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Abstract 

The gaming industry is one of the largest contributors in the entertainment industry, boasting an 

estimated US$152.2 billion of revenue for 2018, with electronic sports (E-sports) being one of the 

main contributors to this astronomical revenue. One such E-sport is Counter-Strike Global Offensive 

(CSGO). The purpose of the study is to develop an automatic strategy predictor (ASP) for Counter-

Strike Global Offensive (CSGO) that will be able to determine a specific team’s strategy accurately. 

The ASP achieved this by developing an MVS to analyse and capture historical matches and 

generate a player position stencil (PPS). This PPS is then processed further to obtain the necessary 

information to train an artificial neural network (ANN). The development of the ASP consists of 

intercommunicating multifaceted software components. 

The first part is an image-processing section that captures the in-game mini-map within CSGO and 

by doing so is able to capture the player positions at a specific point in time for every playable round. 

This image-processing part consists of two components. The first is the player position stencil 

producer (PPSP); the second is the stencil processor (SP). The PPSP captures the in-game mini-

map using the image acquisition techniques and the SP processes the stencils captured by the 

PPSP and produces the player position information (PPI). An information processing system (IPS) is 

developed in order to process the PPI. The ISP consists of three components. The first of these was 

an information concatenator (IC). The IC would concatenate the PPI, captured by the SP, with the 

additional information obtained from the CSGO Demo Manager. The CSGO Demo Manager is a 

software package that produces information about every round within a match. The additional 

information obtained from the CSGO Demo Manager contains information such as the team’s 

economy, their utility, whether or not the in game device was planted or not and if the round was 

won or not. This is concatenated the PPI with the additional information, a comprehensive 
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understanding of the round can be generated. Once concatenated by the IC, the information is 

called the overall round strategy information (ORSI). The second and third software components 

form part of the information pre-processor (IPp). The purpose of the first IPp software component is 

to retrieve the ORSI from memory and perform pre-processing on the ORSI. The purpose of the pre-

processing of the ORSI is to ensure that the ORSI was in the correct format for the training of an 

artificial neural network (ANN). The second IPp software component separates and arranges all the 

information by rounds. The information of each round is separated and stored as the information file 

for training and is called the overall round strategy information 2 (ORSI2) file. Once each round has 

an ORSI2, the fourth milestone is met. Each round’s ORSI2 file is used to train an ANN. The ANN of 

each round is called the automatic strategy predictor (ASP). Once all the ASPs have been trained, 

five unseen matches are processed by the MVS, the IPS and the IPp in order to obtain five unseen 

ORSI2 files. These ORSI2 files are used as inputs to determine the accuracy of the ASP when 

predicting unseen matches. The outputs of each rounds ASP are compared to the actual player 

positions retrospectively. 

The results show that the suite of software developed in the MVS was able to capture the in-game 

mini-map, as well as process the PPS that was captured. The information obtained by processing 

the PPS was successfully processed into a format that can be used for training an ANN. The training 

of the ASPs was successful, as the average R values obtained for each round’s ASP, were greater 

than 0.98. With all the APS’s trained, five unseen matches were processed once more in order to 

obtain five new ORSI2s. The new ORSI2s were used to determine the accuracy of each round’s 

ASP when predicting the strategy used by the team within that specific round. The second round’s 

ASP was able to achieve an accuracy of 67%; this is expected, as there is only one prior round of 

information for the ASP to make an accurate prediction. The later ASPs all achieved accuracies well 
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over 95% prediction success. The trained ASP delivered instant predictions once an input was given 

to the ASP and could be utilised by a professional E-sports team to study an opposing team, or by 

E-sports analysts and discussion panels. 
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Chapter 1  

Introduction and Hypothesis 

1.1 Background to the study 

Gaming as a sport and artificial intelligence (AI) has gone hand in hand for many years. During the 

mid-1990s, IBM Research developed an AI named Deep Blue. The researchers developed Deep 

Blue in order to beat the best chess player in the world at the time, Garry Kasparov. Deep Blue was 

able to defeat Kasparov in a 6-game match in 1997 [1]. A few years earlier, in 1972, the first ever 

video game competition was held at Stanford University’s Artificial Intelligence lab in which students 

competed in the game Spacewar. This was followed by the first competitive gaming tournament held 

by Atari where participants had a chance to become world champions in Space Invaders, and have 

grown exponentially since [2][3]. 

Currently, one of the most popular E-sports is Counter-Strike Global Offensive (CSGO) [4]. CSGO is 

a multiplayer first-person shooter game developed by Valve and was released in August 2012. In 

2017 CSGO set a world record at the e-league major tournament, with a prize pool of US$1 million 

for the winning team. The tournament was streamed on the internet, with the grand final televised 

worldwide. It is believed that a possible 1.2 million viewers watched via the internet and more than a 

million on television, totalling of 2.2 million concurrent viewers [5]. This proves to be comparable to 

other major sports such as cricket and soccer. The most widely viewed cricket match was recorded 

in 2015 at the Melbourne Cricket Club where they hosted a crowd of 121 696 people. In 2014 the 

FIFA World Cup had a televised audience of 34 650 000 people [6]. E-sports is viewed on various 

platforms:, Twitch.tv, YouTube, FaceBook live and even DSTV, to name but a few.  

The re-viewing of opponents’ previous matches, typically led by a team’s coach, has been a 

common practice among sports teams. Re-viewing previous matches is also common in the E-sports 
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realm. In doing so, one gains valuable knowledge of the opposing team, such as bad habits that 

they may demonstrate, how they respond to aggressive pressure, et cetera. With this information 

one can exploit these points to gain an advantage on the opponents [7]. Re-viewing matches of the 

opposing team is also common practice in CSGO – the problem, however, being that this process is 

time consuming as the duration of each match is at least an hour. By having a machine vision 

system (MVS), the matches can be reviewed automatically.  

An MVS would significantly reduce the time it would take to obtain sufficient information to study an 

opposing team. The output of an MVS could be fed into a Neural Net in order to automatically study 

the opposing teams’ bad habits and style of play, thus being able to predict what strategy they may 

use.  

1.2 Aim and objectives 

In the professional E-sport CSGO, it is important to know the strategy of an opposing team. This 

could be used by professional teams when preparing for a match as well as for discussion panels 

and E-sports analysts. The players’ positions are what dictate the strategy to be followed in a round. 

The position the players take in can be studied in order to formulate a counter-strategy to combat the 

positions of the enemy. The aim, therefore is to develop an automatic strategy predictor (ASP), a 

number of software components of a machine vision system (MVS), as well as the information 

processing system (IPS), with the resultant information being fed into an ANN. In order to achieve 

this, the following objectives were devised: 

 undertaking a comprehensive review of the literature that will underpin this study; 

 capturing and digitising the in-game mini-map with the use of real-time image acquisition 

with the use of an MVS; 
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 processing the captured images of the in-game mini-map in order to obtain the necessary 

information through image processing with the use of an MVS; 

 processing the information that is obtained from the MVS using an IPS and 

 developing and training the Artificial Neural Net (ANN), using the information obtained from 

the IPS, and evaluating the accuracy of the ANN. 

1.3 Hypothesis 

An automatic strategy predicator (ASP), using a number of software components of a machine vision 

system (MVS) as well as the information processing system (IPS) outputs being fed into an Artificial 

Neural Network (ANN), is able to predict the player positions of a professional CSGO team and thus 

determine the strategy that will be employed within the specified round. 

1.4 The layout of the dissertation 

This thesis comprises six chapters covering the following topics:  

Chapter 1: Introduction  

Chapter 1 contains a synopsis, problem statement, motivation, as well as the aim and objectives of 

the study. 

Chapter 2: A literature review  

Chapter 2 contains an extensive review of various literature of the gaming industry and electronic 

sports (E-sports), as well as the development and implementation of Artificial Neural Networks 

(ANNs) for the predicting of sporting outcomes. Furthermore, machine vision systems and the 

manner in which these technologies are implemented, are also reviewed in this chapter. 
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Chapter 3: Study design  

In Chapter 3 presents the study design and a description of each phase within the study, as well as 

the milestones that need to be met throughout the study. 

Chapter 4: Development of the Software Suite 

In Chapter 4 the development of the suite of software needed for the study is communicated. It also 

includes three milestones needed to be achieved. These milestones were achieved through the 

development of software for the software suite:  

 Milestone 2: Image Processing: Player position stencil producer (PPSP), Stencil 
processor (SP) 

 Milestone 3: Information Concatenation: Information concatenator 

 Milestone 4: Information Pre-processing: Information pre-processor 

Within this chapter a brief literature review is given on the various aspects that needed to be taken 

into account when developing each software within the suite. Furthermore, an extensive explanation 

of the development process is provided along with the results obtained from the development of 

each software. 

Chapter 5: Development and Evaluation of the Automatic Strategy Predictor 

Chapter 5 presents the development and the evaluation of each round’s automatic strategy predictor 

(ASP). This includes completion of the following: 

 Milestone 5: Development and training of each round’s ANN 

 Phase 3: Evaluation of the each round’s ASP 

Chapter 6: Evaluation of the each round’s ASP 

Chapter 7: Discussion and conclusions  

In this concluding chapter the key findings of the study are presented. It is shown how these findings 

are integrated into existing knowledge, and it also contains a discussion of the challenges and 

further development of the ASP.                                                                                                            
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 Chapter 2  

Literature Review 

2.1 Introduction 

Team strategising is an essential aspect of competitive team sports that require analysis to ensure 

the best outcome when competing. Before competing, teams select the best players from a pool of 

available players in order to have the best talent representing the team. The process of selecting 

players is done by assessing each player’s set of skills. Once the best players are chosen by a 

coach or talent scout, the player attributes are often the determining factor in the layout of the team, 

and the beginning of the strategising process [8]. Powerful big data analytic algorithms in conjunction 

with high-definition cameras are being used in the scouting process by major sports organisation 

such as Arsenal Football Club. An example of such a system is shown in Figure 1. 

 

Figure 1 An overview of the Sentioscope system using two cameras for real-time player tracking  
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Furthermore, these systems are used by coaches and aid them in predicting the performance of 

players as well as the outcomes of games to gain a competitive edge over competitors in the English 

Premier League (EPL) [8]. These analytic algorithms analyse and predict the outcome of both a 

player or a match by reviewing historical data. The system reviews both videos and images of a 

player’s activity and various other data points in order to make predictions [9]. Team organisations 

are planning similar systems for implementation in professional tennis as well as Formula 1.  

2.1.1 The gaming industry 

Video games have become a multi-million dollar part of the entertainment industry and have grown 

rapidly over recent years. From the early years of gaming, video games have captivated the minds 

and interests of millions of people with their stories and complex narratives, and more recently with 

the dawn of online and professional gaming, in E-sports.  

2.1.2 History of gaming 

A video game, by definition, is an electronic game that involves interaction with a user interface in 

order to generate visual feedback on two or more three-dimensional video display devices such as a 

screen or a virtual reality headset. The first game, called “Spacewar!”, was developed in 1962 at the 

Massachusetts Institute of Technology (MIT) by Steve Russel in collaboration with Mart Graetz and 

others  [10]. “Spacewar!” was played on the DEC PDP-1 microcomputer and featured two players 

controlling two spaceships –one called “the wedge” and the other “the needle” – that engaged in a 

dogfight while manoeuvring in the gravity well of a star.  

While “Spacewar!” was the first-ever video game, the first video game to be sold commercially, was 

“Computer Space” in the early 1970s. It was developed and created by Ted Dabney and Nolan 

Bushnell. “Computer Space” used a black-and-white television set for a display; the computer 

system made use of 74 series TTL chips [11]. Later on similar systems were created, such as the 

© Central University of Technology, Free State



C h a p t e r  2 :  L i t e r a t u r e  R e v i e w   P a g e  | 7 

 

“Brown Box” by Ralf Baer [12], as well as gaming giant Atari’s “Pong”[13]. From that point on, the 

video game industry snowballed with the advent of coin-fed arcade machines and games, such as 

Taito’s Space Invaders becoming classics overnight. 

“Spacewar!” being the first-ever video game also acquired the title as the first-ever game to host a 

competition. The first video game competition was held in 1972 by staff at Stanford University’s 

Artificial Intelligence lab where students competed in the game “Spacewar!” [2]. Although 

“Spacewar!” held the title of the first video game competition, the first-ever competitive gaming 

tournament was held by Atari. Participants of the Atari tournament had a chance to become world 

champions in Space Invaders [3]. 

2.1.3 Online gaming  

 The 1970s were not only crucial for the development of the gaming industry, but also marked the 

advent of the internet. In the early 1960s, Joseph Licklider, a computer scientist at MIT, popularised 

the idea of an “intergalactic network” of computers. Later scientists developed a new technology 

called “packet switching”. Packet switching was a method of transmitting electronic data more 

efficiently and would become the building blocks of what we today call the internet.  
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A simple example of packet switching over a network is shown in Figure 2 [14].  

End User

Network Device: 
(Servers)

Network Device: 
(Data Center)

Network Device: 
(Servers)

Network Device: 
(Applications)

Packets

Connection

Direction of 
packet

Cloud

 

Figure 2 Illustration of a packet-switching network 

On 29 October 1969 the first-ever message was sent from one computer to another over a network, 

and throughout the 1970s scientists Vinton Cerf and Robert Khan developed the Transmission 

Control and Internet Protocols (TCP and IP), which became the communication standards and the 

way in which data would be transmitted between networks [15].  

With the development of video games and the internet sharing the same birth date, so to say, it was 

inevitable that their paths would cross. And they did for the first time with the first-ever online video 

game called “Island of Kesmai”. Island of Kesmai was an online role-playing game and was 

developed by computer science classmates Kelton Flinn and John Taylor in 1985 [16]. 
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2.1.4 Electronic sports and electronic sports tournaments 

Since the success of Island of Kesmai, online video gaming and the gaming industry as a whole 

have exploded as one of the most significant contributors in the entertainment industry. Forbes 

journalists believe that it will reach over $300 billion by 2025 [17]. The success of the video game 

industry is thanks to major gaming competitions being held around the world every year for games 

such as, inter alia, Fortnite, Counter-Strike Global Offensive (CSGO), DOTA 2, Call Of Duty. In 2017 

CSGO held the World Electronic Sports Games with a prize pool of US$1.5 million. In 2019 Fortnite 

held a Fortnite World Cup, with a grand prize of US$30 million. These tournaments were streamed 

live on various platforms to millions of viewers.  

The video games played at these tournament,s were labelled as electronic sports (E-sports). An E-

sport is a multiplayer video game that is played competitively for spectators, and is typically played 

by professional gamers. The professional gamers in these competing teams are often referred to as 

electronic athletes (e-athletes) or cyber-athletes [18].   

2.2 Counter-Strike Global Offensive 

As mentioned in the section above, Counter Strike Global Offensive (CSGO) has become one of the 

largest E-sports, and the focus of this study is the application of an Artificial Neural Network (ANN) 

as a predictor of the strategic positioning of a professional CSGO team. The section below will 

discuss the history as well as the dominant concepts that dictate strategy in the E-sport, CSGO. 

2.2.1 History 

Counter-Strike was released to the public on 19 June 1999, but was first developed by Minh Le, 

James Ohlen, Jess Cliffe and Richard Gray as a mod for the popular game Half-Life. The developers 

of Counter-Strike refined the classic first-person shooter (FPS) recipe and created a dedicated 
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community of players that has followed the game for over a decade. Later Counter-Strike was 

acquired by the parent company of Half-Life, Valve, and given the name Counter-Strike. There have 

been several different Counter-Strike games over the years, with the latest iteration being Counter-

Strike Global Offensive (CSGO), released in August 2012. 

2.2.2 Concept of CSGO 

CSGO is a fast-paced FPS where two factions, five players on each side, battle each other on a 

round-by-round basis, with one side being terrorist (T) and the other side counter-terrorist (CT). The 

objective of the Ts is to plant a destructive device in one of two plant sites, while the CTs need to 

either prevent the planting of the device or remove said device after it has been planted by the T-

side. A round can be won by eliminating the entire enemy team or by completing the objective. 

A competitive CSGO match has 30 rounds within regulation. A competitive CSGO match has two 

halves. A half is reached when 15 rounds have been played. After the 15 rounds, the teams will 

switch sides, much like conventional sports teams switch sides at half-time. Unlike conventional 

sports, the winner of a match is not decided at the end of a specified period of time. Instead, a 

winner is determined by the first team to have won sixteen rounds. 

Each round starts with all five players of the team starting in their respective spawn spots on the 

map. Each map within CSGO has similar layouts.  
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The layout of these maps have a three-lane design (Figure 3): a left lane, a middle lane and a right 

lane, as well as two plant sites, Site A and Site B.  

 

Figure 3 A top-down image of the map Dust 2 found within Counter-Strike Global Offensive  

At the core of this competitive mode, is the game’s economy. The economic factor of CSGO is what 

sets it apart from other first-person shooters E-sports. At the start of each round each player needs 

to purchase a weapon, armour and utilities (utilities being smoke grenades, flashbang grenades or 

explosive grenades). A player can earn money by eliminating enemy players or by winning the 

round.  

Each weapon that can be purchased has differing economic returns for eliminating players. A player 

can earn more money by using a lesser weapon such as a pistol, as compared to a sniper rifle, with 

the trade-off being risk over reward. A summarised spreadsheet of the manners in which players can 

earn money can be seen in Figure 4 [19]. The economic structure of CSGO is often the basis of a 

team’s strategy when preparing for a match. 
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COUNTER-TERRORIST GENERAL TERRORIST

VICTORY VICTORY

DEFEAT DEFEAT

ELIMINATION WIN $3250
TIME RUNS OUT $3250
BOMB DEFUSE $3500
BOMB DEFUSE (INDIVIDUAL) $300

ELIMINATION WIN $3250
TIME RUNS OUT $0
BOMB DETONATION $3500
BOMB PLANT (INDIVIDUAL) $300

1ST LOSS $1400
2ND LOSS $1900
3RD LOSS $2400
4TH LOSS $2900
5TH LOSS $3400
ANY FURTHER LOSS $3400

1ST LOSS $1400
2ND LOSS $1900
3RD LOSS $2400
4TH LOSS $2900
5TH LOSS $3400
ANY FURTHER LOSS $3400

MAX. CASH $3250
KILL REWARD $300
TEAM KILL -$300

SMGs (EXCEPT P90 $300) $600

NOVA SHOTGUN $900
XM1014 SHOTGUN $900
MAG-7 $900

AWP $100
KNIFE $1500

 

Figure 4 Breakdown of Counter-Strike Global Offensive’s economy  

2.3 Machine vision systems  

An artificial neural network (ANN) developed for the purpose of predicating the strategy of a 

professional CSGO, will implement a machine vision system (MVS). This section will discuss the 

history of machine visions systems as well as various concepts within machine vision, such as 

image acquisition, resolution and frame rate. Furthermore, the image processing aspects of an MVS 

are discussed, which includes, image segmentation, region of interest, colour thresholding and 

feature extraction methods. 

2.3.1 History of machine vision systems 

A group of researchers at the Hitachi Central Research Laboratory coined the term “machine vision” 

in the early 1960s. Factory automation was the driving force for the development of these machine 

vision systems that made use of various image acquisition and image processing techniques [20]. 

The basis of all machine vision systems is to extract information from images that are captured in an 

automated manner. The information captured by the system, is then analysed to provide information. 

The process of analysing the captured images is automated as well [21][22]. 
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The application of a machine vision system is unique to the problem trying to be solved. As there are 

countless applications for machine vision systems, the design and implementation techniques of the 

machine vision systems differ significantly from one application to another. Although the 

applications, designs and implementation techniques may differ, each machine vision system has 

common characteristics. All machine vision systems have three main components, viz image 

acquisition, image processing and information analysis. A flow diagram of a typical machine vision 

system is shown in Figure 5 [23]. 

Machine Vision System

Image 
Acquisition

Image 
Processing

Information 
Analysis

-Image Capturing 
Software

-Resolution

-Frame Rate

-Back Ground 
Removal

-Image 
Segmentation

-Patter Matching

-Artificial Neural 
Networks

 

Figure 5 Logical diagram of a typical machine vision system  

2.3.2 Image acquisition 

Image acquisition is the beginning subsystem of any machine vision system. The image acquisition 

subsystem of a machine vision system depends on the goals set out for the machine vision system. 

Furthermore, the selection and design of the image acquisition subsystem entail the selection of the 

correct light source, sensors and optics concerning the object being imaged by the MVS. Often 

overlooked, are the specifications of the image acquisition subsystem, such as the rate at which the 

image acquisition subsystem is acquiring the image, the frame rate and the resolution [24][25][26].  
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2.4.3 Resolution 

The resolution at which an image is acquired by the image acquisition subsystem is an aspect that is 

often overlooked when capturing images. When developing an image acquisition subsystem, a 

higher resolution is always desired, as more detail and more information can be obtained from a 

high-resolution image. Low-resolution images often seem “pixilated” and thus could result in 

information being lost. Figure 6 is an illustration of a direct comparison between a high-resolution 

image (A) and a low-resolution image (B). The most significant pitfall of having high-resolution 

imaging is that more memory space will be taken up. Furthermore, as the resolution of the image 

increases, so does the processing power of the machine needed to process the image after the 

acquisition [27]. 

 

Figure 6 Direct comparison between a high-resolution image, A. and a low-resolution image, B.  

2.4.4 Frame rate 

The rate at which a video is captured, is known as the frame rate. The frame rate is determined by 

counting the number of frames captured per second, and is measured in frames per second (FPS). 

Figure 7 is an illustration of FPS. Image acquisition subsystems with higher frame rates can capture 
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more information per second, thus making high frame rates preferable. It is highly beneficial to have 

a high frame rate, but the down side is thata system that can store large amounts of data is needed. 

The videos captured, often take up hundreds of gigabytes of storage. Furthermore, the devices that 

capture the video at high frame rates are also under much computational strain, as many of these 

devices are overclocked, i.e. a process of boosting the performance of a processor in order to 

capture video at high frame rates [28][29]. 

Frame Rate

20 FPS

40 FPS

60 FPS

1 Second
 

Figure 7 Illustration of frame rate per second 

2.5  Image processing 

Image processing is a method of performing and applying various algorithms and operations to an 

image in order to enhance or extract useful information from it. The images acquired by the image 

acquisition subsystem can be enhanced and manipulated using various image processing 

algorithms to extract useful information and features [30][31]. Image processing algorithms include 

algorithms for segmentation through thresholding or the application of a region of interest, and 

feature extraction by applying filtering algorithms as well as morphological algorithms. 

© Central University of Technology, Free State



C h a p t e r  2 :  L i t e r a t u r e  R e v i e w   P a g e  | 16 

 

2.5.1  Image segmentation 

Segmentation of the captured image minimises the performance impact on the machine performing 

various image-processing algorithms. Segmentation of the image can be done with the use of a 

region of interest (ROI) and colour thresholding. Thresholding has the added benefit of being a 

process for extracting features from images.  

2.5.2  Region of interest (ROI) 

A region of interest (ROI) can be defined as removing unnecessary parts of an image that need not 

be processed by the image processing software [32]. These extracted, application-specific features 

are then easier to manipulate and be analysed by the software to generate useful data. The useful 

data can be used by image processing techniques to manipulate or improve images [33]. 

2.5.3  Colour thresholding  

Colour thresholding is an image processing algorithm that is applied to an image in order to isolate a 

specific colour from an image. Colour thresholding is applied to an image by designating separate 

thresholds for each of the Red, Green and Blue (RGB) components of the image. Once the colour 

thresholding algorithm has processed an image, it converts the image into a binary image. These 

binary images are structured as a mask consisting of 1s and 0s as its pixels [34]. An illustration of 

colour thresholding by masking is shown in Figure 8. 

0 1 0

1 1 1

0 1 0

p1 p2 p3

p4 p0 p5

p6 p7 p8

P 0 = T(p0,p2,p4,p5,p7)

Elemental Structure Image Pixel Structure

 

Figure 8 Image binary masking 
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Colour has often been used in machine vision for various tasks such as segmentation and 

recognition. Making use of colour for segmentation has proven to be superior to the use of geometric 

information for segmentation in tasks such as visual robustness under partial conditions, rotation in-

depth, scale changes and rotation changes. Furthermore, colour thresholding as a form of image 

segmentation has also proven to utilise more efficient algorithms yielding real-time performance on 

standard hardware [35]. 

2.5.4  Feature extraction 

Feature extraction is the process of removing unwanted features from the captured image to reduce 

the features found in the image, so that only application-specific features remain. Isolating important 

features and discarding unwanted features simplify the process of extracting and generating useful 

information from the image. Feature extraction can be performed by colour thresholding erosion, 

low-pass filtering and the implementation of convex hull morphological functions [30].  

2.5.4.1  Erosion 

Erosion eliminates pixels isolated in the background and erodes the contour of particles according to 

the template defined by the structuring element. For a given pixel P0, the structuring element is 

centred on P0. The pixels masked by a coefficient of the structuring element equal to 1 are then 

referred to as Pi. If the value of one pixel Pi is equal to 0, then P0 is set to 0, else P0 is set to 1. If 

AND(Pi) = 1, then P0 = 1, else P0 = 0. The figure below illustrates the effects of erosion and dilation 

[36]. 
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Figure 9 Erosion of binary image A, and resulting in binary image B  

As seen above, A is the binary source image. B represents the source image after erosion. 

2.5.4.2  Low-pass filters 

Low-pass filters are used to filter out small particles that are created once an image has been 

processed, and is based on the widths of these particles. The widths of the particles are used to 

define the filter size. Having a filter given a size of N, the low-pass filter will eliminate all particles 

whose widths are less than or equal to N - 1 pixels. These particles disappear after (N – 1) / 2 

erosions. Low-pass filters use erosions to select the particles to be removed. As the filters cannot 

distinguish between particles with widths of 2x pixels from particles with widths of 2x-1 pixels, one 

erosion cycle will eliminate both particles that are 2 pixels wide and 1 pixel wide as well. Both the 

high-pass and low-pass morphological filters use erosions to select particles for removal. Since 

erosions or filters cannot discriminate particles with widths of 2x pixels from particles with widths of 

2x – 1 pixels, a single erosion eliminates both particles that are 2 pixels wide and 1 pixel wide. Table 

1 shows the effect of low-pass filtering. 

 

© Central University of Technology, Free State



C h a p t e r  2 :  L i t e r a t u r e  R e v i e w   P a g e  | 19 

 

Table 1 The effect of low-pass and high-pass filtering 

Filter Size (N) Low pass Filter 

N is an even number (N = 2x) Removes particles with a width less than or equal to 2x – 1  

Uses x – 1 erosions 

N is an odd number (N = 2x + 1) Removes particles with a width less than or equal to 2x 

Uses x erosions 

2.5.4.3  Convex hull function 

The convex hull morphological function is often used to enclose particles that need to be measured. 

Convex hull functions are often applied to binary images once they have been processed through a 

filter. Filters often create unwanted holes in the particles, causing the detecting, counting and 

tracking of these particles to be problematic. The convex hull function calculates the convex 

envelope around each particle. Convex hull functions effectively close the particle by filling all holes 

created by a filter, and thus making the process of generating a particle report on the binary image 

accurate when detecting, counting and tracking the particles found within the image. Figure 10 A 

shows the original labelled image used in this example. Figure 10 B shows the results after an MVS 

applies the convex hull function to the image. 

 

Figure 10 Application of a convex hull function on a binary image. A represents a binary image after 

applying a low-pass filter. B represents the same binary image with a convex hull function applied to 

it [37]. 
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Having applied a convex hull algorithm to the binary image, measurements such as distance 

between features, size of features, number of features and location of features, can be extracted by 

image processing software through the generation of a particle report. 

2.6  Pattern matching 

Pattern matching is the technique used for quickly locating known reference patterns within an 

image. Pattern matching can provide applications with information about the presence or absence 

and number and location of a known reference within an image. There are three main areas of 

application of pattern matching; alignment, inspection and gauging [38]. Various methods can be 

implemented in the tracking of objects, viz. mean-shift and EM-based mean-shift [39]. Human motion 

analysis has been at the attention of computer vision for many years, with applications in various 

sports, such as basketball [40][41] and soccer [42]. Table 2 shows the various applications of pattern 

matching. 

Table 2 Applications of pattern matching and descriptions 

Applications of Pattern Matching and Descriptions 

Application Description 

 
 

Alignment: 
 

Alignment is used to determine the position and orientation of a known object by locating its 

features within an image. These features are used as points of reference to locate the 

object. 

 
Inspection: 

 

Inspection, as the name implies, is used to find simple flaws on an object that is being 

produced, and thus grading the object. This is mainly used for quality control. 

 
 

Gauging: 
 

Gauging is a method of pattern matching used to measure the lengths, diameters and 

angles of an object. If the measurements fall below the accepted tolerance levels, the 

object is rejected. 
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Many software environments have been developed over the years to develop machine vision 

systems. When developing an MVS, various features need to be taken into consideration when 

selecting the software environment that is best suited. The following are key features that can be 

taken into consideration when selecting the best software environment. In Table 3, the features that 

should be considered when selecting the development software for an MVS. 

Table 3 Features that should be considered when selecting the development software for an MVS 

Feature Selection consideration 

Performance 
Does the software meet all the requirements of the application in terms of 

speed and accuracy? 

Learning 

Are there software packages with which engineers arefamiliar? How much 

time will it take engineers to learn to use unfamiliar software packages 

effectively to accomplish the required tasks?  

Ease of use 
Does the software package offer drag-and-drop functionality, comprehensive 

help files and a digital community to provide support (blogs, social media)? 

Reliability Is the software stable, and does it function properly under all conditions? 

Support 
How much technical support is available, and would the software package still 

be supported in the near future? 

Availability Which software packages are freely available? 

 

2.7  Information analysis  

Information analysis within an MVS involves the processing of captured images and the extraction of 

useful information. Once the information that is deemed useful is captured during the image-

processing step of an MVS, the information is processed to produce a result as required by the 

specific application of the MVS. Before machine learning, purpose-specific software was developed 

in order to process the information obtained by the MVS, but more recently machine learning is 

© Central University of Technology, Free State



C h a p t e r  2 :  L i t e r a t u r e  R e v i e w   P a g e  | 22 

 

used. Machine learning in the form of artificial neural networks (ANNs) has proven to be a robust 

alternative to the purpose-specific software, as ANNs can recognise intricate patterns captured 

within the information. Although ANNs are still programmed manually, modern software suits are 

used to develop a functional ANN in order to process information [30][31][43].  

2.8  Modern methods of machine vision systems 

From the early days at the Hitachi Central Research Laboratory in the early 1960s, MVSs have 

found their way into many aspects of our modern everyday life: 

Table 4 Examples of MVS applications 

Field Application 

Sports entertainment Tracking and trajectory prediction of a ball in motion [44].  

Sports strategy Automatic player tracking and strategy determination in sports [45].  

Gaming and movies 
The capturing of the natural movements of objects in a 3D space such as 

human bodies [46]. 

Law enforcement 
Automatic number plate recognition, traffic control, surveillance and safety 

[47].  

Medical and 
pharmaceutical 

Sorting and counting tablets, blister pack inspection, blood cell counting [21]. 

Material science Surface inspection, particle analysis and counting [21]. 

Robotics Automatic part assembly, robot guidance, area mapping [21]. 
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2.9 Artificial neural networks 

Artificial neural networks (ANNs) are computational networks that attempt to simulate the networks 

of a neuron of the biological central nervous system. By simulating the biological neural network, it 

can then be viewed as a novel computer architecture as well as a novel algorithmisation architecture 

to achieve basic computational operations, such as addition, multiplication and other fundamental 

logic operations, to solve otherwise complex problems [48]. An ANN becomes functional when the 

artificial neurons are linked together by weights that are automatically adjusted through learning 

when an activation function is applied [22][49].  

2.9.1 ANN topologies 

Before developing an ANN, there are several factors that need to be taken into consideration before 

one can choose the correct ANN topology for a specific application. In order to determine what the 

best topology is for an application, the following questions should be asked [49]: 

 What is the accepted level of accuracy of the ANN? 

 How efficiently does the network topology need to be concerning the application? 

 How many layers are needed? 

 How many neurons should be in each layer? 

 How much information is needed in order to obtain an acceptable level of accuracy? 

Each of the topologies of ANNs differs, depending on the intended application. The most common 

topologies are seen in Figure 11.1 the Feed-Forward Single Layer Perceptron (FF-SLP) network 

topology, Figure 11.2 the Feed-Forward Multi-Layer Perceptron (FF-MLP) network topology and 

Figure 11.3 the Feed-Forward Back-Propagation (FF-BP) network topology.  
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Figure 11 Examples of ANN topologies. 1. Feed-Forward Single Layer Perception. 2. Feed-Forward 

Multi-Layer Perception. 3. Feed-Forward Back-Propagation. 

As the field of AI has grown over recent years, the efficiency of ANNs to process large amounts of 

information has also improved. The efficiency of ANNs to process large amounts of information has 

subsequently garnered the attention of large industries. ANNs have thus been used in industries 

such as city planning and energy supply, where it is used to determine the most efficient manner of 

energy supply coverage [49][50]. ANNs are also used for real-time language translation and image 

recognition. In the aerospace industry ANNs are also used to improve the current autopilot 

functionality within modern aircraft [51]. In the automotive industry there has recently been a drive to 

achieve self-driving cars. These self-driving cars make use of ANNs in order to perform automated 

obstacle detection and avoidance through image recognition [52].  

One of the leading developers of ANN technologies has been Google. Google has successfully 

implemented ANNs across their products and services, such as search-specific advertisement 

placements, as well as suggested videos according to the videos watched by viewers on their 

YouTube Video streaming platform [53][54]. Google makes use of the millions of images uploaded to 

the internet to train their highly sophisticated image recognition, AI, to improve the accuracy of image 

search results when using their search engine. 
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2.9.2  ANN training 

Before an ANN can be applied to execute a function, it needs to be trained [49][55][56]. The ability of 

ANNs to recognise and learn patterns from sequential training by self-adapting to input information is 

the main feature driving the implementation of ANNs across a variety of industries. A back-

propagation algorithm adjusts the weights within each neuron in the neural network to achieve the 

self-adaptation process [57]. The process of adjusting the weights of the artificial neurons until the 

output target is reached, is defined as the training of an ANN [51]. 

Two types of training methods can be used when training an ANN [56][58]. These two training 

methods are unsupervised and supervised training, as depicted in Figure 12. Unsupervised learning 

is a class of ANNs that attempt to find a pattern within an information set. Unsupervised learning 

makes use of only input information and no corresponding output information. Unsupervised learning 

is typically used to determine the underlying structure or distribution within an information set in 

order to learn more about the set. Clustering is the most common way of performing unsupervised 

learning. Clustering automatically divides the information set into groups according to similarities 

found within the set. Unsupervised learning is often used when the information set is extensive, such 

as in the case of Big Data.  

Supervised training is achieved by supplying an ANN with all the input variables (X), as well as all 

the output variables (Y), followed by applying a learning algorithm and mapping function based on 

these inputs to achieve the desired outputs (Y=f(X)). The two types of supervised learning are 

classification and regression. Classification predictive modelling is the task of approximating a 

mapping function (f) from the input variables to discrete output variables. A classification ANN is 

typically attempting to draw a conclusion from the observed values. Regression is predictive 

modelling used for approximating a mapping function from input variables to a continuous output 

variable. Regression is commonly applied when an output variable is a real or continuous value, 
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such as weight or mass. Currently, most developers make use of the supervised training method 

when training an ANN. Figure 12 shows an illustration of the subcategories of machine learning. 

Machine 
Learning

Unsupervised 
Learning

Supervised 
Learning

Clustering

Classification

Regession
 

Figure 12 Tree-diagram illustrating the subcategories of machine learning 

When a supervised network is being trained, it compares the current output to the desired output 

and applies the back-propagation algorithm until the desired output is achieved. The back-

propagation algorithm adjusts the weights of each input neuron during the training, which will 

influence the behaviour and the output of the network [59]. How these adjustments are made, is 

decided by the learning algorithm chosen to train the network [57][60]. There are many training 

algorithms to choose from. The three most commonly used algorithms are the Levenberg-Marquardt 

algorithm, Bayesian regularisation algorithm and the Scale conjugate gradient algorithm [58][61]. 

When choosing a training algorithm, various training algorithms should first be evaluated in order to 

produce the most accurate output. When training an ANN, there are manners of determining the 

accuracy of an ANN. In order to determine the accuracy of an ANN, one can evaluate the mean 

square error (MSE) and the regression (R) values. Once an ANN is trained, the software within, 

which the ANN developed, would produce both the MSE and the R-values of the ANN. The MSE 

value is inversely proportional to the accuracy of the ANN. An MSE value of zero would indicate that 

there is no difference between the output of the ANN and the desired target output of the ANN. 

© Central University of Technology, Free State



C h a p t e r  2 :  L i t e r a t u r e  R e v i e w   P a g e  | 27 

 

Furthermore, an R-value of one indicates a close correlation and an R-value of zero indicates no 

correlation between the output of the ANN and the target output. When the obtained values of an 

ANNs MES and R-values are favourable, the weights of each artificial neuron is saved, and thus the 

ANN can be implemented [49][58][62][63]. 

2.9.3   Machine vision systems and artificial neural  networks 

combination systems 

A machine vision system (MVS) is developed to create digital models from captured images. The 

digital model is then processed, employing an image processing subsystem within the MVS in order 

to obtain information from the acquired images to achieve a specific goal. In order to achieve the 

goal, MVS is combined with machine learning algorithms to analyse and process the information 

obtained by the MVS. The application of an MVS and machine learning has resulted in considerable 

technological advances in several fields, of which some examples are shown in Table 5. 

Table 5 Applications of MVS  

Field Applications 

City planning Efficient energy supply 

Construction Analysis of soil composition  

Aerospace High-performance autopilots for aircraft 

Automotive Automatic guidance systems for automobiles 

Electronics The development of ntegrated circuit chip design and circuit board fault finding 

Entertainment The creation of animation and special effects 

Manufacturing Process control and quality checks 

Medical Electroencephalogram (EEG) and electrocardiogram (ECG) analysis 
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There have been several implementations of Artificial Intelligence (AI) in the gaming industry. During 

the mid-1990s a team of researchers at IBM Research developed a competitive chess AI, called 

Deep Blue. Deep Blue was able to defeat the then reigning world chess champion, Garry Kasparov, 

in a six-game match in 1997 [1]. More recently researchers, funded by Elon Musk, developed an AI 

that beat a team of professional Dota-2 players in a show match in 2018 [64]. Furthermore, 

researchers at Wroclaw University in Poland implemented an AI in non-playable characters (NPC) to 

improve and increase the realism of these NPCs [65].  

AI has also been implemented in gaming in order to make gaming environments look more realistic 

and more beautiful to improve player immersion. The AI was developed by Nvidia to upscale images 

of lower resolution to be displayed at a higher resolution. The AI upscaled the images by determining 

the best colour for each pixel to benefit small images that are upscaled or images that are zoomed in 

on. The AI developed by Nvidia, achieved this by implementing a Deep Neural Network (DNN) [66].  

Game developers have also made use of AI when creating in-game worlds and environments. The 

development of a video game world depends fundamentally on the developers’ designing skills, the 

time given to develop the game world, as well as the effort needed to complete and obtain a 

favourable result. AI algorithms have thus been implemented in order to generate game worlds. 

When an AI generates a game world, it is referred to as a procedurally generated world 

[67][68][69][70].  

There have also been various attempts at integrating machine vision systems (MVS) into the world 

of gaming. One of the first attempts of integrating an MVS in gaming was in 1996. Researchers from 

the Mitsubishi Electric Research Laboratory (MERL), proposed a system that was able to make use 

of image processing algorithms and an input device to allow players to interact with a game, using 

their bodies and hand gestures. More recently Microsoft developers developed a motion tracking 
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system for their gaming console, known as the Xbox Kinect [71]. The Xbox Kinect can accurately 

track player movement and implement this movement as player input within video games. The Xbox 

Kinect sensor has also been implemented in various research studies. an Xbox Kinect was, for 

example, used to investigate the effects of additional virtual reality training using Xbox Kinect on 

upper extremity function, including the range of motion, motor function and gross manual dexterity, 

in stroke survivors with hemiplegia [72]. 

MVS and AI have been used in various sports studies as well. Researchers Davoodi and 

Khanteymoori, for example, made use of an MVS to capture and process various horse races over 

100 races, and an AI to determine which of the horses would be most likely to win with the next 

encounter. The neural net developed by the researchers, achieved an accuracy of 77% in predicting 

the correct horse [73]. Researchers Tax and Joustra, who used information of a Dutch football 

competition over the past 13 years to predict the results of football matches, followed a similar 

approach. The neural network developed by Tax and Jouster achieved an accuracy of 56.1% when 

predicting the results of the Dutch football competition [74]. In 2008 researchers attempted to predict 

the results of four different sports –NFL (Rugby League), AFL (Australian Rules Football), Super 

Rugby (Rugby Union) and the English Premier League Football (EPL) –using data from 2002 up to 

2008, and achieved an average accuracy of 67.5% [75]. As for strategising, researchers Cheshire 

and Halasz, as well as Liu and Carr, used an MVS to track players and analyse the strategies teams 

used on a basketball court, as well as on an indoor hockey field used by [45][76]. The studies 

mentioned above show that an MVS and an ANN can accurately predict the outcomes of sports, as 

well as the tracking of players, but this has yet to be implemented in the world of electronic sports. 

For this study an automatic strategy predictor (ASP) was envisaged by combining an MVS and an 

ANN for the capturing and processing of processional Counter-Strike Global Offensive (CSGO) e-

matches, to learn their strategies from previous encounters and subsequently predict the strategies 

that the team would implement in a match.  
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2.12  Conclusion 

In conclusion, literature illustrates that strategising in E-sports is as important as in conventional 

sports to be successful. In conventional sports the process of strategising has been modernised with 

the implementation of MVS to obtain Big Data to train an ANN successfully. Literature furthermore 

shows that the implementation of an MVS and ANNs has proven to be successful in various 

industries, including the E-sports industry, but has yet to be implemented in the same manner as 

they are implemented in conventional sports. Thus if an MVS is successfully combined with an ANN 

to create an automatic strategy predictor (ASP), it would have the potential to contribute a 

significantly to the professional E-sports industry by providing an accurate strategy predicting system 

which will reduces the time spent on reviewing thousands of hours of historical information of 

competing teams in preparation for matches. 
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Chapter 3  

Study Design  

3.1 Introduction 

"If you know the enemy and know yourself, you need not fear the result 

of a hundred battles."― Sun Tzu, The Art of War 

Strategising has been the cornerstone of all environments where two sides are pitted to determine 

the victor. Such strategising actions are most applicable in the military field, which dates back to the 

ancient Greek and Chinese empires. These ancient civilisations used well-planned methods and 

actions, based on their studies of their enemies before entering into a battle [77].  

Board games were used as tools to help military trainers recruit and train leaders alike in order to 

understand the fundamental principles of warfare. The Prussian military required officers to play a 

board game, called “Kriegsspiel”. Having the military officers play Kriegsspiel, high command 

realised that, while individual officers might understand the principals of combat, they might not 

know how to apply them when facing an adversary. By analysing what happened after a game of 

Kriegsspiel, they may see which factors that mattered and how their choices influenced the outcome 

of the game [78]. Throughout the 1920s and 1930s, the United States Navy made use of war games 

to design military plans against potential adversaries [79]. More recently, war gaming continues to 

offer opportunities for scholars when they attempt to better understand security dynamics of a 

Russian invasion if the Baltics were to happen [80].   

Thus, the dogmas of military strategies have permeated competitive gaming. These military dogmas 

are nowhere more prominent than in electronic sports (E-sports). As with Kriegsspiel, professional 

E-sports teams often review their previous encounters with other teams in order to understand the 
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mistakes that were made during a match and learn from them, as well as better understand their 

adversaries. By examining an opposing team, one would be able to determine their habits, 

strengths, weaknesses, leadership traits, and aggressive and defensive responses they 

demonstrate. By doing so, a counter-strategy is developed to exploit the adversary’s weaknesses 

and defensive responses, much like generals in a war room preparing for battle [81].  

When a professional Counter-Strike Global Offensive (CSGO) team is preparing for a match, the 

coach or captain obtains as much information about their adversary as possible. The process of 

obtaining this information is often performed by reviewing previous matches of an opposing team 

and noting all relevant information. The process of reviewing these matches is time consuming, as 

teams often play numerous matches per day during a tournament. Each of these matches are often 

an hour long, excluding overtime.  

This study aimed at producing a system that was able to study the legacy information of a specific 

professional CSGO team on a specific map they play on to reduce the time taken to prepare for a 

match against such a team. The development of such a system involved the implementing the 

image-acquisition and image-processing capabilities of the LabVIEW software suite, and the 

artificial neural net programming capabilities of MatLab. The system is called the automatic strategy 

predictor (ASP). 

3.2 Study design 

The conceptual framework of this study takes on a flow diagram of chevron shapes. The first of 

these chevron shapes flows into the next, and so on. Each chevron shape represents a different 

milestone; and each milestone has a title as well as a deliverable. The proceeding stage cannot 

begin without the previous milestone's deliverable; thus, each needs to be completed sequentially. 

Figure 13, is the conceptual framework of the study. 
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Figure 13 Logical diagram of the development of the study 

Phase 2 of the study is broken down into five milestones that were achieved. Each milestone that 

was achieved, marks the completion of the development of the various software components within 

the machine vision system, the information processing system and the artificial neural network. 

Table 6 provides a descriptive summary of Figure 13. 
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Table 6 Description of each Phase and Milestone of the study 

Phase 1: Literature Review 

Chevron Description 

Phase 1 

Literature Review 

The first phase of the study entails an extensive review of various literature of 

the gaming industry and electronic sports  as the development of machine 

vision, and machine learning systems are implemented within various fields in 

engineering and gaming. 

Phase 2: Development of the Software Suit 

Chevron Description 

Milestone 1: 

Player Position Stencil 

(PPS) 

The aim of this milestone is to produce the player position stencil (PPS). The 

production of the PPS involves the use of image processing and image 

acquisition. By performing image acquisition and image processing, the player 

position stencil (PPS) is produced by the first software of the image 

processing software suite. The PPS is the deliverable needed to proceed to 

the next milestone. 

Milestone 2: 

Stencil Processor (SP) 

The aim of this milestone is to produce the stencil processor (SP). The SP 

then retrieves the stencils produced by the PPS, and further processes the 

stencils in order to extract the relevant player position information that was 

needed form the stencils. This player position information is then stored in a 

memory to be processed further by the next milestone within the study. 

Milestone 3: 

Overall Round Strategy 

Information (ORSI) 

The aim of this milestone is to produce the overall round strategy information 

(ORSI). In order to create the OSRI, two sets of information are concatenated 

by the information concatenator (IC). The IC concatenates the first set of 

information, the player PPI that was generated by the SP, to the second 

information set. The second information set is the end-of-round information. 

The end-of-round information will be referred to as the additional info. 

Counter-Strike Demo Manager obtained the additional info. The concatenated 

file of the two information sets is referred to as the overall round strategy 

information (ORSI) file and is the deliverable of the third milestone. The ORSI 

file contains the information of very round, of every match, of every year, for 

team Fnatic on the map de_Mirage. 
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Milestone 4: 

Overall Round Strategy 

Information 2 (ORSI2). 

The aim of this milestone is to produce the overall round strategy information 

2 (ORSI 2). The production of the ORSI2 involves the pre-processing of the 

ORSI. The pre-processing of the ORSI is performed by two software 

packages developed within the LabVIEW 2018 software suite. The objective 

of the first pre-processing software is to firstly remove all unnecessary 

information from the ORSI and, secondly, to re-arrange the ORSI. The 

objective of the second pre-processing software is to separate the ORSI into 

the training information sets for each round. Each round would thus have an 

ORSI2 file for the training of an artificial neural net (ANN). 

Milestone 5: 

Artificial Neural Net (ANN) 

 

The aim of this milestone is to produce an ANN for each round within one half 

of a match. In this milestone, the ORSI2 is prepared to train an ANN. The 

preparation of the ORSI2 is conducted within the MatLab Software suite. Each 

ANN is the automatic strategy predictor (ASP) of each round. 

Phase 3: Evaluation of the ASP 

Chevron Description 

Phase 3: 

Evaluation of The ASP 

Each ASP developed in the last milestone of the previous phase, is exported 

to the MatLab Simulink environment. By exporting each ASP to Simulink, they 

can be evaluated to determine the prediction accuracy of each ASP. 

 

3.3 Discussion 

Phase 1 presents the study and review of previous work of researches in the fields of gaming, 

machine vision and machine learning. The steps undertaken to construct the MVS (Phase 2, 

Milestones 1 and 2) are presented in Chapter 4. The steps undertaken to develop the IPS (Phase 2, 

Milestones 3 and 4) are presented in Chapter 4. The steps taken during the development of the ASP 

(Phase 2, Milestone 5) are presented in Chapter 5. Furthermore, the evaluation of the results 

obtained from the ASP (Phase 3) is presented in Chapter 5. In this chapter an overall discussion of 

all the results are presented and integrated with current knowledge of this topic. 
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Chapter 4  

Development of the Software Suite 

4.1 Introduction 

The structure of the study comprises three phases. The second of the three phases involves the 

development of a software suite that would perform all the processing and information collection in 

order to develop an automatic strategy predictor (ASP). The software suite consists of six software 

programs. The first two programs that weredeveloped, is defined as the machine vision system 

(MVS). The third, fourth and fifth software programs form the information processing software of the 

suite. The conceptual framework of the software suite of the study is found in Figure 14. 

 

Figure 14 Conceptual frame workflow diagram, highlighting the software suite development process 

The first MVS software is called the player position stencil producer (PPSP). The PPSP achieved the 

first milestone by producing the PPS. The second MVS software package is the Stencil Processor 
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(SP). The second milestone is achieved by the SP by processing the PPS. The product of the SP is 

thus the player position information (PPI). The information processing system (IPS) concatenated 

the PPI and the miscellaneous round information. Figure 15 depicts a logical flow diagram of the 

MVS. 

Milestone 1

Primary monitor 
Running CSGO

Secondary monitor 
Running LabVIEW Real-

Time Screen Capture 
Program

Player Position Stencil generation and Storage

Stores PPS 
To Memory

Player Position Stencil Processing

Stencil Processor

Results of Stencil 
Processor are exported 

to Excel

Stores Player 
positions To 

Memory

Milestone 2

Machine Vision System Software Suit

 

Figure 15 Logical flow diagram of the machine vision system of the software suite 

Developing the third, fourth and fifth software packages in LabVIEW 2018, completes the information 

pre-processing portion of the software suite. Processing the information obtained by the MVS, by the 

IPS, would allow an artificial neural net to be created and trained within the MatLab software suite.  
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The first of the IPS software is the Information Concatenator (IC). The IC achieves the third 

milestone. Achieving the third milestone entails the concatenation of the information obtained by the 

MVS and the miscellaneous round information obtained through the Counter-Strike Demo Manager 

software. The overall round strategy information (ORSI) was the name given to the output obtained 

from the IC. The second and third units of IPS are the information pre-processors (IPp). The IPp 

achieves the fourth milestone. Achieving the fourth milestone entails the processing of the ORSI into 

a format needed to train an artificial neural net. The overall round strategy information 2 (ORSI2) is 

the name given to the output of the IPp. Figure 16 is a logical flow diagram of the IPS. 

Round Data and Play Position Conjugation

LabVIEW Software to 
Conjugate Spreadsheets

Storing The ORSI into 
memory

ORSI 
Spreadsheets 
To Memory

Information Processing System Software Suit

Milestone 3

Milestone 4

Player Position Stencil Processing

Loading The ORSI into 
LabVIEW

ORSI2 stored in memory

LabVIEW Processing the 
ORSI into Inputs and 
Outputs, creating the 

ORSI2

ORSI2 
Spreadsheets 
To Memory

 

Figure 16 Logical flow diagram of the information processing system of the software suite 
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4.2 Software development environment: LabVIEW 

LabVIEW 2018 software suite has been the tool for the development of the second software of all 

four of the software units within the software suite. The LabVIEW software suite is a block-orientated 

programming environment with a drag and drop style of programming. The LabVIEW programming 

environment consists of two windows, viz. the front panel window (FPW) and the back panel window 

(BPW). Figure 17A depicts a basic BPW, where Figure 17B depicts a basic FPW. The logical 

programming development of the four software programs was executed in the BPW. The FPW 

contains all the user-interface controls, logical indicators and relevant information.  

   

  

 

Figure 17 Windows of the LabVIEW development environment. A. BDW and B. FPW 

 A. 

B. 

Back Panel Window 

Front Panel Window 
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The LabVIEW software suite is host to a collection of pre-programmed code blocks, called virtual 

instruments (VIs). VIs are then dragged out of their respective tabs in the tool pallet and dropped on 

the BPW and connected by “wires” that transfer information between VIs. Each VI found in the tool 

pallet has its specific function, input type and output type, that needs to be taken into consideration 

when programming a LabVIEW VI. The outputs of one VI can be connected to the inputs of another 

VI by wires. The output can also be displayed on the FPW for the user by using indicators. A 

comprehensive list of the VIs used in the development of each LabVIEW software is shown in Table 

7.   

Table 7 A comprehensive list of the VIs used in the development of each unit of LabVIEW software 

Identifier Name of VI Block image Description 

A While Loop 

 

A while loop is a sub-VI 

that will execute multiple 

times until specific 

conduction is met. 

Without a condition, the 

loop will run at least 

once. 

B 
Case 

Structure 

 

Contains one or more 

sub-diagrams, or cases, 

exactly one of which 

executes when the 

structure executes. The 

value wired to the case 

selector determines 

which case is to be 

executed. 
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C Invoke Node 

 

The invoke node is used 

to perform a method on 

a VI using a VI server. 

Invoke nodes are not 

bound by the VI’s 

connector panes and 

are free to call any VI. 

D 
IMAQ Create 

VI 

 

This VI creates a 

temporary memory 

location for a captured 

image by the Vision 

Acquisition VI. 

E 
PNG Data to 

LV Image VI 

 

The png data to LV 

Image. VI converts a 

PNG binary stream to a 

LabVIEW image. 

F 

Draw 

Flattened 

Pixmap VI  

The Draw Flattened 

Pixmap VI draws a 1, 4 

or 8-bit pixmap or a 24-

bit RGB pixmap into a 

picture. 

This VI takes a 1D array 

of bytes as input, and 

assumes the user 

completes all packing 

and padding. 

G 
are to 

Pixmap VI 

 

Converts a picture to a 

cluster of image data 

you can use to perform 
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certain tasks with the 

image, such as save it to 

a file using the Graphics 

Formats VIs. 

H 
Unflatten 

Pixmap VI 

 

The Unflatten Pixmap VI 

converts a cluster of 

image data into a 2D 

array. 

I 

IMAQ Array 

To Colour 

Image VI 
 

It creates a colour image 

from a 2D array. This VI 

receives the values as a 

2D array of either 

unsigned 32-bit integers 

or clusters of four 

unsigned 16-bit integers, 

depending on the bit 

depth of Image. 

J 

IMAQ 

Display 

Image VI  

The IMAQ Display 

Image VI is used to 

display an image. 

K 
IMAQ 

Dispose VI 

 

The IMAQ Dispose VI 

clears the memory 

space reserved by the 

IMAQ Create VI for the 

image that was captured 

by the Vison Acquisition 

VI. 
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L 
Simple Error 

Handler VI 

 

Simple Error Handler VI 

indicates whether an 

error occurred. If an 

error occurred, this VI 

returns a description of 

the error and optionally 

displays a dialogue box. 

M 

IMAQ ROI 

To Mask 2 

VI 

 

The IMAQ ROI To Mask 

2 VI transforms a region 

of interest to a mask. 

N 
IMAQ Set 

Offset VI 

 

The IMAQ Set Offset VI 

defines the position of 

an image mask about 

the origin of the co-

ordinate system (0, 0). 

O 
IMAQ Mask 

VI 

 

IMAQ Mask VI recopies 

the image source into 

the image destination. If 

a pixel value is 0 in the 

image mask, the 

corresponding pixel in 

image destination is set 

to 0. 

P 
IMAQ Color 

Threshold VI 

 

IMAQ Color Threshold 

VI applies a threshold to 

the three planes of an 

RGB or HSL image and 

places the result into an 

8-bit image. 
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Q 
IMAQ Fill 

Hole VI 

 

IMAQ Fill Hole VI fills 

the holes found in a 

particle. The holes are 

filled with a pixel value 

of 1. The source image 

must be an 8-bit binary 

image. The holes found 

in contact with the image 

border are never filled, 

because it is impossible 

to determine whether or 

not these holes are part 

of a particle. 

R 

IMAQ 

Convex Hull 

VI 
 

IMAQ Convex Hull VI 

draws the convex hull 

for each particle in the 

image 

S 

Numeric 

Controls and 

Indicators 
 

Use numeric controls 

and indicators on the 

front panel to enter and 

display numeric data in 

LabVIEW applications. 

T 

Boolean 

Controls and 

Indicators 
 

Use Boolean controls 

and indicators located 

on the Boolean 

subpalettes to enter and 

display Boolean 

(TRUE/FALSE) values 

with objects such as 

buttons, switches, and 

LED lights. 
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U 
Local 

Variable 

 

Create local variables 

for front panel objects in 

a single VI when you do 

not have access to a 

front panel object, or 

when you need to pass 

data between block 

diagram nodes. When 

you create a local 

variable, it appears on 

the block diagram, but it 

does not appear on the 

front panel. 

V 

IMAQ Setup 

Match 

Pattern 2 VI 
 

IMAQ Setup Match 

Pattern 2 VI sets 

parameters that are 

used during the 

matching phase of 

pattern matching. 

W 
IMAQ Read 

File VI 

 

The IMAQ Read File VI 

reads an image file. The 

file format can be a 

standard format (BMP, 

TIFF, JPEG, JPEG2000, 

PNG, and AIPD) or a 

non-standard format 

known to the user. In all 

cases, the read pixels 

are automatically 

converted into the image 

type passed by Image. 
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X 
IMAQ Cast 

Image VI 

 

The IMAQ Cast Image 

VI converts the current 

image type to the image 

type specified by Image 

Type. If you specify a 

lookup table, the IMAQ 

Cast Image VI converts 

the image using a 

lookup table. If 

converting from a 16-bit 

image to an 8-bit image, 

the VI executes this 

conversion by shifting 

the 16-bit pixel values to 

the right by the specified 

number of shift 

operations and then 

truncating to get an 8-bit 

value. 

Y 
Not Equal To 

0? Function 
 

This function returns 

TRUE if x is not equal to 

0. Otherwise, it returns 

FALSE. 

Z Or Function 

 

The Or Function 

computes the logical OR 

of the inputs. Both inputs 

must be Boolean values, 

numeric values, or error 

clusters. If both inputs 

are FALSE, the function 

returns FALSE. 

Otherwise, it returns 
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TRUE. 

AA 
IMAQ Clear 

Overlay VI 

 

IMAQ Clear Overlay VI 

clears the image 

overlay. 

AB 
IMAQ Match 

Pattern 3 VI 

 

This VI searches for a 

pattern or template 

image in an inspection 

image. Run the IMAQ 

Learn Pattern 5 VI 

before this VI to 

configure the template 

image for the matching 

phase. 

AC 

Overlay 

Pattern 

Match 

Results 
 

This function creates an 

overlay on the image 

when a match is found 

on the template that is 

provided. 

AD 
Clear Errors 

VI 
 

The Clear Errors VI 

resets the error status to 

no error, code to 0, and 

source to an empty 

string. Use this VI when 

you want to ignore an 

error. 

AE 
Not Equal? 

Function 
 

This function returns 

TRUE if x ≠ y. 

Otherwise, this function 

returns FALSE. You can 
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change the comparison 

mode of this function. 

AF 
Bundle 

Function 

 

This function assembles 

a cluster from individual 

elements. 

AG 

Greater Or 

Equal? 

Function  

This function returns 

TRUE if x is greater than 

or equal to y. Otherwise, 

this function returns 

FALSE. You can change 

the comparison mode of 

this function. 

AH 

Round To 

Nearest 

Function 
 

This function rounds the 

input to the nearest 

integer. If the value of 

the input is midway 

between two integers, 

the function returns the 

nearest even integer. 

AI 
IMAQ Write 

File 2 VI 

 

This VI writes the image 

to a file in the selected 

format. 

AJ 
Wait (ms) 

Function 
 

This function waits the 

specified number of 

milliseconds and returns 

the value of the 

millisecond timer. 
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AK 
Increment 

Function  

This function adds 1 to 

the input value. 

AL 

String and 

Path 

Controls and 

Indicators  

The File path indicator 

displays a file path on 

the UI. 

AM 

Number To 

Decimal 

String 

Function 
 

This function converts 

numbers to a string of 

decimal digits at least 

width characters wide or 

more extensive if 

necessary. If the number 

is floating-point or fixed-

point, it is rounded to a 

64-bit integer before 

conversion. 

AN 

Concatenate 

Strings 

Function 
 

This function 

concatenates input 

strings and 1D arrays of 

strings into a single 

output string. For array 

inputs, this function 

concatenates each 

element of the array. 

AO 

String To 

Path 

Function 
 

This function converts a 

string, describing a path 

in the standard format 

for the current platform, 

to a path. 
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AP 

Unbundle By 

Name 

Function 
 

This function returns the 

cluster elements whose 

names you specify. 

AQ For Loop 

 

It executes its 

subdiagram n times, 

where n is the value 

wired to the count (N) 

terminal. The iteration (i) 

terminal provides the 

current loop iteration 

count, which ranges 

from 0 to n-1. 

AR 
Value 

indicator 

 

The Value indicator 

displays a variable on 

the UI. 

AS 
Clear Errors 

VI 
 

This VI resets the error 

status to no error, code 

to 0, and source to an 

empty string. 

AT 

Initialize 

Array 

Function 
 

This function creates an 

n-dimensional array in 

which every element is 

initialised to the value of 

the element. 

AU 

IMAQ 

Separation 

VI 

 

This VI separates 

touching particles, 

particularly small 

isthmuses found 
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between particles. 

AV 

IMAQ 

Particle 

Analysis 

Report VI 
 

This VI returns the 

number of particles 

detected in a binary 

image and an array of 

reports containing the 

most commonly used 

particle measurements. 

AW 

Sort 1D 

Array 

Function  

This function returns a 

sorted version of an 

array with the elements 

arranged in ascending 

order. 

AX 

Reverse 1D 

Array 

Function  

This function reverses 

the order of the 

elements in the array, 

where the array is of any 

type. 

AY 
Build Array 

Function 

 

This function 

concatenates multiple 

arrays or appends 

elements to an n-

dimensional array. 

AZ 

Write 

Delimited 

Spreadsheet 

VI 
 

This VI converts a 2D or 

1D array of strings, 

signed integers, or 

double-precision 

numbers to a text string 

and writes the string to a 
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new byte stream file or 

appends the string to an 

existing file.  

 

4.3 Software development environment: MATLAB 

MATLAB is a programming platform primarily used by engineers and scientists. The basis of 

MATLAB is its programming language. The MATLAB programming language is matrix-based, 

allowing natural computational mathematics. The utilisation of the MATLAB software varies in a 

number of ways, from the analysis of data, the creation of models and simulation applications and 

the development of algorithms to the development of deep learning and machine learning 

applications. 

4.4 Milestone 1: Image Acquisition 

LabVIEW 2018 software suite has been the development platform for the development of the second 

software of the IPS. The first software developed for the MVS, was named the player position stencil 

producer (PPSP). The PPSP consisted of three subroutines and produced the player position stencil 

(PPS). The three subroutines of the PPSP and their functions were as follows: 

 Subroutine 1:  Screen Capture. The primary function of this subroutine was to capture the 

user interface(UI) of Counter-Strike Global Offensive (CSGO) that was being 

displayed by the primary screen. The CSGO UI displayed a demo of a 

previous match as it was being played by the two teams.  

 Subroutine 2: Background Removal. The Background removal subroutine created an 

ROI around the in-game minimap, and thus player positions were effectively 
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captured by performing feature extraction on the ROI. The ROI minimised 

the impact of such a process on the machine. The feature extraction portion 

of the subroutine isolated only one team’s colour out of the ROI using colour 

thresholding. 

 Subroutine 3: Pattern Matching. Pattern matching software matches a template 

arrangement of pixels to an input image. When the PPSP pattern matching 

software finds a match between the template and the in-game round timer, 

the thresholded image was stored to memory by the PPSP. The PPSP 

software template was a snapshot of the in-game round timer at a specific 

time.   

4.4.1 PPSP Subroutine 1: Screen Capture 

Image acquisition is an integral part of any machine vision system (MVS). Image acquisition is 

performed in various ways by software, such as screen capture, with or without camera equipment. 

When performing image acquisition, such as screen capture, one has to take multiple factors into 

consideration. Factors include the resolution of the acquired image and the frame rate at which the 

machine will be performing the image acquisition.  

Resolution: Resolution refers to the number of pixels an image consists of, typically denoted as 

1024 x 768. The first value denotes the horizontal number of pixels, and the second denotes the 

vertical number of pixels. The the image therefore is  1024 pixels wide and 768 pixels high. 

Furthermore, in any MVS the resolution of the image is crucial, as it directly influences the data that 

can be obtained from the image by image processing software. If the image that is acquired is of a 

low resolution, it will result in pixelation. Pixelation will result in loss of data. Subsequently, the 

highest possible resolution was used by the PPSP software, when performing image acquisition to 
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obtain the player position stencil (PPS). The PPS was captured entirely by software, the PPSP, as 

no cameras were needed. The PPSP is a screen-capturing program developed in LabVIEW to 

capture the CSGO user interface (UI). The PPSP captured the CSGO UI at 1920 X 1080 resolution 

to ensure no information was lost. Figure 18. 

 

Figure 18 Counter-Strike Global Offensive User Interface 

4.4.2 PPSP Subroutine 2: Background Removal 

When performing image processing, removing the background of an acquired image is often 

necessary in order to extract specific features that need further processing. Image processing was 

performed by stencil processing (SP) software and colour thresholding. Colour thresholding isolates 

a specific colour from an image and, in doing so, it turns the image into a binary image. How these 

binary images are structured, is a mask consisting of 1s and 0s as its pixels. Figure 19 depicts an 

example of this masking [34].  
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Figure 19 Image binary masking 

In Figure 20 A can be seen as a typical capture of the in-game mini-map in full colour, as it was 

captured from the game. Once the PPSP captured the in-game mini-map, thresholding was applied 

by the PPSP to extract only the five players of the attacking team. Once the image was thresholded, 

it was converted into a binary image by the PPSP. The thresholded image is shown in B. 

 

Figure 20 A. Captured image of the CSGO in-game mini-map in full colour, B. Thresholded image of 

the captured image of the CSGO in-game mini-map. 

Frame Rate: The definition of a video is a visual media source that combines a sequence of images 

and displays them at a specific rate. Frame rate is the number of frames per second (FPS). The 

A. B. 
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higher the FPS, the smoother the video will appear, whereas if the FPS was low, the video will 

appear more jerky. 

When screen capturing, the frame rate needs to be taken into consideration as well. When the frame 

rate is too low, loss of information will occur. The only benefit of having a low frame rate is that the 

processor will have less information to be processed per second. Low frame rate is juxtaposed to 

having a high frame rate, a fact one would consider to be beneficia,l as little to no data will be lost. 

Capturing images at a high frame rate will push a processor to its limits, and thus a stable middle 

ground was found in ten frames per second. Figure 21 is an illustration of FPS [82]. 

 

Figure 21 Illustration of frames per second 

4.4.3 PPSP Subroutine 3: Pattern matching 

Pattern matching in an MVS is several techniques which enable the localisation of a template pattern 

in a sample image. A template pattern could be a specific feature with known characteristics, e.g. a 

facial feature on an image of a face. When trying to find a specific pattern template in a larger image 

using an MVS, it could be extremely taxing on the machine performing the processing. By restricting 

the search area, the performance of a software can be greatly improved. Once the software finds a 

match, a score is given to the match by the software. The score given by the software, is a 

percentage of how closely the pixels in the template match the pixels of the captured image. Pattern 
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matching has many applications throughout the industry. There are three main applications of 

pattern matching, which can be seen in Table 8. 

Table 8 Applications of Pattern Matching and Descriptions 

Applications of Pattern Matching and Descriptions 

Application Description 

Alignment: 

 

Alignment is used to determine the position and orientation of a known object by locating its 

features within an image. These features are used as points of reference to locate the 

object. 

Inspection: 

 

Inspection, as the name implies, is used to find simple flaws on an object that is being 

produced and thus grade the object. This is mainly used for quality control. 

Gauging: 

 

Gauging is a method of pattern matching that is used to measures the lengths, diameters 

and angles of an object. If the measurements fall below the accepted tolerance levels, the 

object is rejected. 

 

4.4.4 Software development: Development of image acquisition software 

The image acquisition software was developed in the LabVIEW software suit BPW. The image 

acquisition software consists of three subroutines, namely the screen capturing subroutine, the 

background removal subroutine and the pattern matching subroutine.  

The screen capturing subroutine captured the primary screen of the computer, which ran the 

Counter-Strike Global Offensive (CSGO) user interface (UI). CSGO was run at the maximum screen 

resolution in order to maximise the amount of detail that could be captured.  
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The process of capturing images could be very taxing on a computer, and thus when capturing the 

CSGO UI, a region of interest (ROI) was established. The ROI was set to be 920 pixels in height, 

and 800 pixels in width – the same size as the in-game mini-map, as this was the only element of 

the screen that needed to be captured to create the player position stencil (PPS). As the ROI 

typically is set at the origin of the screen (the origin is the top left of the image with the coordinates of 

(0;0)), an offset was set to capture the in-game mini-map, as well as the in-game round timer. The 

offset was calculated to be 575 pixels across from the origin and 20 pixels down from the origin. The 

in-game mini-map that was captured, was then stored in memory and used in the second subroutine 

with the aid of global variables. The subroutine that was developed can be seen in Figure 22.  
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Figure 22 Screen capturing subroutine of the image acquisition software 
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The second of the three subroutines had the purpose of removing the background of the in-game 

mini-map in order to isolate the players on the map. This process was done using thresholding as 

the technique to remove all unwanted information from the captured image. Thresholding was 

achieved by isolating pixels with specific Hue, Saturation or Luma values that range between 0 and 

255. Through testing, it was determined that the optimal settings of the thresholding subroutine were 

as follows; Hue: 0 – 66, Saturation: 3 – 255, Luma: 195 - 255. Once the image that was captured 

was thresholded, it was converted into a binary image, and transferred to the third and final of the 

subroutines as a global variable. The subroutine that was developed, can be seen in Figure 23.
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Figure 23 Background removal subroutine of the image acquisition software
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The third subroutine was developed to perform pattern matching. Pattern matching was not 

performed on the whole image that was captured in the first subroutine, as this would be very 

resource intensive. The same ROI that was used in the first subroutine therefore was applied to the 

pattern matching subroutine. The pattern matching subroutine would be the control of the entire 

image acquisition software, as it would be the one to determine when an image is stored in memory 

or not.  

As with any pattern matching program, a template is needed to test the images that are captured. 

The template used, was an image of the round timer, set at one minute and forty-five seconds. Once 

a match was found between the template and the image that was captured in the ROI, it would store 

the binary image that was created in the second subroutine in the memory. This binary image that 

was stored is called the PPS and was created for every round of every match. The subroutine that 

was developed, can be seen in Figure 24.  
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Figure 24 Pattern matching subroutine of the image acquisition software
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4.4.5 Milestone 2: Image Processing  

The LabVIEW 2018 software suite has been the tool used for developing the software of the image 

processing software of the MVS. The software was named the stencil processor (SP). The SP 

consisted of three subroutines. A sequence structure was the basis of the SP, as it would ensure 

that each of the subroutines would run sequentially and produce the player position information 

(PPI). The three subroutines and their functions were as follows: 

 Subroutine 1: PPS Retriever. The function of this subroutine was to retrieve the player 

position stencil (PPS) generated by the PPSP and stored in memory by the 

image acquisition software of the MVS. 

 Subroutine 2: PPS Processor. In order to obtain the player positions from the PPS, the 

PPS needed to be processed, using morphological processes. The function 

of this subroutine was to process the PPS and generate a report of the player 

X and Y co-ordinates within each stencil. The player co-ordinates obtained by 

SP, were named the player position information (PPI). 

 Subroutine 3: PPI Structuring and Storage. In order to generate the Overall round strategy 

information, the PPI was captured sequentially to preserve the overall round 

strategy information (ORSI). Once the ORSI was captured by the SP, it was 

stored in memory for further processing.    

 

4.4.6 SP Subroutine 1: PPS Retriever  

Image processing is an integral part of any machine vision system (MVS). Image processing can be 

performed by software either as the image is acquired or afterwards. In order to process images 

after they have been acquired, the images would first have to be retrieved from memory by the 

software. In order to locate an image in memory, a file path is needed. The use of a path string 

enables the location of a file in memory. This path string would be the file path needed to locate the 

image file in memory. The path string would then be used with the Read Bitmap File VI, Read JPEG 

File VI, or Read PNG File VI that can be found in the graphics and sounds palette in the back panel 

© Central University of Technology, Free State



C h a p t e r  4 :  D e v e l o p m e n t  o f  t h e  S o f t w a r e  S u i t e            P a g e  | 65 

 

window (BPW). In order to view the retrieved image files from memory, one would have to connect 

the output of the Read VI to the input of a Draw Flattened Pixmap VI, which would then display the 

image on the FPW. The PPS retriever subroutine was thus used to retrieve PPS captured in the 

image acquisition software of the MVS. Figure 25 is an example of a simplified subroutine to retrieve 

and display an image. 

 

Figure 25 Basic example of an Image Retrieval VI in LabVIEW  

4.4.7 SP Subroutine 2: PPS Processor 

The second subroutine, the PPS Processor, processed the PPS that was retrieved from memory by 

the first subroutine. Image processing can be performed in various ways within the LabVIEW 

software suite. The image processing subroutine makes use of blob analysis as its primary form of 

image processing. Blob analysis is a method of morphological image processing. BLOB is an 

acronym for Binary Large OBject. A BLOB is a large area of pixels that are touching. Once an image 

is thresholded, all the pixels in a foreground state will be a solid colour with the pixel binary value of 

1. All other pixels of the background are black with a pixel binary value of 0. One could use BLOB 

analysis to find statistical information such as the number of BLOBs, the co-ordinates of these 

BLOBs, the size of these BLOBs, or the presence or absence of BLOBs in a specific region within an 

image [83]. 

4.4.8 SP Subroutine 3: PPI Structuring and Storage 

There are various ways in which to achieve this When storing information to memory in the 

LabVIEW software suite. The general manner of storing information is in a spreadsheet. The PPI 
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structuring and storage subroutine makes use of a Write To Spreadsheet File VI to store information. 

The Write To Spreadsheet File VI creates a file with various data values, separated by tab 

characters. Figure 26 depicts a Write To Spreadsheet File VI. 

 

Figure 26 Basic example of Write To Spreadsheet VI in LabVIEW 

4.4.9 Software development: Development of Image Processing software 

The image processing software of the MVS was developed in the LabVIEW 2018 software suite 

BPW, and divided into three subroutines, viz. the PPS retriever, the PPS processor and finally the 

PPI structuring and storage.  

The PPS retriever subroutine was developed to ensure that the PPS of each round of each match 

would be opened sequentially to be retrieved and then processed. The process of retrieving the 

correct PPS was done by selecting a specific year and match, to begin with. These parameters 

could be set on the FPW of the SP software. These parameters can be seen in Figure 27.  

 

 

Figure 27 User inputs on the FPW of the image processing software  

Once the year and match number parameters were set, the software was developed to count the 

number of rounds in the “match” folder that was selected. The number of rounds would serve to be 

the number of times the processing and storage subroutine would run. The number of rounds would 

decrease until every round’s PPS was processed. Once all the PPSs were processed, it was coded 

© Central University of Technology, Free State



C h a p t e r  4 :  D e v e l o p m e n t  o f  t h e  S o f t w a r e  S u i t e            P a g e  | 67 

 

that the image processing program would then increment the match number, and proceed to begin 

the process of counting the number of rounds once again and continue to processes each PPS of 

each round. The process of retrieving every PPS was done for every match within the selected year 

set at the start.  

Once all the matches within the specified year were processed, the programme was coded to 

increment the year number and start the process of counting each match and processing each of the 

matches once again. This would be repeated up and until each PPS of every round, of every match, 

of every year was processed and stored into memory as the PPI. The PPS retrieval subroutine can 

be seen in Figure 28.  

 

Figure 28 PPS retrieval subroutine of the image processing software 

Once the PPS was retrieved from memory, the PPS was then processed, using two morphological 

VIs found in the LabVIEW 2018 software suit. The two morphological VIs were the IMAQ Separation 

VI and the IMAQ Particle Analysis VI. Figure 29 A. is the Separation VI, and Figure 29 B. is the 

IMAQ Particle Analysis VI.  

 

Figure 29 A. The IMAQ separation VI alongside B. the IMAQ particle analysis VI 

A. B. 
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The function of the separation process VI was to separate any particles found within the PPS that 

were too close to one another. With the particles of the PPS separated, the output of the IMAQ 

Separation VI was then wired into the input of the IMAQ Particle Analysis VI. The output of the IMAQ 

Particle Analysis VI was then presented in a table. This table included the X and Y co-ordinates of 

the particles as well as their sizes. The table produced by the particle report was found on the FPW 

of the SP software and can be seen in Figure 30.  

 

Figure 30 The IMAQ Particle Analysis VI output found on the FPW 

Using the IMAQ Particle Analysis VI, small particles were filtered out, as a low pass threshold was 

established within this VI. By filtering out all the small particles, only the players within the PPS 

would be detected, and their respective X and Y co-ordinates would be recorded in a table. With the 

player X and Y co-ordinates now extracted from the PPS, it was essential to store these coordinates 

in the same order in which they were captured.  

The sequential storage of these co-ordinates was achieved by creating a self-indexing array, which 

was the primary feature of the SPs software subroutine. In order to create a self-indexing array, the 

Insert into Array VI was used. The output of the Insert into Array VI was then fed into the input of the 

same Insert into Array VI. By doing so, the new player co-ordinates would be stored after the prior 

co-ordinates, thus maintaining the sequence in which the PPS’s are processed. The array containing 

each player’s co-ordinates for each round was then stored to memory using the Write to Delimited 

Spreadsheet VI. The spreadsheet that was stored in memory by the spreadsheet was then called 

the player position information (PPI). The complete BPW of the SP can be seen in Figure 31.  
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Figure 31 The complete BPW of the SP
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4.5  Milestone 3: Information Concatenation   

LabVIEW 2018 Software suite has been the tool for the development of the three software units of 

the information processing system (IPS). The LabVIEW software suite is a block-orientated 

programming environment that is best characterised by its drag and drop style of programming, as 

mentioned before. The development of the first software was necessary to concatenate the player 

position information (PPI) with the miscellaneous information obtained through the CSGO Demo 

Manager software. The first software of the IPS was the Information Concatenator (IC). The product 

of the IC would be the overall round strategy information (ORSI). The IC consisted of three 

subroutines. These three subroutines were as follows: 

 Subroutine 1: PPI and Additional Info Retriever. The primary function of the PPI and 

Additional Info Retriever was to retrieve the PPI that was generated from the 

stencil processor (SP), as well as retrieve the miscellaneous round 

information generated by the Counter-Strike Demo Manager (Additional Info).  

 Subroutine 2: Spreadsheet Manipulator. The primary function of the Spreadsheet 

Manipulator was to remove all unwanted information from the additional info 

that was retrieved by the first subroutine. Unwanted information was removed 

by the subroutine, using the string manipulation capabilities of the LabVIEW 

software suite. 

 Subroutine 3: Concatenator. The Concatenator subroutine of the IC achieved the 

concatenation of the information. 

 

4.5.1 IC Subroutine 1: PPI and Additional Round Information Retriever 

The retrieval of stored information is often necessary for an IPS. The retrieval of information from 

memory is similar to the retrieval of images from memory in an MVS. Firstly, a file path is needed in 

order to retrieve a file from memory. The use of a path string enabled the locating of a file in 

memory. This path string is connected to a Read Delimited Spreadsheet VI by connecting wires. The 
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Read Delimited Spreadsheet VI reads the information of a file at the specified file location, beginning 

at a specified character offset, and converts the information it reads into a two-dimensional, double-

precision array of numbers, strings or integers. The figure below is a representation of a Read 

Delimited Spreadsheet VI. Figure 32 A. represents a text file that contains two columns of data that 

is delimited by a comma. Figure 32 B. represents the BPW of the Read Delimited Spreadsheet VI. 

Figure 32 C. represents the FPW displaying the information that was retrieved by the Read 

Delimited Spreadsheet VI in the BPW.   

 

Figure 32 A. A text file created with values, delimited by commas. B. The BPW with the VI 

responsible for retrieving the text file. C. The output of the retrieved file on the FPW. 

4.5.2 IC Subroutine 2: Spreadsheet Manipulator 

When developing any system, communicating with instruments and storing information are 

commonplace. The information is often stored as strings by software. A string is a sequence of 

displayable or non-displayable ASCII characters [84]. Applications of strings vary from creating 

simple text messages to controlling instruments connected to a system or storage of information 

collected by a system. Tables are the most common form of storing strings containing information. 

Tables allow the information to be indexed easily. Figure 33 represents an example of a table 

containing strings of information. 

A. B. C. 
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Figure 33 Table containing Strings on the FPW of LabVIEW. 

When using a table in LabVIEW, the software can perform various functions on the information 

within the table. These functions are: deleting information from an index; finding and retrieving 

information from a specific index; searching for, retrieving or replacing characters within a string or a 

substring in a specified index; changing all the text within a string to upper or lower case; rotating or 

reversing a string in a specified index or concatenating two or more strings together. These functions 

can be found in the String Palette in the BPW. Figure 34 illustrates all the string functions found in 

the Strings Function Pallet. 

 

Figure 34 String function pallet found in the LabVIEW BPW. 

4.5.3 IC Subroutine 3: Concatenator 

When developing systems that produce multiple information spreadsheets, these spreadsheets need 

to be concatenated in order to be analysed. The indexing feature of arrays within the LabVIEW 

software suite made the concatenation of various spreadsheets possible. Once the concatenator 
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subroutine completed concatenation of the PPI and additional information arrays, the new array was 

referred to as the ORSI. The ORSI was stored to memory by the Write to Spreadsheet File VI. The 

Write To Spreadsheet File VI creates a file with the concatenated information, separated by tab 

characters.  

4.5.4 IC Software development: Development of Information Concatenator 

software 

The information concatenator (IC) software of the IPS was developed using the LabVIEW 2018 

software suite BPW. The IC software was divided into three subroutines, viz. the PPI and additional 

info retriever, the spreadsheet manipulator and finally the concatenator. 

Both the PPI and additional info retriever subroutine were developed to ensure the correct PPI was 

concatenated to the correct additional info. The process of retrieving the PPI and additional info was 

developed correspondingly to that of the PPS retriever subroutine of the SP. The process of 

retrieving the correct PPI and additional info was done by selecting a specific year and match, to 

begin with. These parameters could be set on the FPW of the IC software. These parameters can be 

seen in Figure 35.    

 

Figure 35 User inputs on the FPW of the image processing software 

Once the year and match numbers were set, the software was developed to count the number of 

rounds selected in the “match” folder. The number of rounds would serve to be the number of times 

the Spreadsheet Manipulator subroutine would run.  
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The Spreadsheet manipulator was developed to remove all unwanted information found in the 

additional info a file that was retrieved from memory before concatenating the additional info with the 

PPI. The unnecessary information was all the counter-terrorist and overtime rounds that were played 

by Team Fnatic. The index array VI was used to locatedinstances of “Fnatic” or “fnatic” in the 

terrorist column within the additional info file. The index array VI portion of the subroutine can be 

seen in Figure 36. The index array VI portions of the subroutine were bound by a for loop with a 

count of 15. By looping this portion of the subroutine 15 times, it would ensure that only the rounds 

played within regulation would be captured and concatenated with the PPI. The for loop can be seen 

in Figure 36 A.  

 

Figure 36 Subroutine used to find and remove all unnecessary information from the additional info 

spreadsheet. 

The PPI and the additional info arrays were concatenated once all the unnecessary information of 

the additional info array was removed. The inputs of the Insert Into Array VI were set to 16 as the 

column number, with the delimited information of the PPI as the information input.  

 

A. 
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By doing so, all the additional information would populate the first 16 columns within the new array, 

with the remaining 11 columns populated by the PPI, and in doing so concatenating the two 

information arrays. The Appended.txt file is stored back into memory. The complete BPW of the IC 

software can be found in Figure 37.   
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Figure 37 The complete BPW of the IC software
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Once the Appended.txt was stored in memory, each of the Appended.txt files was imported to 

Microsoft Excel, thus creating the ORSI. Before the ORSI was processed, the player positions were 

encoded to simplify the processing by the neural net. The Microsoft Excel software provided the 

macro functionality where the script to encode the player positions. The written script was as follows: 

 

Figure 38 Macros script written in Microsoft Excel to locate the player coordinates within the pre-

allocated areas 

The script above tested the player positions against the pre-allocated areas on the map. Figure 39 A 

illustrates the pre-allocated areas used in the testing of the player co-ordinates with Figure 39 B 

illustrating the areas of the map in a graphical format.   
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Figure 39 A. Pre-allocated areas. B. Graphical representation of the pre-allocated areas

A. B. 
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4.6 Milestone 4: Information Pre-processing  

The LabVIEW 2018 Software suite has been the tool for the development of the second and third 

software units of the IPS. The development of both software units was necessary in order to process 

the overall round strategy information (ORSI) in the correct format to train an artificial neural net 

(ANN). Information pre-processor (IPp) was the name given to both software units. The first IPp was 

responsible for the retrieval of the OSRI and the manipulation of the information in the ORSI into the 

correct format needed to train an ANN. The software of the first IPp consisted of one routine, divided 

into three parts as follows: 

 Part 1: File Retrieval. The primary function of the first part was to retrieve the ORSI 

generated by the Information Concatenator (IC). The retrieval of the ORSI, by this 

software, is similar to that of the PPI and additional info retriever subroutine of the IC 

software.  

 Part 2: ORSI Re-arranging. The primary function of the second part was to ensure that the 

ORSI is in the correct format to train an ANN. The second part of the routine placed 

the encoded player co-ordinates of the next round with the current round, and 

divided the ORSI arrays. This was necessary, as the previous round’s information 

determined the player positions of the next round. For example, if one were to train 

a neural net on the strategy of round three, the ANN would need to know what the 

player positions were in round two. 

 Part 3: File Storage. The primary function of the third and last part of the routine was to store the 

arrays created in Part 2 as round number selected.txt file and the round number 

selected – targets.txt files. 

 

The second software unit of the Information Pre-processor (IPp) consisted of one routine. The 

responsibility of the second IPp software was to join all the respective round number selected.txt and 

round number selected –targ.txt files, as well as all previous rounds together. If one were to train an 

ANN on the strategy for round five, all previous rounds need to be within the data set for training. 
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Similarly, if you were to train an ANN on a strategy for round ten, all previous rounds need to be 

within that data set for training. The second software of the IPp consisted of one routine, divided into 

three parts. These parts were as follows: 

 Part 1: File Retrieval. The primary function of the first part was to retrieve the “round number 

selected”.txt and “round number selected” – targ.txt generated by the First IPp 

software. The retrieval of the “round number selected - round and targ.txt” file is 

similar to that of the PPI, and Additional Info Retriever subroutine found within the IC 

Software. 

 Part 2: Round Arrangement. The first part of the purpose of this routine was to retrieve the 

data and target files in the memory of a specific round, the user-specified round on 

the UI in the FPW of the software. With the round number specified, the data and 

target files of that round would be retrieved. Upon retrieval, they would be 

conducted together by this part of the routine.  

 Part 3: File Storage. The primary function of the second and last part of the routine was to 

store the newly created file. The newly created file would be the ORSI2. 

Subsequently, each round would have an ORSI2 file.  

 

4.6.1  IPp Software 1, Part 1: File Retrieval 

For brevity sake, the process of retrieving files remains largely similar as mentioned in the PPI. The 

additional info retriever subroutine and the retrieval of information from memory are similar to the 

retrieval of images from memory in an MVS as mentioned above. Firstly, a file path is needed by the 

software to retrieve a file from memory. The use of a path string VI enabled the locating of a file in 

memory. The path string is connected to a Read Delimited Spreadsheet VI by connecting wires.  
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4.6.2  IPp Software 1, Part 2: ORSI Re-arranging 

The process of re-arranging the ORSI remains similar to the spreadsheet manipulator subroutine of 

the IC software. A more in-depth explanation of spreadsheet and string manipulation can be found 

above in Subroutine 2 of the IC.  

4.6.3  IPp Software 1, Part 3: File Storage 

One can refer back to Subroutine 3 of the SP, as it discusses the storage of spreadsheet files at 

length.  

4.6.4  IPp Software 2, Part 1: File Retrieval 

The process of retrieving the files in the second software remained the same as with the first 

software. For brevity sake, referred to 1.6.1 IPp Software 1, Part 1: File Retrieval. 

4.6.5  IPp Software 2, Part 2: Round Arrangement 

The process of round arrangement remains similar to the spreadsheet manipulator subroutine of the 

IC software. A more in-depth explanation of spreadsheet and string manipulation can be found 

above in Subroutine 2 of the IC.  

4.6.6  IPp Software 2, Part 3: File Storage 

One can refer back to Subroutine 3 of the SP, as it discusses the storage of spreadsheet files at 

length.  

4.6.7  Software development: Development of Information Pre-processor 

software 1 

Before any programming could be done, a number of files needed to be created in memory. These 

files were the #.txt file and the # - targ.txt. The # represents the round number the user would input 
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in the front panel window of the LabVIEW software. Fifteen of these files were created, one for each 

round within a half of a Counter-Strike Global Offensive match.  

The first Information Pre-processing (IPp) software was developed in the LabVIEW 2018 software 

suite BPW. The first software consisted of one routine that was divided into three parts, with each 

part being responsible for executing a specific function. As with every other LabVIEW program, the 

programming of the first IPp software began with the introduction of a While Loop VI on the back 

panel window (BPW) that is controlled by a stop button on the front panel window (FPW). By 

controlling the while loop with a stop button, the user had control over the number of times the 

software would run.  

Inside the first IPp software While Loop VI, a file retrieval method was programmed into the routine. 

The file retrieval method made use of path string VI that was built to retrieve specific files from 

memory. The process of building a path string was done twice, as two files needed to be retrieved 

from memory. The exact pair of these files would be determined by the user with the string input VI 

on the FPW labelled round number. The number inserted by the user would be wired into a Build 

String VI that would create the path string. Once the user enters a number, the first IPp software 

would retrieve the specified round numbers pair of files, using the path string created. A second file 

retrieval part was programmed into the software with the goal of retrieving the ORSI created by the 

SP software, seen in Figure 40 Part 1. 

Once all the necessary files were retrieved from memory, the information retrieved would be 

processed by the ORSI re-arranging part of of the program. The ORSI re-arranging part of the 

software would firstly remove the encoded player position information from the additional info. The 

splitting of the information was achieved through the use of the indexing capabilities of arrays within 
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LabVIEW. ORSI re-arranged was achieved by subtracting the indexed row of additional info to that 

of the PPI, seen in Figure 40 Part 2. 

Once the information was separated, the new Additional info was stored as ““round number 

selected”.txt”, and the PPI was stored as ““round number selected”-targ.txt”. The storage of the two 

files was made possible with the use of the Write to Delimited Spreadsheet VI provided by LabVIEW. 

This can be seen in Figure 40 Part 3.  
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Figure 40 BPW of the first IPp. 
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4.6.8  Software development: Development of Information Pre-processor 

software (IPp)  2 

The second IPp) was developed in the LabVIEW 2018 software suite BPW. It consisted of one 

routine divided up into three parts, with each part being responsible for executing a specific function. 

The second IPp also consisted of only one while loop on the back panel window (BPW), controlled 

by a stop button on the front panel window (FPW). 

Much like the first IPp while loop, a file retrieval method was programmed into the routine. A build 

string VI was used to construct the file path string to retrieve the specified files from memory. The 

build string VI made use of a text input on the FPW to select the correct file. The user specified the 

round number before any processing would take place. This can be seen in Figure 41, Part 1.1, 1.2, 

1.3. 

Once the files were retrieved, the manner in which they were processed, was that all previous 

rounds would be stored, prior to the round specified by the user. If the user would therefore select 

“5” as the input the “#.txt” and “# – trag.txt” files of all round 1s, 2s, 3s and 4s would be concatenated 

to be stored as the information set for “5 – round and targ.txt”. By doing so, all historical information 

leading up to round 5 would be captured in one file. The round arrangement was performed for every 

single round up round 15, excluding round 1, as there is no historical information for round one. The 

round arrangement part of the routine can be seen in Part 2 in Figure 41. 

Once a round had been processed, the new array that was created would then be stored in memory 

with the name “# -round and targ.txt”. The “# -round and targ.txt” file is referred to as the ORSI2. The 

method of storing these files was the same as with the first IPp. The method of storing the “# -round 

and targ.txt” file can be seen in Part 3 in Figure 41. 
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Figure 41 BPW of the second IPp software 

4.7  Discussion 

The purpose of the MVS was to acquire accurate images of the in-game mini-map found on the 

CSGO UI, and to store them as binary images. The binary images, captured by the MVS, were then 

successfully processed in order to capture the player positions across the map. This was achieved 

by selecting the correct frame rate to capture the images, the resolution of the images captured, and 

the colour threshold needed to extract the terrorist team’s players from the in-game mini-map. The 

first and second milestones of Phase two of the study were achieved by the development of the 

PPSP and SP software of the MVS software suite. The third and fourth milestones of Phase two of 

the study were achieved by developing the software to perform the processing of the information 

obtained in Milestone two. The software developed, was the IC and the IPp. Once the PPI was 

successfully concatenated to the miscellaneous information obtained from the CSGO Demo 
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Manager and correctly pre-processed to be used to train an ANN, the development and training of 

each rounds automatic strategy predictor (ASP) was undertaken in Phase 2, Milestone 5 as laid out 

in Chapter 5. 
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Chapter 5  

Development of each of the Automated Strategy Predictors 

5.1 Introduction 

Chapter 5 describes Phase 2, Milestone 5 of this study and provides details of the development of 

each of the Automated Strategy Predictors (ASPs). The purpose of the ASP is to predict the strategy 

that would be used by Team Fnatic on the terrorist half of a match for every proceeding round to the 

current round. The ASP makes use of the overall round strategy 2 (ORSI2) file generated by the 

second IPp to train an artificial neural network (ANN). Each round will have an ANN trained, using its 

corresponding ORSI2 file, thus achieving Phase 2, Milestone 5. Figure 42 provides a conceptual 

flow diagram of the overall study, highlighting Phase 2, Milestone 5, which involved the development 

of the 15 ANNs. 
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Figure 42 Conceptual framework flow diagram, highlighting the development and evaluation of the 

artificial neural net 
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5.2 Phase 2: Preparation for the Development of the ANN 

Before the completion of Phase 2 and achieving Milestone 5, several steps were performed before 

the development of the ANNs. These steps included the importing and preparation of each round’s 

ORSI2 file into the MATLAB programming environment for the development and training of the ANN. 

Phase 3 involved the implementation and evaluation of the ANN in the Simulink environment. A 

logical flow diagram of Phase 2, Milestone 5 and Phase 3 can be seen in Figure 43. 
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Figure 43 Logical flow diagram of the development and evaluation of the artificial neural nets 
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5.2.1 Software Development Environment: MatLab 

The software chosen for the development and implementation of the artificial neural net (ANN) were 

MATLAB and MATLAB Simulink. MATLAB is a programming platform that is primarily used by 

engineers and scientists. The basis of MATLAB is its programming language. The MATLAB 

programming language is matrix-based, allowing natural computational mathematics. The utilisation 

of the MATLAB software varies in a number of ways, from analysing data, creating models and 

simulating applications, and developing algorithms to developing deep-learning and machine-

learning applications. MATLAB contains a neural net development toolbox that was used to develop 

and train the ANNs that made up the Automatic Strategy Predictor (ASP). 

5.2.2 Importation of each ORSI2 file into the MATLAB workspace 

Before the ANNs of the ASP could be trained, each round’s ORSI2 file containing the information 

needed to be imported into the MATLAB workspace. Importing the information was a two-step 

process, as described in Table 9. The data of each round were imported separately. Upon the 

importation of the ORSI2 of a round into the MATLAB workspace, the ORSI2 was manipulated to 

provide compatible information to train the ANN, using the ANN toolbox.   

© Central University of Technology, Free State



C h a p t e r  5 :  D e v e l o p m e n t  o f  t h e  A u t o m a t e d  S t r a t e g y  P r e d i c t o r  P a g e  | 91 

 

Table 9 Steps Needed to import the ORSI2 into the MatLab Workspace 

Description of Step 1 Software window 

One would begin the process of importing the 

ORSI2 file into MATLAB by clicking on the import 

data button found on the home ribbon of the 

MATLAB UI and selecting the ORSI2 file in 

memory. 

 

Description of Step 2 Software window 

Once the Import window has opened, a drop-down 

menu is found in the import tab of the ribbon. By 

selecting the Numeric Matrix from the drop-down, 

all text will be ignored and converted to a NaN 

value. 
 

Description of Step 3 Software window 

Once the information is converted to a numeric 

matrix, the Import Selection drop-down is found on 

the far right section of the Import tab of the ribbon. 

From the drop-down, Import Data was selected 

and thus imported the ORSI2 file as a numeric 

matrix to the MATLAB workspace. 

 

Description of Sep 4 Software window 

Once imported, the matrix was renamed from 

“Untitled” to “ALLdata” 
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5.2.3 Pre-processing of each ORSI2 file for the training of the ANN    

In order to develop and train each of the ANNs, the overall round strategy information 2 (ORSI2) file 

was imported into the MATLAB Workspace and had to be converted to the correct format. The 

format of the information was determined by the type of training selected to train the ANN. This study 

utilised supervised training. 

Supervised training is the method of training an ANN where both the input and output information is 

provided to the ANN as specified by the ANN toolbox found in MATLAB. The inputs of the ANN was 

the ORSI2 file that was generated by the second IPp. The targets of the ANN were the encoded 

player positions, generated by the second IPp. By performing supervised training, the ANN would 

“learn” which targets (encoded player positions) correlate with the inputs (ORSI2) it was provided 

with. In turn. The ANN would thus be able to predict the positions the players would use in the next 

round of the match. A conceptual diagram of the information format needed to train the ANN is found 

in Table 10. 

Table 10 Example of the data format needed by the ANN Toolbox 

ORSI2

ValueA1

ValueB1

ValueC1

...

ValueA2 ValueA3 ValueA4 ...

ValueB2 ValueB3 ValueB4 ...

ValueC2 ValueC3 ValueC4 ...

... ... ... ...

Encoded Player Positions 

ValueA1

ValueB1

ValueC1

...

ValueA2 ValueA3 ValueA4 ...

ValueB2 ValueB3 ValueB4 ...

ValueC2 ValueC3 ValueC4 ...

... ... ... ...
 

The process of importing the ORSI2 file, as well as the targets, was performed 15 times, once for 

each round within a half of a match, with the exception of round 1, as there is no prior information to 

round 1 for the ANN to be trained from. By importing the respective ORSI2 and targets file for a 
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specific round, the ANN would be trained to predict what the player positions would be for the 

coming round.  

Once the ORSI2 and targets were imported into the MATLAB workspace, it was realised that the 

information contained within the ORSI2 file would be inadequate to perform the training of the ANN, 

and thus a manner of generating additional information was devised.  

A MATLAB script was written to generate additional information. The first step in the script would 

open the original ORSI2 file, named “ALLdata”, now in matrix form. The second step of the script 

was to generate a variance of values between -3% and 3%. The variance generated ,would then 

also be stored in a temporary matrix, named “RandPercent”.  

The third step of the script was to multiply the original matrix, “ALLdata”, with the new “RandPercent” 

matrix in order to generate data with the variance between -3% and 3%. The newly created data with 

variance was stored in a matrix named “TempData”. The fourth and fifth step was to remove any 

zeros from the data, as it could result in a zero weight of a neuron when training an ANN. All 0s were 

therefore replaced with 1s to negate the zeroing of weights when training.  

The sixth step then multiplied the zero-less variance set with the “TempData” matrix and store the 

result back to the same matrix. The seventh step in the script was to add the variance, that was 

generated and stored in the “TempData” matrix, to the original “ALLdata” matrix and store it in a 

matrix called “FinalData”. The final step was to append the “FinalData” matrix to the “ALLdata” 

matrix, thus increasing the information for training. The script commands are shown in Table 11. 
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Table 11 Script commands to generate additional data 

Command Command description 

open('ALLdata'); Open original dataset 

RandPercent = 
randi([0,30],[1176,28])/1000 

Create Random Percentage of values between 0 
and 3% 

TempData = ALLdata.*RandPercent Create random values using Random Variance 

Plusminus = Randi([-1;1],[1176,28]) Add or subtract? 

Plusminus(Plusminus==0)=1 Remove 0s and replace with 1s 

TempData = TempData.*Plusminus Add or subtract! 

FinalData = ALLdata + TempData Add the variance to the original dataset 

ALLDATA = [ALLdata;FinalData] Append the variated data to the original dataset 

 

The “ALLDATA” matrix produced by the script would thus be the input data for the ANN. The 

process of generating the additional data was performed on each round’s ANN’s input data prior to 

the ANN being trained.  

5.2.4 Milestone 5: Development and Training of each round’s ANN 

Each round’s ANN was developed and compiled in the MATLAB Software suit with the aid of the 

MATLAB neural net toolbox. The development of each ANN consisted of various steps that needed 

to be followed in order to train and evaluate the accuracy of the ANN. A neural net is seen as a 

series of algorithms used to recognise relationships in a set of data through a process that mimics 

the discovery of patterns within a set of data when viewed by a human brain [85][86]. Thus, an 

algorithm was first chosen prior to training the ANN with the neural net toolbox. A table of the 

possible ANN algorithms provided by MATLAB is shown. 
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Table 12 Three ANN algorithm found within the ANN Toolbox 

Algorithm Description 

The Levenberg-Marquart algorithm 

The Levenberg-Marquart algorithm is able to 

process the data fast, but is resource-intensive. 

Furthermore, it stops training automatically when 

generalisation stops improving. 

The Bayesian Regularisation algorithm 

The Bayesian Regularisation algorithm typically 

requires more time, but is best used for data that 

contains small and noisy datasets. Training 

typically stops according to adaptive weight 

minimisation (regularisation). 

The Scaled Conjugate Gradient algorithm 

The Scaled Conjugate Gradient algorithm requires 

less memory and automatically stops training once 

generalisation stops improving. 

 

The Bayesian Regularisation algorithm was chosen for this study, as accuracy was more important 

than the time it would take to get results – with the added benefit that fewer resources would be 

required to perform the training of the ANNs.  

Once each round’s ORSI2 files were imported into MATLAB and prepared for training using the 

MATLAB toolbox, each roun’ds ANN was trained one by one using the Bayesian Regularisation 

algorithm. When the ANN had successfully been trained, the results of the trained ANN would be 

evaluated in order to determine the accuracy of the ANN.  

Each ANN that was trained, produced a report containing two parameters that allow one to evaluate 

the ANN. The parameters that were presented, are the Mean Square Error (MSE) and the 
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Regression (R). The MSE and R values are displayed on the results window of the ANN, once 

training was completed. For the ANN to be considered as accurate, the MSE-value needed to be as 

close to 0 as possible. The R-value measured the correlation between the outputs, being the answer 

the ANN produced, while the targets are the actual value. The closer the R-value is to 1, the better 

the correlation between the outputs and the targets, and thus the higher the accuracy. If the R-value 

were closer to 0 than 1, it would be indicative that the outputs and the targets have little to no 

correlation. The process of setting up and training each round’s ANN can be found in Table 13. 

Table 13 Steps taken to train and evaluate an ANN using the MatLab ANN Toolbox 

Step # Description of steps Software window 

Steps to setup ANN 

1 

By clicking on the “APPS” tab in the 

MATLAB ribbon, various different apps 

become available. An extensive list is 

provided by clicking on the drop-down arrow 

on the right-hand side of the ribbon. 
 

2 

Once the drop-down is clicked, a list of 

various apps will be displayed under their 

respective categories. 

 

3 

By locating the “Machine and Deep 

Learning” category, the “Neural Net Fitting” 

app is selected. 
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4 

Once selected, the Neural Net Fitting 

Toolbox will appear. The window contains 

basic information about the Neural Net 

Fitting App, as well as a diagram of a typical 

Fitting Neural Net diagram; this can be seen 

at A. The “Next” button, located bottom right 

of the window, is pressed to proceed with the 

setting up of the Neural Net. The “Next” 

button can be seen at B.  

5 

Once the “Next” button is clicked, the next 

phase in the setting up of the Neural Net is 

opened. This phase allows the user to select 

the “Inputs” and “Targets” for the training of 

the Neural Net. The “ALLDATA” matrix was 

selected as the Inputs, and the “OGTargets” 

matrix was selected as the Targets for the 

Neural Network. 
 

6 

With the Inputs and targets selected, one 

more setting was changed before clicking on 

the Next button bottom right of the window. 

The Radio button to select “Matrix Rows” 

was also selected, as leaving it on, the 

default “Matrix Columns” causes an error 

and will leave us unable to proceed. 

 

7 

The next phase of setting up the Neural Net 

was to select the percentage of data the 

Neural Net would use to train, validate and 

test. These were left in their default values of 

70% training data, 15% validation data and 

15% testing data as seen in A. The “Next” 

button bottom right was clicked once again to 

proceed. 
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8 

With the data set divided into the appropriate 

amounts, the Neural Net Toolbox 

automatically generates a neural net 

topography based on the settings selected 

prior to this step. The Neural Net Toolbox 

automatically determined the input to be 28, 

with ten hidden layers, five output layers and 

five outputs. The inputs increased as the 

round number increased, with the outputs 

being constant throughout. 
 

9 

In this step one is able to select the type of 

algorithm that will be used when training the 

Neural Net. As previously mentioned, the 

Bayesian Regularisation algorithm was 

selected for the Neural Net. 

 

10 

With the algorithm selected, the Neural Net 

can be trained by clicking the “Train” button 

found in the middle of the “Train Network” 

window. 

 

 Training step 
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11 

When the Neural Net starts to train, the 

Neural Net Training window will appear 

displaying the progress of the training along 

with other information. 

 

 Evaluation of the training step 

12 

Once training was completed, and 

successful, the “Train Network” window will 

reappear, displaying the results of the neural 

net. The “Train Network” window also allows 

the neural net to be retrained if the results 

are dissatisfactory. 
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13 

By clicking on the “Plot Regression” button 

located to the right centre of the “Train 

Network” window, more information on the 

accuracy of the neural net can be found by 

analysing the regression graphs produced. 

 

14 

If the results were satisfactory, the neural net 

was exported to Simulink and saved by 

clicking Next, and opening the “Deploy 

Solution” window, and selecting “Simulink 

Diagram”. 

 

 

Once the ANN was deployed to MATLAB Simulink, it was that specific round’s automatic strategy 

predictor (ASP). The ASP consists of three function blocks found in the Simulink workspace. The 

first function block is labelled “x1 Constant”. The “x1 Constant” function block consists of the inputs 

of the Neural Net. The “x1 Constant” function block is shown in Figure 44 A. The second block in the 

Simulink workspace is the neural net black box, labelled “Function Fitting Neural Net”. The “Function 

Fitting Neural Net” is the neural net algorithm that takes inputs and produces the predicted outputs. It 

is depicted in Figure 44 B. The third block in the Simulink workspace, labelled “y1”, is a scope 

function block. The function block serves as a display output for the “Function Fitting Neural Net” 

function block output. The “y1” function block can be seen in Figure 44 C., as depicted. 
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Figure 44 Simulink block diagram of an exported ANN. 

In order to obtain a numerical output from the “Function Fitting Neural Net” function block, 

adjustments were made to the Simulink block diagram. A sink function block was added to the 

“Output” of the “Function Fitting Neural Net” block. The sink function block serves as a numerical 

indicator of the output of the “Function Fitting Neural Net”. One would thus be able to see the 

predicted player positions based on the inputs given to the “Function Fitting Neural Net”. The sink 

function block can be seen in Figure 45 A. Once the sink function block was added to the ANN, it 

was saved once again.  

 

Figure 45 A. Sink function block for displaying decimal values. 

Steps 12 and 13 from Table 13 were repeated five times. By repeating these steps five times for 

each rRound’s ANN, the ANN that scored an R-value of 0.98 or higher of the five was selected to 
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determine the accuracy of each round’s ANN. By finding the best ANN for each round, the fifth and 

final milestone was reached. 

5.3 Discussion 

In Phase 2, Milestone 5, 75 ANNs were developed, i.e. 5 ANNs per round in one half of a CSGO 

match. Of the five ANNs developed per round, the one ANN with an R-value greater or equal to 0.98 

was kept; the remaining four were removed, thus leaving one ANN per round as the ASP for the 

specified round.  
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Chapter 6  

Evaluation of each of the Automated Strategy Predictor 

6.1 Introduction 

Phase 3 involved the implementation of all 15 ANNs and the evaluation of the ASP. In order to 

evaluate the ability of each round’s ASP to predict strategies, five unseen matches were selected. 

The five unseen matches were downloaded from HLTV.org. HLTV.org – the online database of all 

professional matches played across the world. The five matches are from January and February 

2020. Figure 46 provides a conceptual flow diagram of the overall study, highlighting Phase 3, which 

involved the evaluation of the 15 ANNs.   

Discussion

Development of an 
Artificial Neural Net

ANN
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Literature Review

Development of 
Information Conjugation 
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Pre-Processing Of the 
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Milestone 3

Milestone 4

Phase 2

Development of Image 
Acquisition Software

Development of Image 
Processing Software

PPS
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Evaluation of the 
Automatic Strategy 

Predictor
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Figure 46 Conceptual framework flow diagram, highlighting the development and evaluation of the 

artificial neural net 
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6.2 Phase 3: Evaluation of the each round’s Automatic Strategy 

Predictor 

The purpose of Phase 3 of the study was to determine the accuracy of each round’s automatic 

strategy predictor (ASP). To determine the accuracy of each round’s ASP, five random matches 

were to be selected and used as inputs for each round’s ASP. Firstly, each match was run through 

the machine vision software (MVS) suite, as well as the information processing system (ISP) in order 

for these matches to be used as inputs for each round’s ASP. Once the results were obtained from 

each ASP, they were tabulated and saved. The tabulated results from the ASPs were compared to 

the results obtained through the manual review of the same five matches. Table 14 illustrates the 

process followed in preparing for the evaluation of Round N’s ASP( N being the round number), 

using the ORSI2 file obtained from one match. The steps described are repeated for each of the 15 

ASPs and all 5 matches. 

Table 14 Steps taken to evaluate each round’s ASP 

Phase 3: Evaluation of each round’s ASP 

Step # Description of steps Software window 

Steps to obtain unseen ORSI2 files 

Step 1 

The first step to obtaining the overall round 

strategy information 2 (ORSI2) files 

needed to evaluate each round’s ASP, was 

selecting the demos of five Team Fnatic 

matches on the map Mirage. These demos 

were obtained from HTLV.org. 

 

 

 
 

© Central University of Technology, Free State



C h a p t e r  6 :  E v a l u a t i o n  o f  e a c h  t h e  A u t o m a t e d  S t r a t e g y  

P r e d i c t o r    P a g e  | 105 

 

Step 2 

Once all five match demos were obtained, 

they were separated into their respective 

folders. Another folder was created within 

the match folder to store all the images 

captured by the player position stencil 

producer (PPSP) for each round. Each 

PPSP is named after its respective round. 

 

Step 3 

Having obtained each round’s PPSs, they 

were fed into the stencil processor (SP) 

software. The SP software processed each 

round’s PPS and produced the player 

position information (PPI) file. The PPI file 

produced, was a text file that contained the 

PPI for each round of the entire match.   

Step 4 

The miscellaneous information of each 

match’s demo was obtained through the 

CSGO Demo Manager software. The 

miscellaneous information file was stored 

by clicking on the “Export Excel” button 

located at the top of the UI.  

 

Step 5 

With both the PPI and the miscellaneous 

information files obtained, the PPI and the 

miscellaneous information files were 

concatenated.                      

The information concatenator (IC) software 

of the information processing (IP) software 

performed the concatenation of the PPI 

and the miscellaneous information files.      
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Once the PPI and the miscellaneous 

information files were concatenated, they 

were stored back into the folder containing 

the match demo. The user interface (UI) of 

the IC can be seen in the software window. 

Once concatenated, the file produced was 

the overall round strategy information 

(ORSI) file. 

Step 6 

 

 

 

Steps 2, 3, 4 and 5 were repeated until all 

five matches had their own ORSI files. 

 

 

  

Step 7 

 

 

 

Each ORSI file was then fed into the 

information pre-processing (IPp) software 

of the IPS. Once all ORSI files were 

processed, the IPp software produced an 

ORSI2 file for each round. By doing so, 

putting each round’s information into the 

same format as the information used to 

train each round’s ASP.  
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 Phase 3: Evaluation of each round’s ASP 

Step 8 

 

Round N’s ORSI2 file was imported into 

the MATLAB workspace. This was 

achieved by firstly locating Round N’s 

folder. Once located, Round N’s ORSI2 

was imported into the MATLAB workspace 

and pre-processed into the correct format 

for the input of Round M’s ASP.  

 
 

Step 9 

As each round has its own ASP, Round 

N’s ASP was opened using the MATLAB 

Simulink user interface.  

 

Step 10 

In order to evaluate the accuracy of Round 

N’s ASP, an input from Round N’s ORIS2 

file in the MATLAB workspace was copied.  

 

Step 11 

The input copied from the MATLAB 

workspace was then pasted into the “x1 

Constant” function block. 
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Step 12 

Once the input is inserted into Round N’s 

ASP, the ASP was run in order to produce 

a prediction for the player positions in 

Round N of that specific match. This was 

performed by clicking on the “Run” button 

on the function ribbon. 

 

Step 13 

 

 

 

By having clicked the “Run” button, the 

ASP produced a prediction as to what the 

strategy would be for the round. 

 

 

  

  

Step 14 

 

The output of Round N’s ASP is then 

tabulated and stored. In the software 

window alongside, the player positions that 

were observed through the manual review, 

is highlighted in blue and the prediction 

produced by the ASP is highlighted in red. 

 

 

 

Once each match has been manually reviewed and once each ASP has been run with all the results 

tabulated, the accuracy of each round’s ASP was calculated. In order to calculate the accuracy of 

each round’s ASP, each of the predicted player positions is divided by the manually reviewed player 

position. The quotients are added together, and the absolute value of the sum of each quotient is 

then subtracted from 100. The difference between the summed quotient and 100 is then subtracted 
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from 100 once again to produce a value of 100. The final difference is the accuracy of the prediction. 

The equation used for the calculation of the prediction accuracy is seen in Equation 1: 

Equation 1 Prediction Accuracy 

 
 

Where:  n = 5 
PA = Prediction Accuracy 
Prx = Predicted Player Position  
Px = Manual Review Player Position  

 

The full spreadsheet of all the player positions obtained through manual review, as well as all the 

predicted player positions for each round’s ASP, is shown in Table 16. 
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Table 15 All results and each ASP’s Precision Accuracy   

Manual Review Position Predicted Results Accuracy % Average Absolute Accuracy in %

Round 2 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5 Predicted Position/Manual Review Position Predicted Position/Manual Review Position X 100

Match1 4 9 1 4 4 3.3 5.3 0.7 3.1 4.8 0.8 0.6 0.7 0.8 1.2 81 59 72 77 121 82.19

Match2 9 1 4 1 4 4.4 3.4 4.9 5.0 1.4 0.5 3.4 1.2 5.0 0.4 49 343 123 499 36 209.93

Match3 7 9 4 8 7 6.4 7.3 5.2 5.8 6.6 0.9 0.8 1.3 0.7 0.9 92 81 130 72 94 93.79

Match4 1 1 1 1 1 2.1 1.2 1.7 1.5 2.7 2.1 1.2 1.7 1.5 2.7 212 121 175 146 274 185.50

Match5 4 4 4 1 7 5.1 3.8 3.0 2.5 4.0 1.3 0.9 0.8 2.5 0.6 129 95 76 247 57 120.54

138.39 38.39 61.61

Round 3 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 7 1 4 7 4.9 8.4 2.6 3.5 7.4 1.2 1.2 2.6 0.9 1.1 121 120 263 89 105 139.71

Match2 7 8 4 4 8 6.6 8.4 5.5 4.2 7.5 0.9 1.1 1.4 1.1 0.9 94 106 137 106 94 107.34

Match3 1 8 1 1 1 1.1 7.6 0.6 2.2 1.6 1.1 1.0 0.6 2.2 1.6 107 95 57 219 160 127.60

Match4 1 1 1 1 1 1.3 0.9 2.1 2.4 0.4 1.3 0.9 2.1 2.4 0.4 130 92 211 242 40 142.84

Match5 1 4 1 4 4 1.9 4.2 0.8 4.4 4.2 1.9 1.1 0.8 1.1 1.0 194 106 80 109 105 118.89

127.28 27.28 72.72

Round 4 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 4 1 4 1 3.9 4.1 0.9 4.0 0.6 1.0 1.0 0.9 1.0 0.6 99 103 94 99 56 90.07

Match2 1 1 1 8 4 0.4 0.2 1.1 7.9 4.2 0.4 0.2 1.1 1.0 1.1 35 21 114 99 106 75.01

Match3 4 9 7 9 7 4.0 9.4 6.3 9.3 7.0 1.0 1.0 0.9 1.0 1.0 100 105 89 104 100 99.60

Match4 4 4 8 1 1 4.1 4.0 8.4 0.4 0.9 1.0 1.0 1.0 0.4 0.9 102 99 105 45 93 88.76

Match5 4 1 4 1 10 3.9 1.4 3.7 1.0 9.7 1.0 1.4 0.9 1.0 1.0 98 136 93 98 97 104.32

91.55 8.45 91.55

Round 5 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 1 4 8 1 4.1 1.0 3.9 7.8 1.1 1.0 1.0 1.0 1.0 1.1 102 104 98 98 111 102.57

Match2 7 4 1 4 1 7.0 4.0 1.0 3.9 1.0 1.0 1.0 1.0 1.0 1.0 100 100 95 97 101 98.62

Match3 4 1 4 1 4 3.9 1.0 3.9 0.9 3.9 1.0 1.0 1.0 0.9 1.0 97 97 98 87 97 95.25

Match4 4 9 7 8 4 4.1 9.0 7.0 7.8 4.0 1.0 1.0 1.0 1.0 1.0 103 100 100 97 101 100.29

Match5 4 2 1 4 4 4.0 2.3 0.9 3.7 4.1 1.0 1.1 0.9 0.9 1.0 100 115 88 92 103 99.48

99.24 0.76 99.24

Round 6 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 8 3 4 4 4.0 8.0 3.2 4.1 4.2 1.0 1.0 1.1 1.0 1.0 101 100 106 101 104 102.45

Match2 4 4 1 4 4 3.9 3.9 1.2 4.0 4.2 1.0 1.0 1.2 1.0 1.1 99 98 119 100 105 104.24

Match3 4 4 8 1 1 3.9 3.9 7.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 99 98 97 103 97 98.74

Match4 7 4 8 9 7 7.1 4.1 8.1 9.0 7.0 1.0 1.0 1.0 1.0 1.0 101 102 101 100 100 100.90

Match5 7 4 8 7 8 7.1 3.9 8.1 7.1 8.1 1.0 1.0 1.0 1.0 1.0 102 97 102 101 102 100.73

101.41 1.41 98.59

Round 7 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 7 8 7 7 7 7.1 8.0 7.0 7.0 7.0 1.0 1.0 1.0 1.0 1.0 101 100 100 100 100 100.08

Match2 7 7 8 7 7 7.0 7.0 7.9 7.0 6.7 1.0 1.0 1.0 1.0 1.0 100 100 98 100 96 98.91

Match3 9 4 4 1 4 9.0 4.1 3.9 1.0 4.0 1.0 1.0 1.0 1.0 1.0 100 102 98 101 101 100.50

Match4 8 7 4 1 10 8.0 7.1 4.0 1.0 10.1 1.0 1.0 1.0 1.0 1.0 100 101 101 100 101 100.54

Match5 4 9 4 1 4 4.0 9.1 4.0 0.9 4.1 1.0 1.0 1.0 0.9 1.0 99 101 100 87 103 97.79

99.56 0.44 99.56

Round 8 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 8 4 8 7 7 7.9 4.0 8.2 7.1 7.1 1.0 1.0 1.0 1.0 1.0 99 101 102 101 101 100.93

Match2 8 8 7 7 8 8.0 8.0 6.8 7.0 7.9 1.0 1.0 1.0 1.0 1.0 100 101 98 100 99 99.36

Match3 4 1 8 2 1 4.0 1.0 8.0 2.2 0.9 1.0 1.0 1.0 1.1 0.9 99 97 100 110 87 98.60

Match4 4 4 1 4 1 4.0 4.1 1.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 100 102 100 100 98 100.16

Match5 10 1 4 4 4 9.9 0.9 3.9 3.9 4.0 1.0 0.9 1.0 1.0 1.0 99 88 97 98 99 96.24

99.06 0.94 99.06

Round 9 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 4 7 9 10 4.1 4.0 7.1 8.9 10.1 1.0 1.0 1.0 1.0 1.0 102 99 101 99 101 100.10

Match2 4 2 1 7 7 3.8 2.1 0.8 7.0 7.1 1.0 1.1 0.8 1.0 1.0 96 105 81 100 102 96.94

Match3 4 7 4 8 7 4.0 7.1 4.0 8.1 6.9 1.0 1.0 1.0 1.0 1.0 100 102 101 101 99 100.37

Match4 1 4 7 4 8 1.0 4.0 7.0 4.1 8.0 1.0 1.0 1.0 1.0 1.0 101 101 99 103 101 100.86

Match5 1 1 7 1 8 1.1 1.0 7.0 1.0 8.0 1.1 1.0 1.0 1.0 1.0 106 95 100 100 100 100.13

99.68 0.32 99.68

Round 10 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 4 2 9 9 3.9 4.0 2.0 8.9 9.0 1.0 1.0 1.0 1.0 1.0 98 101 99 99 100 99.43

Match2 4 2 4 1 9 4.1 2.0 4.0 1.1 9.0 1.0 1.0 1.0 1.1 1.0 101 99 99 107 100 101.35

Match3 4 1 1 4 4 4.0 1.1 1.0 4.0 4.1 1.0 1.1 1.0 1.0 1.0 101 107 98 101 102 101.82

Match4 1 9 2 7 1 1.1 9.0 2.1 7.0 1.0 1.1 1.0 1.0 1.0 1.0 106 100 103 101 103 102.36

Match5 1 8 8 1 8 1.0 8.0 8.0 1.1 8.0 1.0 1.0 1.0 1.1 1.0 103 99 100 108 100 101.99

101.39 1.39 98.61

Round 11 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 9 1 9 1 9 9.0 1.0 9.0 1.1 8.9 1.0 1.0 1.0 1.1 1.0 100 100 100 107 99 101.01

Match2 1 1 1 4 1 1.1 1.0 0.9 4.1 1.1 1.1 1.0 0.9 1.0 1.1 106 96 92 103 108 101.03

Match3 1 7 4 1 1 0.9 6.9 4.0 1.0 1.1 0.9 1.0 1.0 1.0 1.1 90 98 99 99 107 98.68

Match4 4 8 1 1 2 4.0 8.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0 100 100 104 102 100 101.16

Match5 4 8 1 7 1 4.0 8.1 4.0 7.0 1.0 1.0 1.0 4.0 1.0 1.0 100 101 405 100 104 161.89

112.75 12.75 87.25

Round 12 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 9 3 4 4 7 9.0 2.8 4.0 4.0 7.0 1.0 0.9 1.0 1.0 1.0 100 94 100 100 100 98.84

Match2 4 1 1 7 4 4.0 1.1 1.0 6.9 4.0 1.0 1.1 1.0 1.0 1.0 101 107 104 99 99 102.08

Match3 1 1 2 1 7 1.0 1.0 2.0 1.0 7.0 1.0 1.0 1.0 1.0 1.0 98 102 101 100 100 100.14

Match4 7 7 7 8 7 7.0 7.0 7.0 8.0 7.1 1.0 1.0 1.0 1.0 1.0 100 100 100 100 101 100.01

Match5 4 4 4 9 9 4.0 4.0 4.0 9.0 9.0 1.0 1.0 1.0 1.0 1.0 101 100 100 100 100 100.04

100.22 0.22 99.78

Round 13 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 2 4 4 1 4.0 2.0 4.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 99 100 99 100 99 99.47

Match2 4 4 4 8 4 4.0 4.0 4.0 8.0 4.0 1.0 1.0 1.0 1.0 1.0 100 99 100 101 99 99.92

Match3 2 2 4 9 1 2.0 2.0 3.9 8.9 1.0 1.0 1.0 1.0 1.0 1.0 99 102 99 99 95 98.96

Match4 7 4 7 5 7 7.0 4.0 7.0 5.0 7.0 1.0 1.0 1.0 1.0 1.0 100 99 100 101 100 99.99

Match5 7 1 4 4 1 7.0 0.9 4.0 4.0 0.9 1.0 0.9 1.0 1.0 0.9 99 95 100 101 92 97.40

99.15 0.85 99.15

Round 14 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 8 4 7 4 4.0 8.0 4.0 7.0 4.0 1.0 1.0 1.0 1.0 1.0 100 100 100 100 101 100.14

Match2 7 7 9 8 8 6.6 7.0 9.0 8.0 8.0 0.9 1.0 1.0 1.0 1.0 95 101 100 100 99 99.04

Match3 4 1 4 9 7 4.0 1.0 4.0 9.0 7.0 1.0 1.0 1.0 1.0 1.0 100 100 100 100 100 99.82

Match4 4 1 1 8 4 4.0 1.0 1.0 8.0 4.0 1.0 1.0 1.0 1.0 1.0 99 101 102 100 100 100.48

Match5 1 1 2 8 1 1.1 1.1 2.0 8.0 1.0 1.1 1.1 1.0 1.0 1.0 114 115 101 100 95 104.97

100.89 0.89 99.11

Round 15 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 7 4 4 4 8 7.0 4.0 4.0 4.0 8.0 1.0 1.0 1.0 1.0 1.0 100 100 99 99 100 99.65

Match2 7 7 2 5 5 7.0 7.0 2.0 4.9 5.0 1.0 1.0 1.0 1.0 1.0 100 100 99 99 101 99.80

Match3 7 8 7 7 7 7.0 8.0 7.0 7.0 7.0 1.0 1.0 1.0 1.0 1.0 100 100 100 101 100 100.16

Match4 1 7 1 7 8 1.0 7.0 1.1 7.0 8.0 1.0 1.0 1.1 1.0 1.0 97 99 105 100 100 100.21

Match5 1 8 4 4 1 1.0 8.0 4.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 100 100 99 101 98 99.66

99.89 0.11 99.89
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Manual Review Position Predicted Results Accuracy % Average Absolute Accuracy in %

Round 2 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5 Predicted Position/Manual Review Position Predicted Position/Manual Review Position X 100

Match1 4 9 1 4 4 3.3 5.3 0.7 3.1 4.8 0.8 0.6 0.7 0.8 1.2 81 59 72 77 121 82.19

Match2 9 1 4 1 4 4.4 3.4 4.9 5.0 1.4 0.5 3.4 1.2 5.0 0.4 49 343 123 499 36 209.93

Match3 7 9 4 8 7 6.4 7.3 5.2 5.8 6.6 0.9 0.8 1.3 0.7 0.9 92 81 130 72 94 93.79

Match4 1 1 1 1 1 2.1 1.2 1.7 1.5 2.7 2.1 1.2 1.7 1.5 2.7 212 121 175 146 274 185.50

Match5 4 4 4 1 7 5.1 3.8 3.0 2.5 4.0 1.3 0.9 0.8 2.5 0.6 129 95 76 247 57 120.54

138.39 38.39 61.61

Round 3 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 7 1 4 7 4.9 8.4 2.6 3.5 7.4 1.2 1.2 2.6 0.9 1.1 121 120 263 89 105 139.71

Match2 7 8 4 4 8 6.6 8.4 5.5 4.2 7.5 0.9 1.1 1.4 1.1 0.9 94 106 137 106 94 107.34

Match3 1 8 1 1 1 1.1 7.6 0.6 2.2 1.6 1.1 1.0 0.6 2.2 1.6 107 95 57 219 160 127.60

Match4 1 1 1 1 1 1.3 0.9 2.1 2.4 0.4 1.3 0.9 2.1 2.4 0.4 130 92 211 242 40 142.84

Match5 1 4 1 4 4 1.9 4.2 0.8 4.4 4.2 1.9 1.1 0.8 1.1 1.0 194 106 80 109 105 118.89

127.28 27.28 72.72

Round 4 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 4 1 4 1 3.9 4.1 0.9 4.0 0.6 1.0 1.0 0.9 1.0 0.6 99 103 94 99 56 90.07

Match2 1 1 1 8 4 0.4 0.2 1.1 7.9 4.2 0.4 0.2 1.1 1.0 1.1 35 21 114 99 106 75.01

Match3 4 9 7 9 7 4.0 9.4 6.3 9.3 7.0 1.0 1.0 0.9 1.0 1.0 100 105 89 104 100 99.60

Match4 4 4 8 1 1 4.1 4.0 8.4 0.4 0.9 1.0 1.0 1.0 0.4 0.9 102 99 105 45 93 88.76

Match5 4 1 4 1 10 3.9 1.4 3.7 1.0 9.7 1.0 1.4 0.9 1.0 1.0 98 136 93 98 97 104.32

91.55 8.45 91.55

Round 5 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 1 4 8 1 4.1 1.0 3.9 7.8 1.1 1.0 1.0 1.0 1.0 1.1 102 104 98 98 111 102.57

Match2 7 4 1 4 1 7.0 4.0 1.0 3.9 1.0 1.0 1.0 1.0 1.0 1.0 100 100 95 97 101 98.62

Match3 4 1 4 1 4 3.9 1.0 3.9 0.9 3.9 1.0 1.0 1.0 0.9 1.0 97 97 98 87 97 95.25

Match4 4 9 7 8 4 4.1 9.0 7.0 7.8 4.0 1.0 1.0 1.0 1.0 1.0 103 100 100 97 101 100.29

Match5 4 2 1 4 4 4.0 2.3 0.9 3.7 4.1 1.0 1.1 0.9 0.9 1.0 100 115 88 92 103 99.48

99.24 0.76 99.24

Round 6 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 8 3 4 4 4.0 8.0 3.2 4.1 4.2 1.0 1.0 1.1 1.0 1.0 101 100 106 101 104 102.45

Match2 4 4 1 4 4 3.9 3.9 1.2 4.0 4.2 1.0 1.0 1.2 1.0 1.1 99 98 119 100 105 104.24

Match3 4 4 8 1 1 3.9 3.9 7.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 99 98 97 103 97 98.74

Match4 7 4 8 9 7 7.1 4.1 8.1 9.0 7.0 1.0 1.0 1.0 1.0 1.0 101 102 101 100 100 100.90

Match5 7 4 8 7 8 7.1 3.9 8.1 7.1 8.1 1.0 1.0 1.0 1.0 1.0 102 97 102 101 102 100.73

101.41 1.41 98.59

Round 7 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 7 8 7 7 7 7.1 8.0 7.0 7.0 7.0 1.0 1.0 1.0 1.0 1.0 101 100 100 100 100 100.08

Match2 7 7 8 7 7 7.0 7.0 7.9 7.0 6.7 1.0 1.0 1.0 1.0 1.0 100 100 98 100 96 98.91

Match3 9 4 4 1 4 9.0 4.1 3.9 1.0 4.0 1.0 1.0 1.0 1.0 1.0 100 102 98 101 101 100.50

Match4 8 7 4 1 10 8.0 7.1 4.0 1.0 10.1 1.0 1.0 1.0 1.0 1.0 100 101 101 100 101 100.54

Match5 4 9 4 1 4 4.0 9.1 4.0 0.9 4.1 1.0 1.0 1.0 0.9 1.0 99 101 100 87 103 97.79

99.56 0.44 99.56

Round 8 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 8 4 8 7 7 7.9 4.0 8.2 7.1 7.1 1.0 1.0 1.0 1.0 1.0 99 101 102 101 101 100.93

Match2 8 8 7 7 8 8.0 8.0 6.8 7.0 7.9 1.0 1.0 1.0 1.0 1.0 100 101 98 100 99 99.36

Match3 4 1 8 2 1 4.0 1.0 8.0 2.2 0.9 1.0 1.0 1.0 1.1 0.9 99 97 100 110 87 98.60

Match4 4 4 1 4 1 4.0 4.1 1.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 100 102 100 100 98 100.16

Match5 10 1 4 4 4 9.9 0.9 3.9 3.9 4.0 1.0 0.9 1.0 1.0 1.0 99 88 97 98 99 96.24

99.06 0.94 99.06

Round 9 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 4 7 9 10 4.1 4.0 7.1 8.9 10.1 1.0 1.0 1.0 1.0 1.0 102 99 101 99 101 100.10

Match2 4 2 1 7 7 3.8 2.1 0.8 7.0 7.1 1.0 1.1 0.8 1.0 1.0 96 105 81 100 102 96.94

Match3 4 7 4 8 7 4.0 7.1 4.0 8.1 6.9 1.0 1.0 1.0 1.0 1.0 100 102 101 101 99 100.37

Match4 1 4 7 4 8 1.0 4.0 7.0 4.1 8.0 1.0 1.0 1.0 1.0 1.0 101 101 99 103 101 100.86

Match5 1 1 7 1 8 1.1 1.0 7.0 1.0 8.0 1.1 1.0 1.0 1.0 1.0 106 95 100 100 100 100.13

99.68 0.32 99.68

Round 10 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 4 2 9 9 3.9 4.0 2.0 8.9 9.0 1.0 1.0 1.0 1.0 1.0 98 101 99 99 100 99.43

Match2 4 2 4 1 9 4.1 2.0 4.0 1.1 9.0 1.0 1.0 1.0 1.1 1.0 101 99 99 107 100 101.35

Match3 4 1 1 4 4 4.0 1.1 1.0 4.0 4.1 1.0 1.1 1.0 1.0 1.0 101 107 98 101 102 101.82

Match4 1 9 2 7 1 1.1 9.0 2.1 7.0 1.0 1.1 1.0 1.0 1.0 1.0 106 100 103 101 103 102.36

Match5 1 8 8 1 8 1.0 8.0 8.0 1.1 8.0 1.0 1.0 1.0 1.1 1.0 103 99 100 108 100 101.99

101.39 1.39 98.61

Round 11 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 9 1 9 1 9 9.0 1.0 9.0 1.1 8.9 1.0 1.0 1.0 1.1 1.0 100 100 100 107 99 101.01

Match2 1 1 1 4 1 1.1 1.0 0.9 4.1 1.1 1.1 1.0 0.9 1.0 1.1 106 96 92 103 108 101.03

Match3 1 7 4 1 1 0.9 6.9 4.0 1.0 1.1 0.9 1.0 1.0 1.0 1.1 90 98 99 99 107 98.68

Match4 4 8 1 1 2 4.0 8.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0 100 100 104 102 100 101.16

Match5 4 8 1 7 1 4.0 8.1 4.0 7.0 1.0 1.0 1.0 4.0 1.0 1.0 100 101 405 100 104 161.89

112.75 12.75 87.25

Round 12 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 9 3 4 4 7 9.0 2.8 4.0 4.0 7.0 1.0 0.9 1.0 1.0 1.0 100 94 100 100 100 98.84

Match2 4 1 1 7 4 4.0 1.1 1.0 6.9 4.0 1.0 1.1 1.0 1.0 1.0 101 107 104 99 99 102.08

Match3 1 1 2 1 7 1.0 1.0 2.0 1.0 7.0 1.0 1.0 1.0 1.0 1.0 98 102 101 100 100 100.14

Match4 7 7 7 8 7 7.0 7.0 7.0 8.0 7.1 1.0 1.0 1.0 1.0 1.0 100 100 100 100 101 100.01

Match5 4 4 4 9 9 4.0 4.0 4.0 9.0 9.0 1.0 1.0 1.0 1.0 1.0 101 100 100 100 100 100.04

100.22 0.22 99.78

Round 13 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 2 4 4 1 4.0 2.0 4.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 99 100 99 100 99 99.47

Match2 4 4 4 8 4 4.0 4.0 4.0 8.0 4.0 1.0 1.0 1.0 1.0 1.0 100 99 100 101 99 99.92

Match3 2 2 4 9 1 2.0 2.0 3.9 8.9 1.0 1.0 1.0 1.0 1.0 1.0 99 102 99 99 95 98.96

Match4 7 4 7 5 7 7.0 4.0 7.0 5.0 7.0 1.0 1.0 1.0 1.0 1.0 100 99 100 101 100 99.99

Match5 7 1 4 4 1 7.0 0.9 4.0 4.0 0.9 1.0 0.9 1.0 1.0 0.9 99 95 100 101 92 97.40

99.15 0.85 99.15

Round 14 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 4 8 4 7 4 4.0 8.0 4.0 7.0 4.0 1.0 1.0 1.0 1.0 1.0 100 100 100 100 101 100.14

Match2 7 7 9 8 8 6.6 7.0 9.0 8.0 8.0 0.9 1.0 1.0 1.0 1.0 95 101 100 100 99 99.04

Match3 4 1 4 9 7 4.0 1.0 4.0 9.0 7.0 1.0 1.0 1.0 1.0 1.0 100 100 100 100 100 99.82

Match4 4 1 1 8 4 4.0 1.0 1.0 8.0 4.0 1.0 1.0 1.0 1.0 1.0 99 101 102 100 100 100.48

Match5 1 1 2 8 1 1.1 1.1 2.0 8.0 1.0 1.1 1.1 1.0 1.0 1.0 114 115 101 100 95 104.97

100.89 0.89 99.11

Round 15 Player 1 Player 2 Player 3 Player 4 Player 5 Player 1 Player 2 Player 3 Player 4 Player 5

Match1 7 4 4 4 8 7.0 4.0 4.0 4.0 8.0 1.0 1.0 1.0 1.0 1.0 100 100 99 99 100 99.65

Match2 7 7 2 5 5 7.0 7.0 2.0 4.9 5.0 1.0 1.0 1.0 1.0 1.0 100 100 99 99 101 99.80

Match3 7 8 7 7 7 7.0 8.0 7.0 7.0 7.0 1.0 1.0 1.0 1.0 1.0 100 100 100 101 100 100.16

Match4 1 7 1 7 8 1.0 7.0 1.1 7.0 8.0 1.0 1.0 1.1 1.0 1.0 97 99 105 100 100 100.21

Match5 1 8 4 4 1 1.0 8.0 4.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 100 100 99 101 98 99.66

99.89 0.11 99.89
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By calculating the average of each, an overall accuracy average was determined. Seen in Table 16 , 

the accuracy of round 2s ASP was the lowest, achieving only a 62% accuracy. The low accuracy of 

round 2’s ASP was expected, since there is little prior information. Furthermore, each ASP after that 

improved accuracy; this, too, was expected. The process of reviewing the five unseen matches 

using the ASP took 1 hour and 13 minutes, where as the manual reviewing process of the same five 

matches took 6 hours and 39 minutes to complete. 

Table 16 Each round’s ASP calculated accuracy  

Round N ASP Accuracy (%) 

ROUND 2 ASP 61.61 

ROUND 3 ASP 72.72 

ROUND 4 ASP 91.55 

ROUND 5 ASP 99.24 

ROUND 6 ASP 98.59 

ROUND 7 ASP 99.56 

ROUND 8 ASP 99.06 

ROUND 9 ASP 99.68 

ROUND 10 ASP 98.61 

ROUND 11 ASP 87.25 

ROUND 12 ASP 99.78 

ROUND 13 ASP 99.15 

ROUND 14 ASP 99.11 

ROUND 15 ASP 99.89 
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6.3 Discussion 

Phase 3 of the study compared the accuracy and the duration of the player position predictions of 

each round’s ASP and the manual review of five unseen matches. The results of Phase 3 proved the 

ASP of the second and third rounds’ accuracy was lower than the ASP of the rounds that followed. 

Furthermore, the overall process of analysing 5 unseen matches with the ASP 1 hour and 13 

minutes, whereas the manual review of the same five matches took 6 hours and 39 minutes.  
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Chapter 7  

Discussion and Conclusion 

7.1 Introduction 

In the professional sports industry one of the major considerations often overlooked is the 

strategising aspect when performing at the top echelon. Strategising is the cornerstone of 

competitive battle, both on the battlefield and in the sports industry. With machine vision and big 

data, technology has been used to study and develop strategies [8][9].   

In previous years games also played a vital role in the military field, being used as instructional tools 

to teach military officers about the principles of combat. Furthermore, games have been used by the 

United States Navy to play war games that depict possible encounters with various adversaries and 

determine what the best strategies would be to defeat their adversaries in the likelihood that they 

would be at war with one another [77][78][79].  

Subsequently much of the processes of strategising used in the military has permeated the 

professional gaming scene, specifically in the E-sport’s Counter-Strike Global Offensive. 

Professional CSGO teams make use of previous encounters with various adversaries to determine 

the best strategy to counter and defeat their adversaries, similar to the manner in which “Kriegsspiel” 

was used to determine what faults were made when playing the board game [81]. In recent times the 

use of machine vision, as well as machine learning, has been implemented in conventional 

professional sports, such as soccer, to determine the best players and strategies by reviewing 

previous encounters against adversaries. A recent example of this being the Arsenal Football Club 

making use of closed circuit television (CCTV) cameras to predict players’ performance, as well as 

the outcome of games to gain a competitive edge over competitors in the English Premier League 
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(EPL) [8]. Such systems have also been implemented in Formula 1, as well as in basketball and 

indoor hockey [9][45][75][76]. Yet nothing similar has been implemented in the E-sports arena. 

The main limitation of reviewing previous encounters with adversaries, is that it is time-consuming. A 

professional CSGO match can be an hour long within regulation. Furthermore, an individual 

performing the review could miss multiple nuances. Therefore this study was undertaken to 

circumvent these limitations by developing an automatic strategy predictor (APS). The successfully 

developed ASP automatically predicts the player positions of all five players of the Team Fnatic 

Professional CSGO team in the proceeding round by making use of the information obtained within 

the current round, by combining machine vision (MV), information processing (IP) and artificial 

neural network (ANN) technologies. In the ASP, an MVS generates a player position stencil (PPS) 

by capturing the in-game mini-map at a pre-determined time within each round. The PPS for each 

round is processed by the MVS to produce the player position information (PPI) for each round. The 

information processing system (IPS) processes the PPI in order to produce an overall round strategy 

information 2 (ORSI2) file for each round. An ANN is then trained for using the ORSI2 file obtained 

from the IPS. This resulted in fifteen ANNs being developed and trained, as there are fifteen rounds 

in a half. Each ANN then predicts each of the five players’ positions within that round. 

7.2 The Automatic Strategy Predictor 

The primary challenge of this study was to acquire a high fidelity, greyscale, binary image of the in-

game mini-map of each round in the first half of every game ever played by the professional CSGO 

team, Team Fnatic. The images that were captured of the in-game mini-map, were then used to 

create unique player position stencils (PPS) for each round of every game. A machine vision system 

(MVS) was developed for the capturing of these PPSs of each round. The MVS made use of pattern 

matching, regions of interest (ROI), erosion, and various morphological algorithms to capture the 

PPS at the correct point within each round of every match ever played by Team Fnatic. The 

© Central University of Technology, Free State



C h a p t e r  7 :  D i s c u s s i o n  a n d  C o n c l u s i o n  P a g e  | 116 

 

 

morphological algorithms of thresholding were key to the removal of all unwanted information from 

the in-game mini-map consistently and for the reduction of noise within the captured images. The 

process of reviewing each match was automated, as over 200 matches have been played on the 

map de_mirage by Team Fnatic since they began playing CSGO.  

A second challenge was to process the information obtained from the MVS to train each round’s 

ANN. The information processing system (IPS) software suite was developed to produce the overall 

round strategy 2 (ORSI2) file for each round. This proved to be challenging, as only one half, the 

Terrorist (T) half, of each match was desired, and each round leading up to the current round would 

be needed to train the ANN for that specified round. The IPS would would therefore arrange each 

round from each match in an ascending sequence. For example, when creating the ORSI2 file for 

the fourth round’s ANN, information from the first, second and third rounds of each match would be 

placed in order; for the ANN of the eighth round; each round from the first to the seventh would be 

placed in order. Arranging the information of each round in the correct order is essential for the 

training of an ANN. As there are no rounds prior to the first round of the match, the decision was 

taken that an ANN would be developed for the second round onwards and thus there was no ORSI2 

file for the first round.  

The final challenge in the study was to predict each player’s position for each round in the T-half, 

based on information from all previous rounds. In order to achieve this goal, an ANN was trained for 

each round, with the exception of round one, by their respective ORSI2 file. The ORSI2 file is the 

data set used to train each of the ANNs. In order to ensure an accurate prediction of the player 

positions, large volumes of information were necessary to train each round’s ANN. This was 

achieved by enlarging the original data set of each round by adding variance to all values of each of 

the original data set. A variance of 3% was added to each value of each of the original data set. The 

enlarged data sets were then used to train the ANN of each round. Once a round’s ANN was trained, 
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an R-value was produced. The R-value was then noted and stored. The process of training each 

round’s ANN and reviewing the R-values was repeated five times. The ANN which produced an R-

value greater than or equal to 0.98 was then kept as the final ANN for the specified round, and would 

be the ASP for that round.  

Finally, the overall player position prediction ability of each round’s ASP was compared to a manual 

review of five never-before-seen matches. The five matches were run through both the MVS and IPS 

software suites in order to produce an ORSI2 file for each round of the five matches to be used as 

input for the testing of each round’s ASP. The same five rounds were manually reviewed, and the 

player positions were noted down prior to the evaluation of the prediction accuracy of each round’s 

ASP. The process of manually reviewing each of the five matches and noting down the player 

positions at a given time within each round, took 6 hours and 39 minutes to complete. Once each 

match was reviewed, each round’s ASP was run for the five matches with their respective ORSI2 

inputs in the Simulink UI. Once an input was placed in the input, the ASP was run in order to 

produce an output, and the output was stored. Each ASP was tested five times, as there were five 

matches. Once the ASP produced an output, the output was tabulated and stored. The process of 

testing each round’s ASP for each of the five matches took 1 hour and 13 minutes. With both the 

ASP player positions predicated as well as the manual review of the player positions for each round 

tabulated, the accuracy of each prediction was calculated. The accuracy of the second and third 

rounds’ ASP would be noticeably lower than the ASPs of the rounds that followed. The ASP for the 

second round achieved the lowest accuracy, scoring only 61.61% and 72.72%. The ASP of Round 4 

was the first to successfully achieve a prediction accuracy higher than 91%. All other ASPs achieved 

a prediction accuracy higher than 98%, with the exception of the ASP of Round 11, as it only scored 

87.25%. The overall accuracy of all the ASPs was 93.27%. Furthermore, by making use of the 

ASPs, the time it took to review five matches, was reduced by 5 hours and 23 minutes. 
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7.3 Concluding Remarks and Future Prospects 

By designing and developing an ASP for each round, the challenges posed by the manual reviewing 

of CSGO matches was circumvented. As the manual reviewing processes of only five matches took 

6 hours and 39 minutes, manually reviewing all matches ever played by a professional team could 

take years. The successfully developed ASPs could thus be great value to the professional CSGO 

E-sports teams by providing a timesaving and accurate manner of predicting an opposing team’s 

strategy prior to a match or tournament. These ASPs could also be used to develop anti-strategies 

against opposing teams. 

As the development of the ASPs was achieved by making use of historical matches of only one 

professional CSGO E-sports team, Team Fnatic, it is necessary to perform further investigations to 

determine whether the ASP is as accurate when predicting the strategies of other professional 

CSGO teams. As Team Fnatic is a Swedish gaming organisation, further studies can be performed 

to determine if there are similarities in the strategies used by other Swedish CSGO teams. The ASP 

could further be used to study the top professional CSGO teams of the various regions around the 

world in order to determine if the accuracy of the ASP is consistent across the various regions. 

Furthermore, all the match demos of Team Fnatic that were selected for the study were played on 

the map de_mirage, and as such further study could be performed to determine whether the 

accuracy of the ASP would be similar when applied to other maps found within the game. 
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