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Abstract

Smart-phone apps play an ever-increa-
singly part in the lives of athletes, both
professional and amateur and are used
for many different purposes.

This project explores the possibility
of developing an app that, based on
real-time heart-rate, the activity at hand,
and individual body composition attribu-
tes, estimates the ideal time to eat for
amateur athletes to be at top physical
performance.

It also explores the possibility of
providing other functionalities beneficial
for amateur athletes, such as recording
heart-rate data and using them for
generating and comparing heart-rate
graphs directly in the phone, a feature
currently only performed online by few
sport-related apps.

The development was done accor-
ding to the incremental development and
user-centred design pattern, in which
the product is developed in small steps
to increase flexibility, and with regular
consultation with user representatives.

Introduction

Amateur athletes who are distracted by
other activities, such as work or studies,
more than often forget to eat and at
times go hungry for long periods. This
reduces their physical performance,
which in turn slows down their athletic
progress due to the fact that timing nu-
trition intake is of significant importance
for athletic performance.

This master thesis explores a possible
solution to this issue by developing an
app that in combination with a heart-rate
sensor estimates the ideal time to eat for
amateur athletes.

The heart-rate is used for calculating
energy expenditure, which in turn is used
for estimating the eating time.

The app is used, and the sensor
worn, throughout the day, enabling
the app to also provide the user with
other sports related functionalities, such

as real-time heart-rate and calories ex-
penditure graphs. These can be seen in
figure 1 below.

Figure 1: The

app in action

Unlike other sports-related apps, the only
input the user has to make is registering
eating a meal, in order for the app to
be able to estimate the next eating time.
The app automatically determines the
type of activity the user is engaged in
and estimates the energy expenditure
accordingly.

Development

The development was carried out by
using a development strategy called
evolutionary development, which in-
corporates a development pattern that
focuses on continually adding small
functionalities and maintaining and
improving those already present, and a
design pattern which takes into account
the needs and requirements of the users,
who are actively involved in all design
stages and declare the requirements by
which the functionalities are developed.
This development strategy was chosen
because the app heavily focuses on user
interactivity and user-friendliness.

The development was carried out in
cooperation with a triathlon club whose
representative was consulted during
the design stages and who verified the
correctness of the implemented require-
ments.

Tests and evaluation

After the development was done, the
app was field-tested by three volunteer
athletes, each with different body com-
position and exercise routines.

POPULAR SCIENCE SUMMARY (DRAFT)

Each volunteer tested the app for two
days. During the first day they were
mostly sedentary and during the second
day they acted as they usually do during
a normal day. The test was carried out
this way to see if the app would correctly
take the activities being performed into
account when estimating the time to eat.

The results showed that the app esti-
mated the eating time by relatively high
accuracy. The estimated eating time was
also approximately the same as the time
at which the participants usually eat,
indicating that the estimation is indivi-
dually tuned, which is the desired state.

Furthermore, all participants ex-
pressed a positive attitude towards the
app as a whole, its layout design, short
response times and functionalities, spe-
cially the one generating the heart-rate
graphs, which can be seen in figure 2
below.

E Activity graph(s)

Figure 2: A generated heart-rate graph

Conclusions

The app successfully managed to es-
timate the ideal time to eat, based on
individual basis and with relatively high
accuracy. This combined with the other
developed functionalities and the posi-
tive attitude expressed towards the app,
makes it a good candidate for further
development.

Combining the incremental develop-
ment strategy and the user-centred de-
sign pattern proved to be a very effective
approach during the development phase
and should be used when developing
applications that are developed for a
specific group of users, where the needs
and desires of the users determine what
should be included and developed.
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Lat sdga att jag hittade en hemsida pa
natet som innehdller texten "Goéran
Persson var statsminister i Sverige under
aren 1996 — 2006". Jag blev nyfiken pa
att veta mer om Goéran Persson och Sve-
rige men Goran Persson kan ju syfta pa
honom som var ordférande for social-
demokraterna, en politiker i Simrishamn
(Skane), en proggmusiker eller en svensk
ambetsman pa 1500-talet. Vilken av
dem é&r det? Ska jag verkligen behova
ga igenom varje artikel for sig, lasa
igenom och hitta ratt version? Nej, det
borde ett program kunna géra. Detta ar
en av tilldmpningarna for det som kallas
automatisk sarskiljning av egennamn.
Malet ar att forst hitta egennamn, t ex
personer, organisationer eller ortsnamn,
i en valfri text och sedan koppla moj-
liga betydelser till det bast matchande
malet. Bast matchande brukar innebéra
den kandidat som har hégst sannolikhet
for att vara det ratta svaret. D.v.s. det
programmet gor ar att rakna ut en siffra
for varje kandidat och valjer exempelvis
den kandidat som har hogst siffra.

Detta problem var ocksa lost for
engelska i systemet IBM Watson som
ar 2011 visade att ett datorprogram
kan overtraffa en manniskans férmaga
att besvara fragor. Det var i fragesport-
programmet Jeopardy! dér Watson tav-
lade mot manniskor och Watson vann.
Kruxet med detta problem &r att mycket
forskning har gjorts for just engelska
men valdigt lite finns for svenska och
det var just detta som var malet.

Hur?

Hur kan man da ga tillvaga for att I6sa
ett sadant problem? Det borjar med att
man maste fa kunskapen nagonstans
ifran och kunna koppla det till nagot.
Jag valde svenska Wikipedia som kun-
skapskalla. Vad ar Wikipedia? Det ar
en encyklopedi pa internet som ar fritt
tillganglig for alla. Vem som helst kan

POPULARVETENSKAPLIG SAMMANFATTNING (UTKAST)

ldsa, gora tillagg och forandringar av
innehdllet. Den version jag anvande
hade 1,6 miljoner sidor varav ca hélften
ar rena artiklar om nagot @mne, person,
organisation m.m.

Informationskallan

Sidor pa Wikipedia ar ihoplankande pre-
cis som pa internet, med lankar mellan
varandra. Sidorna innehaller ocksa en
del formatering som goér innehallet mer
lattlasligt. P& Wikipedia finns olika typer
av sidor, en typ kallas fér omdirigerings-
sida och den har helt enkelt en lank till
en annan sida. Syftet med dessa omdi-
rigeringssidor ar att kunna omdirigera
en besokare till ratt sida, det kan vara
besokare som anvander en foérkortning,
har skrivit fel eller att sidan kan bendm-
nas som nagot helt annat. En annan typ
av sida ar en forgreningssida och det ar
en sida vars titel ar tvetydig, d.v.s. att
den kan betyda olika saker. P& dessa
sidor beskrivs de mdjliga kandidaterna
som besdkaren kanske letade efter for
att slutligen leda till den personen till
ratt artikel.

For att hitta vad orden "Sverige”
eller "Goéran Person” kan syfta pa sa
behovdes ett sdkordsindex. Vad ar da
ett sdkordsindex? Forenklat s &r det
en ordlista. En sorterad lista 6ver ord
dar varje ord ar kopplat till en lista av
mojliga betydelser. S6kordsindexet som
skapades fran titlar pa sidor och lanktex-
ter gav 1,8 miljoner unika sokord.

Nar vi har en lista 6ver mojliga
betydelser sa behovs ett satt for att
sarskilja dem. Jag prévade tva metoder:
skillnaden mellan tva texter och popula-
riteten for en viss betydelse. Skillnaden
mellan tva texter beskrivs bast med ett
exempel: "Helsingborg” och "Hélsning-
borg”, det ar bara ett tecken som skiljer:
"e" och "a" vilket ger ett varde pa 1 i
skillnad. Det som jamfors ar ursprungs-
texten och titeln pa ett mojligt mal.

Den betydelsen som har minst skillnad
i titel mot ursprungstext ar den som
véljs. Den andra metoden var baserad
pa popularitet och fungerade bast, men
vad ar popularitet i Wikipedia? Det kan
vara antalet ganger en sida laddas, men
detta antal kan variera stort dver tid. Sa
den metod som valdes rdaknar antalet
ganger en sida lankar till en annan.
Utifran listan 6ver mojliga betydelser sa
valjs alltsa den som kan nas fran flest
unika sidor.

Resultat

Popularitetsmetoden hittade 72,1%
av alla egennamn och lyckades koppla
86,9% av dessa till en korrekt sida i
Wikipedia. Resultatet &r relativt bra for
denna metod men det finns mycket
utrymme till forbattring. Det storsta bi-
draget ar ett verktyg som jag gav nam-
net Nedforia dar NED star for Named
Entity Disambiguation pa engelska vilket
Oversatt ar sarskiljning av egennamn.
Det som sarskiljer Nedforia fran andra
liknande verktyg ar att det fran borjan
var byggt for att hantera flera sprak
och har manga viktiga egenskaper som
underlattar utvecklingsarbete av denna
typ av system. Min férhoppning ar att
verktyget utnyttjas for framtida projekt
och minskar tiden det tar att testa idéer
for att forbattra traffsakerheten. Grun-
den &r lagd och jag har visat att det gar
att bygga ett system for svenska med
det som finns idag. Nu &r det bara att ga
vidare och gora det annu battre, vilket
ar nagot for framtida arbeten.
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Most gesture detection algorithms are
too computationally expensive for use
in smart phones. | therefore investigate
the uses of so called absdiff frames to
develop a set of novel computationally
cheap gesture detection algorithms.

1 Absdiff Frames

An absdiff frame is obtained by calcula-
ting the absolute difference of every pixel
in two consecutive frames with low time
difference. This new frame shows what
have changed from the first to the se-
cond frame, think of it as the derivative
of the frame. An unprocessed absdiff
frame is very dark because even though
there is a difference, the differce in grey
is most likely not very large. To refine the
motion and reduce noise in the absdiff
frame, a thresholding and a morphology
algorithm called erosion is applied. The
thresholding algorithm sets every pixel
over a certain value to white and erosion
simply makes darker areas bigger consu-
ming most of the noise. The result is a
good usable frame with clear contours
of the parts that differ from one frame
to the next. A refined absdiff frame is

shown in Figure 1.

Figure 1: A processed absdiff frame

This type of processing is very compu-
tationally cheap, just the absdiff and
thresholding operations runs in less that
2 ms on an Xperia Z.

2 Motion Islands

An absdiff frame can be used to gene-
rate what | call motion islands. A mo-
tion island is simply an area in a frame

that differ from one frame to the next.
There are many ways of generating
motion islands; one such way is to first
apply another morphology algorithm
called dilation to the absdiff frame and
then use a border-following algorithm to
map out the differing areas. Dilation is
the exact opposite to erosion as it makes
light areas bigger, which in this case ex-
aggerate the motion in the absdiff frame
making it easier to analyze. Once mo-
tion islands have been generated, they
can be tracked from one frame to the
next. Analyzing tracked motion islands
over a period of time can then be used
to create a gesture detection algorithm.
This algorithm can be used to track
single motion islands and thereby detect
swiping gestures; it can also be used to
detect zooming gestures by tracking
multiple islands and their relative posi-
tion. This algorithm has one downside
in that it doesn’t know anything about
the objects that gets tracked. This can
be seen in Figure 2 below.

Figure 2: Motion islands of a user per-
forming a swipe while moving his upper
body

As you can see, both the users hand

and head is derecetd. This might cause
problems when detecting for example a
zooming gesture. This algorithm can be
run in real time and process every frame
from a camera running at 30 fps on an
Xperia Z.

3 Training a classifier on absdiff
frames

In order to know what has been tracked,
we need a way of classifying motion

POPULAR SCIENCE SUMMARY

islands. This can be achieved by using
an LBP (Local Binary Patterns) classifier.
Creating such classifiers generally requi-
res huge sets of positive and negative
image sets. A positive image is an image
containing the object of interest marked
with a rectangle. A negative image is an
image that abslolutely does not contain
the object of interest at all. Generally the
positive images need to have the object
of interest in different lighting conditions,
but since we are using absdiff frames,
the lighting is irrelevant. This reduces the
size of the positive training set. Luckily
we also have a way of marking images,
which can be done using motion islands.
To generate positive training sets, absdiff
images marked with motion islands are
printed to files. The motion islands not
containing the object of interest is then
removed from the positive training set
and inserted into the negative set. This
method greatly reduces the amount of
manual labor needed to generate posi-
tive training set. Once the training sets

are generated, a classifier can be trained.
The result of using the classifier can be
seen in Figure 3 below.

}:igure 3: The result of using an absdiff
classifier trained on open hands. Note
that the head and fist are not detected

The benefit of using an LBP classifier with
absdiff frames is that it performs well un-
der bad lighting conditions, in fact, the
backlight from a tablet is enough light
for the classifier to work in a dark room.
It can also be trained on a user with a
certain ethnicity and still work for users
with other ethnicities. The classifier can
be run in 30 fps on an Xperia Z.
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