»\\\:'///‘ Urban Stucture and Function Studies
USFS
A T

Research Paper

Investigating and Analyzing the Performance of Spectral
Indices in Urban Extraction by Multi-spectral Satellite Images

Maryam, Kouhani! *+,

Fatemeh Ahmadi ?

Abbas Kiani™ “+, Yasser, Ebrahimian Ghajari *

' MSc student of Photogrammetry, Faculty of Civil Engineering, Noshirvani University of Technology, Babol Iran.
2 MSc student in photogrammetry, Faculty of Civil Engineering, Babol Noshirvani University of Technology,

Babol, Iran.

3 Assistant Professor, Department of Geomatics, Faculty of Civil Engineering, Babol Noshirvani University of

Technology, Iran.

4 Assistant Professor, Department of Geomatics, Faculty of Civil Engineering, Babol Noshirvani University of

Technology, Iran.

d 10.22080 /USFS.2023.25133.2344

Received:

March 19, 2023
Accepted:

October 1, 2023
Available online:
November 29, 2023

Keywords:

Urban detection, Spectral
indices, Automatic
thresholding, Satellite
images, Landsat and
Sentinel.

Abstract

Population growth has resulted in rapid changes in urban landscapes in many
countries, including Iran. Monitoring urban areas can be accelerated by utilizing
remote sensing images and spectral indices in urban planning. This requires
evaluating the performance of indices according to the application in different
conditions, which can be challenging for users. This study was conducted to
compare and analyze suitable solutions for analyzing urban indicators using satellite
imagery and their effectiveness. For this purpose, Landsat-8 and Sentinel-2 images
were first analyzed to extract spectral index; then automated threshold algorithms
were applied to separate constructed areas. Results indicate that Sentinel-2 images
perform better than Landsat images in general. Among the spectral indices, the Ul
index for Landsat and Sentinel-2 images in Rafsanjan with overall accuracy of 86.28
and 98.19, the NBI index for Landsat and Sentinel-2 images in Amol city with overall
accuracy of 87.21 and 97.48, and the Ul index in Landsat and IBI in Sentinel-2 for
Isfahan with overall accuracy of 78.73 and 91.69 have the best performance.
Furthermore, applying the manual threshold limit to weak indicators has increased
accuracy in most cases. Another study used Sentinel-1 images with user-controlled
thresholds to identify built-up areas, and the results for Amol, Rafsanjan, and
Isfahan were 89.24, 80.03, and 76.10, respectively. The findings of this study
revealed that the performance accuracy of indices can vary depending on
parameters such as the type of climate, different sensors, and thresholds.
Therefore, as a strategic model, the results of this analysis can provide researchers
with a better understanding of indicators as a result of considering different
parameters.
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Extended Abstract

1. Introduction

Urbanization in the world is accelerating
and the process of construction and
urbanization has replaced significant
amounts of natural areas. Due to the
spatial and temporal distributions of built-
up areas, the increase of built-up areas
affects land-cover change significantly
and plays an important role in
environmental changes and ecosystem
services. Therefore, it is necessary to
monitor and evaluate the pattern of
settlement  dispersion and  urban
expansion. Mapping of built-up areas is
not only crucial for monitoring urban
development, but also a key parameter for
evaluating  environmental  problems.
Satellite images provide a wide and
comprehensive view of urban areas that
can't be obtained using ground-based
methods, regardless of cost and energy
requirements. Another advantage of using
remote sensing data to examine urban
growth and sprawl over time is the easy
access to long-history data sets that help
map and understand urban growth and
sprawl over time. Therefore, the use of
remote sensing images with faster data
acquisition,  validation, and  cost-
effectiveness is of particular importance.
This research aims to investigate and
compare the performance of spectral
indices for estimating urban built-up areas
in different climatic conditions using
Landsat-8 OLI and Sentinel-2 images. For
this purpose, several urban built-up areas
were identified and separated using NDBI,
VBSWIR-BI, MBI, NBI, Ul, and IBI indices.
Accordingly, this study attempts to
compare the accuracy of the method of
extracting urban built areas from different
indices based on climate, spatial and

spectral resolution of the sensor, and
threshold limits.

2. Research Methodology
Anurban area is a complex ecosystem with
a variety of surfaces and vegetation and
can be divided into three parts, i.e.
impervious surfaces, green vegetation,
and soil. A more general classification of
urban areas can be divided into two main
categories, including built and unbuilt
areas. In recent decades, spectral indices
have been introduced to distinguish built-
up from non-built-up areas. Spectral
indices involving multiple bands create a
special feature in the generated image and
are often used to illustrate coverage in a
specific manner. Consequently, this
research aims to separate urban areas
from non-urban areas using remote
sensing images and spectral indicators
available in the urban issues field or
automatic thresholds. In general, this
research consists of five study steps. The
first step is related to obtaining and
collecting data. The second step involves
preprocessing raw  Sentinel-2  and
Landsat-8 images. In the third step, urban
indicators are extracted from the pre-
processed images, and then in the next
step, an urban mask is created by applying
the appropriate threshold. Similarly, in the
Google Earth Engine environment, the
average and standard deviation are applied
to the set of Sentinel-1images, followed by
taking the appropriate threshold limit for
PUL calculation. Finally, the results are
evaluated using the available maps.

3. Research Findings

The findings revealed that the three
investigated cities of Rafsanjan, Amol, and
Isfahan have different climatic conditions;
around Amol, there is a large amount of
agricultural land, which is always covered
with green vegetation in the summer. In
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contrast, there is a dry and semi-arid
climate in the cities of Isfahan and
Rafsanjan, which has caused the soil to
cover the majority of the area surrounding
the city and the lands to remain barren.
Since soil covers are spectrally similar to
built-up areas, it may be more challenging
to identify built-up areas in these places.
Meanwhile, in Amol, due to differences
between the spectral behavior of the
bands between the two built-up areas and
vegetation, the identification of the built-
up areas is done with more power and
accuracy. Each of the indicators can
provide different accuracies according to
the environmental conditions of the
studied area, and since green vegetation
and built-up areas are among the
predominant covers in Amol, indices based
on SWIR and NIR bands are more accurate.
In the NIR band, vegetation is more
reflective than built-up areas, so the
difference between the two makes it
possible to easily distinguish the built-up
area from the vegetation. IBI, NDBI, and Ul
indices are useful for distinguishing built-
up areas from vegetation in such areas. In
a general comparison between indices in
different cities by two sensors, it can be
found that the indices have always been
more accurate when they are obtained
from the Sentinel image and will perform
better in identifying built-up areas, and in
a more detailed comparison between
cities, it can be noted that the indices in
the Amol city have been quite satisfactory,
even with Landsat images. As a result, the
average accuracy of all indicators in this
city has always been acceptable; therefore,
one of the key parameters in this field is
the city's climate.

Additionally, in another study, the
average and standard deviation of each
indicator were calculated in three cities to
evaluate their success rate, and the results

were presented. According to the results
presented in the comparison between
average indices, the Ul index had the
highest average value, while the MBI index
had the lowest. In another approach,
where a comparison was made between
the standard deviation of each index, the
MBI and Ul indices had the highest and
lowest standard deviations, respectively.
This study shows that the UI index, which
has a higher average and a lower standard
deviation, has a higher accuracy, while the
MBI index has a lower accuracy.
Therefore, it can be said that many factors,
such as the type of sensors, spectral
indices, thresholds, and climatic
conditions, can influence the accuracy of
the results of identifying built-up areas.

4. Conclusion

The rapid growth of cities and population
expansion are significantly affecting the
environment and ecosystem. In an urban
environment, where the population is
increasingly  occupied and  needs
residential, commercial, and recreational
areas, urbanization increases built-up
areas. Therefore, discovering and
extracting such areas is important in
achieving this goal. The studied areas in
this research included Amol, Isfahan, and
Rafsanjan, which have different climates,
and satellite images from Landsat-8 and
Sentinel-2 were used. The purpose of
examining three different cities, threshold
limits, and satellite sensors with different
spatial resolutions in this research was to
determine the effect of each of the
mentioned parameters on the
performance accuracy of indicators.
Spectral indices need to be selected based
on dispersion, urban texture, and
vegetative status so that urban areas can
be distinguished accurately from other
land uses. According to the obtained
results, it can be concluded that UI
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indexes perform best in dry areas with
weak vegetation, while in humid and
moderate climates, NBI indexes are most
effective. Additionally, Sentinel-2 was
more accurate and reliable at separating
built and unbuilt areas than Landsat-8.
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