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ABSTRACT

Finding a car parking lot is such a never ending problem for most buildings and car drivers.
Most of the time, drivers waste their time and fuel to find a right spot for parking car due to
most parking systems do not provide the real time transaction and information for drivers. Even
though, most systems operated by electronic signs and indicators but they handle real-time
transaction only the main signs available at the main entrances or gates. Almost every driver
has only partial correct information while they are passing those signs and approaching the
desired slot ending up with none. This work applied Internet of Things framework and mobile
technology to cope with this problem and also enhance some interesting features of the system
such as navigation map and provide some efficient statistics; e.g. idle time and waiting time
for management purposes. The result of this research shows that this developed system
provides much more on efficient front-end and back-end features than most normal car parking
systems in most buildings. Moreover, it very satisfied a lot of beta users according the survey
with statistically significance.

Keywords: 10T-based, Car Parking Management System, Mobile Technology, Internet of
Things Framework
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. INTRODUCTION

Car park management is a big city or high volume of vehicles and motorists is a crucial concern
and problem for most building owners. In the prime area such as metropolitan and business
center, it is only 30% for drivers to find the available parking lot accurately not randomly.
However, many cities have provided guiding system and information for drivers to park their
car efficiently via digital signs and internet information [1]. Most drivers must find their
parking spaces by manual, chance, cumulative experience, and hard effort. Hence, cost
reduction in term of saving fuel, man power and time is the best solution for all stakeholders;
customers, drivers, building managements. Then, the smart parking system has been developed
and implemented. There are 2 approaches vehicle-to-vehicle and vehicle-to infrastructure have
been adopted widely throughout the application of wireless fidelity or wireless local area
networking, radio frequency identification (RFID), and ZigBee; wireless ad hoc network based
on IEEE 802.15.4 deploys low-power digital radios. These technologies are integrated with the
Internet can provide guidance, information, direction and solution for drivers who need car
spaces and building managements who need cost effective and customer satisfaction for their
services [2].

The integration of wireless sensors, wireless network, mobile phone network, and mobile
phone operating systems has been called Internet of Things (IOT). Nowadays, IOT has been
applied and widely accepted in many applications, businesses and industries. Especially in car
park management system, there are many projects and study and even, real implementation for
drivers and car park management teams. However, the accuracy of the system is still not
reliable due to some interference of wireless sensors communication and vehicle specification
limits. Hence, some research teams try to focus on system accuracy and get rid of unreliable
parameters that might affect the system performance. This research focuses on the investigation
IOT technology application to improve the car park management system. It developed a system
for drivers and car park management to provide real-time information via mobile phones and
car park reservation for drivers with special requirements [3].

II.  LITERATURE REVIEWED

Bagula and team developed a smart parking model based on the real outdoor parking lot at the
CERIST research center in Algiers, Algeria. This model is a prototype, sensor-based method
and designed based on a multi-layer framework. This model can enhance its module and scale
to serve different parking system and various users. It has four layers: a sensing layer,
networking layer, middleware layer and application layer [4].

Sensing Layer
This layer defines sensor device platform. Each hardware sensor is embedded into the system

for detecting vehicles the parking lot. It deployed RFID to identify all vehicles at the parking
entrance gate.

808



Development of I0T-based Car Parking Management System: The Deployment of Mobile Technology and The Internet of Things Framework

Networking Layer

This layer has various communication mode to help support all sensors in the parking lot. It
also deploys IEEE 802.15.4 standard, ZigBee communication and TCP/IP protocol over
Ethernet network and connects the gateway to the web server and database. Additionally,
remote access feature via the Internet.

Middleware Layer

This layer uses algorithms and image processing techniques to recognize different
circumstances happen in the parking it. It handles different databases, servers. It can
manipulate software intelligence and smart services for users in the situation when they are
trying to find parking lots.

Application Layer

The application layer is the layer where the different services are defined and provided to
different users. Client devices have been connected via the TCP/IP protocol to a parking
database. The latter is updated in real time with the status of the parking lots. Two kinds of
client applications have been considered for parking lot monitoring: (1) a mobile device
application for phones and tablets; and (2) a desktop application for laptops and desktop
computers.

S R designed a parking system in such a way that it is applicable for covered parks, open parks
and street side parking. It deploys the cloud based IOT architecture for smart parking system
which contains cloud service provider which provides cloud storage to store information about
status of parking slots in a parking area and etc. [10]. The centralized server which manages to
store entire smart parking systems information such as number of slots, availability of vehicles
etc. And these information will be accessed through some secured gateways through network.
This smart parking system which consists of several components. And theirs functionality
includes:

* Centralized server: maintains databases which contain information about parking
spaces present in the city.

* Raspberry pi: the microcontroller which is used to implement our parking system and
it is attached with raspberry pi camera.

* Image capture: Pi-camera is used to capture the picture of parking area continuously
to validate the slots which either filled or empty.

* Navigation system: signals the availability of parking slots to the users and navigates
to the exact location of nearest parking area from current location.

* Display device: a monitor or tab is used to display the admin side interface and he is
capable of modifying the parking lots by observing the device.

* User device: user can connect with the smart parking system with their smart phones
or with some browsers. Architecture of proposed System The SPS which incorporates the
features of raspberry pi 2 and which is attached with pi camera. Where pi camera is mounted
on the top of street light lamp posts or at the ceiling of indoor parks. Thus camera is capable of
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making survey on each parking slots in parking lots continuously to check whether the
particular slot is filled or empty. The structure of smart parking system and it contains some
control points on each parking slots which will be used as reference points for the camera. The
central server presents information about multiple slots in a single parking area and multiple
parking areas in a single city and it is accessed through some protocols such as HTTP, CoAP,
etc. from any browsers, by which the website is built with basic JSON interface [5].

. METHODOLOGY

Ultrasonic sensor

Ultrasonic sensors (also known as transceivers when they both send and receive, but more
generally called transducers) work on a principle similar to radar or sonar which evaluate
attributes of a target by interpreting the echoes from radio or sound waves respectively.
Ultrasonic sensors generate high frequency sound waves and evaluate the echo which is
received back by the sensor. Sensors calculate the time interval between sending the signal and
receiving the echo to determine the distance to an object. This technology can be used for
measuring wind speed and direction (anemometer), tank or channel level, and speed through
air or water. For measuring speed or direction a device uses multiple detectors and calculates
the speed from the relative distances to particulates in the air or water. To measure tank or
channel level, the sensor measures the distance to the surface of the fluid. Further applications
include: humidifiers, sonar, medical ultrasonography, burglar alarms and non-destructive
testing. Systems typically use a transducer which generates sound waves in the ultrasonic
range, above 18,000 hertz, by turning electrical energy into sound, then upon receiving the
echo turn the sound waves into electrical energy which can be measured and displayed. The
technology is limited by the shapes of surfaces and the density or consistency of the material.
Foam, in particular, can distort surface level readings

Fig.1 Ultrasonic sensor with box and unbox hardware
RESTful web services
RESTful web services are built to work best on the Web. Representational State Transfer

(REST) is an architectural style that specifies constraints, such as the uniform interface, that if
applied to a web service induce desirable properties, such as performance, scalability, and

810



Development of I0T-based Car Parking Management System: The Deployment of Mobile Technology and The Internet of Things Framework

modifiability that enable services to work best on the Web. In the REST architectural style,
data and functionality are considered resources and are accessed using Uniform Resource
Identifiers (URIs), typically links on the Web. The resources are acted upon by using a set of
simple, well-defined operations. The REST architectural style constrains an architecture to a
client/server architecture and is designed to use a stateless communication protocol, typically
HTTP. In the REST architecture style, clients and servers exchange representations of
resources by using a standardized interface and protocol. The following principles encourage
RESTful applications to be simple, lightweight, and fast:

Resource identification through URI: A RESTful web service exposes a set of resources that
identify the targets of the interaction with its clients. Resources are identified by URIs, which
provide a global addressing space for resource and service discovery. See The @Path
Annotation and URI Path Templates for more information. Uniform interface: Resources are
manipulated using a fixed set of four create, read, update, delete operations: PUT, GET, POST,
and DELETE. PUT creates a new resource, which can be then deleted by using DELETE. GET
retrieves the current state of a resource in some representation. POST transfers a new state onto
a resource. See Responding to HTTP Methods and Requests for more information.

Self-descriptive messages: Resources are decoupled from their representation so that their
content can be accessed in a variety of formats, such as HTML, XML, plain text, PDF, JPEG,
JSON, and others. Metadata about the resource is available and used, for example, to control
caching, detect transmission errors, negotiate the appropriate representation format, and
perform authentication or access control. See Responding to HTTP Methods and Requests and
Using Entity Providers to Map HTTP Response and Request Entity Bodies for more
information. Stateful interactions through hyperlinks: Every interaction with a resource is
stateless; that is, request messages are self-contained. Stateful interactions are based on the
concept of explicit state transfer. Several techniques exist to exchange state, such as URI
rewriting, cookies, and hidden form fields. State can be embedded in response messages to
point to valid future states of the interaction. See Using Entity Providers to Map HTTP
Response and Request Entity Bodies and “Building URIs” in the JAX-RS Overview document
for more information.
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Architecture

Car Parking Information Centre

[ﬂTlT mﬂﬂ User mobile devices

sensor —»

SMART PARKING

Fig.2 10T based model for car park management

This research project installed ultrasonic sensors of the parking lot celling with the detective
range 3-5 meter height complies with the safety design of building. Each sensor was attached
to the local area network through cable wire and cable tube to the database and webserver.
Each user can access to this information wheatear each parking lot is vacant or not via web
service, web browser and mobile application both iOS and Android by using web view. This
system provides real-time transaction for each driver and also enhances some features of the
system such as a driver can make a reservation for a special parking lot at a special day and
special time. This case serves the need of disable person or special guest who comes to visit
SSRU occasionally. Once a parking lot was reserved and verified by authority officially. The
car parking system will reserve this parking lot and shown to each user via web browser and
mobile applications as a priority lane on that specific date and time.

Chopvitayakun applied 3 cross platform or hybrid framework application techniques; IONIC,
CORDOVA, and ANGULAR JS to develop a mobile application to serve the internship
program management. The developed application can run on all mobile operating platforms.
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RESTful web service will be provide data through a mobile service called web view and
IONIC, CORDOVA, and ANGULAR JS retrieve that provided data and display it in the mobile
application, most popular for iOS and Android [6].

IV. RESULTS

Fig. 3 Mobile application to retrieve car park information via IOT

This research developed a system based on IOT concept and technology for car park
management. It retrieves parking information from ultrasonic sensors installed at the ceiling of
each parking lot and provides online transaction for drivers and management. Drivers can
search and track an available parking lot through smart phone application or web browser on
smart phone. It saves driver’s time to find a vacant parking lot, vehicle energy and reduces
wear rate of vehicle. For car park management, it can manipulate parking lots very efficiently
though web server and mobile application. This system can summarize pivotal reports in multi
dimensions such as idle time, waiting time, and reservation. From Fig.3 shows the green boxes
as vacant parking lots for first floor and second floor. The red boxes indicate that they are
unavailable due to taken by some drivers or reserved by authorities. This information is
provided through Internet of Things concept, as long as users and management are able to
access to the internet, wherever what location on earth, they can send and receive data to this
system 24/7.

V. CONCLUSION

This study was aimed to develop an 10T-based Car Parking Management System, manipulated
via web server and mobile application. It deploys ultrasonic sensor to detect the presence of
the vehicle of each parking lot. Data is sent over local network area via copper wire to the
database server and webserver. This system is a prototype but high possibly applicable in the
real car park and real situation. According to many expert users in the car management business
identified that it has high feasibility to implement in the real life application. Moreover, its cost
is not too high as same as other commercial systems on the shelf or customization. However,
this work should be up scale, fully equipped and test with large size car park. Because, it might
be some unexpected parameter that might affect the efficiency of this system such as real
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driver’s behavior, blue print or directory of each car park and etc. For further development of
this research, the next phrase will applied more sophisticated image processing technique for
more accuracy of the system.
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