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Development of lidar system based on one wavelength emission

and five channel receivers
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Abstract: Backscattering lidar is a powerful tool for atmospheric aerosol detection, but it can not receive
the full signals in lower hundreds of meters, and has an assumption of lidar ratio for aerosol
backscattering coefficient reversion. One wavelength emission and five channel receivers lidar system

based on backscatter, side-scatter, and Raman scatter technique overcomes the above shortcomings. The
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system can detect aerosol depolarization ratio profile, water vapor mixing ratio profile, backscattering

coefficient profile and aerosol extinction coefficient profile. Aerosol backscattering coefficient and

extinction coefficient profile were from the ground to the tropopause, aerosol depolarization ratio profile

was in troposphere, and water vapor mixing ratio was in planetary boundary layer. The signal to noise

ratios of all channel and relative errors of detected results were analyzed based on the system hardware.

Case study indicates that the data of this system are reliable, and detection ranges are rather wide. The

system can be used for studying the spatio-temporal distribution of atmospheric aerosol extinction

coefficient, water vapor and their relationship.
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water vapor mixing ratio;
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Fig.1 Lidar system
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Fig.2 Profiles of five channel received signals

1.5km @RI E, SRR e B e B 1 SF- £ 7 AR B
Ty A A (ES B, EEHEMNEL AT,
CCD Il 1] 5 O B i85 5 5 S 5% 1 5 ) i
{55247 0.7~2.0 km J&— W™ H7E 1.0~1.5 km
X35, , B CCD et 5 W & 2 W B 5 A 34918
HRAE 15 W8 L A TS A 200 5 T 5 Al S il
HEAF 5 A 532 nm G AE T A fE M L S5 R El 3
7o MIEL 3 ] LU 15 MR L B 2 Ay e 2 B4
o B BN T8/ IN (B AR 5 BRER BRI, B 1A 15 T8 L 2
Oy W BTG ), AR [ (43 18, AR R B B2k R/

3.0
g . 25 — 607 nm
=2 2 2.0r — 660 nm
% [5)
El B 1)
2 210
0.5¢
1 100 10000 0.1 10 1000
Mie lidar signal noise ratio Raman lidar signal noise ratio
(a) K EBUHHOE ik 1 (b) $r 2 WU O T 5 1

(a) Mie scattering lidar channel (b) Raman scattering lidar channel

2500 14
12}
5 2000 E 100
2 <
E 1500F S 8
s 00 2 6
-3 1000t =
% < 4
Ay 500} o
0 0 . . |
1 10 100 1000

10 100 1000
CCD signal noise ratio

—

Combined Mie lidar
signal noise ratio

(d) KESHE U 5
(d) Combined Mie

(c) D 1y HiC o 388 3
(c) Side-scattering channel
scattering signals
Pl 3 5 i {5 1 LR Lk

Fig.3 Profiles of five channel signal noise ratios
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Fig.4 Profiles of aerosol depolarization ratio and relative error
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Fig.5 Profiles of aerosol backscattering coefficient and relative error

(b) MIRFiRE

(b) Relative error

KRR B ZIRZE R ARIRG T &
ZvE

w(@=CA” (0,2) gg ®)

K : €, Jo BB O SR K IR A I R G bR
EHHGA, (0,2) 09 KBS RAG I REL, B %

c=hv oy My ny A(0,2)= exp(- J(za()w,z)dz)

W’
k, 0, My, N4y

exp(~ | alh,.2)d2)
RIS, AT K I A LRI 22
:

Ev= \/8; (Z)+8iN(Z)+ ezc +gi; 9
122 3 (8) F1(9) , A3 HH AR RSB ) K VTR A
FUER L AIAH X DR 22 R AN AL 6 BT

3.0 3.0
25 2.5
g g
& | =~ 2.0r
3 2.0] E
E E LSt
2 1.5f =
< 210
1.00
05
05— 15 25 0.1 1 10 100

Relative error

(b) FHXSR2E

(b) Relative error

Water vapor mixing ratio/g-kg™
(a) REL
(a) Mixing ratio
6 KIKIA HRTAE ST % 25 B 2%

Fig.6 Profiles of water vapor mixing ratio and relative error
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