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Design of atmospheric turbulence profile instrument
based on Rayleigh laser guide star

JIANG Lun,ZHANG Lei, DONG Ke-yan,AN Yan, WANG Chao, TONG Shou-feng
(Key Laboratory of Fundamental Science for National Defense of Aero and Ground Laser Communication

Technology , Changchun University of Science and Technology , Changchun 130022, China)

Abstract : Atmospheric turbulence profile test system based on Rayleigh laser guide star is studied, the pulsed laser
used to form beacon star at different heights in atmospheric, then the atmospheric information between ground and
guide star were obtained. Based on the analysis of principles and system components, the system critical parameters
were optimized. And the laser transmits system and differential image motion system was designed. Finally,the system
performance , the results showed that 0.2 ~ 10 km atmospheric turbulence profile can be measured by this instru-
ments. This can be used in the area of astronomical observations, satellite-ground laser communications, and ground —
based laser weapons.
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Fig. 1 Principle of profiling optical turbulence

based on Rayleigh laser guide star
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Fig. 2 Components of profiling optical turbulence

based on Rayleigh laser guide star
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Tab. 1 Parameters of turbulence profile instrument

subsystem parameter value
Laser type Nd : YAG

Wavelength 532 nm

Laser

Pulse energy 600 mJ

Pulse repetition frequency 50 Hz

Laser transmissive system Aperture 300 mm
subaperture diameter 100 mm

DIM Distance of subaperture 400 mm

Focal length 2000 mm
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Fig. 3 Layout of laser transmitting system
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Fig. 5 Layout of differential image motion system

Kl 6 RGN MTF £k &1, N Hal LUA
ARG 12 pR B B AT AR R, R W R 5
BT R R A

---------- DIFFRACTION LIMIT
,,,,,, & 0.0 FIELD (0.00¢
£ 05 FIELD (0.10)°
§ 1.0 FIELD (0195

New lens from CVMACR

ensicq AVELENGTH WEIGH]
DIFFRACTION MTF SRONM 1

20-0etls | =-=-=+="

1.0 DEFOCUSING 0.00000

MODULATION

1 L 1 L
80 160 240 320 400 480 560 640 720 800 880 R
SPATIAL FREQUENCY (CYCLES/MM)

K6 RLLH) MTF
Fig. 6 The MTF curves of the system
4 RGMERES
i VAL JER 2 I A — Y BESR AE 10 min 2 P4
FENL, B — AR B R AE 10 min 22 P9 2 [ E AN
gy, B A Ge R R AR AR ROAN i 3 30000, [F]
P Sy 8 e R, SO [ — oy 88 00 AR A 11
BEHARMREZ . G558, 15 Z 200 ~ 10000 m
T B AR A 12 A, B SR I I ] 40 s,
FEAR A 2000 SRAE A T L i g 32 488 o 48 O, S mT
AE LS B R it 1 0 A B
MG L BB, nI X RSV REREST 20T, 220018
MR G A AE 56 TR0 -

N(h) = Ekh(%)Ah(h)B(h)/hc (6)

K, N(h) ZENMEGBEWRGAE T 2R EAE b
IRICIDE TR E S BOLRK P RER ; &, SRR
B AR A BRWARE TR RS
HWARGRIIEES 5 Ah(h) T BAER L h AR JerE
K5 B(h) FRAUR AR REL b 9 I
s e UG RREE o

K6)H, E =0.6],k, =0.8, FHRMMA =
0.0078 m* M h =10 km BEDEHA AR(h) =
1000 mm, 5 [T HU AL B(R) =1 %107 m™" - Sr7',
PG TFHCH 1. 0083 x 10° 4, {5 JEEE T
BEREN A, A BRREWOL T8O 1120, KRG HT
TE 1CCD AR G5R A 100 A, Bk 34 7T il 2 e K
W 25 B 10 km [ FHEESR .

5 & i©

AR T He T B AROE T R B R A i Rk
DU SR B B 55 S B 3, R R 8 ) SR B S A A 7
T S OCACER I, JF X5 B0 & i 2 G822 53454
AT TR, RIERGEREVEALEE R LR S
FISEPEH AT 0. 2 ~ 10 lem 55 B2 Y0 ] A A4 i 8 44
o M CAT TR SOWI | A MO R g
WO I 5 N

SE 3k

[1] Tatarski. Wave Propagation in a Turbulent Medium[ M].
Trans. Wen J S. Beijing: Science Press, 1978. (in Chi-
nese )

BB AR . Jinat R rh B A R e [ ML RS,
SEPE, ALat B AL, 1978.

[2] ZHANG Shouchuan, WU Yi, HOU Zaihong. Lidarmea-
surement of atmospheric turbulence vertical profiles[J].
High Power Laser and Partical Beams,2009,21 (12).
1795 - 1798. (in Chinese)

SRS, SR B, 56 B £L. WOt B 32 I ek R U S 2k
[J]. #0658 T 58 ,2009,21(12) ;1795 - 1798.

[3] M S Belen’ kii. Multiple-aperture averaging technique for
measuring full aperture tilt with a laser guide star[J].
Proc. SPIE,1997,3126.101.

[4] M S Belen’kii,D W Roberts,] M Stewart,G G Gimmes-
tad. Experimental validation of the differential image mo-
tion lidar concept[ J]. Optics Letters,2000,25(8) :518 —
520.

[5] G G Gimmestad,M W Dawsey,D W Roberts, et al. Field
validation of optical turbulence lidar technique[ J]. Proc.
of SPIE,2005,5793.10 - 16.

[6] G G Gimmestad,D W Roberts,] M Stewart, et al. Testing
of LIDAR system for turbulence profiles [ J]. Proc. of
SPIE,2008 ,6951 :695109.



WOt 5 44 No.8 2016 L% ZETEANOES RN RS R L &% 933
[7] J M Gatland,G G Gimestad. Inversion techniques for the Sinica,2014,34(8) :0801004. (in Chinese)

(8]

(9]

[10]

[11]

differential image motion lidar[ J]. Proc. of SPIE,2009,
7324 .73240C1.

G G Gimmestad,D Roberts, ] Stewart, et al. Development
of a lidar technique for profiling optical turbulence[]].
Opt. Eng. ,2012,51(10) :101713.

DAI Yang, LIN Zhaoxiang, ZHANG Wenyan, et al. Moth-
od of atmospherica turbulence measurement by Lidar[ J].
High Power Laser and Particle Beams, 2006, 18 (11):
1769 — 1773. (in Chinese)

PH, ARIERE , 5K SCHE , 5. WO R Ik A A I Ay
LSS L] i Ot 5Ok R, 2006, 18 (1)
1769 —1773.

HOU Zaihong, WU Yi, ZHANG Shouchuan, et al, Devel-
opment of turbulence profile lidar[ J]. High Power Laser
and Particle Beams,2006,18(10) :1602 — 1604. (in Chi-
nese )

PEFFLL, 5%, kST I, 45 it it B R O 78 38 1 B 4]
[J]. st 580073 ,2006,18(10) 11602 — 1604.
GUO Jie,SUN Dongsong, QIANG Xiwen, et al. Error anal-

ysis of differential image motion lida [ J]. Acta Optical

[14]

SR PNAR AL, 50 A 3, A 22 MRS i AL R 4RO
TR B R 22 A [T 0t 22 o 4k, 2014, 34
(8) :0801004.

NI Zhibo, HUANG Honghua, MEI Haiping, et al. Extrac-
ting turbulence information form echo signal of micro-
pulse lidar[ C]. Proc. of SPIE,2009,7382 :73822L.

CUI Chaolong, HUANG Honghua, MEI Haiping, et al.
Study on acquiring turbulence information using Mie scat-
tering lidar[ J ]. Journal of Atmospheric and Environmen-
tal Optics,2011,6(2) :89 —94. (in Chinese)
B, R AR MR 55 R RTDRBUR BOE & 183k
Wi s S I E W L) ] RS B4,
2011,6(2) :89 -94.

XU Bing, JJIANG Wenhan. Analysis of laser energy re-
quirement for rayleigh laser guide star[ J]. Journal of EST
of China,1999,28(4) :337 —339. (in Chinese)
VRUK, 2 3000 T 3 FEOE = 51 R A O 4% RE B
SORG M [T]. TR R 22 4, 1999, 28 (4)
337 -339.



