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ABSTRACT: 

 

In this study, pre-processes for urban areas detection in synthetic aperture radar (SAR) images are examined. These pre-processes are 

image smoothing, thresholding and white coloured regions determination. Image smoothing is carried out to remove noises then 

thresholding is applied to obtain binary image. Finally, candidate urban areas are detected by using white coloured regions 

determination. All pre-processes are applied by utilizing the developed software. Two different SAR images which are acquired by 

TerraSAR-X are used in experimental study. Obtained results are shown visually. 

 

 

1. INTRODUCTION 

Information of urban areas are very important for civilian and 

military applications. When the relevant literature is taken into 

consideration, it is seen that many academic studies are made on 

urban areas detection in SAR images. One of them presents an 

unsupervised urban area extraction method which is adaptive 

and iterative (He et al., 2006). In the other approach, two new 

data fusion methods are proposed and applied to detect small 

urban areas (Gouinaud, 2008). A research presents an improved 

method for extraction of urban area in high resolution and very 

high resolution SAR images (Gamba et al., 2011). A novel 

urban area extraction method based on an iterated 

foreground/background separation framework is proposed 

(Wang et al., 2011). In the other study, SAR image is classified 

as water, urban and land areas by utilizing a Bayesian model 

(Kayabol, and Zerubia, 2012). There are some approaches 

which are using polarimetric SAR images to detect urban and 

built-up areas (Kajimoto and Susaki, 2013; Yang et al., 2014; 

Azmedroub and Ouarzeddine, 2015). A convolution neural 

network based built-up areas detection method is presented (Li 

et al., 2016). Other research proposes a method to extract built-

up areas by using SAR image’s features (Yang et al., 2017). 

 

Urban areas appear brighter than their neighbours in SAR 

image. Three different pre-processes for urban areas detection 

are examined by using this information in this study. 

 

2. PRE-PROCESSES 

Three pre-processes are applied to detect candidate urban areas. 

These are image smoothing, thresholding and white coloured 

regions determinations. 

 

2.1 Image Smoothing 

There are noises in SAR images and these noises affect process 

of urban area detection negatively; therefore, image smoothing 

is carried out to remove noises. 5x5 Gaussian filter is applied to 

all pixels of SAR image one by one for this process. The filter is 

shown in Figure 1 and used equation is defined in Equation 1. 
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Figure 1. Gaussian filter 

𝑝(𝑥,𝑦) = ∑
𝑝𝑗𝑓𝑗

273

25
𝑗=1        (1) 

 

In the equation, p(x,y) is the new value of relevant pixel’s colour, 

pj is relevant pixel’s neighbour and fj is filter’s value. 

  

2.2 Thresholding 

After image smoothing, thresholding is applied to obtain binary 

image. In this image, white coloured regions have high 

probability to be  an urban area. Used equation is defined in 

Equation 2.  

 

𝑓(𝑝(𝑥,𝑦)) = {
0, 𝑝(𝑥,𝑦) ≤ 200

255, 𝑝(𝑥,𝑦) > 200
   (2) 

 

In the equation, p(x,y) is the value of relevant pixel and 200 is the 

threshold value. 

 

2.3 White Coloured Regions Determination 

After thresholding, white coloured regions determination is 

applied to detect candidate urban areas. A 20x20 pixels block is 

shifted on the binary image for this process. In every step, the 

block searches different region as shown in Figure 2.  

 

 
Figure 2. White coloured regions determination 
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If binary image’s region which corresponds to the block has at 

least 50% white colours, relevant region is accepted as a 

candidate urban area. 

 

3. EXPERIMENTAL RESULTS 

Two different SAR images (resolution: up to 2m, polarization: 

HH, mode: spotlight, multi look ground range) belonging to 

different regions are used for experimental study. They are 

acquired by TerraSAR-X. They have the same size (7000x7000 

pixels). First region’s urban areas and result are shown in Figure 

3 and Figure 4. Second region’s urban areas and result are 

shown in Figure 5 and Figure 6. Red ellipses denote urban areas 

in Figure 3 and Figure 5. White coloured regions denote 

candidate urban areas in Figure 4 and Figure 6.  

 

 
Figure 3. First region’s urban areas 

 

 
Figure 4. First region’s result 

 

 
Figure 5. Second region’s urban areas 

 

 
Figure 6. Second region’s result 

 

When we evaluate the results, we see that majority of urban 

areas are detected but some non-urban areas are detected, too. 

 

4. CONCLUSION 

In this study, pre-processes for urban areas detection in SAR 

images are examined. Three different pre-processes are applied 

to detect candidate urban areas in SAR images. Two different 

SAR images belonging to different regions are used for 

experimental study and obtained result are shown visually. 

 

In the future, a fully automatic urban areas detection method 

will be improved by adding extra processes. 
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