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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

54 Jry M AR 2 HR S MO T 3 5208 1) L R T R i) AR B 3R AE DI 2 2R G0 X A B D6 6 A i R 78 B B Py s

2q

il
Eoi=Pyu -+ Eus (3)

le, D)

Xh EL M E,, ) %’Jﬁ/\%f*ﬂtﬂ%ﬁ'ﬁ%ﬂ’]i?ﬁﬁﬁii,ﬁtJjﬁﬁ/\ﬁﬂﬁ%ﬂ’hﬁ%%%ﬁ%ﬁﬁ%ﬁ@,P Kt

q ST bR i AR R AR B TR
Saag pl_q k.., S Syig Ser

y =5 P ka [ Jo| Pew Pow P | (5)

S ko1 Ry kegn

K sy Do R (m=x 5y 2 ) HAFIHEN s p ok, S TE R ABR R P AEBR o5, v Py Ry (0=

.y ) N HEN s p' k, SFEAERJR AR R PSR, SEERAEI S A T 4 S R LA BB AR AR 1 St

b AT SO R T RO L, 30 R B g ST 3 SRR A B R L T SRR

S

As,ig 0 0 Ay.rig 0 0
Jo,=| 0 Apg O|s Jeg=| O Apeg O (6)
0 0 1 0 0 1

K Thr s Bans AR E,p TR p MRS a, Ma,., N5 g FHs A p 508 IR RS 5 R R EG
Aoy M a, ., W q Fifis Al p /P B BIRIE SR AR HHEFP 1 BN T 5 AL LR K8 044 Ik
BRI P, 516K & kR

Pq ‘kqf]:kqo (7)
G I PR AS B AR M rh (Y s Fl p 408G 2
Kk, Xk, ,
SIZW’ pq:kq*lxsq’sq Sq P1 k ><S (8

XS Al 4 28 e B P oo AT 25 S50 53 A o T T1B30 H 0T 7 R A A S O i Y 2 ) 2 R B8 I AR AIE Al 4 2
k.o u,, u,,\(1 0 0 k.o ky,o k.o
P,.=UDV'=|k,o u,, u,, {0 Ay 0 [|ven vea ves | €
0 0 A,
A RS WA B P o B ATV HERE UV I — S AFE D ERE VR Vi=v )T, XM D 4
T AL A (A=A R RIRAZBIEE P oo MRHEE . HFFET ko ko BARAFHRLERERE L AMET Q
WA B I S 2 A B R B kouco wo v XA R TED PN DG 2% 2R G0 O A TR A IR 285 s ey we X7 07 K RE AT PN D'

1106003-3

k:.,Q u., U.; Vo2 V.2 V.2



RGN RS B AT 8] 2
Pogsvi=Awu,, Poagevo=Aour,s Py » ko =kg., (10)
FILFH 4 fife A5 30 5 A I TET 55 B T PN ' 2% 2R 48 B AR O FR A o AR A = 1) e U RRE o7 B SR Y 2 S, 7T LA
HTE A S SR DG 4G 5 B ko B D27 28 8 1 1) g YRR 87 208 3R &5 1 R/INVRI O [ 2, 2 A BRI 2R Ol -
AT G 388 4k Xk AR TED 1 A7 2R A R Qi B DG 8 308, W DA 5AE AR TRT PN A ) ' i A A o7 2 A0 016 2% 2R 6 I PR 15
22 R/ANFITT 18]

4 HTEAE RS IRAR 2 0 B

T RGN T HOGIE R R G A R Ot RS A B BT 5ok T gk T . R
2 RGN S5 BB L AR FE O A S U A G 2 A% il Ik 41 2 7 2 i R 45 22 0 301 a8 £ A6 I -
HH L HO e R G IE 2 R AR RS R T iz0e R G RRIR 22 . 1%OF B RS TR B0
M AE A A PERE , RGOCR AL T S 1 b, ERUR - RE R B, 14208 500 mm., & T B B R
PrEot  RIEEEA S RGN R K2 .

Ko A0 B A AR OB 2R Rl DA R B B AE A SR I 5 ST RS, HrhOL 2R R A FE £
R IR AR U R e AT 5 0 3 A DK 1550 nm, 7E HE ST IOLE 15 BRI 062 R G000 I PR R LR T
OICRE A B2, AN [ 37 B9 ARG ZR A DG 5 R GE v AL 1 I o 28 8 00 O IR AR5 1 22 S AR /N IRt %5 8 o b
Y. RGP ITA RS S BE r RAS DA A

,:2‘

short focus
capture channel

Yy global
L coordinate 16 communication 17
x % system channel

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
2 MTHOGHEAFERINT A R
Fig. 2 Layout of the coherent laser communication testing platform system
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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,—1D (0,—0.5) 0,0 (0,0.5) 0,
D 0.2971 0.3006 0.3039 0.3069 0.3095
o /() 2.961 4.125 5.232 6.231 7.074
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(b) left-handed circular polarization
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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
€out —0.7329 —0.7271 —0.7209 —0.7147 —0.7090
Right-handed polarization .
Ot /) 85.288 83.572 82.023 80.699 79.638
o € out 0.7329 0.7271 0.7209 0.7147 0.7090
Left-handed polarization .
Ooue /() 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

Input polarization state Output parameter

putp but b (0,—0.5) (0,0 (0,0.5)
. R €out —0.4828 —0.4678 —0.4517

Right-handed polarization .
Oou /() 53.546 51.306 51.590
L €out 0.5324 0.5117 0.5028

Left-handed polarization .
Oou /() —43.259 —42.723 —37.745
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