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Abstract: The concept of the smart city is about using smart computing technologies to create a convenient environment for
the residence and to improve the quality of living. Mobility and transportation are one of the major characteristics of the
smart city, especially for fast growing population cities. Our study focuses on Jeddah city as it's the second large city in
Saudi Arabia with more than 3.5 million populations. An investigation for the current transportation system in Jeddah was
conducted to outline the issues that cause traffic and congestion. A multi-modal journey planner (MMJP) was proposed
based on the requirements specified from the analysis phase. A demo application named (smartlTS) was developed to
illustrate the proposed solution interface, functions, and features.
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l. Introduction.

A smart city concerns concepts that uses technology to improve the quality of life for the residence by improving the
infrastructure and the delivered services. Smart cities appear as the next stage of urbanization. Since 2005 Saudi Arabia has
shown strong initiatives toward the urbanization and the modernization of the kingdom. Many new economic cities
"Greenfield" have been established like King Abdullah Economic City, Prince Abdul-Aziz Bin Mousaed Economic city,
Tabuk City, and others. One of the main characteristics of a smart city is having smart mobility/ intelligent transportation
system. Transportation systems are very important in modern life. Effective transportation systems can significantly enhance
the efficiency of travel, reduce traffic incidents and improve safety, alleviate the impact of congestion.

Jeddah is the second largest city in Saudi Arabia with rapidly growing population rates. The population projection is
estimated to exceed 5.6 million by 2030 [1]. This significant growth will require doubling the roads space and the services to
serve the growth rate. Having a smart public transportation system and smart parking facilities would not just decrease the
amount of streets space needed, it will preserve the character of the city. This will offer economic benefits and it will increase
the mobility for residents.

This focuses on the field of intelligent transportation systemic in Jeddah city. It aims to encourage the smart
development to provide the citizens with better mobility in term of quality and options. This is achieved by demonstrating the
current condition of Jeddah to propose a Multi-modal solution that is tailored to the need and infrastructure of Jeddah city.

1. Smart City Concept.

The concept of smart cities assumes that the functions and the services provided to the citizen are delivered in a smart
way "using computing technology"” [2]. It thrives on giving a high-quality level of living to their residence through a clean
and sustainable environment and application of 'Smart' Solutions. The mission promoted by smart cities is to drive economic
growth and improve the employment opportunity in different socio-economic of the developing world [3]. There is no specific
definition for smart city, many researchers have come up with a various definition. The author in [4] defined smart city as: "the
use of smart computing technologies to make the critical infrastructure components and services of a city- which include city
administration, education, healthcare, public safety, transportation, and utilities more intelligent, interconnected, and efficient".

I1. Intelligent Transportation Systems /Smart mobility.

Smart Cities aims to improve the overall quality of life by using interconnected smart devices and the Internet of
Thing (1oT) to understand citizens' needs, and this must incorporate ITS. Intelligent Transportation Systems (ITS) is one of the
main characteristics of the smart city, it has emerged over the past 15 years as a crucial part of any smart city concept
providing an important means of managing road transport. It is the application that use technology to provide innovative
services related to the efficient use of the transportation infrastructure. It aims to enhance the management and the information
capabilities for various transport and traffic modes. It enables the user to be informed and updated, thus perform better, safer,
and smarter decisions related to transport network [5]. To start constructing smart transportation, the city sectors should be
integrated with smart transportation systems within sectors of the city. The main purpose to apply smart transportation is to
increase the number of the users include commuters, travelers, and tourists and this will mainly focus to help people who
cannot pay for private transportation, on the other hand, this will help to reduce the traffic during rush hours [3]. To this end,
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this paper will investigate the current transportation system in Jeddah thus, to evaluate the potential and the challenges to
enhance the Transportation system in Jeddah city.

IV.  Jeddah Transportation system — Case Analysis of the Current Situation.
4.1 Background

Saudi Arabia suffers hugely from traffic issues. Jeddah is the commercial capital and the portal of the two Islamic
holiest city mecca and Madinah and the second large city in Saudi Arabia with rapidly growing population rates. Many studies
have found that the population of Jeddah has grown in short period of time from about 147,900 in 1964 to more than 3.5
million nowadays [6]. The reasons behind the significant rapid urban incensement rate during the previous four decades was
because of the incoming migration rate from villages in Saudi Arabia and from other countries, during the last four decades
where the population grown for 6.3% average annual growth which indicates to the demand for public services, infrastructure,
transportation and utilities [7]. Additionally, in 2030 the number of people in Jeddah will be increasing by 2 million which
will cause more traffic congestion [8]. Furthermore, Jeddah has continuous development according to the networks changes
and the planned expansion which disable the traffic movement in the rush hours [3]. On the other hand, some studies have
shown that the traffic has an annual increase of 3.5% to 4%, and that is the reason why the transportation should be reliable
with the population and economic development but till now the road network is not stable and has been witnessing main and
minor changes, which in turn dissatisfy the vehicle users because they cannot arrive at their destinations in the estimated time
[7]. Thus, indicates that there is an urgent need for a reliable transportation system which can be implemented by hybrid
technologies to improve the transportation efficiency to match the user's' needs. The road length in Jeddah expanded after
1980, but unfortunately not all roads because the high and the primary roads did not change. In comparison, in 2007 the road
consistency compared to the population of Jeddah was reduced for 0.00043 km/person. The road consistency percentage
shows the fast increase of Jeddah's population growth from 1964. Thus, the road infrastructure improvement doesn't meet the
population growth needs.

According to [7], from 1964 till 2014, lands and roads in Jeddah have a momentous change, there are five significant
land use classes that changed which include: residential, commercial, industrial, informal settlements and public places.
Constructed transportation infrastructure in Jeddah city has a residential change which includes the location of the new airport
and the government's development policies. Some of the changes that didn't meet the population's needs are the road length
expansion which started after 1980, but only the secondary road category increased significantly which serve with good
connectivity with the highways and primary roads, while other road types have a minor expansion. In our opinion, this road
development considered as one of the main challenges that prevent or terminate applying a smart solution. In 2007 the road
density in relation with the urban area increasingly changed for 0.01km/ha, which means that in this period higher accessibility
to different land uses was provided. Thus, due to the rapid increase in transportation infrastructure during the previous years,
the road density got improvement in the population of Jeddah in 2007 for 0.00043 m/person. One of the main challenges that
terminate the improvement of Jeddah infrastructure was that the speed of road infrastructure provision has not coincided with
population growth which was equal to 6.3 annual growth in the last forty years which indicated to the demand has increased
for public services, infrastructure includes transportation and utilities.

4.2 Jeddah’s Transportation Problem

Jeddah's transport is car dominant wherein 93% of daily trips done by car [9]. Public transportation is deficient and
shares a very low percentage of daily trips. Thus, one of the problems will be the lack of adequate public transportation. The
road infrastructure improvement doesn't meet the population growth needs and that leads us to the second problem which is the
limitation of the road capacity. Also, Jeddah suffers from the lack of adequate parking facilities that led drivers to park their car
on the main road which causes more traffic congestion.

4.3 Analysis

4.3.1 The lack of public transportation

The Two current systems supporting the public transport in Jeddah are, firstly, Saudi Arabian Public Transport
Company (SAPTCO), which operates the regulated bus systems and covered 150 km. Secondly, Unregulated Coaster buses
which are a bus system consists of approximately 90 buses that cover a distance of 160 km. there are lots of problems with
regards to these services such as the bad buses conditions, Low accessibility, deficient infrastructure and unscheduled services
[6]. Recently, the ministerial gave the approval to start implementation of Jeddah Public Transportation Program (JPTP), it
should provide facilities such as metro trains, a bus network, a Corniche tram, sea ferries and an Abhur suspended bridge,
which will provide quality of public transportation and places [22].

4.3.1.1 Challenges:

One of the main obstacles is the cheap oil which poses the use of the private car over the public transportation.
Another reason, based on the examination of the current situation is the need for covering more distance area of the city, it has
to be more appealing than cars, and it should incorporate more advanced technology. Such as Smart bus stop system
(Intelligent public transportation system) that uses the GPS and GIS technologies. Also, the development of public
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transportation in Jeddah acquire the improvement of the existing roads circulation. Indeed, the construction of the bus
transportation system will be on road network. Thus, Jeddah needs to increase the road network and transportation capacity
[10].

4.3.1.2 Opportunity:

Accordingly, as city expands over the time it can create more public transportation in new areas and connect it with
old one, for example, connecting the bus services to new transportations facilities. Also, it will provide a convenient solution
for women and children, as we know that women cannot drive according to the Saudi laws. Thus, this will increase the
opportunity for the success and the need of such a system for the citizens. Indeed, the financing for such projects is highly
supported by the government.

4.3.2 The Parking Facility
Jeddah city is experiencing parking problems where car parking provision is not compatible with land use and
differences in density. There are several factors the contribute to the act of illegal parking, for example, lack of policies and
regulations, increase of economic growth, social and cultural unpleasant habits, inadequate parking facilities and parking
management techniques [11]. According to [6], illegal parking increase during weekend compared to weekdays. However,
there are some initiatives to enhance the parking facility although, they are not implicitly considering solving the problem.

4.3.2.1 Challenges:

Provide an effectively parking space, control the limited of high demand capacity areas, and put parking sign and
arranging times. Indeed, Jeddah needs to deploy and incorporate smart parking system, and that requires data standardization
and management, mobile phone integration, hardware and software innovation, and the collaboration of different involved
stakeholders.

4.3.2.2 Opportunity:
The Emerging technologies now as a result of the transformation from the traditional system to smart intelligent
systems, has affected the way to solve this kind of challenges with high advance technology. Many companies now are
providing techniques that can be implemented and integrated with the old systems if any or in this case to replace it.

4.3.3 The Road Capacity
The limited capacity of roads and highways caused traffic congestion. As a consequence, of bad urban planning, the
road capacity is minimum compared with the population increase.

4.3.3.1 Challenges:
New infrastructural projects and dealing with congestion problem.

4.3.3.2 Opportunity:
The municipality is paying more attention to this problem, a lot of expanding projects are now taking place.
Additionally, the vision of 2030 emphasizes the establishment of a plan for ease traffic congestion in Jeddah. One of it will
focus on the main roads and the arrangement of the street by moving cars from Congestion Street to another direction [22].

V. Analysis Results.

Improving an existing transportation network is different than constructing a new one from scratch. The previous
analysis explored the current situation of Jeddah transportation system from three basic interrelated transportation aspect (the
lack of public transportation, the parking facilities, and the road capacity). For the road capacity problem caused by bad urban
planning and the rapid population growth, the municipality of transport has established a plan for infrastructure and expanding
projects. At the meantime, this will cause more traffic because of the undergoing construction work but it will decrease the
traffic congestion in the future.

The public transportation issues are still encountering difficulties that preventing it from being efficiently functioning
or even exist. In the case of Jeddah city, there is obviously a desperate need for an intelligent or smart transportation system to
overcome the traffic congestion by decreasing the use of private vehicles, to provide a convenient transportation options to the
residence especially for moderate and low-income class, and to offer a secure and safe transport alternative for Saudi women,
since females cannot drive yet in Saudi Arabia. As for parking, which plays a major role in the transportation system. The
parking facility in Jeddah is creating part of the traffic congestion with 30% [6].

Many factors have contributed to Parking issues such as the lack of policies and regulations, the population growth,
the social and cultural unpleasant habits toward illegal parking, and the inadequate parking facilities (building and locations).
Deploying a smart solution to deal with this parking issue will be a smart move and it will decrease the traffic and enhance the
mobility. Furthermore, this will require the integration of Information and Communication Technology (ICT) infrastructure,
and that is always challenging work to design and improve an existing system.
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VI. The Proposed Solution: Multi-modal solution.

6.1 Multi-modal intelligent transportation system components:

Our multi-modal transportation system consists of two main basic components:
e  Smart public transportation system.
e  Smart Parking system.

Smart public transportation can be developed in multi-modal transportation system for Jeddah which can be a catalyst
for Jeddah's broader transformation into a smart city. Metro Jeddah Company (MJC) has been established to connect all public
transportations together in a smart way. MJC focuses on three main levels, first the network level with four lines to link which
include King Abdul-Aziz International Airport, Abhur suspension bridge, and downtown area and connect King Abdullah
Stadium. Second, the station level which integrates multi-modal that provides commuters to access
several public transportations. Third, the fare structure level by integrating ticketing system e.g. smart cards [14]. Buses
considered as one of the suitable solutions for the traffic cognition in Jeddah, it helps to free up the roads from the huge
number of vehicles by providing safe and secure trip. Also, Busses need to keep up with the customers' expectations such as
availability of buses at a time and anywhere within the region. The Project for smart busses has been studied which provides
easy access for users to track their bus through the application. The system provided services; GPS and GSM/GPRS which
allow users to use it while online or offline. Moreover, GPS-GSM model which that sends to the server the dynamic location
for the vehicle to it users so they can access it online [15]. Connecting the entire system will be a new smart system and real-
time travel information systems. Furthermore, a multi-modal can be used for journey planning, Multi-Modal Journey Planner
(MMJP), which was adapted in a way which satisfies Jeddah's citizens' needs. MMJP categorized as smartphone application
software. We consider that MMJP has availability to collect and provide information from another public transportation to
provide a full data about the transportation services in an area and to suggest a journey for the users. Evidently, MMJP
services enable commuters to set up a trip and guide commuters from point to another, also help in the search for a destination,
to configure departure, calculate the easiest and shortest time between public transportations and to help in choosing between
them and corporate the current plan to upcoming one [12]. In other words, multi-modal transportation system integrates smart
technologies into infrastructure developments and new services will be key to developing a successful smart city strategy.
These integrated solutions can be any suitable solution that fit Jeddah current infrastructure, and that is the reason why some of
the needed environment objectives should be applied first. The multi-modal for Jeddah transportation system is described in
the following in the following section as illustrated in Figure (1). The name of the MMJP application is smart Intelligent
Transportation Systems (smart ITS), check figure 2.

‘ Multiple-Modal Intelligent Transportation System ‘

{ o .
‘ Smart Parking ‘ ‘ Public Transportation ‘
I
! . : » l

‘ Smart Tram ‘ ‘ Smart Bus ‘ ‘ Smart Metro ‘

Figure (1): Multi-Modal Intelligent Transportation System Components

There is only one storyboard we used to design the layout of the app screens, where we can easily change the image
of each service such as Bus, Tram, Metro, and Parking (check figure 2). Thus, we used the mapkit framework which is built in
Apple Map that is similar to Google Map for all iOS devices. We used Google Map in the browser to find out latitude and
longitude of various places near Jeddah. All images have been tested by using simulator before the final implementation in the
app. The metro considered as the fastest facility with its high efficiency, and thus it became the first choice for a lot of people.
The application allows users to view all available bus stations on the map (figures 3 and 4). It also allows the user to view the
nearest station by finding the nearest Bus, Tram, Metro, and Parking (figures 5). The application also supports the booking
function where the user can book a trip by Book Bus, Tram, and Metro through the app. The user can see all the schedules
(figure 6).

VII. Discussion.

This App was just a demo with fake data to just illustrate how we can make an app with all the solutions we had proposed.
Below are the features which can be implemented in actual real life smart ITS App beside the aforementioned features:

e Login/Register feature for members.
e Pay using PayPal or Saddad.
e Add balance and use it anytime, so the user doesn't have to go through the payment process each time.
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e Check previous tour history.
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Figure (6): The App Allows the User to Book for a Trip.

VIII. Conclusion.

Intelligent transportation systems are considered one of the main characteristics of a smart city. Providing the
residences with convenience and smart mobility as it became a must in a modern and urbanization city. Jeddah is one of the
important and the rapidly growing city in the Kingdom, and it suffers from the lack of sufficient public transportation and the
smart parking facility. Thus, the city is facing a high rate of traffic hours and congestion, indeed the trail of improvements
especially in the road capacity is not coping with population growth rate. This work was conducted to investigate the issues
that cause the travel congestion as well as to improve the mobility services provided to the residents as a form toward the
movements for intelligent and smart solutions. We proposed a multimodal intelligent transportation system that facilitates the
options of mobility around Jeddah city. The proposed system is a unified system which has been implemented as an
application for smartphones that allow the user to select the transportation method, check the location and the availability, view
the schedule, and book for a trip. It connects all form of possible solution to solve the transportations issue that Jeddah city is
facing by integrating all the transportation components into a single mobile application.

In the next phase, the system would be tested with real data and to provide it for other operating systems other than
iOS. Also, we would like to add more enhancement features to enrich and improve the services provided to meet and obtain
convenience, usability, and quality service for the residence. These would include login/Register feature for members, online
payment as well as personalized features and the ability to check the users’ history.
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