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Laser transmission link’s geometric attenuation simulation system

with reflection variable distance
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(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: It is important to establish the system that is used to evaluate the performance of the inter-
satellite laser communication terminals (LCT) under the laboratory conditions before being sent to space.
For this reason, beam transmission process of communication was analyzed, and the link simulation based
on optical system was also developed in this paper. The relationship between beam transmission and
optical magnification with center sampling was studied firstly. Using physical optics principle, the
relationship between magnification and transmission distance was established in the next, and on the basis,
a system that can be used to test different transmission wavelength and variable transmission distance
LCT was designed. Then, the device was tested and calibrated, besides, the relationship between zoom
magnification and geometric attenuation was also analyzed. Finally, the precision of transmission distance
simulation was discussed. The results indicate that the apparatus can meet less than 100 000 km LCT’s
simulation with 4% precision of distance simulation and less than 2% stability, which can satisfy the most
LCT's testing requirements.
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Fig.1 Principle of link attenuation simulator
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Fig.2 Working principle of variable distance attenuation simulator
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Tab.1 Paraments of variable distance link

attenuation system

Parameters Values

Wavefront of the single link RMS(A=632.8 nm) <0.05A
Wavefront of the four cascaded link RMS/A <0.1

(A=632.8 nm)

Object space NA =0.025

Transmission of the single link =0.85
Magnification adjustment accuracy (single cascaded) <4%
Magnification repeated positioning accuracy <1%
Magnification stability (average) =2%

Simulated distance/km 10-10 000
Distance simulation accuracy <5%

Wavelength/nm 800—-1 550

Operating mode Continuous
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Fig.3 Optical system of single cascade variable distance attenuation

simulator
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Tab.2 RMS of wavefront aberration of single

cascade system(A=632.8 nm)

Magnification 3 5 8 10

Wavefront RMS 0.038A 0.036A 0.033A 0.031A
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Fig.5 Structure model of variable distance attenuation simulator
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Fig.6 Actual articles of variable distance attenuation simulator
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Fig.7 Electronic control structure of variable distance attenuation simulator
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Tab.3 Test results of RMS of single cascade’s

wavefront aberration system(A=632.8 nm)

Magnification  First link Second link Third link Fourth link
3 0.048A 0.046A 0.047A 0.046A
5 0.037A 0.036A 0.039A 0.038A
10 0.034A 0.034A 0.035A 0.034A
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Fig.8 Test chart of magnification
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Tab.4 Precision of magnification
Magnification 3 5 8 10

First link 0.0377  0.0364  0.0360  0.0359
Second link 0.0354  0.0342 0.0338  0.0337
Third link 0.0382 0.0370  0.0365  0.0364
Fourth link 0.0374  0.0362 0.0358  0.0357

Eg&O
x5 MRPEHKEHRBERNIXNER

Tab.5 Test result of two adjacent cascade’s

magnification
Cascaded links Former link S 3 5 3 10
10 30.13  51.27 83.20 101.79
Thi‘;rliteical 30.12 50.71  79.30 100.19
Error 0.03% 1.09% 4.69% 1.57%
7 20.73 34.53 56.53 70.27

First- Next Theoretical
second 21.05 35.44 55.42 70.02
link B value

cascaded
Error 1.54% 2.64% 1.96% 0.36%
3 8.67 14.60 22.77 28.67
Theoretical =0 51 1500 23.46  29.64
value
Error 2.77% 2.74% 3.03% 3.38%
10 30.35 47.69 79.42 99.49
Theoretical
29.24  48.86 78.75 98.83
value
Error 3.66% 2.45% 0.84% 0.66%
7 21.37 34.42 55.70 70.51
Second

. Next Theoretical
third . 20.93 34.98 56.38 70.76
link B value

cascaded
Error 2.06% 1.63% 1.22% 0.35%
3 8.83 14.60 24.53 29.40
Theoretical
9.00 15.04 24.24  30.42
value
Error 1.93% 3.01% 1.18% 3.47%
10 30.24 51.70 82.30 101.94
Theoretical
30.15 49.59 79.82 97.94
value
Error 0.30% 4.08% 3.01% 3.92%
7 22.12 34.91 55.64 71.24
Third- .
fourth Xt Theoretical ©o ) 00 08 5420 69.00
link B value
cascaded
Error 3.84% 0.20% 2.59% 4.36%
3 9.06 14.76  22.82 29.03
Theoretical
9.06 14.90 23.09 29.43
value
Error 0% 0.95% 1.18% 1.38%
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