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ABSTRACT

Drawing on the fields of robotics, computer games and usability testing, this thesis
contextualisesthe work of cyberneticist Valentino Braitenberg within the current field of

game Aland demonstrates how there remain aspects of his propositions that cannot yet be
adequately captured theoretically, or tested empirically or conclusively, in simulations of

complex biologically inspired behaviours.

Justification for this stems from the view that believable, simulated characters are
increasingly prevalent and exposed to masmarket scrutiny in visual entertainment media,
such as visual effects in films and in particular thgrowing video games business, but will

also have a growing, significant role in serious games and educational applications.

This thesis combines analytical, synthetic and empirical methods and discusses the
contributions and limitations of each to the evé&uation of believability in the context of
human computer interaction scenarios. It first analyg0 " OAEOAT AAOCSEO 11 OA
architectures and demonstrates how these can be adapted, using a synthetic approach, to
function as controllers for believable wtual agents, in a series of typical gaming scenarios.

It then presents a set of empirical studies that were performed to develop a method for
evaluating agents for their ability to elicit suspension of disbelief in the user. The resulting
method, whichis user centred andcombines aqualitative content analysis approachwith
believability metrics for virtual agents sourced from the literature, was used to evaluate a
series of increasingly complex agent models in a simple game scenario. The data was then
compared to the results of the analysis of the underlying agent architecture to determine
the correlation between Al design intent and the resulting user reactions and observations

gathered from the empirical study.

This study concludes that a theoretical A AT Al UOEAAI AppOil AAE O
architectures can give us insight into the range and limits of the behaviour dynamics that

are possible, but that an effective and useful evaluation and categorisation (labelling) of

their impact on user perception, and their ability to elicit suspension of disbelief and

trigger a desired response in the user, needs to also draw on empirical methods that record

and analyse the observations and responses of human users.

Further work is presented that explores how theBraitenberg architectures featured in
these experiments can be utilised in a number of gaming scenarios and how they could be

extended with connectionist components that add associative and predictive capabilities.
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1 INTRODUCTION

Creating believable, lifelike characters is at the core of storytelling itself. Inspired by
the work in performance media such as theatre, audigisual mediums such as
painting, radio or television and written literature; we are seeing the emergence of
virtual, interactive worlds as the next great storytelling medium. Creating believable
characters for these rich new, virtual worlds andfinding new tools that can aid in the
design and development ofbelievable characters is the central motivation of this

thesis.

With the video and computer games industry becoming one of the largest
entertainment industries (ESA 2014) a novel demand for autonomous lifelike
characters has emerged. With the increasing complexity of the worlds presented in
video games it is becoming difficult to artistically and financially justifythe established
approaches to populating these worlds with pre-AA £ET A A A@QR A lpléyer 1
characters (NPC). This haalready led to an increased use of procedural solutions for
creating visual assets as well as animatignand a resurgent interest in procedural
solutions for artificial intelligence systems that offer the promise of emergent and

complex behaviour, withoutincreasing the workload of behaviour designers

Among these techniques is an approach to artificial intelligence that takes inspiration
from biological mechanisms known as artificial life or Alife for short.Previous projects
have successfully used Alife architectures to creatdrtual characters,but their focus
remained chiefly on recreating specific animal behaviour (Reynolds 1987; Tu and
Terzopoulos 1994; Isla and Burke et al. 2001 or replacing traditional animation

approacdhes by creating procedural motiongenerators (Naturalmotion 2005).

However, characters within games and computer animations were, at that time,
special effect dist like adding realistic physics to cloth simulations they serve the
purpose of making chaacters look more realistic, dynamic and perhaps more aliv8ut
while they affect how thecharacter animates, moves and feels, theylo not define its

decisions or create unigue, emergenharratives.

Instead of focusing on emulating animal behaviour, theesearch presented in this

thesis draws from a parallel field of research that approaches the notion of
believability from a character-driven perspective (Maes and Darrell 1995; Loyall 1997,

Mateas 1997; Perlin & Goldberg 1996; Gorniak and Blumberg 2005; rite 2009).
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With autonomous agent behaviour finding its way back into the mainstream, the
simple act of trying to identify what an agent is doing, or is thinking, has become a
commonplace effort.As autonomous characters, both robotiphysical and virtual find
their way to more consumers, the identification of behaviours and the communication
of their intentions to the users, especially in the context of safetycritical scenarios, is
becoming a critical feature Contributions in the domain of virtual charaders could also
find application in the field of robotics. Expressive and believable robots aret the
centre of research into using robots in medical and psychological treatmerfChang

2013, Lee 2012)as well as pedagogical applicationd_eyzberg2011).

The first part of this thesis tests howa small set of underlying impulsesased on basic
emotions can operatein tandem to create intuitively and consistently identifiable
"personal” characteristics. The aim isto investigate the effects that using a biolgically
inspired ALife architecture to control behaviour has on the believability of synthetic
characters.The second part is to elicit human factors that affect how users interacting
with virtual agents identify their behaviour and what behaviour characteistics are
responsible for breaking suspension of disbelief. This part serves to inform the ongoing

debate on using metrics to evaluate virtual agents.

1.1 PERSONAIMOTIVATION

This work aims to advance gamesechnology by exploring alternative development
models that follow the current trend toward procedurally generated content. In
addition, it is motivated by the realisation that industry standards are difficult to break
away from while in the industry and seeing academic research as a tool that allows for
blue-sky thinking, testing of novel, unproven approaches, in an effort to serve as a

proof of concept forthe developersof the future.

1.2 JUSTIFICATION FORESEARCH

After graphics and physics, artificial intelligence will be the next major domain of
development and investment in games development. As thgaming audience grows,
widens and matures and game supporting technology becomes more sophisticated, the

expectationstoward what game experiencegandeliver are becominghigher.

There is anon-going debate in the gaming industryon where the development of game
Al should go andthere seems to be a rift between the development community and the

gaming audienceregarding the quality and sophistication of Al characters in games.
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While players and reviewers are egularly found criticising the behaviour of agents in

CAI AOG mEI 0O AAET ¢ O1I1T OEIiBIA TO OEiPIU OOOODE!/
vocal with the counterargument that playersactually AT T 8 O x AT @erranddzOO ! )
2014). Peschke (2013) interviewedindustry veterans who argue that sophisticated Al

simply does not make it past initial internal wser testing. So while players claim that

they wantmore OOA AT EOOEAG ' Y h AAOAI T PAOO AOCOA OEA
play against.Instead, so thedevelopers argue, the game Al design should focus on

making characters more believable and increase the ways in which they communicate

what they are thinking to the player. Narayek also argues that game Ai should be

Al AOGOAA O1TT1T O 11 1 PEOEUEGTG TAT OBA DI AREBS O 4
ET CAINA&ydki2@4). i

Currently developers resort to a few weltknownn OOQU-READER OO6 xEAT AAO
Al for games that players enjoy. Arexample of such a stylistic element is having

enemies shouto® OEAEO OOEI OCEOO6 O OEAO OBA bHiI AUA
not only gives the player an information advantage that allows them to react sooner

and plan ahead, but was also found to make the players believe that the agents were

more coordinated and smarter (Peschke 2013).

While there are many weltknown stylistic elements in game Al, there is as yet no
underlying framework that connects player experience with Al design choices in the
context of gamesThis research aims tocontribute to the field of game Al by informing

this debate anddevelopmentpractices.

The second component of the thesis uses a development approach inspired by
AUAAOT AGEAEOO 6A1 AT OET I "OAEOAT AAOCBO O6AEE
1984). Although the field of Artficial Life was only formally defined in 1990 by Langton

(1990), it could be arguecdthat Braitenberg was one of thesarliest proponents of this

constructivist, bottom-OB AT A AET 11 CEAAI 1T U EI OPEOAA ADPD
O3UT OEAOEA OOUAETBEO CASARADDOT AGEEDHO OFEAT OU 1,
Al xT EET 1 , whigh iOdisd ahlexadmple of the constructionistheory of learning

that was popularised by Paper(1980).

This choice is motivated by arncreasingly apparentasset/cost problem found in game
development, which may be addressedby finding new approaches to designing and

implementing behaviour controllers for virtual agents.
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Current techniques in game Al rely heavily orscripting and most Al systems use a
combination of finite state machines (FSM) for decision making anstandard Al search
algorithms such asA* for navigation. Bottom up approaches and Alife architectureare
currently mainly used as steering behaviour components anfbr swarm animations
(Reynolds1987; 1999). Approaches that mayoffer adaptive agents and more emergent
behaviour are largely ignored.While there are certainly practical production issues to
be addressed, the lack of proof of concepts demonstrating the merits of these
architectures applied to the context of games is hinderinghem being adopted or even

considered

As the interviews conducted by Peschke (2013) show, it can prove extremely
challenging for developers to introduce novel Al concepts from academiatinthe game

developmentprocess.However,there are several examples of game developers looking
toward academic research to inform their work and breaking open the established and

often entrenched opinions on their feasibility as Game Al components.

A prime example of a developewho managed to do so is Damian Isla, whose work on

OEA 1) ET O(CAIT c¢o6 j"OICEA 300AET O ¢mnmtqQ x
2006) and popularised the use of hierarchical finite state machines (HFSM), or
behaviour trees in games development. Usg behaviour trees instead of the then

standard nonthierarchical finite state machines (FSM), allowed Isla to design and

maintain a set of complex multipurpose enemy behaviours.

The HALOZ2 Al architecture was designed around the concepts of scalabilitypdalarity
and transparency. Where scalability and modularity are common requirements in the
AAGECT 1T &£ ATipil Ao O1 £OxAOA OUOOAI 6h ) O1 A AA¢
often caused by complex Al behaviour:

0) 0 EO 110 Al1 OcCm ddiEdd of thiads, itlisjequalbh AAT A O

important that they do all those things right, at the right times, and in a

way that does not break the illusion of life, or threaten the player's

understanding of the AlI'st OAT OET 1T O 1T O 200EOCAOQET T 66 ) Ol
Isla AAZET AO OOOAT OPAOAT Aue AO A AAOGECT cCci Al 1
i AOOEA &I O AAT EAOGAAT AR ATi Pl A ACAT O AAEAOE
for the untrained observer to make reasonable guesses as to the Al's internal state as
wellaO A@bl AET AT A POAAEAO OEA 1)o0O AAOQEI T 06 j
to compartmentalise the complexity of the Al system, making it easier for him to
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communicate efficiently when working with the nonprogrammers on the animation

and level deggn teams. Working closely with the Al developer, animators ensured that

the enemy agents in the game telegraphed their intentions to the player through

additional non-combat animations (shoutouts to squad members, body language).

Their improved understanding of the Al systems also allowed the level designers to

create architecture that specifically exploited and showcased the full range of Al

behaviour states. According to Isla, this merging of Al development, animation and

level design played the greate® DAOO EiI AAEEAOGETI C ') OOOAT OD/
(A1T MmEOAT AEEOA AT A OEA AAGAT T PAOBO AEAE 000
public have since led to HFSM becoming a new standard game Al development
approach across genres, in favour of the #m-established combination of state

transition tables and FSM. The Halo series acted as a proof of concept, setting a new
standard for dynamic enemy combat behaviour and promoting the importance of Al in

action games to the public. This lead to a trend other developers following suit and

introducing novel Al approaches into their games. Jeff Orkin used a goal oriented action

planner (GOAP) based on STRIPS to control action selection and a blackboard model

for squad communication in the first person shoch O 0& 8 %8! 8286 | -1 111 EC
2005). This approach was in turn built on by Alex Champandard who developed a

multi -layered hierarchical task network (HTN) planner to control the strategies, squad

tactics and individual combat behaviour of the enemieET O+ EI1 1 UT T A ¢o6 ' OA
HFSM, GOAP and HTN have all since been adapted to other genres and become

established standard practice game Al development models.

Other approaches to game Al garnered equal praise at the time, but found it harder to

became established in standard practice. In contrast to the above examples, where new

Al systems were introduced to simplify the design and tearmanagement process of Al
development, the following examples introduced their novel Al systems as a new

gameplay fature. This relates to the role that the Al component plays in the context of

the game design. For example, Demis Hassabis developed a complex reinforcement

I AAOT ET ¢ Al Cl OEOEI O AOEOA OEA AAEAOET OO 1
7TEEOAS jc¢ENpEGABAAETI OCE O"1 AAE QO 7EEOAG6 xAO i
failure, reinforcement algorithms have seldom been used in games since. One reason

A O OEEO EO OEAO O"1 AAE Q 7EEOA6 EAEI AA Ol
later identified. TRA A OAAOOOA ') ET O"1 AAE Q 7EEOAG6 AA
the character behaviour generated by the reinforcement learning algorithm can appear

and how this can lead to player frustration. Legendary game designer Sid Meyer
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(CTivilizationd - AUA)E Gp b usOAT RNOT OAA &I O OAUEI ¢ OEAO
ET OAOAOOET ¢ AET EAAOGO6 j2i11EITCO AT A -1 OO0OEO
OOOAT OPAOAT Auos ' AI A0 TAAA O1 1T AEA Al AEAE
relationship between player choices and their consequences in the game. The

OAET £ OAAT AT O 1 AAOTET ¢ Al ¢ci OEOEI ET O0"1AAE
OOAAA AAAE Al O1T AROGEOAA ') AAEAOGEI 60 O OEA
their pet creature, leaving it unclear toOEAT ET x O1T OAT OOAAO6 OEA |
in clarity between cause (training) and effect (learnt behaviour) results in the

interactions with the creature feeling inconsequential and ultimately arbitrary.

Even though the Al system developed for this #sis aims to introduce novel features to
game Al the relationship between design intent and player perception is a focus. This is
done in order to ensure that it falls into the former category of Al systems, which
augmented and simplified the A development process and alloved developers to

enhance the transparency and believability of virtual character behaviour.

When it comes to advanced techniques such adaptive and evolving agents, a major

component of agent behawur is the fitness criteria, or behaviour goals that guide

automated development or tuning approacheslinteractive video games provide a

unique challenge here, sincgguidelines forming the fitness criteria must take into

AAAT 01 6 OEA EOI A1l EAAOI OO OEAO AAOAOI ET A8xEA

This differentiates this research from other typicalresearch in robotics,Alife and even

game Al for examplethe work of Karl Sims (1994) and Jordan PolladkO OAOAAOAE CO
at Brandeis (Sevan2007; Harrington 2014) on applying evolutionary aforithms to

tune behaviour and create adaptive opponentsising co-evolution in games However,

the performance metrics used inthis researchdid not consider the perspective of the

user and their interpretation of behaviour. The focuswas typically on improving

objective performancel O AT EAT AET ¢ OEA ACAT 0086 AALElI EOU O
type of research also includegrojects that measure howclosely a virtual or robotic

model resembles a biological counterpartin the game Al field, it is als@ossible to find

projects that aim to optimise specific agentbehaviours and find efficient solutions for

performing a specific task.For example, ahieving humanlike behaviour remains one

of the most popular research topicsin games Al (Magerko 2004; Thuau 2004;

Livingstone 2006; Wang 2009; Laird 2012).

However, the research in this thesis approaches the notion of believability from a

character-driven perspective (Maes and Darrell 1995; Loyall 1997; Mateas 1997,
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Perlin & Goldberg 1996; Gorniak and Blumbe&g 2005; Perlin 2009) and aims to
contribute to this field by establishing criteria that incorporate subjective notions(e.qg.

of fun and suspension of disbeligf

Underlying this work is the belief that investigating the relationship between design
choices made during the development of a virtual agent, and the interpretation of
users, to refine existing metrics and find potential pitfalls, will directly aid and inform

future research and development.

1.3 AIMSANDOBJECTIVES

The aim of this research is to prpose an alternative game Al design approach that
introduces a new way of thinking about norplayer character behaviour. This is
groundedin the constructionist philosophy and the ideathat new approaches to design

can lead to novel solutions to existing prblems.

The objective is to present a series of proof of concept prototypes that demonstrate the

OOA 1T &£ OEA O3U1I OEAOGEA O0OUAET 1T T cuUud AAOECT AE
development. A comparison between design intent and user perceptions made ty

combining formal system design with an empirical user studyThis will provide

feedback on the viability and veracity of this approach as a development technique.
Undertaking these two steps to developing a game character and comparing the
perspectives ; the system gained during each of them is intended to mirror and

further inform the state of the artagentdevelopment approach found in industry.

Furthermore, the potential affordances and limitations of this design approach will be

explored by experimerting with simple extensions to the architecture originally

proposed in ltalian-Austrian cyberneticist6 A1 AT OET T " OAEOAT AAOC3 O Ot
O6 AEEAT AOd %@DPAOEI( Al O@raitErberBl8Bh)OEAOEA O0OUAET 11

This thought experiment presented 14 agent architectures that were each given
anthropomorphising namesdrawn from the field of psychologythat suggested certain
behavioural characteristics. It demonstrated how simple components interact to
produce emergent behaviours that an observer may interpretas complex, and

seemingly intelligent. This work is summarised and discussed in section 2.2.2.
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1.4 CONTRIBUTIONS

4EA AgObPAOEI AT O DPOAOGAT OAA ET OEEO xI1 OE AOAI
approach to developing agents for games. The prototypes and the féedk gained

from the user study stand as a proof of concept for using this approach in the context of

CAIi A0 AAOGAIT T PIi AT 08 4EA A@OAT OETT O OiF " OAEOAI
in Chapter6 0% @OAT AAA | eeprésén® A fobkGadrvad into what might be

possible when incorporating adaptive systems into agents based on botteop

biologically inspired control systems.

This work also aims to contribute to the study of key human factors that affect the
perception of hbelievability of Al characters in games. The review of aurvey
instrument using believability criteria in the context of usercentred design of gaming
agents contributes to the ongoing discussion on using metrics to measure subjective,

aesthetic qualitiesand the performance of agents designed for entertainment.

1.5 RESEARCHQUESTIONS

CanO3 UT OEAOEA 0 OhbitoEiup, icapsiractiodsOAl design philosophy
inform, improve and augment established topdown game Al development
approaches?What new perspectves on agent architecture design can be gained from

adopting this approach?

How can we create behaviourally complex, believable and tractable software agents in
virtual world s designed for entertainment OOET ¢ A O3 UT OEAOEA 0OUA
approach?

What are the human factors that need to be taken into account when making design

decisions during the development of believable agents for games?

1.6 RESEARCH METHOD

The bottomOD AAOGAT T BPIi AT O T &£ ACAT O AOAEEOAAOOOAC
EOAOAOQEOA 00Z&il OERXOBA A®BPOT AAE8 4EEO OAOOI OAA
that exhibit complex emergent behaviour that were tested in the context of a game

scenario, to elicit behavioural factors that contribute or interfere with the sense of

OAAI EAOAAGrudidpgend 1 £ OEA
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The user tests were conducted using a labased user experience study. Prototypes
were tested in a gamingcontext by a sampleuser group consisting of norgamers and

typical end users from diverse demographics backgrounds.

Qualitative content analysis was used to evaluate the data gathered in the lab study to
elicit emergent themes and categories in the user responses that help to identify the
key factors that affect the interaction and relationship between users/players and the

behaviour ofthe virtual agent.

1.7 SCOPE OF THRESEARCH

The thesis is situated in the field of game Al and user experience in games research.

The scope is restricted toanalysing agents developed using' O A E O A iSyhtRedicC 6 O
Psychology approachto test its viability as a development method for gaming agents

AT A Al EAEO EAAOI OO OEAO AZEZEAAO Ebwus®dAAl EAOA
interacting with it in the context of an adversarial game

This thesis aims to find ways in which bottoraup development techniguesmay be

employed to contribute to existing Game Al systems, by encouraging the use of
architectures that allow for more emergent behaviours and interactions.

! T OEOT BPI i1 OPEEOGET ¢ ACAT O AAREAOGETI 6O EO A AAIl
However, the arditectures presented in this thesis do not seek to emulate or model

animal behaviour, though analogies will be drawn.

1.8 OUTLINE OF THHHESIS
The introduction has discussed the motivation, questions and objectives that guide this
research. It briefly summarsed the methods used to address these questions and the

limits and scope of its contribution.

Chapter 2 is a literature review of related work in the believable agents and robotics
research field and the video games industrylt reviews relevant research in designing

believable characters, evaluation metrics and user testing.

Chapter 3 discusses the methods used and simulation tools and models that were
AOAAOGAA O1 A@bl i1 OA " GAdEdeVEbpmAnD gopréach faddAte E OA A OC

perform the userexperiments in Chapter 5.
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#EADPOAO 1 AT AOI AT OO OEA AAADPOETT 1T A& " OAEOAT,
and details the models used for user testing iGhapter 5.

Chapter 5 presents the results of the empirical analysis of the agent models in the

context of an adversarial game.

#EAPOAO ¢ AgDPIi 1T OAO OEA TEIEOCO T &£ "OAEOAT AA«
environments and connectionist components.It also discusses why bottom-up
AOAEEOAAOOOAOG T EEA " OAEOAT AROGCEO AOA OAO Ol

architectures become more mainstream and applicable in a consumer context.

Chapter 7 concludes reflecting on the findings, summarising the contributions of the

thesis, while suggesting further work.
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2 LITERATUREREVIEW

The following literature review provides the foundation for the research in this thesis.

It highlights significant work done in the study of the notion of believability,
suspension of disbelief in meth and what in particular, makes virtual characters
believable. It then discusses examples of believable agent development in both
research and industry, highlighting agent models and development approaches that
significantly advancedthe field in their time. The final section discusses projects from
robotics that, while not focusing on virtual agents, adopted methods from that field to

enhance social interaction and create an emotional bond between robots and humans.

2.1 ORITERIA FORBELIEVABLEAGENTS

To test whether an agent will be perceived agbelievabled, it is important to explore
the main approaches and identify the key factors that make an agent seem believable
to an observer. Thiscchapter reviews existing definitions of and criteria for believablity

in various domains and describes how these may be adapted to beed to evaluate
existing agent architectures and contribute to the development of a nevdesign

approach.

This chapter then reviews examples of believable agents in related media and
discussesthe work of research groups from the virtual agents and robotics field which

followed similar objectives to this thesis.

2.1.1 THEDISTINCTIONBETWEENBELIEVABLE ANRIFELIKE

The first issue at hand is to define whathelievabled means and to differatiate this

property from other terms, such agdifelike 6and Gealistica

An early decision was that tls project would not aim at creating an agent that is based
on any real, living being. The termrealistic is therefore not applicable to the agent
architecture developed in this thesis but can be used to describesome of the
properties of the simulation environment that was used which features realistic
physics. The model of thebrain OEAO EO OOAA O1 AT 1 06071,
however, not attempt to emuhte the properties of real brains (even though it is

certainly inspired by them) andshould therefore not be measured againghem.

The distinction betweenlifelike and believableis more difficult. Loyall provides a good

differentiation between the two properties in his thesis(Loyall 1997):
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Qifelike and believableare both terms borrowed from the characterbased
arts. luse the termbelievablethroughout this thesis because its meaning is
less ambiguous. Lifelike characters in the arts and lifelike computer
characters in computer science are sometimes used to connote
believability, but at other times these terms are usedo denote work that
focuses on realism, cognitive plausibility, or other concepts not necessarily
AAT OOAT O1 AAI EAOAAEI EOUS8S

(Loyall 1997 p. 10, emphasis in the original)

Loyall states that the criteria forlifelike and believablecharacters can be que different.
Taking an example from acting can make this distinction clear: An actor playing his

character badly will certainly be lifelike, but might not be believable to the audience.

Because of its less ambiguous nature anstronger differentiation fr om realistic, the
term believablewill be used as the central term in this thesis. The following sections
describe how the criteria for believability and the corresponihg art of suspending
disbelief were affected, as the representation of characters movetrough increasingly

complex media.

2.1.2 BELIEVABILITY VBIUMANLIKE BEHAVIOUR

Another distinction that needs to be made is betweerbelievable and human-like
behaviour. Setting humarlike behaviour as a goal has recently gained a lot of traction
in the researdh and game development communitymostly spured by the success of

systems that employ player analytics in their models

The 2k BotPrize Competition
There has been a lot of press and even mainstream media attention surrounding the
success of two teams pagsg what the media tends to call theTuring test of gaming,
OEA O"1 OPOEUAG6 ET c¢mpeg j/ DPPATEAEI AO c¢mpcenN
competition, which was first held in Perth, Western Australia in 2008, sees teams of Al
developers competing in desigmg adversarial agents for the first person shooter
i &03QqQ CAIT A 1T /&£ 051 OAAT 41 00T AT AT O ¢mnmge8 ! O x
goal is to fool human players into thinking they are playing against another human,
when in fact they are playing agaist a nonplayer character (NPC). Two agents passed
OEA uvunb OEOAOGEIT A OAOEITC &I O OEOI AdgdntA 0006 Al
developed by a University of Texas at Austin team lead by Risto Miikkulainen and the
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MirrorBot created by Romanian computer s@ntist Mihai Polceanu, both used a similar
approach to emulate human behaviour that involved imitating the human players in

the game.

According to Miikulainen UT”2 uses a neureevolution process to tune the neural

network controlling the A C A Tmév@rient,aiming and decision making, and the key to

achieving humanlike behaviour lies in the imperfections and occasional incoherence

of human behaviour. Using this method, the aiming of thagents will become less

accurate in chaotic situations and while movingfast. The agent is also capable of
EITAET C OCOOACAOGO ACAET OOsteh@@iiftii cAlBest DDT 1T Al
harm. Miikulainen points out that it was the latter property especially that convinced

the judges.

Player Modelling in Racing Game Al

Recent successful examples in the games industry include play@odel driven Al in

OEA OAAEIT C CATurk @0 Studids2Mictosofy Studios 20133 T A & EOAIT ET 06
62 AAT FilehiBto@8)s 4EA xETTAOO 1 /&£ OEA cmpc O"1 O
player-imitation approach. Both Firemint® approach and that of the BotPrize winners

record player data that is then used to set the constraints of a neural network. Through
neuroevolution the neural network controlling the agents is optimised within the

restraints to prevent it from becoming too accurate.

4EA O$OEOAOAOG AEAAOOOA EAO AAAT ET AAOGAIT PI
OET AA ¢mnnmg AT A 1AOO OEA DI AUAOO (OG®BAHET 6 Al

follow the ideal racing line This datais then used inform the driving style of the

O$ OEOAOAOG6NR AT 1) AGCAT O AOEOAO Tne AdataA AT AT i
system also affects the Al opponendrivers. The performance data of players around

the world is shared acr®s Microsofts cloud network. The game downloads driver

profiles from other players with similar skill to control the opponents in the game. This

creates a form of dynamic difficulty lased on the actual performance and habits of the

bl AUAO AlTii 6T EOGU8 ' OAOU OEIEI A0 OBOGAIEOEOD
system uses a similar approach to the winners of the 2012 BotPrize in that it evolves a

neural network controller using genetc algorithms informed and constrained by

bl AUAO AAOA AAOEOAA m&EO01 i EOI AT DI AUAOO8 ) O

UT”2 and MirrorBot technical approach in that it sources its player data through the
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cloud, collecting data from players around thevorld and modelling agents based on

their behaviour.

Significance to this Research

According to Livingstone (2006), neasuring the success of Al characters with regard to
their ability to convince players interacting with them that they are another human
player is a useful and popular type of metric for judging Al behavioun games.The key
difference to the believability metrics discussed in the rest of this chapter, is that the
agents designed to win the BotPrizeor play like human racers are specifically
engineered to imitate human behaviour This metric is most suited for gaming contexts
that usually involve player vs. player (pvp) scenarios and thus the illusion and

suspension of disbelief is grounded in that notion.

Believability metrics for virtual characters do not have this focus. Theyre not

exclusively concerned with imitating the behaviour of a playercontrolling a virtual

character. Rather they are concerned with what generates theerceptionof characterz

in a similar vein to how principles d acting (Stanislavsky and Popper 1961;

Stanislavski 1968)and animation (Thomas and Johnston 1981Lasseter 1987 inform

actors and animators on how to act believably omake their drawings cometo life.

Livingstone (2006) differentiates between the two notions of believability using a

better role-D1 AUAO68 4EA AAEET EOEIT A& O AAI EAOGAAEI |

latter.

A central ideathat is shared by research in believable characters angrojects that
pursue human-like behaviour is the notion of suspension of disbelief. Thiglea will be

discussed in the following section.

2.1.3 SUSPENSION dBISBELIEF

Suspension of disbelief is the willingnessand desire of the viewers to believe in a

it, lies at the heart of the craftsmanship of the character arts.

0801 OOAT OEFAO &OI i 100 ET xAOA 1T AOOOA A EO
truth sufficient to procure for these shadows of imagination thatwilling

I £# AEOAAT EAAE &I O OEA 111 A7 0Oh

OOOPAT OET I
(Coleridge 1817)
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The mastery of this craft, in a given medium, requires acute attention to detail.
However, it is not the absoluteamount of detail and alherence to realism that are the
key to coercing the audience, but upholding a contract between audience and author.
The presentation of an internally consistent, fictional world and the audience giving its
beliefin return, are the reciprocal terms of ths contract. This means that if a story is
presented consistently and is interesting to the audiece, it does notnecessarily have

to be realistic.

What Coleridge calls& semblance of trutibcan be regarded as the internal consistency
of the fictional story told and ®ur inward nature6 as the source of this knowledge.
While this notion can be applied to character arts that are under the control of a human
artist, author, actor or animator, the following section defines the properties of
believable characters in general This is necessary for the purpose of creating
characters that are autonomous and therefore detached from direct human influence

after they have been initialised

The fact remains that even these autonomous characters must adhere to the comtra
between what they represent and their observer, in order t@onvince them to willingly

suspendtheir disbelief.

2.1.4 THEFUNDAMENTAIPRINCIPLES OELASSICAANIMATION

Rules that were initially developed for classical hanedrawn animation also apply to
computer-generated characters The leading innovators of tis craft were the

animators at Walt Disney studios, who compiled their experiences in a collection of

OAAET ENOAO AT A POET AEDPI A0 ET OEA OAIET Al xI
Johnston 1981).Chudk Jones from Warner Brothers presents a similar approach in

huck Amucld (Jones 1989) These works are in turn strongly inspired byprevious

work in the character arts of stage and film actingStanislavsky and Popper 1961;

Stanislavski 1968)and theart of dramatic writing (Egri 2004).

John Lasseter of Pixar later expanded on these principles aadplied themto the new
work environment and tools for digital computer animation. According to Lasseter
(1987), the fundamental principles of traditional animation that he adapted from

Disney (Thomas and Johnston 1981) are:

1. Squash and Stretch: Lasseterstates that perhapsthe most important principle
is squash andOOOAOAE8 4EEO OAAZETI AO OEA OECEAE
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this techniqueis often required to alleviate the unnaturatlooking strobe effects

that occur when an object movesery fast.

Timing and Motion : Timing is the speed of action. It not only reflects the

weight and size of the animated object, but can also be used to carry emotional

meaning.

The anticipation of an action includes a character preparing for an action e.g.

bu AAEOOOETI ¢ DI EOA T O £IAGEI ¢ EOO i OOAI Ac

attention to the action.

The staging of the action itself. This is the animator telling the audience what

object to look at. The object of interest needs to contrast the resf the scene.

According to Lasseter, if a scene is busy, a still object will stand out, while in a

still scene, movement will attract attention. He also cites Disney (Thomas and

Johnston 1981) who found that performing actions in silhouette also enhances

their clarity.

The reaction to the action. Lasseter describes howFollow through and

overlapping shows the relationship between actions. Some actions magad

others and appendages or loge objects will drag behind the leading action. In a

series of actiors, each action should flow into the next, as this will give the

impression of the character havingplannedthe sequence of actions in itsnind.

Straight ahead action and Pose-to-Pose action describes two different

approaches to animation. The first sees aanimator drawing the animation

frame-by-frame. Lasseter states that this is best for wild and spontaneous

actions. The second approach starts by establishing the key poses of an

animation before filling in the frames in between. This approach is best seid

when accurate timing and a believably acted performance is required.

Slow in and Out refers to what is now commonly known aseasinganimation.

It determines when an animation features more irbetween frames

surrounding an important key-frame, thus slowng down perceived movement

and emphasising that pose.

Exaggeration is used to accentuate the above principles in ordeotmake the

animation both more realistic and entertaining. In his example, Lasseter

AROAOEAAO OEAO OEA *08 QO A (AABUDI OO /

exaggerated childlike proportions and that its movements had to be

exaggerated accordingly to match this appearance. Important to note is the fact

OEAO , AOGOAOGAO OOAOAO O4EA AT EI AOT O 1000
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and develop its essence, understand the reason for it, so that the audience will

alsoOT AAOOOAT A E 0Oo. 4%). Ths@@idn©@fkte charactegnin@tor

OA1 AGET 1 OEEPh xEEAE ACAET OAOAI A1l AO #1711 A<
1817), is key to tre difficulty of automating believable agents.

9. Secondary actions could be referred to as thedetailsin a scene. This could be
the movement of long hair, the swinging of a tail or the bobbing of a hat. In
some cases, however, Lasseter explains, a secondagtion can also be the
facial expression on the character thatfollows the primary action of the
AEAOAAOAOOGS AT AU 11 OAI A1 608

10. Appeal is the charismaof an actor or scene. In animated terms this would be
the graphical design of the character, the quality ahe computer graphics or
artistic style. Scenes and characters should neither be too simple, nor too

complex.

Principles 4, 8 and 10are concerned withthe appearance of the agent and govern the
visual impact of the character within the context of a sceneWhen making virtual
agents more believable, emphasizing certain behaviour traits becomes an important
since, according to Lasseter and Thomas and Johnston, they lie at the core of the

personality.

Principles 2, 5, 7 and 9 all consider the physical propdies of an animated object

which could be handled by using physics simulations in the animationAt the time

when Thomas, Johnston and Lasseter defined these requirements, realistic physics
simulations for animations did not exist,especiallynotinrea-OETi A j§ ET , AOOADOAO
Animators had to therefore imagine the effects of the physical properties of the

animated object. Even the first principle squash and stretchhas lost some of its

importance in light of recent developmentsin computer graphicsimage processing
Objectmotion blur can now be applied to fast moving objectsand fulfils a similar

purpose to squash and stretch(although the latter is still used for nonrealistic

rendering).

Principle 3, anticipation, is significant in that it represents the only principle from
classical animation that directly informs the development of behaviour controllers.
While it can be seen in realistic simulations of animals, such as tpaysically actuated
body simulations found in Terzopoulos realistic fish(Tu and Terzopoulos 1994)and
natural | T OET T O OAUT Al Edysteim (Nat&ainhotiod 2005 B Asét O 6
something that is inherent to all virtual agents. For agents that do not use simulated
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muscle systems, where early fluctuations and flexing ca@ECT EAZU AT A OATT1 O

impending action, anticipation has to be integrated deliberately.

Lasseter describes howstraight ahead and poseto-pose animation techniques hae
been replaced by hierarchical animation techniques in the transition to computer
graphics (Lasseter 1987 p 40). Simibar approaches are still used for handcrafted
animations today and are often combined with techniques such as motion and
performance-capture, which uses performances of real actors as the basis for body and

facial animations

Thus, while they still hold true today, adhering to the fundamental principles of
computer animation is not the sole responsibility of the animator anymore. Physical
properties of objects can be simulated in realime, image processing effects can
support the impact of the appearance ofmotion and modern hierarchical animation
and motion capture techniquesprovide the building blocks for entire performances.
This has allowed the role of the animator to shift toward docus on the composition
and staging of animated scenes, letting thenpocentrate on adding detail, appeal and

exaggeration where appropriate.

2.1.5 CRITERIA FOBELIEVABLEAUTONOMOUBNTERACTIVRAGENTS

In his PhD thesisMichael Mateasdefines a set of believability metrics adapted from the

principles for believable characters fromclassical animation and the performing arts.

He justifies this, stating thatOAOAAOT OO0 T &£ 111 MET OAOAAOEOA 1}
AdOAT OEOGAT U 11 xEAO 1 Ag@vAtéas 7097AIE Ghaptei2®Anid A AT EA
thesis, Loyall(1997) compilesa setof criteria for believable agentsthat he later used to

evaluate virtual agents

Based on his findings, Mateas (1997) presents a list of guidelines formed of six
requirements for believability. The following list is quoted from Mateas (1997).
However, rote that numbers instead of bulletsare used for reader convenienceand

later reference:
1. Personalty M 2EAE DAOOI T AI EOU OEIT O A ET £O0O0A
character does, from the way they talk and move to the way they think.

What makes characters iteresting are their unique ways of doing

things. Personality is about thauniqueand specific not thegeneral
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AiTTOEITO T&A# 1 O0EAOCO EI DPAOOI T Al EOUMODAAE ¢/

AT AMI T O GADAGAAOA OO Al T 6wty oEche® OAAAO Oi

They have their own internal drives and desires, which they pursue

whether or not others are interacting with them.

4. Change M #EAOAAOAOO cOi x AT A AEAT CA

consistent with their personality.

5. Social relationships M # Et&r©ehdage in detailed interactions with
others in a manner consistent with their relationship. In turn, these

relationships change as a result of the interaction.

6. lllusionoflife M OEEO EO A Ali11 AAOCEIT 1T A& OANOEO!

multiple, simultaneous goals and actions, having broad capabilities
(e.g. movement, perception, memory, language), and reacting quickly
to stimuli in the environment. Traditional character artists do not
mention these requirements explicitly, because they often get themfo
free (from a human actor, or as a deep assumption in animation). But
builders of interactive characters must concern themselves explicitly

with building agent architectures that support these requirements.
(Mateas 1997, p. 6, emphasis in the original)

The first four criteria stem from the central notion of internal consistency, whichwas
explored in the previoussection. The fifth is optional, as a character should be able to

convince on its own, without interacting with others.

Of specific interest is pint 6, which refers to a collection of requirements forcreating

the Gllusion of lifed Mateas stateshat these are taken for granted by the character

artists (Mateas 1997h A OOAOAIT AT O AT 1 OE OOHai tiie OnvBrdE  #1 1 A
natured | /EutiOEpbovidds @& semblance of trutd  O1 OEA x1 OE . j #1 1 AO

The importance of these requirements is further emphasized biateas and Loyall
who proceed todefine a specific subsebf criteria that focussolely on the illusion of life

(Mateas 1997;Loyall 1997). These criteria arediscussedin the following section.
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2.1.6 BELIEVABLEAGENTS AND THELUSION OEIFE

Therequirements for creating theOET 1 OOETT 1T £ 1 EEZAAO EO A OAO 1
on the physical nature of the character being pdorayed. While the first five criteria for

believability focus on what components the@nindé of a believable agent should have,

OEA OEI 1 O00CEIT 1 &£ 1E£ZARG &£ AOOAO 11 EI x OEAOA

In his thesis,Loyall (1997) breaks down these eéments into the following list, which is

summarized from (Loyall 1997 pp. 23-27):

1. Appearance of Goals z Charactersmust appear to havegoals. Loyal& method
I £ EIi bl Al AT OET ¢ OEAOA EO OI OOOCA Ag@pl EZ
express these goals.

2. Concurrent pursu it of Goals and Parallel Action z An agent must be able to
perform multiple actions simultaneously.

3. Reactive and Responsive 7z Charactersmust be reactive to events occurring
AOT OT A OEAiIi8 ,TUAIT OOAOAOR O)O EO 110 A
These reactions must be at speeds that a@A A O1 T(LAyall 1897 p. 24) The
reaction time should be dependent on the charact@& current disposition
(nervous, tired etc.) and situation it is in.

4. Situated z Described as a basic need for characters. It indicates the
requirement that a believable agent has to choose appropriate actions
according to its situation. In other words, instead of just taking orders, the
agent must interpret them and demonstrate and awareness of its situation.

5. Resource Bounded (body and mind) z Physicalneeds and resourcs, such as
food or stamina, often govern the behaviour of living beings. A believable
character will also have to appear to bémbodieddin this sense.

6. Exist in a Social context z The social context of a character can be the back
story or setting of the £enein which the charactertakespart.

7. Broadly Capable z Loyall states that believable agents must be broadly
capable in that they need to be able to perform a wide range of different
internal and external actions similar to those of real living beings.

8. Well integrate d (capabilities and behaviours) z With this criterion Loyall
states that all agent actions should be performed in redime and that any
deliberation that takes longer has to be masked by other concurrent actions,

while not causingany unrelated action to stop (he cites the example of a robot
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stopping to process visual information).Loyall also mentions the more subtle

discrepancy that comes from converting symbols from one knowledge system

to another. A classical Al robot might know more irthe context of speech than

it does in the context of navigating an environment (e.g. it might be able to talk

AAT 60 xEAO A OAIT 1T 06 EOh AOO AATTT O AAOGAAC
These requirements extend the fundamental principles for animation, which were
covered in Section 2.1.4 to include the notions of reattime responsivenessand the

properties of embodied agents.

In their current form, these criteria for believability are useful as a guideline, but they
do not provide any indication of measurable metrics that could be used to evaluate a
set of believable agent architectures against each other, or to establish whether an

agent that fulfilled a subset of them, was still believable as a whole.

The next section discusses how thises of criteria for believability was developed into a

format that made them suitable for evaluating and comparing agents.

2.1.7 MEASURIN@®ELIEVABILITY

The criteria for believability presented in the previous chaptethave proven to begood
guidelines for animators and virtual agentdevelopers, butthey do not constitute a set
of reliable metrics for comparing existing agents. While Loyall and Mateas state that a
prototype showcasing their agents was presented to a large number asers (Loyall
1997 p. 162, the kelievability criteria were not used to evaluate the agents. Loyall
provides only one measure of success in that he states that usevere engaged with

the prototypes and spent up to ten minutes playing with the agents.

Gomses et al formalised the believabiity criteria into a believability metric that can be

used to measure the believability of computer controlled characters (Gomes 2013).
They propose a series of questionsand specify the format in which they should be
presented on a questionnaire. The querins are designed to be understood by an
audience unfamiliar with the abstract concept of believability, such that empirical

studies with a wide diversity in the demographic spectrum are possiblGomes 2011)

The following believability dimensions were defined by Gomes (2013). They suggest
that each of these should be presented to the user in the form of a question to be
answered on a Likert scale, with its boundarie OAT CET ¢ &£0i1 i 001 AT 1 U
001 OATt U ACOAAD®
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. Awareness z The Agent perceives theosld around him/her.

A way to show that the agent is aware of its surroundings is important to make

sure that it reacts to changes in the environment around it. Gomg2013)

AOAx O ODI 1 « pelietadilityl réq@irement for the illusions of life,

namelU OEAO AT ACAT O 1 000 AQGEEAEO(LQYMAAAOEOD/
1997 p. 24).

Behaviour understandability z It is easy to understand what the agent is

thinking about.

This question is intended to elicit whether the participants are able to createra

ET OAOT Al i AT OAI i T AAI I £/ OEA ACAT 060 «
DPAOOEAEDAT 6O O1 A1 OEEOh '"1i1i A0 AEOAO " AC
actions must reflect both its thoughts as well as its emotions.

Personality z The ayent has a personality

G i A0 AAT POO OEEO #Adqiemhdnt fgEOdidvabilitl Thsl 1 6 0 p
defines that the agent has unique and specific ways of acting that differentiate it

from other agents that may be performing the same type of action. Gomes

states that the partidpants should be able to clearly identify what these

personality traits are.

. Visual Impact zTheaCAT 06 O AAEAOET 00O AOAxO 1T U AOOAI
This dimension rates the degree to which important actions and emotions of

the agent are emphasized by the animation of éhagent. Gomes refers to Lester

and Stone (1997) who state that enhancing visual impact requires a
collaborative effort between the behaviour designer and animator to make sure

that animations display behaviours with a varying degree of visual impact and

should be in accordance with the personality originally defined. This seems to

i Ab AEOAAOI U 1101 ,AOCOAOAOGEO AT i DOOAO ATE

Predictability zTheaCAT 06 0 AAEAOET 0O EO DPOAAEAOAAI A
This is the only metric where higher scores can hava negative impact on

perceived believability. Behaviour patterns should not repeat too much and

animations should not be too recognisable. However, the behaviour should not

be entirely unpredictable either, since this can negatively affect the behaviour

coherence dimension. Gomes suggests that the best scores in this dimensions

are ratings that are not close to the boundary values of the scale.

Behaviour coherence z TheaCAT 06 O AAEAOQOET OO EO AT EAOAT ¢
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acting on its own behalf, or do its actions seem randomirrational and
incoherent?
7. Change with experience 7 The agent® behaviour changes according to
experience
Gomes defines this as a significant, permanent change in the agedtse to
0001 Ous AOGAT 68 )T AT ET OAOAAOGEOA 1T AOOAOGE
arc.
8. Social Expressiveness z Theagentinteracts socially with other characters
"TT A0 OOAO ,TUAIT 1860 AAEETEOETT 1T &£ OI AEAI
interesting metric since it is the only metric that requires the presence of
another agent to make senseln cases where the only other character to
interact socially with is the observer, different dynamics should be considered.
Neither Gomes nor Loyall seemat address this issue specifically.
9. Emotional Expressiveness z 7EEAE Ai T OEIT 10 AAOO AAOAC
behaviour
The test for emotional expressiveness was not presented as a dimension on a
Likert scale. Instead, the users were asked what basic emotion théeglieved
the agent was exhibiting in significant situations during the observed scene.
4EA 101 AAO T &£ 1 AOGAEAO AAOxAAT OEA DPAOOEAI

intended to be displayed formed the score for this metric.

These metrics form the frameworkfor a user study conducted to test a series of

prototype agents in this thesis.During this user study, the metrics themselves will be

evaluated with regards to their effectivenessn allowing for the comparison of agents

and the measurement of the overalO AAT EAOAAEI EOQUG6 T & AT ACAT 08

The next section reviews a selection of user centred testing approaches that could be
OOCAA O1 AOAI OAOGA OEA A@Adedrdtefifyidolc ' 11 AOGS 1 AG

2.1.8 USEREXPERIENCHESTING

To inform the debate onmeasuring belA OAAETI EOU &£ O AEAOAAOAOO O
actin a human-like fashion, the evaluation of agents will be based on traditional user
experience research techniquedrom the HCI field, combinedwith the metrics for

believability from the literature discussed in the previous sections.
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Types of Research

There are parallel ongoing discussions on how to best evaluate the experience of users
playing games and an equal amount of research on the effects that virtual agents have
on observers.Both are relevant tothis research, but it was found thatthere is little
work that combines the fieldsi.e. there are no examples of research in games testing
that focused specifically on thadiscrepancy betweenagentdesign intent and perceived

behaviour and also no believale agents research that focusedn context of games.

Within the field of testing user experience in games there are several examples of work

that discusses the use of metricsTychsen(2008) describes how game metrics, which

were derived from general prodictivity software testing (Kuniavsky 2003) areused to

AOGAT OAOA OEA OOAMBOEAET QAIOAAOBNIOBOAEOEI T xE
consideredasone of these metrics, but only evaluated within the context of the overall

game experience Other examplesof user-centred research were reviewed Nareyek

2004; Bernhaupt 2007; Chen 2007 Kim 2008; Nacke 2008, but none utilised or

suggested specific (believability) metrics that take into account the interactions

between players and nonplayer characters

In research that does consider the believability of agents, testing for humdike
believability remains the most common approach(Magerko 2004; Thurau 2004;
Livingstone 2006; Wang 2009; Laird 2012). As discussed inChapter 2.1.2, this
interpretation of believability is different from the character-driven stancethat Loyall
(1997), Mateas(1997), Gomes (2013) and Perlin (Perlin & Goldberg 1996; Perlin
2009) take, which approactesthe issue from a direction more related to the charaer

arts than Al.

User Sampling Approaches

Since the focus of this study is to elicit the details of the interactions between users and
the agent architectures, rather than the quantification of agent architecture
performance, the empirical experiments wil take the form of a qualitative study. For
this purpose a small group of potential users will be identified and their feedback
analysed in depth. Bryman (2008) suggests different kinds of user samphg

approaches for observationaktudies. The following were considered for this study.

Purposive sampling: Is a nonprobabilistic sampling approach. It does not allow for
the generalization to a population.Subjects are selected due to their relevance to the

research question.
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Snowball sampling: A form of purposive sampling snowball sampling an extend
other sampling methods by encaraging initially selected participants to recruit others.
More specific request can be made to access specific demographics i.e. ask your

partner, friend, family etc.

Theoretical sa mpling: Also a form of purposive sampling, theoretical sampling is an

important element in grounded theory (Glaser and Strauss 1967; Strauss and Corbin

1998)h OEAT OAGEAAI OAIPIETC OAARAOG OEA OAI AAOQGEITI
than just people)to be investigated as an ongoing process and not a single stage of

research. The selection is guided by the emergent themes and evolving theory on the

subject being studied.

Convenience sampling: The researcher selects participants that are easily accebi

i.e. available locally, workplace colleagues, students.

Representative sampling: Aims to select participants such that the sampled group
contains representatives of a wide range of characteristics within the population that is

the focus of the study.

Gathering User Feedback
Tullis and Albert (2013) suggest a variety of user experience metrics. They broadly

differentiate between three types of metrics that can be evaluated:

Performance Metrics: Measure the performance of the users with regards to a given
goal. This could the time to complete a given task, or reaching a certain high score in a

game.

Self-Reported Metrics: Are subjective feedback on the experience given by the users
themselves.This feedback is filtered through the expectations of the user§his means
that responses can be analysed both at face value and at a deeper level, wthee

research investigates the causes for the expectations.

Behavioural /Physiological Metrics: These metrics are focused on the physical
responses of the user. Thiscan include involuntary responses such as facial

expressions, as well as physical performance metrics.

In the game development industry approaches that combine gameplay data

(performance metrics) with qualitative analysis of (seltreported) user responses
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have become popular since they were publically stated to be behind the success of
(AT 0860 i AP AAROGECT j4EiioOil ¢mmxn " Ol CEA
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incorporate physiological user data into the analysis process.

Data Analysis

Bryman (2008) refers to the term ethnographic content analysi¢ECA)as a process of

analysing documents where the role of the investigator in the construction of meaning

in the text is emphasised. The ten was coined by Altheide (1996) and is sometimes

called qualitative content analysis The termethnographicis used to indicate that there

EO Al AI PEAOGEO 11 OAI 1T xET¢C AAOGACTI OEAO OI Ai
significance for understanding meaning in the context in which an item is being

AT Al UOAAG | " OUWIEME AAT fupQiwedp o q AAEET RO %#! A
movement between concept developmensampling-data, collectiondata, codingdata

AT A AT Al UOGEO ET OAOPOAOAOEIT T 68

This approach suits the objective of this thesis well, since it emulates a typical

AAOCAT T Pi AT O OAAT AOET ET CAI A0 AAOGAIT PI AT 08 (
AGEI A6 PI AU OAOGOGETIT O AO OEA AT A T &£ OEA AAU
game. The devapers will sit with other colleagues and review the impact of newly

implemented features in a semformal manner.

Bryman (2008) details a procedure for ethnographic content analysisthat can be
followed to elicit the central themes and issues from a dataseombining of textual and
multimedia data. To our knowledge there is nospecificcontent analysis technique that
focuses solely on evaluating games. Howevemualitative usability evaluation

techniquesfrom HClhavebeen successfuy employed as part of ®aluation procedures
in the industry and in gamerelated research such as(Mirza-Babaei et al 2012;
McAllister 2011).

In addition to this gamespecific data will be captured and correlated to the feedback
from the participants. This approach has gained wle-spread popularity since
Microsoft used it to aid thedevelopment ofthe multiplayer scenarios in Halo 3 Bungie
2007; Thompson 2007). The approach, which sees the developers capturing gameplay
data and visualising it in ways that can inform design dedisns was alsodescribed by
Tychsen (2008). One of the popular techniques that Bungie used was to create heat

maps of the places where players died in a level. This allowede developers to see
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to address the issueThe central benefit of this approach over pure qualitative analysis
of user feedback is that the guantitative data is used to find and support significant

points of interest in user feedback which would othenise have been easily missed.

2.1.9 THERELATIONSHIBBETWEEN THEARTIST AND THEHARACTER

Although the previoustwo sections 2.1.5and 2.1.6 defined the criteria for believable
agents, the question remainsvhat personality, what emotionsand what motivations a
specific agent should have.This section discussessome of the techniques that
traditional character artists use to fulfil the criteria listed in Section 1.1.5 making them

into additional requirements for autonomous believable agents.

Apart from technical guidelines and techniques (e.g. squash and stretch, anticipation)
regarding the way animated characters can be brought to life, one of the key criteria
mentioned by Disney(Thomas and Johnstorl981) and elaborated upon by Loyall
(1997) and Mateas(1997) was concerned with the relationship between animator and

the character portrayed.

The criterion in question is that an observermust be able to perceive the thought
process a character goes through its behaviour and in its movement. For example,
thinking could be expressed via a short pause, a moment of deliberation before the
character performs an action. During this pause its internal thought process would be
expressed by a squinting of its eyes, gtag blankly at a point in space or rubbing its
chin until it grasps an idea and proceeds to perform the appropriate action. This would
be done in a similar way when animating expressions of anger, exertion or other
emotions. In all cases it is traditiondly the animator who must consider and
incorporate the subtle expressions and time delays that internal thought process

causes.

This is a key aspect of the classical animation approads detailed by the Disney
animators (Thomas and Johnston 198%1)all of this information z the thoughts of the
character, the flow of ideas- comes from the author, in this case the animator of the
character. This is perhaps the main reason why Disney often had a single animator
focus on animating (doing the keyframing for) a specific character in a given motion
picture. This author/character pairing helped to keep the portrayed character
consistent throughout the picture. Author/character consistency is also one aspect in

which animation studios had to readapt after early industrialization (having many
40
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animators draw every character) and take cues from the art of creating believable

characters in dramatic writing, where author/character integration is usually a given.

In terms of creating different personalities for characters, there are many theories
about different personality types such as the character archetypes described@ Hero
with a thousand face® (Campbell 1993) Cognitive psychology also tatheories about
how emotions are processed, expressed and formed from basic primitivg©rtony,
Collins and Clore 1988; Ekman and Rosenberg 1998)While these do not provide
Glueprintsdfor character types, hey can act as guidelines that a human animator can
relate to. It is still up to the animators to hone their skills of transferring their own
personality, moulding it, augmenting it with different personality traits (not everyone

is atyrant, lover, hero,and villain after all) and applying it to the animated character.

This is why the workplaces of character animatorsat studios often have a mirror for
reference z the animator mimics the thought process that his character shoulgortray

and bases the chaacter animation on their own expressions.

As was discussed inSection 2.1.4 of this thesis, most of the technical principles
regarding the physical properties of animated objectshave been implemented in
computer software in the form of simulations, the essential component that remains

unsolved is theneed for the personality of the artist to define and understandwhat

OCTAOG 11706 ETOEAA OEA . HiE Aowelige ks Gtill Aedudd@ DT OO0/
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There seem to be two mainapproaches to this problem stemming from the
artist/character relationship in the context of believable, autonomous characters. The
first approach gives the designer of the autonomous agent a large amount of control

over the internal attributes of the agent, thus making the designer thecharacter artist.

This artist-based approach is common in current media such as video games and is one

that Loyall (1997), Mateas(1997), Massive(Regelous 2009)and Perlin (2009) support
with their believable agentprojects. The second approach is to use a botteop

APpPOTl AAE O AEAOAAOAO AAOGECI 8 )1 OEEO
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property of the internal mechanisms that drive the agent interacting with the
environment. The agents in games such as Creatur@Srand and Cyberlife Technology
1997) and the Sims(Wright and Maxis Software 2000)have demonstrated the use of
emergent techniquesto create characters which is also the approach taken fothe

architecture developed in this thesis

2.1.100BSERVERSYCHOLOGY AMBENTBEHAVIOURNTERPRETATION

During her time asA | AT AAO 1T £ " OERAA OH A EARA OHCEBHD A A OA OO
the AL.ILV.E pragct at MIT, Pattie Maes confronted questions regarding the

requirements of creating lifelike, believable agentsiAccording to her,to build a lifelike

entertaining aCAT B8R OAOAAOAEAO EO &I OAAA O AAAOAOC
(Maes 1995p.111). She addresses this concern with théollowing questions:

1 How will a typical user perceive the virtual character®
1 What behaviourwill she or he engage i

1 What misconceptions and confusing situationsanarise?

Like Braitenberg (Braitenberg 1984 p.31) she s referring to the interpretations of the

ACAT 080 AARAEAOEI 6O AU A OUDPEAAI OOAO8 " OAEOA
PDEEI T Ol PEAOO6 DAOOI 1T AOh sefoEvaried afdiofted Opha@ingdT OA D«
opinions and interpretations that an observer might have regarding the agent
behavioursthat he describes.

AEA O fdietc POUAET 11T CU6 OOAI O &EOT I OEEO OAT A
behaviour and observer. As Braitenberg stateDx EAT x A AT A1 UOA A 1A

b

tend to overestimate its complexityp (Braitenberg 1984 p.20). An observer might

believe an agentdikesd or Gearsd another object in the environment, while in truth

there is merely a simple internal wiring between sensors and motors. A threshold

waiting to be met might lead some observerso think the agent is going through a

deliberation process. In short, some observers will attempt to describe the reasons for

a given behaviour using terms and processes that they are familiar witlyhich often

results in them overestimating the actual conplexity of the underlying mechanism.

This is what Braitenberg calls ®EA 1 Ax 1T £ OPEEI T AT Al UOEO A
(Braitenberg 1984 p58) and isOE A A O OSkrithtiB PAUE ED | | CUGh xEEAE E
OEOI OCE OEA A1 OEOAQOU 1T &£ " OAEOAT AROGCEO Al 1 ES
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A similar PEATT T ATTT AAI T AA OEA Ow EUA AEEAAOG
Weizenbaum (1966). When he presentedhis ELIZA chatterbot (a computer program

that imitates human conversation) to unsuspectingusers, they consistently over

interpret the machine® complexity. He found that as long as the system did not actively

destroy the illusion of this complexity, people tended to continue to see complex

OEET EET C | AAEAT EOI Oh xEAOA OEAU AEAT 60 AQEO
understand with human properties they supposedly understood. They tried to make

sense of its behaviour by anthropomorphising itTaking this into account, it suddenly

OAAT O 1 AOGO OOOPOEOET ¢ OEAO O oA GO£ bl A (CHOQW

a machine.

This leads to anther aspect of BeiOAT AAOCS O 3 UT OEAOEAhIBOUAET 1 1
can be interpreted in several waysBoden(2006) considers ittongue in cheel, the use

I £ OEA OAOI O0OUAETOAEKWShAHIGES BoA onl@ BGHe A | £
incremental process of building a brain, but alsoOT " OAEOAT AAOC8O 1 EA
psychological terminology throughouthis thought experiments. His use of words such

as love and fear to describe the behaviours of his vehicles is significant in that it

provides the readerwith an anthropomorphic interpretation of what would otherwise

be cold descriptiors of a series of behaviours)y T OEA AT 1 OA@dO 1T £ OOET
architectures as behaviour controllers for believable agents, this anthropomorphic
terminology provides a mmprehensible set of parameters that behaviour designers

could use. This thesis follows in his footsteps in that itadopts " OAEOAT AAOCG ¢
terminology and expands upon it, referring to the process of building biologically

inspired architectures, while usinganthropomorphic terms from cognitive psychology

to describeemergentbehaviours, as theSynthetic Psychology Approach.

2.1.11PERCEIVEIEMERGENCE

The study of perceived emergenceby Ronald, Sipper and Capcarrer¢Ronald et al.
1999a; 1999b; Ronald and Sipper 2001found that a lower proficiency of an observer
in fields relating to the internal mechanisms generating the behaviour (robotics, Al,
biology, neuroscience, artificial life etc.), will cause an increase in the level of perceived
emergence when observing agdnbehaviour. This means an observer who is less
familiar with the system, is more likely to overestimate the complexity of its internal
mechanisms This findingi EQOOT OO0 " OAEOAT AAOC8O O1 Ax 1 £ OE
OUT OE A OHefbérg 198400&®H, which states that complex behaviour leads
observers to assume complex internal processes.
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Ignorant Observer

Laymen Observer
Complex System

Educated observer

Perceived Emergence

Laymen Observer

Simple System

Perceived difference in Emergence

Educated observer

Omniscient Observer

Figure 1 Perceived emergence hypothesis

Figure 1 illustrates that the discrepancy between prior knowledge of theobserver in
respect to the innerworkings of an observed subject determines the perceived level of
emergence. lishows how the subjective observations of a mixed group of educated and

laymen observers can be used to compare the perceived emergence of twstems.

Based on this notion, a correlation between perceived emergence and suspension of
AEOAAT EAZEL AT O1 A A1 01 AA OOCCAOOAA8 )1 OEEO 2
appears to observers, the more likely they are to be convinced to believe ththe agent

is an autonomous, living being with its own agenda. Therefore the goal is to create

diverse and complex behaviour and avoid repetitiverobotic behaviour.

2.1.12THEUNCANNWALLEYEFFECT

For creators of believable humardike characters and humanoid obots the Uncanny

6 AT 1T AU AT TAAPO EAO AAAT A DPOI Al Ai AGEA EOOO!
*AOT AT OOTEAEI T EAEG xAO AT ET AA (BettscPDWAET 1 | CE
and Sigmund Freud(Freud 1919). In 1970 roboticist Masahiro Mori developed the

theory that states that if a realistic humanlike figure comes close to looking like a real

human being, there is a theoretical region during which an observer will suddenly

switch from an empathetic, to a repulsed respons¢Mori 1970). This effect can be

observed for static or moving images, figurines and robots andoes notjust apply to
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the visual impression (looking like a human), but also to movement (moving like a
human) (Mori 1970; White et al. 2007; Ma®orman et al. 2009)

AEA 11 O0OEA O&ET Al &AT (SAKaduchi andEShkakbar& DEPHE 7 EOEE
good example cited byPollick (2009) in his review of recent examples of the uncanny

valley in media. Final Fantasy featured characters that look very realistic when static.

The artists considered almost all the criteria for phgical photo-realism, such as light

reflections and refractions in the skin and eyes, texture, moisture and natural colours.

Yet when seen in motion, the animated characters often elicit a feeling of discomfort, a

feeling that somehow these characters looless like living breathing people and more

like walking, talking corpses.

A way to avoid the uncanny valley altogether is by avoiding realism. Naralistic
AT OEOT PT i1 OPEEA AEAOAAOAOOh OOAE AO $EOITAUS
seeming too humanlike, yet can be used to transport believable human traitg a
i AOCET A OEiI EI AO OI OEA OOA 1 mrebopBOD3AT AEAOAAOA

2.2 BELIEVABLEAGENTMODELS

This section reviews the existing models for believable agents that inform this thesis.
Being from several disparate fields, the relevance of some of these models might not be
initially apparent, but the reviews will cite their relation to the model presented in this

thesis.

After an introduction to the work that inspired Braitenbergd thought experiment, this
section will then focus on work that is either directly inspired by him, or beas relevant
similarities to it. Other research that could inform the specification and development

process in this thesis are also reviewed.

The first section s a review of agents in Virtual environments, as these are closest to
the prototypes presented in this work. Next follows a review of robotics architectures,
as virtual agent models take a majority of their techniques from this field and classical
Al.

The following sections review other research initiatives in the believable agents
domain and how they compare to the work in this thesis. The review extends to agent
models employed in industry, namely character animation tools and agents in

interactive games
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2.2.1 FROMDUCKSANDTORTOISESOVEHICLES

In the 1940s William Grey Walter built a series of mobile, autonomous robot

001 O0OT EOAO68 4EAOA xAOA OI T A T &£ OEA EEOOO
complex emergent behaviour while having only a small set simple components. The

robot platform had two wheels and a front coaster and carried a set of light sensors

and a transparent plastic bump sensor in the shape of a dome surrounding the innards.

The shelllike dome is what gave these robots their descriptio.

The behaviour of the robots was complex and liféke, even though the mechanisms
controlling behaviour were extremely simple. The robots followed light sources in
unpredictable paths and were able to move around obstacles using the bump sensor.
Walter provides a set of criteria that he set for hi€Machina Speculatridand Machina

Docilisoto meet:

Not in looks but in action, the model mst resemble an animal. Ther®re, it
must have these or some mease of these attributes: explaation,
curiosity, free-will in the sense of unpredictability, goaiseeking, sekl
regulation, avoidance of dilemmas, fiesight, memory, learning, fogetting,

association of ideas, form recognibn, and the elements of accomodation.
(Walter 1953, Ch.5)

These criteria would laer be picked up by the emerging field of artificial life Alife).

I OEAA A&OT 1 , Al ¢cOI O és itAdulERd (IFadyon 1990)thate halveE A£A
AAAT AOOCAIi POO AO AAEETEIC A OAO 1T &£ AOEOAOEA
living thi ngs must meetAlthough they state that the following list is likelyincomplete

and imprecise, Farmer andelin (Farmer and Belin 192) compiled the following list

of properties of life:

1. Lifeis a pattern in spacéime, rather than a specific material object. For
example, most of our cells are replaced many times during our lifetime.
It is the pattern and set of relationships that are important, rather than

the specific identity of the atoms.

2. Selfreproduction,if not in the organism itself, at least in some related

organisms. (Mules are alive, but cannot reproduce.)

3. Information storage of a selfepresentation. For example,
contemporary natural organisms store a description of themselves in
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the DNA molecules, which is interpreted in the context of the

protein/RNA machinery.

4. A metabolismwhich converts matter and energy from the envionment
into the pattern and activities of the organism. Note that some
organisms, such as viruses, do not have a metabolism of their own, but

make use of the metabolisms of other organisms.

5. Function interaction with the environment.A living organism can
respond to or anticipate changes in its environment. Organisms create

and control their own local (internal) environments.

6. Interdependence of partsThe components of living systems depend on
one another to preserve the identity of the organism. One
manifestation of this is the ability to die. If we break a rock in two, we
are left with two smaller rocks; if we break an organism in two we
often Kill it.

7. Stability under perturbations and insensitivity to small changes,
allowing the organism to preserve its fom and continue to function in

a noisy environment.

8. The ability to evolveThis is not a property of an individual organism,
but rather of its lineage. Indeed, the possession of a lineage is an

important feature of living systems.
(Farmer and Belin 192 p.818 emphasis as in original)

Following on from the earliest automata by Vauaason (e.g.Mechanical Duck, 1735),
Walters simple architectures provided the inspiration to the field of Alife and
" OAEOAT AA O gBraenitedy A ¥84) o algo used a very similar differential

drive platform and light-following behaviour in his first designs.

2.2.2 VEHICLEY VALENTINOBRAITENBERG
This section provides a detailed description of BraitenBOC38 O OETI OCEO A @D/

which presents an agent architecture through a series of incremental steps. With each
AEAPOAO " OAEOAT AROC ET AOAAOGAO OEA Ali bl AgE

culminating in a final chapter to create a&omplete(yet purely theoretical) agent model.
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"AET ¢ A 1TAOOT OAEAT OEOO AT A AUAAOT AGEAEOORh
his study of natural organisms Prior to his seminalAT T E O6 AEEAI AOd %@bA
3UT OEAOEA (@éaitgnbdid 198486 DPOAI EOEAA A DPADPAO OEOI
AT A $AAOOOAOQET T 6 | " OlAtedidetl hdnp G the pripoipldshhe x EEAE
would elaborate on in his thought experiment.Taxisis reflex-oriented movement in

relation to a source of stimulusKinesisis movement that depends on the intensity of a

stimulus and Decussatiorrefers to the prevalence of crossonnecting fibres in animal

nervous systems and particularly brains. The paper ats introduced the idea of

O 6 A E Edsilithe) @wheeled robots with sensors and simple inteconnecting wire

networks as brains, to illustrate the effecs that the different controller architectures

may have on behaviour.

The book (Braitenberg 1984) also includes chapters of biological notes that provide
justification for the models he presents in the body of his work. Yet even with these,
" OAEOAT AA OCdwere Soh&ime FoB\@gue ér incomplete, so alternative bio
inspired models had to be considered. These are also discussed in the following
sections, but more are referenced in the prototype implementation chapters where

required.

" OAE O A ardhAetr@é rélies heavily on aalogue properties in the connectionist
networks he describes Although digital logic components are introduced to the
architecture, these components arestill connected by links of varying and continuous
strength. This approach is havily inspired by biology, where many examples of

Analogue networks can be found, for example:

1. Genetic regulatory networks
Metabolic networks

3. Neural networks

yT TETA xEOE OEA OAOIETTITcCU T &£ AUAAOT AGEAOT
metaphor of electric circuits to portray its design. For some of the experiments
presented in this thesisthe analogie circuits described in the tlought experiment had
to be turned into anO AT A1 T C O,/ digitAl @Bdelithét considers thecontinuous

physical andtemporal properties of components andhe connectionsbetween them
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4EA O3U1 OEAOEA OOUAEIT I T CUS ! PPOIT AAE

4EA OAOI O3Ul OEAOGEA O0OUAEI T T CcUoh xEEAE " OAEC
OAEAOO O Al ET OEGCEO OEAO EAAIAAIHEERI 10ERA OAITAD
(Braitenberg 1984 p.58). His claim is that it is much easier to invent machines that

exhibit complex behaviour than it is to guess the internal structure of such a machine

from observing its behaviour.

"OAEOAT AAOC3 O I1EA ATA CEBAIBEARDT AuitOEB OKEOEIOAE
constructionist approach to cognitive science. Around the saméme as Braitenberg

presented his work, this methodology was also being explored by Seymour Papert

(Papert 1980) who created his seminal educational tool and programming language

, /' 18 4EA /'] O £#OxAOA EIT OPEOAA AU *AAl O0OE
(Piaget 1929)AT A OEA OOOO0OOI A6 OT AT O 11 ARbyOvalteOECET Al
in the 1940s. Presented as a drawing tool, LOGO provided a simple set of instructions

that allowed students to learn programming and robot control.

Summary of " OA E O A1 AkcAitocude®

Braitenberg starts his thought experiment with a minimalistdesign, using the fewest
101 AAO T &£ AT PITAT OO Dbl OOEAI A8 4EEO EI ACET AC
has a single temperature sensor and a motorized wheel attached to opposite ends of a
small platform. The temperature sensor is connected to the mot by a wire. When the
sensor becomes active, the wire transmits a signal proportionate to the temperature
measured to the motor of the wheel. The resulting behaviour of the robot illustrates
the principle of Taxis, since the robot will only start to movean response to external
stimuli received by its on board sensor. The robot also exhibits Kinesis, since its speed
of movement varies with the intensity of the measured stimulus. Even though this
simple machine does not possess any steering capabilities, dtenberg argues that
interactions with a dynamic environment can affect its movement trajectory and result

in surprisingly complex, emergent behaviour.

4EA OAATT A AEADPOAO AT T AETAO OEA ATiIbBITAT OO
O6 AEEAT A ¢ dwo €eudbrd ana BvO Bvheels. The wheels can be driven
independently, providing these robots with a steering mechanism in the form of a
bilaterally symmetric differential drive. Using this platform, the thought experiment

explores the biological concept of dcussation. The wires that connect the sensors to

the motors can either be attached in a parallel (uncrossed) or crossed configuration.

49



When connected in parallel, each sensor controls the speed of the wheel on the same

side, while the crossed configuratio makes each sensor control the wheel on the

opposite side of the robot body. This results in two drastically different reactions

Ol xAOA A DPAOAAREOAA OOEiI O1 OOh xEEAE " OAEOAT A
i AOT OOAAQ 10 OA& ARGATBDAKDAGN Al A AIAE AGOEAIDO OA ¢
OEAAOOG 8

The following chapter explores two further variants of these base configurations.

Instead of having an excitatory effect, the sensors now inhibit the activity of the motors

they are connected to. The strongerthe signal from the sensor, the more the
corresponding motor slows down. The behaviour of these parallel and crossed

inhibitory configurations is again described using anthropomorphic psychological

terms and compared to animal behaviour. The inhibitoryparallel configuration is

i EEAT AA O Oi i1 6Adh OEiI AA OEA Oi Ai 6 xEiI OA
nearest source of stimulus. The robot with crossed wire connections is called
OAgbPi |1 OAO6h OET AA EO xEIiI 1 Al O a@ilactiveyl xT xEA

steers away from it.

While the architectural features presented in first three chapters serve to illustrate the

DOET AEDPI AO " OAEOAT AAOC EAA AEOAOOOAA ET 04Ac«
1965), chapters four and fiveextend hisAAOEA O6 A E E W kchagier fBur hed £ O1 8
explores the effect of nonlinear dependencies between sensory stimulus and motor

output. With it, the concept of thresholds is introduced, which he uses in chapter five to

AGET A 11T CEAAIT O1AKGE AB\AE stakd\in tie(hbldgics) Botet that
AAAT I DPATU EEO OEI OCEO AgobAOEI AT Oh OEAOA OOEC
adaption of the McCulloch Pitts artificial neuron model (McCulloch and Pitts 1943).

The first five chapters of the bo& are perhaps the mostwell-known as they describe

very simple robot architectures that are easy to build in reality.These architectures

have been referred to and usedby other scientists so often that they are now

and Resnick1991; Mobus and Fisher 1994; Lambrinos and Scheier 1995; Seth 1998;

Kowall 2005). One reason for this popularity is perhaps Braitenberg's choice of names

for his architectures. ChapterTx T  EO AAI 1 AA O&AAO AT A 1 CCOAC
VehicleEO AAI 1T AA O,1 0Aos 4EA EO@OADPI OEOEIT T I £

(literally consisting of only two wires with terms that have such complex
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psychological connotation raises philosophical questions about complexity and

emergence in the reader.

It is these simple architectures that are most suited for traditional applications of

Games Al andi OAOAAOEOA AT EI AGETTh xEAOA AT1T 0011 1
author is required. After establishing the base principles of hisarchitecture,

Braitenberg introduces the elements of evolution, memory and predictionWhile the

initial models are simple enough to design by hand, these additional dynamic elements

introduc e the risk of making it moredifficult for a developerto predict the behaviour

resulting from choices made duringagentdesign process

Chapter Sx takes a break from the practical work in order to describe the process by

which the engineer should constret new Vehicles Akin to Darwinian evolution, his

methodology introduces natural selection and mutations into the creation process.
"OAEOAT AAOC AAT 1 O OEAOA OA O1 OOAA T &£ ET OAT I
AT CET A A O @BBraifenberf 1984p.26).

It is Chapter SSAOAT h O#11 AAPOOS6 OEAO ET OO1T AGAAO OEA
Mnemotrix wire. The name suggests a memory capability and indeed Mnemotrix wires
are subsequently used to construct the firsiehiclewith an associative mind. This is
the first of the more controversial chapters in the book. While the firsfive Vehicle
designs have been implemented and tested by several scientisiéehiclesseven to
fourteen rely heavily on the idea that@ssociation is the most important principle by
which information about the environment is incorporated into the braind (Braitenberg
1984 p.114). This connectionist idea was inspired by the work of D.O. Heliblebb
1949). In his biological notes for the latte?Vehicles Braitenberg admits that the neuron
model he employs is a simplification and indeed over the past years neuroscientists
(even Braitenberg himself) have actually proven that the way information is
represented in our brain is a rather more complex process than pure association, being
actually more akin to the growth of a plant(Lucic, Kossel et al. 2007)Nevertheless,

Braitenberg's proposed model is still functionally sound.

The prior critique has led to the latter chapters of the book to be less wedthown and
referenced than the first fiveVehicledesigns. This is a pity, because they contain some
of the most interesting ideas in the book. The following paragraphs summarize these

key ideas.
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In chapters eight and nine, Braitenberg describes the constetion of an artificial visual
cortex using different neural (or Mnemotrix) networks for different types of properties

found in perceived objects, such as symmetry and movement in space.

ChapterTAT AEOAOOOAO OEA Ai AOCAT O Hwois&sAOKERU | £ O
notion that sensory perceptions and concepts can form themselves into groups to form

new, overarching concepts. He explains this by describing how the concept a tfazed

AT ET AAT AA £l Oi AA £01T 1 OEA OAPABDIAO®A ABROAAR
OEA PAOAAREOAA AAOEIT 1T £ OZ EDBPDPEIT ¢ OEA AT ET 6N
The next three chapters make use of the second fictional component, the Ergotrix wire.

ChapterEl AOAT 0201 A0 AT A 2ACcOi AOEOEAOS EBsOOT AOAZ
the Vehiclesto remember sequences of sensory events. Bhapter Twelve 04 OAET O 1 £
4E]T OCEO6h " OAEOAT AYiebigescbniaBidgOMneBtdxQuired bré in OE A
danger of a pathological condition similar to epilepsyBraitenberg 1984 p.63) caused

by the reflexive activation of interconnected neuron elements (or Threshold devices as

he calls them). He goes on to describe the cure for this condition, a controlling element

that subdues activation across the whole brain if too much activation of neural

elements is detected. The interesting thing is that he suggests that this will give rise to

the emergence of trains of thought, the ability to move from one thought to the next

xEOETI 606 OEA TAAA &£ O Al A@OAOT Al OOOECCAOO6S8
Chapter Thirteen O & T OA OE GBOAAR OE TAO @iU O OFOIA AEAICT DA SOBEEOD
causes theVehicleto act upon expected events, rather than currently perceived events.

This means that avehiclethat repeatedly sees a ball rolling across a table and falling off

the edge will (after sutEEAEAT O OOAET ET ¢cq OOAA6 OEA AAI 1T A
In addition to this, Braitenberg also introduces a mechanism to deal with unexpected

deviations from the expected event. Similar to psychological trauma, this mechanism

reinforces the memory of those exceptions from the rule.

The final chapter O%Ci OE Oi AT A |/ DPOEIPEOABA OO OEE T ADAEED
described in Chapter Thirteen by adding the ability to judge predicted events,
categorizing them into good and bad. Incorporating an affity for positive events

i Al T1TxETC OEA OPI AAOOOA b OET \&ticRwilknovddtt " OAE O A
with anticipation towards a desired event, imbuing this final creation with an air of

personality.
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It is possible to summarizethis series offourteen stages that Braitenberg preserginto

five incremental stepse 1 O1T 1 OAA ET AT 1 OOOOAOEI ¢ A O6AEEAI

1. INSTINCTUAL BRAIN: Evolve discrete sensor/actor connections. This is a
DOl AAGO T &£/ AOiI 1 OOEIT OEAO EIT OCEIMOEAAI T U
relationship between agent and environment within the architecture that is
analogous to the evolutionary development of instincts in higher animals.
"OAEOAT AROC OAZEAOO O1 OEEO AOE wmihA O$AO
(Braitenberg 1984 p.77)

2. CONCEPTS: Forming Concepts via a connectionist approabispired by neural
models, utilizing weighted connectionswith a variety of learning rules.

3. TEMPORAL PATTERNS: Enhance the prior neural model to include tidedays

that enable Sequences (temporal p&rns) to be storedand reproduced

4. ACTION/PREDICTION: Split Instinctual brain / predictive brain
a. Follow instinctual brain if positive/negative trauma arises

b. Teach trauma to predictive brain (internally repeating the event)

5. TENDENCY: Select from multiplgpossible predictions the most:
a. Paositive (optimism)
b. Negative (pessimism)

c. Flow (challenge: between boredom & anxiety)

Vehicle Property Table

"AlTx EO A OAAI A OOi i1 AOEUET ¢ OEA AAOAOEDOEI
O 6 A E E(Brahitdnbedg 1984), which were amended with terminology from the notes

by Lafave(2000). This table will form the basis of the specifiation of components and

the experiment design of this thesis.

Vehicle | Components Concepts Behaviour
explored
1 1 Sensor ALIVE Kinesis, Moves in
1 Motor proportion to stimuli
Single Wire
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Vehicle | Components Concepts Behaviour
explored
2a 2 Sensors COWARD Turns away from source
2 Motors Speeds up when near
Uncrossed excitatory source
connection A Flees
2b 2 Sensors AGGRESSIVE Turns towards source
2 Motors Speeds up when near
Crossed excitatory source
connection A Attacks
2c 2 Sensors ALIVE Like Vehicle 1, Moves in
2 Motors proportion to stimuli
Uncrossed & Crossed
excitatory connection
3a 2 Sensors LOVE Turns toward source
2 Motors Slows down near source
Uncrossed inhibitory
connection
3b 2 Sensors EXPLORER Turns away from source
2 Motors Slows down near source
Crossed inhibitory
connection
3c Multiple Sensors VALUES Shows COWARD,
Cooperating AGGRESSIVE, LOVE and
Monotonic Dependences EXPLORER behaviour
4 Sensors towards different stimuli
2 Motors
Example:
Example: 1. Cowardly toward areas
1. Uncrossed/excitatory: of high temperature
heat 2. Aggressive toward
2. Crossed/excitatory: light sources
light 3. Loves smell sources
3. Uncrossed/inhibitory: 4. Explores for oxygen
smell
4. Crossed/inhibitory:
oxygen
4a 3c -> with Smooth Non KNOWING May circle sources, run
monotonic dependences | INSTINCTS between them, appoach

them to a certain point and
turn around

Same as 3c, but less
predictable
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Vehicle | Components Concepts Behaviour
explored
4b 4a-> Non-monotonic DESCISIONS Vehicles seem to ponder
dependencies with WILL (free?) before acting abruptly
Thresholds
5 4b -> with Threshold NAMES Reacts to specific
Devices LOGIC situations. Counting
Some of them netwoked | MEMORY Elementary (binary)
(counters) Memory
Externalisation of memory
through action
6 5 -> with Evolved EVOLUTION Exact wiring cannot be
connections CREATIONISM | determined
Evolutionary adaption of
wiring to environment
7 6 -> Mnemotrix wires ASSOCIATION | May associate things that
connect all threshold CONCEPTS occur at the same time
devices ABSTRACTION | If multiple things that are
associated happen to
belong to a group (e.g.
colours), abstractionmay
occur
8 7 -> Object Detector Reality of Detects Objects, their
Movement/ Objects movement
Directionality Detector Edges Can determine distances
Delay Element Movement betweenpoints in 2d and
Lateral inhibition 2D & 3D Space | 3d space (pathing).
Internal representation
(maps) of space
9 8 -> Shape Detection O( AOET C | Detect symmetrical
Bilateral symmetry I ET A6 d bD|shapes
Radial symmetry relation Form reaction to other
Periodicity & cross Community vehicles heading towards
correlation (using Fourier | Singularities one (confrontation)
analysis) (sources)
10 Trained Mnemotrix HAVING IDEAS | Sees the same string of
connections-> Thinking stimuli many times and
Emergent originality of Foresight learns to associatets
ideas and conceptual elements by association as
images in vehicle 7
11 10 -> with Ergotrix Wires | Temporal Associates temporal
Causality events that are active in

succession
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Vehicle

Components

Concepts
explored

Behaviour

12

11 -> with Epilepsy
inhibitor

Trains of thought

Epilepsy caused by
reciprocal activation is
counteracted by:

1. Measuringthe rate of
change of the number
of active elements in
the whole brain.

2. Raising all the
thresholds by an
appropriate amount if
the danger of
reciprocal activation
arises

3. Lowering all the
thresholdsto
encourage circulation
of activity if overall
activation level is low.

13

12 -> splitting the brain

into Predictor and Sensor

parts.
Short Term memory

Darwinian Evaluator

Prediction
Short term
memory

Compares expectations
with sensory input.

If comparison yields
strong difference,
predictor is turned off to
believe/act on the sensors.

Darwinian Evaluator is
used to trigger
trauma/feedback loop to
OCEOA OPAAEA
OAOA AOO AAA
experiences and train
these important sequences
of events in the Ergotrix
powered predictive brain.

14

13 -> Imposes selection
on multiple possible
predictions

EGOTISM
OPTIMISM

In the case where the
Predictor points toward
multiple equally likely
states, the Darwinian
evaluator is used to
determine the most
positive (optimism) state
and propagatesfinto
activity

Table 1 Summary of agent designs in Braitenberg's thought experiment
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2.2.3 THERODNEYBROOKSUBSUMPTIOMRCHITECTURE

Around the same time that Braitenberg published his thought experimentsRodney

"OITTEO POAQAURAAAEEDI OO0T 1 3 UOOMBhooksEI®). A -1 AE
This reactive agent architecture combines a collection of simple behaviours into a

layered architecture. The lower layers would for instance deal with avoiding obstacles

or backing away from the ege of a table. Higher layers would deal with more abstract
AAEAOGETI 6OOh OOAE A0 OA@bIl 110k treatedOébdts thal O1 A0 |
showed similar behaviour patterns to those described by Braitenberg.

The subsumption architecture was able to crda a variety of seemingly complex

behaviours, such as hiding in shadows or seeking out a recharging station. The animal

like, quick response time of the robots was impressive at the time, when deliberative

systems were still far from being able to keep umvith real-time events. The main issue

with this architecture was that it was difficult to create complex systems, due to
interference between behaviour components when many layers were active. Also,
action/behaviour selection was difficult to implement using only inhibition between
AARAEAOGET OO0 ATI DI TAT 608 ¢événiudliyE Baved OR BoAMGBAE COT
subsumption architecture when he found that itwas not sufficient on its own to enable

autonomous robots to adapt, learn and perform sequences of actiong discern

between several viable behaviour options.

2.2.4 LEG@BRICKE FROMBRAITENBERG TRIINDSTORMS

This research project ultimately led to the development of the LEG®indstorms

Ol AT OEAO OTT1EEO8 )1 AARAAA OEA 1 AiHdgg KarteEl AOGOIT Oi
and Resnick(Hogg et al. 1991)made AAOx AAT " O Agmihdtic RPOURET O 1 QUG
AppOTl AAE AT A 3AUIT OO0 0APAOOBGO AT 1T OOOOAOQEITE
AAOAETI AA ET EEO ATTE O-ETAOOI Oi Od (PageiEl AOAT h
1980).

Presenting a series of modified LEGO bricks, the group constructed a series of robot
AAOCECT O AAOGAA 11 " OAEOAT AROGC3O AAOI U 6AEEAI A

Timid is a Vehicle 1 architecture that moves in bght areas and stops in shadow.

Indecisiveis also a Vehicle 1 design, but drives forward in light and backward in

shadow. Paranoid is similar to Vehicle 2, in that it has two motors, yet only has one

I ECEO OAT OI O j ET OOAAA | éeted tOdB@biotAidirg @and ¢ OAIl
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same direction, moving the robot forward, but when the sensor hit a shadow one is
reversed, thereby spinning the robot around until thesensor is out of the shadow and

the robot can continue to move forward. The behaviour caused is that of avoiding

shadows.

TheDoggedA AOECT EO 100 OEi EI AO O " OAEMAT AAOCS
CAOAh xEEAE ET " OAE Qd beArlAOshdpl® menArd helvorkedf O1 A E £
Threshold devices. The fligflop gate acts as a forward/backward toggle switch for a
OETCIA 1TO01T O ATA EO AiT1TAAOAA O1 AOIi PAO OATC

behaviour this creates is that the robot will rewerse after every collision, thereby

avoiding getting stuck at obstacles. Thinsecurerobot uses a whiskerlike touch sensor

OEAO EO AT TTAAOGAA O1F 1TTA 11010 AEOCAAOI U AT A
6 AEEAT A 080 EIT EE A m@ited sendd thé invArdeQoE thd #dtivatichE A E
signal from the whisker sensor to the other motor. This causes the robot to edge along

walls as the motor couple switches between turning toward (when the whisker is not

bent) and away (when the whisker is bentfrom the wall.

The Drivendesign has the same architecture as Vehicle 2b in that it uses two crossed
connections between two light sensors and two motors to make the robot turn towards
and approach a light sourceThe Persistentrobot combines both light following and
collision detection behaviour in a similar manner to how multiple sensors are coupled
in Vehicle 3c. Here we see multiple sensomnotor control couplings competing to form
the overall behaviour. ThePersistentrobot uses its front bumper to trigger a timer,
which is set to a given period during which it causes the motors to reverse their
direction and back up from the obstacle. After the timer stops the motors resume to

drive in their usual direction and the robot proceeds to move forward.

Two robot designs are paired to show a simple interactive scenario. ThRepulsive

robot has a set of bright lights attached to its front and drives continuously forward.

The Attractive robot has a light sensor attached to its rear, which causes its motor to

move it forward when light is sensed. The example scenario put the two robots in a

line, the Repulsive robot behind the Attractive robot. Once the Repulsive robot is near

AT 1T OCE O1T OEET A 1 ECE O sof, the Atiadkive roOdVeADEHOAG O 1 |
is unclear why the Attractive robot has been given that name. It has no property that

actually attracts the other robot and the experiment only works (and displays the
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Repulsiverobot will approach the Attractive robot from behind.

The Consistentrobot uses a sound sensor connected to a sequence of two flipp
gates, which connect the two motors. The fliflop gate sequence has the effect of a
counter that cycles throughthe four states orton, offon, onoff and offoff. Because
each flip-glop gate is connected to only one motor these states correspond to the four
different types of motion forward, left, right and backward respectively. The resulting
behaviour is that when the sensor registers a loud noise, the robot switches to the next
motion state in the sequence. This architecture is a Braitenberg Vehicle of type 5,

which uses threshold devices to create counters.

The final design repurposes the components used for té robots to build a mousetrap.

A light shining at a light sensor placed in front of the bait is used to trigger the trap.
When the beam is broken a timer activates a motor for as long as it takes to close the
door of the trap. A flipflop gate is used to mke sure the timer is only triggered the
first time the light beam is broken. This final experiment has almost nothing in
common with Braitenberg Vehicles or believable characters, but shows that

components and mechanism developed for robotics have widepalication.

A key difference between the architectures proposed inthe MIT project and
Braitenbergd O OET OCE O is /gt Bhd néidr Adedd his not dependent on the
intensity of the stimulation of the sensors.Braitenberg refers to this dependency as
& ET AzGrbv@ment that depends on the intensity of stimulatiorg and cites it as one
of three key factors affecting behaviour (Braitenberg 1965). In the prototypes
developed during this project dl activation is either completely on or off, which would
be equivalent to using Braitenbergstyle threshold devices between every connection.
This causes somewhat more erratic and less smoacthoking behaviour, especially with
the robots that alternate between the activation of two motors in a differential drive,
such as theParanoid, Insecurg Driven and Persistet AAOECT 08 4EAOA xEI I
towards their destination, rather than smoothly adjusting their trajectory towards it, as

is the case with Braitenberg Vehicles and their direct sensomnotor dependencies.

From the paper presented it is not clear why kinesi was not considered in the
preliminary designs, but what is known is that the resulting product, LEG®lindstorms

do allow designers to define these kind of direct sensofgnotor dependencies.
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2.2.5 EXTENDINABRAITENBER&EHICLES

"OAEOAT AAOCSH O x hi(pbjects Isitx®its Gekedse, GcH AlDprovided

different extensions to his work. Among this work is a set of projects from the field of

Evolutionary Robotics, which sets its primary focus on the automation of design

process behind the generation of agdrcontrol structures and morphology (Harvey et

al 1997, Nolfi and Floreano 2000). While this is not the approach taken in this thesis,

AbGi 1 OOEI T AOU O1T AT OEAO bPOiI EAAOO EAOA OOEI EUA
resource for architectural inspiration.

AAEET A OEA AET 1T CEAAI i Aekdar A996) Gcbndputatiohal A£OT C O
cockroachapproached it from a neuroethological perspective while providing the basis

for his later work in dynamical systemstheory (Beer 1994). Later studies by Cliff and

Miller (Cliff and Miller 1995;1996) investigated the ceevolution of pursuit and evasion

behaviours using a pair of differentialdrive based simulated robotsTheir studies used

"AAOSO AAOAOCEDOEITO 1T &£ AT 1 OET 01 60 OEIi A OAAOQC
Ol Ei bl AT AT O OEA ACAT 0860 A ARDuk@ this &y, hé T OOT 1 1
autho0O &I 01T A OEAO OEA OOATATI CAT1T OUPAO 1T £OA
BraitenbergzVehiclgl EEA AT 1T OOT I 1(AliDandMIRELEODAMNR OOOA O

Floreano and Mondana also studied evolved Braitenberg agents, but instead of using
simulated agents, they used Khepera robots in a real environmer{Floreano and
Mondana 1994). Their experimental setup was initially simple, featuring neither traps
nor obstacles (except the walls of the environment) and only a single resource. The
agentwas evolved to seek dight source using 8 light sensors attaged to its body.
These sensors were not distributed equally and the robot had 6 in the front and 2 in

the back. The light source in the arena was attached above a battery recharging plate.

The evolutionary goal of the agent was to move straight, while aiding obstacles. The

results were interesting in several unexpected ways. For example, evolution displayed

a clear adaption to the body shape of the agents, favouring those who move in the

direction that had more light-sensors attached. This allowed thesagents to see and

avoid obstacles better than those who had evolved to move in the other direction.
Furthermore the emergence of neurons that signified certain locations in the arena was

I AOAOOAA8 4EA AAOEOEOU 1 £ OEA GhrietdionaddAd 1 A

Di OEOGEIT 1T &£ OGEA O1I AT Oh AOO xAO1I 606 AEEAAOAA A
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investigated competitive coevolution (hunter/prey) and cooperative agents,
demonstrating the versatility of the base architecture and powerful adaption through

evolution.

In a later study, the group investigated an evolved learning modelFloreano and

Urzelai 2000). This system ET AT OBT OAOAA EAAAO A&EOI I "OAEC
architecture, featuring weighted connections between sensor and motor neurons. They

allowed the evolutionary model to choose between 4 different learning rules for each

synaptic connection. All of these wer based on Hebbian learning and were
differentiated mainly in the way weight decay was used. The following four learning

rules are paraphrased from(Floreano and Urzelai 2000)

1. Plain Hebh strengthen the synaptic weight in proportion to correlated activity
of the pre and postsynaptic neurons.

2. Postsynaptic rule: Like Hebb, but the connection is weakened when only
postsynaptic neuron is active

3. Presynaptic rule: Like Hebb, but the connections weakened when only the
presynaptic neuron is active

4. Covariance rule: Synapse is strengthened when activity levels of both
connected neurons are similar. If the difference between the two activity levels
is less than half their maximum activity, the wajht increases. If the difference

is larger, the weight decreases.

This system successfully evolved a controller that was capable of learning simple
associations and was even capable of executing sequential events. Overall the
performance of evolved Vehicls that incorporated adaptive associations was better

than that of Vehicles with only fixed sensorymotor connections.

A similar study by Seth on action selection in genetically evolved reactive ageri&eth

1998) ET AT OPT OAOAA EAARAAO EOI i OAOGAOAI 1T &£ " OAEOD/
The virtual agent model comprises a collection of distance sensors measuring the

proximity of food, water and trap dojects placed in its environment. The model also

includes two types of internal batteries, one for food and one for water that can be

recharged by approaching food and water objects in the environment. The sensors

were directly connected to the wheels, buft genetic encoding scheme determined the

non-linear relationship between sensor input and motor output. The level of the

batteries acted as a form of fitness function, favouring those agents that kept both
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batteries filled, while avoiding traps. These redtionships were evolved through a series

of experiments for 430 generations.

The outcome was that the agents developed sophisticated and efficient reactive

instinctual behaviour. The evolved nodinear relationships between the sensors and

motors were sufficient to produce traits of action selection such as prioritising needs,

exhibiting opportunism, persistence in actions versus action dithering all the while

AAET ¢ AAI A OAOAET OEA ACAT 060 AAEI EOU O OAA

One of the ley extensions cited in his work is the addition of learning mechanisms.
SAOEGO xI OE OEIi xO OEAO " OAEOAT Adhép@dsix AOAEE/(

providing additional justification for further study of his more complex architectures.

2.2.6 MAVRIGEXTEND® BRAITENBERBARCHITECTURE

-162)# 10 OEA O-1TAEI Ah 10011111060 6AEEAI A £
developed by Mobus and Fisherself-descibed AO OOI OCEI U A 4UDPA »pp
" OAEOAT AA OC gMdbus dhnil Astiek TD84A.D). For it to saisfy this claim, the

architecture needsto be capable of associating and reproducing temporal activation

patterns. This is however not presented in the literature. Instead Mobus presents a

system that observes changes in synaptic weights at different timeales and uses this

statistical information to grant stronger and more persistent associations to stimulus

OEAO xAO OAPAAOGAA 1T OAO 11T1TCAO OEI A DPAOET AG
%OCi OOE®@ xEOA AOEOAOEA 001 OAmmé pateadtheOANOAT
I OECET Al 1T AAOOOAT AAo 8

AEA AOAEEOAAOOOA EO AT i POEOGAA T &£ A OAOG T £ 0O
O" AGEA | OOI1 A HEMobus (gb4)..BANOfatlir€sta dmeural component named

Adaptronsd, a type of synapse that does nostore a single weight defining the

AOOT AEAGET T AAOxAAT Al Ai AT 66h AOO ET OOAAA A
denote the causality of the association at a given timesealEach successive timescale is

based on the previous shorter one. This way lontgrm memory is based on an average

of short-term memory, which again is an average of reagime stimulus recordings. The

number of timescale levels is flexible and can be adjted.

For association, the weight at each level @ulled updif activity in the level below it is
raised above the weight of the current level. The difference between the two is

calculated, multiplied by a learning rate constant and added to the currenweight.
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Learning at each level thus takes the shape of a logarithmic increase approaching the
upper bound of that level, which is the lower bound of the level below it. In the case of

the lowest level, where no lower level exists, the bound is the maximuof the scale.

$AAAU EO EAT AT AA ET A OEIEIAO I ATTAO8 4EA xy
the weight of the next higher level. Thus the weight will approach the upper bound of

the next higher level at a logarithmic rate.

The overall effect is hat as each successive level is trained, the response curve at the
lowest lever (the one closest to reatime) is raised, while the decay is flattened. This
means that if a stimulus is persistent over several timescales, subsequent spikes will

see their intial weight increase over time and their weight decay reduced.

MobusGAdaptron model brings the temporal representation from the level of a single

neuron using selfexcitation, to the level of the synapse. The architecture presented in

this thesis insteadtakes the temporal representation from the level of a single synapse,

to a network of synapses. Another key difference to BAN, is that it intends to keep the

Mnemotrix (purely associative) and Ergotrix (temporal causality) separate, while

- T AOOB6 "tecture iktéghafegboth notions into a single learning unit. This latter

separation might be possible to implement using BAN Adaptrons, but this is not

Al T OEAAOAA 10 ZOOOEAO AgpPi i1 OAA ET -TAOOG6 x10

2.2.7 BEAMROBOTS
Initially inspired by a Rodney Brooks lecture(Brooks 1986) BEAM Robots are a group

of reactive robots based on an artificial neural network architecture invented by M&r
W. Tilden (Beam 2008). They use a series of pulse delay circuits to mimthe function

of real biological neurons.

The BEAM robots follow a similar approach to the early Braitenberg Vehicle designs
(Braitenberg 1984) in that they use simple, interinked behaviours and mostly direct
ATTTAAGET T O AAOxAAT OAT 01 00 AT A AAOOAOI 008 4

by Braitenberg in that it states that a robot designer should:

1. Use the lowest number of electronic elements
2. Reuse scrap pieces from otheelectronics/robots
3. Use radiant energy, such as solar power

OAOEADPO i1 OA ET OAOAOGOETI ¢ EO 4EI AAT 80O OOAT AA
architecture. (Beam 2008) NOT OAO 4EI AAT O)&Zh A O A 1ETA/

63



Aogpi 1 AT OEAT ET AOAAOA ET AT i Pl AGEOU E® OANOE
stance is refleced in one of the early observations made by Braitenberg about his

Vehicle 3, about the incorporation of learning into Vehicle 7 versus the predefined

001l AO OEAO AOA AOQOEI O ET OI OEAO 6AEEAI Aq OI1
OAEEAT A T AU 11TTE AT A AA HBkaiehbelg OB4pA4)] EEA T OO 6
The BEAM approach does not entail architectures for creating higher level reasoning

however, which might be down to the limiting effect of the first principle and the fact

that all BEAM robots are implemented in Hard AL (hardware based Artificial life) and

would therefore be very difficult to construct if a more complex Neural net were to be

designed.

2.3 BELIEVABLEAGENTSRESEARCHROUPS

AEOQT OCET OO0 OEA wmnO Acresevékal @dedich groupsriacBingg A OA  x
OEA AOAAOQEITT 1 &£ OAAI EAOAADBA AA E'AIOGAKRBODOODE )
Characters group at MIT brought forth a wide range of research and publications that
influenced the work in the field. Notable alumnifrom this group include Bruce

Blumberg himself who among other projectsnow works with video game companies

on Zoo animal games; Damian Isla, who created the awavdinning Al for Halo 3; Jeff

Orkin, who introduced Al planners to firstperson shooters in B %8 ! 8 Zheg@ and )

other MIT alumni such as Rodney Brooks and Karl Sims before them practically defined

the field and associated techniques (subsumption architecture, swarm behaviour etc.).

However, more recently the drive of this research area seems have subsided with

most of the researchers mentioned above havg moved into industry. Unfortunately

OEEO I AAT O OEAO OEA 10i ARO T &£ POAI EAAOGEITTO
somewhat subsided, even though their role in society, particularly ithe games and

movie industry is steadily growing.

The following sections describe some of the significant work that was done by other
research groups to provide a context for the work set out in this thesis and the role of
"OAEOAT AAOCS Ointhe kil & Belickable dhagakterd O

2.3.1 MITA.L.I.V.FPROJECT
The ALIVE system developed by Pattie MagMaes and Darrell et al. 1995) and her

colleagues from the Syrtetic Characters group at MIT is an immersive virtual reality
ET OAOEAAA OEAO AAOO AOG A Oi ACEA [ EOOI 06 AT A
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a virtual environment that is inhabited by virtual objects and creatures. This allows the
user to interad with autonomous artificial life agents via simple gestures and without

the need for peripheral control equipment.

The contribution of the A.L.I.V.E project to believable characters was in the interface

AT A 11060 ET OEA AEAOAAOAdDGbtheadfiEidl EchataGids 4 EA  OI
OEAO xAOA OEI xAAOAA OOCET ¢ OEA EIiiT AOOEOA Ol
O( Al O 0 ABunhdrgil994).

The autonomous agents that inhabit this world use an agent architecture developed by

Bruce Blumberg for his PhD thesigBlumberg 1997). This architecture draws heavily

on Ethology (the study of animal behaviour) and focuses on controlling the temporal

aspects of behaviour, implementing a hierarchy of behaviours similarot Rodney
"OITESO OOAOOI b @bk 1986 nAdEntodeiiny dtd@ak factors such

as their needs and motivations. Later implementabns of this architecture (Gorniak

and Blumberg 2005) also added the ability to train agent behaviows by online

sequence learning that incorporates a notion of temporal causality of perceived events,

including their timing and rate (Burke and Blumberg 2002) Later work by Fujita on

the Sony AIBO project(Fujita 2001) was inspired by this architecture, albeit in the

context of robotics and not virtual characters.

2.3.2 DUNCANSHEEPDOG

"1 0 AROC8O OAI BT OAI DOAAEAOQEIT I Al CT OEOEI x
SPAADPAT Co (Is@idBukk& ét al. 20Q). This project successfully implements a

system for predicting near future events through the processing of visual sensory data

acquired via an artificial retina.

This advanced retinal imaging system is similar to that used byu for the virtual fish

simulation (Tu and Terzopoulos 1994) The data from the visual system is processed

AU A OPOAAEAOI 06 11 AOI AR xEEAE 1 APO EIT & 0O A
locations of objects on atweA E1 AT OET 1T Al O b1 COAPEEAAI | Abp A

occupancy map".

Isla uses this as a digete representation of the probabilities of the location of objects
in the world. This representation comes in the form of a hexagonal grid that is overlaid
over a predefined model of the environment. Temporal reasoning and prediction is

done by calculathg the probability of an object occurring in a specific field on the grid.
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This work demonstrated that, incorporating a prediction mechanism into a navigation
system, can increase the believability of an ager(isla and Blumberg 2002) The ability
to perceive object persistence and to predict movenm paths and intercept moving

objects is also a robust capability useful for any autonomous agent.

In contrast to our architecture, tEA ODOAAEAOI 06 | AAEAT EOI AAOA
(1984 p.73) uses a neural approach to representation over the abstractpproach

employed by Isla and Blumberg . Braitenberg's predictor generates no discrete maps.

Being a general temporal pattern predictor, it instead perceives and predicts sequences

of sensual data, which train econnectionist network much in the manner thatsingle
percepts/concepts are usually trained. This also allows for other forms of prediction

I OEAO OEAT ODAOEdoksotADODEAx DOABAGBADAOT & OAT O

sequential/temporal information.

2.3.3 REALISTICHISH

The artificial life fish creaed by Demetri Terzopoulosand Xiaoyuan Tu(Terzopoulos

and Tu 1994) were AAOECT AAATARD AGEFAICE COAPEEAAT AEAOAAC
realistically simulate the behaviour of various piscine species interacting with one

AT T OEAO ET A DEUOEAAI T U OEiI Ol AGAAnh 6aHOOO0AI
ALife architectures to control the movement of the fish. They uska physics simulation

for the muscle-actuated body paired with simulated retinal imaging vision to locomote

and detect situations (Terzopoulos and Ré&ie 1997). The biologically inspired

approach is not applied to the decision making process, which is instead controlled by

a hierarchical behaviour Al system. Given the limited behaviours required to make a

fish seem believable, this is a good choice (&ie real fish are not generally known for

exhibiting complex emotions).

Further work by Terzopoulos (Shao and Terzopoulos 2005)applied a similar
architecture to control the locomotion and behaviour of pedestrian crowds in various
social settings. The behaviour of the pedestrians is defined by goals tchave within
the environment (e.g. buying a ticket at the train station) and personal needs
(tiredness, hunger). Systems for navigation and simple planning allow the pedestrians
to move through the environment intelligently, achieving their goals, all thewhile
avoiding obstacles and each other. Although this creates overall quite believable crowd
movements, on closer inspection repetition becomes apparent. The limited number of

behaviours that each character is able to perform is insufficient for the largeumber of
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characters and the variety of behaviours we expect from humanslowever, this may
not be an issue if the crowd is not the centre of attention and the observer is focused on

more complex characters within the environment either agents or playeravatars.

2.3.4 OzPROJECT

The Oz Project run by Joseph Bates attempted to simulate believable characters based
on principles from classical animation. The saalled GVoggles that inhabit the
simulation use a goaldirected behaviour-based architecture (Bates 1997) based on
those developed at M.I.T by Pattie Magdaes and Darrell et al. 1995) and Rodney
Brooks (1986).

For deciding which emotion to portray given a certain event, they used the work of
Ortony, Collins and Clore(1988). This system provides a very rigid correlation

between the current event and a specific emotional reaction, as it does not incorporate
a world model or planning (foresight) of any kind. The emotional reactions are also

predefined by the designer of the character.

These rigid correlations between events and emotiongere later disputed within the
project group. During tests with observers,seemingly illogical behaviour caused by an
error in the code was perceived as more interestig, and caused more detailed
interpretations of the creatures emotional state, than mosO© A 1 O BehaviGués (Bates
1997). In his evaluation of the Oz project Bates observes that, while they did fulfil the
first key point (a clearly defined emotional state) they did not incorporate systems for
accentuating emotions (providing correct timing and exaggerating the dominant
emotions) or revealing the thought process of the Woggles (which would require a
system for planning or foresight)(Bates 1997).

As Loyall states(Loyall 1997 p.162) subjective judgment by critical observers seems to

be the only way to obtain evidence for how believablan ACAT & EO8 , 1T UAIT I
exhibited thA O71 cCl AOG8 DHOI EAAO AO OEA "1 00611 #1Ii
having around 30.000 visitors use it in the time. According to Loyall the exhibition was

a great success, with users who got involved being highly engaged and spending up to

10 minutes with the simulation.
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2.4 BELIEVABLEAGENTS INTHE ENTERTAINMENTINDUSTRY

Since the shift of focus of the MIT research groups from interactive believable
characters to user interfaces and more general Al, the major developments in the field
are currently largely found in the movie and video games industry. Unfortunately this
has resulted in a decrease in publications in the field, since the technologycurrent

games is largely under nordisclosure.

The first projects discussed in this section givan overview of some of the animation
tools available or currently in development that aid animators in creating believable
agents. Interviews and postmortems with selected developers have provided some
useful insight into the architectures driving modern interactive gane characters. This
section discusses several contributors that set the current standard for believable

interactive characters in video games.

2.4.1 MASSIVE

An example of a tool that addresses the problem of animation diversity in crowds

successfully in the fimAT I AET EO OEA O1 £FOx AOA ORWYP.OEOAG

O- AOOEOASG xAO OOAA O AOAAOA OEA | OAAO xEIT T

I £ OEA 2ET CO6 OOEITGCU AT A xAO EITT1T OAOEOA EI
I xT PAOAAPOETT AT A AARAEAOEI 6O Ai1O0O0I 1 KEAO8 %A,
AT A AAPAT AET ¢ 1T17 OEA ODPAOAAEOAAG OEOOAOEIT A

a dynamic battlefield, with individuals and groups of soldiers fighting, shifting

positions and defending each other, creating chaotic and believable mayhem.

2.4.2 NATURALMOTION

Natural Motion as a company has created a collection of software tools utilizing a
biomimemic approach to body simulation similar to the muscleactuated body found in
the artificial fish (Tu and Terzopoulos 1994)described above. They refer to this
technique as Dynamic Motion Syntlsis (Naturalmotion 2005). Using a biology
inspired muscle-actuated physical model coupled with a neural network controller
they provide a series of behaviours such as jumping, walking or grabbing hold of
objects. Simulated characters carperform these actions dynamically and blend

between them, all the while reacting to physical interference and user control.
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2.4.3 ACTORMACHINE

+AT OAOIET 60 bDOI AAAOOAIT (PRrEnA2009ONA i© AoCused brE | AOET 1

providing a flexible interface for artists to animatecharacters that express emotional
states and animate in a believable manner. The approach is similar to the one natural
motion applied (motion synthesis), but goes further in that it also aims to include facial

expressions and not just locomotion. It is lao related to the work by Ortony, Collins

and Clore(1988) in that it aims to defineA OA O 1T £ Al 1 G EbdifiersGatOE | E OE C

can be mixed to form any emotion. In terms providing an interface for these emotion

modifiers it is similar to the facial expression creator thatsupports Half-Life 2 (Valve

2004)0h xEEAE xAO EOOAT £ AAOAA 11 ofEanand i AT 8

Rosenberg 1998)

Just like (Loyall 1997), Perlin provides a toolkit for animators and does not aim to
create autonomous agents in the sense that they act and choose their behaviour

autonomously.

2.4.4 CREATURES

The artificial life simulation Creatures(Grand and Cyberlife Technology 1997)was
critically acclaimed as a big advance in artificial life simulation. The gamgay was
based on the breeding and nurturing of artificial agents called@ornsa These Norns
had a complex sensory system andmployed neural network training as a learning
device. The Norns are able to learn through the interaction with the player. Right and
wrong behaviours could be taught using punishment and reward. A natural language
system provides the ability for the Norrs to communicate with the player. During their
OAEEI AETT A6 OEA .1T010 xEI1l 1T £0AT DI ET O AO
time, the Norn will use these definitions to communicate its needs to the player.

The Norns are sophisticated and believable artificial life agents, but the simple
animation system used at the timethat was incapable of displaying more subtle
changes in their internal state. The Norns can express raw emotions such as fear, love
and hate via their animations andhe language system, but less definite emotions and

thought processes are lost in translation.

2.4.5 THESMS
04 EA @MEdhtadd Maxis Software 2000)is agame based around the simulation

of human social interaction, The Sims allows players to create and manage a virtual
69
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dolls house and its inhabitants, the s@alled Sims. These serdautonomous agats (the

player can give orders to the Sims to satisfy specific actions) keep an internal model of

their needs and a list of actions needed to perform those needs. The Sims agents have

the ability to interact with every object in their environment. This isachieved by using

smart objects a system whereby the object that is interacted with and not the agent

itself carries the knowledge of how the interaction between them will play out. To

simulate communication between separate agents and to express theimetions the

Sims were given their own simplified language calle@Simlisha This, in combination

with animations that changed according to the Sim's emotional and physical state

created some of the most believable virtual characters to date. Apart from sigtics

AAT 06 OEAEO Ol EEZA6 OOAE AO OEAEO ACA 10 OEA
the Sims did not incorporate any world model or knowledge of events in their past.

4EAU xAOA AT O1T 110 AAT A O Ol AAQredonkly OOAER

their efficiency of receiving satisfaction from using given smart objects.

2.4.6 FACADE

Facade is a game thateveloped from- EAEAAT - AOAAOS AOGPAOEAT AAO
(Mateas 1997)and a collaboration with Andrew Stern, who had previously workd on
the virtual pets Catz and Dog¢Stern and P. F. Magic 1995)he game takes the form of
an interactive drama that lets users interact with two characters using a natural
language parsing system and a few simple actions such as hugging, comforting or
kissing. The narrative plays out as a drama involving a young married couple, Trip and
Grace, and an old friend visiting themthe player. The game centres around the
conversations that play ou between the characters and the player. The neplayer
characters respond to everything the player does or says with an appropriate
emotional reaction. This reaction is expressed through a facial animation system
similar to FACS(Ekman and Rosenberg 1998and body language (such as crossing

their arms in defence, or turning their back in dismay).

The display of emotions through &cial expressions and bodyanguage puts facade

above any purely textbased conversational agent interface such as ELIZA
(Weizenbaum 1966) and SHRDLWU(Winograd 1980). It subtly encourages the player

Ol OPI Au AiTTce xEOE OEA Al T OAOOGAOGEITh 1 AEE

1SHRDLU comes from the arrangement of letters on linotype typesetting machines, where
letters were arranged in columns according to their frequency in th&nglish language. ETAOIN
was the first column, SHRDLU the second.
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failed response. For examp A AAEI ET ¢ O1 OAAIT Cl EUA A Pl AUA«
" OAAA O1 O&AAl pPOUUI AA6h xEEAE AAT AA AAOE
Depending on the context of the situation this can cause them to visibly darken or

lighten their mood- making the player feel responsible for his action, even if it was
misinterpreted. The interactive narrative also spans a wide range of socially familiar

topics, such as love, sex, art, career and interior desigmaking it easy for the player to

feel involved.

Apart from the dynamic facial expressions, Facade does not use procedural animation
to animate the characters. It also doesot use any form of sensing, other than keeping
an awareness of the current actions of the player and negplayer characters. It is
essenially a conversation agent with an added bodyanguage interface. The narrative
takes the form of a predefined branching storyline that is affected by the emotional
states of its main characters. An Al director uses the agent data to determine the flow
of the scene and one of several outcomes to the narrative. All the content in the game,
including voice acting performances, writing and basic animation is predefined.
4EAOAEI OAh xEEI A OEA OOOOAOOOA EO Ai AOCAT Oh
keep track of their emotional internal states, but are not autonomous in the sense that
they act autonomously and sense their surroundings. Nevertheless the model of a
branching narrative, while being highly work-intensive for a developer, is an intriguing
proposition for the implementation of believable characters in the context of

interactive animation.

2.4.7 C(RANDTHEFTAUTOIV

Grand Theft Auto 4(Rockstar Games2008) was the first commercial blockbuster to

OO0A . A OO O MaturdinmofiE 20050Ghampandard 2008)procedural animation

system on a large scale. Every agent inhabiting its simulated city was animated using

this system. This allowedfor an unprecedentedlevel of interaction with the player.

Previously shooting acharacter or hitting them with a car would trigger a canned

animation regardless of the force behind the action. Now a slight bump with the car

will see a character merely stumbling, while slightly faster collision will see them

landing on the bonnet andholding on for their dear life. A full speed collision will see

OEAI mI UET ¢ AT A AOAT OOUEIT ¢ O Ai OAO OEAEO
highly interactive. The same goes for almost every other physical interaction with

characters in the game.
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GTA4 is a great example for procedural animation applied to locomotion and physical

effects. But the animation system requiredmuch tweaking by artists to avoid

characters performing unnaturally. While the animation uses procedural algorithms,

the behaviaur controller of the characters uses a standard behaviour tree to determine
AAOEOEOEAO8 ' OAT A 4EAEO ' 00160 AEAOAAOAOO i
the developer has taken great care in designing interactions between them that make

thecity AAT OAl EOA68 4EAOA ET OAOAAOQE libich withi AT OAA(
AT 1T OEAO AckrAatAubduénlyQyetting into a fight. If someone is injured the
ambulance will be alerted. Some characters may commit crimes, causing the police to

chase after them. Although all these agent interactions are based around a simple state

machine and randomized eventg the dynamics that emerge forma coherent image of

a modern, egotistic and gritty cityz making the city, together with its population, one

of the most believable characters in a game to date.

2.4.8 SPORE

Spore (Wright 2008) allows the player to build his own alien species out of large
collection of predefined body parts (which all give the alien specifi©O AAE ) &n®& A 06
mouldable Play-Doh like body structure. Depending on what type bodyparts (sensors

and actuators) the player chooses, the creature will dynamically animate, while taking

the moulded body shape into account. Usually this ends up with an endearing wobbly
gait and while literally hundreds of variations are possible, the results are not as
creative as those displayed by the likes of evolved morphologies by Karl Sirf&ims
1994). The algorithm that is used to animate the behaviour of the creatures does not
AOGT1 OA 1T O6AO0 OEiAh T1T0 EO EO OOAET AA OPAAE EE]
makes the result less believable thn for example the muscle actuated biomechanical
model used by(Tu and Terzopoulos 1994) The result is saved by abstraction though,

in that the body parts and body shapes the player can create have a very coitilke

appeal to them, making the springy, wobbly animation consistent within the context of

the virtual environment.

2.4.9 HALFLIFE2

Half-Life 2 (Valve 2004) uses mostly motioncapture data, inverse kinematics and

animation blending techniques to animate & characters(Eldawy 2006) . Yet for facial

expressions an interesting approach dectly based on FACfEkman and Rosenberg

1998) was employed. PrO AT OAA AO A O1T 11 O1 AAOGAITPAOO £
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form the technical foundation of the gameQEA O&AAA 01 OAOd-sydcl 11 xO

characters to recorded speech and apply matching emotional phonemes, also described
asaction units by Ekman, to the animation. Emotional expressions can also be applied

to other in-game animations, such as being shot, or firing a gun.

This tool allowed the designes of the game to reach a hithéo unprecedented quality

of emotional expression in its nonplayer characters. The Al system that controls the

/

AEAOAAOAOGO AAEAOET OO EIT xAOAOh Al Aéningl O £EAA

that every expression of emotion is prescripted and nonautonomous.

2.4.10TOTALWARSERIES
According to Richard Bull(Hardwidge 2009), an Al developer for Creative Asembly,

the Al in Empire: Total War(Creative Assembly2009) uses a plannetthat draws from a
repository of tactics and objectives to form strategies for the battling armies ttontrols.
On the singleagent (combatant) level it uses a agent perception model similarto the
system employed byMassive (Regelous 2009) Each indivilual agent uses several
factors to decide which of several pralefined actions to perform. Among others, these

factors include the proximity of nearby friends and enemies and their current health.

This system results in some believable actions performedylthe fighting charactersz

with combatants seemingly aware of their surroundings and attacking/fleeing when
appropriate. The game uses prd A £FET AA AT EI AGETT OANOAT AAO
actions. Yet the result of using an agent perception model sures that not all agents
trigger their animations at the same time. Another system is used to introduce delays

into idle animation cycles, such as that a standing army is not swaying in sync or

reloading in sync.

While this ensures a seemingly realistic lraotic battlefield experience, on closer
inspection the pre-canned animations are apparent. In addition to that the character
models of each unit type are not highly characterized. This doesot affect the

experience when viewed from a birdseye perspectiwe like the one usually seen by the

player, but it does hurt the suspension of disbelief when scrutinized from uplose.

2.4.11THE COMPANIONIRILOGY

&0I EOI 5AAAB0 Al 1 bAIT thdablvenfu@ GdmelQaUe@ QRO GA A x EOQE

gameplay is based on exploring arobstacleladen environment while protecting a
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second, Al controlled character Central to the experiencewas the intricacy of the
handcrafted animation that permeated every action performed bythe player-

controlled protagonist Ico andhis non-player character companionYorda.

Ueda started his career as an animator and not a programmer and he was thus very
familiar with the guidelines for believability from the character arts (Thomas and
Johnston 1981; Jones 1989; Loyall 1997; Egri 2004 Owas inspired by a number of

successful games that prioritised expressive animation over responsive controls, such

AO O0OOET AA T £ 0AOOEAG6h (QMdctind EORDDephin@ 19816 AT A C
Delphine 1992). The game was released in 2001 in North Americ&ritically well

received (ICO has @ average A O E Gébrke 8090 as of 01.12.2010according to

Metacritic), it was initially not highly commercially successful. However, the game

garnered more attention over the years since its release and was-releasedto strong

sales in 2006. Sony recently released a remake of the game in the form of a

Al i PEIT AGETTh OI CAOEAO xEOE H@d 248 fbbtheir O3 EAAI

PlayStation 3video game console

The animation includes nuances such as visible anticipation before swinging a wooden

sword or jumping across a ledge. Momentum is carried through each animation as Ico

jumps and bounds across platforms and swings of ropes. Yet the single most effective

AT EI ACGETT T AAEATEA EO AEODPI AUAA xEAT ) Al EI
detachedness from thesituation, making her seem almost ethereal. Ico has to literally

tug her along when she is scared and she will refuse to jump with him over gaps

instead requiring an extra runup, re-assuring words and a catch by Ico. These

interactions are displayed with such vivid attention to detail that they allow Ueda to

ET OPEOA Al AT OEOA OO1T OU ET OEA OEAxA0OG60 1 ET
AT i1 01 EAAOA OAOAATT U jEIT OEA OOT UngbecolEAU AT
game in the Companion trilgy, Shadow of the Coloss§eda 2005)featured the same

attention to detail in the animation as before (and the same sluggish controls)

Reviewers often referredto the power of the animation inICOand Shadow of the
ColossugHerold 2001) 4 EA AT EI ACET T O ET 5AAA&E oAl AO «x
motion capture performances were used for the main character&IA and Ueda 2001)
In Shadow of the Colossubese anmations were coupled to an advance dynamic
collision detection system that would handle the myriad of positions that character
AT O1 A CAO ET O xEEl A ATEICETGC O A #1171 00EB8O
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The tight focus on only a few interaction mechanics and a low level of autamy for
non-player characters allowed the artist to pay close attention to every detail in the
animation and to evoke a strong sense of personality and believability. Therefore |
would count this series as a benchmark for whatcreators of believable and

autonomousinteractive charactersshould aim to achieve

2.4.12ASSASSINSREED

Using an advanced set of motion blending techniques similar to the collision engine

used in3EAAT x T £ OEA #1 1 pbratayBthAltair @43 AldeOt& bond # OAA A

over rooftops and climb up even the most complex surfaces realistically. Unlike
animation engines that came before, this engine ensured accurate collision detectipn
that hands and feet really met the surfaces the character was climbing up ¢hutodesk
2008) .

The system is highly respnsive and dynamic, yet it does notonvey a sense of
emotion. Altair seems strong and supehumanly agile, but his movements do not
convey a sense of personality or plot as the animation i€Oor Shadow of the Colossus
did (Herold 2001).

The game also featured a large amount of neplayer characters (NPC) that inhabited
the simulated medieval cities. Different groups of inhabitants, such as beggars,
salesmen, guards, noblemen and preachers create a bustling atmosphere. They also
react to the actions of the protagonist. For example sprinting through a crowd and
climbing up onto a roof might cause the sprised and angry exclamations of nearby
bystanders, a fight will cause panic in the crowd. The system was impressive in terms
of scale; the city streets are filled, with often more than 20 NPC present on screen at a
time. The illusion of life was broken lowever, by repeated assets. While the comments
of onlookers seem spontaneous and impressive at first, they are repeated very often
and only use a handful voice recordings. The character models and animations are also

re-used. In a crowd one is likely to spt an unnerving amount of identical twins.

Assassins Creed was ambitious for its time, but clearly showed the limitations of an
assetbased approach to believability. No matter how many character models and voice
samples are prepared, in the 10+ hours oflaytime that are commonly spent in these

environments, they are sure to repat, thus breaking the illusion.
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2.4.13INTERACTIVRANIMATION

Non-interactive believable characters have been largely realized by the likes of Disney,

Pixar andDreamWorks animation fims OOAE A O O&E|1 A BdgRixar.260B;1 6 h O7
2006) AT A O(T x OI 4 0A®ieamwdrk® 2010% WAIlE imbny of the

techniques used to animate these films are applicablto characters in interactive

scenarios, such as video games, the techniqgue used most commonly in intékec

simulations is creating preset nortinteractive animations that are triggered by an

interactive program.

The difference between gre-setand aprocedural approach to animation isanalogous

to the difference betweentop-down and bottom-up agent devebpment. Just like the
pre-set approach to animation composes behaviour from a given set of unchangeable,
hand-made animation sequences, toglown agent development usually sees the agent
pick from a list of pre-defined atomic behaviours. In the past this ggoach had the
shortcoming of being unable to adapt to sudden changes. Once a particular
animation/behaviour had been started, it could not be interrupted. The procedural
approach to animation on the other hand uses a set of cooperating simulations to
create the final animation. This final animation is not changed directly, but can be
ET £ OAT AAA AU AAEOOOEI ¢ A OAO 1 A£OBpAda#I AOAOO:
engine (Naturalmotion 2005) uses physics, sensory system and muscle control
simulations to anmate its characters. While the benefit of procedural/bottomup
techniques is their reactiveness and adaptability, not being able to modify the final
output directly and instead having to find suitable parameter settings for the

simulations can be difficut.

However, modern approaches to character animation in games often see a mixture of

both pre-set and procedural animation approaches. Popular among these techniques is
animation blending, which uses preset animation sequences, but is able to seamlessly

blend and transition between several of these to produce a wider set of animations.

The first commercial video game to use this approach was Assassins Creed (Ubisoft
¢mmxqh xEEAE OOAA 1 001 AAGESO -1 ORAltddeslOET AAO
2008).
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Procedural Animation and Bottom -up Agent Development
0001 AAAOOAT Al EI /OGEIEDIO AMO 110D BOAGA A AGi6 AT ET AOI
EO AAOGAA 11 Al Ci OEOEIi O OAOEAO OEAdonTASETI ¢ DO

section gives an overview and presents a timeline of the developments in this field.

As discussed in2.4.2 and 2.4.3 there have been several advances in the field of
procedural animation such as the technology demonstratedby Natural Motion
(Naturalmotion 2005) and Ken Perlin(Perlin 2009).

Procedural animation has been demonstrated in several higbudget cinema

POl AOGAGET 1 68 &1 O AgAi bl Ah OEA O £OxAOA OEA
(Regelous 2009)x AO AOAAOAA O OAAI EUA OEA EECBOEIT C
films and solved the problem of having to hanénimate thousands upon thousands of

soldiers by using a procedural, Abased approach.

- AOOGEOABO APPOI AAE EO O CEOA AAAE OEOOOAI
and animations. Which behawur should be performed, given a current situation, is
decided by an Al system that gives each agent its own senses, such as proximity of

AOEAT AO AT A &£ AOh 10 EOO i x1 OEAAI OE6 8

The system is very much inspireddy the flocking algorithms used by(Reynolds 1987)
and the readive real-time Al systems found in many current video games. However, in
this case the animations themselves, the motion and the performance of each agent is
not algorithmically animated, but is instead a prerecorded animation created using

motion-capture of actors.

Briefly introduced in section 2.4.2, Natural Motion advancedalgorithmic character
animation using a system they calOD AUT Al EA 1 1 O ENafuralotidn G0BA.OE O 6
This takes the aspect that animators usually car z the expression of a given
behaviour z and tries to find a set of algorithms that do the same as the animator. In
addition, the system allows for simple behaviour goals and desired stances to be set,
OOAE AO ODPOI OAAO Uil 00 EvikdaAdharatted wildtted Aehch OD OE G
appropriately to interactions i.e.when it falls or is pushed.Unlike hand-made or pre
recorded motion capture animations, hese arefully dynamic and can be influenced by
physical effects and interrupted at any timeNatuO A1 - TagpE#ch plir@arily aims

to create realistic behaviours However, realism should not to be confused with
expressiveness and believability (see the previously mentioned criteria for believable

characters at the beginning of this chapter).
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Natural motion has taken some of the work that animators previously did, but instead
of having prefixed animations they have dynamic, s@alled procedural animation. The
Al system used by Massive, although well suited to movies, is not yet fast enough for

real-time simulations on current generation gaming hardware.

Ken Perlind OAAOT O ((PRANEADG9A Which was introduced in section2.4.3
presents an approach more sensitive to believability criteria in that it supports
mechanisms for overexaggerating moements and animating norhuman characters.
However,OT 1 EEA - AOOEOASO AT A . AOOOAIT curfe@dgEi 180 O
focused purely onauthoring character animations and does not include tools to control

the behaviour selectionof characters

Video games such as Grand Theft Auto IV (GTA Rockstar Games 2008provide a

good example of realtime procedural interactive character animation. GTA IV uses

. AOOOAI -TOETT60 %ObmatwdindtionAZ0w5) dhdabk b fullkT CET A
interactive real-time Al for each of the characterghat use the animation system. The

result is that often surprising and emergent situations can arise.For example, the

player might accidentlly push another character, who stumbles (euphoria calculating

the motion) onto the street, causing an approachingar to evade (Al system) and crash,

which in turn alerts the nearby police.

From these examples we see that the greatest benefits in terms of believability of
procedural animation over classical animation approaches are that it fulfils points 2

and3ofll UAT 160 O)1100ETT 1T &£ ,EEA0 AOEOAOEAd O0AC
GTA IV also shows how it can lead to emergent scenarios.

Both of these points would require an infeasible amount of artistic work by animators,

if procedural animation were not employed. While noninteractive domains such as

AEI T [T ECEO OOGKOAAOAER MAPBXEAME DI OOEAI Ah 11 A
such as videogames require the flexibility and emergence possible only with

procedural approaches.

2.4.14EMOTIONS INGAMECHARACTERS FUTURE PERSPECTIVE
yl EEO OAITE O%i i OEIT ET 'Ai A #EAOAAOAOOG6 AO
Carlislefrom the University of Bolton described how different models of emotions and
character such as OC(Ortony, Collins and Clore 1988), the five personality factor

model OCEAN (which stands for Openness, Conscientiousness, Extraversion,
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Agreeableness and Neurotism) (Costa, McCrae et al. 1991pnd others can be
implemented into games using behaviour trees. One of the projects cited was the Oz
project (Loyall 1997; Mateas 1997.

A good exampleof what future emotional charactersin games might look lile is the

O-EIT6 DOI 01 OUPA OEAO xAO anb GdnieAd Sakidss aAU 0A O
TEDGIobal in August010. This prototype simulates a virtual young boy and allows a

player to interact with the character via voice commands and a sophisticated 3D

camera to track the use® movements. At certain key decision points Milo asks the user

to make a (often moral) choice. Molyneux explains how these experiences will shape

the personality of Milo and affect his autonomous decisions during later events. The

inter nals of the Al are not discussed, but from the decision points demonstrated in the

prototype, such as killing a snail, it seems that the simulation is constructing a
psychological profile similar to the ones mentioned by Carlisle. Thprototype also

shows that Milo can hold conversations with the user about previous key experiences

in the game, opening up the possibility for revising the moral opinion Milo has about

OEAi 8 4EA AT 1 OAOOAOEIT 1T EAAOOOA Al O OEAO EI
mentonsh OEAO -EI1 180 OIETA EO AAOGAA ET OEA Al T
words and meanings from usersthese are stored in a sharednline database. This

xAUh -T1UT AOG@ DOl bi OAOh glebilicdmindnity!ofusers Bverl 1 AA O]

time.

As Qurlisle stated, the most common approaches to emotion within Al systems in
games are rather rigid behaviour trees implementations. While these can be quite
powerful when they use a psychological modetuch as OCC or OCEAN, more dynamic
or adaptive systemssuch as planners or neural models are currently not used for the

implementation of character emotion.

2.5 RoOBOTICS

The previous section reviewed the current state of the art for screebased
believability in entertainment. Believability is not just an issue a the screen but also
with mechanical robots and toys. Although this is a huge topic in itself, much of the

knowledge is transferable between screeibased characters and robots.

First of all robots are embedded in real lifez meaning they suffer from meclanical
issues such as material flawsThey also suffer from noisy sensors andmprecise

actuators, which is notsuch a big problem in simulated environments. Secondly, reality
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has perfect fidelity; there can be nothing more realistic than redife after all. It has real
physics and dynamicsz It is like the perfect simulation in that sense. Thirdly
developers cannot cheat. Most Al used in virtual environments uses shortcuts and
cheats for processor intensive tasks such as vision and navigation. Usually yhao not

use senses and 3Dimensional Perception systems such as the eyes of the character.
Navigation is instead often handled using waypoints that are prealculated or set by a

designer.

Cheating is allowed and desired in these kinds of simulations inraer to save on

OA1 OAAT A POI AAOOET ¢ OAOI OOAAO8 4EEO EO 1 £OA]
to Al (Hardwidge 2009). The tradeoff in losihg OOA AT EOi 6 EO OOOAI T U
Al AET OEAO TTA AAT AAEEAOA Al i1 006 OEA OOAI A

compared to a more realistic simulation.

2.5.1 HONDAASIMO

The Honda Asimo (Advanced Sep in Innovative Mobility) robot ics project is famous

for having beenat the forefront of locomotion and balance control in roboticgHirose

and Takenaka 2001)8 4 EA OUOOAI AT T OOITITTEIC !'OEITB8O0 A
state machine(Sakagami, Watanabe et a2002). In December 2002 Honda presered a

new version of Asimo that was more than a study of biped locomotion. By then Asimo

was able to move around sufficiently and so the developers began incorporating

O0)1 OAT 1 ECAT AA OAAETT11TcU68 4EA [ AET MEAAOOOA

were:

Recognition of moving objects
Posture/Gesture recognition
Environment Recognition
Sound Recognition

Face Recognition

S e A

Network integration (user network and internet access)

While the humantlike gait of the robot can seem uncanny, the design of the robot éé
was optimised to avoid the uncanny valley. The designers at Honda took cues from
sports car design, rather than trying to imitate a human beingKoike and Koshiishij
2001). Asimo is relatively small (130cm tall) and does not have facial featwser other

human-like means of expressing its emotion.
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4EA Al Ci OEOEIi O OOAA & O 1TTAITTTOETT ET OPEOAA
i T OE (Natwalmotion 2005), although the latter worked with a simplified virtual
physics model. Asimo is a good examptEf how advances in Robotics can be applied to

the virtual domain and entertainment in a simplified form.

2.5.2 SONYAIBO
Released in 1999, the now discontinued AIBO serig¢Sony Global 2005) of personal

entertainment (toy) robots was one of the first commercial artificiatlife inspired
robots to be released(Sony Global1999). Modelled after a puppy dog, AIBO has a
recharging station that it is able to autonomously seek out. It features camera eyes and
touch sensors that enabled it to perceive its environment and detect objects. Later
AIBO models contained &Vi-Fi module that enabled wireless communication between
groups of AIBOgDaman 2008)AT A A OOA08O0 Al i pOOAOS

AIBOwas very popular as a standard platform for Al competitions such as the Soeny

I OCAT EUAA O31 1 BA@EADD AIAGICE&H heldEdt thep yeasly

ET OAOT AGET T AT 21 ATl #0bp AT I PAOGEOEI T8 )1 ¢mnmyxh
Ppi AOA&I O0i 1 AAcOA6h OETAA OEA ')"/ xAO AEOAII
bipedal Aldebaran Nao) have since replaced it as the standartafform.

C

AIBO usd@ a novel treestructure architecture that at its core resembla a layered

multi-agent system with 3 agents cooperating and competing to create complex

behaviour (Fujita 2001). The three agents are #arget behaviour generatoran action

sequence generatoand a motor command generator The top layer target behaviour

generator forms the deliberative part of the system. It uses external events and keeps

track of internal states, which it uses to generate behaviours. It then gives commands

OOAE AO O& 111 x OEA AK |6 acicisduaned ganerdtdi AOCET G
This second layer then creates a list of actions to be performed by thetor command

generatod ! O &OEEOA AAOAOEAAOh OEA AAOEIT OANO
constrains or posture transitions, so that the uppelayer does not need to consider the

i AREAT EAAT  AFijitEEDQHOBE)OET T 06

In addition, every component of the robot has a separate controller that keeps track of
individual motivations. For example tracking visual or aural stimuli while keepig the
EAAA EIT OEUITT OAl AOA EAT AT AA AU OEA OEAAAG AI

tail and legs.
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emotional model was designed to alter current behaviour aceding to the basic
Al T OEITO OEiI U6 AT A OATGCAO68 4EEO | AAT O OEA

OOOAOGAGHh 1)Y"/ xEIl DPAOAE Oi AEAEAOAT O AAQEIT C
OEA AQgOOATI AO 1T &£ OET U6 AT A OAdreg dutndas lduhlng OET T Al
happily, or stomping the ground in anger. Fujita refers to factors such as hunger,

tiredness and curiosity as instincts. These are modelled the same way as emotions;

meaning that they affect any curratly performed action and possessextremes at

which they trigger a given associated behaviour (for example sleeping when too tired,

or ignoring orders when too curious about something else).

All these motivations are embedded in a hierarchical tree structure. Some controllers
subsume othess in a fixed hierarchy of priorities, while others, like the main 3 agents

described above, cooperate to form overall behaviour.

&OEEOA Al i PAOAOG OEEO AOAEEOA BDhowerd 190r) "1 Ol £
AOAEEOAAOOOAR UAO 11 0A0 OEAO OEA EAU AEZEEAOA
not have to cope with misrecognized external stimuli or mechanical controkgsues. In

terms of the behaviour model hecites a difference in the use of tree structures in the
architecture. While Blumberg uses this branching hierarchy to organize behaviours

into ethologically inspired classes, the Sony AIBO model is a medifjent system.

The AIBO development team had an interesting approach to finding a measure of
OOAAAOGOG &£ O OEAEO OI AT O AAOGECI 08 ' O &OEEOA (
for life-l EEA A D BRufta02001%481). Running subjective evaluations of fie-

likeness with numerous users under strict controlled observation situations is

possible, but for development, this is not practical. Instead, the AIBO development

OAAI AET OA 110 O1I OAIT1TAAT OOAGA 11 OEA AAOGAEI
of thAEO CAT Kdjiva ®EOL 1pF81). Thereby the AIBO team was able to

OOA &I Oi 61 AGA OEEO bDOIT AT Al 1 &£ 1 AQEI EUET C 1
Ai i DI AGEOU 1 £ OAODIFIjid200LpASLA |1 OAT AT 606

The project presented in this thesisfollows a similar rapid prototyping approach to

& O E EafAtdfézus also lieson the mechanisms of behaviour generatignrather than

the details of how individual actions are performed, as would be the case in an

animation-focused approach.
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2.5.3 SOCIALROBOTICS

An area of robotics which has had much exposure in the media in recent years are
robots that are used in medical treatment of dementia patients (Chang 2013) and as

aids for communicating with autistic children (Lee 2012).

The Paro robot is a robot built toemulate the haptics and behaviour of a baby seal. It
iTOAO AT A OAAAOO O1I OiI OAEh [ AEET ¢ EO IT1TTE 1E
this robot showed that the participants would build a sense of affection, ownership and

even responsibility for the robot in a similar way that they would to a living pet.

Robot assistants have also proven surprisingly useful in engaging highly autistic
children. Their simplified facial expressions proving easier to identify and more
AT T OEOOAT O OE Afe childdes And it gasdelr tA enGagenwittOthem without
getting confused or distracted. Lee et al (2012) investigated the features of a robot
model ifbot would make the children engage in a number of ways. Their research
showed that the children found it eaier to make eye contact, responded to more verbal
cues and were able to identify the emotional facial expressions better, when engaging

with a robot, rather than another human.

Currently the research above is focused on medical andsocial care applicatiors. As
robots find their way into more application scenariosthey will be interacting with an
even more diverse set of people Social robotics research will have toextend to
incorporate broader notions of socially acceptable or desirable behaviour, to findut

how robotic assistants of all kind will integratewith and assist our societyand culture.

2.6 LITERATUREREVIEWCONCLUSION

This literature review started by reviewing the history of the craft of creating
believable characters and encouraging suspensioof disbelief in an audience. Section
2.1 showed how guidelines had helped actors, authors, animators and eventually
programmers to create the illusion of life. It discussed attempts to formalise these
guidelines into a set of éstable metrics that could be used to measure believability in
virtual characters and how these could be incorporated into methods for evaluating the

user experience in games.

The metrics by Loyall (1997), Mateas (1997) and Gomes2(13) are used to evaluade
the agents models presented in this thesis. The empirical evaluation methasl based

on Tychsen (2008) for his use of metrics in a user study and Tullis and Albert (2013)
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for the general experimental design. The data analysis of user feedback uses datilie
content analysis as described in Bryman (2008). In additiorgbjective gameplay datas

correlated to user responses as suggested by Thompson (2007) and Tychsen (2008).

Sectiors 2.2 - 2.4 present an overview of existing believable agent modelsSince the

crafting of believable characters is not limited to a specific medium, the projects

discussed rangefrom early robotics to modern computer games and filmsAfter an

introduction to the early attempts of producing life-like behaviour in robotics, sedion

¢8¢ EIT OOI AGAAO OEA xT OE 1T &£ AUAAOT AGEAEOO
O3UT OEAOEA OOUAET 1T CU6 ADDPOT AAE OI AAOECIT ET
characteristic behaviour forms the inspiration for the virtual agent development

approach presented in this thesis.Subsequent modern projects discussed in sections

2.2 7 2.4 are compared to his approach to highlight whya virtual agent development

method based on its principlescould provide novel insights andultimately produce

more believable behaviour in interactive virtual agents.

Section 2.3 reviewshe models and methods of the most significant academic research
groups that contributed to the field of believable agentsto date, while section 2.4
highlights work from industry that had a significant impact. These two sections also

provide the context within which this thesis should be seen.

The final section 2.4closes the loop by pointingback at the beginnings of believable
autonomous agent research, which began in robotick reviews current projects in the
field that focus on producing believable behaviourn particular the Sony AIBO project
(Fujita 2001) is highlighted, since it employed many of the methods that researchers
working with virtual agents had since developedlt is also included to demonstrate
how believable agent reseech now spans multiple disciplines that ceinform each

other with methods and insights

This review contextualises believable agent research and this thesis as a multi
disciplinary endeavour that requires its researchers to draw from usually disparate
fields including theatre, classical animation, robotics, neuroscience, psychology,

human-computer interaction and game design.

The following chapter discusses how elements from all of these fields informed the

experimental methodology and the virtual agent modl presented in this thesis.
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3 METHODOLOGY

"OAEOAT AROGC6 O OEI OCEO AgbPAOEI AT OO | " OAEOAT A
underlying impulses operating in tandem can create behaviour that is believable by

exhibiting consistent yet complexand identifiable ("personal”) characteristics. This

project aims to investigate the effects that using a biologically inspired ALife

architecture to control behaviour has on the believability of synthetic characters.

This chapter describes the methods used to adapt Brditt AAOCE O O3 U1 OEAOEA
approach to designAT A EI b1 AT AT O CAIT ET ¢ ACAT 0O AAOGAA
then details methods for analysing these agents in a gaming contekhe process is also

illustrated in Figure 2 below:

Automated game Al development “Fitnass" criteria for belisvability
Multi-purpose virtual character Al FURTH ER WORK Game Al development best practice

I I

5P inspired agent architecture design, Refined lab-based multi-method
development and testing tools for OUTCOMES user experience testing approach
Flash / Java game engines and and virtwal character believability
standalone templates / prototypes Hurman factors affecting metrics for evaluating
fior Al experiments with relationship between design intent believability at prototype
5P approach —_— and beliavability (user) perception  -s—— development staga
[ |
Adapting constructivist M ETHODS Testing method for
design method for game agent believability

Comparison between
design intent and perception

_ I I
Braitenberg 5P design approach LITERATURE

Al development S s———  while prototyping

Gomes believability metrics

Bic-inspired architectures REVIEW User experience testing
Game Al development / Requirements for
approaches RESEARCH QU ESTIONS believability
Virtual character Al DESIGN Virtual character EVALUATION

Figure 2 Research Methodology

Figure 1 illustrates that this thesisis a diptychthat draws from and combinesmethods
from two researchfields in order to address the research questions stated in Chter
1.5. Starting with the literature review, the Virtual character Al A A O Efgld 6
encompasses theacademic research andndustry practices concerned with the design
and development of autonomous agent architecture§.he review of this field informed
and inspired the agent architectures and experimental toolsdeveloped and tested in
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industry practices concerned with establishing design guiles and evaluation methods
that aid in the creation believable charactersThis literature review drew on a wide
range of inter-disciplinary sources This included HCI research,classical animation,
performance arts and current research on establishing metrics for testing the
believability in virtual characters. While the research questions guided the literature

review, they were also informed and refined by its findings.

Drawing from both fields, the method of this researctadapts agent architectures from
the Alife field and tests them using an empirical lafbased user study for evaluating the
believability of virtual agents. At the intersection between both fields the intentions
and design decisions made during the development of the agerdse compared o the

interpretations of agent behaviour made by thearticipants during the user study.

The outcomes of this researchcontribute to both virtual character Al design and
evaluation practices. The adapted agent architecture and research tools developed for
the study allow other researchers or game developers to construct and test Synthetic
Psychology inspired virtual agents Feedback from the participantsduring the user
study was used to extend and update the believability evaluation methods employed,
contributing to the virtual character evaluation field. Combining findings from both
sides, human factors affecting the relationship between agent design intentions and

user interpretations of agent behaviour were identified.

The outcomes also aim to inform futher work in both fields. The agent architectures
tested in this thesis and the development tools used to design agent behaviour are not
intended to be (game) genre specific. Though the majority of prototypes in this thesis
are 2D Flash implementations an additional 3D engine prototype demonstrates the
simulation. The findings from the user study andhe exploration of human factors
regarding the conflict between agent behavioudesign intent and user perception aim
to inform further work in game design best practice, by providing tractable design
criteria for believable agents.The current results aim to aid developers in constructing
more believable virtual agents However,they are also a step toward a formal set of

user perceptionmetrics that could be used to facilitate automated agent development
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3.1 AGENTARCHITECTURBESIGNPROCESS
This research provides insight into the requirements for creating believable agents in
virtual environments and additionally provides a tangible evaluation of the theories of
Valentino Braitenberg.This first part of the study aims to:
1. # OAAOA A AAEAOGEI 6O AT 10011 AOAEEOAAOOOA |
robotic vehicle thought experiments.

2. Synthesizeagents suitable to be embedded in a gaming context

The gaming agents designed in step 2 provide the platform for qualitative user
experiment designed toA1 EAEO OEA EOI A1 AAAOI Owtuah £AAAAOE
agentsas perceived by theusers. Part of this analysisises agquestionnaire based on the
requirements for interactive believable characters as set out byoyall, Mateas and
Gomes (Loyal 1997; Mateas 1997; Gomes 20113This will inform the central idea that
the design process itsé can be enriched by adopting theSynthetic Psychology

approach to NPC creation in games.

3.1.1 REPRODUCIBILITY

A4EA T TAAT O OPAAEEZEAA ET AAAPpaeEbcimeite@Fas’aOAE OAT
set of formulae that are platform agnostic and not reliant on anyparticular
implementation. In addition research tools in the form of a set of simulation
environments were developed and utilised for the user experiments. The librarieand

software used for experimentationare included in the appendix of this thesis.

3.1.2 DESIGNPROCESWORKFLOW

The research methodology is inspired by two main approaches. A prototype based

robotics development approach as detailed in FujitdFujita 2001) and the sequential

and iterative approach presented by Braitenberg(Braitenberg 1984). A mixture of
preliminary structur ed system analysis and rapid prototyping is used during the
development phase. The development phase follows the constructionist prototyping
ADDPOT AAE OOCCAOOAA AU " OARBrékdrbekghlosgdl) OET OCEO
After designing each model, a simulation is constructed. The simulation is run and log

data is stored and visuaked prior to analysis. Based on this analysishe logic of the

model was updated as necessary changing the way compnents communicate or in

some cases, returning to the literature to reexamine core concepts.
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A large part of the workinvolved a cycle of@uning the parameters of the model, such as
motor speeds, activation thresholds of devicesind learning rates of connectionist
components.Each prototypewas based on the result from the previous model, while

introducing new components to the architecture.

3.2 USERCENTREDEMPIRICALSTUDY

This section discusses the design of an empirical latatory study conducted at the
University of Brighton to identify the key factors that affect the notion of believability
of interactive agents in an adversarial gaming context. An observational approach was
used to study agroup of participants, ranging from participants who claimed to ever
play video games themselves, to participastwho stated they were avid gamers and
students in games development coursessetting feedback from users that havdittle
experience interacting with virtual characters is important for this study. Prior
knowledge of Al development technique®r games may affect the level of behavioural
emergence the user perceives and their willingness to suspend disbelief. Secgon
2.1.10 (@Dbserver Psychology and Agent Behaviour Interpretatiah and 2.1.11
(rerceived Emergencéin the literature review discuss theresearch that formed the
basis for thishypothesis and the choice tainclude participants with little or no gaming

experiencein the study.

The study was conducted in twoparts; an interactive study in which the participant
played against a set of agents of varying complexity and sophistication and an
observation study, in which the paticipant is asked to icentify and describe the key
behaviours of agents in a series of prototypes. Details on the design of this stuale

discussed in sectiorb.1.

3.2.1 ADDRESSING THRESEARCKQUESTIONS

The design of thestudy started with a set of quesbns that expand on the original

research questions defined in Chaptel.5 and complement the theoretical analysis of

the virtual agent in Chapter4 (A\daption of Braitenberg Vehicles for Gamés That

chapter discussesthe behaviour as it isenvisagedby the designer of the agent. It is

therefore an intended design. However, game Al is a us@entred discipline, which
OANOEOAO OEAO OEA OOAEAAOBehaiouEly @sAirdended OA OET 1

audience is included in the discussion of the Al architecture.
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The study therefore aims to compel AT 0 OEA AEOAOOOEIT 1T & OEA
design of an agent, with the perceptions of users interacting with the agent. A

significant part of this thesis contributes to the ongoing discussion on the use of

OAAT EAOAAE]I EOU AOE OA OE A@ualng bellevabilidy AGi@A AT A 1 A
agents. This empirical studyfocuses on thecriteria for believability from the literatu re

(Mateas 1997; Loyall 1997)presented in theformat suggested by research instrument

proposedby (Gomes2013).

Broadly speaking this study investigateshow users interpret agent behaviour and
whether this is different from how a designer intended it to le. In addition it also tries

to establish which facors affect this interpretation.

This study was designed to address the research questions discusseddmapter 1.5.
For this purpose the method aims to answethe following specific questions that

guided theexperimental design
Q1 $AGECTI A0 008 50A00686 AAEAOGET OO ET OA«
(T x Al OOAOO ET OAOPOAO AAEAOEI OO0 .

interpretation?

Q2 Measuring Believability (using metrics):
#Al xA E@AOEBAGE O AAT EAOAAEI EOU6 Ol
£l O OAAI EAOAAEI EOQOUd e

Q3 Believability Criteria (according to the users):

What do users think makes a virtual character more believable and fun t

interact with?

To address Q1Designer O 08  5bénAviddr interpretation:

The designer intended that more complex and sophisticated behaviour of the agent is

perceived as more believable by the users.
From the users, we want to know:

1 How is the increased complexity and sophistication of an agt perceived by
the users?
1 What effect do change agent behaviour have on their believability?

To address Q2Measuring Believability (using metrics):
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AA1 E A O Alde Bh@ dkdelopment of their agents. Here the use of such metrics

from the literature is explored.

With the user, we test:

T (1T x AEEAAOEOA AOA OAOEOAOEA &£ O AAI EAOAAE
questionnaire) at eliciting useful feedback on virtuahgent design from the
users?

9 Are the criteria interpreted unambiguously (i.e. in the same way) in the same
way by different users?

9 Are the criteria applicable to the agents tested?

To address Q3Believability Criteria (according to the users):

Aside from the believability criteria for virtual agents in interactive narratives (Mateas
1997; Loyall 1997, Gomes 2013, what other criteria might there be?
1 7TEAO AODPAA O Qresedratidniand Aehdvioud dodribute to the notion
I £ OAAI EAOAAEtheELéets®d AAAT OAET C
1T 7TEAO AOPAAOCO 1T &£ A CAIi A AAT OAOAAE OOODPAT C

3.2.2 EMPIRICALIMETHODS

The study consists of three parts: A formal games test, a questionnaire and an informal
prototype observation study. The particulars of these are detailed in Chapte3.2.4.
Each part is designed to address one of the overarching research questiostated in
Chapter1.5. Theseare based on the gameplay evaluation techniques employed in user
orientated development processes in the games industry. These in turn weradapted
from the HCI and psychology field and include technigues such as behavioural
observation, heuristic and questionnaire evaluation and interviews as well as

gameplay data analysis.

Qualitative Research

This research project aims to gather feedback on the interpretations of an existing

metric for believability as proposed by Gomes (2013) in order to investigate where

potential issues may arise due to misinterpretation or inapplicability of the metics.

The goal is to analyse the feedback from participantwho used these metrics to test a
OAOEAO 1T &£ DOl 01 OUPAO &I O OEAEO ET OAOPOAOAODE
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refinements to the questions where appropriate.The qualitative research may bea

precursor that allows more quantitative research on believability in virtual agents.

Think Aloud Technique

Participants were encouraged to verbalise their thoughts while testing the agent and
filling out the questionnaire. In conjunction with the questicnnaire data and gameplay
telemetry data, the audio recordings of participant feedback formed the main body of

data and were processed using content analysis techniques.

The think aloud technique can be difficult to apply. Participants may feel embarrassed

to speak to themselves when they are alone in a room. To make participants feel more
comfortable and further encourage vocal feedback, the researcher joined the
DAOOEAEDAT OO ET OEA 1 AA AT A AOEAA OEA PAOOE,
seemed paticularly affected by events in the game, or puzzled by questionnaire

questions.

Content Analysis

Bryman (2008) details content analysis techniques that process the data collected from
audio transcripts, video recordings and questionnaire responses gathed during the
experiment, by coding data into themes that emerge from the data itself. Processing the
same data several times, each time using the newly emerged themes the research can

discover trends and common opinions in the user responses.
Bryman (2008) suggests the following four stages of qualitative research:

1. Read Text, broad notes
2. Read again, highlight, find labels for codes, suggest analytic ideas.
3. Systematically Code the text
a. Eliminate repetition
b. Group nodes
4. Relate Theoretical ideas to text.
a. Interpret what was found
b. Identify relationships / interconnections
c. Keyideas
d. Relation to Research question

The objectivesof the content analysiswere twofold:
1. To identify potential issues with the existing believability metrics in particular
when used in thecontext of early prototyping of agents.
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2. To get feedback on the agent architectures in order to gain further insight into
xEAO PEATTI AT A OAOAAES OOOPATOEIT T 1T &£ AEC

criteria for believability.

Participants

To gather participarts for the usercentred study, apurposive snowball sampling
approacheswas used.The objective when sampling was to include paitipants that
had an interestin games development.e. aspiring game developers as well as user
with as little experience with games as possibléAs such this study did not require that
the participants have tobe experienced players themselvedRarticipants were mostly

recruited from the Computer Science division at the University of Brighton.

During the introductory lecture for Computer Science Games students the researcher
was introduced by the course leader. After a short introduction, the students were
invited to leave their email with the experimenter if they were interested in being
contacted when it was time for the staly. Other participants were recruited in a similar
fashion during lectures in the Atrtificial Intelligence module and two guest lectures at a
Masters Level research poster day and MSc Digital Media Production maunference,
which featured audiences from awider academic and demographic background.
Nielsen (1994) suggestsa group of at least 3 to 5participants when evaluating a
system using a qualitative approach.Of the 14 potential participants whose contact
details were gathered, 7 were able to take parin the study. Participants were aged

between 18 and 44 years old.

Lab Equipment

The study was carried out in a lab setting using the usability suite at the University of
Brighton. This suite features a room for the participant and an adjacent recording
room. The room for the participants can be observed via a otveay mirror from the
recording room. For this experiment, the experimenter sat in the room with the
participant, the recording room was only used to configure the camera equipment and

control the recording of the lab cameras.
Three cameras were set up in the room:

1. A side view showing the participants upper body. This perspective was used to
observe gestures and the hand movement of the participants while playing the

game.
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Original in Colour

2. A frontal view of the patticipants face and upper body. This was used to
identify facial expressions and body language during gameplay, as well as
gestures the participant used to explain their observations to the experimenter
in the interview.

3. A ceiling mounted camera filming ovethe shoulder of the participant. This was
to identify the subject of the conversation when the participant pointed at

objects on the screen.

In addition to the 3 cameras filming the participants, two screen captures were

recorded.

1. Alow-quality screen @pture, recorded using the usability lab equipment. This
was used solely to synchronise with the high quality screen capture.

2. Since the screen capture system in the lab was found to be of too low quality for
the analysis, a separate capture tool (Open Brdeast Software) was used to
record directly on the test machine. This was later synchronised with the lab

recording using the timer visible in the game.

Two audio recordings were made, using two microphones in the lab. As with the screen
capture, the audioequipment in the lab was of low quality, so a second microphone

was attached to the test computer.

1. Aroom microphone placed on the wall to the left of the participant.

2. A desk microphone placed between the participant and the experimenter.

Figure 3 below shows the lab and camera set up on the left and the screen capture

OAAT OAAA OOEiT ¢ O/ PAT " Ol AAAAOO 371 A£OxAOA®G

Figure 3 User experiment lab set up ( with kind permission of the participant)
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The video footage and audio recordings were imported into an Adobe Premier project,
where the separate streams were synchronisedrigure 4 OET x O ET x AAAE DAOO

recordings were organised into separate Adobe Premier Sequences.

Transcription

To facilitate transcription, the beginnings and ends of trials against the agents, as well

as the separate parts of the study were annotated using markers. Trials were labelled

with the trial number and the number of times a particular agenthad been played

against. So for example, as shown fRigure 4 OEA | AOEAO Ot twad AATT O
I OAOAT 1 h Dbl AUET ¢ Actmel 00 ACAT O O0!'6 A1 O OEA o
'TTOEAO Oi1T1 OEAO xAO OOAA £ O OOdi BAWEDOET 1
macros that allowed the experimenter to easily switch between Microsoft Word and

the Adobe Premier, as well as providing shortcuts for controlling the video playback.

\ - :

\ 329
\

4 A3
00:15:33:05

Opadity:Opacity

Volume:Level =

Figure 4 Composing video and audio in Adobe Premie r
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The experiments were transcribed in MicrosoftWord. The transcriptions included
everything that could be observed, for both the participant and the experimenter. This

included the following:

1 What they said

1 Significant actions, including gestures

i Facial xpressions and emotional reactions.
In addition, the transcription was annotated with contextual andimplied information
that would not otherwise be apparent from apure audio transcription. An important
examplefor this are deictic phrases; instances in hich participants would often just
OAEAO OI PAOOEAOI AO ACAT 6O AO OOEEO 11A6
to the transcription.

The format used for the transcript was the following

00:04:57:07 z Time codes were based on the timeline ithe Adobe Premier Project
after all the recordings have been synchronised.

The participant speaking was presented in normal font

[Participant actions, including gestures and emotional reactions i.e. laughing a
written in bracket]

The experimenter spking was presented in italic font

[Participant actions, including gestres and emotional reactions are written in italig
bracketg

71 OAO OEAO AT OI AT60 AA EAAT OEEEAA EOI I
(Additional annotations and implied meaningsuch as the subject of a conversation wa
transcribed in round brackets.)

Agent names are written in capitals i.e. GREEN agent

Figure 5 Transcription format

Example from Participants 4 transcript:

[Participant starts first game against Opponent A. Stays out of sight of the RED agg¢
until]

00:04:57:07
[120 Game Time]

'l OEGEOh O1 )&8i OEETEETI ¢ OEAO OEA AUAQ

[Gets caught for the first time at 160 Game time]
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[Manages to turn and evade at 178 Game time]
AHhhh [smiles]

Alright, he (A) speeds up as well when he sees me, which makes it a bit difficult. | like

00:05:16:05

Figure 6 Example transcription (Participant 4)

Annotations that reveal which agent the participant was referring to in a statement

were important for later analysis in NVivo 10.

Performance Data

As part of the performance metrics (Tullis and Albert 2013) gathered for this
experiment, the game prototypg O A O Oid PEkHage®012)recorded the position of
every object, coins collectedenemy Al state variablesand user interactionsat every

time step of the simulation. Each record had the following data:

Data Label Description

time Time stamp. Milliseconds passedince simulation start
seePlayer wwhether the Enemy sees the player

seenTime Number of milliseconds thatwhas been 1

sources Number of sources (Coins) left in the arena

playerX Player Vehicle X coordinate

playerY Player Vehicle Y coordinate

MoveTargetX X coordinate of Mouse cursowhen clicking or holding button
MoveTargetY Y coordinate of Mouse cursor when clicking or holding button
EnemyX Enemy Vehicle X coordinate

EnemyY Enemy Vehcile Y coordinate

behaviour I Behaviour bias value of Enemygent

behaviourChange| 3 Changein behaviour?

base —Base behaviour value

baseChange 3—Change in Base behaviour

baseChangeRate| — Rate of change in—

Table 2 Performance data gathered
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In addition to graphing the player and enemy paths, this data alsallowed us to
calculate other useful data, such as the score and the distance between the player and

enemy.

The data was saved in a CSV database file at the end of each trial. The filename
consisted of a timestamp, the mapping code (of agents to the labéisB, C), the agent

played against, whether the player had won the round and the score.
A 8 Dade_20145-9 Time 17 24 Code 201 training_win_B48 O 0 6

This data was captured in order to support the qualitative data gathered from the
participants and wasnot intended for statistical analysis. It is however useful to have
this data available, since it allows for some interesting views of the participants

behaviour, without having to review the captured video footage.

Player vs Target

0 200 400 600 800
0 1 1 1 J

100 Q\

200 - \—_:-—_7 Target
300 - % — Player
400

500 -
600

Figure 7 Mouse input (target) vs . agent position

Behavioural Data

In addition to recording audio, video recordings tlat show the upper body movements
and facial expressionf the participants was recorded. This data was primarily used
to guide the analysis of the audi transcripts since it allowed for easier identification of
the inflection and the meaning of what was said. Since participants were asked to be
critical, use of sarcasm and ironic comments was abundant. The video recordings made
these easier to identify.One of the cameraalso captured when participants pointed at
the screen, which helped to identify the subject of comments when the participants

were not being explicit in speech.
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During the transcription process significant physical reactions to game evén were
also noted. This revealed frustration andother emotional reactions that would

otherwise not have been captured.

3.2.3 PILOTSTUDY

Both the game prototype and the empirical methods for this study went through
several iterations and changes during a pilostudy. The participants during this period
included not only friends and research colleaguesvho tested the experimental
procedure, but also game developers and researchers at the Game Al conference in
Paris, including Ken Perlin and Bruce Blumberg, whoirkdly took the time to evaluate
the prototype agents.The following list of changes and additions were made based on

the feedback from the pilot study.

Game Design

The initial game design was a simple chase game, with multiple agents reacting to the
player-controlled agent in different ways. There was no objective to the game and the
participant was simply tasked with describing the behaviour of the autonomous
agents. Feedback from the testers was that the game was not engaging enough and that
it was difficult to focus on the behaviour of multiple agents at once. Feedback from
research colleagues also suggested that the game should include objective performance
measures i.e. a score of some kind that could be correlated to the purely subjective

behaviour interpretations that participants would give.

To address these concerns, the game was-designed as a competitive game played

against a single opponentThe objective was to evade the agent for as long as possible.

The score was that the time that the playespent not getting caught. Early responses to

this new approach were positive. The players found the game more engaging and spent

more time playing the game. However, since the objective was to merely hide from the

opponent agent, players quickly convergen a single strategy which involved hiding

in a corner of the game space and only moving if the opponent came too close.

4EA E£ET Al CAIi A AAOGECT EIT OO1T AGAAA | AAEAT EAO
games such asOEA A OA A APacMArD Ménic& 2080YDor the more recent

ET AAPAT AATO CAIT A O-TTAATd 7EA080 9i. @06 EO -
bl AUAO 11 x EAA OF AiT11AAO A OAOEAOG 1T £ OAT ET «
of the opponent. The scoring system underwent a few iterations asgell. Initially, only
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the time to collect all coins was taken into account. There was no penalty for the player
when they were seen by the opponent or were being chased, the game would only end
if the opponent agent came in contact with them. This causqaayers to simply focus

on collecting coins and disregard the enemy chasing them.

The final scoring system now added a time penalty when the player was seen by the
opponent agent, thus encouraging players to both evade them, while collecting the
coins asquickly as possible.To make this system transparent for the players, the user

interface shows two counters at the top of the screen, one for the time passed (in
seconds) and a second for the penalty time, which starts counting whenever the player

is within the field of view of the agent.

Controls

yTEOEAT T U OEA DPI AUAOGO ACAT O xAO Ai1 00111 AA
users found this extremely difficult to master. A new, direct mousédriven control

scheme was introduce, where the player wdd simply click on a location in the
environment and the agent would drive there and stop. This worked well for most

users, but there were issues wheplayers wanted their agent to drive in a curved path

instead of a straight line

The final control schene addressed this feedback by not only allowing players to click

on a location that they want their agent to move to, but also continue to hold the mouse
ABOOI T Al x1 AT A OAOACoe OEA OA Orghitered mofeAOET 1
amendment, visualizations were added to the game to show a green circle on the target
location when then player used the singleclick method and an arrow indicating the

direction of movement when using the clickand-hold method.

In addition to accommodating different control preferences an additional training
scenario was added to the game that let the participants practice the control scheme

without an opponent.

Opponent Selection

The game features three different enemy agents to be evaluated. In the first version of

the game simply cycled through opponents once the player won the round. There were

two issues with this approach. It did not afford the players the opportunity to impove

their score against an opponent they had already defeated and it also gave the
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impression to the players that each successive opponent would be more difficult than
the first.

To address the first issue, a menu screen was added that allowed users tesewhich
opponent they wanted to play against. Initially these were numbered 1, 2 and 3. This,
however, still gave the impression that the higher numbered opponents were more
difficult. The labels were changed to A, B and, ®ut even then some impressiorof
OANOGAT AA xAO AEEAAOET ¢ OEA OOAOGO OAI AAOEIT I
(what they thought was) difficulty.

To address this issue, a trick was used in the final game. The mapping between the
alphabetic labels was made configurable by the prrimenter prior to starting the
game. Thus the labels A, B and C led to different opponents for each participant. While
users still had the impression that these were in order of difficulty, between
participants this was not the case anymore. Feedback frothe users regarding agent
difficulty could thus be separated from the order of presentation, giving insights into

both sequence bias and agent difficulty.

In addition to these measures the scenario presented to the participants also
encouraged players tdface the opponents in any order and let them decide how many

times they wished to do so.

Questionnaire z Open Questions

One of the most important aspects of this study was to investigate how users described
the behaviour of the opponent agents in the gamand compare the terms and phrases
they used to the anthropomorphic Synthetic Psychology terminology used to develop

the agents

The initial prototype presented users with a list of terms to choose fronan approach
similar to Benedek and Miner Product Regtion cards (Benedek and Miner, 2002)
However,the pilot study showed that suggesting terms to the participants could induce
them perceiving these behavioursHowever, simply prompting them to describe the
behaviour of the agents in their own terms revead other issuesDescriptions focused
IT CAI A AOGAT 6O T EEA O(A OAAOG T A6 10 OCA AAO
during these situations.
The final questionnaire combines both approaches by prompting the participants to
AARAOAOEAA OEA aliobrin thek bwhdvords AblitEsuggests a short list of
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example terms. It also splis the question up into three questions that each focus on a
specific situation that can occur in the gamegncouraging more focused and detailed

responses from the users.

Questionnaire z Game Experience

The study needed to capture whethethe participants had prior experience with games

since this could significantly affect both their objective game performance and their
evaluation of the agents. During the pilot study partipants who the experimenter did

now know well, were asked what their experience was.

4EA OAODPI T OAO xAOA OOODPOEOEI ¢CI U OAOEAA8 311
games was secondhard, i.e. through their children or siblings. Others initially stated

OEAU AEA 1106 Pl AU CAi Abh AOO xEAT DOii pOAA
titles such as solitaire or games on their Smartphone, they confirmedlnlike books,

music or films, games are a medium that presents itself in a variety of different formats

Z some of which a not dedicated game playing devices. It seems that to some of these
DAOOEAEDAT OO OPI AUET ¢ CAI AbGo TAAT O T xTETC A
Based on this feedback the questions regarding games use were changed from simply

asking about he number of hours that participants played games, to asking more

specific questions about the nature of their relationship to games, including second

hand experience.

In addition, if the participant stated that they did have significant prior experience \vth

games, they were also prompted to list their favourite genres. This was included
AAAAOOA AobARAOEAT AR xEOE CAI AO ET CAT AOAT AT}
is equal across genres. Since the game used in the study is an action game, itthias

guestion that gave insight into whether their prior experience would impact their

objective performance in the game.

Agent Difficulty

Once the coin collecting/evasion game design had been settled on several refinements
to the agent behaviour had to benade. Since there was now a penalty for being spotted
by the opponent, the players got frustrated when it was not apparent to them when

this was the case.

101



, TTEETC O ET OPEOAOEIT »&OI i AiiilAOAEAI
AT TAG xAQOEMABAA T0E OEA CAIi A8 4EEO OET xAA
and changed its colour to red when the player was spotted. Initial feedback was
positive and players were more adept at avoiding the agent. However it also made the
game too easy, sinc@layers simply focused on the outline of the cone instead if the

opponent agent.

In the final prototype, the display of the cone varies with the behaviour state of the
ACAT1 68 7EAT OEA 1 pPITAT O EAOTI 8O0 ObPI OOAA
player, but as the player opponent notices the player, theone fades into view. This
compromise still gives the players enough feedback to avoid evasion, but forces them
to remember the range of the field of view and focuses their attention on the body of

the opponent agent.

Gameplay Feedback
The early prototypes of the game featured no sound effects or feedback when the
player either won or lost a round against an opponentin the final prototype several

effects were added to make failure clearer and sucse more satisfying.

A sound effectthat plays when the player collected coinsvas included to make each
coin collected feel like a little successTo increase the sense of urgency and prevent
players from having to look at the timer clock displayed on thacreen, a clockicking

sound effect was added.

In the pilot prototype the game also simply returned to the title screen when a round
was won or lost. Some users founthis confusing, since it sometimes happened that
they were just about to collect the final coin as the opponent caught up to thenThey
also did not have time to look at their score displayed on the screen before the game

returned to the title screen.

To address this the final gagmeD AOOAO AT A A OCAI A 1 OAdo

player is either caught or collects the firal coin. A crowd cheering sound effect plays

CAI A
OEA

OEA

OAOA

xEAT OEA PI AUAO x117 AT A A OEAAOOEAAITheOZAEIT OC

screen also displays the score of the player, including the number of coins remaining

when they lost or a congratulatory message when they won the game
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3.2.4 EXPERIMENTAPROCEDURE

Participants were asked to play against, compare and evaluate a series of 3 different
agents in the context of a simple cokutollection game. They were given the objeiste to
complete the game against each agent. The goal of the game is to collect all the coins

(16) in the game arena, while avoiding being seen by the red enemy agent.
At the beginning of the session, participants were handed the following materials:

1. A corsent form ensuring the ethical use data collected during the study, a
summary of the tasks to be performed and total duration of the study. Before
continuing this form had to be signed by the participant and the experimenter.

2. A Demographics questionnaire.

3. A Participant Script detailing the procedure of the experiment

4. A Questionnaire booklet, containing questions about the Game and the agents

After making sure the participants understood and agreed with the use of the gathered
data, they were asked to fill at the demographics sheet and then read the introduction

to the studyin the script.

The lab experiment was conducted in three parts. These are detailed below:

Part 1: Formal Games Test

The first part of the lab experiment consisted of ajameplay observaton study that
combined formal and informal methods to analyse participant behaviour and vocal
feedback while they played an adversarial game against three agents of varying

complexity.
Data Gathered

1. 50A006 O AAl OAOPI 1T OAO AOA OAAT OAAAS

2. 50A008 Adafhufet bnOided &nd transcribed alongside the audio
recording.

3. $A0A EO OAAT OAAA AU OEA CAIi A EOOAI &8
game users play against the Al, which can be used alongside the data from the
video and audio recordings.

Participants were asked to be vocal about any questions they had regarding the game

or the study itself. The experimenter would remain in the room during the study.

The script instructed the participants to assume the role of a member of a games
development team who has been tasked to review a prototype of a game. This specific

scenario was given to encourage the participants to not only respond with positive or
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negative comments on the game and the agent, but to think deeper and suggest how
they would improve the game. Fear of doing badly at the game was a sentiment

expressed by several participants before the trial. This scenario, which places the

participant in the role of a member of a development team was able to alleviate this

fear of being tested themselvesempowering participants and allowing them to focus

on the evaluation task.

Before pilot testing the method, it was intended that the participant plays one game
against each agent architecture and evaluates their experience using the questionnaire
provided after each trial. During the pilot study it became clear that participants
required more than just one trial to be able to make any statements about the game
and the enemy agent behaviour. While the participants still had to play against the
agents in orde, they were allowed to repeat trials to compare the agents and improve

their score.

Part 2: Questionnaire
Users are asked to fill out a questionnaire, answering questions about each of the agent
they play against and some general questions about their fiexences regarding the

game.

The datagatheredAT 1 OEOOO 1T £ AAAE Pl AUAOBO AT OxAOO Oi

1. ! OAO 1T &£ NOAOGOEITO 11 A ,EEAO0O0 OAAI A AAOG!
narratives (Mateas 1997; Loyall 1997 and presented in the format suggested
by Gomes(2013).

2. A set of three open questions asking the users to describe the behaviour of the
enemy agent in different game situations.
3. General and preferential questions regarding the game and the agents.
The participants filled out the questionnaire shet while they were evaluating the
agents. While participants had to play the agents in order, they were allowed to replay
previous agents and amend their answers to the questions on the questionnaire. If they

did amend questions, this was transcribed.

Participants were also encouraged to be vocal about any of the questions on the
guestionnaire. This is referred toas the metaevaluation of the questionnaire After the
participants had described theirown interpretation of the questions, the experimenter

would elucidate their meaning, according to the definitions by Gomes (2013). Tineeta
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evaluation was done to gather feedback on whether participants thought that the

guestions were unambiguous and suitable for agent evaluation and comparison.

Part 3: Informal Prototype Observation Study
After the analysis of a set of agents in the context of a game was completed, each user
was asked to look at a series of 5 prototypes. Each of these showcases groups of agents

in a variety of typical game scenarios.

Several d these prototypes showcase behaviours different from the ones the opponent
in the game in test 1 could perform. The objective of this test was to see how
participants interpret the behaviours of agents when simply observing them and not

playing against trem.

This test took a much more informal form than the previous study as it was meant to
encourage a more open conversation between the participant and the experimenter,
since the previous game study was regarded a hightensity task by most of the

partici pants.

In this test, participants were simply asked to describe the behaviour of the agents they
observed. The questionnaire sheet provided space to write notes. Participants were
advised that they could write down notes on their thoughts, but were encouged to

explain these to the experimenter, so that they can be captured in the transcript.

3.2.5 DATAANALYSIS

The data gathered during the user experiment was analysed using qualitative and
descriptive statistical methods. Even though statistical methods were afied to the
data gathered via the questionnaires, the number of participants that carried out the
experiment was too small to ensure statistical significance. However, a rich dataset
combining observational and qualitative interview data supported more n depth
analysis.

4EA 1 AOET A OOAA &£ O AAOA AT AT UOGEO EO AAOAA 1
research. Design of the sudy was informed by the research questions discussed in
(3.2.1 Addressing theResearch Questiond AtheAnitial expectations regarding the
outcome of the studydiscussed below With these in mind, an initial review of the data
revealed common themes and categories in the data, which were subsequently

organised into a prelimnary list of codes. The focus during the analysis was on
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discovering themes pertaining to theb A O O E Adéfiifloh Sotbélievability, criticisms
of the agents tested and their understanding of the questions posed in the

questionnaire.

Further review of the data using these codes refined these categories and themes to

form aset of classification codes.

The resulting classification scheme and the findings facilitated the formation of
theories about the relationship between Al developer design intenthe perception of
ACAT O AARAEAOGEI OO A&O01Ti OEA DPI AUAOSO PAOOPAAOGEC

of believability metrics in virtual agent research.

Data Available
The data sets that were analysed consisted of video transcriptions, questionnaire

responses and telemetry/performance data recorded by the game prototype.

In addition to transcribing what the participants said, the video transcriptions noted

DAOOEAEDAT 006 AAOEI T O AOOEI ¢ OEA AgbPAOEI AT O

body language ad facial expressions.

Multiple video streams included camera perspectives that showed the participants
posture, upper body (hand movements), their view of the screen (to identify what they
are pointing at) and facial expressions. In addition, a high quéafi screen capture of the

game was recorded, since the quality from the video cameras was quite low.

The videos were synchronised and composited using video editing software (Adobe
Premier). Two audio recordings were available; one room microphone mounteatthe
wall closest to the participant and one tablgop microphone placed between the
participant and the experimenter. Having two audio recordings to switch between was

helpful, since participants often spoke quietly when playing the game.

Figure 8 shows the different types of datathat were generated for each of the three

parts of the experiment:

106



PART 1 Gameplay Agent Evaluation

1. Participant Observation While Playing the Game
a. What they said
b. What they did
2. " AT APT AU O4hil Al AOGOUG A
a. Trial Time and Penalty (seen) time
Number of Coins, Score
Agent and Enemy Position throughout trial
User Input (Mouse Clicks)

oo o

PART 2 Questionnaire Feedback

1. Answers to questions
2. (Meta) Feedback on questions/believability criteria

PART 3 Informal Observation

1. Informal Observation Study Descriptions
2. Interactions with the prototypes

Figure 8 Data available for analysis

Agent Behaviour Description Predictions

An important aspect of this study is to compare how the participantsnierpret the
behaviour of the agents to how the behaviour was intended to be perceived by the
designer. Below is a list of the four agent types with a brief description of what

behaviour the designerintendedto implement. These will be referred to duringthe

AOGAI OAOGETT 1T &2/ OEA PAOOEAEDPAT OO6 MEAARAAAAAES
1. Binary Switch :

1 The binary switching agent is immediately aggressive when it sees the
bl AUAOh AOO O&I OCAOO6 AAT OO OEAI EOBOO
DAOOGEAEDPAT OO xElIl EI ORODOAD OOBBHO OAA T @E]

2. Continuous Switch :

1 The slower transition to the chasing behaviour is intended to show
OOOOPEAEIT 6 ET OEA DPI AUAO xEAT OEAU 1]
short time.

1 The slow decay of the behaviour bias back to the patrollingehaviour is
meant to convey the presence of short term memory.

3. Remap Behaviour :

I This agent is continuously changing its behaviour mappings during the
CAT A AT A OET OI A OEAOAZEI OA OAAT 1 AOO O

1 The behaviour mapping changes evg time the player collects a coin,
regardless whether the agent sees the player doing so. It is expected
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that participants interpret this as a form of long term memory and an
awareness of how many coins there are in the environment.

f When the primarybehae | OO0 EO A£O01 1 U OACCOAOOEOAGH
OOAT OEOCETT O xAOA OA@gbi |l OEi c6 xEAT EO
participants perceive thisAAEAOET 6O AO OET AT EAOAT 068

4. Adaptive Behaviour:

9 This agent initially ignores the player and actually avoids bmping into
OEAI xEEI A Agbi |l OET ¢C8 4EEO OET Ol A AA
OZOEAT AT U6 AAEAOGEI 608

1 When the player has been spotted stealing a few coins, the agent is
OOOOPEAEI 606 1T &£ OEAih AOO xEIl £ OCAO
quickly when the player is not in their field of view. This should be
DPAOAAEOAA AO OOOOPEAEI OO6 1 O OCOAOAAA,

1 When the player has collected most of the coins in the environment, the
ACAT 6 OEI O1 A OAAI OATcous AO OEA bl AU,
when it spots the player, even if thg manage to evade the field of view.

T 4EA AAT OA AAEAOET 00O OET OI A Ai 1T OAU A
OEA ACAT 080 EAAI ET ¢cOh OET AA OEA AcGAT O
friendly and only became hostile when the player stola front of them.

Initial Codes

Preliminary codes were defined at the beginning of content analysis. These would be

refined during the process, based on participant actions and responses sourced from

the audio transcript and video recordings of their behawur in the game and in person.

Two perspectives were assumed to guide the coding process. The first is the

perspective of the developer, who is interested in aspects that are considered

important about the agent and the game design. The second is the paestive of the

researcher, who would look for additional datarelating to the issues investigated by

the questionnaire that were not written down by the participants and also looks for

feedback on the questionnaire and experimental design itself.

From the perspective of the Al developer, the following expected codes where initially

proposed, whichfocus on the agent and game design:

Agent
9 Behaviour
1 Graphics
1 Intelligence
T Emotions
Game
9 Difficulty
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1 Controls
 Rules

Codes proposed from the perspective of the resezher included a list of all the
questions on the questionnaire sheet that was filled out by the participants during the

experiment. These codes are intended to captel additional responses to the questions

OEAO OEA DPAOOEAEDPAIT O A bédstiots@r cennte@sAthatdthex 1

participants had about the questionnaire questions or the experiment itselfThe latter

Al A

ATi T AT 606 AT A AOA 1 AAATTAA AO Oi AOAd OAODPI 1 OA

Refined Codes
Far more codes than initially expected merged from the data during the content

analysis process. Data was coded and-oeded in an iterative process asnore themes

and codes emerged. The codes were organised into two main branches, one for the

interactive study (game evaluation) and the other dr the observation study. The
interactive study codes were organised into feedback given while filling out the
questionnaire and the actions and speakloud protocol made while the participants
were playing the game. A total of 186 themes and subthemes veedefined over the
course of the analysis. The full list hierarchy of nodes can be seen in appendx2

Quser Experiment:Refined Code® 8

Apart from finding significant excerpts and categorizing theninto emerging themes, all
OEA DPAOOEAEDPAT OO OAOPITOAO xAOA Al OI
architecture they were describing. These nodes were used in conjunction with the

themes during the analysis process.

Initial Predictions

Before garting the thematic coding of the data, a series of predictions were noted that
would guide the initial steps of the analysis processPredictions 1-4 are based on
common difficulties involved in games user testing Especially participant skill and
potential pre-existing familiarity with similar games and control methods are factors
that can have a significant impact on the player experienceDuring the pilot study,
several balancing/difficulty and control method changes were made to the game
prototype to accommodate different users andminimize the effect of these factors.
However, they still need to be considered when qualifying user statements and test

performance results. Predictions 5-9 pertain to the perception of agent behaviour,
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