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Abstract

Abstract

In recent years, due to the development of industrialization and urbanization, the
occurrence of sudden pollution incidents in the water environment has led to changes
in the color of water bodies resulting in abnormal water color. Water color is an
important indicator of water quality, and remote sensing is a crucial method for
detecting water color anomalies caused by pollution. Traditional remote sensing
methods for water color anomalies involve analyzing water absorption and backscatter
coefficients and establishing spectral indices to identify and extract water color.
However, pollutants causing abnormal color in water bodies are complex mixtures of
multiple pollutants, lacking uniform spectral reflection peaks and absorption valleys,
and without fixed wavelengths. As a result, it is difficult to identify and extract them
using a unified spectral feature index.

This study utilized domestic GF2-PMS data as the data source, focusing on the
water area outside Meidong Dazha in Beilun District, Ningbo City, and constructed a
discriminant function for normal and abnormal water color using the spectral
characteristics of remote sensing images. Based on GF2-PMS image data, this study set
a threshold for determining water color anomalies in the water area outside the Meidong
Gate. Then, using the GF2-PMS image from June 9, 2022 as the extracted image, this
study compared and analyzed the extraction results based on single image features and
the water color anomaly detection threshold set based on the multi-temporal image
features from 2018 to 2022. The results were compared and analyzed with the on-site
verification sampling results and the extraction results based on different band
combinations. The research results indicate that:

(1) By utilizing the spatial distribution information of water color anomalies
extracted from a single remote sensing image on June 9, 2022, not only was a relatively
comprehensive area of water color anomalies detected, but also water bodies with high
NDWI gray values and suspended sediment water bodies were preserved. The accuracy

of the water color anomaly extraction results was improved through setting the
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judgement function twice.

(2) Compared to the feature extraction process based on single-scene image
features that require setting the discrimination function again to extract the water color
abnormality, the spatial distribution information of water color abnormality extracted
based on multi-temporal image features only needs to be extracted once, achieving
similar results to those obtained by extracting single-scene image features again.

(3) After comparing and analyzing the results of water color anomaly detection
using single and multi-scene images, it was concluded that the judgment function based
on long-term, multi-scene image features is more accurate and faster in extraction speed
than the judgment function based on single scene image features.

(4) This study applied mean filtering on NDWI grayscale images before
constructing a discriminant function to distinguish between normal and abnormal water
color, and to extract water color anomalies present in the study area. The water color
anomaly extraction results using different band combinations showed a reduction in
small patches, in comparison to those based on single scene and multi-temporal image
features. Thus, it was concluded that mean filtering is effective in preventing the
refinement of the extraction results.

(5) This article employs the spectral properties of an image to detect water color
anomalies resulting from unidentified pollutant types, enabling the acquisition of
spatially-distributed information. It addresses the challenge of recognizing water color
anomalies caused by pollutants lacking typical spectral features or those composed of
mixed pollutants with several typical spectral features. This approach provides vital
information and technical support for the management of water environment pollution,
facilitating prompt detection and remediation of water pollution, and promoting water

environment and ecological security.

Key Words: water pollution, Abnormal water color, Remote sensing detection, Mean

filtering, Judgment threshold
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Table 1.1 Several different types of water color anomaly
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Table 1.2 Analysis of remote sensing detection method of water color anomaly based on spectral

characteristics
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Figure 1.1 Technical roadmap for identifying and extracting water color anomalies
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Figure 2.1 Map of Ningbo city, Zhejiang province.
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Figure 2.2 Industrial structure map of Ningbo city in 2022.
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Table 2.2 Query Results of GF1-WFV Remote Sensing Data from 2018 to 2022
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Figure 3.1 Flow chart of water color anomaly extraction based on single scene image features
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Figure 3.2 Flow chart of water color anomaly extraction based on multi-scene image features
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Table 4.1 Statistical characteristics of training sample set in the process of extracting water color

anomaly from single scene images

Pixel Count Min Max B (Mean) StdDev S (km?)
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Figure 4.4 Histogram feature map of training samples during the initial extraction process based
on single scene images
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Figure 4.5 Water color anomaly based on first extraction of single scene image features
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Figure 4.6 Spatial distribution of water color anomalies based on first extraction of features from
single scene images
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Figure 4.7 Histogram feature map of training samples during re extraction based on single scene
images
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Figure 4.8 Water color anomaly extraction based on feature extraction from single scene images
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Figure 4.9 Schematic diagram of remote sensing images from 2018 to 2022
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Figure 4.10 NDWI grayscale images from 2018 to 2022
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images from 2018 to 2022



4 TR IEEOK U el

K42 T ZHEBGRIOIRE P RINFRREAES TR

Table 4.2 Statistical features of training sample sets based on multi scene image extraction process

HH#H Pixel Count Min Max B (Mean) StdDev
2022.06.09 3092 0.3318 0.3715 0.3550 0.0078
2020.04.17 2967 0.1000 0.2056 0.1286 0.0110
2020.05.11 2884 0.1213 0.1889 0.1697 0.0114
2019.04.08 2731 0.3360 0.4076 0.3878 0.0132
2019.07.26 3258 0.0379 0.3392 0.0249 0.0606
2019.10.22 2987 0.5284 0.5747 0.5537 0.0074
2018.01.15 2768 0.4205 0.5138 0.4997 0.0146
2018.02.13 2973 0.4004 0.9494 0.7598 0.0168
2018.07.16 3486 0.3991 0.9494 0.7598 0.1016
2018.07.31 3354 0.0706 0.4492 0.2288 0.0457

30
& 20
ﬁ
& 10
0
0.3318 0.3412 0.3506 0.3600 0.3694

Bl
B 4.12 T2 FHERIUK G IR B I g A BT R K
Figure 4.12 Extracting the histogram feature map of training samples during the process of water

color anomaly based on multi scene images
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Figure 4.13 Water color anomaly extraction based on Multi scene Image Feature Extraction
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Table 5.1 Comparison of accuracy of feature extraction results based on single shot and multi shot

images
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Figure 5.1 Water color anomaly based on feature extraction from single scene and multi-scene
images
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Figure 5.2 Comparison of four wavebands of GF2-PMS images
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Figure 5.3 Water color anomaly extraction based on single band threshold method
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Figure 5.4 Gray scale images using different normalization index methods
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Figure 5.5 Water color anomaly extraction based on NDWI threshold setting
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Figure 5.6 Water color anomaly extraction based on band difference method
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Figure 5.7 Photos taken on site
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Figure 5.8 Field survey of suspended sediment deposition and wastewater discharge into the sea

in some sea areas of Ningbo City

Figure 5.9 Photos of Take water samples and photometry spectrum on site
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Table 5.2 Data of water samples taken on site
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