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Abstract

Internet of Things(IoT) has in recent years become a topic of broad and
current interest. The purpose of this thesis is to anticipate weather condi-
tions by constructing a system for collecting information about atmospheric
pressure. The development of the system will solve the following problem:
it should be possible to implement a system that allows for the collection of
information from sensors through a mobile phone. The problem was solved
through an iOS application together with a Micro Controller Unit (MCU)
and a sensor. To collect weather data, the BME280, with its atmospheric
pressure, temperature and humidity sensor, was used. Bluetooth was cho-
sen for the interaction between the Automat and the iOS application. This
proved to be a possible solution to a problem in a growing area of applica-
tion. An advantage to this hardware solution is the mobility and flexibility
of the Automat, making it ideal for mobile IoT solutions. Arduino is, how-
ever, the better choice for developers, as it has a larger community and clear
documentation.
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Sammanfattning

Internet of Things (IoT) har p̊a senare år blivit ett alltmer omtalat omr̊ade.
Syftet med tesen är att förutsp̊a väderförh̊allanden genom att konstruera ett
IoT system som samlar in information om lufttryck, detta för att besvara
fr̊ageställningen: Det bör g̊a att samla in sensordata med hjälp av mobiltele-
fon. För att besvara detta följdes Ekholms modell för teknisk forskning och
arbetsmetoden Scrum. Fr̊ageställningen löstes genom en iOS applikation
med tillhörande Microcontroller Unit(MCU) och sensor. För att samla in
väderdata användes sensorn BME280, som har lufttrycks-, temperatur- och
luftfuktighetssensorer, tillsammans med MCU:n Automat. För interaktionen
mellan Automat och iOS applikationen tillämpades bluetooth-kommunikation.
Detta var en möjlig lösning p̊a ett problem i ett växande tillämpnings-
omr̊ade. Fördelar med denna lösning av h̊ardvara är att den är välanpassad
till mobila IoT lösningar tack vare Automats minimala storlek i förh̊allande
till funktionalitet. I många fall är däremot Arduino ett bättre val för utveck-
laren, d̊a den har större samfund och tydligare dokumentation.

Nyckelord

IoT, Sensor, Automat, Väderprognos, Bärbar elektronik
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Chapter 1

Introduction

This chapter provides the general outlines for this thesis project by giving a
short introduction to the area, defining the problem and giving the purpose
and goals of the thesis. The research methodology is also presented along
with the projects delimitations and is concluded with a description of the
structure of the thesis.

1.1 Background

In recent years, Internet of Things (IoT) has become a topic of broad and
current interest. Kitchenware are connected, houses use smart lighting and
furniture track how the homeowners move about. Our entire lives have be-
come more and more connected. Apart from the cell phone which the vast
majority carries at all time, IoT outside of the house has primarily been
limited to watches and other types bracelets.

Part of the reason why the assortment of wearable devices is so small, is the
limits in the hardware available, but there has been advancements; panasonic
recently launched a flexible lithium battery which can be used for connected
wearable devices [1]. New ideas and products, such as the aforementioned
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4 CHAPTER 1. INTRODUCTION

battery, open up whole new areas and possibilities of creativity. Without
attempting to create new solutions and following up on new ideas, technology
cannot advance.

One relatively unexplored area in IoT is smart clothing. Clothing provide an
opportunity to combine many different elements together. Some ideas that
are being developed concurrently to this project include a spotify connected
jacket and construction worker apparel that measures noise. A new combi-
nation, would be to combine weather forecasting and clothing [2][3].

1.2 Problem

The general public use a number of different services for weather forecasting,
each with different predictions of their own. A weakness with the weather
predictions is that they are bound by their weather stations, which provide an
accurate measurements of the areas they are located in, but not necessarily
of the areas around it. By turning a piece of clothing into a mobile weather
station, the user can receive a more local and accurate prediction of the
weather. If this idea is expanded and implemented on a larger scale in the
future, the data could be used to predict weather more reliably.

In order for this to be possible, the following problem has to be addressed:

• Is it possible to implement a system that allows for the collection of
information from sensors through a mobile phone?

1.3 Purpose

The purpose of this thesis is to anticipate weather conditions by construct-
ing a system for collecting information about atmospheric pressure to be
embedded in clothing.
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1.4 Goal

The goals of the project can be divided into result, effect and project goals
[4]. By request of the product owner, Tracy Trackers, the result goal of
the project is to create a back-end prototype of a mobile phone-connected
IoT system, which automatically updates the user about upcoming weather
changes by reading and computing data from a wearable sensor. The results
should then be presented in a report.

The desired effect would be that a company would find interest in the product
and start a collaboration.

In extension of the goals of the prototype, the goal of the project is for the
authors to display the qualities necessary of an engineer, this to accomplish
the goals of the thesis. Through completion of the result and effect goals,
the project goal will also be accomplished.

1.5 Ethics and Sustainability

• In most recycling, different parts, such as electronics and clothing, are
separated. The combination of electronics and clothing poses a new
problem in the recycling area since it does not yet have a broadly
defined type.

• A successful project will provide a thesis report describing the present
problem and its solution. This might help other engineers encountering
similar problems.

• No ethical issues were found during the planning phase of the project.

1.6 Methodology

Being able to complete a project by following a well established scientific
model is part of the qualities required for being an engineer. By carrying out
a project following the model described by Ekholm, the students will show the
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ability to thoughtfully, critically and independently plan, carry through and
evaluate a project, thereby fulfilling part of the goals for the thesis [5].

Before developing the product, a preliminary study will be conducted to find
similar solutions and techniques that may be applicable in solving the hy-
pothesis. Services provided by educational institutes, such as google scholar
and IEEE, allow for the finding of scientific reports and theses with reliable
sources, which may act as a basis for the project. Through the preliminary
study, the students will prove their ability to broaden their knowledge in
areas where experience is lacking.

1.7 Delimitations

An iOS application will be developed by demand of the product owner, mak-
ing any comparisons to other mobile solutions, such as android applications,
outside the scope of the thesis.

The focus of the project lies with the implementation of the sensor system,
not applying it to clothing. Despite possibly affecting the sensor readings,
the clothing the sensor is embedded into is not part of any comparison, nor
is it part of any discussion. It is, however, taken into account when choosing
the hardware.

1.8 Outline

Chapter 2 presents fundamental background information about Internet of
Things and atmospheric pressure systems. It will also discuss microcon-
trollers, communication protocols, iOS and MVC.

Chapter 3 presents descriptions and reasoning behind methods and method-
ologies used during the project. How the prototype is planned to be devel-
oped is presented in different iterations.

Chapter 4 details the entire development process behind the prototype, ex-
plaining choices made and problems faced.
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Chapter 5 presents and briefly describes the results of the project.

Chapter 6 discusses the validity and reliability of the methods and results,
before reaching a conclusion to the problem.
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Chapter 2

Theoretical Background

This chapter presents basic background information about the components
and programs used in the project. It will give an overall description of mi-
crocontroller units and communication protocols, while presenting relevant
options. To provide insight into the development platform and execution
environment, iOS and its relevant components will be explained. The chap-
ter will also give a general understanding of IoT and atmospheric pressure
systems.

2.1 Internet of Things

IoT is a global network of connected devices varying in complexity, concerned
with the identification of devices connected to the network and the accessing
of data. This network has faced a rapid growth during the last decade, and it
is estimated that the network will consist of 28 billion interconnected devices
by year 2021 [6][7].

The basic definition of IoT is the interconnection of things, which is con-
siderably broad and somewhat vague, and has therefore been interpreted
differently depending on what aspects are deemed most relevant from the
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10 CHAPTER 2. THEORETICAL BACKGROUND

perspective of the advocate. This has however given rise to a variety of ap-
plications which vary from items we use on a daily basis, e.g. apps that track
energy use in the home or connected kitchenware, to devices that monitor
and control our environment such as smart street lights that adapt to the
season, time of day and weather conditions.

A challenge with IoT is that the various devices all come with an assortment
of limitations and requirements that has to be taken into consideration when
developing the standards and protocols used in the IoT network. The amount
of data sent by the devices may differ from a few Kilobit per day to several
Gigabit per second. There are cases where the device is installed in hard to
reach places, making it impractical or unrealistic to replace a limited power
source, such as a battery. It is for this reason crucial that the devices in the
network are able to send security critical data while still being able to meet
all the requirements.

All electronics have to satisfy the requirements set by the Electromagnetic
Compatibility (EMC) Directive. The directive pursues two main classes of
issue: it limits the electromagnetic emissions from equipment in order to
ensure that the equipment does not disturb any radio, telecommunication or
other types of electronic equipment. It also governs the immunity against
interference from other electronic equipments [8].

2.2 Microcontroller Unit

A microcontroller unit (MCU) is a small computer on an integrated cir-
cuit that contains one or more processor cores, as well as memory and pro-
grammable I/O peripherals on one chip. It is a “special purpose computer”
dedicated to one task and runs one specific program. They are commonly
used for simple repetitive tasks, e.g. opening and closing a garage door,
reading the outside temperature or maneuvering a simple robot. Most pro-
grammable MCUs today are embedded in machinery or other consumer prod-
ucts, controlling its features and actions [9][10].

The following subchapters will cover some basic information about Arduino,
which made electronical prototyping accessible to the general public, and Au-
tomat, a small circuit developed for use on clothes or other wearables.
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2.2.1 Arduino

Arduino is an open-source physical computing platform that consists of a
programmable circuit board (the MCU) and an IDE used to write and up-
load code into the board. The hardware and software is open-source, which
has generated a plentitude of Arduino-compatible products. The develop-
ers of Arduino has nevertheless requested that the name Arduino will not
be used in derived works without permission and be exclusive to the official
product. Various Arduino-compatible products has avoided the name but
kept the ending -duino to maintain the connection with the original product
[11][12].

The basic idea is that input taken in through sensors or a press of a button
will control the outputs (screens, motors, lights etc). Anyone should be
able to use it. It was originally made for artists and designers to create
electronic prototypes without needing an extensive knowledge in electronics
or programming, but it has also given hobbyists and anyone interested in
creating an interactive environment the ability to create electronic projects.
This has given rise to a well-established community which assists other users
in developing their projects.

2.2.2 Automat

Automat is the first and so far only product of Neue-labs, a small group
of people from different parts of Europe who wants to change the way we
interact with our environment with the combination of fashion and technol-
ogy. They are a part of EIT Digital which is an open innovation organisation
in Europe who supports digital technology startups by helping them raise
capital and secure target customers [13].

Automat is, in Neue-labs’ own words, “a hardware and software platform
for makers, entrepreneurs, fashion designers, studios and agencies.”. It is
intended for use in wearable technologies, but the small size of the main
circuit, the Baseboard, allows it to be integrated into other devices with-
out any hassle. The prototype-chip contains a gyroscope, an accelerometer,
a temperature sensor, a humidity sensor and a bluetooth unit. It has 12
channels of digital input and output. 8 out of these 12 can become analog
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inputs through configuration. They plan to add a barometer and some other
features in an updated version of the board [14].

The development kit includes the Solderboard, which makes it possible to
add sensors, LEDs or other external units to the Baseboard, and a charging
Powerboard with a rechargeable lithium battery.

Similarly to Arduino, one of the main ideas of Automat is that anyone should
be able to use it by eliminating all the complicated details to simplify the
process for the developer. The firmware has already been written and there
is an app that helps the developer get accustomed to the system.

2.3 Communication protocols

I2C (Inter-Integrated Circuit) and SPI (Serial Peripheral Interface) are two
protocols used in communication between integrated circuits.

SPI is a single-master protocol. This implies that that one central device or
process, a master, controls and initiates all the communications with one or
more other devices or processes, known as slaves. The protocol uses at least
four signal lines: a clock signal (SCLK), a data line from slave to master
(MISO), a data line from master to slave (MOSI) and a one slave select
signal (SS) for each slave in the system. When the master wishes to send
data/ request information from a slave, it selects the slave by pulling down
the matching SS-line. Data is read through the MISO line and sent through
the MOSI line.
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Figure 2.1: SPI setup example with one master and three independent slaves
(image courtesy of Colin M.L. Burnett).

I2C is a multi-master protocol that uses two signal lines, a serial data line
(SDA) and a serial clock line (SCL), for communication between several
slaves and masters. All devices has a preset ID or a unique device address so
the master can choose which device it will communicate with. A master that
wants to communicate with a slave issues a start condition followed by the
address of the slave it wants to access. All the devices in the system compares
it with their own address. If it is a match, the slave will produce a response
signal. Once the response is received, the master will start either transmitting
or receiving data. When the transmission is complete, the master ends the
communication by issuing a stop command. The slaves that do not have
a matching address will wait until the bus is released by a stop command
[15].

Figure 2.2: An example setup of two masters and three slave nodes.
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2.4 Atmospheric pressure

Our sun is the source of all weather. Factors such as day and night, the
amount of sunlight absorbed or reflected by different surfaces (e.g. trees or
rocks) or the fact that the sunlight does not hit the poles as directly as at the
equator, all cause an uneven heat distribution. This uneven heating of the
Earth creates differences in the atmospheric pressure which causes wind to
flow between areas of high and low pressure. Since the equator is warmer than
the poles, air flow north and south trying to balance the pressure difference
created by the difference in temperature [16][17].

When air heats up, the molecules scatter which makes the air lighter and
causes it to rise. To equalize the difference in pressure, winds blow towards
this area and collide, which causes it to rise in the atmosphere. The water
vapor within the rising air condenses because of the colder temperature,
forming clouds as depicted in figure 2.3. This phenomenon is called a low
pressure system. The weather in a low pressure system is generally cloudy
and winds are typically strong.

A high pressure system forms when air cools. This in turn causes the
molecules in the air to converge, becoming more dense. The air sinks down
towards the Earth and pushes outwards close to the surface, seeking lower
air pressure in the surrounding area. Weather is usually fair in areas with
high air pressure.

High and low pressure is relative; it all depends on the surrounding atmo-
spheric pressure. A value (in hPa) which is considered low one day, might
be considered high the following week. When predicting weather, the rate of
change during the last hours is observed. If the rate of change is high, positive
or negative, you can expect a low or high pressure system approaching.
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Figure 2.3: Cross-section view of low and high pressure systems.

2.5 Developing environment

iOS is the name of the unix-like operating system that runs on all of Apple’s
mobile devices. It is one of the two major contenders for mobile software OS
at the time of writing, with the other being Android. As it is exclusive for
Apple devices, the range of products it has to support is vastly smaller than
its competitor. This is in most cases beneficial for iOS users, as the developers
only have to optimize their application for a few devices [18].

As Apple is a business company which wants to attract as many users as
possible, they want to provide the optimal user experience. Because of this,
iOS applications have several limitations, not only in how they act, but also
in how they are created. The reason for these limitations are to protect the
user from harmful and poorly written applications.

2.5.1 XCode

When developing an iOS application, it is almost mandatory to use Apple’s
own editor, XCode, since it is far ahead of other iOS IDEs and seamlessly
handles all overhead work while requiring minimal input from the developer.
XCode has been optimized to provide an optimal programming environment
for Apple related products, but can therefore only be used on computers
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running macOS, which is the operating system used by Macintosh computers.
A workaround to this limitation is to utilize a Virtual Machine running the
latest version of macOS. This allows you to access functionality otherwise
exclusive to Mac computers on any operating system [18].

2.5.2 Swift

Swift is one of the two programming languages used to develop iOS applica-
tions. It is the successor of Objective-C, which is the language that was used
to develop macOS and iOS applications before the release of Swift. Although
both can be used to develop applications, Swift has new features and support
all Objective-C code. This reason and the fact that Swift likely has a longer
lifespan left than Objective-C, makes it the ideal choice to create modern
applications.

As an object-oriented programming language, Swift was designed around
the Model-View-Controller(MVC) pattern, this makes it an optimal choice
for architectural design pattern in iOS applications [18].

2.5.3 Bluetooth

Bluetooth communication in iOS applications consists of two parties, centrals
and peripherals. They can be seen as servers and clients. The server, i.e.
the peripheral, has data which the client, also know as the central, wants.
Peripherals continuously broadcasts packets containing information such as
their name and functionality. This allows the central to find and connect
to it. After connecting to a peripheral, the central may receive information
about the services it provides. Services represent a functionality with differ-
ent characteristics, e.g. the service heart rate measurement, received from
a wearable heart monitor, may contain the characteristics heart rate mea-
surement and body sensor location. In short, characteristics can be seen as
the components that make up a service. The peripheral side uses a so-called
Peripheral Manager to broadcast their services, which the server side listens
to and acts upon using a Central Manager [19].



2.6. MODEL VIEW CONTROLLER 17

2.6 Model View Controller

The Model-View-Controller architectural design pattern is a pattern which
aims to provide high cohesion and low coupling, in extension providing a high
security. By splitting up the system into three different layers, the model,
view and controller layer, a high cohesion and clear structure is obtained
[20].

The view layer contains all the functionality necessary to create a view for
the user. In Swift, this could be any object on the screen that user sees or
interacts with.

The model layer contains all business logic of the system. This could be
e.g. algorithms performing calculations on data or the storing and retrieving
of locally stored data. The model supplies what the view displays. How-
ever, there can never be any direct communication between the view and
model.

To communicate between the layers, a controller is implemented. The con-
troller is what controls all communication between the layers, and directs the
general workflow of the system. Figure 2.4 describes how the communication
between layers is allowed. The lines between the different layers represent
the same functionality as roadlines. Only the controller may communicate
across the lines.

In Swift, there are a few exceptions and workarounds to this. The view is
able to direct actions or updates to specific points in the controller, e.g. a
button pressed by the user can start a specific action in the Controller if the
button has been directly linked to it. However, this is the only way that the
view can in any way communicate on its own.

The model may in some cases have to update its data, and thereby causing
the View to show outdated information. To tell the view that its outdated,
the model broadcasts a notification telling that its information has been
updated. The controller intercepts the broadcast, fetches the new data from
the model, and sends the new data to the view where the user receives a
visual update of the change.
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Figure 2.4: A graphical depiction of communication in MVC.



Chapter 3

Methodologies

This chapter describes the choice of methodology for the project. The dis-
tribution of tasks throughout the duration of the project is described along
with deliverables and system delivery method.

3.1 Project methodology

To ensure that the project solves the problem “Is it possible to implement
a system that allows for the collection of information from sensors through
a mobile phone?” in a scientific manner, the model described by Ekholm
will be followed [5]. For a model to be classified as a scientific model, the
following characteristics must be present:

• Objective

• Verifiable

• Theoretically proven

An objective research method means that the result of the project is not
dependent on who performs it. The result should be verifiable through re-
production by following the presented method. The model also needs a the-
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oretically proven base, meaning there are hypotheses or theories that explain
and support the given model. The usage of such a model allows external
parties to verify the credibility of the project result.

In Ekholm’s article, two slightly different models are described. As the aim of
this project is to answer a problem by creating a prototype, the model which
is focused on technological research will be used with a few alterations, as
seen below. Step 6 of the method is to create a model or simulation of
the prototype. This aids the development of the project considerably by
providing the developers with general direction to follow and a clear view
of the system to be developed. The benefits of the simulated models are
just as important during development as after. To gain the most out of the
models, they will be created before developing the application, and updated
as necessary.

Ekholm’s Model

1. Hur kan den aktuella problemställningen lösas?

2. Hur kan en teknik/produkt utvecklas för att lösa problemet p̊a ett
effektivt sätt?

3. Vilket underlag/information finns och erfordras för att utveckla tekniken/
produkten?

4. Skapa en modell/simulering av den föreslagna tekniken/produkten.

5. Utveckla tekniken/produkten utifr̊an underlaget/informationen i steg
3. Om tekniken/produkten visar sig fullgod, g̊a till steg 7.

6. Försök med ny teknik/produkt.

7. Vad medför, allts̊a vilka är konsekvenserna av, modellen/simuleringen
i steg 4?

8. Testa tillämpningen av modellen/simuleringen. Om utfallet inte är
tillfredsställande g̊a till steg 9, annars g̊a till steg 10.

9. Identifiera och korrigera för brister i modellen/simuleringen.

10. Utvärdera hur resultatet i förh̊allande till befintlig kunskap och praxis,
samt identifiera nya problemomr̊aden för fortsatt forskning.
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The project triangle, as seen in figure 3.1, describes the three overlying com-
ponents of a project [4]. In every project, one or two corners are fixed while
the others may fluctuate if needed. In this project, the duration and budget
are set while the functionality of the product may vary. Just as important
as using the right scientific model for the project, a proper working method
should to be followed to ensure that the right product is delivered at the
right time with the right budget.

Many modern IT-projects fail as a result of a lacking working method. To
structure the development process, parts of the agile software development
framework Scrum will be used. This means that the project task will be
divided into smaller tasks, and solved iteratively with short-term goals. By
frequently creating small goals and iterations, any possible stray from the
main goal may be detected early on and corrected. It also serves to simplify
the process of creating small parts in a larger system.

Figure 3.1: The project triangle.

As the project has few involved developers, certain parts, such as the internal
time log, are not as necessary as for bigger groups. This is because most
of the benefits of these tools can be gained through direct communication,
thereby allowing for more development time by decreasing time spent on
administrative work. A tool that takes up more time than what its benefit
is worth should not be implemented.

The scientific model and working method previously described will help en-
sure that the prototype of the project and the project goal are completed
within budget, duration and delivery. However, simply implementing a model
or method on its own does not ensure that the project is a success. A method
can be implemented well or poorly. A common error with Scrum, is an in-
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correct time estimation of different tasks. A proper preliminary study and
active corrections of the task at hand is crucial for the budget to be held. By
implementing a type of Test-Driven Development, it is possible to track and
evaluate each iteration, while providing a clear structure, and giving each
iteration a concrete goal.

3.2 Distribution of tasks

The distribution of tasks was partially based around the MoSCoW model for
the system, as seen in table 3.1. The iterations of the project are distributed
as to fulfill as many demands as possible, while prioritizing building a working
system.

The preliminary study has resulted in the expected prototype being divided
into five components, as depicted in figure 3.2, out of which four are neces-
sary to solve the problem. By following the scientific model and implementing
the iteration-based Scrum framework, the components and tasks have been
distributed into different iterations. The project goal of writing a thesis re-
port is done concurrently to all iterations and will therefore not be discussed
in Chapter 4. By conducting the preliminary study, step 1 through 3 of
Ekholm’s model were completed, as insight into the problem and technolog-
ical solutions was found.
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Table 3.1: A MoSCoW model describing the demands on the system

Implement hardware for reading atmospheric pressure
Must Communicate with said hardware

Thorough commenting of the code
Read sensor data

Should Predict weather changes
Uphold conventional code structure

Could Connect to a weather service for backup predictions
Won’t Develop a front-end solution

The first iteration does not, unlike the following iterations, have a test at the
end as no prototype development is made. The main goals of the iteration
are to create models and simulations of the system and to learn more about
any necessary prerequisite knowledge, such as the programming language.
This overlaps step 6 of Ekholm’s model. When satisfied with the initial
simulation, the iteration is ended. The models will be updated during later
iterations if they prove to be incorrect or lacking.

Iteration two through four will overlap step 5 of the model, i.e. the develop-
ment of the first prototype. If necessary, they will also cover step 6.

The second iteration consists of setting up all hardware and the connections
to it. In effect, this means that the ConnectToHardware and the MCUWith-
Sensors components are completed. The MCU will have to be connected to
an external pressure sensor through a solderboard, unless it already has an
atmospheric pressure sensor on the board. The testing of the components
is done together, by performing a seemingly simple operation on the MCU
through the use of the mobile application. The test is successful if any visual
confirmation that the connection is working can be made. In the event of
the iteration results not satisfying the test requirements, the tasks of the
iteration will be placed at the start of the following iteration, as the rest of
the system requires the connection to function correctly.

Iteration three consists of fetching and compensating sensor data from the
MCU, thus completing the ReadSensorData and CompensationFormula com-
ponents. As the compensation of data requires output data from the Read-
SensorData component, the data collection needs to be completed first. Once
both components are done, the results will be tested by comparing the out-
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put with readings from other sensors, to see if the received values seem rea-
sonable. The temperature will be compared to the output of the Automat
MCU’s built-in temperature sensor, as the externally connected sensor is in
a close proximity, and should therefore have a similar value. The pressure
data will be compared to data from nearby weather stations. If faults still
exist after the iteration, they will be corrected after iteration four if time is
available.

The fourth iteration contains the last part of the prototype, and is not neces-
sary to solve the problem; it is, however, a requirement by the product owner.
The last component is the algorithm used to predict weather changes. The
procedure of determining weather changes will be based on information found
during the preliminary study. If previous iterations have not successfully cre-
ated a way to receive correct pressure data, simulated values will be used to
test and verify that the algorithm works as intended.

For the weather forecast to work correctly, the whole system needs to work
correctly. If each component passes its given tests, the prototype will be
tested at multiple occasions by attempting to predict weather changes, and
determining whether the prediction was correct. If there is enough time, any
errors or areas of lacking quality will be corrected, completing step 8 and 9
of the model.

After all previous tasks are completed, or if the time runs out, the project
and the prototype will be evaluated, creating several documents describing
the prototype in the process. The evaluation phase is then concluded in a
reliability and validity discussion presented in chapter 6, fulfilling step 7 and
10 of the model.
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Figure 3.2: A component diagram

3.3 Method results and deliverables

Each practiced method will produce one or more results to be presented
in chapter 5. Table 3.2 shows each method and all corresponding deliver-
ables.

Table 3.2: A table listing methods and deliverables

Design Document
Ekholm’s Model Architectural Document

Implementation Document
Testing directions

Scrum Prototype
Test Driven Development Test results
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The deliverables of the system will provide a clear insight into the devel-
opment process of the prototype, its final structure, how its implemented
into another application, etc. These results will provide a clear view of the
prototype, and prove the systematic and scientific method behind the devel-
opment.

The deliverable of the project is this report, which makes it possible for the
reader to verify, reproduce and implement this method of solving the problem
in another project.

3.4 System delivery method

The delivery of the system will be handled as the product owner, Tracy
Trackers, requested. The software along with any documentation will be
delivered on github. Similarly, the hardware will be handed over to the
customer.



Chapter 4

Implementation

This chapter details the development process of the prototype by describing
how the implementation and testing went. Each iteration of the project is
presented as a separate section with a title describing its main focus.

4.1 Choice of hardware and modeling

The main focus was developing simulations of the system and deciding the
components of the hardware that would be used in the prototype, based on
the knowledge gained from the preliminary study.

4.1.1 Implementation

Seeing as the prototype has a specific functionality requirement, a special
purpose computer, such as an MCU, is sufficient. The most important cri-
teria of the MCU that will handle the sensor data is the shape and size of
the circuit. Since the MCU will be integrated into clothing or other wear-
ables, mobility and visibility must be considered. Another criterion is the
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availability. Since time is a limited resource in the project, the circuit has to
be available as close to the start as possible. Other criteria include cost and
the amount of information available on the MCU.

Another important technical decision includes the type of communication
between the MCU and the mobile phone. The choice of communication falls
on three important factors; the energy cost, whether or not it is supported
by a cellphone and how established the type of communication is.

Automat supports the above mentioned criteria, and has a built-in Bluetooth
unit, which makes it the preferable choice over an Arduino. One issue with
the current version of Automat is, however, that it has no sleep mode. That
functionality will be added in a future version, which will be released later
this year [14]. Being able to activate sleep mode to preserve battery is not
as important during development as when the product is released, so it can
still be used for development.

The type of sensor was decided by evaluating information found during the
preliminary study. As with the MCU, size is an important factor. To make it
simpler, the sensor should preferably be mounted on a circuit as this will save
time and eliminate a potential risk presented by manual soldering. Availabil-
ity and the amount of time it takes to acquire the sensor will also be taken
into account since time is a resource.

As the Automat does not have an atmospheric pressure sensor on the board,
an external sensor has to be added. Taking the aforementioned criteria
into consideration, the sensor chosen was BME280; a power efficient unit
that measures atmospheric pressure, humidity and temperature. Since this
project only needs to measure atmospheric pressure, the main options were
initially BMP280 and its predecessor BMP180, as they both only feature a
barometer. The deciding factor was the amount of time it took to get the
circuit delivered since the development had a fixed duration.

Learning about Swift made it clear that the Model-View-Controller pattern
was to be used. As this project was limited to the back-end solution, and
Swift utilizes View-controllers as the Controller in MVC, the simulated model
of the system only had to cover the model. The first design of the model, as
seen in figure 4.1, consisted of a cloud based storage, a mobile application
and the hardware. The cloud was a remnant of a previous requirement on
the prototype, which was in a later iteration removed from the system.
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Figure 4.1: An early model of the architecture

4.1.2 Testing

No tests were made during the first iteration, as no development of the pro-
totype was made.

4.2 Assembling and connecting

The aim of this iteration was to assemble all the hardware components and
establish communication with the MCU.

4.2.1 Implementation

The external sensor was connected with the MCU by soldering wires between
them. This had to be redone a number of times because of the positioning of
the SDA and SCL connectors, which are at the bottom of the Solderboard.
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This complicated the soldering process since the space between the Solder-
board and the Powerboard were insufficient when connected. The cables were
pulled around the boards to bypass this complication.

Figure 4.2: A circuit diagram of the Automat and BME280.

To connect to the Automat MCU through the mobile application, the SDK
provided from Neue-Labs github was used [21]. In general, it works very
similarly as to connecting to any different bluetooth peripheral. The SDK
simply automates certain parts of the process, and gives you access to the
characteristics of the Automat in the form of an object representing the Au-
tomat Baseboard. By creating an NLAConnectionManager, Automat’s own
abstraction of the CentralManager, one can use the built-in functionality to
search for and connect to nearby Automat units. Each Automat has its own
unique ID which is contained in the dictionary of the notifications, named
”automatDeviceWasDiscovered”, which it continuously broadcasts to nearby
bluetooth centrals when unpaired. The documentation available in the Au-
tomat SDK is, however, outdated and presents incorrect information. Many
hours were spent searching for notifications with an outdated name, until the
new name of the notifications was found by intercepting and observing every
single notification received. Once connected, the rest of the functionality
was accessed by creating an NLABaseboard object through the connection
manager. The Baseboard object allows you to both communicate with the
MCU, and send read and write commands through I2C to the sensor.
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Figure 4.3: The BME280 and Automat

4.2.2 Testing

To make sure that the connection was working, a simple blink method was
created. It used the Baseboard object to tell the Automat to blink its white
and blue LED. All I/O ports are accessed through a specific address, and
the LEDs were no different. Constants containing the addresses of the LED
ports were available through the SDK, making the knowledge of the actual
port number unnecessary.

The iteration passed the test by blinking on demand. Simply being able to
create a Baseboard object from the NLAConnectionManager would, however,
have been proof enough to see that the connection was working.
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4.3 Reading and compensating sensor data

The aim during this phase was to read the sensor data and convert it to
readable data through the use of a compensation formula.

4.3.1 Implementation

Since the hardware is implemented as a wearable device, a renewable en-
ergy source may not be easily available. All overhead energy costs should
therefore be minimized as much as possible. The BME280 has three differ-
ent measurement modes; normal, forced and sleep mode. Forced mode was
chosen, as it tells the sensor to only registers new values when told so by the
MCU, thereby minimizing energy costs. When delivered from the factory,
the sensor is by default set to sleep mode, not making any measurements.
To start measuring, the sampling rate of the given measurement type needs
to be set to at least x1 and the measurement mode has to be changed. This
was however not described in the documentation, and had to be found out by
testing different values and settings. All settings of the sensor are changed
by writing to different register, as described in the BME280 documentation
[22].

To write or read registers of an external device connected to Automat through
I2C, one has to create a NLAI2CMutableWriteData or NLAI2CMutableRead-
Data object containing the device id, which is 0x76 for the BME280. This
object can later be loaded with addresses to different registers and commands
in the shape of a single byte. If multiple commands are to be added, in case
one were to e.g. write to a specific register and also specify what data is
to be written, a pointer to an array of commands has to be created. The
example in figure 4.4 shows an I2C write command writing ”0b00100101” to
register 0xF4 of device 0x76. The result of the command is then handled
by a handler named ”writeHandler”. As no data is returned from the write
commands, the write handler only prints out any error to the console.
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l e t pointerToStartSensorCommand . i n i t i a l i z e ( from : [ 0 xF4 , 0b00100101 ] )
l e t s t a r t F i l t e r : NLAI2CMutableWriteData = NLAI2CMutableWriteData . i n i t ( address : 0x76 )

s t a r t F i l t e r . addI2CCommands( pointerToStartFilterCommand , count : 2)
automatBaseboard ! . writeI2CCommand ( s t a r t F i l t e r , withHandler : wr iteHandler )

Figure 4.4: A code example of how to issue read and write commands

All commands to the I2C unit require a handler which performs some oper-
ation after the command has been executed, even if no operation is desired.
These operations could be performing calculations on response data, or sim-
ply printing an error message. In swift, these are implemented using closures.
The handlers are created as NLAI2CReadHandler or NLAI2CWriteHandler
objects. As specified in the Automat SDK, the only requirements for these
handlers are that they can receive an NLAI2CReadResponseData and an
error object as parameters, and return void.

To read sensor data, three operations are required. Before being able to read
anything from the sensor, the oversampling and measuring mode needs to be
set. In figure 4.4, the binary number 0b00100101 sets the oversampling of
temperature and pressure to 1 by writing 001 to bit seven to five, and bit four
to two respectively. By writing 01 to bit one to zero, the measuring mode
is set to forced. This operation has to be done before reading data from the
sensor. It is possible to increase the oversampling for a higher precision, but
it is not necessary since the increased precision is negligible in the order of
magnitude that atmospheric pressure is measured in.

The second operation is to fetch the calibrations parameter used when con-
verting the data to a readable measurement. There are three parameters for
temperature, and nine parameters for pressure. Each parameter is split into
two bytes, one for the Most Significant Bits (MSB) and one for the Least
Significant Bits (LSB). These are found in registers 0x88 to 0x9F, with the
first six bytes representing the temperature parameters. To minimize oper-
ations, all parameters should preferably be read at once, however, this does
not work for a reason that is not documented. The highest possible size of
data to read at once is 18 bytes. If one attempts to read more than that,
nothing will happen. The temperature and pressure parameters are therefore
fetched separately. Once fetched, the MSB byte of each parameter is shifted
eight bits to the left, and merged with the LSB part into an Int16 by the
assigned handlers. The parameters are then sent as an array of parameters
to a struct containing all the compensation formulas.
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After the setup required for the sensor readings is done, the last step is to
read the data from the sensor. This is done using an I2C read command, not
very different from a write command. Temperature and pressure are read
from registers 0xF7 to 0xFC, with each measurement type represented by
three bytes. Just like the parameters, the read bytes are to be converted into
a single object. The first byte contains the MSB, the second the LSB and
the last contains the XLSB. Bosch has not documented what XSLB stands
for, leaving us to make the assumption that it contains the decimal values of
the measurement. Unlike the MSB and LSB, the XLSB is contained only in
bits seven to four of its byte. As the three parts are combined into a 32-bit
integer, with the last 20 bits containing the measurement, the MSB has to
be shifted 12 bits to the left, the LSB 4 bits to the left, and the XLSB 4 bits
to the right, before being represented as a measurement.

Once the data has been read and shifted, the uncompensated measurement
is sent to a compensation formula. The compensation formulas are taken
from Bosch’s documentation and driver for the BME280. Each compensation
formula involves a series of arithmetical operations and bit shifting using the
calibration parameters. A product of the temperature compensation is the
t fine variable [22]. It is the sole reason for why temperature is calculated, as
this variable is used in the pressure compensation. Once compensated, the
now readable measurement is returned. The pressure compensation has three
different compensation formulas with different precision and computational
costs. The documentation and driver provide different implementations of
each formula, making it unclear which one should be used.
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4.3.2 Testing

The testing of the third iteration was to compare the measurements received
from the sensor with measurements from other sources. For temperature, the
built-in temperature sensor on the Automat board was used. For pressure,
the measurements received from the weather station in Bromma was used, as
it was the closest weather station that measured atmospheric pressure.

Table 4.1: A table listing test results for temperature

Hours since first measurement BME280 Automat
+0.0 26.21°C 26.02°C
+1.0 25.67°C 25.40°C
+2.0 26.89°C 26.76°C

The measurements for temperature can be seen in table 4.1 with two deci-
mals. The measurements were made indoor one hour apart from each other,
with each table value representing an average calculated from five measure-
ments with ten seconds in between. As the the two sensors were in close
proximity of each other, but on different devices, the results were similar.
From this we drew the conclusion that temperature measurement was work-
ing correctly.

Pressure values were noted in hPa without any decimals, as that is how
the values were presented by the weather station. Just like temperature,
the local pressure values were received as an average of five measurements.
Atmospheric pressure is not a local measurement, meaning that the values
should be similar despite the distance. The values should be similar, if not
the same, over large areas. The closing of a door and similar movements may
cause temporary changes in air pressure, but the average should account for
that.

Table 4.2: A table listing test results for temperature

Hours since first measurement BME280 Weather Station
+0.0 1789hPa 1012hPa
+1.0 1670hPa 1012hPa
+2.0 1325hPa 1013hPa
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The values, as seen in figure 4.2, are very different from each other. The
atmospheric pressure from the weather station was slowly rising over the
course of two hours, but the local measurements were rapidly dropping and
far from the same value. This iteration goal was not passed as the compen-
sation of the uncompensated pressure gave values that did not match those
of the weather station. As a consequence of this, the compensation formula
for pressure would have to be looked upon and completed after iteration four
depending on the time available.

4.4 Calculating a weather forecast

Throughout this period, the main focus was to construct an algorithm that
creates a weather prediction based on the processed data acquired from the
sensor.

4.4.1 Implementation

The development of the algorithm was rather straightforward. To predict
upcoming weather changes, the direction and speed that the atmospheric
pressure is changing is used. The values of the different intervals and what
they meant was found through the documentation of an altimeter and barom-
eter system using the MPL115A, another pressure sensor [23]. Although the
sensor is different, the weather phenomenon caused by the change in atmo-
spheric pressure should remain the same.

An important issue to address, was temporary pressure changes causing de-
viating readings, which in turn may create an inaccurate weather prediction.
To minimize the impact of such changes, the atmospheric pressure had to be
averaged before it was stored for use in the prediction. The pressure was read
five times through the use of an asynchronous timer object, which repeats a
given method until invalidated. Each time a measurement was made, a value
was stored in a shared memory array. Upon reaching five values in the array,
the timed method invalidated its own timer object, and began calculating an
average change per hour.
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An important part of calculating the average change was not waiting to little
or too much time between the measurements. If only a few minutes had
passed since the first data point, the next one would not be usable to predict
an upcoming change. An if-case was implemented to make sure that only if
at least half an hour had passed since the first pressure point was stored, the
average would be sent through a series of if-cases to match it to a weather
forecast. Once the forecast was set, a notification containing an enum with
the forecast was posted to the NotificationCenter, as seen in figure 4.5.

// Check i f p r e s su r e change i s enough to cause a new weather p r ed i c t i on .
// Throws No f i c a t i on s with name newWeatherForecast conta in ing a weather p r ed i c t i on
i f ( s e l f . averageChangeOfPressurePerHour != n i l && pre s su r eSto rage . endIndex > 1){

l e t avg = s e l f . averageChangeOfPressurePerHour
p r in t (” Checking weather f o r e c a s t . Average change : \( avg ! ) ” )

i f ( avg ! >= 2.5 ){
Not i f i c a t i onCen t e r . d e f au l t . post (name : No t i f i c a t i o n .Name( rawValue : ”newWeatherForecast ”) ,

ob j e c t : Weather . notStab le )
// not s t ab l e

}
e l s e i f ( 2 . 5 > avg ! && avg ! > 0 .5 ){

Not i f i c a t i onCen t e r . d e f au l t . post (name : No t i f i c a t i o n .Name( rawValue : ”newWeatherForecast ”) ,
ob j e c t : Weather . goodWeather )
// s t ab l e good

}
e l s e i f ( avg ! >= −0.5 && avg ! <= 0.5 ){

Not i f i c a t i onCen t e r . d e f au l t . post (name : No t i f i c a t i o n .Name( rawValue : ”newWeatherForecast ”) ,
ob j e c t : Weather . s t ab l e )
// s t ab l e

}
e l s e i f ( avg ! > −2.5 && avg ! < −0.5){

Not i f i c a t i onCen t e r . d e f au l t . post (name : No t i f i c a t i o n .Name( rawValue : ”newWeatherForecast ”) ,
ob j e c t : Weather . ra iny )

// s t ab l e r a i ny
}

e l s e i f ( avg ! <= −2.5){
Not i f i c a t i onCen t e r . d e f au l t . post (name : No t i f i c a t i o n .Name( rawValue : ”newWeatherForecast ”) ,

ob j e c t : Weather . thunderStorm )
// thunderstorm
}

Figure 4.5: The weather forecast algorithm

Some quality of life aspects for the product were improved to prevent in-
correct measurements. After each average was calculated, they were locally
stored in the phone’s storage. To store multiple parameters as one, you
have to create a custom object containing these parameters and have it ex-
tend NSObject and NSCoding. By implementing the required methods of
NSCoding, the object is made serializable and locally storeable. Doing this
prevents the need for the application to be turned on for the entire mea-
surement duration. Stored values that are older than two hours are not
relevant for future predictions, and are therefore removed at the start of each
measurement.
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4.4.2 Testing

The algorithm required nearly no testing, as it was mainly a series of if-
cases. As the pressure values were incorrect as a consequence of unknown
errors during the compensation, pressure changes had to be simulated. Since
data was stored after each measurement, the forged measurements could be
added manually. The algorithm predicted the correct forecast for the pressure
change that was entered.

To test that the correct forecast was sent, an observer was set to listen to
notifications containing the new forecasts. Once received, the forecast was
printed to a UILabel in the view.
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Result

The developed prototype is the back-end solution to an iOS application writ-
ten in Swift with an appurtenant hardware for measuring atmospheric pres-
sure. The application automatically reads atmospheric pressure and calcu-
lates a weather forecast based on the rate of change per hour. The separately
developed front-end part of the application is then sent notifications about
the weather, which will warn the user about upcoming local changes.

To describe the system in detail, the following appendices were created:

• Vision Document (A)

• Requirements Specification (B)

• Design Document (C)

• Architectural Document (D)

• Implementation Document (E)

The desired effect of the prototype is to appeal to a clothing company in-
terested in broadening their market to IoT. The primary candidate is Stut-
terheim, a company that has a thematic interest in everything about rain.
The conceptual idea for the prototype and the desired outcome is further
described in appendix A.
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The requirements on the specified prototype can be summarized as one func-
tional requirement and one use-case. The prototype has to support the back-
end functionality of predicting and notifying users about weather changes.
The user should be able to request a new forecast on demand, as described in
the Software Requirements Specification in appendix B, based on a standard
template received from IEEE.

Figure 5.1: A UML diagram depicting the system architecture

The architectural diagram in figure 5.1 gives a brief overview of the entire
system. The application can be seen as two different parts, the hardware
and the software. Many of the design choices behind the system were based
entirely on the predetermined factors. The mobile environment indirectly
forced the application to be developed in Swift, thereby further encourag-
ing the implementation of the MVC pattern. The nature of the application
demanded an external computer with a corresponding sensor to solve the
problem. Further reasoning behind many of the design choices of the appli-
cation is explained in appendix C.

The architectural document in appendix D, thoroughly describes the system
using Kruchten’s 4+1 model [24]. The system can be modeled as four differ-
ent views and a use-case part. The use case part is what the whole system
flows around. Each view describes a different part of the system and how it
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upholds to the use-case requirement. The logical view explains the different
parts of the system that go into fulfilling the functional requirements. Mul-
tiple UML-diagrams, such as class, communication and sequence diagram,
explain the flow of the system and how different classes and objects interact
with each other to fulfill the task at hand. The development view displays
the system from the developer’s point of view, describing the different in-
ternal components of the system. The process view portrays the flow and
concurrency of the application at run time. Activity diagrams are used to
explain each decision that is made throughout the system from the start of
the application to the end where a weather forecast is presented. The phys-
ical view depicts the different physical components of the architecture, such
as the Automat MCU and the mobile phone. Each device with its artifacts
can be clearly seen through a deployment diagram, giving the reader insight
into the platform and prerequisites of the system.

The back-end application is later to be merged with a separately developed
front-end solution for displaying weather changes. To combine the front-end
with the back-end, the model needs to be instantiated as an object, and
listeners for the weather updates need to be created. Each component of the
system along with error handling directions is further developed in appendix
E.

Testing directions can be seen at the end of each subchapter in chapter
4.
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Chapter 6

Discussion

This chapter will review the results of the thesis and discuss the validity and
reliability of both the method and the results. The problem of the thesis is
then answered in a conclusion.

6.1 Method

Multiple methods were used during the project to make progress on the
prototype development and to provide a scientific approach.

6.1.1 Validity

A summary of the methods used can be seen below.

• Ekholm’s model

• Scrum

• Test Driven Development
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By following Ekholm’s model, a structured and verifiable result was pro-
duced. By combining Scrum with steps of Ekholm’s model, it was possible
to continuously make and track progress on both the prototype and the
project. Each iteration was, where possible, ended with a test of the de-
veloped component. These methods worked well together, producing the
expected results, and were sufficient for the task at hand.

6.1.2 Reliability

While each implemented method proved adequate in producing an acceptable
result, the quality of the implementation differed. As with all projects, there
are more factors present than just what methods were used. Scrum worked
well in general, however, some parts were lacking. The iterations were fo-
cused on matching Ekholm’s model, leading to them being very uneven in
workload. Smaller iterations or a better division of stories into tasks could
have improved the chances of finding errors faster. Since there were many
minor errors in the code left from the early stages, as a result of the workload
distribution and testing being lacking, the iteration where the measurements
were compensated became too short to meet the goal.

Although the testing and task distribution were lacking in some areas, the
methods led to the prototype meeting the required goals of the product owner
and solving the problem.

6.2 Result

This subchapter aims to describe the validity and reliability of the result,
discussing how well and if the results solved the problem.

6.2.1 Validity

As the problem is formulated in a straightforward fashion, the prototype
can unmistakably solve the problem. By connecting to the hardware and
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receiving sensor data, the problem is solved. Although the atmospheric pres-
sure can not be processed correctly, the temperature readings still provide
accurate data to the mobile application, thereby proving that actual sensor
readings can be collected.

6.2.2 Reliability

In solving the problem, only a few parts of the solution could be generalized.
This method of solving the problem was limited to a specific developing
environment, MCU and sensor type. The choice of MCU severely limits how
this solution can be applied in other circumstances. While it fits well for the
purpose of this implementation, the method of interacting with the board is
different from other more common MCUs, and it limits the application to
use iOS, as a result of the SDK being written in objective-C. To provide a
more general solution, a different MCU, such as the Arduino, would have
been preferable.

What can be considered a good solution, is the choice of communication
between software and hardware. Bluetooth is reliable for short distances, and
has a low energy cost. It has a widespread documentation and is supported by
nearly all modern phones. Another alternative for Bluetooth could have been
Zigbee, but the availability of Bluetooth made it the preferable choice.

The prototype works well in the user experience aspect. Unless added in
the separately developed front-end solution, no direct input is required from
the user after starting the application to receive weather forecasts. This
also makes the prototype simple to implement with any front-end solution.
The only task required is that the Controller creates an object representing
the prototype. For the developer, the structural layout may pose certain
disadvantages. As a result of development time running out, a solution to
providing access to the Baseboard in multiple classes was not found. The
majority of the functionality is therefore contained in a single class, provid-
ing a low cohesion and a messy code. The documents produced from the
methods and the commenting of the code compensate for the lacking areas
by thoroughly explaining the architecture and design.

To improve the solution, the most important change would be to correct
the pressure compensation. At the end of development, the issue had been
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narrowed down to be caused by either the compensation formulas or the
calibration parameters.

Whether this is the best way to implement the system is hard to discern.
However, considering the issues faced during development, following the in-
correct documentation of the Automat and BME280, it is highly unlikely that
the problem can not be solved more effectively. While the end product fits
the implementation well, the development process is equally important.

6.3 Conclusion

The developed system solved the problem of “Is it possible to implement a
system that allows for the collection of information from sensors through a
mobile phone?”. It is possible to implement a system which gathers sen-
sor data using a mobile phone. The system contains many variables which
may be altered, leading to different solutions. Factors such as the hard-
ware and the programming language heavily affect how the system is imple-
mented.
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Tracy Trackers Weather Forecast 
Vision Document 

 
 
 
 
 
Abstract 

This document outlines the business case for the Tracy Trackers Weather Forecast 
project in order  to ensure that all project stakeholders share a common 
understanding of the business opportunity or problem that is to be addressed by the 
project, and the benefits and return-on-investment case for the favored solution 
option . 
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Executive Summary 

Reasons for Investing 
Tracy Trackers has found interest in developing a Weather Forecast application, later 
to be used in an IoT solution for a rain jacket.  

Costs 
An MCU and a sensor for measuring atmospheric pressure.  

Risks 
The application handles sensitive information, it is imperative that the application, 
guarantees privacy. 

Constraints and Assumptions 
Time available for the development of the product will be contested by the thesis 
report that the developers have to write concurrently. 

The target operating system of the application is iOS 

Investment Appraisal 
The cost is expected to be between 100 and 1000 SEK. Sensors tend to be available 
cheaply online and a fitting MCU is already in the possession of the company.  
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1 Introduction 
1.1 Document Purpose 
The purpose of this document is to establish a business case for the project by: 

● Demonstrating an understanding of the opportunity to be exploited and/or the 
problems to be solved 

● Outlining the solution options in terms of their respective benefits, costs and 
return on investment (ROI) profiles 

● Positioning the favored solution in terms the unique benefits that it will 
deliver. 

1.2 Document Scope 
The scope of this document is limited to: 

● Outlining the business case for investing in the project. 

The scope of this document does not include consideration of: 

● Analysis of the impacted stakeholders and their collective needs 

● Detailed project requirements 

● Details of the proposed project approach and plan 

● Details of the proposed technical solution. 
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1.3 Document Overview 
● Opportunity Description – outlines the opportunity that the project is 

intended to exploit and/or the problems it is intended to solve and the benefits 
associated with addressing these 

● Solution Options – lists and briefly describes a number of solution options  

● Product Positioning – Positions the product that the project will produce to as 
part of the favored solution option, including the unique benefits associated 
with this solution option 
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2 Opportunity Description 

2.1 Business Opportunity  
The product is intended to be pitched to a company with high interest in everything 
about rain. As Internet of Things is an area of continuous growth, investing in it may 
prove profitable.  

2.2 Problem Statement 
The table below summarizes the problem that the project is intended to solve: 

The problem of Unreliable weather predictions 
Affects People planning what clothes to bring 
The impact of which is Not being dressed for the occasion 
A successful solution would A tech in clothing solution for local weather forecasts 

 

2.3 Summary of Expected Benefits 
The section summarizes the business benefits that the project is expected to generate 
through exploiting the business opportunities and addressing the identified problems 
within the opportunity space. 
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3 Solution Options 
3.1 Design and develop an iOS application with 

corresponding hardware for weather prediction 

3.1.1 Solution Overview 

Develop an iOS application with conventional code structure and clear 
documentation, which performs computations on atmospheric pressure data received 
from sensor to predict upcoming local weather changes.  

Design and implement hardware for reading atmospheric pressure data, and sending it 
to a mobile application. 

3.1.2 Indicative Costs 
10 weeks 
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4 Product Positioning 
The table below summarizes the positioning for the product that will be produced by 
the preferred solution option: 

This product is for Tracy Trackers 
who require An iOS application with corresponding sensors 
which is a weather forecasting system 
that provides Notifications about upcoming weather changes 
Unlike alternatives, such as SMHI 
Our product gives localized readings of the environment without being 

bound by weather stations. 

4.1 User Environment 
The software will at a later stage be represented by a front end solution, in which the 
user will be able to see upcoming weather changes. 

The hardware will at a later stage be embedded in a piece of clothing.  

4.2 Summary of Benefits and Capabilities 
A more accurate weather prediction of the local environment. 

4.3 Alternatives and Competition 
SMHI 
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1. Introduction 

This chapter will give an overview of everything included in the document. It describes the purpose, 
the scope, and a list of references.  

1.1 Purpose  

The purpose of the document is to provide a detailed description of the requirements for the 
software of the project. This document is primarily intended as a reference for developing the first 
version of the system for the development team. 

1.2 Product Scope 

The weather system should be able to forecast weather conditions by collecting information about 
atmospheric pressure to be embedded in clothing. A more detailed description is available in the 
Vision document [1]. 

1.3 References 

[1] A. Rågberg & A. Jernberg. (2017). Vision document. Unpublished document, KTH. 
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2. Overall Description 

This section will give an overview of the whole system. The system will be explained in its context 
to show how the system interacts with other systems and introduce the basic functionality of it. It 
will also describe what type of stakeholders that will use the system. At last, the constraints and 
assumptions for the system will be presented. 
 
This chapter will give an overview and present some basic functionality of the system.  

2.1 Product Perspective 

This weather system is an alternative way to collect data about our environment. Instead of having 
to rely on stationary weather station, this system could be brought along to measure the user's 
immediate surrounding. If the system is spread and used on a larger scale, it could help give a 
more accurate forecast of the weather because of the increased amount of information available. 

2.2 Product Functions 

The major functions of the systems are as following: 
● The system must make a weather prediction based on data received from sensors. 
● The user should be able to obtain information about the forecasted weather whenever 

requested. 

2.3 User Characteristics 

There is one type of user that interacts with the system; the mobile application user. This user 
gains information about any upcoming weather changes by requesting a forecast from the 
application. 

2.4 Constraints 

This project has a few limitations when it comes to the mobile application. An iOS application will 
be developed by demand of the product owner, making any other mobile solutions, such as 
android applications, irrelevant. 
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3. External Interface Requirements 

3.1 Hardware Interfaces 

The project does not have any external hardware interface requirements. 

3.2 Software Interfaces 

The software application should be easy to merge and start together with a front-end solution. 
Preferably, the measurements should start without any user input. This could be done through a 
parameter-less initializer. 
 
An implemented controller should be notified about any weather forecast, through the use of 
Notifications or similar.  
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Design Document 
 

Anton Jernberg, Adrian Rågberg 
May 23, 2017 

 
Abstract 

This document serves to describe the design choices behind the backend 
solution to Tracy Trackers Weather Forecast application as of 24th of May 

2017 
 
 

1. Introduction 
This document provides an overview of the design choices behind Tracy 
Trackers Weather Forecast application developed by students Adrian Rågberg 
and Anton Jernberg as part of their thesis project at the Royal Institute of 
Technology, Campus Kista, Sweden. The authors have been tasked with 
creating a back-end solution for an application that collects sensor readings 
about air pressure, and calculates a weather prediction based on the collected 
data. This includes choosing and implementing a Micro Controller Unit with an 
appropriate sensor to provide reliable readings, setting up a working 
communication structure, and performing any necessary calculations on the 
sensor data all the while upholding a conventional and efficient code structure.  
 
  

 



2. Design 
 

 
Figure 1. Structural layout of the application 
 

2.1 Hardware 
During the mid to late stages of the preliminary study, Tracy Trackers provided an 
Automat-board. This made it possible to choose which MCU would be used in the 
project since there already was an Arduino board available. Automat was chosen in the 
end because of the Bluetooth module built into the circuit and the smaller size of the 
Baseboard, whose surface area is approximately a third of the Arduino-board directly 
available. 
 
Since the Baseboard does not have a sensor that measures atmospheric pressure built 
in, an external integrated barometer had to be added. Taking size, availability and the 
amount of time it takes to acquire the sensor into consideration, the one ultimately 
chosen was BME280; a power efficient unit that measures atmospheric pressure, 
relative humidity and temperature. Since this project only need to measure 
atmospheric pressure, the main options were initially BMP280 and its predecessor 
BMP180, as they both only feature a barometer. The deciding factor in this case was 

 



the amount of time it took to get the circuit delivered since the development had a fixed 
duration.  
 
The circuits with the BME280 sensors are available with I2C or SPI. The chosen 
communication protocol ended up being I2C, since data transfer rate is not an 
important factor. The number of wires should preferably be kept at a minimum. 

2.2 iOS application 

During development of the application, multiple design choices were made which affect 
both performance and the general flow of the application. 

2.2.1 Architectural and design patterns 
Since Swift was designed for object-oriented programming, it was advantageous to 
implement the MVC pattern. In effect, this means that the backend application never 
contacts anything outside of its scope. To notify the user about a new weather forecast, 
a notification is sent to the NotificationCenter, which the controller detects and reads. In 
extension, this allows the model at hand to focus on its specific tasks, thereby 
increasing cohesion.  
 
The communication type used to communicate between layers and devices is mainly 
through Notifications. To perform actions based on the notifications, observers were 
added. When said Notification is detected, an appropriate method with corresponding 
actions is triggered. 

2.2.2 Functionality Distribution 
When programming in general, you want to obtain as low coupling and as high 
cohesion as possible. This is usually done by keeping the classes as modular as 
possible, with only their specific task to worry about. However, because of the limited 
development time and experience in Swift, the main model class, AutomatConnection, 
was left to contain the majority of the functionally. This was because certain objects, 
such as the Baseboard representation and the array of pressure values, had to be 
reachable by multiple functions with their reference intact. Another factor in keeping the 
main class filled with functionality, was the multiple handlers required in the various 
methods. As handlers are not able to return values and communicate only through 
direct reference or writing to a shared memory space, they had to be kept in the same 
class. A possible consequence of separating the class would be that the pressure data 
would be overwritten.  
 
The compensations class has a high cohesion and low coupling. Its only tasks are to 
compensate uncompensated measurements using the provided calibration 
parameters. However, to read all parameters at once from the sensor, a total of 24 
bytes are needed. The hardware only supports reading up to 18 Bytes at once, thereby 
requiring two handlers to fetch all parameters. This makes it impossible to initialize the 
Compensations class with all parameters at once, without first storing them locally in 

 



the AutomatConnection class. For this reason, the Compensations class is first 
initialized without the calibration parameters, and has two public methods for setting 
the temperature and pressure parameters.  

2.2.3 Concurrency 
The handlers of the program all act asynchronously, and at times access the same 
variables. To prevent dirty read and other similar concurrency issues, they are simply 
kept from executing at the same time. The compensation handlers act on the 
calibration parameters received from the sensor through the calibration parameter 
handlers. If the calibration parameters are not set before the compensation starts, the 
calculation will not work correctly. As being a few seconds faster does not cause a 
noticeable performance drop in the calculations, a one second wait timer has been 
implemented before the compensation handlers start, so that the calibration 
parameters have time to be set. Even if the process takes one more second, the whole 
measurement cycle takes at least 30 minutes, making the one second negligible. This 
seemed preferable over taking extra memory, processor power and development time 
to implement a lock.  
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Architecture Document 
 

Anton Jernberg, Adrian Rågberg 
May 23, 2017 

 
Abstract 

This document serves to describe the architectural layout of the backend 
solution to Tracy Trackers Weather Forecast application as of 24th of May 

2017 
 
 

1. Introduction 
This document provides an architectural overview of the Tracy Trackers 
Weather Forecast application developed by students Adrian Rågberg and 
Anton Jernberg as part of their thesis project at the Royal Institute of 
Technology, Campus Kista, Sweden. The authors have been tasked with 
creating a back-end solution for an application that collects sensor readings 
about air pressure, and calculates a weather prediction based on the collected 
data. This includes choosing and implementing a Micro Controller Unit with an 
appropriate sensor to provide reliable readings, setting up a working 
communication structure, and performing any necessary calculations on the 
sensor data all the while upholding a conventional and efficient code structure.  

2 Architecture 
To provide a clear and straightforward description of the system, the 4+1 View 
Model as described by Philippe Kruchten has been utilized. This involves 
creating four different views describing different parts and areas of the 
architecture [1].  
 

2.1 Use-case 
The backend solution doesn’t have any directly user-related use cases that 
need to be followed. The solution is therefore based around meeting the 
functional requirements in a timely manner without any user interaction.  

 



The desired functional requirements of the system can be described as seen in 
figure 1.  

 

 
Figure 1. A use-case diagram displaying a use case and a functional requirement 

 
The demands of the system can be summed up as one functional requirement 
with a corresponding use-case. The system should with minimal user input, or 
preferably completely automatically, be able to predict upcoming weather 
changes and notify the user about them. The user should also be able to trigger 
this functionality on demand. As explained in the thesis report, pressure data 
changes in the atmosphere that are older than a few hours become irrelevant 
when predicting weather changes. In this implementation, the time limit has 
been set to two hours.  

2.2 Logical View 
The logical view specifies the functional requirements of the system. This is 
done mainly through the design model, which may be composed of i.a. class, 
sequence, communication and state diagrams. This implementation can be 
thoroughly explained without the use of package and state diagrams, as the 
model only has one state while running, the entirety of the implementation is 
contained in one package and all objects are explained through the class 
diagram. Any details that these would fill are explained through the existing 
diagrams.  
 

 



 
Figure 2. A class diagram of the system 

 
As seen in the class diagram presented in figure 2, the backend implementation 
contains four distinct classes. Two of them, the AutomatCommunication and 
Compensations, contain business logic. Weather and DataPoint simply 
represent objects of data used during during the calculation of a new weather 
forecast. Several important global, private variables are presented in both 
AutomatCommunication and Compensations. None of these are required 
anywhere outside their designated scope, but must be available throughout 
their scope as they are used in multiple components.  
 
The Compensations class contains the Calibration parameters and t_fine, which 
are essential to the compensation formulas. These may be fetched directly from 
the sensor for each measurement, but it imposes an unnecessary traffic cost as 
these are used for every single measurement. Instead, they can be set using 
the public setPressureParameters() and setTemperatureParameters() methods 
once the class has been instantiated. The CompensateMeasurement methods 
perform a compensation on the raw measurements acquired from the sensor, 
and returns a compensated representation of the value entered.  

 
AutomatCommunication could be seen as the internal controller of the model, 
directing around traffic and making sure all compensations, algorithms and 
other operations are performed. The public API which is accessible from 
outside is limited to the initializers of the classes and the method 
startMeasurementCycle(), which starts a new measurement cycle, as the name 
infers, leading to a new forecast being calculated and broadcasted. This solves 

 



the use case presented in 2.1, given that the underlying functional requirement 
is implemented.  
 

Figure 3. A sequence diagram of the software and hardware communication 
 
The sequence diagram in figure 3 explains all the communication between the 
hardware and the software of the system. While powered on, the Automat will 
continuously send out notifications through Bluetooth that it is nearby. The iOS 
application catches the notification, and attempts to connect to the Automat by 
using the abstraction of a ConnectionManager provided by the Automat SDK 
and the unique Automat id. Once connected, the Automat will send an 
acknowledgment that it was connected, which is handled by the application by 
performing a write command to the sensor to reset it. Automat forwards the 
write command to the given register of the sensor through the use of I2C 
communication. Once all of the sensor’s settings have been configured, the 
application starts a new measurement cycle. Automat receives a notification 
about a read command with given size, device and starting register. To 
preserve power, the sensor only updates its sensor readings upon request. A 
burst read, collecting information from all relevant sensor registers, is then 
performed on the BME280. The acquired data is returned to the previously 
specified handlers in the application, and compensated. Step 3 then repeats 

 



five times before calculating an average from the readings. This cycle of 
repeated reads is performed each time a new measurement is being made.  

 

 
Figure 4. A communication diagram explaining cross class communication 

 
The communication diagram, see figure 4, explains all external communication 
between classes and other entities. As can be seen in the diagram, all 
operations in the model originate from AutomatConnection. The Automat is 
connected to at the start of the application. Once all internal structure is 
correctly set up, the Automat is requested to read data. The data is then sent to 
the Compensations class, where the data is converted into actual data 
readings, with the pressure being represented as Pascal and the temperature 
as degrees Celsius. Internal calculations are done on compensated data, and if 
available a weather forecast is broadcasted to the standard notification center 
of iOS. Once the process is completed, the pressure data is stored locally on 
the phone for use in future measurements.  
 

 



2.3 Development View 
The development view explains how the system functions for the developer, by 
describing the internal layout and flow using component diagrams and package 
diagrams. As seen in figure 2, the whole model consist of one package. A 
package diagram will therefore not be needed.  
 

 
Figure 5. A component diagram giving an overview of the internal components 

 
The internal system can be divided into four different components. The first 
component is not part of the same pipeline as the rest. It connects the 
application to the Automat, and sets up any prerequisites for the 
ReadSensorData component to function. It involves defining and initializing 
variables such as the NLABaseboard, which provides access to the public API 
of the Automat Device.  
 
The other three components are part of the repeatable procedure of making a 
weather forecast. ReadSensorData accesses the baseboard and provides it 
with a device number and register from which the sensor data should be read. 
The returned sensor readings are received as three bytes of data, representing 
the Most Significant bit, the Least Significant bit and the decimal value. To be 
representable and compensatable, the bits are shifted and stored as a 32 bit 

 



Integer.  
 
The CompensationFormula is the second component of the process and the 
only component that is represented by its own class. It is where the 
measurements received from the sensor are turned into actual temperature or 
pressure values, through an algorithm together with specific calibration 
parameters found in the sensor’s registers.The output of the ReadSensorData 
component, i.e the uncompensated measurement data, is therefore required for 
the CompensationFormula to function. Once computed, the compensated data 
is sent to the WeatherForecast algorithm.  
 
The WeatherForecastAlgorithm takes compensated data, and calculates the 
average change between the first and the most recent data point. As the 
weather changes are dependant on how rapid the air pressure changes, the 
weather forecast will change depending on the value. The value will go through 
a series of checks to see which forecast it matches, and a corresponding 
Weather enum will then be broadcasted inside a notification.  

2.4 Process View 
The process view describes i.a. the flow of the application, concurrency and 
performance, typically through the use of an activity diagram. Figure 6 shows a 
representation of the three concurrent processes which execute during runtime.  
 
When starting the application, the model class, i.e. the AutomatConnection, 
needs to be instantiated. Doing this will start the process chain of creating a 
measurement cycle. Up until step 6, which is where the first handlers are 
implemented, the application runs without any concurrency. The calibration 
parameter handlers, as displayed in the middle column, only receive and pass 
along a few data parameters before being finished. After registering the 
parameter handlers, the main process waits one second. This is to make sure 
that the calibration parameter handlers finish before the timed measurements 
implemented in step 8 start, as they are dependant on the parameters. Since 
the weather forecast can’t be made before at least half an hour has passed 
after the first data point, the application does not have speed as a high priority. 
The one second wait time is therefore preferable over implementing a lock on 
the calibration parameters, as that could potentially use more processor power 
and memory than waiting. 
 
 

 



 
 

Figure 6. An activity diagram over the entirety of the systems functionality 
 
In step 8 of the main process, the timer for the repeating measurement cycles 
are created. This means that every 30 minutes the activity seen in the right 
column will be performed. Although the columns run concurrently to each other, 
the measurement cycle will always be the only process running when it 

 



executes. The user may start this activity at any time, which would simply 
restart the process instead of creating a new one. This is because the activity is 
bound by a single timer object which is written to when started. The counter for 
how many iterations have been performed will however not reset until it has 
passed five times, even if the user manually starts the activity. This prevents the 
would-be issue that the measurement cycle never finishes, because the user 
continuously restarts it before reaching the last action.  

2.5 Physical View 
The physical view shows all devices and existing connections, such as the 
MCU or the operating system. Figure 7 displays the system as devices and 
components. The three main hardware devices present are the mobile phone, 
the micro controller unit and the sensor. The application developed and 
executed in the iOS environment will be at a later stage represented by a front 
end solution.  
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Implementation Document 
 
 
Introduction 
This document describes the project implementation for developing the Tracy Trackers 
weather forecast system. The functionality and requirements of the system are split up 
into components, which are then thoroughly described how to develop, implement and 
test. The system is divided into components as can be be seen in figure 1.  
 

 
 
Microcontroller Unit with sensor 
 
Details:  
The Microcontroller Unit (MCU) with sensor is the external hardware that measures the 
required environmental conditions. To predict weather, a sensor that can measure 
atmospheric pressure is required, together with an MCU to communicate with it. The 
choice of MCU is the Automat from Neue-labs, and the choice of sensor is the BME280. 
They are connected by soldering the sensor, using the communication protocol I2C, to 
the Solderboard belonging to the Automat device.  
 
Error Handling:  
Depending on what parts of the hardware isn't working, different actions have to be 
taken. If no connection can be made or no sign that the MCU is working can be seen, the 



issue is most likely that it is out of battery power. Recharge the battery by connecting the 
MCU to a power source using a micro-USB cable.  
If the MCU can be connected to, but no data can be read from the sensor, make sure that 
the sensor is set to sample the given measurement type and that the soldering is correct.  
 
 
 
 



Connecting to hardware 
 
Details:  
This component is the part of the software that connects to the hardware and sets up 
necessary variables for communication. The first thing that has be done, is to start 
searching for nearby Automat device. This is done by implementing Automat’s 
abstraction of the CentralManager, received through the Automat SDK, and using the 
open API to start searching for and later connecting to found devices using the unique 
identifiers of each Automat device. Through the CentralManager, an object 
representation of the Automat baseboard can be received. This is required to be available 
globally for all functionality requiring interaction the hardware, such as reading or 
writing data.  
 
Error Handling:  
If the Automat device cannot be found, make sure that it is connected to the battery and 
charged. Give the Automat a few seconds after starting it for it to send out broadcasts 
about its existence. If the Automat has been turned on for a long time before attempting 
any connection, a restart may be required for it to start broadcasting again. 
 
 
 
 
 
 
 



Reading sensor data 
 
Details:  
Reading sensor data is done through the object representing the Automat baseboard. The 
object has a public API giving enabling the user to issue read and write commands to 
external devices connected to the solderboard. The BME280 is in this implementation 
connected using I2C, and should therefore be communicated with using the I2C 
commands of the API. All communication is done by reading or writing to registers of 
the sensor. To read temperature and pressure from the sensor, a read command should be 
issued for device 0x76 on register 0xF7 to 0xFC. Once read, the bytes should be shifted 
into a 32 bit integer before being sent to compensation formulas.  
 
Error Handling:  
When issuing a read or write command through the Automat, the LEDs will briefly blink. 
If it doesn’t blink, it means that no command is issued.  
 
 
 



Compensation Formulas 
 
Details:  
The data from the sensors are stored in three separate bytes. The compensation formula is 
comprised of several instances of bitshifting and a number of variables used to transform 
the bytes into a readable value that can be understood. 
 
Error Handling: 
If there is a mistake in the compensation code, compare with the code provided by Bosch 
to see if the parameters match. 
 
The calibration parameters provided might be incorrect. Compare with Bosch to verify 
that it matches. 
 
The raw data received from the sensor might be corrupted. If there are more of the same 
type of sensor at hand, try another one to see if there are any significant differences. If the 
values from the new sensor appear the same as from the first one, it can be assumed that 
the sensor is not the source of error. 
 
 



Weather forecast algorithm 
 
Details:  
By comparing the atmospheric pressure at different intervals in time, a prediction about 
the of the weather can be made. This is done by calculating the rate of change (RoC) of 
the pressure. If the absolute value of the RoC is high, there will probably be a change in 
the weather. The weather will be fair if the change is positive, and cloudy if negative. 
 
Error Handling:  
Temporarily changing the time required to create a forecast may simplify 
troubleshooting. 
 
If a seemingly incorrect forecast is made, make sure that old measurements are deleted 
correctly after two hours has passed from the measurement point. Other sources of error 
might be caused by incorrect pressure measurements. Verify that all other component of 
the system works correctly before troubleshooting the weather algorithm.  
 
 



Summary 
This document shows all the components of the system using a Component diagram. It is 
then described what each component consists of, how it is implemented and how to find 
and correct any errors. 
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