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Design of high spatiotemporal resolution dynamic star simulator
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Abstract; Aiming at the problem of image stabilization precision testing of large-aperture space
telescopes being developed in China, this paper proposes a high spatiotemporal resolution motion
guide star simulation scheme. Firstly, the silicon-based liquid crystal is used as the motion guide star
simulation source, and the beam alignment system is combined to provide the infinite motion guide
star for the space telescope. The objective lens is added to the light path to improve the motion
resolution of the simulated guide star. Then, owing to the special distribution of the telescopic mirror
surface structure, a method for simulating the multichannel optical path is proposed to provide real
time moving guide stars for the precision guide sensor on both sides of the telescope and the survey
image surface. Finally, the error sources that affect the simulation accuracy of the moving guide star
are analyzed, and the error model is established. The simulation results show that under the

assumption that the simulation accuracy of the moving guide star is better than 0. 5", with probability

:2019-10-18; :2019-11-22.
(No. 61875190)



516

28

of 95% and time-resolution of 3 ms, the precision simulation of the interstar angular distance error of

the dynamic star map is less than 0. 04” and the angle is the single star of less than 0. 02". The

simulation model was verified by experiments and meets the requirements of high spatiotemporal

resolution of moving guide star targets for image stabilization accuracy testing of space telescopes.

Key words: space telescope; moving guide star; image stability accuracy; liquid crystal on silicon;

objective lens; error model
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Fig.1 Image stabilization system of space telescope
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Fig. 2 Focal plane layout of space telescope
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Fig. 4 Scheme for guide star simulation

ms,

PSD),

PSD

(Root

)

Fig. 5 Power spectral density of coarse image-stabilization

residual
3
3.1 LCOS
LCOS 6

(Polarizing Beam Splitter,
PBS) P .S LCOS,
LCOS “o

, T ,LCOS S



3 ’ 519
P , PBS s S P PBS s LCOS
LCOS “ o ,
, LCOS o
,  PBS s 0
s [19] . LCOS “ ”‘“ ””
LCOS ,
6 LCOS
Fig. 6 Working principle of LCOS
3.2 3
LCOS Fig. 8 Power spectral density of simulated guide star
o LCOS without objective lens
3 ms,
5 ms . LCOS 3.2.1
3. 74 pm. LCOS LCOS 3.74 pm,LCOS
3. 74 pm., 3. 74 pm,
LCOS ’ . LCOS
T : o
PSD 8 , fr 28 m.
’ 0.5% fe 100 m,
fo 7 m, LCOS h 3. 74 pm,
mx
nmpy s
@:]lerxf(‘ 1)
mp  hX fl X f[) )
cmyx/mp=14.3,
3.2.2
Fig. 7 Simulation light path of guide star ’
h(t)
7 , , h(t)= fr Xtan(x(1)). (2)
PBS S LCOS fr o

. LCOS



520 28
LCOS ,
X h
ho (1) = % , 3
- . LCOS
:fc Sh(t)
s fr .
LCOS , ’
LCOS : ’
(4) ,
0, — % <h, (<t °
4.1
ke, D (< TR
y() = n=1.2.3, . , (4
ks (271+1)/€<hm(t)<(271*1)k ’
2 2 o ’
n=—1,—2,—3, 9 .
(4)
:y(t) LCOS shy (1)
Wk LCOS
m
:Plos LCOS ,m o
4
.LCOS N
9
s 1
Fig. 9 Effect of zoom ratio of objective lens on simulation
’ accuracy
1
Tab.1 Main error sources of simulation optical path 9 ’ ’
for guide star o s
Main error source Margin of error o ’
Determined by objective 0.02", o
Interpolation algorithm error
lens magnification R s

LCOS pixel size error <8%
Collimator focal length error <5%
Objective lens magnification error <5%
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Fig. 15 Experimental system of guide star model
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Fig. 16 Photo of guide star model scenes
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