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@ Nano Japan AStrometry Mission for 1Nfrared Explorati%
+ Space astrometry (update star catalogue)
« Perform all-sky survey in infrared during two years

*« Estimate positions of stars to an accuracy of
three milli-arc second (mas) from observation data

« Verification of observation systems for upcoming
\ large satellites, JASMINE

:* Nano-JASMINE will be launched in 2013]
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Positions of stars are measured by

SSC12:VIlI-2 utilizing stellar parallax




/ Item value

Size 508 x 508 x 512 mm’
Mass 35 kg
Orbit Sun-synchronous Orbit
Mission Infrared astrometry
Focal length 1.67m
Diameter 5cm
Detector CCD in TDI method

Attitude rate requirement @ad/s (TDI scanning@

2 x 10° rad/s (The other direction)
Sensor Sun sensor, Magnetometer, FOG, STT

k Actuator RW, MTQ, Magnetic Canceler
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« Two requirements for precise attitude control
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¢ Magnetic disturbance compensation method

« Attitude stability of small satellites are easy to disturbed
+ Because of small inertial moment of the satellite

\_ * Dominant disturbance Is magnetic disturbance J

(s Spin rate estimation method using mission telescope )

« Conventional high-accuracy sensors are difficult to use
 Because of limited capacity of the satellite on power generation

\_ * Using mission component is power saving
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8 Main attitUde diSturbanCES ( ~ Disturbances Magnitude (Nm) \\
[+ Gravity gradient disturbance Magnetic 5.0 x 10"
+ Solar pressure disturbance Gravity gradient L0 10°
« Magnetic disturbance Al pressure Loy
] ] Solor pressure 1.0 x 10
* Alr pressu re dISturbance k * Residual Magnetic Moment : 0.1 Aﬂ
N /
+ Magnetic disturbance is dominant disturbance L e i
. . . . moment:
* Interaction between RMM and geomagnetic field
* RMM: residual magnetic moment of satellite —
S
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+ Main causes of RMM
/% Ferro-magnetic components ™ /% Current loops in the satellite™

** screws, nuts, connectors... etc. * circuit boards, harnesses... etc.

Ferromagnetic

components

SN =
\ ® / Current loop

Need to deal flexibly
with
each frequency
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+ Categorize RMM into three types by their frequency
0.1Hz 10Hz

Frequency of RMM

SSC12-V111-2




Current loop regulation

Printed circuit boards

Harness cables

Structural material selection

Material Relative Permeability

Silver 0.99993
Copper 0.999991
Alminium 1.00002
Cobart
Ni
Iron
* Vaccum: 1.0




Magnetic
disturbance \

Geo-
| magnetism

R

MC control
torque

[nverse magnetism
caused by MC

Specification of MC

Item
Max output

Accuracy
Mass
Power consumption

[+ ® X (o + hgy) = M X B + hay
M = MCODSt + MCODU’O] + Mtime _varying

Off-line estimation

On-line estimation




+ SCLT verification

("« Control torque:
* calculated in OBC

+ Qrbital environment:
L + calculated in PC

+ Empirical model of RMM
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[ « Using experimental results
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+ RMM estimation

+ after 1500 sec
* On-line estimation
+ pefore 1500 sec
+ Off-line estimation only
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+ Spin rate estimation using mission telescope

("« Each star Image 1s picked up and h
extracted from a view field
of mission telescope

N\

« blur of a star Image Is
caused by satellite spin rate
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SSC

LSF,(x) = (225 (luminacity(x,y)))

y=0

15
LSF,(x) = (2 O(Iuminacity(x,y)))/

/ 15 pixels pipx

summation

25 pixels

summation
LSF for X or Y axis .

% = (ZMM(szSF (x))) — u?
0

xX=

Max
o= ZFO(xLSF(x))

2

Intensity

N
(o)}
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+ Relationship between the variance and satellite spin rate

*

Simulation results shows

the variety is parabolic

curve of the spin rate y

-

*

0% = Aw?* + C )

« A': constantoptic parameter

« C :variable of wave length

SSC12-V111-2
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+ Experimental results
(.

Variances are calculated from\

star images obtained from FM
telescope

. As light source, LED is utiliz@

(' Difference in the value of
the variance at w = 0
comes from

\__the size of the light sources

SSC12-V111-2
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+ \Merification with SCLT

/ « After 4000 sec: \
spin rate is estimated
with the star images

+ Before 4000 sec:

spin rate is measured with the
\_combination of STT and FOG/

SSC12-VI1I-2 19
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Control Error in x [ra

Control Error in y [rad/s]

Control Error in z [rad/s]
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+ Propose Two attitude control methods for NJ

« Magnetic disturbance compensation
+ RMM suppression with satellite design
and feedback/feedfoward control

* Precise spin rate estimation

star images from mission telescope _

* Spin rate estimation with
+ These methods are useful to small satellites
for precise attitude control
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Thank you for listening
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Appendix



+ RMM are time-variable

B

Power switch

/" Several causes

\_

by orbit environment
« Current loop change

caused by power state change,

OBC processing change
..etc.

turned ON/OFF

Need to deal flexibly with

each frequency

OBC processing

change

Communication
between ground
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+ Two additional relationships to solve the star color issue

0.16
/ W 650nm \

014 |* 956nm /.
0.12 /
0.1

C, = RC,

R: constant optic parameter

covariance
(=]
2

0 . . . ‘ ‘ ‘ . .
0.00E+00 2.00E-13 4.00E-13 6.00E-13 8.00E-13 1.00E-12 1.20E-12 1.40E-12 1.60E-12
Cross term of spin rates [rad/s]"2
Cov=Lw,w,




-’

+ Experiment using flight model (FM) of telescope
s Verify the relationship between the spin rate and variety]

ﬂ Utilizing TDI motion instead of the satellite motion
*« Signals on the CCD are transportedto the neighbor CCD

by a definite time span (TDI rate) ?
« The TDI rate is adjustable
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