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Abstract 

Nowadays, due to the high growth of hi-tech, sports are becoming more and more 

complex. This calls for better artificial behaviors of the opponents.  Neural Networks, Data 

Mining and are frequently used as technology for analysing the huge amounts of data 

collected in sport. Fencing is one of most popular sports. Due to its dynamics, a large number 

of events happen during a single match. Fencing statisticians have the task of noting as many 

of these events as possible, in order to provide for their analysis. The goal is to show that 

these techniques could be used as (Sports Analysis Software). A comparison is made between 

currently used techniques in sports and related work using scientific approaches. 
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1. Introduction: 

Undoubtedly, Fencing is one of the finest individual sports; its capacity is very 

competitive and recreational. According to a study that was published by FIE (Fédération 

Internationale d'Escrime) in 2012, Fencing had the highest participation in Europe at 6.7% of 

the entire population. 

Fencing is one of the most complex sports, Teaching its methods has to be in an 

individual training centre with a professional expert to be as a mentor and observer for the 

fencer to give a real-time feedback for the body and speed performance, some of those 

experts are using a high-frame rate video recordings for making more accurate analysis. 

Although, this is a qualitative approach in training, it needs an amount of considerable effort 

and time. During the last 5 years, technology has started to be a huge part of analysing the 

fencer (Sword Moves, Fencer’s Techniques and The Body Reaction) in more quantative 

approach, the quantative data became more available for different method in Fencing 

techniques and science researches (NYT, 2014). 

Nowadays, with the surge in motion in hi-tech, it is available to capture and track the 

human movements in detail that offers slow motion for the fencer’s body, three-dimensional 

recordings and analysis the fencer’s sword movements (Le Monde, 2014). As this technology 

could be very advanced for researches and training instruments, theses motion systems have 

limited applications due to their specific setup methods and high price products. 

 

 

 



                                                                                                                       
 

7 | P a g e  
 

1.1.  Brief History about Fencing: 

In the middle ages, sport was considered as an essential part of people’s life; because 

the lifestyle they were living -due to the lack of technology at that time- forced them to 

make the sport one of their life principals. Maybe they are not as known as the known 

sports nowadays, but as long as it relates to the physical ability improvement then it is 

categorized as a sport, which people has to keep practicing it, in order to adapt with their 

hard life-style and the surrounded environment. 

Today, sports are being practiced by people for entertainment or healthcare issues.  

Athletes from different parts of the world need -before every single competition, game or 

match- to a rehabilitation period in order to reach a certain level: mentally, physically and 

psychologically, as an example for professional athletes  heck their physical ability level 

and to put as well a suitable training program.  

Training program -that is the core of this topic- is needed to be developed so it can 

suit the need of the athlete with taking many factors into consideration such as: age, 

gender, training facilities, weaknesses, strengths and objectives, there are two main 

training programs (Young or inexperienced athletes) and (Experienced Athletes), every 

single athlete is having a different plan depends on the needs of his/her body and mental 

nature. However, it is impossible to make a one single training program suits all the 

athletes. 

 In the mid-18th century, the traditional fencing was considered in Spain as one of the 

military trainings, but then it was shifted to be a sport, this idea of the shift was 

for (Domenico Angelo), who dreamt to establish the first Fencing Academy -that 
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dominated the European fencing art for three generations continuously- in London; to 

teach the swordsmanship fashionable art for the aristocracy.  

Nowadays, the combat western art that uses a small sword in the hand is known now 

as (Olympic Fencing), the beginning of the fencing art was in Italy in the 19th century. 

Fencing is one of five main sports -that was featured in every one of the Olympic Games, 

the other four are Cycling, Gym, Swimming, and Athletics. 

There are three main weapons in the modern fencing which are: 

Foil: a light thrusting weapon, with a sword weight of 450 grams. The foil targets the 

neck, the groin, and the human trunk (including the back) but not the legs or the arms. 

When the fencer touch any other area, it will not be considered as a touché and this called 

‘off-target touches’, both of the fencers will stop start the whole attack again 

Sabre: a cutting and thrusting weapon, with a sword weight of 500 grams. All of the 

entire body -of the fencer- above the waist is a valid target area for opponent’s attack. 

Unlike the foil, there’s nothing called ‘off-target touches. 

Épée: a light thrusting weapon, with a sword weight of 770 grams. In this weapon the 

whole body of the fencer is a valid area for opponent’s target. As a result, -unlike Foil or 

Sabre- there is no concept in this weapon called an ‘off-target touch’.  

The majority of the professional fencers choose to specialize in only one of those 

weapons. The (Fédération Internationale d'Escrime) or (FIE) is the international 

federation for this sport. Today, its Headquarter (HQ) is in Switzerland, the FIE is having 

about 145 federations around the whole world, each federation is represented by its 
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Olympic Committee. Also, the rules of the modern fencing -that are used in sanctioned 

world-wide events - are maintained by the FIE, including Olympic Games. 

 

1.2.  Techniques: 

The movements in fencing are divided into two main categories:  

Offensive: to achieve the touché (point) while holding the right of way.  

Defensive: to protect the fencer against a hit or from losing touches (points). 

a) Offensive: 

- Attack: One of the main basic techniques, it consists of extending the sword 

arm to announce an attack against the opponent’s valid area, ending this attack 

with a touch. 

- Riposte: A successful counter attack by the defender after getting the 

opponent’s attack down. 

- Feint: An incomplete attack; in order to provoke a re-action from the 

opponent. 

- Lunge: It’s a thrust while the fencer extends the front leg and propels the body 

forward with the back leg. 

- Disengage: Starting the attack in a certain direction, then in a in a semi-circle 

the point down will be quickly moved to attack different direction; in order to 

trick the opponent and make him block the wrong direction. 
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- Continuation of Attack: When the fencer’s attack is counteracted by the 

opponent, then the fencer automatically continues his attack with the change 

of his target point (High line point or Low line one). 

- Remise: It is considered in (Foil and Sabre) as a missed attack from the fencer 

that always followed by a successful attack by the opponent to score a touché 

for him/herself. 

- Flick: A used technique in foil, getting the advantage of the sword flexibility 

in order to use it as a whip while achieving the touché against the opponent.  

b) Defensive: 

- Parry: One of the basic techniques in defence is used to clock the opponent 

attack while executing by swerving the sword blade in different angel from the 

fencer’s valid area.  

- Circle Parry: A defence technique mode where the fencer’s sword is twisted 

in a circle against the opponent’s sword in order to counter a disengage.  

- Counter Attack: One of the basic techniques, to move the sword of the fencer 

against the opponent’s valid area while moving back to avoid his attack.  

- Point in Line: Extending the fencer’s arm and the sword in one line to be near 

(0, 0) as much as possible on X axis. 

- All the techniques can be performed with a countless combinations using the 

hand and the feet. Whenever there is a touché (point) is scored, both of the 

fencers go back to their starting point. 

 

 



                                                                                                                       
 

11 | P a g e  
 

1.3.  Motivation: 

Using the modern technology in analysing the Fencers in the match, could help to 

improve both qualitative and quantitative researches. Qualitatively, fencing experts can 

use the motion capturing data to further refine fencer’s attack techniques, while mentors 

could use this as a tool to discover improvement areas to the trainees. Although, the 

accuracy of the available data and its amount could help in establishing new fencing 

paradigms, extracting these kinds of results, a huge amount of collected information and 

data need to exist and be analysed accordingly, but with the huge amount of data that was 

produced in an extensive empirical study, it became important to find a method to 

identify a meaningful relationship of data and to extract the relevant information. 

To deal with the information, predictive modelling approaches can be used to find the 

proof about the efficiency and the effectiveness of different Fencing attack techniques. It 

constitutes of some of the data mining techniques in order to predict a certain outcome 

based on previous information (Köniw, 2014). 

When using a modelling to analyse the different Fencing techniques data and the 

efficiency of them, a ground truth about fencing techniques can be made. Having this 

kind of results. Creative, innovative and new training methods can be developed to make 

this knowledge see the light. 

Therefore, software solutions need to be developed to focus on providing relevant 

data -qualitative and quantitative- studies in fencing sport analysis to refine predictive 

models to open the door for some opportunities related to sport science domain. 
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1. Problem Statement: 

The current body analysis software is not specifically designed for extracting data for 

predictive modelling purposes. Especially in Fencing attack analysis, the modern 

technology is used qualitatively to refine the fencing attack techniques and to study the 

change potential on a biomechanical level; because of their high cost. Such technologies 

applicability in growth, but the experimental studies are limited. 

However, there was no software was implemented specifically  to be able to use the 

Neural Networks, Data Mining and Modelling techniques in players’ body analysis; in 

order to come out with software that will be able to gather a huge amount of data about 

the player and classify the relevance one with the sport he/she plays. The need for having 

software that has to be developed to focus in this case to make it ideal for deployment in 

empirical studies. 

Therefore, this project aims to design and develop software that is having the 

capability to gather, extract and generate quantative data that is used for fencers’ body 

analysis and improving the used techniques in this sport. 
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2. Methodology: 

2.1. Research Plan: 

In order to reach the specified target/goal of the project and make the planned 

schedule suits the expected results, many of methodologies assortments exist to help 

managing each stage of the plan from the overture going through the implementation 

ending with the closure. In this project there are two essential methodologies will be 

used as will be explained. 

 

2.2. PRINCE 2: 

This abbreviation stands for (Projects in Controlled Environments); this approach 

is the most commonly used one for its efficiency and effectively in various aspects. 

However, this method is considered as one of the most complex methodologies and 

need training before it can be used, this approach consists of seven main high-level 

processes as illustrated in the diagram below: 

 

A diagram shows the seven processes of the PRINCE2 
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 Benefits: 

This approach divides any project into many different small stages to make it 

easy to manage, with keep remaining focused on the output quality. 

Knowing exactly when to make the decision in the right time; because the project 

manager will be always updated with issuance of reports regularly. 

The flexibility of this approach allows to minimize the impact of any modification can 

be made in the project schedule. 

Saving a lot of the economical and time issues when it comes to use many various 

resources, as a result there will be an ability to cut down on costs in an idealist way. 

 

2.3. Extreme Programming (XP): 

This methodology relates to software development systems, as the project will 

have a lot of coding in its implementation, this approach helps the programmers to 

improve the quality of their software and any un-expected problem can be solved in a 

short time, also it is responsiveness to the any modification will happen in the system 

requirement. As a result, it will be used as an internal methodology in the PRINCE2 

(Progress Stage). 
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Extreme Programming Loop 
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2.3.1 Time Table (Gantt chart): 
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.3.2 The Required Equipment’s: 

 

# 

 

Name 

 

Description 

 

 

1 

 

 

Net Beans IDE 7.3 

“Net Beans IDE is a tool to develop Java desktop, mobile, and 

web applications, as well as HTML5 applications with HTML, 

JavaScript, and CSS. The IDE also provides a great set of tools 

for PHP and C/C++ developers. It is free and open source and 

has a large community of users and developers around the 

world.” 

 

 

2 

 

Arduino (Heart Pulse 

Sensor) 

“Arduino is a tool for making computers that can sense and 

control more of the physical world than your desktop computer. 

It's an open-source physical computing platform based on a 

simple microcontroller board, and a development environment 

for writing software for the board.” 

3  

Kinect sensor 

“Kinect sensor is a horizontal bar connected to a small base with 

a motorized pivot and is designed to be positioned lengthwise 

above or below the video display.” 

 

 

4 

 

 

Neuroph v.2.9 

“Neuroph is lightweight Java neural network framework to 

develop common neural network architectures. It contains well 

designed, open source Java library with small number of basic 

classes which correspond to basic NN concepts. Also has nice 

GUI neural network editor to quickly create Java neural network 

components.” 

Table: Equipment’s Description 
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A necessary point that should be mentioned that during the project, it is expected that 

the learning rate will be increased but the main aim is the quality of the performance for me -

as a student- to be better by the passing time, so the outcome result will be as the predicted 

level. 

 

Planning & Learning expected result through the project implementation 

 

The figure above shows the encountered trends and the error count that is predicted to 

be in the project. This graph shows how in the methodology approach the “Bayesian 

Classifiers” learns faster than their “Markoyian Extension” but with a very high resultant 

error rate (poor result). So, as a result the required data which will be gathered for 

implementing this project will be having more serviceable effect on “Bayesian Classifiers” 

than its “Markoyian” one (Graham-Cumming, 2003). 
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Chapter Three 

Mathematics in Sport Analysis 
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      Although not always realized, mathematics plays a very important role in 

sports.  Whether discussing a players statistics, a coaches formula for drafting certain 

players, or even a judges score for a particular athlete, mathematics are 

involved.  Even concepts such as the likelihood of a particular athlete or team 

winning, a mere case of probability, and maintain equipment are mathematical in 

nature.   

 

By looking at the throwing of a basketball.  Now, using the equation 

 

 

 

to help figure out the velocity at which a fencer must make his attack in order to hit 

his opponent in the valid area.  When making an attack we want the touché (point) to 

touch the opponent at as close to a right angle as possible.  For this reason, most 

players attempt to an attack  at a 45
o
 angle.  To find the velocity at which a player 

would need to make the attack in order to make the basket we would want to find the 

range of the ball when it is thrown at a 45
o
 angle.  The formula for the range of the 

ball is 

 

 

 

But since the angle at which the ball is thrown is 45
o
, we have 
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If we look at the graph of the range function we can get an idea of how hard the 

player must throw the ball in order to make a 3 point shot. 

 

 

 

 

 

Now, a batter would be more concerned with the range of the ball, wanting it to travel far 

enough to allow him to at least make it to first base safely.  Let's look at several graphs of the 

range with different α's and a fixed vo and ho.  
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The black graph is when α = 30
o
, the blue graph when α = 45

o
, and the red graph when α = 

60
o
.  So we can see from the graph that an angle of 45

o
 will make the attack furthest.. 
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Chapter Four 

APPLIANCE OF NEURAL NETWORKS 

IN FENCING ATTACKS 

 

 

 

 

 



                                                                                                                       
 

25 | P a g e  
 

1. Appliance of Neural Networks in Fencing Attacks: 

In the last recent years, there was an abrupt rise in the data mining techniques in 

sports field. Many different tools and techniques were developed in order to measure the 

players’ performances. Those simple methods have attracted the attention of a wide range 

of sport companies; because of the huge amount of money that they keep spending on 

sports in the last years. 

 Before using the data mining techniques with all of its advantages, the associations of 

sports used expertise and player with long knowledge for scouting. By the time, the 

amount of data has been increased; there was a need to find more sophisticated method 

to: 

 Save time and money.  

 Achieve the highest per cent of data accuracy. 

 Use the raw data to extract knowledge.  

Firstly, the sports associations start hiring statisticians who are having the ability to 

lead to the best performance measurement, but that was not also enough as this way costs 

the associations a lot of money. So, in order to find more reliable methods, the need to use 

the data mining techniques was start to rise in order to 

 Get the best use of the huge amount of available data in the database. 

 The possibility to extract the appropriate information. 

Fencing is a very complex game in which the two players are trying to get the most 

number of points, the game ends when one player reaches the limit or the timer count 
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down ends. During the match a very large number of events influence the match such as: 

counter attack, blocks, direct attack, outside touché. 

In this part, data mining technique has been used the collected data from the Egyptian 

Foil team. The collected data was gathered from many different seasons and events: “Men 

Foil African Competition 010”, “London Olympics Games 2012”, “The Mediterranean 

sea’s countries competition 2013” and “The Egyptian National League 2014”. 

Also, many several analyses types were made; in order to analyse the influence of 

having a touché from the different hand wrest positions, the hand wrest were divided into 

four main positions based on the directions of the (X , Y) axis.  Finally, an analysis of the 

influence of the basic fencing parameters on getting the right point was made. 

 

1.1.  Artificial Neural Network (ANN): 

(ANN) is a group of processing devices (hardware, techniques or algorithms), which 

are modelled after making the mammalian cerebral cortex structure - with smaller 

scales - . A huge (ANN) can have many thousands of processor elements, whereas a 

human brain has billions of corresponding increase of the overall interaction 

behaviour. Although there’s a strong relation between Neural Network and 

Mathematics, the normal user can at least gain an operational studying of each 

structure and function. 
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Neural Network active Node 

Neural Networks are divided into many different layers which are consisted of many 

interconnected nodes that are having an ‘Activation Function’. The ‘Input Layer’ presents 

the pattern to the network that connects many ‘Hidden Layers ’where the whole 

processing operation is happened via a system ‘connections’. After that the ‘Hidden 

Layers’ link to the ‘Output Layer’ as shown in the figure below: 

 

Hidden Layers and its link to the Output Layer 
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1.1.1. Neural Network Usage: 

Neural Network is considered as universal approximators, it can reach to its highest 

performance when the error tolerance level is really high and however it can be used 

for: 

 Having a set of patterns can help to discover regularities or capture associations. 

 When the data is having a huge set of the volume, variables number or diversity. 

 The relation between the variable are understandable. 

 The relationship is difficult to identify accurately the traditional approaches. 

 

1.2. Data Mining: 

Data Mining aims to study and analysis a huge observed dataset so it can find and 

extract the positive connections and made up the data in a new way to be understandable 

and easy for the users. Also, it can be described as an interdisciplinary branch which 

encloses techniques such as learning machines, Elements recognition, databases and 

visualization, all that in order to provide the needed answers to get an information from a 

huge databases. 

There is an intra-industrial standard for data mining that has been developed, away from 

the industry category, the data mining is having a life-time from six phases and those ones 

are: 

 Research  Phase 

 Data Gathering 

 Data Preparation 
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 Modelling 

 Evaluation  

 Deployment  

 

1.2.1. Appliance of Data Mining in Sport: 

The sport is full of information and data sets, those data can show the abilities of 

the individuals in each sport or the qualities of a certain player through the events that 

occurs in many different matches. It’s very important to know which data should be 

stored and a way to get the best use of it. With finding an appropriate way to extract 

the sense form the given data and turn them into a practical knowledge, sports 

establishments are having the advantages in comparison with other teams. 

The data is having many different attitudes based on the different sports 

associations, this approach is consists from five levels: 

 There is a difference between the data of the sport and its use. 

 The experts from different fields are making their predictions based on their 

instincts, past knowledge and hunches. 

 The right use of the statistics and the data mining in the decision-making 

process. 

 

When there a connection is missed between the sport data and its usage, some 

kinds of sports organizations are gaining information and data about their players in 

their matches and they ignore them. These kinds of organizations are categorized as 
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an amateur one. Since their emphasis depends on fun through introducing this kind of 

sport they are presenting. 

The next approach type is based on an expert who is having a long-time 

experience –in a certain field of sport- that he/she uses this kind of experience to 

make his/her own prediction on a match, player quality or even player’s movement 

season. This approach was widely accepted and used in the past; as this approach 

helped a lot of sports associations in making their tough decision based on those 

experts’ instincts and experience, not based on a real data or gathered information. 

This kind of decisions may include taking a huge action in the club or to change a 

players’ career; because this kind of decision seemed “to be right” for a lot of sports 

associations for a long time. 

The third type of approach seems to be like the second one with the exception of 

adding a real collected data. In this level decisions may change -into a positive way- 

to make some players participate after figuring out that those players are having some 

talents in defending, attack and new techniques but was not well-used by the coaches. 

The fourth type include using the data mining techniques and statistics in the 

decision-making process, as they are having the potential to push the positivity level 

of predictions to a higher level, statistics can be used to make a separation to a certain 

pattern (The opponent player tendencies) from the noise of the background. 

Statisticians are not explaining their statistics through data; from here this is the data 

mining role which is to add the needed explanations to the statistics. This approach 

aims to help experts to make their own decisions based on an actual data and to make 

their final decision more accurate or to be used independently so the decisions can be 

made without experts. 
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Most of the sports organizations are using the third approach and the fourth one, 

between data and its use. Although most of the sports organizations are using the 

traditional third approach, but the ones who are using the fourth approach –which 

includes data mining- are achieving exceptional results. Although statistics can help 

strongly in the decision-making process and is a step up from decision-making based 

on instinct, but some of the statistics can be lead to a wrong way if there was a lack of 

analysing the problem from the first place, the statistics tendency can lead to an 

imprecise performance measurement. This result may support the fact that a certain 

player may have exceptional abilities based on his effort and training statistics, but 

still his influence in the whole team is barely noticed. 

 

1.3.  Analysis of Fencing Data: 

When the data from Fencing are gathered, the next move is extracting the knowledge 

from this information. Many statistical Methods or data mining techniques can be 

applied; as fencing with its different types (Epee - Foil - Sabre) is full of different moves 

and therefore rich in data. 

Data analysis and traditional methods of predictions have been the source for a 

numerous players and organizations for a long time. This approach leads to sport-oriented 

development number, such as machine learning methods. 

Neural Networks are widely used systems in machine learning used in Fencing. Using 

neural networks with the collected data-sets are analysed in order to find tendencies due 

to financial gain. Other techniques are categorized as genetic algorithms, Support Vector 

Machine (SVM) and C4.5 and C5.0 decision trees. 

 



                                                                                                                       
 

32 | P a g e  
 

1.4.  Research Phase: 

Fencing is a competition between two players who are aiming to win. A win is 

attained by scoring the most points when the time count down ends or one of the two 

players reaches the score limit before the time ends. In both cases, the winner will be 

decided by his/her score points. 

Points can be scored by the fencer in many different ways, the difficult way to achieve 

the point is by making an attack from a long distance and the sword could be able to 

touch the opponent from the first try, the less difficult way is to end the opponent’s attack 

and reflect his attack from his sword into yours with two moves which is known by 

“Counter Attack”. If one of the fencers could be able to score a touché against his 

opponent under the condition that it was not the first fencer’s attack, then the touché will 

not counted by the referee. 

The most elusory situation for the referees is when both of the two fencers are having 

touché against each other’s in the same time. Generally, the body of the fencer is divided 

into four main areas; it can be represented using (X, Y axis). The aim of each fencer is to 

score his best touché in the body of his opponent at the point (0,0) or at any point near it -

which is considered as a perfect touché- , so the measurement of having a point 

percentage from a touché is possibly from four positions (as shown in the figure below). 
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The four position for the fencer 

 

 

1.5.  Data Gathering Phase: 

To keep statistics for the (Egyptian Foil Fencing Team), Fencing Supervisor (FSV) 

software is used, the program allows entering all the relevant data for the fencing sport. 

By the end of each season, the program records the needed statistics and they are printed 

and distributed to the fencers, coaches, media and the game commissioners. After the end 

of each season, collected data are sent to the International Fencing Federation (FIE) 

where they are stored for further analysis. In this part, statistics are analysed for the 

fencing game in the (Egyptian Fencing Federation) for Fencing Men Foil. In seasons 

2005/06, 2006/07, 2007/08, 2008/09 and 2009/10.  

The database was organized in a way which the data regarding the point are entered 

into the table game_stat. Here we are going to describe the fields P1OK and P1ALL, 

representing successful touches and the total number of touches from the counter attack, 



                                                                                                                       
 

34 | P a g e  
 

respectively. Fields P2xOK and P2xALL (x = 1, 2, 3, 4) are successful touches from four 

different positions on the fencer’s body, and the total number of two-point shots from 

those positions. Finally, P3yOK and P3yALL (y=1, 2, 3) are data regarding touches from 

counter attacks from three different positions. 

The game_stat table encompasses all data related to touches (points). It is not having 

the result of the final match, or the player who won. These data exist in a table called 

game. The parameters of interest for use in this table are RESHOME and RESGUEST, 

are presenting the touches number scored by the first fencer and the second fencer, 

respectively. The Data organization in the database is represented in the figure below. 

 

Data Organization in the Database 
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1.6.  Data Preparation Phase: 

Each individual player (Fencer) is connected to a data within the database. In the 

analysis that is a subject of this part, comparing the of point (touché) precision for 

influence of direct attack, counter attack and same-time attack touches on the wins of the 

fencer observed. Therefore, summarizing the data regarding fencers; so we can obtain a 

full data for the each fencer’s team in each club/country. Before that, there is a need to 

make a merge using the attribute ID_GAME; so that in each observed row there will be 

points (touches) from different positions and the whole data result as well. 

As it was mentioned above, the interest of knowing the point per cent in a certain 

positions, the values of the successful points (touches) will be divided to the values 

representing the total points’ number. 

After the inquiry execution, the obtained data as the point per cent for direct attack, 

the point per cent for counter attack at three positions, and the point per cent for same-

time attack from four positions, as well as the information whether the fencer won the 

match or lost it. The total number obtained for rows 1780 which means that there are 890 

matches were played from many different fencing types (Epee- Foil-Sabre). 

 

1.7.  Modelling Phase: 

This part was done using Neural Network, the input parameters are f1_percentage, 

f21_percentage, f22_percentage, f23_percentage, f24_percentage, f25_percentage, 

f26_percentage, f31_percentage, f32_percentage, f33_percentage, f34_percentage and 

f36_percentage. The result represents the output parameter. This means that the network 

is having 12 input nodes and 1 output one. Additionally, there’s one hidden layer. This 
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Neural Network is a feed forward one; every layer is fully connected to its previous level 

and also to the next one. 

Error Backward Propagation Method is the way that is responsible for the training, for 

every new record that was set in the database during the training; the data go forward to 

the network in order to make a prediction about the next record in the output layer. 

Definitely, there’s a difference between the predicted value and the real one, in the 

network the predicted one is returned backwards in order to make an improvement to the 

output records in the future. 

In the training, there will be about 75:25 ratios division in the input data set, for the 

used data in the network training and the data used in the testing. This was made so the 

system still keeps its robustness and prevents it from keeping large amount of inputs. 

After network training execution on the input data, we will get the relation in the figure 

below, a way to prove how a specific parameter has a strong influence in the whole final 

outcome of the match. The next histogram is representing this relation: 

 
Fencing parameters influence on result 
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In the table above, it is clearly that the seventh player who applied the counter attack in his 

match is having the highest influence in winning the whole match using this attack. From the 

other side, the lower influence was from the same time attack and then the counter attack.  

 
Fencing parameters influence on result 

 

 

1.8.  Model Evaluation Phase: 

Using the Neural Network, a data mining model was created with the help of the 

testing data; the availability to make a model quality to predict the output. After 

reviewing all the predictions and the game result, we came out with the result that about 

1170 from 1780 outcomes were right, which means that about 66.2% from the total input 

data. From another point the model failed to predict the outcomes for about 600 cases or 

about 44%, as it’s shown in the table below: 



                                                                                                                       
 

38 | P a g e  
 

 

Prediction results 

 

From all the documented records, only eight hundred and ninety wins occurred, with 

the consideration that each match is having a winner and a loser –which means that the 

number of the winning matches is as same as the number of loses-, the algorithm has 

predicted 900 records for the winning, about 650 of the prediction won while the other 

240 lost. On the other hand, the algorithm made about 9000 predictions about losing, 360 

of those predictions won while the other 530 lost. 

 

 

Confidence Matrix 

One of the reasons why this high percentage of exactness that reached to 65%, is that 

it was under the influence of the outcome of some other parameters such as: The 

Opponent Distance, Attack Time, Hand Position and Fencer Speed. So, in order to 

integrate those parameters into the dataset we should go back to the modelling of the 

preparation stage of the data. 

In the preparation phase of the data, a new set of data will be added to the inquiry; in 

order to increase precision of the model. Those data are: Opponent Distance, Attack 

Time, Sword Position, Hear Rate, Eye Position and Fencer Speed; as a new data will be 
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integrated. Now, there will be a summing up for the ‘Direct Attack’ and the ‘Counter 

Attack’ should happen, which means that all the points’ (touches) per cent for the ‘Direct 

Attack’ will be located in one single field and the same goes for the counter attack. 

 

1.9.  Modelling Phase: 

The modelling will be made using the Neural Network; this will be the inputs 

p1_percentage, p2_percentage, p3_percentage, def_reb, of_reb, c_attack, 

missed_attack, d_attack and warning, those were the nine inputs nodes and the system is 

already having one output node which is the result. Those input data has divided into 

70:20 ratios, data for the training network and data for the testing network (respectively). 

After the execution we will find out how a certain parameter can influence the whole 

output result. Those results are shown in the below histogram: 

 

 
Fencing parameters influence on result (Table) 



                                                                                                                       
 

40 | P a g e  
 

 
Fencing parameters influence on result (Statistics) 

From the graph we can conclude that the defensive mode (def_reb) method in playing in 

the match is having a higher influence in winning the match, while warning the player 

with the sword before making the attack is having a less influence. 

 

1.10. Model Evaluation Phase: 

As usual this phase will be made again using the neural network; we can use the same 

old dataset in order to know the level of improvement that our data set has reached. After 

reviewing all the matches predictions and result, the obtained conclusion is that about 

1440 from 1780 results were correct, which represents about 80.45% from the total input 

data number. On the other hand, the model failed to predict the results in about 340 cases, 

which represents about 19.55%.  
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Prediction results 

 

From the whole documented data of 860 wins, the algorithm has succeeded in 

predicting about 680 correctly, while it failed in the other 280. Regarding the documented 

losses, Only 129 was correct while it failed with a high percentage to predict the losses in 

the other 761. All those information can be represented in the following confidence 

matrix table. 

 
Confidence Matrix 

The most relevant fencing parameters is now having a high prediction correctness for 

the fencing match outcome based on the added input parameters, About eighty per cent of 

input data can predict the match outcome correctly. 
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Chapter Five 

THE KINECT SENSOR & JOINT 

TRACKING TECHNIQUE 
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1. The Kinect Sensor & Joint Tracking Technique: 

  Microsoft unveiled its Kinect sensor for the Xbox 360 in November 2010. The 

technology, coming from company PrimeSense, was bundled with Microsoft’s successful 

console to attract a new segment of gamers and allow for a new way of interacting with 

software and games. 

 

 

Kinect sensor features (Microsoft, 2014) 

 

The Kinect sensor is a combination of an RGB camera, an infrared (IR) emitter and an 

IR camera. Both cameras are capable of recording 640x480 pixels at 30 frames per second. 

Additionally, the Kinect comes equipped with a four-microphone- array for audio-recording 

and voice recognition, as well as a tilt motor to control the vertical tilt of the sensor, allowing 

for a 57° degree horizontal and 43° degree (± 27°) vertical field of view. 

At the heart of Kinect’s software lies its skeleton recognition and body-tracking 

capabilities. The sensor is capable of fully tracking the skeletons of two users in real-time, 

plus the positions of four more people standing in the sensor’s field of view. The skeletal 
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tracking combines the data from the RGB picture and the depth sensor to recognize and track 

the human body by identifying 20 unique joint positions. 

 

 

 

Three steps of skeletal tracking algorithm (Shotton, et al., 2013) 

 

Due to the availability of a depth image, this approach greatly cuts down on the 

computational effort to estimate joint positions, but also allows circumventing the downsides 

of other, colour-based recognition approaches. The latter were usually influenced by a huge 

variety of differences in colours of clothing, hair and backgrounds, which hampered usability 

and robustness (Shotton, et al., 2013). 

 

However, correctly proposing joint positions using depth images still has to deal with 

differences in shapes and sizes. This issue was solved by creating a large training set for the 

algorithm consisting of both real and synthetic motion capture data across many different 

poses, body shapes and camera angles. Synthetic poses in this context consist of 

algorithmically created body shapes, postures and angles to mimic real data and was made to 
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enhance the training sets. They then use a randomized decision forest for each pixel of a 

depth image to assign a final classification of which body part it belongs to, based on the 

training set consisting of real and synthetic frames. 

 

1.1. Predictive Modelling: 

In order to cope with of the vast amount of quantitative data produced by an extensive 

empirical research study, specific methods and techniques have to be employed to extract 

essential and meaningful information and relationships. 

Data mining in particular is used in these situations to identify patterns in large data sets 

and transform that information into useful, relevant knowledge. Predictive modelling 

constitutes a specific branch in data mining. The core principle of a predictive model uses a 

set of input data to estimate the probability of a certain outcome. Common use cases for 

predictive modelling include the categorization of email, in which a classifier runs through a 

set of keywords and other input variables to determine the probability of spam mails. 

In general terms, predictive modelling is making predictions on (usually one) dependent 

variable describing a certain phenomenon, based on a set of observations of a number of 

independent variables defining the same phenomenon (König, 2014). 

 

It uses mathematical techniques to find relationships between these independent and 

dependent variables. To achieve a high probability rating, predictive models are trained with 

a known data set, in which the values for both dependent and independent variables are 

known. Once trained, the algorithms can then take in new, unclassified data and assign a 

value to the dependent variable based on the independent variable input. 
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The precision of the predictive model is evaluated by a score function, which forms the 

central element of the model. After training the model with a known data set, the model is 

evaluated on unknown data using the score function, which determines the dependent 

variable out of a given input of independent variables. The result of the score function may 

concern classification, estimation or ranking of the data, depending on the model and 

observed phenomenon (Freitas, 2002).  

 

1.2. Motion capturing: 

The process to capture human movement and motions patterns on camera to make them 

computer-readable has been steadily developing and advancing for the last two decades. 

From biomechanical research to life-like movie and videogame character animations, the 

technology to track complex human movements and translate them into three-dimensional 

models in software has had an immense impact on many different areas. 

The process of this so-called ‘Motion Capturing’ (or ‘Mo-cap’ for short) is usually a very 

time-consuming and resource-intensive process. The movement data is then captured by 

recording the special markers on the actor, and fed to the computer using specialized software 

to combine all camera angles into a single, unified capture frame. This data can then be used 

to animate a character in a videogame or movie, or further processed for research and other 

purposes. The amount of time, effort and financial resources required to realize this are 

substantial and usually not very feasible on a large scale. 

Lowering the cost and effort for accurate motion capturing has been a big focus in related 

research. The need for a very meticulous setup was mainly hamstrung by the absence of a 

feasible depth-sensing technology that allows for the translation of three-dimensional space 
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to the computer in real-time. Further research was also trying to remove the need for a 

multiple camera set-up and the necessity for specialized markers on actors. 

  

2. Methodology: 

The central contribution of this thesis is the software developed for the Kinect sensor, 

enabling the comparison between two movement patterns and allowing data to be extracted 

for predictive modelling purposes. As such, the study closely follows the design-science 

paradigm and tries to extend human or organizational capabilities by providing a new and 

innovative artefact. 

As defined by Hevner et al. (2004), design-science research is an inherent problem 

solving process with a clear contribution to the knowledge base in form of an artefact. Its 

core principle states that knowledge and understanding about a design problem are acquired 

by the building and application of said artefact. Their premise states that knowledge is built 

up by iteratively solving problems around the core research objective. 

In their framework it is important to underline the difference between system design and 

design research. Routine system development and design usually focuses on applying 

existing knowledge to an organizational or technical problem. System development uses best 

practice approaches to solve problems, and as such do not contribute to the knowledge base. 

The design-science methodology was ultimately chosen for its very hands-on approach to 

problem solving and research contributions. This thesis is aimed to be a first foray into the 

applicability of newly available technology for a specific research purpose. As such, the 

study and its conducted field experiments represent a dynamic search process into viable 

practices and should be considered a proof-of-concept approach. While further quantitative 



                                                                                                                       
 

48 | P a g e  
 

and qualitative studies are necessary to validate the conclusions from this thesis, they are 

beyond the scope of this paper. 

 

2.1. Designs as an Artefact: 

Successful design-science research needs to result in a ‘viable IT artefact’. An IT artefact 

is defined by Hevner et al (2004) as the core subject matter of information systems, and can 

have different forms. The most obvious one is the ‘instantiation’, which can either be a piece 

of hard- or software aimed at solving a certain problem. In this case, design research envelops 

the process of creating and developing the instantiation artefact, and goes into detail about the 

different problems and solutions encountered in its development. 

Other artefacts according to Hevner et al. (2004) include constructs, models, and 

methods used in the development and use of information systems. 

This thesis aims to provide custom-build software that allows for human movement 

analysis comparison using the Kinect sensor, with a focus on providing biomechanical data 

on sword swings that is usable for predictive modelling purposes. This IT artefact allows for 

in-depth analysis of movement patterns, using available, consumer-priced hardware. 

 

2.2. Software Requirements: 

To use motion capturing hardware for extracting valuable data that contributes to 

predictive models, the software must be specifically designed for this purpose. In order to 

fulfil the research objective to provide useful and applicable biomechanical data for 

predictive modelling, a set of requirements and criteria has to be defined for the software 

prototype:  
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The key requirement for the motion capture hardware is to provide robust and accurate 

data on joint positions and skeletal tracking. While deviations are expected, they should 

either be negligible or counteracted by the software to prevent skewing the results too much – 

this is to prevent too much data noise to influence the predictive model.  

Once the joint positions are tracked accurately, the software needs to be able to translate 

the information on spatial joint positions into clearly distinguishable poses. That means to 

find a way to analyse and extract unique features that can describe a position reliably .This 

interpretation represents a key requirement for the software, as all subsequent steps rely on 

the accuracy of the position analysis. 

In order to provide data on position comparisons, the software also needs to be able read 

and compare recordings reliably. This means that the software is capable of extracting the 

correct positions and features from recordings and automatically separate relevant data in 

comparison with other recordings. This is especially useful for sword swing analysis, as the 

theory provides a number of pre-defined positions that present themselves as obvious 

candidates for position detection and comparison. Finding and extracting these positions 

reliably across recordings, is another important requirement for the software that is closely 

linked to the quality of the position analysis algorithm.  

While the use of this software prototype is clearly tailored towards an application in the word 

research domain, its applicability should be expandable to other use case scenarios. Thus, a 

generalized approach for recording, extracting and comparing movement pattern data has to 

be integrated in the software that allows for a wider applicability of the software prototype 

and its use in predictive modelling. 

In order to support usability and applicability for other use cases, the software needs 

to be modular enough to allow for different recording parameter inputs. While the core 
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comparison engine may be set to work with the hardware, the choice on which data to track 

and its output should be interchangeable. This will also improve the interlocking with 

different predictive modelling approaches, as the quantitative data output from the software 

can be selectively configured. 

 

Given the above description of different requirements, this study defines a set of criteria, 

which the software will be tested and evaluated against:  

 Accurate joint tracking data  

 Robust position analysis and detection algorithms  

 Adaptability to variable movement patterns  

 Modularized measurements and parameterization for data mining and predictive 

modelling purposes  

 

3. Basic Development: 

The artefact produced for this study was developed over the course of 7 weeks. Given the 

aim to create software that was capable of recognizing and comparing movement patterns at 

the example of sword swings, a fencing pro was brought onto the project in an advisory role, 

helping to understand the biomechanical concepts of the sport and evaluating the results of 

the soft- and hardware output.  

The general approach to development was taken very iteratively. The software was split 

up into several sub-tasks, which have then been tested and evaluated separately. Several field 

tests helped to uncover improvement potential for the software, which will be covered in 

detail later.  
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Following the delineated software requirements above, the software prototype had to 

fulfil a number of constraints to yield valuable data for predictive modelling purposes. These 

requirements can be split into a number of overarching topics. They will also cover the design 

of the conducted field experiments, which were used to evaluate the viability of the produced 

software artefact.  

 Position analysis  

 Position detection  

 Data parameterization and modularization  

 Field experiment design  

 

3.1.  Position Analysis: 

One of the core functionalities of the software prototype is to extract spatial joint 

information to be able to compare two different movements reliably. The idea was not to 

focus on the entire temporal length of the movement, but instead to analyse the recording 

on a frame-by-frame basis.  

This decision led to two different sub-problems, which ultimately directly affected the 

research objectives of this study. In order to provide the software with robust position 

analysis and detection algorithms, the positional analysis had to be as accurate and 

profound as possible. ‘Position analysis’ in this context refers to the most viable way of 

extracting as much information out of single skeleton frame as possible to describe that 

position. The skeleton frame itself is represented by a list of 20 different body joints and 

their spatial positions, which in and of itself does not give any information about the 

actual position the skeleton is in. To remedy that, a solution had to be found that relates 

the 20 joint positions in a way that gives an indication about the pose the skeleton is in. 
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Once a viable solution for the position analysis problem was found, the detection 

algorithm could use this data as a viable foundation to find and compare different 

positions of different skeletons. 

 

Therefore, two sub-problems were identified:  

 Viable and effective frame-by-frame position analysis technique.  

 Correct position detection in a recording of variable temporal length (i.e. 

differing number of frames per recording). 

 

The first question that needed to be answered for position analysis of a recording was 

the approach to examine and extract relevant information from the spatial information 

received by the Kinect hardware. Given the nature of the sword swing movement and its 

reliance on stance and relative rotation to the fencer’s target point, this thesis decided for 

a joint vector angle analysis, which is a similar approach taken by Bo, et al., (2011) to 

enhance and calibrate the readings for physical rehabilitation equipment. 

The joint vector angle analysis approach uses the three-dimensional information of 

two joints to create a vector between them – thus creating something akin to bone-like 

structures. For example, the vector between the left shoulder joint and the left elbow joint 

would therefore create a vector that represents the upper left arm structure. 

With the spatial joint information from the Kinect sensor, this approach relies on basic 

trigonometry to calculate the angle between two vectors. With this, it becomes rather 

straightforward to analyse the elbow angle by calculating the two vectors made up from 

the shoulder to the elbow joint, and the elbow to wrist joint. 
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There are obvious advantages for using vector angles compared to actual 3D point 

positions. Due to the fact that Kinect’s build-in algorithms detect the spatial positions of 

skeletal joints, using the angles between joint vectors yields the same results independent 

of positioning of the subject in front of the camera (obviously excluding tracking errors 

and joint occlusion). This means that using vector angles, the recording setup does not 

have to be meticulously prepared – as long as Kinect can track the joints accurately, the 

vector angles will stay unaffected. This also means that there is no need to normalize joint 

positions for movement comparisons, as compared to other approaches. 

However, after the first few field experiments, only tracking the angles between joint 

vectors soon turned out to be insufficient to capture all biomechanical intricacies of a 

sword swing, especially regarding rotational movements of the upper body. All else 

equal, the rotational movement of the hips or shoulders is only partially reflected in the 

relational joint-angles towards of each other. Additionally, it proved difficult to model a 

tilted spine angle by only using body joints. Therefore, the position analysis approach had 

to be refined and extended to capture the rotational changes of knees, hips and shoulders, 

as well as spinal tilt and sway. 

The solution to this problem was found in the use of unit vectors. These vectors 

allowed to record vector angles against constants, especially the x-, y- and z-axis. 

Rotational angles of the hips, knees and shoulders could thus easily be tracked by 

comparing their vector to the unit vector along the x-axis, while spinal tilt could be 

measured by calculating the angle difference between the spinal vector made up of 

shoulder and hip joints and the z-axis unit vector. While this solution improved the 

readability and accuracy in capturing the biomechanics of sword swings, it also had the 

downside by introducing the need for calibration to the recording setup. 
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Since the unit vectors are a fixed constant in this model, they inhibited the recording 

setup freedom of the Kinect: instead of being able to capture data from any angle, the 

subject now had to be positioned perpendicular to the sensor to now skew angle results, as 

an angled recording would misread the position to the unit vectors. 

However, as later experiments will show, positioning the subject at a 90° degree angle 

to the Kinect sensor is the optimal setup for recordings in regards to joint tracking 

accuracy, so beyond the prohibitions on setup freedom, this restriction had no negative 

impact on the results itself. 

 

3.2. Position Detection: 

With a viable position analysis technique found in the described joint vector angle 

approach, the next step was to find a robust solution to determine similar positions in a 

recording of variable temporal length.  

While the literature suggests several automated processes for extracting segmented 

positions (compare Zhang, et al., 2013), this thesis is relying on a semi-manual approach 

for selecting key comparison positions. The reason for this was twofold: first, it allows for 

greater transparency in the selection process of comparison material. Second, the short 

timeframe for development did not allow for the inclusion of an adequately sophisticated 

automated system. 

The software prototype realizes this technique by including a key frame selection 

feature. The use case for sword swings includes the recording of an ‘optimal’ benchmark 

swing to establish a ground truth, which is then used to compare and analyse subsequent 

recordings with. 
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Once the ground truth has been established using the manual key frame selection 

through the software, other recordings can be compared and analysed. Since the key 

frames give us an idealized representation of the desired biomechanics, comparisons can 

be automated by finding the closest-match position when comparing recordings to key 

frames.  

The mathematical approach used to find the closest-match position to the key frame is 

the minimal root-mean-square deviation (RMSD). Mathematically, this is translated as 

follows: 

 

Whereas 𝛼 represents the specific joint vector angle in the key frame, 𝛼 ̂ indicates the 

angle for the same joint vector in the compared recording and 𝑛 stands for the total 

number of vector angles observed. 

By calculating the RMSD for every frame in a recording against every key frame, the 

algorithm automatically selects the recorded position with the minimal deviation to the 

key frame position.  

This approach has two immediate advantages. For one, it is directly bound to the 

vector angle method, thus meaning that the accuracy of the comparison is correlated to 

the quality of the position analysis. The more vector angles are (reliably) tracked, the 

more precise the position detection algorithm becomes. Additionally, the approach is 

easily comprehensible and transparent in its selection method. 
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However, there are also downsides to this technique. First, the entire system becomes 

very dependent on the selected key frame motion. The key frame recordings used for this 

thesis were coming from a fencing expert, and as such can be considered reliable in their 

technique. 

Furthermore, even if a specialist is performing the desired ground truth motion 

capture, hard- and software limitations might falsify the data. Especially when using a 

one-camera system such as the Kinect, visually obscured joints make their prediction 

unreliable and might skew results. 

The problem of unreliable joint data will be highlighted in one of the conducted 

experiment as part of this thesis. However, pro-active steps were taken in the software 

prototype to prevent inaccurate data due to partially obscured or inferred joints to 

influence the results too heavily. Therefore, a weighting system was introduced, which 

analyses all joints included in a vector angle comparison. In case one joint of the 

comparison set is inferred, their influence on the overall result is decreased. Thus, the 

weighting parameter 𝜆 is introduced:  

 

The value of 𝜆 can be defined individually. For the test purposes in this thesis, angle 

vectors with inferred joints were considered to contribute double of their error to the 

overall deviation results (𝜆=2.0). If there was no inferred joint present, their influence 

remained unaltered (𝜆=1.0). This meant that all else equal, the position detection 
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algorithm would always prefer a position with no inferred joints over a position that 

included inferred joints in the tracked vector angles.  

With this position detection algorithm in place, selecting and analysing different swing 

recordings became rather straightforward. Using an optimal swing recording, the key 

frames are manually extracted. Once established, all subsequent recordings can be 

compared against the optimal swing. 

 

3.3. Data Parameterization & Modularization: 

Another very important requirement for the use of the software in predictive 

modelling was parameterization and modularization of the captured data. This is a 

necessary requirement to adapt the software for individualized parameters and attributes 

for different predictive models, based on the type of quantitative analysis done. It also 

allows the modification of the position analysis setup, which is a convenient feature when 

the software is used for the biomechanical analysis of different movement patterns. 

Therefore, the software prototype implemented the observed joint vector angles as a 

separate object in the code to make them easily interchangeable. The list of comparable 

vectors is read into the software at application start-up. Below is a figure of depicts the 

‘Bone’ object class implementation in the code base, as well as its inclusion in the ‘bones 

List’ array list of vectors to be used in the position analysis and detection. 
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UML implementation of ‘Bone’ object in code 

The ‘Bone’ object has a wide number of different constructors to allow for every possible 

joint vector comparison. In total, the system allows for three different joint vector angles, 

which will be explained by a short example and the actual joints used to form them: 

 Connected bones, e.g. the left arm: Shoulder Left - Elbow Left - Wrist Left  

 Disconnected bones, e.g. the angle between the legs: Hip Right - Knee Right versus 

Hip Left - Knee Left  

 Unit vector comparisons, e.g. Spinal sway: Shoulder Centre - Hip Centre versus z-

unit vector (0, 0, 1). 

 

To further refine and modularize the data analysis and extraction for predictive 

modelling, the software also introduced a weight parameter for the individual joint vector 

angles. This parameter works exactly the same as the 𝜆 parameter introduced for inferred 
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joints, but can be chosen individually for each joint vector angle. The introduction of this 

parameter has the advantage that position analysis and detection can be tailored to the 

requirements of the movement pattern. 

If certain body parts need to be emphasized for the position detection algorithm (e.g. in a 

case when the arm angles are the most important part of a position), the individual weighting 

parameters for joint vector angles allow to adapt the model for this emphasis. 

On top of that, the software enables extracting all vector angle information for a recording 

in a compact, human-readable, comma-separated value file (.csv), which allows the data to be 

converted and re-used in machine learning software such as WEKA (University of Waikato, 

2014). 

4. Results: 

In total, three different field-experiments were prepared, with the aim to test the software 

against the research requirements. Additionally, a number of tests were conducted in an 

optimal indoor setup to establish some baseline results for the software. 

All performed tests were aimed to evaluate the software against the research objective 

requirements and as such had differing focuses. Mostly, the aim was to systematically define 

and probe the joint tracking accuracy and precision of the software during the sword swings.  

The following categories were tested during these experiments, which will be covered 

individually. Parentheses show which research objective these tests try to evaluate:  

 Optimal setup & recording angle  

 Joint accuracy  

 Position analysis & Joint vector angle accuracy  

 Position detection  
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4.1. Optimal Setup & Recording Angle: 

The initial position analysis algorithm of the software was based on only using joint-

based vector angles for comparison, allowing for a certain freedom in the capturing setup. 

Therefore, this experiment was designed to find out how much the setup was affecting the 

joint tracking capabilities of the hardware during a sword swing. 

This was tested by placing the Kinect camera in a set position, and then angling the 

test subject in 22.5° degree increments to the sensor while taking test swing recordings. 

The figure below gives an overview of the experiment setup, with the black arrow 

indicating the swing direction and red arrows depicting recording angles. Degree 

increments were performed clockwise: 0° 22.5° 45° 67.5° 90°. 

These angles were chosen for the specific significance during a sword swing. The 

hypothesis was that a steeper recording angle might be able to track the backswing of the 

motion more accurately, as it gave the Kinect sensor a direct look on the profile of the 

fencer during the motion. 
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Experimental setup for optimal setup angle 

Fortunately, the data analysis was supported by the Kinect SDK, which provides 

detailed information on every single joint per frame. Amongst this information is the binary 

classification between a ‘tracked’ joint (i.e. a joint visually locked onto by the sensors 

cameras) and an ‘inferred’ joint (i.e. a joint in which Kinect estimates the joint position).  

The analysis of this data was done using specialized code to count the number of 

inferred joints per recording - by comparing this number for all recording angles, the most 

viable setup with the least amount of inferred joints could be determined. To make sure that 

the code is working correctly, sample frames were also visually analysed to compare the 

output from the code to the actual number of inferred joints in the frame. In total, 3882 

frames were analysed. 
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Number of inferred joints per frame for different recording angles 

The table above shows the results of the analysed data, with the angle in degrees on the x-

axis and the average number of inferred joints per frame on the y-axis. As it clearly indicates, 

the further the setup was removed from a perpendicular recording angle (in the graph referred 

to as the 0-degree position, in accordance to the above experimental setup sketch), the worse 

joint accuracy got. These results are not necessarily unexpected, as the hardware setup guide 

for the Kinect states similar requirements for optimal skeleton tracking results. With the 

optimal angle for the sensor determined, all future tests were conducted using this setup. 

4.2. Joint Accuracy: 

The second set of tests was focused on determining the accuracy of the individual 

joints during the sword swing motion. In some test recordings for sword swings it could 

be observed that the sensor lost track of the faster moving joints in arms and hands, 

especially during the down-swing phase. 
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Getting rigorous results on the traceability of individual joints would help narrow 

down position analysis and detection errors and gave valuable information on which 

joints could be used for reliable comparisons.  

The test was performed by examining a total of 21 sword swing recordings, totalling 

6294 frames. The setup had three test subjects perform several sword swings in front of 

the Kinect camera, which was angled perpendicular to the swing direction in order to 

achieve the highest tracking accuracy. The analysis was performed by writing another 

code function, which counted the number of inferred instances per joint. By extracting 

this data, the amount and distribution of individual inferred joints could be analysed. 

Again, visual sample checks ensured that the data coincided with the actual tracking 

realities from the recording.  
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Distribution of inferred joints for sword swing recordings 

 

As the figure indicates, the most common joints to be inferred during the sword swing 

motion are both hand joints, by a huge margin. Together, they account for 37% of all 

inferred joints, with a combined 5621 inferred instances over all 21 recordings. This 

comes hardly as a surprise, as they are by far the smallest and fastest-moving joints 

during the entire sword swing motion. The hand joints are closely followed by the 

connected wrist and elbow joints, and with a bit of distance, both shoulders. Again, this is 

not unexpected, as both arm structures, consisting of the joint structure between shoulder-

elbow-wrist-hand. 
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During the sword swing, but also are closely held together and in parallel during a 

sword swing, making it harder for the Kinect to differentiate between the two arms. 

 

4.3. Position analysis & Joint vector angle Accuracy: 

In a further series of tests, the software was evaluated for its position analysis 

algorithm robustness and joint vector angle accuracy, both in a controlled and real-life 

sword environment. These experiments were of importance to check whether or not the 

chosen position extraction and comparison approach can be used as a viable solution. 

The table below shows the results of several different pose comparisons. Almost all of 

the recorded angles were made with a clear line of sight for the Kinect and no inferred 

joints to skew the results – this meant that the Kinect was always provided with a ‘profile 

view’ on the angle. 

However, the test also included the comparison between a frontal and profile view on 

the same knee angle. This was done to evaluate the software’s ability to correctly detect 

the joint vector angle in a non-profile view. As can be concluded from the test results, the 

discrepancy between actual and recorded angle went up considerably, hinting at the 

limitation of the software to successfully estimate absolute angle values based on depth 

data alone. 
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Table 1: Actual vs. Kinect joint vector angle comparison in optimal conditions 

 

Given the different positions, a small set of angles was chosen because of their good 

comparability in both recordings and their overall tracking accuracy throughout a sword 

swing. In total, six recordings of two different test subjects were chosen for a detailed data 

comparison on joint angles.  
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4.4. Position Detection: 

A final set of tests was performed to evaluate the robustness of the position detection 

algorithm in both optimal and real-world conditions. 

Under optimal conditions, this was tested by recording a specific move several times, 

and then comparing the different recordings against each other. The first test was meant 

to provide an understanding on the actual baseline accuracy of the position detection 

algorithm. In order not to skew the results due to inferred joints, the first test refrained 

from using the actual sword swing motion and opted for an easy to distinguish, unique 

movement pattern instead. The second, real-world test used the actual sword-swing 

motion to evaluate the robustness of the position detection algorithm. 

 

For the controlled test in the optimal environment, a slightly altered wave motion was 

recorded four times, with the recordings varying in different temporal lengths and the 

different key motions performed in different orders. 

One of the recordings was then used to extract a set of four key frames, which formed the 

basis for the detection algorithm. 

 



                                                                                                                       
 

68 | P a g e  
 

 

Used key frames for the controlled position detection setup 

For the position comparison, a total of 8 angles were chosen because of their applicability and 

overall biomechanical fit to the performed movement gesture. The following joint angles 

were used, with the corresponding connected Kinect joints in parenthesis – arrows represent 

the beginning and end of vectors:  

 

2. Left/Right leg (Hip Left/Right - Knee Left/Right - Ankle Left/Right)  

3. Spine angle (Shoulder Centre - Spine - Hip Centre  

4. Upper body (Shoulder Centre - Hip Centre) versus x-axis and z-axis unit vector  

5. Arm parallelism (Shoulder Left - Elbow Left versus Shoulder Right - Elbow Right)  
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The analysis was as the chosen five recordings were first visually analysed for closest-match 

positions and their root-mean-square error noted. The same recordings were then parsed by 

the algorithm and the difference in deviation calculated. Once the algorithm found the closest 

matching frames with the least deviation, the resulting positions were analysed for a visual 

match. 

 

Table 5: Difference in RMS error between visual- and algorithm-based position detection in real-world environment 
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The table shows the results of the second test of the field experiment. They demonstrate the 

algorithms’ aptitude to detect the correct position in some cases, but also show the limitations 

of the position detection approach when it comes to the sword swing motion. One observed 

mistake made by the algorithm is false positive detections for positions mirrored on the y-

axis. This is due to the fact that the calculated angles are always positive, meaning that the 

algorithm does not differentiate between a left-sided or right-sided spinal sway of 5° degrees. 

For the algorithm, these two angles would be identical when comparing the position. The 

figure below shows one instance of this error happening. 

 

position detection error - Left: Key frame, Right: algorithm closest match position 

This thesis set out to develop a software prototype capable of tracking, recording and 

analysing biomechanical data utilizing Microsoft’s Kinect sensor and prepare it for predictive 

modelling purposes. Following the design-science in information systems research 

methodology, the study was focused on sword swing analysis. 
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Therefore, the research objective of this study was to develop and evaluate a software artefact 

usable for predictive modelling. Deducted from this main objective, a number of 

requirements and criteria were formulated that the software would be evaluated against:  

 

 Accurate joint tracking data. 

 Robust position analysis and detection algorithms. 

 Adaptability to variable movement patterns. 

 Modularized measurements and parameterization for data mining and 

predictive modelling purposes. 
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Chapter Six 

PULSE SENSOR AMPED & 

RESULTS 
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1. Pulse Sensor Amped: 

The used Heart Pulse Sensor is a photoplethysmograph, which is well-known as device 

that is used in the medical field in non-invasive heart rate monitoring. In a lot of times, the 

photoplethysmographs is considered as a measurement for the percentage of the oxygen in 

the blood (SpO2), but sometimes they fail to make the measurement, the signals from the 

heart pulse signal which come out from photoplethysmograph is presented in an analog 

fluctuation with a voltage unit. Its prediction is like a shape of a wave as it’s shown in the 

figure below: 

 

Pulse Sensor’s waves 

The wave shape depiction is called a PhotoPlethysmoGram (PPG), The Pulse Sensor Amped 

is: 

 Amplifying the signal of the raw for the normal pulse senor. 

 Normalizing the wave of the pulse about V/2 (voltage midpoint). 

 Responding in the light intensity for any slight change. 

If the light incident remains as it is without any changes, the wave will automatically 

remain at 512 (midpoint of ADC range). The signals change up or down based on the light. 

The reflection from the green LED light to the sensor changes based on the pulse signal. 

The main target here from using the Pulse Sensor Amped is to find the “instantaneous 

heart beat” best signals and then with what is called the Inter Beat Interval (IBI) we measure 

the time between those signals, this only could be done with having the predictable pattern 
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(wave shape) of the PPG wave. Each pulse is presented with one wave for every single time 

the heart pumps the blood through the body, this wave moves all the arteries to the capillary 

tissue extremities where the Pulse Sensor was attached. The circulation of the actual blood in 

the human body is slower comparing to the pulse waves. 

The figure below shows number of calculated waves using the pulse sensor:  

 

PPG waves wave travels using the Pulse Sensor 

After studying the progress of the PPG waves starting from point T, The signal value 

is rapidly rising up when the wave of the pulse passes under the sensor, after that the signal 

goes back again to its normal point. In some moments, the dicroic notch pronunciation is 

higher than the other, but in general, the signal settles in the noise background before the 

coming out of the next pulse wave. As it was mentioned above that the repeated signals could 

be predictable, then it would be available for the user to choose the reference point from any 

recognizable feature, as an example ‘The Peak Point’ to measure the time between each heart 

rate. This, however, the readings could be wrong from the dicroic notch and maybe liable to 

inexactness from the noise of the baseline as well. There are some persuasive reasons not to 

depend on the algorithm of (Beat-Finding) on (Arbitrary Wave Phenomena). Ideally, the 

main target is to detect the immediate moment of the heartbeat; because this is very important 

for the accuracy of the BPM calculation, Pulse Transmission Time (PTT) and Heart Rate 

Variability (HRV). 

 

 

http://en.wikipedia.org/wiki/Heart_rate_variability
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Function: 

Researchers said that when the signal amplitude reaches 50% of the amplitude then 

the (moments) time between each peak and its following one could be measured. This code is 

designed in order to measure the IBI during the time between moments when the signals 

wave amplitude reaches 50% or more during this rapid upward rise. The derivation of the 

BPM happens in every beat from the previous 10 IBI times average. 

Firstly, it’s very important to have a very high resolution of the regular sample rate to 

be able to get the timing most reliable measurement between each heartbeat.  

After having Timer2, 8 bit hardware on the ARmega399 (UNO), to have an 

interruption for each millisecond. A sample rate will be given of 500Hz, A timing resolution 

of beat-to-beat of 5mY. In order to turn-off the tone() function and also, the  PMW output in 

(3 - 11) pins. 

 

The above register orders the Timer2 to count up to 124 (0x7C) after moving to the 

CTC mode, there will be a 256 prescaler will be used in order to set the right timing that will 

take (2 milliseconds) in order to count to 124. For each time the Timer2 reaches 124 an 

interrupt flag will be set. Also Interrupt Service Routine (ISR) is a written function is used to 

start in the next possible moment.  

For the next step, using the correct ISR vector for the Arduino while powering up and 

when the Pulse Sensor Amped -that is plugged in analogPin0- runs with it.  



                                                                                                                       
 

76 | P a g e  
 

 

The Arduino will give readings every 2 milliseconds from the sensors and look for the 

value from the heart beat. As shown below: 

 

This function will run after calling every 2 milliseconds. Then the following steps should 

occur: 

1- Take the Pulse Sensor’s analog reading. 

2- sampleCounter -that is used to keep time tracking- will be incremented. 

3-  The N variable is for avoiding the noise. 

4- Selecting the highest and lowest values points PPG wave, in order to have amplitude’s 

accurate measure. 
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Variable T holds peak values, while T holds trough values. An initialization will be 

made at middle of analog range (512) for the thresh variable, it will change by the passed 

time to track a moment at amplitude 50%. Before any updates happens to T, a time period 

should pass, it was valued by 3/5 IBI; in order to avoid the wrong readings or noise from the 

dicroic notch. In the following code is to check whether the pulse will give readings or not. 

 

As it was mentioned before, avoiding high noise frequencies can occur after passing a 

minimum amount of time which was valued by 250 milliseconds with a limitation of 240 

BPM. A pulse will show after 3/5 of the last IBI has passed and the waveform appears past 

the thresh value. After having a pulse, the pulsePin LED should be turned on after setting the 

pulse flag.  

Last step is calculating the time from the last beat to have IBI, and then lastBeatTime 

will be updated according to the last result. 

The next piece of code is to make sure that we start with a real BPM value on startup. 
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On startup the firstBeat and secondBeat were initialized true and false, respectively on 

the startup. The first time we get an actual beat in the ISR, the return will kick it out; as the 

condition of the firstBeat will end up throwing away the first reading of the IBI; because it’s 

useless. In the second time, the resultant reading from IBI can be trusted and use it to feed the 

rate[] array to begin with a high accuracy of BPM that is derived from getting the average of 

the latest 10 IBI values. The next code is for calculating the BPM. 

 

In order to collect the IBIs, we should get the highest value and run the Total, the 

rate[] contents will be shifted over and will be added to runningTotal. The latest 11 beats -
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the oldest IBI- falls out of position 0. The new IBI will be put in the position 9. Then the 

easiest process came in calculating the calculate BPM and the average of the array. Finally, 

we should now set the flag of Quantified Self (QS), those were the initial steps that 

automatically occur after finding the beats. 

Now, in order to raise the accuracy of the program, the need for identifying the non-beat is 

important to avoid false reading. 

 

After finding the beat the pulse was declared true while the signal upward rising of 

the pulse sensor, the pulse is over when the signal keeps going down and crosses the thresh. 

Both of the pulsePin and the Pulse Boolean should be cleared, then a measurement of the 

passed wave amplitude will be made, as a result, P and T will be reset to the default thresh. 

Thresh will be automatically updated with 50% mark. Now, the algorithm is now ready for a 

new process in finding a new heart beat. 

Before the ISR is over, what if there is no existence for any beat? 
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During 2.5 seconds, if there is no any single beat discovered, then all the used 

variables in finding the heartbeats will be reinitialized automatically to its startup values 

(reset) to be ready for a new whole process again. 

With using the interruption of Timer2, The algorithm will continue its mission in 

finding the beat again but in ‘the background’, the list below shows the useful variables and 

their methods in updating. 
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Finally, the algorithm of beat finding exists with having all the vital variables that 

automatically reset to its default mode after finishing the process of the heartbeat, so the code 

can make the whole process iteratively in the loop() function. 

 

The code above is the loop function that will automatically run every 20 milliseconds 

(as the signal is updated automatically), there is the availability of sending the last value to 

the ‘Processing Sketch’. The 'S' and the rest of all character prefixes are sent to the 

‘Processing’ that knows how to get the best use of the output value, When the ISR finds the 

beat, the QS flag becomes set. With this way we can define the time when the beat occurs. 

The values of the IBI and BPM inside the ‘if statement’ will be sent to ‘Processing’. Then the 

fadeVal and QS flag should be set to the maximum brightness and reset for the next time, 

respectively. 

There are two functions in the loop as shown below: 
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Firstly, the ‘sendDataToProcessing’ function will send the character and the integer -both 

serially- to ‘Processing’, (symbol) inform ‘Processing’ the type of the coming data, while 

println (data) sends the line feed. Hence, the processing knows the end of the serial string. 

 

The function of (ledFadeToBeat) reduces the value of (fadeRate) by 15 -Value can be 

changed as long as (0<x<256) - then the function (analogWrite) is used to set the LED 

brightness on (fadePin). 
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 pulsePin is the number of the analog pin which the wire of the (Pulse Sensor) is 

plugged into –it can be changeable-.  

 linkPin will blink with the pulse.  

 The usage of the fadeRate variable is for providing an optional effect of the fading 

LED for each beat on fadePin. 

 The other variables are common and well-known to the normal user. They are 

declared volatile; definitely because their usage in the ISR. In the setup.  

 The last line in setup is used only when there is a different voltage powering the 

(Pulse Sensor). 
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Chapter Seven 

Conclusion 
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1- Conclusion: 

“Get to know the enemy and get to know yourself; in a hundred battles you may 

never be in danger. If you don't know the enemy but get to know yourself, your chances of 

winning or losing are equal. If you know neither the enemy nor yourself, you are 

undoubtedly in danger in every battle.” 

Sun Tzu Wu, The Art of War, 450 BC 

 

Data mining in fencing provides serious advantages to its users. It makes it possible 

to apprehend all important elements of a fencing sport and to extract 

knowledge from the data collected. In this way, fencers get to know themselves, 

because they are able to see what they need in order to win, where they mostly 

make mistakes, which elements of the game call for improvements... Moreover, 

using fencing analysis and data mining as the highest level of analysis, teams 

may know their opponents and prepare tactics for the game. Fencing scouting, 

as well as the analysis of their own and the opponent’s team, has become the 

essential part of preparation for all games in professional leagues. 

 

The general conclusion of all the analyses is that the sport under the hoop is 

crucial for winning the game. In defense, it is important to catch the opponent’s sword  

after the opponent's attack and preventing them from next offensive attempt, while in 

offense it is most important to be precise under the hoop or to score "points in the paint". 

 

The data collected are relevant for the Egyptian Fencing Federation, and the 

model created may be applied to other federations of similar quality. It is to be 

expected that some higher-quality federations  or lower-quality ones, as well as junior 

leagues, would create somewhat different models. 

 

The flaw in keeping statistics with most of the existing programs is that a large 

number of fencing elements remain undocumented. With those programs, we 

do not know which fencer guarded which opponent, how much fencers run in 

offense and defense, which moves they performed. In order to obtain more complete 

knowledge about the game and to discover some new patterns, we need a richer data set 

and new software solutions so that by subsequent appraisal of a game we document all 

relevant events. 
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2- System Preview: 

Desktop Application 

Login 
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Admin Home 

 

Fencing Types Main Page 
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Quiz
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Training Details 

 

Events Management 

 



                                                                                                                       
 

90 | P a g e  
 

 

 

Desktop Application 
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Player Information 

 

The Website 
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