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ABSTRACT 
Computer games, especially Massively Multiplayer Online Role Playing Games, have elements 
where communication between players is of great need. This communication is generally 
conducted through in-game text chats, in-game voice chats or external voice programs. In-game 
voice chats can be constructed to work in a similar way as talking does in real life. When 
someone talks, anyone close enough to that person can hear what is said, with a volume 
depending on distance. This is called positional or spatial voice chat in games. This differs from 
the commonly implemented voice chat where participants in conversations are statically defined 
by a team or group belonging. Positional voice chat has been around for quite some time in 
games and it seems to be of interest for a lot of users, despite this, it is still not very common.  
 
This thesis investigates impacts of implementing a positional voice chat in the existing 
MMORPG Mortal Online by Star Vault. How is it built, what are the costs, how many users can 
it support and what do the users think of it? These are some of the questions answered within this 
project. 
 
The design science research method has been selected as scientific method. A product in form of 
a positional voice chat library has been constructed. This library has been integrated into the 
existing game engine and its usage has been evaluated by the game’s end users. 
 
Results show a positional voice system that in theory supports up to 12500 simultaneous users 
can be built from scratch and be patched into an existing game in less than 600 man-hours. The 
system needs third-party libraries for threading, audio input/output, audio compression, network 
communication and mathematics. All libraries used in the project are free for use in commercial 
products and do not demand code using them become open source.  
 
Based on a survey taken by more than 200 users, the product received good ratings on Quality of 
Experience and most users think having a positional voice chat in a game like Mortal Online is 
important. Results show a trend of young and less experienced users giving the highest average 
ratings on quality, usefulness and importance of the positional voice chat, suggesting it may be a 
good tool to attract new players to a game. 
 
Keywords: Positional spatial VoIP QoE 
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SAMMANFATTNING 
Datorspel, i synnerhet inom genren MMORPG, har ofta element som kräver god kommunikation 
mellan spelare. Denna kommunikation sker generellt sett genom antingen inbyggda text eller 
röst-chattar eller en tredjeparts mjukvarutelefon. Inbyggda röst-chattar kan vara konstruerade på 
ett sätt som påminner om verkliga livet. När någon talar kan den som är tillräckligt nära höra 
denne, och ljudstyrkan är beroende på avstånd mellan talare och lyssnare, detta kallas positionell 
röstchatt. Detta skiljer sig mot den vanligare implementationen vilken mer liknar konversation 
över radio med bestämda kanaler beroende på lag- och grupptillhörighet. Positionell röst-chatt 
har funnits i vissa spel en längre tid och verkar vara något av stort värde för många användare, 
trots detta är det inte speciellt vanligt att se det implementeras i moderna spel.  
 
Detta arbete undersöker påverkan av att en positionell röstchatt blir implementerad i det 
existerande spelet Mortal Online, skapat av Star Vault. Hur konstrueras ett sådant system, vad är 
kostnaderna, hur många användare stödjs och vad tycker användarna om systemet? Dessa är 
några av frågorna i fokus under detta arbete. 
 
Designforskning är metoden som använts i detta projekt. En produkt i form av ett bibliotek 
innehållande positionell röstchatt har konstruerats. Detta bibliotek har integrerats i den 
existerande spelmotorn och slutligen blivit utvärderad av användarna. 
 
Resultat visar att ett positionellt röstsystem med ett teoretiskt stöd för 12500 användare kan 
byggas från scratch och patchas in i ett existerande spel på mindre än 600 mantimmar. Systemet 
behöver externa bibliotek för trådning, ljud, ljudkomprimering, nätverkskommunikation och 
matematik. Alla externa bibliotek använda i detta projekt är gratis att använda i kommersiella 
produkter och kräver inte att kod som använder dem är öppen.  
 
Röstchatten erhöll goda utvärderingar från användarna angående kvalitet och de flesta tycker att 
det är viktigt att ha en positionell röstchatt i ett spel som Mortal Online. Undersökningen visar att 
unga och mindre erfarna spelare i genomsnitt värderar systemet högst på frågor rörande kvalitet, 
användbarhet och betydelse för spelet. Detta antyder att systemet kan vara ett bra verktyg för att 
attrahera nya användare till ett spel. 
 
Keywords: Positionell VoIP QoE 
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1 INTRODUCTION  
 
This chapter aims to give an introduction to the subject of positional voice chats for games and 
describe the project background and goals.  

1.1 Introduction 
Player communication systems in games have been available since some of the first online 
games got to the market. The communication often consists of a text chat that can be directed to 
everyone in-game, to players within the same team or a specific player. Text chat works in 
games that do not always demand real time responses. If waiting a few seconds to type or to get 
a response in text is not punished by the game, text chat may be sufficient. A game may also not 
be reliant on team play, and therefore not have a need for fast communication. 
 
One may say that one of the first major games to require fast communication was Counter-Strike 
[1]. This is a game in which sharing knowledge fast within teams is a key to victory, thus making 
fast and reliable communication important. Counter-Strike did have a built-in Voice over 
Internet-Protocol service, but based on observations by the author, it was generally considered 
very poor. The audio quality was poor, the game rules did not allow dead players to talk to living 
team mates and communication only worked as long as everyone was in the same match. When 
games like Counter-Strike are played, groups of five team mates often come together and search 
for opponents outside the game, and when found, connect to a common game server. To 
coordinate this, external communication programs are required, examples of such programs are: 
Ventrilo [2] and TeamSpeak [3]. These programs provide a stable voice communication platform 
for all of the predetermined team mates connected to the external voice server. They also cheat 
game rules which for example may not allow dead players to talk. These program can thus make 
in-game VoIP systems somewhat redundant for games that are played like competitive Counter-
Strike, e.g. 5on5 with predetermined groups of players. 
 
In contrast to competitive play, there is also public play. In public matches, anyone can join the 
game server. In such matches, external voice programs are not efficient, since players do not 
know each other, they would have to type an IP-address and password to an external voice 
server, and hope others have the external program installed. This is a cumbersome process and 
does not scale well. In cases like this, depending on how the game is played, a game may profit 
from having a built-in voice system.  
 
The target game of this project is the MMORPG Mortal Online [4] developed by Star Vault AB. 
MO is played out in first-person view with realism being a selling point. The game provides a 
text-based communication platform as is standard for most online games, and there is no built-in 
VoIP. Team players are believed to heavily rely on external voice communication programs such 
as TeamSpeak, similar to the previous case with Counter-Strike players. This is recognized by 
developers as not being an optimal solution. Counter-Strike in competitive mode is always 
played 5on5 and once the game starts there is no need to communicate with anyone outside of 
the team not already present on the voice server. The target MMORPG on the other hand, has no 
set matches with finite play time. It is therefore likely players will have to communicate with 
unknown players that they could not invite to the external program beforehand. This means an IP 
and a password will have to be sent to unknown players on the fly, if this communication is 
wanted. This works if both parties are sure they will team up, but if the parties will go separate 
ways in the game in the next few minutes, why bother? Because of this hassle, communication 
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between players that do not know each other is often done through text chat, if at all. This is a 
case where positional VoIP [5] could provide a good solution.  

1.2 Background 
Positional VoIP is an in-game voice system that uses the game world and distances between 
players to delimit chat-rooms. A classic game VoIP system often only supports talking either to 
everyone in the game, everyone in the team, or everyone in a fixed group. When team size 
increases, so does chaos in a shared team voice chat. With team sizes of well above five, groups 
or rooms can be used where only the participants within groups hear each other. This is the case 
in the game Battlefield 2 [6], where a team is divided into squads of maximum six players each. 
Predetermined friends may play the game with an external voice program, and if there is room 
and need for unknown players, they can share a voice communication by joining the squad. The 
solution works as long as communication is not needed to pass the border of the squad.  
 
In an MMORPG like MO, interaction outside of a group boundary is likely to be needed, 
example cases include trading, large scale battles, need to ask for help or just social talk. 
Positional VoIP is a good candidate for these conditions as the groups of such a system are 
dynamic and will always include those close to the player in-game. A player wanting to talk to 
another simply moves close to the other and start talking as he/she would have in real life. In 
addition to being a fast communication platform, positional VoIP is also assumed to increase the 
sense of immersion and realism of the game, whom both are selling points for MO.  
 
Star Vault has decided that a positional VoIP system will be implemented into their game Mortal 
Online. This implementation and consequences of it both from a player and developer point of 
view will be covered throughout this report.   

1.3 Objectives 
The purpose of this project is to implement and investigate the utility and impact of positional 
VoIP in an MMORPG. This will be done by implementing the technique into the existing game 
Mortal Online and gathering of data from a user survey. Results may provide material for future 
developers deciding whether or not to implement positional VoIP in a game. 
 
It is known through previous research that positional VoIP is likely to be of value for players in 
MMORPGs [7]. Is this value added worth the effort put into implementing the system? Is the 
amount of players affected? What resources are required for running a positional VoIP system, 
and what are the limitations? These are examples of questions not answered by previous research 
and thus part of the target gap in this project. 
 
Part of investigating the utility of the system includes conducting a survey measuring the user 
experience. Quality of Experience as perceived by the user is important to evaluate since it will 
have a large impact on the overall value of the system. Even if the system has great technical 
quality and is cheap to construct, it has no value if the users do not like it. QoE-related questions 
of interest include the following: 
How is the overall audio quality? Can users understand where audio comes from in the 3D-
world? Is the system useful when playing the game? Is the system important for the game? Is 
harassment through voice-chat a problem? 
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The project will produce a software package called KVoIP, which is short for Kelkkanen’s Voice 
Over IP. This package will be built as a module that may be loaded into a test development 
engine and eventually the target game engine. 

1.4 Delimitations 
Because of time limitations, the report will show evaluation of QoE and impacts of the system 
while the positional VoIP still is in a beta state. This may affect survey answers making them 
either more positive because the implementation is new and interesting, or give a more negative 
response since the system is still not at its full release state. A better measure would be to post 
the survey a few months after becoming full release. 
 
Time consumed by constructing the positional VoIP system is likely higher in this project than it 
would be if the constructor was an employee at the company. Such an employee would probably 
have more experience than a student and have access to company systems, speeding up the 
implementation process. 

1.5 Research Questions 
There are at least three perspectives to consider when implementing a system like KVoIP in a 
game. The system must satisfy a level of technical quality, be of use for the players and be 
economical for a game company. The system must satisfy all three parts to be of use in a game. 
First off, the system has to work technically and support a number of simultaneous users. 
Secondly, it has to be of value for the players meant to use it. Third, it must be viable for a game 
company to implement, the costs must not exceed the profits.  
 
1.5.1 Technical 

1. How many players can the system support while staying fully functional? 

The system must at least support the player-base of the target game without causing problems 
with audio quality. Games of the MMORPG-genre often need to support a large amount of 
simultaneous users, will the system be able to do this and what is the limit?  

2. What is needed to construct the system? 

How is the positional VoIP-system constructed, what third-party libraries can be used, what is 
needed in terms of programming? 

3. What resources are needed to keep the system operational? 

What is the cost of running the system when it is finished? If a server is used, what is the 
required hardware? 

1.5.2 Players 
4. How is the implementation rated by the players? 

What is the value of the system to the players? This is important because even if the system 
proves to have great technical quality, is cheap to construct and runs very fast, it means nothing 
if the players get a poor experience. The players are the customers of the game and therefore the 
ones buying the system. 

5. What categories of players are most positive and negative towards the implementation? 



 

4 
 

Since we are already conducting a survey, can we determine if there are some specific target 
groups for a system like this? By separating the ratings from user-groups we may see that some 
groups are more interested in the system than others. Such knowledge can be of use when 
constructing future games. 

6. Are experienced players more likely to help novice players than before? 

Previous research suggests voice-chat may be a good tool for experienced players to help novice 
ones [8]. Is this help offered to a greater extent when voice-chat is possible? Will players more 
easily become integrated into the game? 

7. Will players to a greater extent become subjects to harassment? 

A backside of in-game voice-chat, like all communication platforms, is that players may use it to 
harass each other. It already happens through text-chat and is a problem to some. Will the 
addition of a voice-chat make harassment increase a lot?  

8. If harassment is an issue, are the counter-measures sufficient to handle this? 

Counter-measures in forms of a mute-function and report-function will be implemented. Are 
these sufficient to deal with harassment according to users? 

1.5.3 Company 
9. From the company perspective, there will be a cost of implementation, what are the costs, 

and are they reflected as an increase of players and/or goodwill? 

The company will share their opinion on the system when integrated to the game. It is an 
important aspect since even if the technical quality is great and users love the system, if it is too 
costly to implement compared to the number of players it attracts or goodwill it receives, it is 
still not useful for games since the game company implementing it cannot profit from it. 

1.6 Thesis Structure 
 
Chapter 2: Related work 
This chapter takes a look at previous research which may be of use in the project. It also shows 
some theory behind the system that is implemented. 
 
Chapter 3: Method 
This chapter shows how the system was constructed and how the evaluation was conducted. 
 
Chapter 4: Results 
This chapter shows the results produced by the system and its evaluation. Technical quality 
measurements and QoE evaluations from the survey are presented. 
 
Chapter 5: Discussion 
This chapter discusses the results, what was good and what was bad and how can we interpret 
the results of the survey? 
 
Chapter 6: Conclusions 
This chapter answers the research questions and attempts to conclude intelligence gathered. 
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2  RELATED WORK 
 
This chapter takes a look at previous research which may be of use in the project. It also shows 
some theory behind the system that is implemented. 

2.1 Voice Chats 
According to a study on classic VoIP in console games by John Halloran [8], in-game VoIP is a 
good tool for experienced players to educate novice players and to integrate these players into 
the game faster. This is of great need for the target game Mortal Online [4], which is considered 
very hard to understand properly. The study also suggests that making the VoIP 
spatial/positional may destroy utility for players needing to communicate over large distances. 
This is not a concern in this implementation as the tool will be designed to co-exist with external 
voice programs. Players that need to communicate across large distances in Mortal Online will 
already know each other beforehand. These players have therefore probably already set up an 
external communication before starting the game and there is no value in trying to compete with 
these programs in this case. 
 
The study [8] mentions that differentiating between voices on a classic VoIP is hard since the 
audio is mono and of the same amplitude. This problem may be solved by introducing positional 
VoIP as the 3D audio will make it easier to identify who is talking [7]. This may also be 
accompanied by something like showing symbols over talking characters’ heads. 
 
Jehn-Ruey Jiang and Hung-Shiang Chen published a report about positional voice chatting in 
MMO-games in 2007 [9]. To support a massive amount of players and provide good scalability, 
they propose a peer-to-peer solution to handle network traffic. A problem with peer-to-peer in 
this case is that a player may have to transmit its voice stream to a large amount of people in the 
vicinity. The player’s upload bandwidth requirement increases linearly with the amount of other 
players that can hear the voice message. This is a concern since the game usually want to support 
players having a poor connection speed. This problem has been solved by Jiang and Chen, their 
method make each player transmit a maximum of four audio streams simultaneously without 
using a server, but still supports talking to everyone in the area of interest. This is done by an 
algorithm that sends the message to just four others in the vicinity, whom in turn forward the 
message to four others not already having received the message. This goes on until everyone 
who should have gotten the message has it. The peer-to-peer solution proposed by Jiang and 
Chen is interesting as it has great scalability which is in general needed for games with large 
amounts of players. The downsides of the system is that it is complex to implement, has high 
delay (100-250ms), was not tested in an actual game and exposes player IP-addresses to other 
players.  
 
The alternative to peer-to-peer is a classic client-server model. Client-server is the easiest to 
implement, has low delay, is a well-tested architecture and hides the IPs of players. The 
downside is the lack of scalability, one server can only support a finite number of players. 
 
Related work on a positional voice chat by Paul Boustead et al. [10] shows an implementation of 
a system similar to KVoIP but involves 3 different servers for voice. This is likely to be able to 
transmit streams to a massive amount of users, and achieve good scalability on older CPUs. They 
also use a form of quad-tree to separate transmits between multiple cores and servers. Their work 
may provide good scalability, but the architecture seems very complex and time-consuming to 
program. The report was written in 2005 and may target much slower CPUs than this thesis does, 
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also the purpose of the report seem to be solely supporting a large amount of users. Therefore 
requirements and initial assumptions may differ significantly. 

2.2 Positional Audio 
Calculating and mixing positional audio is a process that requires a large amount of additions 
being done on large sets of data. Therefore it should preferably be done on a graphics card. An 
example of this can be seen in previous work from Jose A. Belloch et al. [11], where their 
implementation is able to mix 500 audio-sources in under 2ms. But because of time limitations, 
and because it is easier to program, KVoIP uses the CPU for said operations. The number of 
simultaneous audio-streams sent to a client in KVoIP is also limited to just 16 by bandwidth, 
making support of mixing hundreds of simultaneous streams unnecessary. 
 
Linear algebra has been used to come up with formulas for calculating positional audio, with the 
main source of reference being Eucledianspace [12]. 
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3 METHOD 
 
This chapter shows how the system was constructed and how the evaluation was conducted. 
Listing 3.1 shows a summary of why certain methods, libraries and other design decisions were 
selected. Many decisions are based on what is already known to work, or what is available from 
previous projects. These decisions were made mainly to save time, in a different scenario, almost 
all of the decisions could be different and still achieve the same product. More information about 
the decisions and implementations are found in their respective subsections and in the 
Discussion-chapter. 
 
Listing 3.1 Summary of Design Options 

Problem or 
Required Feature  

Options Selected Why 

Project scientific 
method required. 

Design Science 
Research [13], 

Action 
Research [14], 
Constructive 
Research [15] 

 

Design 
Science 

Research 

Design science research has the most 
fitting description among known 

scientific methods and is common in 
software development. 

Software 
development 

method required 

Agile [16], 
Waterfall [17] 

Agile Agile is known to work well in small 
teams and able to handle unforeseen 

problems and change in priority better 
than for example the Waterfall-

method. 
Players need to 

evaluate the 
system. 

Online user-
survey, 

In-house test  

Online user-
survey 

An online user-survey will be able to 
receive plenty of respondents. The 

survey will reach the actual players of 
MO as well, and they have the 

opinions that matters in this case. 
The system needs 
to be written in a 

programming 
language. 

C++10, 
C++11 

C++10 Unreal Engine 3 is written in C++10, 
and to avoid conflicts, so is KVoIP. 

The system needs 
to target certain 

operating systems 

Windows, 
Linux, 
Mac 

Windows Windows 7 x64 or newer and 
Windows Server 2003 x64 fall under 
Windows and are the target operating 

systems for Mortal Online and 
therefore also KVoIP. 

The test-engine 
must use a 

graphics-library. 

OpenGL, 
DirectX 

OpenGL Older projects written in OpenGL are 
available  for re-use in this case and 

will save a lot of time. Instead of 
implementing a new DirectX-renderer 

just for the test-engine. 
The test-engine 

must use a 
window-library. 

SDL2 [18], Qt 
[19], Windows 

SDL2 SDL2 is known to work and very fast 
to implement, especially with 

OpenGL. It was also used in older 
projects and has a free license. 
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The system needs  
a threading 

library, since this 
is not available in 

C++10. 

SDL2, pthreads 
[20], OpenMP 

[21] 

SDL2, 
OpenMP 

SDL2 is known to work, has a free 
license, is already used in the test-
engine and has the ability to detach 

threads which is needed for the 
system. OpenMP was initially used 

and still remain in a single part of the 
system. This is poor design and only 

SDL2 is actually needed. 
 

Positional audio 
needs a math-

library. 

glm [22], stdlib 
[23], DirectX 

glm, stdlib glm is known to work well with 
OpenGL, is easy to implement, and 

has a free license. The standard 
library was used in some cases due to 

simplicity. 
Audio 

input/output needs 
an audio-library. 

Portaudio [24], 
FMOD [25], 

Windows 
Waveform [26], 
OpenAL [27], 
SDL2_mixer 

[28] 

Portaudio Portaudio has a free license and 
access to low-level operations that 
enable streaming and calculation of 

positional audio. 

A codec is needed 
for audio 

compression. 

Speex [29], 
Opus [30] 

Speex Speex has as a free license and decent 
compression. Though Opus is better 
and also free, due to programming 
error, it did not work at the time of 

implementation. Opus would 
ultimately have been the best choice. 

Network 
communications 

need a library 

Winsock2 [31], 
RakNet [32] 

Winsock2 Winsock2 is known to work with the 
target operating systems, is fast to 

implement, can be used freely and has 
extensive documentation. Though this 
is also true for RakNet, Winsock2 was 

assumed to be a safer bet due to it 
being more low-level. 

Network 
communications 

need an 
architecture. 

Client-Server, 
Peer-to-Peer 

Client-Server The company felt client-server is the 
most reliable architecture. It is also 

the easiest to implement and the 
company had a server available. Peer-
to-peer would also put more pressure 

on the clients. 
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3.1 Scientific Method 
The scientific method chosen for this project is called Design Science Research Methodology 
[13]. Design science research focuses on development of so called artifacts (products) with the 
intention of improving these. The method is a good fit for developing software and is widely 
used in computer science, it has therefore been chosen for this project. The process of the 
method consists of identifying a problem, constructing an artifact within an environment and 
evaluating this artifact to further improve it. Another method considered, and seemingly very 
similar to design science research is called Constructive Research [33]. Design science research 
was chosen among the two since its description seemed to fit the project better. 
 
Problem: Players have insufficient means of communication in-game. 
Environment: MMORPG Mortal Online made by Star Vault AB. 
Artifact: Positional VoIP system.  
Evaluation:  

 Computing time and memory measurement (answers RQ 1 and 3). 
 Survey from players will evaluate Quality of Experience  (answers RQ 4-8). 
 A project post-mortem meeting with the company (answers RQ 9). 

The artifact in itself will be developed using Agile software development methods [16] and this 
process will answer RQ 2. The technical quality of the artifact will be evaluated by measuring 
computing-time, memory and bandwidth consumption. Agile was chosen to be able to deal with 
the unpredictable nature of the project. Many things can go wrong when developing a relatively 
large system like KVoIP in such a small team on limited time. It is of value in this case to be 
able to quickly re-prioritize when running into problems. Pair-programming is also a tool of 
Agile development and is needed for integrating the system in the target game engine in 
cooperation with personnel at Star Vault.   
 
A survey which players can participate to will be conducted on the game’s online forum. The 
survey will contain questions needed to answer research questions 4-8. The survey will be 
answered anonymously, players may choose to refuse questions and questions will not be asked 
in a way that enables triangulation of specific persons.  
The measurement scale used for evaluation in survey questions will be the 5-point integral 
quality scale [34].  
 
In gaming QoE there are four main user factors influencing results [35]. These are: experience, 
playing style, intrinsic motivation and static and dynamic user factors. Since these factors 
influence answers, it is of interest to divide participants among them. Experience can be found 
out with one question, static and dynamic user factors such as age, gender and native language 
can also easily be answered in short time. Player style and intrinsic motivation are more time 
consuming however, and to avoid survey fatigue, intrinsic motivation will not be identified. 
Player style is likely sufficient in this case, although this also is too time consuming to determine 
in depth, a short questionnaire can give a fair indication of what players find enjoyable about the 
game which can serve as basis for their categorization [36]. This categorization aims to divide 
players by their main characteristics, these can be either: achiever, explorer, socializer or killer 
[36]. It is of interest to see what player styles are the most common in Mortal Online, and if their 
views differ on QoE of this VoIP system. 
 
In addition to user factors, there are also context factors. These factors are grouped as: physical 
environment factors, social context, extrinsic motivation and service factors [35]. Concrete 
examples of such factors that may impact QoE in this survey are for example the player’s 
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internet bandwidth, number of audio output channels, microphone availability and use of 
external VoIP tools. Appendix A shows the survey that was used by players to rate technical 
quality and QoE. 

3.2 Implementation 
The system has been designed to use detached threads as much as possible to avoid halting the 
main thread in case of problems. The design also makes use of multiple cores and thus should 
affect the processing time of the game as little as possible. The main thread will control the 
KVoIP library usage with calls to for example load memory for the system, start recording, stop 
recording and unload memory. These calls leave small footprints on the calling thread, and are 
not used every frame. 
 
SDL2 [18] threads and mutex locks (mutual exclusion locks for thread safety [37]) have been 
used for detached threads outside the KVoIP library. Inside the library, one OpenMP [21] mutex 
lock is used. These additional libraries are needed since the project is written in C++ 2010 and 
therefore the standard library does not include functionality for threading.  
 
The current section, 3.2 Implementation, aims to answer research question 2, “What is needed to 
construct the system?”. A simple description of how the system works overall is displayed in 
Figure 3.1.  
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Figure 3.1: Simple illustration of what the implementation does. The numbers mean:  
1. The client E records mono audio from a microphone, encodes it for compression and sends 
the data as a UDP-packet to the server, the packet contains 20ms of audio. 
2. The server receives the packet from client E, runs a point-sphere collision test on all 
connected clients using their known position and max audible range with client E as origin. The 
algorithm determines Client C,D,F,G should have the audio packet and sends it to them. 
3. The red circle displays the maximum audible range, clients outside this range will not receive 
packets from client E. 
4. Clients C,D,F,G receives an audio-packet by UDP from the server, decodes the audio, uses 
positional mathematics to adjust amplitude for all channels and mixes it into the audio buffer. 
Mixing simply means adding multiple samples, this is done since there may be multiple users 
talking at the same time. The audio buffer will be read by the audio library, and finally the audio 
output device which plays the audio client E originally recorded. 

 

3.2.1 Audio Input and Output 
A number of external audio libraries were considered at project start, including: 
FMOD [25], Windows Waveform [26], OpenAL [27], SDL2_mixer [28] and Portaudio [24]. 
Two conditions were considered when selecting audio library.  Most importantly, the library has 
to be free for use in commercial products and not demand opening of source code. Secondly, its 
interface must allow access to low level operations to enable programming of streaming and 
positional audio. All libraries considered failed on either or both of these points except 
Portaudio, which was therefore selected.  
 
Portaudio has two main responsibilities: 

 Input data to program memory from an input audio device. This enables the use of a 
microphone. 

 Output data from program memory to an output audio device. This enables the use of 
speakers. 

 
Portaudio will run two threads, one for recording and one for playback. When these threads have 
recorded or played back a predefined amount of time they call their respective callback-functions 
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[38]. The recording callback will save data from the audio input device in a buffer that can be 
used in the program. And the playback callback will use data from the program to play through 
the audio output device. An overview of how audio input and output works with the rest of the 
system can be seen in detail later in the chapter in Figure 3.6. 
 
The recording callback function will trigger every 20ms when recording from microphone. This 
is because each packet contain 20ms of audio, this length was selected since it is hard-coded in 
the codec used, Speex [29]. The callback will write 20ms of audio to a record buffer, this is 
directly sent in a UDP-packet to the KVoIP server. The Portaudio recording thread initially 
wrote to a ring buffer, similar to the playback thread. Data was then sent through internet from a 
different thread whenever it noticed new data was written to fill a new packet. This other thread 
was removed and data is now sent directly from the callback function. The main thread only has 
to call start and stop recording, for example when the user presses a button, recording should 
start, when the button is released it should stop. Packets will automatically be sent by Portaudio 
threads when 20ms of audio have been recorded. 
 
Playback is somewhat more complicated than recording because there may be multiple streams 
to listen to, and more than one packet may be queued. For example, due to latency not being 
constant, multiple packets from the same stream may arrive during 20ms. When this happens, 
packets must be queued, otherwise voice data would be overwritten. To do this, a C++ standard 
library map of packet IDs with a corresponding index is kept. This index is incremented for each 
packet received with the linked ID. The index is used when selecting a buffer slot to put the data 
in, for example if the index is 3, the packet audio will be put in the current playback slot plus 
three. When playback is triggered, all indexes of all known IDs are decremented and the current 
playback slot is incremented. A test showed that a maximum of six packets would be queued in 
one session, a safety margin was applied to this number and the resulting number of buffer slots 
was set to eight. If more than eight packets are to be queued from the same stream, data will be 
overwritten and thus hurt Quality of Experience. Playback is triggered by a detached thread 
listening to UDP-packets, whenever these arrive, the audio is mixed into the playback buffer. 
The Portaudio playback thread will trigger each 20ms and play any new audio buffered by the 
listening thread, see the system overview in Figure 3.6 later in the chapter for more details. The 
playback buffer is used under an OpenMP mutex lock since the listening and playback thread 
may use it at the same time. 
 
3.2.2 Audio Compression 
Audio is compressed before being sent over the internet. This is needed since raw audio demands 
very large memory, for 16kHz with 16bit samples the bit-rate becomes 256kbit/s. With the 
compression used in this project, the bit-rate is around 24kbit/s for audio only. This compression 
is needed to not waste bandwidth for the server and clients. 
 
To compress audio in this project, the Speex codec [29] has been used. Speex has a viable 
license, is easy to implement, and has a sufficient compression rate for VoIP. However this is 
also true for the newer Opus codec [30], which has a better compression rate. Opus was initially 
used in the project, but ran into serious problems with integration in the target game engine 
Unreal Engine 3 [39], therefore a switch was made to Speex which worked great. 
 
The codec has just two uses in the project, these are: 

 Compress audio-data when sending packets (Encode). 
 Decompress audio-data when receiving packets (Decode). 
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3.2.3 Positional Audio 
To make a positional VoIP system, positional audio calculations are needed. This functionality is 
realized by applying math to audio packets, the glm [22] math library was used together with the 
C++ standard math library. The calculations take place on the receiving client. 
 
Audio packets include a position and an angle, these are used with the client position and look-
vector to adjust the amplitude in a correct manner for each channel. For example, sound emitted 
to the right of the character in-game should have a higher amplitude when played on the front 
right channel than the left one. The three factors affecting the calculation is: 

 Client direction. 
 Distance between client and sound source. 
 Source direction. 

 
Depending on client audio output device, the calculations will be used on either 2 or 6 channels. 
2 or 6 channels are used to be able to support both Stereo and 5.1 audio, which are assumed to be 
the most common among players. Packets are sent containing only one channel of audio, 
positional calculations are then used on these samples when received by the client. 
 

Eq.1 
𝑑 Distance between client and source 
𝑐  Client vector  (From game engine world) 
𝑠 Source vector (Contained in audio packet) 
𝑑2 =  (𝑐𝑥 − 𝑠𝑥)2 + (𝑐𝑦 − 𝑠𝑦)

2
+ (𝑐𝑧 − 𝑠𝑧)2 

 
Eq.1 calculates distance between client and sound source. Distances are kept un-rooted, this is to 
avoid sqrt() operations and can be done since distance will only be measured against a static max 
distance variable. When setting this maximal distance from the game engine, one simply squares 
the desired value.  
 

Eq.2 
𝛼 Angle between client direction and speaker origin 
𝑍 Speaker origin vector (0,1) 
𝑅𝑐ℎ𝑎𝑛 Vector of rotated speaker origin for channel chan 
𝑆𝑐ℎ𝑎𝑛 Vector of origin for speaker channel chan 
 
𝛼 = 𝑎𝑡𝑎𝑛2(𝑐𝑦, 𝑐𝑥) − 𝑎𝑡𝑎𝑛2(𝑍𝑦, 𝑍𝑥)         
𝑅𝑐ℎ𝑎𝑛𝑥

= 𝑆𝑐ℎ𝑎𝑛𝑥
cos(𝛼) − 𝑆𝑐ℎ𝑎𝑛𝑦

sin(𝛼) 
𝑅𝑐ℎ𝑎𝑛𝑦

= 𝑆𝑐ℎ𝑎𝑛𝑥
sin(𝛼) + 𝑆𝑐ℎ𝑎𝑛𝑦

cos(𝛼) 
 
Eq.2 rotates the original channel vectors (see figure 3.2) to fit the current client rotation. It takes 
the difference between the angle of the current look-vector of the client and the origin vector 
(0,1), and uses this difference as an angle to rotate with in a 2D rotation matrix. The idea to use 
atan2 [40] to determine angle comes from Martin John Baker at Eucledianspace [12]. The result 
is visualized in Figure 3.3. Atan2 is an operation included in the C++ standard library that is 
equivalent of the arctangent function but takes two arguments. Two arguments are required to 
know the correct quadrant of the returned angle [40], which is necessary in this case to determine 
where channels are located in a unit-circle. 
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The origin vector is (0,1) since that is the direction considered being in front of the player, and is 
also where the Front Center channel is located. The use of origin vector would not be needed if 
(0,0) was assumed, this would remove the use of one atan2 operation in real-time. To achieve 
this, all other vectors would have to be rotated 90 degrees as well, but could easily have been 
done at compile-time, it was just not thought of soon enough. 

 
Figure 3.2: Unit circle angles with cosine and sine, by Jim Belk [41]. The red angles (diagonal) 
are used when defining origin speaker vectors (𝑆𝑐ℎ𝑎𝑛) 

 
𝑆𝐹𝐿 = (−

√2

2
 ,

√2

2
) Front Left        Eq.3 

𝑆𝐹𝑅 = (
√2

2
 ,

√2

2
) Front Right 

𝑆𝐹𝐶 = (0 , 1)  Front Center 
𝑆𝐿𝐹 = (0 , 0)  Low Frequency 

𝑆𝐵𝐿 = (−
√2

2
 , −

√2 

2
) Back Left 

𝑆𝐵𝑅 = (
√2

2
 , −

√2

2
) Back Right 

 
Eq.3 shows the definitions of origin speaker vectors (Schan). The channel called Low Frequency 
uses no direction vector to calculate its strength as such audio is assumed to spread in all 
directions. 
 

 
Figure 3.3: Effect of rotation on origin speaker vectors as a result of client changing direction. 
(Eq.2) 
 

Eq.4 
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𝛾  Angle of source speaker 
𝑢 Vector between client and source 
�̂� Normalized vector between client and source 
𝛽 Normalized vector between client and source as radians 
𝑃𝑑𝑖𝑟 Power caused by direction 
𝐶𝑑𝑖𝑟 Constant direction power factor 
 
𝑢 = (𝑠𝑥 − 𝑐𝑥 , 𝑠𝑧 − 𝑐𝑧) 
�̂� =

𝑢

||𝑢||
 

𝛽 = 𝑎𝑡𝑎𝑛2(�̂�𝑦, �̂�𝑥) 

𝑃𝑑𝑖𝑟 = 1 − ‖𝜋 −
‖𝛾 − 𝛽‖

𝜋
  ‖ 𝐶𝑑𝑖𝑟 

 
Eq.4 determines the power caused by direction of the speaking player. Power will be 1 in front of 
the speaking player, and decrease the further away from this angle the receiving end stands. 𝐶𝑑𝑖𝑟 
is a constant that determines how much the direction will affect sound power, it is dependent on 
the game and is therefore set from the game engine. All power-variables range between 1-0 and 
should not be confused with the same keyword used in physics, the name conflict is a 
coincidence and it could as well have been named strength.  

Eq.5 
𝑃𝑙𝑒𝑛 Power caused by distance 
𝐶𝑚𝑎𝑥 Constant max distance 

𝑃𝑙𝑒𝑛 = 1 −
𝑑2

𝐶𝑚𝑎𝑥
2

 

 
Eq.5 determines the power caused by distance. The further away from the speaking source, the 
lower this power will be. This decreases with the square of the distance and will become 0 at 
𝑑 = 𝐶𝑚𝑎𝑥. Real world sound pressure decay is not exponential [42], but such an equation was 
chosen since it is a decent approximation and has better computation speed. 

Eq.6 
𝑃𝑡𝑜𝑡 Power total 
𝐶𝑣𝑜𝑙 Constant master volume 
𝐹𝑐ℎ𝑎𝑛 Final total power on channel chan 
 
𝑃𝑡𝑜𝑡 = 𝑃𝑑𝑖𝑟𝑃𝑙𝑒𝑛𝐶𝑣𝑜𝑙  

𝐹𝑐ℎ𝑎𝑛 = 𝜋 −
acos(�̂� ∙ 𝑅𝑐ℎ𝑎𝑛)

𝜋
 𝑃𝑡𝑜𝑡 

 
Eq.6 determines the total power caused by direction, distance and master volume. This power is 
multiplied by the angle between the rotated speaker vector and the vector between client and 
source, the equation using acos() and a dot product was inspired by Eucledianspace [12]. 

Eq.7 
𝐵𝑐ℎ𝑎𝑛  Buffer amplitude on channel chan 
𝐷𝑛 Packet amplitude data of sample n 
𝐶𝑠𝑎𝑚 Constant number of samples 
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𝐵𝑐ℎ𝑎𝑛 = ∑ 𝐹𝑐ℎ𝑎𝑛𝐷𝑛

𝐶𝑠𝑎𝑚

𝑛=0

 

 
Eq.7 Multiplies the power of each channel with packet amplitudes and adds this value to the 
respective channels of the output buffer. This means mixing simply adds samples to previous 
ones, as multiple sound waves would in real life [43]. The code for mixing also makes sure the 
value does not overflow 16 bits, this is done by adding on a 32bit integer and clamping the result 
to negative or positive 32767, which is the max signed 16bit value minus one. Clamping is an 
operation that in this case makes sure the summary of an addition does not exceed a lower or an 
upper boundary. A summary of the positional audio calculations Eq.1 – Eq.7 is visualized in 
Figure 3.4. 
 

 
Figure 3.4: The client is displayed at the top with rotated speaker vectors, another player is 
talking to the right of the client. Angles between each speaker-channel and the direction of the 
incoming audio are visualized at the bottom left, the larger the angle, the less power is put on the 
accompanying channel when mixing, see Eq.6. It can be determined from the image that back 
right and front right channels have the smallest angles and therefore will get the most power. 
 
3.2.4 Network communication 
Network programming has been done in Winsock2 [31]. This library was chosen since the target 
operating systems Windows 7 x64 and Windows server 2003 x64 support it, it is easy to 
implement and has extensive documentation.  
 
Though the previously mentioned peer-to-peer solution for positional voice chatting presented by 
Jiang and Chen [9] looked promising, it was ultimately refused by the company. The solution 
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was not considered a safe bet due to missing test data from real world applications. It was 
decided a standard client-server architecture should be used for voice communication since such 
an architecture is easy to implement and is known to work. The company also had a server with 
large bandwidth at its disposal and saw no reason not to use it for voice. 
 
Communications use both TCP and UDP protocols. TCP is used for traffic that has to be reliable 
but not as fast as possible, such traffic includes control traffic, for example connecting, 
disconnecting and muting. UDP on the other hand is used for voice packets, this traffic needs to 
be as fast as possible and if packets do not arrive, there is no time to re-send them. If a voice 
packet is lost through UDP, the receiving end will experience a 20ms gap in voice transmission 
from that source. 
 
An overview of the system, including how network communication is set up is presented later in 
the chapter in Figure 3.6. In short, the network is used in the following way: 

1. The client connects to the server IP-address on a specified TCP-port. 
2. The server accepts and allocates a new client. 
3. The client talks and sends a voice packet with UDP to the connected server. 
4. The server receives this packet and puts it in its corresponding client memory. Position 

and direction are contained within the packet and therefore update the server knowledge. 
5. The server forwards new packets to clients that are within the same world and within the 

maximal hearing range of the packet in question. A client will only receive the closest 16 
packets to avoid congestion. And a packet will not be sent if the receiver has muted the 
sender. 

6. The client receives a packet, decodes the audio and mixes it into the playback buffer. 
 
As described in item 4, the server stays synchronized with client positions through voice packets. 
A problem with this is if a client moves without talking, the server will become out of sync. This 
is solved by sending a dummy voice packet when the client moves a certain small distance. This 
dummy packet contains no voice data, just the data header containing the position. The packets 
are therefore only as large as the UDP-header and data header. This works because the server 
does not need the exact position at all times, the position is only used for determining if the 
packet should be sent at all, the worst that can happen is that a packet is not sent because the 
server thought the client was outside of bounds. If this packet would have been sent, the distance 
would be large and therefore amplitude would almost be inaudible anyway. Such a worst case 
scenario is presented in Figure 3.5. 
 

 
Figure 3.5: Worst case visualization of server being out of sync. Instead of receiving a very low 
powered voice, nothing is sent because the server does not know the client is within audible 
range. This problem is mitigated by a large audible range and a short update threshold. 
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As described in item 5, the server forwards received packets to clients that should have them 
according to game rules. This is done by looping through the client-list over itself in an O(𝑛2) 
fashion. If-statements make sure the clients are in the same world, that the potential receiver did 
not mute the sender and more, see Listing 3.2. This loop will add items consisting of length, 
sender ID and receiver ID to a list which is afterwards sorted by shortest length. A final loop will 
do the actual sending and can thanks to the sorting be sure that clients only get the 16 closest 
packets. If there was no limit to how many packets could be received by a client, no work would 
have to be done previous to sending. But to avoid congesting clients with poor download speeds, 
a maximum of 16 packets are sent. If the 16-packet limit is used, the server must ensure it is the 
closest 16 clients that will be audible on the receiving end. If for example 18 clients would be 
audible and talking to one receiving end and the server would not sort packets. Random streams 
would be put through each instance the send-loop runs, causing holes in audio on the receiving 
end. 
 
Listing 3.2 Server packet send algorithm. 
 
for( sender ) 

if( Sender packet not yet sent ) 
for( receiver ) 

if( Receiver is not sender ) 
if( Sender and receiver are in the same world ) 

if( Receiver did not mute sender) 
if( Distance between sender and receiver < AUDIO_MAX_DISTANCE) 

item.Length  = length; 
item.Receiver  = receiver; 
item.Sender  = sender; 
Add item to item list 

Sender packet sent = true; 
 
Sort item list by shortest length 
 
for( item list ) 

if( Packets sent to receiver < MAX_SEND_TO_CLIENT) 
Send sender packet to receiver 
Increment packets sent to receiver 

 

Listing 3.2 Pseudocode for server packet send algorithm. 
 
Details about session setup, communication protocol and packet structure are classified and 
therefore cannot be disclosed in this report. 
 
In order to be able to follow up complaints about players’ behaviours in voice chat, a classified 
amount of voice packets are saved on the KVoIP server within so called evidence-buffers. Each 
client has a voice packet buffer that is saved to secondary memory on the server. If a player gets 
reported for communication abuse, a game master can choose to decode the corresponding 
packet file of the player to wave format and listen to the audio in a media player of choice. This 
decoding is done by a version of the test development engine. Depending on what the game 
master finds in the audio, he/she may choose to ignore the report, warn the offender or ban the 
offender from using voice chat. The function saves voice data from clients, which has to be 
agreed upon by the user before playing the game, a section for this was included in the End User 
License Agreement for MO. 
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Network Architecture 
The company decided early in development that a client-server model should be used in the 
network architecture. A number of models were considered to achieve this architecture, see 
Appendix D: Network Architecture Blueprints, the most promising among the models was the 
one called “Duplicate Logic No Share”, see Figure 2.1. This architecture separates the voice-
server from the game-server and shares no data between them, thus the “No Share”. It will also 
calculate collisions in the game-world itself, hence the “Duplicate Logic” within the name, as 
collisions are calculated on both servers independently. 
 

 
Figure 2.1: Network-architecture blueprint called Duplicate Logic No Share. This was the most 
promising model considered during pre-development.  
 
The blueprint in Figure 2.1 is fairly close to what was finally implemented. According to the 
blueprint, positions would not be contained within voice-packets, but updated in short intervals. 
The idea was that it is not necessary to update the server with positions for each voice-packet and 
it would just waste bandwidth. During development it was realized positions are not heavy data 
though, and in the final implementation, data such as positions is included within the voice-
packets. In cases where the client walks without talking though, packets are sent containing no 
voice-data with purpose to keep the server updated of the client position. 
 
The blueprint does not state where audio mixing is processed. And it was assumed this would be 
done on the server. When working on audio input and output though, it became obvious that no 
mixing or other audio processing should be done on the server. To retain speed and save 
bandwidth, the server should just forward packets to clients in the area of interest. If the server 
would calculate positional audio, it would have to decode incoming packets, calculate positional 
audio, encode 2 or 6 new audio streams due to positional calculations and forward these. 
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Figure 3.6: Detailed KVoIP system overview. A detached thread from the game-engine sends 
still-alive packets to the server and will attempt to reconnect if this fails. Another detached 
thread from the game-engine listens to UDP-packets and mixes these when received. Internal 
threads of Portaudio handle audio input and output call-backs and will trigger every 20ms.  
The main thread has little to do with the KVoIP client, it is only needed for issuing commands 
from the user, such as mute or disconnect.  
The server runs 4 threads, one for listening to new clients connecting through TCP, one for 
handling existing clients through TCP, one for listening to incoming UDP packets and one for 
sending UDP-packets. 
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3.2.5 Test Engine 
To avoid developing KVoIP directly in the target engine, a test engine that uses KVoIP-library 
was constructed. This engine makes testing of core functionality simple; the compile time is fast, 
the code base is small and the startup is fast. The engine works in the same way a Mortal Online 
client would and they can even be used together on the same server. This is useful for debugging 
problems with integration into Unreal Engine 3. A tester at the company can connect through 
Mortal Online and a KVoIP developer can connect through the test engine, by talking to each 
other they can determine at which end problems reside in. For example if the audio is poor when 
played back in MO, something is wrong with the integration of the mixer, and if it is poor in the 
test engine, something is wrong with sending packets from MO. This would be harder to 
determine with only MO clients talking to each other as it cannot be determined whether the 
problem resides in sending or receiving. 
 
The test engine has a two dimensional world in which positional audio can be tested. The tester 
can walk by pressing keyboard keys and the direction of the character is set by the mouse cursor 
position. The audio output buffer is displayed in an oscilloscope-like fashion, this enables the 
tester to see if the buffer contains holes or other irregularities. A screenshot from the test 
program is displayed in Figure 3.6. 
 

 
Figure 3.6: Screenshot of KVoIP test engine. The oscilloscope to the left shows the sound-wave 
of the next packet to play. A straight line means no packet is queued in that particular slot, in 
this case only one of eight slots is in use, this means the clients are in good sync. If multiple 
packets arrive before having the time to be played back, they will be queued in the audio buffer 
and would in the test program show as a longer wave ranging over more buffer slots.  

3.3 Evaluation 
The design science research methodology states that artifacts are built to address so far unsolved 
problems. And these artifacts are evaluated with respect to the utility provided in solving those 
problems [13]. The artifact in this case consists most importantly of the KVoIP client and server, 
but also the final integration in UE3. The utility has been continuously evaluated throughout the 
project by running user tests, simulated stress tests and simulated attacks. These have discovered 
numerous weaknesses and bugs in the system throughout development, helped solve them and 
therefore improved the utility of the system. These evaluation methods help improve technical 
utility, such as performance, complexity and usability [13].  
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Another evaluation method used in this project is the case study. In a case study, the artifact is 
studied in depth in the business environment [13]. In this case, the voice system in its final state 
integrated to Mortal Online is the artifact and is used within the business environment Mortal 
Online. A way to study the artifact in depth in this environment is by collecting feedback from 
the players of the game; Are the players positive or negative towards the artifact, and what needs 
to be improved? A survey was posted on the game’s online forum to answer these questions and 
more.  
 
The first part of the online-survey determines static user factors such as age and experience. The 
second part determines context factors such as hardware and usage of third-party voice-chats. 
Both the first and second part only contain answers in form of radio-button selections and their 
purpose is to be able to divide answers among user groups. The final part is the actual survey and 
divided into questions regarding technical quality, text-chat (for comparison), voice-chat, 
counter-measures and a free-text feedback field. All questions in the evaluation-section are 
answered by the 5-point integral scale, except for the feedback-question which is free text. The 
survey was intentionally designed to be short and well-structured to avoid survey fatigue. The 
structure of the survey is displayed in listing 3.3 and is included in Appendix A. The result of the 
survey is presented in the next chapter. 
 
Listing 3.3 Survey Structure 

Section Format Number of questions 
Static user factors Radio buttons 5 

Context factors Radio buttons 7 
Technical quality 5-point integral scale 3 

Text chat 5-point integral scale 3 
Positional voice chat 5-point integral scale 4 

Counter-measures 5-point integral scale 2 
Miscellaneous feedback Free text 1 
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4 RESULTS 
 
This chapter shows the results produced by the system and its evaluation. Technical quality 
measurements and QoE evaluations from the survey are presented. 

4.1 Technical research questions 
In this section, research questions surrounding technical capabilities of the system will be 
answered. These capabilities are measured by CPU time measurement and memory usage. A 
summary of the functions needed to achieve the technical capabilities is included in RQ 2. The 
purpose of this section is to find out if the technical quality of the implementation is feasible for 
a game like Mortal Online. 
 
4.1.1 RQ 1: How many players can the system support while 
staying fully functional? 
 
The maximum amount of players that can currently be connected to the KVoIP server is 2048. 
This number was set because the Mortal Online concurrent user-count peak is around 1200, 
according to SteamDB [44]. (SteamDB is a third-party website that is not affiliated with Steam 
nor Mortal Online, therefore errors may be large. Users can also connect outside Steam, which is 
not accounted for in these numbers. Estimates used for player-count in this report are therefore 
not exact, but used as an estimate to evaluate the approximate popularity of the positional voice 
chat.) The initial commit memory of the server is 101MB, this will increase by at least 768kB for 
each new client due to dynamic allocations of evidence-buffers. 
 
Time measurements between receiving and sending packets show that receiving packets, sphere-
point collision search and sorting are negligible; maximum times of just 0.2ms have been 
recorded as a total time consumption of all three functions when connecting up to 4096 clients. 
Tests show that almost all time is spent on the Winsock send command. Because of this, the 
number of players the system can support relies on how many of them are talking, and how 
many can hear them. Tests show that mixing one packet on the client takes about 0.05ms (on one 
core at 4.0GHz), the maximum packets that can be received in one instance by a client is 16, 
therefore the maximum time required on the client end is: 
 

Eq.8 
 𝑇𝑚𝑎𝑥 =  16 ∙ 0.05𝑚𝑠 = 0.8𝑚𝑠 ≈ 1𝑚𝑠.  
 
 
Since most players will have a slower CPU and the server is 0.2GHz slower than the test-CPU, 
we can apply a safety margin of 5. This leaves 15ms to the server since packets contain 20ms of 
audio. Tests show that a sleep of 20ms on the server when sending does not impact audio, but 
21ms will start causing holes. This is because the test computer consumes almost no time in 
mixing. According to time measurement on the send function of the server, see Figure 4.1, time 
increases linearly with number of packets sent and crosses the line of 20ms at 6642 packets sent 
in one instance. When applying the safety margin of 5ms, we can send 5000 packets 
simultaneously without causing holes in audio. 5000 packets can relate to 328 players talking to 
16 others each, or approximately the estimated peak of 1200 clients talking to 4 players each.  
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Figure 4.1: Time measurement on server send function related to number of packets sent in one 
instance. The two large bumps in the graph may be results of some other process randomly 
consuming increased computation power at those times, or memory issues. It is unclear exactly 
why the graph shows discrete steps between certain intervals, but is believed to be caused by 
cache incoherence from an increasing amount of clients not already loaded into memory. The 
point is to see approximately how many packets can be sent in 20ms (6500) and 15ms (5000). 
The simulation was conducted multiple times and produced similar results each time. 
 
According to server logs recorded between the days 2016-04-26 and 2016-04-29, the peak 
amount of packets sent in one minute was 54427, almost 1000 packets per second, this peak 
happened with only 2 unique players talking during that minute. The maximum number of 
packets received was recorded to 7208 packets during one minute with 6 unique players talking 
with a total of 70 clients connected. The server log data is displayed in appendix B. 
 
The data recorded and displayed in Appendix B shows that the server easily can handle the 
traffic produced by the on average 68 clients that were connected at that time. To answer the 
question of how many clients the server theoretically would be able to handle, consider the 
following: 
 
According to the server log, a maximum of 6 players were talking during one minute and 70 
clients were connected at this time. We can therefore assume a maximum of 10% of the total 
connected players will be using voice at the same time, this percentage did not increase in newer 
server logs. Furthermore, according to newer server logs ranging between 2016-04-26 and 2016-
05-10, 7022740 packets were received and 19957653 packets were sent, making us able to 
estimate on average how many receivers each sender will reach: 
 

Eq.9 

𝑛𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟𝑠 =
19957653

7022740
=   2,841861 

 
Each packet will on average reach almost 3 clients, assuming a safety margin we may use the 
number 4. 
 
𝑛𝑝𝑎𝑐𝑘𝑒𝑡𝑠/𝑖𝑛𝑠 = 10% ∙ 𝑛𝑐𝑙𝑖𝑒𝑛𝑡𝑠 ∙ 4  
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In the case of 70 clients, Eq.9 equates to 28 packets sent per instance. 
According to data from figure 4.1 and with a safety margin of 5ms, we can assume the server 
supports sending 5000 packets per instance. Therefore the maximum amount of clients 
supported, denoted by 𝑛𝑐𝑙𝑖𝑒𝑛𝑡𝑠 in Eq.10, can theoretically be calculated as: 
 

Eq.10 
0.1𝑛𝑐𝑙𝑖𝑒𝑛𝑡𝑠 ∙ 4 = 5000           
 

𝑛𝑐𝑙𝑖𝑒𝑛𝑡𝑠 =
5000

4
∙ 10 = 12500 

 
 
Therefore, assuming a maximum of 10% of the players talk at the same time, and all of them 
reach out to 4 others, the maximum players that the server can support is 12500, see Eq.10. For 
comparison, the player-count in MO is estimated to span between 100-200 on average according 
to the third-party website SteamDB [44], excluding players connected outside Steam. And so far, 
on average 30%-50% of them seem to be connected to KVoIP at the same time. 
 
Though different time-spans of server logs were used in this section, the important numbers did 
not change. A maximum of 10% of connected users will talk during one minute, and packets will 
on average be sent to 4 others, assuming a safety margin. 
 
4.1.2 RQ 2: What is needed to construct the system? 
 
The implementation consists of the following core functionality: 

 Threads 
 Audio input/output 
 Audio compression 
 Positional audio 
 Network communication with UDP and TCP 

The core functionality has been implemented using the six third-party libraries: SDL2, OpenMP, 
Portaudio, Speex, glm and Winsock2. Except for SDL2, these libraries are used by the KVoIP 
library which in turn is used by the target engine UE3. SDL2 is used in the game engine to create 
and detach threads, and mutex locks. One mutex lock is used from OpenMP when locking 
mixing and audio playback within the KVoIP-code. In addition to the core features, there is also 
need for: 

 A test program 
 A server program and physical server 
 Integration-work in target game engine 

Core functionality took about 5 weeks to program for one M.Sc. student. Improvements, testing 
and integration took another 7 weeks, mainly with the help of one programmer at the company. 
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4.1.3 RQ 3: What resources are needed to keep the system 
operational? 
 
The system currently runs on a server with a 3.8GHz 8 core CPU, this is fairly similar to the 
testing CPU of 4.0GHz 8 core. With an assumed safety margin of 5ms, the maximum packets to 
send is 5000. Only four threads are used in the server program, therefore the use of more than 
four cores is probably not improving speed, but the server has not been tested on just four cores. 

Bandwidth measurements show that one stream of audio requires on average 3.2kB/s or 
25.6kbit/s. The bandwidth was measured in the resource monitor included in Windows 7. To 
send the peak amount of packets, 5000, 134.4Mbit/s upload speed is required. The maximum 
download speed needed would be reached if the maximum amount of players are talking at the 
same time, with 2048 clients, this would require around 52.5Mbit/s download speed. With the 
theoretical send-induced limit of 12500 clients, 336Mbit/s would be required. It was determined 
by statistics though that only 10% of the connected users will talk at the same time, making the 
server only need 5.25Mbit/s caused by 2048 clients, or 33.6Mbit/s caused by 12500 clients. By 
applying a safety margin we can assume 10/200 Mbit/s bandwidth is enough for a server 
supporting 2048 clients. 

The amount of Random Access Memory required to operate the server increases with the 
number of players, mostly due to dynamically allocated evidence-buffers. Starting the server 
with 2048 set as maximum amount of players requires around 101MB of RAM. For each player 
that joins, an evidence-buffer of 768kB will be allocated along with a few much smaller 
datatypes. By applying a safety margin we can assume each client adds 1MB of extra memory. 
This causes a server with 2048 players to require around 2.2GB of RAM. Using the theoretical 
limit of 12500 clients, memory usage rises up to around 13.226GB. To have memory available 
for other processes, it would be recommended a server supporting 2048 players have at least 
8GB of RAM, and at least 16GB RAM if supporting 12500. The requirement on secondary 
memory is also approximately 1MB/min of audio-evidence to save per client. 

To summarize the requirements, to support 2048 clients, a physical server with at least the 
following specifications is recommended: 

 3.8GHz CPU with 8 cores. 
 10Mbit/s download speed 
 200Mbit/s upload speed 
 8GB RAM (2.2GB for server program) 

A 3.8GHz CPU with 8 cores was selected as the lowest requirement for a CPU since it is what is 
used on the voice server in this case and is similar to the testing-CPU of 4.0GHz on 8 cores. To 
account for the slower CPU on the server and slower clients, a safety margin of 5ms was added 
when calculating specifications. The specified CPU is in theory sufficient to support 12500 
clients. Supporting just 2048 clients can likely be done on a slower CPU, but has not been tested, 
therefore 3.8GHz is still recommended. To support the theoretical limit, 12500 clients, the server 
would in theory require the following: 

 3.8GHz CPU with 8 cores. 
 50Mbit/s download speed 
 200Mbit/s upload speed 
 16GB RAM (13.3GB for server program) 
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The target physical server used in this project has the following specifications: 

 3.8GHz CPU with 8 cores 
 1000Mbit/s download speed 
 1000Mbit/s upload speed 
 32GB RAM 

Running just the KVoIP service on a client will require at least 25.6kbit/s upload and in worst 
case 409.6kbit/s download speed. It is recommended that users have at least an ADSL (8Mbit/s 
download, 1Mbit/s upload) connection, but the system will also run on slower networks as 
specified. 

The recommended CPU for running Mortal Online is a Quad Core 3.4GHz. Using KVoIP does 
not change this recommendation as tests show little time consumption from using the voice chat. 
The slowest CPU used when testing KVoIP with only the test-engine was an AMD 2.2Ghz Dual 
Core. Tests showed no difficulty running the test-program on this CPU. 

4.2 Player research questions 
In this section, research questions concerning Quality of Experience as perceived by users will 
be presented. This experience has been measured by a survey made in Google Forms and was 
linked to on the game’s online web-forum, Facebook channel and Steam forum. The survey was 
open between 2016-04-29 and 2016-05-02 and received a total of 218 responses. It had a guard 
against robots in form of the question: 
“0ne minus 0ne equals what?” 
The answer to this question had to be selected among randomly placed radio buttons where the 
correct answer was “zero”, any wrong answer would reload the page and re-roll the positions of 
the buttons.  
 
The responses showed no sign of robots taking the survey. No login was required though and 
nothing to identify the user was saved, therefore users may have taken the survey multiple times. 
There were no signs of this happening. Almost every respondent answered all questions, even 
though all questions could be left unanswered. This level of dedication and the high amount of 
participants might indicate the survey was short and interesting enough to avoid survey fatigue. 
 
Charts that display an average of user scores have error bars included. The error bars are double-
sided symmetrical confidence intervals, obtained in Microsoft Excel as: 
 
Deviation  =STDEV  ( IF( Answer = Condition; Data; "")) 
T-Value  =CONFIDENCE.T ( 0.05 ; Deviation; Count) 
 
The underlying formulas are displayed in Eq.11. 
 

Eq.11 

𝑠 = √
∑ (𝑥 − �̅�)2𝑛

𝑖=1
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With 𝛼 = 0.05 for a 95% confidence interval, 𝑠 as the standard deviation and �̅� as the average of 
𝑛 samples of 𝑥. 
 
 
Eq.11 is referenced from the book Simulation Modeling and Analysis by Averill Law [45]. 
 
The purpose of this section is to find out if the implementation is of value for MMORPG players. 
 
4.2.1 RQ 4: How is the implementation rated by the players? 
 
The survey let users evaluate the system by using the 5 point integral scale, where in general 1 is 
bad and 5 is excellent. Results show that most users evaluated quality-related questions as 3 or 
better, see Figure 4.2. Usefulness has the highest score among these with most users selecting the 
grade 5. Overall audio quality is mostly rated as 4. And when asked if the user can determine 
where audio comes from, where 1 is “No, hardly” and 5 is “Yes, easily”, most will rate 3. 

 

Figure 4.2: Total scores of technical quality questions. 

Most users think having a positional voice chat in a game like MO is important, see Figure 4.3. 
Users were also asked about the importance of a text chat, to be able to compare the two. While 
text chat was naturally much more important to the users overall, a lot of users think both are 
very important. 
 

 
Figure 4.3: Total scores of importance of text chat and positional VoIP, ranging from:  
(1) Very unimportant to (5) Very important. 
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4.2.2 RQ 5: What categories of players are most positive and 
negative towards the implementation? 
 
In general, younger users will rate the system quality slightly higher, and claim to use the system 
more often than others see Figure 4.4. There is small difference in ratings among player styles. 
But achievers rate the system slightly better than others and think it is most useful, while it is 
most used by explorers, see Figure 4.6. Users with low experience, less than one month, score 
the highest when asked if they think positional VoIP is important to have in a game like MO, see 
Figure 4.5. 

The users most negative towards the implementations are older users with medium amount of 
experience. Answers from the groups above 40 years of age have very large error ranges since 
only 8 users claimed to be 41-50 and only 5 claimed to be above 50. 

 

Figure 4.4: Average scores of technical quality questions, importance of the voice chat and how 
often the voice chat is used as separated by age of user. 

In general, less experienced users score higher when asked how important a positional voice chat 
is in a game like MO, see Figure 4.5. 
 

 
Figure 4.5: : Average scores of technical quality questions, importance of the voice chat and 
how often the voice chat is used as separated by user experience. 
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Figure 4.6: : Average scores of technical quality questions, importance of the voice chat and 
how often the voice chat is used as separated by user playstyle. 

Listing 4.1 displays the population of each user group for charts used in this Section 4.2.2. 
 
Listing 4.1 Populations of user groups 
 

Experience Users  Playstyle Users  Age Users 
<1 Month 21  Killer 69  <20 54 

1-6 Months 20  Achiever 31  20-30 114 
6-12 Months 27  Socializer 71  31-40 38 

1-2 Years 28  Explorer 47  41-50 8 
2-3 Years 36     >50 5 
>3 Years 87       

 
In most cases, the 95%-confidence intervals stretch over roughly one point or less on the integral 
scale. This is indicated by the error bars included in all charts regarding average scores. In some 
cases of groups with very low participation however, the error stretches over very large ranges, 
making the data difficult to compare. Examples of such groups are women, age group 41-50 and 
the age group above 50. 
 
 
4.2.3 RQ 6: Are experienced players more likely to help novice 
players than before? 
 
This question was evaluated with two questions, one is likeliness to help through text chat and 
the other through voice chat. Results show that experienced players are not necessarily more 
likely to help beginners by using voice chat, see Figure 4.7. It seems the ones most likely to help 
through voice are the ones with low experience themselves, less than one month. Users are in 
general more likely to help through text chat. Error bars in Figure 4.7 range between 0.6 and 1.2, 
and most of them overlap. It is possible to identify a downward trend of likeliness to help 
through voice chat though. Beginning with the least experienced users having high likeliness, 
this declines down to users with 1-2 years of experience, and will then rise upward again by 
more experienced users. 
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Figure 4.7: Average scores of questions related to likeliness of helping beginners in-game as 
grouped by experience of the user where:  
(1) Very unlikely, (5) Very likely. 

When looking at the total scores of the same questions, Figure 4.8, it is clear that helping through 
text chat is a lot more popular than voice chat. Ratings for text chat helping increased 
exponentially, while voice chat helping slowly increases linearly with holes on ratings 2 and 4. 
While helping through voice chat is not as popular as text, both questions still have more users 
selecting 5, very likely to help, than any other individual grade. 
 

 

Figure 4.8: Total scores of questions related to likeliness of helping beginners in-game where: 
(1) Very unlikely, (5) Very likely. 

4.2.4 RQ 7: Will players to a greater extent become subjects to 
harassment? 
 
This question was answered by asking the users how often they are a target of harassment in text 
and how often they are in voice. The integral scale was in these cases ranked as 1 being never 
and 5 as every time the user plays the game. According to the results, see Figure 4.9, users claim 
to more often become harassed through text chat than voice. However, an interesting note is that 
the result is the opposite when viewing only female answers. Women on average score around 
one point lower than men when asked how often they get harassed through text, but around one 
point higher when asked about voice chat, see Appendix C. Only 5 of the 218 users who took the 
survey were women though, therefore this result may not reflect reality. 

It is hard to measure what counts as harassment, the question was asked in a way that makes the 
user define this however he/she likes to. And this may be a correct way to measure it. More 
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information can be gathered from free text feedback responses and forum posts that touched this 
question stating things like: 

 

“if someone puts a low number in harassment, they are lying. You cant spend 10 minutes 
in the main city with out seeing someone bothering someone else. I would not called it 
harassment thought, its kinda just the language that has develop over the years in this 
game. No one takes it serious after a while. Its more or less just a part of the game” 
 
“… Over all, I'm surprised at the maturity people are showing with voip. I was expecting 
some H1Z1 or Rust level communication with voip.” 

 
“The problems I have had with VOIP in game has been so far.... 
 
- Cant tell who is broadcasting, no way of telling. 
- Hate speech and racist terms being spammed people. 
- Random noise, like static or buzzing by others. 
- Loud music, taste may vary being broadcast.... …” 
 
“… I think there absolutely needs to be some ability to ban players that are doing nothing 
but trying to annoy every one with the chat. There will always be players that will try to 
take this to the max. …” 
 
All quotes are from anonymous Mortal Online users. 

 
 
What can be gathered from this free text feedback is that the ability to mute others is needed, 
harassment is a problem for some, and some count harassment as simply part of the jargon in the 
game world and something that should be ignored. 
 
To summarize; players will likely become subject to harassment to a greater extent than with text 
only, the increase does not seem very significant however. This may be due to the question being 
asked as how often the user gets harassed through voice chat, and since the voice chat is very 
new to the game, the user may simply not yet have been exposed to it. 
 

 

Figure 4.9: Total scores of questions related to harassment where:  
(1) Never, (5) Every time I play. 
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4.2.5 RQ 8: If harassment is an issue, are the counter-measures 
sufficient to handle this? 
 
Harassment is an issue and requires tools for counter-measures. These tools are a mute function 
and a report function. Players may mute anyone they want, this stops the server from sending 
audio packets from the muted source to the player having issued the mute command. According 
to survey results this is a great counter-measure to harassment, see Figure 4.10. Most users rate 
the mute function as 5, an excellent counter-measure to harassment. Very few rate this function 
lower than 3.  

The report function is rated similarly, only slightly less convincing. Reports can be issued to 
game masters working for the game company. The reports are evaluated by listening to the 
evidence-buffer recorded for the offending player. If evidence for rule breaking is found, the 
offending player may get banned from using the positional voice chat. 

 

Figure 4.10: Total scores of questions related to harassment counter-measures where: 
(1) Bad, (5) Excellent. 

4.3 Company research question 
In this section, research questions regarding the company perspective will be answered. The 
purpose is to find out if an implementation like this is worth implementing by a game company 
hosting an MMORPG. 
 
4.3.1 RQ 9: From the company perspective, there will be a cost of 
implementation, what are the costs, and are they reflected as an 
increase of players and/or goodwill? 
 
Answer from Henrik Nyström, CEO of Star Vault, translated from Swedish to English: 
 

Well, the cost is mostly Sebastian’s time spent on integration, which we have not 
measured exactly (Approximately 5 work days according to Sebastian). Of course there 
is a value in getting this function, that we planned to implement sooner or later. Our 
game specifically benefits from this function since it gives the players a more effective 
way of communicating, and the sense of immersion becomes greater for the players who 
like to role-play. There is clearly a goodwill and increase of interest towards the game 
because of this. Since the game is first person only, it fits perfectly. We are also happy to 
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see that so many players behave within the rules, it is not like what we see in H1Z1 or 
Rust, where it is abused in bad ways. 
 
(Regarding increase of players.) There was definitely an interest right away since people 
wanted to try it. Then because of the bugs that made it hard to test, some had it shut off 
and there were no indications of who had it turned on or who was talking and because of 
the crashes it faded quickly. But overall, so far everyone speaks well of it and thought it 
was surprisingly good for being a beta, and that people behaved surprisingly well. They 
look forward to a full release and the system becoming more of a standard. 
 
I do not know exactly the player increase just because of VoIP being included in the 
patch in question. But I would say the amount of players increased by some 15-25% 
during the patch. 

 
Aside from time taken from the integrating programmer at the company, other costs for a 
company are: 
 

 Rent of a voice server, which in this case already existed and caused no extra cost. 
 Time taken from test personnel to test the voice system in-game. 
 Time taken from a GUI programmer and artist to include buttons for VoIP in-game. 

 
The core implementation with a working test program and server was built in 5 weeks by one 
M.Sc. in game and software engineering student. This version needed a lot more testing and 
would produce a lot of unforeseen problems in the target engine on integration. Integration work 
started after this process and was very slow since it often relied on using holes in the integration 
programmer’s schedule. It took another 7 weeks to produce the usable beta state of  positional 
VoIP that we see at the current time of writing. The second period would likely be a lot shorter if 
the person working on the voice system had access to the game engine and voice server.  
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5 DISCUSSION 
 
This chapter discusses the implementation and evaluation of the positional voice chat. 
Information about certain decisions and problems not covered in previous chapters are disclosed 
herein. Section 5.1 mainly discusses problems with the implementation and why some design 
decisions were made. Section 5.2 discusses the evaluation of the system and attempts to interpret 
the survey-data to a greater extent than the Results-chapter. 

5.1 Implementation 
It is a poor design choice to let the game engine create and detach threads for use in the KVoIP 
library. This could have been done inside the library which would have made it easier to use. The 
reason for the design was that the game engine was assumed to already have access to a thread 
library, and therefore this could be used instead of including another library in KVoIP just for 
threading. No thread library was found in the game engine though, but at the time this was found 
out, the design was already in place. The choice was to either include SDL2 in the game engine 
for threads, as was already done in the test engine, or include it in the KVoIP library and rewrite 
parts of the code. The first option was selected since that was how it was already working in the 
test program. 
 
OpenMP is used for just one mutex lock in the entire program. This mutex lock could instead 
have been from SDL2 if it had been included from the start: The program was initially written to 
use OpenMP only. Later in development it was realized threads could not be detached from the 
game engine using only OpenMP. SDL2 was needed, and since the system was already set up to 
run thread-loops from the game engine and not from within the library, SDL2 was included in 
Unreal Engine. OpenMP was still in use for mutex locks and time measurement by parts of the 
library, but in the end just one lock remained.  
 
Debugging in the game engine could have been made easier if more care had been taken from 
the start to include debugging-tools in KVoIP. When developing KVoIP, one has access to 
console print, breakpoints and can compile in debug mode. These luxuries make it very easy to 
debug problems when using the test engine. None of this is available when developing in the 
game engine however, therefore having descriptive error codes and a custom logger in the 
KVoIP-library would have made integration a lot easier.  
 
5.1.2 Audio input/output 
Portaudio was used for audio input and output, this implementation-process was fairly straight-
forward. Some problems were encountered  when working on an audio packet buffer system, but 
were solved relatively early in development and thereafter not much was changed in the audio-
section of the program. 
 
The only insurance applied to the audio part is that if packets arrive too soon to the receiver they 
will be queued in the playback buffer up to 8 packets. But if the problem is the other way around, 
packets arrive too late, nothing will be done to fix this. A new packet must arrive at least every 
20ms or holes in playback will appear. A constant high delay is no problem since it will also 
delay the start of the message equally, but a shifting delay will cause problems. Also processing 
time spent on the server, sending and mixing totally exceeding 20ms will cause holes. This may 
sound risky, but has always worked in tests and therefore no time was spent on insuring against 
it. The problem is usually insured against by using a so called jitter-buffer. 
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A remaining feature concerning audio input and output is for the user to be able to select devices 
manually. This is supported by the KVoIP library but not yet implemented in MO since it 
requires GUI and has low priority. Portaudio will select the default Windows recording and 
playback devices on start-up. 
 
Audio is recorded and played back as 16bit samples at 16kHz. This is directly related to the 
bitrate of almost 26kbit/s for audio streams and considered acceptable from a bandwidth point-
of-view. The majority of users rate the audio quality from 3 to 5, with most users selecting 4, see 
Figure 4.2. This leads us to believe this bitrate is just right. 
 
5.1.3 Audio compression 
When integrating KVoIP in the target engine, a strange problem occurred when the program 
would crash on decoding packets. The source of the problem could not easily be identified and 
much time was spent on debugging it. The codec used at the time was Opus, and since the only 
symptom showing was that the program crashed on decoding, finally a decision was made to 
switch Opus for the older Speex codec. This fixed the crash, but only because of a collateral fix 
where some data was set to static memory, which was the actual problem. Multiple instances of 
the KVoIP C++ class were created by mistake, decoding-memory was set to static and therefore 
it no longer crashed on decoding. Later though, other crashes and undefined behaviour appeared 
and it was finally realized that multiple instances were created of what was assumed to be a 
singleton. The solution was to remove the KVoIP object entirely and set most data to static and 
all functions to global within a namespace. This means KVoIP could very likely switch back to 
Opus today and achieve a better compression rate and have longer packets than the hard coded 
20ms Speex packets. 
 
In the end, the reason for the previously described problem was that multiple instances were 
created of an object that was assumed to be a singleton (only one instance allowed). The KVoIP-
library used the GetInstance()-method commonly used in singletons, see Listing 5.1. What was 
not understood was that this approach works in other projects because they are written in C++11 
or newer. C++11 insures that only one thread initializes the object in this case. UE3 and KVoIP 
use C++10 though, where this is not insured, and this caused multiple instances to be created and 
caused serious problems as a result. This could have been avoided by having better knowledge 
about C++. 
 
Listing 5.1 Unsafe GetInstance-Method in C++10 
 
KVoIP& GetInstance() 
{ 
    static KVoIP instance; 
    return instance; 
} 

 
 
5.1.4 Positional audio 
The initial integration in the target engine caused big problems with positional audio. The 
coordinate system in KVoIP assumes an OpenGL standard on coordinates. The coordinate 
system in Unreal Engine 3 however is set up very differently, making coordinates having to be 
passed into functions in a very different order. We initially thought only the Y-axis and Z-axis 
would have to be switched, this was done and testers had nothing bad to say about the positional 
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audio. The patch came out and users complained about having no idea who was talking. It turned 
out every axis was different between the two systems. Coordinates would have to be passed in a 
very different order. This was fixed and included in a later patch, but probably left a very poor 
first impression of positional audio. The problem could have been avoided by making it more 
clear to the testers that they have to make sure the positional audio sounds correct. Or by initially 
using the same coordinate system in the test-engine as UE3. 
 
The majority selected 3 or higher when answering whether they can determine who is talking in 
positional voice chat, with 3 being the most common. And there were more selecting 4 and 5 
than 1 and 2, see Figure 4.2. Considering this, it is not a terrible result, but would probably have 
been better if the initial problem had not occurred. 
 

5.1.5 Network communication 
Big problems in network communications have been related to connectivity. Initially users were 
sometimes not disconnected even though they had closed the program. To detect this, TCP still-
alive messages were introduced and are now sent every few seconds from connected clients. If 
this message is not received at least every 20 seconds, the server will disconnect the client. 
 
Another connectivity issue was found late in development where clients would close the UDP 
socket if not having received a packet for a few minutes. When this happened, an ICMP port-
unreachable packet would be sent to the server. No error would show in the program, but using 
Wireshark, the ICMP message could be seen and the problem was pin-pointed. It was solved by 
introducing UDP still-alive packets that are sent from the server each time it receives a TCP still-
alive from a client. It seems that constantly using the socket on the client will prevent it from 
closing. 
 
According to tests, the heaviest operation on the server is the sending of packets, this lead to 
most optimizations being made on code related to packet sending, such as client memory. 
Pointers to client classes are saved within a standard library map with MO IDs as keys. This map 
loops over itself every time a packet is to be sent, a call is then made to a standard library sort on 
the list of send-items and finally packets are sent with Winsock. Clients were initially allocated 
with malloc any time they joined the server. Such dynamic allocations will cause memory to be 
very scattered in RAM, causing poor performance when sorting. This was improved by using a 
custom pool allocator that allocates 2048 clients at start of the program. Evidence-buffer and 
mute-list are still dynamically allocated though. One evidence-buffer alone requires 768kB, but 
is not used when sending, and only the pointer to it is kept within the pre-allocated client class. A 
pointer to a standard library map of muted MO IDs is also contained within each client, it is 
dynamically allocated with the new keyword on client join since it needs a call to a constructor 
on creation. Using standard library maps as containers in these cases are not optimal solutions, 
but were chosen since they are easy to index and fast to implement. 
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5.2 Evaluation 
 
A complete set of charts and data from the survey can be found in Appendix C. The following 
can be gathered from the survey results: 
 
Positional VoIP is most used by young and inexperienced players.  
Among experience groups, players with less than a month or between one and six months of 
experience score on average the highest when asked how often they use positional VoIP. When 
considering age, the group below 20 years of age has the highest score in the same question and 
the next highest score belong  to the group of 20-30 year olds. Results are similar when asked 
how important they think it is to have positional VoIP in a game like MO. 
 
This data suggests positional VoIP may be a good function for attracting and/or keeping new and 
young players. 
 
Positional VoIP won't likely make experienced players help beginners to a greater extent. 
Results show that the group most likely to help beginners by using voice chat are the beginners 
themselves. The group consisting of users with less than one month of experience scored the 
highest in the question about how likely they are to help beginners through voice chat, on 
average almost 4. Other groups average around 3 on this question, except for the users who 
played 1-2 years, they average 2.5. 
 
The tool will be there though, and some will likely get help from experienced users occasionally. 
But the experienced users overall does not seem eager to help beginners through voice, results 
suggest they are more likely to help through text at this time. 
 
Higher network speeds score a slightly higher audio quality. 
Users with a slower connection than ADSL will on average score half a point lower on audio 
quality when compared to those who have faster-than-ADSL access. 
 
This may be based on packet loss being more common the slower the client network speed is. It 
may also be caused by more frequent shifting in delays on slower networks. The average score is 
still above 3 for this group though, so it seems the effects are not devastating. 
 
Users with 5.1 Audio have the easiest time identifying where audio comes from.  
The program will use either 2 or 6 output channels. 5.1 and 7.1 will use 6, and stereo and 
quadraphonic will use 2. Users with 5.1-audio score the highest average on positional audio, but 
it should be kept in mind that error ranges are large when separating questions about audio 
quality by number of channels, see Figure 5.1. 
 
Users with stereo and 7.1 audio will have an equally hard time identifying where audio 
comes from. 
Users with stereo and 7.1 audio will score almost equally when asked whether they can 
determine where audio comes from in positional voice chat. 7.1 uses 6 channels, which is the 
same as 5.1, and these two should therefore be the ones to score the same. The difference is not 
very high though, about 0.4 points, see Figure 5.1, and error-ranges are relatively large. It can 
therefore perhaps be explained by being a random occurrence due to few or faulty responses, or 
that users with 7.1 are slightly more picky than those with 5.1. There might also be a problem 
with 7.1 audio since it has not been thoroughly tested. 
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Figure 5.1: Overall audio quality and 3D audio quality separated by number of audio output 
channels. Because of extreme error bars, no intelligence can be gathered in this case for users 
who claimed to play the game with no sound or a different amount of output channels than the 
predefined 2,4,6 or 8 (Other).  
Users with 4 channel-devices are relatively rare, and therefore also has large errors, but gives 
an approximate indication that seems similar to other setups. An alarming point in this chart is 
that 7.1 audio score surprisingly low in 3D audio quality. 
 
7.1 Audio will experience the best audio quality. 
The average score of audio quality from users with 7.1 audio is almost 4, the highest among 
audio groups. This is probably since 7.1 systems are more high-end and therefore will produce 
better quality no matter what is played. The program in itself will make no difference in audio 
quality on different systems. 
 
Achievers think VoIP is most useful. 
Achievers have the highest average score among play styles when asked how useful they think 
the positional VoIP is. If not a random occurrence, this may be because positional VoIP makes it 
easier to complete challenging  tasks whom involve other players. Users categorized as achievers 
are assumed to play to become the best and like to complete difficult challenges. 
 
Killers get harassed most often. 
Killers score slightly higher than other player styles when asked how often they get harassed, 
mostly through text chat. This may be explained by killers often being the kind of player to do 
harassment themselves, or trigger it to a greater extent than other play styles. The play style is 
defined by liking to kill other players, cause distress and taunt others. 
 
Killers are the least likely to help beginners. 
When asked how likely users are to help beginners through use of text chat, killers score more 
than one point lower than the class most willing to help, the explorers. When comparing with the 
question about helping through voice chat though, the difference is smaller between the play 
styles, just 0.2 points, still with killers scoring the lowest, and explorers the highest. Killers will 
score almost the same on both questions, but all other styles are dragged down to around 3 points 
and thus become approximately as likely as killers to help through voice chat. 
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Killers like the mute option. 
Killers score high when asked to rate the mute function as a counter to harassment, almost 4.3, 
0.3 higher than any other class. Again this may be linked to killers being involved in harassment 
to a greater extent on both or either ends of it. 
 
Explorers are the most likely to help. 
Explorers score the highest when asked how likely they are to help through both text and voice. 
Explorers are defined by liking to explore the game world, finding secrets, finding bugs and 
understanding the game engine. Maybe this type of person is in general the most kind and 
extrovert among the different play styles. Explorers may also play alone to a greater extent, thus 
giving them time to reply to strangers asking for help. 
 
Explorers use positional VoIP most often. 
Explorers are the type of players that use positional VoIP the most. Maybe because their 
playstyle involves playing alone to a greater extent and thus encountering strangers more often. 
An interesting note is that even though explorers use positional VoIP most often of all players, 
they rate it the lowest when asked how important it is to have in a game. All styles of players rate 
the importance of a positional voice chat to 3.6, except explorers who rate it 3.4. 
 
Most of the users are killers or socializers. 
Of the 218 users who took the survey, 69 were defined as killers, 31 achievers, 71 socializers and 
47 explorers. The groups users belong to was determined by asking what they like most about 
playing games. The alternatives were the following: 
 

1. Kill people, taunt people, cause distress, pwn noobs 
2. Complete challenges, become the best, have the highest score, have the best 

gear. 
3. Socialize, trade, meet new people, play with friends. 
4. Discover exploits and bugs, understand game mechanics, explore the game 

world, find secrets. 
 
The phrase “pwn noobs” used to identify Killers is internet/gaming slang that can be translated 
approximately as “kill beginners”. This phrase is composed of words commonly used in the 
gaming-world, likely to be understood by users fitting the Killer-play-style and something they 
would like to identify with. Using such language where applicable was believed to increase 
interest towards the survey, making it less dull and boring, slightly reducing risk of survey 
fatigue. 
 
This grouping is based on the article on different play styles in Multi User Dungeon games by 
Richard Bartle [36]. 
 
It makes sense that killers are a large part of Mortal Online players. The game allows killing of 
anyone and victims will drop their entire inventory for others to loot. This is likely ideal for 
players looking to cause distress and get satisfaction from a hunting-like play style. 
 
Socializing is also a big part of the game and it seems to be a common key to survival. The game 
also supports a large level of role playing that should fit well with playing with friends. 
 
The game world is large, there is a lot to discover and learn, possibly making it attractive for 
explorers. 
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Achievers are the smallest of all groups, which may be explained by the lack of objective in the 
game. There are no clear goals or set matches to win, but there is always the attractiveness of 
becoming the best and having the reputation of being a really good player that probably attracts 
some achievers.  
 
Women are a lot less harassed through text than men, but a lot more through voice. 
Female survey-takers score almost one point lower than male ones when asked how often they 
are harassed through text. And the opposite shows when asked about harassment through voice, 
see Figure 5.2. These numbers are skewed since they are based on the very few women who took 
the survey, just 5 of 218 users claimed to be female. Error bars on questions with female survey 
takers are extreme on all questions except the one about how often the user is harassed through 
text. If not a random occurrence, the reasons may be that women are not as involved in text chat 
as men, or to a greater extent try to avoid triggering harassment, or that people in general are 
nicer towards women through text. Regarding voice chat though, error bars are large, but women 
may become targets of harassment to a greater extent than men, simply because users generally 
can hear that they are women, and use this as grounds for harassment. 
 

 
Figure 5.2: Average scores on questions about harassment separated by user gender.  
The female group consisted of only 5 users. 
 
Summary 
Overall it seems like most people want to have positional VoIP in Mortal Online. Questions 
about how important a positional voice chat is and how useful it currently is score high in 
general. Results are a lot lower when asked how often the voice chat is used though. This may be 
because of the fact that the system still is in beta and people have not yet gotten used to using it. 
Also, the earliest implementation would for most users crash the program when attempting to log 
out. The positional audio was incorrect, making it impossible to determine who was talking. 
There was no indication of who was connected to the system, and no way of knowing if it was 
working. And there were connectivity issues where the UDP socket would close after being idle 
for a while. All these bugs probably left a poor first impression for a lot of users, even though 
free text feedback and forum posts claim the implementation was actually above expectations.  

5.3 Ethical, social and sustainability aspects 
The server saves a classified amount of voice data from each client to be able to provide 
evidence for game masters investigating reports on allegedly rule-breaking players. This is an 
ethical issue in the same way telephone companies and ISPs save data from their users to be able 
to give to police on request. A paragraph regarding agreement to this was added to the game’s 
End User License Agreement. Buffers are saved to file and are identified by hashed strings of 
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Mortal Online account names. These files can be converted to Wave-format by a version of the 
test-engine. A use-case is that an ID gets reported multiple times, a game master converts the file 
named as the ID and listens to the content. Depending on what is found, the user may be warned, 
banned from using voice chat or no action may be taken. The ban is separate from the KVoIP 
system and will prevent it from starting at all for banned users. 
 
Users have shown concern about the addition of a voice chat in MO, fearing it may be abused in 
forms of harassment and spam, ruining the game. This concern has been addressed by 
implementing the mute- and report-function. Using positional VoIP is also voluntary as it is easy 
to turn off completely in the options settings of the game. 
 
Besides maybe efficient use of resources, sustainable development aspects are not of relevance 
in this project. The only thing having a remote impact on the environment in this project is the 
use of electricity, and code was written to be as fast as possible, therefore wasting as little 
electricity as possible.       
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6 CONCLUSIONS 
 
This chapter answers the research questions and attempts to conclude intelligence gathered. 

6.1 Research Questions 
 

1. How many players can the system support while staying fully functional? 

Tests show a delay of 20ms on the server when forwarding a packet will cause holes in audio on 
playback. With a 5ms safety margin, 15ms can be used for forwarding, this delay is equivalent to 
sending approximately 5000 packets in one instance. Server data logs show that a maximum of 
10% of the connected players will speak at the same time, and on average each packet is sent to 
2,8 clients. A safety margin was applied to the number 2,8 and packets were assumed to reach 4 
others when calculating estimates. Using these estimates and data, the maximum amount of 
simultaneous players the server theoretically can support is 12500. The current version used in 
MO is compiled to only support 2048 though, since the peak player-count in MO was estimated 
at 1200 according to third-party website SteamDB [44]. The maximum amount of simultaneous 
players connected to the voice-server at the time of writing was recorded to 131. Therefore the 
system supports much more than what is required by the target game. 

2. What is needed to construct the system? 

The system was constructed in C++10 using an Agile software development approach. The 
development has followed a number of big-picture milestones and new goals have been set up 
each week with purpose of eventually reaching these milestones. Pair-programming was used to 
a great extent when integrating KVoIP in Unreal Engine 3. This approach has worked well for 
the project.  
 
In retrospect, more time would preferably have been available for Quality Assurance to be able 
to avoid problems arising from using the target game engine. A test-engine was developed and 
used for testing KVoIP, integration without it would have been extremely time-consuming since 
all bugs would have to be discovered and solved only in Unreal Engine 3. The test-engine saved 
a lot of time, but it was unable to find some fatal bugs only discovered in the game engine. These 
bugs could have been easier to solve by using a custom logger and very descriptive error 
messages in the KVoIP-client.  
 
The following was required to construct the system: 
 

1. Thread library. 
2. Audio input/output. 
3. Audio compression. 
4. Positional audio mathematics. 
5. Network communication with UDP and TCP. 
6. A test program. 
7. A server program and physical server. 
8. Integration work in a target game engine. 
9. Estimated below 600 man hours.* 

 *Twelve weeks were consumed for one student, one week for an integration programmer, two 
days for GUI/Artist programmer and tester, see Eq.12. 
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Eq.12 

𝑇𝑤𝑜𝑟𝑘 =  13𝑤 ∙ 40
ℎ

𝑤
 + 32ℎ = 552ℎ 

 

Eq.12 summarizes hours spent on the project. This includes some paper work from being a thesis 
project, and delays caused by no access to the game engine and voice server for the student.  
 
Overall, a programmer with some low-level programming and some mathematics skills is 
required. And the project will consume less than 600 hours total. Whether this is reasonable for a 
company is hard to determine and depends on the company status, 600 hours is equal to 15 
weeks or almost 4 months. Therefore the cost of acquiring a positional voice system like KVoIP 
from scratch would be approximately 4 monthly salaries.  
 

3. What resources are needed to keep the system operational? 

To support 2048 clients, a physical server is required with at least the following specifications: 

 3.8GHz CPU with 8 cores. 
 10Mbit/s download speed 
 200Mbit/s upload speed 
 8GB RAM (2,2GB for server program) 

To support the theoretical limit, 12500 clients, the server would require the following: 

 3.8GHz CPU with 8 cores. 
 50Mbit/s download speed 
 200Mbit/s upload speed 
 16GB RAM (13,3GB for server program) 

The slowest required network for clients is 26kbit/s upload and 410kbit/s download speed. 

It is recommended the client has at least a Quad core CPU to be able to utilize the multi-threaded 
setup of the program. 

The system can in theory support a massive amount of players, up to 12500 according to 
calculations based on estimates and statistics from server logs applied to the time consumed for 
sending packets. Connecting that many clients in practice would probably cause some fatal 
unforeseen problems and delays though. The target physical server used in this project has the 
following specifications: 

 3.8GHz CPU with 8 cores 
 1000Mbit/s download speed 
 1000Mbit/s upload speed 
 32GB RAM 

Which concludes that the available server is sufficient to keep the system operational. 
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4. How is the implementation rated by the players? 

It is rated good and considered important in general, despite this, pretty few users seem to 
actually use the system, see listing 6.1. 

 
Listing 6.1 Total scores on questions about quality, importance and usage. 

Score Rate the 
overall audio 
quality of the 

positional 
voice chat 

Can you determine 
what character is 
talking with the 
positional voice 

chat? 

Rate the 
overall 

usefulness of 
the positional 

voice chat 

How important is 
it to have a 

positional voice 
chat in a game 

like MO? 

How often do you 
use the positional 
voice chat in MO? 

1 9 29 14 21 38 
2 15 24 19 18 47 
3 60 73 49 48 72 
4 84 48 55 47 28 
5 45 36 76 81 30 

 

According to the survey results and server statistics, the system is not used much by the players. 
Most users have played the game for many years without needing positional VoIP, and many 
will likely continue to do so. According to server statistics though, the peak amount of 
simultaneous users connected to the server increases slowly with each day. Maybe the system 
will gain foothold over time and become more of a standard in the future. There are also still 
small functions that need integration in the game engine, such as being able to test the 
microphone or change audio devices, which are supported by the library but not yet used by 
Unreal Engine. 

5. What categories of players are most positive and negative towards the 
implementation? 

According to the survey, these are general trends among user groups: 

 Inexperienced and younger players like positional VoIP most among these groups. 
 Achievers tend to like positional VoIP slightly more than users of other play styles. 
 Users with medium experience give lower ratings than those with low or high experience. 

The most interesting trend identified by the survey is that younger and less experienced users 
tend to give better ratings on questions about quality and importance of the positional voice chat. 
This may indicate that the system is a good tool to attract new players, or that these player-
groups simply are less picky than others. 

6. Are experienced players more likely to help novice players than before? 

No, all users except those with low experience are in general more likely to use text chat for 
helping. There may of course be individual players who will only consider helping by using 
voice-chat if they think it is less of a hassle than typing. But data says all experience groups are 
less likely to help by using voice chat, except the group with less than one month of experience. 

7. Will players to a greater extent become subjects to harassment? 
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Yes, but not significantly so. Harassment through voice chat occurs, but it is to a small extent. It 
is a lot more common to be harassed through text chat at this time.  

8. If harassment is an issue, are the counter-measures sufficient to handle this? 

Yes harassment is an issue, the counter-measures in forms of a mute-tool and report-tool are 
sufficient to handle this. According to the survey, an overwhelming amount of users rate the 
mute tool as an excellent counter-measure to harassment. The same applies to the report-tool, 
only slightly less convincing. 

9. From the company perspective, there will be a cost of implementation, what are the 
costs, and are they reflected as an increase of players and/or goodwill? 

The costs for the company is implementation and testing time spent for personnel. And a voice 
server if this does not already exist. Time consumed in this case has been around 600 man-hours, 
where 72 hours were consumed by company personnel. Time spent would probably have been a 
lot less if the implementation had not been part of a student thesis project. 

The addition of a positional VoIP in an MMORPG can be expected to add goodwill and an 
increased interest towards the game on at least a short term. The number of simultaneous users 
will increase during the first patch due to increased interest. It is unclear if the implementation 
will show an increase of players on a long term. 

Since positional VoIP is rated high among new and young players, it might be a good tool to 
attract new players to the game and increase the chance of them staying. 

6.2 Summary of Contributions 
 
Designed and built a positional VoIP system, and integrated it into an MMORPG 
 

 A system like the one constructed in this project can be set up in less than 600 man-
hours. 

 The system is able to in theory support up to 12500 simultaneous players, provided the 
server meets the required specifications. 

 To construct the system, a range of third-party libraries are available to speed up the 
implementation process. All libraries are free for use in commercial products and do not 
require the project being open source. Details on construction can be seen in Chapter 3. 

 The system runs on detached threads and has therefore low impact on the main thread of 
the target game. The client is built as a library and can therefore be loaded into a target 
game engine relatively easy. 

 
Evaluated user perception of and reactions to this new positional VoIP service 
 

 According to the survey, most users think having positional VoIP in MMORPGs is 
important.  

 The system received pretty good QoE ratings. 
 The main target group seems to be new and young players, therefore the function may be 

a valid fit for attracting new players to an MMORPG.  
 It is a function that easily can be turned off by the player if unwanted. Therefore there is 

no risk of ruining the game for players who do not want to use it.  
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 Harassment will occur, but counter-measures seem to be very efficient at handling this. 
 An increase in interest towards the game was shown on beta-launch of the system. It is 

unclear if this interest will last on a long term.  
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7 RECOMMENDATIONS AND FUTURE WORK 
 
This chapter discusses possible future improvements of the system. 

7.1 Network 
The server program could become a lot faster by using multi-threaded sending and receiving. 
And packets could contain longer audio samples by using Opus instead of Speex codec, thus 
reducing bandwidth and server pressure.  
 
Measures could be taken to avoid problems with packet loss. The playback could have a delay 
before starting for each time a new stream is started. This would give the server, sender and 
receiver more time to process the following packets. An unforeseen delay of 20ms in the current 
system will cause holes in the audio. More time could be given by delaying the playback of the 
first packet and thus give the rest of the system more time to work with. I.e. a jitter-buffer could 
be introduced. 
 
The system can be considered quasi-synchronous since it imposes no delays on voice streams. 
The only delay in KVoIP is the time it takes to record a voice-packet, 20ms. How does it 
compare to a standard VoIP-program that uses jitter-buffers?  
 
Evidence-buffers on the server could be compressed and save a lot of memory. For simplicity, 
packets are currently saved as if they were not encoded. 

7.2 Audio 
Positional audio could be investigated further to give a better audio image. The audio range 
could be determined by the amplitude of samples instead of using a fixed maximum range. The 
amplitude currently decreases with the square of the distance, in real life this is done 
logarithmically by decreased sound pressure [42].  
 
The audio amplitude is not affected by the game world, making users for example able to talk 
through walls. The system could keep an updated image of the game world to take into 
consideration when mixing audio samples, reducing amplitude of samples that passes through 
objects. By knowing about the game world, mixing could also take echoes into consideration. 
 
Tests could be conducted on 7.1 audio devices to see whether they work as expected. 8 channels 
could be used instead of 6 when calculating positional audio for 7.1 devices. 
 
Users could be able to test their microphones and connection by requesting the server send their 
packets back to them. This is supported by the KVoIP library but not yet implemented into MO. 
Users could also be able to select their audio devices manually if wanted, which is also supported 
by the library but needs integration. 
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APPENDIX A: PLAYER SURVEY 
 
The survey is copied directly as text from Google Forms which caused poor formatting. The 
format exposed to users was much easier to follow. 
 

Mortal Online Positional VoIP Evaluation Survey 
Please consider the current implementation (20160426 
and forward) of positional VoIP 
when answering this survey. 
The study is intended to evaluate the final product, and we know there were numerous 
problems affecting quality of experience with the early implementations. 
If you have not used the VoIP after 20160426, 
please play the game and do this survey 
later. 
Participating is completely anonymous and you may skip questions you don't know the 
answer to or don't want to answer. 
 
Static user factors 
2. What is your native language? 
English 
Swedish 
Other 
3. How old are you? 
<20 
20-30 
31-40 
41-50 
>50 
4. What gender are you? 
Male 
Female 
 
Experience 
5. Approximately for how long have you been playing MO? 
<1 Month 
16 
Months 
6-12 
Months 
12 
Years 
2-3 
Years 
>3 Years 
 
Playing style 
6. What is the most fun to do in games? 
Complete challenges, become the best, have the highest score, have the best 
gear. 
Discover exploits and bugs, understand game mechanics, explore the game 



 

2 
 

world, find secrets. 
Kill people, taunt people, cause distress, pwn noobs 
Socialize, trade, meet new people, play with friends. 
 
Context Factors 
7. When playing MO, do you use external third party voice programs? (Ventrilo, 
Teamspeak, Skype etc.) 
 (Almost) always 
Sometimes 
(Almost) never 
8. How many audio output channels do you use when playing? 
No sound 
(2 channel) Stereo 
(4 channel) Quadraphonic 
(6 channel) 5.1 
(8 channel) 7.1 
Other 
9. Do you use a microphone when playing? 
Yes 
No 
10. What is your internet download bandwidth? 
<8Mbit/s 
8Mbit/s 
>8Mbit/s 
11. What is your internet upload bandwidth? 
<1Mbit/s 
1Mbit/s 
>1Mbit/s 
12. Do you currently use a subscription to play MO? 
Yes 
No, but I have previously 
No, never 
13. How many cores, physical or hyperthreaded 
is on your CPU? 
1 
2 
4 
8 
Other 
 
Technical Quality 
14. Rate the overall audio quality of the positional voice chat 
1 2 3 4 5 
Bad Excellent 
15. Can you determine what character is talking with the positional voice chat? 
1 2 3 4 5 
No, hardly Yes, easily 
16. Rate the overall usefulness of the positional voice chat 
1 2 3 4 5 
Bad Excellent 
 
Text Chat 
17. How often are you a target of harassment by text chat in MO? 
1 2 3 4 5 
Never Every time I play 



 

3 
 

18. How likely are you to help a beginner in MO through text chat? 
1 2 3 4 5 
Very unlikely Very likely 
19. How important is it to have a text chat in a game like MO? 
1 2 3 4 5 
Very unimportant Very important 
 
Positional Voice Chat 
20. How often do you use the positional voice chat in MO? 
1 2 3 4 5 
Never Every time I play 
21. How often are you a target of harassment by positional voice chat in MO? 
1 2 3 4 5 
Never Every time I play 
22. How likely are you to help a beginner in MO through positional voice chat? 
1 2 3 4 5 
Very unlikely Very likely 
23. How important is it to have a positional voice chat in a game like MO? 
1 2 3 4 5 
Very unimportant Very important 
 
Countermeasures 
24. Rate the mute tool as a countermeasure 
to harassment 
1 2 3 4 5 
Bad Excellent 
25. Rate the report tool as a countermeasure 
to harassment 
1 2 3 4 5 
Bad Excellent 
 
Misc 
26. General free text feedback 
Character limit: 256 
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APPENDIX B: Server Activity 
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APPENDIX C: Survey Charts and Data 
 

Language Gender Experience Style 3rd party voice Audio channels Microphone Upload Age Download Cores 
  

          

Other Male 1-2 Years Killer (Almost) always No sound Yes 1Mbit/s 20-30 <8Mbit/s 2 4 4 5 1 3 5 1 1 3 3 3 1 

English Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s Other 3 4 3 4 4 5 4 4 3 5 3 3 

Swedish Male >3 Years Explorer Sometimes (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 8 4 3 5 2 5 5 3 5 5 4 3 5 

Other Male >3 Years Socializer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 4 5 1 5 5 2 1 1 5 5 1 1 5 

Other Male >3 Years Achiever (Almost) always (6 channel) 5.1 Yes >1Mbit/s 31-40 >8Mbit/s 8 4 3 4 2 5 5 2 3 5 4 4 2 

Other Male 1-6 Months Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 4 5 4 5 4 4 4 4 5 5 5 4 

English Male >3 Years Killer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 >8Mbit/s 2 5 5 5 1 5 5 1 5 5 5 5 5 

English Male 1-2 Years Achiever (Almost) always (6 channel) 5.1 Yes >1Mbit/s <20 >8Mbit/s 4 3 3 2 4 4 5 3 1 4 5 5 2 

Other Male 1-2 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 <8Mbit/s 4 4 1 3   5 5 1 2 3 3 4 2 

English Male 2-3 Years Achiever (Almost) always (2 channel) Stereo Yes <1Mbit/s 31-40 8Mbit/s 8                       

Other Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 8Mbit/s 8 4 4 4 1 2 5 1 2 3 5 1 2 

Other Male 1-2 Years Achiever (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 8 4 1 4 1 3 4 2 3 4 1 5 3 

Other Male 1-6 Months Explorer (Almost) always (8 channel) 7.1 Yes >1Mbit/s <20 >8Mbit/s 4 4 3 4 1 4 3 1 3 3 1 4 3 

English Male >3 Years Achiever (Almost) always (8 channel) 7.1 Yes >1Mbit/s <20 >8Mbit/s 8 5 5 3 5 1 5 3 1 3 5 5 3 

Swedish Male >3 Years Killer (Almost) always (6 channel) 5.1 Yes <1Mbit/s 20-30 >8Mbit/s 4 3 5 4 2 4 1 1 4 4 5 5 3 

Other Male 1-2 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 8 3 3 4 1 5 5 3 5 4 5 5 2 

Other Male 1-2 Years Achiever (Almost) always (2 channel) Stereo Yes 1Mbit/s 20-30 >8Mbit/s 8 4 3 5 2 4 5 1 4 3 4 5 2 

English Male 6-12 Months Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 3 3 3 2 4 3 2 5 5 4 4 3 

Other Male 1-2 Years Killer (Almost) always (4 channel) Quadraphonic Yes 1Mbit/s <20 <8Mbit/s 4 4 3 3 3 3 5 4 1 2 3 3 3 

English Male 1-2 Years Killer (Almost) always (4 channel) Quadraphonic Yes <1Mbit/s 20-30 8Mbit/s 1 5 3 5 2 2 5 1 3 5 5 5 3 

Other Male 2-3 Years Achiever (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 8Mbit/s 4 4 4 4 2 5 5 2 4 3 5 5 4 

English Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 <8Mbit/s 8 3 2 3 5 1 5 5 1 2 5 5 1 

English Male >3 Years Explorer (Almost) always (4 channel) Quadraphonic Yes >1Mbit/s 20-30 >8Mbit/s 4 3 4 5 3 5 5 3 2 5 1 5 5 

Swedish Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 8 5 4 4 2 4 4 2 3 4 4 4 3 

English Male 6-12 Months Socializer (Almost) always (2 channel) Stereo No 1Mbit/s 20-30 >8Mbit/s 4 3 3 3 5 5 5 5 2 5 5 5 3 

English Male 6-12 Months Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s <20 <8Mbit/s 4 3 3 4 2 5 4 2 3 5 3 3 2 

Swedish Male <1 Month Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 5 5 5 5 5 5 5 5 5 5 5 5 

Other Male >3 Years Achiever (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 2 3 3 5 2 5 5 2 3 5 3 5 3 

English Male 6-12 Months Achiever (Almost) always (2 channel) Stereo Yes 1Mbit/s 20-30 8Mbit/s 2 4 4 5 1 5 5 1 3 3 3 4 1 

Swedish Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 <8Mbit/s 4 5 1 5 2 4 5 1 3 4 5 2 2 

Other Male 2-3 Years Killer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 1 2 2 5 3 2 4 3 5 5 1 

English Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 2 2 2 1 2 4 4 1 1 1 3 3 1 
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Other Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 4 4 3 5 5 5 5 3 2 4 4 5 2 

English Male >3 Years Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 4 4 5 2 3 1 1 5 5 3 3 3 

English Male 2-3 Years Killer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 3 1 2 4 1 5 3 3 4 5 2 2 

English Male >3 Years Killer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 20-30 8Mbit/s 4 2 5 3 1 5 5 1 4 4 4 3 3 

English Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes <1Mbit/s 31-40 <8Mbit/s 4 1 1 1 5 3 5 1 1 5 3 3 1 

English Male 1-6 Months Socializer (Almost) always (6 channel) 5.1 Yes <1Mbit/s 31-40 <8Mbit/s 2 2 1 2 3 1 5 1 1 1 2 2 1 

Other Male 6-12 Months Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s 31-40 <8Mbit/s 2 3 3 3 3 3 3 3 3 3 3 3 3 

English Male 2-3 Years Killer (Almost) always (4 channel) Quadraphonic Yes >1Mbit/s 20-30 >8Mbit/s Other 4 4 4 2 3 3 4 4 4 4 4 4 

Other Male >3 Years Explorer (Almost) always (6 channel) 5.1 Yes <1Mbit/s 31-40 <8Mbit/s 8 2 3 1 2 4 5 4 1 1 3 3 1 

English Male 6-12 Months Socializer (Almost) always (2 channel) Stereo Yes <1Mbit/s <20 <8Mbit/s 8 1 1 1 3 5 5 3 1 1 5 5 1 

Other Male 1-6 Months Socializer Sometimes (2 channel) Stereo Yes <1Mbit/s 31-40 <8Mbit/s 2 3 2 3 2 5 4 2 2 2 3 3 2 

English Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s >50 >8Mbit/s 4 5 4 4 2 5 5 1 3 4 4 4 5 

English Male <1 Month Killer (Almost) always (6 channel) 5.1 Yes 1Mbit/s 20-30 <8Mbit/s 4 5 5 4 4 1 5 1 5 4 5 5 3 

English Male 1-6 Months Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s 20-30 >8Mbit/s 8 3 4 5 1 5 4 1 5 5 5 4 4 

Swedish Male >3 Years Killer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 5 5 5 5 1 1 2 5 5 5 1 5 

Other Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 4 4 1 3 4 2 3 3 4 4 3 

English Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 4 5 5 5 5 5 5 5 5 5 5 5 5 

Other Male 1-6 Months Explorer Sometimes (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 4 4 3 5 3 5 4 2 5 5 4 4 3 

English Male 2-3 Years Explorer (Almost) never (2 channel) Stereo Yes 1Mbit/s 20-30 8Mbit/s Other 3 5 3 4 5 5 2 3 4 5 5 3 

English Male >3 Years Achiever (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 <8Mbit/s 8 3 2 3 3 4 5 2 5 4 4 3 2 

English Male <1 Month Explorer (Almost) never (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 4 2 3 5 1 5 5 1 5 5 3 3 5 

Other Male 2-3 Years Explorer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 8 4 3 4 2 5 5 3 3 2 4 5 3 

English Male >3 Years Killer (Almost) always (6 channel) 5.1 Yes   20-30 >8Mbit/s 4 3 2 2 4 3 5 1 3 5 3 3 1 

Other Male >3 Years Explorer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 3 4 1 3 5 1 1 3 4 2 3 

English Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 4 4 5 4 1 5 5 3 4 4 5 5 3 

English Male >3 Years Socializer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 4 5 2 5 5 1 5 5 5 5 3 

English Male >3 Years Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 3 3 3 2 4 1 3 3 3 3 3 3 

English Male >3 Years Killer (Almost) always (2 channel) Stereo Yes <1Mbit/s <20 <8Mbit/s 4 5 3 5 3 3 5 1 1 1 5 5 1 

Other Male 2-3 Years Socializer (Almost) always Yes >1Mbit/s 20-30 <8Mbit/s 4 
 

3 3 4 4 5 1 1 3 5 5 1 

English Male 6-12 Months Killer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 <8Mbit/s 4 4 3 4 1 4 4 1 2 4 5 5 3 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 3 5 1 5 5 1 5 4 5 5 2 

Other Male 2-3 Years Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 >8Mbit/s 4 4 4 5 3 5 5 4 1 3     3 

English Male 6-12 Months Socializer (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 8Mbit/s 2 4 5 3 1 4 4 1 3 4 4 3 2 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 5 4 5 4 5 3 3 3 5 5 3 

English Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 <8Mbit/s 4 3 4 3 2 4 5 1 3 3 2 2 2 

Other Male 6-12 Months Achiever (Almost) always (2 channel) Stereo Yes <1Mbit/s 31-40 <8Mbit/s 4 4 3 3 3 4 4 2 4 3 3 3 1 

English Male 2-3 Years Achiever (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 8 1 1 2 1 5 5 1 5 5 5 5 4 

English Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s 20-30 8Mbit/s 8 3 3 3 2 5 5 1 3 1 3 3 1 
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English Male 1-6 Months Socializer Sometimes (6 channel) 5.1 Yes 1Mbit/s 20-30 <8Mbit/s 2 4 5 5 5 5 5 3 5 2 5 1 3 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes <1Mbit/s <20 <8Mbit/s 8 4 4 1 5 5 5 5 5 1 5 5 3 

English Male 6-12 Months Socializer (Almost) always (2 channel) Stereo Yes <1Mbit/s 31-40 <8Mbit/s Other   5 2 5 5 1 5 5 5 5 4 

Other Male >3 Years   Sometimes (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s Other 3 3 2 4 4 5 2 4 4 3 3 2 

Other Female 2-3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 8 4 3 4 2 2 3 2 3 4 5 5 3 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 3 4 1 1 5 5 4 1 1 5 4 1 

Other Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 1 3 3 5 5 5 1 3 5 5 3 

English Male 2-3 Years Achiever (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 3 4 2 5 5 2 3 3 4 4 2 

English Female >3 Years Socializer (Almost) always Other Yes >1Mbit/s 20-30 >8Mbit/s 4 5 1 1 2 5 5 5 1 2 2 1 2 

English Male >3 Years Killer (Almost) always (4 channel) Quadraphonic Yes >1Mbit/s <20 >8Mbit/s 4 3 2 5 5 4 4 1 5 5 5 2 5 

Other Male >3 Years Killer (Almost) always Other Yes >1Mbit/s 20-30 >8Mbit/s 4 4  2 5 3 5 1 1 3 4 2 1 

Other Male >3 Years Achiever Sometimes (8 channel) 7.1 No >1Mbit/s <20 >8Mbit/s 4 3 2 3 5 5 5 2 1 5 2 2 1 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 31-40 >8Mbit/s 4 3 3 3 1 3 4 1 5 5 3 3 3 

Other Male 6-12 Months Socializer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 31-40 <8Mbit/s 4 5 4 4 2 4 4 2 4 3 5 3 3 

English Male 6-12 Months Achiever (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 4 5 5 5 2 4 5 2 5 5 3 5 5 

English Male 6-12 Months Achiever (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 4 5 5 5 2 4 5 2 5 5 3 5 5 

English Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 4 4 5 5 2 5 5 1 5 5 5 3 3 

Other Male >3 Years Killer (Almost) never (2 channel) Stereo No 1Mbit/s 20-30 8Mbit/s 4 5 5 5 1 5 5 1 1 4 5 5 1 

Other Male 2-3 Years Socializer Sometimes (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 4 4 3 4 3 5 5 2 4 5 5 2 2 

English Male >3 Years Socializer Sometimes (2 channel) Stereo Yes >1Mbit/s <20 8Mbit/s 4 4 2 2 1 4 4 1 4 4 4 4 3 

English Male 1-2 Years Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s 20-30 >8Mbit/s 4 3 2 3 3 4 4 3 3 5 5 5 4 

English Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s Other 4 5 5 3 2 5 3 2 3 5 5 4 

Other Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes 1Mbit/s 20-30 >8Mbit/s 8 5 4 5 2 1 5 3 5 5 5 1 4 

Other Male >3 Years Achiever (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s Other 3 3 3 2 3 5 1 5 3 3 3 5 

Other Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s >50 >8Mbit/s 4 3 3 3 5 3 4 1 3 3 5 3 2 

Other Male 2-3 Years Explorer (Almost) never (2 channel) Stereo No >1Mbit/s 31-40 >8Mbit/s 4 3 3 3 2 5 5 1 3 3 3 3 1 

English Male >3 Years Achiever (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 4 5 3 3 5 3 3 5 4 5 3 

English Male 2-3 Years Socializer (Almost) never (8 channel) 7.1 Yes >1Mbit/s 31-40 >8Mbit/s 4 5 4 5 2 5 5 1 5 5 5 5 4 

English Male >3 Years Socializer Sometimes Yes >1Mbit/s 20-30 >8Mbit/s 8 
 

2 2 2 5 5 2 4 5 3 3 2 

Other Male >3 Years Socializer (Almost) never (2 channel) Stereo No >1Mbit/s 20-30 >8Mbit/s 8 5 5 5 2 4 5 5 5 5 5 5 5 

Other Male 1-2 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s <20 >8Mbit/s 8 4 2 3 1 2 5 1 2 3 3 3 5 

Other Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 2 4 3 4 4 4 4 4 4 5 4 4 4 

English Male 1-6 Months Explorer Sometimes (2 channel) Stereo No >1Mbit/s 20-30 >8Mbit/s 4 3 2 2 2 4 5 1 1 2 5 3 2 

English Male >3 Years Achiever (Almost) always (4 channel) Quadraphonic No >1Mbit/s 20-30 >8Mbit/s 8 4 5 5 2 5 5 3 5 5 5 5 3 

English Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 4 4 2 5 1 4 5 1 4 3 5 3 2 

English Male >3 Years Killer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 5 3 5 2 5 1 1 5 5 5 5 5 

Swedish Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s 31-40 8Mbit/s 4 4 4 3 5 4 5 2 4 2 5 4 3 

English Male >3 Years Socializer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 31-40 >8Mbit/s 8 5 5 5 2 5 4 2 5 5 4 4 3 
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Other Male 1-2 Years Explorer Sometimes (2 channel) Stereo No <1Mbit/s 31-40 <8Mbit/s 2 3 4 3 1 4 5 1 1 2 4 4 1 

English Male 2-3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 3 1 2 3 1 5 1 3 3 3 3 2 

English Male <1 Month Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 2 4 3 5 2 5 5 1 4 4 5 5 4 

Other Male 6-12 Months Killer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 8 4 2 5 4 5 5 4 5 5 5 5 3 

English Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 8 4 5 4 2 3 5 2 3 4 3 3 3 

English Male >3 Years Killer (Almost) always No sound Yes <1Mbit/s 20-30 <8Mbit/s Other 1 1 1 1 1 1 1 1 1 1 1 1 

English Male >3 Years Explorer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 3 1 3 4 3 5 2 2 4 5 5 2 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 2 1 3 3 1 3 1 5 5 4 4 3 

English Male >3 Years Achiever (Almost) always (6 channel) 5.1 Yes >1Mbit/s <20 >8Mbit/s 4 4 3 3 2 3 5 1 2 2 5 3 2 

Other Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 4 2 2 2 5 1 2 2 2 2 2 2 2 

English Male 6-12 Months Socializer (Almost) always (4 channel) Quadraphonic Yes <1Mbit/s 20-30 8Mbit/s 4 3 3 3 2 4 5 1 1 3 5 5 2 

English Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes   20-30 8Mbit/s 4 4 1 2 1 5 3 1 5 5 3 3 3 

English Male 2-3 Years Socializer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 8 4 2 4 5 5 5 3 1 4 5 5 3 

English Male 1-6 Months Achiever (Almost) always Other Yes 1Mbit/s <20 8Mbit/s Other 5 5 5 1 3 4 2 4 5 1 5 4 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 31-40 >8Mbit/s 8 5 3 5 1 3 5 1 3 5 5 5 5 

Other Male >3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s 31-40 >8Mbit/s 4 3 1 1 1 5 5 3 1 1 5 5 1 

Other Male 2-3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 4 5 3 5 1 5 5 1 5 5 5 3 3 

English Male >3 Years Socializer Sometimes (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 8 3 1 3 2 4 5 1 4 5 5 3 4 

English Male 1-6 Months Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 8 4 3 3 5 5 5 5 1 1 2 1 2 

English Male >3 Years Achiever (Almost) always (4 channel) Quadraphonic Yes >1Mbit/s 20-30 >8Mbit/s 2 5 4 4 4 4 5 3 3 2 5 5 3 

English Male 1-2 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 4 4 5 2 5 5 1 3 5 5 4 3 

Other Male >3 Years Achiever Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 8 4 4 4 1 4 4 1 3 5 4 4 3 

English Male 1-2 Years Socializer (Almost) never (2 channel) Stereo No 1Mbit/s >50 8Mbit/s 1     1 5 5             

Other Male 6-12 Months Explorer Sometimes (8 channel) 7.1 >1Mbit/s <20 >8Mbit/s 2 
 

4 3 2 5 5 1 5 3 4 4 2 

English Male >3 Years Socializer (Almost) always Other Yes >1Mbit/s <20 >8Mbit/s 4 3 3 3 3 3 3 3 3 3 3 3 3 

English Male >3 Years Achiever (Almost) always (4 channel) Quadraphonic Yes >1Mbit/s 20-30 >8Mbit/s 8 4 4 4 2 3 4 2 5 4 4 2 4 

English Male 6-12 Months Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 8 1 1 1 4 3 5 5 1 1 1 5 1 

English Male 1-2 Years Achiever Sometimes (2 channel) Stereo Yes 1Mbit/s <20 8Mbit/s 4 4 4 5 2 4 5 2 5 4 4 4 4 

English Male 2-3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s <20   4 5 4 5 1 3 5 2 3 5 3 1 5 

English Male 2-3 Years Socializer (Almost) always (6 channel) 5.1 Yes 1Mbit/s 20-30 8Mbit/s 1 4 4 4 2 5 5 1 1 5 5 5 3 

English Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 <8Mbit/s 4 4 4 1 1 3 5 1 1 1 5 1 1 

English Male 1-6 Months Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 4 4 2 3 3 1 3 3 3 3 1 

English Male 6-12 Months Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 3 5 1 4 5 1 4 4 5 5 4 

English Male 1-6 Months Killer Sometimes (8 channel) 7.1 Yes >1Mbit/s <20 >8Mbit/s 8 5 5 5 3 4 5 3 4 5 5 3 5 

Other Male 1-2 Years Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 8Mbit/s 8 4 5 4 4 4 5 3 2 4 5 4 3 

Other Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 8 2 3 2 3 3 5 1 1 1 5 1 1 

English Male >3 Years Explorer (Almost) never (2 channel) Stereo Yes >1Mbit/s 41-50 >8Mbit/s Other 4 3 4 2 5 5 1 4 3 4 4 3 

English Male >3 Years Socializer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 8     3 3 3 3 3 3 3 3 3 
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English Male >3 Years Socializer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 31-40 >8Mbit/s 4 2 4 5 1 5 5 1 4 5 5 4 2 

English Male 6-12 Months Socializer (Almost) always Other Yes <1Mbit/s 20-30 <8Mbit/s 4 4 2 4 2 5 5 1 5 5 3 3 5 

English Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 8 3 3 3 1 3 5 1 5 5 5 1 1 

English Male 1-2 Years Explorer Sometimes (2 channel) Stereo Yes 1Mbit/s 41-50 >8Mbit/s 2 3 1 2 2 5 4 1 2 2 3 3 1 

Other Male 1-2 Years Socializer (Almost) always No <1Mbit/s 20-30 <8Mbit/s 4 
 

2 2 4 5 4 1 4 5 3 4 2 

English Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 3 2 3 1 5 4 1 3 4 5 5 3 

English Male 6-12 Months Socializer (Almost) never No sound No >1Mbit/s <20 >8Mbit/s 1     2 4 5       3 3   

English Male <1 Month Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 31-40 >8Mbit/s 8 5 4 4 5 1 5 5 1 5 5 5 5 

Swedish Male >3 Years Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 4 3 4 4 4 5 1 4 5 4 4 4 

English Male 1-2 Years Achiever (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 5 3 3 2 5 5 1 1 1 3 3 2 

Other Male 2-3 Years Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 3 3 3 1 4 5 4 5 2 4 4 3 

English Male 6-12 Months Explorer   (6 channel) 5.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 3 4 5 1 4 5 1 2 4 5 3 2 

English Male 1-6 Months Socializer (Almost) always (8 channel) 7.1 Yes 1Mbit/s 20-30 <8Mbit/s 4 5 5 5 4 5 5 3 5 5 5 5 4 

Swedish Male >3 Years Killer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 4 5 4 5 2 2 4 2 5 5 5 5 4 

English Male >3 Years Socializer (Almost) never (6 channel) 5.1 No 1Mbit/s 20-30 >8Mbit/s 4     1 5 5   1 2     1 

Other Male 1-2 Years Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s 31-40 >8Mbit/s 8 4 4 5 3 2 4 3 2 4 5 5 2 

Other Male >3 Years Explorer (Almost) always (4 channel) Quadraphonic Yes >1Mbit/s 41-50 >8Mbit/s 8 1 1 1 1 1 1 1 1 1 1 1 1 

Other Male 1-6 Months Killer (Almost) always Other No 1Mbit/s 20-30 <8Mbit/s 8 5 5 5 5 5 5 5 5 5 5 5 5 

Other Male 1-2 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s <20 8Mbit/s 4 4 3 3 3 4 3 2 4 5 4 2 4 

English Male 6-12 Months Explorer (Almost) always Other Yes <1Mbit/s 20-30 <8Mbit/s Other 1 1 1 5 5 5 5 5 1 3 1 2 

English Male 6-12 Months Socializer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 3 3 1 3 5 1 3 2 4 3 2 

Other Male <1 Month Achiever (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 4 5 5 5 4 3 4 3 3 3 5 5 1 

Other Male 1-2 Years Achiever (Almost) always (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 5 5 5 5 5 5 3 1 5 5 5 2 

English Male <1 Month Socializer Sometimes (6 channel) 5.1 No >1Mbit/s 41-50 >8Mbit/s 2 3 3 5 1 5 4 1 5 5 5 5 1 

English Male <1 Month Achiever (Almost) never (2 channel) Stereo No <1Mbit/s <20 <8Mbit/s 4 5 5 5 1 5 5 1 5 5 5 5 3 

English Male 1-2 Years Explorer Sometimes (6 channel) 5.1 Yes >1Mbit/s 31-40 >8Mbit/s 8 4 4 4 3 5 4 2 4 3 5 4 3 

Other Male 2-3 Years Killer Sometimes (8 channel) 7.1 No >1Mbit/s <20 >8Mbit/s 8 5 2 3 3 3 5 1 1 4 4 3 1 

Other Male <1 Month Socializer Sometimes (2 channel) Stereo No >1Mbit/s <20 <8Mbit/s 2 2 1 4 4 4 5 4 4 4 4 4 4 

Other Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes <1Mbit/s 20-30 <8Mbit/s 4 5 3 5 3 5 5 3 4 5 3 4 4 

Other Male <1 Month Socializer Sometimes (2 channel) Stereo Yes 1Mbit/s <20 8Mbit/s 4 3 4 4 2 4 5 2 4 3 3 5 4 

Other Male 2-3 Years Killer (Almost) always (2 channel) Stereo Yes <1Mbit/s <20 <8Mbit/s 4 3 1 4 2 2 4 1 2 4 2 2 2 

English Male 1-2 Years Achiever (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 >8Mbit/s 2 3 4 5 4 4 5 3 4 4 5 5 3 

English Male <1 Month Socializer (Almost) never (2 channel) Stereo Yes 1Mbit/s <20 <8Mbit/s 2 4 5 4 5 4 5 2 3 4 5 4 3 

Other Male <1 Month Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s <20 >8Mbit/s 8 3 3 4 1 3 5 2 5 5 3 3 3 

English Male 1-2 Years Killer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 8 3 3 2 5 4 5 3 2 2 5 5 1 

Other Male >3 Years Explorer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 31-40 <8Mbit/s 4 5 5 5 5 5 5 2 5 4 5 5 5 

Swedish Female <1 Month Killer Sometimes (2 channel) Stereo No <1Mbit/s >50 8Mbit/s 1 1 2 2 2 2 2 2 2 1 4 3 2 

Other Male 6-12 Months Explorer (Almost) never (2 channel) Stereo Yes 1Mbit/s 31-40 8Mbit/s 4 4 3 4 2 4 4 2 4 4 4 5 3 
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Other Male 6-12 Months Explorer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 <8Mbit/s 2 3 3 5 1 5 5 1 5 4 5 5 3 

English Male 2-3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 5 3 5 5 2 4 3 4 4 4 1 2 

English Male <1 Month Killer (Almost) never (2 channel) Stereo Yes >1Mbit/s <20 8Mbit/s 1 3 3 3 3 3 3 3 3 3 3 3 3 

English Male 1-6 Months Socializer (Almost) always Other Yes 1Mbit/s <20 8Mbit/s Other 4 4 5 3 5 5 2 2 5 4 4 3 

English Male 6-12 Months Achiever (Almost) always (4 channel) Quadraphonic Yes <1Mbit/s 20-30 <8Mbit/s 4 3 3 3 4 5 5 1 2 1 5 3 1 

English Female <1 Month Explorer Sometimes (2 channel) Stereo No >1Mbit/s <20 <8Mbit/s 2 4 4 4 1 4 5 4 5 5 5 5 4 

English Male 1-2 Years Socializer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 31-40 >8Mbit/s 8 3 3 3 1 5 5 1 3 3 3 3 2 

English Male 1-6 Months Explorer (Almost) never (2 channel) Stereo Yes >1Mbit/s 41-50 >8Mbit/s 2 5 5 5 1 5 3 1 5 5 5 4 5 

English Male <1 Month Explorer Sometimes (2 channel) Stereo Yes 1Mbit/s <20 8Mbit/s 8 5 5 5 1 5 5 1 5 5 5 4 5 

English Male 2-3 Years Killer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 3 3 5 1 3 5 2 3 5 5 3 5 

English Male <1 Month Killer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s 1 5 3 4 1 3 5 4 5 4 5 5 3 

English Male <1 Month Socializer (Almost) never (2 channel) Stereo Yes 1Mbit/s 20-30 <8Mbit/s 4 2 2 3 3 5 5 3 3 3 3 3 3 

English Male >3 Years Killer Sometimes (2 channel) Stereo Yes >1Mbit/s 41-50 >8Mbit/s Other 4 3 3 2 4 4 2 4 3 4 4 4 

English Male 1-2 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 4    4 1               

English Male <1 Month Socializer (Almost) never (2 channel) Stereo Yes 1Mbit/s 20-30 8Mbit/s 4 2 1 2 2 4 5 2 3 3 5 4 2 

English Male >3 Years Socializer (Almost) always (2 channel) Stereo Yes 1Mbit/s 41-50 8Mbit/s 8 3 3 5 3 3 3 3 3 3 5 5 3 

English Male >3 Years Explorer Sometimes (2 channel) Stereo Yes >1Mbit/s 20-30 >8Mbit/s 4 4 4 5 3 4 4 3 3 4 4 3 4 

Swedish Male 6-12 Months Socializer (Almost) never (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 4 4 4 5 2 5 5 1 1 5 4 5 3 

English Male <1 Month Killer Sometimes (2 channel) Stereo Yes >1Mbit/s <20 8Mbit/s 4 4 4 4 2 4 3 3 3 3 5 2 3 

English Male 1-6 Months Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s <20 >8Mbit/s 8 5 3 4 1 5 5 1 5 3 5 5 4 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 1 1 2 5 5 5 1 1 5 5 5 1 

English Female <1 Month Socializer (Almost) always (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 2 3 4 5 1 5 5 1 5 5 4 3 2 

Other Male 2-3 Years Socializer (Almost) always Other Yes <1Mbit/s <20 <8Mbit/s Other 3 3 4 4 5 5 1 3 2 5 1 2 

Other Male 1-6 Months Socializer Sometimes (2 channel) Stereo Yes <1Mbit/s 20-30 8Mbit/s 4 2 1 1 2 3 5 1 1 5 3 5 2 

Other Male 1-6 Months Socializer (Almost) never (2 channel) Stereo Yes   20-30     4  4 2 3 4 1 3 5 3   5 

Other Male 1-6 Months Explorer (Almost) never (2 channel) Stereo No >1Mbit/s >50 >8Mbit/s 8 4 3 3 1 5 5 1 3 1 4 4 1 

Other Male 1-2 Years Killer (Almost) always (8 channel) 7.1 Yes 1Mbit/s 20-30 >8Mbit/s 8 4 3 4 1 1 5 5 5 5 5 5 5 

English Male 2-3 Years Explorer (Almost) always (2 channel) Stereo Yes <1Mbit/s <20   1 5 5 5 1 5 5 3 5 5 4 4 5 

English Male >3 Years Killer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 20-30 >8Mbit/s 8 3 3 3 5 5 5 3 1 1 3 3 1 

English Male 2-3 Years Killer (Almost) always (6 channel) 5.1 Yes 1Mbit/s <20 >8Mbit/s 8 3 2 5 5 4 4 5 2 3 5 5 3 

English Male 2-3 Years Socializer (Almost) always (8 channel) 7.1 Yes >1Mbit/s <20 >8Mbit/s 4 4 1 5 5 5 1 1 5 5 5 5 5 

English Male 1-2 Years Socializer Sometimes (2 channel) Stereo Yes >1Mbit/s <20 >8Mbit/s 8 4 4 4 1 5 5 1 5 4 5 5 3 

English Male 2-3 Years Explorer (Almost) always (2 channel) Stereo Yes 1Mbit/s 20-30 8Mbit/s 4 4 2 4 2 4 4 2 4 4 5 5 2 

English Male >3 Years Socializer (Almost) always (6 channel) 5.1 Yes >1Mbit/s 41-50 >8Mbit/s Other 4 4 4 3 4 4 4 4 4 5 5 3 

English Male >3 Years Killer (Almost) always (8 channel) 7.1 Yes <1Mbit/s 20-30 <8Mbit/s Other 3 3 4 4 1 5 2 5 5 4 5 3 
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Free text feedback 
 
What 
 
Thanks 
 
OptimiseGame 
 
Mutefunctiongucci 
 
Goodluckonexams 
 
PeopleThatGetOffendedByVoiceChatArePussysTheyShouldUninstallTheGameAndGoPlayHelloKittyOnline 
 
I don't think VoIP is 100% v especially when some jusvt spam muic over it and it vgets annoying. I just use  
text chat. 
 
having to join voip is a chore  
 
I Do not use ingame VIOP that much. but this one is better then what i have seen of most. 
 
Never going to be able to pinpoint VOIP users when there is large groups around. You know the direction 
though. I think it is great, it adds the VOIP element that Rust has. If people feel harrassed by VOIP shit talk 
then they can just mute people for their sensitive ears. It makes pvp more enjoyable. 
 
In game voip is an useles features. 
 
VOIP works surpriseling well and its a must in the game. makes it easy. 
 
I'd vote for speech bubbles 
 
thanks for the ViOP but for real.. its a stupid fucking idea.. fix the bugs u have before u make more.. 
fucking assholes 
 
i use to use skype 
 
This is an interesting feature to the game, and I feel was smoothly implemented my congratulations and 
support to the developers who worked on this 
 
It was really good at first but after a bit it seemed to crash my whole pc. 
 
voice chat was a pretty bad implement into this style of game. MMOs such as this should at most have 
text; voice chat should be saved for things like CS:GO or games that do not put people on a single server 
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if someone puts a low number in harassment, they are lying. You cant spend 10 minutes in the main city 
with out seeing someone bothering someone else. I would not called it harassment thought, its kinda just 
the language that has develop over the years in this game. No one takes it serious after a while. Its more 
or less just a part of the game 
 
Like the chat but wish more where using it. Push per talk is needed. If it exists then many dont know. 
Thanks for doing this! 
 
The voice chat is good, I think in many situations people are so used to typing that they dont use voice 
chat. It is severely underused. I haven't actually used it or seen someone use it more that a few times 
since it was implemented. 
 
Hils Henrik og Sebastian!  
 
Sebastians pruttar luktar citron 
 
I have not used VOIP yet. 
 
My name is bob 
 
no map so hard 
 
Please fix that every little annoying bugs. they are everywhere... 
 
fu :P 
 
Thanks for the Voip , good job ! 
 
remi penis 
 
Works. 
 
More people need to use voicechat..... 
 
Love you fam, also love the voice chat. Could be a bit louder though... 
 
ayy lmao 
 
the voice chat is very important thing but you should make a window that shows the persons talking to u 
..and make a window for guild talk or frieds talk ..like in chat ..u cant identify a strainger by his voice ...but u 
can by nick name  
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U are very nice. 
 
Good luck with your report! 
 
ONLY TWO GENDERS? DOEGANT RELTE ME TO UR EVIL PATRIARCHAL WAYS I AM NON BINARY 
HUMAN. EAT FIRE U CIS SCUM  
 
Two genders 
 
MO is a challenging sandbox, and seems designed to force interaction to succeed.  In fact, the game is 
best played with others.  I believe any and all systems that ease the ability to interact with the community 
in game trumps any "immersion" from not have things like global chat.  Being able to group up early helps 
new players through difficult learning curves. 
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APPENDIX D: Network Architecture Blueprints 
 

 
Figure D.1: Just-In-Time-fetch using game server collision system. This design would have to 
ask the game server to know who should receive messages. It would waste bandwidth and 
have high delay for JIT-fetches. 
 

 
Figure D.2: Unified Server. This design would incorporate the voice server program into the 
game server. Bandwidth-usage would be higher for the game server, and processing 
requirements.  
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Figure D.3: Duplicate Logic. This design would continously ask the game server for position-
data to calculate collisions on the voice-server. It is exposed to delay and wasted bandwidth 
used between servers. Collision-logic would have to be written on the voice-server. 
 
 

 
Figure D.3: Duplicate Logic No Share. This design would make the voice server do 
everything on its own. It makes the client have to send position-data to the voice server, this 
exposes the system to cheating, since the client may lie about where it actually is, what would 
be the profit of such a cheat though? Collision would have to be calculated on its own on the 
voice server. This design is the closest to what was finally implemented. 
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