0.000 — 1.000 sec.
8e+03 kHz—1bit Auto Cor Spectrum

s

Effective Bandwidth
450kHz

Range signal

Effective Bandwidth
100kHz

Telemetry Signal

Th T T T T
3L T T T 1 T ] Cross Spectrum Croee Hpectrum
o HYC330 2003/330 05:37:45.000 HYO330 2003/530 07:37:4000
™
o - — _ —4
= . 1971 1a
_S 8 N | g 1078 E 10'5
8 = - 'ﬁ'mn"i
z 3 WWW 3 M W
. n —7
o ‘ 10- 10
o — 0.6
L
0 1000 2000 3000 4000 « #
Frequency U-) /#~~— 23:46:36) 1MHZ « 1MHZ #
| <4 4{MHz —>
HY5247 2055 n;zgﬂres 00:10:34.000 frinee Fringe
—4 — /, —— HYO330 %003{ 330 05:37:45.000 HYO330  2003/330 07:37:44.000
1073 | | L
ax1g ] ) | 1.2x107° | .
0 o 8x107*F i .
< -4
S 3x10 11 3 ) _ S )
p 5 6x107 b=
8 2x107% 2 =
g -4 £ 4107t |
5 4 < 4x10 < T
10 - \
—4
0 s . . I . 2119 ! ' 0 - L]
] — P, — — g
-0 10 20 0 10 0 10 20 20 10 0 10 20
Lag(usec) Lag(usec)
\ /




/ Deep Space Network and \
Japanese Domestic VLBI stations

Deep Space Network
JPL/NASA

5 e

.
= ~

=
=




s

VLBI £ =: ##EiE & HHEIE

21 n ambiguity

ATp ~ 1/RF
~1 pico second

Phase

Atg ~ 1/(BW-SNR)
_ ~1 nano second
Band width (Spacecraft)

\ 0 Frequency j




Glternative Choice:ifHEiE=

Dynamic Cross Spretrum: Rate Corrected ch=1

-

100
—_— _—
-8 —4 0 4 8 8 50}F |
Video Frequency, F,=1018931.9 (Hz) 2
"
Dynamic Cross Sprectrum: Rate Corrected ch=1 E‘
ZRRIG I % of 1
% -+
3 *’&+ v
oo :
~3$.6x1077 =
jo &) |
ESX'G & i '50 B “ o
= H
e L | L 1 I | L L |
300 800 900 1200 |
Time (sec) 1
-100
) . 06/04 06:’04 06}'04 06:’04 06!'04 06f04 06:’04 06!'04 06:’04 06/04
Dynamic Cross Sprctrum: Rate Corrected ch=1 17:50 18:00 18:10 18:20 1830 1840 1850 19:00 19:10 19:20
= " Date (UT)
:
o
@
e
L
7]
(o]
o

| L ! "
300 600 900
Time (sec)



4 h

Hayabusa's Touchdown Approach
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AVLBI of HAYABYSA in Nov. 2005
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