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Abstract 

Improving the productivity in construction sites is an ongoing priority within 
the construction industry due to the benefits that comes with increased 
efficiency in construction projects where sensor technology has become a more 
common tool used for the pursuit of increased productivity. This project set out 
to implement a sensor-based system that is used on a construction site to 
register when a dump truck tilts its flatbed, acting as a confirmation of delivery. 
The work was done for a Swedish company active in the construction industry. 
Since construction sites provide a rough environment to operate in, a 
requirements specification was developed from interviews and observations 
done on the construction site. From the requirement specification, two 
prototypes were developed for testing, one with an ultrasonic sensor and one 
with an accelerometer. The prototypes both used an Arduino board as a 
controller, the Bluetooth protocol for communication between the controller 
and the gateway. An Android smartphone was used as the gateway. These 
prototypes were then tested in two phases, first in office and later mounted on 
a truck on the construction site. While the results from the test on the 
construction site were inconclusive, the results from the first test phase showed 
a slight advantage to the prototype implemented with the accelerometer. 
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Sammanfattning 

Förbättrad produktivitet på byggarbetsplatser är en pågående prioritet inom 
byggbranschen på grund av fördelarna med ökad effektivitet i byggprojekt.  
Sensorbaserad teknik har blivit ett vanligare verktyg som används i sträva efter 
ökad produktivitet. Det här projektet hade som mål att implementera ett 
sensorbaserat system som skulle kunna registrera när en bygglastbil tippar sitt 
flak och då agera som bekräftelse på en leverans. Arbetet gjordes för ett företag 
som är aktivt inom byggindustrin. Eftersom att byggarbetsplatser har en tuff 
miljö att verka inom, så togs en kravspecifikation fram från intervjuer och 
observationer som utfördes på byggarbetsplatsen. Från kravspecifikationen 
utvecklades två prototyper för testning, en med en ultraljudssensor och en med 
en accelerometer. Båda prototyperna använder vardera sig av ett Arduino kort 
som controller, Bluetooth protokoll för kommunikation mellan controller och 
gateway. En Android smart telefon användes som gateway. Prototyperna 
testades sedan i två faser, först kontorstester, sedan monterade på en lastbil på 
byggarbetsplatsen. Trots att testresultaten från byggarbetsplatsen var 
ofullständiga, så visade testresultaten från den första testfasen en fördel för 
prototypen som implementerats med en accelerometer. 
 
Nyckelord Sensor, Bluetooth, Prototyp, Android, Byggarbete, Gateway 
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1. Introduction  

Improving the productivity in construction sites is an ongoing priority within 
the construction industry due to the benefits that comes with increased 
efficiency in construction projects [1]. Collection of information is an essential 
task for construction engineers and managers since it gives an overview of the 
current state of the construction site and can help them respond to situations 
that can arise in the dynamic environment [2].  
 
Sensor-based technology has become a more common tool used for the pursuit 
of increased productivity. Applications, such as smart parking [3] and forest fire 
detecting using wireless sensor networks [4], and both solutions have had an 
impact on productivity and security. This project explored how a sensor-based 
system could be developed and used for detecting and registering when a dump 
truck tilts its flatbed, and thus implicitly registering when a delivery of 
excavated materials has occurred on a construction site. 

1.1 Background 

A sensor is an electronic component that detects events or changes in its 
environment and sends that information to other electronic components used 
with the sensor [5]. The technology can be utilized for many different purposes, 
such as smart parking which uses sensor technology for monitoring parking 
space availability in the cities or Smart grids which applies sensor technology 
for monitoring energy consumption [6]. 
 
A sensor is usually connected to a controller which processes the data captured 
by the sensor. The controller performs specific tasks and controls the 
functionality of other possible components connected, such as communicating 
with a gateway [7]. The sensor and controller are usually what makes up a 
sensor node. A gateway receives data from the sensor node and passes it to a 
centralized point, such as a database on a server [8]. 
 
Sensor technology is very versatile and can be fitted to work in a multitude of 
environments, each with their own environmental factors to consider. This 
project took place on a construction site which presents a harsh environment 
for sensor technology to operate in.  
 
Heavy machinery is used to perform different tasks on a construction site. A 
common task is transporting large quantities of different materials such as soil 
or gravel. This type of task is usually done using a dump truck [9] and will be 
referred to as a delivery in this project. 
 
Due to the harsh working conditions of construction sites [2], this presented a 
challenge when developing a sensor-based system because of the sensors that 
consist of fragile parts and other components used with them. 
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1.2 Problem statement 

Deliveries at the construction site relevant to this project are currently 
registered manually which can result in some deliveries not being logged. It 
would be beneficial if this process was automated. However, the rough 
conditions of the construction site and the machinery presents a challenge in 
choosing technologies. 
 
The problem statement thus is “How can a dump truck delivery be detected 
and registered using sensor technology” 

1.3 Purpose 

The purpose of this project is to develop and present a solution for detecting 
and registering when a dump truck tilts its flatbed on a construction site.  

1.4 Goal 

This project explores how sensor technology can be used in a construction 
environment to monitor the flatbed of a dump truck, detect when it tilts its 
flatbed and register this event in a database. 

1.4.1 Benefits, Ethics and Sustainability 

The main contribution of this project will be a prototype that can be used as 
ground material for further development. The effect that is expected to happen 
by further developing a prototype is to automatize the collecting of data, thus 
eliminating human errors and improve efficiency of data logging. The end-
results might also contribute to increased effectiveness and relieve some work 
stress from workers because minor tasks no longer require attention.  This 
project might also help future developers, giving them a perspective on how 
prototypes like the ones presented in this report can be built and implemented. 
 
The prototypes will act as Proof of Concept and lay a foundation for work with 
increased number of sensors and/or components to monitor other aspects 
other than tilting a flatbed, such as;  

• Tracking vehicle work routes and improve their traffic efficiency. 

• Predict content in a flatbed with the help of video and sensors.  

• Monitor vehicle activity in general.  
 
An ethical issue of this type of work is the privacy aspects. Workers might feel 
that every move they make is being monitored, which could lead to anxiousness 
and mistrust.  
 
From a sustainable aspect, by increasing the use of electronic components, an 
increase of electronic waste. Furthermore, maintenance is required when 
components break or when they need an upgrade. If the components require 
high maintenance, a potential an increase in cost of new components and 
hiring/sending out a worker to fix the issue, another issue that is caused by 
having to maintain vehicles, which could prolong working time.  
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1.5 Method 

This chapter introduces the methods that were used in the pre-study and the 
project. The methods and the literature study used in this chapter derives from 
Anne Håkanssons' report Portal of Research Methods and Methodologies for 
Research Projects and Degree Projects [10]. 

1.5.1 Quantitative vs Qualitative study  

The quantitative research method uses experiments, questionnaire surveys 
and/or interviews. As the word quantitative suggests, the method relies on a big 
collection of data to produce reliable results. The qualitative study can be used 
for a deeper level of understanding opinions, meaning and behaviour. The 
qualitative method usually consists of observational study, where the user reads 
papers/literature related to their work, and/or perform some interviews. The 
term for using both methods is called triangulation and is used to ensure 
correctness of results by increasing credibility and validity of the results. [10] 
A literature study was done as an inductive study [10]. Related work was studied 
to get guidance in how to choose appropriate technologies for the prototype. 
The study of different technologies was carried out to narrow down the 
theoretical background for the prototype.  
 
To gain a better perspective of the conditions of the construction site and how 
the dump trucks operates, a qualitative pre-study was needed to gain deeper 
knowledge into the requirements surrounding the work. The pre-study 
consisted of semi-structured interviews and an observation study was also 
conducted to clarify/verify the things said by interview objects and to gain a 
better understanding of the conditions the trucks drive in. The goal of the 
qualitative research was to define a requirements specification, which would 
help when choosing the technologies to use for developing the prototype. 
 
The quantitative study was conducted on the test data collected. The data was 
studied and compared to data collected from the old method. The goal of the 
experiment is to review the accuracy of tilt registration. 
 
Each study will be performed separately, but they are still reliant on one 
another, where the qualitative is laid as a foundation for regulating the contents 
of our quantitative study. This triangulation method will help determine and 
prove validity and credibility of our prototypes. 
 

1.6 Stakeholders 

The company for which this project was conducted, sees great potential in using 
sensor technology within certain areas of the business. It has some prior 
experience with connected houses and machinery and is now interested in 
integrating sensor technology on a larger scale to monitor machinery, detect 
certain events and similar uses. 
 
The proposed prototype will register the delivery using sensors, automatically 
register the delivery to the database through an Android device using Azure 
Mobile Services and give a notification to the truck driver in the vehicle. The 
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main reason is to remove and prevent delivery errors caused when a delivery is 
not registered, which is done manually. 
 
The stakeholders are not sure if they should invest in a proprietary solution 
from a third party or develop their own system that covers their own needs. As 
an outcome of this the company, for its initial step, wants a prototype using 
sensor technology to be implemented on a small scale, handling a single use 
case.  
 
As mentioned before, the company wants a prototype that takes note on the 
event of a tilt and via an android mobile device and register the event in a 
remote database. 

1.7 Delimitations  

We did not make a deep analysis on all the possible technologies that could be 
used when developing the prototypes, the focus of this paper is to produce a 
working prototype.  
We did not make comparisons between a multitude of different sensors, two 
sensors were selected, one for each of the chosen detection methods.  
Weather conditions were not considered when developing the prototypes.  
The prototypes produced in this project were tested on one type of dump truck.  
The focus of this project was to detect the tilt of the flat bed, not the wireless 
communication. Therefore, we did not make any deeper analysis into wireless 
communication. Lastly, we did not take power consumption into consideration, 
nor did we evaluate possible improvements in consumption.  

1.8 Disposition 

The rest of the report is structured as follows. Chapter 2 describes the 
theoretical background for the project as well as related work. Chapter 3 
describes the methods used during the project. Chapter 4 describes the 
qualitative study and presents the results from the interviews and observations. 
Chapter 5 motivates the chosen technologies and describes the design of the 
prototypes. Chapter 6 describes the implementation of the prototypes and the 
application. Chapter 7 describes the tests to be done on the prototypes. Chapter 
8 presents the results from the tests and a discussion of the results. Chapter 9 
presents our conclusion drawn from the results and future work. 
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2. Background and Related Work 

This chapter introduces the environment and the truck which the prototypes 
will operate on, technologies considered to be used when implementing the 
prototypes and the sensor-based system, related work which was used as 
inspiration for the prototypes and the technologies that were chosen. 

2.1 The working environment 

The prototypes will be operating on a dump truck [9]. A dump truck consists of 
a truck with a mounted open top bed operated by hydraulics, the truck is 
handled by a worker sitting in a cockpit [9]. The role of the dump truck is to 
transport large volumes of various materials which are usually loaded into the 
flatbed from an excavator. Loading the truck is forceful event causing severe 
vibrations on the dump truck, unloading can also cause some vibrations 
depending on the material. Figure 1 shows the dump truck which the prototypes 
will be tested on and represent the definition of a dump truck in this study. 
 

 
Figure 1. Dump Truck (author in foreground). Image by the authors 

 
Dump truck drivers spend most of their working hours loading goods and 
moving them from one point to unload in another. The contents may vary 
depending on construction environment, it may vary from wood to rocks to 
different kind of metals and other objects. How many times a dump truck loads 
and unloads fluctuate depending on the drivers and the distance they have 
travelled between the loading points. A driver must manually keep track of the 
number of deliveries that has been performed during a working day and report 
the number at the end of the day. 
 
The drivers report the number of deliveries made at the end of the workday 
which means it is difficult to track progress during the work day and additional 
data such as timestamps on the deliveries is not registered. 
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The construction site relevant to this study consists of a large area with uneven 
and sloped terrain, the ground mainly consists of gravel and dirt. Part of the 
work being done is changing the topology of the site which results in a lot of 
excavated material which needs to be transported by dump trucks.  
 
This work entails the use of different types of heavy machinery which causes 
vibrations and dust in their surrounding environment when operating. This in 
combination with the weather conditions will create a rough and challenging 
environment for any sensitive electrical components and need to be considered 
when working with sensor technology.  

2.2 Sensors 

A sensor is a sensitive piece of technology, which is commonly used to detect 
events and changes in its surrounding environment [5]. There are two 
categories of sensors deemed interesting for this project. Sensors capable of 
measuring the distance from the front of the truck to the flatbed, thereby 
detecting an increase in distance when the flatbed tilts, and sensors able of 
measuring the angle of the flatbed. The sensors considered, are chosen based 
on the authors prior experience with sensors.  

Detection by measuring distance 

The ultrasonic sensor and infrared sensor, were considered for detection by 
measuring distance. 

Ultrasonic sensor 

An ultrasonic sensor measures the distance between the sensor and an object 
in front of it using sound waves. It transmits a sound at a specific frequency 
and listens for it to return after bouncing on the object in front of it. The 
distance can then be calculated by multiplying the speed of sound with the 
time taken and divide it by 2 [11]. Figure 2 displays the event of when the 
ultrasonic sensor sends a frequency wave and receives it. 
 

 
Figure 2. Ultrasonic sensor, overview. Image by the authors 

 
The sound produced by the sensor is also received by the sensor through an 
input trigger, the distance is then calculated with a formula (1) 
 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
(𝑆𝑝𝑒𝑒𝑑𝑂𝑓𝑆𝑜𝑢𝑛𝑑 × 𝑇)

2
  (1) 

 

Where T is the time it took for the ultrasonic sound to travel to its destination 
and back multiplied by the speed of sound, in this case 340.3 cm/s and divide 
the results by 2. The ultrasonic sensor measures the distance between itself 
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and a facing object. The sensor has to be configured to switch between a low - 
and high voltage state in order for it to be able to send a signal.  

Infrared Sensor 

An Infrared (IR) sensor detects a light on a specified wavelength in the infrared 
spectrum.  A LED produces a light on the specified wavelength, when an object 
is close to the sensor, the light is reflected from the object into the receiver [12]. 
Figure 3 shows a basic setup of infrared sensor. 
 

 
Figure 3. Infrared sensor, side view. Image by the authors 

 

An event is detected when the receiver no longer registers the LED light. The 
cause of the disturbance, that either the object that reflects the light has 
moved from its original position, or that another object is blocking the light.  

Detection by measuring the angle of the flatbed 

The following sensor was considered for measuring angle of the flatbed. 

Accelerometer 

The accelerometer is a device which allows measuring anything from gradient 
of gravitational field to being used as a component for navigation in aircrafts 
and help detect rotation in machinery [13]. An accelerometer measures 
acceleration it is exposed to, in relation to freefall and is the same acceleration 
that is felt by people and seen in objects falling. 

 
There are Single- and multi-axis accelerometers, that can be used to detect 
magnitude and direction of the acceleration, and it may also be used to sense 
orientation  [13]. 
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Figure 4, Multi-axis Accelerometer with different rotational angles. Image by the authors 

 

A multi-axis accelerometer, Figure 4, transmits three analogue signals. Each 
signal transmits the current x, y and z position and they are all represented 
numerically. The focus on this report is the pitch angle, αpitch which is 
determined by formula (2). 
 

𝛼𝑝𝑖𝑡𝑐ℎ =  tan−1(−
𝑋

√𝑌2+𝑍2
) ∗ 57,3  (2) 

 
The readings from αpitch can then be used to determine the position of the 
flatbed. If the flatbed switches positions, the sensor will be able to detect this 
change and output its current position.  

2.3 Single-board Microcontroller 

Sensors are always used with other electronics such as microcontrollers. A 
single-board microcontroller is a microcontroller built onto a single circuit 
board with all circuitry necessary for a useful control task, a microprocessor, 
I/O circuits, a clock generator, RAM, stored program memory and integrated 
circuits. The intention of a single-board microcontroller is that the board is 
immediately useful to an application developer.  Single-board microcontrollers 
provide multiple forms of input and output signals that can be used by 
applications to control an external system, with both digital and analogue I/O 
pins. The limited resources make single-board microcontroller appropriate to 
use when running a single program/application repeatedly [14].  
 
Single-board microcontrollers are useful while developing prototypes since 
hardware components can be tested using breadboards. The finished prototype 
can then be implemented into a single-board unit [8] [15] [16]. 
 
The role of the microcontroller in this project will be to process data that is 
received from a sensor attached to the board via cables and a breadboard and 
wirelessly signal the data to an android mobile device. 
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2.4 Wireless Communication Protocols 

The following communication protocols where considered for handling the 
wireless communication between the gateway and the prototypes. 
 

• Bluetooth 
Bluetooth (IEEE 802.15.1) is a protocol developed for short-range 
communication in personal area networks. It is mainly designed for ad 
hoc networking functionality. It uses the 868 and 915 MHz and 2.4 GHz 
radio bands to communicate and can transfer data up to 50MBit/s 
depending of the version used [17]. Range is up to 240 meters at optimal 
conditions with version 5 [15]. 

 

• Bluetooth Low Energy 
Bluetooth Low Energy is a protocol intended to provide a similar 
communication range as Bluetooth but with a reduced power 
consumption and cost making it suitable for smart devices with a more 
limited power supply.  It uses the 2.4 GHz radio band and transfers data 
up to 0.26 Mbit/s with a range of up to 100 meters. [18] 
 

• Wi-Fi 
Wi-Fi is a wireless technology defined by the IEEE 802.11 standards. It 
is one of the most widespread wireless technology. Several standards 
have been developed since its introduction, using the 2.4 GHz band and 
the 5 GHz band. Depending on the standard used it can offer data 
transfer at up to 300 Mbits/s under favourable conditions and has a 
range of up to 100 meters [15].  

2.5 Gateway 

A gateway is used to bridge the gap between the hardware in deployed in the 
field and the cloud-based database where information will be persisted [19]. 
This project will use an Android device running an application developed in this 
project as per the requirements given from the product owner. The Android 
device is mobile phone of the model Huawei P9 Lite. It runs Android 6.0, has a 
Octa-Core CPU (4x 2.0 GHz & 4x 1.7 GHz), 3 GB RAM and supports Bluetooth 
4.1 [20]. 

2.6 Microsoft Azure 

Microsoft Azure is a cloud computing service created by Microsoft for building, 
testing, deploying and managing applications and services [21]. The platform 
offers a collection of various cloud computing services that can be utilized at 
any scale. These services include open-source standards-based technologies as 
well as proprietary Microsoft solutions [22]. Microsoft Azure can be used to 
create and host an SQL database that can be easily managed through the Azure 
Client interface [21]. The database that will be used in this project is an SQL 
database hosted on the Microsoft Azure platform. 
 
Azure Mobile Services is a scalable mobile application development platform 
that enables the developer to add enhanced functionality to a mobile 
application by using Microsoft Azure. It can be used to create a database 
connection from an Android application and store data in a database hosted on 
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the Azure platform. To gain access to the database, an Application Key is 
provided, it is a unique value that must be provided when attempting to connect 
to an Azure hosted database which limits access to the mobile service from 
random clients [23]. 

2.7 Related Work 

The focus of related work was to gain knowledge in how such a system is 
implemented and what technologies had been chosen by others when 
developing systems with a design like what was to be implemented in this 
project.  
 
Morón et al. [8] developed and evaluated a prototype that is used as a health 
monitoring system for individuals. The prototype that was developed in the 
study used a three-level architecture. Several Bluetooth enabled medical 
sensors and an Arduino board were used to gather data, an Android mobile 
device was used as a gateway and to send the data to a Central Control Server 
using Internet. They chose Bluetooth for communication since it is a low energy 
protocol, other low energy protocols (ZigBee, ANT, 6lowPAN etc.) were 
discarded since they were not incorporated as communication interfaces to 
existing smartphones.  
 
In the article by Ferdoush & Li [24]  they describe developing a wireless sensor 
network for environmental monitoring using open-source hardware with the 
purpose of presenting a low-cost system that’s easy to maintain. For their 
sensor node they used an Arduino board, a ZigBee radio transceiver and many 
sensors. For their base station they used a Raspberry Pi Model B, the Raspberry 
Pi also acted as a gateway, database and web server in the system. They 
concluded that the hardware used showed an easy way to implement a wireless 
sensor network that is used for environmental monitoring and data collection 
and the ZigBee protocol made it easy to set up a mesh network structure. 
Shajahan & Anand [16] developed an energy monitoring system prototype. The 
system used an Arduino board with a connected current sensor to monitor the 
energy usage of a device. An ethernet module was used to then send the data to 
a server over the internet protocol, this data could then be presented in an 
Android application. 

Possible sensors for implementation 

Ultrasonic Sensor 

The ultrasonic sensor viewed for this project is the model HC-SR04. It has the 
capacity to measure from 2 to 400 cm. It has an operating voltage of 5V, its 
working current is 15mA, its working frequency is 40kHz and it has 2 digital 
I/O pins [25]. 

Infrared Sensor 

The Infrared sensor viewed for this project has the model name GP2Y0A21YK 
It has a capacity of measuring distance between 10 and 80cm. It operates on 
4.5 to 5.5V. The analogue output sends out a 0.4V signal at 80cm range and 
3.1V for 10cm. The sensor has a 3-pol 2mm JST-PH contact for connection 
[26].   
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Accelerometer  

The multi-axis accelerometer used for this project is the model ADXL337. It has 
a 3-axis sensing range, it has an operating voltage of 1.8 – 3.6V, it has a working 
current of 300μA and it has 3 analogue input pins  [27]. 

Chosen Microcontroller 

The Single-board microcontroller used for this project was the Arduino Uno 
Rev3 SMD. It operates on 5V, it has an input voltage of 7 – 12V, it has 14 digital 
I/O pins (6 being PWM), 6 analogue I/O pins, 20mA DC current per I/O pin, 
20mA DC current for 3.3-volt pins, a flash memory of 32KB, SRAM of 2KB and 
a clock speed of 16MHz [28] . 

Chosen Communication Protocol 

The Bluetooth protocol was chosen for handling communication between the 
Arduino and the Android device. The Bluetooth module HC-06 was used which 
operates on 3.6-6V, it has 2 digital I/O pins and supports Bluetooth version 2.0 
[29].  

Development Software 

The following software were used when developing the prototypes. 
 

• Arduino IDE 
The Arduino IDE is an open-source software that makes it easy to write 
and upload code to an Arduino board. Its written in Java and runs on 
Windows, Mac OS and Linux [30]. This IDE was used when coding the 
Arduino board to read and evaluate sensor data and act as the sensor 
node. 

• Android Studio 
Android Studio is the official IDE for the Android platform. It is based 
on the JetBrains IntelliJ IDEA software and is designed specifically for 
Android development [31]. This IDE was used when coding the Android 
application which updates the database when it receives information 
from the sensor node. 
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3. Project Methods and Methodology 

This chapter gives a general description of research methods and 
methodologies as well as choosing appropriate research methodologies for the 
project. It also gives a description the software development methods 
considered, the chosen development method used for developing the prototype 
and how the development method was used in this project. 
 
Subchapter 3.1 covers research methods. Subchapter 3.2 covers data collection 
methods. Subchapter 3.3 covers data analysis methods. Subchapter 3.4 covers 
quality assurance. Subchapter 3.5 covers considered software development 
methods. Subchapter 3.6 covers the water fall method. Subchapter 3.7 explains 
how the waterfall method was implemented in this project. 

3.1 Research Methods 

Research methods are usually split into two categories, Quantitative and 
Qualitative. The Quantitative research method supports experiments by 
measuring variables to verify or falsify theories and hypothesis [10]. The 
Qualitative research method concerns understanding meanings, opinions and 
behaviours to reach tentative hypotheses and theories [10]. A combination of 
both theories is called triangulation; this combination is often used to ensure 
the correctness of results by increasing the credibility and validity of the results 
[10]. 

3.2 Data Collection Methods 

Data collection methods are used to collect data for the research. The ones used 
in Qualitative research are Questionnaire, Case Study, Observations, Interviews 
and Language and Text. In Quantitative the most commonly used methods are 
Experiments, Questionnaire Case Study and Observations. [10] 
To gain a better understanding of the problems the prototype had to face, Semi-
structured interviews were used in combination with Observations.  
Interviews can be used to gain a deeper understanding of a problem and capture 
a participants' point-of-view, Semi-structured interviews use some 
predetermined topics and questions as a structural guide but leave some 
freedom to follow up interesting topics when they arise [32, p. 138]. 
Observations observe behaviour with focus on situations. One strand of this 
method is called task analysis where different people are observed performing 
the same task to gain better knowledge of how it is performed [32, pp. 109-112]. 
To collect data on the accuracy of the different sensors tested with the 
developed prototype, Experiments was used.  
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3.3 Data Analysis Methods 

Data analysis methods are used to analyse collected material. It is the process 
of inspecting, cleaning, transforming and modelling data. Commonly used 
methods within quantitative research are Statistics and Computational 
Mathematics. Commonly used methods in qualitative research are Coding, 
Analytic Induction, Grounded Theory, Narrative Analysis, Hermeneutic and 
Semiotic [10]. 
 
Due to the small scale of the interviews and observations in the Data Collection 
methods, a simplified analysis based on coding was done. To analyse the 
collected data from the experiments, Statistics was used. 

3.4 Quality Assurance 

Quality assurance is the validation and verification of the research material. 
Quantitative research, with a deductive approach, must apply and discuss 
validity, reliability, replicability and ethics. Validity makes sure the tests 
measure what is expected to be measured. Reliability refers to the stability of 
the measurements and is the consistency of the results for each testing. 
Replicability is the possibility, by another researcher, to repeat the same 
research and reach the same results [10]. 
 
Qualitative research, with a deductive approach, must apply and discuss 
validity, dependability, confirmability, transferability and ethics. Validity 
makes sure that the research has been conducted according to existing rules. 
Dependability is the process of judging the correctness of in conclusions, using 
auditing. Confirmability confirms that the research has been confirmed in good 
faith without personal assessments that have affected the results. 
Transferability is to create rich descriptions that can become a database for 
other researchers [10]. Ethics is independent of qualitative and quantitative 
research and is the moral principles in planning, conducting and reporting 
results of research studies. Ethics covers protection of participants, 
maintenance of privacy, avoiding coercion and having consent in written form, 
and treating material with confidentiality [10]. 
 
Testing of the prototypes was divided into two types of testing. One smaller test 
where the authors simulate the event the prototypes had to detect to ensure the 
sensors data output was correct and that the prototypes could read and 
interpret the data to detect a tipping event. Thus, verifying that the prototypes 
measure what was intended. 

3.5 Software Development Methods 

A software development method is a framework that can be used in software 
development projects to structure, plan and control the development process. 
The authors were familiar with Agile methods and the Waterfall methods and 
thus selected one of these as the method for this project.  
 
Agile methods consist of a group of methodologies based on iterative and 
incremental development [33]. The work is divided into iterations where each 
iteration can be seen as a miniature project with the goal of releasing new and 
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tested software at the end of each iteration. This method is more flexible and 
allows for changes to be made during the development. 
 
The Waterfall method [34] has a sequential development, the work is divided 
into phases with clear goals of each phase. Since it is a linear model, it easy to 
implement however since the method is more rigid and linear, potential 
changes cannot be made during the development process. Testing is done as a 
separate phase after the build phase [35]. 
 
Due to the size of the project and the clear requirements for the project, an Agile 
methodology was deemed unnecessary since there would not be any time for 
more than two or possibly three iterations. Thus, the Waterfall model was 
chosen for the software development in this project due to its linear approach 
and easy implementation. 

3.6 The Waterfall Model 

The waterfall model is a sequential method [34] developed by Dr Winston W. 
Royce 1970 [36]. The method is based on a few different phases that are 
performed in chronological order. There are typically five phases that one must 
go through in this model, and those are; Requirements, design, 
implementation, verification and maintenance. Figure 5 shows the different 
phases of the model. 
 

 
Figure 5. Phase of a basic Waterfall model. Image by the authors. 

 
For phase one, Requirements, the requirement specification is built by 
collecting information, documents and discussing with stakeholders [37].  The 
stakeholders are all the individuals who hold interest in the project. The 
stakeholders are the ones who fund the project and promote its future use.  
 

Requiremnts • Product requiremnt specification 

Design • Software 
Architecture

Implementation

Verification /

Testing

Maintenance
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Figure 6. Three steps of the requirement phase. Image by the authors. 

 
The requirement phase consists of three steps as shown in Figure 6 that is based 
on fig. 2.4 in [37]. The first step is to gather requirements by using data 
collection methods, such as interviews or observations, to collect the 
requirements. After the interviews, the team then analyses the gathered data 
and document them as a systems requirements specification. A prototype is 
often useful as it helps to ensure that the stakeholders and the team have the 
same interpretation for the requirements [37].  
 
The design phase is where the team creates the detailed design for the complete 
system and for each individual component [37]. The idea is for the design to be 
on a level that the developers can directly translate it into code. 
 

                          
Figure 7. workflow of implementation and verification phases. Image by the authors. 

 

When phase three is completed. The next step is the implementation and of the 
flowcharts and/or other design documents and translate them into code. For 
each component that is implemented on the prototype, the developers perform 
unit-tests to verify that it is working properly, and then it is integrated to the 
prototype [36]. The workflow of implementation contains three stages; Write 
code, Unit-test and integration, Figure 7. The last phase is for when the 
developers finish the product and pass knowledge of the system to the owners 
for them to maintain the product. 
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3.7 Implementation of the Waterfall model 

This subchapter describes how the different phases in the Waterfall model was 
implemented in this project. 

Requirements 

A requirement gathering was performed through semi structured interviews 
with truck drivers, along with observations of a truck and the construction 
environment. A dialogue was also kept with the product owner during this 
phase. The data collected was then analysed and documented in a requirements 
specification. 

Design 

Since the project was relatively small, it was deemed unnecessary to perform 
any larger architectural design of the system before implementation, the design 
phase thus mainly consisted of choosing the technologies that would be used 
when implementing the prototypes.  

Implementation 

In the implementation phase, the different hardware components that would 
make up each prototype were connected, the software that ran on the 
microcontroller was developed as well as the Android application that ran on 
the gateway, the Android phone. 

Testing/Verification 

Testing was done in two phases, first a smaller office test were the prototypes 
were tested on a simulated tilt in different test cases. Then a second test phase 
where the prototypes were tested on different test cases in the intended 
environment on the construction site. If a prototype failed a test during the 
testing phase, modifications were made to the prototype and a new cycle of the 
same test cases were done. 
 
The purpose of the first test was to prepare the prototypes for the outdoor 
testing phase and to test that each prototype measures the correct parameter 
and registers the relevant data in the database in each given test case. 
 
The purpose of the second test phase was to test if each prototype was able to 
handle the given test cases and could perform as intended in the working 
environment. 
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4. Gathering the requirements 

This chapter describes how data was collected and analysed to define a 
Requirements Specification for the prototypes and how this information was 
assessed regarding the prototypes.  
 
Subchapter 4.1 covers the method for gathering data. Subchapter 4.2 covers 
requirement specification with data gathered from subchapter 4.1. 

4.1 Gathering Data 

The gathering of data for the Requirements Specification was done from a 
discussion with the product owner and an on-site visit by the authors to the 
construction site the prototypes were to be tested in. 
 
On-site, semi-structured interviews were conducted with two dump truck 
drivers and observations were also made of two different dump truck models 
during the process of receiving and delivering a payload. 
 
Semi-structured interviews were chosen to allow for input from the 
interviewees regarding the topics, and possibly arise new topics which the 
authors had not thought of beforehand. 

4.1.1 The interviews 

The interviews were conducted one at a time in a secluded room with each 
person and the authors. The interviewees were informed about the purpose of 
the interviews, that their participation was voluntary, that they would be 
anonymous, and they had the option to exit the interview at any time should 
they choose. One author asked the questions from the interview guide 
(Appendix A, a translated version of the guide) as well as new questions that 
came up during the interviews, and one author took notes to ensure nothing 
was missed. The interviews were also recorded.  
 
The focus in the interviews were on the environment the trucks were working 
in to gain a better understanding of the environmental factors that would be 
applied to the prototypes when they were mounted on the trucks. Questions 
were also asked regarding the work days of the drivers and how deliveries were 
currently being registered. 

4.1.2 Observations 

Two different dump trucks were observed, a larger- and a smaller model. At 
first when standing still and then during the process of receiving a payload and 
dropping it off. During these observations, possible mounting positions for the 
prototype were inspected (Figure x), the top tilt angle of the flatbeds and the 
different steps in the process were noted. During the observation, it was also 
noted that some parts of the larger truck had a significant rise of temperature 
due to heat development from the engine residing on the far-right side below 
the driver’s cockpit. The heat could cause damage to the sensors if the 
prototypes are mounted too close to the heat source. 
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Some possible mounting positions were noted during the observation, on the 
larger truck model, as mentioned. The area encased by the blue square on 
Figure 8, was noted as a possible mounting position for a prototype with an 
accelerometer attached. The red and green square were noted as possible 
positions for a prototype with an ultrasonic sensor attached to it. It was also 
noted that there were no areas found on the truck where a prototype could be 
mounted and be sheltered from environmental factors, such as dust and rain. 
 
 

 
Figure 8. Possible mounting positions. Image taken to the left of the cockpit when facing the 

truck. Image by the authors. 

 
During the test drives it was noted that the trucks endure heavy vibrations and 
shocks due to the rough terrains of the construction site. This means that the 
prototype must be mounted securely, and the sensor needs to be able to operate 
under these factors. There are some slopes in the on the site which could cause 
a false positive reading in a prototype using an accelerometer if not configured 
properly. 
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Figure 9. Estimation of distance between the cockpit and flatbed at maximum tilt position. 

Image by the authors. 
 

When tilting the flatbed, a gap of approximately 3-4 meters is created between 
the bottom of the flatbed and the cockpit, as shown in Figure 9. A distance 
measuring sensor could be used to detect this gap. 

4.2 The requirements specification for the prototypes 

The following Requirements Specification was derived from the data collected 
in the interviews and observations as well as a discussion with the product 
owner. It covers the different topics that needed to be considered during the 
development of the prototypes.  

The Task 

The prototypes will need to register, through some type of sensor, when a tilt of 
the flatbed occurs. The prototypes will then notify the driver through the 
connected Android phone and update the database in Azure using Azure Mobile 
Services. The prototypes should be able to operate in the specified conditions of 
the construction site. 

Requirements from the Product Owner 

The following requirements were defined from the product owner regarding the 
prototypes. 

• Both prototypes should be handled by one Android application, meaning 
the application should be able to handle data streams from each Arduino 
board with the attached sensor. 

• The threshold value for detecting the tilt should be configurable in the 
Android application so that a user (truck driver) can configure it. 
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The Environmental Conditions 

The following conditions were identified from the data gathered on the 
construction site. 

• A tilt takes around 30-40 seconds to complete. An initiated tilt is always 
completed.  

• The bed is tilted to approximately 60 degrees although no exact value 
could be given during the interviews or during the observations. 

• Since the trucks drives in open nature, the prototype will be exposed to 
all types of weather.  

• During driving, the trucks rear and undercarriage are exposed to dirt 
from the ground.  

• The prototype will be exposed to dust from the ground. 

• The beds are heated during driving to avoid material sticking to the beds. 
Heavy vibrations and loud noise levels are also a factor. 

• The trucks can drive in slopes when receiving and delivering material 
and perform drop offs in inclined positions. 
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5. Design and chosen hardware 

The following chapter presents the motivation for the chosen technology. The 
designs for both prototypes, design of the application and the design of the 
whole system.  
 
Subchapter 5.1 presents the motivations for the chosen hardware and 
subchapter 5.2 presents the designs of the prototypes, the application and the 
system as well as the software used in the development.   

5.1 Chosen hardware 

The following subchapter motivates the chosen technologies for this project 
based on the requirements specification developed by the authors. The 
motivation also includes the reasoning as to why infrared sensor technology 
was not chosen. 

Ultrasonic sensor 

The observation study showed that tilting the flatbed creates a gap between 
the flatbed and the cockpit. The Arduino can be used to determine when a tilt 
is occurring by reading the data from the sensor and compare the distance 
values to a set threshold value. This can then be communicated by the 
Arduino, via Bluetooth to the Android device. 

Accelerometer  

The accelerometer can be used to determine the angle of the flatbed while it is 
in its base state and while it is tilting. This is done by using the g-force measured 
in the 3-axis accelerometer and the microcontroller uses the raw data to 
calculate the angle of the tilt. This can then be compared to a threshold value to 
determine when a tilt is occurring and was deemed as a feasible solution which 
is why the accelerometer technology was chosen.  

Infrared sensor  

The infrared sensor was seen as a potential solution for detection. However, the 
infrared sensor viewed in this study, shown in chapter 2, did not cover the 
distance needed between the sensor and the flatbed. Another problem that was 
found during the observation were the conditions of the construction site, such 
as dust and unstable vibrations, which was deemed as too problematic for the 
infrared sensor to be able to operate correctly. 

Microcontroller 

The Arduino Uno Rev3 was chosen because it has the features needed for this 
project and is simple to program and operate. There are many microcontrollers 
similar and/or identical to the Arduino. The reason why the Arduino Uno Rev3 
was chosen for this work, was because of availability and prior experience with 
similar hardware by one of the authors. Since the task is to simply process data 
and signal it to another device, a simpler microcontroller would likely have 
sufficed. 
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Bluetooth communication  

The communication protocol chosen for this project, was Bluetooth. Bluetooth 
Low Energy could be a possible solution that also reduces the energy 
consumption. However, acquiring a module that supported Bluetooth Low 
Energy would have taken too long and slowed down the development, thus a 
Bluetooth module was chosen instead as the Android device had native support 
for both protocols. 

5.2 Design 

Two prototypes were designed for this project as the authors chose to consider 
two different ways to detect the flatbed tilt. Both prototypes ran concurrently in 
the same application. The system thus consisted of the two prototypes, the 
gateway and the database. 

The Prototypes 

There are two prototypes, one for each sensor.  The sensors were attached to 
two separate Arduino microcontrollers. both Arduinos were powered by a 9V 
battery each. For communication between the Arduino and the gateway we 
chose to use the Bluetooth protocol. Figure 10 shows the setup of both 
prototypes. 

 
Figure 10. components and design for both prototypes. Image by authors. 

 
The gateway then communicates with the database through the Azure Mobile 
Services framework. A simple Android application was developed by the 
authors to handle the data from the sensor node and update the database 
through the web service. 

Ultrasonic prototype 

The first prototype detects the tilt by measuring distance. An ultrasonic sensor 
was attached to an Arduino with a Bluetooth module for communication. The 
sensor uses Input/output trigger to communicate with the microcontroller.  
 
To produce an ultrasonic sound to measure distance, the Arduino was 
configured to pulse the output trigger connected to the sensor between a high 
and low voltage state, which corresponds in a 5V signal. The signal is read via 
the Arduino input pin, and is processed by the Arduino, according to the 
Ultrasonic sensor algorithm shown in the following chapter System 
implementation. The Arduino then, via the Bluetooth module, made a write 
operation, that contained the resulting data to the application developed in this 
project.  
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Accelerometer prototype 

The second prototype was built to detect a tilt by measuring angle. An 
accelerometer was attached to an Arduino, and the Arduino then used a 
Bluetooth module to communicate with the application developed in this 
project.  
 
The accelerometer uses analogue voltage to signal outputs to be measured with 
a scale range of ±3. The Arduino reads raw analogue data from three pins; Xraw, 
Yraw and Zraw, which the accelerometer outputs depending on how it is 
positioned. The Arduino will run the read data through the Accelerometer 
algorithm, shown in the following chapter System implementation, to calculate 
the angle and signal the results to the application to handle. 
 
The application  
The application had to be able to pair with both prototypes and therefore had 
to have a basic pairing interface. A home screen was designed to visualise 
essential details such as connection status for both prototypes, readings sent by 
the prototypes and notification for when a database input had been made with 
details on which sensor made the input and a timestamp. Example of the 
application layout seen in Figure 11.  
 

 
Figure 11. Application home screen. Image by authors. 

 
The basic view allowed for an easy way to monitor activity from both prototypes 
simultaneously. The tilting view on the top left corner, shows the current 
distance between the sensor and the flatbed, while the tilt view for the second 
prototype shows the current leaning position of the flatbed. The home screen 
view also displays if the Bluetooth modules are connected to the device or not, 
and the database log on the home view screen shows the input parameters for 
the database.  
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The Database 

The database used in this project was an SQL database previously set up and 
hosted through Microsoft Azure by the stakeholder, it has an already defined 
table that is used by the developed system to persist data. The Azure Mobile 
Services framework was used to create a connection with the database from the 
Android application by providing a connection string and a key to the hosting 
platform which allows the application to make updates to the table.  
 
To make an update in the database, an object is created which holds the 
following properties: 

• sensorId – A string which identifies which sensor made the input. 

• startingDate – A DateTime object which holds the time and date for 
when the tilt started. 

• endDate – A DateTime object which holds the time and date for when 
the tilt ended 

• durationTime – An integer which represents the duration of the tilt 
event measured in seconds. 

 
The properties in the created object is then mapped to the table in the database 
by the Azure Mobile Services framework and inserted into the database. 
 

System Communication Overview 

The sensor nodes communicate with the gateway using Bluetooth. The gateway 
communicates with the database through mobile data, shown in Figure 12. 

 
Figure 12. System architecture of the prototype. Image by the authors 

 
The figure shown above is an illustration on how the prototypes communicate with 
the Android smartphone, i.e. the gateway. The mobile phone communicates with the 
database using mobile data and uses Azure mobile services insert data to the 
database. 
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System architecture 

 

 
Figure 13. Flow of events. Image by the authors  

 

After a dump truck has delivered its payload, the sensor connected to the 
Arduino will detect the event, the Arduino will send the data to the Android 
device over Bluetooth. The Android device will then notify the worker that the 
event has occurred and register the event on the database. Figure 13 shows the 
flow of events as they occur. 
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6. System implementation 

This chapter specifies the components of the system. The focus is on explaining 
the structure of the application and the written algorithms for each prototype.   

6.1 Implementation for prototype with ultrasonic sensor 

The prototype for detection using distance consists of three key components; 

• Arduino board – is the processing component of the prototype. The 
Arduino is programmed to control the behaviour of the prototype.  

• Ultrasonic sensor – used for measuring distance between the 
prototype and an object it faces.  

• Bluetooth Module –  used for communication between the prototype 
and the application. 

 
The three components were paired together using a breadboard, a typical tool 
for this type of testing. The algorithm below Algorithm 1, is a pseudo code on 
how the Arduino board was programmed to run.  

 
 
The prototype has two core procedures, CollectData and BluetoothWrite. The 
Arduino runs CollectData to gather sensor data and process the data with the 
formula (1) seen in row 7 in Algorithm 1, for calculating distance between the 
sensor and an object. The data is saved in a variable, in this case named 
distance. To improve readings, a sample array is introduced to collect a fixed 
number of samples, in this case 10. The samples are then collected, and the 
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median value will be saved in a variable. The second procedure, 
BluetoothWrite, is used send the data produced by the first procedure.   

6.2 Implementation for prototype with Accelerometer 

The prototype for detection using angle measurements consists of three key 
components; 

• Arduino board – The component used for processing. 

• Accelerometer – used for measuring angle of the flatbed that the 
prototype was attached to. 

• Bluetooth Module –  used for communication between the prototype 
and the application. 

 
Like the first prototype, all the components were paired using a breadboard. 
The algorithm below Algorithm 2, is a pseudo code on how the implementation 
of the prototype with the accelerometer was written. 
 

 
 
The Arduino with an accelerometer attached follows a similar pattern as the 
prototype with the ultrasonic sensor. The algorithm contains two procedures, 
also named CollectData and BluetoothWrite. The first procedure runs an 
algorithm for reading analogue data from the accelerometer (Xraw, Yraw and 
Zraw). The data is then transformed into floats using a map function and then 
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the angle is calculated as seen in formula (2) in Algorithm 2. To smoothen out 
readings, the same technique of collecting data in a sample array is applied. 
Lastly the BluetoothWrite procedure is executed by the Arduino to signal data 
to the application. 

6.3 Application Implementation 

To handle both prototypes simultaneously, the application was designed to 
initialize two types of handlers; 
 

• Bluetooth handler - A new handler will be initialized when a 
connection is established. A Bluetooth handler will be responsible for 
starting and reading from a Bluetooth stream. The data received, is sent 
by one of the prototypes. To avoid missing other sent messages by the 
prototype, the Bluetooth handler will then send the message to a 
processing handler. 
 

• Processing handler - The handlers will run algorithms to process data 
received by a Bluetooth handler. The data is processed and depending 
on how the results, the processed data will either be stored in the 
database if the parameter requirements are met or dumped, since it was 
not a tilt according to the parameters. 

 
The algorithm below, Algorithm 3, represents pseudo code of how the 
application handles a message sent from a prototype, and how the application 
makes a database input.  
 

 
 
 
The application consists of three core classes, BluetoothBonding, 
BluetoothConnection and an algorithm CheckIfTipped. The first class, 
BluetoothBonding, provides a view where it lists devices with their Bluetooth 
turned on, with the purpose of finding the prototypes and bond them with the 
Android device. Once the prototypes are bonded, a connection between both 
prototypes and the application can be established. BluetoothConnection is a 
separate back-end object that creates new threads for each connection made. 
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The procedure opens a Bluetooth server socket from the application side, and a 
Bluetooth socket from the prototype side, the interface is very similar to how 
TCP sockets work. where the application can communicate with the prototypes 
and vice-versa via Input – and Output-Streams. 
 
The input stream in the application is a byte array that holds up to 1024 
characters, 1 byte for each character. The byte array is then appended to a 
stringbuilder. After adding all the chars to the stringbuilder, the stringbuilder 
to string method is called and the returned string is then split for a specific 
character which in this case is a newline. Lastly, the new string created from the 
process is sent from the Bluetooth handler to the processing handler. 
 
CheckIfTipped is a procedure, that is run a handler, the handler receives an 
Input message from a prototype and calls for a function PassMsg that either 
updates an object that holds the state of the data provided by the sensor or 
updates the database with the state objects contents by copying the relevant 
parameters of this state object into a new object that is persisted to the database 
through the Azure Mobile Services framework. 
 

6.4 Implementation summary 

To summarize, each prototype consists of three components; the Arduino 
board, the sensor and the Bluetooth module. Each Arduino runs its sensor 
specific algorithm to determine when a tilt is occurring, this data is then sent 
via the Bluetooth module to Android application. The application will handle 
each Bluetooth connection in separate threads, making it possible to handle 
both connections concurrently. The Android application runs its own algorithm 
in a separate thread for each connection, to process and handle data. This 
thread then updates the database when it determines a tilt has occurred. 
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7. Testing and evaluating the prototypes 

This chapter presents the two test phases that were performed on the 
prototypes.  
 
Subchapter 7.1 describes the tests done indoor which were done to identify and 
fix possible faults in the prototypes. Subchapter 7.2 describes the tests done on 
the construction site. 

7.1 Test cases for the indoor tests 

The following four test cases were developed for the indoor test phase, based on 
the requirement specification, and were identified as cases that each prototype 
must be able to handle before moving on to the outdoor test phase. Each test 
case was performed 10 times, a test case was deemed successful if the prototype 
could register 70% of the tilts.  
 
Register a tilt from a neutral position  
The prototypes must be able to register that a tilt has occurred, while prototypes 
are positioned in neutral positions as it is the most common state a dump-truck 
tilts in. 
Handle tilt from an inclined position  
The prototypes must be able to register a tilt while with an incline starting 
position, as the interviews show that a drop-off may occur while the truck is 
standing on a slope. 
Test tilt with too short duration time 
While the interviews showed that a tilt will never be initialised without 
completing the full movement/drop-off. This testcase was added as a failsafe to 
ensure that the prototypes would not register on possible faulty data. 
Test tilt with tilt angle under threshold  
This testcase was set to ensure that a prototype could not register a tilt for when 
dump-truck were driving on slopes for a long duration. 
 
If a testcase failed 70% of the tests or more. The implementation would be 
altered, by adjusting threshold values and all the testcases would be was then 
tested again with the new values. 

7.2 Indoor testing 

The purpose of the indoor tests was to simulate the tilt process for each 
prototype and identify potential flaws in the logic or hardware. Each prototype 
was tested according to the specified test cases. 
 
The prototypes were both in a state where they could easily be modified as seen 
in Figure 14, during the in-office test, where the cables, Bluetooth module and 
sensors were just connected through a breadboard.  
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Figure 14 The ultrasonic and accelerometer prototype during the in-office test. Images by 

the authors. 

Simulating a tilt for the ultrasonic sensor  

To simulate the increase and decrease in distance for the ultrasonic prototype, 
which represents a tilt, the prototype was placed on a chair facing a wall. The 
chair was then pulled away slowly backwards approximately 3.5 meters from 
the wall over a time between 30 and 40 seconds which was the approximate 
timeframe for the tilt. Once the chair reached the designated distance, it was 
moved back again to close the distance. Illustration seen below (Figure 15). 
 

 
Figure 15. Illustration on indoor simulation for ultrasonic sensor. Image by authors. 

  

 
To confirm that the sensor did not register an event with the tilting time is too 
short. The chair was pulled away 3 meters to give it clearance on having tilted 
high enough. Without delaying, the chair was pushed back to its original 
position facing the wall. 
 
To test that the prototype did not register false readings below threshold. The 
chair was pulled towards an endpoint of the “below threshold” square, held on 
the point for 30 to 40 seconds and pushed back towards the wall to complete 
the simulation. If the application did not make an input to the database on the 
activity, the test case for not registering tilts below our threshold. 
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Simulating a tilt for the accelerometer  

To simulate the change in incline that occurs during a tilt, the accelerometer 
prototype was mounted on a breadboard. The breadboard started in a neutral 
position, horizontal to the ground, and was then tilted to approximately 60 
degrees and back to the neutral position over a time between 30 and 40 
seconds.  
 

 
Figure 16. Illustration of indoor simulation for accelerometer. Image by authors. 

 
The simulation was done manually by drawing a 90-degree quarter circle on a 
whiteboard and lean the breadboard accordingly. Figure 16, above illustrates 
the simulation.   
 
To verify that the sensor would not register a faulty time duration, the 
accelerometer was tilted well above 30 degrees but only for a few seconds, and 
then tilted back to a neutral position. To test and verify that a database input 
was not made for when the sensor was leaning below the threshold value of 30 
degrees, the breadboard was tilted approximately 20 degrees and held for over 
30 seconds, and then turned back to a neutral position. 

7.3 Outdoor test cases  

The following four testcases were developed from the test cases in the indoor 
test phase. These testcases were developed to help determine if the prototypes 
worked according to the goals set for this project. 
 
Handle a tilt from a neutral position 
The prototypes must be able to register that a tilt has occurred while the truck 
is positioned on neutral underlay as it is the most common scenario in which a 
dump truck unloads. 
Handle tilt from an inclined position  
The prototypes must be able to register a tilt while the truck is standing on an 
inclined underlay. 
Registering tilts during deliveries 
The prototypes should be able to register tilts occurring with deliveries during 
the trucks workday. 
No false positives while driving on the construction site 
The prototypes should not register a tilt when the truck drives in uneven 
terrain/slopes for long durations. 
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7.4 Outdoor testing 

The prototypes were modified (Figure 17) and tested on the construction sites 
by mounting them to a truck which would then operate as usual, receiving and 
dropping deliveries. The prototypes were encased to protect them from dust 
and mounted with the use of magnets.  
 

 
Figure 17. Finished prototypes for construction site testing. Image by authors 

 

The figure above shows the different components in each prototype and how 
they have been mounted in their respective case as well as the magnets that 
were screwed on to the cases. The magnets were used to be able to modify the 
prototypes position on the truck easily. 
 

 
Figure 18. The prototypes mounted on the vehicle. Image by the authors. 

 

The accelerometer prototype was mounted on the flatbed which is the same 

position that was mentioned in chapter 4, and the ultrasonic sensor prototype 

to the right of the cockpit facing the flatbed, shown in Figure 18.    
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8. Results and discussion 

This chapter presents the final results from the test cases in the two test phases. 
Subchapter 8.1 presents the results from the indoor test phase. Subchapter 8.2 
presents the results from the outdoor test phase. Note that the results from the 
indoor test phase were from the last iteration where the prototypes were 
deemed to be ready for the outdoor test phase. 

8.1 Results from the indoor test phase 

This subchapter presents the results for the indoor test phase of each of the 
prototype, 10 simulated tilts were performed for each test case.   

Results for the prototype with ultrasonic sensor 

The following pie charts show the final results of each test case for the prototype 
with the ultrasonic sensor.  The chart shows the last tests that fulfilled the 
requirements of passing the testcases. 
 

 
Figure 19. Pie charts for the prototype with ultrasonic sensor in indoor test phase. Image by 

authors 

 
As can be seen in the charts in Figure 19, the prototype managed to register 
80% of the simulated tilts for the test case in a neutral position. It registered 
70% of the simulated tilts from a leaning position. It managed to avoid 
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registering 100% of the simulated tilts with too short duration time and it 
managed to avoid registering 90% of the simulated tilts with an angle under the 
set threshold 

Results for the prototype with Accelerometer 

The following graphs shows the final results of each test case for the prototype 
with the accelerometer. The following chart shows the results of the tests that 
passed all of the testcases. 
 

         

 
Figure 20. Pie charts for the prototype with accelerometer in indoor test phase. Image by 

authors 

 
As can be seen in the charts Figure 20, the prototype managed to register 90% 
of the simulated tilts for the test case in the neutral position. It registered 80% 
of the simulated tilts from a leaning position. It managed to avoid registering 
100% of the simulated tilts with too short duration time and it managed to avoid 
registering 100% of the simulated tilts with an angle under the set threshold. 
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8.2 Results from the outdoor test phase 

This subchapter presents the results for the outdoor test phase for each of the 
prototypes, 10 tilts were performed in a neutral position and 7 in an inclined 
position. 

Results for the prototype with the ultrasonic sensor 

The following graphs show the final results of each test case for the prototype 
with the ultrasonic sensor,  

                            

 
Figure 21. Pie charts for the prototype with ultrasonic sensor in the outdoor test phase. 

Image by authors 

 
As can be seen in the charts in Figure 21, the prototype managed to register 
70% of the tilts from a neutral position on the truck. It managed to register 
33.3% of the tilts from an inclined position, note that the second test case only 
allowed for 7 tilts. The test cases where the prototype where to register 
deliveries and avoid false positives were not performed. 
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Results for the prototype with the accelerometer 

The following pie charts show the final results of each test case for the prototype 
with the accelerometer. 
   

 
Figure 22. Pie charts for the prototype with accelerometer in outdoor test phase. Image by 

authors 

 
As shown on the first chart Figure 22, the prototype was able to register 8 out 
of 10 tilts which resulted in an 80% success rate during a neutral position. 
There was a decrease in accuracy to a 66.7% success rate in registering a tilt 
from an inclined position. The test cases where the prototype where to register 
deliveries and avoid false positives were not performed. 

8.3 Discussion 

This subchapter presents the authors thoughts on the results from testing the 
developed prototypes. 

Results from the first test phase 

After performing some minor adjustments to the software logic, the prototypes 
were successful in handling all tests cases set up for the first phase. The main 
motivation for this phase was to ensure that the prototypes could handle the 
core requirements for the tilt. Some minor faults in readings were expected, 
hence the acceptance of the success rate not reaching 100%. Some faults that 
had been identified were; 
 

• No threshold value adjustments – The tests were conducted with 
no value adjustments; the testing results could be further improved 
further with better values. However, the produced results were 
satisfactory for moving on the next phase. 

• Application implementation – on some rare occasions, the 
application did not register the tilt and the authors could not find the 
underlying issue in time. 

 
These issues along with other problems will affect testing and results for the 
next phase. 
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Results from the second test phase 

Since the first phase was deemed successful, we decided to move on the second 
test phase, where the prototypes were mounted on to a dump truck to test their 
performance in a real scenario.   
 
The overall results for this test phase are inconclusive since there were no 
results generated for the last two test cases, and too few tests were done on the 
first two of our test cases. The failure of the tests was due to poor planning from 
the authors, also a limitation of time able to spend on the construction site. The 
timeframe we had with the truck was also limited since it was to costly to have 
it stationary, it would have been more optimal if we could have done some 
initial testing with the truck standing still and then let it operate as usual after 
some further calibrations of the prototypes. 
 
Our idea was to leave the prototypes mounted on the truck to test the remaining 
two test cases. The truck driver was asked to perform his work as usual and the 
data registered on the database for our prototypes would then be compared to 
their current method of registering tilts. However, as soon as we left the site, 
the truck driver ran into some issues with his vehicle and had to turn it in for 
service. Thus, rendering the tests inconclusive, as no data was acquired. 
 
Based on the interviews and observations our guess would be that the ultrasonic 
sensor would most likely have a higher risk of faulty behaviour when taking 
external factors such as rain, snow and dust into consideration. However, 
further testing is needed. 
 
The environmental conditions present a challenge when striving towards 
building a sensor node that can detect close to 100 % of the tilts. While the 
ultrasonic sensor could detect the tilts accurately in the first tests. The dust and 
possible weather conditions will create problems in the measurement and need 
constant tending during a rough workday. The accelerometer is the better 
alternative for this type of task although proper calibration is needed to ensure 
no false tilts are registered. Mounting the prototype on a protected area on the 
flatbed seems appropriate to use as much shelter from the truck as possible to 
protect the prototype. 
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9. Conclusions and future work 

This thesis set out to develop a prototype that could be used to automatically 
detect when a dump truck tilts its flatbed, using a sensor, and register this event 
into a database using a gateway.  
 
Two prototypes were developed and tested, one using an ultrasonic sensor and 
one using an accelerometer. The prototypes were tested in two phases, first an 
indoor test phase and then an outdoor test phase. 
 
Both the accelerometer and ultrasonic sensor were able to pass the test cases in 
the initial indoor test phase; however, the accelerometer had a slightly higher 
success rate. Due to the inconclusive tests in the outdoor test phase we cannot 
draw a conclusion as to which sensor would be preferable to use for the trucks, 
however the first test phase showed a slight advantage to the prototype with the 
accelerometer.   
 
Since we could not find any related work where similar prototypes had been 
developed in our specific environment, related work was used to look for what 
types of technologies could be used in combination and then use this as 
inspiration when developing our prototypes.  
 
Morón et al used an Android mobile device as their gateway and chose to use 
Bluetooth as their communication protocol because Android has native support 
for that protocol. Since we were also to use an Android mobile device as our 
gateway we choose to use Bluetooth as our communication protocol as well.  
All related works used an Arduino board to implement their sensor nodes, this 
in combination with some prior experience from one author made it seem like 
a logical choice.  
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9.1 Future work 

Some further work needed in the developing of this prototype would be 
considering the battery consumption of the prototypes since this was not taken 
into consideration during the development. If it could also be possible to 
connect the prototypes to a power source embedded in the trucks but this would 
be dependent on the truck model. 
 
The casing that was made for the prototypes was of a very basic design, a better 
casing would most likely enhance their protection against the environmental 
factors of the construction site. 
 
Further testing is needed to get a better understanding of how the prototypes 
operate in the intended environment, it would probably be beneficial to test the 
prototypes on different types of trucks as well. 
 
The system could be further expanded upon to include additional nodes to 
monitor different sections of the trucks. This would need modifications to the 
presented algorithms in this project. From a sustainable perspective, lowering 
power consumption by switching Bluetooth modules to Bluetooth low energy, 
and optimizing code. 
 
As for future work regarding the application, we suggest a change in how the 
data read from the input-stream is processed by the application. The current 
method for reading the input stream into a byte array, converting it to a string 
and then clean it by splitting the string could probably be better implemented. 
As it is now, after returning the split string, some deviating values could appear 
when processing and displaying the data which could cause the application to 
miss registering a tilt event. The specific part in the application that caused this 
issue was not identified, however, it is during the stream-processing that some 
data is missing, and this is probably the main problem when getting faulty 
readings. 
 
By fixing the issue stated above, the application would be able to register more 
precise values from the data sent from the prototypes, which would result in an 
easier calibration of the threshold values in the application.  
 
Lastly, the application could be further enhanced by implementing a manual 
calibration menu to enable customized settings that would enable the system to 
be adapted to different environments and vehicles. 
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Appendix A The Interview Guide 

What type of environmental factors will need to be considered for the 
prototype? 

- Dust, inclined underlay, rain/damp etc? 
 
What type of forces will need to be considered for the prototype? 

- Vibrations? 
 
What type of material will be surrounding the prototype? 

- The bed, the cockpit etc? 
 
What kind of situations will the prototype need to handle? 

- Can a delivery be cancelled mid-procedure? 
- Can the bed be unloaded on inclined underlay? 

 
How do the dump trucks dump their payload? 

- Approximately how long does an unloading take? 
- Will the bed always be put in max decline during an unloading? 

 
How long can a dump truck drive in a day? 
 
What are some appropriate spots for mounting the prototype on the dump truc
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