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Polarization effects of laser beam brightness and its application in
Satellite Laser Ranging
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Abstract: Laser beam image generated by atmosphere backscattering has been widely used to monitor the
laser pointing in Satellite Laser Ranging (SLR). The phenomenon that the brightness of beam image differs
from sky sections influences the satellite aiming. Based on the SLR system of Shanghai Astronomical
Observatory, Chinese Academy of Sciences, the mechanism of this phenomenon was figured out that the
efficiency of splitter mirror was generally related to the polarization state of incident light. Accordingly, a
new method was proposed that a half-wave plate was deployed in transmitting path, and rotating it realized
the real-time control of different brightness for beam imaging. The model of outgoing laser polarization
direction with the pointing of telescope was established. Compared with the use of splitter mirror whose
efficiency is independent of polarization direction, the method is more flexible, simpler and less cost. The
method can be applied in improving laser beam pointing accuracy in SLR and Signal-to-Noise Ratio(SNR)
of star image etc.
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Fig.1 Schematic diagram of satellite laser ranging system

0306005-2



gk A2

% 3

www.irla.cn

% 45 %

i, R4 532 nm O 1 73 6 B8 ST EE AR
ARk B B A M RLEES , RAR D —& 455
e AR % CCD LA SE % R 45 ) 1A
W, HeBext 532 nm B PR R 95%, Hid RN
5% 3 WO A I N 532 nm, THE N 1 W, & 8 R
W1 kHz 4z 77 18] Ry s T5 1] o

2 RREGREZUARKESHT

FERG 47 RAT , B CCD ad 5t s 4R 77 100 801G
AR R IR DX A 1) B E AR R, J5 43R 30012
F—WIE BT IR R U 2 P, iRV
Xt F—EM A, R GRS A S BT AR AR, 1
Ui BT A D 60°mF, 7 6 330° A1 150° it
WIEMR I, o T LB BB, SO 5 LA R RS
RABOEAR (AR T5 108 p Jri) A LA . 45
A, RIRERIA A YT BB R A 19 75 (242 S 60° il
240°, WIE 3 7R, p s MARTT 1 O & I OE R &
S JEAR AR 22 90° , PR IR S50 25 AR HE— AN [ Y
SEROCIRIRTT 1), WEFDER GRS S O
(B CIEE S

Clearest area: Clearest area:

30° 210°

Angle of

. Angle of
elevation: 40°

elevation: 60°

Fuzziest area:

Fuzziest area: 120°, 300°

150°, 330°
Pl 2 s Al 4 77 17 e i A [R) R DX o e JE 43 A
Fig.2 Beam brightness of laser with s-polarization in different

positions
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Fig.2 Beam brightness of laser with p-polarization in different

positions
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Tab.1 Test results of transmission efficiency of

splitter mirror

Angle of half  Transmission Angle of half  Transmission
wave plate/(°) power/mW wave plate/(°) power/mW
243 8.5 64 9.25
203 58.3 25 68
158 9.12 332 8.41
118 67.1 286 74.8
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Fig.5 Polarization direction of emitting laser in different sky areas
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Tab.2 Test results of polarization direction in

transmitting telescope outlet

Experi- .
Telescope Theoreti-
. I, I(a) I,(180°—a) mental
region cal value
value
(300°,1°) 112 25  130(65°)  20(115°) 115° 119°
(200°,1°) 20 120 118(22°) 16(158°)  22° 19°
(122°,1°) 120 26 120(65°)  30(115°) 115° 121°
(70°,1°) 126 19 12(69°)  117(111°)  69° 69°
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Fig.7 Laser beam brightness changed by applying polarization method
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