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ABSTRACT 
Among worldwide natural disasters, floods are the most destructive. The flood mapping is the primary process in the flood 
disaster management system. The major objective of the proposed work is developing an efficient methodology for recognizing 
and mapping the flooded regions by utilizing the TerraSAR-X imagery. Initially, the TerraSAR-X satellite images are captured 
during the flood for mapping the flooded areas. Then, the Multispectral Landsat imagery is utilized for detecting the water bodies 
prior to the flooding. In previous flood management system, the flooded regions are detected by using the object-oriented 
classification and Taguchi method. In this method, the differences of the spatial resolutions in Landsat and TerraSAR-X images are 
providing the misclassifications in the water body boundaries like river. In addition, Taguchi method deals with only three 
parameters and the limitations are obtained for multiple parameters. Therefore, these limitations are removed by this proposed 
work in which fuzzy set theory is applied for multiple parameter decision making instead of Taguchi method. The proposed 
method is used for reducing the uncertainty in order to determine the weight of each response and simultaneously deals with the 
continuous and discrete parameters. Multiple parameter decision making (MPDM) is consisting of the selection of parameters for 
improving the efficiency of the detection approach. Also, an iterative self-organizing data analysis technique (ISODATA) 
classification is applied for TerraSAR-X after segmentation process. Finally, the experimental results show that the effectiveness of 
the proposed flood detection approach. 

 

KEYWORDS: Flood mapping, TerraSAR-X imagery, Rule-based classification, Taguchi method, fuzzy set theory.  
 

INTRODUCTION 

 

The flood is defined as the overflow of the water from lake, river, ocean where the water overtops or 

breaks. Therefore, the water is escaping from its usual boundaries or it may be accumulated the rainwater on 

saturated region in flooded region. TerraSAR-X is referred as the radar earth observation satellite and it is 

utilized for acquiring the high-quality radar images of the entire planet system. This satellite is designed for 

providing the weather conditions and illuminations by means of radar image with resolution of up to 1m. The 

image processing is the process of enhancing the raw images which are received from the sensor or cameras 

located in satellites, space probes and aircrafts. Initially, the images are converted into digital form and then the 

digital images are processed by different techniques.  

Remote sensing is defined as the acquisition of information about an object or phenomenon without any 

physical contact with the object. It is used in different applications like military, intelligence, commercial, 

planning and humanitarian applications including with the geography, earth science disciplines. Nowadays, 

remote sensing is defined as the utilization of satellite or aircraft based sensor technologies for detecting and 

classifying the objects on earth also on the surface, atmosphere and oceans by using propagated signals. The 

remote sensing is classified as active remote sensing and passive remote sensing.  
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Literature Survey: 

Toan et al [1] presented about the utilization of time series of SAR images for mapping the flood temporal 

dynamics and the spatial distribution of vegetation over the large Amazonian floodplain. In this paper, the image 

analysis is used for providing the temporal variations of the radar backscatter which is used for monitoring the 

flooded regions. In addition, the analysis of the backscatter temporal variation is used for reducing the 

uncertainty between smooth surfaces inherent to L-band backscatter. Moreover, the proposed method is manual 

and time-consuming process. 

Mason et al [2] described about the modified approach of flood extent delineation algorithm for improving 

the accuracy by utilizing the airborne laser altimetry such as Light Detection and Ranging (LiDAR) as well as 

SAR data. The waterline heights of the SAR flood extent which was conditioned on both SAR and LiDAR data 

is combined by the corresponding heights from the aerial photograph waterline. This method can only be used 

by a researcher with a priori knowledge of the statistical properties of images. 

Nico et al [3] presented a model utilization of such strategies, that is, a surge outline from ERS-1/2 

information assumed control Be'ziers (Southern France), through appropriate thresholding of a blend of 

sufficiency and rationality data. Delivered in the system of an ESA extend, the guide comprises of a DXF vector 

document which can be transported in straightforwardly into most business GIS programming.Amplitude 

change detection techniques are limited by their difficulty and by the significant amount of time required to 

classify at least two SAR data. 

Sanyal et al [4] presented a review of remote sensing and GIS applications remotely sensed or hydrological 

data. The accuracy of the flood estimation is depending upon the resolution of the DEM. However most of the 

investigations mentioned in this work are heavily dependent on the availability of satellite data, which is not 

always guaranteed for the time of peak flood. 

Cloke et al [5] investigated about the urban flooding in layover regions using the double scattering between 

the ground surface and the walls of adjacent buildings. The proposed method is utilized for estimating the 

strength of double scattering by using the SAR image including with the high resolution LiDAR height map of 

the urban region. The SAR simulator is applied to the LiDAR data for generating the maps of layover and 

shadow and estimating the locations of double scattering curves in the SAR image. But, the accuracy is reduced 

in urban regions since the visibility of TerraSAR-X of the ground surface are restricted due to the shadow and 

layover. 

Chini et al [6] investigation shows the practicality and the utility of a joined utilization of an 

electromagnetic scrambling model and a propelled picture preparing system for immersion checking.A 

procedure to monitor an inundation event using multi temporal COSMO-Sky Med data is presented in this 

work. But this method requires more time. Yajima et al [7] presented a technique for modifying the 

decomposition process and the results are applied for monitoring the seasonal changes of the wetland region by 

using the high-resolution POLSAR data. The inconsistency issue is avoided by applying the simple constraint 

on the scattered powers.  

P. Townsend et al [8] described the application and interpretation of C-band images requires identification 

of the forest conditions under which C-band microwaves detect inundation. Images from ERS-1 and 

RADARSAT speaking to about indistinguishable hydrological conditions were utilized to arrange overflowed 

and non overwhelmed backwoods. Flooded forests were recognized precisely utilizing RADARSAT, and were 

discernable yet not mapped precisely utilizing ERS-1. However this method does not consistently detect flooded 

forests. 

Mason et al [9] investigated about the ability of high-resolution TerraSAR-X synthetic aperture radar 

(SAR) data for detecting the flooded areas in urban regions. The proposed algorithm is used for producing the 

flood extents for calibrating and validating urban flood inundation models and the findings are used for 

indicating that the TerraSAR-X is having the capability for providing the useful data. However, the 

differentiation between flooded regions and water is difficult while the flooded areas are wetlands.  

Twele et al [10] presented an automatic near-real time (NRT) flood detection approach, which combines 

histogram thresholding and segmentation based classification, specifically oriented ERS-1 and RADARSAT 

speaking to almost indistinguishable hydrological conditions were utilized to characterize overwhelmed and non 

overflowed backwoods.High resolution topographic information has been successfully combined with multi-

scale segmentation to enhance the mapping performance in areas that partly consist of flooded vegetation and 

anthropogenic objects as well as to remove non-water look-alike areas. But the development of a near-real-time 

algorithm for urban flood detection thus remains a challenge. 

 

Map Flooded Areas By Using Terrasar-X Imagery Based On Fuzzy Set Theory: 

In the first stage, preprocessing was done for both images of Landsat and TerraSAR-X. Speckles were 

removed from TerraSAR-X using ISODATA method. Gap filling and pan-sharpening were applied for Landsat 

imagery in order to solve the problem of gaps in Landsat and increase the spatial resolution of this data. In order 
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to perform object-oriented rule based classification schemes, two main steps should be done. The first stage is 

segmentation, which defines the boundary of the objects. Here, Taguchi optimization technique was used in 

order to find the optimum segmentation combination. In the second stage, rules were defined, and classification 

was done based on the derived rules. Three classes of vegetation, water, and urban were produced using the 

Landsat image. Similarly, TerraSAR-X was classified into two classes of water and non water bodies. By 

subtracting the two classes of water bodies from Landsat and TerraSAR-X, flooded areas were extracted. As a 

last step, validation was done using a confusion matrix, and reliability of flooded area map was assessed. In this 

approach the differences in the spatial resolutions in Landsat and TerraSAR-X images made few 

misclassifications in the boundary of the water bodies such as river. Taguchi method only dealt with a three 

parameter in the existing wok and the multi number parameter has obtained limitation. 

To overcome the above drawbacks we apply fuzzy set theory to multiple parameter decision making. The 

procedure can reduce the uncertainty for deciding a weight of every reaction and it is a general approach which 

can at the same time deal with continuous and discrete parameter. Multiple parameter decision making (MPDM) 

involves the selection among some alternatives each having multiple, usually conflicting, parameters. From a 

practical viewpoint, the number of alternatives is predetermined in the MPDM problems. This improves the 

segmentation accuracy than Taguchi optimization approach. This approach dealt with multiple parameters. So it 

gives efficient results when compared to previous approach. 

 

A. Image Preprocessing: 

In this module, the preprocessing of Landsat and SAR images are performed. The gaps in Landsat imagery 

must be filled, and the image must undergo pan-sharpening. The local linear histogram matching method filled 

the scan gap in the Landsat imagery. A scan gap mask was produced for each band that displays existing data as 

1 and that denotes the missing data in the scan gap and areas to be filled by 0. Moreover, the Landsat imagery 

was pan-sharpened using the Gram-Schmidt (GS) spectral sharpening method. The spatial resolution of the 

Landsat image was 30 m; however, this method can improve this spatial resolution by merging the high-

resolution pan image with the bands of low spatial resolution. Therefore, the spatial resolution of Landsat was 

enhanced to 15 m after pan-sharpening. Speckles should be removed from the TerraSAR-X image using Frost 

filter.  

 

B. Segmentation Based on Fuzzy Set Theory: 

In this module, multiple parameters such as scale, color, shape, texture, position and segments should be 

defined properly to recognize flooded areas. Segmentation is the first stage in object-oriented analysis, and it 

partitions an image into non-overlapping regions. Segmentation precision significantly influences the quality of 

the final classified map. Therefore, this module used the fuzzy multi resolution segmentation algorithm. It began 

with one pixel and progressed until all of the criteria were fulfilled. This type of segmentation was achieved 

through parameters such as scale, color, shape, texture and position, which generate more than 300 

combinations for segmentation. The fuzzy set theory technique can obtain the optimum combination of 

segmentation parameters to get the better segmentation precision. 

 

C. Fuzzy Rule-Based Classification: 

Fuzzy Rule-based classification aims to enhance feature classification precision. Moreover, a user can 

create and flexibly manipulate rules until the best classification results are obtained. The necessary rules were 

manually defined according to the segment attributes of both images. Based on the rules, system segments and 

classifies the water and non water contents. The fuzzy if-then rule is defined as follows: 

𝑅𝑢𝑙𝑒 𝑅𝑗: 𝐼𝑓 𝑥1 𝑖𝑠 𝐴𝑗1 𝑎𝑛𝑑 … 𝑎𝑛𝑑 𝑥𝑛 𝑖𝑠 𝐴𝑗𝑛 𝑇ℎ𝑒𝑛 𝑐𝑙𝑎𝑠𝑠 𝐶𝑗 

𝑤𝑖𝑡ℎ 𝐶𝐹  𝑤ℎ𝑒𝑟𝑒 𝑗 = 1, … , 𝑁 

In above equation, 𝑅𝑗 is the label of the 𝑖𝑡ℎ fuzzy if-then rule, N is the total number of fuzzy if-then rules 

and 𝑋 = [𝑥1, … , 𝑥𝑛] is the pattern vector n-dimensional, 𝐴𝑗1 is the antecedent fuzzy sets for 𝑖𝑡ℎ attribute, 𝐶𝑗 is 

the consequent class and 𝐶𝐹𝑗 is the certainty grade of the fuzzy if-then 𝑅𝑗. By using the above equation, N 

number of fuzzy if-then rules is generated for detecting the flooded regions. Thus, the fuzzy classification based 

flood detection is achieved by utilizing the fuzzy rules.     

 

Experimental Results: 

The experiments are conducted by using the both Landsat and TerraSAR-X database images. The 

performance comparison is made in terms of precision, recall, f-measure and accuracy for existing and proposed 

technique.  
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1. Precision: 

Precision value is evaluated according to the feature classification at true positive prediction; false 

positive.It is expressed as follows: 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
 

 
 

Fig. 1: Comparison of Precision 

 

Figure 1 shows that the comparison of the existing classification method such as Taguchi optimization with 

proposed method Fuzzy rule-based classification in terms of precision value. The result shows that the Fuzzy 

rule-based classification method provides higher precision than Taguchi optimization classification.   

 

2. Recall: 

Review esteem is assessed by the component characterization at genuine positive forecast, false negative .It 

is given as, 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑟𝑢𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

(𝑇𝑟𝑢𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒)
 

 
 

Fig. 2: Comparison of Recall 

 

Figure 2 show that the comparison of the existing classification method such as Taguchi optimization with 

proposed method Fuzzy rule-based classification in terms of recall value. The result shows that the Fuzzy rule-

based classification method provides higher recall than Taguchi optimization classification.   

 

3. F-Measure: 

F-measure is calculated from the precision and recall value. It is calculated as: 
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𝑓 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 = 2 × (
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 × 𝑟𝑒𝑐𝑎𝑙𝑙

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑟𝑒𝑐𝑎𝑙𝑙
) 

 
Fig. 3: Comparison of F-Measure 

 

Figure 3 shows that the comparison of the existing classification method such as Taguchi optimization with 

proposed method Fuzzy rule-based classification in terms of f-measure value. The result shows that the Fuzzy 

rule-based classification method provides higher f-measure than Taguchi optimization classification.   

 

4. Accuracy:  

The accuracy is the proportion of true results (both genuine positives and genuine negatives) among the 

aggregate number of cases inspected. Accuracy can be calculated from formula given as follows 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
TP +  TN

TP +  TN + FP +  FN
 

 
Fig. 4: Comparison of Accuracy 

 

Figure 4 shows that the comparison of the existing classification method such as Taguchi optimization with 

proposed method Fuzzy rule-based classification in terms of accuracy value. The result shows that the Fuzzy 

rule-based classification method provides higher accuracy than Taguchi optimization classification.   

 

Conclusion: 

The differences in the spatial resolutions in Landsat and TerraSAR-X images made few misclassifications 

in the boundary of the water bodies such as river by using the Taguchi optimization algorithm. To overcome 

these drawbacks we apply fuzzy set theory to multiple parameter decision making. The procedure can reduce the 

uncertainty for deciding a weight of each response and it is an all inclusive approach which can at the same time 

deal with continuous and discrete parameter. Multiple parameter decision making (MPDM) involves the 

selection among some alternatives each having multiple, usually conflicting, parameters. The experimental 

results show that proposed system is efficient than existing system.  
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