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1. Introduction

In recent years, urbanization has been increasing due to rapid population growth and
migration from rural to urban areas to benefit from job opportunities. This rapid
growth has led to changes in land use and an increase in built-up areas. Building
violations are one such issue that can be a threat to the urban structure. Illegal
building construction is the specific violation that leads to unauthorized buildings.
The method used today in municipalities to control and identify illegal construction
is based on manual intervention and random searches by municipal inspection
officers. Currently, satellite images are established tools for identifying and
monitoring changes in buildings and residential areas. A valuable goal of this
research is to use remote sensing and geographic information systems as advanced
tools for building extraction. Choosing a suitable algorithm for extracting urban
constructions, updating construction information at regular intervals, and reducing
time and cost are other goals of this research. For this purpose, a combination of
Sentinel 1 and 2 satellite images from the period 2015 to 2020 was used to extract
accurate spatial information and detect unauthorized constructions in part of Region
1 of Yazd (Imam Shahr). The aim of this study is to present an algorithm for
combining radar and optical images to detect unauthorized urban constructions and
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identify height violations with the least possible cost and time. This method is novel
in its own right and is expected to provide more appropriate results than traditional
methods for optimizing the patrol routes of municipal inspection officers.

2. Methodology

The present study is applied in terms of purpose and descriptive-analytical in terms
of nature and method, and is a type of spatial research. Part of the theoretical
information has been collected through library studies and by using documents,
evidence, reports, and theses related to the research topic.

In this study, Sentinel-1A/B and Sentinel-2A/B time-series satellite images were
combined to extract building heights for the Imam Shahr region of Yazd, which
distinguishes structures built in urban contexts. The image used in the present study
was clipped from a radar image with different polarizations. The next step was to
produce an interferogram from the image pair. This step was performed after co-
registering the images. Then the interferogram was generated. The interferogram is
composed of horizontal fringes resulting from the complex multiplication of pixels
from the master and slave images. These fringes were integrated after performing an
interband mosaic.

To make the digital surface model (DSM) absolute, it is necessary to use either
ground control points or a method that correlates two DSMs, as is recently used in
software such as SNAP. In the present study, control points were used.

For the separation and differentiation of buildings based on height, the following
steps were performed. First, using layer stacking and the nearest neighbor
resampling type, texture features—including the mean and variance in VV
polarization and the mean, variance, and dissimilarity in VH polarization—were
grouped together so that subsequent processing could be performed on this set of
features. Then, using an artificial neural network classification method, urban
impervious surfaces and building heights were extracted. Finally, the accuracy of the
obtained results was measured using the kappa coefficient and overall accuracy.

3. Results

The results of the present study are as follows:

1. The average kappa coefficient and overall accuracy for Sentinel-1 images in VV
polarization are 16.77% and 5.79%, respectively, and for VH polarization, 16.79%
and 66.80%.

2. For the neural network classification map of Sentinel-2 images, these values are
73% and 66.75%, respectively.
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3. Furthermore, the number and area of unauthorized constructions showed that in
2015, the study area had the highest amount of unauthorized construction compared
to other years studied. This is attributed to an increase in migrants, weaknesses in
field inspections by building inspection officers, a legal vacuum in dealing with
violators, and the manner of enforcement or factors contributing to violations
(municipality, citizen).

4. Conclusion

The detection of unauthorized urban constructions in this study confirmed the
research hypothesis; meaning that the detection of unauthorized urban buildings by
combining Sentinel-1 and -2 series images with minimal human intervention is a
new, fast, and cost-effective solution for detecting and monitoring unauthorized
urban constructions. Furthermore, the use of radar data for detecting urban surfaces
using the support vector machine method has high potential. It also shows that the
use of methods such as texture analysis in optical images, which consider patterns,
spatial relationships, and changes between image pixels and their neighbors, greatly
increases the accuracy of the results in complex urban landscapes. The image
processing results show the growth of unauthorized urban constructions in 2015.
The use of the presented satellite image-based method for detecting unauthorized
urban constructions significantly reduces the time required to identify illegal
buildings, helps to prevent their continuation, and thus achieves the objectives of
this research.

Keywords: Sentinel-1 Radar Images, Sentinel-2 Optical Images, Unauthorized
Buildings, Radar Interferometry, Imam Shahr Region, Yazd
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