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Nano-JASMINE Project

Global infrared astrometry satellite
developed by Intelligent Space Systems
Laboratory, The University of Tokyo and
National Astronomical Observatory of
Japan.

ISSL: New bus technology development
NAQO: Technical demonstrations of JASMINE

To be launched in 2009 (TBD).



Astrometry

B8O

40

To measure following six parameters of stars
Position on the celestial globe

8h

20 -

7h

PR

Zh

Distance (annual parallax)
Crossing velocity (proper motion)

Llne of S|ght veIOC|ty

'%U@ }
+ .
B Lw

.

Bh

@frdlnary

Ly,

3h

pady 21h 20h 15h 18h 17h 16h 15h 14h 13h 12h 11h 10h
vz ﬁ71¢2_ B Y3 o A " }
” 1 B * . * -
; . CEBCR
B B . o .
S em * o . =N
CEUERAE F— e P o RREIL
.- . 5 ; . hY
S N B i - 4 HiATH ZCL
! T 2,y :
S A i fa o [
o AHAA hd .
+ B + - L
B B . ! : bh
. : o . .
S \ ¥ . ': Blw ) B R
'(-l-'l? 5 . . ) X e
v ntoE [ ) B +
m ' d m st m t v
I' ap ISatWO | enS|ons a I'O e r 377,
g v
e . | I :
* T L k .
HE3ICLY %“*mﬁﬁ“ ] of "o U f
- 14 o L o : X - .
A - - jA’U%‘*ﬁ_ s ,;ﬁ;;,;,ﬂ)m,gf;’u 8 - ’;5"3'3319? BN : i
SoeE, R - AENESEE LY
: Eoss . A Sl ; e
: E3aAEss L Lx3E
| dvsars . LA i : :
. . O YL¢< i b e ) R
. Trlbes - EeEyyn : O O P T R B
2h 1h oh 23h 22h 21h 20h 19h 18h 17h 16h 15h 14h 13K 12h 1ih 10h

Sh
80

40

-20

LA A



Observation Method|1]

The satellite has two fields of view in 99.5
degree.

The Iimages are combined by a beam
combiner and projected on a CCD.

% K

Top View



Observation Method|?2]

The satellite spins to scan stars on a great circle.

The spin axis changes its direction slowly and
cover the entire sphere over half year.

Celestial Sphere
Slewed Scan Area with

Orbital Plane Movement
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Nano-JASMINE Missions

Astrometry data acquisition
Demonstration of a beam combiner
Demonstration of a newly developed CCD

Demonstration of precise attitude and
thermal control

Integrated satellite simulator development




Astrometry data acquisition

Nano-JASMINE will be the second
astrometry satellite after HIPPRCOS by

ESA.

3 [mas] measurement accuracy at 7.5
magnitude stars.



Demonstration of a Beam
Combiner

This component guarantees measurement
accuracy.

Surface accuracy and angle stabllity Is the
point.

The beam combiner part (EM)



Demonstration of a Newly Developed CCD

New image detector for JASMINE

Full depleted CCD
Z band (0.9um)
Used in time delayed integration (TDI) mode

15umx2kx0.5k




TDI Mode

TDI Is used for suppression of read out noise
and continuous observation.

Output isn’'t a one shot image but column data is
continuously generated.

Motion in FOV by Satellite Spin
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Demonstration of Precise Attitude
and Thermal Control

Precise control is required to catch up with
large satellite achievement.

1[arcsecond] attitude control
1[mK] thermal control
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Integrated Satellite Simulator
Development

Satellite simulator to confirm
design feasibility.
CCD output by calculating one
photon behavior from a star.

Satellite attitude dynamics. Development environment

Design transfer tool for )
JASMINE project.
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CCD output
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Satellite Specifications

Mission Infrared Astrometry
Size 50[cm cubic]
Mass 14[kg]

without separation mecha
Attitude Control Three axis stabilization
Communication S-band/100[kbps]
Mission Life Two [years]

Orbit Sun-synchronous Orbit




Functional Block Diagram

Peltier

Heater

MTQ n

Telescope

Wheel

D/AC

[
Sun Sensor

A/DC

Mission
@)1

Main

Magnetometer [

FOG

HK

Temp f

0]=1®

PCU

TX

Y
Y

RX

Data

Storage

GPS

Y

STT

14




Mission Sequence

Initial Checkout

*Operation Check

A

Launch » <Attitude Stabilization

*Three-axis Stabilization

Parameter Estimations 1 week

A 4

Mission Equipments Verification 5
Safe Mode

A 4

Observation Demonstration 3 weeks Y

Attitude Stabilization for
Observation

Intermission

*Unloading

*Precession Maneuver
Observation
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Telescope

elescope Is developed by NAO.

specification Beam combiner Main Mirror(¢p5cm)
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Engineering Model
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Attitude Control Requirements|1]

Short period stabilization
CCD image blur prevention.

1[pixel] disturbance per detector transit time 8.8[sec]: It is
equivalent to 740[mas] / 8.8[sec].

Middle period stabilization

The spin axis follows the orbit rotation and scans the celestial
sphere.

0.05[deg] per orbit period 100[min].

Long period stabilization
The spin axis precession maneuver to improve measurement.
10[deg] per few days.
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Attitude Control Requirements|2]

The short term stabilization requirement is
strict for current nano-satellite technology.
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Attitude Control Strategy

The satellite gradually stabilizes its attitude.
le-1rad/s le-3rad/s le-5rad/s le-7rad/s

Stability
MTQ, Magnetometers ‘
Stability

Initial Phase Requirement from

Safe Mode the Mission
STT,FOG,RW =

—

Three Axis Stabilization Phase

Parameter Estimation Phase

Unloading Phase CCD,RW

Mﬁ
Pre-observation Phase§ Observation Phalsge




Attitude Control Technology|1]

Customize FOG for about 3 [arcsec]
measurement.

Magnetic shield against residual magnetic
moment.

Prototype FOG
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Attitude Control Technology|?2]

Telescope output Is used as a fine attitude
Sensor.

Point spread function distortion iIs measured.

21

Evaluation by using the simulator



Thermal Control Requirements

Beam combiner angle stability
1[mas] per two orbit periods.
—1[mK] temperature stabllity.

Telescope frame temperature
1[K] for focus.

CCD unit
-50[°C] or lower for infrared detection.
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Thermal Control

Orbit uncertainty Is the hurdle.

Telescope part is thermally isolated from
the other area.
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Deep Space
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FEM Analysis

Temperature change is calculated by FEM.
STM test is also planned.




Ground

Nano-JASMINE

Command\ |\ Telemetry

Segment

Telemetry at Initial

High Speed Operation Phase
Telemetry

Univ. of Tokyo
(Tokyo)

NAO Overseas
( Mizusawa ) Station

NAO(Tokyo)
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Ground Station
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ISSL station (under construction) Mizusawa station
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Schedule
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Conclusions

Nano-JASMINE, a small infrared global
astrometry satellite, is developed by
ISSL/UT and NAO.

It iIs small but have enough abillity for
current space science.
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Thank you very much.

Contact point
Jasmine@space.t.u-tokyo.ac.|p

WEB site
http://www.space.t.u-tokyo.ac.jp
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