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Pattern Recognition Model for Haze Identification with
Atmospheric Backscatter Lidars

Wang Zhifei Liu Dong Cheng Zhongtao Yang Yongying Luo Jing

Shen Yibing Bai Jian Wang Kaiwei
(State Key Laboratory of Modern Optical Instrumentation , Department of Optical Engineering ,
Zhejiang University ., Hangzhow, Zhejiang 310027, China)

Abstract A pattern recognition model for haze identification with atmospheric backscatter lidars is proposed. The
process of building the characteristics sample database for haze pattern recognition is described in detail. The
classification of haze particles by using Bayesian discriminant function, as the selection basis of haze optical
characteristics vector, is presented. Computer simulation for the proposed pattern recognition model of haze
identification is carried out. Two self-calibration approaches are employed to check the validity and stability of the
model. By analyzing the applicability of this model for atmospheric lidars, the advantage of polarized high spectral

resolution lidar (HSRL) is highlighted.
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Table 1  Accuracy rates of eight kinds of hazes

self-calibration

Accuracy of self-verification
Ice 91.75%
Pure dust 97.47%
Mix dust 98. 66 %
Maritime 95.21%
Marine pollution 73.24%
Urban 91.52%
Biomass burn 85.39%
Fresh smoke 86.09%
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Table 2 Accuracy rates of eight kinds of hazes generalized self-calibration

No.
1 2 3 4 Mean result
Haze type
Ice 91.46% 92.04% 92.31% 91.19% 91.75%
Pure dust 96.90% 96.77% 97.17% 96.50% 96.84%
Mix dust 98.66% 98.67% 98.67% 98.67% 98.67%
Maritime 95.40% 94.89% 94.95% 95.22% 95.12%
Marine pollution 73.68% 73.58% 74.35% 74.25% 73.97%
Urban 91.55% 91.44% 91.70% 91.67% 91.59%
Biomass burn 85.19% 85.05% 85.69% 85.63% 85.39%
Fresh smoke 86.05% 85.96 % 86.07% 86.05% 86.03%
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Table 3 Accuracy rates of eight kinds of hazes self-calibration for non-double-wavelength polarized HSRL

Lidar type Dual-wavelength polarized Single-wavelength Single-wavelength polarized
Haze type Mie backscatter lidar polarized HSRL Mie backscatter lidar
Ice 71.63% 84.02% 58.68%
Pure dust 32.73% 93.77% 0
Mix dust 97.39% 97. 24 % 96.31%
Maritime 0 74.25% 0
Marine pollution 0.59% 0 0
Urban 71.03% 78.57% 0
Biomass burn 14.61% 0.89% 0
Fresh smoke 0 43.76 % 0
&) ice
pure dust
dust mix
maritime
marine pollution
urban

biomass burn

fresh smoke
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© Relative probability /%
ice
pure dust
dust mix
maritime
marine pollution
urban

biomass burn

fresh smoke

10 20 30 40 50 60 70 80 90 1
Relative probability /%

B 6 XFelE X K w4k HSRL /PR 55 56 0F /) T 40 53 47 25 21

0 10 20 30 40 50 60 70 80 90 100
Relative probability /%
Elice
I pure dust
[ dust mix
[Imaritime
Il marine pollution
[ urban
[ biomass burn
[ fresh smoke
[Jinvalid data

() WP KA Pk Mie HURBOEE 5 /\FKE B 5k

WA (b) S KR iR HSRL AR 58 B 300 (9 HER %5 (o SRR IR Mie BUNBOL T 5 /\ B0 K58 8 50 UE 19 M i %

Fig. 6 Analysis results of eight kinds of hazes self-calibration for non-double-wavelength polarized HSRL.. (a) Accuracy

rates of eight kinds of hazes self-calibration for double-wavelength polarized Mie scattering lidar; (b) accuracy rates

of eight kinds of hazes self-calibration for single-wavelength polarized HSRL lidar; (c¢) accuracy rates of eight kinds

of hazes self-calibration for single-wavelength polarized Mie scattering lidar
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Table 4  Accuracy rates of eight kinds of hazes self-calibration for non-double-wavelength polarized HSRL without threshold

Lidar type Dual-wavelength polarized Single-wavelength Single-wavelength polarized
Haze type Mie backscatter lidar polarized HSRL Mie backscatter lidar
Ice 80.31% 86. 66 % 76.54%
Pure dust 69.17% 95.53% 38.97%
Mix dust 98.40% 98.39% 98.30%
Maritime 1.03% 83.69% 0
Marine pollution 1.20% 0 0
Urban 90. 60% 92.39% 98.92%
Biomass burn 78.61% 6.82% 2.05%
Fresh smoke 45.57% 81.97% 0
@ ice ® ice
pure dust pure dust
dust mix dust mix
maritime maritime
marine pollution marine pollution
urban urban

biomass burn
fresh smoke
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Fig. 7 Analysis results of eight kinds of hazes self-calibration for non-ouble-wavelength polarized HSRL without threshold.

(a) Accuracy rates of eight kinds of hazes self-calibration for double-wavelength polarized Mie scattering lida without

threshold; (b) accuracy rates of eight kinds of hazes self-calibration for single-wavelength polarized HSRL lidar

without threshold; (c¢) accuracy rates of eight kinds of hazes self-calibration for single-wavelength polarized Mie

scattering lidar without threshold
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