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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

Laser (Comtinuum surlite) Nd:YAG
Wavelength/nm 532
Pulse energy/mlJ 250

Repetition rate/Hz 20
Divergence/mrad 0.5

Backward receiver

Telescope (Cassergrain)

Telescope(Cassergrain)

Diameter/mm 300
Iris/mrad 0.5-3
Channel 1 -

Detector (PMT) R7400-U02
Central wavelength/nm 532 (P)
Filter bandwidth/nm 1
A/D convector/bits 16
Channel 2 -
Detector (PMT) R7400-U02
Central wavelength/nm 532 (S)
Filter bandwidth/nm 1
A/D convector/bits 16
Channel 3 -
Detector R7400-U02
Central wavelength/nm 660
Filter bandwidth/nm 1
A/D convector/bits 16
Channel 4 -
Detector R7400-U02
Central wavelength/nm 607
Filter bandwidth/nm 1
A/D convector/bits 16

Channel 5
Detector (CCD)

(SBIG) ST-8300M

Pixels 3 352x2 532
A/D convector/bits 16
Lens focal length/mm 35
Central wavelength/nm 532
Filter bandwidth/nm 25.6
Control computer Lenovox200
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Fig.2 Profiles of five channel received signals

1.5km & E LA, RS s RIS W17 MEE
BB NAAETEL, FEENLBANTT,
CCD il 1] #5306 B 3545 5 5 S 45 1Y 5 1] 10
G5 4% 0.7~2.0 km J&— W™ HE 1.0~1.5 km
X s, B CCD FlE it 55 9 & U 245 5 10 S 2 1
T o L <O B = /A WA < N s I N [ v 1}
G5 M 532 nm & W ESHEM L, 25 R mE 3 ir
7~ o M 3 ] LLE HY {5 e HL B 4k i P S Bl R
1 BE BTN (B AR 5 BRER PR A, & A 15 e L S
SWBCTA R , BN [R) A8 GE | FLAE M kL B2k K/
3.0
2.5 2
820 *\
T3
210
0.5

1 100 10000 0.1 10 1000
Mie lidar signal noise ratio Raman lidar signal noise ratio

— 607 nm
660 nm

=

Altitude/km

(a) KBGO ik 18 i RSO

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

(b) fir g

14

2 500
12t
5 2000F E 10
2 &
E 1500t L 8F
H =
— 1000F =
2 < 4
A 5001 2k
c G 1 1 '
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 HiCop 388 3
(c) Side-scattering channel
scattering signals
Pl 3 5 i 5 1 LB 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
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Fig.6 Profiles of water vapor mixing ratio and relative error
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