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Statistical Study of Energy-Optimized Distribution for Sand-Dust
Detection Using Airborne Lidar
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Abstract: The minimum laser pulse energy to detect sand-dust with the polarized 532 nm perpendicular channel and
1064 nm channel with airborne atmospheric lidar are analyzed statistically according to American ANSI standard and
sand-dust extinction coefficient profiles detected by ground-based lidar from 1999 to 2004 year in Hefei area. The
laser pulse eye-safety maximal energy with different beam divergence angles and energy ratio (532 nm and 1064 nm)
are simulated in 0~12 km altitude is simulated for the airborne atmospheric lidar. Two laser pulse energy distribution
schemes are presented according to the eye-safety standard on the ground, detection ability for two “bottle-neck”

channels and statistical results of sand-dust extinction profile in Hefei.
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Table 1 Primary technological parameter of airborne atmospheric detection lidar

Parameter Value Parameter Value
Laser Ultra Nd: YAG Filter center wavelength /nm 532/1064
Wavelength /nm 532/1064 Bandwidth /nm 0.3/0.5
Repetition ratio /Hz 20 Quantum efficiency /% 12/2
Divergence /mrad 0.3 receiving transmittance 0.4
Emission transmittance 0.8 Detecting horizontal area Plane aviation area
Vertical resolution /m 30 Detecting uprightness span /km 0~12
Diameter /mm 200 Horizontal resolution 200 m/s, 100 pulses
Field of view /mrad 1 Voltage/power consumption AC100V/400Hz
C/s! 500/100 DC 2., 7V/<<1000
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Fig. 3 Laser pulse eye-safe maximal energy detected by airborne lidar in sand-dust storm weather,

in (a), (b), (c¢) Eossz*Eo0s=1%1,1:2 and 1:1 respectively.
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Table 2 Minimum energy of 1064 nm and 532 nm perpendicular channels to detect dust

Z /km 6 8 10 12
1064 nm minimum energy /m] 3.15~3.21 6.19~8.77 10~20 15.9~36.9
532 nm minimum Air and dust detection 6~13.72 17,2~37.7 34~56.2 55~104
energy /m] Dust detection only 0.8~3 2.21~7 2.28~12 3~25
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Fig.5 Signal-noise-ratio (SNR) of airborne atmosphere detection lidar with 6, =0. 4 mrad and Eqss; ¢ Eojoee =1¢1

in the daytime

XA, KK T 532 nm 3 FE & R
ZEBRKBERER K HRWEE SN 1064 nm EHHR
BREBRKHEBRKRMEE S, 532 nm £ H
BEMREZERKREERBGHE WS LR
VRSB IRRI 5 2R ; B 6 BO6 S b
A S5 O Bk v RIS 2 2 B R R (L RE B3 1 4%,
MBASKEMBE TR 12 km FE RRWE, G
B SO K ok R 2 R K R AR R Dy 208 m],
WA —FARELT 104 m], AURWRKIKBEK
MY LR B MR LB R IFEUIOLE S
I3 3R PR R T LB

AT

PLER AR KM B T X it R, ©HL6AT
MBRAKEERBEREN. BRHERA, X
532 nmIEEEEM 1064 nm @EIE, SEH R WHLE
REmELMERNER, W E CIERKRE
E AR BR 51999~2004 4F [0 b B O TR HFW
BEM AL XY R RSN EARBAR
RPFRXHPLROEALY, NEERTE S
FRAVRBMER LN TREO 2(LFRYLRHMER
fRER K 0. 2~0. 45), I NG R M B AKX



114 MEEE: VEINFTAVLENERMERERNREIEIR 1919

RUBAEENERREARKEENS S
#MrE".

GEEBERNR B _MITRERTE—F
FRES, B AL A W R 532 nm F HE E M
1064 nmifi B ¥ A& Z ARSI BARN 2 )6EE
i 92 B O R0 BEOR , T LR RE B AT A B L Br B
FE—FITR. ERWA, E B EE N HOE R
B H B/ R B AR B BRI, STRE W 2 OB R K
BB R LK R BAR BRI . M eE R W E Ty
RAUESMBRIRNUB AT LR LR EE
F—E

$ £ X W

1Y. Sasano, T. Kobayashi, Feasibility study on space lidars for
measuring global atmospheric environment[R]. Final Report,
1995/NIES, 1995, (3): 33~34, 60~66 (in Japanese)

2 Osamu Uchino, Isao Tabata, Kenji Kai et al.. Polarization
properties of middle and high lever clouds observed by lidar[J].
J. Meteor. Soc. Japan, 1988, 66;: 607~616

3 Yasuhiro Sasano. Tropospheric aerosol extinction coefficient
profiles derived from scanning lidar measurements over Tsukuba,

Japan, from 1990 to 1993[J1. Appl. Opt., 1996, 35(24):

4941~4952

4 Kenneth Sassen. Lidar backscatter depolarization technique for
cloud and aerosol research, In: Michael I. Mishchenko, Jop W.
Hovenier, Larry D, Travis. Light Scattering by Nonspherical
Particles, and Applications{ M], San Diego, Academic Press,
2000, 393~416

5 Albert Ansmann, Ulla Wandinger, Maren Riebesell e al..
Independent measurement of extinction and backscatter profiles in
cirrus clouds by using a combined Raman elastic-backscatter lidar
[J]. Appl. Opt., 1992, 31(33): 7113~7131

6 James B, Abshire, Chester S. Gardner. Atmospheric refractivity
corrections in satellite laser ranging[]J]. IEEE Trans Geos &
Remote Sensing , 1985, GE-23(4); 414~419

7 Takashi Y. Nakajima, Tadashi Imai, Osamu Uchino et al..
Influence of daylight and noise current on cloud and aerosol
observations by space borne elastic scattering lidar[J]. Appl.
Opt. , 1999, 38(24/20); 5219~5220

8 Zhou Jun, Yue Guming, Jin Chuanjia & al.. Two-wavelength
Mie lidar for monitoring of tropospheric aerosol[J]. Acta Optica
Sinica , 2000, 20(10): 1412~1417
B ZE.E5HYW.4E % BUXRESERETHEKKXKH
HWARTIE[T]. A FF4k, 2000, 20(10); 1412 ~1417

9 Hu Shunxing, Hu Huanling, Wu Yonghua & al.. 1625
differential absorption lidar system for tropospheric ozone
measurements[ ] ]. Acta Optica Sinica, 2004, 24(5);: 597 ~601
(in Chinese)
BIRE, SR, RkE %, 1625 4 RUUEOLE & H X 72
RA[]]. k%44, 2004, 24(5); 597~601



