Fleet Performance Monitoring

System Using The Internet of Things
(Business Model)

by

Maryam Alsobhi

Thesis submitted to the
Faculty of Graduate and Postdoctoral Studies
In partial fulfillment of the requirements
For the M.Sc degree in

Systems Science

School of Electrical Engineering and Computer Science
Faculty of Engineering
University of Ottawa

(© Maryam Alsobhi, Ottawa, Canada, 2018



Abstract

Fleet management is one of the most challenging tasks faced by fleets managers. These
companies need to shed light on several aspects that have direct and indirect impacts
on their businesses. For instance, monitoring driver performance and behaviour can be
used as a mean to improve their operational efficiency and effectiveness, which may lead
to increase customer satisfaction. Technological advances have made it possible for fleet
companies to monitor fleet drivers. The Internet of things (IoT), is one of these technolo-
gies, which is a network of connected devices embedded with sensors through the internet,
allowing them to communicate with one another and exchange information. Due to in-
crease in societies needs, fleet companies need to maximize their operations. Thus, they
encounter high operational costs and productivity issues that cost them a lot economically
and environmentally. There are many suggested solutions on how to reduce costs such as
reduce the number of operations. In this thesis we are suggesting using IoT to monitor
fleet performance in order to cut unnecessary expenditure and improve efficiency, partic-
ularly by managing driver as a mean to overcome the problem. IoT solution works by
implementing number of sensors to do specific function (for example: detecting risky event
and warn fleet’s driver) and generate data. Data are valuable for businesses in order to
make better decisions that may lead to increase revenues and reduce costs. The simulation
of our suggested solution shows improvement on fleet performance compare to non-IoT so-
lutions. Then, we build an innovative sustainable business model to illustrate the benefits
that fleet businesses can get by implementing such a solution predominantly because IoT
is an economic and multi-purpose solution that can be used to solve a number of crossover

problems.
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Chapter 1

Introduction

This thesis studies Business Models (BM) for Internet of Things (IoT) system in the context
of fleet management. We simulate out propose solution to check its applicability and then
analysed different types of business models. Based on our analysis, we built a sustainable

innovative business model.

1.1 Motivations

The evolution of the Internet from connecting personal computers to connecting human
and finally connecting everything has brought with it many opportunities for businesses.
The new range of Internet connectivity to connect objects that were not designed to be
connected is called Internet of Things (IoT). IoT has leveraged new fusion of applications
and solutions providing many advantages include huge amount of data. Also with smooth
data accessibility and easy connectivity facilitate the birth of smart cities, smart govern-
ments, and smart transportation and so on. Further, it help companies to do works that

were costly or impossible to do such as monitoring and tracking.

The triumph of a new technology requires both markets and businesses recognition not
the success of the technology itself only. IoT adoption by businesses can most probably
bring enormous benefits such as cost reduction, operation efficiency. However, businesses

also can mix between [oT and machine-to-machine (M2M) or other similar technologies,
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which may challenge the integrating of IoT to their processes and replace their contempo-
rary solutions. Predominantly, when most researchers are spending their times in technical
sides of IoT and few taking care of business sides. There is a great need to build BM for

IoT applications to help companies clearly recognize their Return on Investment (Rol).

Fleet companies can implement [oT solutions to solve their problems and improve
their performance. Having a BM as a road map for fleet businesses to implement IoT is
mandatory to help them make investment’s decision. Due to nature of fleet’s problems
and needs we would like to take IoT as an opportunity to help them do better. For that,
we are proposing an [oT based solution to monitor fleet drivers to ensure safety and safe
money. In addition to that, we would like to contribute to the body of knowledge of BM

for this novel IoT solution.

1.2 Problems

Fleet management is complicated type of management. It consists of different numbers of
complex tasks that are essential for businesses sustainability. Also, the nature of work in
fleet businesses is completely different than other works. In fleet operations, drivers usually
control on fleet operations not their managers which may threaten operations productivity
and efficiency. This may aggravate other serious issues that fleet have already suffered of
such as high operational cost and safety. Fleets drivers can have tremendous effect on fleet’s
unnecessary cost reduction by adopting a responsible driving behaviour and considering
safety. The US Department of Transportation [21] believes that drivers are the key to

reduced fuel consumption through monitoring of idling and bad driving habits.

Additionally, fleet businesses are struggling with finding ways to increase their profit
since expanding their operations is related to increase their operational costs. In order
to solve such entangled challenge their is a great need to an economic system with an
ability to perform several functions and ability also to add a value not extra costs. For
that we decide to use the technology of Internet of Things (IoT) to help in improving fleet

performance and utilizing this solution to generate new revenue streams.



The other issue we might encounter, is that there is a lack in the number of business
models for IoT. There is a dire need for BM by fleet businesses to help them trust such a
technology and help them make an investment decision. BM is also important to let them
figure out the cost of implementing such a system, all possible ways of saving money and

also all possible opportunities of generating profits.

1.3 Methodology

In this thesis, we build a business model for an IoT system, we first identify problems
with fleet companies in order to solve it using the IoT. After finding the problems that
mentioned before, we analysed the previous systems proposed to solve the same problems.
We simulated our IoT solution in Matlab to proof our concept and validate our proposed
solution and to generate artificial data to be used in the BM part. Finally, we analysed

the current landscape of business models for IoT and we chose our framework components.

1.4 Contribution

This thesis provides the following contributions:

1. We simulated an IoT system to monitor fleet’s performance mainly focusing on fleet’s

drivers. The system have variety of sensors to do specific tasks.

2. We simulated our proposed system using MATLAB environment to proof that our
proposed system is working. The result of the simulation showed an improvement in

the performance by 7 percent.

3. We contributed to the body of knowledge for Business Models for IoT by building

an innovation sustainable business model.

4. We create showcases on how businesses can save money and create revenue by im-

plementing IoT solution.



1.5 Thesis Organization

This thesis has been organized as follows: Chapter 2 provides the background information
and researches related to fleet logistics and fleet management with the current fleet logistics
and management systems. Then, it present the Internet of Things and both current and
potential IoT application. Finally, it provides background information about business
models and business model building blocks. Chapter 3 presents the proposed approach
to contribute in this thesis. First by simulating an [oT solution and generate some artificial
data to be used in the proposed BM. Chapter 4 presents the modelling and simulation
result for our system. Chapter 5 presents the Business Model framework and cost-benefit

analysis. Finally, Chapter 6 presents the conclusions and our vision for future research.



Chapter 2

Background and Related Work

Freight Transportation (FT) is an essential set of activities required for organizational
success [19]. Through the contribution to the success of individual businesses, FT affects
the economy of the entire country. There are different types of freight transportation,
including land and air, to numerous destinations in order to achieve one common goal

which is revenue generation.

2.1 Fleet Logistics

Logistics is defined by the Council of Supply Chain Management Professional (CSCMP) in
[17] as "a function of supply chain management which is responsible for a set of activities
including storing and transporting products. A well-managed F'T system is a high-priority

for logistics and the supply chain in general.

Logistics management is a component of the supply chain that consists of numerous
complex tasks such as fleet management, network design, inventory management, and
supply-demand planning and scheduling. As we can see from its definition, logistics in-
volves all the detailed processes and operations from the creation of products until the

transportation to final users.



2.1.1 Transportation Information Systems (TIS)

According to a business dictionary [14] information systems are defined as systems which
utilize hardware, software and infrastructure to plan, control and help businesses make the
most accurate decisions based on the information available. These systems have been used

in various fields for diverse purposes.

There is a great number of Transportation Information Systems (TIS) for both public
and commercial transportation. Many public sector systems have been utilized by public
transportations users in order to plan their trips ahead of time and to obtain necessary

information such as the time, availability, and destination of buses [52].

Intel created the Tranwiseway [12] solution for commercial fleet operators, which al-
lows them to monitor and manage their vehicles remotely using technological advances.
Improved efficiency, ease of use, user acceptance, improved accuracy and reliability, and
improved safety are some of the key benefits of this system. This system is one of the most

remarkable solutions in terms of Intelligent Transportation Systems (ITS).

2.2 Fleet Management

[30] defines Fleet Management (FM) as a function that enables businesses to remove or
minimize the risks associated with their vehicle investments, improving efficiency and pro-
ductivity, reducing their overall transportation and staffing costs, and ensuring compliance
with policies. The following six primary fleet Management functions need to be conducted
perfectly in order to ensure operational efficiency, cost control, and profits: operational fleet
monitoring and management, vehicle dispatch, driver scheduling, assets trucking, condition

based maintenance, and security and safety management.

2.2.1 Fleet Management Areas

Fleet management consists of several subsections that are directly or indirectly related to

one another. These include vehicle management, driver management, maintenance man-



agement, and safety and risk management. There are a number of fleet management
solutions that can be adopted by fleet companies in order to automate their positions,
however, the majority of proposed solutions only focus on vehicle location tracking. Be-
cause of the increased interest in these solutions, new features are being added and more

systems are being developed.

Fleet systems have been used to provide very basic services such as planning and
scheduling, as well as more complex tasks in the most effective and efficient way possi-
ble. Those systems are created to eliminate, reduce, and control problems faced by fleet
companies. Theses problems can be very costly to fleet owners, in term of both money and
reputation. Productivity and expenses are some of the areas that motivate fleet companies

to seek new solutions.

Information technologies, communications, and telematics have been utilized in this
industry to facilitate their work, earn more profit and reduce expenses. Many processes
have been completely automated using I'TS and TIS and some advanced assistance systems

have been added by car and truck manufacturers.

Further, there are two types of fleet management which are: in house and outsourced
fleet management. In house fleet management is happen when a business wants to have
total control over their operations while they outsourced their fleet management when they

want to focus on their core business [(7].

2.2.2 Fleet Management Problems
Ensuring Operational Efficiency and Productivity

Global Positioning Systems (GPS) and Global System for Mobile communications (GSM)
are one of the great innovations that have been used widely in the trucking industry as
tracking systems. A tracking system is a system that uses GPS or GSM to track people or
assets. These two technologies, as well as other telematics, have provided many advantages

by allowing fleet administrators to keep a closer eye on their vehicles.



A large number of companies have invested in GPS technologies and upgraded other
fleet management system technologies. Moreover, some companies have used a GPS in the
driver’s smart phone instead of the truck itself [53]. This technology can help increase fleet
productivity and reduce fleet costs, which are the two main objectives of most businesses.
Most importantly, fleet managers use GPS data to avoid extra time spent on work and

increase driver accountability by reducing idling and unnecessary stops.

1. Planning and Routing

Planning and routing are the most cumbersome parts of transportation and logistics and
their core concern. Although a number of solutions involving the use of different algo-
rithms have been developed, planning and routing remain a trial for any fleet company.
The primary objective of planning and routing is to ensure operational efficiency while
minimizing overall cost. Planning failures can lead to increased inventory costs and not

meeting client demands.

High Operational Costs

According to the American Transportation Research Institute (ATRI) [71], fuel, vehicles,
insurance, maintenance and drivers are the primary costs of any fleet. Some of these costs
are fixed, but a large portion of operational costs are fluctuating and affected by different

factors such as fluctuations in oil prices. Here is a list of each of the fleet costs:

1. Fuel has gained specific attention over the years due to its economic and environ-
mental impacts. Researchers from different fields have tried to come up with systems
or alternatives to lower energy consumption. Technological advances have helped
fleet managers reduce energy usage, reducing emissions and the operational costs of

the fleet industry.

Fuel consumption has been defined [37] as "the total quantity of fuel consumed by a
vehicle, or specified segment of the vehicle fleet, in a road network in a specified area

and time period.” Many technologies have been developed to optimize fuel usage.



The authors of [39] proposed the use of a digital map and Driver Assistance System
(ADAS) to let drivers anticipate the road geometry and adapted their behaviour

accordingly, resulting in reduced fuel consumption.

Some driver actions or bad habits such as speeding, aggressive acceleration and brak-
ing may increase fuel consumption and expenses. Speed is defined in [37] as " The rate
of change of distance with respect to time. A number of studies on the relationship be-
tween fuel consumption and going over/or under speed have been conducted.Driving

style can be a good dimension to help with fuel economy.

Idling is another example of an action that has an economic and environmental
impact. Idling refers to the time the engine is turned on without any real vehicle
movement [63]. Idling can be very costly for both the truck industry and societies.
A study conducted by the U.S Department of Transportation found that, in 2004,
truck drivers idled for a total of about two hundred and forty three million hours,
which is equivalent to seventeen years of work and about eight billion U.S dollar [38].
It is clear that idling can reduce productivity, produce more emissions, and increase

expenses.

. Driver Driver salary represents approximately twenty-six percent of a fleets total
operational costs [01]. Drivers are paid per mile or per hour. There are also many
hidden expenditures fleets may incur as a result of driver actions such as driving style.
Risky drivers, for instance, may cause accidents, costing businesses a lot of money
and damaging their reputation. According to the National Highway traffic safety
Administration (NHTSA) [27], there were approximately 13.6 million commercial

motor accidents in 2010, causing injury to 3.9 million people and 32.999 deaths.

. Insurance Premium Insurance is defined in [13] as ” coverage presented by a pol-
icy, in which an individual or entity receives financial protection or reimbursement
against losses from an insurance company.” The insurance industry is broad and in-
surance companies provide different types of insurance based on business needs and
requirements [18]. The intent is to protect customers from any financial loss during

operations.



There are two well-known insurance types for fleets: Usage Based Insurance (UBI)
and Pay As You Drive (PAYD). The primary goal of this insurance is to enhance
driver behaviours and reduce the risks associated with them [15]. This is due to the
fact that 93 percent of accidents are caused by faulty decision-making on the part of

drivers [70].

4. Repair and Maintenance R & M Maintenance is important in order to ensure the
maximum efficiency and productivity of a fleet. It prevents operational interruptions
due to vehicle failures, which may affect different interested stakeholders and increase
the costs incurred by businesses. Repair and maintenance costs have increased over
the past few years and now represent ten percent of the total average marginal cost

for the trucking industry in the USA [72].

An analysis of overall fleet expenditures indicates that controlling driver behaviour may

be an effective cost reduction tool.

Safety Challenges

Although there are a number of systems available to improve the safety of commercial
vehicles, behaviour-related issues are still challenging concerns [9][62]. It is for this reason
that many researchers have been working on finding solutions to deal with this issue. Many
researchers focus on the consequences of high-risk driving while some researchers only focus
on the causes of the problem, aiming to solve it from its root. The integration of the
Advanced Driver Assistance System (ADAS) and On-Board Safety Monitoring Systems
(OBSMS) in fleet vehicles, as part of a Safety Management System (SMS) is a widely used

method of increasing fleet safety.

The most important features of any monitoring system are the availability of a video
camera and the ability to provide real-time feedback. The integration of the previously
mentioned elements in the OBSMS is required for efficiency and functionality. In-vehicle

video recording will enable fleet owners to observe their drivers and measure the safety
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outcomes of their operations [10]. Some of the in-vehicle monitoring systems also allow the

administrators to observe the environment around the driver.

Importance of Safety Management

Safety management is necessary for all enterprises, regardless of their operation type. Have
a good safety management may help them is ensuring corporations economic, social, envi-

ronmental responsibilities [15].

Driver attitudes, behaviours and performance must meet specific criteria to satisfy
fleet safety requirements. Many studies have shown that monitoring these elements of
the business allows companies to measure the well-being of the fleet and to find ways
to increase driver knowledge and safety awareness and reduce the percentage of crash

involvement. Driving is the main cause of death in many countries such as Australia [55].

While many driver behaviours increase the percentage of collision risk, the NHTSA
highlights six driver actions. These actions are driving under the influence of alcohol,
driving under the influence of drugs, violating speed limits and seat belt laws, driving
while drowsy or tired, and distracted driving. The NHTSA has made it their top priority
to educate drivers about these risks in order to decrease the percentage of collisions and

improve quality of life.

Cost of Vehicle Accidents

Accidents involve economic, social and environmental costs. A single accident can be
extremely expensive for a fleet company as they incur repair, delay, rent, liability and
damage of property (DOP) costs. The insurance premium for the entire fleet is also at risk

of increasing.

The societal impact of vehicular accidents is tremendous, causing a large number of
injuries and deaths each year. According to statistics provided by the NHSA, there was
an upward trend in the number of fatalities in the first half of 2016 compared to the first
half of 2015. There are both tangible and intangible costs of accidents. The tangible costs

11



include health care costs, loss of work and productivity, and liability. The intangible costs

include decreased quality of life due to physical disabilities and psychological trauma [7].

There are also many environmental consequences of vehicular accidents. The simplest
consequence is road congestion or traffic jams. While this may seem like a small, isolated
event, the impact on the environment is considerable [56]. Congestion means slower vehicle

movement and increased idling time, leading to more fuel consumption and air pollution.

While the severity, frequency, and economic consequences of small vehicle collisions are
not precisely the same as trucks, the causes are often the same. Driver inattention is one

of the primary causes of accidents.

2.3 Current Logistics and Fleet Systems

It is clear from the information presented in the previous section that high operational costs
and safety related concerns are major dilemmas for any fleet enterprise. Driver behaviour
monitoring can be used to reduce costs and ensure safety. This section covers the current
safety systems that have been used in the same or similar contexts. The technology used

and strengths and weaknesses of each system will be discussed.

2.3.1 Safety Systems that are based on Driver’s Monitoring for

Economic and Social Purposes

Because human behaviour is a major cause of accidents in transportation by land, this study
[71] was developed to enhance transportation safety using a combination approaches. This

system contains three subsystems: 1) human, 2) truck, and environment.

The system architecture included a combination of on-board elements and integral
elements. The main On-Board Diagnostic (OBD) components were able to detect any
abnormal value based on the selected parameters and send a message to the central system

to be stored in the database. Each system (environment, driver, truck) included monitoring
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units to collect the designated data and compare the current status with the normal (pre-
defined) status. The driver system required biometric data which were obtained using a
wellness system that was integrated into the system and wearable wireless sensors. The

sensors acquired driver Heart Rate (HR), Breathing Rate (BR), Posture and movement.

The Heart Rate (HR) and Breathing Rate (BR) data were sent via Bluetooth to a pre-
processing algorithm called SEW3 | which then generated other datasets such as Heart Rate
Variability (HRV). The vehicle system was used to monitor driver behaviour parameters.
Two types of monitoring units were used, one for the real-time experiment and one for the
simulated environment. Driver simulation software, driver location and truck simulator
sensors were used in the simulation system. The primary parameters included the state
of activity, alertness and the intervention of the electronic braking system. The wheel
speed was also monitored. In the real-time experiment, an on-board webcam and software
were used to determine the truck roadway position and distance. The results of both
experiments revealed that there is a relationship between steering wheels and Heart Rate

(HR) in the context of safety and driver fatigue.

The AWAKE [59] project was funded by the European Commission and consists of
many integrated systems. The goal of this proposed system is to reduce the number of
accidents as a result of driver hypo-vigilance and enhance safety. This system monitors the
driver as well as their environment to provide the most accurate warnings and reduce false
ones, increasing reliability. The data are obtained from several sources and subsystems,
making the AWAKE system as robust and accurate as possible. AWAKE consists of three
subsystems, each performing a specific function, in order to achieve the designed objective
of the core system. Real time computations are performed in each subsystem. The first
subsystem is the hypo-vigilance Diagnostic Module (HDM). This system fuses data from
several resources such as an artificial intelligence algorithm and on-board sensors to monitor

driver status, driver behaviour and physiological data.

The second subsystem is the Traffic Risk Estimation (TRE). This system matches data
from several sources, including on-board vehicle sensors (e.g. speed and steering angle),

surrounding sensors (e.g. front radar, GPS localization), gaze detection and environmental

13



sensors (e.g. temperature, light). The goal of this subsystem is to link the warning system
with the surrounding environment to improve the ability of the system to assess driver
vigilance and reduce false alarms. Frontal Collision Warning (FCW), Lane Warning (LW)

and Curve Warning (CVW) are examples of warnings generated by this subsystem.

The last and most important subsystem is the Driver Warning System (DWS), which
provides the driver with different levels and types of warnings based on data received by
the Hierarchical Manager (HM). The driver receives warnings using the Human Machine
Interface (HMI). The HM is a gateway to exchange data between different subsystems.
The overall system is comprehensive and expected to detect driver fatigue in the most

accurate and reliable ways due to the use of several technologies.

The Copilot [34] project is a cost effective system used to predict driver drowsiness
based on the PERCLOS concept in order to reduce the number of accidents caused by
commercial vehicles. PERCLOS is defined as ”the proportion of eyelid closure over a
period of time.” Simulator experiments revealed that operator performance was enhanced

when they received feedback. An improvement was therefore made to the driver interface.

The warnings are based on computations conducted by PERCLOS every three minutes.
This video-based system consists of one camera with the ability capture any head movement
and the driver interface which includes a visual gauge and an audible tone to provide

feedback and warning.

In the feedback simulation, voice warnings were provided with buzzer alerts based on
the level of fatigue. Copilot is considered one of the best solutions to identify driver fatigue
and identify the best time for a break. Meeting driver needs will increase their productivity

and improve their performance.

This study is designed to solve driver’s distraction is determined as one of the chronic
problems in transportation that cause about 50 percent of accidents rate. Crashes can lead
to the enormous number of fatalities, many researches have taking place to avoid crashes
or at least minimize their severity. In this study the author tries to study ways to mitigate
driving distraction, with existence of in-vehicle information system, by providing different

types of feedback, which include post-trip and concurrent feedback.

14



Driver distraction is a serious transportation problem that is responsible for approx-
imately 50 percent of all driving accidents. Driving accidents can lead to an enormous
number of fatalities. As a result, many researchers have been looking for ways to avoid
them or at least minimize their severity. In this study, the author attempted to mitigate
driving distraction with the existence of an in-vehicle information system, by providing

different types of feedback including post-trip and concurrent.

This study [25] was conducted using a driving simulator and three different conditions:
1) no feedback given to the driver, 2) combined feedback (retrospective and concurrent),
and 3) retrospective feedback. The main goal of this study was to focus on combined
and retrospective feedback as there were not enough studies investigating retrospective
feedback. A FaceLabe eye tracker was used in this study to know where the driver is
looking in real-time. A display screen was also available on the dashboard to present

visible messages.

The authors in [69] developed an in-vehicle data recorder system to improve traffic
safety by eliminating unsafe driving manoeuvres and reducing accidents. Two types of on-
board recorders were used: 1) an Accident Data Recorder (ADR) and 2) a Journey Data
Recorder (JDR). The first recorder collects data shortly before and during the accident and
the second one collects data regarding speed and scheduling, which are indirectly related
to driver performance. While their system only reduced the accident rate by 20 percent,

the authors shared the results of their system due to the type of feedback used.

The authors of this study [50] aimed to develop an on-line monitoring system to identify
driver fatigue. The primary motivation of this study was to improve the existing accident
prevention systems by assessing levels of alertness, as it is one of the main causes of

vehicular accidents.

In order to improve the accuracy and reliability of this method, multiple physiologi-
cal signals should be recorded [50]. Five physiological signals were collected during the
simulation experiment. These were heart rate, skin conduction, electromyogram, skin tem-
perature and respiration. Following data collection, the researchers use wavelet and fuzzy

cluster analysis to develop the identification algorithm. In addition, video images of the
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driver’s face were used to identify the physical signals of fatigue and match them with
the physiological signals. This method was able to successfully detect the various states of
driver alertness (alert, translational phase, fatigue). According to the authors, this method
requires further development. They suggest the use of the electromyogram (EEG) as it

has a powerful ability to provide a reliable signal to assess the level of driver alertness.

Fleet managers require accurate information about vehicle usage, which differs from
one vehicle to another according to driving style. Researchers propose SenseFleet [16],
a driver profile platform that is able to detect risky driving events from a mobile device
and the vehicle independently. This system benefits fleet administrators as well as other

interested parties such as insurance companies.

The fuzzy logic system was used in this system to evaluate driver performance based
on real-time information. This system takes into account the weather and route conditions
and other real-time variables. The system contains telematics boxes to gather sensing
data. All of the information about driver performance is then manually retrieved over the
Internet. The SenseFleet system has shown the ability to accurately detect risky driving,

providing a score for each driver.

2.3.2 Safety Systems Designed for Environmental Purposes

Transportation involves the consumption of a vast quantity of fuel and accounts for about
a third of Carbon Dioxide CO5 emissions in the US. Furthermore, there is no doubt that
freight transportation is one of the primary causes of increases in GHGs. These factors
contribute to high operational costs for fleet companies as well as climate change. Many
strategies and technologies have been proposed and implemented to lower fuel consumption
and emissions. These include alternative fuels, the eco-driving concept, and reduced vehicle
speeds. In this section we will explore a list of systems that aim to reduce fuel consumption

via the vehicle’s operators.

The authors in [39] propose an Ecological Driver Assistance System (EDAS). The pri-

mary motivations for this work are to help the environment by reducing COs, to reduce
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costs by lowering fuel consumption, and to help society by increasing driver safety and re-
ducing road stress. This system uses information from digital maps to predict the upcoming
action and a Human Machine Interface (HMI) to support the driver with the necessary
recommendations. The effiectiveness of the system is based on 4 subjective and objective

parameters using 3 EDAS configurations.

The performance criteria were economy, safety, comfort, and acceptance. The 3 config-
urations were the series acceleration pedal, the haptic acceleration pedal, and the graphical
dashboard. Furthermore, because this solution is a control system, human (truck driver)
is located in the control loop, which would be considered as diffculty. The system was
tested in a real life situation using a semi-trailer carrying 30 ton gross weight and trav-
elling 34 kms. The results of this study revealed that truck drivers are willing to reduce
fuel consumption if they are provided with EDAS. The results also revealed that the hap-
tic acceleration provided the best results. The mood of recommendation (feedback) in
this system is different from one configuration to another. For instance, in the hepatic

acceleration, the vibration mood was used for coasting recommendations.

The authors of [5] proposed a system based on the determination of the vehicle’s speed
and acceleration in order to reduce fuel consumption and emissions. Eco-driving was
defined by [3] as "an energy-efficient use of vehicles that is based on the decisions and be-
haviours adopted by drivers.” The system was built using an Intelligent Speed Adaptation
(ISA) theme and consists of two subsystems: speed determination and traffic data collec-
tion. The main system used a variety of technologies such as GPS. The system works by
adjusting the speed of the vehicle during the trip; different location and traffic conditions

required different speeds.

To ensure the efficiency of the system, two unique simulation and modelling tools
(PARMICS and SMEM) were used to conduct different scenarios under different conditions.

Once the simulations were successful, real time experiments were conducted.

The authors in [3] gathered on-road speed, fuel consumption and emission data from
four vehicles equipped with data collection instruments in four driving modes inside cities.

The results revealed that fuel-based emissions varied more than time and distance based
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emissions. The results also revealed that the transitory driving modes, which include
acceleration and deceleration, contributed more to air pollution than steady speed driving

modes such as idling. See Appendix 6.

2.4 The Internet of Things

The Internet has the ability to evolve, expand and grow over time. The fast expansion of
the Internet and information technologies has increased the need for the development of
new accessible and affordable concepts and technologies in order to cope with the needs of
users. These technologies can be used to find solutions to existing problems or to enhance
businesses. The Internet of Things (IoT) is one of these concepts. Although it is still under

development, it has shown great success.

2.4.1 10T Definitions

The Internet of Things (IoT) is a technological revolution that enables interaction between
objects, people and environments. With the advent of IoT, physical objects are becoming
smarter than before. This has changed the way we live by improving sustainability, effi-
ciency, accuracy and economy in almost every aspect of our lives. IoT has been leveraged
in many industries including healthcare systems, traffic management, energy management,

education, environment monitoring, and smart homes [4].

There are a large number of IoT definitions that stem from the same concept. The basic
concept of the IoT is that physical objects are connecting to the Internet and communi-
cating with each other to perform specific functions. Here are some of the IoT definitions

that have been mentioned in the literature:

1. in [77], IoT is defined as the ability to provide Internet connectivity to all of the
objects around us in order for anyone to be able to access to the information anytime

and anywhere.
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2. in [64], ToT is defined as the provision of internet coverage to all objects (making

objects smart) in order to access real-time information.

3. in [7D], IoT is defined by The International Telecommunication Union (ITU) and
European Research Cluster (IERC) as a dynamic network infrastructure with self-

configuring capabilities.

4. in [64], [79], and [81], the authors defined IoT as the wide presence of smart gadgets
(e.g. sensors) that are designed to interact and communicate with each other for

specific purposes.

A number of research studies and surveys have been developed since IoT is considered
a beneficial upward trend. A study conducted in China in 2009 revealed that the Internet
growth rate doubles each 5 or 6 years [28]. The massive increase in the number of devices
connected to the Internet has reinforced the concept of the IoT. Surveys have revealed that
the number of devices on the Internet in 2010 was 12.5 billion, while world population in
the same year was 6.8 billion. There is no doubt that these numbers will continue to rise.
In fact, they are expected to reach 50 billion by 2020 [28] while the world population is
estimated to be 7.6 billion. This explosive number of connected devices compared to the

steady increase in the world population is considered an indicator of an IoT future.

2.4.2 10T Components

Sensors, middle ware, and actuators are three of the major enabling technologies for the
Internet of Things. The markets for these technologies have changed, which facilitates
the vast deployment of IoT, affecting the way we communicate and live and the ways
corporations work and generate revenue. The ability of physical objects to connect to the
internet and communicate with each other may also lead to the creation of other unexpected

applications.

Sensing and Communication Technologies is the first block of the Internet of Things
[73] and is comprised of Wireless Sensor Networks (WSN) and Radio Frequency Identi-
fication (RFID). RFID is a technology which automatically identifies and tracks objects
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using electromagnetic fields and embedded technologies such as tags. These embedded

technologies can be active or passive.

One of the significant advantages of RFID is its limited cost, making it extremely valu-
able to identify and track a large number of objects in IoT [35]. Some of the shortcomings
of RFID include security, privacy, and energy limitations [73]. Library Systems, Real time

location, and logistics and supply chain are some examples of RFID applications.

The Wireless Sensor Network is the second component of the first IoT block. WSN can
be incorporated into RFID to enhance the performance and quality of the work. WSN can
be seen as the bridge between the physical and digital worlds. The data generated is easily

collected using context-dependent sensors.

The specific features of sensors are critical in regards to helping businesses collect
information in order to increase operational efficiency, find solutions to common problems,
search for profit opportunities and reduce costs. The low cost of sensors is their main
advantage while scalability, robustness, and reliability are their major constraints [73].
Some interesting WSN applications include predictive maintenance, enhancing safety and

security, and reducing CO, emissions.

The second and third blocks of IoT are the Middle-ware and Actuating Blocks. Middle-
ware is responsible for the connectivity between both sensors and between the layers them-
selves. Middle-ware provides a wall that is required to hide the complex parts and opera-

tions in the lower layers.

Importance of IoT for Businesses

Due to the fact that the virtual communications becoming increasingly possible because of
the Internet, new creations and innovations have been created to cope with this revolution.
[oT is one of them but it has many strength points over the other technologies or the
internet itself. The concept of the IoT is very powerful and fair enough to be in the

consideration of researchers, businesses, markets and industries.

IoT application consist of RFID, senseors, actuators, embedded software and smart-
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phone [63]. These components feature the IoT to be a self-configuration and more adaptive
system [11]. The enormous sensors deployed on the IoT with communications technologies
like wirless commnuication, which includes Bluetooth, WI-FI, 4G /3G, will have the ability

to intract with each other using unique address scheme [30][11].

[oT is moving from just an idea to a product in a fast way. Five components help
in this fast evolution of IoT and to overcome its defined challenges. Those components
are standard developments, national research centres, service providers, network operators,
and the lead users as they expressed by ITU [35] and working concurrently to push IoT

forward.

This quick changes in IoT R & D should convince bushiness to implement [oT solutions
and applications in their work to gain many advantages rather than applying the wait and
see strategy. Moreover, lot will enable firms to be pioneer in their industry by embracing
[0T.One biggest feature of the IoT is that this technology can be structured and build based
on the purpose, and the opportunities behind it can be captured based on businesses needs
and companies value chain [05]. Future Internet or IoT is the coming generation of the
Internet. It considered the most cost effective solution compared to the value giving. Many
markets response to the transition of the Internet toward the new version of it. Sensor
market, for example, has complied to the IoT requirement and gain by producing new
forms of sensors that fit with IoT needs and reducing sensors prices. In addition to that

[oT will help in improving the value chain for business through two ways.

First way, increase the income and create new opportunities. The second one, help in
ensuring the smooth connection between al interested parties such as producer, buyer and
seller[Farmer and IoT]. Forty percent of businesses leasers think that IoT will have a impact
on limited number of marks [20], but it can be clearly seen that all of the markets will be
controlled and impacted by IoT with different degrees. For instance, manufactures, and
healthcare are expected to adopt IoT by sixteen percent,while agriculture will be impacted
by IoT by 4 percent [63]. Thus, IoT transforming physical things to a smart and intelligent
entity with ability to sense, listen, take, share information and most importantly think and

perform tasks with no chance of mistakes [63], which will be very valuable for all businesses
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and industries.

The major fields that are compete in using IoT applications are:

e Transportation: smart traffic, automatically driven vehicle, intelligent transportation

and logistic, dynamic monitoring systems
e Home and personal: smart home, smart coffee makers, smart applicants

e Health: smart hospital, smart sensors in health care, smart monitoring tools

2.4.3 Current and Potential IoT Applications

[oT applications are continuing to expand in markets. See appendix for some of the current

and potential application 3

An Internet of Things based Intelligent Transportation System

This system [78] is designed for public transportation to monitor the location of the bus,
the passengers within the bus, and the atmosphere inside the bus and is composed of three
subsystems. The fist subsystem is the Sensor System, which consists of three components:
GPS, NFC, and humidity and temperature sensors. The GPS is used to track the location
of the bus, the NFC is used to track passengers (number and destination, name of stops,
and ticket payment), and the humidity and temperature sensors are used to monitor the
atmosphere inside the bus. All of the components in the system are connected to the

Internet using GSM.

The second subsystem extracts the raw data from the sensors, stores it in SQL databases,
converts it into useful information and sends it to the driver. It is also used to notify drivers
about specific events. The last subsystem consists of an LCD screen at every bus stop,
using the information produced by the monitoring system and displaying it for people who
are waiting for the bus. The display information includes the waiting time and the location

of the bus.
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Internet of Things Based Systems for Food Safety Management

This system [24] is designed to analyse food production related activities in order to gener-
ate data for different purposes. First, the data generated by the system is used to improve
organizational management as well as the quality of services provided to customers. Second,
RFID/NFC tags are embedded in different locations such as vehicles and supermarkets,
allowing consumers to track the food from its origin to the final destination. These tags
also allow drivers to find the best route for the vehicle based on food conditions. The

system collects data using smart objects such as sensors.

Internet of Things Based 3D Assisted Driving System for Trucks in Mines

This system [66] is designed to assist truck drivers in mines by providing a 3D view, which
will help reduce the rate of accidents caused by blind spots and a lack of clear visibility. The
system is considered an Assisted Driving System (ADS) and the information provided to the
driver is based on real-time data. The application has three main layers: sensors, network
and application. The sensors collect all of the required data, the network is responsible
for communication and routing the data, and the application (the cloud computing layer)

processes and stores all of the data.

A Low Cost Internet of Things Solution for Traceability and Monitoring Food
Safety During Transportation

This application [19] uses the IoT to build a low cost solution that aims to reduce the
health hazard caused by food contamination. The system monitors perishable items during
transportation using many sensors, including temperature, humidity, carbon dioxide, and
heavy metal sensors. Any problem with the food triggers the system to send a real-time
alert. The system also provides information about items that have been shipped using
RFID/ NFC or Bluetooth. Raspberry Pi (RPi) can be placed in every container as a

processing unit, making this solution more universal.
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Intelligent Transportation based on the Internet of Things

This system was designed by [7%] to enhance ITS based on the IoT for public transportation
using technologies such as RFID, GPS, GPRS, and GIS. The primary goal of this system
is to help societies improve their public transportation systems by gathering information
about buses and their users. The system includes multiple subsystems, each one performing
a unique function. The main subsystems include the vehicle and station subsystem and
the ITS monitoring centre. The vehicle and station subsystem receives and collects data

while the ITS monitoring centre acts as a control unit.

2.5 Business Model

Business Model (BM) is a buzzword that has gained the attention of scholars and practi-
tioners, especially since the birth of the Internet. The lack of a unified definition of BM
has contributed to terminology confusion, particularly between BM and business strategy.
There is no doubt that Business Model and other managerial concepts are interrelated,
which is another important factor in this confusion. In order to build a solid and compet-
itive BM, it is important to examine its definition in order to have a clear understanding

of the concept.

Business models are required by companies in order to depict their path to success.
Business models provide information about core business activities and plans to generate
revenue or create new revenue streams. Companies must constantly review and change

their BM in order to avoid falling behind in their market.

2.5.1 Definition Analysis

Business models are usually defined based on a particular area of interest and are required
in order to justify investments. The first common interest area is the use of Information
Technology and E-business, followed by interest in strategic issues such as competitive

advantages, and interest in innovation and management of technology [32].
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While there is no universal definition of the term business model, there are some com-
mon words used to describe it including an architecture, design, pattern, plan, method,
assumption, and statement. Regardless of the way it is defined, most would agree that BM
is a key analytical tool which tells the story of how companies create a win-to-win product

or service in order to add value for itself and all of its interested stakeholders.

Timmers [32] defines Business Model as an architecture that is built for specific prod-
ucts, services or flow of data that defines all of the stakeholders and the function of the
business and shows the possible opportunities for each of them. The business model should
also explain how this business will generate revenue from the project. Magretta [32] also
defines BM as stories which explain how projects work, pointing out any interdependence

and activities. These two definitions are different, but they share some main ideas.

The following is a list of some other BM definitions:

1. Mark Johnson, in his book entitled Seizing the White Space, defines a business model
as the set of activities that a company undertakes to deliver value to their customers

and earn money [11].

2. We define a company’s business model as a system of interconnected and interdepen-
dent activities that determine the way a company does business with its customers,

partners and vendors [2].

3. Teece [32] defines a business model as a management hypothesis of customer needs,

and ways to meet those needs in order to make a profit.

4. The most common definition is that BM is a company plan or logic used to generate

revenue and make profit.

In order to be able to build a comprehensive Business Model for our project, we need
to understand the landscape of BM by exploring its definitions, elements, and some of the

existing frameworks.
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2.6 Current available Business Models Building Blocks

In order to develop a business model framework for our system, we decided to analyse all
of the business models available for IoT applications, regardless of the field. Due to the
scarcity of published papers, we expanded our search criteria to include business models
for intelligent transportation systems. We used a variety of databases including web of

science, Google scholar, ProQuest, Science Direct, Scopus, and Springer.

All BM frameworks consist of elements that are defined as the building blocks/ com-
ponents of the system. These elements are designed to communicate and interact with one

another to create and capture value for both businesses and their customers.

The most difficult part of building a business model is deciding which building blocks
to choose. Business models are usually evaluated and analysed based on their definitions
and classification. We chose to analyse the components of both the sustainability and

innovative business models in order to build one comprehensive business model for IoT.

Following this step, we conducted an analysis of all the BMs presented in the literature
in order to ensure that our business model did not lack any critical components. The
results of our analysis revealed that there is a typical business model derived from Canvas
BM, which has been used by researchers and practitioners [13]. This BM consists of the

following elements:

1. Value Proposition: Where both quantitative (e.g. price) and qualitative (e.g. risk
reduction) analysis of the solution are presented after presenting the customer and

their needs.

2. Customer Perspectives: Where both the customer segments and customer relation-
ships are mentioned. Customer Segments involves defining the different groups of
people that are being served. Customers can be served through different channels
(directly or indirectly). Customer Relationships are determined by the selected com-

munication channel

3. Infrastructure Components: Where key resources, key activities, and key partners are
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mentioned. Key Resources defines all the assets required to make the business model
work. Key Activities describes the actions necessary to create, offer and market the

value proposition. Key Partners presents all of the collaborative partners.

4. 4. Financial Perspectives: Where all financial matters are presented. Revenue and
cost structures are the most important parts of this section. Revenue Structure
lists all of the sources of revenue generation (asset sale, usage fees, subscription
fees,Janding/ renting/ leasing). Cost Structure lists all of the fixed and variable

costs.

It is not necessary for the customer perspectives block to stand on its own since it
will be mentioned in the value proposition block. This block can therefore be excluded.
The financial perspective block is the most significant block for any business model; It
helps companies determine if the solution is satisfactory for all interested parties, or if the

solution is cost or value driven.

Many studies have shown that value creation and value capture are the most important

elements of Innovative BMs [51]. Each of these elements are defined below:

1. Value Proposition: A companys promise to fulfil the needs of their customers and
users in a different way than their rivals by offering unique products and or services.
This should cover the problems encountered by customers and how to solve them

using the proposed application.

2. Value Creation: The way a company creates value for itself and its customers, part-

ners, and stakeholders.

3. Value Capture: The company’s way of capturing the defined value and translating it

into profit.

Other studies claim that the Innovative BM is an activity system and should include

the content, structure, and governance of activities in their BMI [31].

1. Content: Refers to the selection of activities that will be conducted by the system.
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2. Structure: Shows the relationship between activities.

3. Governance: Reveals who is conducting the activities.

There are four other building blocks for business model innovation presented in the
literature. These building blocks show the ways in which companies can create a business
model to transcend the business model of their rivals. Successful companies have specific
business models to guide them; they do not operate randomly even if their business models
are not documented. Some of the BMI components that have been used by many successful

companies are listed below::

1. Customer Value Proposition (CVP): Defined as a companys ability to offer value that

fulfils customer needs better than their competitors ;.

2. Profit Formula (PF): The ways the company generates revenue from specific pro-

cesses, products, services or projects after calculating all of the capital costs;

3. Key Resources (KR) and Key Processes (KP): Key Resources (KR) and Key processes
(KP) are resources and actions needed to deliver and create value. KR involves

people/sensors etc., while KP involves buying/ renting/selling etc.

Based on the analysis of available components, many researchers suggest that value
networks (value creation, value capture, value proposition) are the most important compo-
nents of sustainable business models. Business Models in the IoT Context We looked
at all published articles regarding business models and [oT in order to find the most com-
mon framework. Since the search did not yield any results for BM and IoT in the context
of fleet management, we expanded our search criteria to include all articles with the key-
words BM for [oT, regardless of the field. The main goal of this analysis was to investigate
as many BM frameworks as possible to assist us in developing our framework. Our BM
will add to the BM literature as itis the first one in the context of fleet management. The
following is a simple review of the papers we studied and their business model frameworks

and building blocks.
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In [22] the authors used empirical research methodology to develop a framework for a
general business model for the internet of things. The data used to develop the framework
was gathered through interviews with practitioners working on IoT business models. Their
framework was mainly based on the Canvas business model. The main building blocks were:
key partners, key activities, key resources, customer relationships, customer segments,
value proposition, channels, revenue streams, and cost structure. It is worth mentioning
that the detailed building blocks are based on the views of individual practitioners and can
vary based on the area in which the application will be implemented. The results revealed
that value proposition, key partners and customer relations are the most important building

blocks of any IoT business model.

Educational institutions could be heavily impacted by Internet of things communica-
tion due to the links between the physical and digital world and services provided by
sensors. [1] investigated the changes to an Education Business Model platform based on
the implementation of an IoT project. The authors investigated how IoT adds new value
propositions based on Canvas. In order to determine the impact of the qualitative research
they conducted, the authors conducted a literature review and then created an educational

business model in order to determine the areas most impacted by IoT.

A comparison of their business model and canvas based business models revealed that all
nine Canvas building blocks were changed and new value propositions were added. The new
advantages of the implementation of IoT were: cost reduction, better student collaboration
and engagement, and enhanced safety. This study indicates that IoT technology will have

an impact on all future business models.

The authors of [29] conducted a study to investigate the impact of business models on
the Postal Logistic industry. The postal logistic industry has a very complicated struc-
ture and the addition of an IoT application further complicates the structure due to the
involvement of different types of businesses from different industries. The primary goal of
this research was to find out how to construct a viable business model with the ability to

make profit from the application of IoT.

The business model presented in this paper is quite different than others that have
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been proposed. The authors developed their business model based on two dimensions: the
type of business model in logistics (cooperative, self, customer and channel) and the seven
areas of mixing [oT and logistics. The relationship between these areas and types impacts
service flow and payment flow. For example, the service provider provides a service to
the customer and the customer then makes payment to the service provider. All of the

stakeholders benefited from the developed application.

Another study criticized the existing business model frameworks and the lack of connec-
tion between the various components and ignoring BM ecosystem [77].The studies show
that limiting business model frameworks to value creation and value capture is not the
most ideal way of providing a well structured BM. For that, researchers try to study BM
ecosystem in order to fulfill the need of value creation, innovation recognition and gener-
ate revenue. The design proposed by the author composed of business model components
for the IoT ecosystem, which involve: value driver, value nodes, value extracts and value

exchanges

Business model components presented in this research [76] is also considered unique
compared to other BM elements. The framework also for Industrial IoT BM derived

through analysing 22 BM out of 55 generic BM. These elements are:
1. Digital Add-on: representation of BM elements where digital offers are provided by
physical goods.
2. Digital Lock-in: following a razor and blade business model.
3. Product as a Point of Sales: switching physical product into platforms.
4. Physical Freemium: solutions offered by physical products.
5. Object Self Service: where machines do the work of humans

6. Remote Usage and Condition Monitoring: refers to the ability of physical products

to produce real time data.
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2.6.1 Example of BM Framework

There is no unified framework for BM. Different framewroks presemt in different papers

based on the purpose of that papers.

Key Partners Product Additional i " Customer Customer Customer
Digital Value Relationships | Segments
Services I I Proposition

l
Key I : Channels

Resources l
l
[ ]
[ ]
Cost Structure : : Revenue Streams
[ |

Figure 2.1: Example of a Business Model Framework [33]

This framework is called ” The outcome-based business model” and is derived mainly
from Canvas BM. This type of framework is used in cases where the economic outcome is

very significant compared to other aspects.

2.6.2 Main Purpose of Building a Business Model for IoT

Business models and business model alternatives can be used by enterprises as evaluation
tools to ensure their development. They can be used to provide insights about future
opportunities such as a new markets in which they can operate or new products and
services to be developed. Without a suitable business model for a particular project, such
as the adoption of a new technology, the development process for this particular project

will be slowed down.

Business models provide the logic that enterprises follow in order to earn profit and
create value [32]. Business models function as a bridge between a businesses vision and
strategy and essential operations, and transform ideas into revenues [32]. Technology and

innovation are strongly connected with maximizing commercial value.
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The majority of business models that have been designed for technology are missing
important aspects related to sustainability and social impact. The best way to fix this
problem is to use two business models, a sustainable business model and an innovation
business model [32]. There are conflicting opinions about whether or not companies can
use more than one business model for a particular project (new business, new product,
new service). This question has been addressed by many researchers and the consensus is

that they can [58].

Amazon developed their own on-line business model that has contributed to its success.
The company offers a service to other companies, called Amazon Web, using its own unique
computing power. This strategy transformed the operational cost of computing processes
into a new portable product. Their well-designed business model allowed them to realize

this golden opportunity.

While there are many different perspectives when building a business model for a busi-
ness, product, or service, most agree that providing a value is one of the most important
aspects of the business model. Value could mean generating more revenue, lowering costs,
or any other business need. The majority of business models now involve a value net-
work (captured, created, distributed, etc.).Value is not necessarily something financial. Tt
includes any benefits that of all interested parties (company and customers) get from an

enterprise (customer satisfaction is a value for customers).

2.6.3 Business Model Gap

This research study aims to fill the literature gap involving business models for the Internet
of Things. An analysis of the current body of knowledge revealed that there are a limited
number of studies involving business models and the current generation of technologies.
A lack of appropriate business models has hindered the success of some technologies. In
order to avoid this issue with the Internet of Things and fleet companies, we need to build a
comprehensive business model in order to help fleet companies decide whether they should
invest in this technology. According to statistics released by The Economist Intelligence

Unit (2013), the biggest incentive for businesses to move ahead with the [oT is the potential

32



financial returns from its productisation [23].

It is important to note that business models designed for other purposes may not
be valid for use with IoT due to differences in nature and the fact that this is a newly
developed technology. The imitation of existing models may not be the best way to convince
companies to invest in this technology. The primary goal of the development of a business
model for IoT is to illustrate all of the potential benefits of the adoption of this system,
including financial returns. Financial return is the key to the successful application of IoT

in different contexts.

The decrease in the price of information technology as well as the advantages of using
these technologies increases the potential savings for fleet companies. This also helps
reinforce in-house fleet management since fleet companies will have better control over all
of the important fleet components such as the quality of the services provided, insurance,
and accident management. A proper business model must be developed in order to show the

potential impact and financial return of IoT for fleet management and the truck industry.
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Chapter 3

Proposed Approach

This thesis proposes two different steps, each designed to achieve a particular goal. The
first step is related to the monitoring of fleet performance using the IoT concept as well as
the verification of the validity of our system. The second step is related to the creation of
a business model for this IoT system based on the simulation results. Both of these steps

are presented in this chapter.

3.1 First Step

In order to check the applicability of our proposed solution, we simulated the system using
the modern control systems theory approach in the MATLAB environment. This method
allows us to explore the system’s performance without having to build it. We chose this
method because we are building a closed-loop control system [26]. Modern control system
consists of a set of connected objects that communicate with each other to provide feedback,

mainly by utilizing sensors data.
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3.1.1 System Description

3.1.2 Simulation Environment

Using Matlab and the Simulink environment, we simulated an IoT driver monitoring system
using historical data to compare the current method and the IoT system. The simulation
involved three devices with multiple sensors and made use of data from different sources

and different years.

System Requirements

Before we conducted our simulation, we defined all of the potential system requirements
necessary to meet client needs. The Internet of Things was chosen as a main theme to solve
the aforementioned problems, maximizing the opportunities and values that the system will

provide to end users. Here is a list of all the possible system requirements:

1. The ability to build an economical safety system.

2. The ability of the sensors to work reliably by detecting all of the desired and defined

events that are considered safety threats.

3. The ability of the sensors to detect safety threats that are related to weather. For

example, low visibility due to heavy snow.

4. The ability of the sensors to detect safety threats that are related to driver perfor-
mance and behaviour. For example, violating the law by driving above the speed

limit.

5. The ability of the sensors to detect safety threats that are related to problems with

the vehicle. For example, vehicle engine breakdown

6. The system’s ability to send alerts when the probability of an event that threatens
safety is close to one (high).
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7.

8.

The system’s ability to send alerts when the probability of an event that threatens

safety is close to zero (low).

The ability to minimize the occurrence of false alarms.

If we can meet and maintain the above requirements, we can reduce fuel consumption

and the number of accidents, contributing to social, economic and environmental sustain-

ability.

System Architecture

We created a system architecture to assist with the understanding of data flow in the

system. The system architecture consists of six layers derived from [66]. These layers are:

The

The

The

The

The

Perception Layer This layer consists of sensors, actuators, and a screen that dis-
plays the Safest Driver application. The sensors communicate with each other using
MQTT protocols. MQTT is the connectivity protocol for IoT to connect objects in

remote locations.

communication Layer This layer consists of the IoT application data gathered
from sensors which needs to be processed in the smart gateways. LTE (Long-Term
Evolution), a form of high-speed wireless communication, will be used as a means of

communication.

network Layer This layer consists of the gateway or local cloud where the data are
rapidly processed. The decision is then sent directly to drivers via LTE communica-

tion. All of the data, information and decisions will be sent to the cloud.

cloud Layer This layer is designed to store data, apply intelligent data analysis
techniques, and generate reports (daily, weekly, monthly, or based on the end users

needs).

application Layer This layer is responsible for sending notifications or alarms to

managers in the operation center.
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The business layer This layer consists of the ways businesses can generate revenue from
this application and exchange tier information and data with other interested par-
ties. Parties who can purchase data may include, but are not limited to: insurance
companies, research institutions, investment agencies, governments, the ministry of

transportation, road safety agencies, and hospitals.
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Figure 3.1: Overall System Architecture [60]

This proposed system is predictive one with an ability to send alerts and feedbacks
3.2. Alert is sent to the driver to warn him about an action (for example: to stop the
aggressive acceleration) through gateways communication. While feedback can be send

from the cloud after analysing and reporting the gathered data.
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Figure 3.2: Data Flow

3.1.3 Data Collection and Assumptions

Data Collection

Two datasets were used: Dataset1 and Dataset 2. These two datasets contain driving session

information collected under different circumstances.
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are shown in Appendix 6. The first dataset was obtained from the National Motor Vehicle
Crash Causation (NMVCCS), under the US department of Transportation, DOT HS 811
059, July 2008. The second is an online source, the General statistics of Crashes in the
U.S. in 2015, http://www.iihs.org/iihs/topics/t/general-statistics/ fatalityfacts/overview-
of-fatality-facts.

Dataset 1 contains the following information (variables) for each search session:

1. Crash events preceded by speed misjudgments.

2. Crash events involving driver emotional factors.

3. Roadway related factor information.

4. Statistics on the frequency of behaviours prior to crashes.
5. Data on critical pre-crash events.

The units of observation were trucks and their drivers, over a period of about 7 years.
The sample sizes were large enough to allow for the usual statistical procedures. For
instance, the number of vehicles observed in Dataset1 ranged from 500 to 3000. In classical
statistics, a sample of size n>30 is considered large enough to provide reasonably accurate
estimates of the average and the standard deviation. Some important variables (such as

the distribution of occurrence of accidents) are missing from this dataset.

We made some key assumptions to estimate those missing data, which will later serve
to generate artificial data. Although the study focuses on Canada, the absence of reliable
sources led us to use data from the US. This could affect the estimations and conclusions
if there are significant differences between the behaviour of drivers in Canada and the US.
The data collection methods, codes and potential measurement errors can be found in the

original source mentioned above.

Assumptions

The original micro-data does not contain details about the distribution of crash fatalities

due to driver behaviour. Our simulation relies on the following assumptions:
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1. The frequency of crashes for each category of behaviour is constant in time (does not

vary much).

2. Because of the large sample sizes, the distribution of the fatality rate with respect to

the two categories (brake=2, no brake=1) is the same as the empirical frequencies.

3. The nature of the error in a fatal crash falls under one of the 13 categories in the
table below. The probability of each event is estimated by the empirical count or

their frequencies.

Event Code
Vehicle Failure 1
Brakes 2
Unfamiliarity with the Road 3
Pressure Feeling 4
Fatigue 5)
Tire Problems 6
Aggressive Driving 7
Driver Illness 8
Illegal Drug Use 9
Alcohol Use 10
Roadway 11
Weather 12
Others (including environment) | 13

Table 3.1: Types of Errors that Lead to Deadly Accidents

4. The type of behaviours that lead to fatal crashes fall under one of the 12 categories
in the table below. The probability of each event is estimated by the empirical

frequencies listed in the table below:
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Event Code
Going Straight 1
Negotiate a Curve 2
Stop in Traffic Lane 3
Decelerate in traffic lane 4
Avoiding Manoeuvre 5
Changing Lanes 6
Turning Left 7
Turning Right 8
Accelerating in Traffic Lane 9
Passing Another Vehicle 10
Making a U Turn 11
Other 12

Table 3.2: Types of Behavioural Mistakes that Lead to Deadly Accidents
Generated Artificial Data

With the estimated probabilities in hand, we created the artificial occurrence of accidents
via simulation. For instance, given 3 categories cl, ¢2, ¢3 with their respective probabilities
pl, p2, p3. We randomly generate a number r between 0 and 1. If r<pl then event 1 has
occurred, if pl<r<p2, then event 2 has occurred, and if p2<r<p3 event 3 has occurred.
This process is simulated in Matlab and is particularly easy to implement in Simulink.
The majority of our findings are based on straightforward calculations of the frequency of
events and can be easily replicated with standard Matlab software. In addition, Its worth
mentioning that since truck accidents are rare events by their nature compare to other

vehicle accidents, we measure the fatality rates approximately follow a Poisson distribution.

The model block diagram contains a random input to each sensor. The input randomly
selects an event category according to the estimated probability distribution. Based on
the selected event, a random signal is sent to the driver to alert them of the risk of a

potential accident. The three sensors are designed to measure specific events such as
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atmospheric/road conditions, truck failures and driver behaviours. The three signals are
then combined into a single probability of an accident. The combination is a weighted
average of the different signals coming from the three sensors. The weights were estimated
in Excel using the empirical data. The simulation generates counts that are then used to
estimate the accident rates using the new design. A comparison with the original system

should reveal an improvement in the performance.

3.2 Second Step

This methodology is related to the creation of a business model for our [oT system. We used
the Literature Review Methodology mentioned in [16]. The primary reason for choosing
this method is to understand the background of current business models in order to create
a business model framework for IoT. In the following section we present the three stages

used to conduct this systemic review.

3.2.1 Planning Stage

We conducted this systemic review to help us achieve specific objectives. First, we analysed
all of the BM definitions presented in the literature in order to understand the concept.
We then studied the various BM types and explored the criteria for each type. Finally and
most significantly, we looked at the existing IoT BM building blocks. We used two types

of data for this section: data gathered from the literature and data generated from our

simulation.
Step Scope
Analysing BM definitions Using published papers with the BM term as searching criteria
Analysing BM types Using published papers with the BM and types terms as searching criteria
Analysing BM building blocks | Using published papers with Innovative BM, sustainable business model and IoT terms as the searching criteria

Table 3.3: Methods Protocols
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3.2.2 Conducting and Reporting Stages

After reviewing all of the BM definitions in the literature, we defined BM as the ways
in which businesses generate revenue. An analysis of the literature revealed that the
innovative business model is the most common BM type used by businesses and that social
and environmental aspects are often ignored. This could be one of the factors related to
the failure of business models. We chose to analyse sustainable business models in order

to avoid this failure.

Business Model Types

A Sustainable Business Model is a type of BM that considers social and financial aspects.
[12] defined SBM as a business model that depicts how businesses create, capture and
deliver value without consuming the natural, economic, and social capital it relies on. [¢]
described SBM as a model that illustrates how businesses gain competitive advantages

through value delivered to their customers.

Some businesses, such as the fleet and trucking industries, have had a negative impact
on our environment as a result of their operation. These industries usually ignore environ-
mental issues to avoid any financial losses they may incur from reducing their operations.
Sustainability is becoming an important way for companies to achieve their financial and
non-financial goals. We decided to use this type of BM in order to help our clients reduce
their negative social and environmental impact while maintaining their productivity and

complying with governmental regulations.

In [3], the authors mention some criteria where we can have a SBM:

1. A system where social and environmental aspects are more significant than economic

performance;

2. A closed-loop system that cares about the environment and increases environmental

awareness;

3. A system with a main goal of delivering the required function exactly;
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4. A system that aims to enhance human creativity and experience;
5. system that denies offensive competition and prefers collaboration;

6. A system that encourages the wise use of resources for both individual and commercial

use.

Our analysis revealed that many companies have now realised the significance of sus-
tainability for their businesses and that sustainability will not add extra overhead costs.
Sustainability means paying attention to the economic, environmental, and social aspects
of the business. There is a positive relationship between the economic and environmental
business aspects. Businesses that take care of the environment while carrying out their

core activities save money while saving the environment [11].

Innovative Business Model (Innovative BM) is defined by [(]as ”a process of finding
a novel way of doing business which results in the reconfiguring of value creation and
value capturing mechanisms.” This is one of the simplest and most economic ways that
companies can increase their profitability and efficiency. The use of an innovative BM
does not mean that we need to be pioneers in terms of creating new products and services,
rather, it means being more aware of any changes in the market in order to avoid missing

opportunities or being attacked by competitors.

The innovative business model allows companies to innovate, improve their economic
growth, and increase their profit margin without any costly investments. Corporate man-
agers and executives can create an Innovative BM in order to weigh all of the possible
outcomes of innovations (both product and process innovation) without the need to invest.
When correctly constructed, this business model allows companies to recognise even the
smallest of changes in the market and make any required changes in their company to

adjust.

Innovative BMs can be used in one of two ways: 1) when businesses want to improve
their processes and strategies in order to be more competitive, and 2) when businesses
want to improve their products and services. Simply, companies build a BM for their

products to avoid being attacked by their competitors and ensure the success of their own
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product. One CEO mentioned that a good product that is surrounded by a very good

business model can stand apart [1].”

Innovative business models are not limited to new products or systems, although it
is a great way of managing new technological innovations. An innovative business model
can be constructed for modified systems. This type of business model does not require
that companies make a significant investment as it focuses more on value creation than
value capture. This encourages companies to focus on how they conduct their activities,
how they use their resources, and how they communicate with partners and customers.
We built a hybrid BM that consists of elements of both the sustainable and innovative
business models in order to maximize the strength of our framework and ensure that no

aspects are being neglected.

After analysing the available literature, we chose value proposition, value capture and

value creation as the main building blocks of our framework.

In the following chapter, we present our [oT system and demonstrate how it outperforms
the current safety systems available for trucks. In chapter 5, we provide companies with
a business model to convince them to switch to the IoT application. The primary goal of
BM creation is to allow businesses to explore all of the opportunities available to them if
they take a risk and invest in an IoT system and those they may miss out on if they decide

to apply a wait and see strategy.
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Chapter 4

Simulation and Modeling of The
Proposed Approach

4.1 Modelling and Simulation

The goal of this study is to determine whether equipping trucks with monitoring sensor
devices could improve the efficiency of the transportation system. In order to achieve
this goal, the performance of each sensor was modelled as a second order system using
MATLAB/Simulink. After running many simulations of the signals generated and sent to
the drivers, we proceeded to analysing performance in terms of quality of communication,
fuel consumption and accidents reduction. This information can then be used to help build
a solid BM for companies. This BM will help them see all of the possible economic, social

and environmental benefits of implementing such a system.

Simulation Modules

Our simulation model has different modules, each with a specific task. The function of

each subsystem is described below.

1. Sensor 1 Assume that we have a new environment sensor with the ability to exam-

ine the environment: This module contains an input that generates random numbers
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Figure 4.1: Overall System Modelling and Simulation

according to the estimated distribution of the categories of atmospheric and road con-
ditions. The random numbers indicate the type of risk event that has occurred. The
probability model was constructed based on frequency calculations (see appendix).
Since Matlab generates numbers with decimals and we coded the risk events with
integers, we used a ”"rounding module” to transform the generated numbers into inte-
ger values. The information generated from the sensor is sent to a Matlab file named
Riskfactorl. Once a random category has been generated, the sensor sends a signal
to the driver. Action will be taken if the probability of the risk event is significantly
large (we used a threshold of 0.5).

2. Sensors 2 & 3 We propose a new kind of device that has many sensors in it to
maximize the ability to measure driver status and behaviour. These sensors involve
video camera and voice recognition. In sensor3: we assume that we have a new kind
of sensor that can measure truck status and failure): These devices are similar to
sensorl. They measure and generate data regarding driver state and behaviours and

truck failures
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The random numbers indicate the type of risk event that has occurred. The prob-
ability model was constructed based on frequency calculations. The information
generated from the sensors is sent to Matlab files named Riskfactor2 and Riskfactor3

for storage.

3. Transfer Function

The equation 4is called a transfer function of any control system. A system is defined as
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a control system when there are a number of connected objects works together to reach
particular result. There are different orders for transfer functions such as the third and
forth. As our system is mainly control system we used the second order transfer function
in order to get the desired outputs for our proposed sensors. We decide to use this order
because of our system’s design criteria (fast response time). We also organized our transfer

function blocks based on sensors’ signals flow [20].

w2

§2 4+ #( * 5 + w?

G = (4.1)

A transfer function acts like a black box. It receives an input signal and produces an
output. For example, when an accident is detected, the sensor must send a signal to the
driver to alert him and reroute him. Unfortunately the signal is not received immediately
and sometimes the signal is distorted through the channel of communication due to noise.
A good transfer function is robust to noise and fast enough to transmit the input signal
with minimum distortion. The unknown values of (, w are related to the parameters of
the system. These parameters control the behaviour (stability, speed, and settling time)

of the system. There are three fundamental parameters:

e The natural frequency w
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e The damping ratio ¢
e The settling time 7s

The settling time controls the speed of the signal, that is, the time before the signal
is stable and received by the driver. The damping ratio is used to ensure the stability of
the system. In theory, values of ¢ are usually in the range of [0.1; 0.8]. According to the

theory of control system, we have the following relationships:

Settling time is defined as:
Ts=4/(*w (4.2)

Thus, if our goal is to reach a settling time of 7 s=2 seconds, we should simulate the
system in Matlab in order to find the right value of w, (. Having done that, we found
the values of A and w? for our model 4. The results indicate a settling time of 7s= 2
seconds, which was our initial goal. The values of ¢ and w?, based on the requirements of
the settling time are: ¢ =4, w? =100. Since the system is stable with a short settling time,
we believe that the second order system is appropriate for sensor modelling. A graph of

the system 4.6 response is provided below

"'d Graphs - a ]
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Figure 4.5: System Response Time

We observed that the settling time was about 2 seconds, which is fast enough to alert

the driver and allow him to take the appropriate action before any accident can occur.
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The plot also reveals a stable system after a 2 second transient period. Calculation of
parameters: A, B Setting the value of s=2 seconds, with a damping ratio of =0.2. The
equation 7s=4/C*w implies 2=4/(0.2*w), thus solving the equation, we obtain: w=10.
Using these values, we find that 2*(*w=4, and the value of b is b=w*w=100. This can be
improved by increase the order of the system. For example, using a third order system,

the transfer function would be:
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Figure 4.6: System Response

A Central Database For advanced analysis purposes (data collected using external
servers such as hospitals and governments), we added a central database modelled using
a Mat-lab file (Simout). All of the sensor output is collected in a single file that is easily
accessed by the various systems in a communication network. From a Matlab point of view,
the database is a multidimensional matrix, where rows indicate dates, columns indicate
the type of event, and the matrix coefficient is the frequency of occurrence or number of

times the event has occurred during that particular day.
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4.1.1 General Model Description
Sensor 1

Devices that are able to measure the atmosphere and Road condition. We make an as-
sumption that this sensor has many sensors inside with ability to detect both weather and
road condition or more generally the environment. the simulation of this sensor consists

of the following components:

1. Random Event Environment: This was chosen instead of the Uniform Random Num-

ber environment since each event has different occurrence frequency.

2. Alarm Signal: A step function used in order to better detect the signal from the

Sensor.
3. Graph 2: Used to represent the current sensor status.

4. Product 1: Multiplies the output of the random event by the step function to provide

better signal detection.

5. Risk Factor 1 (Sensor 1 environment): Represents the sensor’s output. Matlab gives
a decimal number and a "rounding module” was used to transform the generated

numbers into integer values.

6. Graph 1: Shows the output of the sensors in graphical form.
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The rate of event occurrence entered in the sensors were obtained from historical data.
The probabilities of detecting an event related to weather and road conditions were calcu-

lated as the incidence of a single event divided by the total frequency of all events.

The random events were divided into two categories: 1) accidents due to weather
conditions in a specific period of time (rainy, cloudy, snowy, clear), and 2) accidents due

to road conditions in a specified period of time (road surface is wet or slippery).

Sensor 2

Devices that are able to measure driver states and behaviours. We made an assumption that
this sensor has many sensors inside with the ability to detect driver states or performance

and driver behaviour. The simulation of this sensor consists of the following components:

1. Random Event Driver Behaviour: The frequency of accidents caused by truck driver

behaviour entered into this sensor was obtained from the historical data.

2. Alarm signal: A step function used in order to better detect the signal from the

Sensor.
3. Graph 4: Shows the input of the sensors in graphical form.

4. Product 4: Multiplies the output of the random event by the step function to provide

better signal detection.

5. Risk Factor 2: Represents the sensor’s output. Matlab gives a decimal number and a

"rounding module” was used to transform the generated numbers into integer values.
6. Graph 3: Shows the output of the sensors in graphical form.

This block aims to detect risky events caused by driver states and performance. When
the sensor detects a risky event, the result is compared to the probability that this event will
cause an accident using probabilities calculated from the historical data. The historical
data we used in our simulation showed that acceleration in traffic lane, sleepy driver,
making a U turn, fatigued driver, driver over speed, gender, overall driver health could

lead to accidents.

53



Sensor 3

Devices that are able to measure truck states and failures. We made an assumption that
this sensor has many sensors inside with the ability to detect truck states and failures. For
example, a sensor that has the ability to check the steering default or tire status. The

simulation of this sensor consists of the following components:

1. Random Event Truck Wheels and Speed: The frequency of accidents caused by truck

failures entered into this sensor was obtained from the historical data.

2. Alarm signal: A step function used in order to better detect the signal from the

Sensor.
3. Graph 6: Shows the input of the sensors in graphical form.

4. Product 3: Multiplies the output of the random event by the step function to provide

better signal detection.

5. Risk Factor 3: Represents the sensor’s output. Matlab gives a decimal number and a

"rounding module” was used to transform the generated numbers into integer values.

6. Graph 5: Shows the output of the sensors in graphical form.

Once a risky event is detected, action is required in order to prevent accidents and
enhance safety. We proposed a system that can determine the probability that a risky
event will cause an accident and send an alarm if the probability is high. We calculated
the probabilities for each cause (driver, environment, and truck) and divided the probability
by the total number of accidents. This was defined as the estimated risk of accidents or
the average risk. The results indicated that the probability of an accident caused by driver
behaviours is higher than the probability of an accident caused by environmental and

mechanical factors.
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4.2 Simulation Robustness

Considering the potential costs incurred as a result of a false alarm, it is ideal for the
system to be robust enough to allow for a margin of error. Once the average risk was
calculated, we designed a block that can increase the robustness of our simulation. The
OR logic component was added with two logical values (1 or 0). The value 1 sends an
alarm signal if the risk level is high enough. We choose the threshold value of 0.5 (the
average probability exceeds 0.5). This means that a risk event is likely to occur and the
driver must be alerted to take the appropriate action. The value 0 either ignores the risk
event (since the probability of the event is not high enough) or sends a notification to the

driver. The simulation of this block consists of the following components:

1. Logical Operator 1: Logic values of 0 or 1. Makes the decision whether or not to

send an alarm to the driver based on real time data.

2. Sensor Output: This block is responsible for changing the average risk to 0 and 1

values.

3. Target signal: Based on a predefined threshold (the required overshoot, response

time, and settling time).

4. Product 4: Converts the average risk factor into an alarm/notification. The risk
factor result is multiplied by a real-time transfer function based on a predefined

threshold to provide the desired settling time and transfer function.

100

Gy =
) 7 2 4% s+ 100

If the result is 1 or close to one, an alarm will be sent. If it is 0 or close to 0, we

either send a notification or no action is taken.
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4.3 Simulation Results

e Reduction of Fatality Rates The benefits of using sensors include the reduction of
signal transmission time, congestion rates, server maintenance costs, and potential
environmental impacts. We now look closely at the fatality rate using IOT sensors.
The number of traffic fatalities is stochastic and assumed to follow a probability

distribution. Historical analysis of periodic fatalities indicates:

1. <2deaths (or injuries)/month p=0.3
2. [2; 8] deaths (or injuries)/month p=0.6

3. >8 deaths (or injuries)/month p=0.1

This indicates that, 10 percent of the time, the number of deaths or injuries is
above 8 in a given month, and between 2 and 8 60 percent of the time. If these
figures continue to apply, we expect these probabilities to decrease when system sales
increase. Although we cannot predict the exact probability distribution for fatalities
when truck drivers are monitored using [oT sensors, a few assumptions allow us to
estimate the number of fatalities during a certain period of time. Since accident rates
are reduced when using sensors, the chance index with IoT can be modelled using a

Poisson distribution. The formula is obtained using Poisson Distribution:

Py = N (4.4)

z!

The average number of fatalities without the sensor system can be estimated (on

average)using the empirical data, as follows:
u=03%x1406%x5+0.1%x10=4.3 (4.5)

The probability that sensor 1, sensor 2 and sensor 3 will detect a risk event is
0.3, 0.6 and 0.1 (respectively). The Matlab simulation results revealed that the
average number of events related to atmospheric conditions, driver behaviour and
truck failure were 1, 5 and 10. If the IoT sensors reduce this average by only 1
percent, the probability distribution of the number of deaths in congestions using

the Poisson formula 4.4 will become:
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1. <2 deaths (or injuries) /month p=0.20
2. [2; 8[ deaths (or injuries)/month p=0.77

3. >8 deaths (or injuries)/month p=0.03

More than 8 fatalities will occur only 3 percent of the time. This constitutes a
significant drop compared to the initial 10 percent probability. It still remains to be
seen if the Poisson distribution assumption holds, but we believe that this assumption
is reasonable since the Poisson model is well suited for rare events, which is the case
when IOT is used to monitor drivers. We therefore expect that the IoT sensor system
will enhance both the economic value and the prestige of companies, attracting more
customers. Moreover, because of the decrease in accidents, the social cost will be

lowered.

Fuel Consumption Various factors affect fuel consumption. Increases in fuel con-
sumption mean larger negative effects on the environment (releasing more Cos etc.).
It is therefore important to measure the impact of the new design on fuel consump-
tion. Fuel consumption becomes a concern when the truck is consuming more fuel
than it is supposed to. This can be due to a faulty engine, poor engine oil, poor
fuel quality, poor maintenance (at the source), bad air conditioning, using the wrong
gears, and a bad driving style. If the driver is driving aggressively and does not
quickly shift gears to the lightest one, the engine turns faster, consuming more fuel.
Stopping suddenly while driving also has a negative effect on fuel consumption. The
sensors will monitor driving behaviour along with engine oil, gears and fuel quality.
Once any of these factors reaches a critical value, an alert signal will be sent to the

driver to stop the vehicle, modify his behaviour, or proceed differently.
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Chapter 5

Business Model for Our System

In this chapter, we will be using all of the data generated from our analysis of the literature
and our simulation to build a unique and hybrid BM that will help us to contribute to
the body of knowledge regarding BMs for IoT. The primary goal of this BM is to show
businesses how to maximize their profit margin by implementing IoT solutions in different
contexts or different industries. This sustainable innovation business model will also ensure

that the social and environmental aspects of fleet companies are addressed.

5.1 Business Model Framework

Technology success is related to many factors not only the power of the technology itself.
If we want IoT, for example, to succeed compared to other technologies such as M2M,
we need to bring it successfully to market and convince businesses to implement it. The
key aspect of IoT is not about the technology alone but on how to utilize this technology
to make a situation better. Business models are used to perform this function, to show

businesses what is the return from their investment in this technology.
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5.1.1 Business Model Framework for the Internet of Things Driver
Monitoring System

This chapter presents the business model for our loT system developed in accordance with

the methodology presented in 2.6.

Value Proposition for Our System

The primary purpose of a value proposition is to express why consumers should buy or use
the developed product or service instead of others. In order to convince them, we must
emphasise the delivery of superior performance and how end users needs are being met.
First, we need to identify the key partners (ecosystem) responsible for delivering values to
our customers. Next, we need to identify our customers and their needs. Lastly, we need

to deliver our offer and identify how it can help in the solve common problems

e Identifying Key Partners

The open ecosystem of [oT is a key feature of this technology. The involvement of multiple
partners in this ecosystem has many implications for both businesses and their customers.
Some of the advantages of the IoT ecosystem for companies include the creation of new
markets resulting from the involvement of multiple industries, participation in the current
market expansion, and access to the business models of different industries [77]. The IoT
ecosystem enables consumers to get product/service from specialized companies without

the need to deal with all of them.

1. Device manufacturers (e.g. sensors, actuators, etc.)
2. Cloud computing company (e.g. Azure) and wireless communication

3. Software developers (e.g. application)

e Identifying our Customers
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We have two types of customers:

1. Main customers, which include fleet and truck industries.

2. Potential customers, which include hospitals, governments, research institutions, gas

tax agencies, competitors, etc.

Customers are a crucial factor in the success or failure of any business and business
model. A good balance between the value offered and the value received is necessary in
order to create a valid equation between our solution and our customers. In order to do
S0, the needs of the customers must be clearly stated in order to ensure that they are met.
Here is a list of fleet company needs and requirements: improve operational efficiency by
improving safety and security, ensuring productivity, reducing operational costs, reducing
travel time, lowering fuel consumption, reducing greenhouse gas emissions (GHG), and

improving sustainability.

e Illustrating our Promises

Advancements in [oT technology will facilitate the fulfillment of the needs of both fleet and
truck companies. IoT architecture consists of several layers that perform specific functions
in the most intelligent manner. IoT architecture also works in a way that makes it difficult
for customers to distinguish between products and services, unlike previous technologies
in which there were significant differences between the two and customers had to pay in

order to receive services.

The sensor layer plays a key role in the [oT platform. In our solution, we proposed three
types of devices, each with multiple sensors. The use of sensors in IoT solutions provides
two distinct advantages. First, the price of sensors is constantly dropping. The available
data reveals that the average price for a wireless sensor with a range of approximately 250-
300ft and a battery life of 5+ years is between 40 and 60 US dollars. Future projections
based on Moores law, which states that the power of computer-based systems doubles every

two years at the same cost, indicate that the cost should go down to half its current level
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by 2020. Thus, solution developers can add as many sensors as they need at an affordable

price.

Second, sensors have a high accuracy rate in detecting any abnormalities due to their
relatively high sensitivity and fast response time. Our model suggested that a detected
event will generate a signal within 7s =2 seconds 4. Of course, a highly sensitive system is
more likely to generate extra costs due to false alarms. In order to minimize the false alarm
rate, a robust component was added to allow a reaction only if the probability of a risky
event reaches a particular threshold. We proposed the use of many sensors in each device
to detect events related to the environment, vehicle and driver and most importantly, to

gather real time data delivered through the system to interested parties.

The environment device includes temperature and humidity sensors, CO5 gas sensors, a
weather application, a video camera, a GPS, and light sensors. The vehicle device includes
smoke sensors, speed sensors, fuel level sensors, and steering vibration sensors. The driver
device includes a video camera and voice recognition software. The sensors in one device
may detect an event that helps in another area. For instance, fuel level and CO, gas sensors
in the vehicle device are used to determine the impact on the environment by determining

the amount of fuel burned and the amount of gas produced.

The sensors are not only designed to detect risk events, they are also designed to collect
data. This real-time data is a key asset for any business as it can help them attain their
goals by monitoring their current operations. The data in our system can take two paths,
either to notify vehicle operators or to be stored in the cloud. The cloud has many business
applications, with large-scale and high speed analytic capabilities over a vast volume of
data to generate immediate reports for managers to give them quick insights about their
business. The central database is also another promise provided by our solution, allowing

businesses to store different types of data and sell that data for extra benefits.

In order to improve operational efficiency, we propose a new sensor type with the ability
to detect any risky driver behaviour, any vehicle defect that can lead to an accident, and
any environmental conditions that can make the drivers job harder, such as heavy snow.

Sensors are capable of detecting events within a few seconds, with a high accuracy rate and
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fast response time. The system then sends an alarm or notification to the truck operator
in order to adjust their behaviour and take any necessary action . The data generated is

then sent to the cloud via LTE communication.

Value Creation and Delivery

Value creation is a key challenge when building a business model in the context of IoT due
to the complexity of the [oT ecosystem and the variety of stakeholders. When customers
choose an IoT solution, their main requirement is a solution with the ability to improve
their current situation. While most businesses care more about the return on investment
(ROI), the value created can be significantly different from one stakeholder to another.
The value created also differs for businesses and their customers. Our BM must therefore
account for these differences. Satisfying all of these needs and requirements is not difficult
using this type of multi-purpose application, despite problems such as the immaturity of

the technology and a lack of a well-structured BM.

In our BM, value creation is needed to convince businesses to switch to IoT-based
solutions, which may open many opportunities streams such as gaining a competitive. The
strategic resources of a project must be included as a crucial part of value creation. In our
[oT system, the sensors, vehicles, and drivers are considered core resources. Here is the
potential value creation in our system and the detail monetary benefits will be mentioned

in Cost-Benefit Analysis 5.2.3:

e Value from safety and security: sensors are used to detect any risky events related to
driver performance, environmental conditions or vehicles. This will help reduce the
rate of accidents, lower insurance rates, lower repair costs, avoid losing work hours,

and improve quality of life.

e Value from real-time data collection: sensors are used to collect real-time data that

can be used by all interested parties (such as governments).

e Value from reduced energy consumption: sensors are used to calculate and estimate

their fuel usage, which will help reduce their operational costs.
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e Value from sustainability: sensors are used to minimize Greenhouse emissions that
result from fuel consumption (environmental impacts) and to improve safety and

minimize accident rates (social impacts).

The simulation result was surprisingly clear: assuming the distribution of accidents
follows a Poisson distribution, the majority of trucks involved in accidents related to driver
behaviour or environmental conditions was reduced by about 7 percent. This value was an

average of 10 percent without the IoT solution to approximately 3 percent after introducing

the IoT.

The analysis also revealed the most active drivers avoid risky events, increasing their
safety and security and their survival rate when involved in accidents. For instance, when
more than 10 accidents per year are simulated it give a result that the median survival
rate is nearly 4 times more with our solution compared to only 1.3 per year without our
system. The key to unlocking these safety and security benefits for transportation and
logistics companies is to develop more IoT sensor based systems, in order to avoid the

shortcomings often experienced.

An emphasis on safety can have significant economic and social impacts. The reduction
or avoidance of accidents to save lives and company costs is one of the key points that
strengthens our application. Sensors work to detect risky events such as driving over the
speed limit or changing lanes without signalling. Risk detection is based on the stream
of data generated by different types of sensors. If the average risk is high, a notification
will be sent immediately to the driver via the ”SafeDrive” application. If the possibility
of occurrence is low, there will be no action taken by the system. These warnings prevent

accidents or minimize their severity.

Our proposed 0T system is designed to reduce the accident rates in the fleet and truck
industries in order to directly and indirectly benefit businesses. The sensors were selected
based on the causes of accidents we investigated in chapter 2. Driver behaviours (such
as drinking alcohol), driver performance (such as fatigue) and driver health and wellness
are the top causes of collisions. A video camera, heart rate monitor, eye tracker, and

speed and voice recognition sensors were used in our system to reduce the percentage of
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accidents caused by these factors. This will help fleet companies save on fleet insurance,

health insurance, repairs and rentals, and working hours.

The second benefit of improving safety and security is improvement in the Quality of
Life. The use of an IoT solution in a fleet will help avoid accidents, reducing injuries and
the rate of casualties, which will enhance quality of life (QoL). This is one way that IoT can
help businesses contribute to the improvement of society. The World Health Organization
(WHO) defines QoL as the individuals perception of their position in life, in the context of
the culture and value system in which they live and in relation to their goals, expectations,

standards and concerns [30].”

QoL is an important concept in occupational accidents, especially for fleet drivers who
have higher chances of being involved in an accident than other workers. Although traffic
accidents vary in type and severity, the majority result in death or injury. Increasing
fleet safety and security using an IoT based application will improve QoLL by minimizing

accidents, fatality rates, and medical expenses and procedures.

Moreover, the data generated by the sensors will be sent to the cloud via LTE commu-
nication, allowing for fast response times. There are many applications that can be used in
the cloud to analyse data and generate reports in a short time. This helps fleet managers
evaluate the overall fleet performance and evaluate and score their drivers based on their

performance. This creates more of a safety culture and increases overall fleet productivity.

Value from real-time data: Sensors are used to collect real-time data that can be
used by all interested parties (such as governments). The system has a central database that
collects all of the information and makes it available in real-time due to the fast response
time of the IoT sensors. It is expected that future sensors will be more economical and
efficient, adding more value to the time information. Using a second order system, our
calculation showed a 2 second response time. The use of more complex models such as
3rd or 4th order representations in the design of sensors will lead to faster response times,
cutting them by more than 50 percent. It should be noted that the current 2 second
response time could not be reduced any further due to the trade-off between response time

and overshooting (System Stability).
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Real-time data is the key asset provided by sensors to the customer. Drivers are dif-
ficult to manage and control due to their remote working locations. This system solves
this problem by generating real-time data for fleet managers regarding the performance of
their drivers and how their vehicles have been used. In our solution, environmental condi-
tions (such as weather), vehicle status (such as engine temperature), and driver behaviour
are measured using sensors installed in the vehicle. This can help managers look at the

situation from all angles.

Sensors as a Service: This is a type of business model has been extensively used
in the context of IoT data. Companies can benefit from the data collected by sensors
in a variety of ways. In our system, we propose that fleet companies can sell their data
to many institutions, obtaining financial returns. The data is stored and filtered in a
central database. Governments (e.g. The Ministry of Transportation) can purchase data
from fleet companies in order to look at road performance. Data about fuel consumption,
idling, miles travelled, and safety and accidents can be used to update laws and regulations
in order to manage risk. Purchasing data would be easier that visiting each company and

interviewing them.

Institutions such as hospitals may also be interested in this data. Fleet companies
may sell them data about accidents and their severity, deaths, and injuries. This can help
hospitals improve their primary health care programs and estimate the main causes of
accidents. Insurance companies may wish to purchase this data to help them provide the
best insurance rate estimates based on actual vehicle usage. Educational institutions may
wish to purchase this data for research purposes since a lack of data is a major challenge

for graduate students.

Highly restricted data can be sold by fleet companies to their competitors. Some
companies only hire professional drivers in their fleet in order to ensure efficiency. A
dataset published by the American Transportation Research Institute (ATRI) revealed that
88 percent of accidents are caused by drivers who were previously involved in accidents

[18]. This information would therefore be useful to businesses when hiring drivers.

Value from Reduction in Energy Consumption and Sustainability: We did
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not use smart fuel alternative vehicles in our system since not all companies want to make
such a huge investment. In addition, the use of fuel or electricity to charge vehicles also
consumes energy. In order to make societal and environmental contributions, we proposed
fuel level, speed, CO, and temperature sensors to help managers estimate the unnecessary

amount of fuel consumed by trucks.

Fuel level sensors and speed sensors are used in our solution to calculate and estimate
fuel usage, helping reduce operational costs. Many factors such as speed and engine defects
increase energy consumption. Monitoring these variables keeps the energy consumption at
a certain threshold, sending an alert signal when fuel consumption breaches that level, and

saving companys money.

CO; and temperature sensors are also used to minimize greenhouse emissions resulting
from fuel consumption and negatively impacting our environment and society. Growth
and return on investments are fundamental ingredients of value creation. The goal of a
good management strategy is to increase one or both by identifying sources of competitive

advantage that place the company ahead of trends and drive superior performance.

The geographic and environmental components of transportation and logistics compa-
nies are fundamental to performance and cash flow. Because of international regulations
on COy emissions, such as tighter emissions standards, most companies in the industry
have to invest significant amounts just to stay in business. Since older vehicles tend to
have higher COy emissions, the annual investment required to renew a fleet and other as-
sets to operate the network could be significant and exceed cash flow. By controlling fuel
consumption and driver behaviour, the system prolongs the lifetime of the vehicles and

reduces their negative impact on the environment.

Value Capturing

Many research papers indicate that value creation and value capture are the key principles
of any business model. Together, they represent the business logic of a company. These

principles allow businesses to maintain their position in their markets and measure the
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results of their efforts. If either of these components are insufficient, the entire business

model can collapse.

Companies often make efforts to satisfy customer needs using innovative products and
services with financial goals such as improving their profit margins and sustaining their
revenue growth. Financial returns from an investment is a critical concern for companies
because of the uncertainties involved. BMs are designed to ease this concern by allowing
managers to consider the costs and benefits of new products or services and decide on the

optimal trade-off.

Insufficiency in constructing rational value creation may lead to misjudgement regarding
the perceived benefits for the customers and revenue received by businesses. Poor value
capture (a company’s revenue logic) may lead to the failure of the entire business model
since it cannot capture the value added and turn it into profit. The authors of [71] use the
failure of the Skype business model as an example of substandard value creation dialectics
in which customers receive more than the company. Skype struggles to turn their services
into profits as it offers free voice/ video calls over the Internet. The majority of their

clients prefer using the free service instead of paying for a premium account with little

added benefits.

It is therefore critical that the value creation and value capture of our business are
reasonable and related. Studies have shown that there are two effective methods to consis-
tently add and create value, either by following the lowest price strategy or by providing
superior value to customers [71]. There are many models that can be used to represent
value capture (revenue and cost models); however, value networks in Internet-based and
technology-based products/services can be very different than other types. The primary
differences are the number of stakeholders involved and the pricing of services in IoT based

applications.

Since our solution is IoT-based, the boundaries between products and services are
blurred. This may affect revenue and cost. We will be focusing our value capture on services
since they are considered more stable sources of revenue compared to products, even though

many consumers require more products than services. There are multiple reasons why it
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is important to incorporate services in any proposed solution if businesses want to gain a
competitive advantage [57]. First, services are less visible than products, making it difficult
to imitate services offered by competitors. Second, companies can increase their product
sales when their services are performed by these products. For instance, in our IoT based
solution, we are using sensors to provide services for fleet companies, which will increase

the volume of the sensors that are sold.

5.2 10T Based System as a Cost-Effectiveness Solu-

tion

5.2.1 Costs

Involve the following costs;

1. Hardware costs (Sensor costs): The dramatic decrease in sensor prices allows for their
extensive use in order to achieve the overall objective. As previously mentioned, we
propose a solution with three new device types, each containing multiple sensors.
This helps with the optimization of our solution and reduces the amount of sensors

that need to be purchased. Infrastructure costs (Middleware, network and cloud):

2. Middle-ware: Since objects are not usually designed to communicate with each other

in IoT, we need to add gadgets to enable them to do so.

5.2.2 Revenue

Revenue structure simply de

nes how businesses obtain money from the provided solution. The ways companies gen-
erate revenue from IoT based solutions is still not clear due to the diversity of stakeholders
and the complexity of the ecosystem. There are some revenue models available and can

be used in a single BM. Further, a large portion of our solution involves using sensors as a
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means of preforming services (Sensors as Services) for fleet companies which enable us to

get some profit from selling data gathered by these sensors.

Two different types of business model revenues have been mentioned in the literature:
direct and indirect. There are four subtypes of direct revenue: The freemium revenue
model (Microsoft Azure), pay as you go (used by Amazon AWS), up selling to increase the
capacity for instance, and cross-selling to add new features. The indirect revenue model
is more ambiguous. It has only been used by Amazon and involves trading between two
markets. It is worth mentioning that, the benefit that our system provide to the fleet

businesses are not all monetary. However, it can lead to financial benefits in the long term.

5.2.3 Cost-Benefit Analysis

This section provides a cost-benefit analysis to systematically calculate and compare the
benefits and costs of the IoT based system. The analysis should provide the rational behind
the expectation of potential economic gain and market competitiveness. The system is

viable and thus constitutes a sound investment if the benefits outweigh the total costs.

e Purpose of Analysis: Addressing the uncertainty of financial return for fleet compa-
nies with respect to the IoT based system by examining service costs and benefits in

order to decide on the optimum trade-off.
e Overview of the System Under Investigation:
1. Target customer: Fleet companies (such as Walmart, Sysco and other companies

of the same relative size)

2. Decision question: Should fleet companies choose the IoT based system? Do

the benefits outweigh the costs?
3. Description: Monitor drivers and vehicles for risk events and send alerts if nec-

essary.

e Assumption Underlying the Analysis Assume benefits and costs are observed 5 years

from now:
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1. Time window: T=5 years operations
2. Interest rate (annual): i = 2 percent = 0.02
3. Data volume (annual): V= 1000 Billion messages
4. Number of trucks N=100 trucks
5. Average price of a sensor P=1 Dollar/sensor
6. Cloud price: 1 Dollar /Billion messages (Amazon Web Services)
7. Connectivity: 0.08 Dollar/277 days (Amazon Web Services)
8. Lifetime of each sensor: L >5 years
9. Improvement of r=7 percent
10. Average Price of a data set = 2000 Dollar

11. All values are in US dollars

We choose to use the NPV to calculate the difference between cash inflow and cash
outflow of a particular project. It is a forecast tool used by businesses to help them
estimate the return from their investment [10]. The present value of an investment is
computed based on the real interest rate. Using the average interest rate of the past 12
months (5.5 percent) with an inflation rate varying from 2 to 4 percent (or about 3.5 percent
on average), the real cost of capital is 5.5 percent (3.5 percent or 2 percent). This means,
for every dollar invested in the risk free asset (such as a bank account or US Treasury bill),
the company can expect a revenue of 0.02 US dollars. Conversely, the cost of borrowing

one dollar is 0.02 US dollars, which can make a big difference for such large companies.

There are many companies provide cloud services such as Microsoft Azura, Amazon
Web Services (AWS), Google Cloud Computing and IBM Clould. We decide to use the
AWS due to detailed pricing data that is availabe in their web site. Furthermore, the
average price of selling sensor data has been used based on a study published by Harvard
Business School [17]. The rest of the data used in this Cost-Benefit Analysis is generated

from our simulation.
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Cost Analysis Benefit Analysis
TPV (purchasing sensor cost) = 1086.877$ TPV (Data/information sales) = 1086876.972 $
TPV (messaging/cloud cost) = 905.73% TPV (Saving in Accidents prevention) = 190.2034701%

TPV (connectivity cost) = 0.477$ TPV(Saving in fuel consumption) = 682.196446%
TPV (maintenance cost) = 0% TPV (Saving in Driver idling time) = 238629.2735$
TPV (operating cost) =679298.1074$
Total =681291.1914% =1326378.643%

Total Profit= 645087.4516$

Table 5.1: Cost-Benefit Analysis

Finally, it should be mentioning that the benefits of the system affect the company, their
customers and the stakeholders. The revenues are also direct or indirect, quantitative or
qualitative. The quantitative benefits rely on a few assumptions and past data regard-
ing fuel consumption, average speed and distance travelled by trucks, and the probability
distribution of the fatality rates in accidents involving trucks. The qualitative benefits,
although difficult to quantify, are fundamentally important in the decision making pro-
cess. Customer satisfaction that results from improved service is difficult to estimate, yet
customer satisfaction is the sole reason for the firms existence. The social cost of acci-
dent related injury and fatalities amounts to millions of dollars per year, yet the pain and
suffering experienced by family members is hard to quantify. This section will cover the
reduction in fuel consumption and public health costs due to the reduction of accident
rates, proving that these benefits alone significantly exceed the investment costs incurred

by companies.

Other Benefits: Customer willingness to pay for company services is expected to in-
crease as service quality improves, resulting in substantial revenues for companies. With a
stable market share due to satisfied clients, the company can sustain a significant revenue
growth over a relatively long period of time, reducing the uncertainty regarding future

financial returns.
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IoT Potential Risks

:JoT based systems are staggeringly transformational, but they can also be highly disruptive
to businesses since they significantly increase the number of security risks businesses and
consumers will inevitably face by connecting to the cloud. Devices that connect to the
Internet through an operating system are at risk of being compromised. To mitigate
the risk, our system must be designed with security in mind and incorporate security
controls, leveraging a pre-built role-based security model. Because these devices will have
hardware, platforms and software that companies may never have seen before, the types
of vulnerabilities may be unlike anything these companies have ever dealt with. It is thus

critical not to underestimate the elevated risk.

Redundancy is a critical security feature of the design; if one sensor fails, another sensor
is there to take over. For example, in the health care industry, medical devices are available
to monitor patient health statuses and dispense medicine based on the analysis performed
by these devices. The consequences could be tragic if these devices were to become com-
promised. The main challenge for enterprises and their customers lies in identifying where

security controls are most needed and then implementing effective controls.

Organizations will need to conduct risk assessments, often relying on third-party ex-
pertise, in order to identify what the risks are and how best to contain them. The cost
of containing those risks can be reduced to redundancy costs and effective control risk
management research. Redundancy costs are expected to decrease exponentially in the
near future as the technology becomes more and more available and sensor prices drop
significantly. As for control risk management research, the cost is distributed over a large

number of companies and private institutions such as universities.

The development of a novel business model is necessary for any business to operate
efficiently and effectively. Regardless of the type of BM, a number of variables need to be
taken into in consideration. One of these variables is customer needs. Success or failure
in addressing these needs is directly related to the success or failure of the entire project.
The Internet of Things (IoT) generates new business opportunities by connecting physical

objects with a multitude of sensors. IoT research focused on technology and business
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models is an area which has been relatively unexplored.
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Chapter 6

Conclusions and Future Work

Commercial vehicles, which are designed for freight transportation, have played an impor-
tant role in the growth of economies. Managing these vehicles is a difficult job due to a
variety of tasks such as scheduling, routing, maintenance, and insurance. Various technolo-
gies have been proposed to facilitate the work of fleet managers. There is no doubt that the
application of technologies can help commercial fleet companies operate more efficiently,

increasing benefits for both the business and their customers.

Our analysis identified the potential economic gains of implementing an IoT-based
system. The results of our prediction support our general hypothesis that IoT technology
improves the current situation of fleet companies. We did not find any variables that
predicted significant failure in the new system, undermining its economic viability. Of
course, the analysis was restricted to available commercial vehicle data, more specifically,

driver behaviour and attitudes.

Changes in the economic dynamics of the nation along with new legislations could
certainly affect the performance pattern of the proposed system. Our prediction pattern
is that the affordability of sensors in a high-tech society will promote the continuation of
the use of IoT technologies and neutralize the potential risks of poor economic outcomes.
Our model presents a significant contribution to the theory and application of IoT systems
in fleet management by identifying drivers who require further observation, avoiding risky;,

damaging and costly events. The cost-benefit analysis of the IoT investment asserts its
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viability, and the environmental impact of this technology is significant. The social impact

of our system, reducing accidents and saving lives, is also significant.

Despite the benefits mentioned above, we cannot rule out the possibility of bias. Our
analyses had several limitations that may be important for future research that builds
upon our findings. First, the current results are based on presuppositions and may not
generalize to other economic environments. For example, we insisted that the probability
distribution of accidents followed a Poisson distribution with a constant rate based on
past data. Second, the simulation uses a second order dynamic model. To improve our
understanding of IOT performance in more realistic conditions, future research should test
these hypotheses against alternative hypotheses about different probability distributions
such as a normal distribution or uniform distribution and examine various system orders

such as a third or fourth order.

In the simulation portion, we used the MATLAB environment as a hypothesis-generating
model and therefore, the issue of design error does not apply in the conventional sense.
MATLAB provides built-in functions and bloc diagrams in the Simulink environment to
build models, allowing the duplicability of the model, which is essential to rule out flaws

in the results. Future work should try higher-level simulation environments.

Our work has summarized the benefits of IoT and identified limitations in the hypothe-
ses underlying the model. We offer these findings to stimulate efforts to test hypotheses
regarding when to monitor drivers using IOT sensors in order to minimize risk events
and maximize benefits, and to personalize preventive care for drivers and the fleet vehicle,

reducing the burden of potential costs (accidents, injury, death, pollution).

Furthermore, the IoT system could be used more efficiently in conjunction with a GPS
based system. GPS tracking solutions are a necessary tool to manage a mobile workforce
and have been widely adopted by fleets in the service industries. GPS tracking technology
has changed the way fleets operate and made businesses more efficient. Despite the widely
acknowledged benefits from businesses that already use GPS tracking, it seems that the
main advantage of using this technology is being able to track the location of vehicles.

Coupling the GPS technology with the IoT system can generate substantial benefits for
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service fleets. More research is needed to determine the extent to which the two systems

can cooperate efficiently.

We proposed an IoT-based system that can be used by fleet companies and constructed
a business model to examine our hypothesis that the benefits of this system will outweigh
the costs. The system simulation and qualitative analysis of the business model indicated

that this system can be a valuable and affordable solution for businesses.

For future work, students may make our simulation more complex by trying third or
fourth-order transfer functions instead of the second-order transfer function that we have
used in this thesis. They may also validate our proposed system in reality by using different
types of sensors. More sensors can be added to this work in order to make it more beneficial.

In terms of BMs, students may also examine different types of BM components.
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Appendix A Here is all tables for 2 Literature Reviews conducted for Safety Systems
and [oT Applications

[ Year | Scope I Methods/ Technologics Main Findings/Gaps

~Eliminating unwanted behavior by collecting data about the overall trip,

1999 Economic and social TVDR(in vehicle data recorders) ~Crash data is a good approach in monitoring systems to he able to provide an aceurate feedback
~The system is not an advance system as none,of telecommunication or technology was used to send data.
~The system is,designed for heavy trucks mainly.
Works by computing the PERCLOS to determine if operator is sleeping

2001 Economic and social Video-based s;

em ~Feedback and alert giving to driver in voice form.

~However, the size of the devices used might be inconvenient for the driver and hinder the user acceptance of the system.

- The main gap in this system is only considering PERCOLS and ignoring other variables which may impact the eyes movements for driver such as the environment (specifically, the light)

“The system is multifunctional
~The system monitor driver and environment to reduce accidents, but not monitoring the vehicle
2004 Economic and social Sensors and In vehicle Data ~Different parameters for operators are taking to ensure safety and systems accuracy.
- Systems complexity and lack data accessibility by all interested parties are determined as system'’s weaknesses
~This work can be greatly enhanced in term of accuracy, consistency, reliability using other technological methods such as using cloud computing
~The system is monitoring driver to reduce the risk of distractions while driving and provide a feedback in case if driver is distracted.
2007 Economic and social In Vehicle Data Recorder ~The scope of the system is limited, only monitor the distraction,and no other services provided to the users compared with other solution.

-With the concurrent feedback is always recommended

~Different types of physiological signals are considered in the systems to enhance aceuracy.
2008 Economic and sacial - Sensors and video -No feedback or reaction is giving to the driver is found to be fatigued.

- Due to the munber of devices attached to driver this system is not convincing for drivers.

-Its multi-usage sy

tem profiling driver’s behaviour.

2015 Economic and social Smart-Phone

~The system can be adapted due to its effectiveness with IoT.

-Real time feedback is 1 stem.

ing in this

~The system and its own subsystems work by monitoring the behavior of driver, environment and the vehicle to give a better understanding of specific action or event

~Physiological parameter [HR] only, which are used in driver monitoring are not accurate
2015 Economic and social - On-Board Diagnostic OBD, Bluetooth, sensors, web-cam
“No feedback or alert is giving to driver.

“The systems complexity is considered as a problem.

Table 1: Driver Monitoring for Economic and Social Purposes

[Year]  scope Methods,/ Technologies Main Findings/Gaps

“This work found out the fuel based emission varied more than the,emissions of time and distance.

- Also found that the transitory driving modes, which include acceleration and deceleration contributing more to air pollution than steady speed one, such as idling

2000 Environmental Data collection
~There was no suggested system or feedback in
this work to reduce the emission
~The system is for also is considered as a safety system in its nature by adjusting the speed based on traffic status.
. . - Real-time fecdback based on Real-time data gathered by GPS about traffic and location help to make the system robust
2000 Buvironmental Tntelligent Speed Adaptation (ISA), consists of GPS, Algorithm and telematics

- This system and such a system contributes to 10-20 percent of lowering fuel and emission
“The rate in which the operators received feedback about speed is not mentioned.

~This solution is control based the human (truck driver) located in

he control loop would be considered as challenge.

2015 Environmental ~ Ecological Driver Assistance System,(EDAS), consists of digital maps, Human Machine Interface (HMI) -The result of this study showed that truck drivers are willing to reduce fuel ¢ turn will result.in less emission.

aption if they provided with EDAS, which

~Feedback is giving to driver in order to adjust their driving performance is giving only in vibration mood

Table 2: Driver Monitoring Systems for Environmental Purposes

‘ Year ‘ Area ‘ Technology /Technology Enablers ‘ Main Findings/Gaps
-The layers of the system are valuable and each one is design to perform specific task.
T -All the problems can be solve online and on time.
o
2011 Safety Systems in mines -Any abnormalities occur will be stored in the server on the cloud.
[sensors, RFID, camera, GPS
-Using Google earth is one of the systems strengths and help in achieving the goal of it.
-According to the author the system is still needs some development.
. - Using IoT approach to communicate and exchange data and information about buses tracking and monitoring.
2012 Transportation ToT [RFID, GPS, GRPS, GIS]

-The system has many subsystems to perform specific detailed functions such as anticipating the number of passengers.

-The system shows a strong success using IoT in all the required aspects location, destination, payment, and environment.
X 10T [sensors and
2014 Transportation -Such a system is playing important role to reinforce smart cities theme.
NFC, GSM]
-The s;

tem is only designed for public transport, so it may nit be useful for other kind of commercial fle

-Applying the IoT in new area.

- - Application also allows consumers to access to data about food products.
2015  Food Management and Logistics ~ IoT [sensors and RFID]
-The system would be a helpful tool, especially in countries where chemical
substances used in farming and food product, so customers can know the process and activities related to the food
-Reduce food contamination.
, and increase customers trust

-Such a system can make a

ustomer understand production pre

-The system is designed based on economic

equirement such as low cost and small size.
IoT -Provides full automation to the process of traceability and monitoring in food

[sensors, RFID, GSM/GRPS, RPj] transportation.

2015  Food Industry and Supply Chain

-Raspberry Pi(RPi) is mentioned in the proposed system to be placed in every container/
cargo to ensure food safety with low cost.

-Real-time alert is one benefit of this proposed sy

Table 3: IoT Literature Review
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Appendix B Here is all of the data we used for the system simulation

Movement (prior to crash)
Going Straight = 1 46.40%
Negotiate a Curve = 2 21.00%
Stop in traffic lane = 3 16.00%
Decelerate in traffic lane = 4 4.40%
Avoiding maneuver = 5 3.00%
Changing lanes = 6 2.10%
Turning left = 7 1.70%
Turning right = 8 0.60%
Accelerating in traffic lane =9 1.40%
Passing another vehicle = 10 1.00%
Making U turn = 11 0.20%
Other = 12 2.20%
TOTAL 100.00%

Figure 1: Data Collection Table 1

Reason of Pre-Crash event Movement
Recognition Error = 1 Inadequate surveillance 20.30%
Internal distraction 10.70%
External distraction 3.80%
Inattention 3.20%
Other 2.50%
Decision Error = 2 Too fast for conditions 8.40%
Too fast for curve 4.90%
False assumption 4.50%
lllegal maneuver 3.80%
Misjudgement on speed 3.20%
Following too closely 1.50%
Aggressive driving 1.50%
Other 6.20%
Performance Error = 3 Overcompensation 4.90%
Poor direction control 4.70%
Panic ot freezing 0.30%
Other 0.40%
Non Performance Error = 4 Sleep or asleep 3.20%
Heart attack/impairemnt 2.40%
Aggressive driving 1.60%

Figure 2: Data Collection Table 2

Appendix C Here is the additional data we used for the business model
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Probability estimates (Hdata) Events (Death/injuries Month)

0.3 <=2

0.6 12; 8]

0.1 >=8

mean u=4.3
Probability estimates (IOT) Events (Death/injuries Month)

0.202810993 <=2

0.76715085 12; 8]

0.030038156 >=8

mean u= 0.99%"4.3

Figure 3: Data Collection Table 3

Crashes Table 1. Fatal Crashes Involving Large Trucks

2012 2013 2014
First Harmful Event Number  Percent Number Percent Number Percent
Collision with Vehicle in Transport i 73.8% HEHHEH T2.4% . 72.8%
Collision with Fixed Object 350 10.0% 349 9.8% 335 9.8%
Collision with Pedestrian 253 7.3% 284 8.0% 257 7.5%
Overturn (Rollover) 153 4.4% 166 4.7% 156 4.6%
Collision with Pedalcycle or Other Personal Conveyance 72 2.1% 89 2.5% 70 2.0%
Collision with Parked Motor Vehicle 34 1.0% 33 0.9% 41 1.2%
Collision with Train 9 0.3% 14 0.4% 19 0.6%
Collision with Other Object 7 0.2% 9 0.3% 7 0.2%
Collision with Animal 8 0.2% 6 0.2% 7 0.2%
Explosion/Fire 0 0.0% 1 Y 0 0.0%
Jackknife 2 0.1% 9 0.3% 8 0.2%
Pavement Surface Irregularity 0 0.0% 0 0.0% 0 0.0%
Cargo Equipment Loss or Shift 1 Y 3 0.1% 10 0.3%
Other 23 0.7% 17 0.5% 20 0.6%
Total A 100.0% HHHEHE 100.0% A 100.0%

Figure 4: Data Collection Table 4

Nature of the error (car-truck crash)

Vehicule Failure = 1 7.00%
Brake = 2 27.00%
Unfamiliarity with road = 3 19.00%
Pressure feeling = 4 10.00%
Fatigue = 5 7.00%
Tire Problems = 6 3.00%
Agressive driving = 7 5.00%
Driver illeness= 8 1.00%
llegal drug use =9 0.40%
Alcohol use = 10 0.30%
Roadway = 11 5.10%
Weather= 12 4.40%
Other reasons (environment)= 13 10.80%

TOTAL 100.00%

Figure 5: Data Collection Table 5
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Fatality rate (truck crash, 2009)

Fatality = 1 1.00%
Brake = 2 99.00%
TOTAL 100.00%

Figure 6: Data Collection Table 6

Overhead annual cost (3 type of sensors) A

Set up cost 199.5
Receiving cost 1729
Orders Cost 45.76
Insurance cost 134.6
Maintenance cost 359.1
Utilities cost 463.8
Total overhead 1376

(All costs are estimated average values from similar devices)

Figure 7: ToT Application Costs

199.47
518.63
343.21
242.36
359.05

834.8
2497.5

199.47
259.32
1372.8
323.15
359.05
1113.1
3626.9 7500.002

The average cost of loT sensors is falling

Figure 8: Average Sensor Costs [(()]
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