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PREFACE

This work is performed as a part of KAMARA-project in Rikastamo for the Raahe museum in
Raahe, Finland. The work itself is a practical implementation of the system that provides the end-
users with the interface that deals with the interaction of the treasures or the history of Raahe
just by pointing to the GUI. This project actually is about utilizing capacitive proximity sensors in a
contact-free and unimpeded user interface. | believe that the Raahe museum will benefit from this
new technology.

Raahe, May 2013
Srijana KC
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TIVISTELMA

Oulun seudun ammattikorkeakoulu
Tietotekniikan koulutusohjelma

Tekija: KC Srijana

Opinnadytetyon nimi: Tutkimus kosketusvapaasta kayttoliittymasta Raahen Museolle
Tyon ohjaaja: Juha Raty

Tyon valmistumislukukausi ja -vuosi: Kevat 2013 Sivumaara: 49

Taman insino0rityon tarkoituksena oli tehda tutkimus sellaisista kayttoliittymista, joita voidaan
osoittaa sormella ilman suoranaista pintakosketusta. Kayttajan osoitettua haluttua kohdetta
naytolla kayttoliittyma kertoo lisatietoa kyseisesta asiasta. Tama kayttoliittyma voi antaa lisatietoja
esimerkiksi muinaisesta hautapaikasta tai vanhasta aarrekatkosta. Loppukayttaja voi valita
vaihtoehdoista yksinkertaisesti sormella osoittamalla.

Valinnan tehtyaan loppukayttaja voi saada lisatietoa aiheesta kaivamalla kasiliikkein yha
syvemmalle ja syvemmalle. Kaivuuliikkeet vaihtavat uuden kuvan nayttoon yksi toisensa jalkeen.
Jokainen uusi kuva tuo joko lisatietoa aiheesta tai vie kayttajan syvemmalle maan alle ikaan kuin
kayttaja oikeasti kaivaisi maata oikeilla arkeologisilla kaivauksilla kaytetyilla tyokaluilla, kuten
lapiolla tai harjalla. Eri kuvien taytyy vaihtua uusiksi hyvin sujuvasti ja hitaasti luoden vaikutelman
siita, ettd nayttelyssa vieraileva nakisi polyn ja maakerrosten poistuvan millimetri millimetrilta
oikean kaivauksen tavoin.

Kuvailevaisuus, alykkyys, yksinkertaisuus ja esteettomyys ovat hyvia sanoja kuvailemaan
Raahen museon uusia periaatteita tulevien esitysten suhteen. Tama tutkimuksen alla ollut
kayttoliittyma on osana joukossa muiden sellaisten uusien tekniikoiden kanssa, joita museo
haluaa lahitulevaisuudessa yleisolleen tarjota. Niinpa tama tutkimus on erityisesti omistettu
Raahen museolle, jotta voitaisiin luoda pohja ja ominaisuudet sellaiselle kayttoliittymatekniikalle,
jonka avulla uusissa tiloissa asioivat asiakkaat, vierailijat ja turistit voivat uudella mielenkiinnolla ja
esteettomasti tutustua museon tarjontaan .

Avainsanat: Ul, kayttoliittyma, kosketusvapaa, USB-muunnin, sensorilevy, virtuaalisarjaportti,
kapasitiivinen tunnistus.



ABSTRACT

Oulu University of Applied Sciences
Degree Programme in Information Technology

Author: KC Srijana

Title of Bachelor's thesis: A Study of a Non-touchable and User Friendly Interface for Raahe
Museum

Supervisor: Juha Raty

Term and year of completion: Spring 2013 Number of pages: 49

The main aim of this Bachelor’s thesis was to make a research of a system which works by
pointing with fingers without the need of touching the display. After pointing the particular image,
it will tell more information about that specific point. This point can have more information about
either the certain graves or the certain treasure, user can choose between those just by pointing
with his/her fingers.

When the user has chosen the option, he/she can geta more detailed vision which goes deeper
and deeper with a digging action. This action gives new slides after each other. Every new slide
gives new information or goes deeper to the ground as if a person is actually digging with real
tools like a spade or a brush. Different slides must change very smoothly to create the feeling that
you can really see dust and ground is removed millimetre by millimetre as in a case of a real
archaeologist.

Self-descriptiveness, intelligibility, simplicity and accessibility were key properties for an interface,
which should be delivered to the user. And, along with all of these features, this also is one of
those newest technologies that Raahe museum is going to implement in the near future. This
research was particularly dedicated to the Raahe museum to create a Ul to their customers,
visitors and tourists who come into the museum to see the history of Raahe.

Keywords: Ul, touch free, USB-converter, Sensor board, Virtual serial port, capacitive sensing.
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SYMBOLS AND ABBREVIATIONS

Listed below are the abbreviations used in the whole document and their respective full-forms.

Ul
IT
uSB
WPF

ASCII
Interchange

IC
XAML
XML
CS
CLR
COM
PCB
API
IDE
XSLT
HTML/XHTML
CSS
JPEG
PNG
GIF

PC

User Interface

Information Technology

Universal Serial Bus

Windows Presentation Foundation

American Standard Code for Information

Integrated Circuit

Extensible Application Markup Language
Extensible Markup Language

Computer Science

Common Language Runtime
Component Object Model

Printed Circuit Board

Application Program Interface

Integrated Development Environment

Extensible Style sheet Language Transformations

HyperText Markup Language/Extensible HyperText

Markup Language
Cascading Style Sheets

Joint Photographic Experts Group
Portable Network Graphics
Graphics Interchange Format

Personal Computers



1 INTRODUCTION

In today’s 21st century we are surrounded by science and technological innovations which are
emerging day by day. Our life has become much simpler and easier with the help of these kinds
of technological inventions which are there in every aspects of our life. For example Smart
Television, Smart Mobile phones, Computers such as Apple Computers, iPads, iPhones, tablet
PC’s, calculators and so on. It is becoming almost impossible for us to imagine our life without
these technologies surrounding us because they are so handy and at the same time save our
time. In one hand, technology is good for us because it saves our time, but at the same time it
makes us little lazier than in the past when people needed to do most of the calculations by using

their own hands and their own mind.

This work was done for the museum of Raahe. The main requirements for the system were a
sensor board made by VTT, a USB hardware to make a connection between the computer and

the sensor board and the Ul. The User-Interface (Ul) system was required for users’ interaction.

Describing my research idea, it dealt with the technology of a Ul (User-Interface) and how it
should look and act. This Ul was between the end user and a PC and of course there was also an
interface between the sensor board and the PC. Using the Ul the end user just points to the
certain image on the display and then it would lead the user to the information and the history of
that particular place. It uses the sensor board to get the co-ordinate information in order to know
in which particular area the user has pointed his/hers finger and depending upon that, the Ul will
display the image in a very special electronic screen. This sensor board has the characteristics of
a changing capacitance which has been provided to us by VTT, Technical Research Centre of
Finland.

Self-descriptiveness, intelligibility, simplicity and accessibility are key values of an interface, which
the system should deliver to a user.

1.1 Self-descriptiveness

When the user sees this new technology for the first time, he/she should find out easily how this
technology can be used just by looking at the display. So, this means self-descriptiveness. It that
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means no extra definition should be demanded from the users or the client about how to use it. It
should be quite clear from its development process and the presentation of it. Talking about the
benefits of this project, since it should deal with the capacitive sensor board and hence the user
should not necessarily need to use the keyboard or the mouse at all. It should be quite beneficial
and easy to use for the elderly people and the little children, too. It should just work with the

pointing of the fingers and the swiping of one or two hands.

1.2 Intelligibility

The target of this research was to find an intelligent and easy way to show information to people.
Programs like C# and the WPF should be used to create an example of this kind of Ul and those

programs are now the competitive in the IT field. This can be found in the statistics shown in the

website www.tiobe.com.
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1.3 Simplicity

The Ul studied in this research should be simple to use, without the necessity to learn to use
complex pointing techniques or hand movements. The use of the capacitive sensor should make
it quite simple to create a simple and non-touchable Ul. One should just change the images and
the display with the swiping of his/hers hands and the pointing of fingers. He/she should not need
to touch the keyboard or the mouse to perform this task. Hence, it should be simple to use.

1.4 Accessibility

This technology should be accessible to all groups of people, from small children to the elderly
people because of the characteristics that it possesses. They were simplicity, intelligibility and
self-descriptiveness. People of all age groups should be able to learn this technology easily and
they should use it to see the history of Raahe (i.e. Tervakangas zone and also the treasure and
coins zone). In other words, this just should be easily accessible from the electronic medium to

which the sensor board must be connected so as mentioned before.
We have two target groups: a group of end-users as a final target and a group of devices as a

means for a good display presentation. The figure 1 below represents a conceptual model of the

whole system.

12



FIGURE 1: Conceptual model of the whole system (OAMK 28.11.2012,
Meeting)

The above conceptual model of the whole system describes the analogue capacitive sensor
board, USB and the computer connected to each other and how the system would work exactly in
a diagrammatical representation as shown. The USB will connect the hardware parts of the
system i.e. the sensor board to the computer display having a User-Interface (Ul). Figure 2 shows
the model of the capacitive sensor board that was used in this system.

13
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FIGURE 2: Sensor board Demo. (VTT 28.3.2012, meeting)

And, the programs used to make the User-Interface (Ul ) are WPF and Visual C# which are good

and competitive programming languages definitely easy to understand because of their good
descriptive skills .

1.5 Research and developmental tasks, empirical results (observations) and process

For this particular research project work, VTT, the technical Research center of Finland had given

the required tools like the sensor board and the USB device, which connects the sensor board to

the computer. The real image of the sensor board is given below:
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FIGURE 3. Capacitive sensor board and its controller hardware (up right).(VTT 28.3.2012,
meeting)

After this, the research process involves finding the best way to get the project’s task to be
accomplished. Hence, the research process involved finding the technology and programming
environment i.e. which program can be made to work in a good way and fast. The programming
process of this project started with the Java programming language. After many discussions and
research, the programming language was changed to Visual C# and WPF. The reason was that
the Ul could be more easily connected as a module to that program which reads the sensor board
through the USB connection card.

We know that the world is getting modernized day by day. People want everything faster and
faster and in an easier way. So, this technology, which was used in the museum, can give people
more information about the history of Raahe and certain places of Raahe. This can be done just
by pointing the User Interface seen on a special display. This makes the Ul more attractive and

easier to use.

First, the research was involved in how to make this certain idea of the project to realize. We

already know that in today’s competitive world, there are so many programming languages, which
15



can make the best software (computer programs) in the world, with all the best qualities

embedded in them, like a good presentation style, a good interaction with the user, a good usage,

security, robustness, dynamic, high performance, like Java, JavaScript, C, C++, C#. Definitely, to

choose the best programming language among all of the competitive programming languages,

was a challenging task. The figure below shows the top 20 programming languages in the world

until now. This has been described in the www.tiobe.com website and the figure below has been

taken from that particular website.

Position | Position Ratings Delta
Delta in Position | Programming Langua Status
Apr 2013 | Apr 2012 rog ng Language | » or 2013 | Apr 2012
1 1 c 17.862% | +0.31% | A
2 2 Java 17681% | +065% | A
3 3 C++ 9.714% | +082% | A
4 4 Objective-C 9.598% | +1.36% | A
5 5 c# 6.150% | -1.20% | A
6 6 PHP 5428% | +0.14% | A
7 7 (Visual) Basic 4.699% -0.26% A
8 8 Python 4.442% | +078% | A
9 10 [ ] Perl 2.335% | -0.05% | A
10 11 [ ] Ruby 1972% | +046% | A
11 9 (1] JavaScript 1509% | -1.37% | A
12 14 11 Visual Basic .NET 1095% | +0.12% | A
13 15 11 Lisp 0.905% | -005% | A
14 16 11 Pascal 0.887% | +0.07% | A
15 13 u Delphi/Object Pascal 0840% | -053% | A
16 32 T111111111 | Bash 0.840% | +0.47% | A
17 18 1 Transact-SQL 0723% | -004% | A
18 12 I |Pusa 0715% | -066% | A
19 24 i1t Assembly 0710% | +0.24% | A-
20 21 [ ] Lua 0650% | +0.08% | B

TABLE 1: TIOBE Programming Community index.Date of retrieval 24.4.2013.
(http.//www.tiobe.com/index.php/content/paperinfo/tpci/index.html)
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TABLE 2: Line diagram, the long-term trends for the top 10 programming languages. Date of
retrieval 24.4.2013.

(http://www.tiobe.com/index.php/content/paperinfo/tpci/index.html)

As mentioned earlier, to choose the best programming language to create this Ul possible was
definitely a challenging task. | had some skills in PASCAL programming language, C, and Java.
However, taking into the consideration the needs of my research project, the WPF (Windows
Presentation Foundation) for the Interfaces and Visual C# was used. WPF creates a unified
foundation for creating interfaces. The technologies WPF contains can be examined in discrete,
understandable parts. These parts include documents, images, graphics, animation, and more.
All of them depend on WPF's basic application model.

17



So, this research process involved the process how to get this work done like the developmental
task, research and so forth. It means that how the empirical results (observations) could be

realized.
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2 DEFINITION

2.1 Sensor Board

The sensor board is a system consisting of a flexible sensor board sized 60 cm x 60 cm and of

separate sensor hardware on a circuit board sized 5 cm x 5 cm.

The system uses a capacitive sensing to detect the presence and position of a user's hand user’s
over and on the flexible board. The maximum detection distance depends on environment’s
properties and system’s ground connection but it is normally 5 to 10 cm. The more precise point
we want to point, the more closer we have to be. Over the sensor board, metal or conductive
layers are not accepted, wood, plastic and other things like that are allowed. This means that the
sensor board can be hidden under the table surface or some other suitable things. A visible
sensor board can be scary for children or elderly people, but the hidden one can be under a
picture or a painted surface and therefore people do not have to be afraid to use this Ul.

The system is connected to a computer using a USB cable which also provides power to the
hardware. The circuit board includes a serial-to-USB -converter IC and the communication
between the hardware and the computer is established via a virtual serial port connection in an
ASCII format. Capacitance values and/or coordinates of the hand above the board are read to the
computer to function as an input for the application software.

2.2 User-Interface (Ul)

Ul exactly stands for User Interface. User interface design and user interface engineering is the
design of computers, appliances, machines, mobile communication devices, software application,
and websites with the focus on the user’'s experience and interaction. The goal of user interface
design is to make the user's interaction as simple and efficient as possible, in terms of
accomplishing user goals - what is often called user-centred design. Good user interface design
facilitates finishing the task at hand without drawing unnecessary attention to it-self. Graphic
design may be utilized to support its usability and in this special case this design is very important

because we want to create an old fashioned, exciting and easy to use looks. The design process
19



must balance technical functionality and visual elements (e.g., mental model) to create a system

that is not only operational but also usable and adaptable to changing user needs.

Interface design is involved in a wide range of projects from computer systems, to cars, to
commercial planes; all of these projects involve much of the same basic human interactions yet
also require some unique skills and knowledge. As a result, designers tend to specialize in certain
types of projects and have skills centred around their expertise, whether that be software design,

user research, web design or industrial design. (https://en.wikipedia.org/wiki/User_interface)

In the context of this project, Ul will be displayed in an electronic device and the users can quite
easily interact with that Ul. The main page of Ul, which | did, consists of two most active parts

which are shown in the figure below:

HIDDEN IN THE GROUND ©

The Ter\/\_gkarré’as | |
Iron Age from the Mlddle Ages
burial ground in Pattijoki

Suomeksi

FIGURE 4: The first page of a User Interface (Ul) in an English language.

The first part is an area called “The Tervakangas Iron Age burial ground” and the second one is

20



called “A coin hoard from the Middle Ages in Pattijoki”. Hence the main page was created in two

different languages and the user can select between those languages according to their

preferences like it is shown in the given figure.

MAAHAN KATKETYT

rautakautinen

KALMISTO RAHAKATKO

In English

FIGURE 5: The first page of a User Interface (Ul) in a Finnish language.

As mentioned earlier, under the same topic, the first page of Ul contains two parts:

a. The Tervakangas, Iron Age Burial Ground

b. A coin hoard from the Middle Ages in Pattijoki.
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2.2a The Tervakangas, Iron Age Burial Ground and its 11 different layers are shown below in

the table with images of those different layers.

HIDDEN IN THE GROUND

The Tervakangas Iron Age burial ground - English version

HIDDEN IN THE GROUND ©

A fom hoard
fro » Middle Ages
in Pattijoki

je
burial ground

Swomeks

1. sivuin english.jpg

This is the Mainpage, where museum customer
chooses either the grave or the coin hoard.

There are four (4) link or activated areas in this page:
The Tervakangas Iron Age burial ground (text &
big circle-shaped image),

2. A coin hoard from the Middle Ages in Pattijoki
(text & big circle-shaped image)

3. Link “Suomeksi” (in finnish )

4. Copyright —picture at the top right

2. karttasivu in english 2.jpg

This is the first page of the Tervakangas Iron Age
burial ground.

There are 12 activated areas in this page:

1. Ten (10) circle-shaped images (numbers from one
to eight and two symbols). Number five is the
grave to dig. Other numbers and symbols are of
such nature about which you get information for
example in the small information box or on the
information page.

2. Link “Suomeksi” (in finnish)

3. Link “Mainpage™ (text & compass image)

FIGURE 6a: The first two layers of a User Interface (Ul) in an English language with notes under

the Tervakangas Iron Age Burial Ground.
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3. hautapiirros in english 3.jpg

This is the tomb of the number five. This is the level
where the museum customer initiates the grave
digging. With the help of hand businesses the plants
and stones disappear and the color of the country (the
earth layers) gradually changes until eventyally the
grave finds come out.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi” and 3) the grave.

4. hautapiirros in english 4.jpg

The broken glass bottle begins to be seen in the grave.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi” and 3) the grave.

Main structure: Hidden in the ground/The Tervakangas Iron Age Burial Ground

FIGURE 6b: Layers 3 and 4 of a User Interface (Ul) in an English language with notes.

5. hautapiirros in english5.jpg

This earth layer is grey. On this level, museum
customer is using a spatula to dig grave. You can
place the picture of the spatula also in some other
section in this picture. From us the picture in question
is found also separately.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi™ and 3) the grave.

6. hautapiirros in english6.jpg

On this level, museum customer is still using a spatula
to dig grave, but the color changes to different.

There are 3 activated areas: 1) link “Mainpage™ with
compass image. 2) link “Suomeksi™ and 3) the grave.

FIGURE 6c: Layers 5 and 6 of a User Interface (Ul) in an English language with notes.
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7. hautapiirros in english7.jpg

On this level, museum customer is using paintbrush to
dig grave. You can place the picture of the paintbrush
also in some other section in this picture. From us the

picture in question is found also separately. The color
of the grave is still changing to darker. Objects of the

grave start to show.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi™ and 3) the grave.

8. hautapiirros in english8.jpg

On this level, museum customer is still using
painfbrush to dig grave and the color of the grave is
still changing to darker. Objects of the grave show
more.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi™ and 3) the grave.

9. hautapiirros in english9.jpg

Museum customer is still using paintbrush to dig grave
and the color of the grave is still changing to darker.
You can see the objects of the grave and little bit of

figure.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi” and 3) the grave.

FIGURE 6d: Layers 7 and 8 of a User Interface (Ul) in an English language with notes.

\ ,?ﬂgnpagc
AR

10. hautapiirros in english 10.jpg

This is a close-up from the grave. When a museum
customer shows numbers, he will get additional
information about the objects for example on the
separate information page or in the information box.

There are 8 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi” and 3) six (6)
circle-shaped images (numbers from one to six).

11. hautapiirros in english 11.jpg

This is the final layer of the grave, where is one circle-
shaped image. By pointing that icon museum customer
will receive additional information about the deceased.

There are 3 activated areas: 1) link “Mainpage™ with
compass image, 2) link “Suomeksi” and 3) the
symbol/icon.

FIGURE 6e: The diagrams above show the last two layers that are under the Tervakangas Iron

Age Burial Ground. (Raahe Museum, November 2012)




Those same images with different functionalities than the above mentioned will be on Finnish
pages, too. That is especially designed for the users or the customers who would like to see the

images and their required details in different languages.
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2.3 WPF (Windows Presentation Foundation)

“Windows Presentation Foundation (WPF) is a computer-software graphical subsystem for
rendering user interfaces in Windows-based applications. WPF, previously known as “Avalon”
was initially released as part of .NET Framework 3.0.WPF employs XAML, an XML-based
language, to define and link various Ul elements. WPF applications can also be deployed as
standalone desktop programs. WPF aims to unify a number of common user interface elements,
such as 2D/3D rendering, fixed and adaptive documents, typography, vector graphics, runtime
animation, and pre-rendered media. These elements can be then linked and manipulated based
on various events, user interactions and data bindings."

(https://en.wikipedia.org/wiki/Windows_Presentation_Foundation)

This defines one of the methods or platform that have been used in this project work to get the
Ul as desired .

The figure 3 shows the subsystem which is a part of .NET Framework 3.0.

.NET 3.0 Stack

T .NET Development
.NET 3.0 Applications Tools

WCF CardSpac
Indigo Avalon (InfoCard ( ‘

MNET 2.0 CLR, NET 2.0 Base Class Libraries
ASP NET 2.0, ADO.NET 2.0, WinForms 2.0

| PC Hardware I

FIGURE 7: This subsystem is a part of NET Framework 3.0.
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2.4 XAML

XAML stands for Extensible Application Markup Language (XAML). This is a declarative
language. Basically, XAML can initialize objects and set properties of objects, using a language
structure that shows hierarchical relationships between multiple objects, and using a backing type
convention that supports extension of types. Actually, XAML files are xml files that have the .xaml

file extension .

The XAML language supports interchange of sources between different tools and roles in the
development process without information loss, such as exchanging XAML sources between
Microsoft Visual Studio and Microsoft Expression Blend. By using XAML as the interchange
format, designer roles and developer roles can be separate and designers and developers can
iterate during the production of the application. The definition of XAML is taken from here. XAML
is one of the feature that is used in the Visual C#.

Basically, the XAML file just defines the user interface and what elements it has and CS contains

the actual function of the program it is talking about the WPF .
(https://en.wikipedia.org/wiki/XAML)
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2.5 Visual C#

C#, (pronounced as C Sharp), is a programming language that is designed for building a variety
of applications that run on the .NET Framework. C# is simple, powerful, type safe and object-
oriented. Many innovations in C# enable a rapid application development while retaining the
expressiveness and elegance of C-style languages. Visual C# is an implementation of the C#
language by Microsoft.

Visual Studio supports Visual C# with a full featured code editor, compiler, project templates,
designers, code wizards, a powerful and easy to use debugger and other tools. The .NET
Framework class library provides access to many operating system services , and other useful,
well defined classes that speed up the development cycle significantly.

MICROSOFT 2013, Visual C#, Date of retrieval 6.5.2013
(http://msdn.microsoft.com/en-us/library/vstudio/kx37x362.aspx)

2.6 .NET Framework

NET Framework is a software framework developed by Microsoft that primarily runs on windows
. It includes large library and provides language interoperability (each language can use code
written in other languages), across several programming languages. Programs written for the
NET Framework execute in a software environment, known as the Common Language
Runtime(CLR), an application virtual machine that provides services such as security, memory
management, and exception handling.

(WIKIPEDIA 2013, .NET Framework, Date of retrieval 22.4.2013
http://en.wikipedia.org/wiki/.NET_Framework
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3 TECHNICAL INFRASTRUCTURE

In information technology, and on the Internet, infrastructure is the physical hardware used to
interconnect computers and users. Infrastructure includes the transmission media, including
telephone lines, cable television lines, and satellites and antennas, and also the routers that
transfer data between disparate transmission technologies.

And, in this museum project, the technical infrastructure consists of the electronic display device
such as a monitor or the screen. This display is connected with the USB to the sensor board. The

sensor board gets the charge from this USB.

3.1 FT232R Driver installation

The serial-to-USB converter IC used on the sensor hardware circuit board is FTDI's FT232R.
Virtual serial port driver needs to be installed before connection the system to a computer. The
driver can be downloaded for various operating systems from IC manufacturer’'s home page from

address: http://www.ftdichip.com/Drivers/VCP.htm. Driver installation should be straightforward.

After the driver is installed successfully the circuit board can be connected to the computer. A red
led next to the USB connector indicates that the power is on. Check from Windows’ Device
manager that a new COM port is visible, titled “USB Serial Port”. Check the COM port’s number
(e.g. COM3). The circuit board draws approximately 21 mA current from the USB port.
(http://www.ftdichip.com/Drivers/VCP.htm, Date of retrieval 11.11.2012)

3.2 Hardware Overview

Analog Devices’ AD7147 capacitance-to-digital converter IC is used to measure the capacitance
of the electrodes on the flexible sensor board. The circuit board has 12 input channels numbered
from CINO to CIN11. These are routed on the flexible sensor board to form a 6 by 6 matrix. The
Capacitance value for each channel is separately measured by AD7147. A separate channel
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called ACSHIELD is used to bring a shielding signal to the sensor to prevent an unwanted
capacitance pickup from wiring.

Atmel's ATmega1284P 8-bit microcontroller is used as data processor on the PCB. It listens to
serial port for commands (FT232R is used to convert serial port data to USB format), does data

reading from AD7147 and does the calibration and data processing required.

AD7147 has an internal algorithm to compensate for environmental changes in capacitance
values. However these are only usable when the decision whether there is a touch detected or
not is left for AD7147. In this application where raw capacitance data is read from AD7147 and
used for calculations in the microcontroller, this algorithm is not usable. Instead a user definable
threshold value is used in the microcontroller to make the decision.

The flexible sensor board consists of six horizontal lines and six vertical lines with square shaped
electrodes. Each line is an independent measurement channel. Capacitance is measured for
each channel by AD7147 and is represented by numerical value between 0 and 65536. Values
are calibrated by software to middle point 32768 in power up sequence and also by reset
command. Measured values from individual channels can be used to calculate point of maximum
capacitance on board (position of the hand). The board does not support multi touch, meaning

that only one maximum capacitance point can be calculated.

There are also additional I/O ports on the circuit board tited PORTA and PORTB. They are not
used in this application. If needed, they can be programmed to function as input or outputs by
modifying the microcontroller software.

(http://www.ftdichip.com/Drivers/VCP.htm, Date of retrieval 11.11.2012)

3.3 Software interface and operation

The system is interfaced via a virtual serial port with following parameters:
* Baud rate: 38400
* Data bits: 8
» Stop bits: 1
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* Parity: none

All communication is done using ASCI| characters, so it’s possible to interface to the board using
a terminal software, for example Putty or HTerm. Of course in more advanced applications
dedicated software can interface the serial port directly.

In idle mode, the board is waiting for commands from the computer. A command is essentially a
single ASCI| character. When a command is received, it is executed and results are sent back to

computer. Available commands are:

h Help, list all commands

a Read raw (but calibrated) capacitance values for all channels.
Capacitance value for one channel is an integer between 0 and 65536.
Each channel is calibrated during power on and reset to 32768. When
hand is brought close to the board, capacitance value increases.

C Calculates and outputs coordinates of the hand above the sensor. X and
Y coordinates (value between 0 and 10) represent the location of the
hand and Z coordinate represents the capacitance value (approximately
inversely proportional to the distance) in that location. Threshold value
(see below) is used to decide whether there is a hand above the board.
When threshold is not exceeded, X and Y coordinate values of 65536 are
used to indicate “no touch” situation.

t Increases coordinate detection threshold one step. Use this to adjust the
sensitivity so that noise does not cause false detection. Threshold value
is stored in non-volatile memory and is restored during power up. Start
with thresholds between 100 and 150.

g Decreases threshold value one step.

r Resets and recalibrates the sensor. Each channels capacitance value is
adjusted to 32768. Use this when the environment of the board has
changed and capacitance values have drifted away from 32768. This is
also done on power up.

0 Same as ¢, but in shorter format.

3.4 Sensor boards’ notable characteristics

The sensor board is very sensitive to all capacitance changes around it. It means that when the
environment changes, for example the sensor board is moved or a large object is brought near it,
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the hardware needs to be recalibrated. This can be done in software using command r as

mentioned previously.

Another source of possible problems is grounding. Capacitance sensing IC AD7147 measures
capacitance between electrodes on sensing board and ground net of the board. Because sensing
electrodes are relatively far away from the sensing IC there needs to be a strong ground
reference present. Poor ground reference will decrease sensitivity greatly. In experiments it has
been found out that the system works best in a system where the computer is connected to mains
power using grounded power outlet. This is the optimal situation. In laptop system running on
battery power the sensitivity can be increased by using long wire between the hardware and pc or
by soldering an additional wire to the ground net of the hardware board and fixing it in the vicinity
of the sensing board.
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4 IMPLEMENTATION

In any project, there needs to be the research and the correct method of implementing the

research ideas so that the required goals can be achieved.

In the first page of a User Interface (Ul), there are 4 main active areas.
a. The Tervakangas or the Iron Age Burial Ground.

b. A coin hoard from the Middle Ages in Pattijoki.

c. Link Suomeksi (In Finnish).

d. Copy right mark at the top right.

4.1 The Tervakangas or the Iron Age Burial Ground

The Tervakangas or the Iron Age Burial Ground: When the user points in this area which is
called as “The Tervakangas or the Iron Age Burial Ground”, then the page will change its slide
and goes to the next layer which is called the “karttasivu in English 2.jpg” layer. This is the
second layer. In this particular layer there are multiple choices, on the left most top, there is an
ancient compass and when the user points to that part, the page will go to the previous level.

There is no background sound in this layer.

In the same map layer called as Karttasivu, there are graves shown with numbers such as
1,2,3,4,5,6,7,8. When the user points those numbers from 1 to 8, excluding the number 5, the
user can get more information about that certain grave. More detailed information about these
graves has been given by the museum of Raahe. The number 5 grave is the most important
grave. In this specific grave, the user needs to dig deeper to get what he/she wants to see. There
are multiple sounds in this layer. At first someone is walking on rough ground then we can hear

wind blowing and birds singing on the background.
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There are 3 active areas in this Karttasivu along with those 9 graves. Those 3 active areas
include the Language button by which the user can switch between the Finnish and the English
language. The second one is the link to the first page of Ul with an ancient compass. When the

user points to that ancient compass, it will go to the first main page.

There is a tomb of the number 5. This is the level where the museum customer initiates the grave
digging. Just using hands, plants and stones disappear and colour of the ground (earth layers)
gradually changes until eventually the grave comes out. There are some sounds in this layer, we

can hear wind blowing and birds singing on the background.

In this layer of the grave, a broken glass begins to be seen. There are 3 activated areas in this
grave. One is the link to the first main page of Ul with an ancient compass. And, the second is for
different languages and the third active area is the grave itself. There are some sounds in this

layer, we can hear wind blowing and birds singing on the background.

In this 3 layer of the grave 5 digging, the earth layer is now grey. In this layer, the museum
customer is using a spatula to dig deeper. There can be the picture of spatula in the same picture
to show the customer what kind of tool is used. In this layer, there are 3 active areas. The first
one is the link to the first page of Ul with an ancient compass image, the second is for different
languages and finally, the third one includes the grave itself. There are some sounds in this layer,

we can hear wind blowing and birds singing on the background.

In this layer, the customer is using the spatula to dig the grave and not the hand. However, the
colour of the grave changes to a different colour. There are 3 main activated areas in this grave
layer, one is the link to the first page of Ul with an ancient compass, the second one is for
different languages and the third one is the grave itself. There are some sounds in this layer, we

can hear wind blowing and birds singing on the background.

In this level, the museum customer is using the paint brush to dig the grave. The picture of the
paint brush can be embedded to this layer by the help of the Photoshop Elements. The
archaeological approach is used in this technique while digging the grave. This is because we
need to dig the grave slowly so the next layer becomes visible slowly, bit by bit. There are some
sounds in this layer, we can hear wind blowing and birds singing on the background.
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In this level, the customer is still using the paint brush to dig deeper and the colour of the grave is
still changing into darker shades. The objects of the grave are shown more. There are 3 activated
areas: The first one is the link “Mainpage” with a compass image. The second one is the link
“‘Suomeksi” and the third one the grave itself. There are some sounds in this layer, we can hear
wind and birds singing on the background.

This is a close up picture from the grave, where is one circle shaped image. When a museum
customer points to numbers, he will get additional information about the wanted objects. This
information can be given by an information box or a separate information window. There are 8
activated areas in this layer. The first one is the link “Main page” with the compass image. The
second one is the language “Suomeksi” and the third one is six circle shaped images (from
number 1 to 6). There are some sounds in this layer, we can hear wind blowing and birds singing
on the background.

This is the final layer of the grave, where is one circle shaped image. By pointing that image, the
customer will get additional information about that dead man'’s corpse.

There are 3 activated areas: One is the link “Main page” with the compass image, the second one
is the “Suomeksi” and the third one is that icon image to tell more information about that dead
man’s body. There are some sounds in this layer, we can hear normal forest sounds like wind

blowing and birds singing on the background.

If a person who uses this Ul gets tired and just goes away and leaves application open, a timer
starts to run and after a certain amount of time, the application jumps back to the main page. This
makes it easier for the next user to start from the beginning of this application without needing a
guide to the front page. Time is now set to be around 1 minute.
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4.2 A coin hoard from the Middle Ages in Pattijoki.

Here we can use exactly the same techniques to implement this choice as we did in the section
4.1 which is called “The Tervakangas or the Iron Age Burial Ground”.

The implementation part consists of various methods that can be used to get this whole project
done. With the process of research throughout this whole project, | found out that there are many
ways to design ,test and implement. Like Java program can be used for the Ul, or the WPF and
C# depending upon the easiness that the users can get while using this technology.

4.3 Use of a keyboard or a mouse

The user can get the various images display or change between different slides using a mouse or
a keyboard, for example by clicking the button in the display. Hence this method can switch
between the pages which are shown in the program given below:

HIDDEN IN THE GROUND ©

Iron Age from the Middle Ages
burial ground in Pattijoki

FIGURE 9 : The first page of User Interface.
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When a person chooses the left hand side choice from the first page, he/she gets the next image
to the display, which is shown in the figure below:

FIGURE 10: The first layer of the burial site.

4.4 Sensor board implementation

Another method is to sense the user's hand movement from the sensor board and send that
information to the software so that the user can get the required image to the display. The
information of the sensor board can be obtained by Java. For that reason, there should be a way
to send that information to the WPF program or to create some kind of interface for it. For
example, it would be nice to have a Java program that constantly saves the sensor board
information to a file and the WPF program would periodically read the information from that file.
Then, we could use the (x,y) coordinate information we just read to switch pages instead of

button clicks.

Hence, going through the research, it was found out that the use of the sensor board was the
best way to make the easy-to-use Ul. Because in the museum, not only the technologically

advanced people go to see demonstrations, but there are also many small children, elderly
38



people and handicapped, as visitors. Hence, looking upon the circumstances, it can be easy for
all groups of people to use the sensor board. Because, the user just needs to point to the sensor
board and it can lead the Ul to change the slides and give the required information the user wants

to know.

Nonetheless, looking for the benefit for all groups of people and their methods to use technology,
it was found out that the sensor board, which was developed by the VTT, is definitely the easiest
one to use as a hardware part of this project and then this demanding new technology can be
achieved. This is because the flexible sensor board can be hidden out of the sight of people and
be put for example under the table surface or behind a painting or a screen. Thus, we can display
wanted pictures to that surface and people need to point only well known articles from the picture.
By this way, no one has to be afraid of new technology because it is totally hidden. It is easy to
point these things without fear. A very scientific looking sensor board might look scary if were

visible.
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4.5 Developmental Tools

In this work, the main development tool for running the required program is NetBeans, version 7.3
for Windows 7 and NetBeans 7.0.1 for Apple iOS. This refers to the Integrated Development
Environment (IDE) developed to use the NetBeans Platform, a set of APIs for implementing a
core IDE and its extensions. The NetBeans IDE supports the development of all Java application
types (Java desktop, web, network, and mobile applications) out-of-the-box. The Java
development requires a special plug-in for the NetBeans IDE. It includes a drag-and-drop palette
for adding objects with transformations, effects and animations, plus a set of samples with best
practices.

"The NetBeans IDE is the recommended tool to create, test, debug, and deploy Java applications
for the desktop, browser and mobile platforms. You have the option of deploying Java projects as
Java web start (JNLP), Java Applet, stand-alone applications, or in a mobile emulator.”

Along with that, Microsoft Visual Studio 2010 is being used as a developmental tool for the C#
and WPF applications.

Microsoft Visual Studio is an integrated development environment (IDE) from Microsoft. It is used
to develop console and graphical user interface applications along with Windows Forms or WPF
applications, websites, web applications, and web services in both native code together
with managed code for all platforms supported by Microsoft Windows, Windows Mobile, Windows
CE, .NET Framework, .Framework and Microsoft Silverlight.

Visual Studio includes a code editor supporting IntelliSense as well as code refactoring. The
integrated debugger works both as a source-level debugger and a machine-level debugger. Other
built-in tools include a forms designer for building GUI applications, web designer, class designer,
and database schema designer. It accepts plug-ins that enhance the functionality at almost every

level—including adding support for source-control systems (like Subversion and Visual
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SourceSafe) and adding new toolsets like editors and visual designers for domain-specific
languages or toolsets for other aspects of the software development lifecycle (like the Team

Foundation Server client: Team Explorer).

Visual Studio supports different programming languages by means of language services, which
allow the code editor and debugger to support (to varying degrees) nearly any programming
language, provided a language-specific service exists. Built-in languages include C/C++
(via Visual C++), VB .NET (via Visual Basic .NET), C# (via Visual C#), and F# (as of Visual
Studio 2010). Support for other languages such as M, Python, and Ruby among others is
available via language services installed separately. It also
supports XML/XSLT, HTML/XHTML, JavaScript and CSS. Individual language-specific versions
of Visual Studio also exist which provide more limited language services to the user: Microsoft
Visual Basic, Visual J#, Visual C# and Visual C++.

Microsoft provides "Express" editions of its Visual Studio 2010 components Visual Basic, Visual
C#, Visual C++, and Visual Web Developer at no cost. Visual Studio 2012, 2010, 2008 and 2005
Professional Editions, along with language-specific versions (Visual Basic, C++, C#, J#) of Visual
Studio Express 2010 are available for free to students as downloads via Microsoft's DreamSpark

program.
(WIKIPEDIA 2013, Netbeans, Date of retrieval 22.4.2013

http://en.wikipedia.org/wiki/Netbeans)

The WPF and the Visual C# code written to perform the images display in the Ul for museum’s
project is shown in the figures below:
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File Edit View Refactor Project Build Debug Team Data Tools Architecture Test Analyze Window Help
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PageMainxaml.cs X [aVeJsMEInll

MainWindow.xaml

MainWindow.xaml.cs Museum_example PageMain.xaml

2| & CEEES
4 (F Museum_example -
4 7 Properties
] AssemblyInfo.cs
4 (21 Resources.resx
% Resources.Desig
» 2] Settings.settings
i =1 References
» 3 bin
4 [ images
&l mainpage.png
l&l mainpage_english

“4$ Museum_example.PageMain 'lzﬂ language

1 =lusing System;

2 |using System.Collections.Generic;

3 |using System.Ling;

4 using System.Text;
5 |using System.Windows;
6
7
8

using System.Windows.Controls;
using System.Windows.Data;
using System.Windows.Documents;
9 |using System.Windows.Input;
10 | using System.Windows.Media;
11 |using System.Windows.Media.Imaging;
12 |using System.Windows.Navigation;
13 | using System.Windows.Shapes;

11

14
|4 tervakangas.png 15 =namespace Museum_example
il tervakangas_englist 16 |{
» F1obj 17 & /// <summary>
~ 00 18 /// Interaction logic for PageMain.xaml
» % App.xaml 19 /1] </summary>
4 % MainWindow.xaml 20 - public partial class PageMain : Page
) MainWindow.xaml. 21 {
4 % PageMainxaml 22 // language string stores the selected language
9 - 23 string language;
%) PageMain.xaml.cs 24
4 ® PageTervakangasxam 25 // Constructor where we bring the language information to string s when page is constructed
) PageTervakangas.xi ~ 26 & public PageMain(string s)
70% v < m ] R

2

FIGURE 11a: The WPF code example to display the required images
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Solution Explorer ¥ B X MainWindow.xaml.cs

HREEEE

MainWindow.xaml

Museum_example PageMain.xaml PageMainxaml.cs X [aVeJsMEInll

“$ Museum_example.PageMain 'lzﬂlanguage

4 (F Museum_example - 27 {
4 [ Properties | 28 InitializeComponent();
] Assemblylnf ~
=l Assemblylnto.cs 30 // Set the language to what has been selected on previous page or MainWindow
4 Z Resources.resx 31 language = s;
% Resources.Desig 3
» [ Settings.settings 33 //'Dependlr\g on the language string we select the background image when the page is first loaded
34 switch (language)
[l References 35 {
~ibin 3 case "FINNISH":
4 [z images 37 this.ImageBackround.Source = new BitmapImage(new Uri(“images/mainpage.png”, UrikKind.Relative));
3 . 38 break;
mainpage.pn
'ﬂ; ) page.png . | 39 case "ENGLISH":
&l mainpage_english = 40 this.ImageBackround.Source = new BitmapImage(new Uri("images/mainpage_english.png"”, UrikKind.Rela
|4 tervakangas.png 41 break;
|4l tervakangas_englisi 42 }
- 43 }
-1 obj 2
* Appxaml 45 = // TervakangasButton clicked event, we find Frame from the "MainWindow" and load a new "PageTervakangas" pag
4 MainWindow.xaml 46 // After that this page disappears but is still left into memory until garbagecollector hopefully removes it
%) MainWindow.xaml. 47 // This would be changed to coordinate event from the sensorboard in the final program, instead of button ev
. 48 = private void tervakangasButton_Click(object sender, RoutedEventArgs e)
4 ® PageMainxaml 20 -
% PageMain.xaml.cs L 50 (Application.Current.MainWindow.FindName("_mainFrame") as Frame).NavigationService.Navigate(new PageTerv
4 PageTervakangas.xam 51
%) PageTervakangas.x ~

Ch 34

3:.02 PM
5/10/201]

EN o« I W D

FIGURE 11b: The continuation of FIGURE 11a.
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28 Museum_example - M'EOE Visual Studio (Administrator)

File Edit View Refactor Project Build Debug Team Data Tools Architecture Test Analyze Window Help

Pl (S | % a9 - &5 | b [Debug -| | xe6 - | # |the q SRRk B

EZ2(080 P33l »Q:i P 0 a2 B@%|GQ|Hx %[O~

Solution Explorer ¥ I X MainWindow.xaml.cs Museum_example PageMain.xaml PageMainxaml.cs X [aVeJsMEInll MainWindow.xaml

= | @ ﬂ | 8| = 694 “$ Museum_example.PageMain v[L{“language
a @Museum_examph - 53 // Function for the language change button, just changes the value between "FINNISH" and "ENGLISH" in the la
4 [z Properties | ?g 2 private void buttonLanguageSwitch_Click(object sender, RoutedEventArgs e)
» 5
4 Assemblylnfo.cs 56 switch (language)
4 Z Resources.resx 57 {
‘%] Resources.Desig 58 // If language is finnish we load english backround image and change language string to "ENGLISH"
. [ Settings.settings 59 case "FINNISH":
9 9 60 this.ImageBackround.Source = new BitmapImage(new Uri(“images/mainpage_english.png", UriKind.Rela
[ References 61 language = "ENGLISH";
~1bin 62 break;
4 |7 images 63 // If language is english we load english backround image and change language string to "FINNISH"
: 64 "ENGLISH":
(& mainpage.pn: ° case
. ) Page.png ) | 65 this.ImageBackround.Source = new BitmapImage(new Uri(“images/mainpage.png”, UriKind.Relative));
& mainpage_english.j| = 66 language = "FINNISH";
|4 tervakangas.png 67 break;
|4l tervakangas_englisi 68 }
" 69 }
-1 obj 70
* Appxaml 71 // For this event we would create a "pageCoinBurial” and load it the same way as "pageTervakangas" above
4 MainWindow.xaml| 72 & private void coinBurialButton_Click(object sender, RoutedEventArgs e)
% MainWindow.xaml. 73 {
. 74
4 ® PageMainxaml - }
) PageMain.xaml.cs 76 }
4 PageTervakangas.xam 77 |}

%) PageTervakangas.x ~

FIGURE 11c: The continuation of the same figure 11b and 11c.

Paint.Ink is a free image and photo editing software. It features an intuitive and innovative user
interface with a support for layers, unlimited undo, special effects, and a wide variety of useful
and powerful tools. An active and growing online community provides friendly help, tutorials, and
plug-ins. Also, Paint.NET supports common image formats: .JPEG, PNG and GIF were actively
used during the development of the user interface. The version used within this project is
Paint.Ink.
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5 TESTING

Testing is a relevant part of any application development. With testing we can confirm that the
requirements of the application are met and passed. Testing provides us with information about
the quality of the application, the requirements that are currently met and the bugs found.

(Knowledge from the Software Engineering course taught in OAMK in 2009, Autumn).

There are different software testing methodologies. We will apply ‘Regression Testing’ while
developing the application. Regression testing deals mainly with testing all the components that
makes up a system. In regression testing, the system is continually tested while development
goes on. Regression testing flags old bugs that have been resolved previously. If these old bugs
reappear while new components are added to the system, then we try to fix and resolve them
before moving on with new features. Regression testing also flags new bugs creeping in.

(http://en.wikipedia.org/wiki/Regression_testing, Date of retrieval 10.5.2013)
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FIGURE 12: Shows the different stages of software development and testing lifecycle.

Test made so far have shown that this Ul works nicely if this sensor board is placed over and
under the right kind of surface. At first there were some problems with the sensing distance but it
was found that the ESD table used in our labs caused this problem. Also, in the burial site
application, either some graves or many graves were so near each-other, that the resolution of
the sensor board was not enough. The distances between pointing points should be at least more
than 10 cm.
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6 FUTURE DEVELOPMENT

One delightful fact about software is that there is always room for improvement. No matter how
good a piece of software is, there is always something that can be tweaked to improve the
usability, user experience and performance of the software.

The future development of the software made for this project using the capacitive sensor board
has many possibilities. They can be used for upgrading day by day with the time available. Many
features like the pictures on the display, can be changed into different slides.

Objects in some slides should have more distance. And, new slides between the ones we use
now should be added, to make the digging action to look more smooth and realistic. The user
Interface module made along this research should be combined with the program module
developed by a different person. This was not possible now because those codes made by
another person were not available when this study was made.
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7 CONCLUSIONS

This KAMARA project from Rikastamo for the Raahe museum can be performed by the sensor
board and with the WPF and Visual C# developing environment because of their robust, user
friendly and good libraries. This research was useful for all groups of people visiting the museum.
This is because they do not need to know how to use the keyboard or the mouse as the sensor
board placed under the table or any easily reachable place can make it really easy to get Ul

information.

During various research and developmental processes of this whole project, | have come to know
about many things related to this new technology in the information technology field. | have learnt
about how to utilise the time in a correct way so that it is possible to achieve desired goals. | have
learnt about the project plan, design, implementation and testing. | also found out how important
is the co-operation with fellow team mates, teachers and instructors. | have also understood the
importance of correct guidance from the required authorities and good equipments and facilities
to reach the goals in good and reasonable time.
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