ABSTRACT

This thesis presents the implementation of the Atlet and the behaviors of the interactive
art installation and guidance system Source.Coueldped by Ars Electronica Futurelab.
The Al model is built on a hybrid control systentlwa rule hierarchy tree describing the
intelligent characters of the installation. Thiegls describes the entire Al model from the
decision model down to the navigation system aecctillision detection. The thesis also
positions the Al part of Source.Code in an intavacstorytelling context.
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1 INTRODUCTION

This thesis describes the artificial intelligencgi@e of the interactive installation
Source.Code, developed by Ars Electronica Futurietahh August 2006 to March 2007.
Source.Code is a guidance system integrated ietarnthitecture of the software company
SAP headquarters in Walldorf, Germany. The purpdske guidance system is to direct
visitors from the parking space in through the diniy and up to the visitor’s reception at the
fourth floor. Source.Code is also a visualizatibthe workflow of SAP and allows visitors to
interact with representations of internal busir@egsesses in the form of abstract animals.

This thesis serves as a fulfillment of the Masfe8aence degree in Media Technology and
Engineering at Linkdping University.

1.1 Thesis Layout

This thesis consists of five chapters. Chapterdaseribes the purpose, goal and structure of
the work presented in this thesis. Chapter twogythie background necessary to understand
the implementation and discussion of the work. @Géraghree presents the implementation of
the project. The results of the project are prexkand discussed in the chapters four and
five.

1.2 Purpose and Motivation

The interactive installation Source.Code, develdpedrs Electronica Futurelab, is an art
installation serving as a real time interactivedgumice system for visitors to the software
company SAP’s headquarters. The installation guidewisitor from the parking lot, into the
building and up to the fourth floor. Outside theltng, the visitor is guided by a natural
element, a stream of water. Indoors the visitguisled by digital elements, representations of
SAP business processes in the form of animals swignin a virtual stream.

Figure 1.  Overview and close-up of the pool area of the Sa@ade installation. The image to the right
shows three of the animal types living in the itlateon. Each animal type represent one type ofriass
solutions developed by the software company SAP.

The purpose of this thesis project has been toldewegeneral structure for handling
artificial intelligence (Al) for interactive instaltions and to design the behaviors of the
intelligent animals in Source.Code in order to guide visitors inside the building and
present the dynamic business solutions workflowdtby SAP. An Al engine needs to
feature a structure for selecting behaviors forct@racters represented in the system, in the
case of Source.Code: the abstract process animals.



1.3 Problem Description

An interactive environment must respond both rgpaafid rationally to visitor presence and
actions, in order to catch the visitor’s attentidthen talking about interactive environments
and installations it is crucial to have a cleanmigdn of when an installation is interactive.
This thesis will assume the definition presentedhapter 2.1 where interaction is more than
a system responding to visitor input. To be intevacdhe system needs to rationally act on
the visitor, not only the visitor on the system.

An artificial intelligence model competent of haindl interaction between multiple visitors
and animals in real-time can make such interagiassible. The Al model needs to be able to
select behaviors and handle interaction for alirafs in the system simultaneously and it
needs to be generalized to handle situations rpgiaapg in Source.Code, but in future
interactive installations.

Designing behaviors consists of two parts. The if&$o design the actual behaviors of the
different animal types and the other is to seleaiitable animation model for these
behaviors. It is important to consider the mediarwhich the animals of Source.Code move,
virtual water, as well as the type of behaviorsaghanals have, flocking and overlaid actions,
to be able to make the proper decision on the @remanodel. The behaviors must reflect
and communicate the dynamic and diversity of th® BAsiness processes and business
solutions.

This thesis approaches the problem of guiding tkiéov as a problem of interactive
storytelling. The story in Source.Code is built ngbe animal characters representing the
business processes and their combination into wrglex higher order business processes.
It is a linear story where the animals try to cowe the visitor to follow the flow from the
ground floor up to the visitor reception in the ffibufloor. The Al model needs to support this
level of interactive narrative.

1.4 Obijectives

The task, as described in the previous sections de@aonstructed into the following
objectives. A general Al system needs to havedheviing properties.

Interaction response must be immediate to catckipgdy interactors’ attention,
implying that the system needs to run in real-t&h80 frames per second.

The Al model needs to be general and possible ity ap other installations.
The Al model needs to support interactive stonyigito work as a guidance system.
The behaviors of the animals need to have theviiig properties.

A visitor has to be able to tell SAP business medeom each other on the behavior of
the animals.

Animals need to reflect the dynamic and diverdithe SAP business processes they
are representing.

These objectives together formed the goal of tregept.



1.5 Method

Computer game Al developers have tackled similabl@ms for a long time and a lot of
experience can be found among developers like Gaigolds, Damian Isla and Steve
Rabin. Through the experience of computer gamegdegmiedia artists have a wide range of
solutions for specific and general problems arisingng Al development at their hands. This
has been a cornerstone in the development of tlee’er for Source.Code.

The project started with a behavior design phasedothe behaviors suitable for business
process animals. The outcome of this phase wasubeshto consider the choice of animation
model including the aspect of interaction.

The Al model was selected to be general and stréogévard for future development. During
the process of the project the model was alteredrding to the purpose of the installation
and the generality needed for future developmeiritefactive environments.

1.6 Definitions

These terms and words are used frequently ancerifgpsenses throughout this thesis.

Animal and Object An object is the representation of a charactehénslystem. Objects
do not necessarily have to have a visual represemtdt can be connected to an
intelligence structure or obey commands from otligects. All animals in Source.Code
are objects. They are referred to as animals wissusking the visitor’'s experience
with Source.Code and as objects when discussegad af the general Al server.

Visitor and Interactor Visitors interacting with the system and their egantations
within the Al server are called interactors. Theg eeferred to as visitors when the
purpose is to discuss them as persons with intefeetings. They are referred to as
interactors when discussing them through the efy/dsembjects or as a part of the
software.

Al Server -The software handling the Al model and the objectsalled the Al server.
The Al server communicates with other softwarehm installation.

Al Model -The algorithm an object has to go through to ma#leasion is in this thesis
referred to as the Al update model or shortly then&del or Al engine. This is the
heart of the Al server.



2 BACKGROUND AND RELATED WORK

This chapter presents the theoretical backgrouedetto understand the thesis work.

2.1 Human Interaction

2.1.1 Definition of Interactive

The term interactivity applied to art installatiadesambiguous and used to describe all sorts of
reactive computer based installation. To contitgediscussion on interactivity a clear
definition of the term is needed.

David Shaw discusses two interpretationstéractivein [18]. The first defines an
interactive system as persons or things mutualipgon each other. The second and most
widely used defines an interactive system as a abenpvith immediate response to input.
Shaw emphasizes two problems stemming from thensedefinition, one of them being the
impossibility to usenteractiveas a quantitative term. The second definitiontbanefore

only be used to describe a system as interactivetmnot as a more or less interactive. The
second definition describes what in thesis is reteto ageactive The first definition of
interactive places emphasis on the two way intemaeind allows an analogue metric. The
term interactive remains a diffuse concept in tisealrse, but throughout this thesis
interactive will be referring to the first defirot; persons, things or computers mutually
acting on each other

2.1.2 Interactivity in Source.Code

The Ars Electronica Futurelab has worked with iatéive art in various formsince its
establishment in 1996. It has hosted well knowistsrtike Golan Levin, John Gerrard and
Zachary Lieberman in their artist residence prograorking in the fields of interactive art.
The experience earned over the years is the coonersh design and development of an
installation of the magnitude of Source.Code.

Interactivity is central to fulfill the two purpos®f Source.Code. One purpose is to raise the
visitor’s interest in and enlarge their understagf the construction of the business
solutions SAP is developing. To reach this goalahienals has to catch the attention of the
visitors at the first glance and keep it until thessage is communicated. This goal can be
achieved through well designed interaction wheséwois can affect the environment and vice
versa. A second purpose is to guide the visita fthe moment they enter the headquarter
area up to the visitor reception area in the fotiabr of the main building. This is discussed
in the following section, but is also dependantayood interaction design.

Interactivity in the sense defined in the previeastion is made possible not only through the
selection of a suitable Al model, but through ae@archoice of interaction interface. The
visitor can interact with the animals of Source.€oth 26 video cameras covering more than
70 nf of interactive space, including 3G f direct interaction with the animals.

! cave Gulliver's World Le Sacre du Printempe environments and projects by the Ars Elect@fiuturelab
concerned with interactivity in different forms.&3#tp://www.aec.at/en/futurelafor descriptions of these and
other projects by Ars Electronica Futurelab.




2.2 Media Art as Guidance System

The role of the animals in Source.Code is to comoaie the path from the main entrance to
the reception desk at the fourth floor to the wisiT his is realized through a continuous
dialogue between animals and visitors. This diadogan be interpreted as a form of
interactive storytelling, as mentioned in the idrotion.

2.2.1 Interactive Storytelling

Michel Mateas discusses in his work on interagtiiitart and artificial intelligence the
relationship between interactivity and storytelli®d It is a complex and partly contradictory
relationship [18, 23]. Comparing traditional medike film or novels) with media of today
(like computer games) where interactivity playsacal role shows that the narrative has had
to step aside for interactivity. The dilemma isaésed by a quote from the computer game
community:

“I won't go so far as to say that interactivity astbrytelling are mutually exclusive, but
| do believe that they exist in an inverse relasioip to one another. [...] Interactivity is
almost the opposite of narrative; narrative flowsder the direction of the author,
while interactivity depends on the player for metpower.” [1]

Mateas mentions two computer game types on eititepéthe narrative-interactive scale. On
the narrative end of the scale there are advegtmees in which short stories or events are
triggered depending on the player's movements tjinabe game world. Adventure games
offer a fairly high level of narrative, and the &wf interactivity is low. On the other extreme
there are games like The Sims or Second Life, wtrer@arrative is reduced to the minimum
and all the narrative content is created by thggathrough a high interactivity level.

As a solution to this dilemma Mateas suggests chardriven storytelling where the rules
and limits of the interactive world is expressegbtiyh virtual characters.

“The function of interactive characters is primarilo communicate material and
formal constraints. That is, the player should béeao understand why characters take
the actions they do, and how these actions retatbe plot.” [9, p31]

Achieving such a high level of character persopabtjuires either an uncomplicated world
and story or advanced artificial intelligence.

2.2.2 Storytelling in Source.Code

Source.Code is an interactive installation with plaepose to guide the visitors from the
parking lot outside the building to the main ent@and then up to the fourth floor via the
elevator. The indoor parts of the installation iafebited by animals representing business
processes of SAP. These animals have two functganding the visitor and visualize the
workflow of SAP. In the first part of the instaliah (stream and pool as explained below) the
visitor can interact with the animals by walkingand on the displays mounted in the floor.
The animals will guide the visitor towards the elt@r, up to the fourth floor through the
elevator and finally to the reception desk locatethe fourth floor.

The guidance system can be seen as a narrativrsydiere the animals guide the visitor by
telling a story. The story is the business workflasva dynamic process which leads towards



the combination of enterprise servitasthe end of the installation. The animals neellet
able to communicate this story to the visitor antha same time being open for interaction.

2.3 Animated Underwater Animals

Fish are commonly used to represent “intelligemifraals in Al applications. In 1994
Xiaoyuan Tu and Demetri Terzopoulos presented aemwater ecosystem with autonomous
fish [21]. They describe a physics based modelfaftawhere locomotion is a result of
movement of the fish’s virtual muscles. The behamiodeling is dependant on three
different mental state variables: hunger, libidd &mar. The fish has a number of behaviors
that can to trigger its muscles to move the fisth alter the mental state.

Pierangelo Dell’Acqua et al. [4] suggest a goareini implementation of the underwater
ecosystem built on the Al model presented in tieespaper. The fish selects the action that
has the best chance of putting it in a certain,@us$ibly variable, goal state. The model is an
extended version of behavior networks [7] whereatigons the fish performs are directly
adjusted in strength depending on its environnmiEme. same group published an article [5] on
supervisory control systems describing an Al madelsisting of a supervisor, a controller
and a plant. The supervisor is handling the logicislons for selection of an action
implemented by the controller and performed onpllaat. A plant is a structure holding all
information about a certain individual representamgintelligent character, or animat in the
example given in the paper.

An example taken from the art scene is A-Volve byi€ta Sommerer and Laurent
Mignonneau [19].

“A-Volve is an interactive environment in whichitess can interact in real time with
artificial creatures living in a water-filled glagsool. The virtual creatures are created
by visitors but can evolve by themselves. Comitiaésk, energy level, speed of
movement, reproduction, and life span decide tteedathe creatures in the virtual
pool. They can transmit their genetic code fromegation to generation to create an
evolvable environment. A-Volve is an artistic iatdive computer installation that
implements artificial life, genetics, evolution damnencumbered interaction within
virtual space.” [19, p14]

The ecosystem implemented in A-Volve is inhabitgatteatures taking on the role of
predator or prey. Every fish is born with a fitnésgel and fish with higher fitness levels hunt
the ones with lower fitness level. By catching eypthe predator gains energy and therefore
becomes stronger in the ecosystem. The most ititegehing about A-Volve in the context

of this thesis, however, is that it allows visittmsnteract with the fish and take part in the
evolutionary process. This is possible via an fater where visitors can reach out and pet the
creatures. When a creatures are petted they swinesknd stay where the visitor is,
therefore the visitor has the ability to help pteylee from their hunters, or vice versa.

One aspect of Al design connecting not only theaeshers [21] and artists [19] mentioned in
this section, but also game Al developers [17,i22mergent behavior. Emergent behavior is
constructed upon very simple actions and algorittiraswork together to make the overall
system’s behavior complex. Designing emergent bieh&an experimental process where

2 Enterprise service is a term for business solstiteveloped at SAP. An enterprise service is a @wtibn of
business processes and is visualized in Source.&dearoup of animals gathering inside the elevato
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actions are recombined until the sought behavi@rges. Emergent behaviors are central in
artificial intelligence design and often lead taw@nd unexpected behaviors.

2.4 Al Engines in Computer Games

Since Al as part of art installations is not thailvdeveloped or tested, the practical
background knowledge for this thesis project wabe@d from the scene of game
development. Computer game Al developers are pipllad most experienced practitioners
concerning the combination of research and prdaigaof Al. Therefore the implementation
is to a great extent built upon the experienceeagathin the “Al Game Programming
Wisdom” series [11, 12, 13] and related literaf,e3].

Although these books and other game developmemrpaescribe algorithms used for
executing the decision made by the Al model, tredgiam describe the Al model itself. One
example of a good description of the Al model gaane is the paper by Damian Isla on the
Al in Halo 2 [6]. He describes a system with a rilerarchy similar to the one implemented
in Source.Code. Isla’s paper in combination with’Bequa’s research form the ground on
which the implementation of the Al server is baapdn.

The next sections briefly describe several algordltommonly used in computer games for
executing character behaviors and interacting thighworld.

2.4.1 Steering Behaviors

Characters need a model for moving around in thédw®dhis can either be a physically
correct simulation or some kind of simplificatiohreality. In computer games the case is
normally the latter due to the performance corsflatising when graphics, Al and physics
programmers split the CPU of a single computerfdP@ance problems also arise when the
number of characters grows.

The most common models for animating character meves are modified versions of the
steering behaviors presented by Craig Reynoldssipdper “Steering Behaviors for
Autonomous Characters” [15] where he describes demehere each character is
represented by a point mass and a local coordayatem aligned to the characters moving
direction. The local coordinate system can thendmmected to a locally animated body
placed at the position of the point mass. To upttaeosition of the character a force is
applied to the point mass at each update loop aed to calculate acceleration, velocity and
final position. A simplification made is the clampgiof forces and velocities to generate a
stable simulation and to fake frictional forces.

In an earlier paper [14] Reynolds described a sinmiodel used for animating groups of
characters without animating each member separatelyvithout having a leader that is
followed by every member of the group. He calls #m interactive particle system and it is
based on a merge of three simple rules: cohessparation and alignment. Cohesion is the
characters will to move towards the center of @ghboring group members. Separation is
the will to stay at a certain minimum distance freath neighboring group member.
Alignment is the will to move in the same directasits neighbors. As the name suggests,
interactive particle system denotes a system whosking behavior is flexible and can react
to a changing environment with moving obstacless Tinodel has come to dominate group
animation in both computer games and special efiedilm.



2.4.2 Navigation

To travel large distances and to navigate comptex@nments characters need a tool to plan
their path from a starting point to a target pofnavigation model consists of an abstract
representation of the world and a path finding atgm. There are many alternatives for both
and the most popular will be mentioned below.

The representation of the world, or the map, ismetely dependant on the virtual world in
which it will be applied. A popular approach isdiwide the environment into smaller areas,
containing no obstacles, connected to each otleledicharacters navigate between these
areas. Another approach is to cover all navigatiareas with navigation points and let
characters move between these points. The choizapfis highly dependant on the
complexity of the world and if it contains dynanaisstacles or not.

The path finding algorithm is to great extent asjiom of the smoothness of the generated
path. Advanced algorithms, like the A* algorithnengrates optimal paths, meaning the
shortest possible path, from start to goal. Simglgorithms can find a path quicker, but
maybe not the shortest. To find the shortest Eatiot always wanted by game developers,
since humans usually makes mistakes when searttiterath to a goal. Although variations
of the A* algorithm is widely used, the path fousdften deconstructed and altered
afterwards to generate a more believable path.

Another dimension concerning path finding is whetileegenerate the path in steps or entirely
at starting point. Generating the path in stepsags the performance demands over time and
allows the character to be more reactive to dynanbsgtacles.

2.4.3 Collision Detection

Characters need a tool to sense obstacles in tii@ement. Collision detection is a well
studied area and there are fast open source bBisraviailable. Source.Code is implemented
using the Open Dynamics Engine (ODE), which oftetsol for finding intersection points
and normals between various geometrical forms.

A computer game character usually has a certaim ka@ge inside which it can see obstacles.
A common way to implement this is to extend sonmallof geometry along the characters
line of sight and check if it collides with any ¢hsle. Varying this geometry in size and
shape simulates different levels of perceptionngydharacters.

2.4.4 Environment Knowledge

An important issue for a character to make propersions in a dynamic world is to have
proper knowledge about the surrounding environnesyecially about neighboring
characters and other moving objects. Scanning thélior characters is an algorithm of
exponential complexity with respect to number afrals. For an application with a high
number of characters it is crucial to minimize tinee of evaluation.

One way of optimizing this process is to split wald into a hierarchical structure of cells,
each containing a smaller number of charactersorAngon structure is a quad-tree structure
of cells where cells are dynamically divided intoadler cells until a cell contains less then a
certain number of characters. The lookup procesthie algorithm can be very effective, but
the calculation of the quad-tree takes more time.



Another option is to use a static cell structure ke characters be placed inside this static
grid of cells. Each loop a character has to traevée cell grid once to find its place and once
to find all cells intersecting with the characteetd of view. The cost of traversing the cell
grid is linear to the number of cells, implying thiae number of cells has to be adjusted to
find the best performing assemblage of cells andlar of characters.

2.5 Installation Design

Describing the hardware and software design ottimplete installation is outside the scope
of this thesis. Therefore only the parts of theatation connected to the Al server will be
described in this section.

2.5.1 Hardware Layout

In the main building, several displays are mouretthe floor forming astreamrunning from
the entrance to the atrium center where the disdiayn apool. A water wheel covered with
displays is mounted at the center of the pdatd wheél At the poolside facing away from
the entrance is aglevatortaking visitors to the fourth floor. Displays amunted inside the
elevator shaft visible through the glass wallshef ¢levator car.

( _] dataguarium ‘

data fall

diffusion

Figure 2.  Overview of the indoor part of Source.Code.

Just outside the elevator doors at the fourth ftbsplays lead to thBiffusion Wall which is
made from displays mounted in the wall. The inatadh continues with thBata Fall, also a
wall of displays forming the end of the guidancstsyn. At the fourth floor, thBataquarium
allows visitors to have a closer look at the pre@smals and what they represent?

A steleoutside the building features an interface reathiegvisitors pulse, which it transmits
to the Al server. The heartbeat is rendered as@ease of intensity of all displays which lets
the installation pulse to the heartbeat of thetmisi



2.5.2 Software Layout

The software architecture consists of six maingexplained shortly in this section with
focus on the Al server. These parts can be cataggim two groups in relation to the Al
server: input and output. The input consists mamflgepresentations of interactors from the
Computer Vision Clients covering stream and poahatground floor. The elevator control
delivers the state of the elevator, the contentrobtriggers the birth of objects in the system
and the pulse control forwards the pulse from thées

In the output part there are 24 Render Clientsivegerender instructions from the Al server.
All Render Clients receive the same information aacdording to their rendering frustum,
they will discard irrelevant information and renderly the animals visible in the area
covered by the four displays connected to thaiqdar Render Client. The Al server
forwards pulse information to the Data Fall and Dfaaquarium.

Figure 3.  Schematic layout of the software in Source.Code.
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3 IMPLEMENTATION

This chapter starts by giving an overview of thsetegn and by describing the different parts
of the software. Then it illustrates the objectadsttucture and the Al update model. Finally it
describes the interface between visitors and ahject

The chapter will not cover all parts of the Al serimplementation. Instead it will focus on
the Al update model and the parts it depends on.

The application was developed in C++ under Wind¥®s It depends on OpenGL and Open
Dynamics Engine.

3.1 System Overview

The Al server animates artificially intelligent elsfs by updating their behaviors. Every
object is divided into one Al part and one physiast. The two parts are updated separately.
The object’s Al part consists of a supervisor, atagler and multiple rules, as described by
Dell’Acqua [4, 5] (see Chapter 2). This structws@lescribed in detail in Chapter 3.3. The
objects are organized in &bject Managethat handles an array of all objects in the system
The object manager is called at every frame anatgsdhe objects loaded via theervisor

It also removes dead objects from all relevant datactures.

Figure 4. Data flow inside the Al server.

A structure for handling world knowledge (such amla boundaries, static obstacles and the
navigation map) and global environment informaticombined under the nariéorld Datg
can be accessed from all objects in the systemgldtal environment information is updated
at each frame before the Object Manager is upd&@edtained in the World Data are among
other things th&lavigation Managerinteractor ManagerObstacle ManageandCell

Manager These are used by the objects to navigate thiel\eerwell as by the supervisor to
select the appropriate behavior.

The Al server receives its input through communicateading data via a UDP interface.
Information is stored in the World Data structut@ppropriate places and changes the local
11



and global environment of the objects. New objactsspawned from the content control
server sending commands to the Al server via timecd control communicator. Objects are
inserted into the Object Manager via an Objectdigcil he information about the objects is
sent to the Render Clients in a similar manner.

The selection of objects moving up together with ¢fevator is controlled through the
Enterprise Service Manage®bjects form groups (representing a businesgisoju
depending on the number of objects available impth@ at the moment the elevator door
opens.

3.2 Al Model

Objects are separated into several types and gpelshare the same setup of behavioral
states. An object can remain in the same statbange to another one depending on the
environment. For example, a transition from a flagkstate to an interaction state can be
triggered by an interactor entering the objectsvvignge. A state change can also be
triggered by other objects, for example, when aigrabject asks another object to join that
group. In case the object accepts, it will chatgeurrent state to a new state partially
controlled by the group object.

Figure 5.  The Al model state machine.

Figure 4 shows the state machine implemented bjtiserver. The state machine has two
possible scenarios for an object. Either an ohjpdates its physics and its Al or it updates
only its physics. The Al update condition is depamdon when the Al was last updated and
how much time is left before the next frame hakd®ent to the Render Clients. If an objects
Al is updated the environment of this object isleated and results either in a state change,
state entry actions and execution of state coetroll the old states controllers are executed
once again to update the current behavior.

A state machine as the one in Figure 4 is calliite state machine and can be illustrated by
a state diagram describing all possible statedranditions. Figure 5 shows such a diagram
for one of the object types. In each Al update laopbject has to evaluate if it is staying in
its current state or not. Some of the states havgpie possible transitions. In such cases the
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evaluation of the object and its environment thiotlge supervisor yields the most suitable
one.

Figure 6.  State diagram for one of the implemented objec&aarce.Code. The filled circle to the left
marks the initiation of an object and the circléhithe white border to the right mark the remova o
object. Pool and stream behaviors can be transitid@tween in all directions.

If an object can only transition into one statstiit has to be determined when the transition
takes place. Designing the state machine to farcat least profoundly encourage, objects
from one state to another makes storytelling péssAn object following a chain of states
creates the impression of a planning intelligeAgeexample of using chains of states in
Source.Code is when the animal enters the eleaatbswims to the fourth floor. After a
certain point in this state chain the object camatirn to the previous state network at all.
This is shown in figure 5 where the object canettim to theNVanderPooktate after it
entered th&SToElevatostate.

3.2.1 Supervisor, Controller and Plant

The Al model is based on the paper by Dell’Acqualef5] describing a system consisting of
a supervisor, a controller and a plant. The Al senses the model of supervisors, controllers
and plants, and a hierarchical rule structure impleted in the supervisor.

The plant is the representation of the characteibéing intelligence, in this case the objects.
A plant has no algorithms but is a container obinfation about a specific individual. The
plant will be referred to as object in this thesis.

The controller is a toolbox filled with actions thhe object can perform. These actions range
from basic implementations of the steering behavwesented by Reynolds [15] to complex
arrangements of steering behaviors and low lewgrax The controller execute an action
resulting in a force to be applied on the object.

Source.Code implements a hybrid control systeneasried in [5] where dynamic
controller actions are continuously adjusted tovileld and object situations. Dynamic
controllers allow actions to have variable impocedepending on what the situation
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requires. An example is to let the will of an oltjexfollow larger neighbors be overridden by
the will to avoid obstacles. These two actionsrexestates but two dynamically weighted
actions.

Figure 7. Al model structure. Supervisor contains a ruledrieny. The best suitable rule performs a
sequence of actions on the object (plant) by uirgontroller.

The supervisor is the part of the Al model handtimg core Al algorithm. It contains a set of
rules being evaluated at each Al update loop. Taduation of a rule results in a strength
value indicating the adequacy of the rule. At eagtie, the rule with highest strength value is
selected and performed (thereby altering the sifatfee object via the controller actions).

Rules are organized in a hierarchy inside the sigmaras illustrated in figure 6. Only leaf
rules can be performed. A node has to return aluatian strength value greater than zero for
the supervisor to continue down that branch ohikearchy. That a node has non-zero
strength means the rules of this group are allowexkecute given the object and world
status.

A rule hierarchy well aligned to the world modetieases the performance during evaluation.
In Source.Code rule nodes are connected to diffémeations in the installation allowing
objects to have different rule sets depending aitipn. They also have rule leaves in the
highest order which are active throughout the Ifztan.

3.2.2 Updating the Al

All objects are handled by the Object Manager updahem as fast as possible. The update
is divided into physics update and Al update. Thgsps needs to be updated every loop to
give a smooth animation. The Al, however, doesneaessarily have to be updated that often.
For most behaviors updating the Al every thirdaurth loop gives as good results as
updating every loop. The drawbacks of delayingAhapdate appear in behaviors where an
object is expected to react immediately.

The Al server implements an update algorithm thégreds the one presented in [10]. At the
beginning of the program loop all objects in theteyn updates its physics and thereafter as
many object Al's as possible in the frame time.|[&he Al update loop is terminated when
either all animals have been updated or the tifdéfore next frame has to be sent is too
short.

3.3 Object Data Structure

Objects are the representations of intelligent afsrand any other form of intelligence in the
system. The process animals are all representebjests. The reason for calling it an object,
not simply animal, is that an object can also bepsesentation of a group or other invisible
characters.
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It is important to notice that an object is onlgepresentation of information on which
behaviors are applied. The actual Al is placedidatthe object structure, in the supervisor.
This part of the chapter will describe the diffdarparts of the object data structure. How
changing it will affect its behavior will be dedoed in the part about the Al update model.

Objects can optionally have a visual representatidhe installation. An object can have the
role of guiding other objects and/or interferinghwihe visual objects to affect their behaviors
without being rendered.

Figure 8.  The basic object member variables and functions.

3.3.1 States

The state of an object describes which actiorsperforming. The states associated to an
object depend on the object type. Examples of lstaies areflocking, wandering
interactinganddying These are boolean states, meaning they can erdgtive or inactive.

States are generally public, which means that aihgrcts can see what state a certain object
is in. Having public states simplifies the interantbetween objects, and no protocol for
inquiring state information is needed.

3.3.2 Feelings

The states are complemented with feelings measptayjulnessandfear in the basic object
type. They are both variables in the range [Owhgre 0 means total absence of this feeling
and 1 is the maximum feeling. Feelings are alteegzending on how long an object has been
in a certain state.

A typical use of feelings for creating dynamic babes is to let an object be in a state, A, as
long as a feeling is greater than a threshold. &hilstate A the feeling decreases until it is
lower than the threshold, which forces the objeathiange state. In the following state the
feeling increases again.

3.3.3 Triggers

Another method for changing state is to use stajgers. Triggers are used to give objects
commands, either from other objects or from itSEtfe commands can then be obeyed or
ignored by the receiving object. A trigger is oalstive during one update loop, and if the
object does not react immediately it is reset.
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3.3.4 Physics

The physics model of the objects is implementedessribed by Reynolds [15]. Each object
is a point mass with velocity and orientation. Dinientation is described by a local
coordinate system aligned to the velocity in easfukation step. This is all the basic object
type knows about its own representation in the afoilThe object is updated by adding a
force to the point mass. The force is truncatekep the simulation stable. A velocity is
calculated from this force, and the velocity isodisincated to simulate friction [16].

This implementation of the model offers the abitiyadd a flow to the object, which
increases the feeling of a under water moving ahiiitee flow can then be connected to a
flow simulation in three dimensions. The flow isarpreted as a velocity and added to the
velocity derived from the force. Flow does not affthe orientation of the object directly but
can indirectly affect it through the Al model.

Position, velocity, acceleration, orientation ahd tlistance traveled from birth are the
parameters sent to the Render Clients and usexhlculating the objects body. Since the
body is calculated on the Render Clients it is vergortant to have a continuous time line
along which to animate. The distance traveled foorth is this time line. This value is used
for creating smooth wing movements by passing & sine function and to generate moving
textures by scaling it.

3.3.5 Knowledge about the Environment

Supplementary to the world data, each object Hasnration about its own specific
environment. This includes interactors and objett&le a variable view range. The
information is sorted in a data structure optingzatcess to the specific object types. All
neighbor objects are sorted in two arrays, on@allareighbors and one for the specific object
type. Interactors are sorted in a third array. [bleal environment update algorithm also finds
the closest object in each array and calculatésdkerage positions.

Separating these arrays gives objects interestedlynone type of neighbor objects the
possibility to access them without searching themete list of neighbor objects. Objects
need information on specific object types for upatathe supervisor. To save the closest
object in the local environment structure also dga® the application since many rule
evaluations are interested only in the nearestbbjeinteractor.

Updating the local environment for each objectrie of the most time consuming processes
in the Al server. The server contains at maximuauad 500 objects at any frame and
updating each object’s knowledge about its neighladB0 Hz is possible only through a
subdivision of the world in smaller cells. Due e tflatness of the world and the absence of
large open volumes, the optimized cell structutevis dimensional.

% The object representations are extended on titeretient side. Different object types are extehttevarying
degrees. Since this is kept only on the clienait not affect the behavior of the object itselffmse of its
neighbors.
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Figure 9.  Object and interactor cell grids projected on tisallation floor.

Since every cell covers 0.25 nthe entire installation area consists of a gfid3®2 cells.

Every cell knows which objects it contains and gwaject knows to which cell it belongs.
Since an object is represented as a point masa, ibnly belong to one single cell. The
objects have a certain view range and a field @wof either 180° or 360° around the
forward vector depending on the object type. Figdhre neighbors is done by checking all
cells for intersection with the circle spanned g bbject center point and the view range. All
objects inside the intersecting cells are thenuatat directly with respect to the object
position.

A similar procedure is applied to the interactard ¢he interactor cell grid. The cell
distribution for the interactors is not as wideesgat and dense as the object cell distribution,
since interactors appears only at the ground fiddadne installation. The cells in the interactor
cell grid are larger, between F@nd 2.25 f and cover only the ground floor.

3.3.6 Collision Detection Module

To allow movement, the objects can exploit a nundfdeatures implemented through
modules. All objects have two modules: the colhsitetection module and the navigation
module.

Figure 10. A sketch of the collision detection rays. The gt sketches explaining the concept of
collision position averaging and collision normaéeaging respectively. The averaged collision ndima
shown as an arrow pointing from the wall with itssb in the averaged collision position.

The collision detection module is based on the gqmemce library Open Dynamics Engine.
The module detects obstacles in front of the ohyentg collision rays pointing from the
center of the object forward in a trident form lassirated by Figure 10. The module checks
for collisions against each ray, resulting in a mmaxm of three collisions per object. The
found collisions are then averaged to one colligiomt inside the pyramid spanned by the
rays. A collision normal is also calculated in Hane manner.
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Figure 9 shows the collision normal in green. Tkaneple with the straight wall illustrates
collision point averaging when the distance todblision points are differing. The closer the
collision point is to the object, the more weighwill have in the averaging. The example
with the corner illustrates the collision normakeaging. The rays intersect at the same
distance from the object but with different walled the normal is averaged. Calculating the
average has proven useful for corners, where abfjentl to get stuck if only acting on the
closest collision info.

The collision information is used to calculate anidance force for the object. Objects can
be designed to act differently on collision infotioa. The algorithm used for most objects is
scaling the collision normal linearly inverse te ttistance between the object and the
collision point and add a force orthogonal to thgeots forward vector if it is moving too
straight towards the wall. The length and the comation of the two vectors can be adjusted
for objects to behave different.

3.3.7 Navigation Module

Objects navigate in their environment via a navayasystem built on a number of
strategically placed navigation points connectefibtm all possible paths an object needs to
move. The system is based on [20] where the nagigabints are loaded at application start
and stays static. All connections between poirgsdaiscribed in a matrix where one side of
the matrix represents the point an object is mo¥iam and the other the target point. Each
cell in the matrix specifies the next point to mageards to reach the target point.

Figure 11. Example of a path generated by the navigation systeSource.Code using the navigation
points marked as red circles.

Figure 11 illustrates a path generated using tgsrigthm and steering behaviors. The object
starting point is close to the navigation poinintl #he target is close to the navigation point 3.
Through the navigation matrix the object calculat®gre to move. To get from point 1 to
point 3 the object must move towards point 2. Thead keeps moving towards the center of
navigation point 2 until it is inside the area c@eby the navigation point. The same
procedure is then performed for finding the newrimtediate target to get to point 3, which
results in heading towards navigation point 3 diye@s soon as the object is inside the
target navigation point area it heads towardsdhget point.

The algorithm is very efficient because it only de¢o reevaluate the target point when the
object has reached the current intermediate taftetpath generated is very smooth when
combined with the steering behaviors and can besget] to be near optimal with proper
navigation point placement. To navigate properg/miavigation module must know the last
point passed, the target point as well as thermedrate points.
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3.3.8 Functions

An object has to implement a physics update anéllarpdate function which are called from
the object manager. Basic physics, cell membershgany frame to frame non-Al is updated
in the physics update while everything concernimgsAipdated in the Al update. The Al
update evaluates the local environment, the cofissiand the distance to the world bounds,
and then selects a proper behavior via the sumervis

Each object has a killing function which is caltedemove it from the system. Killing an
object consists in removing it (and all the linkst) from every data structure.

3.4 Human Interaction

Objects interact with people entering the instadtatit the ground floor via a computer vision
interface. Information about position and contaifrgteractors is sent to the Al server and
inserted into a cell grid. Objects have a sepanat® range for interactors, which for most
objects is used to see further when looking fagrettors. Since interactivity is a key feature
in Source.Code, it is important that the objectstbe interactors early, giving them enough
time to react properly.

3.4.1 Contours and Circles

A tracked contour is filled with two dimensionataes, which are sent to the Al server. This
choice of representation for interactors is patthg to reduction of network traffic. A circle

has a very compact representation, only its posdied radius. The second reason is related to
the server side performance optimization: evalgatiistances and intersections between
circles involves a minimum of computation.

Figure 12. The circles filling out the silhouette of a visitare sent to the Al server.

The circle representation suits the behavior maadl Most objects interact only with the
closest circle in a group of circles representhginhteractor. This is efficient due to the local
environment pre-evaluation described in sectiondr&e the time for accessing the closest
interactor circle is done in constant time after bcal environment is evaluated. Following a
contour is done by considering the closest citble average position of the interactor circles
and the objects moving direction along the ciralegent. From this data the next position
along the contour can be calculated.

3.4.2 Interaction Behaviors

Interaction behaviors are defined to be uniquesf@ry animal type. In fact, a visitor can
understand the personality of the object througimiieraction behavior. Some objects in
Source.Code are curious, some are scared, someiaterested and some are
overwhelmingly happy to play with the visitors.
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Figure 13. A contour following behavior to the left, a edg@gping behavior in the middle and a
avoidance behavior to the right.

The first object type (case a) circles the contwfithe interactor until the playfulness feeling
goes below a certain threshold or the interactrds the installation. They can also switch
interactor if another comes close enough. The skobject type (case b) interacts by coming
up to the interactor extremely quickly and theryisig at the interactor contour leading to a
sort of “sniffing” behavior. In combination withfeocking behavior this leads to small groups
of objects playing at edges on the interactor aamt®he third object type (case c) represents
a larger animal and is not as interested in theractors as the earlier two object types. If it
encounters an interactor it will majestically doewn in the water and steer away from
him/her.

3.4.3 Spreading the Interaction

In situations where several visitors interact with objects, especially in the pool area, it is
critical that objects spread their interaction toseitors. This is achieved through awareness
of how many objects are interacting at every girerment with the same interactor. Objects
can select the interactor inside their view rangé the least number of interacting objects.

One of the object types has the whole pool aréis agew range when inside the pool. This
makes very fast and distant reactions possiblelaréfore it catches the visitor’s attention.
Objects on one side of the pool swims across tétpaeach visitors entering at the other
side.

3.4.4 Guiding the Visitor

As discussed earlier, an installation is interactiwisitors and objects can act on each other.
In fact, visitors act on objects in the installatioy moving around and trigger varying
behaviors of the objects. The object reactionglasigned to create a relationship between
visitor and the object. This is done through ckead fast individual object type interaction
behaviors.

The objects act on the visitors by guiding themanmis the elevator onwards to the fourth
floor. This is achieved by using the relationshygltup between object and visitor. If the
object acts in an understandable and rational ayisitor will be prone to take interest in
why the object changes its behavior and investigtite reason. The best perceptible example
being an object determinately circling an interaetbile the elevator door opens. When the
door opens, the majority of animals in the pool mmtawards the elevator. This will trigger

the curiosity of the visitor and direct attentianthe elevator. Objects will swim inside the
elevator and wait for visitors to come along.

As briefly described in the section 3.2, the desifjithe state transitions allows objects of

Source.Code to guide the visitors by telling thestcry. The plot of the story is to get the

visitors attention at the ground floor, establisielationship at the pool and show them the

way to the fourth floor. This is achieved throughiateractive design of the state diagram at
20



the early stages of the objects life, and contistyonarrowing the possibilities as the object
moves towards the fourth floor and its goal.
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4 RESULT

The intent of this chapter is to evaluate the Aveg its interaction behaviors and the way
visitors interact with the installation. The perf@nce of the Al server is evaluated along with
a few limitations of the system.

4.1 Performance

The Al server delivers object information to thenRer Clients via small network packages
sent at 30Hz. The Render Clients use the packagesthe Al server as trigger to render the
next frame, which makes the complete installatiepehdant on a stable frame rate at the Al
server. This is achieved, mainly through the sdutating Al update loop, but also by
limiting the number of objects allowed in the systey adjusting the spawn rate and killing
objects if certain limits are exceeded. The twommrformance issues are discussed below.

4.1.1 Al Update

The Al update loop is self regulating in the sethse it only updates as many object Al parts
as possible within the remaining frame time. Thgoathm is described in more detail in
section 3.2. This effectively removes peaks inupéate loop which would otherwise lead to
a lowered frame rate on the Render Clients. Thblpnas arising from such a situation is that
the Al part update is delayed when the number @aib reaches high levels. The number of
objects needed to bring the system to a point wih@antinuously only updates a percentage
of all objects is well above the number of objewismally in the system.

Although the decoupling of the Al is seldom needad Al's normally are updated at the
maximum rate, it is used to average out the frame peaks caused by, for example,
object instantiations, intensive interaction oregptise service selection (when elevator
door opens in ground floor). Figure 13 shows a lgm@ithe disposition of calculation time
for different parts of the application dependinghanv many objects are in the system. All
objects were of the same type during the teststdstavas executed with up to 1500
objects, which is a very high number, consideringr8e.Code normally contains up to
500 animals. The test was run at 30 frames pemsecorresponding to a frame time of
33.3 milliseconds.

22



120

100

£

£ 80

° OSleep

E 60 | O Draw and overhead
E B Al update

= O Physics update

g 40 YSICS Up

@

o

20 1

objects

Figure 14. Distribution of calculations per frame dependingnumber of objects.

As seen in figure 13, the physics update is linedejpendant on the number of animals in the
system, but is a small part of the whole frame tirtee physics update does not cause any
problem within the tested amount of objects. Theupdlate, however, also linearly dependant
on the number of objects, reaches its limit at 100@cts already. The Al server compensates
for the amount of objects and starts updating aslynany objects as possible within the
frame time.

Figure 13 also shows the time needed for overhakdlations, including rendering objects
on the Al server, and the time the Al server sldepgach the sought frame time. The sleep
time is always at least a certain minimum to albbperfect adjustment to the frame time.
Notably the time for overhead is constant excepvéry few animals. This can be explained
by the graphics card adjustment to certain fix fame levels, since the application cannot
have a frame time lower than a certain threshold.
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Figure 15. Percentage of object Al's updated per frame depgndin number of objects.

Figure 14 show the percentage of the objects uddsteh frame. As seen when comparing
the two diagrams, the percentage of object Al'satpd each frame decreases when the frame
time is not enough for the number of animals indygtem.
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Figure 16. Standard deviation of frame times depending on rarrobobjects.

Figure 15 shows the standard deviation of framedifor different amounts of objects. Tests
reveal that frame times are not exactly constarithbve a standard deviation of up to 0.2
milliseconds. This is mainly due to the inexactnafsthe timing function used by the Al
server which only allows a precision of 1 millisado This is not considered a problem since
there are greater sources of delays in the rergiehain, most notable the high amount of
network traffic. Another reason is that individwdljects may need more time than predicted
and thereby push the frame time over the allowad If they are calculated shortly before
the Al updating time limit. The frame time exceedled sought frame time with more than
0.5 milliseconds in only 0.036% of the frames fog tvhole test setup. Since the frames
exceeding by less than 0.5 milliseconds are v&ehlito do so due to the inexactness of the
timer, 0.036% for reasons not handled by the Alatpednodel must be considered very good.
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As visible in Figure 16, most frame time overshdwppens with many objects. In the range
of Source.Code frame time it never or nearly nexeeeded by more than 0.5 milliseconds.
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Figure 17. Percentage of frames differing more than 0.5 neilands depending on number of objects.

4.1.2 Network

The division of the installation into Al server aRénder Clients (necessary for many
reasons) led to the need to send high amountstafodar the network. The traffic from the

Al server to the Render Clients is linearly depenaa the combined number of objects and
interactors in the system. A data package of 78%ig sent for each object at 30Hz. When all
object packages have been sent, the Al server setedmination package telling the Render
Clients that nothing more is coming and they aee to render the frame.

The UDP protocol is used to send these packagesffoiency reasons. In fact, UDP

involves a minimum amount of overhead data. It da®sconfirm the arrival of a package,
which can be very time-consuming using a protoikel TCP. The drawback with UDP is that
packages are not guaranteed to arrive at the teoggbuter, or arrive in the same order as
they were sent. This turned out not to be a probdran configuring the network switch to
forward Render Client packages from the Al sereehe Render Clients only. Only when
testing the Al server by multicasting packages | other parts of the installation doing
the same without configuring the network switclstlpackages were registered. If a package
would get lost after all, the Render Clients wahder that particular object at the same
position as the frame before. The order of packageselevant for the Render Clients as long
as they are received before the corresponding nation package. If two packages describing
the same object are received, the older one isudied.

The issue with the network traffic is not relatedhe size of the packages sent and received,
but to the number of packages. Even at times whemstallation is under high pressure due

to large amount of interaction, the Al server seleds than 500 packages. Since each package
is 72 bytes, the amount of data sent in the wase ¢s ~8Mbit/s. This is not a problem since
the installation runs on a 1Gbit network.

Interactor data from the tracking clients is serd isimilar way but at a varying rate. The Al
server is not depending on the speed of the trgalliants to keep its frame rate. The Al
server will assume that when nothing is receivedhfa tracking client nothing changed since
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the last received package. This allows the trackliggt frame rate to be completely free
floating. This also eliminates the danger that Uialekages can get lost, since a lost package
will be replaced by the previous package.

4.2 Human Interaction

Looking at visitors interact with Source.Code idw@asas interacting with the installation.
There was the small child, running around tryingatch the fleeing animals, and the sales
man in a dark suit, dancing on the screen withpaaficoffee. Visitors usually find one
process animal that they like and find more intémgsghan the others. Through that they
develop a relationship with an animal and alsarkallation.

Animals are born at the entrance of the buildind saim towards the pool. Along their
journey towards the pool they will interact wittsiors walking on the stream or right beside
it. The behaviors in the stream are designed totipellvisitors towards the pool. To do this
the animals tend to end up playing with the visgorthe pool side of the visitors contour. By
doing this the visitor’s attention is directed etflow direction. Important for the complete
guiding mechanism is that the focus of the visgatirected from the floor towards the pool,
data wheel and elevator. To achieve this, the dsid@n’t stay more than ten to fifteen
seconds with each visitor, but swim towards thel pssoon as they have caught the visitors’
attention.

When the visitors enter the pool area animals neatiediately and even more spirited than

in the stream. The pool is the waiting area befloeevisitors enter the elevator and the
animals guide the visitor to the elevator as saotha elevator door opens. Before the animals
go to the elevator they present themselves toii®ns through lively interaction behaviors.
This is the moment when the relationship betweenvikitor and the animal is built up, when
the sales man dance and the business woman juntyeiedker the elevator door is open the
animals stop their behaviors and moves to the tevshowing the visitor the way to the
fourth floor.

One of the interaction behaviors is fleeing to ster-free corner of the pool or stream to
avoid the visitors. Visitors try to get closer ketanimal but it always escape in the last
minute. Another, snake-like, animal swims arourel\isitors contour. Since the animal has
long body it leaves a trace of how the visitor nahWéisitors interacting with these process
animals often try to fool them or make them loaaek of the visitor. This is very hard to do
without leaving the installation area. These are divthe most successful behaviors
implemented in Sourc.Code and through them aniaradsvisitors build the relationship
through which storytelling is possible.

4.3 Guidance through Interactive Storytelling

As discussed in Chapter 2, the intent of the Avaers to guide the visitor using interactive
storytelling. Storytelling is a complex subject a&h thesis did not have the ambition to
describe a general storytelling system, but to @m@nt a guidance system using the theory of
interactive storytelling. The Al server does thrighe form of straightforward character driven
narrative where the information about the pathsggai must take is transmitted to the visitor
by the animals.

It is obvious that the story told by Source.Cods d@redetermined ending and is therefore
less interactive than most stories discussed icahgext of interactive narrative. It has a
fixed ending but an open beginning and path toehding. Giving the visitor the power to
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alter the story with the fixed ending is also iatgive storytelling, only with more author
control, as discussed by Magerko in [8] where heckales that interactive storytelling is
always a struggle between author (i.e. the stawcthr) and participant (i.e. the visitor) about
who has more control over the story.

4.4 Reusability of the Al Model

The Al model is totally independent of the behaviardel. This allows us to reuse the Al
model for other installations. In fact, the Al mbdaplements a decision module to select the
action to be performed.

Steering behaviors are general in their definiagrwell, which means that the basic
controller can be reused for other installatiorfseré are implementations for which steering
behaviors in the form implemented in Source.Codentd be used. Installations and
applications in need of flocking behaviors or otberooth emergent behaviors can with great
advantage reuse the behavior model from Source.@uostallations in need of more pre-
animated movements might need to restructure thavie model.

4.5 Limitations

The development of behaviors for Source.Code hasated two limitations detailed below in
the system design. These have affected the behdev@lopment process to a greater extent
than the Al model development. The extra efforingpe work around these limitations could
possibly have been avoided by a different systesigde

4.5.1 Body Collision Detection

Due to the separation of the Al server and the Be@dients it is hard for the Al server to
deal with object body animations. Since the Al sedoes not know the exact state of an
objects body, collision detection between objeatsnot be implemented in a satisfying way.
Tests with static server side object bodies werdapbut with unpleasant results. Assuming
spherical body shapes and colliding them agairgt ether looks too unnatural. In contrast,
leaving body collision out and using steering bétxavto separate objects looks much nicer,
even though it may lead to situations where theabjcan intersect.

4.5.2 Little Control over Body Animation

Another drawback due to the separation of the Aleseand the Render Clients is that the Al
server cannot animate the bodies of the objeds @reat extent as might be needed for a
general purpose structure. In Source.Code the bjee animated through a local coordinate
system, velocity, acceleration and the distanoeetea since birth. This is enough for the
purpose of Source.Code and leads to noteworthppeaince improvements when it comes to
network traffic. On the other hand it limits thepesssion of object personality since the
object bodies cannot be individually animated ®altent needed for complex characters.
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5 DISCUSSION

Developing an Al system is not a top-down procelssr& one decides on a structure and then
fills it with content. The development of the Alssgm for Source.Code has been an iterative
process of structuring, behavior design, implenteriaand testing. Two of the cornerstones
have been the Al update model with supervisor sraled controller, and the steering
behaviors. These have then been altered to suitetbés of Source.Code.

Damian Isla [6] lists four design principles forha&iors that at the beginning of this project
sounded vague and unprofessional, but has becomeeand more understandable during the
project development.

Everything is customizablekeep all behaviors customizable because they will b
changed to suit the final interaction concept.

Value explicitness above all other thing$e-be able to design the set of rules defining
the intelligence of an object the designer needetable to keep the overview.

Hackability is key -DBesign the behaviors to allow hacks, because tlikpavneeded.

Take something that works and then vary fromlitis-impossible to design a perfect
interaction system on paper. There has to beibebf development from a basic
working structure.

Isla concludes that these rules are an attempegsept a structure in the Al development
which often seems to be a random pick of ideassahdions. We agree with these principles,
but we would also like to add that none of them lMdonake sense if there was no well
designed Al update model in the background.

5.1 Conclusion

As mentioned in the previous chapter the Al seagtrieves the sought performance and
works as a real time guidance system for the vsiath immediate interaction response. The
objectives specified in chapter 1.4 have beenlliedfion that point.

The objective of reusability of the Al model hasabeen fulfilled through the supervisor,
rule and controller structure described in chapt8rl. The Al model can easily be reused for
other interactive installations in need of artdicintelligence.

Low level interactive storytelling is possible byans of intelligent characters that exploit the
Al and behavior model. The guidance of the visiten®alized through the interaction
between visitors and animals.

Both objectives concerning animal behaviors listesection 1.4 are fulfilled through the
implementation of Source.Code. A visitor can ckeade difference in behavior, and through
that the personality, of different process aninaahifies. The dynamic and diversity of the
underlying business processes are reflected iarimeals through their interaction and
internal cooperation in partially revealing of eptése services in the elevator.
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5.2 Future Work

Although the Al sever is competent enough to habélgaviors and interaction in
Source.Code and fulfills the objectives for thiedis, it can be improved and extended with
other features, like the ones below.

5.2.1 Goal Driven Intelligence

The Al model described by Dell’Acqua et al. [4,i5]h goal driven model. Since the Al
model in Source.Code is based on this model ibeaextended to contain goals and
motivations for objects in a more sophisticatedrfoA goal driven Al can be useful for
dynamic characters and ecosystems which are morediotable.

The difference to the current Al model lies in gupervisor and how rules are selected. In a
goal driven model a rule is evaluated by how faakes the object towards a certain goal
state. A state can be any combination of an objetdsnal state variables, orientation and
feelings. The Al model could be organized in a véral network where many combinations
of actions leads towards a goal and the supersiects the most suitable one by evaluating
combinations and sequences of rules. The reasarofomplementing this approach in
Source.Code was the computational effort in evalgahe rules of the network.

5.2.2 Narrative and Scripting

Generalizing interactive storytelling is a usefut bomplicated improvement to Source.Code.
In the current Al model the story emerges from cmations of rules and behaviors and is
heavily dependant on understanding of all mechasiarnthe decision architecture.
Abstracting the story, maybe even to a scriptimgiege, is a task much greater than the
development of the Source.Code Al model. Interactiarrative authoring languages like
Facade [9] or IDA [8] are complex and still havenydimitations. This project can not be the
starting point for such a language, but it providesslid decision model and a complete
working system from which small experiments forgtical cases can be conducted to
facilitate the creation of interactive installatsoon

5.2.3 Communication between Objects

Improvement of both behavior modeling and debuggeug be achieved through a proper
messaging protocol for communicating between objant for giving objects commands.
Through a communicating system objects are morgaavsand can individually reveal or
hide state variables and other information ab@elfito other objects. More abstraction of
objects leads to easier behavior implementationbetigr overview of the whole system
behavior. It can also be used as a debugging oot sinybody, including the developer can
listen in to the correspondence passing througimimesaging system and thereby get a hint
on what’s happening between objects.

5.2.4 Prioritizing the Al Update Loop

There is performance to gain in cases where thgpdate loop has to compensate for many
objects or complicated Al evaluations by updatinty@ limited number of objects at each
frame. In Source.Code no difference is made betwbgetts depending on their type or state.
Prioritizing objects currently interacting with anteractor or objects with more complex Al
makes a more efficient use of the limited time Ede. Objects following a leader can
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probably safely update their behavior less oftemttine leader. Objects in areas with no
interactors can be updated less often.

5.2.5 Body Animation and Collision Detection

The animation of object bodies can be improvedubhoa more extensive protocol for
passing commands from Al server to the Render @Glidhcould be extended with parameters
for bone positions and orientations, colors, bongdioxes or whatever might be useful in the
specific situation. The drawback with this soluti@ties on increased network traffic.

To increase realism of the objects, body colligias to be implemented. A part of an object
needs to be able to collide with another objecroobstacle. This can be done by animating
the objects body, or a simplified copy of it, or #l server and use those models to calculate
collisions. There is nothing complex in this alohat the drawback is again the increase in
network traffic needed to send more complex ohjeptesentations. The solution to both
body animation and collision detection is therefiréind a suitable communication protocol
of the object information to the Render Clients.

5.2.6 Learning

An experimental and interesting improvement toAhserver would be to implement
learning. It was not needed for Source.Code, budedinitely have practical value in future
interactive installations. Through learning objezs adjust their interaction behavior to the
behavior of the visitor over time. If the objectaealize that visitors tend to enter the
installation from the left, the objects can reastér or in some way adjust their behavior to
that fact. Experiences learned can then be inlgeligdween object generations.

This can be particularly useful for installationsbig public spaces where it is extremely hard

for designers and developers to predict the beha¥ithe public. With learning abilities the
installation can adjust itself with respect to public behavioral patterns.
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7/ APPENDIX A - INSTALLATION PHOTOS

Figure 18. Selection of five of the process animal types.

Figure 19. Pool screenshot from the Al server (left) and poahstallation (right).

Figure 20. Data wheel and pool (left), stream (middle) anddtede outside the building (right).
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Figure 21. People entering elevator in the ground floor (leftifl enterprise service displaying in the forth
floor (right).

Figure 22. Al server screenshots of elevator and diffusioft)(end a whole system overview (right).

Figure 23. Dataquarium (left) and Data Fall (right). Both fretfourth floor.
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