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Preface

The joint Student Conference in Interaction Technology and Design and Stu-

dent Conference in Electronics and Mechatronics is the annual grand finale of

the courses Current Topic in Interaction Technology and Design and Student

Conference in Electronics and Mechatronics at the Department of Applied

Physics and Electronics, Ume̊a University. The idea and objective of the two

courses are to give the students a forum where they can actively participate

in scientific research and development through their own ideas and interests.

The course introduces students to independently researching an interesting

topic, using a foreign language orally and in writing, writing a scientific ar-

ticle, peer-review and presenting their work at a conference. The conference

format was chosen to provide a realistic environment for the presentation

of the results. The work has been reviewed both by other participant on

the course and members of the department. If the reviews are favorable,

the paper is accepted as a full paper at the conference and included in the

proceedings. Research that has an interesting topic and potential for future

publication is presented as work-in-progress at the conference and the ab-

stract is included in the conference proceedings. This year 10 full papers and

2 work-in-progress papers were accepted at the conference and all included

in this proceedings as full papers and extended abstracts, respectively.

Ume̊a, January 2019

Ulrik Söderström and Leonid Freidovich

Program Committee
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Design Friction: Can intentionally added friction
affect users level of satisfaction?

Sarah Hale

Department of Applied Physics and Electronics
Ume̊a University, Sweden
saha0248@student.umu.se

Abstract. This study evaluates if intentionally added design friction
affects users level of satisfaction when using a mobile application. Today
most applications are designed to have as little friction as possible. An
interesting question is if a more mindful interaction will lead to more
satisfied user. In this study two prototypes inspired by the Headspace
application where tested. One prototype had added design friction and
the other had none. The participants were asked to rate their experience
and to choose which prototype they preferred. The result shows that
most participants of the test would choose the mobile application with
added design friction and that they felt more satisfied when they had a
clear understanding of the goal of the task.

1 Introduction

Design Friction in user experience is defined as interaction that hinder people
from painlessly achieving their goals when interacting with technology [10]. An
example of design friction can be when you get asked a second time if you really
want to delete an email [2]. It can also be time delays or hidden features [7].
Today the aim for most products is to prioritise the ease of interaction and
minimise the frictions to reduce the risk of user loosing focus and moving on.
The problem with this type of design is that it can create mindless forms of
interaction [1].

It has been shown that small frictions in the right places can make users
more mindful about there actions [1]. It can also make us feel good; just look
at the masters of friction, IKEA. Just think of how your last IKEA experience
was. First you have to walk thorough the whole store to get to the checkout,
secondly go to the inventory to find the furniture you need. Then, when you get
home, you have to put all the pieces together. Even though they have all this
friction, we seem to love it! They even have their own effect named after them,
The IKEA Effect [6]. In the study of the IKEA effect it was shown that labour
leads to love.

The objective of this report is to find out whether intentionally small – micro
– moments of added friction can increase the level of satisfaction that the user
might feel after an interaction.
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2 Theory

Let us start with the necessary theoretical information and definitions relevant
for this study. We introduce below the notations of design friction, microbound-
aries, slow design, uncomfortable design and user experience.

2.1 Design Friction

Design friction is a term found in several popular user experience articles and
it refers to intentionally added points of difficulties during an interaction with
technology [1]. Design friction is not about creating extraneous steps and making
products unusable. The goal of design friction is to make the user reflect over
their actions [8]. Example of design friction can be when you get asked a second
time if you really want to delete this email [2]. It can also be time delays or
hidden features [7].

Design friction can be differently perceived depending on the situation and
the mood of the user; therefore, this test will be done on an application that is
used for fun and not an application that is necessary in daily routines.

Microboundaries Microboundaries are small obstacles that slow the user down
and give her or him a brief moment to reflect over what they are doing. Mi-
croboundaries can prevent the user rushing from one context to another [1].

Slow design Slow design is not about forcing a user to do things at a lower
speed or being less productive. Slow design is a design philosophy that aims to
support people doing the right things at the right time and at the right speed.
By using slow design we can make users understand and reflect on their actions
[4]

Uncomfortable interaction Uncomfortable interactions is when you deliber-
ately engineering discomfort in order to create intense and memorable interac-
tions. When this is done in a careful and ethical way it can be an important
tool for designers to realise positive long-term values related to entertainment,
enlightenment and sociality [9].

2.2 User Experience design

The definition of user experience (UX) is according to Don Norman and Jakob
Nielsen [3]:

”User experience” encompasses all aspects of the end-user’s interaction with
the company, its services, and its products.
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User experience is the practice of creating a product that meets the needs of
the customer. By creating a good user experience a product should be a joy to
own and a joy to use. User experience goes beyond what the user say they want.
It should be a seamless merging of services that a company or a product has to
offer.[3]

It is important to distinguish between UX and user interface (UI). UX and
UI are not the same thing. UI is an important part of a good UX but even if the
UI is perfect, the UX can be bad. An example of this is when a website is really
good looking but it is nearly impossible to find what your are looking for [3].

3 Method

The aim of the study was to see if intentionally added friction affects users level
of satisfaction. A user test followed by a short interview was seen as the best
way to collect information that could answer the study question.

The test was conducted in October 2018 in Swedish. The test involved testing
a prototype application. The test consisted of two parts, one part was testing
the application with added design friction and the other was testing the same
application but with the design friction removed. The test person tried both
options but the order was alternated between the tests.

3.1 Participants

The test was conducted on 15 students at the M.Sc.Eng Interaction Technology
and Design program at Ume̊a University, Sweden. These participants have been
chosen since they are familiar with using mobile applications and have knowledge
of UX-design.

3.2 Prototypes

The two prototypes are based on the Headspace application [5]. Headspace is an
application that guides the user through a meditation session. The application
has a great amount of added design friction, especially when a user wants to be-
gin a session. When beginning a session the user gets a brief explanation about
what the goal is with this session and what to expect.

The first prototype has the original Headspace setup, which means that the
design friction is added. In the second prototype, all the friction is removed.
When beginning a session you go directly to the start page.
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3.3 Interview questions

After testing each prototype each user answered two questions. One was how well
they understood what the goal of the session was. The other was how satisfied
they felt after the interaction. After completing testing both prototypes they
were given a questionnaire where they answered which prototype they preferred
and why.

3.4 User test

The user test were conducted at Ume̊a University in the school corridors. The
test leader went to the participants and sat down with them. First, a brief
explanation of the Headspace app was given and the task that the participants
were to complete. During the test nothing was said about design friction and
what the goal of the test was. The test followed the pattern below.

1. Test prototype A
2. Answer questions about first prototype A
3. Test prototype B
4. Answer questions about first prototype B
5. Answer questions and compare the two prototypes

Step 1-2 and step 3-4 where alternated between each test so that the order
of which the two prototypes where tested would not effect the result.

3.5 Material

The material used in the test was a mobile phone for testing the prototypes and
a computer for answering the questionnaire. All the participants used the same
computer and phone, which was given to them by the test leader.

4 Results

Let us present the results of the user tests and interview questions on how
added design friction affected the participants levels of satisfaction. Followed
by participants thoughts about the two different prototypes. The thoughts were
gathered in the last questionnaire where the users compared the two prototypes.

4.1 Level of understanding of the sessions goal

In Fig. 1 we can see that the participants levels of understanding of the sessions
goal is lower when using the prototype with no added friction. The level of
understanding is more spread out on the whole scale for the prototype without
friction. When using the prototype with friction the level of understanding was
high.
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Fig. 1. Diagram of level of understanding

4.2 Level of satisfaction

In Fig. 2 the level of satisfaction after trying the two prototypes is presented.
The result is similar to the Fig 1. The user were less satisfied after using the
prototype without friction. The level of satisfaction was also more spread out
over the whole scale. The users satisfaction level when using the prototype with
added friction was high.

4.3 The preferred prototype

The results in Fig. 3 show clearly that if the user could choose to either have
the added design friction or not, nearly all would choose the version with more
friction.

4.4 Participants thoughts

Several of the participants gave the feedback that the extra info before the
session was good because it was important for them to know what the goal of
the sessions was before they would give it 15 minutes of their time. It also gave
them a better understanding of what they where to expect of the session and it
made it clear how this session would help them. A few participants felt that the
info text made them loose interest. Two participants felt that after using the
app several times they would not want the info before each session.
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In the prototype with design friction there was a movie that illustrated the
goal of the session. This video was not playable in the prototype. One participant
said that after reading the info about the session she really wanted to watch the
movie, but if she had not read the text she would probably have skipped it.

Fig. 2. Diagram of level of satisfaction
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Fig. 3. Diagram of level of the version that the users preferred.

5 Discussion and future work

The results of the study show that there is a correlation between added design
friction and a higher level of satisfaction after an interaction. It is also clear that
the results can be related to earlier findings. Design friction will increase the
level of understanding and make the interaction with a product more mindful.

An interesting aspect of the level of satisfaction and understanding is that
when using the prototype without friction the results were more spread out. In
Fig. 1 and Fig. 2 the prototype without friction results are spread out over the
whole scale. This might mean that it is more individual how people react to the
lack of extra information. When there was more information the result was more
centered to the high level of satisfaction and high level of understanding.

There were a few issues with the test. After a few tests it was clear that it
needed to be clarified that the screen in the prototype was not scroll-able and
that the videos was not playable. After the first three tests the clarification was
added during introduction.

The prototype that was tested is an application that aims at making people
to be more mindful. In this context it is very important to know why an action
is taken. If the test application had been in another context such as looking at
images of friends or a game, the results might have been something completely
different.

This test was conducted on students with a high knowledge of user expe-
rience and interested in creating good designs. Further testing on people with
an average knowledge of UX could show other result on how design friction is
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perceived. This test was done on an application that is non vital in a persons ev-
eryday life and it would be interesting to see how people react to design friction
in applications that they use because they have to and not just for fun.

6 Conclusion

The results show that the added design friction increases the level on understand-
ing of user’s interaction with an application. It also shows that the increased level
of understanding leads to a higher level of satisfaction. When using an applica-
tion, which is not a important part of a persons everyday life, it is important for
users to have a clear goal of why they should use it. With intentionally added
design friction this goal can be made clear and it will lead to an increased level
of satisfaction.
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Comparing Millennials View on Minimalism And
Maximalism in Web Design

A study on User Experience

Lovisa Carlsson

Department of Applied Physics and Electronics
Umeå University, Sweden

loca0019@umu.se

Abstract. This study evaluates how Generation Y also known as mil-
lennials perceive different web design approaches. Two web design ap-
proaches were delved into and compared, using methods in User Expe-
rience design. The first approach is minimalism and the second one is
maximalism. Minimalism has been a reoccurring web design trend ever
since the end of the twentieth century. Maximalism is claimed to be the
most important web design trend of 2018. The interesting question is if
millennials who has grown up with minimalism in web design are inter-
ested in a new approach, the maximal approach. This study probe the
opinions, thoughts and emotions of millennials after they have browsed
two websites, developed with respective design approach. The results
show that the participants in this study were more aroused by the max-
imal design. However combining quantitative- and qualitative data, the
conclusion is that respective design approach is more or less suitable to
use depending on the message that the website is supposed to convey.

1 Introduction

Each year new lists of web design trends are published in communities and on
sites for people with an interest in development and design [1]. One of the trends
has been reoccurring ever since it was established in the end of the twentieth
century. This trend is a web design movement called minimalism. Its philosophy
is acquired from earlier movements in the domain of fine art and human computer
interaction [2].

The target with minimalism in web design is to design web pages that convey
information, content and features in a straightforward and clear-cut way. There
are some characteristics of minimalism in web design that in turn are their own
design trends. The characteristics are:

– Flat patterns and texture
– Limited or monochromatic color palette
– Restricted features and elements
– Maximized negative space
– Dramatic use of typography [3].
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The opposite of minimalism in web design is maximalism. In this trend gutsy
combinations of color, texture, images, graphics and animations are embraced.
In 2018 several online articles and blog posts about the raise of maximalism in
web design were published [4–8]. Some designers claim that the phrase "less is
more" is on its way out [5]. In march 2018 the website builder Webflow published
a blog post where they announced that maximalism could be one of the most
important web design trends of 2018 [4].

Both minimal and maximal web pages should be designed in a way that does
not impair the user experience. When designers create a minimal website they
must consider the trade of between features and simplicity and make sure that
the simplicity does not lead to hiding content. Even though maximalism advo-
cates brave design a maximal website should be designed in a way that prevent
the users from getting lost and have them turn to competitors. A common prac-
tice when using minimalism or maximalism in web design is to make a website
new and trendy without threatening the goodness of the user experience [5].
In the article "Feature richness and User Engagement" Jakob Nielsen expresses
that "The more engaged users are, the more features an application can sustain.
But most users have low commitment especially to websites, which must focus
on simplicity, rather than features." [9].

Generation Y also known as millennials is the group of people that has grown
up during the era of minimalism in web design. There are no set birth dates for
millennials, the age range varies from different sources. The earliest proposed
birth date for millenials is 1976 and the latest 2004 [10]. Millennials have grown
up with graphical user interfaces. This could be the reason why it has been said,
that with the unbiased mentality of millenials, any design that stands against
the trend of minimalism is a new trend [5]. Could this mean that millennials
who have grown up during the era of minimalism in web design, nowadays tend
to like maximalism in web design more than minimalism?

The objective of this report is to find out if millennials, who are highly en-
gaged in browsing web pages, tend to like minimalism or maximalism in web
design more. With the purpose to see if designers should consider using maxi-
malism when designing certain web pages, two different web pages with the same
content are designed with the two different approaches. They are developed and
tested using methods in User Experience (UX) design to capture millennials
opinions, thoughts and emotions.

2 Theory

Let us start with an overview of the two different design approaches and their
characteristics and attributes. User Experience Design and Millennials will also
be explained in this section.

2.1 User Experience Design

The main goal with User experience (UX) design is to create meaningful and
relevant experiences for users. A UX designer must look into the why, what, and
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how of product use. In short terms UX design is user centered and it encircle
the entire user journey. UX design should not be mistaken with User Interface
(UI) design. Even though UI design is an important aspect of UX design. UX
design goes beyond designing an interface. A good user experience is one that
meets the needs of a certain user in the specific situation where this user uses
the product [11].

2.2 Minimalist design

Minimalist design stands for reducing a design to its most important elements
[12]. Minimalism has its roots in architecture and became prominent in 1920.
The German-American architect Ludwig Mies Van der Rohe was one of the ear-
liest to apply principles that later would exemplify minimalist design on his work
[13]. Van der Rohe launched the unofficial minimalist expression "Less is more".
The minimalist approach quickly spread to other fields within design, such as
industrial and interior design, fashion, music and painting [14]. Naturally, min-
imalist design entered the digital world where visual and web designers started
to apply design principles for mininmalism to their own designs [13].

2.3 Minimalism in web design

Minimalism in web design stands for reducing all elements that do not support
user tasks. A minimal web interface is designed by prioritizing certain elements,
highlighting the most important ones and removing anything that could disturb
the user’s perception (such as gratuitous decorative elements). The idea of re-
moving elements is to make important messages more clear and therefore it is
important not to remove or hide content that the user needs to manage a task
[13].

2.4 Characteristics of minimalism in web design

In 2015 the Nielsen Norman Group did an analysis of 112 minimal websites
with the purpose of defining features of minimalism in web design. The result
was published in an article on their web page [3]. In their study, they analyzed
features that reoccur on the websites. They classified a feature as a characteristic
of minimalism if it was reoccurring in at least 75% of the websites. The features
that are characteristics of minimalism in web design are be described below.

Flat Patterns and Textures: These characteristics of minimalism can be
achieved by removing obvious highlights, shadows, gradients or other textures.
The ambition should be to remove aesthetics that make elements of a user in-
terface look lustrous or three-dimensional [3]. An example of a web page that
applies this characteristic can be seen in Fig. 1.
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Fig. 1. The web page for the web agency Tectonica, use flat patterns and textures
(www.tectonica.co 2018-11-20).

Limited or Monochromatic Color Palette: To achieve a minimal web de-
sign it is important to use colors strategically. Colors should be used to create
visual interest or to focus the user’s attention to a specific target without adding
unnecessary elements or actual graphics. It is common that minimal websites use
a monophonic color pallet or only one bold color as an accent. The bold colors
should be used to highlight the most important elements of the site. It is also im-
portant to use accent colors intentionally and consistently. Highlighted elements
are often clickable [3]. An example of a web page that applies this characteristic
can be seen in Fig. 2.

Fig. 2. The web site "we ain’t plastic use a limited color pallet with only
black, white, gray and sometimes a green color for highlighting clickable items
(www.weaintplastic.com 2018-11-20).

Restricted Features and Elements: A minimal website should focus on its
core functionality or a message. This can be achieved by rigorously reflecting
over each element of the interface (menu item, link, images, color, fonts, icons
etc) and eliminating any element that does not support the core functionality or
message. When eliminating elements it is important not to eliminate elements
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that will aggravate the user’s primary tasks [3]. An example of a web page that
applies this characteristic can be seen in Fig. 3.

Fig. 3. The website for thinker watches focuses on the primary task of the user, buying
a watch (www.tinkerwatches.com 2018-11-20).

Maximized Negative Space: Negative space or white space equals the empty
areas of an interface. This characteristic is sometimes regarded as the backbone
of minimal web design. Negative space should be used with the purpose to direct
users attention and to make the digesting of content more clear [3]. An example
of a web page that applies this characteristic can be seen in Fig. 4.

Fig. 4. The web page for the bike company Nua Bikes use a maximized white space to
draw attention to their bikes (www.nuabikes.com 2018-11-20).

Dramatic Use of Typography: Large or bold typography can be a tool for
communicating meaning when there are few elements on the website. The dra-
matic use of typography can compensate for the fact that minimal web pages
often use a few elements. It could make a simple website look more appeal-
ing to users. Typography can also help the user understand the hierarchy and
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importance of different text [3]. An example of a web page that applies this
characteristic can be seen in Fig 5.

Fig. 5. The web page for The Conference 2015 use a dramatic typography that compen-
sate for the fact that there are few elements on the site. The most dramatic typography
is used to highlight the word "The" (2015.theconference.se 2018-11-20).

Example of a minimal web page that applies several characteristics:
For several years Apple have been a strong user of minimal web design. The
web page for the iPad mini 4 (see Fig. 6 on page ) uses several characteristics
of minimal web design. The web page uses flat patterns with no shadows and
without unnecessary highlighting colors. The message of the web page "Buy iPad
mini 4" is enhanced with large and bold typography. The generous amount of
white space draws the user’s attention to the message and to the sleek design of
the product.

Fig. 6. The web page for the iPad mini 4 uses several characteristics of minimal web
design (www.apple.com 2018-11-20).
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3 Maximal design

Contrasting with the minimalist motto "less is more" the motto for maximalism
is "more is more". The expression has been used to describe a range of artists
and periods of time in history within the fields of art, music, and literature [15].

3.1 Maximalism in web design

A web page with a maximal design does not have a desire for white space. In-
stead maximal design strives to fill nearly the entire page with several colors and
different types of typography. One way to think of maximal design is as "orga-
nized chaos". Colors, patterns, imagery and collage should be used to convey
a message. The risk with maximal design is that the users can experience the
choice of colors and patterns to be too over the top. This could potentially turn
visitors away and therefore maximalism in web design is not yet a fast growing
trend [8].

3.2 Attributes of maximalism in web design

There are some attributes that are the opposite of some of the characteristics
in minimal web design. No study about the attributes could be found though
many designers highlight the same attributes when writing about maximalism
in web design.

Grandiose colors: Amaximal web page should use a big and bold color scheme.
Web designers are encouraged to combine colors and create new exciting com-
positions. An example of a web page that applies this attribute can be seen in
Fig 7.

Fig. 7. The web page for the festival One and All use a a big and bold green color that
speaks loudly to the visitor (www.oneandall.io 2018-11-20).
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Bold Textures: Conspicuous textures can help designers to draw user’s atten-
tion to certain areas of the web page. Eye catching textures can be created by
mixing colours with layers of palette. An example of a web page that applies
this attribute can be seen in Fig. 8.

Fig. 8. In his portfolio, Kennard Lilly uses bold patterns and colors and layer
them over photographs. This is to visualize his experiences as a creative designer
(www.kennardlilly.com 2018-11-20).

Brave Combinations: When taking on a maximal approach a designer should
not only combine colors and textures. Designers should use other elements such
as images, graphics, technologies, and animations that conspires to an eye catch-
ing and new over-the-top look. An example of a web page that applies this
attribute can be seen in Fig. 9

Fig. 9. The web page for the music festival "Sound Check" uses multiple bold colors,
fonts and over-the-top animations. For example when the text is hovered clashing
sounds are triggered (dublin.sciencegallery.com/soundcheck/ 2018-11-20).
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3.3 Millenials

Millennials is a word that describes the group of people born in a certain period
of time. This period of time is said to be different according to different research
organizations. According to Pew Research Center, a millennial is anyone born
between 1981 and 1996. For more than a decade Pew Research Center has been
studying millenials and they motivate the time span by saying "As we enter
2018, it has become clear to us that it is time to determine a cutoff point between
Millennials and the next generation. Turning 37 this year, the oldest Millennials
are well into adulthood, and they first entered adulthood before today’s youngest
adults were born" [16].

Millennials and technology: Millennials grew up during the time of the in-
ternet explosion [16], which has made this group of people vised within the field
of graphical interfaces and visual languages. They also tend to willingly adapt to
new devices, programs and operating systems in order to complete digital tasks
more rapidly than previous generations [10].

4 Method

In order to test if milliennials tend to like a minimal or a maximal approach
in web design a so called A/B test [17] was performed. In this test two web
pages were designed using characteristics and attributes from the respective
approaches. The websites were developed using the JavaScrip library "React".
The two web pages were designed to convey the same message and they contained
the same content and information.

The web pages in this test presented a young artist’s portfolio. With three
sections that provided information about the artist, his work and contact details.
The minimal web page can be seen in Figs. 10, 11, and 12. The maximal web
page can be seen in Figs. 13, 14, and 15.

Fig. 10. On the home page for the minimal web page the title for the person’s portfolio
is highlighted with a dramatic typography. A great amount of white space is used to
draw attention to the artist.
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Fig. 11. In the work section of the minimal web page the artists work is presented.
This page uses no animation and let the art speak for itself by using lots of white
space. The color palette is limited and only one bold color is used to highlight the links
"READ MORE" on the cards.

Fig. 12. The contact page on the minimal web site only use one simple email link to
display contact details.
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Fig. 13. On the home for the maximal web page a brave combination of colors and
textures are used. With the purpose to draw attention to the artist, images and fonts
are layered on top of each other to create an over-the-top look. There is no white space
here and every inch of the screen is covered with either fonts, colors or images.

Fig. 14. In the work section of the maximal web page the artists work is presented.
This page uses animations so that the user has to hover the images to read about the
art. Different brave and bold colors are used to highlight the images when they are
hovered.

Fig. 15. The contact page only uses one simple email link to display contact details.
To make it more maximal a red shadow is added to the link that creates a 3D effect.

4.1 Participants

In this study 16 persons within the millenials age group were tested. The birth
dates for the participants varied between 1987 and 1998 that is 19 to 30 years
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old. All of the tested users had an interest in technology and were frequent users
of different web sites.

4.2 Task and time measurement

The tests were conducted in situ on different locations. The set up was a normal
workday environment and all the tests were performed on the same laptop.
Before the test the users were given the instructions for the test. The users were
told to browse the two different websites during one minute in total to acquire a
personal opinion about the sites. In half of the test rounds the minimal website
was displayed first and during the second half the maximal website was displayed
first. After having the user browse the two different web pages, questions were
asked regarding the user’s opinions and impressions of the pages.

5 Results

This section will present the differences in the participants thoughts and opin-
ions about maximalism and minimalism in web design. This will be followed by
general thoughts about why they did like the maximal or the minimal approach
more and what kind of feelings and reactions the web pages conveyed. The sec-
tion is divided in to two parts. The first part presents the quantitative data from
the interviews and the second part presents the qualitative data.

5.1 Quantitative interview data

Fig. 16 displays how many of the participants did like the minimal or the maximal
web page the most. The participants could also answer "none" if they did not
like any of the pages or if they liked the pages equally. The data shows that more
than half of the participants (62.5 %) liked the maximal web page the most. 31.3
% liked the minimal web page the most and 6.2% did not like any of the pages
the most.

Fig. 17 display how many of the participants thought that the minimal or
the maximal web page was most innovative. The participant could also answer
"none" if they thought that none of the web pages were innovative. The data
shows that all the participants thought that the maximal page was the most
innovative.
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Fig. 16. How many of the participants that like the maximal and the minimal web
page the most.

Fig. 17. How many of the participants that thought the minimal or the maximal web
page was most innovative.

Fig. 18 displays how many of the participants thought that the minimal or the
maximal web page was most modern. The participant could also answer "none"
if they thought that none of the web pages were modern. The data shows that
71% of the participants thought that the maximal page was the most modern
one. 21.4% thought that the minimal web page was the most modern and 7.1%
thought that none of the web pages were modern.

Fig. 19 displays how many of the participants would prefer to buy the artist’s
work, from the maximal or the minimal website. The participant could also
answer "none" if they would not buy art from any of the pages. The data shows
that 50% of the participants would prefer to buy the art from the maximal web
page. 43.8% would rather buy the art from the minimal web page. 6.2% would
not buy art from any of the pages.
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Fig. 18. How many of the participants that thought the minimal or the maximal web
page was most modern.

Fig. 19. Which one of the web pages the participants would prefer to buy the art from.

The participants were asked to describe the maximal web page with one
word. Preferably the first word that came to mind when they saw the maximal
web page. Fig. 20 displays the words that the participants used.

The participants were also asked to describe the minimal web page with
one word. Preferably the first word that that came to mind when they saw the
minimal web page. Fig. 21 displays the words that the participants used.
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Fig. 20. Words the participants used to describe the maximal web page.

Fig. 21. Words the participants used to describe the minimal web page.

5.2 Qualitative data

The participants that liked the maximal web page the most expressed that com-
pared to the minimal web page the maximal was more unique. Participant 9
said that "The maximal web page suits a portfolio well since the design stands
out from the crowd". Participant 4 expressed that "I like the over all maximal
design, especially on the home page since it arouse an interest. However I think
the art is presented in a better way on the project section of the minimal web
page. The art gets to speak for it self when there is a lot of white space". Partici-
pant 12 said "The minimal page is boring, anyone could have designed that type
of web page. The maximal was creative and exciting and it aroused a greater
interest in the artist and his art compared to the minimal site."

Among the participants that liked the minimal web page the most the over
all opinion was that the art was presented in a more straightforward way. Par-
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ticipant 5 expressed "I think that the minimal web page was more clear and
focused on the art. On the maximal page it felt like the whole web page was an
art project itself. The maximal page was a bit messy."

The participants were also asked why they thought the maximal web page
was the most innovative. Participant 3 expressed that "It feels like all the web
pages that I visit are very simplistic. Simplicity has been modern for a long time
now and I think it is time for something new. Therefore using maximal design
is for me innovative."

In the last part of the interview the participants were asked why they would
rather buy the art from the maximal web page. Common for all the participants
was that they expressed that the maximal design suits the kind of web page that
was used in the test. Participant 12 expressed that "the maximal web page made
me more inspired and motivate to buy the art.". Participant 5 expressed "The
minimal web page is more trustworthy and it has a higher level of seriousity.
However I think it is creative to present art in this way, since the art is a bit
crazy. For example I would not want to buy flight tickets from a maximal web
page."

6 Discussion

During this study it became clear that it can be hard to measure the likability
of a design approach among millennials. There are many types of web pages and
maximalism respective minimalism can be more or less suitable to use depending
on the message of the web page. Designers must always reflect upon what type
of design they should choose and how it will be received by the user. Based on
the results of this study it can be good to present a mock up of a maximal and
a minimal version of a web page and test it on millennials. Even though the
maximal portfolio web page was more likable in this study, it does not mean
that a page with a different type of message would have been as likable.

I think that millennials are more likely to think that a maximal design is
more innovative since they are used to the minimal approach. Even if this study
showed that all the participants thought that the maximal web page was more
innovative, this did not imply that all of them liked the maximal web page more
than the minimal. Thus, in this case, innovative does not always imply likable.

I think that if a designer wants to create a web page with the purpose to sell
or promote a product or a service, it is important that he or she reflects upon
how the product or the service should be presented. For example, a web site that
sells pharmaceuticals should maybe not be designed with a maximal approach.
The reason is that this kind of web site should convey a credible message. Based
on the qualitative data from the interviews with the participants, it can be good
to consider a maximal design if the purpose is to promote a person and his/her
skills. Example for a portfolio, participant 12 states: "The maximal was creative
and exciting and it aroused a greater interest in the artist and his art compared
to the minimal site".
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The describing words in Fig. 20 and Fig. 21 could be a good reference to
look at when a designer wants to choose between using a minimal or a maximal
approach. According to the diagram it could be good to use a maximal approach
if you want the web page to convey a creative and exciting message. However if
you want to give millennials a clean and simplistic impression it can be useful
to use a minimal approach.

6.1 Improvements and future work

The test was performed with 16 participants and the outcome might have been
different if more tests had been carried out. The outcome could also change if
the message of the website had been different. With this in mind more tests
should be performed with different types of websites to get better statistics of
the likability of maximalism and minimalism in web design. Millennials are a
broad spectrum of people. It would be interesting to perform tests on different
age groups and compare the results. To see if there is a difference in likability
between different age groups. To the best of my knowledge, the web pages in
this test were developed without any expertise in graphic design. This may have
affected participants thoughts after the tests and therefore a graphic designer
should participate in developing the web pages for future work.

7 Conclusion

The main objective of this study was to find out if millenials who are highly
engaged in browsing web pages tend to like minimalism or maximalism in web
design more. The results of this study does not provide enough data to show sta-
tistical significance and draw any strong conclusions. However the study showed
that maximalism in web design compared to minimalism was considered to be
more innovative and aroused more emotions among the participants. The study
also showed that maximalism is more or less suitable to use depending on the
message that the website is supposed to convey.
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Abstract. This study investigates how frequently the paper prototypes
are used by startup companies, and also investigates how the paper pro-
totype’s role in a design process is viewed by startups. A questionnaire
was sent out through email and the participants were representatives
from eight different startups mainly based in Umeå, Sweden. The result
from the questionnaire is that the view of the paper prototypes role in a
design process is positive even though the most thought of it as a quite
unnecessary step to perform because of the existing tools to easily create
digital prototypes.

1 Introduction

Paper prototyping has been a part of the design process for many years and
still plays a vital role in the beginning of the design process. At least this is
what designers are taught from experience but also from studying to be come a
designer (example of study program is Master of Science in engineering within
Interaction technology and Design) [1]. The perks of paper prototypes are that
they are quick to create. Quicker than doing mock-ups/digital prototypes which
often can be time-consuming since there is a need to be quite thorough, and it
is definitely quicker than programming. They are also easier to make changes
between and even during user tests. Paper prototypes also moves the focus to
the whole applications purpose instead of looking at a beautiful interface. In
user tests this can also result in more creative suggestions from costumers when
shifting the focus. Paper is also great for prototyping features that would be
difficult to implement. The cost of trying out an idea on paper could be quite
small and also easy to throw away if it does not work out. If trying to test the
idea in code it would take much longer time and be much harder to dismiss [2].
Even though, lately there has come many new tools to make it more simple and
easy to create a more high fidelity prototype that takes almost just as short
time to create as sketching on a piece of paper. It even gives a more professional
look at the product with a digital prototype [3]. How common is it to still create
paper prototypes, when all these tools for creating digital prototypes now exists?

The design process is an iterative process. The designers are suppose to create
prototypes and user test, then improve the prototype from the feedback, and
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around it goes. Start-up companies are often very stressed to get their product
out on the market and are maybe not always focusing on following the entire
design process but more on releasing as soon as possible. Since time is of the
essence they may be shooting themselves in the foot thinking that starting the
design process with sketching on papers might slow down the process. So, often
the paper sketch stage gets overlooked, the companies moves directly to creating
digital prototypes and then to releasing the product [4]. So, how does the User
Experience design process work at tech start-ups?

1.1 Objectives

The goal of this paper is to investigate how tech start-up companies work with
paper prototypes in their process of creating their product/service. If the paper
prototypes are used in the beginning of the design process or if they skip the
paper prototype state and go directly to test with digital prototypes.

2 Theory

Let us start with an overview of necessary theory and clarifications on the ter-
minology that is used in this paper.

2.1 What is a Tech start-up company?

A Start-up company is a young and usually small company in the beginning of
it’s journey and development. Start-ups are most often founded in the purpose
of bringing something new to the market or bringing something existing to the
market but in another way [5].

2.2 What is User Experience design and how does it work?

User Experience (UX) design is becoming more and more common and important
in the process of creating user-friendly products. This process is user-centered
and embedded in the whole design-process, from the implementation of functions
to the creation of the interface [6, 7].

UX Design process: The process of creating a new design is to first understand
the need of this new product. For example, the designer looks at cases and
scenarios where this product could be needed and creates user-personas to find
the right user and target group. Second step is to do all the necessary research
concerning the project, like previous work, trends and guidelines. Third step is to
start applying ones thoughts to paper. Draw sketches and wireframes to narrow
it down and then present the sketch to the stakeholders, then move on to step
four. The forth step is to design images, to create prototypes and to define some
UX guidelines. Development teams can start in the early design phase and start
with the back-end functionality to then connect with the user interface images
this comes in the fifth step. Last step is to conduct user tests to get feedback
and know what improvements to make next [8].
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2.3 What is a prototype?

Prototyping plays a big part in a successful user experience design. A prototype
can have various of meanings but in this aspect it is an idea on how something
is to be presented. Prototypes do not necessary need to look like a final product.
It is simply a visual representation of a potential design of a product or service
and can be presented in various fidelity [6].

Below are some key characteristic of a prototype.

Fidelity can vary depending on what kind of degree and status the prototype
is in. Depending on the content, interactivity and visual design, the prototypes
can be in different levels. Low and high fidelity are two examples [6]. Examples
of low and high fidelity prototypes are shown in figure 1 and 2 respectively.

Paper prototypes have a low fidelity, are easy to change and mostly used
to create a first picture of the product. Most often used in the beginning and
are more focused on the whole picture and not on the details. To create paper
prototypes a paper and a pen is often used but a low fidelity prototype does not
necessarily need to be paper [6, 9]. Example of a paper prototype in figure 1.

Fig. 1. Example of lo-fi prototype from a previous project that Lundqvist (2018) [10]
worked on.

Digital prototypesare often interactive, in high fidelity and visually close
to the final product [6]. They are also created in the beginning but often after
the sketching phase. Digital products are more focused on the user interface
details. Often created by using some kind of digital device, mockup-tool and/or
programming. Mockups are a kind of digital prototype but they are just not
interactive digital prototypes [11]. Example of a digital prototype in figure 2.
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Fig. 2. Example of hi-fi prototype from a previous school project that Lundqvist (2018)
[10] worked on.

In this study, the interest lies in the usage of low fidelity paper prototypes.
A questionnaire will be used to collect information.

3 Method

The aim for this study was to investigate how start-up companies use paper
prototypes. If the paper prototypes are included in the companies design process
and also if the companies find paper prototypes to be necessary or not (no matter
if they use paper prototypes or not). For this investigation a questionnaire was
used.

3.1 Questionnaire

A questionnaire is a method to collect statistic data. The participants are an-
swering questions in a Google form. The result is drawn to a conclusion from
analyzing the answers. In this case concerning what the preferred way to proto-
type is and why the other way is not preferred. It is important that the questions
are easy to understand [12].

The questionnaire was originally conducted in Swedish at the beginning of
November 2018. The questions in this questionnaire concerned the design pro-
cess and were mainly focused on their use of paper versus digital prototypes.
The questions were formulated both as open-ended and closed questions to get a
better understanding of the companies opinion and answers. The questions con-
cerned the companies use of prototypes and how they look at paper prototypes
versus digital prototypes in the beginning of the design process. The starting
questions concerned what kind of product or service the companies work with.
Then they answered questions on when they thought paper prototypes are im-
portant and when they are not. Then they answered questions on the use of
paper prototypes when user testing. Final questions involved what the preferred
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prototype is and why. Also if and when the paper prototype could be replaced
with a digital prototype. Then lastly if they thought that what kind of product
or service to produce could change the way the process of design would follow
through. All the questions were formulated in a way to together create a view
from different the perspectives on what they think of paper prototypes.

3.2 Participants

The participants that took part of this questionnaire were one employee from
eight different start-up companies mainly from the northern city Umeå, Sweden.
The participants were found through Uminova’s webpage [13]. All the partici-
pants have given their consent that it is okay to show their company name in
this report. They are listed next.

Company Name Product/Service
NextStep Enterprise AB Offers quality assurance of operations’ digital

transformation. Web-based tools to visualize
the business’s digitization process.

Logoscom Wood labeling system.

UmeSee AB Digital tool to visualize business’s economics.

Elastisys How to run applications and services in Cloud-
environments.

Derny Haggstrom, former Oryx Sims Developed vehicle simulations.

Service Node AB Digital service and maintenance platform
(software as a service).

NextStep Business development program.

Arboreal AB Measurement of forest with AR-technology.

Table 1. Participants.

3.3 Materials

The material that was used in this study was a Google Form where the ques-
tionnaire was created. The Google link was then sent out through email to all
the participants of this study.

4 Result

This section will present the differences in the participants thoughts and opin-
ions about the use of paper prototypes versus digital prototypes in their design
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process. Followed by general thoughts about why they feel the way they feel for
each respective prototype in the design process. The section below is the result
from the conducted questionnaire from a Google form and it is divided into two
parts. The result is summarized and presented in pie charts in English contain-
ing all relevant questions and the companies answers. The first part presents
the quantitative data from the questionnaire and the second part presents the
qualitative data from the participants further comments.

4.1 Quantitative questionnaire data

Figure 3 shows that 62,5% of the participants finds paper prototypes to be useful
in the early stage of the design process and that the remaining 37,5% do not use
paper prototypes at all.

Fig. 3. Pie chart that displays the participants answer on when paper prototypes can
be important.

Figure 4 shows that, as also shows in the first chart, the participants finds
the paper prototypes not as important in the later stages in the design pro-
cess as they are in the early stages, 37,5%. They are also less important when
working with user tests 12,5%, web based applications 12,5%, developing specific
components 12,5% and if there are no flows in a product 12,5%.
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Fig. 4. Pie chart that displays the participants answer on when paper prototypes are
less important.

Figure 5 shows that 87,5% of the participants does not think that paper
prototypes belong in user tests. 12,5% consider paper prototypes to be in good
use in user tests when sketching an architectural structure of a system.

Fig. 5. Pie chart that displays the participants answer on how often paper prototypes
are used during user tests.

Figure 6 shows that the participants primarily use digital prototypes when
user testing 75%, 12,5% use paper prototypes and remaining 12,5% do not con-
duct user tests at all.
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Fig. 6. Pie chart that displays the participants answer on if digital prototypes or paper
prototypes are primarily used during user tests.

Figure 7 shows that 25% of the participants consider it to be a bad idea to
use paper prototypes when user testing. 25% consider it to be a bad idea to use
paper prototypes when presenting a product/service to a client. 12,5% consider
it never to be a bad idea to use paper prototypes but not to always be necessary
and remaining 37,5% did not have an answer.

Fig. 7. Pie chart that displays the participants answer on when it is a bad idea to use
paper prototypes.

Figure 8 shows that 62,5% of the participants thinks that paper prototypes
definitely can be replaced with a digital prototype in the beginning of a design
process, especially considering how many tools exist to make it easier to create
digital prototypes. 25% does not think that a digital prototype can replace a
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paper prototype in the early stages of a design process. Remaining 12,5% an-
swered yes but that it is also depended on what it is to be designed. This could
be summarized in a 75% yes and 25% no.

Fig. 8. Pie chart that displays the participants answer on if paper prototypes can be
replaced with a digital prototype in the beginning of the process.

Figure 9 shows if the participants thought that there was a purpose in want-
ing to use digital prototypes instead of paper prototypes. The participants an-
swered 62,5% yes and 25% no and remaining 12,5% answered maybe and that
it depended on if one wanted to make several changes.

Fig. 9. Pie chart that displays the participants answer on if there is a purpose in
wanting to use digital prototypes instead of paper prototypes.
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Figure 10 shows what the purpose of using digital prototypes instead of paper
prototypes is. This question was voluntary since it depended on if the partici-
pants answered yes or no on the previous question. That is the reason for 37,5%
not answering. 37,5% thinks that it is quicker to make changes with a digital pro-
totype that with a paper prototype. 25% thinks that a digital prototype shows
a better visualization of the product/service.

Fig. 10. Pie chart that displays the participants answer on what purpose there is of
using digital prototypes instead of paper prototypes.

4.2 Qualitative data

Further comments from the questionnaire were that paper prototypes plays a
vital role when testing out a new product and wanting to make many iterations.
Paper prototypes are good early in the design process to mediate ones thoughts
to the team or possible costumers. Paper prototypes are always a good tool to
fall back on but even considering reasons why to use paper prototypes digital
prototypes are the most desired prototypes. Paper prototypes are not a good
idea to use when one wants to know how a user navigates and understands the
interfaces functions. Interactions builds on happenings and this makes it easier
to understand the interface if e.g. pressing a button makes something happen.
The more complex a product is the more time one should put on the prototypes.
Further comments are well summarized in the pie charts above in figure 3 - 10.

5 Discussion

The participants were found through Uminova’s website and all participants pro-
vided great answers to the questionnaire. This paper was to investigate the use of
paper prototypes in the beginning of start-ups design process. After completing
the questionnaire it was found that it is not common in start-ups to use paper
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prototypes and that they would rather sketch up a simple digital prototype on
the computer or other digital artifact. Only if prototyping a physical product
they found paper prototypes to be a good idea, but less if prototyping a digital
application/service.

It was interesting to conduct this research in the sense of how important
the paper prototypes often is said to be, when researching on how an iterative
design process should be carried out. It is quite clear that most of the companies
have no or little experience in User Experience design or the UX design process.
Looking at the start-ups success it does not seem necessary to have knowledge
in the iterative design process but it might still be a good process to try out.
Something that was not conducted in this study but might would have been a
good idea was to interview the participants instead of performing a question-
naire. Better formulated questions and answers from the participants could have
been provided. The reason for applying a questionnaire to this study instead of
interviews was the aspect of time. Since the participants are start-ups and have
a lot to do and also to quickly finish this study a questionnaire felt like a good
choice either way.

6 Conclusion

To answer the question in the title, the majority of the start-ups do not use paper
prototypes in their design process. Most of the participants thought that paper
prototypes are a good fundamental tool in the beginning of a design process but
they do not necessarily use paper prototypes. The type of product or service is
also important and matters in how the design process would be carried out.

Based on the research stated in the introduction and theory through publi-
cations concerning UX and paper prototyping, most sources state that rushing
the design process by skipping the paper prototype would most likely delay the
entire process. What has been taught at my study-program, Master of Science
in engineering within Interaction Technology and Design, is to start with brain-
storming and then move on to sketching up an idea (paper prototype). The
paper prototype is then to see if the idea could be something to move on with
and also to see the main functionalities put into context of a product or service.
Then to test it, use the answers to draw conclusions if this product or service is
necessary and if it plausible to move on to create a digital prototype, and later
to start implement.

The conclusion of this paper is that it might still be a good idea to make
paper prototypes, even if it is just to sketch up a first idea only to discuss between
team members and not for user testing. We now have many tools with purpose
of shortening down the time to build digital prototypes. While this is good it
suits better when an idea is clear and well discussed, but while trying to come
up with a new idea paper prototypes might be the best tool to fall back on.
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7 Further Work

Some companies got in touch after answering the questionnaire saying that they
are looking for UX designers to join their team. They work hard on their idea
for a quick release, and when the product is released they search to improve the
flow of the product. It would be interesting to investigate the difference between
start-ups that use UX design process versus start-ups that do not use the UX
design process. Reason for this would be to find out if the design process would
help start-ups (that provide products or digital services) to release their product
faster and/or if it would help the company better understand the user need of
their product.
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Abstract

This paper investigates if the voice-command feature of our phones is
desirable. The focus is on what features of our phones voice-command is a
good option for, and what features it is not. To examine this a user study
was conducted that spanned over 2 days. During that time the partici-
pants were asked to use their voice-command feature as much as possible
when using their phones. Encountered problems were reported to iden-
tify in what contexts problems occur and what the reasons behind them
were. After the study an interview was held with each of the participants
to collect more personal and qualitative data. The results showed that
when using a lot of voice-commands the interaction with your phone gets
significantly worse. The two main problems with using voice-commands
are navigation and public situations. Small applications with only one
task works fine but when navigation is included, like clicking a button or
scrolling the voice-command software fails. Voice-commands in public sit-
uations is experienced as something inappropriate for two reasons. People
hear what you are saying to your phone, wich is often private and people
also hear what the phone is saying to you, wich is equally or more private
in most situations. A guideline for when to implement voice-commands
into an application is presented in the conclusions part.

1 Introduction

Digital technology is today part of nearly everyones lives. People stay connected,
entertained and up to date with the help of digital techonology every day. Our
smartphones is our dearest companions and in some situations we even seem to
prefer using them over socialising with friends. A recent study shows that 77%
of the swedish smartphone users use their phone while talking to friends [1].

But how eager are we to actually talk to our phones? Studies shows that
voice-commands for smartphones are most commonly used at home and more
rarely used in public situations [2]. The reason seems to be that in public the
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user get a feeling that they either bother people around them or that people
around them gets a too private experience of the users conversation or mobile
usage.

Another aspect people consider with the use of voice-commands is the
security. A study shows that your smartphone can get hacked using voice-
commands outside the range of the human ear [3].

But if we take the social aspect aside, do we actually want to talk to our
phones? Is talking to the phone a desirable interaction or more of a hassle?
How well do the phone recognise what you want to do by listening to you? If it
is desirable, is the social situations keeping us from talking with our phones?

This study wants to answer the question whether voice-commands is de-
sirable or not and if so, together with which features. The answer will be found
by letting users use voice-commands as much as they can on their phones over
a period of 3 days. This will give a picture of whether talking to our phones is
desirable or not, in which situations the problems occur, with the usage of what
features of the phone do we run into problems and if it is more then just the
people around you that stands in our way to talk to our phones.

1.1 Objective

Investigate how good the interaction is between people and the voice-command
feature on their smartphones. The investigation will focus on what kind of
situations problems occur and the reasons behind the problems. Features of the
phone where voice-commands does and does not work will be identified to get
a guideline over in what kind of features voice-commands is desirable.

2 Theory

The theory mentioned in this paper clarifies what voice-commands are as well as
reasons why people tend to not use voice-commands very much. Some reasons
why this is the case and their references is stated in the introduction.

2.1 Voice Command

A voice command device (VCD) is a device controlled by the human voice. By
removing the need to use buttons and touch-screens, people can easily operate
devices with their hands full or while doing other tasks, such as driving. Newer
VCDs are speaker-independent, so they can respond to multiple voices regard-
less of accent or dialectal influences. They are also capable of responding to
several commands at once, separating vocal messages, and providing appropri-
ate feedback, accurately imitating a natural conversation. They can understand
more than 50 different commands and retain several minutes of vocal messages.
VCDs can be found in computer operating systems, commercial software for
computers, mobile phones, cars, call centers, and internet search engines such
as Google.
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2.2 Why people do not use voice-assistants

There are indicators that shows people do not trust their voice-assistants when
it comes to importants tasks. A study from 2018 found that 71% of the people
that search for products with their voice-assistants do not make the purchase
with the assistant [4].

It is mentioned in the introduction that people feel uncomfortable using
voice-commands in public for different reasons. There might be other aspects of
the voice-command usage that people find uncomfortable. A study from 2016
found that 20% of the people that had never used voice-assistants said it was
because they felt uncomfortable talking to technology since they thought it was
unnatural [5].

There is a common discussion going on about our phones listening to us
and sending information to different companies so that they can tailor adds or
do something else with the information that we do not want. This rumor makes
a lot of people afraid of using voice-commands. A study from 2018 proves this
is not the case [6]. The rumor is however not completely false. The same study
shows that a lot of applications record your interaction with them without your
permission. The study also shows that a lot of applications use more features
of your phone in their code than what they ask permission for.

2.3 How people use voice commands

Voice commands and searches made by voice are getting more and more popular.
A study from 2018 show that 41% of all adults perform a voice search atleast
once a day, and that number is likely increasing [7]. The same study shows that
popular activities done by voice searches are finding local business information,
visiting websites of local business, calling mom and dad aswell as purchasing
items. Bradley goes on and says that compared to 2008 voice searches are 35
times more common and it is predicted that 50% of all online searches will be
done by voice by 2020.

One of the reasons that voice searches are getting more popular is because
of the increasing accuracy of the software. The same study shows that from 2012
to 2016 the accuracy of voice-commands for most major platforms increased
with up to 90%. A great concern for most people is that the softwares are to
inaccurate when it comes to recognising what you are saying, but this might
change with this rate of improvement.

Predictions, from the same study are that by the year 2020 30% of all
searches will be without a screen and every home will contain an average of 21,4
hands-free devices.

Siri, the iPhone voice-command software has been the leading brand for AI
voice assistance on the market for years, but the same study shows that google,
amazon and samsung are picking up and are even shadowing siri at the moment.
This is due to google and amazon releasing home-assistants that are commanded
by voice for people to use in their homes. Apple, beeing the big company that
they are is very likely to remedy this and they have recently announced great
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plans for 2019.

3 Method

A user study, spanning over 2 days was conducted to examine if the voice-
command feature of the phone is a desirable tool to use in our everyday mobile
usage. The participants was trying to identify situations and features where
voice-commands worked well, as well as bad by using voice-commands as much
as possible every day during the study. After the study a interview was held
with each participant to get qualitative data and information about the users
experience.

3.1 Participants

The participants for the user study was found by asking students on Ume̊a
university as well as through a post on Facebook where they could voluntarily
sign up. The requirements to participate was that they had to own a smartphone
with voice-command software installed, wich most phones have today. The
participants were picked so that the group had various phone-usage per day,
phone-modells, operating systems and voice-command software. There were 10
participants in total. Table 1 illustrates information about the participants in
this study.

Ages 16-46
Gender 6 male, 4 female
Phones 2x Samsung galaxy S7

2x Samsung galaxy S8
Samsung galaxy S9
iPhone7
2x iPhone 8
iPhone10
Sony Experia Z8

Operating Systems Android
iOS

Hours per day on phone 1-3 hours (excluding time streaming
to a TV)

Daily tasks on phone Streaming services, messages, social
media, mobile games, mail, checking
weather, taking pictures, googling
and cyberloafing

Figure 1. Information about the participants

3.2 User study

Before the user-study started all participants got a document containing infor-
mation they needed before and during the study. When a user ran into problems
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with completing a task using voice-commands they could report it in two ways.
Either by directly reporting it through the application Messenger or by taking
notes and reporting once a day. If a reported problem occured again it did not
have to be reported. If a reported problem was later successfully done using
voice-commands another report had to be done.

The reports from the users were to be short and precise. When the problem
occured, the task they were trying to complete, how many times they tried or
for how long they tried, the context they were in and what feature of the phone
they were using.

3.3 Interviews

To get more qualitative information from the participants and to see if there
were any other factors involved with the result of the study a small interview
were done with each of the participants after the user study where a series of
questions was asked.

Some of the questions were asked in order to get a picture of what mood
the participant were in while doing the study. If the participant felt the study
had been difficult, boring or has not been motivated to do the study, the result
may have been effected.

There is certainly a level of voice-command usage that is desirable, and
most of the participants has most certainly been using voice-commands less
than to that level in they everyday life. During this study the participants has
been using voice-commands more than what is desirable (most likely) and some
questions was asked to identify when voice-command usage has been experienced
as something good, as well as bad.

If the participant finds voice-commands difficult to use they might have
struggled to follow through with the study. This is a problem many face with
voice-command usage. It is hard to know what can be done, and what can not
be done with voice-commands and therefor people may have problems using it.
Some questions was asked in order to know if the participant have overcome
these problems while doing the study.

Some questions was asked in order to identify features of the phone where
voice-commands may not be a good option or where further improvements must
be done.

The purpose of other questions was to try and identify if experience of the
voice-command software have a great impact over how the software is used.

Lastly it is important to get all the reports in order to get a good result.
A last question were asked in order to give a final reminder if any reports had
been forgotten.

The data from the interviews were compiled and analyzed so that it could
be shown in a clear way and to see if there were any other reasons for the results
of the study.

Full papers 49

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019



4 Results

The results from the user study and interviews are presented in different tables
and diagrams with explanations with each table.

4.1 User study

Since the participants were allowed to bypass problems they previously encoun-
tered there is no way of saying exactly how many problems that occured during
the study. It is however possible to identify how many unique problems that
occured during the study. How many unique problems the participants ran into
during the study is shown in table 2.

Figure 2. Unique problems per participant

There are 236 unique situations where the participants did find using voice-
commands a hassle. To mention all of those situations wouldnt answer any
questions or give any insight, therefor the data were analyzed and the problems
the participants found were put into categories of situations. The result of this
categorization is shown in table 3.
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Figure 3. Categories of problems

During the study all of the participants felt hessitant to use their phones
in public with voice commands but 4 of them tried it. The other 6 partic-
ipants choose to not use their phones in public at all. This is because they
felt embarassed talking to their phone or thought they bothered people around
them. All of the 4 who did try to use voice-commands in public did change
their mind to just use it in private or with a smaller group of people they knew
during the study. The 30 problems these 4 people reported while in public sit-
uations were problems that had to do with the situation rather then the actual
voice-command usage. Like talking to the phone during a lecture, having their
e-mails read by the phone while on the buss or navigating google-maps by voice
in public. Almost any use of voice-command in public felt, for all participants
as something inappropriate. The other 3 categories where most of the problems
occured were ”using opened apps”, ”voice not recognised” and ”scrolling”.

Voice not recognised. This category consists of problems when the user
tried to give a command and the software did not recognise what the user said
or ment. These problems were often something that happened when the user
wanted to call someone. Most voice-command software are implemented in en-
glish and do therefor not recognise swedish names, or tries to bend the name
into a english name. Other situations where this problem occured was while
searching on google or texting someone. In these situations the voice-command
software often replaced a word you said with something similar, but not correct.
The problems under ”texting” are different from these problems. The ”texting”
problems the users found was that it is hard to put smilyes and custom words
into a text.
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Scrolling. This was a great problem during this study. It seems like
scrolling is not something that is supported by most voice-command softwares.
If it is, it is not intuative enought for the users to know how to do it.

Using opened apps.The problems that occured in this category are when
the user opens an application with voice-command but is not able to further
use the application. This is something that is true for most applications that
is not native to the phone. Opening a application with voice-commands is of-
ten not a problem. The problems that were reported under ”opening apps” is
when the voice-command softare cannot find what you want to open because it
is a link, rather then an application or has a name the software can not recognise.

Slow usage. All of the participants reported problems about slow usage.
They thought it simply took to long to do most tasks by voice-command. It is
very fast to unlock the phone, start a application like spotify and start a song
with normal usage but with voice-commands there is a world of problems to
do so. First you must start the voice-command software, tell it to open spotify
atleast once if they recognise what you are saying the first time, then choose a
song with the same problem. Most participants did not think of reporting every
occurance of this so the 22 reported problems could be a lot higher.

Other. It seems like answeing the phone is not supported by voice-
commands. Why there is only 13 reported problems under that category is
because the users simply did not think of using voice-commands to do that.

Using the voice-command software while having a headset or ear-phones
plugged into the phone seems to not be supported. Just 2 of the participants
used handsfree during the study and both of them experienced problems with
the voice-command software. The software could not hear them, they could not
pause audio-books or change the music among other simular problems.
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Figure 4. Average amount of problems per phone-brand

4.2 Interviews

After the user study a interview was held with each of the participants. The
results from these interviews were compiled to only consist of the most relevant
information. All of the questions that were asked during the interview is not in
the compiled data. In the compiled data the questions have been generalized
and made more overall and the answers have been put together to not be repet-
itive.

What did you feel about the study? Mixed feelings. 4 found it fun, 8
found it hard and demanding since it takes up a large amount of your time with
both the hassle and the reports. 5 sometimes forgott they were in the study in
certain situations. Like waking up in the morning and starting the application
you always do because you are so used to it. Using voice-controll in public were
a great concern for all the participants.

Do you think the interaction with your phone was better when us-
ing this much voice-commands? All 10 participants found their interaction
with the phone to be significantly worse while using this much voice-commands.
7 of the participants said that some voice-command usage might be desirable,
but not to this extent. Half of the iPhone users experienced that Siri did not
remember questions she previosly asked. An example could be that you want
to call a person that has the same name as another person in your phone. Siri
then asks wich one of the persons you want to call and when you say their name
she doesnt know what you mean with saying that name, you have to specify
that you want to call that person again.
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Do you normally experience problems when using voice-commands?
If so, have this improved during the study? None of the participants had
been using voice-commands prior to this to a extent that they felt they had a
problem with it. During this study 4 of the participants said they had great
problems using voice-commands, 3 said they had some problems and 3 said
that they did not have much problems with using the voice-command software
in itself, but all of the participants found many problems with what the voice-
command sofware could do.

Did you consciously change your phone-behaviour to avoid prob-
lems? Since the participants were allowed to bypass tasks they previously did
not manage with voice-commands by going about it the normal way, noone of
the participants felt that they phone behaviour changed. This is not true for
public situations where all 10 participants phone-behaviour changed to not use
it at all or to try it out and later changing their minds to not use the phone in
public with voice-commands.

Did your behaviour with the voice-command software change
during the study? 7 of the participants said that they realised what words
the software recognised or not, how they would form questions and how to an-
swer the softwares follow-up questions and so changed their behaviour with the
software. 3 of the participants did not feel a great difference during the study
other than getting to know how to use the software in the beginning of the study.

Were there specific features on the phone that worked better
or worse then others? The native-applications that comes with the phone,
like google-maps or iPhones mail-application works a lot better then other ap-
plications. To open a application is almost always a easy task but using the
application is a different story. Applications that delivers one result, such as a
weather application, the camera or a google-search works okay. A application
where you have to do more then just one task, like scrolling or clicking a button
or choosing from a list or any other task does almost never work

Were any reports missed? All problems were reported during the study.

Any other thought that has not been brought to light? 4 of the
participants wanted to add how they did not see why anyone would want to
use voice-commands other then while driving. 2 added that they thought that
a ”smart-home” gadget that is now coming to the market would take voice-
commands to the next level by adding a meaning for using it.
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5 Discussion

Both sony and samsung are phones that uses android. The participants that
used google-assistant on their android-phone experienced more problems then
others. This is because google-assistant is very eager to translate what you say
into english. With all the participants being swedish this generated problems.
Android users that used bixby were a little better off. iPhone got more pop-
ular native-applications then android among the participants and because the
native-applications works better then other applications with voice-command
the iPhone users experienced less problems than android users. iPhone users
experienced more problems with their voice-software (Siri) when it comes to
their voices being recognised. 2 out of the 4 iPhone users experienced that she
was ”dumb” and could not remember enough of what had previously been said
to work properly. iPhone users also had the most problems with their software
replacing words they said with something similar. Android users did however
experience the most problems. Most of the android users described their voice-
command usage as being able to open an application, and that is it. With
google-assistant it was easy to google a question and the native google-map ap-
plication worked ok. Those two applications is not something the users did use
a lot and was left with just being able to open applications.

Common for both the iPhone and android users is the two main problems.
The first main problem is that almost every application the users wants to use
does not work with voice-command, other then starting it. All of the social
applications like facebook, instagram, snapchat and reddit does not work with
voice-commands. After you launch the application there is nothing you can do
within it. This is true not only for the social-media applications but for all
applications that is not native to the phone.

When it comes to native-applications there are also problems. Short, one-
purposed native applications like the camera, google a question or counting on
the calculator works fine. This is because it consist of only a voice-command
and a direct response to that command. When counting on the calculator the
software just have to recognise numbers and math-operations you are saying
and do a direct action with that information. As soon as there is some form
of navigation like chosing from a menu, scrolling or clicking a button the voice-
command softwares are stuck.

The other main problem is public usage. Voice-commands in public is
experienced as inappropriate due to two reasons. The first reason is that people
around you hear what you are saying to your phone. This can bother the people
around you or be a problem for yourself when everyone gets a private picture
of what you are doing.

The other reason is that the people around you hear what the phone is
saying to you. If you want to open the new sms you got, some softwares does
not hesitate to read the sms out loud without a warning. This is also a problem
when it comes to the native-health applications that can say your weight-goals
out loud to everyone or any other application that has private information. Most
information we got on our phones are private. People get very upset if they lose
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their phones or if someone steals it. This is because both the information we give
to our phone, and get from our phone are private and having voice-commands
say information out loud, or having to say information out loud to your phone
is experienced as similar to the phone being stolen by the person next to you.

6 Conclusion

In this study the use of voice-command to a great extent made the interaction
with our phone significantly worse. All of the participants had problems with
almost every aspect of the voice-command software with some exceptions when
it comes to the native-applications. Small, one-purposed applications worked
the best with voice-commands, like the camera, google a question or counting
on the calculator. Applications where you must navigate, like having to press a
button, scrolling or chosing from a menu did not work at all.

The two main problems with voice-commands found in this study is the
navigation and public usage. The navigation is a problem because it is sim-
ply not implemented when it comes to most applications. The voice-command
software is implemented to work with the phones operative system and native
applications. Starting a application works fine, and if it is a native application
it might work further then just starting it. If it is not a native application you
can not do much else then starting the application.

The other main problem, and maybe the most significant problem is the
public usage. There were two reasons identified in this study for people not
wanting to use voice-commands in public. People around you hear what you
are saying to your phone, and the people around you hear what your phone is
saying to you. Due to almost all information on your phone being private, this
creates problems if it gets shared with the people around you. Another aspect
is that you bother people around you, regardless of what information you are
sharing just bacause you are talking.

A suggestion of a guideline for when to implement voice-commands into
applications is as follows. The application should execute one task. Just iden-
tifying what the user is saying and then act upon that to generate the result
without further input is important.

The application should give the user a guide of how to use the application
including what voice-commands are available and after that guide the applica-
tion should not give feedback to the user if the command is not recognised.

The applications should have options for if the results should be read out
loud of just presented on the screen.

The application should support handsfree operations, this is important for
several reasons. One reason is that handsfree is something people use a lot in
their everyday lifes and being able to give the phone a command on the go
while walking the town is desirable. Another reason is that handsfree is very
convenient while driving. One of the main voice-command sceenes is in the car.

The application should also work without the use of voice-commands due
to public situations. Designing the application to just fit home-usage is not
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desirable. This is because you might want to use the application in some public
situations. Like in the car, in a park with not many around, with a small group
of friends or any other convenient public situation. Most public situations is
however not convenient so it is important for the application to work even
without voice-commands.
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Abstract

This study examines whether the visual search time spent on smart-
phone applications differs if the applications has its names visible or not.
A user test was conducted with twelve participants searching through
different prototypes containing either applications with or without their
names displayed. The results showed that the participants, in general,
found the application without names 0,65 seconds faster, but a t-test con-
cluded that there were no significant differences between the groups.

1 Introduction

Almost everyone owning a smartphone has sometimes in their life been looking
for an application in their phone without immediately finding it. A tedious and
a bit frustrating task if there are many applications installed on the smartphone.
If the user does not use the search function, it can take a while since a study
conducted in 2014 [1] reported that the average number of installed applications
a smartphone contained was 96.

The findings of this paper are going to focus on if there are any difference
in search time if the applications of a smartphone have their name visible or not.
To put it in other words, what does people look at while doing visual search
after applications in their smartphone? Do they only look at the icons? At the
names? Or at both the icons and the names combined?

A study conducted in 2010 [2] in the area of visual search has more or less
concluded that identifying a target took less than 10 milliseconds after the user
fixated the target. The ability to identify a targets location in such a short
amount of time may be related to the human ability to quickly recognize shape
and colour extrafoveal, rather than reading the names of the application, which
would require a more direct focus of the eyes fovea.

In regarding to these findings, it seems likely that users first and foremost
are looking for icons ahead of names while doing a visual search for their ap-
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plications. Thus, it may be important as a designer to make application icons
stand out, since a study conducted 1998 [3] showed that the difficulty of find-
ing targets during visual search are increased if the target is in the vicinity of
non-targets with similar visual appearances.

1.1 Objective

The focus on this study is to determine if the visual search time is prolonged
while searching for applications that have their names hidden, compared to
searching for applications with both icons and names displayed.

2 Theory

The following subsections explain some of the terminology used.

2.1 Visual search and dual coding hypothesis

In an article from 1974 [4] where Paivo and Begg let people perform visual
search through an array of pictures or words for a target that had previous been
presented as a picture or word. In the results it was concluded that the search
time was shorter when both the stimuli and the target were a picture than if
both were words. The search time was also faster with pictures as both stimuli
and target than when the stimuli were a word and the target a picture. They
find this result to be consistent with the dual-coding hypothesis, which more or
less state that humans interpret visual and verbal information differently and
it’s because of that it takes longer to connect a word to a picture, rather than
picture to picture or word to word.

2.2 Picture superiority effect

The picture superiority effect is the phenomenon that humans seem more prone
to remember images than words. This effect has been demonstrated in multi-
ple experiments, including the one that was conducted in 2011 by Curran and
Doyle [5] were they concluded that Studied pictures were associated with higher
accuracy (in memory recall) than studied words. The underlying effects for this
phenomenon have not yet been fully understood, but it seems that it may have
some favoring in which kind of task that is performed, since the effect of percep-
tual compatibility is greater with pictorial tasks than linguistic tasks, according
to Mcbride and Anne Dosher [6].

2.3 Sorting applications

In an android smartphone, the sorting order is specified to either by ”alphabetic
order” or ”users choise”. It is easy to assume that most people would logically
sort their applications by the alphabet, in order to locate them while doing a
visual search. This is however not necessary the case since a study by Böhmer
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and Krüger [7] concluded that there are many users that sort their applications
based on usage frequency, functional relatedness, among other things.

3 Method

The aim of this study was to evaluate if the time spent doing visual search was
affected wether the target applications name were visual or not. To measure
this, a test was conducted where different prototypes were built. The prototypes
was built so that the participant had to scroll up and down a list filled with icons
of applications, with the difference that five of the prototypes had applications
with their names displayed, wether the other five prototypes had not.

Since 96 is the average number of applications that each person has, the
prototypes each contained this amount as well. The prototypes were based on
android since it’s the most popular operative system [8] and was also conducted
on an android smartphone (Samsung Galaxy s7). The applications that the
prototype contained was a mix of application on Google play’s top list of pop-
ular applications and other, not so popular applications. The applications were
not sorted alphabetically since many users have other sorting methods. The
participants of the user test had to search for five applications with names dis-
played, and five applications without names displayed. More than this amount
was deemed to time consuming. The test was performed on 12 participants.

To avoid biased result, for each participant, every search used different
prototypes with the applications sorted out differently, so that the partici-
pant wouldn’t learn the location of the applications. Five prototypes were
constructed in each category (with names displayed and without), were each
prototype had a matching application sorting order in the other category. The
order of the prototypes was mixed, so they wouldn’t show up in the same or-
der as the previous category. To make the test more unbiased, three groups of
prototype orders were made, with four people in every group. In every group
there were two participants that first searched for five applications with names
displayed and then for five without names displayed. The other two got the re-
verse order. They did first search for five applications without names displayed,
then five with names displayed. Each test took a little more than 5 minutes.

3.1 Materials for the tests

To perform the test, the following materials were used:

• 5 prototypes of a smartphone application library with the applications
icons and their names displayed.

• 5 prototypes of a smartphone application library with only the applications
icons displayed.

• One prototype of a smartphone application library, used for explanation
of the test.
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• A smartphone that ran the prototypes.

• A laptop that presented the applications that the participants should
search for.

3.2 Example of the prototypes

Figure 1: One of the prototypes with names displayed and its matching coun-
terpart with only icons displayed.

3.3 Procedure of the tests

Before each test the participant was instructed that the test was anonymous,
that it was voluntary and could be cancelled at any given time. A couple of
questions was asked that could have significance to the results. One example of
these questions was how the participant had their own applications sorted and
if they had any medical condition that could effect the test.

Before the test was conducted, the participant had received an explanation
of how the test worked by using an example prototype that looked similar to
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the prototypes used in the test.
During the test the participant was shown an image of the application they

should look for, one at a time. These images were shown on the conductors com-
puter. Every test was recorded by an application that ran on the smartphone
the participant was using, which recorded the screen, the time and where the
participant clicked. After the test, the participants were asked if they had any
comments about the test.

To more exactly determine the search time, the prototypes were con-
structed with an empty section in the top and each participants were instructed
to double press each target application when they found it. This made the ex-
amination of the recordings easier since the search could not have begun if the
participant had not left the empty section.

4 Results

The results showed that on average, the search time for applications with names
was 0,65 seconds longer for each application, compared to searching for those
without names.

Figure 2: Average search time for each application in the test. Search time
displayed in seconds.

Each application was on average found a little quicker without its named
displayed, as Figure 2 shows. An unpaired t-test was conducted from the results
with an alpha level of 0,05. The two-tailed P-value equals 0,543 (p > 0,05),
which shows that the difference presented in Figure 2 is not considered to be
statistically significant.
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4.1 short summary of the survey questions

• Four of the participants thought that it was easier to find applications
when there were only icons displayed.

• One participant thought it was easier with both name and icon displayed

• 11 of the participants was in the age group of 20-30 years, the last one was
between 30-40 years old. All students of Ume̊a University, with different
study orientation.

• Half of the participants owned an iPhone, the other half owned android
based smartphones.

• The order of the applications in their smartphone library was mostly based
on download order, many used folders as well. One participant used color
as a sorting order.

• Ten of the participants does use visual search when looking for an appli-
cation in their smartphone. If not found quickly, they often combine this
method with a search field. The other participants used the search field
right away.

5 Discussion

As expected, there were no significant difference in visual search time between
applications with, or without, their names displayed. There are, however, some
things that could have affected the data that is worth mentioning. Because
of the tight schedule of the course, the group of chosen participants were quite
homogenous and not really representative of the society as a whole. Participants
from different age groups and academic backgrounds would be preferable. There
is also a chance that the data is a bit biased since the participants memory,
alertness level, etceteras, could affect the tests, even if several countermeasures
were taken to prevent this from happening.

6 Conclusion

The results from this study indicate that there are not any significant differ-
ence between doing visual search of applications with, or without, their names
displayed. Since the study was conducted with only twelve participants, it may
be too few to really produce a general conclusion. Interestingly enough, the
search time seemed to be shorter when searching only for icons, which may
be explained using the findings of with what Curran and Doyle concluded in
their article[5] about the Picture superiority effect together with the findings of
Paivo and Beggs article [4] that suggests that the dual coding hypothesis may
be affecting the search time.
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Abstract. This study investigates pause-reminders by comparing two
different kinds available in applications today. The study aims to find
ideas about how to best design these reminders to get the users to break
from the smartphone. The study was conducted with two different pause-
reminders, one that could be turned on and off and one that was a
permanent part of the application. The user got to test both of the
reminders and answer questions about what the liked and disliked with
the different reminders. The conclusion was that two features stood out
as being more important for the users. The feature should not be electable
and the reminder should have some friction so it could not be dismissed
with just one click.

1 Introduction

In only 10 years the smartphone has gone from non-existent to a product 90
percent of the Swedish population own[1]. Many of our social activities are per-
formed from our smartphones which makes it more than just a tool, it is a vital
part of our lives. Apart from the social aspect there are many entertainment
applications that also makes the smartphone something we have around. The
market for digital mobile social networks as well as other digital mobile applica-
tions has exploded and is today extremely competitive. In social networks this
design along with the natural power of social context can lead to a heavier use of
smartphones. Since smartphone usage is a, in the context, new phenomena, only
recently research has started to investigate the full extent of the consequences
of heavy smartphone usage. Different research is ongoing on both physical and
psychological consequences of an extensive use of smartphones. A change in how
companies think is happening right now as new features are arriving to help
the user to a healthier smartphone usage. Larger frameworks are being released
by Google and Apple, an approach that in this paper is categorized as usage
trackers. Individual apps such as Netflix, YouTube and Instagram have instead
implemented different versions of what in this paper is categorized as pause-
reminders.

1.1 Objective

The objective of this paper is to investigate pause-reminders in mobile applica-
tions. A user-test will be conducted with two different kinds of pause reminders.
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The purpose with the comparison is to investigate which effect each pause-
reminder has on the smartphone usage versus how the experience of the ap-
plication is with this feature. Which features are more effective and user friendly
to help the user break from the smartphone? The investigation will use Insta-
gram’s feature” You’re up to date” and YouTube’s ”Take a break” feature.

2 Theory

This section will present theory from relevant sources to lay the foundation for
the user study.

2.1 Smartphone usage and consequences

Today in Sweden nine out of ten over the age of 12 years have a smartphone
according to a Swedish study.[1]. In the same study they show that when the
population in Sweden use their smartphones social media apps are some of the
most common usages. The study shows that in different age groups different
apps are most popular. According to the Swedish study Snapchat is the most
popular among the younger and 95 percent of youths in the ages 12-15 years old
use Snapchat. Overall Facebook is the largest social network in Sweden with a
usage rate of 76 percent. Instagram is in second place with a usage rate of 60
percent. Among these Instagram has grown the most between 2016 and 2017
with an increase of 7 percent units. A study in Korea has found a connection
between smartphone dependency and a higher level of anxiety [2].The connection
between smartphone usage, especially usage of social media, is not an entirely
new phenomena. In 2016 the word” FOMO” was accepted as a borrow-word in
the Swedish language. FOMO is an acronym for Fear of missing out and that is a
type of social anxiety [3]. Another study that investigated different consequences
of smartphone usage is Leonid Miakotko’s study where both psychological and
physical consequences were investigated. Some of the risks mentioned in this
study were: Neck and back problems, Car accidents, decreased productivity [4].

In a recent study, an application was developed to enable restriction of smart-
phone usage and smartphone addiction was significantly reduced after using the
application [5]

2.2 Categorization of existing solutions

When looking at strategies to decrease and/or control smartphone usage one the
market there are two different categories, usage trackers and pause-reminders.

Usage trackers Usage trackers are a category of apps and tools which track
the user’s activity on other apps. They are external tools. What they do with
the data differentiates between the individual solutions. Most of the apps in
this category present different kinds of statistics to the user about how the
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use their smartphone. Some have timer-functionality that the user can activate
to limit the time on certain apps. Notification settings are also a functionality
common in this category. Some examples of solutions in this category are: Google
Digital Wellbeing, Apple Screen Time, Moment. Since both Google and Apple
are launching these tools and there are several studies like the one Ko, Lee and
Kim conducted confirming that external applications designed to decrease usage
actually does so generally, usage trackers is an interesting solution.

Pause reminders Pause-reminders are in app features that in different ways
nudges the user to break from the app. When looking at this category their
are two overall different kinds of pause-reminders. Their are electable ones and
non-electable ones. The electable ones can/have to be turned on and off by the
user. Non-electable ones are their whether the user want them or not. Examples
of solutions in this category is: Netflix ”Are you still there?-feature, Instagram
”You’re all caught up”-feature, YouTube’s ”Take a break”-feature.

2.3 Instagram You’re all caught up banner

In the summer of 2018 Instagram launched their a new feature which is a ban-
ner that shows up when all content from the past two days has been viewed.
According to Instagram themselves the feature is there to help the user keep
track of what has been watched so the user can make sure they haven’t missed
everything [6]. The Instagram solution is a non-electable feature. In Fig.1 an
image of the feature is presented.

Fig. 1. Instagram You’re all caught up banner
[6]
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2.4 YouTube

In the beginning of 2018 Google launched their large initiative Digital Wellbeing.
One part in this initiative was to give the user the possibility to schedule breaks
in the app. This should according to Google ”encouraging you to step away”[7].
The YouTube solution is an electable pause reminder since it has to be turned
on by the user. In Fig.2 an image of the feature is presented.

Fig. 2. YouTube’s take a break feature [7]

3 Method

3.1 Purpose of the study

The purpose of the user-study is to get information to be able to draw conclusions
on how pause-reminders should be designed in order to help the user break from
their smartphone. To get this information a test was designed using two different
approaches to pause-reminders, the electable and non-electable approach.

3.2 Participants

The participants for the study were chosen from Ume̊a University and the In-
teraction and Design program. They were asked to participate at the University.
Students were chosen as a target since they are one of the groups that use
smartphones the most. The interaction and design student study a lot of digi-
tal development and UX-design are therefore very critical in their assessment of
features which is a benefit in this study.

3.3 Material

The materials used in the study was a smartphone and an audio-recording device.
All participant used the same phone, which was provided by the test leader.
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3.4 User-study

The participant was asked to sit down and were given a short explanation to what
this study was going to investigate, pause-reminders. The participant will do two
tests and the order will be random. After each test they will answer a series of
questions. After completing both tests, they will get a few final questions.

Instagram test The participant was provided with a phone and asked to scroll
Instagram. That phone had non or very few new posts, so the banner appeared
very fast. When the banner appeared, the user was given a moment before the
test was ended. After the test a few questions were asked about the Instagram
banner.

YouTube test A funny video will be started on a provided phone, something
that is likely one would watch at night and continue watching longer that what
one had planned. The take a break banner will appear after 2 minutes. When
the banner appeared, the user was given a moment to react before the test was
ended. The participant was given a few questions about the experience of the
YouTube banner.

Final questions The test was concluded with a question about a comparison
between the two different kinds of pause-reminders, which they would prefer to
be implemented in an application they use a lot.

4 Results

This section will be present the results of the user-study about different kinds of
pause reminders. Since the whole test was audio recorded the result consists of
the explicit answers of the participant and also their elaborate motivations and
reasoning about the different pause-reminders. First the answers to the questions
will be presented followed by the participants thoughts about the different kinds
of pause reminders.
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4.1 Instagram results

In Fig.3 and Fig.4 the opinions of the participant on the Instagram banner is
presented. The banner did not leave all participants feeling finished with the app
there were a even split between participants feeling finished and not. There was
a much larger consensus that it was a good thing that the banner could not be
turned off, over 80 percent of the participant was of this opinion.

Fig. 3. Instagram results

Fig. 4. Instagram results
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4.2 YouTube results

The Youtube banner was handled differently by different users and almost half
of the users just clicked it away while half the user embraced the reminder. Many
of the participant also expressed that the were not sure they would enable such a
feature. The opinions of the participants are presented below in Fig.5 and Fig.6.

Fig. 5. Youtube Results

4.3 Participants thoughts

When listening through the opinions of the users there was a common denomina-
tor, the trade off between effect and level of disturbance. For example a feature
that cannot be turned of is disturbing but also more effective. If a feature is
electable but too disturbing it might never be turned on. This was a common
reasoning pattern among the participants.

Instagram The fact that it was a non-electable feature was very well received
by the test participants. Since almost half of the users did not feel finished
with the app they gave some suggestions on how this could be achieved. One
participant came with the suggestion that it should be harder to scroll past the
banner, maybe a longer space so that the content below was not visible.

Youtube The YouTube feature was something most participants was more
skeptical to. A common opinion was the doubt about the feature being electable
and that the user had to set the timer. One user suggested that a reminder would
appear hourly just to inform that it has been an hour and that this could not
be turned off.
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5 Discussion

The result show that some features are more important to achieve a break from
an application. The feature should provide an obstacle getting passed the re-
minder in order to strengthen the effect. The feature should not be able to be
turned off. Both applications were considered ”soft” by the participant in gen-
eral. The Instagram, which was non-electable, was considered a good option from
the participants in the study. The reminder was however a little soft and could
be strengthened a little with for example moving the content down so wasn’t
visible below. The Youtube reminder was criticized since the user had to turn it
on. Many liked the idea to limit the time but thought it hard to adjust the timer
before using the app since a timer on five minutes would be very annoying if you
were watching a longer video. The reminder itself got good reviews and it was
received as a reminder that made the users think if they really wanted to con-
tinue watching. The participant thought it very easy and likely that they would
only click away the reminder so with this feature they wanted more friction as
well.

Pause reminders in applications is a way for the developers to create a more
pleasant way to exit the app when you have used it for a certain time or achieved
everything you can. Instead of using the larger frameworks which puts a greater
deal of responsibility on the user to look at statistics, decide which amount of
screen time is okay and then limit to that time. Pause reminders, more like
the Instagram solution could be a viable option or complement to the larger
frameworks.

5.1 Improvements and further work

This study was a general comparison of two different pause-reminders to get
a grasp of which features were more desirable and which were less desirable
in pause-reminders. This study was based on already existing solutions and in
order to investigate the real effect of pause reminders an A and B test should
be conducted on the same application with and without the pause-reminder. In
this study the participants had a very high level of knowledge about the area of
the investigation which was good for this exploratory study but in a continued
study of the field users with a lower level of knowledge should be included in the
test panel.

6 Conclusion

The participants felt that if a reminder should be effective it should be non-
electable. It should be a permanent part of the application. The participant
also felt that it should be a larger obstacle getting passed the reminder like the
suggestion about moving the content further down in the Instagram flow. Pause
reminder could be a viable option or complement to the larger frameworks in
order to help the user break from their smartphones.
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Safety Measures for VTOL UAV Lifting a

Cable-Suspended Load with Unexpected Mass

Henrik Söderlund

Department of Applied Physics and Electronics
Umeå University, Sweden
henrik.soderlund@umu.se

Abstract. Among the causes of helicopter lifting accidents, some of the
most hazardous conditions are induced swing of the payload as it clears
the ground and overloading the helicopter. This paper evaluates the need
for safety measures during payload lifting when the suspended load mass
is unexpectedly large or small. A state machine is proposed together with
two safety measures and an update routine for estimating the true mass
if it di�ers from the assumed mass. Trajectory control with maintained
tension on the cable is proposed and the method is shown to be reliable.
The safety measures proposed seem to be valuable additions to the lifting
maneuver.

1 Introduction

The �eld of aerial robotics, especially multi-rotor unmanned aerial vehicles (UAVs)
has seen a major increase in attendance during the last decade. With the rise of
high-performance micro-scale processing units and high-precision sensors, �ying
robots have become more desired commercially [1]. Multi-rotor aerial vehicles
allow for vertical take-o� and landing (VTOL) while also being capable of ag-
ile maneuvering. Because of this, VTOL UAVs are an attractive alternative for
transporting light-weight cargo over untraversable terrains [2].

Extensive research has gone into trajectory control for multi-rotor aerial ve-
hicles transporting cable-suspended payloads [3, 4, 5]; from adaptive controllers
for unknown mass scenarios and trajectory generation for swing-free maneuvers
to cooperative lifting using multiple aerial vehicles. The problem of payload lift-
ing seem to be a subject left out by most research, but is a valid subject to
investigate further in the �eld of UAV transportation [2].

Among the causes of helicopter lifting accidents, some of the hazardous con-
ditions are overloading the helicopter and injuries caused by loads swinging as
they �rst clear the ground. Because of the dangers a swinging massive object
can pose on the surroundings, the aerial vehicle has to be straight above the load
before the helicopter starts to lift according to safety regulations for helicopter
lifting, Ontario, Canada [6].

From the point where the aerial vehicle with a cable-suspended load lifts
with the cable slacking to when it becomes taut, the VTOL UAV experiences
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switching dynamics. This is why both dynamics of a multi-rotor UAV without a
suspended load and dynamics with a suspended load have to be considered. Cruz
et al. [2] proposes a mathematical model of a quadrotor with a cable-suspended
load combined with trajectory generation and control laws for performing such
lift maneuvers while minimizing swing of the cable-suspended load at the mo-
ment of lift-o�. According to [6], it is critical to know accurate load weights and
sizes since each helicopter has a limited lifting capacity. When the cargo weight
has been mislabeled, the consequences could be hazardous, especially if the load
mass is unexpectedly too small. Therefore, the methods proposed by [2] could
be extended by implementing safety measures to test and compensate for un-
expected deviations of the load mass and for when the load weight exceeds the
aerial vehicle load capacity.

1.1 Objective

This paper evaluates the need for safety measures in the switching dynamics of
the system when the suspended load mass is unexpectedly large or small. A new
safety mechanism will be introduced in the form of a procedure for carefully
testing the load mass, which extends the proposal of a lifting maneuver made by
[2]. The robustness and accuracy of the procedure will be analyzed and discussed
upon.

2 Theory

The typical mathematical model for a multi-rotor aerial vehicle with four rotors
will be introduced based on Mahony et al. [7] and Bouabdallah et al. [8]. Then,
dynamical models for a multi-rotor UAV with a cable-suspended load during
di�erent stages will be introduced using Cruz et al. [2]. Moreover, the concept
of cable collision will be covered from what is proposed by Bisgaard et al. [9].

2.1 Quadrotor Model

The multi-rotor design allows the UAV to be kept stabilized in air and steered
freely in all directions. We will focus mainly on the quadrotor as a reference
model. As shown in Fig. 1, the quadrotor comprises two pairs of rotors that are
on the opposite sides of each other. Each rotor pair rotates in the same direction,
but in the opposite direction of the other rotor pair. By applying inequal thrust
to the pairs of rotating rotors corresponding to the direction of rotation, one can
control pitch and roll. Yaw rotation can be controlled by adjusting the average
speed of the rotor pairs individually.The total thrust is controlled by increasing
or decreasing the average thrust of all rotors in the same amount [7].

Let {E} denote the inertial frame with unit vectors along the axes denoted
by {xE , yE , zE} and {B} denote the body �xed frame for the quadrotor with
unit vectors along the axes denoted by {xB , yB , zB} as illustrated in Fig. 1. We
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can relate the frames with three Z-X-Y Euler angles to form a rotation matrix.
The rotation matrix R of the quadrotor to get from {E} to {B} is de�ned as [7]

R =



cψ cθ sφ sθ sψ − cφ sψ cφ sθ cψ + sφ sψ
sθ sψ sφ sθ sψ + cθ cψ cφ sθ sψ
−sθ sφ cθ cφ cθ


 (1)

where c and s are abbrevations for cosine and sine, respectively. ψ is the yaw
rotation about the Z axis, φ is the roll rotation about the X axis and θ is the
pitch rotation about the Y axis.

In Newton-Euler formalism, the dynamics of a rigid body under external
forces applied to the center of mass and expressed in {B} are [8]

(
mI3×3 0

0 Ix,y,z

)(
v̇

Ω̇

)
+

(
Ω ×mv

Ω × Ix,y,zΩ

)
=

(
F
τ

)
, (2)

where I3×3 is the 3 × 3 identity matrix, Ix,y,z ∈ R3×3 is the constant inertia
matrix, v the body linear speed vector and Ω the body angular velocity. Based
on (2) and Fig. 1, the rigid body equations of motion of the quadrotor can be
written as [7] and [8]





ρ̇q = vq

mqv̇q = RF −mqgzE

Ṙ = RΩ×
Ix,y,zΩ̇ = −Ω × Ix,y,zΩ + τ

(3)

where the following de�nitions are introduced, based on Fig. 1:
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mq ∈ R>0 mass of the quadrotor,

g ∈ R>0 gravity constant,

d ∈ R>0 distance from the central axis to each
rotor support arm, respectively,

Ix,y,z ∈ R3×3 constant inertia matrix expressed in
{B},

ωi ∈ R angular speed of the ith rotor,

ρq,vq ∈ R3 position and velocity of the quadrotor
center of mass in with respect to {E},
ρq = [xq yq zq]

T and vq = [ẋq ẏq żq]
T ,

R ∈ SO(3) rotation matrix from {E} to {B},
φ ∈ R roll angle of quadrotor around xB ,

θ ∈ R pitch angle of quadrotor around yB ,

ψ ∈ R yaw angle of quadrotor around zB ,

Ω ∈ R3 angular velocity of the quadrotor in with
respect to {E}, expressed in {B},

Ω× ∈ R3×3 a skew-symmetric matrix, such that
Ω×v = Ω × v, ∀v ∈ R3,

F ∈ R3 total thrust produced by the quadrotor
expressed in {B},

τ ∈ R3 net moment applied to the airframe of
the quadrotor by the aerodynamics of
the rotors, expressed in {B}.

Table 1: Notation for the dynamic model of the quadrotor.
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zE

yE

xE

{E}

zB

yB
xB

{B}

i=1

mqgF1

F4

F3

F2

d

Φi

Fig. 1: Quadrotor con�guration frame system without a suspended load. Intro-
ducing the �xed body frame {B} and the inertial frame {E}.

2.2 Aerodynamics

For an N-rotor aerial vehicle, we denote the rotors i ∈ {1 . . . N} in the direction
as shown in Fig. 1. Each rotor is positioned at an angle Φi =

π
2 (i − 1) between

the rotor support arm and {B}. In addition to this, we introduce σi = {−1,+1}
which denotes the direction of roation for rotor i [7].

In order to relate the angular speeds ω = (ω1, ω2, . . . , ωN ) of the rotors to
the net moment τ = (τ1, τ2, τ3) arising from aerodynamics, we introduce a basic
aerodynamic model from [7].

The net moment τ arising from the aerodynamics applied to the N-rotor
airframe is related to the sum of angular speeds of the rotors as [7]





τ1 = cT
∑N
i=1 di sin (Φi)ω

2
i

τ2 = −cT
∑N
i=1 di cos (Φi)ω

2
i

τ3 = cQ
∑N
i=1 σiω

2
i

(4)

where constants cT (related to the steady-state thrust) and cQ (related to the
reaction torque) can be acquired through static thrust tests in experiment, which
also includes the e�ect of drag on the rigid body induced by the rotor �ow [7].

The hover thrust TΣ applied to the body is the sum of the thrusts from each
individual rotor expressed as [7]

TΣ = cT

N∑

i=1

ω2
i , (5)
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which is the primary component of the total thrust vector [7]

F = TΣzB +∆. (6)

For a quadrotor (N = 4), this can be expressed in matrix form as [7]




TΣ
τ1
τ2
τ3


 =




cT cT cT cT
0 dcT 0 −dcT
−dcT 0 dcT 0
−cQ cQ −cQ cQ




︸ ︷︷ ︸
Γ




ω2
1

ω2
2

ω2
3

ω2
4


 , (7)

and given the desired thrust TΣ and moments τ1, τ2 and τ3, we can solve for the
required rotor velocities using the inverse of the constant matrix Γ . In order for
the quadrotor to hover, a suitable ω has to be chosen by inverting Γ such that
τ = 0 and TΣ = mqg [7].

2.3 Suspended Load Model

From Fig. 2, we introduce the following de�nitions:

mp ∈ R>0 mass of the load,

T ∈ R≥0 tension on the cable,

` ∈ R>0 length of the cable,

ρp,vp ∈ R3 position and velocity of the suspended
load center of mass with respect to {E},
ρp = [xp yp zp]

T and vp = [ẋp ẏp żp]
T ,

µ ∈ R3 the unit vector (‖µ‖ = 1) from the load
to the quadrotor center of mass.

Table 2: Notation for the dynamic model of the load.

When the cable tension is nonzero, i.e. when the quadrotor is carrying the
suspended load, the dynamics of the system can be written as [2]





ρ̇q = vq

mqv̇q = RF −mqgzE − Tµ
Ṙ = RΩ×
Ix,y,zΩ̇ = −Ω × Ix,y,zΩ + τ

ρ̇p = vp

mpv̇p = Tµ−mpgzE

(8)

82 Electronics and Mechatronics

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019



For this system, the quadrotor and load positions are related by [2]

ρq = ρp + `µ, (9)

where µ de�nes the direction:

µ =
ρq − ρp
‖ρq − ρp‖

. (10)

As stated in Section 1, the system experiences switching dynamics during
the lift maneuver when the cable tension T goes from zero to a nonzero value.
This transition is known as cable collision [9] and happens when the condition

‖ρq − ρp‖ = ` (11)

holds. During cable collision the positions of the quadrotor and the load remain
the same, but their change in velocity can be modeled as a perfectly inelastic
collision [9]. Using the conversion of momentum, both elastic and inelastic im-
pacts can be modelled. The relation between translational velocity before and
after impact can be described by [9]

+vq =
−vq +

δ

mq
µ, (12)

+vp =
−vp −

δ

mp
µ, (13)

where δ is the collision impulse. The pre-superscripts −(·) and +(·) denote the
values just before and just after the collision, respectively. The impact charac-
terized by the relative velocity of the attachment points on the cable can be
written as [9]

− ke(−vq − −vp)µ = (+vq − +vp)µ, (14)

where ke ∈ [0, 1] is the elasticity constant such that ke = 0 describes a perfect
inelastic collision and ke = 1 describes a perfect elastic collision [2]. To ensure
+vq−+vp = 0, we have to model the cable collision as a perfect inelastic collision,
i.e. ke = 0. Substituting (12) and (13) into (14), we can solve (14) for δ to get
the collision impulse as [9]

δ = −mqmp

−vq µ
mq +mp

. (15)

Substituting (15) into (12) and (13), one can compute the states after the
transition moment, when the condition (11) holds.
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mpg

µ

`, T

Fig. 2: Con�guration frame system with a suspended load.

2.4 Lift Maneuver

In this section, we will follow what was found by Cruz et al. [2] quite closely.
Starting with the quadrotor in a con�guration similar to Fig. 2, the goal is to
lift the load until it reaches a prede�ned height h. The holonomic constraint
between the quadrotor and the cable-suspended load relies on the cable length `
and for simplicity, we say that this constraint can not be broken. [2, Problem 1]
states that a cable-suspended load is lying on the ground at the initial position

ρ
(0)
p = [x

(0)
p y

(0)
p z

(0)
p ]T which is attached to the quadrotor hovering at the position

ρ
(0)
q = [x

(0)
q y

(0)
q z

(0)
q ]T such that

z(0)p = ρ(0)p zE = 0, ‖ρ(0)q − ρ(0)p ‖ < `, z(0)q = ρ(0)q zE > 0, (16)

where the superscript (·)(0) indicates the intial value of a variable. The quadrotor
has to lift the load until it reaches the goal position

ρ(f)p = ρ(0)p + hzE , (17)

where the superscript (·)(f) indicates the �nal value of a variable.
The lift maneuver is comprised of three �nite states as shown in Fig. 3:

Setup, Pull and Raise. This decomposition is due to the transition between zero
to nonzero cable tension and from the load being in contact with the ground to
being lifted in air [2].

� Setup:

The quadrotor starts at an initial con�guration according to Fig. 3a with the
cable tension at zero. Due to the corresponding condition (16), the quadrotor
and the suspended load can be considered as separate systems. Since the
suspended load is rested on the ground, we write the total dynamics of the
system in the same manner as given in (3). The equations of motion for the
quadrotor at the Setup state can be written as
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(a) (b) (c)

Fig. 3: Lifting states. (a) is Setup, (b) is Pull and (c) is Raise.




ρ̇q
v̇q
Ṙ

Ω̇


 =




vq
m−1q RF − gzE

RΩ×
I−1x,y,z(−Ω × Ix,y,zΩ + τ )


 . (18)

� Pull:

The transition from Setup to Pull happens when the condition

‖ρq − ρp‖ = ` (19)

holds, i.e. when the quadrotor and the load are exactly distanced by ` (Fig.
3b). The cable is now fully extended, which means that T 6= 0. This does
not mean that the tension is enough to lift the payload [2]. The quadrotor is
a�ected by the tension on the cable in the direction of µ, but is constrained
to a half sphere with its center at ρp and radius ` as long as condition (19)
holds together with the load being on the ground. The equations of motion
at this state are [2]




ρ̇q
v̇q
Ṙ

Ω̇


 =




vq
m−1q (RF − T µ)− gzE

RΩ×
I−1x,y,z(−Ω × Ix,y,zΩ + τ )


 . (20)

� Raise:

The transition from Pull to Raise happens when the condition

T (µTzE) > mpg (21)

holds, which means that the tension force is enough to lift the suspended
load in the upwards direction. The load is now in the air with the cable
completely taut (Fig. 3c). The equations of motion are now written in its
full form given in (3), which gives
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ρ̇q
v̇q
Ṙ

Ω̇
ρ̇p
v̇p



=




vq
m−1q (RF − T µ)− gzE

RΩ×
I−1x,y,z(−Ω × Ix,y,zΩ + τ )

vp
m−1p T µ− gzE



, (22)

together with (19), (21) and zp > 0.

3 Method

The simulation environment used was a modi�ed version of the quadrotor Simulink
model from Peter Corke's Robotics Toolbox for MATLAB [10]. The quadrotor
model parameters were the same as the ones provided in the package. For sim-
plicity we will assume in the equations above that T is implemented in such a
way that Ω ≡ 0 and R(t) = R(t0) = I3×3, ∀ t.

3.1 Modelling tension

The way Cruz et al. [2] computes the cable tension T for each mode is unrealistic,
since accelerations are often very hard to measure reliably, thus making it very
hard to implement a control law for the cable tension T . At the same time,
the only state that bene�ts from tension control is the Pull state, i.e., when
the tension T should reach a value enough to lift the suspended load from the
ground.

To �nd the correct expression for approximating T in the Pull state, one
realizes that this is the amplitude of the reaction force induced by the holonomic
constraint

‖ρq − ρp‖2 = `2. (23)

Di�erentiating this constraint with respect to time and using the fact that
vp = 0 at the Pull state, one obtains

vTq (ρq − ρp) = 0.

Di�erentiating one more time and using the product rule of di�erentiation
we obtain

v̇Tq (ρq − ρp) + vTq vq = 0. (24)

Substituting (10) and (11) into (24) one obtains

v̇Tq `µ = −‖vq‖2.

Multiplying the expression for v̇q in (20) by µT (since µTµ = 1) one can get
rid of v̇q and compute the expression for T , which becomes

T =
mq

`
‖vq‖2 +mqµ

T

(
−gzE +

1

mq
RF

)
. (25)
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Just as the load starts lifting and the system enters Raise state, the equation
above is no longer valid. To �nd the equation for the tension if vp 6= 0, one has
to recompute the derivatives of the holonomic constraint in (23). Di�erentiating
twice with the assumption that vp 6= 0 we have

(v̇q − v̇p)T `µ = −‖vq − vp‖2.
Computing v̇q−v̇p from (22) with respect to T and substituting (v̇q−v̇p)T `µ

for −‖vq − vp‖2, one ends up with the following expression

T =
mp

mq +mp

(
µTRF +

mq

`
‖vq − vp‖2

)
. (26)

In order to lift the payload, the total thrust F has to be increased in the
direction of zE such that the cable tension value T is above the load weight mpg
[2]. The condition in (21) acts as an indication for the system to move over to
the Raise state. There could also be a transition back from Pull to Setup, under
which circumstances the condition T = 0 has to be met [2].

To model the tension developed in a weighted cable in the general case,
one may utilize the dynamics of a one-sided sti�ness. A one-sided sti�ness, or
spring model, is a realistic approximation to actual cable behavior. According
to Hooke's Law, the tension T is proportional to the relative stretch s = λ/` in
the cable, where λ is the additional length to the cable of length ` when it is
stretched such that ˆ̀= `+ λ.

Modelling the tension force as a one-sided sti�ness one obtains

T = mq
ke
`
λ, (27)

which is only valid when ‖ρq − ρp‖ ≥ `. For the case when ‖ρq − ρp‖ < `, the
tension is modelled to be T = 0. ke is the sti�ness (spring constant), which is
used to describe the elasticity of the cable. For this case, ke is chosen to be quite
high, i.e., the cable is not very elastic.

3.2 Trajectory control without a cable-suspended load

Since the dynamics are decoupled during Setup state, traditional trajectory con-
trol su�ces to move the quadrotor along desired trajectories.

Based on a given initial position ρ
(0)
q and time t0, and a �nal position ρ

(f)
q

and time tf , one can generate a set of cubic polynomial trajectories ρ∗(t) =
[x∗(t), y∗(t), z∗(t)] and their derivatives v∗(t) and v̇∗(t), which are continuous
in R3 [11, p. 188].

These trajectories can be used as references for a trajectory controller to
make the quadrotor track a given trajectory to a �nal destination with desired
velocity and acceleracion. To achieve perfect tracking of the trajectory ρ∗q(t), the
following control law can be used [7]

F 1 = mqR
T
[
v̇∗q +Kd (v

∗
q − vq) +Kp (ρ

∗
q − ρq) + gzE

]
, (28)

with Kp > 0 and Kd > 0.
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3.3 Trajectory & Tension control with a cable-suspended load

Since the equations (25)-(26) for computing the tension during Pull and Raise

are merely theoretical because the holonomic constraint in (23) will almost never
hold, one realizes that this can not be used for implementing a control law for
tracking a trajectory while also maintaining a constant tension on the cable.

When the load lifts from the ground, the quadrotor will be a�ected by the
dynamics of the cable-suspended load. By combining trajectory control in (28)
together with a tension error term Λ(T − T ∗)µ, where T ∗ = m̂pg(µ

TzE) is
the desired tension and Λ is a gain factor, one will achieve asymptotic tracking
of a given trajectory despite the contradicting forces generated from the cable-
suspended load. m̂p is the estimated mass of the load, which is explained further
in Section 3.5. The control law for Pull and Raise can be written as

F 2 = F 1 +R
T [T − m̂pΛ(T − T ∗)]µ, (29)

which is similar to impedance control in the simplest form [11, p. 330].

3.4 Implementing the lifting maneuver

Back to the problem of a quadrotor having to lift a cable-suspended payload,

starting at an arbitrary position ρ
(0)
q within the half sphere with its center at ρp

and radius `. The �rst action to be done is to have the quadrotor move straight
above the payload such that

‖(xq, yq)− (xp, yp)‖ = ‖(ex,p, ey,p)‖ = 0. (30)

When (30) holds true, the system enters the Setup state. In the Setup state,
the quadrotor increases its altitude until (19) holds true. These procedures can
be done using trajectory control with the control law proposed in (28). When
(19) holds, the system transitions into the Pull state. In Pull state, the quadrotor
has to increase the tension force induced by the cable using TT control with the
control law proposed in (29). When the tension is larger than the gravitational
force acting on the payload, it will lift from the ground and the TT controller
will maintain T = T ∗ while also achieves perfect tracking of the trajectory.

In order for a system to make sense of the procedures described above, some
mathematical model of computation has to be used. A �nite state machine
(FSM) has been developed in order to determine the state of the system at
a particular moment based on measurements from a tension sensor, given that
such a sensor exists. The proposed state machine is illustrated in Fig. 5.

Since di�erent controllers are used depending on the state the system is in,
the state machine has to select the controller to be used for a particular state.
Using a signal select ∈ {0, 1}, one can choose whether to pass on the computed
thrust F 1 from the trajectory controller or F 2 from the TT controller. The
selected force F sel can be computed as

F sel = (1− select)F 1 + selectF 2, (31)
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where the applied thrust to the system is F = F sel.
Everything described in this chapter can be summarized in Fig. 4, which

illustrates the conceptual control system that can be used to implement the
lifting maneuver.

T , ρq, vq, ρp, vp

v̇∗q , v
∗
q , ρ

∗
q

T ∗

select

F1

F2
1

2

Trajectory

Controller

Trajectory

Controller

System
FselTrajectory

Planner

State

Machine

ρ
(0)
q , ρ

(f)
q

t0, tf

& Tension

ρ̃q

Fig. 4: A conceptual �gure of the control system. Cyan blocks belong to the lifting
maneuver implementation and grey blocks belong to the rest of the system. The
system is assumed to be able to provide measurements of the value of T .

3.5 Safety measures in the lifting maneuver

Attempting to lift a heavy payload is not necessarily dangerous if the aerial
vehicle thinks the load is light. However, lifting a light payload while thinking
the load is heavy could be fatal since the payload will most certainly sling up in
the air hitting bystanders with potentially huge forces. As an extension to the
lifting maneuver, safety measures have been implemented into the state machine
which attempts to avoid the consequences of human error in the speci�cation of
the mass of the payload.

Another addition is a mass update routine which enables the system to adjust
itself if the speci�ed mass of the payload had been mislabeled. The update

variable m̂p is the estimation of the load mass with initial value m̂
(0)
p = m∗p

where m∗p is the �rst assumption of the mass of the load.
The �rst safety measure is to abort the lifting maneuver if the load seems

unexpectedly light compared to what the system has been informed, denoted
as Abort Low. To detect this, one realizes that the problem will arise when
attempting to lift the payload at the instant when (19) holds true, i.e., the
system is in the Pull state. One also realizes that if the load is too small and
the system attempts to reach T (µTzE) > m̂pg before the payload lifts from the
ground, the payload will actually clear from the ground before this condition
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holds since m̂pg > mpg. To detect this, one can look at the tracking error from
TT Control to see if it is converging to zero, which means that the quadrotor
follows the trajectory and is no longer in�uenced by the load. Denoting the
tracking error as ρ̃q = ρ

∗
q − ρq, it is said to have converged if

‖ρ̃q‖ < ε, (32)

where ε is a su�ciently small value.

||(xq, yq)− (xp, yp)|| = 0

||ρq − ρp|| = `

T > m̂pg(µ
T zE)

T = 0

||ρ̃q|| < ε ∧ T < T⊥

|δT | > 0

m̂p > mmax

Move over
Setup

Pull

Raise

(Load too light)

Update m̂p

payload
Trajectory Control

Control

m̂p ≤ mmax

Trajectory & Tension

Control

Trajectory & Tension

Abort Low

(Load too heavy)

Abort High

Fig. 5: The proposed state machine. The design takes inspiration from Cruz et
al. [2], but is extended with appropriate safety measures and a load mass update
routine.

Additionally, a lower bound for which the tension is acceptible when (32)
holds true can be written as

T⊥ = (1− σ⊥)m̂pg, (33)

where σ⊥ is a deviation variable to determine how much the bound should di�er
from the expected tension value.
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If (32) holds true and T < T⊥, the load is considered too light and the lifting
maneuver will abort. The quadrotor will lower the load onto the ground and
stop.

The second safety measure is to abort the lifting maneuver if the load mass
exceeds the maximum cargo weight mmax allowed by the quadrotor, denoted as
Abort High. However, if the mass of the load is unexpectedly large compared to
the assumed mass but is not exceeding mmax, the system will try to adjust the
estimated load mass m̂p until the tension on the cable is lower than the upper
bound T> of the estimated mass. One realizes that the load may only be too
heavy if the system has entered the Raise state since the tension will indeed be
T > m̂pg. Moreover, the mass is only considered too heavy if the estimated mass
is

m̂p > mmax. (34)

Before proceeding, we denote the relative error of the tension as

δT =
T − T ∗
T ∗ , T ≥ 0, T ∗ ≥ 0. (35)

If the relative error of the tension is larger than zero, i.e., δT > 0, the load
is considered unexpectedly heavy compared to the estimated mass m̂p and the
system will attempt to estimate a new value of m̂p to improve tracking of the
trajectory controller. The update law for m̂p is chosen to be

m̂p := m̂p + α (δT ), (36)

where α is the adjustable update gain. This will enable the estimated mass to be
updated in the direction of the relative error of the tension, which means that
m̂p → mp as δT → 0 if we update m̂p as long as δT > 0, with a convergence
rate determined by α.

The safety measures proposed has been embedded into the FSM in Fig. 5.

4 Results

Implementing the system proposed in Section 3.4 and the safety measures pro-
posed in Section 3.5 in a Matlab Simulink environment, one can verify the ro-
bustness and accuracy of the control laws and safety measures. We start with
introducing the parameters used in Table 3.

To enable focus on the actual task, which is evaluating the proposed control
laws and safety measures, the quadrotor was modelled as an approximative point
mass with a constant orientation. This eased the time and e�ort required when
constructing and running multiple test cases in the simulation environment.

The quadrotor starts at ρ
(0)
q = (1, 1, 2) and the load at ρ

(0)
p = (0, 0, 0).

Though the following results will only investigate the performance of the system
and safety measures during lifting; the quadrotor can start at an arbitrary posi-
tion within a distance of the cable length from the load, and the results will be
the same.

A video of simulations showcasing the safety measures has been made as
supplementary material for this paper and is avaliable in [12].
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Parameter Value Method of acquisition

mq 4 kg Robotics Toolbox
m∗p 1 kg Intuition
mmax 2 kg mq/2
` 4 m Intuition
σ⊥ 0.1 Intuition
ε 0.001 Intuition
Kp 16 Tuning
Kd 8 Tuning
Λ 10 Tuning
α 0.008 Tuning

Table 3: Parameters used during simulations.

4.1 Tracking error and convergence

We begin looking at the tracking error |ρ̃q| at di�erent mp where the initial
assumption was m∗p = 1 kg. Simulations of the tracking error were made for �ve
equisidant load masses mp. The quadrotor attempts to track a trajectory while
maintaining a constant tension on the cable attached between the quadrotor and
the load. The result is presented in Fig. 6.

15 20 25 30 35 40

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Fig. 6: The tracking error from the moment that the system has entered the
Raise state until the end of the simulation. Five (5) tests with varying masses
mp were performed and the resulting tracking error from each test is presesnted
in the �gure. The parameters used are found in Table 3.

During the Raise state, the system will attempt to estimate the true mass of
the payload based on the relative error of the tension, δT . The errors (residuals)
between the true masses mp and the estimated masses m̂p for �ve unique tests
are presented in Fig. 7.
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Fig. 7: The residual between the true mass mp and the estimated mass m̂p for
�ve (5) tests with varying masses mp. The �gure is focused on the interval of
the moment that the system has entered the Raise state until the end of the
simulation. The parameters used are found in Table 3.

The relative error bound |δT | of the tension has converge to zero to assume
that the tension T on the cable is maintained such that T = T ∗. This is done
using the control law proposed in (29). The resulting relative error bound for
�ve tests with di�erent masses mp can be observed in Fig. 8.

4.2 Swing of the payload during lifting

For a lifting maneuver to be considered safe, the swing of the payload has to be
minimal. Fig. 9 shows the distance between the quadrotor and the payload with
cable length ` = 4 m and the swing of the payload in the X-Y plane.

4.3 Robustness of safety measures

Safety measures will take over when either the load is unexpectedly too small
(Abort Low) or if the maximum cargo weight mmax is exceeded (Abort High).
The point of switching between the Raise state and one of these modes has to
be su�ciently robust to avoid unwanted behavior in the intervals of mp close
to (1− σ⊥)m̂p where the transition behavior is potentially unpredictable. Using
the parameters in Table 3, the transition from Raise to Abort Low is detected
in the interval 0.85 < mp < 0.95 and the transition from Raise to Abort High

is detected in the interval 1.95 < mp < 2.05. A hundred (100) simulations using
equisidant varying mp in the interval for each transition is presented in Fig. 10.

As can be observed in Fig. 10, there is an overlapping interval between Raise

and Abort Low measured at [0.9, 0.92] where the transition between the states
is unpredictable.
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Fig. 8: The relative error bound of the tension during the Raise state where the
system attempts to maintain a constant tension on the cable such that T = T ∗.
Tests were made for �ve (5) varying masses mp. The parameters used are found
in Table 3.

5 Discussion

The tracking error of the system following a trajectory in Raise state seems to
converge to zero, which means that we achieve perfect tracking at some point
during lifting of the cable-suspended load. This was observerd in Fig. 6. The
tension during Raise appears to be maintained at the desired value since the
relative error bound in Fig. 8 converges to zero quite rapidly. The load mass
estimation error in Fig. 7 seem to also converge to zero which means that the
system sucessfully estimates a value of the load mass close to the true value.

The swing of the cable-suspended load during lifting seem to be minimal,
as can be observed in Fig. 9. Despite the tension on the cable is modelled as
a sti� one-sided spring, there is still going to be some �ex present, which can
be observed in the steady state value of the distance between the UAV and the
suspended load not being exactly equal to the cable length.

As can be observed in Fig. 10, the transition between Raise to Abort High

seems to be quite robust since there are minimal overlapping of the mp logged in
Raise and themp logged in Abort High. There is a signi�cant overlapping interval
between Raise and Abort Low in which the transition is deemed unpredictable
and the user should be aware of this unrobust interval.

5.1 Future work

A valid route for research could be to analyze the use of the expressions for
tension derived from the holonomic constraint in (23) for aiding tracking in the
trajectory control during lifting. Another desire for development would be to
derive the dynamics using generalized coordinates, which in theory would greatly
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Fig. 9: To the left is the distance between the quadrotor and the payload during
the Raise state. To the right is the swing of the payload in the X-Y plane during
the same time. Tests were made for �ve (5) varying masses mp. The parameters
used are found in Table 3.

improve numerical reliability and would potentially allow holonomic constraints
to be used.

A better method for determining the transition condition from Raise to Abort
Low should be investigated further to increase robustness around the transition
point or at least decrease the overlapping interval observed in Fig. 10.

In this paper, the control law in (29) was not proven to be asymptotically
stable. Due to time limits there was no time to investigate this further, but a
suggestion is to use the tension modelled as a one-sided sti�ness to design a
Lyapunov function candidate that provides a control law similar to (29) and
guarantees global asymptotic stability according to La'Salle's theorem.

6 Conclusions

The safety measures proposed in Section 3.5 seem to be valuable additions to
the hybrid automata proposed by Cruz et al. [2]. Moreover, true expressions for
the tension have been derived. Cruz et al. [2] discusses the desire of performing
the lifting maneuver with unknown mass, which has been done in this paper to
some extent. The proposed update law for adjusting estimated mass for small
deviations of the true mass of the payload has shown to be a reasonable choice
when the mass is�not unknown�but unexpectedly di�erent to the assumed
mass.

Full papers 95

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019
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Fig. 10: To the left, a box plot of the transition between Raise and Abort Low. To
the right, a box plot of the transition between Raise and Abort High. A hundred
(100) simulations using equisidant varying mp were performed in the intervals
speci�ed in the vertical axis of each plot. The parameters used are found in
Table 3.

Acknowledgement

We thank Leonid Freidovich for assistance and comments that greatly improved
the quality of this project.

References

[1] Wallar, A., Plaku, E., Sofge, D.A.: Reactive motion planning for unmanned aerial
surveillance of risk-sensitive areas. IEEE Transactions on Automation Science
and Engineering 12(3) (2015) 969�980

[2] Cruz, P., Fierro, J.: Cable-suspended load lifting by a quadrotor uav: hybrid
model, trajectory generation, and control. Autonomous Robots 41(8) (2017)
1629�1643

[3] Dai, S., Lee, T., Bernstein, D.: Adaptive control of a quadrotor uav transporting a
cable-suspended load with unknown mass. In: Proceedings of the IEEE Conference
on Decision and Control, 2015(February). (2014) 6149�6154

[4] Michael, N., Fink, J., Kumar, V.: Cooperative manipulation and transportation
with aerial robots. Autonomous Robots 30(1) (2011) 73�86

[5] Palunko, I., Fierro, R., Cruz, P.: Trajectory generation for swing-free maneuvers
of a quadrotor with suspended payload: A dynamic programming approach. In:
Robotics and Automation (ICRA), 2012 IEEE International Conference on. (2012)
2691�2697

[6] Association, C.S.: Helicopter lifting. Ontario: Safety guidelines for construction
(2000)

[7] Mahony, R., Kumar, V., Corke, P.: Multirotor aerial vehicles: Modeling, estima-
tion, and control of quadrotor. Robotics & Automation Magazine, IEEE 19(3)
(2012) 20�32

96 Electronics and Mechatronics

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019



[8] Bouabdallah, S., Murrieri, P., Siegwart, R.: Towards autonomous indoor micro
vtol. Autonomous Robots 18(2) (2005) 171�183

[9] Bisgaard, M., Bendtsen, J.D., Cour-Harbo, A.L.: Modeling of generic slung load
system. Journal of Guidance, Control, and Dynamics 32(2) (2009) 573�585

[10] Corke, P.: Robotics, Vision & Control. Springer (2017)
[11] Spong, M., Hutchinson, S., Vidyasagar, M.: Robot modeling and control. Hobo-

ken, N.J.: Wiley (2006)
[12] Söderlund, H.: Safety measures for vtol uav lifting a cable-suspended load

with unexpected mass. Youtube (2018) https://www.youtube.com/watch?v=

7zBszVhinlc, accessed 2018-12-15.

Full papers 97

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019



98 Electronics and Mechatronics

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019



Defect classification on a painted specular surface
using machine learning

Weiyao Xiao

Department of applied physics and electronics
Umeå university, Sweden
wexi0001@student.umu.se

Abstract. The purpose of the paper is to develop a specific defect clas-
sification system using Artificial Neural Network (ANN), Support Vector
Machine (SVM) and Adaptive Boosting (AdaBoost). Two separate data
set were used to test the model. 2-classes data set contains defect data
and non-defect data and 3-classes data set contains dirt defect data,
crater defect data and non-defect data. After proper tuning, the results
of testing indicate that Adaboost model achieves the best performance
in 3-classes classification and the SVM is the best choice in 2-classes
classification.

1 Introduction

Nowadays defect classification has a wide range of applications in the automo-
tive industries, especially in the automatic inspection. Despite the high level of
automation among many processes in industries, the paint quality inspection
process still mainly relies on the human vision which leads to some unavoidable
errors [1]. A reliable automated detection and classification system is desired to
reduce the human investment and to improve the production efficiency.
Finish Inspection and Quality Analysis (FIQA) group in Umeå University doing
research for automated quality inspection and repair systems for a painted ve-
hicle body. This paper carries out defect classification using the database from
FIQA. The data acquisition system is based on a computer vision system devel-
oped in Matlab environment. The database contains 1895 images and two kinds
of labels of images.
This research refers to Blaise’s master thesis [2]. He develops machine learning
study using the same database in R language. His paper compare four kinds of
statistical approaches and identifies the support vector machine (SVM) as the
best choice among them.
For the consistency of automatic system, carry out the machine learning in
Matlab is a planned work. ANN technique is the standard choice for machine
learning. AdaBoost is an adaptive machine learning method which can avoid the
well-known overfitting problem.
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2 Objective

In this paper, the classification will be implemented in Matlab environment using
ANN, AdaBoost and SVM method. The feature for model training are extracted
from the image database using image processing technique. The objective of
this study is to discuss the suitable technique by comparing the performance of
different kinds of machine learning method.

3 Theory

In this section, the supervised learning method for classification used in this
paper will be introduced.

3.1 Artificial Neural Network

ANN are inspired by the biological neural networks and have wide range of ap-
plications in various fields of science throughout years. Based on the combination
of many simple computing elements (neurons), an ANN can convert an input
vector into some output vector by arranging layers. The principle of ANN is very
similar to some famous statistical models [3].
An example model of ANN is presented in fig. 1.

Fig. 1. ANN: 3 input vector, 4 output vector, two 5-neurons hidden layers
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For a K-class classification problem, assume a 2 hidden layers model. The target
Tk = [T1, T2...Tk] modeled as a function of linear combinations

Am = σ1(b1 +W1X) (1)

Bm = σ1(b2 +W2X) (2)

Yk = σ2(b3 +W3X) (3)

Where X = [x1, x2...xn] is the input vector, A and B are the output from first
hidden layer, m is the number of neurons, b is the bias, W is the Weight for
the input vector to neurons, Y is the prediction for the target, σ1 is the softmax
function and σ2 is an activation function.

3.2 Support Vector Machine

SVM is a supervised learning method that can be used for both classification
and regression challenges. This kind of linear classifiers can generate the largest
margin and in the meanwhile achieve lowest generalization error [4].
The aim of the SVM is to find a hyperplane which can classify two classes of the
data point in space. In 2D dimension, the hyperplane can be represented as [5]

0 = ωTx+ b (4)

Where ω and b are weights and bias , x is the data point in the hyperplane

Function margin The distance between the nearest point and a hyperplane is
called margin. The target label can be defined as yi ∈ {−1, 1}. Any hyperplane
in the space can be represented as

f(x) = ωTx+ b (5)

The function margin between data point in paralleled hyperplane and hyper-
planes is defined by

γ̂i = yi(ω
Txi + b) = yif(xi) (6)

Where (xi, yi) are support vector from training data
SVM technique is finding the minimum function margin between data points
and hyperplanes

γ̂ = min γ̂i (7)

The function margin can be used to judge whether the data point is in the
corrected side of hyperplane or not.
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Geometrical margin In order to find the margin of hyperplane, we need to
consider Geometrical distance between a data point and a hyperplane. The dis-
tance is called Geometrical margin.
The projected point of a data point x in the hyperplane is x0, x0 satisfies

0 = ωTx0 + b (8)

The Geometrical margin can be calculated from

x = x0 + γ
ω

‖ω‖ (9)

γ =
ωTx+ b

‖ω‖ =
f(x)

‖ω‖ (10)

Multiply with class y , the margin represent as

γ̃ = γy =
γ̂

‖ω‖ (11)

The SVM method is building a Maximum Margin Classifier by maximizing the
γ̃. For a data distribution, the Larger gap between the data point and the hy-
perplane, the higher confidence classifier achieve . Define the aim of the classifier
as

max γ̃ (12)
yi(ω

Txi + b) = γ̂i ≥ γ̃, i = 1, 2, 3, .., n (13)
For simplify the function, γ̃ can be set as 1, then the objective function bacame

max
1

‖ω‖ , s.t., yi(ω
Txi + b) = γ̂i ≥ 1, i = 1, 2, 3, .., n (14)

A simple example of svm classifier is using the Fisher iris data set [6] shown in
Fig. 2

Fig. 2. SVM classifier example
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3.3 AdaBoost

AdaBoost is a method to construct a strong classifier as linear combination of
weak classifiers.

f(x) =
∑

αiGi(x) (15)

Where Gi is a kind of weak classifier, x is input vector and αi is weight for a
weak classifier to strong classifier. The AdaBoost alogrithm can be presented as
[7]:
For i=1:t

– Choose a kind of weak classifier to return Gi(x) and error distribution Di

– Choose αi
– Update Di to Di+1 = Diexp(−αiyiGi(x))

Zi
, where the Z is normalization factor

to make Di+1 as a distribution, y is the target from data label yi ∈ {−1, 1}.

Output the strong classifier to test the model. In this paper, the chose for the
weak classifier is a decision tree.

3.4 Histogram of Oriented Gradient

The Histogram of Oriented Gradient(HOG) is a feature descriptor used in com-
puter vision and image process. HOG is developed for human detection by Dalal
and Triggs [8]
The processes of HOG can be presented as:
An image’s gradients can be measures by filtering the image in x and y direc-
tion.The kernel matrix for the filter in two directions are the following:

– horizontal:[-1 0 1]

– vertical:



−1
0
1




The second step is to build the orientation binning for each cell. Each pixel
within the cell cast a weighted vote for an orientation bin.
The final step for the HOG is normalization, Dalal and Triggs show four kinds
of the method in their paper [8].

4 Method

The task is performing two kinds of classification, one is the two class classifi-
cation for feature with defect and feature without defect, another is three class
classification for feature with dirt defect, feature with Crater defect and feature
without defect.
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4.1 Histogram of Oriented Gradient

In this task, HOG has been used to extract the feature from original image as
the training data for a machine learning model. In the second step of HOG, each
cell contained the vector from 0 to π, each bin have a width of π/6.
L2-norm method has been used to normalize cell histograms , shown as

f =
v√

‖v‖22 + e2
(16)

where v is cell histograms vector
HOG extract 3*3 cell for an image, each cell have 6 bin, so the final vector for
each image contains 54 components .

4.2 Classification

ANN method A convenient tool in Matlab is called nnstart has been used in
this method. The first step to is split the data set, randomly choose 10% data
as validation data and 15 % as test data, 1327 samples as the training samples.
Then the learning model have been built shown in fig. 3 and 4

Fig. 3. The ANN model for 2 classes classification including two layers and 8 hidden
unit that convert 54 input to 1

Fig. 4. The ANN model for 3 classes classification including two layers and 10 hidden
unit that convert 54 input to 1

Training step for ANN is updating the weight and the bias to reduce the
error. Error Histogram has been used to check model performance during the
training step.
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Fig. 5. Error distribution of the ANN learning

The training step stops as soon as training cannot improve the covariance of
validation data in 8 epoch. Then the model can be used to test accuracy with
test data set. The test data recorder 20 times, record the mean error-rate and
standard deviation to evaluate the performance of the model.

SVM method Matlab function fitcsvm had been used in this section, choose
the RBF as the kernel function to train the model. Split the dataset into 20
seed, choose one of them as testing data and the others as training data, test the
model 20 times to check the performance. The test epoch and accuracy show in
fig. 6

Fig. 6. 20 times performance of SVM method
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Adaboost method The Matlab function fitensemble had been used to con-
struct the AdaBoost network. Choosing the decision tree as the weak learner
and set 400 times update for 2 class classification and 500 times update for 3
class classification. The performance can be evaluated by the generated error
rate for validation data. The training approaches for two kinds of data set are
record as fig. 7 and 8

Fig. 7. 2 class classification training approach

Fig. 8. 3 class classification training approach

The mean error-rate and standard deviation for testing data had been cal-
culate after the training step. The test data recorder 20 times and the mean
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error-rate and standard deviation are record to evaluate the performance of the
model.

5 Result

The performance for each model are evaluated by the mean error rate and stan-
dard deviation in validation test. The result records from 20 times test for testing
data after proper training step. The performance of models directly reflected in
the mean error-rate and std. The result shows in table 1 and 2:

1 ANN SVM Adaboost
mean error-rate 0.383 0.311 0.333

std 0.0274 0.0235 0.0184

Table 1. Model performance with the 2-classes classification label

1 ANN SVM Adaboost
mean error-rate 0.452 0.413 0.379

std 0.0221 0.0217 0.0213

Table 2. Model performance with the 3-classes classification label,

6 Discussion and conclusion

Classification is a supervised learning problem, the main idea of this problem is
to find latent invariant feature of the image. In this study, three kinds of models
had been used to find the feature from the HOG feature vector.
The results of the study show Artificial neural network works bad for both clas-
sification case, it means the NN cannot find suitable weight and bias to make
output close to the target label. One possible reason is the feature vector from
HOG are not proper for ANN model. Another possible reason is ANN’s hidden
layers are not ’deep’ enough. In the interest of time, this paper had not test deep
learning neural network.
Decision tree is a weak classifier which can handle categorical and numerical
data. Adaptive Boost method construct a strong classifier as linear combination
of a series decision tree. This method increase the accuracy by tuning the weight
of weak classifiers, so it can avoid the overfitting in large number training epoch.
HOG and Support vector machine is the classic combination for classification.
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This method achieves the best accuracy in 2 classes classification but the accu-
racy is not good enough for a real-world application.
Nowadays, how to choose a proper model to get a best solution is not a slove
problem.
The table in the result section shows the SVM has better performance in 2
classes classification, so it is a good choice to check if the defect exists. But if a
task is to classify types of the defect, the AdaBoost is the best choice. The ANN
model need more tuning and reconstruction to get more proper solution for this
problem.

7 Future work

The performance of the models are unsatisfying for real-world applications. More
tuning work and investigation to improve the performance are neccessary to
perform in the future.
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Abstract. Gender identification is one of the essential and preliminary
process in speech analysis and has a variety of applications ranging from
speech analysis, emotion recognition, person identification to human-
computer interactions. Traditional machine learning classifiers have been
previously used for this gender classification. In this article two Deep
Learning models known as Recurrent neural network (RNN) and Long
short-term memory units (LSTM) are being investigated for its effective-
ness in recognizing gender from the voice signals. The dataset consists of
3,168 recorded samples where each sample has 20 features as time series
data. The dataset is split into 70% and 30% for training and validation
of the models respectively and then given to the model for classification.
The accuracy of the models has been tested for varying different hyper
parameters. The final RNN model achieved 97.7 % accuracy and the
proposed LSTM model achieved 99.71% accuracy on the test dataset.

1 Introduction

Automatic gender identification from the voice signals is an important problem
in many applications including speaker identification, speaker segmentation, and
personalizing human-machine interactions. Gender identification is the basis for
predicting other traits of the speaker such as age and emotion. For example,
gender driven age recognition is used for specializing advertisements based on
the specific person and in promoting products. Emotion detection along with
the gender identification is being an important factor in generating realistic
human-human like interactions for human-computer interaction applications. In
general, identification of a speaker gender is important for increasingly natural
and personalized dialogue systems [1].

Initial works used facial images and textual scripts to classify gender. Later
voice signals gained more value and there is an extensive record of previous works
which include classification using R language, spectral features in conjunction
with pitch features [2] and also by using traditional machine learning classifiers.
The machine learning algorithms used are, frequency-based baseline model, lo-
gistic regression model, classification and regression tree (CART) model, random
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forest model, boosted tree model, Support Vector Machine (SVM) model and
XGBoost model [3].

Machine learning gives promising solutions for classification problems in
many research domains. Recurrent neural networks (RNN) and Long short-term
memory units (LSTM) which are sub categories in machine learning models,
prove to be more effective in performing statistical data classification and in an-
alyzing complex time series data than the above mentioned traditional machine
learning algorithms [4]. For speech and text classification / regression problems,
which are basically sequential data, RNN/LSTM models are preferred over Con-
volution neural networks (CNN) and Multilayer Perceptron networks because of
their built-in memory systems, which make them more effective dealing with
complex and real time data [5].

This paper focuses on two things, firstly, to investigate if a classifier based on
RNN and LSTM models is more effective in recognizing the gender from voice
signals than the traditional machine learning methods mentioned in related work
and secondly, to determine the essential parameters needed to achieve a better
performance in these deep learning models.

2 Related Work

Buyukyilmaz et al., in [3] used multilayer perceptron model in tensorflow for
gender recognition from voice signals and compared the model efficiency with
six traditional machine learning models such as frequency-based baseline model,
logistic regression model, CART, SVM, random forest and XGBoost model. The
accuracies obtained from the above models mentioned in [3] are shown in Table
1.

Table 1. Accuracy variation for different models mentioned by Buyukyilmaz et al., in
[3].
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3 Theory

This Section entails the RNN and LSTM model architectures. Let us review the
advantages and disadvantages of both models, the different hyper parameters
used in the models and the features in the used dataset.

3.1 Recurrent Neural Networks

One important type of Artificial neural networks is RNN, which is a robust type
of architecture among other types of ANN and promising because of its internal
memory, which other ANN architectures lack as shown in Figure 1. The RNN
are relatively old like many other ANNs, which were created in the 1980s. RNN
models make them stand out in analyzing sequential data like time series, speech,
text, financial data, audio, video, weather etc., due to their internal memory [6].

Fig. 1. Difference between RNN and Feed forward network [6].

The real potential of these RNN networks were only explored recently, be-
cause of the availability of the increased computational power and the large
amount of data we have nowadays [6]. Because of the internal memory unit in
RNN, it is able to remember the important features in the given input and use
it for predicting what is coming next. "The difference between the normal Feed
forward networks and RNN can be explained with an example, say we are giving
the word "apple" as an input to the Feed forward network and it processes the
word letter by letter. When it reaches the letter "l", it would have forgotten
about the previous inputs over time such as "a", "p" and "p", which makes
this network almost impossible to predict the next occurrence of the event. But
the RNN networks are able to exactly remember every event i.e, it produces an
output, copies the output and loops it back into the network" [6]. The network
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model of RNN shown in Figure 2, describes how will one RNN node looks like
over time when unfolded. Here, X are the input parameters to the system and
Y are the output parameters of the system through time.

Fig. 2. Network architecture of RNN [6].

3.2 Long Short-Term Memory Units

The important drawback of RNN networks is the "vanishing gradient", which
means as the number of network layers increases, the training becomes more
complex because the weights are passed through all the neurons. This leads
to the decrease in accuracy because too much training can lead the model to
be overfitting. This issue is solved by using LSTM networks. Long Short-Term
Memory (LSTM) networks is a sub section of RNN, which basically has an
extended memory unit in comparison to RNN. Because of this large memory, it
is used to learn important experiences that have very long time lags in between
[6]. In the LSTM network, the hidden layer units are replaced by memory cells.
This feature makes the LSTM to have extended memory than RNN.

According to [6], the memory cells can be seen as a gated cell, which means
the cell has the power to decide what information to store and delete based on
the importance it assigns to the information. The importance assigned through
weights, is learned over time by the algorithm itself. There are three gates in an
LSTM network, to determine whether or not to let new input into the network
(input gate), to delete insignificant information (forget gate) and to decide what
output is to be sent outside the cell at the current time step (output gate).
The important disadvantage of the vanishing gradient in RNN is solved in LSTM
because of these gates since it keeps the gradients steep enough by selecting the
neurons through which the weights must be propagated unlike RNN, which al-
lows the weights to propagate through all neurons. Thus, the training is relatively
short and the accuracy is high in LSTM networks than RNN. The difference in
the network architectures of both RNN and LSTM can be seen by comparing
the Figures 2 and 3, where each memory cell has three gates-input, forget and
output gate unlike the RNN network architecture.
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Fig. 3. Network architecture of LSTM [7].

3.3 Dataset [8]

The database used is built using thousands of samples of male and female voices,
each labeled by their genders. Voice samples were collected from the following
resources:

1. The Harvard-Haskins Database of Regularly-Timed Speech
2. Telecommunications & Signal Processing Laboratory (TSP) Speech
3. Database at McGill University
4. VoxForge Speech Corpus
5. Speech Database at Carnegie Mellon University

The voice samples are stored as .WAV files, which are then pre-processed for
acoustic analysis using the Specan function from the WarbleR package. Specan
function is used to measure acoustic parameters from acoustic signals when the
start and end time are given. "The output of the pre-processed WAV files were
saved into CSV files, containing 3168 rows and 21 columns each (20 columns for
each feature and one label column for the classification into male or female)" [8].
The dataset containing 3168 samples are equally distributed i.e., 50% male and
50% female samples. The 20 features listed in the database are:

1. Acoustic parameters obtained from the voice signals such as pitch, mode,
mean frequency, peak frequency etc.,

2. Frequency distribution parameters such as Standard deviation, median, cen-
troid, minimum fundamental frequency, maximum fundamental frequency,
spectral entropy etc.,

3. Statistical analysis such as first quartile, third quartile, interquartile range,
skew, kurtosis etc.

3.4 Hyper Parameters

Hyper parameters are the variables that determine the network structure (Eg:
Number of Hidden Units, drop-out layers etc.,) and how the network is trained
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(Eg: Learning Rate, number of epochs etc.,). These are set before training the
model i.e, before optimizing the weights and bias. Hyper parameters related to
Network structure are the following:

1. Number of Hidden Layers and units [9]: Hidden layers are the layers be-
tween input layer and output layer. One should keep adding layers until the
error rate calculated during testing the network does not increase anymore.
Many hidden units within a layer with regularization techniques can increase
accuracy.

2. Drop-out [9]: Dropout is a regularization technique to avoid over-fitting (to
increase the validation accuracy) thereby increasing the generalized power of
the network. Usually, a small dropout value of 20% to 50% of neurons provide
a good starting point. A probability being too low has minimal effect whereas
a value being too high results in under-learning by the network. It is likely
to get better performance when dropout is used on a larger network, giving
the model more of an opportunity to learn independent representations.

3. Activation function [9]: Activation functions are used to introduce non-
linearity into models, which allow deep learning models to learn nonlinear
prediction boundaries. The activation function used in this model is Softmax,
which is explained in detail in section 3.5.

4. Learning rate: Learning rate is a crucial hyper parameter, which should be
as low as possible to make the model not to eliminate important aspects
and high enough that the training does not take ages to complete. It varies
with each application and model and thus it is determined by trial and error
method.

5. Number of epochs: It is the total number of epochs of the training dataset,
where one epoch is equal to the addition of one forward pass and one back-
ward pass through all the layers in the model.

6. Batch size: It is another hyper parameter defined along with the number of
epochs, as the number of training samples for one forward and backward
pass in the model.

4 Method

The main algorithm used for both RNN and LSTM models are described in
this section and the important steps used in the algorithm are described in the
following subsections.

4.1 Algorithm of the Model Used

The main algorithm using both the RNN and the LSTM models proposed and
in this paper for time series classification consists of the following steps.

Step 1: Loading the dataset into the model in .csv format.
Step 2: Defining which features of the data are inputs to the model and what are

the labels for classification.
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Step 3: Split the data for training and validation.
Step 4: Array mapping the labels with binary array values (One hot encoding)
Step 5: Shuffling and re-indexing the data to introduce non-linearity (i.e) to shuffle

the data regularly every time while training the model.
Step 6: Initialize the Hyperparameters such as batch size, drop out and learning rate

and the type of network model by defining the number of layers and type of
layers.

Step 7: Apply softmax activation after every hidden layer of of the model.
Step 8: Validation of the results by calculating the accuracy of the model.

The algorithm for RNN and LSTM models will differ in step ’6’, mentioned
above. The model architecture of both RNN and LSTM models proposed in
this paper is shown in Figure 4. Deploying the respective layers is done through
the Keras API which is an open scource software library used for numerical
computations and it is capable of running effeciently than Tensorflow and other
API used for Deep learning. Keras API is well known as an effective tool for
deep learning and machine learning cmputations. The implementation pipeline
for the gender recognition is shown in Figure 5.

Fig. 4. Model Architecture of both RNN and LSTM.

Fig. 5. Pipeline of the Classifier.

4.2 Loading Data

The initial step is to import all the necessary built in libraries to support the
program such as to read, to analyze and to modify the data file. The dataset is
in .csv format. After the data is loaded, it is separated into features and labels.
By doing this, we are creating two different variables called input and output,
storing all the values mentioned as features and labels.
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4.3 Data Split

The model must be trained by separating the data into two sets, the training
and the validation set matrices. The accuracy / performance of the model is
computed for different ratio splits of the training and validation sets. These splits
are mentioned while defining the hyper parameters of the model. The training
set is again split into two sets known as train and test sets for measuring the
training accuracy. The ratios of the training and validation data split are shown
in Figure 6.

Fig. 6. Data Split for Training and Validation of the models.

4.4 Array Mapping

When modelling classification problems using neural networks, a good approach
is to reshape the output attributes for every class into a matrix with binary
values for each class. This process of creating dummy variables for every class is
called One hot encoding. Importing the classes as matrices into the model makes
the classification process simpler. For example, in this paper the two classes are
male and female. Thus the mapping is done denoting class male as [0 0] and
females as [0 1]. This value mapping is done for all the input features and then
a matrix is formed.

4.5 Initializing Hyper Parameters

The different hyper parameters that are initialized in both the RNN and LSTM
models used are Learning rate, train and test split, number of hidden layers,
drop out layers, number of epochs and batch size. The parameters are explained
in detail in section 3.4 and the values assigned to these parameters, with an
example of how these hyper parameters affect the overall accuracy is explained
in section 5 below.
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4.6 SoftMax Activation Function

In this model, gradient descent with a Softmax cross-entropy loss function has
been implemented. This classifier takes the input features X, multiplies them
with a matrix of weights W and adds a vector of biases b to it [10]. This will
give us a score Fi, for each class in our classifier.

Fi = (Wi ∗X) + bi

This score is passed through a Softmax activation function which outputs a
value from 0 to 1, which is interpreted as a probability score. "In order to assess
whether the prediction of our model is good or bad, we will use the Softmax
cross-entropy cost function L,

L = −log(Fi)

which takes the predicted probability for the correct class" [10]. The cost function
will be close to 0, if the prediction of the class is correct and will be high, if the
prediction of the class is incorrect.

4.7 Validation Methods

The validation of the model is done by computing the accuracy obtained from the
Loss function. Lesser the loss function, greater is the accuracy of the model. The
accuracies are obtained as a score as how well the classifier classifies the test data.
Two types of accuracies are measured, the training accuracy and the validation
accuracy.The training accuracy is obtained by testing the model during training
by applying known data. The validation accuracy is obtained by testing the
trained model by applying a new set of data (i.e unknown data). The accuracies
obtained from both the RNN and LSTM models are presented in the result
section as inference graphs. Two inference graphs is obtained for each model.
One shows the accuracy of the model during training and validation. The other
graph shows the loss value during training and validation of the model. The
inference graphs play an important role to visualize the performance of the
model.

5 Results

This section is divided into two parts. The first part shows the overall accuracies
obtained from both models to compare the results mentioned in [3]. The second
section provides the results of optimizing the hyper parameters used in both RNN
and LSTM models as an example to show how the hyper parameters influence
the performance of a model.
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5.1 Overall Comparison of Accuracies

The overall accuracy obtained by RNN model is about 97.7% and for LSTM it
is 99.71%.

1. For RNN model, the hyper parameters used are 70 % of training data split,
30 % of validation data split, number of epochs is 1000, batch size is 5, drop
out of 20% and learning rate is 0.001.

2. For LSTM, the hyper parameters used are 70% of training data and 30% of
validation data, number of epochs is 300, batch size is 5, drop out of 20%
and learning rate of 0.001.

The results from [3] and the results obtained in this paper using RNN and
LSTM models are shown in Table 1 and Table 2, for comparison of their per-
formances.The inference graph showing the training and validation accuracy of
RNN and LSTM are shown in Figure 7 and 8. The training and validation set
loss values of RNN and LSTM are shown in figure 9 and 10. The validation curve
is denoted as "test" in all the inference graphs shown below.

Table 2. Accuracy obtained from RNN and LSTM.

5.2 Effects of Hyper Parameters on the Performance of the Model

The performance of the models are mainly decided by the hyper parameters
initialized in the model and by choosing these values we can prevent the model
from two states, overfitting and underfitting. For example, the following hyper
parameters are varied in both the RNN and LSTM models, and the effects of
each is shown in Table 3.

1. Number of epochs for training
2. Learning rate

6 Discussion

The performance of a model is determined by the validation/testing accuracy.
We can see from Table 1 and 2, that the overall accuracies obtained by the RNN
and LSTM models are 97.7% and 99.71% which seem to be more promising

Full papers 119

Proceedings of the 16th Student Conference in Interaction Technology and
Design and the 5th Student Conference in Electronics and Mechatronics

Ume̊a University January 2019



Fig. 7. Training and Validation Accuracy obtained from RNN.

Fig. 8. Training and Validation Accuracy obtained from LSTM.

results in terms of speed and precision for this application when compared to
the other traditional machine learning algorithms mentioned in [3], which has
the maximum accuracy of 96.74%.

Selection of the hyperparameters such as the learning rate, train and test split
and number of epochs are crucial and essential for getting an optimized accuracy
rate. Too much of information will make the model tend to be overfitting; on the
other hand, much less data is not sufficient for training. "Overfitting is defined
as a state where a model learns more from the training data which negatively
impacts the performance / accuracy of the model on new data" [11]. Thus from
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Fig. 9. Training and Validation Loss obtained from RNN.

Fig. 10. Training and Validation Loss obtained from LSTM.

the obtained results, it is observed that for different learning rates and number
of epochs, the accuracies of the model varies and validates the statements in
section 2.4. We can observe from Table 3, that the model tends to be overfitting
for increased number of epochs and higher learning rates. For example, we can
see from Table 3, that the accuracy of the LSTM model is 99.71% during 300
epochs and the accuracy of model drops to 99.48% and 98.85% when it is trained
for 500 or more number of epochs. This shows that the model has reached the
state of overfitting for increased number of epochs. Another inference from Table
3 is that higher the learning rate, lower the accuracy. For example, we can see
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Table 3. Accuracy variation for different number of epochs and learning rates.

that for 1000 epochs and a learning rate of 0.001, RNN network achieved an
accuracy of 97.7% whereas the accuracy decreases to 97.58% when the learning
rate is increased to 0.002.

From Figures 9 and 10, it can be seen that the maximum loss value obtained
from LSTM model is 0.14 and from RNN is 0.20. However, the loss of both the
models decreases to zero over time. The LSTM seems to provide 99.71% accuracy
with 300 epochs whereas RNN needs 1000 epochs to obtain 97.7% of accuracy.
These results prove that LSTM is faster and more accurate when compared to
the other traditional machine learning models and RNN model in classifying the
gender from voice signals as time series data. The inference graphs shown in
Figures 7, 8, 9 and 10 validates the same.

7 Future Work

LSTM models give great results with various time series data and the results
obtained in this study leads to the same conclusion. The future work may in-
volve combining the gender identification with emotion and age classification.
These results will be more fruitful and will have direct and effective applications
in many fields. The use of LSTM models is new and needs more exploration,
thus implementing them for complex applications like this will lead to more
understanding of the limitations of this model as well.
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Abstract. In the medical field, in vitro identification of human blood
cells is a very important step in the diagnosis of various blood related
diseases. To get the most effective treatment, accurate analysis tools are
essential for accurate diagnosis. In this paper, a Deep Learning model
known as Faster RCNN inception v2 is being investigated for its effec-
tiveness in the classification of human blood cells. The training database
consists of 1600 images of various human blood cells. Six types of blood
cells are classified using this model. The model has been tested on vari-
ous images of blood cells. The accuracy of the model varies with different
learning rates and the number of epochs. The model achieved an accu-
racy in the range of 80% - 99% for lower epochs and an accuracy in the
range of 75% - 90% for higher epochs, irrespective of the learning rates.

1 Introduction

Blood is one of most important components in the human body, as it supplies
oxygen required for the various metabolic activities in the body [1] [p. 9 - 10]. It
also consists of anti-bodies which are required to fend off various viruses which
can been contracted from the external environment. The cells which are present
in the blood are Red Blood Corpuscles (RBC), White Blood Corpuscles (WBC)
and Platelets. White Blood Corpuscles can be further segregated into Eosinophil,
Lymphocyte, Monocyte and Neutrophil. These cells have a vital role in the day
to day activities of the Human body. The identification of these cells is also vital
in detecting various blood related diseases. The manual technique involve the use
a microscope to verify the types of cells based on the percentage of occurrence of
each type of cell. The manual techniques are performed by experienced analysts.
The classification accuracy will depend on the competence of the analyst as the
blood cells have various morphological features. Thus, manual techniques can be
a very tedious and time-constraining process.

In recent years, there have been several approaches to implement a recogni-
tion system for the identification of Blood cells using various image-processing
techniques. Bikhet et al. [2] constructed an automatic classification system which
achieved a 91% accuracy rate on a database consisting of 71 white blood cells
by selecting 10 features and adopting a minimum-distance classifier.
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Rezatofighi et al. [3] trained two types of neural networks for classification by
adopting morphological features and textural features extracted by local binary
pattern (LBP). Sheikh et al. [4] proposed an artificial neural network for rec-
ognizing different human blood cells using wavelet transform coefficients. Jane
Hung et al. [5] proposed an object detection classifier for the detection of Malaria
using a Faster Region-based Convolutional Neural Network.

Instead of image-processing techniques, deep learning models can be utilized
as they have higher accuracies. The errors which are usually caused when using
conventional methods can be avoided by the implementation of a deep learning
model, such as an object detection classifier. The model used by Jane Hung et
al. in [5] requires lower learning rates and careful parameter initialization which
increases the training time.

In this paper, the objective is to investigate if a classifier based on a Deep
Learning model known as Faster Region-based Convolutional Neural Network in-
ception v2 [6] is effective in classifying different types of blood cells. The classifier
must be able to detect the various blood cells with high accuracy. The training
and implementation of the proposed system is carried out in Tensorflow.

2 Theory

This section illustrates the essential concepts which are required in the imple-
mentation of the classifier.

2.1 Human Blood Cells

The Human body consists of approximately 5 liters of blood. The blood consists
of 2.8 - 3 liters of plasma and the rest consists of blood cells. The plasma is the
liquid component of the blood. The cellular components of the blood consists
of Erythrocytes which are known as Red Blood Corpuscles (RBC), Leukocytes
which are known as White Blood Corpuscles (WBC) and Thrombocytes which
are known as Platelets. The Red Blood Corpuscles are the most abundantly
found cell in the blood stream. They transport oxygen to and from the lungs. The
White Blood Corpuscles make up only 1% of the blood. They can be further split
up into Eosinophils, Neutrophils, Lymphocytes and Monocytes. Each of these
cells have different cell structures and size. These cells are the main immune
system of the body. Platelets are cells which are responsible for clotting. Table
1 shows the split of cells in a cubic millimeter of blood.

Table 1: Split up of the cell count in the blood.
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2.2 Convolutional Neural Networks (CNN)

A Convolutional Neural Network is an artificial computational model. A typical
neural network consists of many layers. A CNN can be constructed by connect-
ing one or more convolutional layers to a sub-sampling layer which in-turn is
connected to one or more fully connected layers. A CNN consists of a field know
as local receptive field which receives features as inputs from a set of features
located in the previous layer. Local receptive fields can extract visual features,
such as oriented edges, end-points, corners, etc. These features are then com-
bined by the higher layers. In a CNN, the role of feature extractor is performed
by the convolutional layers. The weights for the convolutional layers are chosen
based on the training process. The local features are extracted by the convolu-
tional layer, because they restrict the receptive fields of the hidden layers to be
local. Neural networks are often trained by gradient descent on the weights. This
means at each iteration we use back-propagation to calculate the derivative of
the loss function with respect to each weight and subtract it from that weight.
Learning rate is a hyper-parameter that controls how much we are adjusting the
weights of our network with respect to the loss gradient. The network structures
of CNNs lead to lesser memory requirements and computation complexity. It
give better performance for applications where the input has local correlation
(e.g., image and speech) [7] [p. 2 - 3]. Figure 1 describes a typical Convolutional
Neural Network.

Fig. 1: Architecture of CNN.

2.3 Region-Based Convolutional Neural Networks (R-CNN)

Problems faced by the CNNs such as resizing and multi-scale sliding window
are overcome by the use of fast algorithms. These algorithms filter out some
regions first, only feed the potential region (region proposals) into CNN [8]. R-
CNN architecture consists of three main modules. The first generates category-
independent region proposals. A set of candidates for detections by the detector
is defined by the region proposals. The second module is a large convolutional
neural network that extracts a fixed-length feature vector from each region. The
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third module is a set of class specific linear support vector machines SVMs [9]
through which bounding box localization takes place. R-CNNs are implemented
by replacing sliding windows with "selective search" region proposals which was
proposed by Uijilings et al. [10]. Selective search is performed by extracting
rectangles around regions and resizing them to 227x227. It extracts features with
fine-tuned CNN. Figure 2 shows the typical working of R-CNN object detection
system.

Fig. 2: R-CNN Object detection system.

2.4 Faster R-CNN

The Faster R-CNN is a single, unified network for object detection. It was pro-
posed by Shaoqing Ren et al. [11]. It consists of two modules. The first module
is a deep fully convolutional network that proposes regions. The second module
is the Fast R-CNN detector [12] that uses the proposed regions. The RPN mod-
ule tells the Fast R-CNN module where to look using the terminology of neural
networks with "attention" mechanism [13]. Figure 3 describes a typical Faster
R-CNN model.

Fig. 3: Faster R-CNN Object detection system.

In the Region Proposal Network (RPN) an image (of any size) is taken as
input and a set of rectangular object proposals, each with an objectiveness score
is given as output. Region proposals are generated by sliding a small network
over the convolutional feature map output. An input of n x n spatial window
taken from the convolutional feature map is taken as input by the small network.
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Fig. 4: Region Proposal Network.

Each sliding window is mapped to a lower dimensional feature. The extracted
feature are fed into two fully connected layers. A box-regression layer (reg) and a
box-classification layer (cls) which are 1 x 1 convolutional layers. Figure 4 shows
the RPN proposed by Shaoqing Ren et al. [11].

3 Method

Most of the sections under method were performed using Tensorflow API. Ten-
sorflow is an open source software library developed by Google. It is capable of
performing complex numerical computations. It has an easy deployment of com-
putation across a variety of platforms (CPUs, GPUs, TPUs) due to its flexible
architecture. The implementation of the classifier is split into 3 sections. The
3 sections are (1) Creating the Database, (2) Training and (3) Evaluating the
model. The implementation pipeline for the detection and classification of blood
cells is shown in figure 5.

Fig. 5: Pipeline of the Classifier.
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3.1 Creating Database

TensorFlow requires hundreds of images of the blood cells to train a good classi-
fier. The images in the database have a fixed 320 x 240 pixel size. The database
consist of 1600 images of various blood cells for training and 488 images for test-
ing. Figure 6 shows the various images present in the database. Table 2 shows the
split up of the number of images used for training and testing the classifier. For
Tensorflow to identify each cell during training, all the images have to be labeled
individually. These labels show where each cell is present in an image. All the
images in the database were labeled using an open source software known as La-
belimg. The labeled data is stored as an .csv file. Labeling is a necessary step in
constructing an object detection classifier. The .csv files contain the coordinates
of the bounding rectangles for each cell in an image.

(a) Eosinophil (b) Lymphocyte

(c) Monocyte (d) Neutrophil

Fig. 6: Images of White Blood Corpuscles with Red Blood Corpuscles and
Platelets.

Table 2: Split up of the number of the images of each cell used for Training and
Testing.
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Generating Training Data With the images labeled, the TFRecords which
serves as the input data for training the model can be generated. Since the
database is large, the TFRecord file stores the training and testing data as a
sequence of binary strings. This is done by converting the .xml data to .csv
data. It contains all the data for the train and test images.

Label Mapping The input binary strings cannot be directly fed to a model.
Instead, we must first map strings to numeric or categorical values. Numerical
columns provide a good way to represent strings as an one-hot vector. This
process is performed by the label map. The label map tells the trainer what
each object in an image is, by defining a mapping of class names to class ID
numbers. The label maps matches each string to an integer based on each cell
type. The label map is stored as a .pbtxt file. It contains all the various classes
of blood cells.

3.2 Training

The model which is being investigated in this paper is the Faster R-CNN in-
ception v2. This model performs batch normalization for the training batch.
Batch Normalization use higher learning rates than the conventional models [6]
[p. 1]. It achieves a stable distribution of activation values throughout train-
ing. It also serves as a regularizer. The model consists of two consecutive 3 x
3 convolutional layers with 128 filters. The computational cost is reduced and
the memory consumption during training is increased by employing separable
convolution with the depth multiplier on the first convolutional layer. Training
speedup is achieved because of lower learning rate. Figure 7 shows how the loss
varies with different learning rates.

Fig. 7: Comparison of Learning Rates.

The main goal of training is to reduce the loss at each step i.e epochs. Epochs
are the number of iterations the algorithm performs during training. The ini-
tialization of the training takes up to 30 seconds. As the training begins the
algorithm reports a loss at each step. The training algorithm starts off initially
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with a loss of 2.7029 and reduces gradually as the number of steps increases. The
model is trained for two different learning rates which are 0.0002 and 0.0003.

For the classifier to effectively detect the cells in an unknown image the
algorithm has to train until the loss is below 0.05 constantly. The loss at each
step is visualized using Tensorboard which is an inbuilt function in Tensorflow.

3.3 Inference Graph

The inference graph is the trained weights which are stored as checkpoints. Dur-
ing testing, it extracts the values for all the variables from the latest checkpoint,
and then replace each variable output with a constant that has the numerical
data corresponding to the weights of the test image. This gives the object repre-
senting the weights data. The inference graph contains the blood cell detection
classifier. The frozen inference graph is obtained as a .pb file from the chosen
checkpoint.

4 Results

As stated under section 3.2, the training begins with a loss of 2.709 and gradu-
ally decreases. Figure 8 shows how the loss decreases as the number of epochs
increases. It was observed that with a learning rate of 0.0002, the classifier is
able to correctly classify the different blood cells with an accuracy of 99% for the
White Blood Corpuscles, 92% and 90% for Red Blood Corpuscles and Platelets
respectively. The accuracies were lower when the images were tested with a
model containing higher epochs in the range of 140,000.

(a) (b)

Fig. 8: Loss of Training. (a) Training loss when Learning rate is 0.0002 and (b)
Training loss when Learning rate is 0.0003.

When the learning rate was altered to 0.0003 the accuracies varied for both lower
and higher epochs. From figure 8b it can be observed that the training was er-
ratic when the learning rate for the model was 0.0003. The classifier was able to
effectively classify the different blood cells with an accuracy of 96% for the White
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Blood Corpuscles, 92% and 78% for Red Blood Corpuscles and Platelets respec-
tively. Table 3 illustrates the accuracies obtained when the models were tested
on various images. In table 3, lower epochs corresponds to 90,000 iterations and
higher epochs corresponds to 140,000 iterations.

(a) (b)

(c) (d)

Fig. 9: Correctly Classified Images of Blood Cells. (a) Detection of Eosinophil
and Red Blood Corpuscles, (b) Detection of Lymphocyte, Platelets and Red
Blood Corpuscles, (c) Detection of Monocyte, and (d) Detection of Neutrophil.

Table 3: Accuracies of Evaluations.
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5 Discussion

Thus from the obtained results, it was observed that for different learning rates
the accuracies of the models varies. Overall training the model with a lower
learning rate presented higher accuracies when compared to the model with a
higher learning rate. The accuracies also vary between the lower and higher
epochs. The variations in accuracies between the lower and higher epochs occur
due to the model undergoing overfitting. Overfitting is a phenomenon when a
model learns the detail in the training data to the extent that it negatively
impacts the performance of the model on new data. From table 3, it can be
observed that the accuracy of the classifier decreases in the case of higher epochs.
Due to overfitting, in some cases the model classifies the Monocytes as Eosinophil
as they are quite similar in cell structure and color. It was also observed that
in some cases the models did not classify the Platelets. This is due to the the
fact that the Platelets in the database were not distinguishable when compared
to the other cells. Thus it can be concluded that from the obtained results,
that the classifier based on Faster Region-based Convolutional Neural Network
is effective in the classification of human blood cells. It has an accuracy in the
range of 80% - 99% for models with lower epochs and 75% - 90% for models
with higher epochs, irrespective of the learning rates.

In the future, a system which is capable of detecting various virus and bac-
teria can be implemented. This type of system requires vast amounts of data in
the form of images of various viruses and bacteria. A system which is capable
of detecting various kinds of cancer and tumors can also be implemented using
a similar model. A similar system can be implemented for the classification of
various microorganisms.
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Impact of storytelling robots on kindergarten
kids’ language development

Usman Ahmed
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Umea University, Sweden
usah@student.umu.se

Abstract. Story telling robots are any interface, robot or tablet which
aims to teach and interact with children aiming to make them learn
something. They could be simple tablet with child teaching software and
it could be a humanoid which can communicate with gazes and gestures.
There are quite many studies and articles available which have investi-
gated the results of these story telling robots in the different region of the
world and different aspects of language learning. This paper reviews some
of the studies already done in this field and draws new results from them
on the basis of the native language and target language. The criteria, of
selecting the articles to be reviewed, were to include studies from differ-
ent part of the worlds with different target language. The three studies
which are reviewed have different native and target languages. In the
first study the native language of the children is English and the target
language is English as well. In second study, the native language is Per-
sian and the target language is English. The third study has Taiwanese
as native language and Chinese as target language. The comparison be-
tween the learning efficiency shows that language improvement is much
better when the target language is different then the native language. In
the first study, the children show an improvement of 41% in vocabulary
over the period of ten weeks. the second study shows an improvement of
277% in eight weeks. Similarly the third study exhibits an improvement
of 296% in vocabulary over the period of eight weeks. The second and
third study have tremendous improvements as the target language was
different than from the native language of the children. While in the first
study, the children’s vocabulary is only improved by 41% as the children
already knew English and it helped them to improve their vocabulary
but not as much as the what the other studies have depict. This pa-
per concludes that storytelling robots are more efficient when the target
language to learn is different from the native language of the children.
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An introduction of the different types of robot
wheels and their mechanisms

Archana Amit Bajhaiya

Department of Applied Physics and Electronics
UmeåUniversity, Sweden
aram0007@student.umu.se

Abstract. Nowadays Different kinds of robots are in use, it depends on
the design and requirements. Standard type robots are best for Indus-
trial purposes and for repetitions work like welding , painting, drilling,
etc. However Mobile robots are best for the service and mobility ap-
plications like inspection, observation, domestic helper, patrol, placing
harmful things etc. The paper is basically the reviews of some paper
related on mobile robot wheels and their design mechanisms. The main
objective of the paper is to summarize all the paper in the different sec-
tions and suggest a perfect wheel design for the mobile robots . Discus-
sion of some topics which are mostly used in the field of robotics. In the
methods part, we are classify the different types of robot wheels. Merits
and demerits of different types of robot wheels usage. After evaluation
through comparing different wheel designs in the results. We find the
best suitable wheel for robot design which gives good maneuverability
and mobility to the robot, important for in-door and outdoor applica-
tions. The kinematics equations for the Omni-directional mobile robots
wheels and applied forces on these wheels will also be discussed. We con-
clude that, omni-directional wheels like Mecanum wheeland conventional
like fixed, orientable, ball wheel etc. wheels are best in their places. Both
have some merits and also some demerits. We focused based on the bases
of maximum likelihood and as per the requirements.
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