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ABSTRACT:

Successful land information management is an important issue for governments in regards to sustainable development. Reliable and
comprehensive data about land and all related factors are essential for effective land policies. Various land related legal applications
such as planning, taxation, property management, mortgage, and real estate investments require interoperable, extensive and realistic
information about the land and real property. GIS provides greater insight into land by its capability to advance geographic analysis
in different aspects. The statistical analysis capabilities of GIS increase the efficiency and accuracy of the evaluations related to land
and real estate. Along with the developments of information and communication technologies, modern GIS technologies can handle
large and complex data. Web-based and mobile GIS technologies provide the capability of operating and sharing local data and
provide geographic analysis tools to users via the web. In this way, various mobile GIS applications can be developed in many
different application areas. In this study, a mobile application titled as Smart Real Estate was developed for presenting urban real

estate characteristics in different thematic groups by analysing data in different formats coming from different sources.

1. INTRODUCTION

Comprehensive and successful management of land information
is essential for governments in achieving sustainable
development and progress. A successful land management
policy needs reliable, interoperable and extensive information
about the land and real estate in every aspect (FIG, 2002). Legal
practices such as planning, taxation, property management,
mortgage and market capitalisation, real estate investments and
funds need comprehensive and reliable information about the
land and real property (Deininger and Selod, 2012; Bovkir and
Aydinoglu, 2018). Therefore, valuation of land and accurate
determination real estate speculations has great importance in
terms of conducting planned urbanization, selection of
settlement and investment areas, taxation, and land arrangement
(Deininger 2004; Dyca 2018; Aydinoglu et al., 2020). In this
regard, it is highly important to determine factors affecting real
estate values for successful and effective land management
(Bovkir and Aydinoglu 2018).

Geographic information system (GIS) technologies promote
effective land and real estate management by providing greater
insight into land in different aspects (Longley et al., 2005;
(Shcherbina et al.,, 2010; Zivkovic and Dordevic, 2016).
Because data alone is not enough for better decision making, it
should be analysed effectively with a wider perspective. The
geographic analysis tools of GISs increase the efficiency and
accuracy of land and real property valuation processes (Longley
et al., 1994; Wyatt, 1997; Zeng and Zhou, 2001; Yang et al.,
2015; Aydinoglu et al., 2020). GIS can be used in various
application areas to analyse different characteristics of the
physical, topographical and social environment because of its
capability of processing big and different structured geographic
data. In this way, a better understanding provided to the user in
order to analyse land dynamics and make successful decisions
about real estates.
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Modern GIS technologies use digital information generated by
various digital technologies and contain larger, complex, and
continuously increasing geographic data (Matney et al., 2019).
The fact that such large data structures can be active in a global
network and online wherever there is the internet. WebGIS
allows to operate and distribute the local data, to provide geo-
analytics tools to the users on the web, to browse and update the
different data layers in a web application and all these
capabilities ensure the MobileGIS applications to use on the
mobile devices (Soomro et al., 1999; Khasha et al., 2018). With
the integration of big data, cloud computing and WebGlS, the
presentation and analysis of geographic data in MobileGIS
applications can be faster and the presentation in this
environment can be more optimized and uninterrupted.
MobileGIS are used in many different applications areas such as
monitoring health (Tsou, 2004; Hsueh-Ting et al.,2006; Klasnja
and Pratt, 2012; Khasha et al., 2018), environmental mapping
and monitoring (Arrington et al., 2017; Guilbaud and Guilbaud,
2017; Lindgren, 2017; Nowak et al., 2020); urban planning
(Jurado et al., 2019; Kim et al., 2019; Munoz et al., 2019) and
mobility (Bandara et al., 2014; Gharbi and Haddidi, 2020).

In this study, it is aimed to develop a mobile application for
demonstrating urban real estate characteristics for different
thematic groups by analysing data in different formats coming
from various public information sources. In the smart city
concept, it is important to use open public information and serve
them to the citizens via smart applications. In this aspect, firstly
data provided from different public resources for the study area
Pendik, thematic surfaces were produced by using geographic
analysis in a GIS environment. After the creation of the
thematic surfaces for each criterion, these surfaces were
evaluated by using fuzzy logic with the help of GIS analysing
tools. In this way, objective and comprehensive evaluations
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about urban land and real estates can be performed. Secondly, A
mobile application titled as Smart Real Estate was developed in
Android Studio development environment. Finally, fuzzy
surfaces representing thematic values of real estates were served
via web services on the application to be visualized.

2. PROCESSING AND ANALYSING DATASETS FOR
THE MOBILE APPLICATION

Parameters affecting land and real estate are very diverse and
highly complex. Therefore, in order to perform objective and
accurate evaluations, all parameters related to land and property
should be considered and taken into consideration (Bovkir and
Aydinoglu, 2018). Factors affecting land value are grouped into
six thematic groups in which have integrity based on the
national and international standards, regulations and academic
studies. The thematic factor groups are named as environmental
factors, public services, cultural factors, transportation,
utilisation, socioeconomic factors which have a total of 20
criteria in Table 1 (Aydinoglu et.al., 2019).

- Environmental factors include data related to the locational
features of real estate such as distances to industry,
infrastructure, green spaces and cemeteries.

- Public services include data related to the distances to public
facilities such as educational facilities, religious facilities,
healthcare centres and public utilities.

- Cultural factors include the centres related to cultural and
leisure activities such as cultural (cinema, theatre, art gallery,
library etc.) and shopping centres.

- Transportation includes data related to public transportation
such as the distances to main roads, highways, bus and metro
stations, airports and parking areas.

- Utilization includes data related to the utilisation of the land
which real estates are located such as slope and aspect.

- Socio-economic factors include data related to the socio-
economic status of real estate owners and neighbourhoods such
as population density and university graduate rate.

Geographic characteristics of each criterion in thematic groups
were produced and optimised by following the data analysing
processes for the study area:

- Creation of POls: Polygon data such as education, health,
cultural, religious, infrastructure facilities; parking lots,
industrial areas, public institutes, shopping centres, cemeteries,
green spaces and airport has been converted into Point data
(POQls).

- Generation Thematic Surfaces: In order to obtain pixel-based
thematic surfaces, analyses such as slope, aspect, density and
Euclidean distance was performed.

-- Slope Analysis: The slope surface was generated in raster
format in per cent or degrees by showing the slope values
calculated over the numerical terrain model at desired intervals
in a GIS environment.

-- Aspect Analysis: Aspect refers to the compass direction of the
slope in physical geology. North is represented as 0, East is 90,
South is 180 and West is 270 degrees. Smooth areas are
represented as —1. The aspect surface was produced in a GIS
environment.

-- Density Analysis: Density surfaces show where a point or a
line increases and clusters. Population density and university
graduates rate belonging to the study area were produced with
point density in the GIS environment.

-- Euclidean Distance (ED) Analysis: ED analysis is a distance-
based calculation which calculates the distances from each pixel
in the raster to the closest target source with the Euclidean
calculation. The thematic distance surfaces (educational, health,
cultural, religious, cemetery, infrastructure, shopping centres,
airport, parking, industry, green areas) and distances to metro
and bus stations, main roads and highways were produced with
Euclidean distance analysis in a GIS environment.

Criteria in Table 1 were evaluated with fuzzy logic in a GIS
environment. According to the characteristics for each criterion,
fuzzy membership functions were applied for each criterion. In
this way, due to their memberships, each pixel in the raster
surfaces has pixel values ranging from 0 to 1. Thereafter, fuzzy
overlay surfaces for each thematic group were created with
AND and OR functions. Table 1 lists the thematic groups with
their sub-criteria, the type of fuzzy membership and overlay
function with their critical point (t).

Thematic S Membership  Overlay
Group Sl S function function
Distance from industry (m) 800 Sigmoid
Distance from 800 Sigmoid

infrastructure (m)

Environmental .
Distance from green space

factors 600 Inverted sigmoid ~ AND

(m)
Distance from cemeteries 800 Sigmoid
(m)
Distance from education 800 Inverted sigmoid
(m)
Distance from religious ’ ;
o ublic ervices facilities (m) 800 Inverted sigmoid
ubli i
Distance from healthcare . . AND
m) 600 Inverted sigmoid
Distance from public ] ]
utilities (m) 800 Inverted sigmoid

Distance from cultural 800  Inverted sigmoid
centres (m)

Cultural factors Distance from shopping AND
centres (m) 800 Inverted sigmoid

Distance from highways
(m)
Distance from main-roads
(m)
Distance from bus stops
Transportation (m)
D'StZ?;?Jr:STmTetro 800 Inverted sigmoid OR

Distance from the airport
(m)
Distance from parking (m) 1000

2000 Inverted sigmoid
100  Inverted sigmoid

400 Inverted sigmoid

3000 Inverted sigmoid

Inverted sigmoid
Monotonically

Slope (degrees) 20 decreasing linear
Utilization Symmetric AND
Aspect (degrees) éaussian

Population density (low-to- Monotonically

Socio-economic high) decreasing linear A
factors University graduate rate Monotonically
(low-to-high) decreasing linear

Table 1. The valuation criteria with fuzzy membership function

In fuzzy logic theory developed by Zadeh (1965) each element
graded between 0 and 1 (Zadeh, 1965). An element of a fuzzy
set can be a full member (100% membership) and gets the value
of 1; no member (%0) and gets a value of 0 or a partial member
(between 0% and 100% membership) and gets a value between
0-1 (Nedeljkovic, 2006). It means, as in classical theory, the
values of the elements are not limited to only two values 0 and
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1. The shape of the membership function of an element differs
related to the requirements of the application. It can be
linear/non-linear, continuous/ non-continuous, symmetrical/
non-symmetrical such as Linear, Gaussian, Sigmoid and
Inverted sigmoid.

Fuzzy set operators are used for the evaluations of the fuzzy
rules. Most common and used fuzzy operators in GIS are AND
(Intersection) and OR (Union) operators. As an example,
Environmental factors raster surface representing the locational
features of the real estate were created by using distance
surfaces in Table 1 as distances to industry, infrastructure, green
spaces and cemeteries. Firstly, fuzzy memberships were
determined with ideal accessibility distances to apply for fuzzy
memberships as listed in Table 1. Then, fuzzy surfaces were
overlaid by the fuzzy AND operator (Figure 1).

Figure 1. Creation of the Fuzzy Surface of Environmental
Factors

3. DEVELOPING THE SMART REAL ESTATE
MOBILE APPLICATION

The Smart Real Estate mobile application has been developed to
ensure the interoperability between different heterogeneous
geographic datasets and services. It uses the output data
produced by the geo-analysis tools and machine learning
algorithms from different data sources between applications.
The developed mobile app can be considered as a template for
similar applications openly and freely. The Smart Real Estate
application enables the open service of geographic data sets in
PostgreSQL and PostGIS databases with web services and the
presentation of data analysis results to the mobile user in the
Android environment. Thus, the user can access the pre-defined
real estate ads in specified locations with the desired criteria.
Also, it allows serving geo-data sets processed with geo-
analytic tools via web services. In this way, valuation results in
the selected locations can be provided to the decision-makers
and citizens freely. The architecture diagram of the Smart Real
Estate mobile application is presented in Figure 2.
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Figure 2. Architecture diagram of the Smart Real Estate mobile
application

The Smart Real Estate application was developed on the
Android Studio development environment with Java
programming language. It supports Lollipop (API Level 22) and
Pie (API Level 28) operating system versions. In this way, it is
available on 80.2% of the entire mobile devices’ ecosystem. As
the map component, Google Maps SDK for Android was used.
In addition to the map bases, it provides the needed mapping
features with geocoding and map services. PostGIS extension
provides storage, processing and query capabilities of both
vector and raster data with the help of open-sourced QGIS
Desktop.

REST is a data transfer method used in service-oriented
architectural software which enables quick and easy
communication between client and server. In the developed
application, REST web service was developed for the needed
data and functionality. It provides capabilities such as listing,
filtering, and calculation of real estate values. For the service,
JAX-RS (Java API for RESTful Web Services) specification
offered by Java EE was used and open-source Jersey framework
was preferred. REST service was published on open source and
free application server Jetty and Netbeans was preferred as the
development environment (Figure 3).
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Figure 3. Screenshot of the Netbeans development environment
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4. USING SMART REAL ESTATE APPLICATION

The splash screen of the Smart Real Estate application is shown
in Figure 4. “Address Search” function placed on the main
screen (Figure 4-mid) allows the user to enter free text or select
a specific location in order to focus on the map. At this stage,
geocoding operations are carried out on the API provided by
Google. Also, street view and satellite images provided from
Google can be used as a base map. With the "Location” function
at the bottom right of the main screen (Figure 4-mid) users can
see their location on the map. Thus, users can separate the ads in
their surroundings from the others while choosing between all
ads. The positions of the ads are not text-based in the form of X
and Y and stored directly in the table with the geometry in
PostgreSQL with PostGIS plug-in. With this approach, it has a
structure that will allow spatial analysis in the mobile
application. "Refresh" function at the bottom right of the main
screen (Figure 4-mid) allows the user to reload the real estate
ads provided through the adList Endpoint in the REST web
service REST service in JSON format (Figure 4-right)

-"result":
-0 {

AKILLI EMLAK

Figure 4. Smart Real Estate mobile app splash screen (left); map
screen (mid) and adL.ist Endpoint result JSON data (right)

“Real Estate Search” enables the user to access the filter screen
and to search the desired criteria. A total of 12 criteria which are
the type of real estates such as apartment, detached house,
duplex apartment etc., the seller (realtor or owner), the price
range, area, elevator, status of real estates such as newly built,
fist hand or specified year range, the number of the rooms, the
floor number, within a housing estate, availability of the
security and parking site and type of the heater system from top
to bottom can be searched synchronically (Figure 5-left). “Land
Evaluation” is the most important function that distinguishes the
Smart Real Estate application from its peers. With this function,
specified locations can be evaluated with thematic scorings by
using geo-data services produced from geo-analytic tools. This
process is performed by the adValue Endpoint on the REST
service (Figure 5-mid). When the value of the current real estate
is calculated with the data collected from the services, value bar
graphics are produced in addition to real estate information
(Figure 5-right).

The datasets and raster surfaces representing the criteria in
Table 1 produced as a result of the geo-analytics were served
through REST services. Smart Real Estate application uses
these pixel values and it presents each thematic criterion and
groups generated from fuzzy logic analyses via scoring as a
percentage (%). In Figure 5-right, 12 of the 25 thematic scorings

about the specified address by the user are presented along with
percentiles in bar graphics. According to the real estate in the
specified address as an example, scorings shows the availability
of the education (85%), green space (82%), religious (100%)
and health (87%) services are high; the availability of the public
(34%) and cultural (14%) facilities, bus stops (20%), industry
(0%), utilization characteristics (4%) and shopping centres
(14%) are low and university graduation rate (56%) and
population density (54%) are medium levels.
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Figure 5. Real Estate Search function (left,) adValue Endpoint
showing valuation records of received JSON data (mid) Value
records with bar graphics (right)

5. CONCLUSION

Access to the objective and reliable information about urban
land and real property is important in smart city concept
considering the smart and transparent city management.
Valuation of the urban land and real property has crucial
importance in terms of planned urbanization, taxation, urban
transformation and arrangements, selection of settlement and
investment areas. GIS capabilities on advanced geostatistics as
multi-criteria decision making give the user to process urban-
related data from a broad perspective. As a web-based solution
to operate the local data and to provide geographic analysis
tools to the users on any device, MobileGIS applications are
used for monitoring, analysing and mapping information in
various areas within the scope of smart city applications.

Information about urban facilities can be obtained through
various property applications or interactive city guides. With
these applications locations of the point of interests (POISs),
roads, parks, public facilities etc. can be presented. However,
with these applications, complex evaluations regarding
geographic locations cannot be performed. In this study, urban-
related data coming from different public institutions in
different formats analysed with advanced geographic analysis to
obtain reliable and accurate evaluations about urban real estates.
In the smart city concept, it is important to serve public
information freely to the citizens via applications for providing
better city services. In this regard, developed Smart Real Estate
mobile application presents the different thematic characteristics
of an urban real estate to the users for desired locations openly.
Specified locations can be evaluated with thematic scorings by
using from geo-analytic tools and services and presented to the
users via bar graphs.
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