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Satellite Hyperspectral Retrieval of Turbidity for Water Source
Based on Discrete Particle Swarm and Partial Least Squares

CAO Yin' YE Yuntao> ZHAO Hongli® JIANG Yunzhong WANG Hao'®> YAN Dengming'
(1. State Environmental Protection Engineering Center for Pollution Control in Textile Industry,
Donghua University, Shanghai 201620, China
2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract; With the increase of non-point source pollution emissions, the degree of eutrophication in
water source is becoming seriously increase. Turbidity is an important parameter of water quality
assessment, as an indicator of eutrophication. A discrete binary particle swarm optimization-partial least
squares ( PLS) model was proposed to reduce modeling uncertainty of turbidity retrieval using PLS and
improve retrieval accuracy. A discrete binary particle swarm optimization was used to select original
spectral reflectance and normalized spectral reflectance of concurrent HJ — 1A HSI hyperspectral data with
the turbidity obtained from October, 2015 in Weishan Lake as the input of partial least squares model.
OSR — PLS and NSR — PLS model retrieving turbidity were developed by using original spectral reflectance
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and normalized spectral reflectance in full spectrum (HJ — 1A HSI B26 — B105 with 518 nm to 870 nm
(central wavelength) ). Meanwhile, the OSR — DBPSO — PLS and NSR — DBPSO — PLS models were
developed to retrieve turbidity by using the selected original spectral reflectance and normalized spectral
reflectance. The influence of spectral normalized and the characteristic band optimized on PLS model
retrieval accuracy were analyzed based on the four models’ elevation. Finally, the highest accuracy
model was used to retrieve the turbidity distribution in Weishan Lake. The results indicated that the
accuracy of NSR — PLS (R* =0.91) model was better than that of OSR — PLS model (R* =0.50). The
normalization of reflectance can improve PLS accuracy of turbidity retrieval. DBPSO can identify the
optimal original and normalize spectral reflectance. The number of bands required for turbidity PLS
modelling was reduced from 80 to 44 (OSR) and 36 (NSR), respectively. The OSR — DBPSO — PLS
(R* =0.96) and NSR — DBPSO — PLS (R’ =0.97) modelling based on 44 OSR and 36 NSR,
respectively, had high accuracies, which were significantly higher than the OSR — PLS and NSR — PLS
modelling by full spectrum. The NSR — DBPSO — PLS model with minimal comprehensive error was
selected to retrieve turbidity in Weishan Lake, which was suitable for inland water turbidity retrieval
based on HJ — 1A HSI data.

Key words: water source; turbidity; hyperspeciral retrieval; discrete particle swarm; partial least
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Tab.1 Explanation ability for spectrum and turbidity

R(B,) = (12)

n

of principal components
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B
N BURRERES /% BUREEGETL %
OSR — PLS 2 82.67 50.21
NSR — PLS 2 42.51 91.19
OSR-DBPSO-PLS 4 90. 23 96. 44
NSR-DBPSO-PLS 5 58.14 97.35
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Tab.2 Accuracy evaluation of PLS model retrieving turbidity based on original spectral reflectance
s W B Tpuse o/ % App /% Cp /% Trusi o/ % Agg /% Cy /% Cyp/%
OSR - PLS 80 45. 34 47.38 46. 36 41.93 67.20 54.57 50. 46
NSR - PLS 80 19. 07 23.58 21.32 35.56 52.71 44. 14 32.73
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