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Abstract

Elite football today is infused with technologies for collecting data on play-
ers’ performance and health. Technologies such as wearable health and fitness
trackers, full-body medical scans, and positional systems mounted around a
stadium give coaches a wide range of accurate data about their players. How-
ever, coaches do not have the time or ability to analyze all this data for each
player to give them individualized training schedules. Hence, coaches need
tools to collect, analyze, summarize, and present the data to them in a much
more consumable format.

Existing systems within sports technology are isolated, only collecting their
own data and using it for their own purposes. Hence, Sahka will break out of
this norm and create a novel system within this domain.

Sahka is a system that federates relevant data from several different sources.
The data is processed, stored, analyzed, and presented visually to the users.
Additionally, by collecting a large quantity and variety of data, Sahka acts as a
Big Data repository for real-time sports data. In the future, Sdhka will be used
as a platform for training Machine Learning algorithms.
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Introduction

Football is currently the most popular sport in the world. Naturally, this has
led to fierce competition, where teams are always looking for something to
give them an edge over the others. Technology is one area where this compe-
tition has been a huge driving force, leading to the development of everything
from wearable sensors to mounted positional systems to full-body scans. These
systems help coaches make more informed decisions about their players by
measuring and keeping track of their performance and health. Specifically,
these systems are valuable when researching training methods and amounts
for the best performance increase.

However, with the incoming abundance of systems for tracking performance
and health, coaches have difficulty keeping up with the amount of available
data. Coaches are, after all, still human and, as such, have a limited amount of
time and ability to process data. Hence, there has been a void in the industry
for systems that aid coaches in this process. Coaches now need systems that
can help them by collecting, analyzing, and presenting all the available data to
them in one location. This should let coaches quickly get the vital information
they need on each player to make an informed decision about what they should
focus on going forward.

This thesis is based on some work performed in a Capstone thesis [1]. The
Capstone thesis consisted of exploring this research domain and developing
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an initial prototype of Sdhka!. This thesis will refine and expand upon the
initial prototype, integrating several more data sources and adding an analysis
component to the system.

Furthermore, by collecting such a high quantity and variety of data, Sdhka
becomes a Big Data platform for real-time multimodal sports data. This avenue
will be explored further in the future, where several theses will use Sédhka as
a platform for training Machine Learning algorithms. Additionally, two theses
have already been defined, which will continue working with Séhka, focusing
on different solutions and integration of video.

This thesis is written in collaboration with Tromsg Idrettslag (TIL) Men’s A-
team, a professional Norwegian football team. They used Sahka throughout its
initial development during the Capstone thesis and have continued to use it
during the development of this thesis. While using Sahka, their coaches have
provided valuable feedback on what type of information is essential to them
and how they want it visualized. Due to this collaboration, the data sources
integrated with Sdhka are limited by TIL and the systems they use.

1.1 Problem Definition

The majority of sports tools available today are focused on collecting and pre-
senting one type of performance or health data to coaches. However, using
several different tools to get an overview of a player’s performance and health
is disorganized and time-consuming for a coach with over twenty players in a
team and limited time.

This thesis aims to rectify this problem by developing a tool that collects player
data from several different sources and presents it to coaches in one application.
Hence, the following problem definition is formalized:

This thesis will investigate the design and implementation of a system that collects
and analyses multimodal data about football players from several different sources
to aid coaches in providing intervention of training load and practices personalized
to individual athletes. Particular focus will be on developing a proof-of-concept
prototype that provides coaches with as much relevant information as possible in
an easily consumed format.

1. Sdhka means conversation in the Northern Sdmi language
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1.2 Limitations

The scope of this thesis will be to continue the work on Séhka by refining
and improving the prototype developed and integrating more data sources.
Specifically, this thesis will explore if and how six different data sources can
be integrated; DXA, physical performance tests, nutrition, video clips, player
objectives, and a journal.

Furthermore, this thesis will expand upon the previous prototype by analyzing
the data collected to notify coaches if one of their players meets specific condi-
tions. This analysis component will resemble a publish-subscribe model, where
coaches can subscribe to specific events and be notified when they occur.

1.3 Method

The final report of the ACM Task Force on the Core of Computer Science [2]
presents three paradigms by which computing as a discipline should be di-
vided:

Theory is rooted in mathematics and consists of defining a problem,
hypothesizing whether possible relationships are true, and interpreting
the results.

Abstraction is rooted in the experimental scientific method and consists
of forming a hypothesis, constructing a model and making a prediction,
designing an experiment and collecting data, and analyzing the results.

Design is rooted in engineering and consists of defining requirements
and specifications, designing and implementing the system, and testing
the system.

This thesis is rooted in the design paradigm. Given a problem definition with
specific requirements, a prototype system will be designed, implemented, and
evaluated.
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1.4 Research Context

This thesis is written as a part of the Cyber Security Group2 (CSG) at The Arctic
University of Norway? (UiT). ¢SG undertakes high-impact inter-disciplinary
and inter-faculty research and innovation at the intersection of computer sci-
ence, health informatics, statistics, medicine, sports science, and law. The long-
term objective of CSG is to provide new knowledge, research tools, and inno-
vative, disruptive technologies in this convergence area.

CSG carries out experimental computer science systems research related to
the architecture and construction of scalable, efficient, fault-tolerant, privacy-
preserving, and secure distributed systems. Moreover, CSG evaluates their en-
gineered systems by putting them through actual deployment with realistic
use.

CcsG works on a wide range of fundamental distributed systems problems re-
lated to trust and dependability. Trust-by-design is essential when a distributed
system is initially architected, designed, and built. CSG’s research focuses on
building and investigating robust and efficient software infrastructures, trusted
data management and storage, secure networking, multi-media support, and
support for privacy-preserving algorithmic analysis.

CSG’s chosen methodology to solve a concrete research problem is primarily
an experimental systems approach where prototypes are constructed and ex-
perimentally evaluated. However, a more theoretical approach might also be
used if it is more natural for a specific problem.

One of CSG’s main partners is the Corpore Sano Centre#, which undertakes
high-impact inter-disciplinary and inter-faculty research and innovation at the
intersection of computer science, sports science, and medicine. Concerning
sports, such as football, this research investigates how performance data from
players can be collected and analyzed to provide insights for injury prevention,
training personalization, and evidence-based decisions for team performance
improvements.

The consortium affiliated with the Corpore Sano Centre aims to innovate on
medicine and the use of technology, where Microsoft Development Centre Nor-
way (MDCN) and Forzasys® are key industrial partners.

2. https://site.uit.no/arcsecc/
3.https://en.uit.no/startsida

4. https://site.uit.no/corporesano/
5. https://forzasys.com/
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In the context of the Corpore Sano Centre, CSG investigates structuring tech-
niques for future-generation large-scale information access applications. This
includes fundamental research issues like how to best partition an application
into a set of cooperating modules, how to optimize interaction among them,
how and where to deploy them, how to interact with the users, how to pro-
vide integrity, security, and auditing, and how to ensure fault-tolerance and
privacy.

CSG has extensive experience developing systems for the entire technology
stack. In the low-level end, Vortex [3, 4] is an entirely event-driven multipro-
cessor operating system that efficiently and automatically balances load across
processors. In the DNS domain, Jovaku [5] reduces latency by introducing a
truly global caching infrastructure built on the existing DNS system. Further
out in the cloud, Balava [6] manages computations that span multiple clouds,
public and private, and involve data with confidentiality constraints. Diggi [7,
8], incorporating Arm TrustZone [9] and SGX [10, 11] enables 10T devices,
smartphones, computers, and cloud solutions from different vendors to seam-
lessly connect and integrate in a privacy-preserving and secure manner.

Specific to the sports technology domain, CSG has contributed systems for over
a decade. Muithu [12, 13] is a real-time activity annotation system designed to
be intuitive while imposing minimum effort on the user. Coaches use a smart-
phone interface to tag events on the pitch, and Muithu uses hindsight recording
to extract a video of the event, which is made available to the coaches during
half-time or after the session. Bagadus [14, 15] integrates a sensor system, an
analytics annotation system, and a video processing system that uses a video
camera array. The system can play events from matches, follow individual play-
ers, and create video summaries based on queries to the sensor system. DAVVI
[16, 17] delivers multi-quality video content in a torrent-similar way. Through
applied search, personalization, and recommendations, users can efficiently
search for and retrieve specific football events from extensive video archives
for almost immediate playback.

In a more pure sports science context, Ivan Baptista, using Metrix [18], which
provides real-time analysis of physical performance parameters, showed that
physical demands in official football matches vary greatly across playing po-
sitions [19]. Consequently, a higher level of training specificity is required to
prepare players of different positions to meet their match demands.

Finally, Sigurd Pedersen, who will be mentioned throughout this thesis due to
his current position as TIL’s physical coach, has made several contributions to
studying the effects of various strength training methods on performance in
high-level male and female football players [20].
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1.5 Contributions

This thesis develops a system prototype that collects and analyses football
player data to aid coaches in monitoring, intervening, and personalizing train-
ing programs for individual athletes. The system integrates several different
types of data, including, but not limited to, positional data, wellness, body
composition, nutrition, and videos, to provide coaches with as much relevant
information as possible. Furthermore, this thesis demonstrates the possibility
of running algorithmic analysis, customized by coaches, on the data collected
to notify them of specific events regarding their players.

1.6 Outline
The rest of this thesis is structured as follows.

Chapter 2 will provide some context for this thesis, including technical back-
ground information and other related work.

Chapter 3 will define the specific requirements for this thesis, including func-
tional and non-functional requirements.

Chapter 4 will detail the design and implementation of Sdhka and why these
design choices were made.

Chapter 5 will present some experiments performed and their results.
Chapter 6 will discuss some of the relevant topics relevant to this thesis.

Chapter 7 will conclude this thesis with some final words and present sugges-
tions for possible future work.



Background & Related
Work

This chapter will give some background on how and why training monitoring
is used in elite football today. Additionally, some background into the different
data sources explored in this thesis will be presented. Finally, the contributions
of the Capstone thesis Sdhka is based on will be described.

2.1 Training Monitoring in Elite Football

Training monitoring is the process of monitoring an athlete’s activity and load
during a match or training session [21]. This monitoring is essential to deter-
mine whether athletes adapt to their training programs, find the most effective
training methods, measure fatigue and the corresponding need for recovery,
and minimize the risk of injuries [22]. Additionally, even though a team may
perform the same training session, it is crucial to measure the individual athletes
because they may respond differently to the same load [23].

With the influx of new technology, training monitoring has become more acces-
sible and accurate than ever. During training, these technologies provide data
on external load factors, such as speed, distance, and power, and internal load
factors, such as heart rate, oxygen uptake, and lactate levels [24]. Addition-
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ally, advances in smartwatches enable them to track sleep and rest outside of
training, which is essential for making sure athletes can recover enough.

The data collected through these technologies can be divided into quantitative
and qualitative data.

2.1.1 Quantitative

Quantitative data gives an objective numerical measure of something, often
a player’s performance or health in football. One of football’s most common
quantitative data types comes from positional systems. These systems track a
player’s position on the pitch during a match or training session, giving insights
such as the player’s speed, distance traveled, turns, and accelerations. Positional
systems today primarily use one of two technologies to track the players: radio
and GPS.

GPS systems, such as STATSport!, use satellites to determine the position of the
sensor worn by players. Sample the players’ position often, and it can be used
to calculate speed, distance, and acceleration. GPS systems benefit from being
simple to use, requiring only the sensor itself to be worn because the satellites
are already in orbit around the earth. However, depending on the number of
satellites available and the sensor’s sampling rate, these GPS systems may suffer
in terms of accuracy and reliability, especially for assessing short high-speed
straight-line running and efforts involving a change of direction [25].

Radio-based systems, such as ZXY Sports Tracking?, use radio-based signals to
provide positional tracking of players. Like GPS systems, radio-based systems
use sensors worn by the players to track their positions. However, this also
means that GPS systems are limited to outdoor locations with good satellite
coverage. Additionally, the radio-based sensors communicate with stationary
radio receivers mounted around the pitch, which computes positional data
based on these signals. Due to higher sampling rates and being much closer
to the radio receivers, radio-based systems provide significantly more accurate
data compared to GPS systems [26, 27]. However, these systems are costly
to construct and not portable because they require radio receivers mounted
around the pitch.

1. https://statsports.com/
2. https://tracab.com/
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Figure 2.1: Comparison of tracking technologies with 12 players running at the side
and endlines of the pitch at Alfheim Stadium [28]. (A) ZXY tracking track-
ing results, 12 players shown. (B) Polar Team Pro GPS tracking results (5
of 12 players shown).

Figure 2.1 shows the result of a study that compared the accuracy of radio waves
against GPS in sampling tracking data [28]. The study had twelve football
players jog clockwise around the pitch at Alfheim, following the side- and end-
lines, wearing both the Polar Team Pro 10 GHz GPS system and ZXY. Figure 2.1
(B) shows that the GPS tracking deviates significantly from the actual trajectory
of the players, whereas ZXY’s tracking in Figure 2.1 (A) follows the side- and
end-lines much more closely.

Other quantitative data sources include DXA scans, physical performance tests,
and nutrition, which will be explained more in later sections.

2.1.2 Qualitative

Qualitative data is non-numeric, subjective data often collected through, for
example, questionnaires, interviews, or video footage. A popular qualitative
measure in football is Session Rating of Perceived Exertion (SRPE), where a
player reports how much effort they feel they exerted during a session. This type
of data may provide helpful situational information that quantitative data does
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not include. For example, two training sessions with the same quantitative
metrics may have affected the player differently if, for example, the player
was already tired or had little sleep before one of the sessions, which only a
difference in the SRPE ratings would reflect.

Qualitative data can also be used in combination with quantitative data. SportSence
[29], for example, combines qualitative video data with quantitative tracking
data to improve data analytics.

2.2 Data Sources
2.2.1 Positional Data

ZXY Sports Tracking is a radio-based positional system for tracking players’ po-
sitions on the pitch. The system consists of sensor belts worn by the players and
radio receivers mounted around the pitch [26] depicted in Figures 2.2 and 2.3.
They use this system instead of GPS systems due to its higher accuracy.

The ZXY installation at Alfheim is based on the 2.45 GHz 1SM band for ra-
dio communication and signal transmissions [26]. Furthermore, each radio
receiver has an approximately 90-degree field of view, and they are arranged
with overlapping zones to provide high immunity to occlusions and signal
blocking, which increases reliability. Each radio receiver uses the radio sig-
nals received from the belts to compute their positional data. The positional
sampling rate is currently set to 20 Hz. The sensor belts also come equipped
with an accelerometer, gyroscope, heart-rate sensor, and compass to provide
additional data.
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Figure 2.2: ZXY sensor belt worn by players [26].

Figure 2.3: ZXY radio receivers mounted around the pitch [26].

2.2.2 PmSys

PmSys is a digital monitoring system that collects, analyses, and presents health
data [30]. TIL has been using PmSys on and off for years as a tool for coaches
to monitor their players. The data is collected through an app where the ath-
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letes answer questions about their perceived training load, wellness, and in-

juries.

Edit Wellness Edit Wellness

< Howmuchdidyousleeplast > < How well did you sleep? >

night?
. 1 - Insomnia
Duration 8 Hours
2 - Restless Sleep
Quick Select 3 - Normal sleep

o

1@—“

Figure 2.4: Pages in PmSys app where players log their sleep amount and quality.

Figure 2.4 shows two of the questions asked in the PmSys app. The first ques-
tion, on the left, asks how many hours the player slept the previous night. The
player then chooses the closest option from the list of one to twelve hours
in half-hour increments. In this example, the player selected eight hours, as
highlighted by the red circle.

The second question, on the right, asks the player to rate the quality of their
sleep on a scale from one to five, one being the worst quality and five the best.
For example, selecting option four, highlighted by the red circle, would indicate
that the player had a good sleep but not the best.

PmSys also includes a web portal for coaches to monitor their athletes [30]. The
web portal includes visualization and analysis capabilities for a single player or
all team members [31]. The visualization includes wellness, injuries, illnesses,
session participation, and essential training load indicators such as daily and
weekly load, acute load, chronic load, acute chronic workload ratio, monotony,
and strain.
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Additionally, the portal includes a messaging system, allowing coaches to send
messages that the players receive as push notifications in the PmSys app. These
messages can be individual messages to a single player or scheduled messages,
for example, reminding players to answer the survey every day.
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Figure 2.5 shows a player’s profile page in PmSys’ web portal.

10.

Shows the player’s current readiness to train on a scale from one to ten,
one being not ready and ten being completely ready.

This spider diagram shows some of the player’s latest wellness metrics,
including mood, fatigue, sleep quality, soreness, and stress.

This human figure contains a circle on each body part. The circles will
be red if the player is currently injured on that body part and green
otherwise. Since all the circles of this figure are green, the player is not
injured anywhere.

This section shows the player’s latest wellness metrics in numeric form, in-
cluding fatigue, sleep duration, sleep quality, soreness, stress, and mood.

This number shows the player’s training load the previous day. The train-
ing load is a sum of several different load metrics, including acute training
load (ATL), chronic training load (CTL), acute chronic workload ratio
(ACWR), monotony, and strain.

This graph shows the player’s readiness to play over time.
This graph shows the different training load metrics over time, including
daily training load, weekly training load, ATL, CTL, ACWR, monotony,

and strain.

This graph shows some of the player’s wellness metrics over time, includ-
ing fatigue, mood, soreness, and strain.

. This graph shows the player’s sleep duration and quality over time.

This section lists any of the player’s injuries, illnesses, and game perfor-
mances. Currently, this player has no data here.

2.2.3 Abel

Abel3 is a digital personal trainer that assists with nutrition and training. Abel
plans users’ nutrition and training programs according to their goals, such
as losing weight or gaining muscle. For nutrition, Abel contains recipes for
thousands of dishes and a grocery list feature. For training, Abel can plan

3.https://abel.fit/
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training sessions, and every exercise it suggests comes with an instructional
video demonstrating how to perform the exercise. Additionally, Abel contains
features for coaches to plan their athletes’ nutrition and training and monitor
their progress.

(13) LOG MODE ®

n Bench Press

&

Weight (kg) Reps

2.5 10
65 10

+ Add a new set Unmark set 4

1

Incline Chest
Press Dumbbells

Change

Weight (kg) Reps
2 1 15 10
2 225 10
30 30 10 ®
4 30 10 ®
+ Add a new set Mark all sets as done

Figure 2.6: page in abel app where players log training sessions.

Figure 2.6 shows a page in the Abel app for logging a strength training session.
The first highlight shows where the user can select the exercise performed. In
the second highlight, the user enters the weight lifted and the number of reps
performed.

2.2.4 DXA

Dual-Energy X-ray Absorptiometry (DXA) is an x-ray scan that measures body
composition in terms of bone mineral content, bone mineral density, lean mass,
and fat mass [32]. Body composition is highly relevant in sports regarding
athletes’ performance and health. Lean mass contributes positively to an ath-
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lete’s strength and performance, whereas excess body fat negatively impacts
performances such as sprinting, jumping, and aerobic capacity. Hence, having
an accurate measure of an athlete’s muscle and fat mass can be helpful when
planning the athlete’s training program going forward.

DXA scans also measure the composition of individual body parts. This is use-
ful to detect muscle asymmetry between, for example, the left and right leg,
which is crucial to detect as early as possible due to the increased risk of injury
associated with muscle imbalances [33].

2.2.5 Performance Tests

Football is a physically demanding sport, requiring the players to be capable
in several aspects of fitness, including aerobic and anaerobic power, muscle
strength, flexibility, and agility [34]. Each player will, and should, perform
differently in these aspects, depending on their playing position and the team’s
style of play. Hence, coaches need to consider each player’s current and ideal
performance in these aspects when planning their short- and long-term training
programs.

Measuring a player’s current performance is often done using several physical
tests. Each test objectively measures some aspect of the player’s physical per-
formance, and when combined, they give an overview of the player’s strengths
and weaknesses. The coaches can then use this information to create opti-
mal individualized training programs. Additionally, re-testing an athlete after a
training program to compare with the results from before the program can give
an objective measurement of how well the program works on specific fitness
aspects.

The specific tests integrated with Sdhka are cMJ, Squat Jump (SJ), Broad Jump
(BJ), Benchpress, Pull-Up, 15-meter sprint, and the 30-15 Intermittent Fitness
Test (30-15;¢1) [35]. These tests, specifically, were chosen by Sigurd Pedersen,
TIL’s physical coach, because the players perform them regularly.

2.2.6 Nutrition

Football players can run on average 12 km during one match [36]. These feats
take an enormous toll on the body and are not feasible without adequate fuel.
Fuel that the body can only get through food. Hence, nutrition is a critical

factor for football players to perform at their best.

Carbohydrates (CHO) provide the energy the body uses. It is stored within
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the muscles and liver and used up during physical activity. The amount of
CHO needed each day depends on body composition (height and weight) and
activity levels. Naturally, since football players are very active, they require a
lot of CHO, especially before a match.

Proteins are the building blocks of the body’s muscles. They are necessary
for the body to make new muscle tissue and repair old or damaged tissue.
Hence, if football players do not maintain a net positive protein balance, it is
likely to result in a decrease in muscle mass, which is detrimental to a player’s
performance [37].

Fat, perhaps contrary to popular belief, is also essential to the body. While
excess fat, especially when stored as subcutaneous fat, is unhealthy, the right
amount of good fat is critical to protect the body’s organs, support cell growth,
regulate hormones, maintain the immune system, and reduce inflammation.
Furthermore, fat is required to absorb fat-soluble vitamins, such as A, D, E, and
K, which the body needs to function normally.

How much of these three nutrients the body needs depends on several factors,
including age, gender, and activity level. Many systems are available today for
tracking nutrition, for example, MyFitnessPal* and Lifesum5. These systems
track meals and break them down into calories and micro- and macro-nutrients.
This lets users keep track of and plan their meals according to their specific
requirements.

2.2.7 Video Clips

Analyzing player and team performance after a match or training is one of the
coaches’ many jobs. One of the methods used for this is to view video clips of
critical events such as, for example, goals, shots, and tackles. This allows the
coach to replay the event multiple times to catch more details and identify
what was good and what could be improved.

Systems such as Eliteserien Highlights® use a lot of manpower to find and tag
events manually after a match. However, this is not feasible during training,
where manpower is more limited than during matches. Systems, such as Muithu
[12], aim to make recording critical events so simple that it can be used during
training. It does this by allowing the head coach to tag events as they happen
in real-time through a few clicks on their phone. The system then records

4. https://www.myfitnesspal.com/
5.https://lifesum.com/
6. https://highlights.eliteserien.no/
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a specified amount of time before and after the tag and saves it as a video
clip.

2.3 Directed Acyclic Graph

In graph theory; a field of mathematics, a graph is defined as two sets: a finite set
of vertices and a set finite of edges, where each edge is connected to two vertices
[38]. Graphs are often represented by circles as vertices and lines between
them as edges. Directed means that the edges have a specific direction, often
represented by an arrow instead of a line. Finally, a directed graph is acyclic
if there are no cycles in the graph. This means that once a vertex has been
visited, it can never be visited again. An example of a directed acyclic graph
(DAG) is presented in Figure 2.7.

Figure 2.7: Example of a DAG.

DAGs are often used in computer science to represent the flow of execution or
communication in a system. For example, in a system with multiple processes, a
DAG is often used to represent communication, where the processes are vertices,
and the edges represent communication between them through something like
TCP or RPC. Machine Learning and AI frameworks, such as Tensorflow [39]
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and Ray [40], often use DAGs to describe execution flow.

DAGs can also be helpful in modeling publish-subscribe systems, such as SIENA
[41]. Each node in the DAG would represent a component in the system which
subscribes from its previous nodes and publishes to its next nodes. For example,
in Figure 2.7, node A would publish to nodes B and C, and node B would
subscribe to node A and publish to nodes D and E.

2.4 Capstone

The contributions of the Capstone thesis this system is based on were to imple-
ment the initial system model and explore integration with three data sources;
ZXY Sports Tracking, PmSys, and Abel. This section will recap those contribu-
tions.

2.4.1 Database

The database is used to store user data persistently. For internal system data,
such as login information and team memberships, this is required to have data
persist between user sessions. Data from third-party systems is not necessarily
required to be stored in Sdhka’s database since it can be fetched when a user
queries it. However, storing third-party data in the database has some benefits
and detriments.

First, storing the data in Sdhka’s database increases query performance. This
is because the database is physically closer to the back-end, being hosted on
the same server, which reduces the time the data has to travel. Furthermore,
data from third-party systems require some form of processing before being
presented to the users. Doing the processing in the background and storing the
already-processed data in the database eliminates this processing time from
the users’ query time.

The second benefit to consider is availability. Fetching data from third-party
systems in real-time requires that they are available. Hence, if a third-party
system is unavailable, the part of Sdhka using that data is also unavailable.
Conversely, if all fetched data is stored in the database, the data will still be
available if the third-party systems are unavailable. In the extreme case of a
third-party system becoming permanently unavailable, by becoming discontin-
ued or rescinding access, the data becomes completely lost if it is not stored in
the database. Furthermore, many systems rate-limit their APIs, which would
reduce Sahka’s availability if data was fetched in real-time and users exceeded
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the limits.

On the other hand, there are some detriments to storing third-party data in
Sahka’s database. The main downside is the increased storage demands. De-
pending on the type of data, storing it in the database may significantly increase
storage demands, consequently impacting the cost of scaling the system. As will
be discussed in Section 4.1.5, some data is too costly to store in the database
and is instead fetched in real-time. Additionally, there is a consistency issue.
Currently, Sdhka only fetches new data from third-party systems, which means
that if data is updated in a third-party system, it will not be reflected in Sahka.
However, this is not a significant concern since the data fetched from third-party
systems is primarily raw and immutable.

When choosing which database to use, the first consideration was whether to
use a relational or non-relational database. Since the schema of the data from
third-party systems is unknown, some of the data may not fit a relational model
or a strict schema. Hence, the choice was made to use a non-relational, schema-
less database. Additionally, having a schemaless database will also simplify the
process of adding or removing data sources in the future.

After deciding the type of database to use, the actual choice was somewhat
arbitrary. Some of the most popular databases that fit these criteria include
MongoDB7, Redis [42], Cassandra [43], and Dynamo [44]. However, MongoDB
was chosen because it was a familiar database with built-in support for con-
currency and vertical and horizontal scaling. Additionally, the database can be
upgraded to MongoDB Enterprise®, which supports encryption at rest, which
means the data is stored encrypted on disk, for extra security.

2.4.2 Back-end

The back-end of Sahka has two primary responsibilities: processing requests
from the front-end and fetching data from third-party systems. The requests
from the front-end are sent to a REST API, where the back-end performs actions
based on the request. These actions include responding with data to the front-
end or storing new data in the database.

The other responsibility of the back-end is to collect data from third-party
systems. This is done in a separate process that constantly runs in the back-
ground. The process periodically queries the third-party systems and fetches
all new data, if there is any. In a perfect world, the third-party systems would

7.https://wuw.mongodb. com/
8. https://www.mongodb.com/try/download/enterprise
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be able to notify Sdhka when new data is available, eliminating the need for
these periodic requests. However, since none of the third-party systems cur-
rently integrated has this option, periodic queries are the second-best option.
Pseudo-code for this process is presented in Figure 2.8.

: function COLLECTXXXDATA
data < FetchData()
data < ProcessData(data)
Databaselnsert(data)

end function

g e

: loop
CollectZXYData()
CollectPmSysData()
Sleep()

10: end loop

0w e N

Figure 2.8: Data collection algorithm [1]

The process sleeps for a specified amount of time between each round of col-
lecting data. How long the process sleeps determines how long users might
have to wait for new data in the third-party systems to be reflected in Sdhka.
However, there may be a minimum amount of time necessary to sleep if the
third-party systems rate-limit their APIs. Furthermore, if some third-party sys-
tems have much lower rate-limits, sleeping a different amount of time for each
may be worthwhile.

When choosing a programming language to implement the back-end, two
factors were considered: ease of development and performance. Ease of de-
velopment includes language features, libraries, specifically for MongoDB and
REST APIs, and familiarity. Performance was a consideration because the sys-
tem would be processing a lot of data, and it would reduce query times for
the users. With these considerations in mind, C# was chosen because it is a
relatively high-level language with libraries for MongoDB and REST APIs while
maintaining relatively good performance.

2.4.3 Front-end
A front-end is the interface with which users interact with a system. For Sahka,

the front-end has two functionalities: visualizing data to users and collecting
data from users. Visualizing data consists of fetching data from the back-end
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and then displaying it to the user in, for example, a graph or table. Collecting
data involves taking some user inputted data and sending it to the back-end
for processing and storage. Consequently, any implementation chosen for the
front-end needs to support these features.

With this in mind, there are three primary approaches to implementing a front-
end: a web application, a native application, or a hybrid application. Web ap-
plications are run in browsers, which means they have the advantage of being
available on any platform or device as long as it has a browser, with just one im-
plementation of the application. This is especially beneficial for Sdhka because
it lets the coaches use the application on their PC, tablet, or phone.

Contrarily, native applications are explicitly implemented for one platform, such
as 10S, Android, or Windows. This comes with the benefit of often having better
performance than web applications because they are implemented in faster
languages than the JavaScript running in browsers, such as Swift or Kotlin.
Additionally, native applications can be optimized for their specific platform
since they will only run there. Finally, native applications can provide some
functionalities that web applications cannot, such as push notifications and
offline mode. The downside to native applications is that one version of the
application has to be implemented for each platform it wants to support.

Hybrid applications are the middle ground between web applications and na-
tive applications. They are implemented in frameworks that allow them to be
run in a browser and as native applications. This gives them the versatility
of running on any platform with just one implementation and the improved
user experience of native applications with push notifications and offline mode.
However, implementing hybrid applications is more work than web applications
because of the added functionalities, and they have lower performance than
native applications because they are still using JavaScript.

With all these considerations in mind, the front-end of Sahka was implemented
as a web application because it has the lowest implementation overhead while
making the applications available on all the necessary devices. Specifically,
Sahka’s front-end was implemented in Angular® because it was a suitable and
familiar framework, which eased the development process. Angular can also
be ported to a hybrid framework like Ionic!® without too much effort in the
future.

9.https://angular.io/
10. https://ionicframework. com/
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2.4.4 Data Sources
ZXY Sports Tracking

As stated in Section 3.2, Sdhka must collect positional data from the ZXY sys-
tem. The ZXY systems, and the servers that run the system, are installed locally
at a stadium or pitch. Consequently, each installation of ZXY will need its own
connection to Sdhka. Since Sahka is developed in collaboration with TIL, their
ZXY server, running at Alfheim, will be integrated.

The ZXY server has a REST API that will be used to fetch the data. Specifically,
two endpoints will be used. The first endpoint provides a list of every training
session available in the system. The second endpoint provides an XML file
containing the data from one particular session. These endpoints will be used
in conjunction with each other to fetch the XML file of each session.

As mentioned in the functional requirement for ZXY, the data should be stored
locally in the database. The alternative would be to not store the data in the
database and instead fetch it from the ZXY server when needed, for example,
when a user accesses one of the ZXY pages on the front-end. However, this
would significantly increase the query time since the data would need to be
fetched from the ZXY server, processed, then returned to the front-end. In-
stead, if the data is fetched from the ZXY server, processed, and stored in the
database, it would only have to be fetched from the database and returned to
the front-end. Additionally, if the data is not stored in the database and the
ZXY server is unavailable, then Sahka would be unable to provide ZXY data
to the users. However, if the data is stored in the database, it would still be
available even if the ZXY server is not. Hence, the data will be fetched from
the ZXY server, processed, and stored in the database to reduce query time and
increase availability.

The processing that is performed before storing the data consists of separating
the XML document by the players so that each player has one collection of data
per session. This is done because the front-end shows data for one player at a
time, so it would be inefficient to store the entire session in one document and
parse it during a query. The format of the documents stored in the database is
shown in Figure 2.9.

{
"_id": ObjectId("6177d973354af39d9f2b0342"),
"session_id": "76456",
"player_id": "2364",
"start_time": ISODate("2021-12-06T17:02:30.104Z"),
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"stop_time": ISODate("2021-12-06T18:51:57.104Z2"),
"teams": [ "6546", "3246" ],
"periods": {
"period_id": "1",
"start_time": ISODate("2021-12-06T17:02:30.104Z"),
"stop_time": ISODate("2021-12-06T17:47:53.104Z"),
"period_name": "First half",
"total_distance": Decimall28("5739"),
"walk_distance": Decimall28("1656"),
"jogg_distance": Decimall28("2542"),
"run_distance": Decimall28("1189"),
"accelerations": [
{
"start_time":
— IS0Date("2021-10-24T17:02:43.416Z"),
"stop_time":
— IS0Date("2021-10-24T17:02:44.216Z"),
"distance": Decimall128("2.3689999580383"),
"max_acceleration":
— Decimall28("2.566999912262")

},
1,
"decelerations": [
{

"start_time":
— IS0Date("2021-10-24T17:07:06.465Z"),
"stop_time":
— IS0Date("2021-10-24T17:07:07.865Z"),
"distance": Decimall128("5.0939998626709"),
"max_acceleration":
— Decimall28("3.6129999160767")

},
1,
"runs": [
{

"start_time_run":

— IS0Date("2021-10-24T17:03:29.266Z"),
"start_time_fastrun":

— IS0Date("2021-10-24T17:03:30.166Z"),
"max_speed_time":

— ISODate("2021-10-24T17:03:30.866Z"),
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"stop_time_fastrun":

— IS0Date("2021-10-24T17:03:32.166Z"),
"stop_time_run":

— IS0ODate("2021-10-24T17:03:34.166Z"),
"max_speed": Decimall28("6.289999961853"),
"distance": Decimall28("25.930000305176"),
"offensive_run": false

},
1,
"minutes": [
{

"minute": 1,
"total_distance":

— Decimall28("124.58000183105"),
"walk_distance":

— Decimall28("34.349998474121"),
"jogg_distance":

— Decimall128("65.669998168945"),
"run_distance": Decimall128("19.739999771118"),
"fastrun_distance":

— Decimall28("4.8200001716614"),
"sprint_distance": Decimall28("0")

+,

Figure 2.9: Example of a player’s ZXY data from a football match.

The front-end contains multiple pages for visualizing the ZXY data in different
ways. The information coaches want on their players from ZXY is primarily; the
distance they run, divided into the total distance, high intensity, and sprint dis-
tance; how fast they run; and their accelerations, both distance and speed. The
data does include more details, such as jogging and walking distance; however,
feedback from TIL’s coaches indicates this level of detail is unnecessary and
unwanted. In particular, feedback from Bjgrn Vidar Stenersen, a previous phys-
ical coach at TIL and currently for the Norwegian national football team, has
provided feedback on how coaches want the ZXY data to be visualized.
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Figure 2.10: A coach’s overview of a team’s ZXY data over a period of one week.

The first page, shown in Figure 2.10, is exclusive to coaches because it shows
ZXY data for an entire team. On this page, the coach selects a period, for
example, the last seven days, and the graphs show the sum of each player’s
ZXY data for that period.

Hence, the bar highlighted by the first circle shows the distance traveled by
one player for the specified period. The bar is separated into three colors,
blue, orange, and green, which denotes the total distance traveled, distance
traveled during high intensity runs, and distance traveled during sprints, re-
spectively.

The second highlighted bar shows the fastest the player has run during the
specified period. Additionally, each bar in this plot has a red dotted line above
it, which shows what 90% of the player’s top speed ever is. One of TIL’s coaches
explicitly requested this line because it is helpful to see how hard the players
are exerting themselves.

The third highlighted bar shows how many accelerations and decelerations the
player has had during the specified period. The blue part of the bar represents
accelerations, whereas the orange part represents decelerations.
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The final highlighted bar shows the distance the player has accelerated and
decelerated during the specified period. The blue and orange parts of the bar
separate the data into accelerations and decelerations, respectively.

Figure 2.11: An overview of a team’s ZXY data during one session.

The second page, shown in Figure 2.11 and also exclusive to coaches, displays
a team’s ZXY data for one specific session. The first four graphs show the same
data as the previous page; distance traveled, max speed, and acceleration and
deceleration. Additionally, these graphs contain horizontal lines showing the
team’s average value. For example, the line in the first graph shows the team’s
average total distance traveled.

The new addition to this page is the last graph, which shows the team’s dis-
tance traveled minute by minute. For example, the bar in the middle of the
highlight shows the distance traveled by the team during the 44th minute of
the session. These bars are also separated into blue, orange, and green, repre-
senting total distance, distance during high-intensity runs, and sprint distance,
respectively.
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The last two pages are available to coaches and players and show ZXY data
for just one player. Coaches can then change which player to view data from,
whereas players can only view their own data.

Figure 2.12: An overview of a player’s ZXY data over a period of one month.

The page in Figure 2.12 gives an overview of the player’s sessions for a specified
amount of time, for example, one month. The table in circle one shows the sum
of different metrics during the specified period, including max speed, total dis-
tance, high-intensity distance, sprint distance, number of sprints, number of ac-
celerations and decelerations, and distance accelerated and decelerated.

The first graph shows the player’s max speed for each session in the specified
period. Hence, the bar in circle two shows the player’s max speed during one
of the sessions. This graph also contains the red horizontal line representing
90% of the player’s max speed ever run.

The second graph shows the player’s distance traveled during each session of
the specified period. The bar in circle three shows the distance traveled during
one session separated into blue, orange, and green, representing total distance,
high-intensity distance, and sprint distance, respectively.

The third graph shows the player’s number of accelerations and decelerations
for each session in the specified period. The bar in circle four shows the number
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of accelerations in blue and decelerations in orange during one session.

Figure 2.13: An overview of a player’s ZXY data during one session.

The last page, shown in Figure 2.13, shows a more detailed view of one player’s
ZXY data during one session. The table in circle one summarizes the player’s
metrics during the session, showing max speed, total distance, high-intensity
distance, number of high-intensity runs, sprint distance, number of sprints,
number of accelerations and decelerations, and distance accelerated and de-
celerated.

The first graph shows each of the player’s accelerations and decelerations during
the session. Each blue and orange bar is a pair that represents one acceleration
event, where the blue bar represents the distance accelerated and the orange
bar represents the max acceleration rate during the event. Likewise, the red and
green bars represent deceleration events, green being the distance decelerated
and red being the max deceleration rate.

The second graph shows each of the player’s runs during the session. A move-
ment classifies as a run if it has a top speed >= 19.8 km/h and lasts more than
one second. Circle three shows a blue and orange bar pair, representing one
run event. The blue bar shows the top speed during the run, and the orange
bar shows the distance traveled during the run. This graph also has the red
horizontal line showing 90% of the player’s max speed ever run.

The final graph shows the player’s distance traveled minute by minute. Hence,
the bar in the middle of circle four shows the player’s distance traveled dur-
ing the 45th minute. These bars are separated into blu, orange, and green,
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representing total distance, high-intensity distance, and sprint distance, re-
spectively.

PmSys

As stated in Section 3.2, Sdhka must collect wellness data from the PmSys.
Since PmSys is a product of ForzaSys, the data is fetched from their servers
using their REST API. Specifically, one endpoint will be used, which provides
all wellness data for one player.

The same options for storing ZXY data in the previous section also apply to
storing PmSys data. The data can either be fetched from the PmSys servers on-
demand or stored locally in Sdhka’s database. Consequently, the same reasoning
for storing ZXY data in the database also applies here; it reduces query time
and increases availability at the cost of additional storage requirements.

When fetching the PmSys data, one request has to be sent for each player. Ad-
ditionally, by specifying the date of the latest data already stored in Sahka, only
new data is fetched from PmSys. The data received includes some unnecessary
fields, which can be filtered out before being stored in the database to reduce
disk usage. Figure 2.14 shows an example of a JSON response from PmSys, and
Figure 2.15 shows the data stored in the database.

{
"header": {
"id": "7aa9f6eb-953b-4cb3-abfe-35d77a1863e4",
"creation_date_time": "2018-05-23T07:10:33.7592",
"schema_id": {

"namespace": '"corporesano",
"name": "wellness",
"version": "1.0.0"

1,

"acquisition_provenance": {

"source_name": "",

"source_creation_date_time": "",

"modality": "self-reported"

1,
"user_id": "XXXXXXXXXXXXXXXXXXX",
"additional_properties": "{}"

1,

"body": {

"effective_time_frame": {
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"date_time":

1,

"fatigue": 3,
"mood": 4,
"readiness": 5,
"sleep": {

"duration": {
||hll s
8

"unit":

"value":

+,

"quality": 4

s

"soreness": 2,

"soreness_area":

32696007
1,

"stress": 4
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"2018-05-23T07:10:33.759Z"

[

Figure 2.14: Example of PmSys response body [1].

"_id": ObjectId("619627f93501b3cc6b3558e8"),

"user_id":
"creation_date":

"6451793a930d3433cb2alb25",
IS0Date("2018-05-23T07:10:33.759Z"),

"date": ISODate("2018-05-23T07:10:33.759Z"),

"fatigue": 3,
"mood": 4,
"readiness": 5,
"soreness": 2,
"stress": 4,
"soreness_area": [
32696007
1,
"sleep": {
"duration": {
"unit":
"value": 8
},
"quality": 4

llhll s
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Figure 2.15: PmSys data after being processed [1].

The front-end for visualizing PmSys data is relatively straightforward, with
only one page, shown in Figure 2.16. The page shows the PmSys data for one
player for the specified period, for example, the last seven days. Coaches can
select which of their player’s data to view, whereas players can only view their
own data.

Figure 2.16: An overview of a player’s PmSys data for a given period.

Each graph displays one of the wellness metrics the player reports in the PmSys
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app; the time of the report along the x-axis and the value along the y-axis. The
first graph shows the player’s sleep metrics. Each bar shows how long the player
slept, and hovering over the bar will also reveal the sleep quality in a tooltip.
After that, the graphs show, in order, the player’s fatigue, mood, readiness,
soreness, stress, and SRPE.

Abel

As defined in Section 3.2, Sdhka must be able to collect physical training data
equivalent to the data Abel collects; the system TIL has been using for logging
and monitoring strength training sessions. The best solution would be to collect
this data from Abel in the same way as the two previous data sources. However,
Abel does not have any public methods available for Sdhka to collect this data.
Hence, this data must come from somewhere else. The two options available
were for TIL to switch to another system with a public API, or to reimplement
this functionality in Sahka. Both of these options come with some benefits and
downsides.

The first benefit of reimplementing Abel is reducing the number of third-party
dependencies. This is good because third-party dependencies may increase the
cost of maintaining the system in the future if they change, become unavailable,
or become discontinued. However, reimplementing the features of a third-party
system may add more complexity to developing the system. Abel is relatively
simple to reimplement, with just a few pages for collecting user data; however,
other systems may be too much to be worth it. For example, ZXY requires
sensor belts and radio receivers, which is too far outside the scope of what
Sahka is.

Another consideration is the added control and customizability of reimple-
mentation. This allows Sahka to customize what data to collect and how to
collect it to fit the users’ needs best. Comparatively, third-party systems are
often more generalized to fit a larger audience and might not fit the needs of
Sahka perfectly.

Since TIL would have to move away from Abel regardless, and the cost of
reimplementing it in Sdhka was comparable to integrating a different system,
it was decided to reimplement the required features in Sdhka.

The primary feature reimplemented from Abel was for players to log physical
training sessions. Each session includes information about which exercises were
performed, the number of repetitions, and the weight lifted. The data is entered
into a form in Sahka’s front-end by either the player or their coach, as shown
in Figure 2.17.
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Select template

Exercises

Sele:

Bench press

Weight

Add set

Add exercise

Date

2022/05/06, 11:30

Figure 2.17: The page where users log training sessions.

In the input highlighted by circle one, the player can select a template training
session to follow. The template, which a coach has created, fills out the exercises
and the number of sets and reps the player should perform.

If the player does not select a template or wants to change or add an exercise,
the input in circle two allows them to select which exercise they performed.
Subsequently, the player inputs the number of reps performed and the weight
lifted for each set of the exercise, as shown in circle three.
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Sessions

A N N N T N N N

Figure 2.18: An overview of a player’s training data.

Figure 2.18 shows the page that visualizes a player’s training data. The table
in circle one shows a list of every exercise the player has performed. Next to
each exercise is the heaviest they have lifted in that exercise.

The graph shows every exercise the player performs, where the x-axis is the
time the exercise was performed, and the y-axis is the heaviest weight lifted
during the exercise. Hence, the blue line inside circle two shows what the
player lifted in bench press each session.

Finally, at the bottom of the page is a list of every training session the player
has performed. Clicking one of the items, for example, the one inside circle
three, will open the page from Figure 2.17, where the user can view, modify,
or delete the session.
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2.5 Summary

This chapter has given some background into some of the methods and pur-
poses of monitoring the training load of athletes. Additionally, the data sources
explored in this thesis have been presented.






Requirement Specification

This chapter outlines the requirements of the system based on the problem defi-
nition from Section 1.1. A model for the system will be proposed, and functional
and non-functional requirements will be specified.

3.1 System Model

Based on the problem definition stated in Section 1.1, the system needs to have
four core functionalities:

1. Collect data on players

2. Store data persistently

3. Present data to authorized users

4. Algorithmically analyze data
Presenting data to authorized users requires that the system has a front-end
where users can view and interact with said data. The front-end should also
be able to collect data from users when third-party systems are not available

or satisfactory for a specific type of data. Subsequently, the front-end will re-
quire a back-end to send and receive the data from. This back-end will also be

39
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responsible for collecting player data from third-party systems. Finally, all data
collected will need to be stored persistently.

Based on these requirements, a 4-tiered system model is proposed, with the

four tiers being a front-end, back-end, database, and the external third-party
systems. The system model is illustrated in Figure 3.1.

o

Front-end (1)

A

\ 4
Third-Party Systems (4) e —

‘ Analysis layer (2.1) ’
Back-end (2)

‘ Data federation (2.2) ’

Y

Database (3)

Figure 3.1: Proposed 4-tiered system model.

The front-end (1) is the interface users use to interact with the system, and it
has two main functionalities: collecting data from users and presenting data
to authorized users. The front-end sends the data collected to the back-end (2)
and fetches the data to present from the back-end. The back-end is divided into
two layers. The analysis layer (2.1) runs all the analysis algorithms that provide
notifications to the coaches. The data federation layer (2.2) is responsible for
processing all requests from the front-end and collecting data from the third-
party systems (4). Finally, the back-end stores all data in the database (3) for
persistence.
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3.2 Functional Requirements

Functional requirements are statements of services a system should provide,
how the system should react to particular inputs, how the system should behave
in particular situations, and what the system should not do [45]. The following
functional requirements are defined for Sahka:

* ZXY: The system must be able to collect positional data from the ZXY
Sports Tracking system. The data should be processed and stored locally
to reduce query time and increase availability. Finally, the data should
be visualized to the users as graphs and tables, representing distance
traveled, speed, and acceleration.

* PmSys: The system must be able to collect wellness data from PmSys.
The data should be processed and stored locally to reduce query time and
increase availability. Finally, the data should be visualized to the users
as graphs representing the various wellness metrics, such as sleep and
mood.

* Abel: The system must be able to collect, store, and visualize physical
training data directly from the users, similar to the Abel system. The data
should be visualized to the users as graphs and tables, representing the
various training metrics, such as the number of sets, reps, and weight
lifted.

* DXA: The system must be able to collect, store, and visualize DXA data.
The data should be visualized to the users as graphs representing the
various DXA metrics, such as weight and body fat percentage.

* Performance tests: The system must be able to collect, store, and visu-
alize different types of performance tests, including cMmJ, sJ, BJ, bench
press, pull-up, 15-meter sprint, and 30-15;zr. The data should be visu-
alized to the users as graphs representing the results of these tests over
time.

* Nutrition: The system must be able to collect, store, and visualize nutri-
tional data from the users in the form of images. The images should be
visualized to the users in reverse chronological order.

* Video clips: The system must be able to collect video clips from various
sources, including directly from the users and Eliteserien Highlights. The
videos should not be stored locally, when possible, to reduce disk and
bandwidth usage. Finally, the videos should be presented to the users in
reverse chronological order, and the users must be able to play them.
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* Objectives: The system must be able to collect, store, and visualize data
of players’ objectives for given periods. Additionally, coaches must be able
to write private notes for each objective.

* Journal: The system must be able to keep a journal for each user where
they can write personal notes. Additionally, the journal must be private
for each user.

* Analysis: The system must be able to run algorithmic analyses on the
data collected to detect specific events, such as a player sleeping too
little. The analyses must be run proactively whenever new relevant data
is available. The system must then notify the coaches of that player that
the event has occurred. Additionally, coaches must be able to customize
the analyses by choosing and combining the events they want in a DAG
format.

* Visualization: The system shall be developed in close collaboration with
TIL, specifically their coaches. Throughout the development, the coaches
will provide feedback on how they want the data to be visualized. The
system must continuously adapt to reflect what the coaches want. This
includes all the different types of coaches, such as head coach, physical
coach, and mental coach.

3.3 Non-Functional Requirements

Non-functional requirements are constraints on the services or functions of-
fered by a system, including timing constraints, constraints on the development
process, and constraints imposed by standards [45]. This section outlines the
non-functional requirements defined for Sdhka.

3.3.1 Privacy

The system will be collecting a lot of personal data from its users, some of which
may be highly sensitive. For example, DXA data contains information about a
user’s body composition, such as weight, body fat percentage, and muscle mass.
This introduces a critical requirement that the system ensures its users’ privacy
through access control, utilizing authentication and authorization, to only allow
authorized users to view a player’s data.

Additionally, the system is subject to the General Data Protection Regulations
[46] (GDPR) and must comply with these regulations. GDPR compliance will
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be discussed further in Section 6.4.

3.3.2 Security

The system should take security measures to ensure that users can trust it
with their privacy. This includes authentication, access control, and protection
against malicious attacks. How Sahka deals with security will be discussed
further in Section 6.2.

3.3.3 Scalability

The performance demands of the system are dependent on the number of users
and the amount of data collected, both of which are expected to increase over
time. Hence, the system should be scalable to accommodate these demands. As
the number of users increases, the number of concurrent requests will increase
proportionally. Consequently, the system should scale up its processing power to
maintain low response times. An increase in users, the number of data sources,
and time will also increase the storage demands on the system, and its storage
capacity should be scaled accordingly.

3.3.4 Availability

Availability requires that the system, and all its features, are available for the
users when they want to access their data. However, since the system depends
on third-party systems for some of its data, their availability is outside of its
control. Therefore, data fetched from third-party systems should be stored
locally to remain available even if the third-party system is unavailable. Addi-
tionally, locally stored data must be backed up to ensure no data loss in the
event of failures.

3.3.5 Maintainability

The system developed is being used in production and will continue to be so.
Hence, the system should be easy to maintain for any developer. This is espe-
cially important for the integrations with third-party systems since they may
change their data format, API, or become unavailable in the future. Addition-
ally, the system should be designed such that adding new data sources is a
seamless process.
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3.3.6 Usability

The primary user group of this system is coaches and their athletes. Currently,
the system is specialized towards football; however, the system can be used
by any related sport since many of the data sources are sport agnostic. Hence,
the system should be designed with the target group in mind. The user inter-
face should be easy and intuitive to use, while presenting as much relevant
information as possible. Feedback from TIL during development will be highly
relevant to this requirement.

3.4 Other Issues

This thesis was developed in a five-month period, limited by the deadline im-
posed by UiT. Consequently, some limitations and simplifications were made
when developing the system to save time. Additionally, although the system
developed is a prototype, TIL’s coaches and players had to use the system dur-
ing development to populate data and provide feedback. Hence, the system
needed to be operational during development. This involved setting up and
maintaining a server to host the database, back-end, and front-end.

3.5 Summary

This chapter has proposed a 3-tiered model for the system with a front-end,
back-end, and database. Additionally, requirements for the system’s perfor-
mance and behavior have been specified.



Design & Implementation

This chapter will describe the design and implementation of the system based
on the problem definition formalized in Section 1.1 and the requirements spec-
ified in Section 3.

4.1 Data Sources
4.1.1 ZXY

As mentioned in Section 1, TIL’s coaches have been using Sdhka during its
development and provided feedback on what information they want and how
they want it presented. One crucial piece of feedback from Sigurd Pedersen, one
of TIL’s physical coaches, and Gaute Uglestad Helstrup, the head coach at TIL,
was that they wanted more ways to compare and filter ZXY data. Specifically,
they wanted to filter and compare players based on their playing position, view
a team’s data for each day of a given period, or view a team’s performance
for each type of training session, such as endurance, speed, or activation, for a
given period.

To implement filtering and comparison based on playing position, the players

must first have their position associated with their account. This can be entered
by a coach or the players themselves.
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March 23, 2022, 09:44:40 - 11:26:53 ENDURANCE/STRENGTH

Figure 4.1: The page showing ZXY data for players in the Wingback position.

Figure 4.1 shows the same page as Figure 2.11 after the new modifications.
Circle one highlights an input where the coach can select a playing position,
either defender, wingback, midfield, or striker. After selecting a position, only
the players in that position will be shown in the graphs. The graphs still show
the same information as before; the first graph shows distance traveled, di-
vided into the total distance, high-intensity distance, and sprint distance; the
second graph shows max speed, and the red dotted line that shows 90% of the
player’s max speed ever run; the third graph shows the number of accelera-
tions and decelerations; the fourth graph shows the distance accelerated and
decelerated; and the final graph shows the distance traveled by every player in
the selected position minute by minute, divided into total, high-intensity, and
sprint distance.

In addition to filtering based on playing position, the coaches wanted to com-
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pare the different positions against each other. This is done by selecting multiple
positions in the highlighted input, as shown in Figure 4.2.

= sitka

March 23, 2022, 09:44:40 - 11:26:53 ENDURANCE/STRENGTH

Midfield

Figure 4.2: The page comparing ZXY data between players in the Wingback position
against players in the Striker position.

Figure 4.2 shows the page when the defender and midfield positions are se-
lected. In the first graph, the left bar shows the average total distance traveled
by the defenders, and the right bar shows the average for the midfielders.
The bars are divided into blue, orange, and green, corresponding with total
distance, high-intensity distance, and sprint distance, respectively.

The second graph shows the average max speed of the players in each position;
the left bar shows the defenders’ speed, and the right shows the midfield-

2

ers.

In the third graph, the left bar shows the average number of accelerations and
decelerations for the defenders and the right bar for the midfielders. The bars
are divided into blue and orange, representing accelerations and decelerations,
respectively. Likewise, the final graph shows each position’s average distance
accelerated and decelerated.
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The second feature the coaches wanted, viewing a team’s ZXY data for each
day of a given period, was added to the page from Figure 2.10. The coaches can
switch back and forth between the old version of the page and the new.

Figure 4.3: The page showing a team’s average ZXY data per day.

Figure 4.3 shows the new version of the page. The graphs now show the average
metrics of the team for each day of the specified period. Hence the bar in circle
one shows the team’s average distance traveled on Wednesday the 16th of
March 2022. The bar in circle two shows the team’s average max speed on the
subsequent Friday. The bar in circle three shows the team’s average number
of accelerations and decelerations the following Wednesday. Finally, the bar in
circle four shows the team’s average distance accelerated and decelerated the
following Thursday.

The final addition, viewing a team’s ZXY data based on the type of training
session, required an additional data source to be added to Sahka because the
ZXY data itself does not contain any information about the type of session it
represents. Ideally, the coaches could add this information as metadata to each
ZXY session; however, this was not possible in the current ZXY system. Hence,
this data would need to be sourced from somewhere else.

The initial proposal was to have the coaches manually tag each session after
they had been fetched into Sdhka. However, after further discussion, a solution
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with more benefits was discovered. One of TIL’s coaches currently has a cal-
endar of the team’s schedule, including the type of training sessions for each
day, in an excel sheet. Hence, implementing a calendar would let the coaches
use Sahka for managing their schedules instead of an excel sheet, and it would
provide the information needed to match ZXY data with the type of session it
was.

The calendar implemented consists of one page that shows a team’s schedule
in one-week intervals. Each team has a unique calendar to which only coaches
can view and add events.

Figure 4.4: The page showing a team’s calendar.

Figure 4.4 shows a team’s calendar during week fourteen of 2022. Each purple
square represents an event and shows when it starts and ends. Hence, the three
purple squares in the red circle show that on Tuesday of that week, the team will
have breakfast at 09:00, strength training at 11:00, and lunch at 13:00.

With the information available in the calendar, it is possible to determine what
type of training session ZXY data belongs to, such as endurance, strength, or
speed. The page from Figure 4.3 was further extended to show the average
values of a team for each type of training session in a given period.
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Figure 4.5: The page showing a team’s average ZXY data per type of session.

In Figure 4.5, the graphs show the team’s average ZXY metrics for each type of
training session of the specified period. Hence, the bar in circle one shows the
team’s average distance traveled every speed session of the specified period.
The bar in circle two shows the team’s average max speed during all strength
sessions of the specified period. The bar in circle three shows the team’s average
number of accelerations and decelerations every speed session. Finally, the bar
in circle four shows the team’s average distance accelerated and decelerated
during every strength session.

4.1.2 DXA

As stated in Section 3.2, Sahka must be able to collect, store, and visualize
DXA data. The DXA scanner used by TIL is located at Alfheim and run by
a computer there. Due to the highly sensitive nature of the DXA data, this
computer is password protected and not connected to any networks, internal
or external. This significantly reduces the risk of unauthorized parties gaining
access to the DXA data by requiring physical access to the machine. However,
keeping the computer offline also means that Sahka’s back-end cannot fetch
the DXA data automatically.
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There were two possible solutions at this point. Either accept the extra work
and risk of connecting the DXA computer to the internet or have the coaches
manually enter the data into Sdhka. Given the infrequency of the DXA scans
and the relatively low effort of manually inputting this data, TIL wanted the
second option implemented. Howevey, it is still possible to implement the first
option in the future if anyone has their DXA data online. This would allow
teams to choose which method suits them best.

The DXA data is collected through a form on Sdhka’s front-end, where coaches

enter the results after a DXA scan (Figure 4.6). The data is visualized through
graphs showing the player’s DXA results over time (Figure 4.7).

Name Lean mass (g) Lean mass legs Right (g) Lean mass legs Left (g) Body fat % Weight (kg)

Add player

Date *
2022/05/06

Figure 4.6: Form for inputting DXA data.

Figure 4.6 shows the form coaches use to enter DXA data. The red circle high-
lights that the coach has selected a player named John Doe and entered the
results from his scan, including lean mass, lean mass in the right leg, lean mass
in the left leg, body fat percentage, and weight.

Another page visualizes the DXA data through graphs showing the player’s
results over time.
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Select

John Doe

New scan

Weight

Lean mass

Aprio

Body fat %

Feb 27

Feb27 Mar 13

an mass legs Right —e— Lean mass legs Left

Figure 4.7: The page for visualizing the player’s DXA data.

Figure 4.7 shows the page that visualizes DXA data. Graph one shows the
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player’s weight over time. The second graph shows the player’s lean mass over
time. Graph three shows the player’s body fat percentage over time. Lastly, the
last graph shows the player’s lean mass in each leg over time.

4.1.3 Performance Tests

As defined in Section 3.2, Sdhka must be able to collect, store and visualize data
from different performance tests. Currently, TIL does not use any designated
systems to track their players’ physical performance tests. Instead, the coach
performing the tests writes the results in an Excel sheet on their computer.
However, this method is not privacy-preserving, not very organized, and if a
coach wants to share the document with someone else, they must do it man-
ually. Hence, they wanted to integrate these performance tests with Sahka to
manage this data better, ensure privacy, and manage access control.

Like the DxA, Sahka has to collect the performance test data directly from the
users since there are no third-party systems to fetch from automatically. The
data is collected through a form on Sdhka’s front-end, where coaches can enter
the test results, similar to the form for DXA data.

Broadjump (cm)

Select player
John Doe

Select player

Mike Doe

Add player

DEICRS

2022/05/06

Figure 4.8: Example of form for performance tests.
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Figure 4.8 shows the form for entering test results. The red circle highlights
that the coach has selected a player named John Doe and entered the results
from the three jump tests: cMJ, SJ, and BJ.

Another page visualizes the test data through graphs showing the test results
over time.

Jumptest  Upperbody strength  30-15.

Jumptest

Upper body strength

Figure 4.9: The page for visualizing a player’s performance tests.
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Figure 4.9 shows the page that visualizes test data. The first graph shows the
15-meter sprint results. Graph two shows the results from all the jump tests:
CMJ, sJ, and BJ. The third graph shows the results from the strength tests:
bench press and pull-up. Finally, the last graph shows the results from the
30-15;z tests.

4.1.4 Nutrition

As defined in Section 3.2, Sdhka must be able to collect, store and visualize
nutritional data from the users. Several systems are available for tracking nu-
trition, for example, MyFitnessPal and Lifesum. However, these systems are
relatively tedious to use because they require the amount of each ingredient
in a meal to be specified. This is why TIL is currently not using any such sys-
tem.

Instead, the coaches at TIL wanted a system that is quick and easy to use to
increase the likelihood of the players using the feature. A simple solution would
be to have the players write the contents of their meals or select them from
a list. However, this would still require a lot of typing or looking through an
extensive list of foods. To maximize the likelihood of the players actually using
this feature, it needs to require as little effort as possible. The best solution for
this would be to have the players take a picture of their meals. A picture provides
a thousand words worth of information while requiring only a few clicks by the
user. This would give coaches the primary information they wanted, what and
when their players eat, while requiring minimal effort from the players. Figure
4.10 shows the form used to upload a meal image, and Figure 4.11 shows the
page visualizing a player’s meals.

As mentioned in Section 2.2.6, several systems are available today for tracking
nutrition. However, the downside that these systems have in common, and the
reason TIL is not using any of them, is the amount of complexity and effort
required to record meals.

Instead, the coaches wanted a system that is quick and easy to use to increase
the likelihood of the players using the feature. Hence, considering a picture
is worth a thousand words, the solution implemented was for the players to
take and upload a picture of their meals. This would give coaches the primary
information they wanted, what and when their players eat, while requiring
minimal effort from the players.



56 CHAPTER 4 / DESIGN & IMPLEMENTATION

= Sahka

Upload meal image

DEICRY

2022/02/15,10:06

O Breakfast

O Lunch
QO Dinner
O Ssupper
QO snack

Tags

Figure 4.10: The interface where users can take and upload images of a meal.

Figure 4.10 shows the form used to upload images of a meal. Using input one,
users can either upload an image from their device by clicking the icon on the
left or open the camera and take a picture by clicking the camera icon on the
right. In input two, the user can select what time the meal was consumed,
which defaults to the current time. Input three is an optional input where
the user can select what type of meal this was, either breakfast, lunch, dinner,
supper, or a snack. Finally, input four is another optional input where the user
can write some tags of what the meal contains, for example, meat, potatoes,
and vegetables.
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Figure 4.11: The nutrition page, showing a player’s most recent meals.

Figure 4.11 shows the page that visualizes a player’s meals. The meals are listed
in order from most to least recent. The red circle highlights what the player
had for lunch on the 14th of February 2022.

This method of tracking nutrition does not give details on the amount of micro-
and macro-nutrients the players eat, though they can be estimated based on
the contents of the meal, considering food such as meat is high in protein and
pasta is high in cHO. This lack of detail is intentional since the coaches at TIL
have reported that they do not want that level of detail; they only need a broad
sense of what and when the players are eating.

4.1.5 Video Clips

As stated in Section 3.2, Sdhka must be able to collect video clips from mul-
tiple sources, including direct uploads from the users and Eliteserien High-
lights.

Upload

Collecting videos directly from users is a relatively straightforward process.
Users upload their videos to Sdhka’s front-end using the interface shown in
Figure 4.12, which then sends them to the back-end to be stored in the database.
Also stated in the requirement specification for collecting videos was that they
should not be stored locally when possible to save disk and bandwidth usage.
However, since these videos come from the users, not other third-party systems,
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they might not be stored anywhere else and must be stored in the database to
be persistent.

Upload video

Date *

2022/04/26,09:19

Description

O Goal

O Assist

QO shot

O Yellow card
QO Red card
O Penalty

Figure 4.12: The interface where users can take and upload video clips.

Figure 4.12 shows the form used to upload video clips. Using input one, the
user can upload a video from their device or open the camera and film a video
directly. In input two, the user can set the time the video was taken, which de-
faults to the current time. Input three is an optional field where users can write
a video description. Finally, in input four, the user can select a category to put
the video in, either a goal, assist, shot, yellow card, red card, or penalty.

Eliteserien Highlights

Eliteserien Highlights is a product of ForzaSys, and the videos are accessible
through their REST API. This means that these videos can be fetched automati-
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cally by Sahka’s back-end. Hence, the process that fetches data from third-party
systems shown in Figure 2.8 was extended to also fetch data from Eliteserien
Highlights, as shown by the line highlighted green in Figure 4.13.

: function COLLECTXXXDATA
data < FetchData()
data < ProcessData(data)
Databaselnsert(data)

end function

a e e

: loop

CollectZXYData()
CollectPmSysData()
CollectEliteserienHighlightsData()
10: Sleep()

: end loop

v o N

—_
—y

Figure 4.13: Data collection algorithm [1]

The API used to fetch videos from Eliteserien Highlight contains an endpoint
for fetching every video of one player. This endpoint also accepts a date as a
parameter and will only return videos created after that date. Hence, giving the
date of the latest video already stored in Sdhka ensures that only new videos
are fetched. An example of the JSON response from this endpoint is shown in
Figure 4.14:

{
"playlists": [
{
"creator": {
"id": "xxxxxxxxx",
"name": "tags-video",

"profile_image": null
1,
"date": "2018-10-22T05:09:18.653686Z",
"description": "Gult kort A-Team: John Doe.",
"duration_ms": 25000,
"events": [
{
"content_source": null,
"description": "Gult kort A-Team: John Doe.",
"from_timestamp": 3428000,
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"recording_timestamp":
— "2018-10-21T19:52:08.000000Z",

"tags": [
{

"action": "yellow card",

"player": {
"id": 1575,
"type": "player",
"value": "John Doe"

3,

"team": { "id": 7, "type": "team", "value":
— "A-Team" }
b

1,

"to_timestamp": 3453000,

"video_asset_id": 1863,

"video_asset_name":
"https://d22hh18076pkhl.cloudfront.net/forzify-backend-ti |
— ppeligaen/xxxxxxXxX/Xxxxxxxxx/thumb/hd"

X

1,

"frontend_url":

{

— "https://highlights.eliteserien.no/playlist/xxxxxxxxx",
"game": {
"attendance": null,
"date": "2018-10-21",
"end_of_1st_half": "2018-10-21T18:45:33.000000Z",
"end_of_1st_overtime": null,
"end_of_2nd_half": "2018-10-21T19:52:42.000000Z",
"end_of_2nd_overtime": null,
"everysport_id": 3091526,
"extra_referees": null,
"finished_time": "2018-10-21T19:52:42.000000Z",
"home_team": {

"id": 11,
"import_id": 269,
"import_source": "FIKS",

"logo_url": "https://cdn.forzasys.com/team-logos/ti
< ppeligaen/xxxxxxx.png",
"name": "B-Team",
"short_name": null
1,

"home_team_goals": 1,
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"id": 782,
"import_id": "6903455",
"import_source": "FIKS",

"is_available_publicly": true,
"officially_closed": true,
"phase": "finished",
"public_release_timestamp":
— "2018-10-21T20:30:00.000000Z",
"referee_external_id": null,
"referee_name": null,
"round": 26,
"stadium_name": null,
"start_of_1st_half": "2018-10-21T18:00:21.000000Z2",
"start_of_1st_overtime": null,
"start_of_2nd_half": "2018-10-21T19:02:39.000000Z",
"start_of_2nd_overtime": null,
"start_of_penalties": null,
"start_time": "2018-10-21T18:00:00.000000Z",
"stop_periods": [],
"tournament_id": 3,

"tournament_name": "Eliteserien",
"visiting_team": {
nign: 7’
"import_id": 298,
"import_source": "FIKS",

"logo_url": "https://cdn.forzasys.com/team-logos/ti |
— ppeligaen/A-Team.png",
"name": "A-Team",
"short_name": null
3,
"visiting_team_goals": 2
3,
"hd_thumbnail_override_url": null,
"hd_thumbnail_url":
< "https://d22hh18076pkhl.cloudfront.net/forzify-backend-ti
— ppeligaen/xxxxxxxxx/xxxxxxxxx/thumb/hd/xxxxxx.jpg",
"id": "xxxxxxxxx",
"is_accessible": true,
"is_live": false,
"is_placeholder": false,
"is_private": false,
"liked_count": O,
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"minified_frontend_url": "http://highlights.eliteserien
— .no/webview/playlist/xxxxxxxxx",

"rating": 1,

"thumbnail _override_url": null,

"thumbnail url":
"https://d22hh18076pkhl.cloudfront.net/forzify-backend-ti |
— ppeligaen/xxxxxxxxx/xxxxxxxxx/thumb/xxxxxx.jpg",

"user_liked": false,
"video_url": "https://api.forzasys.com/eliteserien/play |
— 1list.m3u8/xxxXX:XXXXX:xxxxx/Manifest.m3u8",

{

"view_count": 8

s

1,
"total": 45

Figure 4.14: Example of Eliteserien Highlights response body.

As shown in Figure 4.14, the field "frontend_url" is the URL to the video file
on their servers for this video clip. Since these videos are fetched from a third-
party system, where they are already stored, it is not necessary to download
and store them locally; instead, only the URLs need to be stored so the videos
can be played from the front-end. However, both of these solutions come with
benefits and downsides.

One benefit of only storing the URL is that it is much cheaper in terms of
storage and bandwidth compared to downloading a video. Additionally, there
may be legal issues with downloading and distributing videos from other sys-
tems.

On the other hand, only storing the URLs of videos makes Sahka reliant upon
Eliteserien Highlights being online for users to play the videos. Should Elitese-
rien Highlights’ servers be unavailable, the users will see every video without
being able to play them. By contrast, downloading the videos will make them
available to the users so long as Sahka itself is online.

Furthermore, being reliant upon a third-party system can be detrimental in
the long run if, for example, the system becomes discontinued or makes its
services unavailable. Additionally, if Eliteserien decides to only store videos for
a certain period, Sdhka becomes limited to the same period.
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Due to the increased storage and bandwidth costs associated with downloading
the videos, only the URL is stored in Sdhka’s database. The response from
Figure 4.14 also contains some information that is irrelevant for Sdhka and
therefore filtered out. An example of how one video is stored in the database
is presented in Figure 4.15.

{
"_id": ObjectId("620b8098f633e7eb621aebab"),
"Player": ObjectId("61fbcl1cb2377694a07bb8fd2"),
"Description": "Gult kort A-Team: John Doe.",

"Action": "Yellow card",
"Date": ISODate("2019-05-19T18:00:00.000Z"),
"Source": "Eliteserien",

"Url": "https://highlights.eliteserien.no/embed/playlist/xx
-  xXxXxxxx",

"ThumbnailUrl":
< "https://d22hh18076pkhl.cloudfront.net/forzify-backend-ti
— ppeligaen/xxxxxxxx/xxxxxxxx/thumb/xxxxxxxx.jpg" ,

"CreationDate": ISODate("2019-05-19T20:19:33.175Z")

Figure 4.15: Eliteserien Highlights data after being processed.

The videos are presented to the users as a list of thumbnails of each video (Fig-
ure 4.16). When playing a user-uploaded video, it is fetched from the back-end
and played in the front-end. When playing a video from Eliteserien Highlights,
the URL is used in an iframe?, which plays the video from their servers.

1. https://developer.mozilla.org/en-US/docs/Web/HTML/Element/iframe


https://developer.mozilla.org/en-US/docs/Web/HTML/Element/iframe
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Figure 4.16: The video clips page, showing a player’s most recent clips.

Figure 4.16 shows the list of all the player’s videos in order from most to least
recent. For example, the red circle highlights a video from Eliteserien Highlights
where the player had a shot against the opponent. Clicking this video will
redirect to the page in Figure 4.17, where the user can play the video.

Figure 4.17: Playing the video highlighted in Figure 4.16.

4.1.6 Objectives

As stated in Section 3.2, Sdhka must be able to collect, store, and visualize
players’ objectives. Setting objectives for players on what they should work on
and improve is a crucial aspect of a coach’s job. During a coach-player meeting,
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they discuss and identify areas that the player should focus on improving for
a period. After that period, they meet again to review and discuss the player’s
progress.

Currently, TIL does not have a designated system to keep track of what is
discussed during these meetings. Each coach just writes their notes in files
kept in OneDrive2 or something similar. Not only is this poor organization, but
it also means that players have to ask their coach or take their own notes if they
want to review what they have discussed with their coach in the past.

Instead, the coaches wanted this integrated into Sdhka as a place they can
write down the objectives discussed during a coach-player meeting. This would
allow both the coach and player to review the objectives throughout the period.
Additionally, the coaches wanted to write private notes on each objective that
they could then discuss with the player at the end of the period.

These features were implemented as a page in Sihka’s front-end, shown in
Figure 4.18. Coaches can write down the objectives discussed during a meeting,
which are sent to the back-end and stored in the database. These objectives are
accessible by the coaches and the player. Additionally, the coaches can write
notes next to each objective. The notes are only accessible by the coaches, not
the player.

May 1 - May 31, 2022

New objective

e sed augue ut dolor ultr

Figure 4.18: The objectives page, showing a player’s current objectives and the coach’s
notes.

Figure 4.18 shows the objectives page from a coach’s perspective. The page

2. https://www.microsoft.com/en-us/microsoft-365/onedrive/online-
cloud-storage


https://www.microsoft.com/en-us/microsoft-365/onedrive/online-cloud-storage
https://www.microsoft.com/en-us/microsoft-365/onedrive/online-cloud-storage
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shows that the player has three objectives, the first objective being highlighted
by circle one. Next to each objective is an input field where coaches can write
notes. Circle two highlights the notes for the first objective.

Also stated in Section 3.2 is that Sdhka must adapt to feedback received during
development. In the initial version of the objectives page, there was only one
text field for coaches to write notes per objective, and they were shared amongst
the coaches. This meant there was no way to determine who wrote what in
the notes and when. Instead, they wanted the notes to be divided into entries.
Each entry would then provide information about which coach wrote it and
when. Hence, the implementation was modified to accommodate this.

May 1 - May 31, 2022

New objective

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Proin risus odic + New note

tincidunt non pharetra vitae, condimentum nec sapien Aliquam utante ool May 12,2022
odio. Pellentesque sed augue ut dolor ultrices tincidunt.

N

These notes were written by a different coach.

Jane Doe - May 01, 2022

Notes

These are some personal notes.
These are only visible to coaches, not player..

Nullam ligula ante, vehicula at augue non, posuere tempus elit. Nam =+ New note

bibendum dui eu diam ornare facilsis ac eu quam. Efiam posuere enim Ut .1 ity viay 06,2022
lacus dignissim, eget auctor lectus fringilla. Duis nec eros nisl.
Suspendisse accumsan felis ac viverra iaculis. Notes

Notes by a third coach

Donec quis libero quam. Phasellus eu massa id magna ornare feugiat. pancie

Suspendisse potentl. Markus Bergum Hilbertsen - May 06, 2022

Notes

Figure 4.19: The objectives page after adapting to the feedback from TIL’s coaches.

Figure 4.19 shows the new version of the objectives page. The page still shows
that the player has three objectives, the first objective being highlighted by
circle one. However, coaches can now add a new note next to each objective
when they want to write something. The notes are then listed with the name
of the coach and the time it was written. For example, circle two highlights a
note written by Jane Doe on the 1st of May 2022.
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4.1.7 Journal

As defined in Section 3.2, Sdhka must be able to keep a private journal for
each user. This was inspired by the medical industry, where doctors keep a
detailed medical history for patients containing information such as illnesses,
test results, treatments, and allergies. Reviewing a patient’s medical history is
crucial and will often directly impact the patient’s treatment [47]. Similarly,
coaches should consider a player’s history when planning their training and
workload. For example, players with a history of specific injuries may need a
different training regiment than players who have never been injured.

There already exist many types of medical journals and templates for how
they should look [48, 49, 50]. However, these templates often contain a lot
of questions and checkmarks about, for example, medications or conditions
a patient may have. This level of detail and specificity is unnecessary for the
journal a football coach needs. Hence, a more straightforward journal format
is adequate, with only text fields for taking notes.

The journal implemented allows users to write entries containing any notes
they have about, for example, performance, health, training, or injuries. Each
entry also contains a date, representing when it was created. Players only have
one journal, whereas coaches have one journal per player for better organiza-
tion. Additionally, every journal is private and only accessible by the user who
wrote it.
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Search [——

May 10, 2022

Enty
Quisque sagittis leo vel purus fermentum venenatis. Suspendisse aliquet, lectus a elementum euismod, turpis nunc pharetra urna, ut luctus justo
leo id lacus. Suspendisse ut volutpat ante. Curabitur ullamcorper quam eu augue accumsan, eget commodo enim laoreet. In a urna id lorem
vulputate tempor at sed leo.

May 06, 2022

Entry
Lorem ipsum dolor sit amet, consectetur adipiscing elit. Donec a urna non nisi cursus placerat. Suspendisse potenti. Nulla ornare turpis sed ante
porta laoreet. Nulla tincidunt elit non feugiat pharetra. Etiam tortor arcu, mollis ut vehicula sit amet, aliquet interdum lectus. Nunc in arcu faucibus,
ullamcorper leo at, eleifend tellus.

May 01, 2022

(e
Nam id eros feugiat, mollis arcu et, convallis lorem. Aenean sit amet augue at magna sagittis ornare. Integer dignissim nulla vel enim suscipit
lobortis. Nulla eleifend odio ut massa tempus scelerisque.

Figure 4.20: Journal page, showing the coach’s journal entries.

Figure 4.20 shows the user’s journal as a list of entries from most to least recent.
For example, circle one highlights a journal entry written on the 10th of May
2022.

4.2 Analysis

One of the coaches’ jobs is to monitor their players and intervene if they detect
any dips in their performance or health, such as reduced performance, too little
sleep, or not eating enough. The initial functionality of Sdhka was to aid coaches
in this process by collecting player data from different sources and presenting
it to them in one application. However, regularly checking every player on a
team is still tedious and takes time away from the coaches to do their many
other jobs. Hence, instead of manually monitoring their players, the coaches
wanted a system that automatically analyses the data and notifies them if they
need to intervene with a player. This expanded the functional requirements in
Section 3.2 to state that Sdhka must be able to analyze the data collected to
detect specific events and notify coaches when they occur.

The analysis works by passing relevant player data through a series of filters
assembled in a DAG. Starting at the leaf nodes, if the data passes through all
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the filters and reaches the root of the DAG, then the coaches are notified. Each
filter is one factor the coaches want to be notified about; for example, a filter
can be "if a player has slept less than five hours on average the last week."
The filters can then be combined in the DAG using boolean operators to create
more specific notifications. Using the DAG from Figure 4.21, the coaches would
be notified if a player has slept less than five hours on average the last week
and had an average mood of less than two the last week.

Notify coaches

Sleep less than 5 hours

Average mood of less

on average the last 7
than 2 the last 7 days

days

Database

Figure 4.21: DAG showing the structure of an analysis graph.

Figure 4.21 shows an example of an analysis graph. The database is an active
component, which means when new data is available, it will be published to
the bottom nodes where it is relevant. For example, if a player reports how
long they slept the previous night, the database will send the sleep data to the
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bottom left node. Each node processes its incoming data according to its filter
and sends the result to the next node. At the root of the graph, the result will
be to either notify the coaches that the event has occurred or not.

Running an analysis only when new relevant data is inserted ensures no redun-
dant analyses are performed. Furthermore, it allows the coaches to be notified
as soon as possible, compared to only periodically if the analyses were run
at an interval. However, because Sdhka’s front-end is implemented as a web
application, it is not possible to send an actual push notification to the coaches.
Instead, they have to check the website for any new events. This could be
worked around by sending the notifications through email since the coaches’
emails are known through authentication. However, this has not been imple-
mented in the current prototype, and implementing push notifications, either
through email or a native application, is left for future work.

This data flow, where the data comes from the database, passes through a series
of filters, and possibly reaches the end-user, is similar to stream processing
systems like Johka [51], which accepts a stream of data from a source and
passes it through a series of pipes before combining it into a single result.
Additionally, using DAGs to model computation flow is popular in distributed
systems like Dryad [52], where the vertices represent programs or processes,
and the edges are channels between them.

4.3 Summary

This chapter has presented the design and relevant implementation details of
Sdhka. Based on the system model from Section 3.1, the system was designed
in a four-tiered hierarchy with a database, back-end, front-end, and external
third-party systems. Additionally, the system has been integrated with several
data sources, some of which are third-party systems, and some come from the
users directly.



Experiments

This chapter presents an evaluation of Sdhka, including the validity of some of
the design choices made and a final user evaluation of the whole system.

5.1 Video Disk Footprint

As discussed in Section 4.1.5, the primary reason for only storing the URL of
third-party videos is the storage cost of downloading and storing the actual
videos. This experiment will quantify that cost and compare it to the current
solution of only storing the URL.

Sixteen videos from Eliteserien Highlights were used for this experiment. The
videos were first stored using the current solution with only the URL and some
metadata. Then the videos were downloaded and stored along with the same
metadata.

71
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Figure 5.1: Disk usage when storing the URL’s to videos compared to storing the
actual videos.

Figure 5.1 shows that downloading and storing videos is significantly more
expensive than storing URLS. Storing the sixteen videos required more than
250MB of disk usage, whereas, with the URLs, it only took about 5,6KB. That
is a difference of five orders of magnitude. This significant difference is un-
surprising, considering the URLs used in this experiment were around sixty
characters long, whereas the videos were, on average, 16MB each.

5.2 Local vs. Remote Access

One of the main reasons for storing third-party data locally in Sdhka was to re-
duce query times for users. The claim was that fetching data from the database
is faster than fetching and processing data from its remote source. Hence, users
would have to wait a shorter time for a response from the back-end. This ex-
periment aims to measure the latency for fetching data locally and compare it
to fetching the same data from its remote source.

This experiment was performed three times, once for each third-party system.
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In each experiment, the latency was measured fifty times for fetching the same
data from the database and then from the third-party system. For PmSys, the
data fetched was one year’s worth of one player’s data. For ZXY, the data from
one player’s training session was fetched. Finally, for Eliteserien Highlights,
all the videos of one player were fetched. The latency measured was the time

it took for the back-end to receive a request for data until the data was sent
back.

The computer running this experiment had the following specifications:

Machine: HP Pavilion Power Laptop 15-cbOxx
OS: Arch Linux x86_64 (5.17.5-archl1-1)

CPU: Intel i7-7700HQ (8) @ 3.800GHz

GPU: NVIDIA GeForce GTX 1050 Mobile
Memory: 16GB

Additionally, since the remote data had to be fetched through HTTP requests,
the experiment was performed at UIiT with a one Gigabit Ethernet connec-
tion.
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Figure 5.2: Latency of fetching (a) PmSys, (b) ZXY, and (c) Eliteserien Highlights data
locally compared to fetching it from the remote source.

Figure 5.2 shows the results from this experiment. Figure 5.2 (a) shows that
the local latency for fetching ZXY data is, on average, 3,6 milliseconds, whereas
the remote latency is 7 seconds. For PmSys (b), the local latency is around 2,6
milliseconds, and the remote latency is 4,5 seconds. Lastly, fetching videos (c)
from the database has an average latency of 1,7 milliseconds, while fetching
from Eliteserien Highlights has a 4,4-second latency.
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The takeaway is that, as suspected, fetching data from third-party systems
is significantly slower than fetching from the local database. Hence, third-
party data should be stored locally to reduce the time users have to wait for
data.

5.3 User Evaluation

Section 3.2 stated that the system shall be developed in close collaboration
with TIL and must continuously adapt to feedback received from their coaches.
This is a critical requirement because the system is, after all, developed for the
end-users: coaches and players.

This experiment will evaluate the usability of Sahka by having coaches and
players at TIL answer a survey. Additionally, some of the questions will evaluate
which avenues are worthwhile exploring more in the future.

Seven educated coaches and seven elite male football players at TIL participated
in the survey. The coaches and players answered different surveys, though some
questions overlapped. All questions, with one exception, were answered using
the Likert Scale [53], with one being the worst option and five the best.

5.3.1 Coaches

The first two questions will evaluate the coaches’ satisfaction with the current
status quo - having multiple tools for collecting and visualizing data - and the
need for a system that collects all the different data into one platform. These
questions will show whether there is a market for a system like Sdhka among
coaches or whether they are satisfied with the tools available.
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1 T T
Q1 Q2

Figure 5.3: Q1: Today you have multiple services where you can fetch and visualize
football data. How satisfied are you with having this in multiple different
services?

Q2: How satisfied would you be if you could have all the data collected
into a straightforward platform?

Figure 5.3 shows that the coaches are not very satisfied with using several
different tools, and would rather have all data collected into one system. This
demonstrates that there is a definite market for a system like Sdhka among
coaches.

The following two questions will evaluate the coaches’ satisfaction with how
their current tools visualize data compared to how Sahka visualizes data. To
incentivize coaches to use Sahka, it must be better than, or at least as good as,
the current tools at visualizing data. Otherwise, they may want to keep using
the current tools because they present the data better.
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1 T T
Q3 Q4

Figure 5.4: Q3: How satisfied are you with how existing services visualize data?
Q4: How satisfied are you with how Sahka integrates and visualizes data
in one straightforward platform?

Figure 5.4 shows that the coaches are moderately satisfied with how their
current tools visualize data, and more satisfied with how Sahka visualizes data.
This will incentivize the coaches to use Sdhka if for no other reason than to get
better visualization of the data collected.

The following three questions evaluate the importance of coaches following up
with each individual player throughout a season, for example, through weekly
coach-player meetings. Further, they evaluate whether the coaches have suffi-
cient tools available for these follow-ups, and whether Sdhka could be a more
helpful tool.
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1 T T T
Q5 Q6 Q7

Figure 5.5: Q5: How important is it for you to follow up with each individual player
(and relations between individual players) throughout a season?
Q6: How sufficient do you feel current tools are for following up with
each individual player throughout a season (for example, through weekly
coach-player meetings)?
Q7: How much do you think Sdhka would help you with following up
with each individual player (for example, through weekly coach-player
meetings)?

The results from Figure 5.5 show that the coaches unanimously agree that
following up with each individual player is crucial. Additionally, they feel that
the currently available tools are moderately sufficient for this task and that
Sahka could significantly help them follow up with individual players.

Question eight will evaluate which data sources coaches consider most impor-
tant. This information is crucial for the future when deciding what type of data
to focus on integrating and improving.
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Number of votes

Figure 5.6: Q8: Which of the data sources in Sahka do you think is most important
(choose three)?

Figure 5.6 shows the results from question eight. The coaches are relatively
varied in which data sources they find important, with ZXY being the top pick,
followed by DXA and physical tests.

Question nine evaluates whether coaches would find it helpful to have algo-
rithms that analyze data and notifies them of specific events. Currently, Sdhka
analyses the data and notifies based on specific criteria set by the coaches. This
question will evaluate whether it is worthwhile to continue this avenue and
expand it with Machine Learning algorithms in the future.
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1 T
Q9

Figure 5.7: Q9: How much do you think it would help you to have algorithms that
analyze data and notify you about specific events?

The result from Figure 5.7 shows that the coaches would find it very helpful
with algorithmic analyses that can notify them of events. Hence, it is worthwhile
exploring more analysis and Machine Learning solutions, which, as mentioned,
will be done in the future.

As mentioned in Section 1, future work around Sdhka will focus a lot on video
and different solutions therein. This question will evaluate whether the coaches
find this a worthwhile direction to expand.
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QI10

Figure 5.8: Q10: We are planning to focus on solutions and integration of video in
the future. How important would it be for you to integrate and simplify
different video solutions?

Figure 5.8 shows that the coaches would find more video solutions and inte-
gration quite important. This is a good indication that the two theses that will
explore different video solutions are worthwhile.

The last question for the coaches will evaluate their overall satisfaction with
Sahka and how likely they are to use it. This will indicate whether this the-
sis successfully developed a new tool for coaches, which will help them and
improve their ability to coach.
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Q11

Figure 5.9: Q11: How likely is it that you will use Sdhka if available?

Figure 5.9 shows that the coaches are highly likely to use Sdhka. Some of the
coaches have already been using Sdhka actively throughout its development,
and this result indicates that they, and the rest of the coaches, want to continue
doing so.

5.3.2 Players

For the players, the first three questions evaluate whether they find it important
to have easy access to all the data collected about them. Further, they evaluate
whether the players are satisfied with their current access to said data, and
how satisfied they would be with a system that collects their data into one
platform. This will indicate whether there is a market for a system like Sdhka
among the players or not.
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Figure 5.10: Q1: Today a lot of different data about you is collected. How important
is it that you have access to your personal data?
Q2: How satisfied are you with how good and easy access you have to
your personal data?
Q3: How satisfied would you be if you could have all your personal data
collected in one simple and available platform (Sahka)?

Figure 5.10 shows that the players find it very important to have access to the
data collected on them. Additionally, it shows that they are relatively satisfied
with the current tools for accessing their data, but they would be significantly
more satisfied using one system that gives them access to all their data. Hence,
there is a definite market for a system like Sdhka among the players.

The following three questions evaluate how important it is for players to be
personally followed up by their coaches. Additionally, they evaluate whether the
players currently have adequate tools for preparing and conducting personal
follow-up meetings with a coach. Lastly, they will evaluate if the players think a
system that collects all their personal data in one platform would help prepare
and conduct personal meetings with a coach.



84 CHAPTER 5 / EXPERIMENTS

) I

. 1

1 T T T
Q4 Q5 Q6

Figure 5.11: Q4: How important is it for you to be personally followed up by your
coaches?
Q5: Do you have sufficient tools to prepare and conduct personal meet-
ings with a coach?
Q6: We have developed a system that collects all your personal data into
one system (Sahka). How much do you think this system would help you
prepare and conduct personal meetings with a coach?

The results from Figure 5.11 show that the players find it very important to
be personally followed up by their coaches. Additionally, the tools they cur-
rently have are only moderately adequate for preparing and conducting per-
sonal meetings with a coach, and a system like Sdhka would be more help-
ful. This, combined with the results from Figure 5.5, demonstrates that a sys-
tem like Sahka would be a beneficial tool for both coaches and players in
enabling follow-up of each individual player, which they agree is extremely
important.

Question seven will evaluate which data sources the players consider most
important. This will complement the results from Figure 5.6, which evaluated
which data sources the coaches considered most important.
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Number of votes

Figure 5.12: Q7: Which of the data sources in Sdhka do you think is most important
(choose three)?

Figure 5.12 shows the players’ most important data sources. Unlike the coaches,
where the votes were relatively spread out, the players almost unanimously con-
sider ZXY, strength training, and videos the most important data sources.

Question eight will evaluate how important the players think a system like
Sdhka will be for their personal development as football players. This is impor-
tant because if they do, they will want to use the system for themselves and
their growth as a football player, not just because their coaches want them to
use the system. Lastly, the final question evaluates how likely the players are
to use Sahka if available.
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Figure 5.13: Q8: If you have a system available that collects your personal data
(Sahka), how valuable do you think such a system will be for your per-
sonal development as a football player?

Q9: How likely is it that you will use the system we have developed
(Sahka) if available?

The results from Figure 5.13 show that the players would find a system that
collects and visualizes their personal data as valuable to their personal develop-
ment as football players, and they would be likely to use such a system.

5.4 Summary

This chapter has presented some experiments that evaluate Sdhka’s usability
and cost of operation. The first experiment compared the storage cost of using a
different method for storing videos from third-party systems against the current
method. The second experiment evaluated the latency of fetching data from the
local database compared to fetching it from third-party systems. Finally, some
of TIL’s players and educated coaches answered a user survey that evaluated
Sdhka’s usability and user satisfaction.



Discussion

This chapter will discuss some of the relevant topics surrounding this the-
sis.

6.1 Third-Party Systems

Sections 2.4.1 and 2.4.4 discussed some implications of relying on third-party
systems. Sections 4.1.5 and 5.1 elaborated further on this by comparing the
storage costs when storing the videos from Eliteserien Highlights against the
availability issues when storing the URLs. However, when deciding whether
to use a third-party system, the system’s trustworthiness regarding user data
should also be considered.

The third-party systems that are relevant for Sdhka deal primarily with user
data in some shape or form. This raises an issue of who has control over that
data and whether the third-party system ensures their users’ privacy. For sys-
tems like ZXY, this is not an issue because the system is installed locally, which
means the data is also stored locally. For TIL, this means that their ZXY data
is stored at Alfheim, and they have complete control of the data and can en-
sure their users’ privacy. On the other hand, for systems that only deal with
public data, like Eliteserien Highlights, privacy is not an issue that needs to be
considered.

37
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6.2 Security

Security is a critical factor for systems like Sdhka due to the highly sensitive
nature of the data in circulation. This section will discuss some of the security
issues and solutions relevant to Sdhka.

6.2.1 Authentication

Authentication in Sdhka is handled using email and password. Currently, the
email is not used for anything other than authentication; however, it can be
used to, for example, notify users, recover accounts, or reset passwords. Before
doing any of this, though, the emails should be verified. Verifying an email
ensures that the user has access to the email and can use it to, for example,
reset their password if they forget it.

Although passwords can, in theory, be secure enough for authentication, they
are, in practice, quite vulnerable for one underlying reason: people are notori-
ously bad at remembering passwords. Because people are bad at remember-
ing passwords, they often choose ones that are simple to remember, such as
"12345678," "password," and "qwerty." Unfortunately, these passwords are also
extremely easy to crack using, for example, a dictionary attack, which tries all
the most common passwords until it finds the correct one. Furthermore, since
people often reuse the same password, an attacker only needs to crack their
password once to access all their accounts.

Consequently, two-factor authentication (2FA) is often employed to increase
security. 2FA is an extra layer of security used during the authentication process
to ensure users are who they say they are. One of the most common methods
of 2FA, though not a very secure method, is text messages. This method en-
sures that the user trying to authenticate has access to the phone linked to the
account by sending a unique code via text message, which the user must enter
to authenticate. There are many other forms of 2FA, some of which are more
secure than others; however, the more secure a method is, the more effort it
usually requires to use.

6.2.2 Access Control

Access control is used to regulate who can access what in a system. This en-
sures that unauthorized parties cannot access confidential information, such
as other users’ data, or perform actions they are not permitted to, for example,
purchasing something from another user’s account.
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In Sahka, the first step of access control is authentication. Without authen-
ticating, none of Sdhka’s data is accessible. After authenticating, the system
can determine what data the user has access to; players only have access to
their own data, and coaches have access to the data of the players on their
team.

This type of access control ensures that data is only accessible by authenticated
users with the correct privileges. However, it does not guarantee anything about
the actual person that is authenticated. For example, if an attacker gains access
to a user’s computer, which is already authenticated, they will circumvent the
access control and have access to the same data as the user.

6.2.3 System Attacks

In addition to targeting users and their data, attackers can also target a system
in several ways. One of the most common attacks against a system is denial-of-
service (DOS) attacks, which flood the system with traffic to make it unavailable
to other users. Actions can be taken to try and block these types of attacks;
however, it adds a layer of complexity to the system. Hence, there are also
third-party services available today that can be used to prevent these types of
attacks.

Another similar type of attack is the use of automated bots to create spam in a
system. For example, a bot that continuously creates spam accounts. This is a
common problem for sites such as YouTube?, where bots flood videos’ comment
sections with spam. A popular method of stopping bots is the use of CAPTCHA
tests. These tests ask users to identify, for example, distorted letters or items
in images, trivial tasks for humans but difficult for bots to complete.

6.3 Fault Tolerance

Fault tolerance is a system’s ability to maintain proper operation in the event
of one or more failures within some of its components. This is achieved by
expecting likely failures and designing the system to be able to cope with
them. Consequently, the more fault tolerant a system should be, the more
complex it needs to be to handle more types of failures. This complexity is
worthwhile for critical systems such as airplanes or hospital equipment because
it is crucial that those systems remain operational. For other systems, where
it is not catastrophic if it is unavailable for a period, too much fault tolerance

1. https://www.youtube. com/
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may not be cost-effective.

Since Sahka is hosted on a single server, meaning the server is a single point of
failure, a server crash is the most likely failure to occur. If the server only goes
down for a period, Sdhka would only be unavailable for that period. Worse
would be if the server disk crashes and the data becomes unrecoverable. This
would result in a loss of Sahka’s database and all the user data stored there.
Currently, this issue is prevented by backing up the database periodically to
another server. This means that only the data stored between two backups can
be lost. The system is currently set to backup once a day, which means that, in
the worst case, one day’s worth of data is lost.

A better solution would be to utilize MongoDB’s built-in replication functional-
ity. MongoDB would then keep each replica up to date, meaning no data would
be lost so long as one replica remains. Moreover, since Sahka’s front-end and
back-end can be trivially replicated, Sdhka could be entirely distributed across
the servers hosting a replica. This would let Sdhka be available in the event of
server failures as long as one of the servers remain alive.

6.4 Privacy

Ensuring privacy is essential for systems that deal with personal data. Hence,
the European Union created GDPR, a set of principles that dictate how personal
data can be stored and processed, and what measures must be taken to ensure
the subjects’ privacy. This section will discuss what these principles are and
how they relate to Sahka.

Lawfulness, fairness, and transparency

This principle states that all personal data must be processed lawfully, fairly,
and transparently in relation to the data subject. This means that users must
be informed of what data is being collected on them and its use, and they must
consent to this. For Sdhka, all data collected is used to present the coaches with
as much relevant information as possible. Additionally, before TIL started using
Sahka, each player signed a consent form, allowing their data to be used.

Purpose limitation

This principle states that data should only be collected for specified, explicit, and
legitimate purposes and should not be processed in a way that is incompatible
with those purposes. Sdhka only collects and processes data for one purpose:
to visualize it for the users.

Data minimization
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This principle states that only data that is relevant for the specified purposes
can be collected. For Sahka, this means that only data that is relevant to the
information coaches want can be collected. Hence, Sdhka cannot collect, for
example, banking information or tracking data outside the pitch.

Accuracy

This principle states that all data must be accurate and either updated or deleted
when inaccurate. As mentioned in Section 2.4.1, data collected from third-party
systems are not updated. Consequently, if users edit their data in the third-party
systems, the change will not be reflected in Sahka. This needs to be rectified
in the future to be compliant with this principle.

Storage limitation

This principle states that personal data should only be identifiable to its subject
as long as necessary for its processing. Since the purpose of Sahka is to present
the data to the users, they must know to whom the data belongs. Hence, the
data is identifiable as long as the subject has an account in Sahka.

Integrity and confidentiality

This principle states that all personal data must be processed in a way that
ensures security against unauthorized or unlawful processing and accidental
loss, destruction, or damage. How Sahka deals with security and loss of data
was discussed in Sections 6.2 and 6.3.

Accountability

This final principle states that the controller of the personal data must be able
to demonstrate compliance with the aforementioned principles. Consequently,
Sahka must be able to prove that it is compliant with these principles.

6.5 Usability

Section 5.3 presented a user evaluation conducted on coaches and players at
TIL. The first set of questions confirmed that both the coaches and players were
not content with the current set of tools available. The main issue was that
they had to use multiple tools to collect and view data, and the players did
not even have access to most of their data. Instead, they wanted one system
that could collect and visualize all different types of data into one cohesive
platform.

The second set of questions evaluated how Sdhka managed to fill this role of a
single system that collects and visualizes disparate types of data. The coaches
answered that Sahka visualizes data better than the current tools, which is a
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bonus to having the data collected in one system. Additionally, both coaches and
players agreed that Sdhka would be an excellent tool for facilitating individual
follow-up of each player through, for example, regular coach-player meetings,
which they all agreed is extremely important.

Lastly, the coaches and players were asked whether they would use Sahka if it
were available. The response here was positive, especially among the coaches.
This corresponds well with feedback received at Alfheim, where the coaches
have exclaimed excitement at using a novel system like Sdhka.

6.6 Summary

This chapter has discussed some of the relevant topics surrounding this thesis,
including; some implications of relying on third-party applications; security
concerns in systems that deal with sensitive data; why fault tolerance is es-
sential, and ways to achieve it; how Sdhka deals with privacy with regards to
GDPR; and the usability of Sahka.



Conclusion

The problem definition of this thesis stated the following:

This thesis will investigate the design and implementation of a
system that collects and analyses multimodal data about football
players from several different sources to aid coaches in provid-
ing intervention of training load and practices personalized to
individual athletes. Particular focus will be on developing a proof-
of-concept prototype that provides coaches with as much relevant
information as possible in an easily consumed format.

Based on this problem definition, this thesis has Sdhka, a system that collects
and analyses multimodal data on football players and presents the information
visually to their coaches. Sahka is currently integrated with three third-party
systems: ZXY, PmSys, and Eliteserien Highlights. Additionally, Sdhka collects
data directly from the users, including DXA, strength training, physical tests,
nutrition, videos, objectives, and a journal. Feedback from coaches using the
system has heavily influenced how and what data is visualized. Lastly, Sahka
uses algorithms to analyze the data collected and notify coaches if specific
events occur, for example, if a player is not sleeping enough.

This thesis has been developed in close collaboration with TIL, who have been
using Sdhka throughout its development, and will continue using it henceforth.
Their educated coaches have provided valuable feedback, which has helped
tailor Sahka to their specific needs.
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In the future, several contributions will be made based on the work performed
in this thesis. Two theses will focus on integrating and simplifying different
video solutions with Sahka. Additionally, several theses will use Sahka as a
platform for training different Machine Learning algorithms.

7.1 Future work
7.1.1 Data Sources

One clear objective for future work is the addition of more data sources, both
from third-party systems and directly from the users. Collecting more data will
give a broader picture of the players’ performance and health, letting coaches
make more informed decisions. Additionally, it would be worthwhile to inte-
grate multiple data sources for the same type of data. This has already been
done for videos, which are collected directly from the users and Eliteserien
Highlights. Supporting multiple ways of collecting data will allow users to
choose their preferred method, or use multiple methods to collect even more
data.

7.1.2 Machine Learning

The current analysis technique is relatively simplistic, combining conditional
operations in DAGs to detect certain events. One downside to this approach
is that events can only be detected after they occur. It would be better if the
system could predict events before they happen, such as predicting a high risk
of injury, so steps can be taken to avoid them. This is where more complex
Machine Learning algorithms, especially Neural Networks, are more suitable.
For example, using Long Short-Term Memory (LSTM) [54] on PmSys data has
been shown to be able to predict future peeks in a football player’s readiness
to train [55]. Hence, exploring different algorithms on Sahka’s wide range of
data could provide valuable models for predicting future events.

7.-1.3 Native Application

As mentioned in Section 2.4.3, Sdhka was developed as a web application in-
stead of a native or hybrid application. This would enable Sdhka to be available
on any platform with just one implementation. However, with nearly every
person having a smartphone these days, more and more systems are being
developed as mobile apps to take advantage of features like push notifications
and offline mode. This is something Sdhka could benefit from as well, letting
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coaches send notifications to players and accessing data without an internet
connection.
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