> S M
356 H3 M ot - - il Vol. 35, No. 3
20154F3 A ACTA OPTICA SINICA March, 2015

FH -0 P Ak b e B i O A B 58 0 e 43 B
REA AL #58 KX REz

ERNESRRRECE s 3 Ny N8 2 1 IETPH FBE, EECA R 230026

WE AN RE Sy 110 w) FERZ AN 20 kHz KWK 985 300 ns OBLF OB T —B TAER K N 1.55 pm
BT RBOC TR B, G I T RGN TERE S8 AR S 1) 1% 36 2 41 100 J5E 2T 55 41 4 B 0 00 2 S0 o 39T 016 1) 4
F A B AR AR 0.823 B, i TR A 1) R R0R K B i K 0.422, fﬂs—cﬁc%&a%ﬁtt SR AT TR A AR X A T ROk
IR R, PRI T S B T . MHIE TS S OB I G M RE R A R B B R F 3 kem, KU
0y £62 m/s, H B 03 HEAE N 84 m, XGH DU K5 BE AL T 0.1 m/s, I [H] 23 HE 4 0.5 s

KA G M TR R IR REsCE

hESES TN958.98 SCERARIRED A

doi: 10.3788/A05201535.0301001

Optimal Design of the Telescope in Coherent Lidar and Detection
Performance Analysis

Jia Xiaodong Sun Dongsong Shu Zhifeng Zhang Feifei Xia Haiyun
School of Earth and Space Sciences, University of Science and Technology of China, Hefei, Anhui 230026, China

Abstract A fiber laser with pulse energy of 110 pJ, pulse repetition frequency of 20 kHz and pulse width of
300 ns is employed to develop the coherent lidar for wind sensing at 1.55 um. The specifications of the main
components employed to assemble the lidar are listed. By taking the advantage of the principle of back—
propagated local oscillator (BPLO), the optimal truncation ratio of the telescope is calculated. The result
shows that the optimal antenna efficiency of 0.422 is obtained when the truncation ratio arrives at 0.823. The
effect of the aperture of the telescope on the carrier-to—noise ratio (CNR) of the coherent lidar is analyzed on
the condition of the optimal truncation ratio. The design parameters of the telescope are optimized. The
performance of the lidar is theoretically calculated and listed as follows: detection range is longer than 3 km;
wind velocity range is +62 m/s; range resolution is 84 m; wind velocity accuracy is better than 0.1 m/s; time
resolution is 0.5 s.
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Fig.1 Schematic diagram of all-fiber coherent lidar
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Table 1 Main parameters of the all-fiber pulsed coherent lidar

Parameter Symbol Value
Wavelength /nm A 1550
Energy /) E, 110
Pulse repetition frequency /kHz Sons 20
Fiber laser Pulse width /ns AT 300
Peak power /W P, 367
Linewidth /kHz Afiw 5
AOM shifted frequency /MHz Sion 80
Insertion loss, port 1-2 /dB L, 1.5
PM fiber circulator Insertion loss, port 2-3 /dB L, 1.5
Directivity, port 1-3 /dB D, 50
Responsivity at 1550 nm /(A/W) R 1.0
3 dB bandwidth /MHz Jow o 350
Balanced photodetector
CMRR /dB R, 25
Transimpedance gain /(V/A) G 1x10*
Resolution /bit Ny 16
A/D converter Sampling rate /MHz VA 500
3 dB bandwidth /MHz Juw s 250
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Fig.2 Truncation of the telescope and the BPLO
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Table 2 Parameter value in CNR equation

Parameter Symbol Value
Total efficiency Mot 0.241
Atmospheric transmittance /(%/km) T 96
Pulse energy /] E, 110
Speed of light /(m/s) c 2.998x10°
Aerosol backscatter coefficient /(m™" +sr™") B. 2.5%107
Planck’s constant /(J - s) h 6.626x107™
Laser frequency /THz v 193.55
Receiver bandwidth /MHz B 100
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Fig.4 Curves of CNR versus range
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Table 3 Detection performance of the lidar

Parameter Value
Range /km 3
Wind velocity range /(m/s) +62
Range resolution /m 84
Wind velocity accuracy /(m/s) 0.1
Time resolution /s 0.5
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