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Preface

We are delighted to welcome you to Dublin to participate in fheéngernational
Conference on Computer Games: Al, Animation, Mobile, Educational & Serious
Games. CGAMES is part of Game-On® International Conference of Wolverhampton
University, UK. We have the privilege this year to bring the conference to Dublin,
Ireland. The 7 event was held in CNBDI-Angouleme, France which was a huge
success and well supported. Ouf"l8ternational conference will be hosted by the
University of Louisville, Kentucky, USA, 25th-27th July 2007 and thé" 11
International event of CGAMES will be hosted by the University of Malaga, Spain.

The conference aims to bring together researchers, scientists, and games developers
from around the world to discuss advances in design methods, tools, programming
techniques, games concepts and their applications. The theme has been chosen to
reflect the major changes in the way in which digital games are developed and played.

We are very proud to announce that the conference has successfully maintained its
links with its sponsors and this year gained some new tBEE Computer Society

British Computer Society, Digital Games Research Association (DiGEo&)ety for
Modelling and Simulation (SCS), Irish Computer Society, Microsoft Ireland,
Enterprise Ireland, DIT School of Computing, DIT Faculty of Science and DIT Oifig
na Gaeilge.

The conference endeavours to help new researchers and MSc/MPhIl/PhD research
students to present their work to their peers and experts in the field in order to
improve the quality of their work in this exciting subject area. The quality of
submitted papers has been maintained at a high standard by having them reviewed by
our reviewers who have been delighted with the work produced by the authors. Our
special thanks go to the reviewers who have been most diligent in their task by
providing detailed and useful feedback to authors. The best papers will be reviewed
for possible inclusion in theternational Journal of Intelligent Games & Simulation
(1JIGS).

This conference has flourished as a result of the hard work put in by our colleagues in
Dublin. Our big thanks and appreciation go to them for their generosity, time and
effort in helping to organise this conference and provide invaluable support. We
particularly wish to thank the General Programme Chair, Dr Fred Mtenzi, Local Chair
Conference Organiser, Bryan Duggan, and Co-Local Chair Conference Organiser,
Hugh McAtamney. We would also like to thank the School of Computing, Dublin
Institute of Technology and the School of Computing & Information Technology,
University of Wolverhampton, UK, especially Dr. Brendan O’'Shea, Professor Matt
Hussey and Professor Rob Moreton for their generous support and enthusiasm.

We trust that you will all enjoy your stay in the vibrant and historic city of Dublin and
benefit from this conference by making new contacts for future mutual collaboration.

Quasim Mehdi, On Behalf of CGAMES Organising Committee
University of Wolverhampton, November 2006
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Fuzzy User Satisfaction in Games

Jeff Craighead
Institute for Safety, Security and Rescue Technology
University of South Florida
4202 E. Fowler Ave.
Tampa, FL, USA
craighea@cse.usf.edu

Abstract, This paper presents a fuzzy logic based satisfaction of players of the UnrealTournament 2004
method to track user satisfaction without the need for game. Section Il presents a review of recent work in the
devices to monitor users physiological conditions. User sat- area of user satisfaction and fuzzy logic based affective
isfaction is the key to any productes acceptance; computer . .
applications and video games provide a unique opportunity user mode!s. Section Il e?(plalnls the approach_ taken
to provide a tailored environment for each user to better for developing the fuzzy satisfaction tracker. Section IV
suit their needs. We have implemented a non-adaptive details the implementation of this system. Section V
fuzzy logic model of emotion, based on the emotional presents the results from one test run of the application.
component of the Fuzzy Logic Adaptive Model of Emotion  ginqly jn Section VI we conclude with a discussion of

(FLAME) proposed by El-Nasr, to estimate player emotion f loqi iable tool for iudai tisfacti
in UnrealTournament 2004. In this paper we describe the uzzylogic as a viable tool for judging user satistaction.

implementation of this system and present the results of
one of several play tests. Our research contradicts the Il RELATED WORK

current literature that suggests physiological measurements  This section contains a review of recent work in the
are needed. We show that it is possible to use a software a4 of determining user satisfaction. Popular methods
only method to estimate user emotion. . . .
in the literature are to attach to the user a device that

_ Index Terms Fuzzy Logic, User Satisfaction, Adapta-  measures some physiological condition such as heart
tion rate, brain activity, or skin conductivity. Several of the
works reviewed use fuzzy logic to fuse physiological
measurements in order to gauge a userss stress level.

User satisfaction is the key to any productes accep¥hile these methods can successfully measure user
tance; computer applications and video games providesatisfaction, they require the use of an external sensor.
unique opportunity to provide a tailored environment forhis makes them impractical for use in commercial
each user to better suit their needs. The question is hpwoducts.
to judge user satisfaction in an non-intrusive manner. Rani[1], [2] uses a fuzzy logic based measurement

Typical methods, such as those proposed by Rani[@] a useres heart rate in order to facilitate human robot
use external devices that can monitor heart rate, strésteraction. Rani states that a device measuring a useres
level, brain activity, and other physiological conditionsphysiological state could be built into a small wearable
The devices required to measure physiological condlevice, however this is not demonstrated in the paper.
tions are intrusive, requiring the user to be attached lostead the experiment was conducted using a MATLAB
a machine with several wires, wearing the device, or lyased system on a desktop PC. The system is able to
using a special controller. This approach is cumbersommaccessfully capture the useres anxiety level and send
to set up and would detract from the user experience this to a robot using an architecture based on Brookse
a commercial application. subsumption architecture[3]. The user is not directly

Online, affective tuning of an application using fuzzycontrolling the robot, but issuing commands to a semi-
logic to approximate a userss emotional state will allomutonomous system; when the user is under stress the
the application to provide the user with a better expeniebot activates a certain behavior. However, in the case of
ence, without the need for cumbersome wires or specaltypical computer application, the need for yet another
controllers. This paper presents a proof of concept fuziayput device is cumbersome. Ranies work shows that the
logic based method for tracking user satisfaction viaea of fuzzy logic based affect measurement is sound,
estimated emotional state. Our test case measures uséra nonintrusive implementation is needed.

| INTRODUCTION



Other work such as that presented by Conati[4] and 2) Kill others (score as much as possible)

ZhOU[S] attempt to ascertain the emotional state of Phese goa|s are affected by a set of six game p|ay
student playing an educational game. Conati examinghtistics. Each statistic represents the number of times
several physiological conditions, deciding on EMG ang particular event has occurred over a given period of
skin-conduction as the means of determining the playegge. This is necessary as our implementation does not
emotional state. One thlng noted is that these metrics UsBve direct access to the game engine.s event System_
a series of thresholds to determine the userss state, angth statistic is evaluated similarly to events in FLAME.
these thresholds change with each user. This requireg@zy logic is used to determine the magnitude of each
calibration routine to be performed for each user. Zhagtatisti¢. The set of statistics used is as follows: Kills,
attempts to assess user goals based on personality trgifs Per Minute, Kills Last Minute, Deaths, Deaths
and game interaction style using the OCC cognitiveer Minute, and Deaths Last Minute. After the statistics
theory of emoti0n3[6]. Personality traits were identi“eqire fuzzi‘ed they have a value that ranges from Very-
in a written test given before the study. In order tQow to VeryHigh. These values are then passed to the
evaluate the success of the real-time assessment, fili€;y emotion evaluation system, which determines the
students were given a survey after playing the game Wiglayeres emotional state.

guestions about their goals. Zhou shows that it is possibleThe playerss “nal emotion is based on two component
to assess user emotion based on game interaction @fﬁbtionS, Fear and Joy Fear and Joy are evaluated by
non-physiological metrics such as personality traits. Our set of fuzzy rules to determine which emotional state
method attempts to improve on these works by assessifg player is in. The six emotional states are: Gloating,
user emotion using only interaction and performangexcited, Complacent, Anxious, Angry, and Frustrated.

data obtained during game play. The emotion Fear is affected positively by statistics
involving Deaths. The emotion Joy is positively affected
Il A PPROACH by statistics involving Kills. Just as FLAME uses a decay

The work presented in this paper uses a scaled doWe for emotions, the statistics in our system decay over

version of the Fuzzy Logic Adaptive Model of Emotiont'me' Our statistics are based on kills or deaths per unit

(FLAME) developed by EI-Nasr, et al.[7]. EI-Nasr stateé’f time, thus the emotional system naturally decays if

that FLAME is a ecomputational model of emotionsN€ Players performance WOrSens.
Once the emotional state of the player has been

that can be incorporated into intelligent agents and other . L ! _
termined it is recorded in a log for analysis, we also

complex, interactive programsZ. FLAME allows an age v | ; . X
to learn about its environment via emotional attachmef{SPI2Y it on screen for testing purposes (see Figure 1).

to objects and interactions with other agents and useyg.h'le this |nformat_|on COU"?' be u§ed to change game
In this article we use a similar but less complex, norfU/es or bot behavior, that is outside the scope of this

adaptive fuzzy model of emotions to gain some insiglﬁ{apler' Sectlpn VldeSCUSSGS futubre WorI(; in which a full
into a human playerss emotional state. implementation of FLAME may be used.

FLAME consists of three components that allow an
agent to learn and make decisions based on emotions: IV IMPLEMENTATION

a learning component, an emotional component, and aQur system builds on the emotional component of El-
decision making component. We focus on the emotionglasres FLAME. The emotional model was implemented
component. It should be noted that unlike this worlgnd tested in UnrealTournament 2004[8]. The system
which adapts the emotional portion of FLAME to ayas implemented as a game mutator so that it could be
commercial video game, El-Nasr constructed an envised in any game typeDevelopment and testing took
ronment in which an agent using FLAME could interacplace using deathmatch type games.

with and learn about every facet of its environment. The fuzzy emotional system is based on the set of
FLAMEes emotional component is based on an agendgatistics listed in Section III. In addition to those listed,
goals and events that impact those goals. Events oc@erage Health and Most Kills Before Death were also
as the agent interacts with the environment and th®nsidered as potential mood altering statistics. While

emotional component assesses those eventse desirabiligyse two extra data items could potentially increase the
with respect to the agents goals. In our case we assume

the agent, a player in an FPS deathmatch game, has twtrhe magnitude of a statistic is relative to some game parameter.

goaIS' 2An UnrealTournament game type de‘nes the set of rules for
) ) ) the game. Default game types include deathmatch, capture-the-"ag,
1) Stay alive (prevent others from scoring) bombing run, etc.



kills each second and comparing that to the previous
value to get the number of kills in the last second. These
are saved in a 60 entry array and summed to get Kills
Last Minute. Kills Last Minute has the most effect on

Joy which causes the amount of Joy to quickly change
to match the players current state. Kills Last Minute is
fuzzi“ed using either 20% of the goal score or 5 as the
maximum.

Kills Per Minute - Kills Per Minute is the average
number of kills per minute the player has made during
the game. This serves as a short term memory of past
kills. Kills Per Minute has a slower decay rate than Kills
Last Minute. As the game progresses, the player must
keep killing other players for Kills Per Minute to remain
high. If the player is unable to maintain a certain kill

Fig. 1. Screen shot showing the emotional state of the player.  rate, Kills Per Minute begins to decay. Conversely, if a
player begins to kill more (has a high Kills Last Minute)
Kills Per Minute will increase. Kills Per Minute affects

accuracy of the fuzzy system, the additional complexitear less than Kills Last Minute, but more than Kills.

of the rule set is undesirable. As we will show irkjlis per Minute is fuzzi‘ed using either 20% of the
Section V the system performs adequately without themgea| score or 5 as the maximum.

Each of the statistics are fuzzi“ed using a similar
function. The result of the function is a fuzzy valuqS
representing the desirability of the statistic. The statisti
are given one of “ve values: VeryHigh, High, Medium
Low, and VeryLow. A VeryHigh fuzzy value is most

Deaths- As Kills is to Joy, Deaths is to Fear. Deaths
the total number of time a player has died during a
%Same. Deaths sets the baseline value for Fear and has the
'least effect over the course of a game. The maximum for

. . L . ormalization is 80% of the maximum number of lives
desirable for Kill statistics and least desirable for DeatE X

tatisti C . Vervl . ¢ desirable f player can have if this value is present. If max lives is
:[s)a |tsh|cs.t t.otr)versedy,l e{yd ow IEI n}os K'”eswtat' et' %ot set, 5 times the time limit is used allowing a player
caths statistics and feast desirable Tor Kl S1aliStics,, e up to 5 times per minute before reaching VeryHigh

Kills - Kills represents the total number of kills th(?Deaths. If neither a maximum lives or time limit is set,

player has, this is the score within the game. Kills iS/e set 25 deaths to be our maximum

directly accessible to the mutator as an integer valueD hs Last Mi Deaths Last Mi : ked
indicating the players score. Kills is fuzzi“ed based on eaths Last Minute Deaths Last Minute Is tracke

either the goal score for the game or the game tin%(actly like Kills Last Minute. The number of Deaths
limit if no goal score is de*ned. To fuzzify Kills, we are compared each second, and any difference is entered

“rst normalize the value with O being the minimum and’nto a 60 entry array. The values in the array are summed

the maximum based on goal score or time limit. Th iving the total number of player deaths occurring in

maximum for normalization is either 80% of the goa‘ e Iast. 60 secopd_s. Fear is _mo.st in“uenceq by D_eaths
Last Minute as it is a good indicator of brief periods

score, 3 times the time linfit or 15 kills. This value ” i . ber of lives i
is the baseline for the emotion Joy and is used as su?:%pq(?r performance. I a maximum number o ives 1S
ed in the game rules, we use 10% of this value as

because it is the indicator of player performance overtﬁ@\elzc" High Deaths Last Mi otherwi h
entire game. Kills is combined with Kills Last Minute® VeryHigh Deaths Last Minute. Otherwise, we choose

and Kills Per Minute in a fuzzy rule set to determine‘I5 deaths as a VeryHigh number of Deaths Last Minute.
Joy. Deaths Per Minute Deaths Per Minute is the average

Kills Last Minute- Kills Last Minute represents the Number of times the player has dies over the course of
number of kills made within the last 60 seconds of game. Deaths Per Minute has less of an effect on
game play. It is a measure of instantaneous performarfc@ar than Deaths Last Minute, but more of an effect
|dent|fy|ng periods Of p|ay Where a p|ayer iS performindhan Deaths. Deaths Per Minute is a gOOd indicator of
extremely well. Kills Last Minute is not provided by Past periods of high Fear levels. If the player has a

will increase. In a period of fewer deaths, Deaths Per

3The time limit is in minutes. Minute will decay. A Medium level of Deaths Per Minute

10



indicates that the player has at several points in the gamdn Figure 5 we can see that the player begins in
had a high death rate, or has had a constant rate of dedttes Complacent state. At roughly 15 seconds into the
throughout the game. If a maximum number of lives igame Transition 1. occurs; the player becomes Angry.
speci‘ed in the game rules, we use 10% of this value dsansition 1. is caused by an increase in Fear as seen
a VeryHigh Deaths Per Minute. Otherwise, we chooseif Figure 4. Transition 2. occurs around 30 seconds into
deaths as a VeryHigh number of Deaths Per Minute. the game. Fear transitions from VeryLow to Medium,
To fuzzify the game statistics it was necessary to inmost likely because they have just been killed. Joy
plement a function within the UnrealTournament mutatand Fear are at equal levels and the player becomes
that would normalize an integer value and return th@omplacent. Figure 3 shows Transition 2. Transition 3.
fuzzy set to which the value corresponds. A functionccurs at 45 seconds. The player becomes angry again
fuzzify () was created for this purposdéuzzify () because its Fear has reached VeryHigh. Transitions 4.
takes three argumentsiin, max andvalue It normalizes and 5. demonstrate the natural decay of emotions over
value based ommin and max then uses the normalizedtime. The player becomes Frustrated as Joy transitions
value in a set of if. . then statements and a maximizatiofrom Medium to Low and then to VeryLow. This is
function to determine fuzzy set membership. Note thésecause the player has not scored recently. In addition,
the numbers chosen for normalization limits are suli~ear remains at VeryHigh indicating that the player is
jective. They were chosen empirically based on testingpeatedly dying. Transitions 6. and 7. show a short spike
with several players. This is one parameter of the fuzag emotion from Frustrated to Angry as the playerss Joy
system that could be adjusted based on player skill mcreases to Medium because of one or more kills in a
game rules. Figure 2 shows the membership functioshort period of time. This Joy quickly wears off and the
used infuzzify (). These membership functions werelayer becomes Frustrated again. Transitions 8., 9., and
chosen arbitrarily to provide some overlap between sef. show a particularly high point in the game for the
Tuning the membership functions could provide a monglayer. Joy quickly rises to VeryHigh because of many
accurate estimation of player emotion. successive kills and Fear decays naturally. Transitions
11. through 18. show that while Joy is VeryHigh emotion
is still dependent on Fear. When Fear spikes because the
player dies, the playeres overall emotion dips until the
Fear of death decays.

Fig. 2. Fuzzy Membership Functions for Event Fuzzi“cation

V RESULTS Fig. 3. Transitions of Joy during game play.

This section will show that it is possible to design
a fuzzy system to estimate a useres emotional state
using in-game statistics. We present the results of a “ve
minute deathmatch game played with our fuzzy emotion
estimator active. The game was played with ten players,
we show results from one of these players.

The playerss statistics are shown using data from
the game log “le to present the transitions of Joy,. . .
Fear, and Emotion over the course of the game. Th'?sg' 4 Transitions of Fear during game play.
data is recorded for all players, however this player
was chosen because they reach every emotional state
possible. Figure 3 shows a graph of Joy, Figure 4 shows
a graph of Fear, and Figure 5 shows a graph of Emotion.We have shown that it is possible to estimate player
The transition points in the graphs have been numberedhotional state without monitoring physiological con-
so that changes in Joy and Fear can be identi“ed witlitions. We assume that a user in a positive emotional
corresponding changes in Emotion. state is satis“ed with their gaming experience. As with

VI CONCLUSION
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Jeff Craighead Jeff Craighead is a Doctoral
Candidate at the University of South Florida.
He received a B.S.C.S. from the University of
South Florida in 2004. Since that time he has
worked with Dr. Robin Murphyss Center for
Robot Assisted Search and Rescue and In-
stitute for Safety Security Rescue Technolo-

Fig. 5. Transitions of Emotion during game play. gies. His research interests include robotic
systems, human robot interaction, machine

learning, and serious games. Current research
) o . . involves the use of serious games for training
all fuzzy logic applications, the fuzzy conversion iSobot operators to successfully conduct urban search and rescue

subjective based on the opinion of a subject expert. ferations.

this case the subject expert was an experience player of

video games. Our experiment used a video game, Unre- REFERENCES

alTournament 2004, to test the fuzzy system proposeg. p. Rani, J. Sims, R. Brackin, and N. Sarkar, *Online stress
Video games present the user with a limited number of detection using psychophysiological signals for implicit human-
goals, thus making it easier to de“ne a fuzzy system 'raob;;ncio?eégﬁgrxgbAotlg?n\i/tch]I. ;r?a ﬁp'DGE}Bfﬁniioecg' detect.
estimate the useres emotional state based on ir1te|’<':1C'[|0r|irig robotic system’ .. towards i’mplicit human-robot collaboration,Z
and performance. Robotica vol. 22, pp. 85...95, 2004.

The sysiem proposed uses a simplfed version &1 %% Preeks, 1ot ayered canro syeem for 2 nobie
the Fuzzy Logic Adaptive Model of Emotion (FLAME)  no. 1. March 1986. ' '
demonstrated by EI-Nasr. The current implementation & C. Conati, R. Chabbal, and H. Maclaren, *A study on using bio-
our system uses a non-adaptive fuzzy logic model of JEIC Sersors o dtectng uer emotor i edcalona gaes
emotions. Due to the limited amount of data available attitude and Affects: Why, When and How? ». In conjunction with
from the game engine, our model consists of only 2 the 9th International Conference on User Modeli2903.
motvational states, Fear and Joy, which combine {3 i 2hau and C Conat sniering user gons from personay anc
determine one of “ve emotional states the game player international Conference on Intelligent User Interfac2603, pp.
is in. Those emotional states are Frustrated, Angry, 211...218. _ N
Complacent, Excited, and Gloating. The player begi?é] ﬁ]; Sr;tg;gn S ééﬁﬁﬁﬁé?”&n@égwﬁgi iggg‘t"’e Structure
each game in the Complacent state, and then based[gnu. s. El-Nasr, J. Yen, and T. R. Ioergér, -Fla'me—fuzzy logic
interaction with other ple}yers, rea}ches different levels of gdgfé:g \Elcad3el r?cf) eanotionz,%tog%r?ogz Atgﬁqngzraggol\gulti-Agent
Fear and_‘Joy’ thus _varylng emqtlonal states. L [8] -Lj/nrealtourﬁar’nen.t 28?)42 .[bnliné]. pAvailable: ht.tp://www.

We believe a full implementation of FLAME within @~ ynrealtournament.com/
video game or other application would eliminate some of
the subjectiveness surrounding the de“nition of goals and
motivations. The version of FLAME presented by El-

Nasr is able to learn about the environment to determine
which interactions bene“t or hurt an agent as well as
determine the goals of an agent by monitoring its actions.
While this type of system could be implemented in any
application, video games present the best case because
of the limited number of goals and interaction types a
user may have.

The bene“ts of a system such as the one presented
in this article are clear. The literature shows that an
application that can dynamically adapt to users goals
and interaction style is desired. However, existing work
suggests that physiological measurements are needed to
determine a users emotional state. Our research contra-
dicts this notion by estimating user emotion in software

only.
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Abstract:

This paper describes the development of a movement
based training game aimed at teaching users an
exercise program. This is achieved through analysing
body posture as the player performs the exercise
routine while concurrently receiving real-time
feedback from the game. An in-depth post game
feedback system also features, giving the player a
detailed account of their performance after
completing the exercise routine. Analysis of the
player$§ posture is achievday placing orientation
sensors on appropriate parts of the plafiecsly. The
game can then read and interpret data from these
sensors reconstructing a live 3D model of the plafers
posture. The game has the kinematic data of an expert
performing the current exercise routine stored in
memory, which is compared to the kinematic data of
the current player and ppopriate feedback is given

to aid the player in performing the exercise. The
theme of the prototype ganserrently developed is

that of a yoga training game (E-Yoga).

Keywords:&otion Capture, Real time motion
rendering, Biofeedback, Exercise Training,
Kinematics, Performance feedback, Orientation
Sensors,

I Background and&Introduction

With the increasingly sedentary lifestyles of modern
living, more and more people are suffering from
various musculoskeletal pathologies such as back
pain and neck pain. laddition obesity particularly
amongst children is emerging as the most serious
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health challenge of our times. Ironically in the light

of the contribution of this paper, computer and video
games have been identified as one of the main
culprits in contributing to the low level of exercise
engaged in by children in the developed world.
Therapeutic exercise programmes are advocated both
to prevent and treatelse physical conditions but
adherence levels to such programmes are poor.
Motivating people to participate in such exercise
programmes is a challenge. We feel creating a
computer game to increase the enjoyment during the
exercise and give feedback and encouragement
during the programme—bplHUV Y PRWLYDWLRQ
participate in therapeutic exercise programs can be
enhanced.

Current movement based games (i.e. EyeToy games)
are based on 2 dimensional movements and allow the
player to deviate from the desired exercise sequence
without direct warning or feedback. This can be

solved by tracking body movements using orientation
sensors and analyze all 3 dimensions of . @ D\HU V {
movement. We utilized commercial orientation

sensors "1™ to develop a prototype game with the

view of integrating our own low cost sensors 2™ at a
later date.

The theme of the currently developed game is that of
a yoga training game. Kinematic data of a yoga

expert performing the sun salutation yoga exercise
sequence was recorded by equipping a trained yoga
teacher (i.e. the expert) with the orientation sensors
and recording the kinematic data of the sequence (see
Figure 1) 7KH H[SH Usokeq irGHe \&yEten vV



and a player$§performance of the routine is
calculated using a comparison system between the

playervdnd expert/ 1 NLQHP.DWLF GDWD

Figure 1 Expert trainingposes for Sun Salutation
sequence.

The graphics and 3D environment of E-Yoga were
designed with the aim giving the game a relaxing
feel. The game was developed using the Directs 9
API within a managed environment using C»> as the
development language. The main contribution of
this paper is the design and building of a real time
kinematic feedback application capable of live
motion rendering and feedback.

Il Development

The development of the game can be divided into two

components. (1) Motion capture development using

orientation sensors and (2) development of the game

framework, engine and graphics. Each of these two
components will now be described:

Motion Capture Engine:
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Ten orientation sensors aresdsas the basis of the
kinematic sensor system for the development of the
game. The Ssens Mtx sensor, seen in Figure 1, is the
sensor used for the current version of the system.

Each Ssens sensor is a small lightweight sensor

which detects 3 dimensional orientation using 2
accelerometers, a magnetometer and a gyroscope “3™.,

Figure 2 MTx orientation tracker

Each of the ten sensors is connected to a small
wearable base unit which sends data to the motion
capture engine via Bluetooth. If each of the sensors is
placed on appropriate parts of the body, the
orientation of each part can be tracked dynamically.
Using this data it is thepossible to animate a 3D
character model mimicking the movements of the
player wearing the orientation sensors.

When modelling a 3D character for animation, the
model is set up such that the bones of the character
are in a hierarchical tree stture with the hips being
the root of the tree "0e™. This data structure means that
aERQHVYT BHEestrided RMtive to its parent
bone. However, each of the orientation devices
detects its orientation relative to the global world
meaning that some computat must be applied to

the raw output of each sensor before the
corresponding bone in the 3D model can be
repositioned to a new orientation. The motion capture
engine developed here does all orientation
calculations using quaternion algebra™5™. To
calculate the orientation efbone relative to its

parent bone the following equations are used:

1
qrelative qraw q parentRaw (1)

Where:

q do 10, Jja, kg
do o O O

)



Where @, is the quaternion representing the global
orientation of the current sensor ang&irawS the
guaternion representing the global orientation of the
parent sensor of the current sensor.

Using these equations we can now calculate a
guaternion for each borie describe its orientation
relative its parent, and in tloase of the root bone its

RULHQWDWLRQ LV GHILQHG E\ WKH FRUUHVSRQGLQJ VHQVRUVY

raw output only as it has no parent. The game is
developed using the DirectS 9 API, therefore all
movements of objects within the environment must

be defined as a rotati@nd translation using
homogenous matrices "6™. To convert the quaternion
calculated in (1) to a rotatiamatrix that can be used

to rotate a particular bone within the game
environment, (3) is used "5™:

205 207 1 20,0, 20,0, 20,0, 20,0,
M 20,0, 29,0, 205 20; 1 20,0, 20,0,
20,0, 2000, 20,05 2000, 20, 205 1

(3)

In order for the 3D character model to accurately
mimic the player§imovements, the game must
perform some calibration. The calibration consists of
getting the player to stand upright with legs straight,
arms parallel to the ground and looking straight. Then
to calibrate, the sesors are reset having the effect of
setting the current orientation of all sensors to zero
degrees rotation about alles setting the origin pose
for the player. All orientation changes made to the
sensors, and thus the corresponding bone on the 3D
model, will be made relative to the same origin pose.
Therefore the 3D model now mimics the playgrs
movement.

This motion capture engine is utilized within a game
architecture to playback livend recorded motion, to
record motion and to anale and give feedback on
motion. An overview ofhis game architecture is
provided in the next section. Figure ce shows the
motion capture engine in operation within the game
system.
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Figure 3 Real Time Motion Capture and Rendering

Game Engine / System Design

A game was developed to utilize the motion capture
engine. The aim of the game is to teach players,
wearing the motion sensors, an exercise routine by
analyzing players movement and giving feedback. A
screenshot of the game can be seen in Figure 3.

Figure 4 In game displajxpert in a Yoga pose
(Pose 8: Downward facing dog pose)

The game system consists of the following main
components:

1. Game Engine

This module manages creation of game modules,
communication between game modules, input via



mouse and keyboard, timing and rendering to the

screen.

2. User Interface Modules

Modules which render user interface graphics and
manage user input via buttons and text boxes.

3. In-game Controller

When in game mode the game can be in one of four
different states at any given time:

Calibrate Mode

The character model is animated using live
§sens data. A button isrpvided so users
can invoke sensor calibration. After a
successful calibratiothe 3D character
model will mimic player movement.

Expert Playback Mode

The character model is animated using pre-
recorded expert kineatic data and an audio
description of each milestone pose is played
at the beginning of each milestone sequence.

Live Mode

The character model is animated using pre-
recorded expert kinematic data, while
kinematic data for live player is being
retrieved and stored in background. The
experts exercise sequence contains a number
of milestone poses which the player must
perform before progressing (see Figure 1 for
the 12 milestone poses for the sun salutation
sequence). On completing each milestone
pose, an audio plaack encourages the
player to the next pose. After completing the
motion sequence, offline analysis is

The character model is animated using pre-
recorded data recorded during the live mode i.e.
playback of users motion.

ce. Character Renderer

Creates a character 3D mofteim a specified .S file
and animates the charactevagi data from a specific
instance of a Motion interface module (see below for
Motion interface module description).

5. Motion Interface Module

This module provides kinematic data to the character
renderer object from live Ssens sensors or pre-
recorded Ssens data. A choice of 2 constructor
overloads determines the source of the kinematic
data. These two calls fe€t the two possible modes

of operation for the motion interface module. The
first mode sets up the objexo that data is retrieved
from the set of live Ssens sensors and relative
orientation calculations aperformed on the data.

The second mode sets up the object so that data is
retrieved from a specifiepgre-recorded motion file.
Regardless of the mode, data is retrieved by the
calling object in the same manner, that is, a method is
called with the input being an instance of a bone

enumerator. The enumerator specifie& LFK ERQH VT

kinematic data is to be rehed. As a result, different
instances of motion interface modules can be easily
interchanged within the alnacter render module,
therefore changing between live animation and pre-
recorded animation can be doim a transparent way.

6. Motion storage and control module

This module manages the loading and saving of
kinematic data to and fromdi. When parsing from a
file, kinematic data is stored in a 2D array with each
row of the array corresponding to a single frame of
animation. Associated with each frame of animation

performed onWKH SOD\HUV T NLQH PiDatime, idisatiig when that frame should be used

This is achieved by comparing data to that
of the expert. Feedback on performance is
then given and a detailed breakdown of the
S O D \petfovhsance is displayed.

Player Playback Mode
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to animate the 3D characterodel, and a marker.

Each motion sequence contains milestone postures

which players must perform before progressing. The
marker is used to indicate if the corresponding frame
is or is not a milestone pose.

The motion object also controls frame timing. This is
achieved by monitoring the amount of time elapsed



since the last frame was returned to the motion
interface module. Using this value it can calculate
which frame to play next using the timing data
associated with each frame. When in live mode and
retrieving data from an expert sequence, the
get_framemethod requires an extra Boolean
parameter specifying whether or not the player is in
the same pose as the expert. If the expert is currently
in a milestone pose then the time will not be
advanced until such time as the player performs the
same pose.

7. Environment Renderer

Manages loading andnidering of the 3D
environment, lighting and camera position.

«. Player Info storage and control module

Manages storing, loadijnand creating player
accounts.

9. Offline Feedback

After completing a motion sequence, the players
motion data is saved and loaded in a motion object.
The offline feedback takes as input both the players
and the experts motion object and calculates
performance values for each of the sequences
between milestones (ce). Currently this figure is
calculated using a distanoeetric in Euler space.

NumBones £

'L‘P” Ew‘ \P . E,v]‘ \P . E

MileStong, ; il

PoseSequeaRating

NumBones MileStong , MileStong

i Milestong
(ce)

Where E represents Expert, P represents Player,

player to learn, and get feedback on, an exercise
routine such as a yoga routine. It has been shown that
the posture of a persavearing orientation sensors,
positioned at different parts of the body, can be
modelled and analysed by the system. Modelling and
analyzing a sequence of postures performed by an
expert and an aateur (i.e. the player) and comparing
the results can be used as the basis for a feedback
system.
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In addition a timing rating and a smoothness score is
calculated for the sequence. The smoothness score is
determined through differentiation and comparative
analysis of the respective movement loci.

I11&&Conclusion&

In this paper we have demonstrated the possibility of
a movement based biofeedback system allowing a
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Abstract

This paper incorporates a review of current
methods for integrating body movement or

physical activity into computer gamesand a
rationale for a new approach in this genre.
Computergamesare frequentlyimplicatedin the
increasingsedentarynature of modernlifestyles
and associated problems such as childhood
obesity.Any measureshat help to incorporate
physicalexerciseinto computergameswill help
to advance the notion that they can be usedto

promote rather than hinder health.Current
approachedo integrating physicalexerciseinto

gamescan be divided into 2 categories (1)

camera based tracking of gross 2-D body
movementand, (2) sensorbasedtracking of 2 or

3-D kinematicsof regional body segmentsThese
approachesare appropriatefor their meansyet
they do not permit integration of whole body 3-

dimensional kinematics into a computer
game.SQuch a systemshould have the capability

to monitor 3-D kinematics from all body
segmentsand reconstructthe bodys movement
in realtime on screenlntegration of
physiological sensors could augment the
kinematicdatato add featuresto the game.This
approachto gamingcould be usedto guideand
analyse a user while performing a series of
exercisessuch as Yoga or Pilates and give
feedback both during and after the exercise
regimeto helpimprove future performance.

KeyWords
Computer Game Serious Games Exerise
Motion Capture Biofeedback

1. Intro duction and Background

Regular physical activity is associatd with
erhancel healh and reduced mortality [1-4].
Along with the impact on preventingmortality,
physical activity has many diseaseprevention
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benefits including reduced risk of cardiovascular
disease [5-6] ard stroke [7-9]. Despite these
benefitsof regularphysical activity manypeople
still fail to engagein the recommerded amounts
of physical activity (30 minutes of moderate-
intensityactivity on 5 or more daysperweek 20
minutes of vigorous-intensityactivity on 3 or
moredaysperweek)[10].

Playing computer games has been
associaté with many healh problems
particularlyamongchildren ard adolescentsThe
salentarynatureof using only the movementof
fingers and thumbs to manipulate hard held
controllersor keyboads while playing computer
gamesresultsin hoursof inactivity usuallyspent
sitting. Studies outlining some of the problems
associaté with playing computergamesin the
pastinclude wrist pain [11], hard arm vibration
syrdrome [12], neck pain [13], ard repetitive
strain injuries [14]. However computergames
for exercise where the players own body
actuallytakesthe placeof the mouseor joystick
arenow being developel ard caninsteal lead to
manyhealth benefits

These exercise games such as the
EyeToy: Kinetic or Dance Mat Revolution for
the SonyPlaystatio®2 (PS2)consoleencourage
players to perform physical exercise in an
ernjoyable fashion. These games capture the
players body movementsard use it as input
control during virtual exercise games ard
classes Virtual reality-type gamesare typically
employal wherethe playercanseethemselveor
an animatel avatarmimicking their movements
on-screenn a computer-generateenvironment
Engagingwith a gamein this fashion makesthe
exercise experience more erjoyable therefore
increasingtheir motivation to participate [15].
Inadequate knowledge of how to perform
exercisemay often limit peoplefrom taking part
but thesegamesdemonstratenow to performthe
exerciseso the player can copy the movements
Oe<Connor[15] in a study involving wheeldair
users using a purpose built roller system



interface(GAME""™® to play Need for Spee |1
(Electronic Arts, Inc) showed a significantly
higher level of exerciseintensity was achieved
during the computer game compare to the
control comdition of exercising without any
game There was also a self-reporté increasd
motivation to partakein wheeldair propulsion
exerciseshown in participants This suggestshat
sud systemscan provide a very engagingand
motivatingform of physicalexerciseraining

Section 2 will give an exposition of
currenttechnologiesin use for sud integration
while Section 3 proposesa more advancel
metod of motion capture in that could be
implemente in gaming

2. Existing Approaches to Integrate
Exercise ard Computer Games

There are many movement basel human
computerinterfaceson the market Theseinclude
camera-bask systems and position sensor
systemsPositionsensorsystemsnclude systems
with a single sensorworn on the body at a key
referencepoint (usually worn on a belt arourd
the waist) or dancemats All approabes work
well in adieving instantaneoudeedback ard
interactionwith onscreerobjects

In camerabasel computer gamesthe
player can view themselves in a virtual
environment as they interact with on-screen
objectsin real-time Gamesare quite simpleand
usually involve the tracking or evasionof on-
screerpbjects For examplethe SonyEyeT oy for
the PS2employsa single USB camerato place
the playerin an on screenenvironment Games
suct asEyeToy: Kinetic featurea host of fithess
exercisesranging from combat games where
players must use their limbs to hit specific
moving targetsto exercise programmeswhere
the player must copy the on screen virtual
personaltrainer. Performancerating scorescan
be recoded for gameswhere on screentargets
haveto be hit.

Gesturdek Inc’ h ave produced many
camera-enabte computer control systems The
Gesxtremesystemis a virtual reality-type game
where the player can also seetheir virtual body
on-screenard interact with objectsto play the
games The IREX exercisesystem by the same
company is usel as a tool in physical
rehabilitation and is alsoa camera-basksystem
While these sorts of camera-bask systemsare
very engagingfrom an interactionpoint of view
the problemis that they can only track gross

25

body movementsn a single 2-dimensional(2-D
plane(up-down and left-right). It lacksa senseof
3-dimensional(3-D) immersion The addition of
this deph dmension would allow far more
realistic and challenging physical interaction
with the gamingexperience

The Cybex  Traze® (Cybex
International Inc.) employs a single infrared
beacommountel on a belt worn arourd the waist
of the player The position of this sensoris
monitorel by the tracker bar of the systemto
capturemotion of the playerwhich canmovean
on-screenavatar as one rigid block to play
various drills and games Heart rate is also
monitored through sensordocatel in the belt in
this system and information relayal to the
computer

Dance mats are usal in gameshave a
number of sensorslocated at specific sections
These are usel sensepressureard therefore
identify when the foot is placel over them
During thesegamessuc as Dance Factory for
the PS2 or Dancing StageUnleasied’ for the
XBOX Live, the playermuststeponanarrowon
the matto matd the on-screerdirectionalarrow
while listeningto musicand pressthe feeton the
correct areaof the dancemat controller at the
correcttime. Spea ard timing areimportantard
increaseahroudh the difficulty levels

Although these systemsmeetthe goals
of eadr game successfully they lack the
capability to capturedetailed human movement
and administer accurate biofeadback on
individual body segmentAll humanmotionis 3-
D therefore requiring some form of discreet
motion tracking These systemsare only useful
for cardiovasculartype exerciseasthey have no
discreet movement analysis capability and
therefore they cannotbe usal in gameswhere
accurate measuremenbf body alignment ard
posture is requirad in order to judge player
performance This meansthat gamesbasel on
movementtherapiesor martial arts cannothave
an accuratescoring systembasel on full body
movementswith currentapproabes For this to
be achieved a metod of quantitativelytracking
the differentlimb segmentsnustbeemployel.

3. A More Expansve Approach:
Whole Body Kinematics

Advancal motion capture technologies that
analyse discreet body movements have been
continuouslydevelopel ard improvel in recent
years These are utlised to study the



biomedanicsof the humanbody ard investigate
clinical problems aswell asto provide realistic
animation for the entertainmentindustry. This
hasusuallytakenplacein alaboratorysettingbut
technologiesare increasinglybeing employal in
peoples natural environmentsat home at work
ard during sportingparticipation

The most commonly used method for
accurate capture of 3-D movement require
attadment of markersor fixtures on the skines
surface of the segmentbeing analysé [16]
(Figure 3.1). Theseare usal to derive data on
position and orientationof joints Physiological
sensorscould also be utilised to monitor heart
rateor breahing rateduring the exercise

Camera

/

M arkers

/

Figure3.1 Laboratorybasel Motion analysis

Integrating kinematic analysis
technology into computer games for physical
activity would bring this type of gamingto a
higher level. Detailed analysisof joint movement
would allow a virtual personaltrainer to give
more effective instantaneoudeedback on the
posturesand movementsachieved during the
gameplay Userscan be guided throuch a series
of exercisesard receiveimmediate and accurate
feedback regading the quality of their
performancebase&l on a combination of their
movement and physiological indicators The
systemcould then serveas an educationaltool
for learning movement basel exercise
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techniques Objective measuresof performance
over successivesessionsvith the gamecould be
recoded and progression of performanceé
mappe overtime. It could be arguel that suc a
systemis preferableto a personalnstructorasit
offers a greaterlevel of accuracyin judging the
quality of movementard physiological control
than would be visible to the nakel eye It also
allows the userto be lessself-consciousn their
engagementvith the exerciseas they can play
the gamein the privacy of their own home

All  human motion is 3-D therefore
requiringsomeform of discreetmotiontracking
This means that games basel on movement
therapiesor martial arts are not possiblewith
current approabes Obviously, exterding the
scope of the computer gaming spectrum to
include this type of exercisewould be beneficial
to encouragegreaterlevels of participation in
exercise designel to improve mind and body
function aswell asthe cardiovascularaspectsf
fitness that are caterel for in existing gaming
technology.

4. DesignFeatures

From the aforedescribel dscussion it is
apparenthat whole body trackingis pehapsthe
next step forward for physical movement
controllers To this erd then we tentatively
suggest some basic components ard
specificationsfor sud systemsard how the
gamewill be designel.

4.1.Motion and Physiological Sensors
For robust 3-D motion tracking an orientation
sensolis preferableasit caneasilybe applied to
a body segmentand will produce continuous
movementdata without the neel to be sin-viewe
of a cameraat all timesassomemarkersystems
require In selectinga sensorit is importantto
mentionthe difficulties that may be encountere
such astolerance fidelity or noisewith the data
From work others ard ourselves have done
previously we would suggestthe use of 3-D
accelerometergor this purpose[17]. A body
sensometworkof onesensoron ead of the shin,
thigh, forearmard upperarm alongwith oneon
the backand hea is the minimum requirement
Physiological sensorsto monitor heart ard
breahing rate may also be included in the
system

The sensorcanbe embelded in alycra
garmentwhich will be worn by the playerduring
the gameplay The continuousdevelopmentof
smartfabrics which are have sensingmaterials



either coata&l on or wovenin the textile structure
may eventuallylead to the possibility of using
textile-basd sensors

4.2. Wireless Interface

A tetherlesscontrollerwould in our opinionbe
moresuitablefor sud a devicethat current
wired systemssud asGamd rak havenot
adhieved. This would allow freedom to perform
exercisesvithout the restrictivewiresor cables
Indee controllersfor all the nextgeneration
gamesconsolegXbox 360, PS3 Revolution)are
all wireless Clearlythis is what we wantto see
thenin anysensotbasel kinematiccontroller.

4.3. Software

Softwarewill processsensordatain real-timeto

administer audio ard visual biofeedback to the

usersalong with recoding data for post game
analysis This will be basel on their performance
in the game(i.e. how closethe playeris to the

correct postures throughout the exercise
programme)againstpre defined expertlevel of

performance Modifiable programmesto meet
the goals ard capabilities of all agescan be

included. Gamesdesignerscan incorporatethis

into the gameausingtheir own creativity.

4.4.Playing the game

Playing the game will require wearing the
sensor-bagk garment as the human computer
interface Initial calibrationof the sensorwill be
required before the game begins ard screen
display will instruct the player to calibration
position Progressionmapping of performance
over time will be usal to generateshort-term
goalsfor players Applicationsfor sucdh a game
include training to improve cardiovascular
fitness and endurance reaction time, spatial
awareness physical rehabilitation and injury
preventionprogrammes

4.5.0bstacles awl Limitations

With the largeamountof input datafrom sensors
a large amountof real-time processingwill be

requirel by the system Cost effective hardware

must be producible so an affordable systemcan

be repraduced. Also, performancedata must be

generatd from analysingexpertsperformingthe

exercisedor the gamego be designel.

5. Conclusion

Detailed motion capture ard physiological
monitoring technologiesemployel to give real-
time visual ard aulio feedback could be
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employel to design the next generation of
computer games for exercise Such a system
could accurately progress a player through
increasing difficulty levels and eventually be
usel as a training device during movement
rehabilitation
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Abstract:

Integration of whole body movements with virtual
reality environments and computer games has many
benefits for exercise training and rehabilitation. Such
applications can serve as a virtual personal trainer for
different exercise therapies. Current examples of this

are based on provision of visual feedback to the user
via a webcam yet these allow the playerto deviate
from the desired exercise sequence without direct

warning or feedback. This can be solved by tracking

body movements using orientation sensors. However,

tracking and providing real time feedback for whole

body movements for exercise therapies such as Yoga
can prove very complex and require the use of a large
number of sensors on body segments. In this paper we

describe a methodological approachhat can facilitate

the development of a body movement driven Yoga

exercise computer game that can discriminate player

performance level with the wuse of minimum
instrumentation.
Key Words: computer game therapeutic exercise

kinematics performancdevel, joint angulardisplacement
wearable feedback system yoga sensors minimum
instrumentation3D motion capture

. Background & Purpose

Therapiessud as yoga have beenshown to have many
therapeuticbenefitsin rehabilitation including erhancing
posturalawarenessand reducing chronic pain & stress
This paperreportson studies and analyseson movement
basel relaxationactivities sut as Yoga with the aim of

determining biomedanical correlatesof action fidelity

that can be harnessé to automatesome aspectsof the
instructioncycle in the form of a gamingsystem This

work feeds into a technical project discussd elsevhere

which is *The E-motion System (a movement-base
biofeadback application) to developa computergamein

which the playews performanceis determine by their

ability to masteroneof thesephysicalartsand in doing so
bring about a state of mental relaxation A wireless

unobtrusivegarment-basel physiological ard kinematic
measurementsystem provides our primary method of

communicationwith the game This lightweight garment
will ultimately monitor heartand breahing rate muscle
activity and alignmentof body segmentsaising embelded

inventad miniaturesensors
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A typical scenarioof the final gamecould be that the
playerwearsthe suit fitted with motion tracking sensors
On the screenwill be an animation of a yoga expert
guiding the playerthrough the different yoga poses This
guidancewill be given visually on the screenard also
instructionswill be given through awdio. The player will

then follow the instructionsfrom the computergameto
correctly performthe yogaposes The sensorsembelded
in the suit worn by the player will continuously give
feedbackto the gameasto the playess positionarnd where
ead part of the body is in real time. As the feedbackis
monitored from the sensorswithin the suit the gamewiill

know if for examplethe playeers kneesare flexed in a
particular yoga pose when they should be mid-range
Verbal instructionswill then be given to the player to
reducethe flexion of their knee This artificial intelligence
will characteriseand monitor the playess performancen

the gameand be ableto give thema score Also a players
skill and level of performancewill be remembere sothat
whenthe playergoesbackto play the game the gamewiill

know how to instructthem further to performthe correct
yoga pose so the gamewill act as a virtual trainer for

yoga

In the game successis determinel by the player
repralucing the physical posturegisplayed by a animatel
model on the screenwhilst still maintaininga relaxed ard
controlled breahing pattern Feedback is provided by
meansof reprauction of the playess body image on
screen Quality of movementard posture and degreeof
mentalrelaxationwill determinethe players performance
This systemcould be usal by patients suffering from
many conditions including stress anxiety disorder ard
chronic pain The envisagd completesystemcould also
eventuallylead to the developmeniof wearablefeedback
training systemdor other exercisetherapiessuc as core
stability training.

Clearly one of the most significant challengesin sud a
projectis the developmenbf an expertsystemcapableof
rating and classifyinguserinput with respectto varying
levels of performance In addition graded progression
from novice to expertpractitionerhasto be incorporate
for playability purposes Laterstagesof the projectwill
involve designof methods for processingf userinput to
affect changesin the game state of the virtual reality
applicationto facilitate an effort free feedback process
The final partof this whole projectwill bethe designof a
suitablevirtual reality game e.g. *The E-motion System,
which would erhance and augmentthe experienceof



Yogaor other therapiesfor a userthrough the facilitation

of incrementalimprovementrecognitionand appropriate
gameprogressiorstrategies The primary contribution of

this paper howeveris the developmentof a knowledge

base from which heuristics regading biomedanical
correlatesof effective yogic positionscan be ascertaineg

for the purposesof game developmentsn this area In

particularwe show how the required numbersof sensors
for adequateassessmertf Yogaposturedor suc agame
can be significantly reduced through thorouch

biomedanicalanalysis

The restof the paperis composed as follows: Sectionll
Method overview, Section Il Methods, Section IV
Results SectionV Conclusion Section VI Discussion
SectionVIl Referencegnding with SectionVIIl Authores

Biography.
Il Method Overview

A 6 camera3D motioncapturesystemwasused to collect
kinematicdatafrom upperard lower extremityjoint
angulardisplacementincluding extremityjoints, trunk
ard hea) during performancef the SunSalutationyoga
exercisesequencén 11 healhy adults, divided into expert
(n=5) and novice(n=6) groups Kinematicdatarelatingto
all joints wereanalyse and compare betweerexpertard
novicegroupsfor ead of the 8 separatgposesncluded in
the exercisesequenceard the critical body joints were
identified.

111 Methods

The CODA motion capturesystem(Charnwoal
Dynamics UK) wasusel to trackmotionand movement
of the joints. The CODA systemcontainel threecameras
mountel onarigid frame The kinematicdatawas
recoded usingthe 2 setsof CODA cameras6 camerasn
total, placed ata 30 degreeangleto ead other ontheright
side of the subjectto give maximumdetectionof the
markersfrom the right side of the body.

Thesecamerasverethe detectorsard high-accuracy
trackingsensorsvhich werepre-calibratd for 3-D
measuremeniTwo setsof theseunitswereused to give an
eextrasetof eyes and maximumredundancyof
viewpoint The camerasitead erd of the CODA system
unit measurd horizontalmovemenind the midde sensor
measurd verticalmovement This designallowed eadh
CODA unit to be calibratel to give 3D coordinates The
camerasad flat windowsinsteal of lenseswhich sensé
the positionof the smallinfrared Light Emitting Diode
(L.E.D) markersIn this systemthe LED markerswere
placal onthe subjectat the joints of interestand their
locationin imageframestracked to yield a measuref the
motionenacte with very high resolution Throudh using
the six cameravarying degreesf fidelity could be
obtaine. The LED markerswerepoweral by small
rechargeabléatterypackscalled markerdriver boxes
The LED markerswereplugged into the batterypacksand
eadt markerdriver box had a uniqueidentity sothe
CODA systemalwaysknewwhich markerwaswhich.
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To recod the kinematicdataa protocolwasfirst designel
for the study. Approximately40 pilot studieswere
corducted usingCODA sensorsard placingthemat
variouspointson the body to be ableto measurgoint
kinematicsIn total 16 markersard 8 diver boxeswere
usel. Dueto the numberof markersand batterypacks
availableit wasthendecided that only the right side of the
subjects body would beanalysé, thusgiving kinematic
datafor the right side of the body only. This alsomeant
that the markershad maximumvisibility for the cameras
which werepositionel to the right hard side of the subject
asshownin Figure 1.

Trunk

Hed
Lower
Upper arm

arm

Pelvis

Heel Upper

leg
Little Toe Lower

leg

Figure1: Placemenbf sensors

Ead subjectwasrequiral to completethe 12 setof yoga
posturesn the classicakunsalutationsequencgwhich
includes8 dfferentposesasshownin Figure2.

Pose
Nurggﬁr n Name of Pose Picture Showing
Salutation (Asana) Pose
Sequence
Pose 1 MountainPose
Tadasana
Pose 2 Hands Up Pose
Urdhva Hastasana
Pose 3 Head to kneesPose
Uttanasana
Pose 4 LungePose
Ashwa Sandalanasana
. PlankPose
Pose 5: PlankAsana
Pose 6: Four Limbed Staff Pose
: ChaturangaDandasana
. Upward FacingDog Pose
Pose 7: Urdhva Mukha Svanasana
Pose 8: Downwad FacingDog Pose
’ Adho Mukha Svanasana

Figure2: The eight different posesn the SunSalutationSequence



The subjectsvere 11healthy adults, divided into expert
(n=5) and novice(n=6) groups Eat subjectperformel

all the yoga pose# a slow controlled manner uder the
direction ofthe investigator who wasalsoa qualified
yogainstructor

The sequences wemdsorecoded onvideo The sequence
was repeatkand recoded 5 timesfor ead subjectard
savel separateljor eat sequenceEadt subjectatterded
onetestingsessiorwhich lasted approximatelyonehour.

Kinematicdatarelatingto all joints wereanalyse ard
compare between expert ahnovicegroupsfor eat of
the 8 dfferent posesncluded in the exercisesequencas
shownin Figure2. Both groupskinematic profiles were
compare to identify the critical body joints that
discriminatel between groups

The kinematic variableassociate with the chosenyoga
poses werguantified. THs entailed carrying outa cross
sectionaktudy of yoga kinematigatterngn a motion
analysidaboratory Upperand lower extremityjoint
angulardisplacemenincluding spinalalignmentof
markerswere measuickand recoded in both groups
expertard novice This was carrié out usinga LED
(Light Emitting Diodes)detection usinga CODA motion
capturesystem(Charndyn Electronics UK). Averagel
kinematicprofileswerecalculatel and kinematicekey
pointe wereidentified for ead exerciseard analyse.

The data wasanalysé for the full sunsalutation sequence
in CODA Motiones software programmor ead subject
and the threesequencewith the greatestmarker visibility
werechosen foread subject out othe five sequences
recoded. A differentsetupwascreate in CODA
Motiores softwarefor ead subjects individual sequence
with the necessargffsets atotal of 33 setups (3
sequenceX 11 subjectdn total). Graphs showing change
in movemenof individual markers wer@nalysé soasto
seewhenthe subject wastatic ie. in aparticularpose A
stick figure diagramwasalso create in ead setupfor
ead subjectsoasto replay somef the movement®of the
subject This stick figure diagramand the analysisof the
graghs showing staticmarkermovementogeter with
videocapture otthe performe sunsalutationsequencén
CODA, enablel timelinesto be creatd for eat posefor
ead subject foread sequencsoasto knowwhenead
posewas performd in the whole sequenceTo enablethe
CODA softwareto give joint angulardisplacemenfor the
elbow, knee head, ankle shoulder, trunk and hip, for eah
of the posesvectorswereinputsoasto createvectorlines
betweerthe 4 markersin questionso jointanglescould be
analysé. An exampleof a vectorcreatel for the knee
joint is detailed belowin Figure 3.
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Figure3: Vectorsfor kneejoint

V. Results

Joint angulardisplacements fothe elbow, knee head,
ankle shoulder, trunk ard hip, for eat of the poses were
analysé. Qur resultsindicated that kneejoint angular
displacemenin the sagittal plane codlbe used to
discriminatebetween groupm 6 out of the 8 key posesn
the SunSalutation The gragh below, Figure4, showsthe
rangefor eat group for he kneejoint angular
displacemenfor eadt of the eight posesn the sun
salutationsequence The dots onthe erd of ead line are
the rangeof stardard deviationfor eat group i.e. expert
ard novice The greenline is for the novice groupard the
blueline for the expert group

Knee
120
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80

60

Degrees

-20
0 1 2 3 4 5 6 7 8
Sun Salutation Poses

Figure 4: Graph showingjoint angulardisplacementdegreesjfor the
Kneefor ead of the eight posesn the sunsalutationsequence
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Figure 5: Graph showing joint angulardisplacementdegreesfor the
Hea for ead of the eight posesn the sunsalutationsequence

Figure 4 showsthatthe jointangulardisplacementin
degreesjor the kneeis different for the two groups For
ead posethe kneecan bemeasurd with sensorand
from this it canbe easyto determinewhether a personis a
novice oranexpert foré out of the 8 poses

Whereasdf the Elbow jointangulardisplacemenis
measurd, asshownin Figure6, it canbe seernhatyou
are notableto discriminatebetween bdt groupsfor any
of the posesasthe novice grougs rangeof stardard
deviationis greaterthanthe expertsard alsooverlapsthe
expert group rangs mostposes
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Figure 6: Graph showing joint angulardisplacementdegreesjfor the
Elbow for ead of the eight posesn the sunsalutationsequence

Fromthe graphs you canalsoseethat the justfrom the
head ard knee sensoiHgures4 &5, you candiscriminate
betweerthe two differentlevelsfor 7 out of the 8 posedn
the sunsalutatiorexercisesequenceFor the kneesensors
poses land 2, both of which involve starding upright,
indicatethat bot groupshavesimilar kneejoint angular
displacemenand thereforeyou can notdiscriminate
betweerthe groups However the grah showing the head
movemenindicatesagainthat for 4 out of the 8 posesyou
candeterminethe performancdevel of the subjectard
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oneof these poseis pose2 which could not be
distinguished by the knee senscalone The onlyposeleft,
out ofthe 8 posesto discriminateperformancevhen
using he kneeand heal sensors iposel. Howeverpose
1in the sunsalutation sequends starding upright ard is
the posewhereall the necessargffsetswereinputin
CODA motiorrs softwarefor eat personlf it was
absolutelyrequirel to distinguish betweerthe groups for
pose 1the starding upright pose athird setof sensors
could beintroduced which dscriminategposel. The
anklejoint angulardisplacementantherefore beadded as
this distinguishespose 1 betterHgure 7, ard thenthis
givesyou the performancdevelfor all 8 posesseparately
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Figure 7: Gragh showing joint angulardisplacementdegreesfor the
Ankle for ead of the eight posesn the sunsalutationsequence

V. Conclusion

These resultsuggesthat agamebasel on the yogasun
salutation exercise sequermmuld be developel using a
limited amountof sensorsFor exampleonesetof sensors
monitoringthe knee joint positiorcandiscriminate
betweendifferentlevels ofskill performancéor 6 out of
the 8 poses Whenthe kneesensor iombinel with the
head sensoiit allows you to distinguish betweerthe
groupsfor all the posespart fromposel, which is
starding upright pose If it wasrequired to discriminate
performancdevelsfor all 8 posesincluding pose 1then
the anklesensoicould beintroduced to the head and knee
sensorsThereforeusingthreesetsof sensorsmonitoring
knee ankle& heal joint position carbeused to
discriminatebetweerdifferent levelsof skill performance
rather than using8 setsof sensorsCombiningdata from
thesethreesensorsvith visualfeedbackfrom awebcam
would afford alow costmetod of providing avirtual
personatrainerthat can objectively measure
performance This methodologicalapproab could be of
valuein developmenbf gamesbasel on exercise
sequences



VI. Discussion

Analysisshowsthat from this metod the knee which
showed significantdifferences for6 out of the 8 poses
wasthe critical body joint that discriminatel between
groupsard wasthereforethe mostsignificantsource of
differencesbetweenthe groups The jointangular
displacementsor the other sensorsisowed thatany
significantdifference inperformance level codlonly be
seen foramaximumof 4 out of 8 poseswhich can be
seenin the heal sensor The jointangulardisplacement
for the elbowon the other hard, shownin Figure 6,
doesnt show any significantdifferences for anyf the
posesard thereforeis nota critical body joint for
discriminating betweefevels

So by usindimited instrumentationi.e. 3 setsof sensors
onthe heal, kneeard ankle you areableto discriminate
the different performancéevelsof the sunsalutation
sequencéor all 8 posesard thereis no neel to use8 or
moresetsof sensors Wich is very complex an requires
the useof a largenumberof sensor®n body segments
which alsomakest difficult to performthe poses
comfortablyand correctly. The numberof sensorganbe
further reduced if pose1, starding upright is notincluded
in the analysis ad then onlytwo setsof sensorsare
required for the head and kneeto discriminatebetween
performancdevel.
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ABSTRACT highly localized within specibc regions of the cerebral cor-
tex.
This paper explores the viability of using a novel opti- A single channel NIRS-BCI [3] was used for the ini-
cal Brain-Computer Interface within a gaming environ- tial experiments. The responses were passed into a graph-
ment. We describe a system that incorporates a 3D gam-  jca| 3D front-end and experiments were conducted to test
ing engine and an optical BCI. This made it possible to  \ynether responses elicited from the system were sufpcient
classify activation in the motor cortex within a synchro- {4 control a human avatar. Dual-channel motor imagery tri-

nous experimental paradigm. Detected activations were  gjs have been conducted, and preliminary results are pre-
used to control the arm movement of a human model in  gaonied below.

the graphical engine.

2. BACKGROUND
1. INTRODUCTION

. ) 2.1. Near-Infrared Spectroscopy

We demonstrate the use of an Optical Brain-Computer In-
terface (OBCI) within a gaming environment. A possible With the advent of optical measurement of tissue oxygena-
application for this new technology, outside the usual bio- tion by Jobsis [7] came the possibility of cerebral haemo-
medical realm, is investigated in this paper. To date no dynamic monitoring through non-invasive means, namely
practical application has been developed for the novel OBCl Near-Infrared Spectroscopy (NIRS). A simple description
used in these experiments. of spectroscopy is that it is the study of matter using electro-

BCls have been developed using a number of different magnetic (EM) radiation. In the Near-Infrared region of the
physiological signal measurement techniques such as funcEM spectrum there is an optical window (600950 nm) for
tional Magnetic Resonance Imaging (fMRI) [1] and elec- light to penetrate the skull and brain tissue. Within this EM
troencephalography (EEG) [2]. The BCI we will discuss is region water is largely transparent, and haemoglobinOs ab-
based on Near-Infrared Spectroscopy (NIRS). This systemsorption properties vary slightly depending on its oxygena-
uses near-infrared light to measure the subtle and correlatedion level. Light in this EM region can penetrate 2b4cm
changes in oxy-haemoglobin and deoxy-haemoglobin duebelow the scalp. Due to the similar refractive index of skull
to activation of parts of the cerebral cortex. and brain tissue in the NIR region, a portion of the light not

Potential applications of NIRS including neuroprosthe- absorbed is refl3ected, exits the skull, and is collected by a
sis and Human Computer Interaction (HCI) have been pro- detector.
posed, predominantly for the severely disabled [3]. How- The two main chromophores in brain tissue that are not
ever, applications of brain imaging BClIs for gaming have constant absorbers and that indicate tissue oxygenation are
been developed using EEG [4], and fMRI [5]. In these pre- oxy-haemoglobin (HbO) and deoxy-haemoglobin (Hb). These
vious studies the objective was to navigate a virtual cave orchromophores have different absorption coefbcients depend-
maze using thought processes alone. The subject evokes &g on the wavelength of light used. Based on the analysis of
haemodynamic response simply by carrying out a predeter-the light detected after absorption and scattering in brain tis-
mined mental task such as mental arithmetic (Frontal Cor- sue, HbO and Hb concentrations can be determined. These
tex) or mental visualization of limb movement (motor im- concentrations are then used to assess tissue oxygenation in
agery in the Primary Motor Cortex / Supplementary Motor the region of the cerebral cortex directly below the source
Area) [6]. The elicited signals are quite reproducible, and and detector.
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With an elicited activation, e.g., movement or visualiza-
tion of movement of a limb, a neurovascular process ensues
resulting in changes in Cerebral Blood Flow (CBF), Cere-
bral Blood Volume (CBV) and Metabolic Rate of Oxygen
Consumption (CMR®). The collective result is an increase
in oxy-haemoglobin and decrease in deoxy-haemoglobin within
the activated period. When activation ceases these levels the
baseline. By monitoring these concentrations the detected
activations can then be translated into commands to a de-
vice or a prosthetic limb.

2.2. Brain-Computer Interfacing. Fig. 1. Hardware Flow Diagram
A Brain-Computer Interface is a device which can give the
user an output channel other that the normal output path-Pevelopment of a multi-channel OBCI device, along with
ways of the brain. Physiological signals are detected from More advanced signal processing and source-detector con-
the brain and translated into commands to control an exter-Pgurations should all help to increase the system bandwidth.
nal device. A BCI can be utilized to write letters as a word Altering the source detector geometry has been shown to
processor, control a cursor or move a prosthetic limb. Im- improve spatial resolution [14]. A direct neural correlate, or
planted electrodes or surface EEG have been used within 4ast Event-Related Optical Response (EROS), with a tem-
BCI [8]. Physiological signals include visual evoked poten- Poral resolution comparable to EEG, has been discussed in
tials, differential modulation of the-rhythms, P300 evoked ~ the literature; however although its origins and even its ex-
potentials (oddball response used in brain Pngerprinting ofistence are still highly contested [15].
convicts [9]), u- and -rhythms, and slow cortical poten-
tials. 3. METHODS

Some of these systems require a extensive user training
to obtain a reasonable success rates. This can lead to frus3.1. Hardware
tration and even abandonment of the device. Other systems
use motor imagery as the control signal [4]. However, an The Continuous Wave NIRS (cwNIRS) system (see Fig-
Optical Brain-Computer Interface [10] is less invasive, less ure 1) is composed of two lock-in amplibers (Ametec 5210),
cumbersome, and more user friendly than other functional@n LED driver, two Avalanche Photodiodes (APD) (Hama-
brain imaging modalities. To date, insofar as the authors Mmatsu C5460-01), function generators, and LEDs at 760 nm
are aware, no application of an OBCI has been previouslyand 880 nm for determination of Hb and HbO, respectively.
developed. A dual-channel system was used to monitor the cerebral cor-
tex at C3 and C4 on the primary motor cortex of the In-
ternational 10-20 electrode placement system. Light from
the two sources (each with a 760 nm and 880 nm LED) are
The feasibility of the exploitation of NIRS for a BCl was driven with carrier waves ranging from 3.4b12kHz. In-
explored recently with a novel OBCI [10]. This was im- frared light penetrating the subjectOs head is collected by the
plemented by visualization of hand movement as the con-highly sensitive APDs after being modulated by the brain,
trol signal. As well as being non-invasive, advantages of and sent to the lock-in amplipers for demodulation, Plter-
an OBCI include high temporal resolution (100 ms), porta- ing, etc.
bility, no ionizing or otherwise potentially dangerous radia- A new data collection system was introduced for these
tion, and suitability for long-term use rendering it safe even experiments. The system required more robust data acquisi-
for chronic use in a neonatal monitoring [11]. In addition, it tion as well as a simpler interface that would function under
requires little or no training (Prst person kinesthetic imagery the Microsoft .NET Framework. A National Instruments
has been mooted to require training) [12]. The system alsoUSB-6009 Multi-function DAQ was used to digitize the out-
has the potential for use with neuroprosthesis [3] and it hasput of the analogue Plters. Commands generated by analysis
been suggested in literature that a non-invasive BCI may beof detected signals described below control the avatar. Real-
a more prudent approach for subjects with disabilities suchtime feedback is displayed for the subject. Such feedback
as cortical atrophy [13]. has been shown to increase the performance of the response

Disadvantages include a lengthy time constant due toas the user learns to control the asymmetry of their cerebral
the inherent slow haemodynamic response, which limits thehemispheres [16].
baud rate of the device to about 5D6 bits/minute/channel. Initially, simple moving-average blters were used as an

2.3. NIRS-BCI
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online low-pass plter with a cutoff of 1 Hz. During off3ine
experiments the data was preprocessed with different algo-
rithms to attempt to derive the best system to implement on-
line. (Further methods designed specibcally for NIRS like
the pulse regression algorithm [17] and those developed by
Coyle et al. [18] will be implemented in later iterations of
the software.)

3.2. Subjects and Experiments

Three subjects (all healthy, two right-handed and one left-
handed, two male and one female, all 23D24 years old) par-
ticipated in the experiments after giving informed consent.
All subjects had normal or corrected-to-normal vision, and
no pertinent medical history. Two of the subjects had no
previous experience with NIRS experiments.

Each subject was placed in a supine position in a dimly
lit room. The supine position is known to reduce the effect
of the Mayer Wave: inherent slow oscillation thought to be
due to blood pressure Buctuations and usually with a pe-  The brst implementation of the interface within this en-
riod of 10D15sec [19]. These phenomena are a signiPcangine induced arm movement that followed the trends of the
cause of frustration in the NIRS Peld, as they are the mainHb and HbO data. The left arm followed the Hb, while the
source of physiological noise within the bandwidth of the right followed HbO. During online experiments the subject
haemodynamic response. Each subject remained still withwas encouraged to attempt to move the arms of the avatar to
eyes bxed on the laptop screen for commands and avatagiven positions using an overt or visualized stimulus. The
feedback. Monitoring cortical regions C3 and C4 on the ho- software gave commands to the subject to begin activation.
munculus measured responses to overt motor movement omThe model®s arms would then begin to move up and down
motor imagery. (Electrode positions C3 and C4 are widely according to the haemodynamic response. During these ex-
accepted as being related to right and left hand movementperiments the software calculated, in real time, the concen-
respectively.) Each subject was instructed to observe com+rations of Hb and HbO from the raw light intensities using
mands from the screen to perform or visualize performing the modibed Beer-Lambert law. The high frequencies were
a non-sequential Pnger opposition task of either the left orthen bltered out, and the resulting trends were stored for
right hand, at a rate of 2 Hz (thumb opposing each Pnger inprocessing within the graphical engine, and used to control
arandom fashion). The user then observed the reactions ofhe direction and intensity of the arm movement.
the avatar on the screen. In a further implementation, classibcation of true acti-
vation was demonstrated by comparing Hb and HbO trends.
The inverted correlation between these concentrations prop-
erly debned brain activation. A single-channel system would
This system used a graphics engine originally designed forcause an arm to rise as long as a genuine activation was de-
a motion tracking system [20], which presents an upright tected.
human model. This subsystem is written in C#, and allows ~ To implement a second channel, an optode was placed
easy real-time control of a simple human skeleton, or otherover the C4 region of the userOs primary motor cortex. The
geometric model. These models are laid out in a Biovision data from this channel was analyzed to control the avatarOs
BVH Ple which deals with the recording and playback of second arm in a similar fashion.
motion tracking. The skeleton is drawn using the DirectX
9c libraries. Using this engine, it was straightforward to use
both off- and online data to test the system.

Off3ine data was fed into the system initially to classify 4 1 pata
and analyze activation periods and set response intensities.

In this way, it was possible to model the effect of real-time The protocol for these experiments were 15 seconds rest fol-
data on the system. Using different data sets that variedlowed by 25 seconds of stimulus, repeated 5 times. The
in quality, the systemOs response to both poorly- and wellinitial 10 seconds of data was discarded. All experiments
debned activations could be measured and understood.  presented here are single-trial results, with no multi-trial av-

Fig. 2. Graphics Engine in Action

3.3. Gaming Engine

4. RESULTS
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Fig. 3. Motor stimulus data from activations detected in the
area under C4 during Overt Tasks

Fig. 4. Stimulus data from a dual-channel motor imagery
experiment

eraging.

This system was able to classify activation in the motor

cortex in a synchronous paradigm. Figure 3 shows the re-

sults from a single experiment in which data was recorded

from the C4 area while the subject performed a Pnger op-
position task. Activations can be seen as the inverse corre-

lation of the Hb and HbO trends during stimulus periods.

Figure 4 is the result of data recorded from a dual-channel

motor imagery experiment. In both channels it is apparent
that the user failed to successfully visualize the task during
two of the trials. This may possibly be improved by more
user training and increased visual feedback.
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4.2. Gameplay

The Pnal system challenges the user to raise the arms of the
avatar to a particular point. Using the dual channel setup
to detect separate lateralized activation has yet to be inves-
tigated. Better classibcation of the response will maximize
the potential for independent activation detection in an asyn-
chronous paradigm.

The gaming system represents a signibcant advance in
the application of OBCls. Insofar as the authors are aware,
it is the Prst time an OBCI has been used outside of the
biomedical area. It would be possible to use the system,
as it stands, in other gaming environments. The next stage
of our plan is to implement the avatar negotiating a maze
using motor imagery alone. At each intersection the user
will be given a choice of direction. These choices will be
highlighted in sequence, and the user will be instructed to
visualize movement while the direction they wish to turn or
proceed in is highlighted.

5. CONCLUSION

This above data would seem to indicate that an Optical Brain-
Computer Interface based on near-infrared spectroscopy shows
promise for simple gaming. A single-channel system can
exert control in the gaming environment with similar accu-
racy to that of previous testing applications [3]. The limi-
tations of a single-channel implementation, such as the low
bit rate, restricts the possible complexity of the applications.
We have demonstrated that imagined arm movement on the
part of the subject can be translated into arm movement of
a model in a game. Although the dual-channel experiments
are still in their infancy, results have shown that with better
signal processing and classibcation techniques it should be
possible to integrate the system into a gaming experience.
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Keywords at the same time. These improvements in

Agents Architecture, BDI, Human- the technology have changed games from

Interaction, Emotions, Social Agents solitary interaction with simple shining
patterns on the monochromatic screens
to a multiplayer interaction with realis-

Abstract tic graphics, spacial sound, hundreds of
entertaining tasks to do, and many oth-
ers.

This paper presents SINBA, an architec-

ture to Non-Player Characters (NPCs) Games are also populated by charac-
based on the BDI model with the in- ters controlled by human players or al-
clusion of emotions and social rules ingorithms. When they are controlled by
the inference process. The architecturedlgorithms, these characters receive the
also includesAnytime Algorithm to im- name of Game Agents or Non-Player
prove the e ciency in the response in the Characters (NPCs). The improvement
very dynamical environments of Com-in the other areas and the possibility
puter Games. SINBA is proposed totO interact with other human players,
handle very interactive and cooperative With unexpected behaviors, tend to gen-

situations between human players anderate expectations in human players that
NPCs. NPCs should also have behaviors as good

as the quality of the images they see [2].

. Some proposals had appeared to make
1 Introduction the behavior of the NPCs more complex.
Laird et al uses the SOAR architecture

The increase in the processing capacity© control NPCs in commercial games,
of computers has led the visual quality of @Nd to make them as skillful as a human
computer games to a very realistic levelP!ayer [3]. Kaminga et all use techniques
[1]. The expansion of high speed net—o_f Mulnageryt Systems to turn commer-

works has also allowed that the activi- Cidl games into an educatlve_experlence
ties in games could be shared by dozend4]: Nareyek et all use planning models

hundreds and even thousands of player§° develop NPCs with directed behaviors
the objectives [5].

robertob@emailaccount.com . )
*romero.tori@usp.br This paper presents an agent architec-
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ture based on the Belief-Desire-Intention ity Component If the Reactive System
(BDI) model [6] to control NPCs in non is chosen, it selects onBehavior object

physical simulated “ghting situations, for from Behavior Lib and send it to Actua-

example like in “rst person shooter gamestor without any sort of modi“cation.

[7]. These situations are very often found

when the NPCs have to support the

player “nish some task. The architec-

ture is called Social and Interactive Npcs

based on a BDI Architecture (SINBA).

2 SINBA Architecture

SINBA is a hybrid architecture, with de-
liberative and reactive processing. The
reactive processing is used to handle sim-
ple situations that do not require great Figure 1: Structural Components of the
amount of processing, or when the re-SINBA architecture.

sponse needed must be available very
fast. Any fast technique or algorith, Fi-
nite State Machines for example, can be

. ) . In the case that the deliberative sys-
used in the reactive process. The delib- . :
. . tem is chosen, LOD sends the informa-
erative one is done by a modi“ed BDI

model. SINBA architecture will be ex- tions received bySensorto Belief Revi-

. . sion Component This component analy-
l[ained in tw rts: Structural and Log- . . . .
!i:l ggmpon%ﬁti, s: Structural and Log sis the current beliefs stored in thaBelief

Base component in order to remove the
inconsistencies between the previous be-
lieves and the new information gathered.
2.1 Structural Components BesidesBelief Base Personality Compo-
nent is also composed by the emotions
Figure 1 shows the structural compo-the NPC may have, stored in theEmo-
nents of SINBA. tional Component and the Social Rules

. the NPC respects.
The Sensor component perceives the

changes in the environment and receives Reasoneris the component with the
the messages from other players andnferential algorithm BDI that generates
NPCs. Actuator acts in the environment the desires and intentions (theBehaviors
in order to ful“ll the desires of a SINBA in the SINBA architecture). The inten-
NPC. Level of Detail (LOD) uses the in- tions may be chosen by previouslBehav-
formations contained inSensorto decide iors stored in the Behavior Lib or may be
between theReactive Systemor the de- generated on the "y by Reasoner After
liberative system to handle the stimulus the Behavior is chosen,Reasoner modi-
perceived. The decision is based on thées its components, and adapt it to the
nature of the stimulus and on the internal beliefs, desires, emotions and social rules
state of the NPC stored in thePersonal- of the NPC.
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2.2 Logical Components are related to the parameters that cus-
tomize the Action : the visual representa-
Logical components are the objectstion of the MovimentaState Animation,
which allow the structural ones to ex- the Sound some message that should be
change informations with each other. sent to some other player in the game.
SINBA has three logical components:
Context, Action e Behavior. These ob-
jects are predicates of “rst order logic
and are used byReasonerin the infer-
ence process. They are de“ned as:

Behavior is a list of Actions, that
might be created by the designers previ-
ously or may be generated on the "y by
Reasoner selectingActions from Action
Lib, and de“nes how the global behavior
of the NPC is in some context. TheBe-

Context = (PreconditionList, haviors created on the "y can be stored
PosConditionList, InternalState). in the Behavior Lib.

Action = (Name, Target,
MovementState, Feature). 2.3 Execution of SINBA

MovementState = (Type, Velocity, Figure 2.3 shows the functioning of the
Orientation). SINBA architecture.

Feature = (Animation, Sound,
Message).

Behavior = List(Actions).

PreConditonList e PosConditionList
are lists with informations that the NPC
believes are true before th&ehavior be-
comes active and the informations that
the NPC desires to be true after the exe-
cution of the Behavior, respectively. In-
ternalState is used by Reasoner to in-
fer the believes, objectives, emotions are
valid to the Context perceived.

Actions represent what the NPC can
carry out in the environment, and they
are stored in theAction Lib. Each Ac-
tion has a Name a Target, the object
which will receive the e ects of thisAc-
tion, and a MovimentState which states
the type of the movement the NPC ...
walking, "ying, running ... and its fea- Figure 2: Algorithm of SINBA.
tures ... velocity, orientation .. Features
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Sensor perceives the environment, 3 DISCUSSION
parses these perceptions and sends them
to LOD, which de“nes whether theRe-
activeSystemor the deliberative system
should be used to choose the beBehav-
ior to handle what the NPC perceived.
When ReactiveSystemis chosen, it uses
simple rules to select on®ehavior from
Behavior Lib and then sends it without
any modi“cation to Actuator.

BDI is a model of agency proposed to in-
fer, moment to moment, which action an
agent/NPC should carry out to reach its
objectives. In most of the cases, situa-
tions evolving human interaction do not
result from a process of problem solution,
If Reasoneris chosen,LOD starts a and a pure BDI approach to the problem
timer. SINBA uses the concept of any-would limit its application in games.
time algorithms [8] in order to always
have a plane to handle the very dy-
namical environment of computer games.
When the time is over, timer tells Rea-
soner to stop the inference process an
sends theBehavior in its current state to
Actuator. When Reasonerreceives back
the control of the CPU, it can improve
the last plane,Behavior, or it can selects
another one.

Emotions in"uence peopless decision
process [9]. Using emotions in the infer-
ence process brings a bigger range of re-
dactions NPCs can show when interacting
with human beings, enriching the game-
play. Also, Suleiman et al [10] argue that
the social aspect is an important factor
when humans interact with each other.
People tend to regard the social context
in their process of deciding what to do,

After the timer starts, LOD sets the not only their desires.

Behavior to be returned by Reasonerto
a default one, which may be th&ehavior
from the last inference cycle or another

Emotions and social rules can be
viewed as additional desires the agent can
) : . use to reason which new intention should

one de“ned by the designers. Timer can

) : be selected. When a SINBA agent is rea-
stop the inference process anytime from_ " " o T
.. soning which intention it should be com-
now on. After the default behavior is ~ . . . . .
. - mit to, it considers not only its believes
set, Belief Revision Componentupdates . : :
. e . and desires, but also its emotions and so-
the Belief Basewith informations Sensor . . )
: . ) cial rules. They modify the weight of the
received and remove inconsistences from . .
rules in the BDI reasoning process, sup-
the base. ) o
pressing or emphasizing the tendency to
Reasoner then updates the Internal- select speci“c intentions.
State the objectives and desires of the
NPC, and uses these informations to re-
“ne the last Behavior, or selects a new
one from Behavior Lib, or generates a
new Behavior with Actions stored in Ac-
tion Lib. The Behavior determined is
then send toActuator and the cycle may

restart again.

With emotions and social rules, the
NPCs have more parameters besides ra-
tional ones to decide what actions it
should do to achieve their desires. Al-
though it is possible to achieve these
results with traditional Game Al tech-
niques, say Finite State Machines, using
BDI model with emtions and social rules
favours formalizing more human-like be-
haviors.
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4 Conclusion

This paper presented SINBA, an hybrid
agent architecture for NPCs, with delib-
erative and reactive inference processing.
The deliberative processing is made with
the BDI model with emotions and so-
cial rules in"uencing the decisions of the
NPC. SINBA is proposed to more inter-
active and non-combative situations be-
tween human players and NPCs, but its
hybrid nature, together with anytime al-
gorithms, makes it useful in other types
of interactions. Next steps include an
implementation of SINBA in a computer
game and tests with typical aspects ofogy, virtual and augmented reality, tech-
human-NPC interaction. nology in education.
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The autors therefore decided to use simulation
ABSTRACT experimentgo analysethe extentto which current

mobile tednology addresse the perceivel
Jith the availability of interface cards, mobile |imitations of range bardwidth, encaling and
users are no longer required to be confined within network availability to provide an end-to-erd
static network premises in order to get network quality of servicethatwill allow multimedia datato
access. Mobile users may move from one place tpe streame effectively across current wireless
another and yet maintain transparent accessnetworks The resultsaresummaried to addressa
through wireless links. Information exchanged numberof key questionsincluding: What typesof
between users can include voice, data, imagedevices provide a stable hardware platform for
audio, video or any combination although the multimedia data?What are the Quality of Service
restrictions of any mobile device to transmit such (QoS) requirementsfor wireless networks?What
rich data are limited by its scope and range. Thistypes of data are suited to particular mobile
paper uses the results of initial simulation devices?How canthe quality of communicatiorbe
experiments to analyse what types of mobile devicegmproved? What level of interactionis possible
users are limited to, the approach which can be petweerthe devices? The answergo the questions
used to design the multimedia applications and thedescribe an interesting picture which illustrated
data representations most suited to multimediahow multimedia applications such as learning
applications for current mobile devices. The paper environmentscould be bestrepresentg on current
will then discuss what developments in wirelessand future wirelesstechnology.
technology are needed to enhance future dynamic
multimedia applications for mobile technology. WIRELESS TRENDS

INTRODUCTION As mobile devicesgain popularity communication

options for these devices have mature allowing
wireless networking technologies to gain
widespred use A numberof stardards have been
defined including Bluetooh and 8®2.113 b ard g.
Bluetooh works in 2.4GHz spectrumsand operate
within a small rangeof low bardwidth. Thusit is
not applicable for multimedia applications with
large data volume 8@®.11b ard g operate at
2.4GHz while 802.11a operatesat 5GHz regions
with a smallerrange 8@.11b has a bardwidth of

A subjectthat has beengaining interestis that of
handling multimedia data on mobile devices The
issueis a recurring theme which requiresregular
evaluationsincecontinuousevolutionsin hardware
and softwaretedhnology dictate that the perception
of what canbe adhieved rapidly becomesutdated.
A previoussurvey highlighted the fact that current
mobile devicesdo not provide a suitableplatform
for activities sudh as online gaming but
development&xpecté in 2006 would causethis to

bere-evaluatd (McAlister and Wilson, 2005). The
constanthangingpositionhasa subsequenimpact
on the type of software applicationswhich are
developel for mobile platformssud aseducational
environments which want to utilize mobile
technology by exploiting developments that
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11Mbps while the other two stardards have a
higher bardwidth of 54Mbps Thus 802.11aand g
can supportmore simultaneoususerswith higher
dataratesthan802.11b. 8@.11laand g alsooperate
in hybrid modes allowing 802.11a channelsto be
usal to deliver video data packetsand 8(R.11g
channelsfor text providing a bardwidth which is



sufficient for interactive access of multimedia
databases In this way current advances in
communications technology are creating an
environmentwhere commonhardheld devicescan
run basic applications However multimedia
applications create new dimensionswhich place
more demards on the devices ard the network
technologies  Future mobile networks have to
addressthe transmissiorof multimedia traffic asa
mardatory requirement among heterogeneous
networks

The implications for the Internet which will be
expectd to provide a wide rangeof servicesto a
usermeansthat it mustbe ableto allow seamless
transitionfrom a geograpically fixed environment
into a mobile environment The wireless mobile
Internetis not just an extensionof Internetservices
into the mobile environmentgiving usersaccesdo
the Internetserviceswhile they areon the move It
is about integrating the Internet ard
telecommunicationstechnologies into a single
systemthat coversall communicationneads. The
transitionfrom the traditional wired Internetto the
wirelessinternetwill requirenetworkprotocolsard
networkarditectureto changedramatically

The main motivations for the changesnealed in
nextgeneratiometworktechnologiesare:
1. Demar for better availability of services
ard applications
2. Globalconnectivity
3. Rapid increaséan the numberof subscribers
who want to use the same hardheld
terminalwhile roaming
4. Support for  bardwidth  intensive
applicationssudc as real-time multimedia,
online games and videoconferencingas
well astraditional voice serviceqVolP).

The scalable ard dstributed 4G network
ardhitecture consequentlyrequired must offer any-
type servicesover a diverse set of placessuc as
indoor, outdoor, pedestrian ard vehicular. These
serviceswill be offered over a large range of
overlappingaccessetworksincluding WLAN, 2G,
3G, xDSL, DVB, DAB, DVB ard so on that offer
different rates coverage bardwidth, delay and
packetloss (Frodigh, 2001 ard (Kellerer, 2002).
The key features necessaryto adieve these
expectationgnclude (Jamalipour 2005):
1. Mobile terminalswhich auto-configureto
the specific access technology at the
location
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2. Subscriberswho will have accessto the
various servicesoffered yet enjoy wired
LAN QoS costard security

3. The development of QoS management
schemes which offer ubiquitous and
seamlessonnectivity

4. Limits in the changesrequira for multi-
access mobile terminals in terms of
hardware and software which reduce the
investmentsnade by the subscriber

In the area of mobile information usage these
requirementdelp to define the term mobility from
the usess perspective The usercansimply bein
motion or work in a non-office environmentwith
mobile digital equipment In either casethe quality
of the informationwhich canbe hardled by mobile
devices enables the usess attention to be
maintainel while working on several tasks in
parallel The information systemwould no longer
restrict a user to rather specific information that
was nedaled in a certain situation Instea focus
could be placad on context managementnd the
conceptof the situation(Grimm, 2002).

Provisionof sud flexibility thereforeerhancethe

capabilities of the network from the usess

perspectiveard enableit to hardle affectssuc as
delay, jitter, bardwidth, availability and packetloss
ratemoreeffectively. For critical applicationssut

as multimedia this can include video rate video

smoohness picture detail, picture colour accuracy
auwlio quality; cost and security However

multimedia applicationsimposea greatburden to

the underlying network in terms of bardwidth

resources and non-elastic traffic.  E-learning
applications for example generate non-elastic
traffic that must be protectel from the Internets

besteffort traffic. Thus, the allocationof resources
must be dynamic and more adaptable to the

changeof the stateof the network

THE INVESTIGATION

Multimedia is a combining and pervasive
technology which comprises communication
broadcastand computerdata The featuresof the
data include its size, type format level of
interactionand dstribution To ensurethat mobile
devicescan hardle multimedia files the equipment
must satisfy two requirementsfirst, serding and
receiving data and secom, sufficient memory to
store media files. One of the main challengesin
mobile multimedia data streaming is the
requirementthat the link must be continuously



available for a periad of time to enable
uninterruptel data transmissionand a smooh
media performance  The authors therefore
corductad an investigation which focusel on
simulation experimentsthat could be useal to
evaluatethe effectivenes®f currentmobile devices
to hardle multimedia data The auhors chose a
rangeof mobile devicesincluding PDAs, stardard
mobile phonesand smart-ghoneswhich representa
the most commonly usel mobile devices amd
provided a basis from which to extrapolatethe
results of the simulation experimentsto predict
future usage The experimentsvere lab basel ard
the autors defined a basicnetworkenvironmentof
the mobile devices traffic typesand applications
which best modelled real world usage of the
platforms

Study Material Design Approaches

Two approabeswereusel to designthe simulation
experiments: Non-Interactived Interactive Eadth
approab addresses garticulartype of application
such asa websitefor non-interactiveor a gamefor
interactive Prior to the investigation e autors
speculatd that most mobile devices woull hardle
non-interactiveapplicationwell but that interactive
applicationsvould illustratesomedifferences

The non-interactiveapproab required the client
terminalto serd a control signalwhen it wantel to
access multimdia data The servervalidated the
signalard sentthe requestd data SeeFigure 1.

Figure 1: Non-InteractiveApproad

The interactive approab requirad real-time data
which waslesstolerantof errors The client senta
signal to have the information renewel to the
server The servervalidated the signaland ensuré
that the client could seethe renewe information
SeeFigure2.
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Figure 2: InteractiveApproad

The running systemhad to satisfy a number of
criteria:
1. Interfacing with
applications
2. Shielding terminals since ead terminal
could usea different processoor protocol
3. Dynamic bardwidth configuration which
reflectsthe usess currentnetworkstate
4. Management of the maedia streaming
operation

other servers or

Platform

The Sun Microsystemsapplication Java 2 Micro

Edition (J2ME) is designel for use within mobile

devicesard is a suitablechoice for the domain It

provided an application developing environment
that was transplantable secure managd limited

memory capability for a device and provided

connectionability within the network The storage
restrictionof the majority of wirelessdeviceswas
hardled by the Recod Management System
(RMS). The RMS provided an input database
storagesystemthat allowed transferof permanent
memorystoragedata

EVALUATION

The results of the initial simulation experiments
were designé to evaluate one of the stardad
issuegelataed to multimedia datastreamingnamely
media contentdelivery. The function of streaming
data requires consierable resources Wich can
cause problems including net block, server
overloaling ard error acceptance  Highly
compresseg streams of data are sensitive to
transmissiorerrorswhich seriouslyaffect the data
transmissionrate  The simulation experiments
therefore evaluated how effectively currently
commonly used mobile deviceshardled rich data



The experiments focusael on four types of
transmissionincluding text, graphics/images web
connectionsand applicationssoftwarewhich reflect
the maindatatypes

Text

When operating the pageis as shown in Figure 1.
The messagetheme is input, destinationaddress
and contentadded. Sincethe sentmessage wodl
be countal on the Internet a security alert page
would appear which would require permitting
accesdo the internetlink. In order to know if the
messagehad beensentsuccessfully the receiving
programwould thencheckthe receivel message

Figure1: Serding & ReceivingSMS

The reasonfor experimentingwith sud a simple

taskwasto allow the mobile devicesto be assess#

across aangeof datatypes For example a short

messagewith 160 bytes createl on a Samsung
D608 by the serder cannot be successfully
transmittel to a receiverusing a Nokia 8250 since

packet loss occurs when a messageis being

transmittel or receivel as the Nokia 8250 only

allows 70 bytesinput per SMS message Messages
thereforehaveto be divided into severalsequential
smallermessages

Graphics/Images

The test with graphics/imagesproduced a similar
resultasshownin Figure2.

Figure2: Serding & Receivinglmages
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HTTP Connection

The purposeof the testwasto confirm the statusof
the server To make use of the HTTP erd user
agreementcommunication and TCP agreement
communication the Tomcat agreementwith the
HTTP agentwas usal to createa communication
bridge betweerthe userard server In this way the
agent takes use of the HTTP agreementto
communicatewith the erd userbut takesuseof the
TCPagreemento communicatevith the server

Applications Software

As mobile equipmentnd wirelessnetworkslimit

the setup of wireless applications systems
comparé to most desktopsI2ME designsthe user
erd to operateat the lowestrequestof the Mobile
Information Device Profile which is part of the
J2ME applicationdevelopmentenvironment The
profile defines the hardware amd software
framework and then provides the associaté basic
function ard interface stardard. The MIDP
thereforeappliesitself to neatlyadd its environment
into the layer of existing software The result of

downloaling application software through the
J2ME WirelessToolkit is shownin Figure 3.

Figure 3: Downloaling ApplicationsSoftware
FUTURE OF WIRELESS DATA STREAMING

The initial experimentsillustrated that althouch a
variety of datacanbe downloaded acrossa rangeof
selectel mobile devicesa numberof researh areas
still nea to be investigatel in order to define
stardards for wirelesstransmission The researh
areasnclude:

1. Integration of all existing and future
communicationaccesssystemsthrough a
commonlPv6 protocol

2. Developmentof a modular and scalable
architecture with well defined dstributed
networkfunctionalities



3. Development of effective mobility,
resourceand QoS managemergchemesto
offer seamlessonnectivityand erd-to-erd
QoSpeererd terminals

4. Developmentof physical arditecture ofa
QoS enablel mobile terminal capable of
accessing the Internet and real-time
services over a multitude of access
technologies

5. Offering similar services(subjectto network
capacityand servicepolicy) in both home
visited networksbasel on preferences ah
serviceagreements the subscription

The implications of using these devices for
multimedia applications to deliver non-trivial
software meanthat the type of material interaction
level, profiling or feedback which could now be
provided is not limited to the platformon which the
informationis availablesincethe genericnatureof
the developmentdor wireless meia are reducing
the gapbetweerhardwareand software

CONCLUSIONS

Clearly there hasbeena significantimprovementn
terms of hardling rich data including multimedia
messagesnd video services However there are
limitations sudh as communicationchannelswith
limited bardwidth, the neal for efficient
ardiitectures better transcaling and improved
compressionof multimedia data under changing
conditions especiallywhen a very large numberof
clients are present This aspect is further
exasperatwhen usersaremoving arourd causing
increasd stresson alrealy strethed networks
Limitations between devices has become
significantly reduced ard provided a solid baseon
which softwaredevelopersanconstructnon-trivial
software which addresses goal setting pace
distributed environments ard
presentatiofassessment The completesimulation
results should enablethe authors to predict how
effectively future mobile deviceswill be able to
hardle rich multimedia data
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ABSTRACT

In commercialmassively-multiplayeonline role-
playing games(MMORPG), playersusually play
in a populatel environmentswith simple non-
player game characters These non-player
charactershave fix behaviour. They cannotlearn
from what they experiencan the game However
MMORPG environments are believed to be
greatly suitable for training Al, with plenty of
players to provide trememous amount of
feedback amd persistent worlds to provide
learning environments This paper presentsan
experimento find out the potentialof MMORPG
environmentsfor fast learning evolutionary Al.
The geneticalgorithm is chosenas our learning
metod to train a non-playercharacterto assist
real players We usea gameserveremulatorard
custom game clients to simulate and run a
commercial MMORPG. Clients are divided into
two groups real players ard shelperg. Tre
resultsshow that helperscan learn to assistreal
playerseffectively in smallamountof time. This
confirmsthat evolutionarylearningcanbe usal to
provide efficient learning in commercial
MMORPG. It alsoverifiesthat MMORPG provide
great platforms for researb in evolutionary
learning

INTRODUCTION

Recent game Al researb and developmentsin
online games are mostly focusel on player
opponentAl. Seusimulatel and testal the system
for evolving distribution, physical parametersand
behavior of monstersin game (Seu et al 2004).
They found that monstersspecial qualities could
be evolvad accoding to their environmentsby
using GA tedinigue Group movement was
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expressd by the flocking algorithm. However
actuallearningwasrestrictal to animalbehaviour
sud aslooking for food. Also, the lengh of time
spent before monsters displayed satisfactory
intelligent behaviour was not discussd. Spronck
proposéd a novel tedchnique called <Dynamic
ScriptindZ (Spronck et al 2004). Dynamic
scripting usel an adaptive rulebase for the
generationof intelligent opponentAls on the fly.

In his experiment a module for the commercial
game NEVERWINTER NIGHTS (NWN; 2002)

was createl. A group of agentsusing dynamic
script were pitted againstvariousgroupsof pre-
coded opponentsThe resultsshowed that dynamic
scripting succeds in providing clever Al in an
acceptableperiad of time (arourd 50 battles
nealed for fighting with well coded opponents)
However a predefined rulebasevasnealed in this
tediniqgue meaningthe actualtime when learning
from scratd waslonger. Furthermore although an
agentlearnal usinginformationfrom other agents
in its team oneagentcould only learnfor itself at
onetime. A geneticalgorithm was later usel to

createarulebasdor dynamicscripting(Sproncket
al 2005). However the work wascarried out asan
offline learning ard learning time from scratd

was not discussd. Stanley introduced the real-
time NeuroEvolutionof Augmenting Topologies
(rtNEAT) (Stanleyet al 2002). This is a learning
method that wasexterded from NeuroEvolutionof

Augmenting Topologiesfor evolving increasingly
complexartificial neuralnetworksin real time, as
a gameis being played. The rtNEAT metod

allows agentsto improve play style during the
game He demonstraté a new genreof gamesin

which a player trains an agentteamto compete
with anoter playess team in NeuroEvoling
Robotic Operatives(NERO) game (Stanleyet al

2005. However the natureof NERO implies that
only oneplayercanbetrainingagentsat onetime.

MMORPG provides a very different environment
and gameplaycomparéd to other kinds of games



With a massivenumberof players theseplayers
can act as trainersfor an evolving agent Also,

playerssperd more time playing MMORPG than

other genresof gamesand persistentvorld is usel

asa setting This meansMMORPG is likely to be
agreat environmenfor fastlearning eventhough

we may usea slow learningmetod sud asa GA.

This paper presentsthe result of an experiment
that evolves a playess helper in a commercial
MMORPG game using a geneticalgorithm. We

call our playerassistana sL earnableBuddyZ.

Our learnablebuddy tednique has beentestal by
using the MMORPG serveremulatorof eAthena
ard custom client of OperKore eAthenais an
open-sourceroject emulatinga RagnarokOnline
Server It is written in C. Using its server
emulator a game server can be simulatel ard

studied. OperKore is an advancel bot for

RagnarokOnline. It is free, open-sourcend cross-
platform In real MMORPG, many humanplayers
play in the samegameserver We simulatehuman
playersby using OperKore Learnablebuddy also
makes goad use of OperKore By modifying

OperKore code, we build Al-control unitsthat are
ableto learnto improvetheir behavior.

Learnable Buddy

LearnableBuddy usesa geneticalgorithm to setits
configuration which is a bot script By evolving
the chromosomeof our populationbots our bots
areableto performvariousbehaviors The system
consistf the following components

C )

C )

Figure 1: LearnableBuddy systemoverview

1. Server:The gameserverserds gamestate
information to every client and receives
commauls from clients It keepsupdating
gamestate

2. Player: All players are online ead can
give usfeedback
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3. Bot: Our botis a supportiveAl thattravels
alongwith a player Thatplayeris a master
ard the bot is a slave Bot systemshave
alrealy beenin usein variouscommercial
games sud asthe homunculussystemin
RagnarokOnline (RO; 2006). In Raknarok
Online, playerswho play the alchemistor
the biochemistcan geta homunculus The
homunculus system surpasses other
commercial MMORPG bots sud as
Guildwares pet(Guildwars 2006) because
players are able to manually rewrite the
bots Al script In this stuwly, instea of
using monstersas bots we usal playess
character class as our supportive Al
becausea player character can perform
morevaryingkinds of behavior. OperKore
was useal to control ead supportive Al.
OperKore was modified to serd
information ard receive commaumls from
the botmanager

4. Bot manager:A module was written in
Java This module receives information
from ead bot, then determinegheir fithess
ard replaceslow fitness bots with new
ones The detailis describe below.

AD A \\
A YN
- I
A A A
%A

Figure2: Thereplacementycle

A bot plays usingthe first scriptit receivesfrom
the bot managerfor a fixed periad of time. Then
the bot managemill determinethe fitnessof eat
script For this study, we use a fixed fitness
equation The fitness is calculatel basel on
experiencepointsa botreceivesand the numberof
timesthat bot dies during the periad. The value of
fitnessF, for botb, is formally defined as:
F(b) botEXPperaour(b)

botDeadCout(b)?

The experiencgointsthat a masteror its slavebot
gain from any actionwill be divided in half. The
bot receiveghe sameamountof experienceoints




as its master New chromosome generationis
similar to regular GA tedniques Frst, goad
parentsare chosen Half of the bot population
whose with high fitness are selectd to produce
offspringsthat replacethe half with lower fitness
result Ead couple will perform a crossover
obtainingtwo new chromosomesAfter that, new
chromosomeswill go through mutation After a
new chromosomeis generatd, the bot manager
will real its attributes transformingthe attributes
into a script ard replacea poorly performel bot
with the newscript

Figure 3: Exampleof chromosomeo script
translation

The operKore main script consistsof 2 formats
Thefirst formatis of the form:
£configurationkeya £values

This formatis used for asimpletask For example
in order to specify whether our OperKore bot
automatically attacks monsters we use the
following script:

attackAutol

where the propervalue for this configurationis O
(false)or 1 (true).

The seconl formatis of the form:
£configurationkeya £values ¥
fattributek £valueln
£attribute2 £valuezx

This formatis called blockZ format It is used for
acomplicatel task In figure 3, OperKorewill use
level 10 Healskill onitself whenits hp is lessthan
708 ard its sp is greaterthan 308. With this
configurationstructure it is quite straightforward
to translatebetweena scriptand its correspoding
chromosome
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After new scripts are generatd from the
chromosomef offsprings half of the learnable
buddiesthat useal to havelower fithessresultswill
reload new scriptsand continueplaying the game
for anoher fixed periad of time before repeating
this cycle The cycle canbe donefastenoudn not
disruptthe gameplay.

THE E*"PERIMENTS

We assess® the performanceof parties of two
characters We set up a private server using
eAthenaserveremulator Eadch party had the same
membersonsistingof the following character

1. Knight: The knights arebotsthat represent
the real playerswho play a game In this
study, we useal controlled experimental
environmentsud that everyplayersharel
the same play style All knights were
implemente with the samescript Ths
allowed learnablebuddies to share their
knowledge amd learn togeher in a
consistentway. The knights alwaysattack
the nearesmonsterthat no oneattacks|f a
knightes health is reduced to half, it will
restuntil its health is fully recoverd.

2. Priest: All priests are controlled by our
learnablebuddy technique They will try to
learn and adapt themselvesto best serve
their master The priests support the
knights with healing and buffing. Their
behavior follows the script that they
receivefrom the bot manager

Testingwasinitiated using16 pairsof knights and

priests Every party played in the samemap that

hasonly onekind of monster The time cycle that

we useal for our fixed period was 30 minutes

Having a shorter cycle would affect the accuracy
of the fithessresultbecauseéhe numberof enemies
faced might be too small ard the fitnessfunction

might not show its effect becauseof that On the

other hard, our test platform could not run more
than 30 minuteswithout a bot failing due to too

mud load the systemhad to hardle. Therefore

the cycleof 30 minuteswasour bestchoice

To quantify the performanceof ead learnable
buddy, after eat time cycle we calculatel the



fitness for ead learnablebuddy by the function
from our previous section and replace poorly
performal bots with new ones We ran 3 tests
ead test ran for 50 generationsof learnable
buddy. The results of these experiments are
presentd in the nextsection

RESULT

Figure 4 shows fitnessmeanof bots A solid line
representditnessmeanof ead generationlt can
be observd that, from the beginninguntil arourd
the fifteenth generationour bote fithess mean
rapidly increasesThe fitnessdoesnot vary much
after that Fgure 5 shows the result of figure 4
after smoohness adjustmenf using polynomial
degree5 trerd line.

Result
250000
200000 i
< I
G ,\ D A MY
2 WA A I VA ——Result 1
S 150000 i \/ Ay
* \/ V Result 2
%] A Result 3
D 100000 44 )
S J ——Manually scripted bot
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Figure 4. Resulting graph of learnable buddy,
usingthreetestruns
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Figure 5: Resultinggraph of learnablebuddy after
smoohnessadjustmentusing polynomial degree5
trerd line.
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Figure 6. Resultinggraph of bestfitnessin eat
generationcompetingagainstbest fithess of our
manully scripted bot

We observe and compare the 15th generatiorof

learnable buddies with manually scripted

supportive characters configured by an

experiencd gameplayer. The meanfitnessof our

bots came close to the mean fithess of the

manuallyscripted bot Not all of our bestbotsin

the 15th generation could beat the manually
scriptal bot'sbestscore But observingthe results
for their future generationsuggeste that our best
bots could compete well with the manually
scripted bot (seefigure 6). From the result we

believe that, in order to help one masterwith a

task our learnable buddies can improve
themselvego their properperformancen arourd

fifteen generationsor 7.5 hours of playing The

survey from America Online shows that teenage
players spemd 7.4 fours per week on average
playing online games(AOL 2004). Thereforeour

7.5 hoursfigure is significant It meansone task
canbelearnal in justaweekfor the samegroupof

real players Most MMORPGsplan to let players
play for severaimonihs or maybea year, therefore
oneweekis constderel to be very efficient It can
even be improved further. A bot can be kept
running for 24 hours by assigningit to anoter
player Therefore fast learningfor a task can be
adhieved.

CONCLUSION AND FUTURE WORK

In this paper we investigated whether
evolutionary-learning can provide fast online
adaptationof player supportiveAl in commercial
MMORPG. Fom our experimentalresults we
conclule that genetic algorithm is fast ard
effective enoudn for commerciaMMORPG. The



original gamedoesnot neal to be adjusted in any
way. Different genescan be usel for different
tasks and players can switch betweentasks to
allow moresuitablebehaviourat ead situation

Currently, our bot manageronly supportsfixed
fitness function given by game developers That
means only common tasks can be learnal. To
allow supportingAl to be ableto learnmoretasks
or evenimprove upon old tasks especiallyones
specific to eventsor groups of players players
must be able to craft their own fitness function
through an intuitive interface We also plan to
experiment with genetic programming which
allows builds-up of complex behaviour. One of
our researh goalsis to be able to categorze
player behavior while playing This will permit
learnablebuddies to automaticallyswitch to the
scriptthat bestfits the situation thus adding more
senseof realism
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Abstract:

Typically games on mobile devicesdimited to standalone
single player games that amot only simple but also are
limited by the device capabilitiesn which they are being
played. Jith the advancementof networking technology,
mobile multiplayer games havestarted to evolve.

Nevertheless, these games are played on homogenous device

that have limited functimality and performance. For

performance, scalability and heterogeneity, it is important

that mobile multiplayer games t@ayed onheterogeneous

devices and able to support large number of players for an
immersive experience. This demands that players not only
receive the content as quickly as possible but also the content

be adapted to the deviaempabilities. Furtheras different

devices have differencomputing capabilitiesU it seems
reasonable to distribute resources dynamically among the
mobile playerse devices so thdte overall shared state is

maintained in a casistent state. In thigaper we highlight the
issues related to nitiplayer gaming onmobile devices and

provide a proposal for conterdgdaptation and shared state
distribution for multiplayer games on mobile devices based

on dynamic scripting approach
Key words:

Content Adaptation mobile games WIMAX, WIFI,
Bluetooh 2.0, QCs, interestmanagemenidynamicscripting

1. Introduction

As more and more mobile devicesgracethe earh thereis a
nea to usethemin different scenariosard situationsto the
bestof their abilities Thusin gamingtermsutilising themon
multiplayer mobile gaming should maximisetheir potential
Mobile devicesaswe know them are different i.e. there are
PDAes, smart phones tablets etc The ability to play
multiplayer gamesover heterogeneoudevices seamlessly
ard without the device usess knowledge (while distributing
processingoads to different mobile devicesas per resource
availability) would not be possible This raisesissuessuc as
content adaptation and dstributed processingon mobile
devicesaswell asnetworkingissueshat crop up within these
situations especially when wireless communication is
involved. Theseare challengingissuesthat neeal atterding to.
Some conceptsof content adaptation are coveral in some
deph in the Olga report where UMA (Universal Media
Access)is looked at This is a conceptthat encompassethe
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ability of different constraind mobile devicesto accesgich
media resource$l].

Somework has beenaccomplided in this areawhile some
researh is still in progresswhich will be looked at later in
the paper Limitationsarisingfrom usingwirelessnetworking
over mobile devicesinclude limited battery power, constant
hangein device location networktraffic due to bardwidth
eing usal by other types of communication (including
Bluetooh ard infra-red). As far as these limitations are
concernd there has beensomework carried out to optimise
the use of network resources This includes work done in
areasof distribution conceptswhich involvesthe choicesof
architectures and protocols suitable for mobile device
multiplayergamingfor examplepeerto peer client serverard
servernetwork [3]. An areathat doesfocuson someaspects
of reducing these network issues includes compensatory
techniques whereby messagescompressg and aggregate
reducing bardwidth and transmissionfrequencies Another
techniqueis Interestmanagemenivhich will be detailed later
onin this paper[3]. Work hasbeencarried out usingpeer-to-
peer overlay arditecture for interest managementin
multiplayer gamesespeciallyin addressingscalabilityissues
In this case P2P is usel with an interest management
medianismto reduce someof the side effectssud aslimited
visibility that comeswith P2P architecture [4]. There are a
few limitations asfar asgrid computingon mobile devicesis
concernd. These are similar to the networking limitations
ard include unreliable wireless connectivity power
consumption sensitivity and software interoperability
betweendifferent devices[6]. Thereare somemain researh
projects that have been undertaken thus yielding some
interestingresultsincluding mobile OGSINET which looks
at creatinga mobile specificationfor mobile grid computing
using pocket PCss running Microsoft operatingsystem|2].
The researb on mobile ad-hoc grid networksis still quite a
new field. A fair bit of work in this areadoesnot deal with
gaming as a beneficiary but rather looks at distributing
processeamongmobile devicesto reduce computingpower,
increaseenergysaving ard build efficiency in runningmore
powerful applicationson mobile devices The seamless
integration of networking protocols with grid computing
principles and interest managemenin-order to develop a
middeware that can actually provide multiplayer gaming
regadless of devices hardware ard software capabilitiesis
what researhers are moving towards. This paperdealswith
content adaptation in multiplayer games with regads to
different devicesbeing usal as sud. It raisesquestionson
how multiplayer gaming is corducted on mobile devices
which aredetailed in the nextsection The primaryaim of this



paperis to try ard dssectthese questionsraising probable
solutionsto be explored during the investigation In order to
do that, ard in addition to theseintroductory notes this paper
is organisé as follows. Section2 is dedicated to giving a
detailaed descriptionof the questionsrelated to multiplayer
gaming on mobile devices Section 2.1 deals with the
associaté networking issues Software architectures for
online gamesare briefly reviewal in Section2.2. Section2.3
dealswith scalable-bared state distribution and section2.4
elaborate®n contentrepresentatiom games Section3 deals
with content adaptation and shared state distribution on
multiplayer gameswith a twist on how we proposeto tackle
the issueswhile Section4 concludesthe paper

2. Multiplayer gaming on mobile devices

For a gameto be successfubn mobile devices severalissues
neel to be addressé upfront Depering on the genre these
may include the issuesof latencies bardwidth, scalability;
real-timelines etc. For instance a first personshooterwould
demard a low latency real-time responsewhereasa role-
playing game can get away with a higher latency but may
requiresupportingseveralhundreds of simultaneousisers In
addition, the device capabilitiesand networkinginfrastructure
add constraintghat neal to be dealt with appropriatelyfor a
successfujamingapplication Device capabilitiesinclude its
operatingenvironmentsud asresourcesvailablein form of
processing memory connectivity and battery usage
Networkingsupportin thesedevicesmayrangefrom wireless
LAN, WIMAX, GPRS amd Bluetooh. Given the
heterogeneityin the devicesavailablein the market mobile
multiplayergameshavebeenlimited to homogeneouslevices
over fixed settings and thus are not truly mobile For
performancescalabilityand heterogeneityit is importantthat
mobile multiplayer games are playael on heterogeneous
devicesin atruly mobile environmentand areableto support
large numberof playersfor an immersive experience This
demands addressingseveralkey questions Frstly, how the
game content comprising representationsof geometry
texture animations audio amd video to be storel and
distributed in order to provide a consistenview of the virtual
world? Seconlly, how to supportlarge number of players
having different devicesard interactingwith the virtual world
without degraling the performance? Thirdly, how to
distribute the shared stateand the processingntensivetasks
acrossmultiple mobile devices?Fourthly, how to adapt the
content ard the shared state in these purely mobile and
distributed games with respect to changes in device
connectivityand usage?

In the following sectionswe briefly provide an investigation
of networkingissuesin mobile games softwarearchitectures
for supportingonline games approabes for scalableshared
statedistributionand contentrepresentatiom games

2.1 Networking issues in mobile games

Multiplayer mobile gaminginvolvesnetworking It doeshave
a big bearingon how the gameperformsin termsof seamless
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distribution of gamestatesand messagesThis may include
getting round limitations like latency bardwidth, scalability
etc Thesehowevercanbe minimized to an extentdepening
on network communicationchosen(e.g. WIBREE, ZIGBEE,
Bluetooh 1.0, Bluetooh 2.0 EDR, WIFI, WIMAX, ard
WIBRO. Theseare currently availablestardards that can be
found on different mobile devices some being more
widespred than others Mobile devices have different
capabilitiesas far as communicationwith other devicesis
concernd. These include WIFI, Bluetoohl.2 amd 2.0,
WIMAX, ZIGBEE, ard WIBREE etc Mobile devicesposea
few challenges in terms of seamless uninterrupte
communication Challenges faced include mobility where
somedevicescan go out of rangeresultingin a reduction in
the numberof devicesconnectd to the network[5]. This has
its pitfalls with regads to stateof the application(gamestate)
atthe time of departurefrom the network ZIGBEE, WIBREE
are not suitable for real-time multiplayer gaming
communicationand data exchange over wirelessly due to
their limitationsin datatransferratesaswell asavailability on
devicestoo [7, 8]. Buetooh 1.2 and WIFI havebeenusel so
far in multiplayer gaming but mostly on harndheld gaming
deviceslike Ninterdo DS and PSP Howevertheir operating
rangeand supportfor mes topologycanbe a problem[9, 10
& 13]. There are other issuesthat are related to content
distributionfor gamingapplicationsoverthe wirelessnetwork
sudh as different stardards ard limitations Therefore the
main issuesthat concern network aspectsfor multiplayer
gamesinclude: scalabilitywhich allow the gamesto adaptto
resourcechangesas seenfit; distribution conceptswhich
encompassarditectures for communication (client/server
etc) networking resources which include the latency
bardwidth; and computationapoweravailable}3].
Howeverwith the adventof Bluetooh 2.0 EDR ard WIMAX
the range scalabilityand QOS (Quality of Service)havebeen
improved. Thereforeit can be arguel that the bestway to
induce better communicationand data exchange between
devices during game playing is by looking at better
distribution conceptsand compensatoryechniquesincluding
interest managementnd processredistribution using grid
concepts[3]. The communicationprotocol being trialled for
this investigationard prototypingis a contraptionof WIMAX
ard Bluetooh 2.0 EDR. Bluetooh 2.0 is usal as a
communication protocol between different devices within
range of ead other forming Pico-netsthat communicate
through anominatel serverpoints The nominationprocesof
thesepoints would deperd upon a few setrules taking into
account necessary factors including power levels ard
computationaresource This would be a goad way to tackle
some issueswith regads to range ard strengh of signal
betweermobile devices

2.2 Software architectures for online games

Network architecturesnamely client'server P2P and hybrid
[4] do play animportantrole in multiplayergames They form
the backboneof how the game is distributed arourd the
network of players The mannerin which data is relayel
across the multiple player devices with respectto their



capabilitiesdictates how well the gameis execute on the

whole.

There are numerousarchitecture models usel in networking
including client servery peerto peerard hybrid. Client server
being the more populararditecturewith gamingcompanies
dueto anumberof reasonsud as:

x Easytoimplement

X Easyto maintain state consistencydue to having a
centralzed server

x Hard to cheatand hackinto the game

The client-servetinherentlysuffersfrom singlepointfailure if
triggered would resultin serverfailure ard the loss of game
content High bardwidth requirementat the server would
presenta challengeespeciallywith wirelessnetworksdue to
their limited bardwidth capabilitieg[15].

The peerto peerarditecture doesterd to be usal for some
gamesbut not as much due to a few factors that include
inability to harnesscontrol over gameadministration due to
eat device having to run its own game software thus
messagingother devicesto relay gamestatesard update its
own too. This may prove detrimentaltowards mobile devices
dueto them having limited storagearnd processingower[14,
15]. It doeshoweverposea few advantageghat could be of
goad use for multiplayer gaming which include the
elimination of one point of failure, reduction of bottleneck
ard reduced messagelatencies However it is harder to
implement the P2P architecture One reason being its
difficulty in scalingwith proportionto usersengaged. State
consistencyamongplayerswould then becomean issue[15].
This may not be suitableto contentadaptationdue to the fact
thatwhile playing multiplayergameswith dfferent devicesof
different capabilitiesthe ability to adapt contentto suit eat
device format is crucial It doesshow strainin coping with
increasd amountof usersdueto its increasd messagindghus
containmenbf userss not easilyacievable Thereis alsothe
issueof computationalpower and batterylife, which are all
constraind factorson mobile devices P2Pdoesrely on these
two factorsdueto the fact that thereis no centralrepositoryto
work with. Ths thusbringsaboutsomeissueswith regads to
computingresourcemanagemerand batterylife management
[14].

The hybrid/mirrored serverarditecturetakesinto accounthe
advantagedrom both architecturesand presentsa sourd case
for deploymentof multiplayergameson it. Thereis a more
structurel couplingwith the hybrid systemthough it still has
to cope with messagebottleneckthat does trigger network
traffic. This in-turn affects other aspectsof mobile device
limitations

The bardwidth requirementor P2Pard client/serveris nearly
the same Thus for this particular investigation the
client/serverarditectureseemgo be amorereliableapproab
to startwith. It would suit mobile devicesdue to their limited
capabilitiesand thus it cantake up a lot of the processing
away from them ensuringa sourd gamingexperienceon the
client side. It would be alsobe a lot easierto implementand
work with. Ths will be intertwined with the useof interest
managemerthatwill be detailed laterin the paper
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2.3 Scalable shared state distribution

Performanceand scalability in multiplayer gamesrequires
efficient distribution of the shared state Typically, a players
node will contain some subsetof the shared virtual world
whose stateis influenced ard maintainel by the player. In
order to have a mutual consistentview of the virtual world,
events or messagesare exchangel between player nodes
(either directly or indirectly through a server) However an
update occurringat one node is likely to have an immediate
significancefor only a subsetof other nodesin the system
The tedhniques that exploit this interest of ead node to
minimisethe numberof messagesentarereferral asinterest
managementiM) schemeg[16].

Interest managementsystems have been incorporatée in

several large-scale distributed simulators [17,18],

collaborativevirtual environmentg19,20,21] ard multiplayer
online games [22,2324]. These have been incorporatel

mainly to allow systemsto scaleseamlesshard efficiently.

The scalability in these systemsis primarily related to the

numberof nodes that can participateand the computational
complexityof the model thatis beingsimulatel e.g. in agame
it could be the numberof entitiesthe gamehas Without the

IM system every update or statechangesat one node would

nea to be communicatd to all the other nodes This could

significantly increasethe bardwidth usage messagesentper
secom arnd computationalrequirementsat processingthese
messagesHowever incorporatinglM systemswould try to

minimisethe aboveat the expenseof computationatostsfor

its processingrd thus affectingthe real-timerequirementof

these systemsand potentially reducing performance Thus

performanceand scalability of thesesystemsmainly deperd

on the effectivenessof the deployal IM scheme in these
systems In our previouswork [25] we presentd a scalable
algorithm for interest managementin online games ard

highlighted some of the related works in the area These
would be highly appropriatefor addressingthe secom and

third questions of scalable-sarad state distribution in

multiplayergameson mobile devices

2.4 Content representation in games

Gamecontentmainly comprisesrepresentatiorof geometry
(for characters entities levels etc) textures animation
sequencesawdio and video. All theseare usel to createa
virtual world that the user can interact with. Several
technigueshavebeendevelopel for efficient representationf
these elements For geometry these include polygonal
approabes ard triangulationto form 3D medes Triangle
soupscan be usal to represenentitiesard geometriesrom
semantically unrelatel parts However these approabes
require prior knowledge about device rerdering capabilities
ard makea compromisebetweenthe numberof trianglesand
the quality of the model. Several scalableapproabes for
geometryrepresentatiohavealsobeenusel that adaptto fast
rerdering with decreasd visual quality and slow rerdering
with high detailed model. One of these approabes is the
{evel of Detailed (LOD) [26] modelling where a model is
represente with severalplanermedeshaving differentlevels



of granularity Apartfrom rerdering benefits this approab is

highly appropriatdfor serding entitiesfrom contentserverso

client devicesdepeming on the communicatiorinfrastructure
supporté by the deviceand the availablebardwidth. Further,

if proceural approabes are usel for moving from one
detailed representatiorio anoher, this approat can further

be exploited where coarserLOD is transferré first to the

client devicewhile the remainingonesare sentgradually and

incorporate within the rerdered medh. This approab clearly
complimentsrendering ard transferof contentin the wake of

variabledevicecapabilitiesand connectivity

Another approab that is usal in scalablegeometryis basel

on mes reductionalgoritims ard techniques Mesh reduction

algorithms reduce the polygon count of highly detailed

medes ard optimise them for rerdering This can be

adhieved by an offline tool or canbe done more dynamically
at runtime basel on the constraintssud as distancefrom the

viewer, frame rate etc Thesereduction approabes can be

very fastard yield goad approximationgo the original model

that can be appropriateon mobile devicesthat have variable
degreeof constraintsassociate with them Other approabes
to scalablegeometryinclude representationbasel on curved

surfaces(Bezier, splines etc) that are more efficient and

require less storage than polygonal tedhniques discusse

above Thesehavebeenwell adopted in multimedia stardards

suh asMPEG[27]. In addition, MPEG stardard incorporates
specialencaling and compressiortechniquesthat would be

highly appropriatefor their usageon mobile devices For

textures awlio and video contenf several stardards exist
[27,28,29,30] that use state of the art encaling amrd

compression tedniques that can be usel appropriately
depering on the constraintsassociaté with the devicesand

the quality of servicerequirements

Once we have geometryrepresentatiorand texturesfor an
entity, it neas to be placal and moved in the virtual world
with respecto othersand/or have deformationsapplied oniit.
Animating an entity thus requires applying and updating
geometrictransformationssuch as translation rotation ard
scaleby either applying dynamicsor key framing (base on
interpolationof somefunction of time). Further, in caseof
deformations the animationcontinuouslychangesthe shape
of the entity. This typically requiresdeformationcontrollers
attaded to the entity that influences its shape These
controllers are typically defined by a meansof geometric
support(sut aspoints lines curves surfacesard volumes)
ard any changesmade to thesearereflectal on to the entities
to which they areattaded. There exist severalrepresentation
techniquesfor representinghe actualanimationdata These
can be in human readable XML-basel coding or have
advancel compressionbasel compactbinary formats [27].
Furthermore compactrepresentationf animationparameters
can consistof decomposingransformationsnto elementary
motion and using quaternionor Euler anglesfor rotations
Other sudv optimisations amd  compression-base
representatioschemeshavebeenwell researbed and used in
gamesfor animationthat would be incorporate for content
representatiorand their adaptation for mobile multiplayer
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games In the following sectionwe presenta new approab
for contentadaptationin mobile multiplayergames

3 Content adaptation and shared state
distribution for multiplayer mobile games

Adaptationfor mobile devices has beenan active researb
areaard severalprojects have beendevelopé that address
one aspector the other [31,32,33,34,35]. However previous
researb work is mainly limited to genericand web base
applicationsrather than contentrich multimedia applications
ard games Someprovide a manual[36] and userfeedback
[37] medanismfor adaptationwhereasother usesautomatic
adaptation techniques basel on rule-basd [38,40] ard
constraintbase [39] approabes For scalable multiplayer
games on mobile devices we are mainly intereste in
adaptationof the contentthatis receivel by the client devices
At the sametime we are also intereste in the dynamic
adaptationand dstribution of computingtasksamongthose
devices A successfulmplementationof online adaptationin
games demards several computational and functional
requirementsas suggesté by Spronck[41]. Theseinclude
four computational requirements of speel, robustness
effectivenessard efficiency and four functionalrequirements
of clarity, variety, consistencyand scalability To meetthese
requirements Spronck suggestd edynamic scripting
techniquethat we planto usefor contentadaptationand task
distribution on mobile devices According to Spronck
dynamic scripting is an online madine “learningtednique
that is characterisd by a stodasticoptimisationtechnique It
maintainsseverakule baseonefor ead agentard everytime
an agentis generatd, the rule basesare usel to createa new
scriptthat controlsagents behaviour. Ead rule is associate
with a weight value and adaptationof the rule baseproceels
by changingthe weight valuesto reflectthe succes®r failure
of the rules in the script The learning medanismin this
techniqueis inspired from reinforcementearningtechniques
wherethe weights of the rulesareadaptel deperming on their
contributionto the outcomeof the script Rulesthat lead to
successare rewaded with weight increasewhereasthe rules
that lead to failure are punihed with weight decrease The
key to successfuimplementatiorof this approab is designof
rule basefrom domain specific knowledge, knowledge of
successfukcriptsand evaluationfunction for evaluatingthe
succes®f the script

For our work, we draw ananalogyfor implementingdynamic
scripting for contentadaptationand shared statedistribution

The key here is that the devicesare constdered as agents
wherewe specifyrulesbasel on devicecapabilities its usage
environmentand networking constraints(Figure 1). These
domainspecificcharacteristicawill be evaluaté to selectthe
desira quality of service and content representatiormost
suitable for the device that gets adaptal as its usageis

changel (e.g. variationin connectivity batterystatus variable
load, etc). Specifyingand updating these constraintswould

update the weights associatd with rulesand would therefore
augmenthe adaptation procedureby generatingappropriate
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Figure 1 Dynamicscriptingfor contentadaptationand shared
statedistributionon mobile devices

scripts  For truly mobile games clients would be moving
arourd in the realworld aswell asin the virtual world. This

movement would clearly affect the underlying network
topology. Given sud a dynamic networking topology (this

may comprisemirror contentserversbasel on client-server
approab and serding gameupdatebasel on P2Papproabes)
that has to adapt and reactto maintainthe shared stateard

consistencyof the game the dynamic scripting approab

would aid in selectingthe appropriateshared statedistribution
strategyand decisionsfor dynamic interestmanagementor

efficient distribution, scalabilityand load balancing Dynamic
scripting has been proven to be very efficient for online
adaptationof behavioursin gamesand requiresvery few trials

for learning ard therefore is a goad cardidate for

developmentof a prototype system to evaluate content
adaptation ard state distribution for mobile multiplayer
games

4 Conclusions

This paperpresentd someof the issueselatal to multiplayer
games on heterogeneousmobile devices We presentd
severalquestionghat we aretrying to addressin the context
of multiplayergamingon mobile devicesand briefly provide
an investigation of networking issuesin mobile games
software architectures for supporting online games
approabesfor scalableshared statedistribution and content
representatiorin games Further, we discussd the use of
dynamic scripting approab as an integral part of the
adaptationsystemthat will be usel for contentadaptationand
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shared statedistribution for mobile games This would allow
for selecting appropriate representation encaling and
transmissiorschemefor the contentdeperding on the device
capabilities and constraints associaté with the device

Further evolution of the scriptswould be usel for efficient
sharad state distribution and dynamic adaptation of the
networkingtopology: In future we plan to investigatethe set
of constraintshat would form part of the rule baseand how
weights areassignd to these We planto developa prototype
systemto test the effectivenesf this technique for mobile
devices This would include somelevel of detail modelling
for geometry using client-serverapproabt for transferring
geometryard using client-severor peerto peerapproabes
for serding gameupdatesand maintainingshared state We
alsoplanto testseveralprotocolssud asBluetoot 2.0, wifi

and Wimax for communicatiorbetweerthe devices

References

[1] Alborghetti etal 2004. A united scalableframeworkfor on-line

gamindZ. http://www-artemisint-
evry.fr/ArtemigResearb/OLGA/OLGAO.itml ( accesse 10th
October2006).

[2] Chu C. D., Humphrey M. 2004. Mobile OGSINET: grid
computing on mobile devicesFifth IEEE"ACM International
Jorkshop on Grid ComputingZpp. 182 * 191.

[3] Sma J, Kaukaranta T, Hakonen H. 2002. eAspects of
networkingin multiplayercomputergamesZ The Electronic {ibrary
20(2):87797.

[4] Yu A, Vuong ST, 2005. *MOPAR: a mobile peer-to-peer
overlay ardhitecture for interest management of massively
multiplayer online games Proceedings of the international
workshop on Network and operating systems support for digital
audio and video NOSSDA| }Rb. 99-104.

[5] Budke D, FarkasK etal 2006. *Real-Time multiplayer game
supportusing QoS medanismsin mobile ad-hoc networks JONS
HKK\ Y Third Annual Conference on Jireless On?demand Network
Systems and Services# 32" 40.

[6] PhanT, HuangL, DulanC. 2002. «Challenge:IntegratingMobile
wirelessdevicesinto the computationabrid. Proceedings of the ~th
annual international conference on Mobile computing and
networkingZ Pp271 "~ 278.

[7] AnderssomA, ThorenM. 2005. «Zigbee a suitablebasefor

embelded wirelessdevelopment2

http://db.s2 chalmerssddownload/masterfnaste®©®B0C2005 pdf

[8] Wibreecom http://www.wibreecom (accesse¢ 15" October
2006).

[9] Wikipedia http://enwikipedia.org/wiki/Bluetooh (accesse 16th
October2006).

[10] Sreenivas H, Ali H. 2004..An Evolutionary Bluetoot
ScatternetFormation Protocol Proceedings of the Proceedings of
the Z[th Annual zawaii International Conference on System
SciencesZ.

[11] RieraS M, Wellnitz O, Wolf L. 2003. *A Zone-basd gaming
architecture for ad-hoc networks Proceedings of the Hnd
workshop on Network and system support for games
(NETGAMES }KZ).Pp 72 " 76.

[12] Abichar Z, PengY, ChangJ M. 2006. *Wimax: The emergence

of wirelessbroadbard. I.T. professionalpp 44 ~ 48.

[13] Fourty N, Val T, FaisseP, Mercier J. 2005. «Comparative
analysisof new high datarate wirelesscommunicatiortechnologies
«from WIFI to WIMAX. Joint International Conference



and
and

on Autonomic and Autonomous Systems
International Conference on Networking
Services ? (icas?icns}K\WPp66.

[14] CroninE, Fistrup B, Kurc A. 2001. ZA Distributed Multiplayer
game server systemZ
http://warriorseecsumich.edu/game#papertguakefinalpdf

(accesse 20th October2006).

[15] Pellegrinod D, Dovrolis C. 2003. *Bandwidth requirementand
state consistency in three multiplayer game arditectures
Proceedings of the Hnd workshop on Network and
system support for games (NETGAMES JKBp52 -
59.

[16] Singhal S, and Zyda M. 1999.Netwroked [irtual EnvironmentsY
Design and ImplementatioAddision Wesley

[17] Morse K. 2000. «An Adaptive Distributed Algorithm for
InterestManagemet; PhD ThesisUniversity of California, Irvine

[18] US Defence Modelling and Simulation Office. 1998. Hgh
LevelArchitecture(HLA)- InterfaceSpecificationversionl.3

[19] Macedonia M, Zyda M, PrattD, BrutzmannD ard Batham P.
1995. <«Exploiting Reality with Multicast Groups: A Network
Architecture for Large-Scale Virtual Environmentg; IEEE
Computer Graphics and Applicatiorfg(3): 38-45

[20] Miller D ard Thorpe J A. 1995. <SIMNET: The Advent of
SimulatorNetworkingZ, Proc. of IEEE 83(8): 1114-1123

[21] Greemalgh C amd Berdford S. 1995. *MASSNVE: A
Distributed Virtual Reality SystemincorporatingSpatial TradingZ,
Proc. of LWth International conference on distributed computing
systems (DCS @MIEE ComputerSociety 27-35

[22] Epic Gamesl1999. The snreal Networking ArchitectureWorld
Wide Weh, http://unrealepicgamesom/Network htm

[23] Yu A ard VuongS T. 2005. sMOPAR: A Mobile Peer-to-Peer
Overlay Architecture for Interest Managementof Massively
Multiplayer Online Gameg, in proc. of International Jorkshop on
Network and Operating systems Support for Digital Audio and
lideo, pp:99-104

[24] Liu E, Yip M ard Yu G. 2005. *ScalablelnterestManagement
for Multidimensional Routing Spac&, in proc. of the ACM
symposium on |irtual Reality Software and Technolquy,82-85

[25] KumarP and Mehdi Q. 2006. *RecursivelnterestManagement
For Online Gameg, in proc. of ~th International Conference on
Computer Games (CGAMES$)uisville, KY, USA

[26] Clark J H 1976. <Herardical GeometricModels for Visible
SurfaceAlgorithmsZ, Communication®f the ACM, 19-10, 547554,
October1976.

[27] MPEG(Moving PictureExpertsGroup)™” 4 [Onling].
Available: http://www.chiariglione org/mpedstardards'mpeg-
4/mpeg4.htm

[28] ISO/IEC 154441:2000 Information technology * JPEG 2000
imagecoding system’ Part1: Corecoding system

[29] Real Video:[Onling] Available:
http://enwikipedia.org/wiki/ReaNideo

[30] DivX: [Online] Available:

http://enwikipedia.org/wiki/Divx

[31] Kaiz R H1994. Adaptationand mobility in wirelessinformation
systems|EEE Personal Communications(1)6°17, 1994.

[32] E. de Larg D. S. Wallach, and W. Zwaenepoel2001 Puppeteer:
Component-baskadaptationfor mobile computing In Proceedings
of the Zrd SENIX Symposium on Internet Technologies and
SystemsSanFrancisco California Mar. 2001.

[33] Fox A., Gribble S. D, Chawate Y, and Brewer E. A.1998.
Adapting to network and client variation using infrastructural
proxies:Lessonsand perspectiveslEEE Personal Communications
5(4):10"19, Aug. 1998.

[34] Lum W. Y.ard. Lau F. C 2002. A context-awaredecision
enginefor contentadaptation IEEE Pervasive Computing
1(3):41°49, July 2002.

70

[35] NarayananD., Hinn J., ard Satyanarayanai. 2000. Using
history to improve mobile applicationadaptation In Proceedings of
the Zrd IEEE Jorkshop on MobileComputing Systems and
Applications Monterey California, Dec. 2000.

[36] WAP Forum Wirelessapplicationprotocolarchitecture
specification Apr. 1998. Available at:
http://www.wapforumorg/what/technicalarch-30-apr-

98 pdf.

[37] Mohomed I, Cai J H,Chavosi S, LaraE 2006.Context-Aware
Interactive Content Adaptation In Proceedings of the Vth
International conference on Mobile systems, applications and
servicesUppsala Sweaden

[38] Smith J. R., MhanR.,ard. Li C.-S 1998.Content-basa
transcaling of imagesin the Internet In Proceedings of the IEEE
International Conference on Image Processing

Chicagaq lllinois, Oct. 1998.

[39]. Smith J. R, Mbhan R., and Li C.-S.1998. Transcaling internet
contentfor heterogeneouslient devices In Proceedings of the IEEE
International Symposium on Circuits and System$lonterey
California, May 1998.

[40] Bickmore T. W.ard Sdiilit B. N. 1997. [Ogestor: Device-
indeperent accessto the World Wide Weh. Computer Networks
and ISDN System29(8°13):107571082, 1997.

[41] SpronckP. 2005. «Adaptive GameAl Z; PhD ThesisUniversity
of Maastritit, The Netherlards



Mobile and Multiuser Games

Conor Linehan, Bryan Roche, Séamus McLoone and Toméas Ward
Network Latency in On-Line Gaming: An Engineering or a Psychological
Problem_ 72

Séamus McLoone, Alan Kenny, Tomas Ward and Declan Delaney
A Psycho-Perceptual Comparison of the Dead Reckoning and the Hybrid
Strategy Model Entity State Update Prediction Techniques 77

Alan Kenny, Séamus McLoone, Toméas Ward and Declan Delaney
Using Perceptual Feedback To Determine Time-Space Threshold Values For
Dead Reckoning 82

Damien Marshall, Séamus McLoone, Tomas Ward and Declan Delaney
Does Reducing Packet Transmission Rates Help to Improve Consistency within
Distributed Interactive Applications_ 88

71



Network Latencyin On-Line Gaming:An Engineeringor a
Psydological Problem?

Conor Linehan , Bryan Roche, Séamus McLooneand Tomas Ward

€Department of Psychology,
National eniversity of Ireland Maynooth,
Maynooth, Co. ‘ildare, IRE{AND

AbstractYOngoing researh attemptsto find engineering-
basel solutions to the problem of network latency in

multiplayer computergames However few studies have
beencorducted to examinethe end-users'experienceof

latency from a psydological perspective The current
study examinesthe roles of network latency and game
complexity on the subjective experienceof participants
playing a specially designel computer game Results
suggestthat participants prefer complex over simple
games regadless of the level of latency experiencd.

Thesefindings suggestthe possibility of a psydological
solution to some of the negative effects of network
latency It is suggestd that by manipulating Relational
Complexity; it may be possibleto maintaina satisfactory
gamingexperiencen the presencef latency

“eywords:
Playability

Networkedl Multiplayer Games Latency

I. INTRODUCTION

Distributed Interactive Applications (DIAs) sut as
shared whiteboads and multi-player computer games
may be describel asvirtual environmentghat allow real-
time collaboration amd  co-operation between
geograpically dispersé users Ead individual interacts
with their own local representationf the environmentard
the application attempts to maintain a consistent
representationf that environmento all usersat all times
However in practicethis is often impossibleto achieve
due to the distancesard information transfer speels
involved [1]. Thus participantsoftenseeslightly different
events at different times This problem is known as
inconsistency and is particularly destructive to the
experiencef onlinegameplaying[2], [3].

Much recentresearh hasbeencorducted in an attempt
to find engineering-basksolutionsto this problem (i.e.
[4]-[6]). While such work will undoubtedly help combat
the detrimentaleffectsof network latencyon consistency
in DIAs, it may alsoprove beneficialto examinethe erd-
users experienceof this latency from a psydological
perspective Sud researb may help to inform us of the
sufficientlimits of improvementsn tednology neealed to
combatnetwork latency Moreover sud researb may
help usto identify meansby which we canamelioratethe
negative affects of latency by using psydological
technology in the construction of gamesin the first
instance The results of a psydological investigation
therefore mayimproveour understamling of gameplaying
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behaviourin generaland guide both engineeringresearh
ard gamedevelopmentin addition it may shed light on
playability and gamingexperiencesn general’ anaspect
of the industrythat lacksrigorousanalysis

The currentresearh approabesonline gamesin terms
of a seriesof cognitive challengesor problemsto be
solved. From this perspective game players earn high
scores by respomling appropriatelyto ead challenge
presentd within the game In more technical terms we
conceive these cognitive challenges in terms of a
psydological processknown as stimulus equivalencg?7,
8]. Stimulusequivalenceas one of the simplestexamples
of problemsolvingand maybe describel asthe following;
if anyonestimulusA is the sameasany other stimulusB,
and B is the sameas a further stimulusC, then B is the
sameasA, C is the sameasB, A is the sameasC ard C is
the sameas A. While stimulus equivalencemay appear
simpler than the problem solving typically required in
gameplaying it has beenproposé as the basisfor all
complexhumanbehavioursud aslanguagecognitionand
problem solving [7] and thus provides a solid starting
pointfor the currentresearh program

II. DEVELOPMENT
A. Stimulus Equivalence Training Phase

The stwly was divided into two stageswhich we will
referto asthe stimulusequivalencdraining phaseard the
game phase respectively Ead phase requiral the
developmenbf a stardalonecomputemprogramwhich was
programme using Microsoft |isual Basic \.K software
The stimulusequivalencegphaseinvolved the development
of a programfor training two five memberequivalence
classesamonga rangeof stimuli (i.e., AL?BL?CL?DL?EL
ard AH?BH?CH?DH?Ekbsing a matding-to-sample
procelure  The actual stimuli usel were nonsense
syllablesand colourel shapes but arerepresenté herein
alphanumericform for simplicity. In this procelure, one
stimulus(the sample)waspresentd at the top of ascreen
Another two stimuli (comparisonswere presentd at the
bottom of the screen and the participantwas require to
choosewhich of thesetwo stimuli goeswith the sample
Correctivefeedback was given after a choice was made.
For example on one trial a sample stimulus AL was
presentd alongwith two comparisonstimuli BL and BH
If the participantchose BL, the screenclearel ard they
were presentd with the word scorrect. If the participant
choseBH the screerclearal ard they werepresentd with



the word swrong. Fealbackremaine on-screerfor one
secoml beforethe nexttrial waspresentd.

Training wascorducted in blocksof 20 trials, in which
the participant was requideto respoml correctlyto 19/20
trials beforeadvancingto the next block (this criterion is
stardard in stimulus equivalenceresearh [8]). Four
training blocks othis kind weretrained sequentiallyA-B,
B-C, C-D ard D-E. Once training was successfully
completel, participantswere presentd with the game
phase

Fig. 1. Screenbkot from Levell of the game
B. The Game Phase

The game pase involved presentingsubjects
with a specially designel computergame consisting of
three levels All levels had the same user interfaceas
depictad in Fig. 1. Level 1 wasa training level in which
participantdearnal how to usethe interfaceand gain high
scoredn thegame In Levell, stimuli AL ard AHfrom the
stimulusequivalenceraining and testingphasecomprisel
the gamecharacters Participantsvereinstructel that one
character coud be destroyel to earnpointswhile the other
character cou be savel to earnel points Characters
were destroyel by clicking on an on-screenedestroy
buttonand savel by clicking on the characteritself. The
participants scorewas displayel in the bottomright hard
cornerof the screen Importantly, charactersncreasd in
size rapidly in order to simulate movementtowards the
screen If no responsewas made within 2 secomwls, the
screen cleak and a point was deducted from the total
displayel onthe computerscreen

Level 2 was similar td_evel 1, with the exception
that no scorewas displayed and the characters uskwere
the CL ard CH charactersfrom the stimulus equivalence
training phase Importantly these stimuli had never
appeard on-screenwith the AL ard AH stimuli before
Thus participantshad to infer, in the absenceof any
feedbackfrom the score imicator, which of the characters
had to besavel in orderto earn points ashwhich had to be
destroyel.

Level 3 was identical to Level 2, with the
exceptionthat the EL and EH charactersfrom stimulus
equivalencetraining and testingwere presentd. Again,
participantshad to solve the problemof which character
was to be sawkand which characterwasto be destroyel,
in the absencef anyfeedback Importantly, Level3 was
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consterad to be more difficult than Level 2. In order to
respoml correctly to daractersn Level2, the participants
had to rapidly recall the relations betweenhe A stimuli
presentd in Level 1, the B stimuli which were not
presentd in anygamelevel, ard the C stimuli presentd in
Level 2. In Level 3, participantshad to rapidly recall
furtherrelationsbetweerthe C, D and E stimuli in order to
respom correctly to the EL and EH stimuli in the same
mannerasthe AL and AHstimuli, respectively

Simulatel network delayswere insertal on one quarter
of all trials presentd in Levels2 ard 3 of the gamephase
These delays were designa to functionally simulate he
effects ofnetworklatency Specifically, on a delayae trial,
the interfacewasunresponsivéo users actions impairing
the ability of a participantto make aresponsewithin the
appropriatetime frame Two separategametypeswere
creat@, onein which delayslastal 0.5secomis ard onein
which delays lastd 1 secoml. 0.5secom delayswere
assumd to be detrimentalto game playing experiend®],
while 1 secom delays were assumd to have an even
higher negativempacton userexperience

A questionnaire which forms part of he Day
ReconstructionMethod (DRM) [10] was presente after
ead level of the game as a subjective measure of ot
positive and negative attitudes towads that level
Importantly, the DRM hasbeenvalidated with a sampleof
1018, so the scalein questionmay representa reliable
subjectivemeasurdor the currentstudy.

. EXPERIMENT

Twenty two participantswere recruited, all of whom
were undergraduatestudents Eleven of hese were male
while elevenwere female Participantswere promisal a
payment of25 uponreading a high scorein the game
The experimentemployal a 2x2 mixed between-witin
participantsdesign (as depicted in Table 1). The main
variables werehe lengh of simulatel delayin ead game
ard the level of complexity acrossthe levelsof the game
The first variable was manipulatg across participant
groups as participantsther played the short delay or long
delaygames The secoml variablewasmanipulate within
groups i.e. all participantswere exposd to both levels of
the game

Low High
Complexity Complexity
Short
Delay 1 2
Long
Delay 3 4

Tablel. A representationf the four experimental
corditions employel in the study.

Therewerethreedeperentmeasuresparticipants score
on ead level of the game and their subjectivelyrated
level of both Positiveand NegativeAffect. Positiveard
NegativeAffect areconstructsstatisticallyderived from
responsefo the DRM questionnairewhich waspresentd
afteread level of the game[10].



IV. RESULTS

All participantspassd the stimulusequivalenceéraining
phase ad advancel on to the gamephase None of the
twenty-two participants failkto passthe Level 1 training
levelin the gamephase Meanscoreswere calculatel for
all conditions in the stuly (seeTable2). Therewasno
consistenpatternof higher meantotal correctresponse
either gameor in either level within games However it

mustbe noted that the highestmean total correct responses

scorewasfor Level 3 of the Long Delay game That is
participants achieved the highest scoresin the most
difficult and highly delayed game Thus effectiveplaying
appearsotto havebeenaffectal by delay or complexity.

Low High
Complexity Complexity
Total Correct Responses

Short Delay 5.7 237

LongDelay 228 26.5
Positive Affect

Short Delay 5.7 81

LongDelay 55 6.5
Negative Affect

Short Delay 7.5 53

LongDelay 6.7 51

Table2. Meanscoresonall measureemployel in

As expectd, Mean PositiveAffect ratingswere higher
on both levels of the short delay game than in he
correspoding levels in he long delay game suggesting
that subjects preferrel the games wih shorter delays
However meanNegativeAffect ratingswerealsofound to
be higher on boh levels of the short delay gamethan in
the correspoding levelsin the long delay game These
results are contdictory, suggestindghat further work must
be urdertaken tobetterunderstam the impactof different
incrementsn delay on gameenjoyment

Mean Positive Affect ratings were higher in Level 3
than Level 2 in both the delay and non delay games
suggestingthat participantspreferrel the more complex
levels of he game Correspodingly, Mean Negative
Affect ratingswerealsolower in Level 3 thanLevel 2 in
both the delayand nondelaygames

A mixed between-wihin subjects analysisof variance
was comucted to explore the impact of Relational
Complexity and Level of Delay on participants Total
CorrectResponses nu during gameplay, aswell astheir
ratings of eab game type for Positive and Negative
Affect. The resultsof this analysis argresentd in Table
3. Relational Complexityhad a significant effect on
participants ratings of Negative Affect. Specifically,
participantsfound the later, more complexlevels of the
game significantly less negative than he earlier less
complexlevels In addition, thereis a trend of higher
PositiveAffect ratingsfor Level 3 over Level 2, althouch
this effect is not significant Relational Complexity did
not have a significant effect on Total CorrectResponses
In addition, Delay Level had no significanteffect on any
measuremployel in the experiment

the study.
L\{avrgllt)sd.a F Value P Value Eta Squared
Total Correct Responses
Complexity 0.999 0.@3 0.8& 0.00L
Delay NA 0.00 0.99 0.00
Interaction 0.987 0270 0.609 0.a3
Positive Affect
Complexity 0.883 1253 0.308 0117
Delay NA 0.178 0.678 0.009
Interaction 0.972 0.273 0.764 0.@8
Negative Affect
Complexity 0.674 4.598 0.p4* 0.326
Delay NA 0.045 0.84 0.0@
Interaction 0.9 0.070 0.3 0.007

Table3. Resultsfrom mixed between-wihin subjectsANOVA, testingfor the effectsof Delay
Levelarnd RelationalComplexityon the deperdentvariablesof Total CorrectResponses
Positiveand NegativeAffect. Thosemarked with anasteriskrepresensignificantresults
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V. CONCLUSIONS

A numberof conclusionganbe drawnfrom the current
preliminary results HFrstly, the finding that Delay Level
had no significanteffect on any measureemployae in the
experimentsuggestshat increasd lengh of delay does
not significantly affect game players enjoymentof, or
performanceat, a game This finding providesa contrast
to a numberof other studies which haveinvestigate the
effectsof networklatency[1, 9]. However this finding
doesnot necessarilysuggesthat simulatel networkdelays
have no effect whatsoeveron participants enjoymentof
ard performanceat a game Rather, this finding may
merely suggestthat 1 secom delays do not affect
participants enjoymentof ard performanceat a gameany
more than 0.5 secom delaysdo. It is clearly a difficult
matterto ascertainthe degreeto which enjoymentof a
game is affectad by increments in delay. More
specifically delay may reah a critical, as yet
undeterminel threshold, beyord which its negativeimpact
increasemegligibly or not at all. It remainsfor future
researh to identify whether this is the case ard the
relevantthreshold that mayapply.

Seconlly, in the current study network latency was
modeled as a fixed interval of either 0.5 secomls or 1
secom. It may be arguel that, given that participants
could predict the lengh of ead delay sufferead, the delays
could have beenperceivel asa particularchallengeof the
game rather thana nuisanceor problemwith the game In
practice networklatencyis rarely, if ever, predictableand
typically oscillateserratically during gameplay. It has
been suggestd that this oscillation in network latency
known as jitter, is much more destructiveto the game
playing experiencethan fixed delays[9], sud as those
modeled in this study. Thus, future work mustattemptto
betterunderstam the role of jitter on userexperiencen
onlinegaming

Thirdly, it mustbe noted that very different resultsmay
be obtainel by using different typesof gamesin a similar
study. The gameusa in the current study has been
contrived for experimentalpurposesand may lack some
ecological validity when compard to modern online
games However it mustbe rememberd that any serious
psydological investigation into game playing must
employgameswhereall featuresarebeingsimultaneously
controlled or manipulate. Ths is difficult to do with
commercial games that have not been specifically
designel for this purpose

Fourthly, RelationalComplexityhad a significanteffect
on participants ratings of Negative Affect, where the
more complex levels of the game were rated as
significantly less negativethan less complex levels In
addition thereis a trend of higher Positive Affect ratings
for the more complex levels Thus if future studies
establif more firmly that network latency is indeel
detrimentalto the game playing experience we may be
able to compensatdor this by manipulatingcomplexity;
therebymaintaininga satisfactorygamingexperience For
example morerelationallycomplexgamescould allow for
fractionally slower game play, without any loss of
enjoymentfrom the erd-usess perspective Of course
somegameplayerswill still wantto play gamesnvolving
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the rapid presentatiorof stimuli and strict time demards
onresponling. However thesefindings provide a starting
point for a psydological interventionfor the problem of
networklatencyin DIAs.

Finally, Relational Complexity did not have a
significant effect on Total Correct Responses This
finding is interestingbecauseét shows that scoreachieved
during game play, and enjoymentof a game are not
directly correlatel. Hgh scoresare not necessarilywhat
gameplayersfind reinforcing

It would appeatthat a thorough psydologicalstudy can
reveal the dynamic featuresof an enjoyable game ard
provide the tedchnology to increase those levels of
enjoyment For this reason the currentresearb agema
ard its preliminary findings should be of interest to
psydologistsworking in technologicalfields ard alsoto
engineers games designers ard marketers of on-line
games More generally bringing rigorous psydiological
methods to bear on existing engineeringproblems may
prove to be an exciting ard fruitful strategyfor future
researh.
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ABSTRACT

Distributed Interactive Applications (DIAs) typically
employ entity prediction mechanisms in order to
reduce the number of packets sent between clients
across the network. This in turn counters the effect of
network latency and can improve the consistency of
the distributed application. Dead Reckoning (DR) is
currently the most commonly used entity state
prediction mechanism but a more recent technique
called the Hybrid Strategy Model (HSM) has been
proposed in the research literature. This alternative
method has been shown to further reduce the number
of update packets required to maintain a consistent
state in a DIA. However, there is a distinct lack of end-
user perceptual analysis of these techniques. In other
words, does the HSM method improve the gaming
experience of the user compared to DR_ A reduction in
packet count may improve issues with latency but can
adversely degrade the modelling quality and therefore
the overall level of consistency is unknown. Hence, this

paper proposes the novel use of user perception as a

means to determine the quality of a given entity state
update mechanism. Here, we compare DR and HSM
from a user perceptual viewpoint by collecting

linguistic feedback on short scenes recorded from a
racing game. Details of the experiment and the
obtained results are presented within.

Keywords ~ Distributed Interactive Applications Entity
Update Medhanisms Psydio-PerceptualAnalysis Dead
Reckoning Hybrid StrategyModel

I INTRODUCTION

One of the main aims of a distributed interactive
application (DIA) is to maintain a high level of
consistencyamongstthe client participants This is of
particular importance in the gaming world where
networkel multiplayer games are becoming more ard
more dominant However issuessud as network latency
ard jitter are causingmajor concernsas they conspireto
reducethe level of consistency As aresult it is desirable
to minimisethe numberof packetghat mustbe sentacross
a network in order to assistin the maintenanceof a
consistentview for ead remoteuser This countersthe
effectof latencyin the networkard thereforecanimprove
the consistencyachieved. Various metods for achieving
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this reduction in packets exist including entity state
prediction medanisms areaof interestmanagementdata
compressiomnd dynamicload balancing[1 - 6].

One of the mostpopulartechniquesused to dateis the
entity state prediction medanism known as Dea
Reckoning (DR). This was formalisedl in the IEEE
Distributed InteractiveSimulation (DIS) stardard [3] ard
has becomethe stardard for commercialgames sud as
Doom, Quakeand Tribesll. Dead Reckoningis a method
of predicting a usess future actions base on their
dynamics which resultsin the transmissiorof lessdatato
remotenodes

Another, more recent entity state prediction method
has beenproposé in the researh literature This metod
is known asthe Hybrid StrategyModel (HSM) ard differs
from DR by usinga priori knowledge of userbehaviourto
build a setof strategiedy which to model the user[4, 5].
It is purportel that this metod outperforms DR by
significantly reducing the number of update packets
required to maintaina consistentstatein the distributed
application[4]. However thereis currentlya distinct lack
of psydo-perceptualanalysis of sudr medanisms In
other words, thereis no analysisavailableto determineif
the HSM or the DR medanismsperform better from a
usesrs viewpoint What is the impact on the gaming
experience of the erd-user as a result of these
medanisms?

A reductionin packetcountmay improveissueswith
latencybut, unfortunately this canalsoadverselydegrale
the performancequality of the underlying predictive
models and, as a result the overall level of consistency
remainslargely unknown Hence this paperproposeghe
novel useof userperceptionto subjectivelycompareard
contrastthe DR ard HSM prediction techniques This
involves collecting linguistic userfeedback from a series
of short videorecodingsfrom aracinggame The analysis
of this datais presentd later.

The rest of this paperis structurel as follows. The
nextsectionprovidesa brief descriptionof the DR and the
HSM methods. Section Il details the design ard
implementation of the experiment usel to collect
information pertaining to the end-user perceptual
experience The obtainel data is then analyse ard
discussd in sectionlV. Finally, the paperends with some
concluing remarksand suggestiongor future work in
sectionV.



I DEAD RECKONING AND HYBRID STRATEGY
MODEL

For the convenienceof the reader, a brief descriptionof

the Deal Reckoningard the Hybrid StrategyModel entity

state prediction techniquesare now presentd. The basic
convergencalgorithm usal in ead caseis alsogiven At

this stage it is importantto mention that these metods

rely on anunderlying errorthreshold value tatdetermines
when anupdate packetneds to be transmittel. Thereare
two different threshold metricsthat canbe usé and both

of thesearealsobriefly describel.

A. Dead Reckoning (DR)

Under DIS, once anentity is createl the information
pertainingto this entity is transmittel to all participating
remote ndes Ead remotenode then attemptsto predict
this entity movementbasel on its trajectorydata There
are many waysn order to extrapolatea players position
The most basicand commonof theseis to setthe new
position to he transmittd positionand the newvelocity to
the transmittd velocity, which is known asfirst order DR.
Another commonDR tecdhnique is to usethe transmittel
position am velocity along with the transmittel
acceleratiorinformation

The local node alsokeepsa model of itself urder DR,
which is continuallycompare to its actual positionOnce
the actualposition differs from its predicted position by a
setamount known asits errorthreshold, an updateis sent
to all the remote nodes informing them of its updated
trajectory Once he remote nodes receive this new
information they update their models to reflect he latest
transmittel data In this paper we simply make use ofrie
basicfirst order DR model. Further information onDead
Reckoningcanbefoundin [3, 7].

B. zybrid Strategy Model (zSM)

HSM is a novel prediction medanism that uses a
priori knowledge of user behaviour to build a set of
strategy pahs. The hybrid strategy approdc involves
dynamically switching betweena DR model ard oneof a
numberof strategymodels The distancefrom the actual
point to the various models is continuously calculate
When he entity movementis within a defined threshold
value of one of the strategy models then that strategy
model is employel to describethe entity movementIf no
suitablestrategymodels exist, then the DR model is usel
by default The HSM implemente in this paperemploysa
simple switching medanism switching instantaneously
betweenthe mostsuitablemodels Further information on
the operation of the HSM and generating appropriate
strategypahs canbefound in [4, 5].

C. Convergence

One of the key problemswith predicting a remote
entityss position isthat oncethe updated positionhasbeen
receivel, the remote entityes position has to be rapidly
correctel. If the remoteentity is moved drectly into the
new position this can resultin a disjoint and unnatural
behaviour from the user Convergencds an attempt to

78

naturally blerd the incorrectcurrent playetrajectoryinto
the updated player trajectory Herg we employ a basic
convergenceoutine

In the case 0DR, whenanupdatepacketis receivel, a
linear setof pointsis generatd that connects e current
positionto a future predicted position This latter valueis
basel on the receivel updated position and updated
velocity values The intermediate pah is then playel out
with increasd velocity. With HSM, the convergence
involvesa blerding of the urderlying strategy pdis using
a suitable weighting function Initially, the weighting
favoursthe currentstrategypah before quickly moving
towards the actual strategy pah. Further detail can be
foundin [8].

D. Error Threshold Metrics

Two different error thresdold metrics can be
employal in both DR ard HSM. The first is known as
spatial ard is simply determinel by the spatialdifference
between lte actualand modelled position of an entityss
motion The alternativethreshold metricis knownastime?
spaceand uses localabsoluteinconsistencymeasuresn
determining vhen anupdate is required [8]. In simple
terms the time-spaceerror is calculatel asthe integral of
the malelling error over time i.e. the area under the
modelling error curve These two metrics can be use
separatelyor togeher in the form of a hybrid metric as
outlined in [9].

In this paper the DR ard the HSM methods are
analysd from a user perceptualiewpoint Both error
threshold metrics are consderad in ead case The next
section outlines the design ard implementationof the
experimenusal to obtainthe userperceptuafeedback

Il EXPERIMENTATION
A. |ideo Clips

In order to obtainthe required feedback a setof video
clips wascreatel. ThHs was adieved by recoding the
movementsof a <bot, i.e. a computer controll entity,
under variouscorditions. The firstvideoclip wasusel for
bendmarking purposesard consiste of the bot's motion
under ideal corlitions, i.e. the valuesof latency jitter ard
errorthreshold wereall setto zero Eat subsequentideo
consiste of the bot malelled with either DR or HSM

Figure 1: JavaMedia Recoder showing Partof
elliptical racing Track



usingvariouserror threshold metricsand values In these
clips, the botss motion was subjectto latency of 200ms.
Jitter was seto £108 of the latencyvalue Thesevalues
reflect typical network conditions [10]. Various subjects
were then askel to compare e bots motion with the
perfectone

An elliptical racing coursewaschosen for simplicity
as $own in Figure 1 This was createl usingthe Torque
GameEngine[11]. Here the game measurementsud as
the spatial distance are calculatel in TorqueGame Units
(tgu). As a referencepoint, the track used in this
experiment is approximately0D tgu in width and 250 tgu
in lengh.

The main strategypah used for the HSM approab in
this paper was generatérom analysinga numberof pah
traversalsand choosingthe one that representg the most
common behaviour. Additional strategies are hen
generatd in real time basel on their distance from le
main strategy If this distanceexceels a predefined limit,
than the DR model is employel. The basestrategy mdel
usal here iseffectivelythe centrepat of the track Thisis
a simple implementationof the HSM approab. In less
spatially restrictd scenarioghe developmentof strategy
models may be non-trivial.

Finally, the various gamessceneswere recoded as
AVI files using FRAPS (http:// www.frapscom), a utility
designel for recoding gamefootage

@)

(b)

Figure 2: AverageMotion Accuracyratingfor DR
ard HSM when (a) a spatialand (b) atime-space
errormetricwasemployel
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B. eser Feedback

The goal of this experimentwas to perceptually
comparethe DR ard HSM metods for various error
metrics ard threshold values In order to adieve this,
feedback relating to these models had to be obtainel,
specificallyin termsof how accurate asubjectperceivel
the madel to be relativeto the perfectscenario Previous
experimentatiorj12] reveale thatin the casewhere a bot
followed a particular path accuratelybut appeard to be
slightly sjumpye in its motion, subjectsrated this as very
poor intermsof accuracy In an attemptto alleviatethis
problem userswere askal, in this experimentto provide
separate fedbackon both the smoohnessand accuracyof
the botss motion

Linguistic variables wereused to obtain subject
feedback This avoded the problemof havingto assignan
exact numerical valugo a given level of accuracyor
smoohness The following linguistic variables were use
Extremely Poar |ery Poor, Poor, Okay, Good |ery
Good Excellent Sevenvariableswereused in accodance
with the fact that, as humans we canreliably perceiveup
to 7 different states[13]. The testapplicationuse in this
experimenis shownin Figure 1.

@)

(b)

Figure 3: AveragePlayerSmoohnessrating for
DR and HSM when (a) a spatialard (b) atime-
spaceerrormetricwasemployed



C. Experimental Setup

Prior to the startof the experimentead subjectwas
given an explanationof the taskin hard, and were also
shown a demonstrationvideo. The testsbeganonce the
subject felt confident that they understoa the
requirements The experimentconsiste of the subject
watding avideoclip onceand then on completion rating
it in termsof PlayerSmoohnessand Motion Accuracy

Eadt experimentonsiste of a total of 28 videoclips
- 6 perfectplay-outs 20 uniquemodels and 2 duplicates
Ead video lastel about 20 secomls and the entire
experiment lastel approximately 15 minutes Subjects
wereonly told that the first videoclip wasperfect

IV ANALYSISAND DISCUSSDN

A total of 10 subjectstook part in this experiment
consistingof 6 malesand 4 females rangingin agefrom
15 to 35 years All subjectshad somelevel of experience
with usinga computey while 6 hed someexperiencewith
computergamesand 4 had experiencewith networkel
games

DR ard HSM were both examinel using spatialerror
thredhold valuesrangingfrom 6 to 10.5tgu ard time space
threshold valuesrangingfrom 1 to 7 tgu. The relationip
betweerthesetwo metricsis explorel in detailin [9].

Figure 2(a) representghe averagemotion accuracy
obtainel for the variousspatialthreshold valuesfor both
entity state prediction medanisms while Figure 2(b)
representsimilar resultsfor differenttime spacethreshold
values Fgures 3(a) and 3(b) presentsimilar resultsfor
playersmoohness

It is worth noting that theseresultsare basel on a
small number of participants Neverteless the results
obtainal are a fair reflection of the performanceof both
the DR ard the HSM for the givensetof videoclips.

The resultsshow that the rating for DR falls below
acceptablebetween 6 and 8 tgu for both the player
smoohnessand motion accuracy On the other hand the
HSM exhibits much higher ratings obtaining a svery
gooderating for all the measurd thresholds. This shows
that not only does HSM result in less packetsbeing
generatd than DR, but also maintainsa much higher
perceptuakating Interestingly at the highesttestel error
threshold, 10.5 tgu, HSM only generatesone packetof
databut still remainsmorethanacceptableo the end user
However this simply reflects the simplicity of the
underlying track as well as the high accuracyof the
models usal as part of the HSM approab. Neverheless
the same analogy exterds to more complex situations
provided that suitable and accurate models can be
determinel for usein the HSM tecdhnique

Like the spatial error thredold, HSM also
outperforms DR when using the time space error
threshold. The acceptancerating for DR rapidly falls
below acceptabldevels between2 and 3 tgu for both the
player smoohnessand motion accuracy However the
HSM maintainsa rating of approximatelyevery goode
throughout

It is worth noting that HSM performel slightly worse
when using a time-spacethreshold metric comparé to
whenit usal a spatialthreshold one The formerresultsin
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serding more update packets which is purportel to
improveabsoluteconsistency[9], yet this is not evidentin
the obtainal results The resultsheresuggesthat updating
too frequentlycanlower the end usersexperienceasthey
notice the entity having to correctits position more often
ard thesecorrectionsareregaded asinaccurate

Another point of noterising from theseresultsrelates
to the operationof the HSM. As previouslystatel, HSM
attemptsto choosethe bestavailablestrategymodel for a
given circumstancelf no appropriatemodel existsthen a
DR model is employel by default Error threshold values
arenormally statig i.e. they arefixed to a constantvalue
prior to runtime Therefore the HSM strategymodels ard
its associatd DR model would erd up with the sameerror
thredhold. Clearly this experimentshows that different
modelsrequiredifferent errorthresholds in order to getthe
best packet rate to maintain the overall erd user
experience In essencethe error threshold should be
dynamically chosen deperling on the current model
employal. FFom the work presentd hereg a strategymodel
could haveasignificantlylargererrorthreshold, regadless
of errormetric, thana DR model.

V  CONCLUDING REMARKS

This paper has shown how psyto-perceptualmeasures
can be employel as a useful meansto comparedifferent
entity update medanisms Here Dead Reckoningard the
Hybrid StrategyModel approabes were comparé from
an ernd-usess viewpoint Both spatial and time space
threshold metricswereconsdered for both techniques

HSM was shown to give far betterperceptuakatings
than Deal Reckoningfor both the spatialand time space
error threshold. HSM alsorequireslessupdate packetsto
be transmitt@l acrossthe network Therefore the results
confirm that for this particular application namely an
online racing game that HSM is far better suited to
delivering a goad end user experience In fact HSM
appeargo give very goad resultsevenat the highesterror
threshold for this type of application Other applications
sud asfastpacel Hrst PersonShooter(FPS)games have
more intense interaction and may require tighter
thresholds. Neverhelessit would be expecte that HSM
would still perform betterthan DR. This requiresfurther
investigation

Finally, for the HSM, it is propose that dynamically
choosing an error threshold basel on the current model
would result in the best possibleerd user experience
while minimizing the numberof update packets Future
work will look atthis issuealsa
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ABSTRACT

Entity state prediction mechanisms are used in
order to reduce the number of packets required
to maintain a consistent state in a Distributed
Interactive Application (DIA). Typically in the
case where the entity is representing a
participant in a networked game this is achieved
by continually comparing the output of a
prediction algorithm against a playeres actual
state. The state usually comprises position and
orientation information in such cases. If the
error exceeds a pre-defined threshold value, then
an update packet is transmitted, which contains
the playeres latest trajectory information.
However, obtaining a suitable threshold value
remains one of the key challenges that face such
entity state predction techniques. Furthermore,
these methods can employ two different
threshold metrics. These are spatial which
exploits distance measures, antime spacewhich
uses both time and distance measures. While a
spatial threshold value can be arguably
determined based on a prior knowledge of the
gaming environment, it remains difficult, at best,
to obtain a corresponding value for the time
space threshold metric.

This paper proposes the novel use of user
perception as a suitable means to solve the
aforementioned problem. Here we employ the
most common entity update mechanism, namely
dead reckoning and use perceptual feedback to
determine suitable threshold values for both
spatial and time space threshold metrics. This
involves collecting linguistic feedback on short
scenes recorded from a racing game. This
technique is compared and contrasted with an
alternative method whereby equivalent spatial
and time space threshold values are obtained
based on a common measure of inconsistency.
Details of the experimentation and an analysis of
the results are presented within.

Keywords ...
(DIASs),

Distributed Interactive Applications
Psycho-Perceptual Measures, Dead
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Reckoning, Spatial Error Threshold, Time Space
Error Threshold

1. INTRODUCTION

Distributed Interactive Applications (DIAs)
have to continually deal with the limitations of their
underlying networks, i.e. latency, jitter and network
congestion. As a result, it is desirable to minimise
the number of packets that must be sent across a
network in order reduce the possibility of remote
users having an inconsistent view. To achieve this,
prediction mechanisms are used to model remote
entities.

One of the most popular techniques used to
date is the entity state prediction mechanism known
as dead reckoning. This was introduced in the IEEE
Distributed Interactive Simulation (DIS) standard
[1] and has become the standard for commercial
games, such as Doom, Quake and Tribes Il. Dead
reckoning is a method of predicting a useres future
actions based on their dynamics, which results in the
transmission of less data to remote nodes. The most
basic of these is to set the new position and velocity
to the transmitted position and velocity, which is
known as first order dead reckoning and is
employed in this paper. Further information on dead
reckoning can be found in [1,2]. Other packet
reduction technigues used in DIAs include the area
of interest management, Hybrid Strategy Model,
data compression and dynanhdad balancing [3-6].

One of the key factors in all entity update
methods is when to send the aped information.

For a dead reckoning model an update is sent once a
certain tolerance value has been exceeded. This
value is known as the error threshold. Typically this
threshold value is arbitrarily chosen and generally
reflects what eappearse to be appropriate with
respect to the underlying application.

Traditionally the most popular error metric
has been spatial distance. Spatial distance compares
the distance between a playeres actual position and
their local model. If the distance exceeds the error
threshold value then an update is sent. The spatial
metric is popular as it is simple to implement and
the game environment can be used as a reference



point to determine suitable error thresholds. For
example, a narrow racing track may require a tighter
threshold than a wide track, as an entity leaving the
track would be apparent sooner on the narrow track.

However, the spatial metric does not take
the duration of an error into consideration, which led
to the development of the time space metric [7]. For
example, if the model continually has an inaccuracy
just below the error threshold the spatial metric will
allow this error to continue indefinitely. As the time
space metric takes the duration of an error into
consideration it will eventually send an update
packet to correct this scenario, resulting in greater
overall consistency.

Time space error refers to the cumulative
spatial error over time. Figure 1 shows the time
space error over one time period, where D
represents the spatial distance error. Effectively this
is the area under the curve between the local
playeres actual position and the local model over
time. Similar to the spatial metric, the cumulative
error is then compared to an error threshold. The
biggest problem with the time space metric is
determining a suitable error threshold. Unlike the
spatial metric the environment alone cannot be used
as a reference pointrfpotential thresholds.

Figure 1: Time Space Metric Error

This paper proposes the novel use of
perceptual feedback to determine equivalent spatial
and time space error thresholds. We describe an
experiment that collects relevant user perceptual
feedback. From the collected perceptual feedback a
lookup table is generated, for equivalent spatial and
time space thresholds. Recent research hazoped
a method of determining equivalent threshold values
based on a common measure of inconsistency,
namely the mean squared error [8]. A similar lookup

table is generated using the mean squared error. The
results for the two methods are compared and some

possible outcomes are discussed.

The remainder of the paper is structured as
follows. Section 2 details the design and
implementation of the experiment used to collect
information pertaining to the end-user perceptual

2. EXPERIMENTATION

This section details the design and
implementation of the experiment used to gather
user perceptual feedback. The primary design goal
was to examine the performance of the dead
reckoning model for both spatial distance and time
space error metrics.

2.1Video Clips

In order to obtain the required feedback, a
set of game-like video clips was created. This was
achieved by recording the movements of a computer
controlled entity or ebote under various conditions.
The first scenario was created under ideal
conditions, with no error or latency, and was used as
the benchmark video. Each subsequent video
consisted of the bot modelled with dead reckoning
under various error thresholds. The user was then
asked to compare the models with the original
benchmark video. Feedback from our previous work
[9] suggested that subjects find it difficult to
continually recall the benchmark video. As a result
the benchmark video was repeated after every four
model videos. The latency was set to 200ms, with
random jitter set to between +10% of the latency
value. These latency and jitter values were chosen as
it has been shown that the average transmission
times fall within the region of 200ms [10].

One of the main challenges encountered in
designing this experiment was the creation of a
suitable track for the bot to race around. In order to
avoid subject fatigue during the experiment, due to
long video durations, the track had to be relatively
short. This resulted in an elliptical course being
chosen. The Torque Game Engine [11] was used to
create the track and scenarios used in this
experiment. Most of the game measurements, such
as the spatial distance, are calculated in Torque
Game Units (tgu). As a reference point the track
used in this experiment is approximately 100 tgu in
width, 250 tgu in length and the two straight
sections are about 30 tgu wide. Finally, the various
games scenes where recorded as AVI files using
FRAPS (http://www.fraps.com), a utility designed
for recording game footage.

2.2User Feedback

Previously our work in [9] highlighted bot
smoothness, or sjumpinesse, as being a challenge in
rating a video clip. A bot may be very accurate but
nevertheless appear to sjumpe from time to time,
which resulted in lower ratings. As a result users
were asked to rate the model using two measures, its

experience. The resulting data is then analysed and smoothness and motion accuracy. It was hoped that

discussed in section 3. Finally some conclusions and
suggestions for future work are given in section 4.
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this would result in more realistic results for the
motion accuracy score.



Linguistic variables were used to obtain
subject feedback. The player smoothness and
motion accuracy variables were ratedEadremely
Poor, Very Poor Poor, Okay, Good Very Goodand
Excellent A seven-point linguistic scale was chosen
in order to avoid difficulties in quantifying specific
levels of accuracy and it has been shown that
humans can reliably distinguish between seven
distinct states [12].

Subject feedback from our previous
experiment indicated that staying focused for the
duration of an experiment was difficult. In order to
avoid this, the duration of the experiment was kept
under fifteen minutes and subjects were asked to
give continuous feedback about the overall quality
of the scene, both player smoothness and motion
accuracy. The continuous feedback was recorded on
a discrete sliding scale frorPoor to Good A
smaller scale was chosen for the continuous
feedback in order to make it quick and easy for
subjects to update their score. This also gave a
greater level of interaction in the experiment, which
more closely resembles the experiment source
material, and would potentially allow for closer
examining of a scene to determine when and for
how long a subjectes perception was altered. The
application used in this experiment is shown in
Figure 2.

Figure 2: Java Media Data Recorder playing the
Elliptical Racing track

2.3Experimental Set-up

Before the experiment began each subject
had the task explained to them and were shown a
demonstration video to illustrate the tasks involved
in the experiment. In order to avoid biasing the
results, the difference between the two error metrics

There was a total of twenty-eight video
clips per experiment. A demonstration video was
also shown to participants to ensure that they
understood the experiment. Six of the experiment
videos were benchmark videos, twenty were unique
models and two were duplicates. Each video lasted
approximately twenty seconds and the entire
experiment lasted approximately fifteen minutes.

3. ANALYSIS AND DISCUSSION

A total of ten subjects took part in this
experiment, consisting of six males and four
females, ranging in age from fifteen to thirty five.
All subjects had some level of experience with using
a computer, while six had some experience with
computer games and four had experience with
networked games.

The spatial thresholds used in the
experiment were 6, 7.5, 9 and 10.5 tgu. These
thresholds were chosen as our previous work
indicated that the perceptual ratings would fall
below acceptable within this region. A more
explorative set of time space error thresholds were
chosen, specifically 1, 2, 3, 4, 5 and 7 tgu.

3.1 Experimental Results for Discrete Feedback

This section is representative of the data
collected from the subjectse ratings after viewing a
video and does not take continuous feedback into
consideration. Figure 3 represents the perceptual
rating for the motion accuracy. For the four spatial
thresholds, 6, 7.5 9 and 10.5 tgu, the perceptual
rating is extracted from the graph in Figure 3a.
These perceptual ratings are then applied to the
motion accuracy scores for the time space metric in
Figure 3b. For example, Figure 3a highlights the
perceptual rating for the spatial threshold of 7.5 tgu,
which has a rating just abowak The equivalent
perceptual rating in Figure 3b gives a time space
error of 2.35 tgu. From this information a perceptual
lookup table can be generated that relates equivalent
spatial and time space thresholds, which can be seen
in Table 1.

It should be noted that the data for time
space graph is not entirely smooth. This is most
likely a result of the relatively low number of
participants and should be taken into consideration
when analysing these results. Increasing the number
of participants should ameliorate this issue.

For comparison purposes, a lookup table is

was not explained to the subjects. The tests began also determined according to [8]. The mean squared

once the subject felt confident they understood the
requirements for the experiment. The experiment
consisted of the subject watching a video clip once,
whilst giving continuous feedback. In addition, at

the end of each video, participants were asked to
rate Player Smoothness and Motion Accuracy.
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error is calculated by summing the absolute spatial
inconsistency at every time interval and taking its
average over the total time. Larger error thresholds
will naturally result in larger mean squared errors.
Figure 4a shows the mean squared error for the
spatial metric. The mean squared error for each of



the four threshold values is highlighted. Figure 4b decline in perceptual rating, froexcellentto just
highlights the mean squared error for the time space aboveok, for a spatial threshold from O to 6 tgu.

threshold. By taking the corresponding spatial mean

squared error and plotting
equivalent spatial and time space thresholds can be lookup tables. For example, a spatial error of 7.5
determined and a lookup table generated. Table 2 gives a time space error of 2.35 in Table 1 and 4.1 in
represents the lookup table generated from Figure 4 Table 2, which is a reasonable difference. It should
and excludes the spatial threshold of 10.5 as it goes be noted that the perceptual rating has a defined
beyond the region covered in Figure 4b.

Interestingly only the smallest equivalent
threshold in Table 1 corresponds to itss equivalent in
Table 2, with values of 1.6 and 1.8 tgu respectively
for the spatial threshold of 6 tgu. It is possible that
for above average perceptual ratings the lookup
tables will match. In this case both the spatial and
time space graphs are likely to exhibit a steeper

it on this graph,

@)

(b)

Figure 3: Plot of the Motion Accuracy Rating for

the (a) Spatial andb) Time Space metrics

However, for large error thresholds there
does not appear to be a correlation between the two

scale; fromexcellentto extremely pogrwhile the
mean square error does not and will continue to
grow as the error threshold increases. In other
words, no matter how large the error threshold gets
the perceptual feedback would be limited to
extremely poowhile the mean squared error would
become very large.

(@)

(b)
Figure 4: Plot of the Mean Squared Error for the
(a) Spatial andb) Time Space metrics

Spatial Perceptual Rating Time Spacge Spatial Mean Squared Errar Time Space
6 Just Above Ok 1.6 6 8.8 1.8
7.5 Just Below Ok 2.35 7.5 9.5 4.1
9 Between Ok/Poor 2.85 9 9.8 5.9
10.5 Poor 4.5 Table 2: Lookup table for Mean Squared Error

Table 1: Lookup table for Perceptual Ratings
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Ultimately it is the region that garners
aboveacceptable error thresholds that is of use to
developers. The mean squared error can
theoretically generate equivalent time space values
for very large spatial thresholds, but they would
result in poor end user experience and therefore be
undesirable. Therefore it is of most interest to
examine the relationships between the error
thresholds that garner above acceptable perceptual
ratings. Clearly future work is required to examine
if smaller thresholds will produce similar lookup
tables.

Additionally, previous work suggested
that the perceptual rating would fall below
acceptable around 8 tgu for a fast paced entity
using a spatial metric [8]. In this experiment the
motion accuracy falls below acceptable just before
7.5 tgu, which is in keeping with our previous
findings. The entity used in this experiment was
slightly slower than that of our previous work and
as a result slightly lower acceptable spatial
threshold is to be expected.

3.2 Experimental Results for Continuous Feedback

This section focuses on the continuous
data collected during each video. The results are
compared to those presented in Section 3.1. During
each video the continuous feedback could be at one
of three ratingsPoor, Ok, or Good. The average
percentage time per each score was calculated for
each scenario and is shown in Table 3.

Scenario Good ¢ Ok % Poor %
Spatial 6 56.72| 38.59 5.68
Spatial 7.5 58.08| 27.46 14.44
Spatial 9 54.58| 34.01 11.4
Spatial 10.5 50.16| 26.46 23.36
Time Space 1 70.87| 26.69 2.42
Time Space 2 54.86 35.3 9.82
Time Space 3 51.17 24.5 24.31
Time Space 4 52.44| 26.08 21.46
Time Space 5 48.69| 15.51 35.78
Time Space 7 49.92] 15.35 34.72

Table 3: Breakdown of the Average Time Duration
for each Continuous Rating Scenario

As expected the amount of time with a
poor rating increases as the thresholds increase.
Interestingly for the spatial metric the amount of
time with a poor rating never goes above 24%,
whereas for a time space threshold anything above
and including 3 tgu gives a higher percent for the
poor rating. Surprisingly the amount of time with a
good rating remains high regardless of metric or
threshold, generally above 50%. Analysing the data
further reveals that most of the negative ratings
occur around the two corners of the track. A high
rating is maintained during the straights and into
the early part of each bend.

86

Despite spending a relatively long period
of time with an acceptable rating, a subject may
rate the player smoothness and motion accuracy
scores as unacceptable. For example, a spatial error
of 9 tgu gives a perceptual rating pdor for the
motion accuracy but the continuous feedback is
rated as acceptable 90% of the time. This would
indicate that if a large enough error occurs in a
simulation, even for a small amount of time, it
significantly impacts an end userss experience. This
highlights the need for appropriate error thresholds.
If an error threshold is chosen on the grounds that it
eappearse suitable, without any research into the
end user experience, then it may be acceptable for a
large proportion of the time but still be considered
a bad system and ultimately be dismissed by
potential users.

4. CONCLUDING REMARKS

This paper has shown how psycho-
perceptual measures can be used as a tool to garner
feedback on various entity update scenarios. Dead
reckoning was examined for both spatial and time
space metrics under various error thresholds. The
resultant perceptual feedback was analysed, which
highlighted some interesting issues.

In keeping with our previous work, the
perceptual acceptability for a spatial metric falls
between 6 and 7.5 tgu for this application. A
perceptual lookup table was created that outlined
equivalent spatial and time space thresholds.
Similarly, the mean squared error for both the
spatial and time space metrics were calculated. The
two lookup tables were then compared.

Except for the smallest threshold value the
two lookup tables did not match. For large error
thresholds the finite nature of the perceptual scale
results in an upper limit on the potential perceptual
rating, whereas the mean squared error can always
increase. This results in a perceptual graph that will
decrease until it reaches its upper lingiktremely
poor, whereas the graph for the mean squared error
will always increase. Interestingly the smallest
threshold value appears to match. This may
indicate that, for above acceptable ratings, the
lookup tables will match, which would be the area
of most interest to developers. Future work will
examine smaller error thresholds to determine if
this is the case. It is, to a degree, irrelevant to
calculate the mean squared error for large error
thresholds if it is going to be considered extremely
poor by the end user.

Finally the continuous feedback data was
analysed. As expected larger error thresholds
resulted in more time with poor rating. However,
for both metrics, the amount of time with at least an
acceptable rating never falls below 64%, yet the
resulting player smoothness and motion accuracy



scores were considered unacceptable. It appears
large errors, even for a relatively small period of
time, result in dissatisfaction for the end user. Error
thresholds that are arbitrarily chosen may work
most of the time but may ultimately result in a poor
end user experience. Also as such thresholds are
typically static, there is a need for research into
adaptive error thresholds, which future work will
focus on.
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ABSTRACT the world made locally need to be communicated to all
participants. However, excess network traffic can overload

Networked games are an important class of distributed the underlying network connecting participants, resulting
systems. In order for such applications to be successful, in increased network latency, jitter and packet loss due to
it is important that a sufficient level of consistency is swamped network hardware [3]. This then negatively
maintained. To achieve this, a high level of network impacts on world consistency as changes to the virtual
traffic is often required. However, this can cause an world take extra time to propagate between participants.
increase in network latency due to overloaded network Other work has focused on solving this issue,
hardware, which, ironically, can have a negative examining means of reducing network traffic, thus
impact on consistency. Entity state prediction improving network conditions, while still maintaining a
techniques aim to combat this effect by reducing sufficient level of consistency. One popular method of
network traffic. Although much work has focused on doing this involves predictive models. Under this
developing predictive schemes, there has been little approach, information regarding entity dynamics, such as
work to date on the analysis of their true impact on the acceleration and velocity, are transmitted between
consistency of the system overall. In this paper, we participants. Each participant then uses this data to model
identify an important performance-related the future behaviour of other participants. An update is not
characteristic of packet reduction schemes. It is transmitted until the model and actual behaviour differ by
demonstrated that there exists an optimal packet a predefined error threshold. Examples of this approach
transmission region. Increasing or decreasing network include dead reckoning and the Hybrid Strategy Model [4-
traffic above or below this level negatively impacts on 5]. In both cases, spatial difference is traditionally used as
consistency. Based on this characteristic, it is proposed the error threshold metric.

that predictive schemes exmlit this optimal point in In such techniques, there is a tradeoff between the error
order to maximise consistency by efficiently utilising threshold and the underlying consistency that can be
the available resources. achieved. Lowering the error threshold, for example, will
increase consistency as the model will be more accurate
Keywords ... Distributed Interactive Applications, due to increased updates. Ironically, this may cause a
Networked Games, Entity Update Mechanisms, Deadesultant decrease in consistency, as the resultant increase
Reckoning, Consistency in network traffic negatively affects the performance of the

network and application. To date, however, we have no
firm understanding of this tradeoff.
I INTRODUCTION In this work, we highlight a key performance
characteristic related to this tradeoff. Using a testbed
aeveloped in an industry standard games engine known as
Torque [6], the amount of network traffic transmitted
between participants operating in a typical home

reaciﬁgt a)r/]fari(')“ :\btor;rt]'ilr atl:’%rec,or;he{jvolvgth.rnultlpl'et Ienvironment is varied. It is demonstrated that there is an
participants N9 peting within a virtua optimal region of packet transmission rate. Increasing

environment, even though those participants may bﬁ'ansmission rates above this region introduces

located at geographically separatg Iocatiops. F>OpUIEHinconsistency due to latency caused by overloaded
e;:arr;ples of [Tetwork(gj gtamesst |.r|1(clude (];'rSt per.so?wetwork hardware. Such a situation necessitates the use of
s O|? ?rs, sulg: as oun ﬁr W” I%’ f?/r\; mfetlsswe Macket reduction techniques such as dea#loréeg. On

mul p a)éer (?n |netgamt§s, sbuct as or " 0 ?rcrz.;lth.. th the other hand, reducing the rates below this region means
irt :do:ener'r(;)r:rrlﬂaﬁtrizl?)l f? \{;?(Tn.tpa}r Igrlr‘])a(;]rts V\;' thmt Cthat available capacity is being underutilised, which causes

virtual envi . urtiul, 1t 1S important that a inconsistency, due to less information being transmitted in
sufficient level of consistency is maintained in real time. © form of less packets

gon:r'z[ﬁggy tt:se tg;edegrrlze.eto i’vg'Ch each participant Based on this result, we propose that packet reduction
Xpert S S worldview [1-2]. schemes such as dead reckoning should take this

A_chlevmg a fully consistent world state generally characteristic into account during their execution, so as to
requires a large amount of network traffic as changes t8ptima|ly use available resources

Network games, a part of a larger class of application
known as Distributed Interactive Applications (DIA), have
become extremely popular and commerciallgcassful in
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The rest of the paper istructured as follows. In meaning that such approaches may be performing sub-
Section Il, we present some brief background informatioroptimally. This issue arises, as there is no firm
on network latency and entity state predictive schemes. landerstanding of how the relative reduction or increase in
Section 1ll, the test network environment for thenetwork traffic transmitted will actually impact on the
experiment is described, and results collected using thigverall consistency of the virtual environment.
testbed are outlined and analysed in Section IV. We To analyse this issue, a number of network trials were

conclude the paper in Section V. conducted using an industry standard engine known as
Torque. The network setup for these trials is described in
I COMBATING LATENCY the next section.

One of the greatest limiting factors in achieving
consistency within DIAs is network latency [1-2].
Network latency is the time taken for data to travelEach experiment was carried out over a LAN using two
between a transmitter and receiver on the same netwodesktop computers. Both test computers had equal
[7]. The problem of dealing with latency in DIAs is specifications. Each computer also ran a copy of Torque,
confounded by the variation in latency over time, knownwhich was modified in two key ways to facilitate the
as jitter [8]. experimentation.  Firstly, the default client/server
The causes and effects of network latency and jittearchitecture was modified to operate in a peer-to-peer
within DIAs have been well researched [9-10]. There are fashion, in order to emulate the architecture of applications
main factors that contribute to latency: that use packet reduction techniques such as dead
reckoning. Secondly, the engine was extended to include
1. Propagation delay ... time to transmit a packet over thdl logging of both local and remote client information.

Il EXPERIMENTATION

wire. Subject to speed of light delays Both clients were connected via a network bridge
2. Transmission delay ... time taken to serialize the datanning NetDisturb software, as shown in Figure 1. Net
onto the wire. Disturb allows for the emulation of Wide Area Network
3. Nodal delay ... time to decide on a route for a packetlahitations, such as latency and queuing delays, within a
each router Local Area Network environment [16].
4. Queuing delay ... delay caused by waiting at Using Net Disturb, we emulated the capacity of a home
overloaded network hardware. ADSL connection with an upstream bandwidth of 256kb/s.

However, given that only 2 participants were involved in
Techniques that tackle the issue of latency and jitteeach experiment, this would mean that each participant
tend to primarily concentrate on the reduction of networkhad a full 256kb/s bandwidth, which is unrealistic. To
traffic so as to ameliorate the effects of queuing delay. Aompensate for this, we scaled the bandwidth down to
popular method of achieving this is predictive schemesl4kb/s, so as to emulate the performance of hosting 18
such as dead reckoning and the Hybrid Strategy Model [Histinct clients. No limit was set on the buffer size,
3]. meaning that no packets could be lost due to buffer
Much work has analysed the performance of variousverflow.
predictive techniques. Roberts et al. propose an alternative
to the standard spatial error threshold used in dead
reckoning, known as time-space error threshold [11-12]. It
is demonstrated how this technique improves consistency '\\4 K ﬂ

Time
Server Client 1

in comparison to traditional dead reckoning, at the expense Switch
of increased network traffic. The pre-reckoning algorithm,

proposed by Duncan et al., improves on standard dead *4
reckoning by providing a technique that detects likelihood N :

X - etwork bridge
of breaches of the error threshold, resulting in improved running Net
consistency [13]. Lee et al. propose a scheme under which Disturb software
the spatial error threshold value is increased based on * A
distance between entities, resulting in less network traffic
being transmitted between participants that are not close to

one another within the virtual world [14]. The Hybrid
Strategy Model (HSM) improves the dead reckoning
predictive model by taking long-term user behaviour of an  Upon entering the virtual environment, each participant
entity within a set environment into account [15]. Thisfirst contacted the other and initiated communication.
long-term model is known as a strategy model, and caNext, each participant synchronised his or her time with
include information detailing how an entity navigates athat of the «Time ServerZ. This was done so as recorded
winding corridor, for example. This approach was showrinformation could be accurately compared offline
to require fewer packets than dead reckoning, whilsfollowing the experiments. The experiment then began.
maintaining an equal or greater level of consistency. The goal in the environment was to navigate a racetrack,
All the approaches outlined above allow a certain levelnd reach the end position before the other participant. A
of inconsistency for a resultant decrease in network trafficplan view of the test scenario is shown in Figure 2. The
However, none of these approaches take the capabilities of
the underlying network into account in their operation,

Figure 1. Overview of the network setup
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bandwidth being consumed within this region is well

below that of the available 14kb/s, no extra network
O latency is caused by excess packet transmission. In such a
case, it is worthwhile transmitting extra packets, so as to
improve consistency. The typical behaviour exhibited
within this region is shown in Figure 4. Here, a section of
a single user local and remote path is shown when a
transmission rate of 2PPS is used, along with the spatial
inconsistency arising from a different section of the
course. From Figure 4(a), it can be seen how the remote
behaviour deviates from that of the local behaviour until
an update is received, at which point, the two are
reconciled. This is further evident from Figure 4(b). Note
packet transmission rate was varied per experimenhow the spatial inconsistency increases between updates,
beginning at 2 packets per second (PPS), and incrementtten returns to zero when an update is received.
by 2 up to 24 PPS. All data collected during each Currently, predictive packet reduction schemes do not
experiment was then compared offline using Matlab. Theéake this result into account. Their use, therefore, may
spatial inconsistency, which is the Euclidean differenceesult in an inefficient use of available resources. Based on
between the local and remote position of a client, waghis, we propose that such schemes incorporate a dynamic
calculated at each time step. As it is impossible tdghreshold, which can be scaled based on application and
guarantee that data will be recorded at the exact time ametwork parameters, so that packet transmission rates
both machines, each local data point recorded waatch that of the optimal region. The location of this
compared with that which has the closest time stamp. Thaptimal region will vary based on the nature of the
maximum difference in compared timestamps was 2mspplication.
The average spatial inconsistency was then calculated for In the optimal region, the average bandwidth being

Finish

Start

Figure 2 Plan view of test environment

the entire experiment. consumed is approximately 58b/s, which is just below
that of the available bandwidth. Any increase above this
IV  RESULTS AND DISCUSSION level will overload the available bandwidth, leading to

increased network latency. The impact of this increase on
onsistency is obvious from Figure 3, where it can be seen

transmission rate and consistency is evident. as shown hat inconsistency increases dramatically above 22 PPS.
SMiss! SIS YIS €vi » 85 SNow! @onsistency is improved in this case by reducing network

Figure 3. Here, the average spatial _incor?sistenc_y in Torqut?affic. Such a scenario necessitates the use of packet
Game .U'?"S (TGU) is plotted .agamst Increasing .pQCkeFeduction schemes, such as dead reckoning. However, as
::Z%irgf‘.z'on rates for a single set of participantye monstrated by the previous result, network trafimutd

| Ies. not be reduced below the optimal region.

As can be clearly seen from Figure 3, there is a region We further highlight the impact of network traffic at

betW_ee'? apprc_mmately 18'2.2 PPS, within Wh'ch averadghis end of the spectrum of transmission rates by analysing
spatial inconsistency is at its lowest level. This is the

. . o . .-a single user trajectory, shown Figure 5(a) and (b). Figure
optimal region of packet transmission rates, as mcreasmg(a) shows the local and remote trajectory for a packet
or reducing net_vvork_traffic above or below this level onlytransmission rate of 24PPghilst figure 5(b) shows the
serves to negatively impact on consistency. spatial inconsistency arising from a different section of the
course. Comparing Figure 5(a) and Figure 4(a), the effect
of the extra packets is apparent. The remote behaviour is
now indistinguishable from that of the local behaviour.
However, examining the spatial inconsistency in Figure
5(b), the true impact of the higher transmission rates and
network latency can be seen. In this case, the average
bandwidth usage is 16kb/s, 2kb/s greater than the available
bandwidth. However, as thietDisturb buffer does not
overrun, latency within the overloaded network
] continually increases, as the buffer grows larger. This has
Improving Optimal the knock on effect of continually increasing spatial
W» Region 1 inconsistency. Although this trend is evident from Figure

5(b), as shown by the broken straight line, there are
, 4 occasions where the spatial inconsistency value decreases.
2 4 68 1012 14 16 18 20 2 A The reasons behind this will now be discussed.
Packets per Second On the straight sections of the course, as shown in
Figure 3. Spatial inconsistency measured as the Figure 6, the remote position remains at a distance behind
packets per second increases the local position due to network latency. The Euclidean
distance measure used to calculate inconsistency works
e\zNe” in this case, and inconsistency has a valuk Ak the

Analysing the data collected during the experiment
described in Section Ill, the tradeoff between packe

o

o
T
I

IS
T
L

Improving
Consistenc

Average Spatial Inconsistency(TGU)

To the left of this region, inconsistency is being
unnecessarily introduced due to modelling error. As th
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entity navigates a corner the distance around the curve V  CONCLUDING REMARKS

between the two positions is still given dyHowever, as In this work, the tradeoffs between network packet

we are using Euclidean distance, the inconsistenc L ; : . .
measured at this point is actuadly which is smaller than ransmission rates and consistency were investigated, in
h rder to analyse the true impact of packet reduction

d. Upon reaching the straight section of the track again, t g o .
inconsistency is once again correctly measured. dis sch?_met_s on Ltjhe.’ p?;]for_lrr_wance of Dlstnbut_ed Interact;veczj
demonstrates a shortcoming in the spatial measure piications. ‘Using the Torqueé games engine, converte

inconsistency, a solution to which is outside the scope ar. operate in a peer-to-peer fashion, a number of network
trials were conducted.

this work Results collected from these trials highlight an
O Local Position important performance related characteristic of packet
O Remote Position reduction. There exists an optimal transmission rate
region, within which average inconsistency is at ites
d lowest. Increasing the packet transmission rate above this
— point means that inconsistency is introduced due to
q d network latency. Such a scenario requires the use of
predictive schemes, such as dead reckoning. Reducing the
rate below this level however, introduces inconsistency
d unnecessarily, without providing any subsequent
Figure 6. As the player navigates the course, the improvement in network latency. Using these results, a
measured inconsistency can vary due to the nature of  shortcoming of the traditional spatial inconsistency
the inconsistency metric measure was also demonstrated.
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Based on this work, we propose that predictiveand Computer Simulation (TOMACS)4(1):pp. 31 -
schemes take this optimum packet transmission region in#7,2004
account, so as they can operate in an efficient manner. [13] Duncan, T. P. and D. Gracanin "Pre-reckoning
Such a scheme could use a threshold value, as with othaligorithm for distributed virtual environmentsWinter
predictive schemes. However, the value of this threshol@imulation ConferengdNew Orleans, Louisiana, 2003, pp.
could be scaled based on application attributes, in order t086-1093.
maintain a packet transmission rate that lies within the [14] Lee, B.-S., W. Cai, S. J. Turner and L. Chen.
optimal region for that application. This is the focus of"Adaptive Dead Reckoning algorithms for distributed

future work. Interactive  Simulation." International Journal of
Simulation1(1-2):pp. 21-34,
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ABSTRACT

This paper presents a novel approach for the creation of
computer games where the user can actually feel and
manipulate objects in the 3D environment. Haptics (the
sense of touch), is commonly used in virtual reality
simulations such as tele-operation (the control of remote
systems), however to date, games have not typically been
targeted for development. By taking two existing products— a
game engine (Unity) and a commercial haptics device (a
PHANTOM Omni), a plug-in has been developed to link
these technologies together. The resulting system allows
anyone, with even modest programming skills, to create a
computer game which allows the user to feel 3D objects in
the environment. The paper will discuss how Unity allows
for the rapid prototyping of games, how this plug-in was
developed, and finally how haptics can be used in future
computer games. By introducing this extra modality
channel into computer games (in addition to visuals and
audio), it is hoped that this technology could lead to a new
genre of games.

INTRODUCTION

The stimulation of our senses in computer games has
historically been limited to the visual and auditory channels.
Therefore, games designers are aiming to create believable,
immersive environments using only two of our five input
senses. Of our remaining senses, only haptics (touch) has
been exploited, and even then, only to a limited extent in
computer games, typically through the use of rumble
features on joypads or steering wheels. Recently, amB3
have developed peripherals which are designed to augment
the gaming and film experience by controlling lighting and
fans (air flow) in the userYs physical environment.

Computer games are becoming increasingly more complex
and as a result, they need to convey more information to the
user. Hence, the field of HCI for computer games has
become of great interest to games designers, to ensure that
they can convey the in-game status accurately and in real-
time. By also employing the haptic sense, games designers
could use this sensory channel to encode appropriate
information, thus avoiding overload in the visual or auditory
channels.

Previous work in the field of haptics and computer gaming is

limited and for the most part unpublished. A small example
of what developers have made is documented on SensAbleYs
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(Developer of the Phantom Omni) website. Through their
developers competition, Y3D Touch Developers ChallengeY,
entries were submitted which encompassed gaming,
education and music. One of the winning developments was
one of the two gaming entries, a multiplayer sports game
YHaptic BallY, where up to eight players could compete each
using a haptic device, adding the extra element of touch to
the existing sound and visual environment of the game. The
second game YHaptic Mini GolfY takes a similar route in
giving the player physical feedback of the course and golf
club they are using. Outside of these examples there is
limited available research in the haptic gaming area, possibly
due to the nature of creating games in this context, involving
extensive graphical and game programming (eg openGL and
C ) with the addition of the haptic device programming.
Small research projects have been undertaken in haptic
device development, YThe PlankY (Verplank et al. 2002) was a
project based on creating simple haptic controller from an
old disk drive and using the result for live sound
manipulations. Another similar project was YA Development
Of a High Definition Haptic ControllerY (Akahane et al.
2005) where research was conducted to develop high
definition haptic control for realistic force feedback. These
projects while still related to the haptics and gaming area
have no real link to computer gaming. It could be down to
the extent that prototyping (in the current state of haptic
game development) an idea or testing a game concept is not
a simple task and would require a skilled programmer or
development team to bring basic concepts to life and from
this there are few published examples of projects in haptics
and 3D gaming.

The approach discussed in this paper is unique for two main
reasons:

€ The system couples a commercial games engine
with a haptics device. By using the Unity
commercial games engine the user can create games
in a development environment.

€ The ease of creation of haptic 3D environments.

Unity is a games creation environment which is
ideal for rapid game development. As the use of
haptics in computer games is still a new field, being
able to easily create experimental haptics games
may lead to successful concepts more quickly.
The remainder of the paper will discuss how the system was
developed (the plug-in) and present ideas for future work.

BACKGROUND
The system proposed in this paper consists of two major

components— Unity and the PHANTOM Omni. Each of
these components will now be discussed.



Unity

Unity is a games creation system for Mac OS § that allows
for the rapid design and development of computer games. It
runs on Mac OS § and once the game is completed, can be
published to Mac, Windows, a web browser or a Dashboard
widget, all from the same code base.

Unity is a unique product in that it allows the game designer
to construct their game world in a highly visual approach.
Assigning properties to objects (such as physics) is typically
done by clicking on the game object and then adding the
desired property. The effects of this can be tested
immediately and if theyYre not what was intended, can easily
be changed. In this way, Unity encourages the designer to
experiment with the settings of the game world constantly
through the development period, making the game fun to
develop and easier to test.

One of the major features of Unity is an extensible plug-in
architecture which allows developers to extend the built-in
functionality by allowing for the creating and linking in of
external libraries. This plug-in architecture was used to
bridge between the custom game code and the PHANTOM
API. Figure 1. shows the Unity development environment.

Figure L. enity games creation environment from OTEE
Phantom Omni

SensAble manufacture several variants of their PHANTOM
haptics controllers, the Omni is aimed at the consumer end
of the market, however it is still prohibitively expensive to
most users (approximately j2000). The device offers 6
degrees of freedom allowing the user to accurately touch and
manipulate objects in 3D space. Most importantly, the
device is capable of applying forces which can be
programmatically controlled to create a range of effects.
The user interacts with the PHANTOM by gripping the pen-
like device to control the on-screen cursor in the virtual
environment. Figure 2. shows the PHANTOM Omni from
SensAble.
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Figure H. PZANTOM Omni from SensAble

The next section shows how The phantom Omni library was
implemented into Unity enabling developers to utilise the
full haptic control functions within games or virtual
environments.

DEVELOPMENT

This section details the development of the plug-in and how
it can be used to create a game.

Plug-in Development

This section discusses specifically the implementation details
of the plug-in and how the PHANTOM Omni API is
accessed from within Unity.

Development of a C€€ plug?in from the Phantom Omni API
that incorporates all the available control and haptic
feedback functions

The method for executing C code from within Unity is
through converting the standalone C code/application into
a ¢.bundle’ file. A bundle is dynamically loadable code in
which individual methods can be executed individually, the
bundle simply makes the C code importable into other
environments (Unity) that do not directly support the C
language. The Phantom Omni API has two main libraries
for development provided by Sensable— Haptic Device
Application Programming Interface (HDAPI), used for
gathering precise control values and direct rendering of force
in the haptic device, and Haptic Library Application
Programming Interface (HLAPI), aimed at building 3D
haptic environments and generating limited control effects
such as friction or gravity.

Force rendering with the haptic device is processed through
the scheduler, essentially a secondary thread of processing
that iterates at around 1000Hz. This ensures forces
generated or any transitions between forces are smooth and
no resolution is noticeable. Device calls (force rendering or
gathering position information etc) are all conducted within
¢thaptic frames’, where information between the Phantom
Omni and the computer are synchronized through stacking
events until the end of a haptic frame. The calls work on two
systems— synchronous calls, a Yone shotY call back method
used to return instance information, and asynchronous calls,
executed at every tick of the scheduler and used to render the
haptic feedback.



Implementing all the HDAPI and HLAPI methods in a
¢.bundle’ requires putting each task in a method of its own,
where when called it can be passed required variables and
performs the ¢scheduler task that is required. For the
asynchronous scheduler calls information is passed to them
through global variables implemented in the C code— for
example the force is set through setting the values of a three
dimensional vector that the asynchronous scheduler method
checks at every ¢tick’. The synchronous tasks are a lot easier
to command and are called simply with a method containing
the desired scheduler method for each e\(&ittion, spring
effect etc).

surface. The cast ray returns all of the collision information
including the distance that is then translated linearly to the

force required in the device to provide the effect of the

player touching the surface.

Creating a Game

With the entire HL and HD APIYs now implemented and

accessible from within Unity, a scaling system was
implemented to scale all of the incoming control numbers to
a more manageable scale (-1 to 1). Then several Ygeneral
purposeY control scripts were created that could be edited
depending on the environment they were applied to or the
desired application, giving instant access to haptic control

from a Unity scene. With these YgeneralY scripts available

Implement the plug?in within enity, gaining access to all the
CE€€ plug?in methods from enity.

Once the desired methods are implemented in the bundle this
can be imported into Unity as a plug-in. In Unity all of the
methods in the ¢.bundle’ file can be called as external
methods through a call to the external bundle file from a C»
script:

extern

fDlllmport(sbundle filenamee), public static

methodReturn|ariable methodName()U

This imports the method and implements it as a method
within the C> class it was called from, this can be called the
same way as any method in the same class. In the same way
as internal methodYs variables can be passed both ways
between the C> script and the C  plug-in, so values like the
force to be applied or the position of the device can be
transferred.

Game Development

This section discusses creating 3D haptic environments and
the implementation of the Phantom OmniYs control and
feedback.

Developing the haptic feedback system

The main aim of creating a YgenericY feedback system was so
that a developer using Unity could implement the Phantom
Omni in any environment created in Unity and instantly have
(if desired) force feedback and the ability to feel any object
instantly. The method implemented to enable the user to feel
the surface of virtual objects utilises Unity’s collision
system. Through having a ¢collider’ sphere (of a slightly
larger size) attached to the player sphere, a collision method
could be called as soon as the ¢collider sphere touched
another object in the simulation. This system works on the
YplayerY controlling a sphere of any size within the
environment. The designer may want to implement other
shapes or designs for the YplayerYsY virtual object and to this
aim the collider sphere can easily be exchanged with, for
example, a cube collider. By making the size of the collider
slightly bigger then the player sphere this meant that
collisions were ¢pre-empted’ and through this the virtual
collision would be synchronised with the haptic feedback of
the collision (when the player object touch another object
visually the physical feedback would be synchronised). As
soon as a collision was detected by the collider, a ¢ray’ was
then cast towards the location of the collision at every
iteration in Unity until the object has no contact with a
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they can be linked to player object(s) in any haptic
environment created in Unity and mapped to any control
system the designer requires. With this flexibility of control,
individual aspects of the control (the rotation of one joint or
only the position in the x plane) can be implemented as well
as utilising the entire control or feedback system. With the
development of the haptic feedback system enabling users to
feel virtual surfaces, creating an environment the user can
feel is very straightforward. The script containing the
calculations for the force to be applied when the player
comes into contact with a surface has to be attached to the
player object, and any surface the developer wants to be felt
has to have a Yrigid bodyY attached and instantly the user can
touch the surface of the objects. With the addition of UnityYs
ability to import models made in the majority of 3D
modeling programs (Maya, Cheetah, Blender, Cinema ceD
etc.) then the developer is not restricted to primitives only.
This ability enables the developer to create any custom
environment or object in the modeling software and import it
into unity and instantly be able to touch, feel and manipulate
the imported object.

PROTOTYPES
Touching Virtual Surfaces

This demonstration primarily showcases the ability to touch
and manipulate virtual surfaces with the Phantom Omni. It
demonstrates that expansive 3D environments can easily be
created in Unity utilising the full 3D movement of the haptic
device and combining this with the ability to generate forces
so that the user can feel the environment as they manipulate
it. The demonstration gives the user control of a small sphere
in an environment filled with different surfaces to show
different haptic environment reactions. Some surfaces are
rigid and cannot be moved whereas others will move freely
when pushed or will be heavy to move. Figure 3. shows a
screenshot of the prototype.



Figure Z. Touching virtual surfaces prototype
Crane Control

The ¢Crane Demonstration’ gives the user 3D control of a
crane arm in an enclosed environment where the objective is
to pick up and move boxes within the environment. The
concept behind this prototype is to demonstrate the HLAPI
teffects’ that can be easily implemented into a created 3D
environment. In this example the friction effect is used to
translate the feeling of the mechanical crane arm movement
directly to the user through the haptic device. In the same
manner, when the user picks up a box the weight of the box
and subsequent drag on the crane arm is physically
represented as well as the visual representation. Again this
also demonstrates the ability to design visually attractive
games and environments with ease. Figure ce. shows a
screenshot of the prototype.

Figure V. Crane control prototype
Turret Control

In this application of the Phantom Omni within Unity the
user is placed in control of a turreted gun with the aim of
destroying all the objects in the scene in the specified time.
The friction effect is also implemented here in a different
guise to the crane demonstration, the friction (through the
haptic device) physically reproduces the effect of turning a
turreted gun, adding ¢weight' to the movement. The force of
the recoil of the gun when a shot is fired is also implemented
into the environment alongside feeling the force of the
exploding objects through physically shaking the controller.
This demonstration also utilises the sound functions of Unity
and shows the simplicity of adding sound as well as visual
stimuli into the haptic environment. Figure 5. shows a
screenshot of the prototype.
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Figure W. Turret control prototype

CONCLUSIONS

Through the application prototypes it is clear that the
implementation of the Phantom Omni within the gaming
engine Unity as a haptic controller is successful. From the
conducted development of this project, the intended outcome
of creating a plug-in to promote easy creation of immersive
haptics environments has also been successful and from the
demonstrations the project has proven that implementing the
Phantom Omni within such 3D environments is now a
simple task and the device can easily be translated to
different environments and applications with full haptic
feedback. With the demonstrations the project has shown
some of the capabilities of utilising the HDAPI and HLAPI
from within Unity and being able to quickly implement them

in the environments to reach new and innovative methods of
control, haptic feedback, and expression in modern computer
gaming.

FUTURE WORK

From initial evaluations, where users were asked to explore
the environments using a Ythink aloudY method of capturing
their experience and thoughts on the demonstration system,
one area of further work is the implementation of haptic
force calculations. Users stated that the haptic feedback for
the surface of virtual objects could be improved. With
further development on this application of the plug-in, it
could be used in a variety of ways by future developers—
games/environments could be created for blind and visually
impaired people with the full ability to touch and feel the
environment they are in, games involving intricate surface
interaction would be easy to implement through unity and
the Phantom Omni plug-in.

It should be stressed that the aim of this project was to
implement the Phantom Omni within Unity (develop the
plug-in), this has been successful and several prototypes
have been developed to show how it could be used in the
creation of games and interactive environments.

The developed ability to create immersive haptic
environments with the Phantom Omni and Unity is a novel
development system in terms of YcreatingY an easy to use
development engine (specifically aimed at gaming) where
vast 3D environments can be created very simply and in
which the haptic device is easily implemented and feedback
controlled. This has created the ability for further developers



to easily progress (into or through) the field of haptics and
computer gaming or virtual haptic environments. This also
opens up the world of haptic environment creation through
(as stated) the development of an easy to use 3D
environment creation engine, and because of this, further
projects in haptic environments can be undertaken without
the need for extensive C and openGL coding knowledge
and typical game development timeframes. With the easy
creation of immersive 3D environments in Unity for games
or haptic simulations, future developers can concentrate
more on the concept of a game or environment and can
rapidly construct working prototypes to develop ideas further
rather then have to spend the time trying to code expansive
3D environments and complex force calculations.
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InterfaceDesignRequirements-or Playing
PongWith A SingleSwitch Device

J.Gilligan, B. MacNameeard P. Smith

Abstract, Motivated by a desire for increased accessibility in
digital games, in this paper we consler the design requirements
for an interface to a variation of the game Pong for single-switch
users. We consider the issueén the design of accessible
interfaces for games and proposa set of interface configurations
for playing Pong, using this as a proof of concept for more
elaborate games.

Index TermgGames, interface design, accessibility, assistive
technology, switch accesselection grids, scanning

. INTRODUCTION

S the world market for computer games exparts,

increasing attention is being focussé on games
accessibility In its mission statemerthe GameAccessibility
special interestgroup (GA-SIG) of the International Game
Developers Association state that it interds to edevelop

ball and padde video game we can be certain hat the
electronicgame Pong was releasd in 1972 by the ATARI
corporation at the time headed by Nolan Bushell. A
screenkot of an early versionof Pongis shown in figure 1
Pong wasreleasd both as a coin-operatd arcale madine
ard as a home systemand becameone of the first games to
ready a massaudience The successof Pong is largely
attributed to its simplicity [7].

The conceptof Pongis simple A small ball moves across
the screenbouncingoff the top and bottom elges In the two
playerversion ead playercontrols apadde which canmove
up ard down. The objectiveis to positionthe paddle soit hits
the ball ard returnsit to the oher sde. The opposing player
mustthen anticipatethe likely position of the ball ard try to
hit it backto the other participant A score is awated when
the opposingplayermisses

methods of making all games genres universally accegsible

[8]. This reflects other world wide accessibility initiatives
sudth as the Web Accesslnitiative (www.w3.0rg/WAI) [9],
ard the UniversalDesignphilosophy [12)].

Thus motivatal by this desirefor increasd accessibility
ard as a proof of conceptfor more elaborategames we
consder the design requirementsfor an interface to a
variationof the Pongelectronicgame for single switt users
Switch devices are one of the major alternative input
technologiesto computerdor peoplewith dsability.

This paperwill begin by briefly introducing the game of
Pong This will be followed by an in-depth dscussionof
switch tednologies Following on from this design
configurationgequiral both to makeswitch accessuitableto
Pong ard to make the Pong interface suitable to switc
control Finally, we will proposea scheme through which
Pong coull be made availableto single-switt users ard
extrapolate on Wwat isrequired to makeother gamesavailable
to switch users

II. PONG
Although thereis someargumentasto who first createl a
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Figure 1: A screenshot of an early version of Pong

Over the yearghere havebeenmanyclonesof Pong There
In this report wewill consider a singleplayerversionin which
the court is enclosd by top, left and right walls off which
the ball can bounce The player controls a padde at he
bottom of the screenwhich can be moved from left to right
ard the object ofthe gameis to keepthe ball in play, with
scores beingawaded for ead successfulhit. A diagram
showing the layout of this versionof Pongis shown in figure
2.



Score: 24 Balls Left:0 O

Figure 2: A simple illustration of the proposed single
player Pong clone

While Pong may seeman unusualchoice to work with -
there are countless more sorhisticatel games currently
available- it hasa number of compelling dvantagesFirstly,
althouch Pongis relatively straightforward, with its relatively
fast pace it does offer enoudy complication to allow
exploration of the important issuessurrourtding accessible

games Furthermore the ubiquity of Pong style games means

that eventhoseunfamiliar with modern digital games will not
feel out oftheir deph with a Pongclone In fact, thereis also
a growing body of thought that suggests Hat simple or
casual gamesoffer the greatestpotential for growth of the
digital gamesindustry [13]. And finally, as our work will
focuson single switch control we require a game whtsimple
controlrequirements

II. SwiITCH ACCESS

A switch is simply a make-or-brealelectrical circuit usel
by those disablel people who are incapable of using
conventionatomputerinput devicessud asthe keyboad ard
mouse[6, 11]. The switch is placal on or nearthe muscle

groupoverwhich the userhasmostcontrol in some cases just

an eyebrow Fgure 3 shows an imageof the Jelly Beamet
wirelessswitch.

Manytypesof switch areavailablefrom the stardard hand-
controlled switch to sippuff switches which involve a tube
connectd to a switch which is activatel by a changein air-
pressure causeby sipping or blowing. Switches can be
activatel by most muscle movementswith neweroneseven
controlled by thought alone[4]—

Switch accessasa meansof input to a computer works in
associationwith on screengrids of itemsto be selectd. This
collectionis known as the selection setThis is placel in a
separate widow arnd can comprisetext and graphic items
The window can be positional anywhere on the screenand
alwaysappear®ntop of anyother applicationwindows
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Figure 3: The Jelly Beamer’ wireless switch

Switch access works by selecting appropriate itesnghe
grid through a processknown as scanning Ead item in the
selectionsetis highlighted in sequenceThe length of time for
which anitemis highlighted is known asscan delayA press
of the switch will select the currently highlighted item.
Scanning is baracterisd by the switch configurationuse,
the mannerard order in which the highlighter moves ttirouch
the itemsin the selectionset (scan movemehiand by how
items on the computerscreenare sequentiallyhighlighted -
oneafter the other, until the userchoosesoneby pressingthe
switch (scan method Figure 4 shows a sampleselectiongrid
usal to entertextinto aword processar

Figure 4: A selection grid being used to input into a word
processor

The following sectionwill describe the constderations
which mustbe keptin mind in order to allow switch control of
aPongclone

IV. PONGAND SWITCH ACCESSDESIGNCONFIGURATIONS.

The gamePongplacesa number offunctionalrequiremerg
onthe user The mostimportantof theseareasfollows:
The playermustbe ableto controlthe padde through
aninput device
The player must be able toreactquickly enoudn to
effectpadde movemenin the time interval in vhich
the ball is within the playingarea
X The player must possess enonigpatial awarenesto



understaml the relative positions of the ball ard
paddle to eadt other.

X The player must anicipate the likely position at
which the ball will arrive at the padde plane of
movementand move the padde there beforénard -
this involves projecting the pah of the ball as it
bounceghrough the anglesof the playingarea

Using a switch devicealsoplacesa further setof functional
requirementson the user To usea scanningsystem a switch
usermustbeableto [5]:

X Makeachoicefromafield of options

x  Watdh/listen and wait until the choice is highlighted
by the scanningoox or advancethrough choicesuntil
they arrive atthe choice

X Activateaswitch to selecttheir choice

Successfulswitch useinvolvesissuessud as volitionaland
reliable movementanxietycontrol ard cognition[2, 5, 11].

How the switch systemis configurad can significantly
affect performance For example the choice of scanning
method demards different abilities [1] which individual users
may haveto varying degrees

The design of the grid significantly impacts on
performance Decisionsmust be made asto the grid layout
item size, shape colour, spacing presentatiorand so on [5,
11].

In the next section we will look at how someof these
switch designchoicescanimpacton the accessibilityof Pong

V. SWITCH INTERFACE DESIGNISSUESFORPONG

Most accessibledesign philosophies place the userat the
centreof developmentThe choice of switch is determinel by
the functional limitations of the userand canimpacton the
consequentisability of the game So, there are a numberof
importantconsterationswhich mustbe made in determining
anappropriatecontrolschemefor the gameof Pong

For example a stardard Pong player requiresreasonable
function of sensingsize, form ard contourusingboth eyesfor
objectscloseto the eye If aneyela$ switch wereused it may
interferewith the usess view of the playing areaand the ball
ard padde. This in turn could reducethe usess effectiveness
in assessinthe relativepositionof the ball in spacen relation
to the padde. Similar constderationsfor other switch locations
for which, for example the usermay haveto turn their head
awayfrom the screen

Maybe most importantly switch accessis slow. Even for
less complexgrid traversalsthe accumulationof scandelays
amountsto a slow selection process[1]. This must be
accountd for when settingthe speel of the ball, asthe ball
should not move so fast as to read the padde line quicker
than the time it takesto makethe required numberof padde
moves

Also, switch systemsinvolve a selectiongrid. Ths adds
amther elementto the screenlayout of the game While the
gameis playingthe switch useris forced to changetheir focus
from the path of the ball to the selectiongrid while makinga
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padde move Again this introduces anoter layer of
complexityand both the speel of the ball and the designof the
selectiongrid should accounffor this.

The presentationof items in the selection grid is an
importantareain which switch accesscanbe facilitated. The
largerthe item size the easierthe item is to targetand select
However this increasesthe size of the grid which in turn
encroabes onto the spaceallowed for the playing area By
reducing the size of the playing areait canleavethe ball with
a shorter pah to travel This might leavethe userwith less
time to movethe paddesto the requiral positions

Scanmethods (i.e. how the itemis selecte) alsoaffectuser
peformance Nisbet ard Poon [11] outlines the functional
demarts that different scanmetods (sud as Autoscan ard
Userscan[3]) place on the user Some of thesemay be in
conflict with the requirementsf Pong

For example in Autoscan the highlighter moves
auomatically betweenitems This placesthe onuson the user
to wait until the required grid item is highlighted. Pongalso
requiresthe userfocus attentionon the playing areaard its
constituenbbjectsat the sametime. Thus the useris requirel
to shift attentionbetweerthe grid and the playing areaarnd at
the sametime carry out the multiple tasksof controlling grid
selectionand the Pong padde. Switch usersmay not have
sufficient capacityto carry out multiple taskssimultaneously
or to divide attentionbetweendifferently sited stimuli. These
difficulties may resultin increasd stressand anxiety on the
partof the user

Another consejuenceof the dual focusimposel on switch
users of gamesis that there may not be correlationbetween
the direction of grid traversaland the direction of the padde.
It is anadded burdenon the playerto controla padde moving
up and down in a vertical plane through grid selection
involving left to right traversalin the horizontal plane This
involvescomplexcontroland coordination of counterintuitive
voluntary movements Grid traversaland padde movement
should be similarin sofar asis possible

Following on from theseissueghe nex sectionwill suggest
a number of possible solutions for making Pong more
accessibleo singleswitch users

V1. PROPOSED SOLUTIONS

Basal on all of the consderationsdiscusse in the previous
sections we now proposea numberset-upsfor single switch
controlled Pong There arethree different configurations two
of which use a selectiongrid which appearsin a separate
window to the actual Ponggame and one of which usesa
selectiongrid which integratel into the gameitself.

A screenbot of the first propose configurationis shownin
figure 3. In this scenariahe Pongwindow is positional above
a smallerwindow which containsthe selectiongrid for switch
control Here the selectiongrid has only two options ™ to
movethe padde left or to movethe padde right. Whena user
selectseither one of theseoptionsthe padde would move a
predetermingl amount in the appropriate direction This



configurationwould use an Autoscan-basg scanmetod in
which the arrowsare continuallyhighlighted one after andter
allowing the playermakerepeatd selections

Figure 5: Accessible Pong configuration 1

The obvious concernverthis configurationis that it would
take an unacceptable amourdf time for the user to
successfully movehe padde as they must make repeate
choices This difficulty inspires the secom propose
configuration

In the secod proposé configuration a third choice is
added to the selectiongrid usel by the player. This time the
selection gl offers choices togo left, go right and stop as
shown in figure 4. In this configurationthe left and right
choices are alternately highlighted until the user makes a
selection However this time once a selection is mde the
padde moves continuouslin that direction While the paddle
is moving the selectiongrid changesto only offer the stop
option, which whenselecte stopsthe paddle. At this point the
selection gril reverts toalternatelyoffering the left and right
choices

The advantageof this proposaloverthe previousoffering is
that it will allow the player move the padde more fluently,
making the game morelayable However thereis still the
difficulty that the playermustshift their attention betweerhe
selection gl window ard the game window. The final
propose configurationaddresseshis problem
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Figure 6: Accessible Pong configuration 2

The final proposd configurationdoes not use a selection
grid in a separatevindow, but rather integratestie selection
grid into the play areaitself. This configurationis illustrated
in figure 5. Ths time two optionsareinitially offered to the
playerby right and left arrows which flash alternatelyat either
side of the padde (shown in figure 5(a) and 5(b)). Oncethe
player selectsa direction the padde movescontinuouslyin
that direction until the player ©ioosesthe newly offered stop
option (figure 5(c)) which stopsthe paddle.

This configuration has the alvantages hHat movement
selection bould be relatively fast and that the playewss
attention does not neal to shift between two different
windows However the major drawbackis that the selection
medanism has to be built directly into the game Ongoing
work is exploring a numberideasto solve this problem For
example it is proposé that a game could offer an
accessibility layer which would allow external programs
overlaygraphics ontothe gamewindow to facilitate accessible
control assuming hat the gameexposé enoud information
to allow sensiblepositioning of the control grapics. This
would allow gamesbe built without major consderationfor
accessiblecontrol while allowing any numberof accessible
controlschemesbebuilt ontothe gameafterrelease
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Figure 7: Accessible Pong configuration 3

VII. CONCLUSIONS & FUTURE WORK

In this paper we have reviewel some of the issues

surrourding single switch access to computer games
particularly focusing on how the game Pong would be
implemente for singleswitch usersit is clearfrom the above
that switch accessis a complex issuewith consterations
arisingboth for the designof the switch controland the design

of

games lemselves We have proposd a set of

configurationsfor switch control of Pong hat attempt to
address hese It is clear from this initial review that very
flexible designsarerequire.

Within the domain of switch accesshere are many oher

variationsand consterations for exampleset-upsor younger
players multi-switch configurationsand dfferent selection
grid layouts ad these form he basisof our plan for future
work. As is acceptd bestpractice[10] it is alsointerded to
perform an extensive set of tests of he proposd
configurationswith switch users

(1

(2

(3l
(4]
(5]
(6]
(71
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ABSTRACT

Computer games are very important for learning

teating ard entertainmentThereforethey are one of

the most challenging applications concerning
accessibility and usability for peoplewith disabilities

Equal accessis especiallycritical in the context of

playing togeter and in groups This paperdescribes
the different kinds of disabilities It will show the state
of the art in games accessibility researh amrd

developmentthe relationsto softwareaccessibilityard

tedhniques and methods which could be applied to

make gamesaccessible Tools and guidelines for the
supportof game developerswill also be part of this

paper Mainstreaming accessibility efforts will be
discussd asthe challengeof future development

INTRODUCTION

Computergameshave becomean important part in
child ard youth culturg but they are also played by
adults. To give peoplewith dsabilities the chanceto
have accesso gamesshould be seenas an important
issuefor betterinclusionand participation Due to this
accessby assistivetechnologies (e.g. screenrealers
alternativein/output devices)should be supportd by
gamesard new metods ard tools for the gamedesign
and developmenshould supportbetteraccesdgor all.

Types of Disabilities

Disabilities (or impairments)in terms of different
requirements towards accessibility support are
classified in four maincategories:

lisual Impairments

Visual impairmentscovers blindness low vision ard
colour blindness They ask for flexibility in terms of
screen output adjustments keyboad accessto the
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interfaceand in addition speebt/sourd output

Auditory Impairments

Auditory impairments cover deafnessard hard of
hearing Problemsn languagaunderstamling and usage
might also as a consequenceof hearing problems
Alternative accessto audio information easy to
understam information and reduced complexity are
key elementdor accessibilityof this group

Mobility Impairments

Mobility impairments cover paralysis (disordered

muscle control), neurological disorders (problems
transmitting impulses to muscles) repetitive stress
injury (result of repeatingmotionsover a long periad

of time), lack of mobility (e.g. by arthritis) and lack of

stealiness(gradual loss of muscletone) They askfor

supportof alternativeinput techniques(e.g. non-mouse
basel interaction)and for possibilitiesto adjust timing

settings

Cognitive Disabilities

Cognitive disabilities cover the main topics memory
loss attention deficit disorder and dyslexia (learning
disability). The rangeof cognitive disabilities is wide,
but mostof the symptomsatterd to the threementionel
impairments In a similar way like for auditory
disabilities reduced complexity ard an easy to
understaml style of languageuseareimportant

ACCESSIBILITY

Gamesaccessibility should be seenas a follow up
activity to areaslike softwaré, hardwaré or web
accessibility. Besdes basic similarites game
accessibility must take specific differences into
account

Computer Access

Assistive technologies enable peoplewith dsabilities

! http://www-306 ibm.com/abléguidelines
2 http://www_tiresiasorg/guidelines
® http://www.w3c.orgwail



to usea computer They haveto usespecificdevicesor
assistivesoftware or the combinationof the two. A

large variety of cases exist depemnling on the
impairmentarnd the ability of the user Neverhelessthe
useof assistivetecdhnologiesrequestghat the software
respects certainnumberof accessibilityrules

Software Accessibility

To usespecialdevicesard/or software in mostcasest
is necessaryhat applicationsrespecta certainnumber
of rules Indeed some devices using alternative
modalities requestsome specific data like alternative
textsfor graphical contents

But it is not enoudn that the application respects
accessibilitystardards. In mostcaseghe contentamust
be accessibldoo. For instancein the caseof websites

the contents must comply with the Web Content
Accessibility Guidelines which were published by the

Web Accessibility Initiative of the W3C. (Chisholm et

al. 1999

Accessibility of Games

Accessibilityin gameds a morecomplexproblemthen
software accessibilityor web accessibility In normal
software the work is often highly structurel and the
work stepsare quite often repeating And in normal
softwareproducts thereis no neal to reactin realtime.

Furthermoreit is not enoudn to find a technical way to
make a game accessible the result must be as
interestingand asuseableasthe original game Soone
of the most important rule in the developmentof
accessiblggamesis, that an accessiblagamemust still
beagame (Bierreetal. 2005; Archambaultet al. 2005

SPECIFIC GAMES

To hardle the specialneals of the impaired players
newwaysof interactingand communicatinghaveto be
found. Ths startswith the topic of how to navigatea
blind userthru a maceand might end with the question
how can a person who can not use his/her hands,
control a car racing game This sectionwill give an
overview about computergames who alrealy deals
with this topic, some of them with special assistant
technologies somewithout

Audiogames

Audiogames are games where all the (graphical)
output is done over audio output The main target
group are visual impaired people No additional
hardware (exceptinga sourd cad and speakers)is
neeled to play thesegames

Tactile Games

Tactile gamesare games where the inputs and/or the
outputsare done by specialtactile boads or by Braille
displays In (Archambaultet al. 2005) is the description
of a tactile gamefor blind children called *Reader
rabbits TodderZ, where the children can feel the
buttonsthey canpressin connectionto the actionthey
activate

Internet Games

The internetis on the one hand aninterestingplacefor

the publishing of games becauseit is platform

indeperdent and the gameneainet be installed, on the

other hand the (limited) tednologies of the web

browsersard the internetmakesthe gamedevelopment
to aspecialchallenge

GAME ACCESSIBILITY
Specific Games which are Accessible to Everybody

The first stepis to start from specific gamesand to
move towards universally accessiblegames games
designa for all. (Grammenost al. 2006) describesa
Spacdnvadersgamedesignel in that perspective

In the TiM project the Blindstationwasdevelope& asa
platform allowing to support any kind of specific
device(Sabk and Archambault2003).

Mainstream Game Accessibility

The first famous publication that waked up the

mainstreamgame developersand was showing them
thatit is possibleard necessityto include moreusersto

the mainstreangames was a whitepaperfrom IGDA,

the InternationalGamesDeveloperAssociation Inside

IGDA is the Games Accessibility Special Interest
Group (GA-SIG), which haspublished this whitepaper
aboutgamesaccessibility (IGDA 2004)

Fromthe TiM project (Archambaultet al. 2005) shows
a setof rulesthat arenecessaryo designa game-that
worksZfor visually impaired people

THE GAMES ACCESSIBILITY INITIATIVE

The aim of the gamesaccessibilityinitiative, or also
called Active Game Accessibility (AGA) is, to give
game developers tips, hints ard tools for the
developmentof accessiblecomputergames To readh
this goal two main projectsareunder developmentthe
first project are guidelines for the developmentof
accessibleomputergamesand the secoml projectis a



descriptivelanguage&or the connectionof (alternative)
inputoutput devices with the game engine ard the
providing of additionally inputsand outputs

The AGA-initiative itself is a (loose) cooperation
betweenuniversitiesand companiesdealing with the
topic of (games)ccessibility

Guidelines for
Computer Games

As basisfor out work, there are two main researh
worksin the areaof guidelinesfor gamesaccessibility
The first work is a sectionin the alrealy mentiond
IGDA whitepaper (IGDA 2004

The other main work is done by the NorwegianIT
companyMediaLT. MediaLT has developd a set of
guidelines (MediaL T 2004), which were the basisfor
further developmenbdf our guidelines

five  main
graghics,

Our guidelines have
levelprogression input,
installationand settings

categories:
sourd, arnd

The guidelines have beste the rules itself, a

categorisatiorin three classeof priorities: must have
(priority 1) for ruleswhich haveto be fulfille d that a

gameis accessiblgfor a group of disabilities should
have (priority 2) for ruleswhich area big help for the

listed groupand may have(priority 3) for ruleswhich

makethe gameeasierto play for agroup

Furthermore there are the four alrealy mentionel
groups of disabilities: visual auditory, mobility and
cognitive disabilities Thesedisabilitiesareallocatal to
the priorities e.g. one rule can have priority 1 for
visually impaired people and priority 3 for auditory
impaired people

The working ard publishing media for the guidelinesis
a web page The web pagewas chosento give project
partnersand interesté personsthe possibility to add
ideas and commentsto the rules and hints. More
information about the development processof the
guidelinesis published at (Ossmannand Miesenberger
2006).

The developmentprocessof a first version of the
guidelines(GL) is nearly finished. At the momentwe
add code samplesand bestpracticemethods to help the
game developersto fulfil the rules of the guidelines
easily.

the Development of Accessible
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Guidelines Contents

This sectiondescribesthe five main categoriesof the
guidelinesard their contentto give anoverview

{evel*Progression

This aim of this sectionis to give the developersan
ideaaboutfinding the right level of difficulty that the
gameis a challengeand not beingtoo complexor too
simple These goals can be readhed by offering
progressiorfrom simple to more difficult and/or from
beginnerto advancel levels A training mode could
help beginnersto learn how to hardle the game The
use of simple languageard not mixing up different
languagesare also as important as the providing of
metainformationto everyscenéobject

Input

This sectionshows the problemsand there metaods of
solving theseproblemsin the areaof gameinputs The
main issueshere are allowing inputs from alternative
controlsand devicesand allowing the use of several
differentinput and outputdevicessimultaneouslyAlso
giving immediately feedback after everyinput and the
reduction of different inputs to minimum supporting
different kinds of handicappel gamersare important
issues Furthermoresensitivity ard error toleranceare
coverdal in this section

Graphics

The graphical presentationard the customisationof
graphical output are discussd in this section ard
possiblesolutionsare offering choices for the screen
resolution the size of objectsand graphical details of
the objects The colour ard contrastof all objects
(buttons menus backgroun, text - ) should also be
adjustable Moreoverit should be possibleto switch
grafhic elements off/on to help people with
concentratiorproblems

Sound

This sectionis all aboutsourd issuesard the way of
dealing with it in games This covers topics like
explanation®f picturesand actions backgroun music
ard effects that can be switched off/on. Also offer
choices for speel, duration voices and volume for
different auditory information Furthermoreall audio
information  should  optional displayel as
(syndronisal) subtitles

Installation and Settings

The last sectionof the guidelinesgives hints aboutthe
installation the settings and the game menu This
covers an easy installation of the game preferably
without changing systemfiles, becausehis can affect
screerreadersor other assistiveednologies



Fig. 1. Screenshot of the Guideline Tool

Also savingsettingsfor different kind of gamersshould
beavailable

Figure 1 shows one rule of the GL (about inline
tutorials) the categorisationin the priorities and a
commentgiven to this rule. The guidelines can be
found at gameaccess.medialt.no/guide.php

Descriptive Language

The Descriptive Language (DL) helps the game
developersduring the game design processto fulfil

partsof the rules of the gamedevelopmenguidelines
The DL connects (alternative) input/output devices
with the gameenginewith the possibility to useseveral
input devices simultaneouslyand presentthe game
output on severaloutput devices This meansthat, as
example the gameplayercandecide if he/she wantsto
have all graphical objects presentd on screen
describel overspeakeor be on both outputdevices

Additionally coversthe DL the option for an extensive
configuration of the game so that the game can be
customisd to the specialnedls of a (disablal) person
This configuration rangesfrom game speea to the
number of opponentsto many other game options
depending on the kind of game The DL should not
only be usal to developnew, accessiblggamesit also
should help to make games alrealy being published,
accessible

First Prototype

The researb and developmentof the DL is at the
beginningof alongerresearh processAt the moment
a first prototypeof the DL was included in a simple
game (an opensourceimplementationof TicTacToe)
The procesdo include the DL into TicTacToeto make
the game accessiblewas divided in three parts of
exterding and adaptingthe input behaviour, the output
behaviour and the gameconfiguration Thesestepsare

required to provide the supportof different1/0O-Devices
ard the simultaneouslyseof thesedevices

After this preparationof the game the DL itself was
integratel in the game The languagedefinesall neeled
inputs (in the testcasethe four directionsand hit) and
the devices which can be usal for this inputs The
devicesand therefacilities (e.g. definition of a joystick:
two axis and two buttons)are defined in an external
device definition file and just beingincluded whereit
will be nealed. Furthermore it defines the output
devices which can be usal with the option to set
propertiedor the deviceslike the font size on screeror
the loudnessfor the speakers

The DL is written in XML-Schemaand the output of
this schemais a XML -file which makesthe mapping
betweenthe gameengineard the input/output devices
ard coversthe gameconfiguration

The aimis to havea collectionof different schemasfor
the different kinds of computergamesin combination
with the different kinds of disabilities The following
code sampleshows parts of the XML -file of the first
testcasg(TicTacToe)

<Inputs>
<Hit>
<Keyboard>
<kbr_enter/>
<H/>
</Keyboard>
<Mouse/>
<Joystick>
<js_buttl/>
</Joystick>
</Hit>

Descriptionof the code sample:The *HitZ operationin
the gamecanbe donewith the keys+Entes ard <heon
the keyboad, with the mouseor with sbuttonl1e onthe



joystick From this it follows that the game must
supportkeyboad, mouseand joystick.

A special topic ard one of the next steps of the
developmentof the DL is the game menu at the
beginningof the gameand during the game On the one
hand accessible computer games need a lot of
customisationto fulfil all the special neals for the
different kinds of persons on the other hand,
configurationmustbe easyard simple sothatit canbe
handled by everyone

The future aims are different tools to generatethe DL
by selectingthe kind of gameand the groupof disabled
peoplefor which this gameshould be accessibleard
generatgartsof the gamesourcecode out of the DL.

CONCLUSION

It will not be possibleto make every computergame
accessiblgo all people But in the last yearsa lot of
projectsand initiatives startel. Gamesaccessibilityhas
become a serious issue for game developers (e.g.
IGDA). Now it is the time to movefrom the individual
developel accessible games to the mainstream
Automatic tools will help the game designersby the
developmentto fulfil guidelinesand rules so that the
games will be accessiblefor as many people as
possible

Neverheless researh for new mehods of getting
input, navigating in the game and representingthe
output (on different devices) not erded yet And
accessibleomputergamesmussstill be gamesso that
childrenand adults enjoy playingthem
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The benefitsof introducing computertechnologies
allow the explorationof new conceptsand ideasand

The educational software has tremendous value Sdoolshavebecomeoneof the learninginstitutionsto
especially for helping to nurture children}s integratetechnologiesin teading ard learning In this
intelligence. It is about time the educational Paper we, asthe educatorwould highly recommed
technok)gy looks into what have been offered bythat the children must have frequent access to
another increasing technology ? the computer gamesadvancel multimedia technologies
le present the significance of visual?spatial Our starting point is that learningis shaped basel
intelligence among children, especially in the domain On relationfips betweenteader and student and the
of teaching and learning,which underpins the relationsip betweenlearningand memory Memoryis
Computer games techn0|ogy_ ]e @l the connection the link base& on Iearning and retaininginformation
between children intelligence and the usage of togeher with the cognitive processof applying what
educational games. Additionally, this paper will You havelearnel. Cognitiveis defined as the mental
explore the potential impact of computer games on Processof knowing while memoryis defined as the
children that will embrae their visual?spatial mentalof retainingand recallingpastexperiences
intelligence and how these will affect the design and ~ Soméww, people often think of intelligence as

Abstract

development of children educational software.

1. Introduction

In today world, technology hastakenover many of
primitive tasksthat were valuesin former times Qur
society has been transforme due to spea in
mathematicalcomputation electroniccommunication
and the availability of information which all achieved
through technology. The emerging elements of
computerculture have capturel humanattentionin all
aspectof lives, ironically, computersarechangingthe
way we learn communicateard collaborate For
children, computershave becometheir toys and many
believethat childrenarevery passionatand motivatel
whenit comesto computertechnology.
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quicknessof thought or propensity for flashes of
insight. But, the main key ingredient of intelligence
may be the ability to juggle lots of possibilitiesin the
mind. And all these deperds on the brain'ssystemdor
holding and processingwords, object or ideas in
memory(to be precise working memory)

In this paper we will relatethe connectiorbetween
children intelligence and the usage of educational
games To be precise we will look uponthe usel of
computergamesby children that will embracetheir
visual-spatiaintelligenceand how thesewill affectthe
design armd development of children educational
software

How can by playing computergamesencourages
visual-spatial ability among children, and more
importantly how can they value and erhance this
ability in order to build children's self-esteemard
engagementtowards learning? How can computer
gamesact as teading ard learning tools? How can
computer game helps children in understaming



relation$ips and recognking underlying conceptghat

are closely related to problemsolving ard conceptual
skills required for knowledge sud as scienceard

mahematic?

2. Multiple intelligence

In general humanintelligencecan be describe as
the ability of anindividual to acquireknowledge ard
apply the knowledge in the environmentwhich they
evolved. Studies have shown that generalintelligence
canbe passd down at least50 percentheritablefrom
generationto generation ([2][6]. However human
intelligence changes since the emergence of
environmental globalzation and technological
migration factors in modern society A great
importance has been placad on human ability and
intelligence to allow human to function in modern
society

One of the theories underlying constructivist
learningtheoriesis Multiple Intelligencesby Howard
Gardner [7]. In his theory of Multiple Intelligences he
discussd the role of intelligence in learning and
learning is shapel by innate intelligences Since his
original listing of intelligencesin 1983, Gardner ard
his colleagues has added up three particular
possibilities of intelligencesto concluded additional
intelligences to the list of the original seven
intelligences These intelligences are logical-
mathematica) linguisticc musical spatial bodily-
kineshetic, interpersonal intrapersonal and with
additional intelligences naturalisf spiritual and
existentialintelligence He explainstheseintelligences
can be adapt ard adopt especially for educatorsin
appreciating recognzing, and nurturing the diversity
of intelligencesamongchildren

According to Gardner's theory, 1Q test ard
traditional acalemic tasks cannot judge student's
ability to learn This theory supportdoing groupwork
on multimedia products and assigningstudentsgroup
roles basel on their type of intelligence One of the
intelligencesthat will be discussd in this paperis
spatial intelligence or visual-spatial intelligence It
meansthe ability to perceivethe world visually and
can recreatethings after seeingthem Taking into
consteration the definition of spatial accoding to
Gardner, involves the potentialto recognze and use
the patternsof wide spaceard moreconfined areas

3. Visual-spatial intelligence

One of the important skills to usedl to get
information from the environmentard integratethem
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with other sensess visualinformationprocessinglt is
done with incorporatingintegratel information with
pastexperiencesmotivation and the new information
in order to understam the meaningof the situation It
is very important especially when we are learning
remembering things having goad hard-eye
coowination and integrating visual information with
thing we do in life sud as driving, listeningto the
musicard others

Visual information processingcan be broken into
threecomponentsvhich arevisual-spatiakkills, visual
analysisskills ard visual integrationskills. This paper
will only look into visual-spatialability. But the main
point is, theseskills work togeter and always build
uponead other to help humanin their lives.

Visual-spatiakbility is aboutthe way anindividual
perceivel objects and relatively reporting the
information and its relationdip with environment
surrourding them This ability is very important
especiallyfor children who arestill beyord their still-
developingabilities In their early years childrenwith
high visual-spatialintelligence think in picturesard
images They perceivel the environmentas a whole
ard storethe informationin anon-sequentialvay. This
will make their internal imagery becomes more
creativeand imaginative

Spatialawarenesability givesthe childrenskills in
drawing pictures doing puzzZles, mazes and any tasks
that requires fine-motor manipulation Furthermore
spatialability involvesthe manipulationof information
presentd in a visual diagrammaticof symbolic form
in contrastto verbal language-bask modality. In
additional to imaginary spatial representationslso
include diagrams drawings mapsard models.

4. Visual-spatial learners in children

Peoplewho learn ard think in images have one
filing systemof picturesin their brainsthat symbolize
words and information Peoplewho think this way
learns more holistically compareto those who are
linear or auwditory sequentiaprocessingsteps-by-steps
fashion). Visual props suc as graphic, paper ard
crayon computers mnemonicmehod, cartoonsand
much more can erhancethe educational experience
for every learner either they are visual-spatial or
auditory-sequential

But, visual-spatial learner got most of the
advantagesard they learn by observation They have
goad memory skills in rememberingwhat they see
becausethey have excellent'right-hemisgheric' brain
talent that produce skills in art, geometry multiple



dimensionthinkers music creativity, design creation
ard invention

Since we nea thinkers who are creative
imaginative and dversify in any areas we should
concentrateon the young ones The children are our
next generationleaders and one of the ways to mole
and designa goad leader is to createthe future leaders
starting from their young age Skills suc as visual-
spatial skills are born togeter with the child but we
canalsotead theseskills to the children

4.1. Teaching visual-spatial skills to children

Mitchell and Burton [10] arguethat the useof toys
may afford opportunitiesfor children to exploit and
developtheir spatialskills. The foundation for science
ard mathematicsis built through play and the use of
toys can develop visual-spatialability for children to
exploit their visual-spatialskills [12]. The importance
of playing in facilitating the developmentof high
adhievementin thesefields cannotbe underestimatd.
Various experiencesshould be plannal to provide
opportunitiesfor the developmentof eat of these
skills. Cthers claim that suitable experiencesud as
playing Lego or puzzes painting ard drawing and
mapping activities can provide opportunities for
erhancingand expressingpatialability [3].

Childrenarenaturalpatternfinders Therefore they
areideally suited to the typesof experiencesn gifted
programsand activities Activities sud as playing
constructiontoys taking note combining words ard
drawing images realing using phonics and
mnemonics using visual props (crayon clay ard
cartoon) ard also using technology (computer ard
early keyboading), can help the children to gainel
visual-spatial ability. Others sudc as brain-pop or
brainstorm activities drawing to illustrate a story,
designingWeb pages presentatioror createbrochures
(layout design) electronicfield trip, computer-aied
designor using digital imaging program can also be
doneasteading ard learningmaterialsin schools In
summary activities that are more on pictures ard
imagesare the most suitable activities to tead ard
erhancevisual-spatiaintelligenceamongchil dren

Tedhnology is here to stay Multimedia opensthe
world of learningto childrenin a way that is amaing
to watdh. In multimedia, space includes the area
occupial by the elementghat makeup the multimedia
product, as well as the space that surrourds the
product, such ason Web open-environmentdt is the
opennessand the potential for navigationin many
directions that allows user movement to expam
beyord linear, hierarciical structure of traditional
media. Other examplesof spatially-orientd activities
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are playing electronicgamesor computersimulation
gameg5].

5. Computer games

Firstly, we would like to define the meaningof
electronicgames Electronicgamesare gamesthat are
played using consoles (arcale games Sony's
PlayStation Microsoft's XBox or Ninterdo's
GameCube)handheld devices(mobile phone Sony's
PSP Ninterdo's GamdBoy) and computers In this
paper the term computergamesrefer to gamesthat
beenplayed usingpersonactomputer

Everyhing we do is spatial So do computergames
Playing computergames including any other console
games (also know as video games)is a complex
activity involving all sorts of variables that are
underlying in the game design itself. For years
educatorsard educationgameedevelopersare looking
for ways to increase learner productivity beyord
sdhools ard workplace According to Dr. JamesPaul
Gee[8], aprofessorof Curriculumand Instruction the
gamedeveloperand educatorsaretrying to engagethe
studentsto learnsomehing that s difficult and takesa
lot of commitment and theseproblemscan be solved
only with goad learningtools, sud asgames

Pehaps one of the biggest challenges facing
educatorstoday is to engagestudents in an active
learning environment Educatorsnee to explore new
ard exciting ways of engagingstudentsin the course
content Additionally, electronic games encourage
communicationby facilitating cooperation How can
electronic games (including computer games video
games and consolegames)be the tools that canmake
the learnerdearnand produce a goad way of thinking
in problemsolvingand decisionmaking

Visual-spatialability can be taudht by observation
people Children approab the computer by
observationhow adult way ard act with computey
manipulatethe mouse clicking the icons or selecting
the undo featuresjust by watcing [13]. For many
years children enjoy the 'A-Has moments of
discovery invention and problem solving These
momentsusually occurral especiallywhen watding
adult playing computergames In certain instances
computer gamescan reinforce conceptsand inspire
curiosity amongchildren Computergamesare alsoa
greatway to engagethe playersin way that suit their
variouslearning stylesand intelligences When using
computer games it is worth consdering which
learning styles and multiple intelligencesthey used.
But, what kind of games(genre)that are suitableto
increasevisual-spatiahbility amongchildren?






























































































































































































































































































































































































































































































































