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Abstract
In Automotive Industries, to be confident regarding the success of a planned
operation, performing accurate methods in order to detect abnormal operating
conditions, known as faults, is crucial. An effective method for diagnosis and
fault recognition ensures the safety of the operation, reduces manufacturing
cost and any other potential impacts. In addition, mobile solutions have been
widely adopted among automotive manufactures during recent years and they
have taken full advantage of mobile strategies. Accordingly, it is necessary for
there to be a future-proof plan to control the diagnostic operations in advance.
In this thesis, the immediate objective has been to offer a future-proof and
user-friendly solution to assist engineers and service technicians in the
monitoring, detecting, and diagnosing of faults on Toyota/BT/CESAB branded
trucks. A mobile cross-platform framework is used to develop the diagnostic
mobile solution which is not only able to be deployed on Android and iOS
mobile platforms, but also provides wireless communication between truck
machines and mobile devices through Bluetooth and Wi-Fi ad hoc
technologies. The diagnostic mobile tool is capable of processing real-time
controller area network messages and visualizing the condition of different
sensors in a more user-friendly way through rich hybrid and client-side web
user interfaces. The experience of evaluating a cross-platform diagnostic tool
on different mobile operating systems proved that cross-platform mobile
development methodology can be a reliable technique for developing projects
that essentially require real-time data processing. In addition, it indicates that
Apple iOS offers a better runtime performance than Google Android for the
current tool.
Keywords: Cross-platform Mobile Development, Automotive Diagnostic,
Controller Area Network, Real-Time Data
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Terminology
CAN

Controller Area Network

CiA

CAN in Automation

CAL

CAN Application Layer

OD

Object Dictionary

SOF

Start of Frame

DLC

Data Length Code

CRC

Cyclic Redundant Check

RTR

Remote Transmission Request

EOF

End of Frame

CSMA/CA

Carrier Sense Multiple Access with Collision Avoidance

API

Application Programming Interface

OOP

Object-Oriented Programming

GPS

Global Positioning System

NFC

Near Field Communication

GSM

Global System for Mobile Communications

GCC

GNU Compiler Collection

GPRS

General Packet Radio Service

OS

Operating System

WG

Wireless Gateway

UI

User Interface

MH

Message Handler

PDA

Personal Digital Assistant

dBi

Decibel Isotropic

SPP

Serial Port Profile

OSI

Open Systems Interconnection
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Introduction
Material Handling forms one of the largest parts of automotive and
manufacturing industry throughout the world. It plays a significant role in
logistics in such a way that business sectors are unable to ignore the
application of material handling equipment in their workplaces if they want to
take more control regarding their distribution, warehousing, and
manufacturing. In fact, material handling equipment is a secret weapon which
empowers productivity, increases throughput, and boosts customer service
during different logistics levels [1].
Nowadays, the material handling industry, in a similar manner to other parts
of automotive industry, is seeking broad technological innovations, which are
distributed throughout a number of scientific disciplines such as chemistry for
batteries, material science for more robust and lightweight materials,
electronics for embedded systems, computer and information technology for
software capabilities and tools [2]. In order to remain ahead in the current
competitive market, it is essential to utilize new technologies and innovations.
At the same time, the advent of a new generation of computing devices
including smartphones and tablets has created a post-pc revolution and the
expectation for more advanced technological content in material handling
equipment is increasing. However, the variation of different mobile operating
systems including Google Android, Apple iOS and Microsoft Windows Phone,
creates an obstacle in relation to the support that can be provided for users and
customers. The end users are to be found not only in the material handing
manufacturing lines, which may have been restricted to use only one particular
operating system based on the policy of the company, but also in the
aftermarket in which each customer may use different mobile devices with
different operating systems.
In addition, to ensure the success of strategic operations in the material
handling industry, the implementation of consistent and accurate methods in
order to detect abnormal operating conditions, known as faults is absolutely
essential. An effective method for diagnosis and fault recognition ensures the
safety of an operation, minimizes the down time, and reduces the
manufacturing costs together with the other potential impacts, which all help
to improve the productivity of the industry during both production and in
relation to the aftermarket.
Thus, by considering the importance of diagnosis in material handling
equipment within the manufacturing lines and, in addition, to the aftercare
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within the market, it is necessary to make decisions regarding how to apply
technological innovations, which play important roles in the competitive
market. It is also necessary to eradicate any drawbacks within the available
diagnosis methods and thus, it is essential to provide a state-of-the-art solution
in order to assist service technicians and engineers to implement the required
diagnosis on the material handling equipment.

1.1

Background and problem motivation
Within the Swedish branch of Toyota Material Handling Europe, BT Products
AB, an increased requirement exists for a reliable diagnostic solution in order
to provide the service technicians with accurate information for
troubleshooting operations on Toyota/BT/CESAB branded trucks.
The desired solution is supposed to address the current issues of performing
diagnostic operations in the workplace. Since the real-time diagnostic
information is available on the Controller Area Network of truck machines and
by considering very high loads of diagnostic messages on a CAN bus, it is
important to process all messages as they arrive on the diagnostic software.
Based on this increased necessity for more functionality of both required and
optional truck nodes, the running of all features has proved to be the low point
for the performance of the current diagnostic software on personal digital
assistants. In addition, the current diagnostic application does not offer a userfriendly interface to work with; therefore, a well-designed graphical user
interface is a significant point to ease the troubleshooting process for engineers
and technicians in both the field and in production. Furthermore, wired
communication through USB interfaces, that has been used to access the
diagnostic information, causes unwanted glitches such as disconnection in
low-quality or used interfaces. Also, it has been seen that some firmware
versions of the mentioned interfaces distribute error frames on the bus, which
disturb the communication.
Apart from the above mentioned problems, the provided solution should
consider the possibility of utilizing an innovative architecture for the diagnosis
operations by applying new technologies in the ecosystem of the organization,
which can be assessed from different aspects such as performance, reliability
and, additionally, the integration ability with the current tools at the
enterprise.
Web application or mobile solution can define the architecture of the new
diagnostic tool. During this project a preliminary study has been performed on
the design, implementation, and evaluation of a new diagnostic tool for
Toyota/BT/CESAB branded trucks.
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Overall aim
Since diagnostic operations can increase the throughput by improving the
productivity during manufacturing as well as the market, the project aims to
address a future-proof solution for troubleshooting Toyota/BT/CESAB branded
trucks at Toyota Material Handling Europe by investigating a number of
architectures and then designing, implementing, and evaluating the diagnostic
system.
Based on both the essential and desired requirements of the project at the
organization, an investigation regarding the methodology begins with a
detailed comparison and study of the possibility to utilize two diverse
solutions, namely, a web application and a mobile solution, in the
organization’s ecosystem.
The recommended solution has to address the architecture for operational
diagnosis. During the design and implementation phase, an attempt has been
made to eliminate the known problems by redefining system components;
then, a cross-platform mobile application has been proposed to achieve the
following goals:
1. Be able to employ a suitable wireless technology for providing
interaction between truck machines and the diagnostic tool.
2. Be able to provide a generic library to interact with controller area
networks and to implement required specification of the CANopen
protocols.
3. Be able to process and demonstrate the CAN messages in a real-time
manner with regards to the high frequency of data available in the
CAN bus in order to meet the performance requirement.
4. Be able to separate application tool components through
modularization in order to promote simplicity and reduce development
workload.
5. The tool should be user-friendly, smooth, responsive, and also be
extensible in relation to the addition of more functionality in the future.
The evaluation of the current project is centered on determining the solution
architecture and measuring the performance of the implemented tool based on
several important criteria.

1.3

Scope
The study has its focus on finding the appropriate diagnostic solution based on
the requirements and policies of the organization as well as on implementing a
cross-platform mobile application to offer service technicians a smooth
experience in relation to operating the diagnostic process.
3
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In the survey, the effect of real-time data which has resulted in the high
frequency of CAN messages through the truck CAN bus is considered in order
to examine the performance of the diagnostic tool. Several evaluations have
been implemented around this field to investigate the factors which are able to
manipulate the reliability and responsiveness of the tool.
In this project, the study is associated with SPE models of Toyota/BT/CESAB
branded trucks. However, the processing library, which is responsible for a
detecting truck model and, consequently, configuring the internal method of
processing for the remainder of the f communication, is designed in such a
way that it can be extended in the future so as to support more truck models
and families.
Furthermore, the tool is designed for mobile devices with bigger screens such
as tablets. Therefore, service technicians will not experience a good interface if
they deploy the software on smartphones with a smaller screen, although the
tool is completely functional.
Moreover, hybrid and web versions of the implemented diagnostic tool have
used client-side web approaches, which do not require any communication
and interaction with servers or other web interfaces.
Based on the policies of the organization in relation to disclosing or
distributing technical information, the publication of codes has been prohibited
and all rights concerning the current study are reserved to BT Products AB.
Therefore, a detailed explanation of various parts of the application, which
play significant roles for communicating and detecting models, input/output,
and parameters of truck machines have not been provided. This is, in the main,
in relation to the communication library, message producer, and processing
unit.

1.4

Concrete and verifiable goals
The study, in relation to this project, aims to accomplish the following
objectives:
1. Collect technical information about the current issues and the desirable
features of the diagnostic tool. Then, conduct research about the
possible solutions for designing the system architecture in relation to
diagnosis. Determine the advantages and disadvantages of each
solution. Draw conclusions regarding which solution is the most
appropriate and applicable with regards to the mentioned issues in the
ecosystem of the organization.
2. Design the architecture of the selected solution. This should
demonstrate the architectural components including low and high

4

Cross-platform Diagnostic Tool
Ali Zamani

1 Introduction
2013-07-11

levels of the application and the user interface and show how each
component relates to the other parts with respects to their tasks.
3. Implement a communication library for Bluetooth and Wi-Fi ad hoc
communications by considering possible technological limitations for
different mobile operating systems such as a lack of Bluetooth SPP
support in Apple iOS and Wi-Fi ad hoc support in Google Android.
4. Implement a processing library in order to apply the CANopen
protocol and process the CAN messages based on truck model and its
related configuration.
5. Design hybrid and client-side web user interfaces for the diagnostic
tool for both Android and iOS operating system. The design should
offer a maximum level of simplicity in order to demonstrate the truck
data to the service technicians.
6. Implement a message handler library which acts as a middleware
between the user interface and controller layer. The message handler
must offer the maximum level of performance for the user interface
with regards to the real-time data on the CAN bus of truck machines.
7. Make several evaluations in order to verify the maximum performance
and usability of the tool. This can be achieved by having several points
of interest and examining different architectural aspects during the
application launch time and application runtime including the startup
performance, application package size, user interface design, message
handling between application controller layer and UI, pressure
diagram accuracy, and a network library for wireless communication.

1.5

Outline
This document is structured as: Chapter 2 introduces relevant information
regarding the Controller Area Network and CANopen protocol together with
information concerning mobile application development, including crossplatform mobile development methodologies. Chapter 3 presents
methodologies for designing the architecture of the diagnostic system as well
as the performance criteria. Chapter 4 describes the details of the
implementation for the controller layer, message handler, and user interface
with regards to their related libraries. Chapter 5 illustrates the result of the
implementation phase together with the results of the defined performance
criteria in chapter 3. Chapter 6 discusses the conclusion for the current study
objectives with regards to the diagnostic operations. It summarizes the
performance factors, discusses the integration of the implemented tool at the
organization and, finally, suggests several future works that could be
considered as extensions to the current project.
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Theory
This chapter provides the relevant background information required for the
current study on a cross-platform diagnostic tool.

2.1

Controller Area network
Controller Area network [3] is a serial bus network which attaches sensors,
nodes, and actuators together in a real-time system. In this section, the main
information of the CAN network, related to the diagnostic operations for the
current study, has been presented.

2.1.1

History
In the mid-1980s, the Controller Area Network (CAN) was introduced by
Robert Bosch to support real-time control in a serial data communication.
Immediately afterwards, Intel and Philips Semiconductors provided the early
stand-alone versions of CAN controller chips. Nowadays, the CAN network is
used in all new manufactured passenger cars from different companies in
different parts of the world. Although the protocol was aimed at the
automotive industry, it has become widespread among other industry
segments. Therefore, other means of transportation, such as ships and trains
are equipped with CAN as an important bus protocol. [4]
In northern Europe and at the start of 1992, manufactures and users introduced
the CiA (CAN in Automation) international users and manufactures
association, one of whose initial tasks was to specify the CAN Application Layer
(CAL) as the highest layer of the CAN protocol. Based on the CAL approach,
CANopen and DeviceNet were introduced to address different markets. The
former is well suited for embedded networks, for which a framework for
programmable systems can be outlined and the latter is optimized for factory
automation. Since then, Mercedes-Benz as a pioneer, together with the other
passenger car manufactures, has been using CAN and CANopen in the
production of their vehicles. [4]

2.1.2

CAN Data Exchange Principles
Controller Area Network follows a broadcast communication mechanism that
is in accordance with the message oriented transmission protocol. In addition,
in such a real-time network, the urgency of the messages is significant in
relation to processing at the right time. For instance, the engine temperature is
less important than the engine load; so, its status should be sent less frequently
than the status of the engine load. Hence, every CAN message is utilized with
an identifier that is not only unique within the entire CAN network, but which
also defines both the priority and the content of the message. With the current
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situation, bus access is important when multiple nodes are available in the
network. During the system design, the priorities of the CAN messages are
defined in the form of binary numbers in which, the lowest value displays the
highest priority. [5]
This is in accordance with the defined bus logical values, including dominant
and recessive, in which the resulting bus value will be dominant whenever
simultaneous transmissions for both dominant and recessive, from different
nodes, are available. Since bus is implemented with a wired-AND mechanism,
the dominant level represents a logical zero and the recessive value illustrate a
logical one [6]. Therefore, nodes with a recessive transmission will lose the
competition in relation to gaining the bus whenever there is a simultaneous
dominant transmission. A bitwise arbitration mechanism for solving the
conflicts along the bus has been depicted in Figure 2 .1.

Figure 2.1 Bit-wise Arbitration Mechanism in Controller Area Network [5]

In other words, in such a multi-master environment, nodes may want to
occupy the CAN bus at any time, which thus leads to inevitable collisions;
therefore, the CAN protocol uses CSMA/CA through the explained method
and thus the collisions are resolved by means of the priority of CAN messages
[4].

2.1.3

Message Frame Format
CAN protocol offers two message frame formats, which are only based on the
length of the identifier. A CAN message with an 11 bits identifier is considered
as “CAN base frame” while a length of 29 bits for the identifier is called “CAN
extended Frame” [7]. Figure 2 .2 illustrates the general format of a CAN frame.
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Figure 2.2 CAN Message Frame Format [5]

Based on [5], different parts of the CAN frame are described as below:


SOF (Start of Frame): represents beginning of the CAN frame.



Identifier: defines priority and content of the message.



RTR (Remote Transmission Request): differentiates the data frame from
a remote frame. Generally CAN nodes such as shock sensor in the truck
machines sends their data on the bus as the Data Frame; if they request
data from other defined node, a remote frame should be sent [7].



IDE (Identifier Extension): differentiates the can base frame from can
extended frame.



DLC (Data Length Code): shows the number of data bytes in the data
field of the frame and this ranges from zero to eight.



Data: a frame can carry up to 8 bytes as the data part of the frame.



CRC (Cyclic Redundant Check): guarantees the integrity of the frame.
At the recipient side, the CRC will be calculated to check if there is any
error with the received frame.



ACK (Acknowledgment): consists of two bits including ACK Slot and
ACK delimiter. The transmitting node sends two recessive bits. The
node that has received a valid massage correctly acknowledges the
transmitter by sending a dominant bit in the ACK slot.



EOF (End of frame): represents the fact that a frame has been finished.



IFS (Intermission Frame Space): displays the minimum number of bits
which separate the consecutive can messages.

2.1.4

CAN and OSI Model
In terms of the OSI model, a controller area network, as is the case for many
other bus protocols, does not implement all OSI 7 layers. Presenting data in the
user interface means that security is not required due to the fact that the
controller area network is a closed and isolated network. Furthermore, since
maintenance of the communication session is not required, logins and sessions
are also not required. Consequently, apart from the application layer, the data
link and physical layers are used in which the former layer covers the message
frames and the latter guarantees the physical connection in the controller area
network [8]. Figure 2 .3 illustrates three layers of the CAN network with
comparison to the reference OSI model.
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OSI Reference Model

CANopen Model

Application

Application

Presentation
Session
Transport
Network
Data Link

Data Link

Physical

Physical

Figure 2.3 CANopen Model vs. OSI Reference Model [9]

Figure 2.4 demonstrates how two nodes communicate in a controller area
network.
Application Layer

Application Layer

Data Link Layer

Data Link Layer

Physical Layer

Physical Layer

CAN Bus

Figure 2.4 Node Communication in Controller Area Network [8]

2.1.5

CANopen
CANopen [10] as a communication protocol for automotive embedded systems
specifies the higher layer of the controller area network (CAL) as mentioned
earlier in CAN and OSI Model section. Figure 2.5 demonstrates the overview of
CANopen protocol with its main sections.

Figure 2.5 : Device model with CANopen object dictionary [8]
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The most significant element of the CANopen protocol is the Object
Dictionary, which defines the functionality of the device or CAN node. Based
on the CANopen standard, there are two ways to access to the device object
dictionary. The first is Process Data Objects (PDO) that offers a rapid exchange
of small data portions, up to a maximum of 8 bytes, in the CAN bus, without
any object overhead. They are broadcast cyclically and could be triggered by
special events in the system. Secondly, Service Data Object, SDO, which
provides a peer to peer connection service between two CAN network nodes.
They can transmit unlimited-length data between two nodes, but require a
protocol overhead. Device malfunctions are reported by Emergency Messages
with high priority. Monitoring functionality for controlling the status of a node
can be accessed through the Network Management, NMT [11]. In order to have a
synchronized exchange of messages, such as a simultaneous start in relation to
the sending of data from multiple nodes, Synchronization Objects are used in the
CANopen protocol.

2.2

Mobile Application Development
In this section, the theoretical and essential information concerning the
development of a mobile application is provided. With regards to mobile
application development in organizations, architectural considerations are
discussed to assist in choosing the right approach for developing mobile
applications. In addition, the necessity of using cross-platform mobile
development methodologies, together with information about the architectures
and the key differences from native applications, will be provided. The last
part of this section covers the architecture of the MoSync framework, which is
the cross-platform tool that has been used in this project.

2.2.1

Architectural Considerations
Mobile application development is different to that of developing software
tools for desktop computers. It requires a perfect understanding of different
aspects of mobile development. While planning and designing the architecture
of the applications for enterprises, there are number of architectural
considerations that should be taken into account, as well as general concerns.
The expectations of end-users and enterprises such as usability, portability,
maintainability, and extensibility are the main common factors which can
direct the design of the mobile approach. Apart from these general factors,
there are three architectural considerations with regards to developing mobile
applications for enterprises, namely, connectivity, device access, and user
interface usability. [12]
Connectivity is the first architectural factor. Although mobile devices are
expected to always remain in connected mode by the presence of different
wireless technologies such as 3G, GSM, Wi-Fi, and Bluetooth, there are times in
reality that devices are not connected to the network based on certain
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conditions [12]. Therefore, mobile applications, depending on their usage, may
miss their usability. This is more important in relation to organizations, since
all aspects of delivering enterprise data such as the method of connectivity,
security, cost, and acceptable amount of delay should be carefully investigated
by different sections of the organization such IT, Market Solution, and R&D
departments.
Device access is the second factor. Mobile devices including tablets and
smartphone has introduced a number of unique and beneficial features
including geo-location services, gyroscopes, accelerometers, cameras, by
which functionality and extensibility of the mobile applications for the
enterprises can be raised.
The last architectural consideration is the usability of the user interface. New
computing devices have introduced interactive touch screens, which have
changed the design and architecture of the application user interfaces. A rich
mobile user interface can improve the productivity of the enterprise by
assisting the end-user, such as service technicians, to use the mobile solution in
the workplace in a more user-friendly and rapid manner since no attention is
required to be paid to the details of the UI in relation to using the enterprise
tool.
According to the leading considerations stated previously, it is important to
assess the architecture of the mobile application for the organization. Basically,
there are three approaches regarding mobile application development, which
can be categorized into Native, Web, and Hybrid Applications. Each of which
introduces advantageous and disadvantages based on their usage. The
following section covers an in-depth comparison into different solutions with
regards to the architectural considerations.

2.2.2

Mobile Application Practices
Pure Native applications can meet all the mentioned architectural
considerations through the Native APIs of mobile operating systems. They
offer a high level of rich experience from the user interface perspective and can
thus be the best candidate for complex and custom graphics. In addition,
native applications have full access to different features available on the device
such as sensors, audio and video recording, compass etc... Moreover, a lack of
network access does not interrupt the functional usability of the mobile
application. However, development efforts for supporting more mobile OSs
and provisioning managements are the main disadvantages associated with
the native applications, which thus incurs increased costs to the enterprise.
Mobile web approach is another development solution that runs on the server.
From one side, utilizing web technology skills can be the first benefit of a web
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approach from a developer team’s point of view. Moreover, managing
deployment of the web application centrally is another significant advantage
that does not necessitate the managing of provisioning requirements. Finally,
with regards to HTML5 technology and its wide support on the browsers, this
approach is purely cross-platform for different types of devices running
various operating systems. From the other side, the limited access device and
dependency on the network connection are the most challenging obstacles in
relation to the web approach. Although, there are several features on each
mobile device, accessing these capabilities is not permitted through the web
application since they are run through web browsers. Furthermore, a missing
network connection will interrupt the usability of the mobile web application.
This is particularly true in those cases for which a high level of offline
capability is required and for which HTML5 is unable to deliver such a level of
functionality. Also, HTML5 and other related web technologies cannot offer a
high level of user experience on the screens of the mobile devices in
comparison with native mobile applications.
Hybrid applications are the last category for mobile application architecture. It
can benefit from the advantages of both native and hybrid approaches.
Through this approach, some functionality of the application can be delivered
with the assistance of web technologies. Additionally, since native APIs wrap
the hybrid mobile application, accessing all features of mobile devices is
possible through a hybrid solution. However, the disadvantages associated
with native and web approaches still exist for the hybrid application.
Provisioning management, supporting more mobile OSs, lack of rich user
experience in those portions of mobile application that web technologies have
been utilized are the main limitations of the hybrid applications. Although,
accessing device hardware is possible for web sections of the hybrid
application, since JavaScript abstraction is used for delivering device access
capability, bandwidth constraints become an issue. It is mainly significant in
applications that require data transfer with high frequency. [12]

2.2.3

Cross-Platform Mobile Development
With regards to the rising popularity of mobile devices including smart phones
and tablets, mobile application development has achieved considerable
attention within the global software industry. Not only have millions of mobile
applications been developed so far, but, mobile versions of desktop software
tools are also entering into the world of new computing devices. Although the
variety for the main desktop operating systems does not exceed three, there are
many different mobile operating systems provided by different IT and
software companies. Based on the recent study with regards to the market
share of the tablet mobile operating systems from Strategy Analytics [13], in
the first quarter of 2013, Google Android with 43.4%, Apple iOS with 48.2%,
and Microsoft Windows with 7.5% have taken the majority of the global
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market share. The remaining part of the market has been shared between other
mobile operating systems such as RIM, Symbian, WebOS, etc.
Each of mentioned mobile operating systems has its own native development
framework that provides access to the features of the platform and hardware
of the smartphone and tablet devices. In addition, they all possess their own
unique architectures and development tools. Due to the architectural variety
among mobile operating systems, the primary challenge for application
developers is to implement their solution for all mobile operating systems.
Selecting native methodology forces the application provider to produce a
separate solution for each mobile platform in different programming
languages, which will increase issues regarding coding and the maintenance
of the application. In addition, more human resources and costs might be
required for the organizations. [14]
As strategy for overcoming the mentioned challenge is to support all mobile
platforms with only one application project through cross-platform mobile
development methodology [15]. In other words, cross-platform strategies can
reduce the overheads regarding development and maintenance by having a
common source code for different mobile platforms. Cross-platform solutions
have their own pros and cons that can ease or limit the development of a
mobile application.
From one hand, cross-platform solutions bring several benefits to the life cycle
of mobile application development. With their assistance, developers can write
application codes once after which it could be possible to reuse the codes on
the supported platforms. This action will dramatically increase the code
reusability among different mobile platforms which could lead to an increase
in market share [16]. Also, since the majority of such frameworks offer plugins
for accessing various features of the platforms, developers are not required to
pay attention to functionality details on different platforms. Moreover, web
technologies including HTML5, JavaScript, and CSS3 can be used while
developing the applications in certain approaches stated in the next section for
cross-platform development. Consequently, ease of development is another
advantage regarding the use of the mentioned solutions. Apart from plugins,
there are several specific functions for supporting cloud and enterprise services
such as cloudbase.io [17] and RhoConnect [18] which can be integrated into the
cross-platform projects. Finally, according to the mentioned benefits of using
cross-platform tools, development costs will be significantly reduced since less
human resources are required and less time is required to implement the
organization's final solution.
On the other hand, a number of considerations exist that should be taken into
account when choosing a cross-platform methodology for mobile application
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development. Since mobile platforms behave differently for a specific feature
such as UI design, timers, push services, or etc. it would be difficult to cover
that particular feature for all supported platforms. Therefore, not all
functionality and newly presented features for mobile platforms are supported
by cross-platform frameworks. Furthermore, these solutions might introduce
slower performance while loading and running the application in comparison
to native frameworks [19]. Moreover, based on the user interface design
constraints in different platforms, graphics and 3D support might be limited.

2.2.4

Cross-Platform Mobile Application Architecture
While there are several mobile platforms available in the market running on
various mobile devices, a high number of frameworks and tools exist that
provide cross-platform mobile application development methodologies.
Basically, cross-platform approaches are categorized into Cross-Compiled
approach, Interpreted approach, and Hybrid approach.
Cross-compilation is one of the possible techniques for the cross-platform
mobile application development in which a built environment has been
decoupled from the target environment. The cross-compiler frameworks offer
platform independent APIs through a particular programming language that is
different framework by framework. These APIs should be used in order to
develop different parts of a mobile application such as the user interface,
business logic, etc. Then, generated codes by the developers through the APIs
will be transformed into the native platforms by means of a cross-compiler.
Therefore, applications can be run natively on the mobile platforms [20].
Figure 2.6 displays cross-compiled applications.

Application Code

Cross-Compiler
Platform 1
Compiler

Platform 2
Compiler

Platform 3
Compiler

Platform 1
Native Application

Platform 2
Native Application

Platform 3
Native Application

Figure 2.6 : Cross-compiled application development [14]

The most significant benefit of using this method is the performance of the
mobile application due to the transformation of a project into the native
ecosystem of the mobile platforms. All device capabilities can be implemented
through cross-compilers; therefore, there is full access to device and platform
features. However, the complexity associated with cross-compiling can be
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difficult for framework producers in relation to handling the consistency
between mobile platforms. For instance, the same user interface appearance is
not possible in all cases such as having the same native tab screens in Android
and iOS. Additionally, identifying issues of cross-compilation methodology
would be difficult from the developers’ perspective. [14]
Another solution from cross-platform application developing is the interpreted
approach, depicted in Figure 2.7, in which software implementation of the
mobile devices, known as virtual machine or interpreter, will be used to
abstract the details of the mobile platforms from running code of applications.
At present and in addition to APIs, cross-platform frameworks offer runtime
environment in which interoperability will be offered between application and
machines’ platforms. [20]

Native Application
Application Code

Interpreter

Abstraction Layer

Native APIs

Figure 2.7 : Interpreted application development [14]

Portability is the important advantage of such an approach because
interpreters or virtual machines can be extended and maintained more easily
than cross-compilations. However, a mobile application developed through
this method has a lower performance than a cross-complied application since
further processing is required at runtime by the interpreter [20].
The last approach is a hybrid solution, illustrated in Figure 2.8, which
combines the specifications of the web application and native application. In
such a solution, the user interface is developed through web technologies,
mainly by means of HTML5, JavaScript, and CSS3; then, browser engines of
the mobile devices are utilized to render and illustrate the created user
interface. At present, cross-platform frameworks offer a JavaScript abstraction
layer to propose the capabilities of the mobile platform and devices. Unlike
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web applications, that are server supported, a hybrid application can be
deployed locally on the mobile devices.

Hybrid Application
Native Libraries

JavaScript
Abstraction Layer
User Interface
(HTML/JavaScript)

Browser
Figure 2.8 : Hybrid application development [14]

Reusing the same user interface appearance for different mobile platforms is
the main merit of hybrid applications, but a lack of a native platform UI look
will remain based on this approach. Additionally, hybrid applications suffer
from low performance since the execution through the JavaScript abstraction
layer occurs in browser engines. Therefore, this type of application is supposed
to deliver the lowest performance based on the other cross-platform
methodologies.
According to the architecture of the cross-platform frameworks, the focus of a
number of approaches has been on the construction phase, such as crosscompilers, whereas, the others, such as interpreter and hybrid approaches,
have concentrated on the runtime phase [14].

2.2.5

MoSync Framework
MoSync framework [21] is an open-source SDK, Software Development Kit,
that provides mobile application development from one source code for
several mobile operating systems. Cross-platform mobile applications are
developed through C, C++, HTML/JavaScript, or a combination of them in an
Eclipse-based environment. In addition, it has been utilized with other
developer-preferred tools such as MoSync Reload and MoSync MoRe. The
former delivers an easier way for designing a user interface by displaying the
UI during the development phase and without the execution of the application
controller layer on different mobile devices at the same time. Therefore, the
actual result of the user interface design manipulation can be seen on the
different devices simultaneously. The latter is a rich emulator, for which it is
possible to , test the developed application before deploying it on a real device.
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It is not only a light and responsive emulator, but also, offers a number of
features that are not available on the native emulators, such as Bluetooth
capability. Moreover, every piece of feature and functionality offered by
MoSync SDK has been utilized with an acceptable and fair documentation
together with a forum that actively assists developers to understand different
aspects of the SDK and to also overcome the programming issues.
MoSync SDK consists of several tightly-coupled components, displayed in
Figure 2.9, for constructing and building the application, three of which-- that
is, GNU compiler collection, pipe-tool, and packager are of great importance.
The following picture illustrates the architecture and builds process of MoSync
SDK.

Figure 2.9 : MoSync tool chain [22]

MoSync Eclipse-based IDE is responsible for managing and activating all
related tools for handling the whole build process. GCC will be used to
compile the codes written in the C and C++ languages into as assembly-like
format known as MoSync Intermediate language. Then, a pipe-tool links the
compiled or intermediate language codes generated in a previous phase to
MoSync APIs and application resources such as images, audio and binary files
[23]. In order to generate an optimized output, it verifies the codes and
attempts to remove dead code. Finally, the packager merges the resulted
bytecode with a suitable platform runtime [24] in order to make appropriate
packages for each target platform and device. Apple Xcode [25] is needed to
produce the .ipa files for iOS, and in a similar manner Microsoft Visual Studio
[26] will be required to create Windows Phone installable packages. Other
platforms such as Android, Symbian, Moblin and etc. are supported by
packages from C/C++ codebase. [22]
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Methodology
In this research work, strategic approaches for designing and implementing
the architecture of the diagnosis solution at the organization are explained.
This includes the development process, diagnostic system components,
software tools and hardware modules, and practices that are used to evaluate
the system architecture and to verify the performance of the final product.

3.1

Development Process
Iterative and incremental development procedure [27] is considered as the
development process model of the current study. With regards to the model,
the whole system is developed iteratively and modularized into several
smaller sections. At that point, the development of the system is started by
implementing a subset of the project requirements; then it continues during the
repeated cycles and iterations through which the project is improved by
modifying the design and adding the new functionalities. Consequently, it
becomes possible to learn from both development and use of various parts and
different versions of the project [27]. Figure 3.1 displays the basic idea behind
the iterative and incremental development process.

Figure 3.1 : Iterative and incremental development model [27]

With regards to the modularization through the development process, objectoriented programming, OOP [28], is used as the programming paradigm for
creating the software part of this project. Therefore, the focus of the software
architecture is on the objects which are represented as abstract data types with
related attributes and behaviors required for implementing the CANOpen
protocol.
This practice offers flexibility to the benefits from the advantages and features
of object oriented programming such as information hiding, inheritance, and
polymorphism that play significant roles for declaration and implementation
of CAN message objects [28].
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System Components
In order to perform troubleshooting and diagnosis operations a number of
components are required. This section defines the components of the system
used in this project.

3.2.1

Forklift
Since the general goal of the current thesis work is to provide a solution for
diagnosing Toyota/BT/CESAB branded machines, two trucks from the SPE
family are used during the implementation and evaluation phases.
Forklift models are SPE200D and SPE125EL which were manufactured in 2012
in Sweden. The very obvious variance between the models is recognized by the
support arms and side guards with which the former model is equipped.

3.2.2

Mobile Device
Two tablets with different mobile operating system from Google and Apple
companies are used. One is the Samsung Galaxy Note 2 running Android Jelly
Bean 4.2.1 while the other tablet is the Apple iPad 2 running iOS 5.1.1.

3.2.3

Wireless Gateway
The communication between the forklifts and the tablets, as the new
computing devices, is provided wirelessly by two gateways.
The CAN-to-Bluetooth gateway from the RM Michaelides Company is utilized
while the diagnosing operation is performed through the tablet with the
Android OS. This gateway implements Bluetooth 2.0 and SPP, Serial Port
Profile, to emulate the serial communication instead of using an RS-232 cable.
Furthermore, CAN-to-WiFi from the same manufacture is the second gateway,
which implements the IEEE 802.11b/g and provides the interaction between
the forklifts and the iPad running the iOS operating system. Both of the
wireless gateways are equipped with an external antenna with a gain of 2.1dBi.
One required step before linking to the above wireless gateways is to pair the
mobile devices with the tablets.

3.3

Hardware Modules
Apart from the forklifts, wireless gateways, and tablets which form the main
components of the system, two more computers are used for the development
of the diagnostic tool.
Dell Latitude E6410 running Windows 7 supports development of the Android
version of the diagnostic tool at the beginning of the project and then MacBook
running Snow Leopard 10.7.5 helped to develop and deploy the diagnostic tool
on the iPad.
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Software Tools
Regardless of the tools that are used to examine the quality and performance of
different cross-platform applications, the following tools are mainly employed
to develop the diagnosis tools.

3.4.1

Integrated Development Environment
The programming environment of this project is MoSync Eclipse-based IDE
which is enhanced with a rich built-in emulator. The MoSync SDK 3.2.1 is used
for the application controller layer and message handler development through
C++ and the majority workload of the user interface is through HTML5,
JavaScript and CCS3.

3.4.2

Software Development Kit
Android 4.2.1 SDK and iOS 5.1.1 are used to port the diagnostic tool project
into the native Android and iOS applications. The iOS SDK and deployment
phase of the iOS version of the tools on the iPad are performed by Xcode 4.3.
Android SDK is utilized by means of a Windows-based computer while the
iOS SDK is used by the Mac computer.

3.4.3

Design- and graphic editor
Rich graphical design was the mandatory part of the project. Also, the tool is
aimed to operate on both Android and iOS; subsequently, by considering the
fact that these mobile operating systems behave differently with HTML design,
MoSync Reload is used to speed up the design phase by simulating the results
of the interface simultaneously on both operating systems.
All images in this tool which are mainly related to the hydraulic system of the
forklifts are designed and aligned by Inkscape [29] software tool which is an
open source graphics editor.

3.4.4

Evaluation Tools
Logging, console debugging together with other software such as Xcode
organizer, Xcode console, Android DDMS and adb are the tools used for
measuring the performance of the project.
In order to monitor the CAN bus and the message passing between different
CAN nodes, the EMS USB/CAN interface [30] suite is utilized. This software
program helps to check the details of the CAN messages including the
identifier, DLC, and data part.

3.5

Evaluation Criteria
The goal of performing evaluation on the project is to measure the system
performance in order to offer high level of responsiveness as well as to
optimize bottlenecks and limitations in the cross-platform diagnostic tool. For
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the mentioned purpose several performance attributes are presented based on
the following criteria.

3.5.1

Diagnostic System Approach
One of the primary steps in designing the diagnostic tool is to evaluate various
available solutions in relation to approaching the implementation of the
diagnostic system at the organization. Based on the company requirements,
two approaches including web application and mobile solution have been
compared. Subsequent statements demonstrate the points of interests for
evaluating the solutions.









3.5.2

Access to device hardware
Offline capability
Remote Upgrading
Platform dependency
Being cost-effective
User interface richness
Synchronization
Access to unique features

User Interface Type
As two different user interface types exist, namely, hybrid and client-side web,
in both the Android and iOS versions of the diagnostic tool, several
measurements can be performed to cover different aspects of the UI
development through cross-platform frameworks.
In this section hybrid and web user interfaces are compared and analyzed from
the aspects of responsiveness, portability, UI consistent look, maintainability,
and available development tools.

3.5.3

Launch Time Performance
With regards to the development of different graphical user interface
architecture, hybrid and web, for two mobile operating systems, Android and
iOS, the measuring of the application launch time is an essential point of
interest by considering the point that it is based on [19], a large launch time
decreases the mobile application’s responsiveness.

3.5.4

Application Package Size
Application package/file size is another attribute which correlates not only to
memory usage, but also to fast installation time [19]. The evaluation is
performed by considering the size of packages from the diagnostic tool with
different UI types and mobile operating systems. The evaluated size includes
the size of the application plus the size of the data that will be added to the
memory during runtime.
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3.5.5 Runtime Performance
Responsive design as a demanding requirement of the diagnostic tool is
obliged to challenge with a number of factors which directly affect the
performance of the tool. These factors that introduce bottlenecks are measured
based on the following principles.

3.5.5.1

Message Handling
Based on the general architecture of the cross-platform diagnostic tool in which
the application controller layer, developed by the C++ side, is separated from
the user interface, developed by HTML5, JavaScript, and CSS, the method for
passing messages from the controller layer to the UI, plays an important role in
the smoothness of the UI. By considering the very high frequency of received
CAN PDO messages, every 20ms, sending all CAN messages to the UI is not
possible since the messages will be received by the UI with a considerable
amount of delay.
Message Handler is designed to handle the message passing among the
mentioned layers of the tool. The following factors have the most value in
relation to overcoming the lags during this phase.




3.5.5.2

Message passing frequency from C++ to UI
Message memory allocation (dynamic vs. static)
Message filtering

Dynamic Diagram
Pressure Diagram is a very significant feature of the diagnostic tool as it
enables the service technicians to check the changes of the hydraulic system in
the truck on the diagrams. With regards to the known challenges in the
previous section and by considering the fact that the pressure diagram should
display sensor data dynamically without any small amount of delay, the
architecture of the diagram is a point of interest in this context. The means by
which the CAN messages should travel from the application controller layer to
the UI and then be injected into the WebView constitute the points that should
be measured in order to meet the required performance.

3.5.5.3

Memory Management
Memory Management is another evaluation point that is covered indirectly in
the other parts of the evaluation criteria such as the message handling and
dynamic diagram. How the resources should be managed in either Android
that use garbage collection technology or iOS that does not utilize the
mentioned technology is a point of interest since based on the architecture of
the processing library and implementing CANopen protocol, CAN messages
are created on heap memory rather than static memory.
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Wireless Communication and Network Library
There are several points of interest for valuing the communication between
truck and diagnostic tool on the tablet. One part of this section refers to how
different employed wireless technologies such as Bluetooth and Wi-Fi ad hoc,
affect the communication based on the considerations of distance, latency, and
throughput settings in the Bluetooth gateway. The wireless coverage test will
be performed through line of sight communication between interfaces and
tablets. Interfaces that are connected to truck machines from one side and to a
diagnostic tool installed on tablets from the other side are considered as the
reference point. At present, tablets can be up to a maximum of 100 meters from
the reference point as this is the coverage distance based on the documentation
of the wireless gateways. The result should indicate the distances for which
any small changes in diagnostic data are available on the diagnostic tool and
can be considered as real-time information.
The other part relates back to the architectural design of the application
controller layer such as incoming buffer size, which is important to initiate the
communication with the trucks.
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Design and Implementation
This chapter covers the implementation considerations of the diagnostic tool. It
has been categorized into two primary sections including Diagnostic system
approaches and Cross-platform diagnostic tool. The former investigates the
potential methods for implementing the diagnostic system at the organization
and the latter describes the architecture and description of the selected solution
from the previous part.

4.1

Diagnostic system approaches
In order to conclude the final design and architecture of the diagnostic system,
two approaches including web application and mobile solution should be
carefully studied. Each has its own specific aspects that bring advantages and
disadvantages to the system. The following two sub-sections will introduce the
approaches, together with their related components. This assists chapter 5 to
evaluate the approaches and has a side-by-side comparison between the
methods in order to determine the most appropriate solution for the current
project.

4.1.1

Web application
By means of the presence of web technologies such as HTML5 together with
JavaScript and CSS3, which have introduced new features such as offline
capability and more rich graphical libraries for user interface design, web
approach may provide a wide range of accessibility to the web-based tools by
running the applications in web browsers of various devices such as desktop
computers, laptops, smartphones, or tablets. A web solution, itself, can be
classified into two categories, client-side web application and server-side web
application.
The simplest hypothesis, in relation to applying a client-side web application
for performing the diagnostic operation, is to open the application on the
Internet browser of the computer, which is connected through a cable or
wirelessly to the truck machine. Figure 4.1 demonstrates the required
components for the mentioned scenario. The offline capability of HTML5 may
be utilized when the Internet or network access is limited, by merely loading
the tool on the Internet browser for those regions for which access the network
is not possible. However, the very first obstacle, ahead of the mentioned
approach, is the lack of right of use from hardware devices of the computer
machine that runs the client-side web application. In other words, there is no
possibility to catch and sniff SDO and PDO messages of the controller area
network delivered by the gateway, which is connected from one side to the
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truck and from the other side to the computer running the diagnostic web tool.
Therefore, this approach may not be able to be realized.

Computer with browser

Bluetooth/Wi-Fi gateway

Truck

Figure 4.1 Overview of client-side web-based system for diagnostic solution

The server-side web application can be an alternative approach for the clientside web application. It overcomes the cited restriction along the mentioned
hypothesis of the client-side approach. The server-side solution demonstrated
in Figure 4.2 has to be utilized with GSM/GPRS gateways and a middleware
server in order to push the diagnostic data to the web user interface. The
gateway collects the diagnostic information from the truck machine and then,
it sends the diagnostic data to the server, which plays the role of the interface
between the truck and web application. This method of accessing the
diagnostic information, which is possibly indirect, still requires continuous
network access.

Computer
with browser

Internet
Mobile device
with browser

Server

GSM/GPRS gateway

Truck

Figure 4.2 Overview of server-side web-based system for diagnostic solution

4.1.2

Mobile solution
The new computing devices, namely, mobile phones and tablets, are involved
in creating a new revolution for changing the world of desktop computers.
Recent statistics from market forecaster companies have disclosed [31] [32] that
business sectors and enterprises have already started using tablets in their
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work places. In 2011, 13.6millon tablets were shipped to these enterprises and a
huge increment to 96.3m units is expected by 2016 [33].
Similarly, utilizing mobile devices in this project could prove to be a futureproofing solution for the organization to migrate from traditional devices to
these new computing devices. The possibility of using various features of the
mobile operating systems and devices such as Bluetooth, NFC, more battery
life and the like, can provide infrastructure for the functionality of the
diagnostic tool, both during the current project and for future extensions.
Figure 4.3 depicts the scenario of implementing the diagnostic tool through
mobile solutions.

Apple device with
diagnostic application

Android device with
diagnostic application

Wi-Fi
gateway

Bluetooth
gateway

Truck

Figure 4.3 Overview of mobile application for diagnostic solution

In addition to the required system components, the implementation
methodology for mobile solution is a point of interest. Based on the
popularization and penetration of mobile devices in the ecosystem of
enterprises and by considering the fact that diagnostic tool can have different
types of end users, it is essential that the mobile solution covers as many
mobile operating systems as possible.
There are two ways to support different mobile OSs. Native frameworks of the
operating systems can be employed to generate the diagnostic application.
Therefore, there should be a separate project for each mobile operating system.
In contrast, cross-platform mobile application frameworks can provide the
possibility of generating an application from one codebase for different mobile
operating systems such as Android, iOS, etc.

4.2

Cross-platform diagnostic tool
This section will cover the implementation part of the cross-platform
diagnostic tool through the MoSync framework. The used template for
developing is the MoSync hybrid project in which the application controller
layer has been separated from the user interface.
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Architecture

The diagnostic tool is intended to assist service technicians and engineers with
accurate diagnostic information. The accuracy of the data on the tool should be
sufficiently high to guarantee that all small changes in the status of different
nodes along the CAN bus network of the truck will be displayed immediately
or “just in time” on the user interface. The accuracy, together with high level of
responsiveness, is derived from a well-designed architecture
In this project a layered architecture, indicated in Figure 4.4, is utilized to form
the construction of the diagnostic tool. Each layer represents a unique
functionality and is responsible for defined tasks during the life cycle of the
application.

Diagram Library

User Interface Components

User Interface Handler
UI
Initializer

Component
binder

Data
Validator

Internationalizator

JavaScript Script
Injector

Request
Generator

Message Handler

High-level Message Handler

User Interface Layer
MoSync Bridge

Controller Layer
Low-level Message Handler

Truck Runner

WG/CAN Message Producer
Network
Library

WG Message
Transformer

Data Collector
Processing
Unit

CAN Message
Generator

Query Handler

Data Structures

Figure 4.4 : Overview of diagnostic tool architecture

As can be seen from the overview of the architecture behind the project, the
layered architecture is categorized into two main sections for representing the
User Interface layer at the top and the Controller layer at the bottom. Message
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Handler is another section that provides the UI layer and controller layer with
robust method of communication. Likewise, each of the main layers has been
sub-layered internally based on different aspects. Generally, the bottom layer
is responsible for interacting with the wireless gateways through Bluetooth
and Wi-Fi ad hoc technologies in order to access the data on the CAN bus.
Also, it processes the raw data into the CAN messages and consequently
makes them ready for the UI. At that time, the Message Handler passes the
extracted information to the user interface in order for it to be visualizes to the
user.
Each layer of the architecture together with their related sub-layers has been
described in detail during the next subsections.

4.2.2

Controller Layer
As stated earlier, the application controller layer is the heart of the architecture
as it handles all the interactions between the diagnostic tool and truck
machines in a smooth manner. In order to provide this interaction, it is
necessary to modularized the controller layer into different sub-sections with
different responsibilities. This layer has control of the diagnostic session’s life
cycle.

4.2.2.1

Truck Runner
The main part of the controller layer is the Truck Runner class, which manages
all interactions among the different libraries. As shown in figure 4.4, it
communicates with Low-level MH, Data Collector, Network Library, and WG/CAN
Message Producer. The provided information in this section shows how the
truck runner relates to other libraries. More technical details are available in
their respective sections.
The relation between the truck runner and the low-level message handler is
referred to when the user defines a task to request information. Consequently,
the truck runner will communicate with other classes based on the task to
collect information as the response of the user’s request. Then, the response
will be sent back to the user interface by the low-level message handler.
Truck Runner always communicates with the Data Collector to gather the
response for the received request based on the information which has already
been created by the Processing Unit. This information is generally classified
into three categories. Firstly, diagnostic readable messages disclose the status
of different sensors on the truck such as the tiller arm, support arms, forks, side
guards, and truck platform. Secondly, hydraulic information displays the data
from the Toyota/BT/CESAB PowerTrak system, which controls the stability of
the trucks based on the load and height of the support arms and forks. Finally,
there is the pressure diagrams data that illustrates the hydraulic data on the
dynamic diagram.
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All bi-directional communication with the truck is supported by a network
library. Therefore, the truck runner manages the requests and responses
through the network library in order to access the Bluetooth or Wi-Fi ad hoc
wireless media.
Generally speaking, the WG/CAN Message Producer implements the
application layer of the CAN protocol, CANopen. In other words, it creates
CAN messages from the raw data and vice versa. Since the interaction with the
truck is through the controller area network, CAN messages are used to
communicate with the truck CAN bus. Therefore, the truck runner should
send the requests in the form of a CAN message, and in the case of response,
raw data should be changed into CAN messages to be ready for the processing
unit. In addition, communication between a mobile device and the truck is
through a wireless media; subsequently, it is necessary to extract/inject CAN
messages from/into wireless message frames. This task will also be performed
by this part of the controller layer.

4.2.2.2

Network Library
Wireless communication is a valuable functionality of the diagnostic system
within this project and an attempt has been made to substitute the wired
connection with wireless communication. During this research work, two
wireless technologies including Bluetooth and Wi-Fi ad hoc are utilized to not
only indicate the possibility of using wireless communication between truck
machines and diagnostic tool, but also to overcome the limitations of using
Bluetooth serial communication in iOS and Wi-Fi ad hoc communication in
Android.
All bi-directional interaction between wireless gateways, which convey the
CAN messages of the truck CAN bus and the diagnostic tool on the mobile
device, will be delivered by the Network Library. This library is fed by the truck
runner with the information about the type of device platform, since it should
detect which type of communication should be selected in order to start
communication with the related wireless gateway.
In order to communicate with the Bluetooth gateway, a connection string
should be defined with regards to the MAC address of the Bluetooth gateway
and Bluetooth UUID [34] as a parameter, which represents the service class ID
of the Bluetooth Serial Port Profile. The following lines of code display the
connection string for connecting to a Bluetooth gateway in the diagnostic
application.
static const char* MacAddress = "00809809d3BF";
static const char* ServiceUUID = "0000110100001000800000805F9B34FB";
sprintf(connectionString, "btspp://%s:%s", MacAddress, ServiceUUID);
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However, the connection string for connecting to the Wi-Fi gateway requires
sockets with other parameters. The IP address of the gateway together with the
port number that the gateway listens for incoming connections are the two
essential pieces of information which are displayed in the below piece of code.
static const char* Port = "60200";
static const char* WiFiIPaddress = "192.168.0.13";
sprintf(connectionString, "socket://%s:%s", WiFiIPaddress, Port);

After a successful connection to either the Bluetooth gateway or Wi-Fi
gateway, the other parts of the network library control the incoming and
outgoing messages. Messages in both directions should be written in their
respective incoming or outgoing buffer in order to be written on the wireless
media. The incoming buffer is delivered to the WG/CAN Message Generator to
extract the CAN messages and to pass them to the processing unit for further
investigation. All extracted messages from the incoming buffer and the
generated messages for the outgoing buffer should form the defined message
frame format of the wireless gateways.
Note that one important factor is to assign sufficient size to the incoming
buffer, since an inappropriate and small size can lead to missing part of the
incoming wireless messages. Consequently, parts of diagnostic data can be lost
and the displayed information is neither accurate nor real-time.

4.2.2.3

WG/CAN Message Producer
Truck diagnostic data is in the form of CAN messages in the truck controller
area network. Thus, all interactions, including sending requests and receiving
responses, have to be in accordance with the CAN protocol. For both incoming
data saved in the buffer and outgoing messages that are the requests to the
truck, this part of the controller layer is in charge of generating the CAN
messages as well as detecting/creating messages in the shape of wireless
gateway message format.
After receiving incoming data, with the assistance of the network library, the
contents of the buffer will be transferred by the truck runner to the WG/CAN
message producer, which consists of the WG Message Transformer and the CAN
Message Generator. The received pack of data sent from the gateway contains
several CAN messages. Therefore, the buffer, which is the array of bytes,
should be divided into different parts based on the wireless gateway message
format in order to represent each CAN message. With regards to the wireless
gateway message frame format, consisting of SOF, frame length, command,
data, checksum, and EOF, the iterating on the buffer is performed by the WG
message transformer in order to extract each message.
In order to ensure that the received data by the network library is not faulty, a
checksum is calculated for each message by performing Bitwise XOR on
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command, frame length, and data parts. Then the calculated checksum is
compared with the available checksum in the message. If an incorrect
checksum is discovered, that particular message will be ignored since it does
not represent the correct value for the diagnostic data. If the checksum is
correct, then this message, which has departed from the buffer and contains
Command, Frame Length, and Data parts of a CAN message, will be redirected
to the CAN message generator. Similarly, when the diagnostic tool is supposed
to send a request to the truck, the raw request is converted to a CAN message
and then it will be wrapped into the format of a wireless gateway message. All
these steps are implemented in the WG/CAN Message Producer.
The CAN Message Generator plays a significant role for implementing the CAN
protocol for this project. As mentioned in chapter 3, object oriented
programming and inheritance methodologies are utilized in this section to
construct the objects of CAN messages. Command, frame length, and data
sections are required to create a CAN message. UML model diagram,
Figure 4.5, illustrates how the CAN message generator constructs CAN
message objects.
At this time, CAN messages which have been extracted from raw data will be
forwarded by the WG/CAN message producer to the processing unit for
further assessment. Similarly, when a new request has been received by the UI,
it will be transferred to this section to firstly generate the related CAN
message, after which it should be packaged into the wireless gateway message
frame.
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CanObjBased
+command : byte
+length : int
+data[] : byte
+CanObjBased()
+CanObjBased(Command : byte, Length : int, Data[] : byte)
+CanObjBased(&rhs : const CanObjBased)
+virtual ~CanObjBased()
+getIntFromLsbFirstByteArray(array[] : byte, numberOfBytes : int, byteOffset : int) : int
+getIntFromMsbFirstByteArray(array[] : byte, numberOfButes : int, byteOffset : int) : int
#getIntFromBytes(byte0 : byte, byte1 : byte, byte2 : byte, byte3 : byte) : int
#getIntFromBytes(byte0 : byte, byte1 : byte) : int
+virtual toString() : string
+virtual parse()
+virtual generateMessage()

inherits
CanObjDerived
+TimestampEnable : bool
+ExtendedIdentifier : bool
+RemoteFrame : bool
+FeedbackMessage : bool
+Timestamp : double
+Identifier : int
+Dlc : int
+Data[] : byte
+CanObjDerived()
+CanObjDerived(Command : byte, Length : int, Data[] : byte)
+CanObjDerived(&rhs : const CanObjDerived)
+virtual ~CanObjDerived()
+toString() : string
+parse()
+generateMessage()

Figure 4.5 : UML model of Controller Area Network message object

4.2.2.4

Processing Unit
With the assistance of the WG/CAN message producer for generating CAN
messages, the first step is to extract diagnostic data by checking the identifier
and data parts of each CAN message. Based on the agreed Object Dictionary of
the CAN nodes of Toyota/BT/CESAB branded trucks, the SDO and PDO
messages will be classified by their identifier in order to know which section of
the data part contains the required information in relation to accessing the
values of the different nodes and sensors. Then, the contents of the data parts
will be transferred to their related data structures in the Data Collector. The
following code snippet demonstrates how the processing unit performs the
mentioned procedures on a sample CAN message, in order to find the
software version of one particular node.
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switch (incomingCanMsgToProcess->Identifier) {
case (byte) ReadSoftwareNo:
wbSoftwareNoMSW.by.lbyt = incomingCanMsgToProcess->MsgData[1];
wbSoftwareNoMSW.by.hbyt = incomingCanMsgToProcess->MsgData[2];
wbSoftwareNoLSW.by.lbyt = incomingCanMsgToProcess->MsgData[3];
wbSoftwareNoLSW.by.hbyt = incomingCanMsgToProcess->MsgData[4];
ubSoftwareExt = incomingCanMsgToProcess->MsgData[5];
ModifySoftwareNo();
break;
default:
break;
}

All the data structures containing real-time diagnostic data will be bound,
based on the above method. Also, the processing unit plays a significant role
for implementing the application life cycle by handling the SDO messages and
starting the timer, which is used to synchronize the frequency of the sending
data to the user interface after detecting a certain number of truck parameters.

4.2.2.5

Data Collector
Data collector has a very close collaboration with the processing unit since all
the received data has been processed by the processing unit in order to extract
the required information from the CAN messages. Then, the information will
be transferred to their appropriate data structures, which are maintained in the
data collector. These data structures are updated by new values for an
extracted CAN message during each round of the application life cycle.
Therefore, they contain the most up-to -date information about the status of
different sensors and systems in the truck machines.
Truck runner always queries the Query Handler of the data collector in order to
retrieve the required information based on the request of the user interface.
With regards to data from different sensors, a certain number of restrictions
have been defined for controlling the truck to provide more safety. For
example, the height of the forks has to be adjusted when the driver is on the
platform and the truck is in driving mode. Therefore, it is important to check
the status of the sensors in order to detect these restrictions. In addition to the
query handler, the data collector is also responsible for detecting the defined
restrictions based on the values of the different sensors, since this library has
full access to all information concerning the already processed CAN messages.
The following snippet of code not only shows how data is collected from the
data structures, but also displays how the status of the truck is detected, which
can be important for restrictions.
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void TruckRuner::TruckMode() {
bool bS64 = wbTtrAnalog1.pin10d;
bool bS60 = bbTtrInputs.pin14;
bool bS20 = bbTtrInputs.pin13;
bool bS44_3 = bbTtrInputs.pin15;
bool bS44_4 = bbPtrInputs.pin15;
String tempString;
if (GlobalLang == "Swedish") {
if (bS44_1 == true && bS44_4 == true) {
tempString = "TRANSPORT";
if (bS20 == true && bS60 == true) {
if (bS64 == true) {
tempString += " - Högfartsläge ";
} else {
tempString += " - Gåfartsläge";
}
} else {
tempString += " - Gåfartsläge";
}
} else {
tempString = "STAPLING";
}
}
sendMsgToJSudUI("lblTruckMode", tempString.c_str());
}

As can be seen from the previous code, the truck handler asks the Data
Collector for specific information together with a parameter for requesting
information in the user’s selected language.
During diagnostic operations, it may be necessary to test sensor values in
various units. For example, hydraulic information should be provided in three
different units while checking the PowerTrak system. Data collector will
correspondingly calculate the values for the desired units before sending the
answer for any specific query.

4.2.3

Message Handler
Message passing plays an important role between the controller layer and user
interface layer. Well-designed architecture for Message Handler brings a high
level of performance in the presence of real-time information in the diagnostic
tool. In this project, message handling is implemented, based on MoSync
Bridge, which provides very low level message passing between the C++ side
and the JavaScript side from the user interface. In addition, two separate
libraries, Low-level MH and High-Level MH, are developed separately to
complement the MoSync Bridge according to the requirements of the
diagnostic tool. The former assists the truck runner from the controller layer
that is implemented through C++, while the latter is the gateway of message
passing from the user interface layer and is implemented through JavaScript.
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The message format communicating in message handler can be either string or
JSON. Both of these message types are controlled along the Low-level MH and
High-level MH. Further information is provided in their related sections.

4.2.3.1

High-Level MH
High-level MH is the top layer of the Message Handler by which user- requests
and interactions will be received. User requests can be processed in the
JavaScript layer of the user interface or it may require to be sent to the
controller layer, C++ side. The latter will be performed by high-level MH.
Firstly, it creates the JSON messages and then sends them to the C++ side. The
code snippet provided below demonstrates the sample JSON message made by
a high-level MH to request the start of the Bluetooth gateway.
mosync.bridge.sendJSON({
"messageName" : "FromUI",
"command" : "startGateway",
"MacAddress" : "192.168.0.13"
});

The remainder of the processing will be continued in the controller layer. In
this case, after detecting the type of message and its goal, this request will be
sent to the network API in order to connect to the Bluetooth gateway.
This layer has a close collaboration with the UI Handler, which processes all
requests and handles the life cycle of the project at the user interface side.

4.2.3.2

Low-Level MH
With regard to the architecture of cross-platform frameworks, the user
interface components are displayed in the WebWiew. In the controller layer,
which is developed using the C++ language, the first step is to extract the
WebWiew messages and detect the format of the messages. As mentioned
earlier, string messages and JSON messages are both supported for message
passing. The following code snippet shows how the WebView messages are
extracted, and then based on the message format; other related parts of the
library are called for further treatment.
void handleWebViewMessage(WebView* webView, MAHandle data) {
MessageProtocol protocol(data);
if (protocol.isMessageStreamJSON()) {
handleMessageStreamJSON(webView, data);
} else if (protocol.isMessageStream()) {
handleMessageStream(webView, data);
} else {
printfln("undefined protocol!");
}
}

As JSON messages are mainly used in this project, the following piece of code
shows how JSON messages are processed by checking the internal parameters
of the JSON message in order to extract the sent order from the user interface.
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void handleMessageStreamJSON(WebView* webView, MAHandle data) {
JSONMessage message(webView, data);
while (message.next()) {
if (message.is("FromUI")) {
String command = message.getParam("command");
TruckRunner->handleMessage(message);
}
}
}

By detecting the purpose of the message sent by the user from the command
parameter of the JSON message, the truck runner will be aware of the task that
is intended to proceed. It should be considered that messages may contain
parameters based on a task such as an IP address or Bluetooth MAC address of
the gateway. There are five different messages which come from the JavaScript
side to C++, which has been described in in section 4.2.4.1, UI handler.
Low-Level MH is also responsible for sending messages back to JavaScript.
There are three applications for sending messages in the mentioned direction,
from C++ to JavaScript with the assistance of High-Level MH. Several JavaScript
functions will set callback functions to act as soon as the response, which has
been made available from C++. In this manner the Low-level MH will contact
the high-level MH in order to pass the responses to the defined callback
functions. Moreover, a certain number of messages will be sent to the UI to
perform validation by enabling or disabling components such as start/stop
buttons. Apart from the mentioned usage of the low-level MH, all diagnostic
information will be passed to the UI based on this type of direction. Below is a
code snippet which demonstrates how a low-level MH contacts a high-level
MH.
void TruckRuner::sendMsgToJSudUI(String lbl1, String msg1) {
StringBuilder outToUI;
outToUI.appendFormat("updateUILabel('%s', '%s');", lbl1.c_str(),
msg1.c_str());
myWebV->callJS(outToUI.toString().c_str());
}

In order to improve the performance of the communication from the low- to
high-level MH, a StringBuilder library [35] is utilized to assign exactly the
required amount of memory to the string that should be sent instead of
defining a string buffer with a fixed size. Then, the dynamic string is filled
with the name of the function which is already defined in JavaScript with its
related parameters. At this time, CallJS from MoSync Bridge is used to send the
message generated from the C++ side to the WebView containing the user
interface.

4.2.4

User Interface
One significant aspect of this project that directly affects the responsiveness
and performance of the diagnostic tool is the user interface structure. A wellstructured user interface can handle the display of all real-time diagnostic
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information with very high frequency on the screen in a smooth manner;
however, a badlydesigned UI can cause lagging, hanging, or even an
application exit if the resources are not able to be handled properly.
Based on the architecture of the UI demonstrated in Figure 4.4, the remainder of
this section explains how various user interface elements have been designed,
how they are related and interacting with each other, and how information
will be processed in the upper levels of the project.

4.2.4.1

UI Handler
The user interface consists of a large number of components that are related to
each other. The UI Handler is the central JavaScript library and is the means by
which the administration of the different components of the user interface is
implemented. There are several main tasks performed by this library
including, user interface initialization, request generation, data validation, component
binding, Internationalization and a considerable amount of diagram handling
which are all of the greatest importance.
The user interface should be initialized in order to show all the components
properly on the screen at the application startup. The UI Handler performs the
initialization phase by setting the parameters of the screen size in order to
adjust the UI based on the height and width of the device screen and to
configure different event handlers in order to keep track of certain actions such
as, tab screen navigation. In addition a number of other components, such as a
pressure diagram must be initialized before the application launch stage. It is
the UI Handler which performs all of such requirements.
There are five specific requests that come from the user interface to the
controller layer at the C++ side. Based on the goal of each request, the UI
Handler asks and provides a high-level MH with the correct parameters to
direct the JSON messages to the lower levels. Table 4-1 has summarized the
request which their related parameters.
Table 4-1 : User interface layer generated commands
Command

Parameter

Description

startGateway

Wi-Fi IP address /
Bluetooth MAC address

Start connecting to
Bluetooth/Wi-Fi gateway

startTruckCom

-

Start connecting to truck

stopGateway

-

Disconnect from gateway

changeLanguage

Language

Change tool language

changeTab

Tab number

Tab screen is changed
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These commands are merely sent from the UI with the required parameters.
However, in order to complete and perform some of the mentioned
commands, including startGateway and startTruckCom, more parameters will
be added from the C++ side. The startGateway, which is used to start interaction
with the truck, will be described in detail in the application Life Cycle section.
Additionally, data validation proceeds in order to prevent exceptions at the
diagnostic tool. The occurrence of undesirable bugs such as a wrong format for
the Bluetooth gateway MAC address or a Wi-Fi gateway IP address could lead
to severe consequences that destroy the life cycle of the application in advance.
Therefore, it is essential that the UI Handler checks every action which can
change the parameters of different components.
In addition, all components, that visualize the readable diagnostic information
on the device screen, should change their values immediately after reception of
new values at the high-level MH. The UI handler, as a binder, modifies the
values, resources, and parameters of the components including a pressure
diagram, animations, labels, text boxes and buttons. The following piece of
code displays how graphical resources are handled by the UI handler when a
modification should have occurred, such as changing the picture showing the
status of a sensor on the truck.
function updateSensorValue(lblID1, msg1) {
var postfixIM = "Im";
var sensorImg = new String(lblID1.concat(postfixIM));
if (msg1 == 'ON' || msg1 == 'LEDER' || msg1 == 'LEADS') {
mosync.resource.loadImage("./img/blank-green.png", sensorImg,
function(imageID, imageHandle) {
var myImageButton = document.getNativeElementById(sensorImg);
myImageButton.setProperty("image", imageHandle);
var data1 = document.getNativeElementById(lblID1);
data1.setProperty("text", msg1);
});
} else if (msg1 == 'OFF' || msg1 == 'STOPPAR' || msg1 == 'STOP') {
mosync.resource.loadImage("./img/blank-red.png", sensorImg,
function(imageID, imageHandle) {
var myImageButton = document.getNativeElementById(sensorImg);
myImageButton.setProperty("image", imageHandle);
var data1 = document.getNativeElementById(lblID1);
data1.setProperty("text", msg1);
data1.setProperty("fontcolor", '#00FF00');
});
}
}

Moreover, the UI handler takes care of the user language preference.
Currently, English and Swedish are the supported languages for the diagnostic
tool. However, the UI handler is capable of dealing with as many languages as
desired.
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The UI Handler also injects all the information to the diagram library in order
to display three diagram plots representing the values of the three sensors
from the truck's hydraulic system. Adding arrays of points to each plot as well
as the ability to zoom, clear, and remove plots from the diagram are the main
responsibility of the UI handler. All of these actions are defined by injecting
scripts containing the parameters into the internal WebView component of the
user interface. Below, a code snippet demonstrates how to enable or disable
each of plots on the diagram by toggling their enableSeries parameter.
function plotOneEvent(){
var checkBox1 = document.getNativeElementById("plot1");
checkBox1.getProperty("checked", function(prop, value) {
var injectToJS = "javascript:basic_namespace.enableSeries(1);";
var webV = document.getNativeElementById("internalWebV");
webV.setProperty("url" , injectToJS);
});
}

4.2.4.2

UI Design Patterns
The user interface as the layer that interacts directly with user and visualizes
all functionality of the diagnostic tool is of great importance. Being userfriendly and responsive for real-time diagnostic data brings complexity to user
interface design. As stated previously, the UI Handler library manages the data
distribution at the lowest level of the user interface; however, at the top, two
approaches have been used as the UI design pattern, namely, Wormhole
NativeUI and Vanilla HTML5. Generally speaking, the former is classified
within the hybrid application family while the latter is completely a mobile
client-side web application. Indeed, both offer exactly the same features of the
diagnostic tool and can be run on both Android and iOS devices.
The first solution, Wormhole NativeUI, utilizes HTML markup in order to
generate native components of the user interface. Each user interface
component has been defined as a widget with customized attributes to
describe its behavior and it is wrapped inside the HTML div tags. MoSync
SDK then detects the ordering and organization of the widgets by means of the
div tags. At that point, the defined UI will be converted to the native UI based
on the method explained in [36]. The following snippet code shows how two
labels are defined in a horizontal layout.
<div widgetType="HorizontalLayout" width="100%" paddingLeft="10">
<div widgetType="Label" id="lblTA" text="Styrarm : " fontSize="20">
</div>
<div widgetType="Label" id="lblTillerArm" text="" fontSize="18"
fontcolor="#00FF00" textHorizontalAlignment="left">
</div>
</div>

The user interface in the markup language has been organized through tab
screens in order to organize the diagnostic information by their related topic.
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Then, horizontal, vertical, and relative layouts are used to include different
numbers of widgets, representing native components. In order to utilize the
flotr2 JavaScript library to show the hydraulic information on the diagram, an
internal webview widget has been used. All diagnostic information will be
spread by means of the UI Handler to the widgets utilized by ID and a
diagram covered by the internal webview is fed by injected JavaScript scripts,
containing the required information such as arrays of new points for each of
the plots. The current methodology for designing a user interface provides a
high level of performance since all components have been converted to native
elements. It should be mentioned that there are two clear differences when the
application is run on different mobile platforms. The reason behind the
difference is that mobile operating systems do not provide the same UI
pattern. For instance, a tab screen in Google Android is at the top of the device;
in contrast, iOS displays the tab screen at the bottom of the screen. Although
the majority of components are converted to native ones, this approach is
considered as being a hybrid solution based on the use of the internal webview
in relation to demonstrating the JavaScript based diagram.
In addition to the first explained solution, a client-side web approach is also
employed to offer exactly the same user interface design in Android and iOS.
All components are declared through web technologies such as HTML5 and
jQTouch [37]. Therefore, the skills required for developing a web application
can be utilized to develop the mobile web app. In this solution, jQTouch is
responsible for classifying the components into different windows and screens
in the form of a tab screen. Moreover, a theme has been defined by the CSS,
which dynamically assigns the correct theme for each mobile platform during
either initialization or page load. The reason for this is that the user interface
must act in accordance with the native mobile operating system UI such as for
Back behavior with regards to navigating between different windows,
although the web technologies are used. Below, the code demonstrates the
structure of each window based on the defined CSS theme for providing a
toolbar and back behavior.
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<div id="notifications">
<div class="toolbar"><h1>Diagnostic</h1>
<a class="button back" onclick="jQT.goBack()"
id="backButton">Back</a>
</div>
<h2>TRUCK TECHNICAL DATA</h2>
<ul class="rounded">
<li><table style="width: 100%;">
<tr><td style="width: 50%; padding: 10px;">
<label id="lblTT">Truck type :
</label>
<label id="lblTruckType" style="color: #0000EE"></label>
</td>
<td style="width: 50%; padding: 10px;">
<label id="lblMagNO">Truck No : </label>
<label id="MagicNO" style="color: #0000EE"></label>
</td></tr>
</table>
</li>
</ul>
</div>
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Result and Evaluation
This chapter demonstrates the outcome of the implemented method in the
current project. Also, in-depth analysis has been performed based on the
defined criteria in section 3.5, evaluation criteria, in order to evaluate the
diagnostic system approach as well as the cross-platform diagnostic tool.

5.1

Output Result
This section provides information concerning the implemented diagnosis
solution together with screenshots from the provided functionality of the
cross-platform diagnostic tool in Android and iOS operating systems.
Figure 5.1 provides the schematic and overview of the system components for
implemented diagnostic solution. From one side, since Apple iOS does not
allow Bluetooth serial communication, a Wi-Fi ad hoc gateway is used to
provide iteration between the truck machines and apple devices. From the
other side, Bluetooth gateway is employed to assist the Android devices in
talking with trucks.

Apple device with
diagnostic application

Android device with
diagnostic application

Wi-Fi
gateway

Bluetooth
gateway

Truck

Figure 5.1 : Diagnostic tool system components

Based on the architecture of the mobile solution stated in the design and
implementation chapter, screenshots demonstrated in Figure 5.2 to Figure 5.16
are captured from the user interface of the diagnostic tool. They illustrate the
diagnostic tool on an Android tablet and an Apple iPad with the hybrid and
client-side web user interface.
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Figure 5.2 : Android - Hybrid UI
Welcome Screen

Figure 5.3 : iOS - Hybrid UI
Welcome screen

Figure 5.4 : Web UI
Welcome Screen
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Figure 5.5 : Android - Hybrid UI
Diagnostic Screen

Figure 5.6 : iOS - Hybrid UI
Diagnostic Screen

Figure 5.7 : Android - Hybrid UI
PowerTrak Screen

Figure 5.8 : iOS - Hybrid UI
PowerTrak Screen
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Figure 5.9 : Android - Hybrid UI
Pressure Diagram

Figure 5.10 : iOS - Hybrid UI
Pressure Diagram
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Figure 5.11 : Android - Hybrid UI
Setting Screen

Figure 5.12 : iOS - Hybrid UI
Setting Screen

Figure 5.13 : Web UI
Diagnostic Screen

Figure 5.14 : Web UI
PowerTrak
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Figure 5.15 : Web UI
Pressure Diagram

5.2

Figure 5.16 : Web UI
Setting Screen

Evaluation
In this project, there are several points of interests for analyzing and
comparing different aspects of the diagnostic solution. Firstly, the web and
mobile approaches will be compared in detail in order to choose the most
suitable solution for the diagnostic operations. Then, due to the different user
interface formats, which have formed hybrid and web approaches from a UI
point of view in Android and iOS versions of the diagnostic tool, the following
subsections investigate different performance aspects of the project according
to the evaluation criteria.

5.2.1

Diagnostic System Approaches
The specification for the provided approaches for the diagnostic operations
mentioned in section 4.1 shows different advantages and disadvantages. In this
section, an evaluation for different aspects of each solution with regards to the
company requirements has been offered. Below are the items which are points
of interests for comparing the two approaches including web application and
mobile solution.

Direct access to hardware capabilities: Performing diagnostic operations
requires the access to real-time information in the truck CAN bus. To do so, an
interface or a gateway should receive diagnostic data from the truck side and
redirect it to the device, which is intended to run the diagnostic tool. Since the
mobile application runs natively on the platform of devices, it has access to the
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hardware features of the device. In contrast, web technologies and browsers do
not provide access to the information provided or generated by hardware
devices in order to prevent security holes. The only information which is
accessible through web browsers is the OS level system data which can be
retrieved by installing add-ons and extensions to the browsers, but, this can
only occur if the user permits the installation of extensions. Apart from the
user’s desire for having such add-ons, it should be noted that not all Internet
browsers allow users to install the add-ons. Consequently, in this scenario for
the diagnostic tool, the data comes from the gateway to the device, but, the
browser of the device cannot access the gateway data on the system. Therefore,
direct accessing to the device hardware is not possible from the web
technologies.

Indirect access to hardware capabilities: The capability of indirect
accessing to the diagnostic information is possible by providing extra
hardware and software equipment including GSM/GPRS gateway and a
middle server. The GSM gateway can directly connect to the truck and send
data through the network to the middleware server, after which the web
application collects the information from the middleware server. In this
situation, real-time manner of diagnostic data, every 20ms for PDO messages,
requires continuous network connections without even a small amount of
delay. It should be mentioned that running a native application for a mobile
solution is not logical with this method. This is because, the information
should be taken by the mobile WebView from the middleware server and the
data distributed to other related libraries in the application. However,
browsers on any device can be employed to run the web application for
performing diagnostic processes.

Offline capability: Since web application is possible through indirect
accessing to the hardware capabilities and requires continuous network
connection, an offline feature will not be included for this solution. However,
this capability does not play a role for the mobile approach since it runs the
tool natively and can employ the hardware features of the device.

Remotely upgradable: It is important to upgrade the tool in the future when
new functionality or features are intended to be added to the application.
Users of a web application are not supposed to upgrade an application as this
is the domain of the administrator of the system at a central point away from
the server. Mobile solution upgrading is possible by uploading the diagnostic
tool onto mobile application online stores such as Apple App Store or Android
Google Play. For the last approach, security procedures should be considered in
order to filter those users who are not supposed to use the diagnostic tool as an
in-house application of the organization.
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Platform independency: Platform independency in mobile applications is
only possible through cross-platform mobile application frameworks, which
makes a once only development possible which can then be utilized in
different mobile platforms without the necessity of separate codebases.

Cost-effective: In order to provide network connections to deliver real-time
diagnostic data for the web application, a basic infrastructure, such as a
GSM/GPRS gateway, a server to act as a middleware and monthly costs for
network services, are required. These factors involve expenses and cannot be
cost-effective in comparison to the other solution.

Rich user interface: In order to offer the maximum level of user interface
richness for the diagnostic tool through the web application, it should be
considered that the application should be designed in such a way to be both
usable and user-friendly through browsers of mobile devices.

Unique features: Apart from the above points of interest, by means of a
quick look at the features of mobile phones and tablets, which are penetrating
enterprises in different industries, it can be seen that they have viewed and
adapted to the future of computing devices. Their unique capabilities, such as
a long battery life, NFC, Bluetooth, Wi-Fi, network abilities, have separated
them from traditional computing devices. All of these features can be utilized
to assist a diagnostic system to offer more functionality, some of which are
listed in the conclusion chapter as future works.
Table 5-1 has summarized the above discussion in order to provide a better
understanding regarding the available solutions based on the criteria.
Table 5-1 : Comparison on diagnostic approaches, Mobile vs. Web
Functionality

Mobile

Web

Direct Access to Hardware Capabilities





Indirect Access to Hardware Capabilities





Offline Capability





Remotely Upgradable





Platform Independency





Cost-Effective





Rich User Interface





Unique Features
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The most significant factors are, being always accessible and being in real-time
but these create obstacles in relation to the web application approach. In
addition,, by assuming that indirect access to hardware capabilities can solve
the noted issues, the high cost for the required network services means that the
mobile solution is considered before the web approach . Therefore, given the
main requirements of the diagnostic tool project and the provided comparison
table mentioned in this section, mobile application technology is more in
accordance with the project needs and will address the functionality of the
tool. In addition, it offers a flexible construction for adding future extensions
based on the unique features of mobile devices.

5.2.2

User Interface Type
The graphical aspect of the diagnostic mobile solution inevitably requires
analytical evaluation. By considering the fact that HTML5 and its related
technologies such as JavaScript and CSS3 have brought many benefits to the
world of mobile solutions, an evaluation must be taken into account with
regards to decisions concerning the user interface format. The analysis can be
based on the perspective of different users/stakeholders such as the end users,
the developers, or the suppliers. In addition, user interface evaluation factors
such as portability, consistent look, development tool, maintainability, and
responsiveness are the aspects related to the user interface, which will be
investigated, respectively.
Tablets and smartphones running different mobile operating systems are
utilized by WebView components and web browsers. Both offer the possibility
of running HTML codes within the operating system. In addition, a user
interface can be developed through HTML5, JavaScript and CSS3. All codes
that have been implemented through the mentioned technologies can be run in
the WebView of all mobile devices. Therefore, the possibility of porting and
reusing the same code for the UI can be considered as a strong point when
making decisions regarding the method of UI development. Although crossplatform development frameworks provide the possibility of having a native
user interface by developing in a cross-platform manner, the significant
obstacle ahead of such frameworks is that the structure of the mobile operating
systems will alter in future versions. Thus, this leads to the issues related to
supporting features of different mobile OSs such as supporting Microsoft
Windows new UI style, Metro [38], that none of cross-platform frameworks
support at the time of writing this project report. However, user interfaces
developed by the mentioned web technologies can be simply ported and
reused in different versions of different mobile operating systems.
The portability capability of user interfaces developed by web technologies can
offer consistent and the same UI look in different mobile operating system.
This has been already demonstrated in section 5.1 for the diagnostic tool in
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Android and iOS operating systems. As can be seen, the structure of the user
interface including the position and design of the components are exactly the
same in both Android and iOS.
The diversity of development tools is a significant factor from developers’
points of view when developing user interfaces through web technologies. In
this project jQTouch, which is a JavaScript-based library, is used to implement
the user interface screen navigation for the web version of the diagnostic tool.
Additionally, the possibility of running the user interface in web UI
developing tools and web browsers on desktop computers during the
development phase assists the developers to test the design and changes of the
UI more rapidly than developing through native or cross-platform SDKs for
native UI, since specific tags are required for the native or hybrid UI, which is
not detectable by web browsers or tools.
The web based UI also provides faster and more flexible maintenance during
the maintenance phase as an important level of software developing. UI
Changes can easily be implemented in the web look version of the diagnostic
tool. While, providing modification in the native look, the UI requires more
effort since the behaviors of different UI components in different mobile
operating systems should be considered.
Apart from the factors mentioned above, based on the experience of users who
are working with the diagnostic tool in different versions of the UI in both
Android and iOS, it has been determined that the responsiveness in native UI
is dramatically differ to that of the web UI look version. Native UI offers more
responsiveness and acts very quickly to any user movements on the screen and
the received mass of information from the controller layer.
Table 5-2 has summarized the considered points of interest. Note that hybrid
and client-side web user interfaces covers both Android and iOS versions of
the diagnostic tool.
Table 5-2 : User interface approaches in diagnostic tool, Hybrid vs. Client-side web
Item

Hybrid UI

Web UI (Client-Side)

Portability





Consistent look





Development tool diversity





Maintainability





Responsiveness
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Launch Time Performance
From the users’ perspective, the very first visual facet of a mobile application is
the application launch time which represents the amount of time that the user
should wait until the application loads completely. Figure 5.17 illustrates the
diagnostic tool application launch time.
Cold Startup

Warm Startup

Android
Web

iOS
Hybrid

7000
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Time (ms)
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Figure 5.17 : Diagnostic tool launch time performance, without resource handling

During the first round of application startup, namely a cold startup, all app
data including external libraries and multimedia files should be loaded on the
memory. However, during the course of a warm startup, application data has
been already managed in the system memory and it thus involves less time
to become fully loaded [39]. One solution for decreasing the application launch
time is to consider module loading by preventing the load of whole application
data during launch time. Those parts of the data that is not necessary for the
first screen of the application can be loaded at a later stage during runtime. By
implementing the mentioned method following results, displayed in
Figure 5.18, are achieved which show that the launch times for all types of user
interfaces in both Android and iOS have decreased. Based on the achieved
results on the charts, hybrid apps have a larger launch time than the
web/HTML based apps since the method for extracting multimedia files
during both launch times in MoSync is completely different. In hybrid or fully
native apps, the files should be accessed through the MoSync resources list file
which provides further processing while in web apps the html and JavaScript
files can directly access to the files from the application folder on the device
memory. In order to provide the service technicians with a good user
experience, a splash screen [40] can also be used during the application launch
time.
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Figure 5.18 : Diagnostic tool launch time performance, with resource handling

Application Package Size
As mentioned in section 3.5.4, the size of application package determines the
speed of the installation time and will also have an effect on memory usage.
The sizes of the released applications on both operating systems are provided
in Figure 5.19. Based on the chart, iOS versions of the diagnostic tool consume
less memory than the same application for the Android operating system. The
memory management provided by iOS may have an effect on applications that
have been utilized with more graphical resources. In such situations, the
difference between memory usages in relation to Android and iOS will be
increased.
Application

Data

Total

6
5
Size (MB)

5.2.4

4
3
2
1
0
Android
Hybrid

Android
Web

iOS
Hybrid

iOS
Web

Figure 5.19 : Comparison on each diagnostic tool version package size

Moreover, the chart shows that the HTML/web versions of the tool consume
more memory than the native/hybrid versions. The reason for this depends on
the functionality of the application. In this case, in order to simulate the mobile
style app through HTML and JavaScript, the jQTouch library is used; whose
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size is approximately 1MB. Therefore, in order to offer the same functionality
and component manner for mobile solutions, which are developed through
web technologies, more coding might be required in some cases or third party
libraries might be used. All of these added libraries, offering different features
of the native user interface components, require more memory exactly as
shown in the previous chart.
Another evaluation regarding the application package size is the relation
between the size of the generated packages and the amount of time that
applications require in order to be installed on the devices. Figure 5.20 displays
the result of the explained comparison.
Installation Time (s)
2.2
2.15
2.1

2.05
2
1.95
1.9
1.85

1.8
1.75
1.7
iOS Hybrid
1.2KB

iOS Web
1.707KB

Android Hybrid Android Web
2.393KB
2.603KB

Figure 5.20 : Relation between package size and installation time.

The above figure is a confirmation to [19] which stated that a small package
size leads to less time being involved in relation to installation on the device.

5.2.5

Runtime Performance
Diagnostic operations demand real-time processing and visualization of the
available data in the truck CAN bus. As mentioned earlier, CAN nodes data
will be transferred by PDO messages every 20ms, which indicates the high
traffic of the CAN bus. Therefore, it is essential to have a well-designed
architecture in different sections of the diagnostic tool. High performance of
the system during runtime is particularly crucial in this project since the
diagnostic data should be processed and then displayed at the user interface to
the service technicians. Message passing implemented by the Message
Handler, the dynamic diagram used in the UI and the memory management
by the application controller layer all play important roles from the system
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performance perspective during runtime. The following subsections
investigate each in order so as to evaluate the factors involved for optimizing
the performance of the diagnostic tool.

5.2.5.1

Message Handling
Received CAN messages containing the diagnostic data are processed by the
controller layer on the C++ side and are then sent to the user interface. Based
on the architecture, the Message Handler, including its low-level and high-level
layers, is responsible for conveying the messages between the controller layer
and the user interface. In order to analyze the message passing between the
two main layers of the diagnostic tool, factors such as frequency of sending
data from the application controller layer to the UI, message memory
allocation, and message filtering should be examined.
After detecting the main specifications of the truck, such as truck type and
software version, the timer will be started to manage the frequency of sending
data to the user interface since it is unable to tolerate the entire current load of
data. The frequency of sending data is strictly dependent on the speed of the
user interface regarding the handling of received data in order to visualize it
on the screen. In this context, UI data handling depends on the UI architecture
of the cross-platform framework and on the methods that the diagram uses for
drawing the data for each plot. Each has limitations in relation to processing
data at the user interface. Therefore, the limitations should be detected and
resolved in the bottom layers of the application architecture in order to provide
users with a responsive user interaction. If a large amount of time is assigned
to frequency, then the user will obtain data with the minimum amount of
delay. Similarly, if a very small time is considered, the data will be visualized
with a considerable amount of delay. Therefore, it is crucial to detect the
balanced frequency in order to provide the correct real-time manner. Table 5-3
demonstrates how different frequencies can change the manner in relation to
real-time. Each frequency interval has been tested with different values in the
range for several times and the minimum one has been illustrated in the table.
Table 5-3 : Comparison on message passing frequency, from controller layer to UI
Frequency Time

UI Average Delay

FT < 250ms

12311ms < delay

FT = 250ms

Real-time

250ms < FT < 1000ms

100ms < delay < 220ms

1000ms < FT < 2500ms

280ms < delay < 1431ms
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It should be noted that if the frequency ranges between 250ms and 1000ms,
then a sensible amount of delay can be retrieved from user interface, which, in
most cases, is not detectable by the user. However, thanks to logging during
several experiments, the provided data in the above table is the result. A
frequency of 250ms, which is also the lowest boundary of the mentioned range,
is the smallest amount of time for which the user interface is able to handle
real-time diagnostic data without any detectable delay. Thus, 250ms can be
considered as the fair reference frequency time based on the test experience.
The resulting data also shows that assigning a smaller time than the reference
time has more side-effects in comparison with assigning larger times, since UI
components do not have sufficient time to mount the new data and update
their values. Therefore, new values are queued in order to become mounted.
Consequently, those frequencies below the reference time must be completely
ignored because of the unreasonable amount of provided delay.
Another factor is the method of memory allocation for messages that should be
sent to the user interface. Since the format of the messages is string, it is
therefore important to allocate the required and necessary amount of memory
instead of allocating a fixed size for all messages. For example, based on the
diversity of the messages, one might contain an integer value while another
might contain custom generated information, including several lines of text. If
there is a fixed size assigned for all messages, then unnecessary data has been
transferred by the Message Handler. This provides overhead processing for the
user interface, which can lead to the creation of a source of delay and lag in the
user interface. Based on the message content, dynamic memory allocation can
eliminate this processing overhead.
In addition, one way to increase the performance of the message handling
during application runtime is to filter the diagnostic data. This might involve
the user interface consisting of different screens, each of which displays
information which is not related to the other. For instance, when the user
selects a diagnostic tab in order to find the status and values of different
sensors such as platform, side guards, or support arm, it is not essential to send
information about the hydraulic system of the truck, which is available on
another screen. All the received diagnostic data will be processed in the
application controller layer on the C++ side as they are received by the network
library, but, they can be filtered for sending to the UI depending on the user
interface requirements. Therefore, a user interface visual design pattern assists
in message filtering and will thus increase the message handling performance.

5.2.5.2

Dynamic Diagram
Displaying the hydraulic information on the diagram is a demanding
requirement of the diagnostic tool. In order to analyze the performance, there
are three main factors that create the performance criteria in this section.
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Diagram architecture, number of data samples that should be plotted on the
diagram during each round of sending data to user interface and message
frequency with regards to sending data from the C++ side to the user interface.
Generally, the diagram data source could be either from the database, in which
plotting is performed just once, or it might be dynamic, in which each piece of
data will be added to the plot during defined sequences of time. In this project,
the diagnostic data is received periodically from the network library and thus
the data should be sent to the user interface and added to plots of the diagram
at runtime. Consequently, the diagram always has to draw the plot for each
period of time that it receives data from the application controller layer. Since
the new data values should be added to the end of the plots in order to display
a dynamic graph, the method of adding new points is really significant. If the
diagram attempts to redraw entire data sources related to each plot for each
sequence of received data, the user interface is unable to tolerate the load of
work and after a couple of rounds the screen will be frozen. Table 5-4
illustrates how the diagram library redraws plots and then acts in order to
prevent freezing after each sequence.
Table 5-4 : Number of rounds that diagram library can react to redraw diagram plots

Frequency Time

Android
Hybrid

Android
HTML

iOS
Hybrid

iOS
HTML

Number of Round

5

5

8

9

However, the dynamic works faultlessly in the presence of real-time diagnostic
data when the new values are plotted by adding at the end of each related plot
instead of redrawing entire plots from the beginning. This removes the
overhead of further processing for the diagram library.
The frequency of sending data, which is an important factor for message
handling, discussed in previous section, is in a close collaboration with the
dynamic diagram that is directly affected from a performance perspective. The
reference time should be considered in such a way that the diagram library has
sufficient time for processing the new data.
In addition, the number of sample data for each hydraulic sensor is important
while traveling to the user interface because they can define the accuracy of the
diagram. Although, the reference time can provide fair period of time for the
diagram library to plot all the information on the diagram, it may lag when a
large number of data samples are sent for drawing. Figure 5.21 demonstrates
how many milliseconds the diagram requires to draw one array of samples
with different size.
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The chart shows that the iOS operating system can process the data faster than
is possible by Android. Also, web versions act faster than hybrid versions just
because webview injection is not required based on the architecture of the user
interface. Based on the chart, the diagram can handle 100 samples in each
reference time; however, when the diagram is supposed to draw three arrays
of samples for three plots, a high load of work should be processed by the user
interface which is not possible in reality for 250ms as the reference time. 25 and
50 samples are possible with a reference time of 250ms until the diagram is
supposed to draw three plots. However, if the number of the plots in one
diagram is increased, 50 samples is the first element that cannot be handled
under this condition.

25 sample

50 sample

100 sample

250

Time (ms)

200
150
100
50
0
Android
Hybrid

Android
HTML

iOS
Native

iOS
HTML

Figure 5.21 : Diagram library required time for plotting arrays of samples

5.2.5.3

Memory Management
Memory management in the diagnostic tool can be viewed from different
perspectives. The presence of memory management can not only provide
stability for the mobile solution, but can also improve the system performance.
Based on the design of the WG/CAN Message Producer in the application
controller layer, objects of the CAN messages are created temporarily on the
heap memory. By considering the point that the Android operating system can
achieve benefits from garbage collection [41], it is crucial to manage, create and
delete processes of the CAN objects on the heap memory. In contrast, because
iOS does not use the garbage collector, memory allocation on the heap does
not create problems for the iOS version of the diagnostic tool since it will be
handled at the operating system level. Android versions of the diagnostic tool
have been tested by implementing both with and without Copy Constructor [42]
in the definition of the CAN objects. The diagnostic tool cannot tolerate
running for more than approximately one minute, until the heap memory is
filled by CAN objects, without removing them after usage. Therefore, the tool
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should be restarted to begin the diagnosis operation from the beginning.
However, thanks to the copy constructor of CAN objects, the heap memory
will be managed and the allocated memory will be freed at the right time after
completing the usage of the particular message by the processing unit, before
running out of the heap. This factor improves the stability of the diagnostic
tool by which the service technicians can utilize the tool without concern for
running out of the heap. Apart from CAN objects, other global or local array
variables can be created on the stack or heap memory. The former memory
provides issues regarding running out of memory, such as for the CAN
objects, since those variables should be used more than once and their values
will be changed based on the life cycle of the application. However, when the
Vector data type is used, since a vector automatically handles arrays and
creates and removes processes, the application will not encounter memory
allocation issues.
In addition to the mentioned issues, allocating memory to the variables on the
stack can be managed so as to use less memory. This has already been
discussed with regards to sending data from the application controller layer to
the user interface. When the exact required amount of memory is allocated for
the variables, the application consumes less memory. As a result, the system
performance will be improved since the different sections of the project,
responsible for processing the data, have a reduced work load.

5.2.6

Wireless Communication and Network Library
The absolute requirement for the diagnostic tool is to have a reliable
communication with the truck. Due to the importance of the real-time
diagnostic data flows in the format of the CAN messages, the communication
between the diagnostic application and the truck CAN bus has to be stable in
order to show any small changes in the status of the sensors. Points of interests
for evaluating in this section relate to either wireless communication provided
by gateways or the Network Library .
The Android Bluetooth gateway, which has been used in this project, works in
two modes including maximum throughput and minimum latency in order to
adjust the performance. The Bluetooth data transmission, as with any other
protocol, uses frames with a certain header and a data field. The header size is
fixed but, the data field length may vary. In maximum throughput mode the
gateway attempts to fill up the data section to the maximum possible number
of data bytes. Thus, the waiting time until a packet is full and consequently
sent via Bluetooth may be longer. Therefore, if the gateway is configured on
maximum throughput, it appears that the CAN messages will be received with
a small amount of delay, which is not the preferred option for the diagnostic
tool. In contrast, in minimum latency mode the Bluetooth gateway only waits
for a short time after receiving the CAN frame. Thus, the Bluetooth packets are
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not filled up to the maximum possible amount of data and the waiting time
until a packet is sent via Bluetooth is shorter. Thus, minimum latency assists
the diagnostic tool to display diagnostic information as they are grabbed from
the truck CAN bus. Consequently, it leads to a responsive application, which is
able to illustrate all the changes that have occurred in the truck.
Another aspect of the wireless communication is the wireless network
coverage of the Bluetooth and Wi-Fi Gateways with the stated specification in
section 3.2.3 and the explained testing condition in section 3.5.6. Distance
measurement has been performed to compare indoor and outdoor coverage of
the wireless gateways by considering the fact that both use the same antenna
with common transmitting power. Figure 5.22 summarized the practical
network coverage of the gateways. Note that the outdoor coverage is
theoretically supposed to be 100 meters; however, the actual coverage of the
gateways are different in reality and in this regard Bluetooth gateway indicates
more throughputs from coverage point of view with the current wireless
interfaces and testing situation.
Covered (m)
Wi-Fi
Outdoor
Wi-Fi
Indoor

39

25

Bluetooth
Outdoor

Bluetooth
Indoor

Hardly Covered (m)
3

58

7

68

47
30

Not Covered (m)

10
5

43
65

Figure 5.22 : Comparison on wireless gateways coverage area, Indoor vs. Outdoor

Furthermore, the approximate wireless gateways' connection time can be the
other evaluation criteria for comparing the required amount of time to become
connected to the Bluetooth and the Wi-Fi gateways. This estimation is not only
an evaluation for the wireless gateways, governed by two different
technologies, but can also be used to guarantee the connection phase
performance at the beginning of the diagnostic operations, precisely before
sending SDO messages out for catching truck parameters. The connection time
has been referenced by the user request on the device screen in order to cover
the period of time that it takes the user connection request to travel from the
user interface to the application controller layer. Figure 5 .23 indicates the
connection time in the Android and iOS versions of the diagnostic tool by
considering the two operating modes of the Bluetooth gateway. As the chart
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indicates, although there is not a sensible difference between different versions
of the Android working at the same operating mode, there is a huge deference
between the connection time in the Wi-Fi gateway and the Bluetooth gateway.
In addition, the connection time in the web/HTML versions of the diagnostic
tool is less than for the hybrid versions.
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Figure 5.23 : Comparison on duration of wireless gateways connection phase

In addition, the incoming buffer of the network library plays an important role
in the throughput of the diagnostic tool. Because all wireless messages should
be stored at the buffer and because each may contain several CAN messages, it
is important for the incoming buffer to have sufficient size to prevent data loss
one scenario with regards to data loss, which leads to the lack of diagnostic
tool operation, is to detect the parameters of the truck. If the parameters are
missed, the diagnostic tool cannot process the received CAN messages
containing diagnostic data. Table 5-5 illustrates the mentioned scenario, which
has been tested 10 times with each of the diagnostic tool versions. The result
indicates the number of successful attempts for detecting the truck parameters.
Table 5-5 : Number of successful requests for truck parameters
Android
Hybrid

Android
Web

iOS
Hybrid

iOS
Web

128

0

2

1

1

256

4

3

3

3

512

7

9

8

7

1024

10

10

10

10

Buffer Size
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Conclusions
To sum up, the strategic approaches defined for the current thesis project
including planning, design, development, and evaluation have been
accomplished successfully. Now, this chapter discusses the thesis goals as well
as providing a summary of the results for the performance evaluations.
Furthermore, the integration of the current mobile solution together with
recommended future works will be presented by considering the
organizational conditions at Toyota Material Handling Europe.

6.1

Thesis Goals and Results
The overall aim of the current study was (1) to research design approaches for
the diagnostic tool by addressing the requirements of the organization, (2) to
employ wireless technologies for communication between tool and truck
machines, (3) to implement the specification of the controller area network
message frame in order to interact with the truck CAN bus and a processing
unit to analyze the diagnostic CAN messages, (4) to design user-friendly and
responsive user interfaces, and finally (5) to investigate the performance of the
project at several interested points.
Based on the organizational requirements for performing the diagnosis and the
troubleshooting process of truck machines, two methods including mobile
solution and web application were carefully compared and investigated from
their importance perspective and the obstacles that can be encountered in
relation to achieving the goal of the project. By considering the characteristics
of automotive diagnosis operations in which real-time diagnostic data should
be processed without any small amount of delay, to address the accessibility
issues of the hardware devices and other requirements discussed in details in
section 5.2.1, a cross-platform mobile solution has been designed,
implemented, and tested. The tool, that has been modularized into completely
separate libraries for performing particular tasks, can be ported into different
mobile operating systems such as Android and iOS with the same
functionality and user interfaces.
Communication through Bluetooth and Wi-Fi ad hoc has eliminated the
problems available with wired CAN interfaces in the organization
environment. Android has utilized Wi-Fi direct [43] for communication
between just two Android devices through Wi-Fi technology and iOS has
utilized Bluetooth communication, the exception being serial communication
[44]; therefore, based on the technological limitation defined by the different
operating systems for simulating the serial communication, Bluetooth SPP is
employed by Android-based devices and Wi-Fi ad hoc is utilized by iOS-based
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devices. Network Library has also been implemented to deal with the wireless
communication between mobile devices and truck machines by choosing the
required wireless technology based on the type of the mobile operating
system.
Since diagnostic data is in the format of controller area network message
frames, WG/CAN message producer plays a significant role in the life cycle of
the diagnostic tool for message transformation. It delivers the capability of
extracting raw diagnostic data from received messages; furthermore, it
transforms user requests into the shape of CAN messages for the controller
area network. The Processing Unit which is in a close collaboration with this
library investigates the received CAN messages and converts them to
understandable information before publishing them on the user interface.
User-friendly and responsive user interfaces, hybrid and web, have been
designed to present diagnostic data to user. They are well-structured and in
such a manner that the received real-time information from the application
controller layer can be distributed in different parts of the UI and the designed
pattern provides a high level of simplicity for service technicians in order to
perform troubleshooting and diagnosis operations.
In addition to the stated achievements and goals, a cross-platform mobile
application development methodology, as a development framework for the
current job, can be observed from the developers’ perspective. Although the
developer’s skill and experience plays an important role in the development of
an application, utilizing a cross-platform framework for developing one
mobile application for one specific platform can reduce the amount of time and
development efforts that are required for developing the same application for
the same platform through a native development framework and tool. The
mentioned frameworks provide generic APIs, which reduce the load and
overhead of the software development.

6.2

Evaluation Summary
The evaluation explained in the chapter, result and evaluation, mainly focused
on the approaches that are suitable for diagnostic operations at the
organization together with validating the performance of the developed
diagnostic mobile solution. Each has been discussed from various aspects
relating to performance metrics and methods.
Based on the requirements of the diagnostic operations in the automotive
industry and at the organization, several criteria were assigned in order to
determine the best solution. The mentioned evaluation criteria resulted in a
mobile solution being selected. It was not possible to use the web approach,
based on the accessibility and communication limitations between the truck
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machines and the diagnostic tool. To address the limitations, indirect accessing
to hardware device was suggested, however, high service costs and the
possible network delays meant that it was not chosen. Finally, the detailed
comparison showed that the mobile approach, implemented as a prototype
during the current thesis project, is not only able to address the requirements,
but also creates a flexible foundation for future works, which required the
addition of several capabilities to the tool in order to cover the entire
requirements of the organization in relation to the final product.
In addition, the technical evaluations were performed, based on the achieved
results of the developed prototype of mobile solution. The initial aspect, which
was related to the user interface, demonstrated that the client-side web based
user interface requires fewer efforts for portability, consistent UI look,
maintainability, and development with the assistance of web technologies such
as HTML5, JavaScript, and CSS. However, the user may feel that the hybrid
UI, benefitting from native components, is more user-friendly and reacts faster
to the user interactions than the web based user interface.
In addition, other performance metrics such as application launch time,
application package size, dynamic diagram performance, wireless gateway
connection time and less development challenges for memory management are
diverse in Android and iOS. Table 6-1 has summarized the resulting behaviors
of the mentioned operating systems for the named metrics.
Table 6-1 : Summary of Evaluations
Android
vs. iOS

Hybrid
vs. Web

Bluetooth
vs. Wi-Fi

Faster Application Launch Time

Android

Web

-

Smaller Application Package Size

iOS

Hybrid

-

Smaller Installation Time

iOS

Hybrid

More Responsive Dynamic Diagram

iOS

Web

-

Memory Management
(less development challenges)

iOS

-

-

More User-friendly

-

Hybrid

-

Smaller WG Connection Time

-

Web

Wi-Fi

More wireless coverage

-

-

Bluetooth

The above table shows that iOS performs better than Android in the diagnostic
project. In addition, while the hybrid versions of the tool are visually more
user-friendly and responsive, the web-based user interface presents a better
64

Cross-platform Diagnostic Tool
Ali Zamani

6 Conclusions
2013-07-11

quality than the hybrid UI, in the lower levels, with regards to reacting to
actions such as, JavaScript injection and resource handling. In addition, one
important aspect of the project from the development perspective is to
implement a message handler and dynamic diagram by considering that the
framework is cross-platform. Thus, the user interface has been completely
separated from the application controller layer. This introduced challenges
with regards to delivering the real-time diagnostic data, whose frequency was
at least 20ms for PDO messages. Thus, improvements are required if further
features should be added to the user interface, in case the data source of the
new features must be supplied by the application controller layer.
Additionally, the achieved result showed that the connection time in the Wi-Fi
gateway is faster than that in the Bluetooth gateway. During the former, the
connection handling phases, such as joining to the network and obtaining an
IP address, are conducted during startup and the only remaining part is to
open a socket for communication. However, in the latter, setting up the
connection is different; the connection to a remote device should be setup, the
service has to be initialized, and finally a port is required to be opened. The
Bluetooth gateway also offers better network coverage in comparison to the
Wi-Fi gateway since Bluetooth uses the whole bandwidth and jumps 1600
times per second [45] while Wi-Fi use one channel. Thus, if another device uses
the same channel at the same time, the coverage area becomes shorter.

6.3

Diagnostic Mobile Solution Integration in the
Organization
The importance of this work study can also be viewed from the aspect of
integration within the organization. Apart from the technical perspective that
has been discussed in detail in previous sections, there are number of factors,
which could be points of interest for enterprises that tend to adopt such
projects.
The mobile approach has been selected as the diagnostic solution based on the
requirements of the organization. The positive impact of the mobile approach
is the contribution of new computing devices in the environment of the
company, which enables the strong processing potential required, in order to
investigate the high load of data in the truck CAN bus. The current mobile
solution has eliminated the low performance issue with PDAs in both
production and field. Moreover, it introduces user-friendly and responsive
interfaces that assist the service technicians to perform troubleshooting
operations in an easier and faster manner. Additionally, new computing
devices are enhanced with different features and sensors such as 3G, GSM,
Bluetooth, GPS, NFC, camera, etc., all of which bring new capabilities for
future extensions and improvements of the diagnostic tool. Furthermore,
employing Bluetooth and Wi-Fi technologies for communication between the
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diagnostic tool and truck machines has shown that, apart from providing the
media for communication, it is also possible to eliminate the issues related to
the current CAN interfaces in the workplace.
Although this thesis project was a prototype for performing diagnosis
operations, from a development perspective, using a cross-platform
framework has shown that cross-platform approaches can introduce reliable
methods for covering the technical functionality and are able to support more
mobile operating systems requiring less time, efforts, cost, and human
resources. Consequently, the productivity of the production development
department, R&D, as well as the organization will be improved.

6.4

Future Work
Based on the current version of the implemented diagnostic tool, several extra
works must be considered in the future for the next versions. They are
summarized as below:
 Since the project is a prototype of the diagnostic tool and only performs
diagnosis operations on SPE truck models, the first step is to make it a
generic solution for supporting a wide range of truck models.
 Performance of the implemented tool during this project is sufficiently
reasonable for the available functionality. However, in the future, by
adding more capabilities, performance improvements would be essential,
especially in the message passing between the layers of the diagnostic tool.
 Since Android and iOS devices are currently the only supported mobile
OSs in the diagnostic tool, considering support of other mobile platforms
such Windows phone and windows 8 is significant.
 Authentication and identification are the other suggested future
extensions for providing a means of security, synchronizing with a remote
server in order to log and access technical information, truck software
package download, and truck node firmware updates.
 With regards to the high, unfair price of wireless gateways, in order to
reduce the cost of the project in the final state, a recommended suggestion
is to add and embed Bluetooth and Wi-Fi chips into DHU, Data Handling
Unit, which is an optional truck node that is responsible for providing
different means of communication.
 To improve the service technicians’ productivity, a capability of
suggesting possible methods for fixing detected faults can be added. With
regard to this, service technicians can not only follow the recommended
methods, which have already adjusted from the technical point of view,
but should also feel more comfortable by using a diagnostic mobile
solution.
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