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Abstract

Although modern Smart Car technologies are growing
rapidly, there are many challenges to be addressed. The
limited processing capabilities of the contemporary in-car
computers in smart cars may cause bottlenecks in smart
control. The content in smart car applications can hardly
be extended. In addition, the traditional software
installation approach that is used in smart cars is neither
economical nor convenient. To address these issues in
smart cars, this paper presents a Cloud-based Information
Integration Platform that has the ability to improve
flexibility and enhance the value of smart cars. In this
work, the architecture of the Cloud-based Information
Integration Platform was designed based on new
technologies such as Cloud computing, Web Services, and
Network  Applications.  This
service-oriented solution has a vertically integrated

Controller  Area

architecture that uses full information gathering and
service driven synergies. To achieve the smart control and
information sharing in smart cars, we also designed a
Smart Car Information Service as the user interface to
implement smart car applications through customized
business processes. This fills the information processing
gap between the smart car and cloud computing. The
proposed platform can be used for different usage
scenarios, such as car diagnosis, car repair facilitation, etc.

Keywords: CAN bus, Cloud Computing, Web Services,
Smart Cars

1 Introduction

Challenges of urban traffic mainly come from three
points: energy consumption, emissions, safety and
congestion. In response to these challenges, the research
related to automotive technology has changed from the
traditional internal combustion engine to electricity and
hydrogen for the electrification energy and intelligence

research. The characteristic point of green cars is

low-emission (zero emission). "Green" and "Smart" are
complementary with common development. The
cutting-edge technology has just arrived to help us reduce
the fuel consumption, resources and time.

The smart car is the future trend in automotive
improvement. The development of automotive electronic
technology and the technology of smart car is evolving
rapidly. The use of new technologies in the smart car has
been a focus of study in recent years.

Currently, a smart car mainly uses the Controller
Area Network (CAN) bus as the network connection in the
body. A recent surge of research on CAN in Auto (CiA)
has given us new opportunities and challenges. The focus
of car design has shifted from an emphasis on
transportation to safety and comfort. In parallel, cloud
computing is getting considerable attention, not only from
the computer science community but also from the general
public.

On the one hand, the demand for in-car computer
resources also increases. The traditional in-car computers
have limited processing capabilities to support smart car
functions, such as navigation and display of real time
information. It is not smart enough without information
sharing among the real world and the car computers. Little
research has been done on topic development in
cloud-based services for smart cars. In other words, little is
known about the conceptual framework and working
methods of smart cars’ applications. Only few isolated
efforts have continued to address the single PC
applications for smart cars. While considerable attention
has been paid in the past to research issues related to GPS
and other car PC functions, literature on issues of services
for smart cars has emerged very slowly [2]. The use of
cloud computing in the car as a field of research has had
limited exploration.

The aim of this research is to design a new
information integration platform for smart cars to enhance
the ability of processing the real-time information from the
smart cars. This enhanced ability will allow for the
development and deployment of diverse smart car
applications with little effort, thus offering the smart car



drivers benefits of safety and an enjoyable driving
experience. In this paper, we present a Cloud-based
Information Integration Platform for Smart Cars as a new
technology that enables cloud services to seamlessly
integrate with the smart car environment. By adopting the
Cloud-based Information Integration Platform, drivers are
expected to be able to use their favorite smart car
applications and services anytime, anywhere.

The rest of the paper is organized as follows. The
second section reviews major technologies that are related
to this research. In Section 3, we describe the architecture
of the proposed platform in details. Then we present a use
case scenario as a sample application to demonstrate our
designed platform in Section 4. Finally, Section 5
concludes this paper.

2 Related Technologies

The proposed Cloud based information integration
platform for smart cars provides a novel approach to
connecting the in-car system with external systems. This
can lead to the development of new smart car applications.
The platform is developed based on the technologies and
components as follows.

2.1 Cloud Computing

Recent years have seen increased attention being
given to the Cloud Computing. Cloud Computing is
getting considerable attention not only from academia and
industry but also from people in general public.

Currently, we have some public utility computing
include Amazon Elastic Compute Cloud (EC2), Google
AppEngine, and Microsoft Azure. Amazon’s EC2 service
(www.amazon.com/ec2) is a good example of the cloud
computing. Amazon Elastic Compute Cloud is a web
service that provides re-sizable computer capacity in the
cloud, which was designed to make web-scale computing
easier for developers [1, 2]. Amazon EC2 allows us to pay
only for capacity that we actually use. It changes the
economics of cloud computing.

2.2 Software as a Service (SaaS)

The use of external software on the Internet servers is
called Software as a Service (SAAS) [3, 4]. SaaS changed
the way that software is delivered to the customers.

The advantages of SaaS for both end users and
service providers are well understood. Service providers
could simplify software installation and maintenance and
have centralized control over versioning. End users can
have “anytime - anywhere” access to the service, share

data and act as a team more easily, and keep their data
stored safely in the cloud. With SaaS, cloud-based services
platforms can provide applications to users for use as
services on demand, either through a time subscription or a
“pay-as-you-go” model. In other words, Saa$ is a model of
software deployment over the Internet. Instead of
purchasing the hardware and software to run an
application, customers need only a computer with Internet
access to run the software[5, 6].

2.3 Controller Area Network (CAN) Applications

Controller Area Network (CAN) is a serial
communication bus designed to provide simple, efficient
and robust communications for in-car networks [7-9]. It is
a serial bus system especially suited for networking
“intelligent” devices as well as actuators within a system
or sub-system [10, 11].

CAN bus in a smart car provides an information
sharing platform for all kinds of electronic control
systems. Information sharing is the basic function of CAN
bus network. CAN application layer (CAL) is an
application-independent application layer that has been
specified and is now maintained by the international users
and manufacturers group CAN in Automation (CiA) [10].
CANopen is an implementation of CAL and is defined by
the CANopen Communications Profile in CiA DS-301
[10]. In CANopen networks, all stations are equal and data
exchange 1is organized directly between devices.
Moreover, CANopen can be implemented even on devices
with low computing power and storage capacity.

In early 1990°s, the automotive industry published
the method
electronically. This is embodied in the On-Board
Diagnostics (OBD) standard [12]. Originally, the OBD
system was implemented to help cars control their

used for diagnosing wvehicle errors

emissions. However, the potential of the system was
quickly realized and now OBD is the hub of a car’s
electrical control system [13]. The second generation of
the OBD standard, OBD-II, was introduced in 1995 [12].

2.4 In-Car Computer and Wireless Communication

The in-car computer is the core of a smart car.
Traditionally, it is a mini PC or a SCM (Single-Chip
Microcomputer) [14, 15]. Currently, an in-car computer is
commonly equipped with small Global Positioning System
(GPS) devices. The navigation system in a car provides
route planning, and even voice guidance. By using GPS,
users could get their precise position in the world
twenty-four hours a day in three dimensions and precise
time traceable to global time standards.



3 Cloud-based Information
Integration Platform for Smart
Cars

We present the novel and unique platform to deal
with information sharing from a smart car. As shown in
Figure 1, all the car applications will be published as
services in the cloud. Remote control, as another access
approach for using smart cars applications was provided in
this platform.

Cloud Based SmartCars
Applications

Mobile Device

> B B>

SmartCars

e e —
H
i
i

Figure 1 Overall view of Cloud-based Platform for Smart Cars

3.1 Architecture of Cloud-based Information

Integration Platform

The Cloud-based Information Integration Platform
for Smart Cars has two different layers, namely the
hardware layer and the services & software layer. Figure 2
shows the architecture of our designed platform.

From the perspective of the network topology, the
entire communication system is organized by the in-car
computer. GPS, wireless, gateway controller, CAN bus
and automotive electrical components are controlled by
the in-car computer in a smart car.

The hardware layer in this architecture acts as the
basis of the Cloud-based Information Integration Platform
for Smart Cars. This layer includes the CAN bus
sub-system and an in-car computer. The CAN bus
sub-system has frequent internal communication, thus
requiring high-demanding real-time control. Most of the
car electronics belong to the CAN bus sub-system. In a
smart car, an in-car computer will collect messages from
sensors via CAN bus. The gateway controller which is
between CAN bus and in-car computer can convert CAN
bus messages, allowing the in-car computer to process the
CAN bus messages in the IT data bus. By using the CAN
bus, in-car computer and gateway controller, the hardware
layer can provide a versatile, low-cost hardware as a base
in the information integration platform architecture.
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Figure 2 Architecture of Cloud-based Car Information Integrated Platform



The CAN-bus messages base or extended frame
formats will be determined by the use of a higher-layer
designed protocol. In our designed platform, the gateway
controller provides one procedure to deal with standard
CAN bus messages. Normally, different car companies
have their own standards, and they may use different
format messages in CAN bus. It is possible to process the
multifarious CAN bus messages from different companies
by using different procedures in the gateway controller.

The gateway controller is positioned between the
in-car computer and the CAN bus in a smart car. It is
responsible for message conversion between the CAN bus
and the IT data bus. The main function of the gateway
controller is to analyze all kinds of messages from the
CAN bus and convert them into another format which can
be dealt with in the IT data bus. The gateway controller can
also issue a directive to CAN, coordinating the work of
various ECU’s.

Using the gateway controller, messages from each
node in the CAN bus can be read or written by the in-car
computer. This process is a two-way transmission in CAN
bus which provides an information sharing platform for all
kinds of electronic control systems to share information
[16].

Currently, most cars use two different CAN buses in
network connection, a high-speed CAN bus and a
low-speed CAN bus. The main mission of the high-speed
CAN bus is to connect the engine controller (ECU), ASR
and ABS controllers, airbag controllers with those
instrument clusters that have the same basic features. The
high-speed CAN bus in a car could run more
real-time-critical functions to enhance the safety, comfort,
and added-value of the passenger car and improve its
service quality and performance [7, 16]. For less speed
demands, the low-speed CAN bus is used to run a few
small wirings that are connected together to form several
sub-systems. These sub-systems use the gateway to share
information and coordinate ECUs. The low speed CAN
system deals with the connection with central locking,
power windows, mirrors and lighting, etc. [9]. The speed
of a high-speed CAN bus in a drive system can reach
500kbps, while the speed of the low-speed CAN bus in an
electronics system is 100 kpbs [16, 17].

For processing the information in smart cars, the
in-car computer will collect information from the gateway
controller and deliver those CAN bus messages to the
smart car information service (SCIS) in the cloud. It is a
bridge between a smart car platform and the cloud-based
information service for smart cars.

Global Positioning System (GPS) and wireless

communication technology play an important role in the
in-car computer. The communication device in the in-car
computer has the ability of accessing 3.5G and 3.75G
networks, can also provide mobile networking access of
several Mbit/s to laptop computers and smart phones.

The software and services layer is the higher layer in
the architecture of Cloud-based Information Integration
Platform for Smart Cars. The designed platform supports
the development of various smart car applications in
multiple categories through the software and services layer.
By using Web Services in the Cloud-based Information
Integration Platform, smart car users can choose and use
smart car applications as services from the cloud.

The Cloud-based Information Integration Platform
allows a driver to use smart car applications as services in
the cloud. It provides intelligent processing, cloud
computing capability and infrastructure to users and
various smart car services.

3.1 Message Exchanges and Data Synchronisation to
the Cloud

We present the SCIS as the interface of the
Cloud-based Information Integration Platform for Smart
Cars to execute smart car applications in the cloud. In
addition, there are many existing technologies in the cloud
that can be modified or enhanced to support new smart car
applications. As shown in Figure 3, one smart car service
can act as a service consumer to use the functionality
exposed by the other core smart car services. In other
words, each cloud-based service for smart cars can invoke
other designed in-car applications by a defined business
process in the cloud.
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Figure 3 Cloud Services for Smart Cars

To achieve the smart car control, we connect the IT
data bus and the CAN bus via a gateway controller in the
designed platform. Currently, the in-car computer uses the
IT data bus to exchange messages among GPS, 3G module,
Bluetooth and other in-car devices. The IT data bus



requires high-data transfer rate of modules connected
together. The gateway controller exchanges messages
between IT data bus and CAN bus. In our designed
platform, the CAN bus uses the standard protocol with the
high data transmission rate to control the smart car electric
system, such as door locking, LED displays, steering
buttons and so on.

The CAN message service is used for data exchange,
applications integration and smart car diagnoses. It saves
its content data from CAN bus in XML format in the
cloud. Access is available through the designed smart car
information service as the interface.

Some smart car services in the cloud can periodically
update context and data. For example, a traffic condition
report service could similarly send to the navigation
service periodic updates of local traftic conditions so that
affected users could adapt their travel plans
correspondingly.

In our platform, the readily available information
attributes from CAN bus includes: Time, Channel, Name,
Send node, Data and so on. In a CAN bus registry, the
message is stored in the XML format, and data types are
defined by using XML Schema. Ideally, we use the CAN
message service to deal with the CAN messages XML file.
Other smart car services can invoke this CAN message
service to archive the smart car information sharing in the
cloud. The process is shown in Figure 4.
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Figure 4 Data conversion process

4 Core Services for the Platform

4.1 Smart Car Information Service (SCIS)

The proposed information integration platform offers
the infrastructural support for smart car services to boost
both information sharing and overall performance in smart
controls. At the heart of this platform is SCIS which
provides a single-access point for the user to access
various smart car applications. The main functions
provided by SCIS include:

@  User profile management,
®  Smart car services registration and discovery,

] Smart car services access

User profile management is enabled through SCIS
and provides an easy, reliable way for managing smart car
users’ information in the designed platform. User profile
management function in SCIS ensures that the user’s
personal information can be applied to the information
integration platform and smart car applications, for the
purposes such as user identification, authentication, and
authorisation. User authentication is one of the core
features in the user profile management that provides SCIS
with the ability to identify and control the state of users.
Once authenticated, the smart car user will automatically
have access to the respective smart car services in the
cloud, to which they are entitled. At the same time, SCIS
is able to correlate the user with his/her data and
information stored in the cloud. Depending on the use case
scenario, a user’s data and information could include the
CAN information of the car that the user is driving,
personal configuration information, entertainment data
such as music, route points (POI) files, and so on.
Therefore, it is easy to synchronise data and services in the
cloud when needed. For example, in the cloud-based
Information Integration Platform for Smart Cars, users can
access their smart car applications from mobile phone or
other devices, SCIS ensures users get a consistent
experience every time. When users login into SCIS or
launch a smart car application, they will have everything
with their own personal settings.

SCIS also allows smart car services to be registered.
The registry contains information about the smart car
service. Smart car users can discover a needed service by
searching the registry. As we described above, various
smart car services are self-contained modules that can be
described, published, located, orchestrated, and
programmed using XML based technologies. Thus, it is
possible to provide a smart car application list or store for
smart car user to select their needed services.

As a single access point to users, SCIS presents to
users other smart car services. This is very convenient
when a user drives another smart car, as those smart car
services he/she already has can be accessed without
re-downloading the applications. Many SaaS applications
for smart cars will be available at little or no cost in the
online application market.

SCIS is designed to be interrogated to provide access
to other smart car services. It provides a directory service
to smart car users and acts as a proxy for accessing those
services. It intends to replace the traditional smart car
software, and you can access SCIS via other devices, such



as mobile phones and a table PC. There can be potentially
many designed smart car services hosted in the cloud, with
well-defined interfaces and in-built business processes.
List 1 below shows the Smart Car Information Service
Interface. According to the SCIS interface, the port "Smart
car information service" defines the operation as “Login”.
The login operation input
“LoginRequest". The output message as the response is

requires an message

“LoginResponse”. The user’s information will be sent to
SCIS though the interface to authentication the smart car
user.

= <defiminons tavgetNamespace="nttp//175 41 143 46s0ap/Smart car information sernce™
- <types>
= <xsi:stherna targetNamespace="hitp /175 41 143 46/s0ap/Sruart car nformabion sermice’>
<xsd 1mport nawespace="titp:/schemas xlsoap orglsoap/encodngt>
<xsd:maport namespace="http:/lschemas xwlsoap orgfwsdl"/>
<fxsd:schema>
<ftypes>
- <inessage nane="LognRequesi‘>
<part name="TUserName" type="zsd stng¥>
<part name="Password’ type="ssdstnng'f>
<fmessage>
- <message name="LogsResponse">
<part name="retu’ type="sd stng’/>
<fmessage>
= <partType name="Smart car mformaton servicePortType'>
- <operation name="Logn">
<do user logn. <fdoc tou>
<iuiput message="ns LogrRequest’s>
<outpuf message="tns LognResponse¥>
<foperatiou>
<fportType>
= <binding nane="Smart car mformaen serviceBmding” type="ns:Smart car wformaon serncePortType”>
<soap: binding style="rpc" trausport="attp //schemas smlsoap org/soapfhiip¥>
- <operation wame="Logn">
<s0ap operation soapAction="um srws_wsd#¥Logn’ style="pc'f>
- <input>
<soap:body use="encoded"
<fmput>
= <oufput>
<soap:body use="encodzd" namespace="un sinus_wsdl" encodingStvle="p (/schemas smlsoap orglsoaplencodmgf>
<foutput>
<foperation>
<Pbinding>
= <service name="Smart car mformation service">
- <poit name="Smart car mformation servicePort” bimling="ns Sraart car wformabon sernceBundng”>
<soap address loration="0ttp/175 4] 143 d6/websernceslogm php't>
<)pm>
<[service>
<fdefimitions>

pace="un srms_wsdl" encodingStyle="hitp /schemzs smisoap org/soaplencodingV>

List 1 Smart Car Information Service Interface

4.2 CAN Message Service

The CAN message service is one of the core smart car
services and will be loaded at start up. We designed the
CAN message service to collect the CAN data file from
smart cars periodically. The CAN data can then be
managed as a smart car information resource in our
designed platform for various smart car services. The CAN
message service can also diagnose the status of the smart
car based on the collected CAN data, and notify the smart
car user of any abnormal condition via SCIS. Moreover,
the CAN message service is able to identify a smart car.
Before processing the CAN message file, the CAN

message service will require the user to login to identify
the specific CAN message file in its database. By adopting
authentication and authorization for accessing CAN
message resources, smart car user permission can be
verified before granting access to CAN message service,
and user activity can be monitored through various logging
records. For user authentication, CAN message service
provides a Login() function. One user can have different
CAN message database from different smart cars in the
cloud.

The cloud-based information integration platform
creates the opportunity for making an information-delivery
approach from the smart car to the cloud. The CAN
message service is important for smart cars to achieve the
smart processing with the powerful computing ability of
the cloud.

The advantage of using Web service interfaces to deal
with  CAN messages is that we can receive
standard-compliant results from the web services. We can
easily integrate these results along with other
standard-based mapping components, into other smart car
applications to create more powerful smart car
applications for users. As we mentioned before, the CAN
message service has the ability to identify different smart
cars. Once the CAN message service receives the
forwarded message from SCIS, the CAN message file in
the cloud will be linked to the personal account. The CAN
message service will process the correct CAN message file
in the cloud since the user login SCIS. The CAN message
file contains parameters of the CAN bus under the XML

format.

4.3 Location Service

Location is critical information for many smart car
services such as roadside assistance and travel planning,
Therefore, a location service is one of the core facilitating
smart car services. We use the following approach to
access the location information.

Request car location
A . y
&

 Location enabler ’

Location service r i
(Mapservioe)G et o] Determing position Car postion
enerate charging recor NN .y
Obtain POI information "77*? )
A 4GPS system”
Charging ' — .
system , W
0 Geg-spatial
DB s

Figure 5 The location request and response flow in the platform [18]



The context model diagram in Figure 5 illustrates our
location request and response flow. The location enabler
provides the location information from other coordinate
data sources such as charging system, geo-spatial database
and GPS system. The location service collects the correct
coordinates of the smart car from the location enabler by
sending a car location request. Then other smart car
services just invoke it to get the location data. Other smart
car services are designed to use the same location service
in sync, which is also a natural fit for smart cars. We
choose the Google map service as our location service in
our Cloud-based Information Integration Platform for
Smart Cars.

5 Case study
5.1 Car Repair Facilitation Scenario

The car repair facilitation scenario demonstrates the
working process in the Smart Car Information Integration

Platform.
[ ]
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Figure 6 The Business Process of the Car Repair Facilitation Scenario

The car repair facilitation scenario starts when
receiving the input and request from the smart car.
Generally, the input includes CAN message file and
location information. Once the CAN message service is
invoked by SCIS, SCIS will forward the CAN message file
to the CAN message service. The CAN message file will
be stored in the cloud to analyse and judge whether the
status of the smart car is normal. If not, the smart car repair
service will find out where the problem is and indicate if

the car can continue moving. A Smart car user can request
the roadside assistance service when they cannot drive the
car. In this situation, the roadside assistance company, as
the service provider, will go to the user’s place. The
roadside assistance company can arrange their task based
on the received GPS location information and error
message from the smart car. Sometimes the smart car users
can continue to drive their cars to the nearby car repair
station to seek help. In this case, the car repair service will
find out the correct car repair station by invoking the map
service and car repair station service, and then the map
service will provide the navigation to the user. The
business process of this scenario is described as in Figure
6.

As we outlined above, in our designed platform the
Web service interactions can be described in business
processes. Our proposed car repair process in the BPEL
exports and imports information by using smart car web
service interfaces exclusively.

5.2 Message Flow

To support the car repair facilitation scenario, a
number of messages needs to be exchanged between the in
car computer and the services in the cloud in order to share
information and assist decision making. An open and
simple protocol is designed to govern the message
exchange. The message flow in our scenario is shown in

Figure 7.
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Figure 7 Message Flow of the Case Study



Firstly, SCIS will collect messages from the CAN bus
in real time. Meantime, the message from the GPS device
is provided to the smart car information service. The CAN
message file and the location information will be collected
to smart car information service periodically. The smart
car information service will forward the CAN message file
to the CAN message service for storage and diagnosis. If
an abnormality is found as the result of the car diagnosis,
the CAN message service will invoke the car repair service
to process the error message. After that, the car repair
service will notify the user of the abnormality and request
the map service and station database service automatically.
During this period, the user could choose their prefer car
repair station based on the provided information from the
station database service. The GPS location information
will be provided to the car repair service to find nearby car
repair stations.

The objective of the car repair service is to establish if
the car is still safe to drive and to find all the information to
make the car be ready to be repaired. To achieve it, the car
repair service will find out the car parts that are in need of
repair via the CAN message service. With the car parts
information, the car repair service will find an appropriate
car repair stations list by querying a station database
service. The selection of stations could be based on the
location, user pre-specified preferences and feasibility of
the travel range. Once the car repair station is chosen by
the smart car user, the smart car information service will
send the location information request to the map service.
Finally, the location information is returned to the smart
car information service and then to the smart car for
information display and navigation.

5.3 Context in the Scenario

The user-context contains the dynamic context and
static context in our scenario. For example, the tyre which
is of low pressure is part of user’s dynamic context. Other
dynamic context elements include the maximum distance
the car could travel, as well as the time and date used for
checking the car repair stations’ opening hours.

Figure 8 shows an activity diagram for the scenario
and the associated static and dynamic elements of the
context.

As dynamic context for user, car location, travel
range, time and broken atuo parts are included. The details
about the car location are street, city, suburb and zip. The
travel range depends on the petrol level in the smart car.
Normally, the sub-class time includes data, time of day and
day of week. The information about the broken part is very
important.
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Figure 8 Application Activity Diagram with Example Context Elements

The RDFS graph in figure 9 depicts RDFS resources
of user dynamic context in the described scenario.
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Figure 9 RDFS Graph of User Dynamic Context in Scenario

We store the static context in the car repair service.
The RDFS graph in Figure 10 depicts RDFS resources of
the user static context in the described scenario.
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Figure 10 RDFS Graph of User Static Context in Scenario

SCIS finds addresses of repair stations based on the
existing database. It then returns a point location that
contains the latitude-longitude coordinates of those
stations. Figure 11 is the result page of designed SCIS. The
smart car user could check the car status manually by
viewing the details of the smart car. We can see that the
map service is involved to display the locations of car
repair stations. A list of nearby car repair stations is shown
below.
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Figure 11 Search Result of Designed Service

6 Conclusion

This paper analysed the challenges and issues of the
contemporary smart car technologies, and advocated that
cloud computing, as the next generation of the computing
paradigm, complements the smart car technology.
Motivated by this finding, this research explored the
architecture for Cloud-based Information Integration
Platform. With this platform, two core services, the smart
car information service and the CAN message service,
were implemented to support to information integration.
The Smart Car Information Service (SCIS) is acting as an
interface at the heart of this platform.

The proposed platform brings a number of potential
benefits. The designed Cloud-based

Integration Platform for Smart Cars is economical and

Information

practical for both car users and smart car service providers.
By adopting SOA and SaaS in Cloud-based Information
Integration Platform, the cost of smart car applications,
design, development, deployment and services support
will be reduced. Meanwhile, smart car application
developers can design different products by using common
hardware standards to achieve flexibility, functionality,
low cost and success.

We recognise that there some limitations in our
research. The major research limitation of this study is the
failure to collect and analyse data that would yield the
relationship between smart cars and an ICT-based system.
Furthermore, we did not address the reliability and security
issues in the Cloud-based Information Integration
Platform. In the design of the platform and smart car core
services, performance was not considered. In the real
environment, some factors will impact on the performance
of the designed platform, such as the network speed, which
might not be fast enough in some areas.
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