
 

 

Journal of Environmental Studies 
Vol. 46, No. 2, Summer 2020 

 
Journal Homepage: www.Jes.ut.ac.ir 

Print ISSN: 1025-8620 Online ISSN    2345-6922 
 
 
 
 
 
The Fusing of Satellite Images and Using Particle Swarm Optimization 
Algorithm to Improving Evaluation of Water Body, Focusing on 
Monitoring and Identifying Flood 
 
 
Nahid Bahrami, Majid Kiavarz Moghadam, Meysam Argany* 
 
Department of RS/GIS, Faculty of Geography, University of Tehran, Tehran, Iran  
 
DOI: 10.22059/JES.2021.304710.1008032 
 
 
 
 
 

 Document Type 
Research Paper 

 
Received 
February 25, 2020 
 
Accepted 
May 20, 2020 

Abstract 
Every year crises and natural disasters affect many countries, and it causes economic and human losses. Iran is 
one of the countries that are facing a lot of events of natural disasters. In this research, it has attempted to present 
an appropriate and efficient solution in this field. In this regard, a method for identifying water bodies that can be 
very effective in monitoring water bodies and identifying and monitoring and estimating flood damage. At the 
beginning of the research, appropriate images were identified and collected. In the next step, higher resolution 
images have fused to reducing the mixed pixels and increasing the accuracy of the results and analysis in the 
proposed method. Then, spectral reflectance in the water-sensitive bands be used, and compared with the 
standard reflectance value identified for the water in the same bands, the images of probable water existence 
were provided. The particle swarm optimization algorithm, according to the studies and appropriate capabilities, 
was founded on the purpose method of this research. Finally, optimizing the introduced objective function was 
tried to considering the nature of water and flood behavior, and the results are evaluated visually and statistically 
by two classification methods. 
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Extended abstract 
Introduction 
Every year crises and natural disasters affect many countries, and it causes economic and human 
losses. Iran is one of the countries that are facing a lot of events of natural disasters. In research, it has 
attempted to present an appropriate and efficient solution in this field. In this regard, a method for 
identifying water bodies can be advantageous in monitoring water bodies and identifying and 
monitoring and estimating flood damage. At the beginning of the research, appropriate images were 
placed and collected. In the next step, higher resolution images have been fused to reducing the mixed 
pixels and increasing the accuracy of the results and analysis in the proposed method. Then, spectral 
reflectance in the water-sensitive bands was used. Compared with the standard reflectance value 
identified for the water in the same bands, probable water existence images were provided. According 
to the studies and appropriate capabilities, the particle swarm optimization algorithm was founded on 
this research's purpose method. Finally, optimizing the introduced objective function was tried to 
consider the nature of water and flood behavior, and the results were evaluated visually and 
statistically using two classification methods. 
 
Materials and Methods 
The proposed method of this research is done in two primary and general stages: in the first stage, a 
water probability map is extracted from the images, and then in the second stage, the proposed water 
probability map is optimized with a particle swarm algorithm. 
The functions used in this study are as follows: Relationship 1 is The function of calculating the 
probability map of water; Relationship 2 is the objective function (Jia et al., 2018); Relationships 3 
and 4 (Karamouz et al., 2014) are a function of the particle swarm algorithm (Samadzadegan & 
Alizadeh, 2011; Bahrami et al., 2019). 

(1) 
 

(2) 
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Discussion of results 
Part of the Caspian Sea has been selected as a suitable study area due to pure water bodies. Images of 
the Landsat 8 satellite, the OLI sensor, have been used as the data source to prevent various sensors' 
impact. All images selected are cloudless to reduce cloud impact. To time minimizing process, a 
clipping of images has been considered. Some of the images were to validating this purpose method. 
The resolution of Landsat images (30 m) is vast for identifying small pieces with mixed pixels. For the 
increasing spatial resolution of images, the IHS image fusion algorithm has been used with the 
panchromatic image. 
Due to water's spectral behavior in different bands, NIR, SWIR, and Green bands were recognized and 
used. March 2019 has been considered due to the floods around the Caspian Sea. The study area was 
selected as part of the Caspian Sea border, around Kiashahr near Lahijan. In the first step, to improve the 
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final results' accuracy, the chosen bands were combined with a panchromatic band that has twice the 
resolution (15 m) of the above bands. 
In the next step, small areas in the deeper part of the sea that do not have cloud cover were used as the 
standard reflectance of water and calculate the classification error. The band's vector angle values and 
the water reflectance standard value (such as the SAM method), and the distance their values were 
used to create the map. Probability water in each pixel, its reflectance proximity to the standard 
reflectance of water in the same band, will be between 0 and 1. 
After creating a probabilistic map of water's existence, this map enters the optimization algorithm as a 
relatively simple classification. The goal of implementing an optimization algorithm that is detecting 
and extracting the water range from images and creating a map of water's probability can be an 
excellent initial solution for better implementing the algorithm. In the optimization algorithm, before 
implementing such algorithms, the objective function should be defined and used to optimize the 
problem.  
When its value is more valuable in this problem, that is a larger value. In this research, a means of 
maximized value is more probability of water. Function and particle swarm algorithm coefficients 
have been determined from the beginning of the algorithm implementation. c1, c2, 1, 2, and w, in the 
PSO algorithm structure, k1, k2, and k3 in the objective function are coefficients whose values were 
determined. 
Suitable values for c1, c2 in the range [2.2, 1.8] so that the sum is equal to 4; These two coefficients 
determine the effect of the best individual response and collective response in the particle swarm 
algorithm; in other words, it is possible to choose the tendency to local or global optimizations. 
Therefore, these two coefficients were selected in the mentioned interval to have an optimal and 
balanced state of the algorithm implementation process and responses. 
The coefficient W, which controls the convergence process of the algorithm, is equal to 1. The 
reduction coefficient W (convergence coefficient of the algorithm) was considered in the next 
iterations similar to 0.05 1, 2 being random numbers determined in each iteration of the algorithm to 
move towards the answers in new and unexplored spaces. k1, k2, and k3 were considered equal to 0.9, 
0.5, 1, respectively, according to the climatic conditions of the study area. As it is clear from the study 
area's position, due to the placement of water and land next to each other, consequently increasing the 
probability of water pixels and reducing the likelihood of lack of water and reducing the distance with 
pixels water, were considered. 
At each stage of implementation, the pixels' status was compared with the objective function's best 
solution, if it is better than the best solution to replace. In addition to each pixel, it will have saved the 
objective function calculated for the whole range. If the response was better than the optimal state of 
the global solution, it was replaced. In this way, the answers have been compared with the most 
optimal solution due to the algorithm's defining conditions. Finally, after 500 repetitions, the algorithm 
ends.  
By studying and checking the optimization algorithms, the particle swarm algorithm as a collective 
intelligence algorithm takes effects of the neighborhood (Bahrami et al., 2019) and according to the 
water behavior and creating floods, will be advantageous. This algorithm was selected using an 
objective function that would cover the essential issues and consider the water probability in the points 
and the neighbors' impact. In research to improve the algorithm, a relatively right initial solution was 
created by the probabilistic maps of water present in the pixels and the spectral behavior of water and 
spectral reflection in the used bands. 
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Conclusion 
Finally, the proposed algorithm's performance was visually and statistically compared with several 
other classification methods such as SVM and k-means. The Overall Accuracy and Kappa Coefficient 
values  were calculated and compared for statistical comparison. The OA value of 98.93% for the 
proposed algorithm, 98.39% for SVM and 96.73% for k-means, and KC 95.6%, 91.2%, and 67.8% for 
the proposed research algorithm SVM and k-means. As a result, the proposed algorithm was found to 
be useful and appropriate in this problem. Figure 2 is a statistical comparison chart of the proposed 
method and methods of SVM and k-means. 
 
. 
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1. Structural measures 
2. Non-structural measures 
3. Longitudinal embankment 
4. Flood wall 
5. Feature 
6. Wavelet 
7. State spaces 
8. Particle swarm algorithmSpectral Matching 
9. Spectral Angle Mapper 
10. Global 
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