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Study on High Precision and Multiband Far Field Distribution Measuring
System of Space Laser Communication Terminals
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Abstract The principle of the far field distribution measurement of space laser communication terminals based on
the Fourier-transform characteristics of lens is analyzed. The influence of test system with spherical and coma
aberrations on the far field distribution of the beam is described and simulated. The simulated results show that the
spherical and coma aberrations both reduce the maximum power at the receiving plane and the rotational symmetry of
field distribution is only influenced by coma aberrations. The maximum power changes by lower than 0.2 % with the
root mean squares (RMS) developed. The measurement system is analyzed with Zemax-EE software. The analyzed
results demonstrate that the RMS aberrations of the test system are below 0.022. The wavefront error of a long focal
off-axis Cassegrain optical system is less than 0. 00012 in the working wavelength (800 ~ 1700 nm) and good
diffraction-limited quality is obtained in full field. The experimental results indicate that the maximum dusky ring
dimension error is less than 2.5% compared with the theoretical values. These results prove the feasibility of the far
field distribution measurement system.
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design
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Fig. 2 Influence of the measurement system spherical aberration on the three-dimensional field distribution at focal plane
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Fig. 3 Influence of the measurement system coma aberration on the three-dimensional field distribution at focal plane
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(a) Spherical aberration; (b) coma aberration
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Table 1 Specifications of the double-channel telescope system

Parameter Requirement
Clear aperture 300 mm
Operating wavelength 800~1700 nm
Focal length 20 m
Aberration A/50 (RMS)
Field 0.2
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Fig. 5 Layout of two-mirror optical system
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Fig. 7 Spot diagram of the measurement system
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Fig. 8 Photograph of the measurement system
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Table 2 Theoretical and experimental values of the dark ring diameters

D=50 mm D=100 mm
First dark ring Second dark ring Third dark ring First dark ring Second dark ring Third dark ring
Theoretical value /pm 785.0 1434.9 2084. 8 392.5 717.5 1042. 4
Experimental value /pm 795.5 1460. 2 2123.5 398. 8 730.6 1064. 8
Absolute error /pm 10.5 25.3 38.7 6.3 13.1 22.4
Relative error /% 1. 34 1.76 1. 86 1.61 1. 83 2.13
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Table 3 Uncertainty in far field distribution measurement

Uncertainty Component Relative standard uncertainty/ %

Focal length precision
System aberration
Determining focal plane
CCD pixel size
Tilt angle of CCD

Stray light, vibration, atmosphere disturbance
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