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Abstract: The hardware fault of the LiDAR will make the quality of the echo data worse. However, there is still a lack
of effective identification methods for the error data caused by the hardware failure. Analysis of echo characteristics
of atmospheric particulate matter monitoring when LiDAR has hardware failure, according to the echo signal infor-
mation of the echo shape and intensity of the LIDAR, the fuzzy logic algorithm is used to identify the fault data. The
hardware fault data of the atmospheric particulate LiDAR is identified and tested. At the same time, in order to re-
duce the false positive rate of data without hardware failures, the mean values of extinction coefficient and sig-
nal-to-noise ratio (SNR) at the height of 300 meters to 500 meters were compared between the data of hardware
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failures and the data was misjudged, reduced the false positive rate by setting the signal to noise ratio threshold. The
experimental results show that this method is used to identify the hardware fault data of the LIDAR monitoring of the
external field, the recognition rate is 94.6%, and the false positive rate is only 1.5%. This method has a good recog-
nition effect on hardware fault data.
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Table 1 Identification of hardware failure data of atmospheric particulates monitor LIiDAR

(1470) 1390(Nqn) 80(Nep)
(7226) 1228(Nen) 5998(Nrp)

190100-4



DOI: 10.12086/0ee.2019.190100

1.2 1.0 1.2
(a) (b) (c)
1.0 0.8 1.0
0.8 0.6 0.8
0.6 0.4 0.6
5 : g
a 04 o 02 a 04
0.2 0 0.2
0 -0.2 0
-0.2 -04 -0.2
0O 2 4 6 8 10 12 0o 2 4 6 8 10 12 0 2 4 6 8 10 12
Distance/km Distance/km Distance/km

B4 RPHFEHEAEEFME. (@) =; (b) F; (c) W
Fig. 4 Echo waveform of misjudged data. (a) Cloud; (b) Haze; (c) Dust

(SNR) 300m 500 m
5 400
5 400
300m 500 m 0.4 1228
1.3 1119 300 m 500 m
400 1119
2
400 98% 2
1.5%
400 98%
300m 500 m

400

14 r

° ¢ Fog, haze or dust

12k * + Hardware failure
T 10¢ . © e N
g * o %ol

* .
§ 08 1 ’ : 4 ° . °
s so 0% : *
5 06 ORI ot A S .
£ * * N ° :
S oal ?» + Al i .
* [}
02 L RN
0 ¥ 1 1 Il 1 1 Il J
-200 0 200 400 600 800 1000 1200 1400
SNR

B 5 300 m~500 m 44z fe il S 2 S E 6 R EHATH

Fig. 5 Cluster analysis of the mean value of SNR and extinction coefficient from 300 meters to 500 meters

190100-5



DOI: 10.12086/0ee.2019.190100

&2

Table 2

PRI RUE 5 Bk SO E AR R R R
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(1470) 1390(Nry) 80(Nep)
(7226) 109(Nen) 7117(Nrp)
PN 2018 12 1 674
3.3 HiEWHE
489 185
. 3
(preCISIOIl ﬂPrecision )
3
(recall TRecall ) (F1-Measure
93.5%
nFl—Measure )
2.2% 173
0 1
169 2018
29  18:43:14
n _ Ny
Precision
NTP + NFP
NTP
nRecall = (7)
NTP + NFN
2’1Pre X rIRecall
-Measure = é:l: 1
o ’1Pre + 11Rel 5 =H -L%
(7) 1 (precision)
0.99 (Recall) 0.98
(F1-Measure) 0.98
300 m 500 m
. 93.5%
4  SLIGIGIE
300 m~500 m
(400)

2018 11 26

(.3 MR T R AR RS SR 0 R 5 &
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Overview: Particle LiDAR is a high-precision instrument with laser as the emitter. It continuously monitors the tem-
poral and spatial evolution and characteristics of aerosol, boundary layer, cloud height and multi-layer cloud structure,
thus obtaining the three-dimensional structure of atmospheric aerosol distribution with detailed changes, which has
strong ability and high degree of automation. The particulate matter LiDAR is fully covered in the area to achieve
high-temporal resolution air pollution monitoring, combined with the application of informational big data to achieve
pollution source tracking, early warning, forecasting functions, etc., to provide more timely and effective decision sup-
port for environmental pollution prevention and control. However, when the hardware of the radar's transmitting unit,
receiving unit, etc. fails, there will often be abnormal echo data generated, which will directly affect the subsequent in-
version results and have a great influence on the accuracy of the above applications. As a long-term, high-intensity, con-
tinuous operation high-precision equipment, atmospheric particulate matter monitoring LIDAR affected by factors such
as working environment and accessory quality, and hardware failure is difficult to avoid.

The hardware fault of the LIDAR will make the quality of the echo data worse. However, there is still a lack of effec-
tive identification methods for the error data caused by the hardware failure. Analysis of echo characteristics of atmos-
pheric particulate matter monitoring when LiDAR has hardware failure, according to the echo signal information of the
echo shape and intensity of the radar, the fuzzy logic algorithm is used to identify the fault data. The hardware fault data
of the atmospheric particulate radar is identified and tested. At the same time, in order to reduce the false positive rate
of data without hardware failures, the mean values of extinction coefficient and signal-to-noise ratio (SNR) at the height
of 300 meters to 500 meters were compared between the data of hardware failures and the data was misjudged, reducing
the false positive rate by setting the signal to noise ratio threshold. The experimental results show that this method is
used to identify the hardware fault data of the LIDAR monitoring of the external field, the recognition rate is 94.6%, and
the false positive rate is only 1.5%. This method has a good recognition effect on hardware fault data.

The method adopted in this paper can also realize the real-time monitoring of the LIDAR operating state and achieve
real-time warning of the LIDAR running state, which provides a reference for us to find faults in time and ensures the
normal operation of the equipment.

Citation: Zheng Z Y, Zhang T S, Dong Y S, et al. Identification of hardware fault data of particle LiDAR[]J]. Op-
to-Electronic Engineering, 2019, 46(7): 190100
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