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ABSTRACT

In the context of the feature-based categorization of residential land use, this research investigates the
mutually beneficial relationship between remote sensing technologies and the features of settlement
points. Through the incorporation of geographical data and information that is centered on people, this
method provides a holistic knowledge of the dynamics of urban environments. In this work, a technique
is presented that makes use of an existing database of settlement points identifying buildings in order
to differentiate between regular and irregular residential settlements. Nine data characteristics that
describe the density, distance, angles, and spacing of the settlement points are computed at several
spatial scales. These features pertain to the settlement points. For the purpose of classifying land use
zones, these data are examined both alone and in conjunction with five standard remote sensing metrics
on elevation, slope, vegetation, and nighttime lights. This is done using a supervised machine learning
technique.
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INTRODUCTION

In the modern period, which is characterized by fast urbanization and population increase, it is
very necessary to have an effective management system and a comprehensive knowledge of
land use patterns in order to achieve sustainable urban development. With residential land use
being such an important component of urban landscapes, it is necessary to use advanced
approaches for the categorization and analysis of this material. The combination of remote
sensing technologies with the features of settlement points appears as a potent strategy for
feature-based categorization when viewed in this perspective. The extraction of significant
information from both spatial and non-spatial data is made possible by this all-encompassing
and synergistic technique. As a result, urban planners, politicians, and researchers are provided
with a sophisticated knowledge of the dynamics of residential land use. When it comes to
capturing the deep intricacies of spatial patterns and settlement dynamics, conventional
techniques of land use categorization are proving to be inadequate as metropolitan areas
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continue to develop. Because of its capacity to capture high-resolution pictures and data,
remote sensing technology has emerged as a vital instrument in the area of land use analysis.
LiDAR (Light Detection and Ranging) systems, satellite sensors, and aerial photography all
provide a plethora of information that may be used to detect, map, and evaluate residential land
use patterns. This information can be gained via the utilization of these technologies. The
combination of various remote sensing methods makes it possible to conduct an in-depth
investigation of the physical characteristics, land cover, and spatial linkages that exist inside
urban areas. In the same vein, the features of settlement points, which include demographic
data, infrastructure, and socio-economic indicators, provide a more in-depth comprehension of
the human component that is present inside residential areas. The categorization process is
improved by the incorporation of human-centric elements into the study, which is
accomplished via the combination of data from settlement points with information obtained
from remote sensing. Taking a holistic approach not only detects physical elements, but it also
provides light on the social and economic factors that drive the dynamics of land use. A
depiction of residential land use that is more accurate and nuanced is produced by the feature-
based classification technique. This is accomplished by bridging the gap between physical
characteristics and human activities during the classification process.

The capability of feature-based categorization to adjust to the ever-changing characteristics of
urban environments is one of the most significant benefits of this method. When it comes to
quickly keeping up with the fast changes that are taking place in metropolitan settings,
traditional techniques of land use categorization sometimes fail. This method, on the other
hand, provides a strong framework that can adapt to changing patterns of land use since it takes
advantage of the flexibility that distant sensing and settlement point characteristics afford. The
approach of feature-based categorization offers a dynamic instrument for monitoring and
assessing these changes in real-time. This is because cities are undergoing transformations that
are driven by variables such as population increase, economic development, and urban
planning regulations. Furthermore, the combination of remote sensing and settlement point
characteristics helps the discovery of spatial correlations and trends within residential land use.

The definition of residential zones, the identification of informal settlements, and the
evaluation of changes in land cover over time are all included in this. By this strategy, urban
planners can get spatial insights that enable them to make well-informed choices about the
development of infrastructure, the distribution of resources, and the preservation of the
environment. Cities can optimize their spatial organization, improve infrastructure planning,
and promote sustainable urban growth when they have a thorough grasp of the spatial dynamics
of residential land use. The fact that feature-based categorization may be used for the problem
of urban sprawl and land management is yet another important facet of this classification
method. Because of the growth of metropolitan areas, there is a growing need for effective land
management to forestall the deterioration of the environment and to guarantee the health and
happiness of the people who live there. There is a correlation between the integration of remote
sensing and settlement point characteristics and the monitoring of urban sprawl, the
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identification of areas that are in danger, and the implementation of appropriate land
management methods. This proactive strategy helps to contribute to the establishment of urban
landscapes that are resilient and sustainable, and that strike a balance between the requirements
of the people and other aspects of the ecosystem.

Through the integration of remote sensing and settlement point characteristics, the feature-
based categorization of residential land use is a cutting-edge approach that has enormous
promise for the planning and development of urban areas. This method offers a comprehensive
comprehension of the intricate dynamics that are responsible for the formation of residential
places. It does this by using the power of cutting-edge technology and combining bodily
characteristics with data that is centered on people. The versatility, real-time monitoring
capabilities, and geographical insights that feature-based categorization provides make it a
powerful tool for solving the difficulties that are brought about by expanding urbanization. As
cities continue to develop, it is becoming more important to adopt new strategies such as this
one to create urban landscapes that are both resilient and sustainable, and that also meet the
varied requirements of the people who live there.

REVIEW OF LITERATURE

Yao, Yao et al., (2022) It is vital to the logical optimization of urban structure to have an
accurate characterization of the patterns of land use in urban areas. It is possible to improve the
classification of land use by integrating the socioeconomic features revealed by social sensing
data with the outward physical qualities of city parcels that are collected from remote sensing
photos. Most of the the social sensing data that is currently available, on the other hand, suffers
from location bias and lacks temporal resolution. As a result, these data are unable to effectively
represent the socioeconomic information of land use, which in turn leads to poor classification
accuracy. This study investigates the deep semantic information of high-spatial and temporal
resolution time-series electricity data to investigate its relationship with socioeconomic
characteristics and to construct a neural network (TR-CNN) that is capable of fusing time-
series electricity data and remote sensing images to identify urban land-use types. The study is
based on the problems that have been discussed above. To conduct a demonstration study, we
chose Anyuan District in Pingxiang City, Jiangxi Province. The findings indicate that the
proposed model has an accuracy of 0.934, which is 4.3% and 6.7% higher than the accuracy of
the ResNet18 model, which relies solely on remotely sensed images, and the LSTM-FCN
model, which relies solely on time-series electricity data. In addition, the findings demonstrate
that the use of time-series electrical data is capable of efficiently identifying residential and
commercial locations; but, when compared with remote sensing photos, it is more challenging
to identify public service facilities. By linking remote sensing photos and electricity data, this
research shows for the first time that the semantic features of electricity data can properly detect
urban land-use patterns from both "top-down" and "bottom-up" recognition patterns.
Additionally, this study demonstrates that the semantic features of electricity data may
represent socioeconomic characteristics.
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Yin, Jiadi et al., (2021) The use of remote sensing (RS) in urban mapping has been around for
quite some time; yet, it is challenging to represent the richness and variety of urban functional
patterns using RS alone. Emerging Geospatial Big Data (GBD) are regarded to be a
complement to Remote Sensing (RS) data. These data serve to add to our knowledge of urban
lands, ranging from the physical aspects (such as urban land cover) to the socioeconomic
aspects (such as urban land usage). The integration of RS and GBD has the potential to be an
efficient method for combining socioeconomic and physical factors, which has a significant
potential for producing a high-quality urban land use categorization system. For this
investigation, we conducted a literature analysis and concentrated on the current state of the art
and different perspectives about the categorization of urban land use by combining RS and
GBD. In particular, the RS characteristics that are often used (such as spectral, textural,
temporal, and geographic data) and the GBD features (such as spatial, temporal, semantic, and
sequence aspects) were discovered and examined in the context of urban land use
categorization. The integration solutions for RS and GBD features were separated into two
categories: feature-level integration (FI) and decision-level integration (DI). More specifically,
the FI technique integrates the RS and GBD characteristics and classifies urban land use types
by making use of the integrated feature sets. On the other hand, the DI method analyzes RS
and GBD individually and then combines the classification findings based on decision criteria.
In addition, we spoke about other important topics, such as the establishment of analytical units,
the segmentation of parcels, the labeling of parcels according to the forms of land use, and the
integration of data. Our findings offer a retrospective study of various characteristics of RS and
GBD, as well as strategies for integrating RS and GBD, as well as the advantages and
disadvantages of each. This study has the potential to contribute to the definition of the
framework for future urban land use mapping, as well as to provide improved assistance for
urban planning, urban environment assessment, urban disaster monitoring, and urban traffic
analysis.

Dong, Jinwei et al., (2021). When it comes to urban planning and sustainable development,
having information regarding how land is used in urban areas is essential. The growth of
geospatial big data (GBD) has led to a rise in the availability of remotely sensed (RS) data as
well as the creation of new techniques for the integration of data, which has resulted in the
acquisition of new chances for mapping different forms of urban land use. The methodologies
of RS and GBD integration, on the other hand, are varied owing to the variances in data,
research regions, classifiers, and other factors. The purpose of this research is to provide a
concise summary of the primary approaches to data integration and to assess those approaches
via the lens of a case study of urban land use mapping in Hangzhou, China. First, we divided
the RS and GBD integration approaches into two categories: decision-level integration (DI)
and feature-level integration (FI). Then, we examined the primary distinctions between these
two types of integration by evaluating the current body of research. After that, the two
approaches were used to map urban land use types in the city of Hangzhou. This was
accomplished by using urban parcels that were produced from the Open Street Map (OSM)
road network, 10 m Sentinel-2A pictures, and points of interest (POI). Both quantitative and
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qualitative validations were performed on the related categorization findings, and both were
performed using the same testing dataset. As a final step, we used bibliographic evidence and
quantitative analysis to highlight the benefits and drawbacks associated with both techniques.
The findings demonstrated that: (1) the visual comparison reveals that DI-based classification
delivers a generally superior performance compared to Fl-based classification; (2) DI-based
urban land use mapping is simple to implement, whereas Fl-based land use mapping allows for
the combination of features; (3) DI-based and Fl-based methods can be used together to
improve urban land use mapping, even though they have different performances when
classifying different types of land use. The results of this research contribute to a better
understanding of urban land use mapping about the integration strategy of RS and GBD.

Huang, Huiping et al., (2019) Urban residential land has been experiencing fast changes and
has received a great deal of attention all over the globe because of the deterioration of the
environment and the acceleration of urbanization. While this is going on, it is vital to conduct
a quantitative evaluation of the appropriateness of urban residential land to get a deeper and
more powerful knowledge of urban residential land planning and improvement. To assess
natural appropriateness, most urban land suitability studies depend primarily on remote sensing
data and geographic information system (GIS) data. However, only a small number of research
have focused on urban land suitability from a socioeconomic point of view. Consequently, this
paper integrates remote sensing data (GaoFen-2 satellite image) and social sensing data
(Tencent User Density data, Point-of-interest data, and Open Street Map data) to establish an
evaluation framework for analyzing the suitability of urban residential land in the Haidian
District, Beijing, China, in which, ecological comfortability, locational livability, and overall
suitability were evaluated according to five attributes extracted from urban residential land via
the factor analysis method. The assessment findings of this case study indicate that, in
comparison to the suburban region in the northwest, the urban area tends to have lower
ecological comfortability and greater locational livability. As one moves from southeast to
northwest, the overall suitability improves, which is in line with the geographical distribution
of ecological comfortability. The sustainable development of residential lands and the planning
of urban land use are both areas that might benefit from the implementation of this approach.

Liu, Xiaoping et al., (2017) The administration of urban areas, the formulation of public
policy, and the monitoring of population activities all benefit greatly from the provision of
information about urban land use. The complexity of urban systems, on the other hand, makes
it difficult to accurately classify the functional zones that exist inside metropolitan areas.
Numerous research studies have focused on the categorization of urban land use by considering
characteristics that are retrieved from either high spatial resolution (HSR) remote sensing
pictures or data from social media. However, owing to the lack of models that are currently
available, only a small number of studies have considered both aspects. By combining
probabilistic topic models (PTMs) and support vector machines (SVM), we offer a unique
scene classification framework in our research. This framework is intended to determine the
predominant urban land use type at the level of traffic analysis zone (TAZ). Within the
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framework, a land-use word dictionary was constructed by combining natural-physical aspects
from high-speed rail (HSR) photographs with socioeconomic semantic information from many
sources of social media data. We developed numerous experiments to assess the accuracy of
our proposed model in terms of land use categorization using a variety of combinations of
previously gathered semantic characteristics. In addition to comparing the results with data that
was manually interpreted, we also performed these tests. Our technique, which combines
characteristics collected from many sources of geographic data as semantic features to train the
classification model, is successful, as seen by the classification results (overall accuracy =
0.865, kappa = 0.828). This technique may be used to assist urban planners in the analysis of
fine urban structures and the monitoring of changes in urban land use. In the future, new data
from a variety of sources will be included in this suggested framework.

Hu, Shougeng & Wang, Le. (2013). Information about the usage of urban land is an essential
component in a broad range of planning and environmental management procedures. This
research was conducted with the intention of the developing of an automated technique for the
classification of detailed urban land-use classes using data obtained from remote sensing.
Seven land-use parcel qualities, which were generated from pertinent remote-sensing data,
were combined to identify four land-use classes. These classes were office, industrial, civic,
and transportation, which were found to be the most difficult to categorize in prior research.
An experiment was conducted at a research location in Austin, Texas, in the United States.
Using a decision tree technique, we were able to attain an overall accuracy of 61.68% and a
kappa value of 0.54. In comparison to all of the variables that were considered, it was
determined that the most relevant elements were the building's height and its area. As an
additional point of interest, the floor area ratio variable played the second most essential
function out of the seven variables. This demonstrates that the horizontal and vertical qualities
of buildings, as well as their related spatial characteristics, are significant in distinguishing
between the four classes.

Rozenstein, Offer & Karnieli, Arnon. (2011). Significant shifts in land usage have taken
place over the whole of Israel over the course of the last several decades. Areas that were once
used for grazing have been reforested, converted to agriculture that is irrigated or rain-fed,
transformed into natural reserves, often used as major military training locations, converted to
rural and urban communities, or left unused. The maps of land use that are given by the Israeli
government are less comprehensive for other land use classes than they are for agricultural and
urban land use classifications. Even though rangelands continue to make up a significant
portion of the northern Negev, the extent of their presence is not well characterized at present.
As a result of ongoing changes in land use and the fact that existing land-use maps do not
consider rangelands, there is a pressing need for the establishment of a dynamic land-use
information database that can be employed by planners, scientists, and others responsible for
making decisions. Data collected by remote sensing (RS) are a feasible source of information
that might be used to construct and update land-use maps effectively. The goal of this effort is
to investigate low-cost methods for merging data from the Israeli Geographic Information
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System (GIS) with data from the present satellite remote sensing (RS) system to produce a
land-use map for northern Negev that is generally accurate and up to date. Comparisons were
made between several well-established approaches to land-use categorization based on RS
data. Within the context of a geographic information system (GIS), auxiliary land-use data
were used to update and enhance the accuracy of the RS categorization. It has been discovered
that the use of a mix of supervised and unsupervised training courses results in a product that
IS more accurate than the utilization of either of these training classes on its own. In addition,
it was discovered that using supplementary data and GIS methodologies to update this product
may result in an improvement of up to ten percent in the product's accuracy. Eighty-one percent
of the result was accurate overall. It has been proposed that the use of the approach that has
been provided for additional RS pictures that have been collected at various periods may make
the process of creating a database for changes in land use easier.

RESEARCH METHODOLOGY

The purpose of this study is to create a surface classification system that will categorize
populated residential areas into regular or irregular settlement types on a grid with a spatial
resolution of twenty meters. Large-scale urban planning is responsible for the formation of
regular settlements, which are distinguished by formal planning as well as dwellings and
roadways that are consistently spaced and structured. Alternately, irregular settlements are
characterized by an unplanned layout that is characterized by the emergence of roads and
dwellings that are thinner and more irregular. In most cases, irregular settlements are devoid of
fundamental amenities and often occupy less attractive territory along the outskirts of
metropolitan centers and in regions that are susceptible to risks. As will be seen in the next
discussion, this categorization is determined from the training data that is currently available.

Following preliminary studies that were conducted using the settlement points, the resolution
of the output was chosen. These analyses discovered that the average distance between the sites
was roughly 20 meters. The supervised classification makes use of a random forest (RF)
technique and is dependent on multiscale feature indices that are computed based on the
distribution of settlement point locations.

RESULT AND DISCUSSION

Feature calculation

131 data layers were generated for each province as a result of feature computations. These
data layers included 126 geometry-derived layers and 5 remote sensing measurements. On six
processing nodes with sixteen cores each, the computations took a total of roughly 57 hours to
complete utilizing 96 processors. To construct the training dataset, values were retrieved from
these layers at the positions that were chosen at random.
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Variable selection

In the first processing stage, which was based on ten runs of the RF, it was advised that the
linearity in addition to both closest neighbor angle measurements at the 25 m scale be
eliminated. The second phase consisted of entering the remaining 123 geometry-derived
features into an RF model and comparing the relevance of the baseline variable that was
generated to the importance of the variables that were generated from 500 random
permutations.

Classification and accuracy assessment

In this report, we provide the cross-tabulation of pixel-level predicted vs SoACresidential
kinds, as well as positive and negative predictive values, sensitivity, specificity, and overall
accuracy scores for the predictions made in each province. The primary findings are
summarized in Table 3, which can be seen here. The prevalence of each type in the validation
data is shown in Panel A of the table. This prevalence is based on the individual pixel counts.
In the validation datasets, the proportion of regular settlement areas varied greatly, ranging
from 14% in Kunduz to 60% in Balkh, where Mazar-i-Sharif serves as the capital of the
province. The cross-tabulation counts of a pixel-by-pixel comparison between the prediction
data and the validation data are shown in Panel B. We utilize the terminology of "positive" and
"negative™ for our binary classifications, with normal settlements being referred to as positive.
This is done for the sake of tradition. As a result, a true positive is a pixel that has been
accurately projected to have a regular settlement, while a true negative is a pixel that has been
correctly predicted to have an irregular settlement. The accuracy evaluations that were derived
from the cross-tabulations are shown in Panel C. The terms "positive predictive value" (PPV)
and "negative predictive value" (NPV) are used to describe the percentage of pixels with
regular and irregular settlements that have been accurately anticipated. PPV and NPV are
dependent on the predominance of each form of settlement, and the outcomes follow these
patterns. It is important to keep this in mind. Both the sensitivity and the specificity of the
model are unaffected by the prevalence, and the model demonstrates a sufficient capacity to
accurately forecast the kind of settlement across all of the provinces.

CONCLUSION

When it comes to understanding residential land use, the incorporation of remote sensing and
settlement point characteristics into feature-based categorization provides a dynamic and
comprehensive approach. A nuanced view of urban dynamics may be obtained via the use of
this technology, which combines geographical data with information that is centered on
humans. It is a significant instrument for sustainable urban planning and development because
of its flexibility in changing environments, its capacity for monitoring in real-time, and its
capacity to handle difficulties such as urban sprawl. Cities need to embrace creative techniques
as they continue to develop. This will ensure the establishment of urban landscapes that are
robust and well-balanced, and that can meet the varied requirements of communities.

46

INTERNATIONAL JOURNAL OF INNOVATIONS IN SCIENTIFIC ENGINEERING



International Journal of Innovations in Scientific Engineering WwWw.ijise.in

(JISE) 2022, Vol. No. 16, Jul-Dec e-1SSN: 2454-6402, p-1SSN: 2454-812X
REFERENCES
1. Borana,s.L.& Yadav, s.K. & S.K.Parihar, & Paturkar, R. (2013). Integration of Remote

Sensing & GIS for Urban Land Use / Cover Change Analysis of the Jodhpur city.

Hu, Shougeng & Wang, Le. (2013). Automated urban land-use classification with
remote sensing. International Journal of Remote Sensing. 34. 790-803.
10.1080/01431161.2012.714510.

Huang, Huiping & Li, Qiangzi & Zhang, Yuan. (2019). Urban Residential Land
Suitability Analysis Combining Remote Sensing and Social Sensing Data: A Case
Study in Beijing, China. Sustainability. 11. 2255. 10.3390/su11082255.

Liu, Xiaoping & He, Jialv & Yao, Yao & Zhang, Jinbao & Liang, Haolin & Wang,
Huan & Hong, Ye. (2017). Classifying urban land use by integrating remote sensing
and social media data. International Journal of Geographical Information Science. 31.
10.1080/13658816.2017.1324976.

Rozenstein, Offer & Karnieli, Arnon. (2011). Comparison of methods for land-use
classification incorporating remote sensing and GIS inputs. Applied Geography. 31.
533-544. 10.1016/j.apgeoq.2010.11.006.

Simsek, Duygu & Kaya, Sinasi & Ipbuker, Cengizhan & Sertel, Elif. (2013).
Determination of characteristic properties of rural residential areas using remotely
sensed data. 34th Asian Conference on Remote Sensing 2013, ACRS 2013. 1. 642-649.

Waldhoff, Guido & Eichfuss, Silas & Bareth, G.. (2015). INTEGRATION OF
REMOTE SENSING DATA AND BASIC GEODATA AT DIFFERENT SCALE
LEVELS FOR IMPROVED LAND USE ANALYSES. ISPRS - International Archives
of the Photogrammetry, Remote Sensing and Spatial Information Sciences. XL-3/W3.
85-89. 10.5194/isprsarchives-XL-3-W3-85-2015.

Yao, Yao & Yan, Xiaogin & Luo, Peng & Liang, Yuyun & Ren, Shuliang & Hu, Ying
& Han, Jian & Guan, Qingfeng. (2022). Classifying land-use patterns by integrating
time-series electricity data and high-spatial-resolution remote sensing imagery.
International Journal of Applied Earth Observation and Geoinformation. 106. 102664.
10.1016/j.jag.2021.102664.

Yin, Jiadi & Dong, Jinwei & Hamm, Nicholas & Li, Zhichao & Wang, Jianghao &
Xing, Hanfa & Fu, Ping. (2021). Integrating remote sensing and geospatial big data for
urban land use mapping: A review. International Journal of Applied Earth Observation
and Geoinformation. 103. 102514. 10.1016/j.jag.2021.102514.

47

INTERNATIONAL JOURNAL OF INNOVATIONS IN SCIENTIFIC ENGINEERING



International Journal of Innovations in Scientific Engineering WwWw.ijise.in

(NISE) 2022, Vol. No. 16, Jul-Dec e-1SSN: 2454-6402, p-1SSN: 2454-812X

10. Yin, Jiadi & Fu, Ping & Hamm, Nicholas & Li, Zhichao & Nanshan, You & Yingli, He
& Cheshmehzangi, Ali & Dong, Jinwei. (2021). Decision-Level and Feature-Level
Integration of Remote Sensing and Geospatial Big Data for Urban Land Use Mapping.
Remote Sensing. 13. 1579. 10.3390/rs13081579.

48

INTERNATIONAL JOURNAL OF INNOVATIONS IN SCIENTIFIC ENGINEERING



