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Fig.1 The composition chart of coherent wind lidar
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Tab.1 System parameters of the coherent wind lidar

Parameter Value
Wavelength/um 1.55
Pulse energy/pJ 150

Pulse repetition rate/kHz 10
Temporal resolution/s <1

Range resolution/m 15-200 (adjustable)
Wind speed accuracy/m's™ 0.3

Wind direction accuracy/(°) 3
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Fig.3 Comparision of lidar and Vaisala laser-ceilometer cloud height

data. (a) Time series diagram; (b) Scatter diagram

3.2 KFEERERIE

2021 4F 8 H, fE LA T IR VLG 0, I — 6 A
IO RUER TR ) KT RE UL RO S G e
L ASC AR B R A7 ) L B IE, 50 XoF 25 SR AN 4 B
R o OGRS AR UL AU Bl UL B e A — 3K
HHIEREGE 82.06%, 7E 5 uli g UL FEEAX 30 km 440315
FEL N, X 50406 43 A A9 30 30T TR 36 b o O 2 6 B
12.2%, 3843 Wi B T SO0 35 2 00 R LB 4 T AT
WERA R o ER B o3 25 SR P ¥ O AR 2 22 O 22.5%,
BUERK, v R R 158, Sk TP i S HGE R
R, SR AE e Ak A 1) ok, B R TR0k
JRUTE 5 22 45 SR i 41 308 TE AR R 48, A5 AE A S
BB o EEXHZ R R, 5 SRR T B AL B L R SR AL
i H 0 30 3 R G A T — 2L A

50

—— VIS sensor
—— Lidar

40

30

VIS/km

20

10

Time (2021.08)

202301384



s Gk A2

www.irla.cn

% 52 %

% 11 8
30
— =0.897 9x—0.175 8
R=0.820 6
220t
E
2
—
@
10 +
(b)
0 I I I I 1
0 5 10 15 20 25 30

VIS-VIS sensor/km
4 WOLTEBHIRE WEESEHEXT tE.  (a) B PR IE; (b) BUR &
Fig.4 Comparision of lidar and visibility meter data. (a) Time series

diagram; (b) Scatter diagram

33 HARHIIIE

2022 4F 3 H~4 J, #6704 B R R Wy B 58 T AR T,
FIIHT 1550 nm HOGEA A THOCIAE A 5 532 nm
PO K A ULl B 0 P I 5 38 R AT 1 % b,
IR LR, R, R, FREZFHIALH
Bi. WFHCE B MOE T K RGN (IO R, i

WG 5 FiR . PG LR & A RESEOT 1
W 2 Fron o IR IS TEBOR 9 22 S bk, M0
I XTE 1K 2R T 1550 nm K, 7E I XU B4 [a) i R] 552
B RE, = m LREWL R, RATHEX ., A
HR 22 4 | i AU AN 20 HER, [ I ] I A 2 0 3R
B S TR R R TR B Y LR R I O R A,
R 532 nm PRI A AR S S, T SE B
FAC REULEE L PMyo. PM, s U0 IR B2 BB i 1L 1Y

IR

=

_4‘1\.‘1

(CIRERY 52775 s

Fig.5 Experimental scene

R 2 BTFHAUREZMKIREZRESH

Tab.2 System parameters of the coherent wind lidar and aerosol lidar

System parameter The coherent wind lidar The aerosol lidar
Wavelength/nm 1550 532
Detection mode Coherent detection Direct detection

15

Range/km 10
Antenna T-R combine, 100 mm
Pulse energy/pJ 150

Pulse repetition rate 10 000

Wind; Extinction coefficient; Visibility; Aerosol

T-R separate, 160 mm
20
2000

Extinction coefficient; Visibility; PM, concentration;

PM, 5 concentration; Depolarization ratio

Visible light, closer to human visibility

Long acquisition time; Not eye-safe; Bland zone, geometric

Data products .
concentration
No bland zone, without geometric factor correction; Eye-
Advantages safe; High sensitivity, high time resolution, secondary data
acquisition time
Disadvantages Invisible light, data conversion required

factor correction required
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Meteorological multi-element detection based on coherent lidar

Luo Xiong'?, Shi Yue'?, Fan Qi'?, Yin Wei'?, Peng Tao'?, Zhao Peie'*, Wang Ke'?, Zhou Dingfu'**

(1. Southwest Institute of Technical Physics, Chengdu 610041, China;
2. Lidar and Devices Laboratory of Sichuan, Chengdu 610041, China;
3. Science College, Civil Aviation Flight University of China, Guanghan 618307, China)

Abstract:
Objective Coherent lidar has the characteristics of small size, high detection efficiency and strong signal-to-
noise ratio, and has been widely used in meteorology, aviation and wind power industries. But at present, most
coherent wind lidar data products only use echo Doppler frequency shift information to retrieve wind field related
products, and do not mine lidar echo signal strength information. Therefore, it is necessary to deeply process the

echo signal data of lidar.

Methods

detection technology based on coherent detection was introduced (Fig.1), which can detect various meteorological

Considering the insufficient development of the current coherent lidar data products, a new lidar

factors such as cloud height, extinction coefficient and visibility while detecting the wind field. Firstly, by
analyzing the characteristics of the echo signal of the coherent wind lidar, the calculation method of the spectrum
echo signal power of the coherent wind lidar was derived, and the echo signal strength information of each
distance position in the detection range was obtained. Then the differential zero cross and threshold method were
used to inverse the cloud bottom height, and the improved Klett method algorithm was used to inverse the
atmospheric extinction coefficient, and the visibility measurement was realized. Finally, it was compared with
horizontal visibility meter in weather station (Fig.3), laser altimeter (Fig.4) and 532 nm aerosol lidar (Fig.5) for

verification.

Results and Discussions  The results showed that the cloud height, visibility and the extinction coefficient were
in good agreement, and lidar can continuously work in various meteorological environments. The cloud height
detected by lidar and Vaisala showed that the correlation coefficient is 99.57%, which fully demonstrates the
feasibility and accuracy of cloud height by lidar (Fig.3). The standard deviation and root mean square error of
lidar are 5% and 7.2% respectively. The trend of visibility data measured by lidar and visibility meter is
consistent, and the correlation coefficient is 82.06% (Fig.4). Within 30 km visibility, the accuracy of standard
deviation was 12.2%, and root mean square error was 22.5%, which may be due to the following reasons. Firstly,
the parameter selection in the algorithm was not accurate enough, and there is still room for optimization in the

algorithm; Secondly, at present, the coherent wind radar system was a single polarization channel detection
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system, which still had signal detection defects. To solve this problem, the optimization algorithm and the
integrated dual-polarization detection channel system were needed for further research and optimization. The
measurement of extinction coefficient had experienced many meteorological environments such as sunny day,
cloudy day, rainy day and foggy day. Extinction coefficient comparison in haze day showed that the results were
basically consistent, including the position and thickness of clouds, extinction coefficient, aerosol content and
some detailed characteristics (Fig.6). Extinction coefficient comparison in clear day showed that the detection
value of coherent lidar increased steadily, while aerosol lidar increased speedily (Fig.7). The reason may be that
there are differences between the two devices, which needs further study. Extinction coefficient comparison in
overcast and rainy day showed that the detection values of the two devices were consistent with the actual weather
conditions. When precipitation occurs, there was a lack of detection by coherent detection lidar. Although aerosol
lidar had detection data, it was still unacceptable (Fig.8). Affected by heavy fog, the detection distance of the two
lidars were limited, which was less than 500 m. In the morning, the aerosol lidar was missing data in heavy fog,
while coherent lidar is still working (Fig.9). There were two main reasons for this phenomenon. First, the
geometric factor for the separate antenna mode of transceiver and receiver. Second, in foggy day, the aerosol

content was high, and the detection of aerosol lidar reached saturation.

Conclusions The results showed that the 1550 nm coherent lidar had the ability to detect atmospheric extinction
coefficient, cloud height and visibility. The accuracy of cloud height comparison can reach 5.0%, and the
accuracy of visibility comparison can reach 12.2%. The detection results were highly consistent with the detection
results of aerosol lidar. It can be measured in sunny, cloudy, rainy and foggy weather continuously.

Key words: lidar; meteorological detection;  coherent detection;  extinction coefficient;  visibility;

cloud height
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