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Abstract

Smart sustainable city is that uses the technology to transform their core sys-
tems and optimize the exploitation of limited resources; it is a know-
ledge-based system that provides real-time insights to stakeholders. As a re-
sult of the challenges facing the cities of the Gaza Strip regarding population
growth, lack of resources, increased demand for materials, the siege imposed
on the Gaza Strip for more than twelve years, the smart city approach can
contribute to mitigating these challenges and creating opportunities and solu-
tions for many of these problems. Thus, this study aims to promote sustaina-
ble urban development through the adoption of smart city approaches using
the city’s 3D representation and analysis capabilities to reflect and define the
current situation and formulate a future vision using GIS and Building In-
formation Modeling (BIM) considering Sheikh Hamad city as a case study.
This involves developing a GIS web-based 3D model of the urban landscape
of the city and creating a geometric descriptive database that includes the
various elements of the city such as buildings, services and other facilities.
The constructed database is to be automatically updated and can be used to
facilitate documentation, transparency and help in decision-making
process. The 3D smart city can also benefit stakeholders, government offi-
cials, private sectors as well as the city citizens. Therefore, urban services
will be more efficient, and the cities of the Gaza Strip will be able to achieve
sustainable development and competition in difficult economic, environ-
mental and social conditions. This study recommends the use of BIM and
GIS technologies in the transformation to a smart city concept as well as the
rehabilitation of existing cadres to enable them to use those technologies to
achieve the goal of improving the quality of life and facilitating the daily
lives of people.

DOI: 10.4236/jgis.2019.113019

Jun. 18, 2019 321

Journal of Geographic Information System


http://www.scirp.org/journal/jgis
https://doi.org/10.4236/jgis.2019.113019
http://www.scirp.org
https://doi.org/10.4236/jgis.2019.113019
http://creativecommons.org/licenses/by/4.0/

M. A. El-Hallaq et al.

Keywords

BIM, GIS, Sheikh Hamad City, Smart City, Web 3D City Model

1. Introduction

The smart city is characterized using advanced technology on a large scale and
the overall improvement of urban life sustainability, which requires huge and
multi-source data for the use of technology and management. Urban services
will therefore be more efficient, and cities will be more competitive in their so-
cial, economic, environmental and cultural conditions [1]. The features and pos-
sibilities offered by GIS and BIM technologies make it used widely in the con-
struction industry, and to achieve maximum benefit through the integration of
the diverse possibilities of these technologies [2]. This means that GIS and BIM
data play an important and decisive role in smart and sustainable cities at all
stages. The BIM model is a record of accurate, updated and detailed graphical
and descriptive data for all building elements. This data is of utmost importance
to all stakeholders from the designer, the owner, the final consumer, and the
support of the decision maker. It also serves the various local organizations re-
sponsible for granting permits, providing services and assessing irregularities
[3]. For GIS systems, data relating to a given building are directly related to its
actual location on the city or region map. For example, a building site can be
viewed in the context of other buildings in a neighborhood, its surface areas can
be calculated, distances can be calculated for precise services, and satellite image
data can be included in GIS systems to provide better visibility. Ubiquitously,
accurate and comprehensive spatial data play a critical role in all areas of envi-
ronmental management and sustainable development.

In order to control the full-cycle of construction effectively, technology of GIS
and BIM can be useful because GIS and BIM can handle graphical and
non-graphical documents, which make it easier to collect construction project
information in a central database. Moreover, it can improve and speed up con-
struction planning as well as ensure data integrity and accuracy. By integrating
both GIS and BIM technologies, they can bring spatial analysis in a real-world
spatial reference [4]. Shahi [5] emphasizes that the integration of BIM with GIS,
will allow evaluation of a construction project in its urban context, allowing
many intelligent urban management applications. Alastal et a/ [6] aim to pro-
mote sustainable urban development by adopting the smart city approach by
identifying the concept of smart cities in the reality of the cities of Gaza Strip,
considering Khan Younis city as a case study. The study reveals that Khan You-
nis has 41.7% of the characteristics features of the smart city and needs further
improvements in all axes especially the availability of social and economic infra-
structures.

Song et al. [1] review the applications and future trends of BIM-GIS integra-
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tion in the architecture, engineering and construction (AEC) industry based on
the studies of 96 high-quality research articles from a spatio-temporal statistical
perspective. Results show that the utilization of BIM-GIS integration in the AEC
industry requires systematic theories beyond integration technologies and deep
applications of mathematical modeling methods, including spatio-temporal sta-
tistical modeling in GIS and BIM simulation and management. Al-Saggaf and
Jrade [2] describe the methodology used in developing a model that integrates
BIM and GIS to facilitate demolition waste management and control for mega-
projects. The suggested BIM-GIS model can contribute to more green and effi-
cient construction management. Khan and Adnan [7] evaluate two web-based
GIS applications Google Maps and MapQuest to find out usability problems.
Special criteria are adopted for usability evaluation of these two web-based GIS
applications. Usability tests have been performed with six graduate users and
questionnaires are filled out by these users. Interviews are also conducted with
six users to validate the results. Zhang et al [8] show that data integration is
important for effective asset management. Many IT tools such as GIS and BIM
are highlighted to facilitate such process in this study. Geospatial analysis is one
of the main contributions of GIS for large scale asset management however 3D
tools need to be further developed in order to achieve its big potential. Besides
acting as a data pool, more benefits of BIM for asset management are still to be

clarified.

2. The 3D City Concept

It is currently observed that cities are undergoing a transition and continuous
development, in order to adapt with the rapid demographic, economic, social
and environmental changes. By understanding the need for adaptation as an
opportunity to develop the city towards greater sustainability and flexibility,
most modern cities are trying to introduce innovative tools and methods to in-
volve as many relevant players as possible in planning processes. In this context,
3D city models play an important role as promising techniques for building
common understanding among all actors in different areas. In addition, these
models include GIS functions with high data representation and analysis capa-
bilities, opening more possible areas of application for public administration and
decision support as well as citizen participation. Thus, 3D city models are an
integral part of efforts to transform the traditional city into a smart city through
information and communication technologies [9].

The 3D city plays an important role in transforming the smart city into the
level of technologies and applications used and the development required for the
knowledge infrastructure, in order to maximize the benefit to the residents of the
city. The 3D city model is a digital representation of the earth’s surface and re-
lated objects such as construction, trees, vegetation, and some man-made cha-
racteristics in urban areas. Demand for 3D city modeling is rapidly increasing in

various applications [10]. GIS visualization techniques and 3D modeling of
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building information are applied not only to the region in its current state, but

also to the simulation of future scenarios for sustainable and innovative devel-

opment. Web-based applications are being developed and used to allow clear
presentation of new urban development projects and scenarios, and to facilitate
citizen participation in the planning and decision-making process. The most

important goals and benefits of the 3D city models are [11]:

e It has a great role in quality control, continuity, management and service de-
livery.

e Through the 3D scenario of the current situation, sustainable and innovative
scenarios can be developed, based on the current city data, current plans.

e It assists to map the environmental impacts, and energy mobility data by
combining standard model outputs with the 3D GIS database.

o It facilitates to create an interactive 3D portal based on GIS for citizen par-
ticipation and a decision support panel within the city government so that
planners and decision-makers in the city have tools that allow for clear pres-
entation of new projects and scenarios for urban development and allows
citizens also to participate.

The 3D city models face a real challenge in three main levels. The first level of
challenges relates to intelligent technologies that are essential to implement
smart initiatives and projects. The second level of challenges is for intelligent us-
ers who will be smart city developers. The third level of challenges relates to the
institutional dimension, smart management. The basic requirements for any city
to transform to a 3D smart city should involve:

o Data availability in terms of accessibility, quality, and accuracy,

o Availability of qualified technical staff that can convert data in various forms
to 3D models,

e Hardware and software availability which are very essential to store, process,
manage and output data,

o Availability of governmental willingness to implement such 3D models.

3. The Case Study

Gaza Strip faces real challenges regarding population growth, lack of resources,
increased demand for materials, the siege imposed on it for more than twelve
years. Thus, following the smart city approach can contribute to mitigate these
challenges and create opportunities and solutions for many of these problems.
Sheikh Hamad city is selected as a case study to enhance sustainable develop-
ment of Gaza Strip cities through 3D smart city model using GIS and BIM. The
reason to choose Sheikh Hamad as a case study is because that it is considered
the most important recently housing project in terms of its urbanization in the
Gaza Strip. Its scale and size are also suitable for such study. In addition to, the
project is distinctive from traditional planning aspects and is in a govern-
ment-owned area.

The residential project of Sheikh Hamad city is located in the liberated lands,
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Mohararat, under the influence of Khan Younis Municipality in the southern
Gaza Strip, northeast of the city of Asdaa Media, Figure 1. The land is wholly
owned by the Palestinian National Authority. The total area of the city is about
404,446 m*. The number of residential buildings in it is 172, consisting of 3628
housing units. Beside the residential buildings, it also includes schools, kinder-
gartens, mosques, health center, women’s activity center, cultural and social
sports club, administrative building, civil defense building, police station and
green areas. The city is served with network of main roads, aggregated and local,
which has an area of 96,824 m” with an occupancy rate of 23.9% [12].

4. Methods and Results

With the help of dedicated geoprocessing tools, the provided datasets are im-
ported into the GIS environment. To develop a 3D BIM/GIS model, all geospa-
tial and non-spatial datasets must be processed and homogenized in a geodata-
base. With technical 3D modelling technology applied with ArcGIS tools, an al-
most fully automated modelling process is developed to create 3D visualization.
Finally, a public web-based BIM/GIS application tool is published at ArcGIS
platform in order to allow stakeholders and citizens to get access and benefit
from this application. The 3D visualization of the city development scenario also
helps citizens to better understand the terminology used in the urban planning
process.

Figure 2 illustrates the methodology framework of this study. The most rele-

vant stages of the processing workflows are discussed below.

4.1. Data Acquisition and Processing

Data availability is a fundamental prerequisite in order to accomplish this stage.
High quality data needed in this stage should involve survey data, BIM data,
road network, public utilities, green spaces, trees as well as high resolution or-

thoimages. As part of the data preparation, all datasets of the City should be
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Figure 1. The geographic location of Sheikh Hamad city.
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Figure 2. The methodology framework.

processed and georeferenced before they can be integrated and migrated into the
GIS environment using GIS geoprocessing tools. In addition, attribute data for
each dataset is tabulated with a high level of detail. As a result, a comprehensive
geodatabase can be designed including all the necessary and processed datasets

as a starting point for modeling the 3D visualization.

4.2. 3D BIM/GIS Generation

ArcGIS pro v2.2.1 is used to handle 3D data by creating a Global Scene page. For
buildings layer, 2D data is transformed to 3D by adding the height of residential
buildings and the number of floors for each residential tower. 3D building mod-
els and its corresponded data are exported to Google Sketchup with Collada ex-
tension multipatch using the ArcGIS Toolbox. Then, the Collada file is opened
using the Google Sketchup 2018 software to cover the building models with the
facades and pictures to look as a real representation. After the facade of build-
ings are processed, files are exported back to Collada through Google Sketchup.
To share the 3D data on the web, 3D layers must be processed and converted to
a scene package. Similarly, the rest of other layers of the city such as water,
wastewater, roads, electrical and other networks are processed with the same
steps. Figure 3 shows the implementation workflow of the 3D BIM/GIS model
development.

4.3. Web-Based Application

Active involvement of the citizens and other interested groups to share and ben-
efit from the City data is a fundamental necessity. The web application (Figure
4) also allows getting online access to the planning documents anytime and an-
ywhere and enables the citizens to state their position by providing their feed-
back. The 3D visualization of the status and the development scenario helps cit-
izens to better understand the terminology of the planning statutes. The City
data is uploaded to the ArcGIS portal/online server. All layers and attribute
tables are added to the ArcGIS portal’s 3D web browser with the properties of
each layer. Figure 4 shows the basic interface of this web application.

The web application allows the user to select a suitable base map from a listed

menu, view and navigate through the City scene from different looking directions

DOI: 10.4236/jgis.2019.113019

326 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2019.113019

M. A. El-Hallaq et al.

Figure 3. The workflow development of 3D BIM/GIS model.
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Figure 4. The main interface of the developed web model.

and consequently imagining and simulating the actual representation of the
City. Moreover, it has the ability to perform various queries about the City facili-
ties such as building information, roads inventory, electrical and water utilities
characteristics with the possibility of updating this information automatically
and periodically. It also can display the electrical, water and sewage networks in-
side apartments, search for the location of emergency units, in addition to illu-
strating the architecture distribution of rooms and other services.

The web site also offers measurement tools to compute distances between
certain features or area of some objects under consideration. In addition, it pro-
vides some analytical tools for sun lighting which enable to monitor the change
in shadows, to study lighting angles and their impact on residential towers and
apartments throughout the year, to show its impacts on plantations and trees, in
addition to the use of these analysis to arrange the well distribution of solar pa-
nels. Figure 5 illustrates some examples of the above-mentioned capabilities of

the developed 3D web case study application.
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(c) Apartment Interior Utilities (d) Environmental Analysis

Figure 5. Examples of the 3D web interface capabilities.

4.4. Case Study Discussion

Based on this case study and its results, there is a great need to adopt a smart 3D

city model in order to enhance sustainable urban development in the Palestinian

cities, especially the cities of the Gaza Strip using BIM and GIS systems. Unfor-
tunately, there are challenging problems encountered in the implementation
process. These challenges are mainly due to unavailability of the City data; either
insufficient level of data detail or difficulty of accessing because it is archived
among various institutions. Other challenges are technical and input from the
inability to implement GIS analysis, environmental impact mapping, and city
data by combining standard model outputs with the 3D GIS database, as typical
standard outputs are not available to compare with the existing database.

The developed web application gives helpful basic functions that can assist in:

e Research, exploration and display: Any information on 3D maps; residential
buildings, utilities, services, water network, sanitation and other accessories
can be queried and researched with the possibility of updating.

e Analysis and simulation: The analytical tools discussed in the case study al-
low to suggest more than one scenario and the best choice is taken before the
project is launched on the ground. 3D model adds an additional dimension
to the presentation and representation of data. It also contributes to the re-
duction of visually complex information to represent City components in
order to better understand such complexity.

e E-collaboration: achieve cooperation between different working teams, faci-
litate communication, and sharing data between them, and thus save time
and effort required to accomplish the tasks.

e Infrastructure and Facilities Management: As a result of the availability of an

integrated central geographic database for all elements of the city, the infra-
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structure and facilities in the city can be managed efficiently and effectively
in terms of follow-up, maintenance, delivery of services, greatly reducing re-
source waste and thus quality control to improve quality of life of the City
citizens.

e Digitizing planning: To achieve comprehensiveness and avoid repetition.

e Provide planners and decision makers in the city tools to allow a clear pres-
entation of projects and new scenarios for the development of city, and al-
lows the participation of citizens, and promotion.

The expected benefits of implementing the city’s 3D Smart City strategy in
Sheikh Hamad case study help to build and manage a 3D geometric and descrip-
tive database of the various elements city and allows stakeholders from govern-
mental and private institutions, as well as citizens to provide them with a clear vi-
sion of effective policies, best practices and consequently support decision-making.
It contributes to better management of infrastructure and facilities with a way of
more efficiency, more effectiveness, and reduce waste of resources. The strategy
also contributes to saving time, effort and resources, which are positively re-
flected on all processes and projects. Moreover, it improves the quality of servic-
es provided to citizens and thus contribute to improving the quality of life. It can
also contribute to the development of sustainable and innovative future scena-
rios for this area and outline project requirements.

5. Conclusion and Recommendations

The Gaza Strip faces multiple problems of limited space, continuous population
growth, and the depletion of already scarce natural resources. In addition, it
subjects to a continuous siege and successive destructive wars. All these prob-
lems require proper planning and rational use of available resources. Thus, the
integrated features and capabilities offered by BIM and GIS technologies make it
an important and effective role in managing assets and resources with suitable
efficiency and high quality, Urban services will therefore be more efficient and
the cities of the Gaza Strip will be more able to achieve sustainable development
and competition in difficult economic, environmental and social conditions.
Therefore, urban services will be more efficient, and the cities of the Gaza Strip
will be able to achieve sustainable development and adaption in difficult eco-
nomic, environmental and social conditions. In this study, a 3D BIM/GIS model
is developed for Sheikh Hamad city in the Gaza Strip as an example. In addition,
a web-based application is launched to assist in sharing, viewing, managing,
analyzing and supporting decision-making process. This study recommends the
use of BIM and GIS technologies in the transformation to a smart city concept as
well as the rehabilitation of existing cadres to enable them to use those technolo-
gies in order to achieve the goal of improving the quality of life and facilitating

the daily lives of people.
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