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Abstract In the coherent laser communication systems, the instrumental polarization aberration of the optical
system can change the polarization state of the received signals and reduce the heterodyne efficiency between the local
oscillator beams and received signals. In order to quantitatively analyze the polarization properties of the optical
system, the three-dimensional polarization ray-tracing algorithm is proposed. Based on a large aperture coherent
laser communication testing platform system, the polarization ray tracings of the communication channel are
performed by means of this algorithm, and the influences of the polarization aberration on the polarization state of
the circular polarization signal are discussed according to the calculated polarization transformation matrices. The
polarization characteristics of the communication system of the testing platform are verified through the experimental
platform.
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Fig. 1 Reflection and refraction of the polarization ray at the gth optical surface
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2, 6, 7, 8: beam splitter; 13: transmission element; 9, 10, 14, 15, 18, 19: spherical reflector;
11, 12, 16, 17, 20, 21, 22. planar folded mirror
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Fig. 2 Layout of the coherent laser communication testing platform system
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13: transmission element; 14, 15, 18, 19 spherical reflector; 16, 17, 20, 21, 22: planar folded mirror
3 (a) ; (b)

Fig. 3 (a) Layout of the transmission channel; (b) layout of the communication channel

4 . (a) ; (b)

Fig. 4 Polarization aberration of the communication system. (a) Diattenuation; (b) phase retardance
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Table 1 Diattenuations and phase retardances of the communication system for different pupil coordinates

Pupil coordinate 0,—1 (0,—0.5) 0,0 (0,0.5) 0,1)
D 0.2971 0. 3006 0. 3039 0. 3069 0. 3095
5/ 2.961 4,125 5.232 6.231 7.074
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5 . (@ 3 (b)
Fig. 5 Output polarization states of the communication system. (a) Right-handed circular polarization;

(b) left-handed circular polarization

Table 2 Simulated output polarization states for different pupil coordinates

Pupil coordinate

Input polarization state Output parameter
0,—D (0,—0.5) 0,0 (0,0.5) (0,1
. o Eout —0.7329 —0.7271 —0.7209 —0.7147 —0.7090
Right-handed polarization .
Oow /() 85.288 83.572 82.023 80. 699 79.638
o Eout 0.7329 0.7271 0.7209 0.7147 0. 7090
Left-handed polarization .
Oous /() 94. 712 96.428 97.977 99. 301 100. 362
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Table 3 Experimental output polarization states for different pupil coordinates

Pupil coordinate

1

Input polarization stat Output parameter
put polariza state utput paramete 0. —o.5) .00 0.0.5)
. o out —0.4828 —0.4678 —0.4517
Right-handed polarization R ~
Oou /() 53.546 51. 306 51. 590
o out 0.5324 0.5117 0.5028
Left-handed polarization .
Oou / () —43.259 —42.723 —37.745
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