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Introduction  
Our shared vision is that the project will be able to explore how a real time interactive virtual 
3D world inhabited with life-like autonomous agents can be exploited by children through a 
dramaturgical framework of improvisational play to externalise their ideas and fulfill their 
imagination and creative capacity. 
The kind of agent we have in mind is one that is able to interact sensibly with other agents 
and with a user/avatar. It should be able to act, that is it should be able to generate its own 
actions and it should be able to read and react coherently on different actions by other agents 
and/or avatars. If all this is to be perceived by someone outside the system, the agent should 
possess a sufficient amount of expressivity in terms of body, movement, gestures and voice.1 
This in turn sets a target for the agent architecture: it should allow sufficiently complex 
interactions between the agents for a meaningful narrative to be constructable around what is 
observed. These interactions need, therefore, to be fast enough and varied enough to allow for 
continuity between agent-agent encounters.2 
It was the task of DFKI to provide the agent architecture that allows us to use autonomous 
agents as synthetic actors in interactive improvisational plays. This includes the following 
major aspects. 

1. We must take into account dramaturgical requirements, i.e. we must be able to represent 
and use dramaturgical concepts like personality, status, and emotions within the behaviour 
planning process. 

2. We must be able to control multiple animated characters in a dynamic 3D virtual world 
that respond to users and to each others in real-time while being not simply life-like but 
taking into account some author-defined improvisational rules. 

Our Virtual Puppet Theatre (VPT) therefore builds on previous work on interactive drama 
[7,8], interactive improvisation [2,3,4], and embodied, interactive characters [1,5,6]. We have 
decided to use the Jam Agent Architecture [9] to implement our intentional autonomous 
agents because it meets the requirements as stated above, e.g. it facilitates the behaviour 
authoring by providing a high-level specification language with a declarative representation of 
an agent’s beliefs (facts), desires (goals), and intentions (plans). Over the last two years we 
have constantly extended the capabilities of this agent architecture and adapted it to the needs 
of the PUPPET project. 

Note: This document contains material already presented in the work part summaries of the 
Project Progress Report, Part 1. However, it includes new material as well and describes our 
contributions to the three work packages in more depth. 

The rest of the document is organized as follows. In Sect. 1 we describe the dramatic nucleus 
for a two actor (farmer and cow) scenario. In Sect. 2 we extend this scenario by introducing 
the avatar as a third character and by allowing interaction with the two synthetic actors. The 
characters and their behaviours are discussed in Sect. 3 before we conclude with a concise 
description of the VPT system and our agent architecture in Sect. 4. 

                                                        
1 See IDAU’s Puppet Project Report on Year Three Activities, Sect. 1. “Setting the scene”. 
2 See COGS’s Puppet Project Report on Year Three Activities, Sect. 1.2 “What facilities can the VPT provide to 
make a difference to EL?“. 
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1. Improvisational Scenario 
Following the extra review meeting from 29-30 March 2001 at COGS, a revised workplan for 
the remainder of the project was circulated among all partners. It was decided to concentrate 
on developing the dramatic nucleus for a two actor (cow and farmer) scenario. 
The Department of Dramaturgy at the University of Aarhus (IDAU) invented the story of a 
farmer that loves order, and his cow that wants to become more human-like. The cow is 
constantly trying to run away from its shed—either towards an old gramophone to listen to the 
music or towards a bookshelf in order to recite some poems—thus challenging the farmer’s 
will for order. The farmer on the other hand tries to get the cow back to its shed whenever he 
detects that it has escaped again. The story has a cyclic quality, wich means that it can be 
repeated with variations, or stopped at different places, e.g. with the cow being defeated or 
with the cow intimidating the farmer. This open-ended cycle provides the improvisational 
setting that invites the child to enter the scene with his/her avatar either to help the farmer or 
the cow. As such, the scenario encourages the child to explore the effects of intervening and 
of taking on different roles. 
To secure a dramaturgical significant and satisfying development we need to be able to create 
variations of this simple theme and build and rebuild tension between our synthetic actors. 
This should be done in a systematic way, i.e. according to a set of rules that the agents will 
apply during their interaction. In our improvisational scenario, we use the parameters status 
and attitude  as behaviour determinants for the farmer and the cow. The status (high or low) 
determines how dominant or submissive the agent is in the interaction, and the attitude 
(positive and negative) characterizes the two major strategies of each agent when trying to 
achieve its goal (e.g. luring versus herding for the farmer, avoiding versus confronting for the 
cow). The attitude also reflects the current mood of a character (happy or angry). The four 
combinations of status and attitude are expressed individually for each agent in terms of facial 
expressions, gestures, postures, gait, and vocalisations. For both farmer and cow the 
consortium developed a set of standing animations (postures), walking animations (gait), 
textures (facial expressions), and pre-recorded sounds (vocalisations) to achieve this kind of 
expressivity. The following screenshots show the farmer (Figure 1-4) and the cow (Figure 5-
8) within different combinations of status and attitude. The status is marked with H (high) and 
L  (low) and the attitude with ‘+’  (positive) and ‘–‘  (negative). 
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Figure 1 Farmer in H+                      Figure 2 Farmer in H- 

           

Figure 3 Farmer in L+                      Figure 4 Farmer in L- 

           

Figure 5 Cow in H+                      Figure 6 Cow in H - 

           

Figure 7 Cow in L+                      Figure 8 Cow in L- 
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Changing Status and Attitude 

Both status and attitude of farmer and cow should change during their interaction. This is 
reflected in the following little manuscript for the first improvisational cycle provided by 
IDAU which guides the implementation of the agents high-level behavior. 

Cow walks around (H+) on farm on its way to one of its favourite places. [...] When 
farmer (L+) encounters cow the first time, he issues a sound and makes a gesture. Cow 
basically ignores farmer, maybe just a slight nod. Cow reaches its first favourite place. 
[...] Farmer walks angrily around (L -) and issues sounds. Cow is not affected at all. 
After 30 seconds (give and take) cow returns to project mode and starts up again 
heading for the next favourite place. Farmer tries to stop cow, and uses all his (L-) 
tricks, but cow only reacts very slightly, cow is still in H+. It reaches its second spot. 
Now Farmer is really angry (H-) so when cow is going out of success mode, farmer 
attacks. [...] 

To ensure that tension can be built when meeting several times within the same status and 
attitude, we count the number of encounters since the last change of status/attitude where 
"Two agents meeting and communicating define an encounter: the minimum requirement of 
an encounter would be an ACTION: Farmer shouts out loud, and a REACTION: the Cow 
stops." For example, if farmer in H - and cow in H - meet several times, we can choose 
different actions/reactions to increase variation and build tension in this conflict situation. 

Starting with this description, we had to define when during the interaction to change status 
and attitude (e.g. after 1st and 2nd success for cow) and what the relevant parameters for the 
rules are (e.g. number of successes and failures, number of encounters, own status and 
attitude, other status and attitude). Finally, we had to define the individual rules for farmer 
and cow. For example, the second rule for the cow looks like this: 

RULE_2:  IF  (cow H- and farmer H- and encounter >= 1) THEN change status to L- 

It basically says that if cow has been approached once by farmer in H- (encounter >= 1) it will 
lower its status if approached a second time. The following table shows the combinations of 
status and attitude for the various encounters of farmer and cow during the first 
improvisational cycle and briefly describes what triggers the changes. 

farmer cow conditions and rules to change status/attitude 
L+ H+ 1st success for cow => farmer: L+ -> L- 
L- H+ 2nd success for cow => farmer: L- -> H- 
H- H- cow accepts defeat angrily => cow: H- -> L- 
H- L- cow surrenders => farmer: H- -> H+ cow: L- -> L+ 
H+ L+ end of cycle #1 

Table 1 Combinations of status and attitude in impro cycle #1. 

Consequently, the second improvisational cycle starts with farmer being in high status and 
positive attitude (H+) and cow being in low status and positive attitude (L+). After having 
been defeated several times, the cow will raise its status and attack the farmer. This time the 
farmer gives in and the cycle ends with farmer L+ and cow H+. Each improvisational cycle 
takes approximately 5min to complete, i.e. after approx. 10 min the whole story will be 
repeated due to its cyclic quality. 
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Encounter-based Action Scripts 

We implemented a number of so called encounter based action-scripts for farmer and cow (at 
least one for each combination of status and attitude, i.e. L+ L- H+ H-). These action-scripts 
are usually combinations of facial, bodily and vocal expressions and invoked when the farmer 
has approached the cow and tries to get it back to its shed. 

Example: If the farmer in low status and negative attitude (L-) approaches the cow for the 
first time, he uses his little stick and makes an angry sound. During the second and third 
encounters (still in L-) he will use the stick more vigorously and make different sounds. 

We have tried to capture some of the key moments within the first improvisational cycle 
illustrating, for example, the shifts in status or attitude. The videos clips can be downloaded 
from our webpage: 
http://www.dfki.de/imedia/puppet/videos/ 

Note: All movies are in Apple QuickTime format. If you don’t have the player or the correct 
plugin for your browser you can download it under the following URL: 
http://www.apple.com/quicktime/ 

Scene 1: farmer_lopos2loneg.mov 
This scene starts with farmer in low status and positive attitude (L+) and cow in high status 
and positive attitude (H+), i.e. we are at the beginning of the first improvisational cycle. The 
cow has just visited one of its favourite places, i.e. the bookshelf or the gramophone. At first 
the farmer tries to lure the cow  but when the cow refuses to follow he changes attitude 
(according to the first rule in Table 1) and angrily starts herding with his little stick. 

Scene 2: farmer_loneg2hineg.mov 
This scene follows scene 1 and starts with the cow just leaving its second sp ot, the 
gramophone which is still playing. Now the farmer gets really angry. He raises his status from 
low (L -) to high (H-) and attacks. The cow still in a good mood, i.e. high status and positive 
attitude (H+) now also gets angry and changes its attitude (H-) thus entering the battle. 

Scene 3: cow_defeated.mov 
This scene follows scene 2 and starts with the farmer being still angry and having a high 
status (H-). The cow has accepted defeat and lowered its status but is still angry (L-). When 
the farmer uses his club to threaten the cow, it finally gives in and and follows him back to the 
shed. 

Scene 4: farmer_success.mov 
This scene follows scene 3 and shows the farmer after having brought the cow back to its 
shed. Consequently he is in a good mood (H+) and makes a happy dance. We meet the cow in 
low status but with positive attitude (L+). For the time being it has accepted defeat but 
watches the farmer closely and will leave the shed as soon as the farmer is out of sight. 
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2. Improvisation and Interaction  
The improvisational scenario that we have described so far runs without any user intervention. 
Due to its cyclic quality the cow is constantly trying to run away from its shed whereas the 
farmer is trying to get the cow back when he detects that it has escaped again. So far the child 
has been an observer (cameraman) watching the two agents interact with each other. The next 
step was to put the child in the role of an co-actor by providing it with an avatar (the sheep) 
and an appropriate user interface. Together with our partners we discussed how to extend the 
current scenario to a setting with 3 characters, e.g. by defining the dramaturgical and 
psychological goals of the avatar role (the child can help the cow by distracting the farmer or 
it can help the farmer by preventing the cow from leaving its shed). 
To make this kind of user interaction possible, we had to extend the behaviour repertoire of 
our two characters thus enabling them to show an appropriate reaction when being addressed 
by the avatar. DFKI was responsible for the following tasks: 

- processing the input from the interface device used by the child to change the avatar’s 
viewpoint and mood and to select avatar actions 

- implementing a set of characters specific reactions towards the avatar dependend on the 
avatar’s mood, action, and position  

User Input from Concept Keyboard 

As avatar, the child will have a choice of three types of behaviour, each with distinct actions, 
expressions and sounds, which have been categorized into positive, negative, and neutral type 
of behaviours. During the second Puppet Research Atelier from 11-13 June 2001, it was 
decided to use a Concept3 overlay keyboard to select the viewpoint and mood of the avatar 
and to initiate an avatar action. The avatar itself can be moved around with the three-button 
mouse as usual.  
The Concept keyboard allows the use of paper, card, plastic, or laminated overlays on top of a 
touch sensitive pad. Figure 9 shows the overlay designed by COGS that will be used for the 
final evaluation of the VPT system. The child can select between four different viewpoints: 

- flying camera: allows the child to leave the body of the avatar and move freely around; in 
this mode mouse movements map to camera movements 

- subjective camera: allows the child to see the 3D virtual world through the eyes of the 
avatar; in this mode mouse movements map to avatar movements 

- over the shoulder: allows the child to see what the avatar sees plus part of the avatar itself 
(e.g. back of head); in this mode mouse movements map to avatar movements 

- behind avatar: allows the child to see the avatar in full figure from behind in the center of 
view; in this mode mouse movements map to avatar movements 

The child also has the choice between three different avatar moods (positive, negative, 
neutral) and two avatar actions (sound or sound and animation) which are processed as 
follows. If the child presses some area (e.g. the “change avatar mood” field) on the overlay, a 
command string is send to the PC using an infrared transmitter. It was the task of DFKI to 
process the incoming messages and to forward them to the agents in the 3D virtual world. For 
this purpose we had to extend the High -Level Behaviour Module that encompasses the 
agents’ “minds”. If the child changes, for example, the mood of the avatar, this information is 
send to all agents, which will then update their knowledge base accordingly. To give the child 

                                                        
3 You can find further details under the following URL: http://www.conceptkey.co.uk/ 
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a strong visual cue which mood is currently selected, the sheep avatar will change its default 
standing and walking animations, as well as the appearance (textures) for face, ear, and body. 
If the child initiates an action by pressing the “avatar action” field, the sheep avatar will 
perform the action (e.g. playing a sound and/or an animation) and the agents will show an 
appropriate reaction (e.g. they will greet the avatar). 

 
Figure 9: Changing avatar viewpoint, mood, and action. 

High-Level Behaviour for Agent-Avatar Interaction  

If the child initiates an avatar action using the Concept keyboard as described in the last 
section, it depends on the priority of the “ReactToAvatar” behaviour whether farmer or cow 
will interrupt their current activity and display a (positive, negative, or neutral) reaction 
towards the avatar. Within our agent architecture this priority can be changed at runtime. For 
example, we lower the priority when the two agents enter their main fight (both in high status 
with negative attitude). They will therefore ignore the avatar during these important moments. 
If the agents show a reaction towards the avatar their behaviour depends not only on the 
current mood of the avatar but also on the current position of the avatar. If the user initiates an 
avatar action, each agent first checks if the avatar is looking in its direction. This depends on 
the avatar’s focus area which is specified by the focus angle (in degrees) and the focus range 
(in body lengths). 

Example: If the cow is near the center of the sheep's field of view and the sheep is less than 2 
body lengths away from the cow then the cow assumes "The sheep is looking at me.". 

If an agents assumes "The avatar is looking at me." it will interrupt its current activity and 
display a positive, negative, or neutral reaction towards the avatar depending on the avatar's 
current mood. If the agent is not within the avatar's focus area but not too far away, it will 
show a less intense reaction towards the avatar. These reactions affect the behaviour of farmer 
and cow during the improvisational scenario, e.g. the child might attract the cow when it is 
moving to the gramophone or it might distract the farmer when bringing the cow back to its 
shed. 
It was the task of DFKI to implement all these different reactions towards the avatar. Similar 
to the action-scripts developed within WP1 for the interaction between farmer and cow, they 
are usually combinations of facial, bodily and vocal expressions. The following examples 
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illustrate the kind of reactions that have been implemented using the sounds, animations, and 
body movements currently available for our 3D characters. 

Inside the avatar’s focus area: 

COW 
neu: face avatar for 3 seconds with neutral face and make neutral sound (bellquiet.wav) 
pos: follow avatar for 3 seconds with happy face and make happy sound (cowsinging.wav) 
neg: move backwards avoiding avatar for 3 seconds with angry face and make angry sound 
(cowohdarn.wav) 
 
FARMER 
neu: face avatar with neutral face mumbling (farmerlowwork.wav) 
pos: follow avatar with happy face making luring gesture with both hands and appropriate 
sound (farmerhighcalling.wav) 
neg: move backwards avoiding avatar with furious face making herding gesture with little 
stick and appropriate sound (farmerangry2.wav) 

Outside the avatar’s focus area: 

COW 
neu: face avatar with neutral face singing (cowsinging.wav) 
pos: make a few steps towards avatar with happy face and appropriate sound (cowlook.wav) 
neg: scrape hoof with angry face and make angry sound (cowohdarn.wav) 
 
FARMER 
neu: face avatar with neutral face mumbling (farmernonsense.wav) 
pos: make a few steps towards avatar with happy face and appropriate sound 
(farmerhighcalling.wav) 
neg: point towards avatar with furious face making angry sound (farmerangry2.wav) 
 
If cow or farmer are within the avatar's focus area and not engaged in an interaction, they will 
display a behaviour that ackowledges the presence of the avatar (e.g. face avatar making small 
animation and sound) even if the avatar has not initiated an action. This is merely a reaction 
to the avatar's proximity and increases the believability of our characters: It would look 
strange if the farmer would simply turn away and start sweeping the courtyard while the 
avatar is staring at him from a close distance. 
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3. Characters and Behavior 
In our system each virtual puppet is modeled as an intentional autonomous agent. The 
improvisational frame that defines a character's role, task, and status is mapped onto a set of 
“beliefs'', “desires'', and “intentions''. These are encoded as facts, goals, and plans in our agent 
architecture (see Sect. 4). For each agent we specify individual goals with varying levels of 
importance, proactive and reactive behaviors, and the character's personality traits and 
emotions. We use the word “proactive'' to express that an agent does not simply act in 
response to the environment, but also initiates actions on its own, in particular to achieve its 
goals. Reactive behaviors on the other hand are usually event driven and bound to the 
activities of other agents. 

Expressiveness 

For each character we must ensure a sufficient expressiveness in terms of facial expressions, 
gestures, postures, vocalisations (speech and non-speech), etc. to allow the legibility of 
internal states such as emotions and motivations. Within our system we currently have the 
following means when designing and implementing and agent’s high-level behaviour. 

1. Sounds 
For each character a set of sound files was recorded by drama students of the University 
of Aarhus (task leader: IDAU). The students have been asked to make appropriate sounds 
either based on the set of available animations (e.g. farmer herding with his little stick) or 
based on verbal cues (cow in a good mood on its way to one of its favourite places). 
Currently we have 24 sounds for the cow (duration 2.7 to 7.4 seconds) and 21 sounds for 
the farmer (duration 3.0 to 6.4 seconds).  

2. Animations 
Within our improvisational scenario we want to express status and attutude (see Sect. 1). 
Therefore the animations for each agent have been designed by our graphics designer 
(task leader: IDAU) bearing this in mind. It might be useful to distinguish between 
looping animations, designed to be repeated over a substantial period of time, and 
ordinary animations, usually only applicable in a certain context. Both walking animations 
(gait) and standing animations (posture, idle time movements) are looping animations. For 
each combination of status (high or low) and attitude (positive and negative) there is a 
distinct walking and standing animation for farmer and cow. Besides, there is a number of 
character-specific animations (e.g. cow scraping its hoof, farmer luring with right hand) 
which can be used to convey their motivations and emotions. 

3. Facial-Expressions 
Within our system we have a set of distinct facial expressions for each agent, realised as 
2D bitmaps (textures) for our 3D models. Figures 1-8 show the different faces for farmer 
and cow. 

4. Movements 
Using the different kind of walking animations, our 3D charactes can perform a number of  
movements implemented as character-independent actions by our project partners from 
the Computer Vision and Media Technology Laboratory at the University of Aalborg 
(CVMT), e.g. face another agent or an object, follow another agent in a certain distance, 
move to the specified object (involves path planning), look around for a certain agent or 
object, try to achieve a comfortable space to all objects and agents in the agent's vicinity, 
etc. At the moment we have 18 different commands. 
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These four categories are basically independent of each other, e.g. we can combine them in 
arbitrary ways when implementing an agent’s high level behaviour. For example, we can 
instruct the cow to move to the gramophone in high status and positive attitude using the 
respective walking animation while displaying an angry face and making angry sounds. The 
agents reactions towards the avatar at the end of Sect. 2 are further examples of this approach. 

Behavior Modeling 

To facilitate the behavior authoring we abstract from individual behaviors and use so-called 
behavior modes when specifying the behavior models for our agents. Behaviors within the 
same behavior mode try to achieve the same goal(s) and have the same priorities. Once we 
have defined the transitions between modes we can easily provide new behaviors within a 
specific mode. Figure 10 shows the behavior model for the cow where the numbers specify 
the priorities of the behaviors in this mode. The default mode has the lowest priority and 
comprises an agent's idle time behaviors. If the farmer is not visible, the cow enters its project 
mode and leaves its shed. If the cow reaches one of its prefered places (e.g. the gramophone 
or the bookshelf), it will go to success mode whereas it will go to failure mode when being 
caught by the farmer. Both success and failure can be expressed in many ways depending on 
the current status and attitude without having to change the behavior model. 

Figure 10 Behavior model for the cow. 

For testing and evaluation purposes it is often necessary to have a kind of “window” into the 
agents’ mind. This is not intended for the user/child but for the project partners and allows 
them to compare the agent's motivations and intentions with their observable behaviour. This 
is particularly useful in order to get valuable feedback on the agents’ high-level behaviour 
within the development cycle. We modified the behaviours (plan specifications) of each agent 
allowing them to verbalize their current goals and behaviours by printing out statements on a 
non-technical level about important events, actions, etc.  
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4. The Virtual Puppet Theater 
Creating synthetic agents that respond to users and to each other in real-time while being not 
simply lifelike but taking into account some author-defined dramatic structure is a complex 
and challenging task, even more so if these agents inhabit a dynamic 3D virtual world. We 
accepted this challenge and developed a layered architecture with the following objectives:  

1) Providing a common platform (layer of services) for all 3D agents upon which specific 
characters can be built. 

2) Deploying a customized BDI-theoretic agent architecture to implement the proactive and 
reactive behaviors. 

3) Using a simple yet powerful percept and action handling mechanism that makes it 
possible to initiate actions at lower levels that are carried out autonomously (e.g. maintain 
a certain distance to another agent) returning an exit status only if they fail or are 
superceded by another action. 

We separate the high-level behavior planning and affective reasoning (the “mind'') from the 
motion planning and control modules (the “body''). The first is done by the agent architecture 
as described in the next section and the latter lies within the responsibility of the 3D virtual 
environment platform. Figure 11 gives an overview of the Virtual Puppet Theatre (VPT) 
system. The Mind Module sits on top of a Body Module that autonomously and efficiently 
executes the delegated tasks while providing the higher layer with enough information to react 
to the unexpected behavior of the (human) im proviser. The agents' physical actions 
(movements, animations, sounds) are executed and rendered (graphically and auditorially) by 
the Virtual Environment Server. For each virtual puppet new instances of the mind and body 
module are created and connected to the VPT system. The 3D virtual environment platform 
comprising the Virtual Environment Server and the Body Module was developed by our 
project partner, the Laboratory of Computer Vision and Media Technology at the University 
of Aalborg, Denmark. 

Mind Mod ule 

The Mind Module is responsible for the classification and interpretation of incoming percepts 
and for the instantiation and execution of character-specific behaviors. We decided to use the 
BDI-theorectic Jam Agent Architecture [9] fr om Intelligent Reasoning Systems4 to implement 
intentional autonomous agents because it meets many requirements for believable social 
agents [10]: multiple active goals and multiple plans for each goal (e.g. to increase the variety 
of behaviors), changing priorities of behaviors and goals at runtime (e.g. to reflect changes in 
the emotional state), and behavior switching mechanisms (e.g. to implement transition 
behaviors).  

The Jam Agent Architecture consists of a knowledge base, a plan library, an interpreter and an 
intention structure as shown in Figure 11. The knowledge base is a database that contains the 
world model (the “beliefs'') of a character. The plan library  is a collection of plans that an 
agent can use to achieve its goals, and the intention structure is an internal model of the 
current goals (the “desires'') and instantiated plans (the “intentions'') of that agent. Conflict 
resolution, plan selection, instantiation and execution are handled by the Jam interpreter. The 
interpreter is designed to allow only one goal to be followed at one time. Therefore at any 

                                                        
4 See the following URL for more details: http://members.home.net/marcush/IRS/ 
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decision point, each goal's importance is combined with the utility of the selected and 
instantiated plan to compute how important it is for that goal to execute under the current 
circumstances. All instantiated goals are then sorted in order of priority, with only one goal 
executing at any one time (the highest priority goal) all others are suspended, waiting to start 
or resume executing. At any time the current goal can be interrupted and suspended if a higher 
priority goal is spawned. 

 
Figure 11 Overview of the VPT System. 

Body Module 

The Body Module executes the commands it receives from the Mind Module and maintains 
symbolic representations of the 3D virtual environment. It consists of three main elements: 1) 
a spatial memory, 2) a motion planner, and 3) a controller as shown in Figure 11. The spatial 
memory is used to store information about all perceived objects. Percepts are generated by the 
Virtual Environment Server and used to gradually expand (and maintain) the contents of the 
spatial memory. The perceptual system is realised by simulated senses, the most important 
being: vision, hearing, and tactile. The motion planner is used to compute an obstacle free 
path from the current position to some desired goal point. The controller monitors all ongoing 
actions and returns an action exit status to the Mind Module that indicates how the respective 
action terminated. This information (success or kind of failure) is used in  the high -level 
behavior planning as a synchronization and feedback mechanism, e.g. to trigger an alternative 
plan if some branch failed. In the following example a face action is sent to the Body 
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Module which instructs the 3D agent to look in the direction of the specified object. If the 
object is not visible, the Mind Module receives an action exit status indicating that the object 
has vanished. The current plan will then spawn a subgoal to perform a look_for behavior. If 
it turns out that the object is not within vision range, the plan fails. 

Example of a Jam plan with recovery from action failure. 

Plan: {  
GOAL: PERFORM face_object $OBJECT;  
BODY: 
  PERFORM send_action (+ "face " $OBJECT) $ACTION_STATUS;  
  WHEN : TEST (!(FACT ACTION_COMPLETED $ACTION_STATU S)) {  
     OR {  
         TEST (FACT OBJECT_VANISHED $ACTION_STATUS);  
         PERFORM look_for $OBJECT;  
     }{  
         FAIL;  
     };  
  };  
}  

The Body Module is designed as a common platform (layer of services) for all 3D agents 
upon which specific characters can be built. It currently supports more than 20 low-level 
actions (move to a specific location, follow another agent, face an object, etc.) that can be 
parameterized, e.g. by changing the speed of moving and turning. These low-level actions are 
implemented as Finite State Automata (FSA) that form a hierarchy and can be combined in 
arbitrary ways, i.e. the Body Module executes a complex action (e.g. follow another agent) as 
a combination of more primitive ones (move forward, turn, etc.). The Mind Module  has 
access to all actions in this hierarchy. When defining the high-level behavior of the virtual 
puppets these generic low-level actions can be combined with character-specific animations 
and sounds (e.g. the dog can follow the farmer, wag the tail, and bark simultaneously) 
providing us with a broad range of expressive gestures, postures, gaits, and utterances for each 
character. 
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