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ABSTRACT: Urban expansion has significant implications for 

sustainable urban planning and resource management. Dehradun, the 
capital of Uttarakhand, India, has witnessed substantial urban growth 
in recent years due to population increases and economic development. 

This study leverages Synthetic Aperture Radar (SAR) data from 
Sentinel-1 satellites to analyze and map urban expansion in Dehradun 
city. SAR data, due to its ability to penetrate clouds and operate under 
all-weather conditions, offers a robust methodology for continuous and 
reliable urban monitoring. The analysis employs a multi-temporal 
approach, using Sentinel-1 imagery acquired over different time 
periods, combined with advanced processing techniques such as 
change detection, threshold segmentation, and classification 

algorithms. Results reveal patterns of urban sprawl, densification, and 
land cover transitions over the selected study period. The findings 
underscore the role of SAR technology in providing actionable insights 
for urban planners, policymakers, and stakeholders to make informed 
decisions regarding land use and sustainable urban growth. This study 
contributes to the broader discourse on urban monitoring using remote 
sensing and highlights the importance of SAR in addressing 
urbanization challenges in complex and dynamic environments like 

Dehradun. 
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1. INTRODUCTION  

 

In The state of Uttarakhand in northern region of India has 
significant ecological diversity since it is inhabited a mix of 

urban and rural people dispersed across a range of terrains. To 

estimate the dynamic of urban progress, environmental 

impacts, and resource management it is necessary to monitoring 

changes in land use and land cover. Even though traditional 

land mapping methods like field research and infrared satellite 

pictures offer valuable details, they usually face challenges 

including cloud cover, difficult terrain, and the need for 

continuous data releases. [1]. In our paper, Sentinel- 1 Synthetic 

Aperture Radar (SAR) data has been used to monitor urban 

footprints in the Uttarakhand region. SAR is capable to produce 
high-resolution imagery in any type of climate, regardless of 

the hour, and provide comprehensive information on physical 

characteristics of earth surface, including urban regions, SAR 

is especially appropriate to the purpose. The high-resolution 

SAR data enables a detailed  

 

analysis of Uttarakhand's urban growth, providing actionable 

insights for urban planners and policymakers. [2]. In this paper 

we will use Sentinel -1 data to map urban footprint using Both 

the amplitude and the phase of the signal. Two Sentinel 1 

images from each Year, 2014 and 2024 is considered and 

calculated the amplitude, the calibrated amplitude for each 

image and will also calculate the interferometric coherence 

between the two images of each year further we will use the 

amplitude and the coherence to mass out the urban area. 

The key objectives of paper are as follows: 

 

 

Improve Urban Growth Tracking: Provide precise and timely 
data to make it easier to track urbanization, especially in areas 

with complicated topography. 

Encourage Decision Making: Use cutting-edge remote sensing 

technologies to enhance environmental conservation and urban 

planning projects. 

Extend SAR Uses: Showcase the effectiveness of SAR 

technology in land-use analyses to promote its use in other 

areas dealing with comparable issues. Through the analysis of 

two radar images taken at various times, this study seeks to 
show the value of Sentinel-1 data for mapping urban 

footprints in Uttarakhand. 

Major task performed in this work as follows: 

Calibrate Amplitude Data: To obtain precise radar 

backscatter information, process Sentinel-1 photos. 

Create an Urban Mask: To see the spatial extent of urban 

areas over a number of time points, use the calibrated data 
to create an urban mask. 

Create a Trustworthy Urban Map: Create a solid urban area 

map to aid in land-use monitoring, infrastructure 

development, and urban planning 

2. LITERATURE REVIEW 

The The potential of remote sensing, especially Synthetic 

Aperture Radar (SAR), in land-use/land-cover (LULC) 

analysis and urban monitoring has been emphasized in a 

number of studies. [1] showed that, especially in difficult 

terrain, the combination of optical and SAR data is useful 

for tracking LULC changes and urban expansion. 

According to 

[2] SAR backscatter data is appropriate for identifying 

urban expansion since it can produce consistent pictures in 

a variety of settings. at a similar vein, [3] investigated the 

application of interferometric coherence obtained from 
Sentinel-1 SAR data and discovered that it was very 

successful at differentiating metropolitan regions from 

other forms of land cover. In their study of many SAR data 

processing approaches, including terrain correction and 

multi-looking, [4] found that these techniques significantly 

increased the accuracy of urban mapping. Using Sentinel-
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1 SAR time-series data, the European Space Agency (ESA) 

illustrated the value of multi- temporal analysis in 

comprehending the evolution of infrastructure and urban 

dynamics. The Indian Space Research Organization (ISRO) 

demonstrated the accuracy with which SAR technology 

can detect urban growth in Uttarakhand by using Sentinel-

1 SAR data to track the fast urbanization that is occurring 

close to environmentally sensitive areas. The effectiveness 

of SAR data in mapping urban footprints and its vital 

significance in promoting sustainable urban development 

are highlighted by these studies taken together. 

 

3. MATERIAL AND METHODOLOGY 

The study was carried out in Dehradun, the capital city of 

Uttarakhand, strategically located in the Doon Valley as shown 

in figure 1. Bordered by the Himalayas to the north and the 

Shivalik range to the south, Dehradun is a vital connectivity hub 
situated approximately 236 kilometres north of New Delhi. The 

city boasts an extensive infrastructure, including wide 

highways, a well-developed road and rail network, and 

numerous buildings. 

 

Since CNNs are so efficient at learning hierarchical features, 

they can identify minute irregularities brought forth by 
deepfake creation, like variations in texture, lighting, and face 

alignment. Researchers can create strong solutions to combat 

deepfake issues by using this dataset to thoroughly train and 

assess detection methods. These developments counter the 

transmission of false information and fortify digital media 

authentication systems. Figure 1 illustrates the implementation 

of the dataset. To map metropolitan 
 

 

Figure 1: Dehradun Subdistrict Map 

 
footprints, the Sentinel-1 radar data is pre-processed and 

evaluated through a number of sequential steps. These stages 

are explained in full in Figure 2 below, with a focus on the 

technical methods needed to prepare, calibrate, and assess the 

data. 

 

 

 

Figure 2. A series of actions to pre-process and analyses 

the Sentinel-1 data 

 

The European Space Agency's (ESA) Copernicus mission 
includes Sentinel-1. The temporal resolution of the worldwide 

SAR data it offers varies by area and ranges from 6 to 12 days. 

This case study utilises two Sentinel-1 photos that were taken 

at different times. In the Single Look Complex (SLC) format, 

which includes phase and amplitude (intensity) information, the 

images are supplied. The two photos were chosen since they 

both depicted the Uttarakhand region, making sure they 

captured the same location but separated by a few months to 

account for any possible shifts in urbanisation [5]. 

Image Information: 

Scene:1a 
S1A_IW_SLC 

1SDV_20240127T004401_20240127T004428_052285_0652 

40_4C29 
Scene:1b 

S1A_IW_SLC 

1SDV_20240408T004402_20240408T004429_053335_0677 
83_8085 

Scene: 2a 

S1A_IW_SLC 

1SSV_20141022T004258_20141022T004325_002935_0035 

49_5A4B 

Scene: 2b 
S1A_IW_SLC 

1SSV_20141209T004257_20141209T004324_003635_0044 

E3_2841 

These images are of Descending pass and these images 
contain complex radar backscatter data, which needs to be 

processed before meaningful analysis can be performed 

[6]. 

 

4. PRE-PROCESSING OF SENTINEL-1 DATA 

Image Splitting: 

The first step in concentrating on the pertinent Dehradun 
region is to separate the area of interest by splitting the 

images. We only work with the sub-swaths and bursts that 

cover the region of interest, rather than the full image, 

which can be rather huge. We choose the IW3 

(Interferometric Wide 1) mode in this instance, and we use 

bursts 1 through 5 for every image. The area that was 

chosen is comparable to urbanized places in the Dehradun 
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region where it is possible to identify different urban land 

uses [1]. Technological Perspective: Sentinel-1's imaging 

geometry causes the radar data to be divided into bursts. 

The bursts are contiguous sections of the scene, and each 

burst contains a narrow swath of the image, which requires 

special processing to ensure there are no gaps or overlaps 

between them [2]. 

Precise Orbit File Application: 

The next step after obtaining the split product is to apply 

the orbit file; in this case, we have chosen polynomial 

degree 3 under processing settings. Better orbit 

information from precise orbits will enhance co-

registration and geometric rectification. These orbital 
adjustments take into consideration minute variations in the 

satellite's trajectory brought on by elements like solar 

radiation pressure and gravitational disturbances. We 

improve the co-registration of the image and fix the 

geometric distortions by using accurate orbit files [3]. To 

enhance the geometric alignment of image, we use exact 

orbit adjustments using equation (1) Corrected 

 

Pixel Coordinates = Original Coordinates + Δ Orbit (1) 

 
Where, Δ Orbit is an auxiliary information provided by the 

satellite. 

In the ESA Sentinel-1 Toolbox, this process is performed using 

the "Radar Apply Orbit File" function. If precise orbit 

information is not included within the data, it can be 

automatically retrieved from the internet. These corrections 

ensure precise alignment of radar images in both the range and 

azimuth directions. 

Radiometric Calibration to Sigma Naught (σ⁰) Backscatter: 
The image is calibrated using the default processing 

parameters in order to produce a Sigma Naught (σ⁰) 

backscatter band. The normalized radar backscatter, which 

measures the strength of radar signals reflected from the 

surface, is represented by Sigma Naught. Because it makes it 
possible to distinguish between different surface types 

according to their radar energy reflection properties, this 

metric is essential. For example, backscatter is generally 

higher in metropolitan areas because of the presence of 

buildings and other man- made structures, but backscatter is 

lower in places with vegetation or bodies of water [4]. The 

backscatter coefficient, σ⁰, is derived from amplitude data and 

calculated as in equation (2): 

 

σ0=(P transmitted)/(P received ⋅ G⋅A) (2) 

Where, P received is the power received by the radar, P 

transmitted is the transmitted power, G is the antenna gain, and 

A is the area on the ground corresponding to a pixel. Using the 

“Radiometric Calibrate” tool in the processing software, we 

compute the backscatter values for each image. The calibration 

process ensures that the values are physically meaningful and 
comparable across both images [5]. 

 
Debursting: 

The next step is to deburst the images since Sentinel-1 data is 
recorded in bursts. The interval between the different bursts is 

eliminated by debursting. It may be necessary to combine 

neighbouring bursts into a single seamless image due to gaps in 

the data caused by burst boundaries. We refer to this procedure 

as debursting. In order to create a continuous image devoid of 

discontinuities, we remove the black lines and spaces between 

bursts using the "Sentinel-1 TOPS deburst" tool [6]. Since the 

dimensions of the pixels in x and y are different in the single 

look complex format from which we obtained the image, we 

attempt to produce square pixels in the multi-look portion that 

follows [7]. 

Multi-Looking for Speckle Reduction: 

Speckle noise frequently affects SAR images, causing data 
distortion and lowering image clarity. Because multi-look 

averages out some of the pixels in one dimension, it also 

somewhat lowers speckle. By averaging the radar data across a 

predetermined number of views in both the azimuth and range 

directions, this technique reduces speckle. Through this 

procedure, the image is smoothed down and details are easier 

to see [1]. We use multi-looking, which averages several pixels 

to create each new pixel, to lessen speckle noise. 

 
L = N range × N azimut (3) 

 

Equation (3) is the formula used to get the number of looks L. 

where N range defined as the number of independent samples 
taken along the range direction which is perpendicular to the 

 satellite’s flight path (line of sight direction) and N azimuth is 

number of independent samples taken along which aligns with 

the satellite’s flight path. 

We used a multi-looking factor of 1 by azimuth and 3 by 
range in our work. This helps to reduce speckle while 

preserving the spatial resolution of the image. At this stage, 

the Histogram generated is not so easy to manipulate. What 

we commonly did is to convert the band from linear to 

logarithmic scale in next phase and that will create a much 

easier histogram to work with. it will improve the 

visualization of the image, so in next phase we will create 

a new virtual band, which is in logarithmic scale in 

decibels [8]. 

 

Logarithmic Scaling: 
The radar backscatter data is converted to a logarithmic 

scale for simpler display and comprehension. By 

converting the backscatter measurements into decibels 

(dB), this transformation helps to reduce the dynamic 

range and creates visuals that are easier to understand as. 

Small changes in the backscatter data are easier to detect 

and the range of backscatter values is more controllable 

thanks to logarithmic scaling [3]. Figure 3 (a) and 3 (b) 

Converting data from sigma nought to dB enhances data 

interpretability, compresses the dynamic range, facilitates 

comparison across different time periods, and aligns with 

human visual perception of intensity variations. 
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(a) 

 
(b) 

Figure 3. a) Histogram of Sigma nought image, b) 

Histogram of converted sigma nought image to dB 

 

Terrain Correction: 
Terrain correction is used to take into consideration 

geometric distortions caused by the Earth's surface because 

of the Uttarakhand region's varied topography. By 

considering elevation differences, the terrain correction 

procedure uses a Copernicus 30m DEM (Digital Elevation 

Model) to align the radar image with the actual geographic 

coordinates. The spatial accuracy of the analysis is 

increased by this step, which guarantees that the radar 

pixels precisely match the actual locations of the ground 
features [9][2]. 

Co-Registration of the Two Images: 

For interferometric analysis, the two Sentinel-1 images are 

aligned using co-registration techniques to ensure that 

pixels from  both  images  correspond  to  identical  

geographic 

locations. Misalignment between the images could lead to 

significant errors, particularly in coherence calculations. The 
Sentinel-1 TOPS Co-registration tool, available in radar 

processing software, is utilized to achieve sub-pixel alignment 

accuracy during this process [4]. 

Once the images are co-registered, the next step is to compute 

the interferometric coherence. This coherence measure 
indicates how similar the phase information is between the two 

radar images. High coherence is typically found in stable 

surfaces, such as built-up urban areas, while low coherence is 

found in dynamic surfaces like vegetation or water bodies. The 

coherence γ between two radar images is computed using 

equation (4).calibration across diverse datasets and sensors 

demonstrates that σ° = 0.6 provides statistically robust 

separation: 

Urban areas: σ° ≥ 0.6 (high reflectivity from anthropogenic 
structures). 

Non-urban areas: σ° < 0.6 (lower reflectivity from natural 

surfaces). 

Threshold Sensitivity Analysis 
Suboptimal Low Thresholds (σ° ≤ 

0.5): 

Increase commission errors by misclassifying high- 
backscatter non-urban features (e.g., dense vegetation, wet 

soils) as urban. For example, croplands or grasslands with 

σ° 

≈ 0.4–0.5 may exceed thresholds, leading to false positives. 

𝛾 = 
 |𝐸[𝑆1𝑆2

∗]|  

√𝐸[|𝑆1|2].𝐸[|𝑆2|2] 
(4) 

Elevated Thresholds (σ° ≥ 0.7): 
Introduce omission errors by excluding low-reflectivity urban 

Here S1 and S2 are the complex pixel values of the two images 

and S2* is the complex conjugate of S2. We use the “Coherence 

Estimation” tool in the software, which computes the coherence 

image as a result of the phase difference between the two 

images. The coherence image reveals areas of high phase 

stability (white areas) and low phase stability (black or dark 

areas). 

Urban Area Identification: 

Combining Amplitude and Coherence Data 
The amplitude (backscatter) and coherence data are then 

merged into a single stacked image. This stack enables the 
simultaneous analysis of both data types, allowing us to 

differentiate between urban areas and other land uses. This 

process done by create stack tool in snap [5-6]. 

 

Band Math 
Band math tool used for creating the ‘mean’ and ‘difference’ 

bands of the processed image by using sigma naught bands as: 

Mean = (SigmaNaught_img1 + SigmaNaught_img2) / 2 

Difference = (SigmaNaught_img1 - SigmaNaught_img2) 

RGB Composite Image Creation 

To visualize the results, we create an RGB composite using the 
coherence, Mean backscatter, and difference bands. In this 

composite: Coherence band as Red, Mean band as Green, 

Difference band as Blue. Red areas indicate low backscatter 

and high coherence, corresponding to agricultural or natural 

land. Yellow areas correspond to high backscatter and high 
coherence, typically found in urban regions with dense 

infrastructure [10][11]. 

Thresholding and Urban Mask Creation 

We apply thresholding techniques to create an urban mask. 
Using the mean backscatter and coherence values, we define a 

set of thresholds that isolate urban regions from other land uses. 

This mask highlights the areas of the image that correspond to 

urban regions based on both backscatter and coherence values 

and this process performed as by selecting the operation in band 

math as: 

‘if mean > -10 and coherence > 0.6 then 1 else 0’ 
SAR systems measure backscattered microwave energy, where 
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urban areas exhibit elevated σ° values due to double- bounce 

scattering (e.g., building-ground interactions) and coherent 

reflections from structured surfaces. Non-urban features like 

vegetation (volume scattering) and water (specular  reflection)  

yield  lower  σ°  values.  Empirical features (e.g., low-density 

residential zones, vegetated urban areas). Such thresholds risk 

underestimating urban extent due to intra-urban σ° variability. 

 

Intermediate Thresholds (0.6 < σ° < 0.7): 
Minor adjustments (e.g., 0.61–0.63) yield marginal 

accuracy gains in localized scenarios but lack 

generalizability. SAR noise, environmental variability 

(e.g., soil moisture, incidence angle), and sensor-specific 

calibration uncertainties often negate benefits of fine-

tuning. 

Rationale for σ° = 0.6 

This threshold balances sensitivity (detection of true urban 
pixels) and specificity (rejection of non-urban pixels) 

across heterogeneous urban landscapes. While urban σ° 

varies with material composition (e.g., metal, concrete) 

and structural density, 0.6 represents a global empirical 

optimum, validated across multi-sensor datasets (e.g., 

Sentinel-1, ALOS-2) and geographies. 

 

5. RESULT 

 

The processed Sentinel-1 images produced several key 
outputs that provide valuable insights into urbanization in 

Uttarakhand. The Urban Map effectively illustrates areas 

of urbanization and the growth of built-up regions over 

time, offering a clear visual representation of spatial 

dynamics and here in figure 4(a) and 4(b) of SAR image 

reflecting the transition took place in these several years an 

inevitable change, registered in figure 4(b) where urban 

area is increased, highlighted by white colour. The 

Coherence Map highlights regions of high coherence, 

identifying stable and established urban zones. 

Additionally, the Composite RGB Image combines 

coherence and backscatter data to visually distinguish 

between urban and non-urban areas, enhancing the 

interpretability of land-use patterns. 

 

Lastly, the Urban Mask serves as a binary representation to 

accurately identify urban regions, facilitating comparative 

studies and further analysis for urban planning and 

environmental monitoring. Together, these outputs 
demonstrate the utility of Sentinel-1 SAR data in mapping 

urban footprints and supporting sustainable development 

initiatives. The results clearly show the urban expansion in the 

selected areas of Dehradun. The urban regions identified in the 

mask correspond closely to known urban centres and their 

surrounding developments, colour composite SAR image is 

reflecting the changes as shown in figure 4(c) of year 2014 and 

4(d) of year 2024. The analysis demonstrates how both 

coherence and backscatter data can be used to delineate urban 

areas accurately. 

 

6. Conclusion and Limitation with SAR 

 

Sentinel-1 C-band SAR is a critical tool for large-scale 
urban monitoring due to its all-weather operability and 

frequent revisit cycles. However, its ~10 m spatial 

resolution limits fine-scale analysis in densely built 

environments, while signal penetration constraints in 

vegetated areas (e.g., urban parks) obscure ground-level 

features. Geometric distortions (e.g., layover, shadowing) 

and multipath scattering from complex urban surfaces 

further degrade feature interpretability. Atmospheric 

interference, seasonal variability, and suboptimal temporal 

resolution for rapid urban changes introduce additional 

inconsistencies. Despite these limitations, Sentinel-1 

remains a cost-effective solution for broad urban 
assessments when integrated with higher-resolution SAR 

or optical data to compensate for resolution gaps and 

backscatter complexity. Acknowledging these constraints 

ensures robust SAR data utilization in urban studies. 
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The satellite time series to track urbanization rates, and land- 
use transition patterns assessments of Sahastradhara, 

Dehradun region (e.g., forest → built-up) is presented in figure 

5(a) and 5(b) of the year 2013 and 2024 respectively. The 
validation of results using ground truth data with high- 

resolution optical imagery shown in figure below. 

 

 

 

 

5(a) Sahastradhara 2013 5(b) Sahastradhara 2022 
 

 

 

 

Figure 4(a). Urban Mask 2014, Figure 4(b). Urban Mask 
2024, Figure 4(c). Colour composite SAR image of year 

2014, Figure 4(d). Colour composite SAR image of year 

2024 

Figure 5: The validation of results using ground truth data 

with high-resolution optical imagery shown in figure 5 (a) 

and 5(b) 

 

 
(a) 

 
(b) 

 

 

(c ) 

 

 
(d) 
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