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1 Executive Summary

This Document covers the technical information of the main software components that were developed or
adapted within MagiCster. These are the Greta animation package, Dipper, Festival, the MIND emotion
modelling component, and Avatar Arena. Greta is an environment for animating Embodied Conversational
Agents; Dipper is an architecture for developing dialogue systems; Avatar Arena allows intricate social
relationships to be modelled, MIND provides a sophisticated system for modelling emotions, and the
teenage party game allows for both agent-agent and human-agent interactions.

Note that the documentation for Avatar arena was delivered in a separate deliverable, D4.3, and the details
are not repeated here.

2 Greta

The Greta environment for animating Embodied Conversational Agents is composed of two main parts:
the behavioral engine and the graphics player. The behavioral engine has been described in Deliverables
1.3 and 1.4 while information on the player can be found in Deliverable 1.2. In this report, we first
present the software and how to use it. We also provide detailed information on how to install the Greta
environment and on how to set the global variables. We then provide technical information on the structure
of the Greta software providing the classes diagrams. We end this report by presenting precise information
on the lip computation model. Data structures used by the algorithm are explained.

2.1 A Graphical User Interfacefor Greta

We have built a user interface to facilitate the set up of variables used by the Greta system. Figure 1
illustrates the Graphical User Interface.
We will now describe each one of its functions and parameters. First of all the interface is divided into 2
high level panels: the ENGINE panel and the PLAYER panel. On the ENGINE panel there are 4 control
groups:
2.1.1 Engine parameters
Group 1 - Engine parameters (Figure 2):

e Facial Conflicts: enable/disable the facial conflicts resolver.

e Audio: enable/disable audio calculation (so Festival execution will be faster) and will also en-
able/disable audio playback on the player.

e Noise: enable/disable the noise component (Perlin noise) for head/eyes movements.

2.1.2 GazeSimulation parameters

Group 2 - Gaze Simulation parameters (Figure 3):

Version:1.0( nal) Distribution: Public
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Greta Agent v.2.0

—ENGINE —PLAYER -
DigFile  |dlg file name Browse | o
~ Facial Conflicts  — Audio _ﬁa%isilgjda“m(; — Width  |B40
&+ Resolve (* Enabled 2 i
Ll | i Heigth |430
" Dontresolve| | Disabled 4240 [T bR B i
i |4.5E|E| Max Time Sp. Look At | | Fieload Agent.
{*' Enabled 4000 Ma Time Lis, Laok A1 [T Orliface
(" Disabled 1270 Mad Time Sp. Look A L ety
i Efsﬁl_\::'@l 0.810  Max Time Lis. Look Aw. :D:e::‘::' Riatr
(v Remate: Iremote.host. here 0.120  Min Time: State Transition: =
) ” Part: |1 =5
Language s US English IU-350 Min Frabability
" lkalian: 10,00 Scale Factor Stait Player |
Duration Stretch |1_1 ~ Server Mode
I Enable about |
_ & ister forshL on port |
Statt Engine " Use Operident rahitestone Gt |

Figurel: The GraphicalUserInterfacefor the Gretaagentsystem

* Resolve f+ Enabled

-~ Facial Conflicts )~ &udio
" Dont resolve ’7(' Disabled

~ Maise
{* Enahled
(" Disabled

Figure2: Engineparameters

By setting values for the variables shown in Figure 3 we can control the eye gaze movement parame-

ters. We can enable/disable the model or change gaze parameters as discussed in section 4 of Deliverable
1.4.
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Figure3: Gazeparameters

2.1.3 Festwval settings
Group 3 - Festival settings (Figure 4):

e Local: Greta engine executes Festival TTS system on the local filesystem. So Festival needs to be
installed on local machine and its path must be written within Greta.ini file (see Section 2.4).

e Remote: the engine sends XML through a socket connection to a remote Festival server and waits
for the results of the elaboration. Remote host on which the server is running must be specified in
the text field (see Figure 4).

e Language: language can be selected (currently English or Italian) for the speech synthesizer.

e Duration stretch: this parameter sets the synthesized speech speed (1 normal, > 1 faster, <1
slower).

— Festival
" Local

{* Remote Iremote.host.here

Languags {+ LS English
O Italian

Ciuration Stretch I'] 1

Figure4: Festval settings

2.1.4 Sewer mode

Group 4 - Server mode (Figure 5):
Generally Greta engine gets its input from an XML file but we can set up the system into a Server Mode so

that Greta will either listen for incoming XML on the specified port or act as an OAA (Open Architecture
Agent) agent (see Deliverable 2.2).

Version:1.0( nal) Distribution: Public
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- Server Mode
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& | sten for AL an port |
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Figure5: Festval settings

PLAYER panel (Figure 6):

e Internal: it uses a built-in MPEG-4 FAP+BAP player (see Deliverable 1.2). It is possible to specify
width and height of the player window.

e Preload Agent: (available only for internal player) it allows one to start the player with one agent
already loaded instead of showing an empty scene. It is also possible to start it with the camera
showing only agent’s face (useful to debug face animations).

e Create AVI: (available only for internal player) a movie (an AVI file) is automatically created
after the player is started (and then press ESC to finish movie creation). Be careful not to place
any window above the player window while the movie is being created. The movie file is named
output.avi and is saved in the working directory.

e Remote players: it sends FAP file to a remote FAP player listening on the specified port.

r PLAYER

% |ntermal

“width IB4U
Heigth I4E=D

| Preload &igent
[T Grlgface
[ Create &V

" Remate player

Host |-.~_-|: 3
Part |1333

Start Player |

Figure6: Playerpanel

2.2 FAP+BAP Player

The Greta player is able to play animation files defined using the FAP and BAP parameters as described
in the MPEG4 standard (see Deliverable 1.2).

First we will see how to set up a basic scene and to play back a single agent animation. Then we will
describe the different player functions.

Version:1.0( nal) Distribution: Public
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=10

Figure7: Playerwindows

2.2.1 Quick start

Once started, the player shows two main windows (see Figure 7). The steps to create an agent and to play
an animation are the following:

1. Go to “Agents window”, right click and select “create agent” from the menu (see Figure 8). The
player will load a new agent object that will appear in the main window.

2. The next step is to tell the player which animation file has to be played for this given agent. To do
S0 just open the agent menu again and select “Assign file”. The system will prompt to either select
a FAP or BAP file from the local file system.

3. Finally, select “Start Talking” from the menu to make the agent play the loaded animation.

2.2.2 Player functions
This section introduces the different functions belonging to the Agents window (Figure 8):

e create agent: creates a new agent instance for the actual scene in the main window; the new agent
is created without having been assigned to a specific animation file; after creation the agent’s name
is added in the window (see Figure 9); if there are more than one agent then a “*” char is placed
near the active agent name (that is the one to which will be assigned any user input); to change

Version:1.0( nal) Distribution: Public
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create agent

Assign File

Reset Animation

Refresh Fila

Start Talking {arrow up)

Stop Talking (arrow down)

One Frame Ahead (arrow right)
0One Frame Back (arrow [eft)

Maove Agent
Rotate Agent

Delete Agent

Figure8: Agentswindow menu

active agent just left click on the name of the future active agent; clicking on the “S E H B” keys
near the name of every agent will enable/disable the visualization of the geometry of its face Skin,
Eyes, Hair, Body; note that the maximum number of agents you can create in a scene is currently
set to 5.

B idle 0O

E H
E H B idle O

Figure9: List of agentsan the Agentswindow

e Assign File: lets you choose which animation file has to be played by the active agent.
e Reset Animation: sets the animation frame counter to zero for active agent.
o Refresh File: reloads animation file for active agent.

e Start Talking: begins to play the loaded animation for the active agent (if no interruption occurred,
the system will play the full animation and will automatically stop when reaching the last animation
frame); “up arrow” key can be used as a shortcut for this menu option.

e Stop Talking: stops animation playback for active agent; “down arrow” key can be used as a
shortcut for this menu option.

e One Frame Ahead: skips to the next animation frame (useful for animation debugging); “right
arrow” key can be used as a shortcut for this menu option. This function allows one to visualize the
animation frame by frame.

e One Frame Back: skips to the previous animation frame (useful for animation debugging); “left
arrow” key can be used as a shortcut for this menu option.

e Move Agent: allows one to move the agent around the scene; when this function has been selected,
left click in the main player window and move the mouse around to change agent’s X and Z coor-
dinates; middle click and move to change the Y coordinate; to stop moving the agent either press
ENTER key in main window or left click in the agents window.

Version:1.0( nal) Distribution: Public
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o Rotate Agent: allows one to rotate the agent in the scene; when this function has been selected,
left click in the main player window and move the mouse left-right to change agent’s orientation
around the Y axis; to stop rotating the agent either press ENTER key in main window or left click
in agents window.

e Delete Agent: removes active agent from scene.

2.2.3 Main window functions
We now explain the Main window (Figure 10) functionality:

load conversation
start copmersation
show light source

move light source

quit

Figure10: Playermainwindow menu

e load conversation: loads a conversation file (see next Section 2.2.4). (this function is still under
construction)

e start conversation: plays the loaded conversation file.

e show light source: the scene has a point light source and this menu option shows or hides its
physical representation (a little sphere) in the scene.

e move light source: moves the light source around the scene; after selecting this option left click and
move the mouse around to change light’s X and Z coordinates; middle click and move to change Y
coordinate; to stop moving the light either press ENTER key in main window or left click in agents
window; before starting moving the light source around it can be useful to enable its visualization
using the “show light source” option.

e quit: quit the player.

2.2.4 Conversation les

We are developing a language to specify complex conversations definition. A conversation file is a text
file with a “.conv” suffix. Its definition is the following:

[ convtime t]

[ agents]
[NAME1 PX1 PY1PZ1 RX1RY1RZ1]
[NAME2 PX2 PY2 PZ2 RX2 RY2 RZ2]

[/ agents]

Version:1.0( nal) Distribution: Public
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[ agent NAME FILENAME TIME]

Each of these tags means:

2.3

2.4

e [convtime]: specifies the conversation total duration length in milliseconds.

e [agents],[/agents]: between these tags there could be an arbitrary number of agent definitions; for

each definition [NAME PX PY PZ RX RY RZ] you have to provide the agent’s NAME, spatial
position (PX,PY,PZ) and rotation (RX,RY,RZ).

[agent NAME FILENAME TIME]: each tag of this type asks the player to make the agent called
NAME active and to start playing the animation file FILENAME at time TIME.

Instructionsto install Greta source code
To install the developing environment:
extract the archive OOGreta.zipon your PC.

go to the extracted directory OOGreta open the file glutpatded.ar; uncompress the files glut32.lib
and glut.h; put them in the directories lib and includeof visual c++ (example: C:\ Program Files\
Microsoft Visual Studio\ VC98\ ); this step is necessary since Greta uses a version of GLUT that
has been slightly modified

open the file OOGreta/OOGeta.dsw

in VisualStudio go to menu Project/Settingand edit all the absolute paths that appear in the Debug
panel, in C/C++ as well as in Link changing them to refer to the local OOGreta project path

compile the project with Build/Reluild All

some libraries might not be present in all PC; you may find them in some compressed ‘rar’ files in
the main directory of the project; these library files are needed; if they are not present the compiler
will output errors saying it can not find some files to include, or it may give unresolvedexternal
errors during the linkage phase.

before running the project, control and modify if needed the paths in OOGreta/Delug/Greta.ini
(see Section 2.4)

Instructionsregarding GRETA.INI

In the directory GretaAgentthere is a file GRETA.INI. This file sets the global variables used by the Greta
application. The setting of the parameters once defined may be changed interactively through the Graphics
user Interface of Greta. But let us see how to define this file and what is the use of each of these variables.

The file contains the paths for the external applications. An example of the settings of the variables is:

Version:1.0( nal) Distribution: Public
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FESTIVAL_SERVER=0
FESTIVAL_PATH=C:\festival\src\main\festival .exe
FESTIVAL _HOST=your.host.here
TMP_PATH=c:\tmp\
WORKING_PATH=C:\GretaAgent\
WIN_WIDTH=740
WIN_HEIGHT=640
DURATION_STRETCH=1.0
LANGUAGE=US_ENGLI'SH
AGENT1_HOST=your.host.here
AGENT1_PORT=0
AGENT2_HOST=your.host._here
AGENT2_PORT=0
SERVER_MODE=NO
SERVER_PORT=0
MAX_T_S1_L1=4.240000
MAX_T_S1=4_.500000
MAX_T_L1=4_.000000
MAX_T_S0=1.270000
MAX_T_L0=0.810000
DT=0.120000

LIMIT=0.350000
SCALE=10.000000

Let us see how one needs to set each of the variables.

2.4.1 Festival

If Greta and Festival have been installed in the C: unit, there is no need to modify this file as it contains
the proper paths. FESTIVAL_PATH contains the path to the festival program while WORKING PATH
contains the path of directory where the Greta application has been installed. One also needs a temporary
directory in which are stored files that are needed during the execution of the application. An example of
variables setting is:

FESTIVAL PATH=C:\festival\src\main\festival.exe
TMP_PATH=c:\tmp\
WORKING_PATH=c:\GretaAgent\

Other variables related to the Festival to be set are:

FESTIVAL_SERVER
FESTIVAL_HOST

FESTIVAL_HOST contains the Festival Server host address:

FESTIVAL HOST=your.host.here

Version:1.0( nal) Distribution: Public
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FESTIVAL_SERVER is used as a boolean to say if Festival is used as a server or not:

FESTIVAL_SERVER=0

2.4.2 Festival libraries

Furthermore, one needs to change one line in another file that may be found in the festival directory. In
order to use Festival as a server one needs to go to the file:

c:\festival\lib\siteinit.scm

and to modify the following line:
(set! server_access_list ’(*“your.host.here™))

by replacing your.host.here with your host address (the same one as the one specified for the variable
FESTIVAL_HOST).

For further information regarding festival, and in particular on how to run Festival as server, please check
the Official Festival documentation.

NOTE: To launch Festival as server run:

C:\festival\bin\festival --server

2.4.3 Window player

Let us go back to the Greta.ini file.
The following variables are used to set the size of the window:

WIN_WIDTH=740
WIN_HEIGHT=640

You may change these values to get smaller or larger window.

2.4.4 Festval variables

The next two variables are used by festival. Festival exists for several languages. For the moment, two
languages have been installed in Greta: English and Italian. One can choose one by setting the LAN-
GUAGE variables to respectively, US_.ENGLISH and ITALIAN. The speech rate can also be set using
the variable DURATION_STRETCH. The normal speech rate corresponds to 1.0. Any number smaller
than one corresponds to fast speech rate while any number greater than one defines slow speech rate. An
example of setting is:

DURATION_STRETCH=1.0
LANGUAGE=US_ENGL I'SH

Version:1.0( nal) Distribution: Public
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2.45 Player

The Greta application may be used not only on a single computer but also on a client-server mode. In this
case, it is better to have the program Festival runs on the server while the Greta player can run on client.
One can define several Greta players on different remote computers. The remote computers have to be
defined either using their name or through their IP address. For each client computer on which will run a
remote Greta player, one needs to define:

AGENT1_HOST=Ffirst.remote.player.here
AGENT1_PORT=1333

In order to find the name of the computer that will play either as a server or as a client, you need to:

For Windows XP:

click with the right mouse button on My computey select Propertiesand go under Computers
nametab: the host name (computer name) is specified. It is this value that should be used as
computer name for AGENT1LHOSTand for FESTNAL_HOST

For Windows 2000:

click with the right mouse button on My computey select Propertiesand go under Networkiden-
ti cation tab: the host name (computer name) is specified. It is this value that should be used
as computer name for AGENT1_HOST and for FESTIVAL_HOST.

NOTE: if you are using Festival server and/or the Greta player as remote player on the same machine
simply replace your.host.here and first.remote.player.here with the computer name. That is both
FESTIVAL _HOST and AGENT1_HOST should be set to the same value.

2.4.6 Client mode

One may create several clients using AGENT1_HOST and AGENT2_HOST. For e.g., if two clients are
used, set:

AGENT1_PORT=1333
AGENT2_PORT=1333

In case Festival and the Greta player are running on the same machine, one needs to set:

AGENT1_PORT=0
AGENT2_PORT=0

Version:1.0( nal) Distribution: Public
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2.4.7 Sewer mode

The next variables to set are SERVER_MODE and SERVER PORT. In case the Greta application is used
in a client/server mode, the variables should be set to:

SERVER_MODE=YES
SERVER_PORT=1333

In case the Greta application runs on a single machine, they should be set to:

SERVER_MODE=NO
SERVER_PORT=0
2.4.8 Gazeparameters

Finally the remaining parameters are not directly used to set the Greta application. rather they are used
by the gaze model. Sstands for Speaker while L stands for Listener. 1 means ‘look at’ while 0’ means
‘look away’. The gaze model is based on a Belief Network that computes what should be the next gaze
states for Sand L based on the previous gaze state of Sand L as well as on information related to how
long Sand L have been in such a state. The variables to be set are used to define how long a gaze state
for S for L as well as for Sand L should be at maximum. The belief network outputs probabilities for the
next gaze states. The algorithm eliminates gaze states that have a too low probability to be chosen (using
the LIMIT probability threshold). The algorithm used then a uniform probability model to compute the
final gaze states. In order to cope with the eliminating gaze state, the algorithm rescales the possible gaze
states using the SCALE parameter. Please see Section 4 of Deliverable 1.4.

o T\ _;: maximun duration of mutual gaze state, S= 1 and L = 1; that is the maximum duration
the mutual gaze state may remain active.

o TI"9¢ maximum duration of gaze state S= 1.
o T, M3 maximum duration of gaze state L = 1.
o T"¥¢ maximum duration of gaze state S= 0.
o TM%¢ maximum duration of gaze state L = 0.

e At time that corresponds to the minimum time in which a state must remain. This last value ensures
that the gaze state will not change at a too high paste.

e LIMIT is used to eliminate the states with a probability inferior of a fixed value (LIMIT). This is
helpful to ensure not to choose an unlikely candidate.

e SCALE is used by to rescale all the probabilities for each gaze state candidate in the interval [0; 1].

2.5 ClassDiagrams

Figures 11 and 12 represent the class diagrams of the Greta software.
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2.6 Main data structuresused by thelip algorithm

Particular attention has been devoted to develop a lip computation model (see Deliverable 1.3). In this
section we describe how we store the data provided by the CNR of Padova and we describe which data
structure we are using to compute lip and tongue movement.

2.6.1 Structs vowel-struct, consonant-struct

Data about vowels and consonants are stored into two queues. Their elements are described in the follow-
ing structures:

typedef struct vowel struct *vowel struct ptr;
typedef struct vowel _struct {

char vow[5];

data_ptr head_data;

data_ptr tail_data;

vowel_struct_ptr next;

vowel_struct_ptr prev;
} vowel struct;

typedef struct consonant_struct *consonant_struct_ptr;
typedef struct consonant_struct {

char cons[5];

data_ptr head_data;

data_ptr tail _data;

consonant_struct_ptr next;

consonant_struct_ptr prev;
} consonant_struct;

For each vowel and for each consonant in every context we gathered some important information from
real data: its duration in ms, its targets and the time when those targets happen for each labial parameter
(LIP-PAR). Such data are stored into a queue described in the structure data

typedef struct data *data ptr;
typedef struct data {
char pho[5];
float duration;
float time[LIP_PAR][3];
float point[LIP_PAR][3];
data_ptr next;
data_ptr prev;
} data;

We have collected a set of those data for each fundamental emotion (Joy, Surprise, Fear, Anger, Disgust
and Sadness). The data were provided by the CNR of Padova. Arrays of heads and tails are needed to
point to these queues. They are declared as follows:
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Figurel3: Vowel struct

vowel-struct-pthead-vowels[NUM-EMT];
vowel-struct-ptrtail-vowels[NUM-EMQT];
consonant-struct-pthead-consonants[NUM-EMI;

consonant-struct-ptiail-consonants[INUM-EM®];

NUM-EMOTION is a constant that represents the number of considered emotions. Seven emations are
registered. Thus the value of NUM-EMOTION is 7 (Neutral, Joy, Surprise, Fear, Anger, Disgust and
Sadness).

Figure 13 shows the schemes of the vowel structure; while Figure 14 shows the schemes of the consonant
structure just presented.

2.6.2 Structs data and tongue-struct

On the other hand, data about the tongue are loaded in a queue; its elements are defined in the structure
tongue-struct:

Version:1.0( nal) Distribution: Public



IST-1999-29078MAGICSTER D:4.7 M39 = Feb2004Pagel7/76

hesd_conzsonants{0]

tail_consonants[0]

next 0 iy next
Cons = "S5 Tttt -
% _______
ey pres

head_data head_data head_data

pha = "a1" phia = "a1" b = "a1"
next T prew next T ala=ty next T jala=ty

phio = g pho = "3 pho = "a"

prey: riext prey:

e EEE =
e EEE ==

v
L1

e - - -

- e - - -

pho ="y pha = " pho = "
tail_dsta tail_data tail_data
consonant struct

Figurel4: Consonanstruct

Version:1.0( nal) Distribution: Public



IST-1999-29078MAGICSTER D:4.7 M39 = Feb2004Pagel8/76

typedef struct tongue_struct *tongue_ struct ptr;
typedef struct tongue_struct {
char pho[5];
float point[TONGUE_PAR][2];
tongue_struct_ptr next;
tongue_struct_ptr prev;
} tongue_struct;

As one can see, we need to know the target of the tongue tip for each phoneme. Following the MPEG-4
standard, the animation of the tongue is obtained through 5 FAPs. So TONGUE-PAR is a constant; its
value is 5. The declaration of the head and the tail that allow the access to these data is:

tongue-struct-pthead-tongue;

tongue-struct-pttail-tongue;

2.6.3 Emotion structure

The data about emotions are stored in a queue which elements are described in the following structure:

typedef struct emotion_struct *emotion_struct ptr;
typedef struct emotion_struct {
char emot[256];
float EmotPar[NUM_EMOT][LIP_PAR];
emotion_struct_ptr next;
emotion_struct_ptr prev;
} emotion_struct;

Its head and tail are:

emotion-struct-pthead-emotion;

emotion-struct-pttail-emotion;

Each emotion is identified by a name (emot). Moreover it is defined as a percentage of the seven funda-
mental emotions for every labial parameter. See Section 2.8 for more details.

2.6.4 Phonemesstructure

The following structure defines the elements of the queue that contains the phonemes written in the input
file.

typedef struct phonemes *phonemes_ptr;
typedef struct phonemes {

char pho[5];

float start time;

float end_time;
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float target left[NUM_PAR][3];
float target_right[NUM_PAR][3];
float time[NUM_PAR][3];
emotion_struct_ptr performative;
emotion_struct_ptr affect;
float t[2];
char emphasis[256];
int rheme_or_theme;
phonemes_ptr phoPrec;
phonemes_ptr phoSuc;
phonemes_ptr prev;
phonemes_ptr next;

} phonemes;

For each phoneme we need a lot of data: the phoneme itself (pho), its onset (start-time and offset (end-
time), the targets for every labial parameter in the context of the previous phoneme (target-leff) and in the
context of the next phoneme (target-right) and the times of those targets. Moreover, a set of information
about the emotion in which the phoneme appears is needed. These information are stored in the fields:
performative affect, t, emphasisaand rheme-ortheme The values in the array t represent the emotion
intensity at its apex. The field phoPec (phoSug allows us to know which consonant comes before (af-
ter) a vowel or which vowel come before (after) a consonant. Such information is important during the
computation of the coarticulation.

The queue of phonemes is pointed by an head and a tail defined as follows:

phonemes-pthead-phonemes;

phonemes-pttail-phonemes;

2.6.5 Struct fap-phoneme

The queue containing elements described by this structure, contains the targets and their times for each
FAP for every phoneme in the input file. Remember that vowels have three targets whereas consonants
just one.

typedef struct fap_phoneme *fap_phoneme_ptr;
typedef struct fap_phoneme {

char pho[5];

float point[3][64];

float time[3][64];

fap_phoneme_ptr prev;

fap_phoneme_ptr next;
} fap_phoneme;

The head and the tail of this queue are declared as follows:
fap-phoneme-pthead-fap-phoneme;

fap-phoneme-ptrail-fap-phoneme;
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2.6.6 Structs fap-points and curve

We compute a queue of those elements for each FAP. For every FAP defined on the lips we need to know
all the target points (with their times) that have to be interpolated and its left and right derivatives.

typedef struct fap_points *fap_points_ptr;
typedef struct fap_points {

char pho[5];

float point[2];

float der_right[2];

float der_left[2];

fap_points_ptr prev;

fap_points_ptr next;
} fap_points;

Since there are 64 FAPs defined in the MPEG-4 standard we have two arrays of the heads and the tails of
each queue:

fap-points-ptrhead-fap[64];
fap-points-ptrtail-fap[64];

The target points (and their times) of the interpolating curves are stored in a queue which elements are
defined in the following structure:

typedef struct curve *curve_ptr;
typedef struct curve {

float point;

float time;

curve_ptr next;

curve_ptr prev;
} curve;

Since there are 64 FAPs we have two arrays of the heads and of the tails of each queue:

curve-ptrhead-curve[64];

curve-ptrtail-curve[64];

2.7 Thealgorithm and itsfunctions

The algorithm is written in the file coarticulation.c.
The code of its main function (called my-main) is reported below. A scheme is shown in Figure 15.

my_main(char file_name[]) {
int i;
float dim;
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Figure15: schemeof coarticulation.c

conversion(file_name);

get vowel target(dim);
get_consonant_target(dim);
get_tongue_target(dim);
get_emotion() ;

read_phonemes();
free_all();

}

The function my-mainreceives in input a string, the name of the file .pho containing the list of phonemes
with their duration that has to be animated. At first, the function corversionis called. It associates to each
phoneme, in the input file, a corresponding viseme stored into our database. We have data only for Italian
phonemes and corversionassociates the most similar italian viseme to each English phoneme.

Second, all data about vowels, consonants, tongue and emotions are loaded from our database through
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the functions get-vowel-taget(dim),get-consonant-tayet(dim),get-tongue-taget(dim)and get-emotion()
All of them (but get-emotioi receive in input the float dim, such value depends either on the speech rate
or on the value of Articulation Degree that users can set before launching Greta. A hyper articulation
degree or a slow speech rate allows one to obtain wide lip movements whereas a hypo articulation degree
or a fast speech rate determines narrow lip movements. All data are stored in queues and their pointers
are:

vowel-struct-ptthead-vowels[NUM-EMT];
vowel-struct-ptrtail-vowels[NUM-EMT];
consonant-struct-pthead-consonants[NUM-EMI);
consonant-struct-ptrail-consonants[INUM-EM@J;
tongue-struct-pthead-tongue;
tongue-struct-pttail-tongue;
emotion-struct-pthead-emotion;

emotion-struct-pttail-emotion;

The elements of these queues are described in Section 2.6 about the structures of the algorithm.

Afterward, the function read-phonemes{} called. It is the heart of the algorithm. Its task is to modify
vocalic and consonantal targets according to coarticulation rules and to compute the FAPs value in order
to obtain the lips animation. Since it is a very important part of the algorithm a scheme and a better
description is reported in the following section.

Finally, the function free-all() frees the memory deleting all the queues and the backup files.

2.7.1 The function read-phonemes()

At first, this function reads the file containing the list of phonemes (with their duration) that have to be
animated, then (through the functions

load-vowel()and load-consonantj)loads all data about each phoneme in input in the queue pointed by:
phonemes-pthead-phonemes;

phonemes-pttail-phonemes;

Every element of this queue maintains all the necessary information about consonants and vowels. It is
described in section 2.6.5 about Struct phonemes.

Afterwards, the coarticulation rules are applied to each phoneme through the functions modify-vow-
target(phonemes-ptinPho), modify-cons-taget(phonemes-ptinPho) and modify-bis(phonemes-ptin-
Pho) The first function modifies vocalic targets according to the adjacent consonants whereas the second
modifies consonantal targets according to the adjacent vowels. Instead, modify-bis()adjusts vocalic targets
according to the near vowels and consonantal targets according to the near consonants. For example the
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Figurel16: Schemeof read-phonemes()
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vowels /u/ and /o/ exert an influence not only on the adjacent consonant but also on the adjacent vowels
on the lip protrusion parameters. The computation of the coarticulation is based on the logistic function
Once the targets of each viseme for every labial parameter have been modified, the function Ip2fap(fap-
phoneme-ptrhead, fap-phoneme-ptrtail, phonemes-ptrinPho) is called. It calculates the value of
the labial FAPs from the value of the lip parameters for each phoneme in input (*inPho). It also applies
correlation rules in order to simulate muscular actions and calculates lips tension if the phoneme is uttered
with anger or fear. The intensity of the muscular tension depends on the value of Tension Degree that
users can set before launching Greta, such a value can be Strongor Light. Those new values are stored
into a queue and its pointers are:

fap-phoneme-pthead-fap-phoneme;

fap-phoneme-ptiail-fap-phoneme;

As it is possible to see in section about structures, this queue has an element for each phoneme but, in
order to calculate the interpolating curve for every FAP, we need a queue of points (with their time) for
each FAP on the lips. The pointers of this new queue are stored in the following arrays:
fap-points-ptrhead-fap[64];
fap-points-ptrtail-fap[64];

Every couple of pointers (head-fap[]and tail-fap[]) that does not belong to a lips FAP points to NULL.
For example, the 33th FAP is not on the lip and so head-fap[33]and tail-fap[33] point to NULL.

At this moment it is possible to compute the interpolating curves for every labial FAP, through Hermite
Interpolation. A call of the function interpolation-hermite(fap-points-ptihead, fap-points-ptr*tail, int
inl) is made. It receives in input the queue of points that describes the shape of the curve and the number
of the corresponding FAP (inl). First of all the right and the left derivatives are calculated so that the
resulting curve is always limited between its maximal and minimal values. Then, the curve is computed
and each new point that belongs to a frame is stored into a new queue. Obviously there will be a curve for
each labial FAP and so their pointers are stored into the arrays:

curve-ptrhead-curve[64];

curve-ptrtail-curve[64];

Finally, through the function writeFap(curve-ptrhead[], oat tot-time) the fapmask and the FAPs values
for each frame of the animation are computed.

2.8 Database

Vocalic targets are stored in 13 files, one for each vowel (stressed and unstressed); instead, all consonantal
targets are stored in just one file. They are:

a-not-stessed.txt

a-stressed.txt
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consonants.txt
e-not-stessed.txt
e-stessed.txt
El-stessed.txt
i-not-stressed.txt
i-stressed.txt
o-not-stessed.txt
o-stressed.txt
O1-stessed.txt
u-not-stessed.txt
u-stressed.txt

y.txt

We have this set of files for each fundamental emotion as it is shown in Figure 17.

Let us have a look of one of the vowels file, for example a-not-stessed.tx{see Figure 18). In this file all
the targets of the vovel /a/ in every consonantal context have been stored. For each consonantal context

we need to know:

e The consonant

e The duration of the vowel

e The time of the target, the target itself and the extra two points (one on the right of the target and
one on its left) for every labial parameter. The times of these two additional points can be deduced

by the time of the target.

The labial parameters are:

ULH - UpperLip Height
LLH - LowerLip Height
JAW - Jaw

LW - Lip Wdth

ULP - UpperLip Protrusion
LLP - LowerLip Protrusion

COR- Corners
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Emotion | ULH | LLH | JAW | LW | ULP | LLP | COR

NEUTRAL 0 0 0 02 01| 01| 0.2

JOY 1 1 1 08| 09| 09| 0.8
SURPRISE| O 0 0 0 0 0 0
FEAR 0 0 0 0 0 0 0
ANGER 0 0 0 0 0 0 0
DISGUST 0 0 0 0 0 0 0
SADNESS | O 0 0 0 0 0 0

Tablel: Dependencenatrix for theemotionSmall-Jy

The pause (#) is considered as a consonant.

Let us have a look of the file consonants.txfsee Figure 19). In this file all the targets of a consonant in
every vocalic context have been stored. For each vocalic context we need to know:

e The consonant itself

e The vowel

e The duration of the consonant

e The time of the target and the target itself for every labial parameter.

The files vow-tonguext and cons-tongugxt (in the coart folder) contain the vocalic and the consonantal
targets for the tongue. Since there are 5 FAPs on the tongue, a target value is defined for all of them for
each phoneme. As well as for lip parameters, we have three targets for vowels and just one target for
consonants.

2.8.1 Dependencemodelling

The last file in the coartfolder is emotion.tx{see Figure 20). In our algorithm, all the emotions are derived
from the seven fundamental ones. In this file the relations among emotions are described.

For each emotion a matrix 7x7 has been defined. The rows are the fundamental emotions, whereas the
columns represent the lip parameters. A value in the matrix represents the percentage of dependence that
the corresponding lip parameter has on the corresponding fundamental emotion.

When a phoneme with its data is loaded, its targets are calculated according to the emotion that Greta
should show uttering such a phoneme. Therefore, the value of the targets for each labial parameter will be
an interpolation among the targets in the fundamental emotions that have a value on the column different
from zero. In Figure 20 the first part of the emotion.txfile is shown. Obviously the fundamental emotions
have all 1 in the row corresponding to the emotion itself.

Let us consider the consonant /b/ in the triphone /aba’/ uttered with joy with light intensity (emotion called
‘Small-Joy’). Table 1 gives an example of matrix definition for this emotion.

The matrix of this emotion is:

Now, let Nabj be the target of the lip width parameter of /b/ uttered in a neutral emotion and Jzbj the target
of the same lip parameter of /b/ uttered in a happy emotion. The new value of the corresponding target
SJ;b; in the ‘Small-Joy’ emotion will be:
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S.]aba =0:2% Naba+ 0:8 % Jaba

One can notice that lip width will be less wide in the ‘Small-Joy’ emotion than in the joy emotion.
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3 TheFestival Speech Synthesis System

3.1 Downloading and Installing Festival

Festival 1.4.3. can be downloaded from:
http://www.cstr.ed.ac.uk/projects/festival/download.html.

The following packages should be downloaded:

festival-1.4.3-release.tar.gz
speech_tools-1.2.3-release.tar.gz
festlex POSLEX .tar.gz

festlex CMU.tar.gz
festvox_kallpc16k.tar.gz

An enhanced version of the CMU lexicon is also required, along with an additional patch which adds the
pause element to apml, these can be obtained here:

http://www.cstr.ed.ac.uk/download/robert/

The following packages should be downloaded:

apml_patch-0.2.tgz

festlex APMLCMU-0.2.tar.gz

Unpack each file in turn, then run make first in the speech _tools directory then in the festival directory. Ad-
ditional compiling information is supplied in the INSTALL file supplied with speech tools, should problems
arise.

3.2 Running Festival with apml

Start Festival with no arguments:

(cally)$ bin/festival

Festival Speech Synthesis System 1.4.3:release Jan 2003

Copyright (C) University of Edinburgh, 1996-2003. All rights reserved.
For details type “(festival_warranty)’

festival>

Load the apml library:

festival> (require ~apml)

Set up the current voice for apml:

festival> (apml_initialise)

Synthesise an apml utterace:

festival> (set! utt (apml_file_synth "file.apml™))
festival> (utt.play utt)

Ensure that a copy of the apml dtd is loacted in the directory containing the apml. this can be copied from
the festival/examples directory.
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3.3 Advanced Usage

If festival is started in server mode (See the manual® for this) the apml initialisation commands should be
added to the server configuration script and the scheme function apml _client_synth should be called by
the client to perform synthesis. With this command the resulting waveform is returned to the client, which

can be configured to play it or save it to a file.

Lhttp://www.cstr.ed.ac.uk/projects/festival/manual/festival 28.htmI#SEC129
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4 Using the Dipper DME (Dialogue M ove Engine)

The Dipper DME was implemented by Johan Bos and Tetsushi Oka. It is a stripped-down version
of the dialogue move engine delivered as part of the TrindiKit. The system can be downloaded from
http://www.Itg.ed.ac.uk/dipper/download, and further documentation is available from the web
pages.

4.1 Launchingthe DME

The DIPPER DME is written in Sicstus Prolog and consists of three files: dipperdme_0AA.pl (main file),
dme.tcl, and printlS.pl. The way to start the DME is as follows (on DICE use Sicstus 3.9.1,, i.e.
/usr/local/bin/sicstus):

sicstus -1 dipperdme_OAA.pl -a INFO-STATE.is UPDATE-RULES.urules RESOURCES.pl

where INFO-STATE. is is a Prolog file with the information state definition, UPDATE-RULES.urules afile
containing the update rules for that information state, and (optionally) RESOURCES. pl is a file with further
Prolog definitions (specific for your application).

An example inclusion in an OAA configuration file to use with startit.sh (for some versions of startit
you need to suppress the single quotes) is :

appname dme

oaaname dme

appdir /group/project/dipper/app/agent/prolog

appline /opt/sicstus/sicstus3.8.4/bin/sicstus -1 dipperdme OAA.pl -a ”/home/j\
bos/oaa/app/lib/prolog/dhomme.is” */home/jbos/oaa/app/lib/prolog/dhomme.urules’
end

If all goes well, this will launch the GUI, with the following options:
Reset: Initialise the information state
First:  Show first information state in history
Prev: Show previous information state in history
Next: Show next information state in history
Last: Show last information state in history

Spy: Display rules applicable to current information state
Check: Check syntax of update rules
Go!: start the DME (i.e., start applying update rules)

Stop: Stop applying rules
Step: Run stepwise through the dialogue (i.e., apply one rule)
Quit: Quit the DME
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4.2 Information State Defi nition

The information state is defined in a Prolog file implementing a module exporting the predicate infostate/1.
The example below shows the information state /home/jbos/oaa/app/lib/prolog/dhomme.is. As
you see from the example below, there are several standard datatypes you can use to define the structure

of the information state (record, stack, queue, list, atomic, number). The symbols on the left hand side of
the : are the names for fields in the record. You’'re free to use further undefined datatypes.

;- module(infostate, [infostate/1]).

infostate(record([is:record([
grammar -atomic,
contact:atomic,
input:queue(move),
lastmoves:record([
string:stack(word),
act:stack(atomic),
udr:stack(udr),
conf:stack(atomic),
int:list(interpretation)
D.
int:record([
model :stack(model),
drs:stack(drs)
DDD).

4.3 UpdateRules

Update rules are stored in a Prolog file declaring a module exporting the predicate urule/3. Here is a

simple example file with just two update rules (one the initialises the information state, and one that starts
the speech recogniser):

;- module(urules, [urule/3]).

urule(initialisation,
[ is"grammar = *7,
empty(is”input) ],
[ assign(is”contact,no),
assign(is”listening,no),
assign(is~grammar,’ .Hotword?) 1).

urule(start_eavesdropping,
[ is"contact = no,
is"grammar = ’_Hotword”’,
is"listening = no,
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empty(is”input) ],
[ solve(recognize(is~grammar,30,[Move|_ 1),
[enqueue(is”input,Move),assign(is” listening,no)]),
assign(is”listening,yes) 1)-

The first argument of urule/3 is a name (should be a prolog atomic), the second argument is a list of
pre-conditions, the third argument a list of effects.

Using the ~ infix operator, it is possible to refer to certain features in the record structure. So, is ™ grammar
refers to the feature grammar in the is record (see examples below).

Terms

There are two types of terms: standard terms and anchored terms. Standard terms are atomic data
structures, records, stacks, queues, sets or lists. Anchored terms refer to substructures of the information
state. The syntax of anchored terms is defined as follows:

e isisan achored term of type record(fl:tl,...,fn:tn)
e Tfis an anchored term of type t iff T is an anchored term of type record(...,f:t,...)
e top(T) is an anchored term of type t iff T is an anchored term if type stack(t)

e Tirst(T) is an anchored term of type t iff T is an anchored term if type queue(t), list(t), or
set(t)

e member(T) is an anchored term of type t iff T is an anchored term if type queue(t), stack,
list(t), or set(t)
Conditions

Conditions can be of the following form, where T, T1 and T2 are (anchored or standard) terms, and G is a
Prolog goal:

e T1=T2, true iff T1 and T2 denote the same term

e T1 T2, true iff T1 and T2 denote different terms

empty(T), true iff T denotes a stack, queue, set or list containing no elements

non_empty(T), true iff T denotes a stack, queue, set, or list with at least one element

prolog(G), true iff G can be proven using the Prolog database (G being standard or defined in
RESOURCES. pl)
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Effects

The effects of an update rule are listed in the third argument of urule/3. They can be of the following
form (where A is an anchored term, and T a standard or anchored term):

assign(A,T) (assign Tto A)

e increase(A) (increase value of A by one)

e decrease(A) (decrease value of A by one)

e push(A,T) (push T on stack A)

e pop(A) (pop element from stack A)

e add(A,T) (add T to set A)

e select(A,T) (selects T from a set A)

e enqueue(A,T) (place T at end of queue A)

e dequeue(A) (remove first element from queue A)

e clear(A) (removes all elements from stack, list, set or queue A)
e prolog(G) (prove Prolog goal G)

e solve(S) (solve OAA solvable S, don’t wait for reply)

e solve2(S) (solve OAA solvable S, wait for reply)

solve(S,E) (solve OAA solvable, don’t wait for reply, and apply effects E after S is solved)

Note: the use of solve(S,E) requires the use of the Prolog agent dmeServer _0AA_pl.
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S5 Prototype 1. Avatar Arena

Technical information on Avatar Arena was delivered as a separate document accompanying the release
of the prototype, so please see D4.3 for further information.
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6 Prototype2: Affective Dialogue Simulator

6.1 Introduction

Note that as with Prototype 1, technical information on this prototype was delivered in an extra deliverable,
D4.4. The details below provide an update and extension on this. To recap, in the earlier phases of
Magicster, we produced three versions of the MIND emotion modelling component:

1. atestbed for simulating activation of mixed emotions with dynamic belief networks (Mind-Testbedl

2. an executable version of this tool (Executable-Minylwhich may be integrated with any external
program

3. a domain-independent Dialog-Testbedor building, testing and revising models of affective dialogs
and for checking how the dialog is influenced by several factors: the agent’s *personality’ (in par-
ticular, its "propensity to feel emotions’ and its ’empathic attitude’) and the social context in which
the dialog occurs.

In the final phase of the Project, we worked in two directions:

e On one hand, we refined the dialog simulation to adapt advice giving to the affective state of
the user: we introduced a user modeling component and revised knowledge representation to the
TrindiKit to enable us a more flexible and dynamic activation of the agent’s goals and plans during
the dialog. We will describe this part of our work in the final version of this Deliverable.

e On the other hand, we developed an executable version of the Dialog Simulator which enables users
to interact with a conversational agent in a Smart Environment.

6.2 Interaction in Smart Environments

Smart environments are physical spaces that can sense and respond appropriately to their inhabitants
by providing a natural and engaging way for accessing their services. Interaction with services may
be transparent to the user, by envisioning a world of omnipresent but invisible information technology
embedded into products and everyday items. Alternatively, the environment may manifest itself by means
of an intelligent virtual entity (an Embodied Agent) with which users may interact in a socially engaging
conversation like with a human companion. Smart information spaces should be endowed with the ability
to accommodate interaction to the needs, goals and preferences of their users, by adapting information
provision to their needs and by ensuring security and privacy of their personal data. Users may benefit of
public information spaces which take the form of kiosks, interactive screens or LCD projections. If the
physical space is designed so as to ’sense’ the particular users being in the environment and to ’know’ their
interests and preferences, the Agent can use this information to create specifically targeted presentations.
In this case, interaction may become personalized and private even in a public space. In other cases,
users may move around this kind of spaces with their own personal device: when in proximity of an
information access point, the agent is activated: user-related information may be transferred to it and,
therefore, information provided may be adapted to that user, who can handle interaction through her/his
device. In this Deliverable, we describe our work in this direction in the scope of Magicster.
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6.3 Architecture

When information services manifest themselves through an ECA, the following problem issues have to
be considered: How should the agent behave in the public and the private scenarios? How does the
conversation, and therefore the dialog model, change in the two cases? What does adaptation of the
presentation mean, in the two contexts? We answered to these questions by developing a dialog simulator
with the following capabilities:

e Handlingof userinput; we handle input/output with a large-size touch screen in public interaction
and/or a personal device in private one.

e Adaptinginformationpresentatiorto userand context featuies: in public spaces, the agent may
adapt its external appearance and behavior and the presentation content to the expected common
audience. If interaction occurs through a personal device, the presentation is adapted to the individ-
ual user; the user profile is kept on his/her personal device; while interaction with the ECA evolves,
a personal user modeling component reasons on the user actions in the digital and real world and
updates the user model accordingly. On the other hand, the environment may ask to this component
the data it needs to provide personalized information and will receive it in an agreed format.

e Geneating multimodaloutput: the agent shows a human-like form of communication, by combin-
ing appropriately facial and body expressions. These expressions may be set so as to be consistent
with the chosen body, role and cultural model.

¢ Dealingwith affectivefactors asin humanface-to-facecorversations:showing an empathic behav-
ior in response to the user emotions may give the impression that the agent really cares for the user
situation; this is especially important in sensitive application domains such as health care advice,
tutoring, etc.

The functional components of our system are shown in Figure 1. This architecture includes two main
modules: the first one (on the leftside of the figure) runs on the PDA and is responsible for handling
personal interaction and user modeling; the second one (central and rightside of the figure) represents the
Environment Agent architecture and is installed on a pc.

6.3.1 Initial setting

Agent features (embodiment, communication style and personality) should be set to meet the requirements
of the expected user group, of the application domain and of the place in which the agent is installed. A
graphical interface enables the system administrator to settle these features when the agent is installed in
a given context and to revise them if needed. This interface is designed so as to be run via a mouse-based
or a touch-based screen (large buttons, no use of double click, etc).

6.3.2 Interaction

Interaction may occur via a touch-screen (see figure 22) or a personal device (PDA: figure 23)

The touch screen is the typical interaction means of *public spaces’: for instance, information kiosks in
airports or railway stations. The PDA provides a more ’private’ and personalized access to information.
In the first case, no individual user model may be kept: consequently, information provided is adapted to
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the expected characteristics of users who are presumed to be present in the space in which the kiosk is
installed. When interaction occurs via the PDA, a individual user model may be kept and information may
be more personalized.

In both cases, the user moves are not left free but are established dynamically according to the dialog
history and are shown in the form of a toolbar of icons. We designed a touch based interface in which
the user can formulate his or her move by just clicking or touching a few icons. To make a move which
is not represented in these icons, she will introduce a text string. User answers and actions in the digital
and real world may produce changes in the user model. The user modeling component observes the user
actions: when new information about the user can be inferred, it updates the user model and revises the
”confidence” attribute of that information. This is a function of all previous user actions which may have
an impact on that slot.

Given a communicative goal to be achieved, the Agent plans the communication content and renders
it according to the expressive capabilities of its ”body” and to the conversational context. As we said
in previous Deliverables, the Agent’s "Mind’ and its ’Body’ are interfaced by a common 1/O language
(APML) so as to overcome integration problems and to allow their independence and modularity. In a
given phase of the dialog, the agent decides what to communicate according to its mental state and to the
goals which are active in that phase. As we described in other Deliverables, our Dialog Manager is built
on top of the TRINDI architecture, which provides an engine for computing dialog moves according to
the situation described in the Information State (IS). The IS is used to store the following items:

e An ervironmentmodelwith information about the application domain, type of interaction (public
vs. private), objects or points of interest in the digital or physical world to which the agent may
refer.

e An agentmode] with a representation of the agent goals, the relations among them and the inter-
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action history.
e A usermode] containing the description of the main features of the user.

e A dialog history, with the description of the dialog moves performed until that moment.

According to these features, the Dialog Manager selects a set of goals to be achieved during the conversa-
tion, each with its priority. The agent knows how every goal may be achieved in a given context: it selects,
from a library, the plan whose application conditions (user characteristics, dialog history, affective state,
and so on) match to the context. The set of initial goals may change during the dialog. When a user move
activates one or more ’urgent’ goals, the goal priorities are revised: inactive goals may become active;
some of the active goals may become less "urgent” and/or *important’, others may increase of urgency
and/or importance. The plan that best suits to achieve the most urgent and important goal in the given
context is then applied.

Once the agent move has been planned, every communicative act is rendered with an XML string com-
pliant to APML; the meanings expressed in this string are interpreted by the Body Generator module. We
may couple the tagged agent move with different bodies, by using appropriate wrappers. So far, we may
input directly APML files to Greta and developed a wrapper for APML on MS-Agents. We are working,
at present, at developing a wrapper for Haptek Agents that we plan to show at the final Review Meeting.

The PDA component enables the user to interact with the environment agent by means of a personal
device. It includes two modules, which are aimed at modeling the user and providing an interface for
exchanging messages (dialog moves) with the agent.

The user modeling component is installed, at present, on the server side: however, we plan to adopt, in
the future, a mobile approach to user modeling, in which this information is stored and modeled on the
personal device. When the user approaches one of the active points in which the environment agent is dis-
played, this component provides information about the user preferences that are relevant for that particular
domain. The agent can then make its own reasoning about these preferences and adapt interaction accord-
ingly. This approach has the advantage to leave data about the users under control of the users themselves.
However, handheld devices still present hardware-related limits (capacity, computational speed, battery ...
): therefore, the modeling component has to be kept computationally simple.

In her move, the user may ask information to the agent in one of the domains in which the agent has
knowledge, by using the interface of his/her personal device. The Agent answers by using a multimodal
presentation strategy in the kiosk or by sending its output move to the PDA in natural language. A list
of the user answers or reactions which are enabled in that phase of the dialog is sent to the PDA, to
be displayed in the form of interface controls; the user may also make a different move by means of a
text-based input, which is parsed by a simple keyword recognition method.

6.4 Implementation

The user interacts with the dialog simulator by means of a graphical interface; this module also plays the
role of a scheduler, which communicates with the other modules (MIND, Trindi and Xml2Fap) to decide
which one to activate in every phase of the process, manages the exchange of data among these modules
and finally displays the output in natural language or as a behavior of the selected animated agent. We
briefly summarize the role of the various components (which have been described extensively in previous
Deliverables), to focus description in this document on the new version of the dialog simulator for smart
environments.
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6.4.1 Affective Dialogue Simulator

The Affective Dialogue Simulator employs the executable version of MIND, the emotion-activation mod-
ule. This is implemented in C++, with Microsoft SDK (MS- SDK) and Hugin APIs to manipulate belief
networks. The simulator generates a set of emotions by processing the following input information:

o a belief network which represents the mental state of the agent (Mind-BN);

e abelief network which represents the event occurred in the immediately preceding step of the dialog
(Event-BN);

e one or more BNs which represent the emotions the agent may "feel’ (Emotion-BN). These emotions
are produced after a probabilistic evaluation of goal-achievement nodes in mind- BN;

e a context, which is represented by one or more nodes in Mind-BN;

e a personality, which is represented as a combination of ’traits’, each corresponding to a weight
assigned to a goal-achievement node;

e athreshold, which is employed to delete *noise’ in emotion activation.

This module is a dynamic library that is directly employed by the interface. It includes the following
functions:

e CreateDynamicBN: creates the dynamic belief network and updates the emotion table

e CreateEmotionTable: creates the table where the intensities of emotions felt at every dialog move
are stored;

e FreeEmotionTable: deletes this table;

o NodelsContext: checks whether a given node is a context-node;
e NodelsFeel : checks whether a given node is an emotion-node;
e NodelsGoal: checks whether a given node is a goal-node;

o NodelsGoalTimePlusOne: checks whether a given node is a T+1 goal-node.

In every phase of interaction, MIND provides a list of emotions among which the interface selects the
emotion with the highest value.

6.4.2 TrindiKit

The TrindiKit is managed by the interface-scheduler as a child process. When the user initializes the
system (by selecting a domain, a context and an agent personality), the interface activates sicstus prolog
as a child process. This process is created so that its input and output are managed by pipes (files in the
ram). Three pipes are created, each one for input, output and error.

When the pipes have been created and the process has been driven, the interface activates a thread for
sicstus. This thread is implemented in an ad-hoc function, which includes a loop that may be interrupted

Version:1.0( nal) Distribution: Public



IST-1999-29078MAGICSTER D:4.7 M39 = Feb2004Page45/76

only when trindi generates an error or the sicstus prolog process is terminated. The aim of this thread is to
read the output produced by sicstcus-trindi in the output pipe and to parse it. Examined strings including
XML tags (and generated by TRINDI) are analyzed by the interface as follows:

e in the server-client remote access version, its content is displayed after deleting all tags (that is, in
natural language): the content of the XML file (the natural language text) is displayed on the PDA,;

e the XML file is given as input to Xml2fap or to the MS-Agent wrapper, to generate the agent
behavior.

After every user move, the interface communicates with sicstus-trindikit through the input pipe, by tran-
scribing on it the result of keyword analysis and by sending the following parameters:

(domain-agent-empathic)

where
domain represents the domain to which the dialog is applied;
agent refers to the agent’s body which has been selected in the
set-up phase;
empathic specifies the kind of relationship between agent and user

(friendly, neutral or hostile)
These data do not change during the dialog and are employed to adapt the dialog to the ’static’ component
of the context in which the dialog itself occurs. After every user move, the interface sends to the following
data to the DME:
keyword-emotion-level

where
keyword is the symbolic translation of the user move
Emotion is the emotion felt” by the agent
Level is the intensity of this emotion.

The last two parameters are the output of the MIND module and are employed to adapt the dialog to the
’dynamic’ component of the context. All parameters are employed by sicstus-trindi to select a goal to
achieve and the ’best’ plan to achieve it in that context.

6.4.3 Xml2Fap

Xml2Fap is also managed as a child process. It is activated every time the DME generates one or more
output XML files. Also in this case, every time the child process Xml2Fap is created, the interface creates
a thread which monitors the wav files generated by Festival: the duration of this file is estimated, so as
to estimate the duration of the agent animation. When this animation has been completed, the interface
shows to the user the list of moves that she may perform in the subsequent turn (in local mode) and sends
this list to the client.

6.4.4 Usermovesinterpretation

As we said, users interact with the interface by specifying their move as a query or an answer. The
interface handles the moves according to what is specified in the moves.cfg file which is associated with
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the selected domain. This file includes knowledge about enabled moves, represented with the following
syntax:

EXTENDED_MOVE sentence to show to the user
SYMBOLIC_MOVE interpreted symbolic move to send to the TrindiKit

EVENT_FILE event-file associated with the move
NODE_NAME name of evidence-node
STATE_SELECTED state of evidence-node

AG_KEY list of subsequent enabled moves

When the interaction starts, the interface creates a table in which all information concerning a move is
stored, by charging it from the moves.cfg file in the directory which corresponds to the selected domain.
After every user move, the interface scans this table to find out (in AG_KEY) the list of candidate next
moves. At the same time, the fields EVENT_FILE, NODE_NAME and STATE_SELECTED are employed
to build the dynamic belief network and to activate emotions with Mind APIs. When this procedure ends,
the SYMBOLIC_MOVE field is sent to the TrindiKit after assembling it with the results of the MIND
module.

6.4.5 Interface and Scheduler

This module was implemented in C++, with Microsoft SDK (MS-SDK). It may be activated in server or
in local mode. The server mode enables a remote user to interact with the Conversational Agent through a
socket communication and with an handheld computer. The local mode enables users to interact with the
system through a touch screen.

In both modes, the first step is to settle the dialog parameters on the server side, by specifying the agent
personality, the application domain, the context in which interaction occurs, a threshold for removing
emotion noise, an empathic/non empatic variable and the name of the file representing the agent’s mental
state at time TO. All these variables are employed by MIND; domain is also employed by the TrindiKit to
select the directory from which to read the application files. The interface which guides the setting phase
is shown in figure 24. The following controls are employed in this interface:

e radio buttons to settle context, personality and domain
e check buttons to settle empathic/ non empathic mode

e track bar for the threshold.

Once the initial setting has been completed, the scheduler triggers the dialog: the agent moves first. Users
may then introduce their answers or their questions by means of a graphical interface, by touching a
control or by introducing a text string. Two different interfaces have been created, for the local and the
control mode.

In the local mode, interaction occurs through a touch screen. The interface which is employed in this case
is shown in figure 25.
This interface includes:

e a window in which the agent’s body is displayed
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Figure25: Graphicalinterfacewith atouchscreen
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e a list of enabled moves
o a balloon tool tip to clarify the meaning of moves represented with graphical controls

e a confirm button to send the move.

In the server mode (interaction through an handheld computer and wireless communication), the agent is
activated from the handheld device. When the application starts, a graphical interface is displayed on the
PDA which enables the user to dialog with the agent through the connection with the server.

The server receives a user move, checks whether data are correct, activates the agent and sends to the
handheld device the string which is produced by the dialog simulator, with the list of moves among which
the user will have to select her next one. Functions performed and modules employed to schedule the
dialog are the same as in the local mode: the only difference is that interaction occurs in remote and that
the agent move is displayed, on the handheld computer, only in natural language. In addition, the agent is
displayed in the server’s screen, which may be, in this case, only a projection of the computer display and
does not include any other graphical objects than the agent.

The palmtop interface (figure 26), implemented in Java, includes the following controls:

e atext area which displays the dialog in natural language,
e aset of icon-buttons which show to the user the moves which are enabled in that phase of the dialog,
o atextfield which clarifies the meaning of the selected icon,

e an OK button which enables sending the move and activating the next phase of the dialog.
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6.5 How ToInstall The System

6.5.1 Somecornventions

HOMEPATH  main directory of the application (eg, C:\Magicster)
File hkb file Hugin Knowledge Base, which may be manipulated with Hugin
APIs. They include information for processing belief networks

6.5.2 Installing the Interface

The system includes several independent modules, which are activated by the interface:

o [nterface-Scheduler

This module should be installed in C:\ MagiCster, although it may be installed in any directory. This
directory will become the HOMEPATH and will include the configuration file HOMEPATH\ magicster.cfg.

o Festival

This component should be installed in the C:\Festival directory. The directory C:\tmp will be
employed by festival during processing. Once festival has been installed, the path of its binary files
must to be specified in HOMEPATH\ magicster.cfg

e MIND
This dll may be copied in the HOMEPATH directory or in the system directory (f.i. C:\Winnt\Sistem32).

e Xml2Fap

Xml2Fap may be installed in any directory by specifying, in HOMEPATH\magicster.cfg, the com-
plete path of Xml2Fap. The file xml2fap.ini does not need to be modified because the interface,
when calling Xml2Fap, automatically produces the configuration file of Xml2Fap

e Sicstus Prolog

This component is required for the TrindiKit to function. Once it has been installed, the complete
path of sisctus.exe has to be specified in HOMEPATH\ magicster.cfg

o the TrindiKit

This module is subdivided in domains: every domain must be installed in the HOMEPATH\ TRINDI
directory.

6.5.3 Installing Mind
In addition to the dynamic library, Mind includes a set of files which are organized as follows:
e Context files should be installed in the directory HOMEPATH\ Mind\ Context.

e Emotion files should be installed in HOMEPATH\ Mind\ Emotion.

e Event files are domain-dependent and should be installed in the directory
HOMEPATH\ Mind\ Event\DOMAIN_NAME.
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e Mind files should be installed in the directory HOMEPATH\Mind\Mind.
e Personality files should be installed in the directory HOMEPATH\Mind\ Personality. The working
directory HOMEPATH\Work has finally to be created.
6.5.4 Context les

Context files include information about context nodes in the Mind BN, in the form
node_label#node_name#state_selected
For example:

BelG(FriendOf G U)\#context\ N12\#1

6.5.5 Move le

A moves.file is defined for every domain and is installed in the HOMEPATH\mind\event\domain_name
directory. This file includes information described in Section 6.4.4.

6.5.6 Interface con guration les

This file (magicster.cfg) is installed in the main directory of the system (HOMEPATH) and includes the
following data, which are uploaded when the interface-scheduler is triggered:

1. FESTIVAL, full path of Festival

2. JAVAHOME, full path of JDK

3. OZZAR, full path of Ozzar

4. SICSTUS, full path of Sicstus Prolog
5. XML2FAP, full path of XmlI2Fap

An example:
FESTIVAL=C:\festival\bin
JAVAHOME-=D:\ Studio\ compiler\ java\bin
0ZZAR=C:\MagiCster\Ozzar
SICSTUS=D:\Studio\compiler\prolog\bin
XML2FAP=C:\MagiCster\xml2fap

6.5.7 Mind API

Mind API is a dynamic library which may be employed by any Win32 application. This library includes:

e methods to build dynamic belief networks from their various components;

e astatic library which enables using the methods of that library;
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o a header file, which is employed to define methods and structure for a specific application.
The following structures are employed in Mind API:

o T_EmotionField selects a filed in the emotion table. Its members are:

FeellsActive, a booleano which returns whether the emotion is ’active’;

FeelLabel, label of the emotion-node,

FeelName, name of the emotion-node,

GoalName, name of the parent of that node, which is employed to link the emotion to
theDBN
Feellntensity, emotion intensity

GoalBelief, probability of the goal-node at time T
e T_EmotionTable includes:

— Field, a variable of the T_EmotionField type,
— EmotionCount, number of fields in the emotion table

e T_Selection, includes:

— EventlsNull, returns information about ’neutral’ events

— ContextFile,

— EventFile, with information about the event occurred in the interval (T, T+1)
— Evidence, evidence node in the event-BN

— MindFile

— PersonalityFile

— OutputDirectory in which Mind API will create the DBN

— Threshold

— EvidenceState, a boolean to indicate the selected state for the evidence node

— Time, an integer to represent the move number.
The following functions may be called in Mind API:

e bool CreateDynamicBN(const T _Selection& selection, T_EmotionTable* table)
creates dynamic belief networks. Its arguments are the value of a variable of T _Selection type and
a pointer to the emotion-table. Its output is a boolean value, which is false in case of error.

e bool CreateEmotionTable(T_EmotionTable** table, const char* path)
creates the emotion-table. Its arguments are a pointer to the table to be created and the path includ-
ing the emotion files. The pointer will be initialized by the function. Its output is a boolean value
which is false in case of error.
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e bool FreeEmotionTable(T_EmotionTable** table)

Deletes the emotion-table

¢ bool NodelsContext(const char* node_name)
Checks whether node_name is a context-node

e bool NodelsFeel(const char* node_name)
Checks whether node_name is an emotion-node

e bool NodelsGoal(const char* node_name
Checks whether node_name is a goal-node

e bool NodelsGoal TimePlusOne(const char* node_name)

Checks whether node_name is a goal-node at time T+1

6.5.8 An exampleof useof Mind API

Mind API may be used both with sia MS Visual Studio and with GNU compilers. As a first step, the

emotion table has to be created, as follows:

o declare the variable of T_EmotionTable type: for instance T_EmotionTable** table

o call the method CreateEmotionTable: for instance CreateEmotionTable(table, "C:

emotion_path'™)

One may now go on with building of the DBN. The variable T _Selection is declared and its members are

initialized:
T_Selection selection;
selection.EventlsNull = false;
strcpy(selection.ContextFile, ”C:
mypath
context.cfg”);
strcpy(selection.EventFile, "C:
mypath
event.hkb™);
strcpy(selection.Evidence, "node_name”);
strcpy(selection.MindFile, ”C:
mypath
mind.hkb”);
strcpy(selection.PersonalityFile, "C:
mypath
personalty.cfg”);
strcpy(selection.OutputDirectory, ”C:
mypath
output™);
selection.Threshold = 0.1f;
selection.EvidenceState = 1;
selection.Time = 0;
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The function CreateDynamicBN is called by transferring the previously declared variables:
CreateDynamicBN(selection, *table).
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/7 Prototype 3: Party Game

7.1 Introduction

The following sections provide technical information about prototype 3 — the party game — and its con-
stituent components. Apart from adding a substantial number of new components to the project’s list of
results, prototype 3 also integrates many of the other components developed within the project including:

e The rendering engine developed by AvatarMe
e The Greta server developed by ROMA

e The Cognitive model developed by DFKI

The prototype also uses Dipper, and a Dipper-centric overview of the main components of the prototype
is given in Figure 27. The prototype essentially consists of two parts; the party server and the party player.
They both assume the Dipper architecture and communicate with each other over OAA. Both the server
and player parts of the system are assembled from a number of other components that will be described
in some detail below. As the game starts the player is introduced to a scenario containing two avatars

| FAP
| WAV
| TIMING

—— OAA [ | Player
- == TCP [7] Server

Figure27: Dippercentricoverview

controlled by the system. The player takes on the role of a third person — a friend of the avatars’. Players
communicate with the system through typed text. The statements that players type are sent as input events
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to the party server where they are parsed into dialogue moves and forwarded to the avatars. The avatars
process the dialogue moves and take appropriate actions based on their subjective beliefs, desires and
intentions.

When an avatar gains the turn and speaks, an event is sent in the other direction informing the player part
of the system. The event contains information about speaker and listeners, changes in social relationships
between avatars as well as an APML expression containing the speaker’s utterance. After the party player
has received the event a generation request is sent to the Greta server. Once the generation process has
completed the resulting FAP, WAV and timing info files are sent via a socket connection to the player.
Finally, the animation is shown to the player of the game.

7.2 TheParty Server

The server part of the system is mainly implemented in Java and the JAM agent language (which itself
runs on Java) (Huber, 1999). While the agents themselves are defined in JAM some functionality used by
the agents is implemented in Java.

The anatomy of a JAM agent is divided into five parts: a world model,a plan library, aninterpreter an
intentionstructure, and an observer(see Figure 28). The world model is a database that represents the
beliefs of the agent. The plan library is a collection of plans that the agent can use to achieve its goals.
The interpreter reasons about what the agent should do and when it should do it. The intention structure
is an internal model of the goals and activities the agent currently has committed itself to and keeps track
of progress the agent has made toward accomplishing those goals. The observer is a special plan that
the agent executes between plan steps in order to perform functionality outside the scope of its normal
goal/plan-based reasoning.

7.2.1 Extensionsto the JAM architecture

During the project several features have been added to the JAM agent architecture that are generally useful
including dynamic loading of primitive functions and OAA capabilities.

DynamicAction

In the standard JAM distribution primitive functionality — i.e. functionality not defined as JAM plans —
can be added by altering two of the classes in the distribution; the UserFunctions and SystemFunctions
classes. This is an inflexible approach that makes it difficult to share and distribute agents that require
different functionality. For MagiCster we did a simple but powerful extension to the JAM architecture that
allows dynamic loading of primitive functionality as needed. This was achieved by permanently adding
the primitive function ”load_function” to the list of basic primitive functions supported by JAM, adding a
base class for dynamically loaded functions (see Figure 29) and adding support for storing and executing
dynamically loaded functions to the JAM core.

Each instance of DynamicAction can define one or more primitive functions that are made available to
a JAM agent upon loading the class. Loading of primitive functions is done by executing the load func-
tion command and providing the full class name of a class extending DynamicAction, e.g. EXECUTE
load_function “’se.sics.magicster.jam.Log”. DynamicActions can be loaded whenever necessary but is typ-
ically done by specifying a high priority initialize goal with a corresponding plan that takes care of loading
all necessary extensions before any other goals are pursued.
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Figure28: Anatomyof aJAM agent

Agent

The agent class integrates features such as social networks, character traits and OAA capabilities into a
single unit (see Figure 30). The class extends "com.irs.jam.Interpreter’ and also adds several methods that
provide finer outside control over the execution of JAM agents than the standard JAM distribution. For
instance, the step() method that executes a single plan step in an agent and runToCompletion(Relation r),
that runs an agent until a specified goal becomes true or a specified fact is asserted into the agents world
model. Agents gain access to the social model and other features of the agent class from within JAM by
loading a DynamicAction that provides JAM with the necessary hooks.

Dipper/OAA connection

To be able to connect to Dipper and OAA the system provides two classes. The OAAMessging class
(Figure 32) provides a lightweight connection to the OAA framework that can be used for messaging. It
is for instance used by the Agentclass to receive and send messages. The methods work with a predefined
format for messaging.

The OaalmServeclass (Figure 31) provides more complete integration into the OAA framework. Using
the OaaJamServer agents can declare solvables, send solve requests to other OAA agents and participate

Version:1.0( nal) Distribution: Public



IST-1999-29078MAGICSTER D:4.7 M39 = Feb2004Page57/76

com.irs.jam |

PrimitiveAction [

COMLirs.jam ‘

] |
com.irs.jam | Dynamicaction ‘ conLirsjam ‘
T = |
[ UserFunstions | B |
ﬁy actionMames : String(] O 1
Q\/;« functions : UserFunctions [ \L |

i's
List || UserFunctions H Value |
I

% DynamicAction() : void S —
% execute) : Value
® gethames() : Stringl]
% install() : void
@ checkArity() | hoolean
f;ﬁ checkirityGED : boolean

2y
| Binding H Expl

% DyramicAction() : void

se.gicsJnagicster. jam.dynamic

AgentAccess

Getinterpreter

\

\

‘ JAMLogger
[ JAMSystem
‘ Messaging
\

\

\

\

OAR
OAALite

RegEx

Test

Figure29: UML diagramof DynamicAction

normally in the OAA community. Solvables can be declared in string format as ICL terms or as JAM

relations e.g., "test(X,me})’ or ’test”X” mé&. To declare solvables the agent calls one of the functions
oaadeclae_string String or oaa declae Relation

The server provides conversion between ICL terms — the language of OAA — and JAM relations. However
as JAM does not in itself support compound relations (i.e. relations within relations) the conversion is
restricted to ’flat’ terms and primitive data types. For instance the ICL term test(X,meyvould be translated
to the JAM relation testVariable mewhere the first argument is an unbound variable. As usual agents must
load a dynamic action making OAA functionality available before using it.

7.2.2 ExecutionManager

The execution manager bundles together several components responsible for overseeing the execution of
agents and simulation of the agent community. This includes a state machine implementing the desired
path of execution for the agent community, an anticipator component that simulates a collection of agents
(Figure 33) and an agent manager that keeps track of registered agents (Figure 34). For each turn the
anticipator makes copies of the agents registered by the agent manager and runs a simulation of the turn
to evaluate its consequences. The simulation is without side effects in that the state of the participating
agents is preserved and nothing outwardly visible such as animations is produced.
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Figure30: UML diagramof Agent
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7.2.3 Natural languageprocessing

Through the Dipper framework the project has easy access to a large arsenal of potentially useful NLP
components. However, as the goal of the prototype is not to engage in deep natural language understanding
we decided to focus on a simple approach that directly maps surface text to semantic representations in
the form of dialogue moves. The NLP module of the application consists of a simple forward chaining
parser that attempts to match the users input to dialogue acts. The parser is built around the JEOPS rule
engine (Filho and Ramalho, 2000).

JEOPS is a first-order forward-chaining inference engine designed to keep the advantages of OOP lan-
guages, such as modularity, readability and reusability. JEOPS is implemented in Java and provides a
smooth transition between the host language and the production rules, by using the same philosophy as
Java in the creation of the rules. Rules are defined in a Java like syntax which acts as a wrapper around
pure Java. Rules are specified in a rule file that is compiled into a regular Java file which can be compiled.

In the first step of the matching process the string is matched against regular expressions that try to ex-
tract intermediate results. The second step then combines these intermediates into bigger units. The
process is typically done in two steps but depending on the definition of rules can go on for an arbitrary
number of steps. For instance the sentence "Hi ebba” would match an expression recognizing persons
”lebba—lovisa—Karin/” and one for extracting the fact that it is a greeting "/hi—hello—wassup/”. Thus
the two intermediate results ”greeting” and ”ebba” are asserted into the rule engines knowledge base. The
next step would pick up these results and combine them into the dialogue move greet(ebba)”. Given the
above patterns a sentence such as ”Ebba drives a hello” would also produce the greet dialogue move. The
NLP module has no special capabilities for handling such nonsensical or ungrammatical sentences; rather
it is entirely up to the author of patterns and combination rules to handle such matters.

The main components involved in the process are the parser and pattern engine. The parser (Figure 35)
embeds the JEOPS rule engine. To parse a sentence into dialogue acts a Userlnput object is first created
containing the original string. The parser is then called with the input object as an argument. The parsing
process results in the addition of one or more DMove objects representing interpretations of the utterance
to the input object.

The PatternEngine is a quite simple wrapper around the OROMatcher regular expression library, with
methods for matching against strings and retrieving results (Figure 36). The engine caches patterns so that
they do not need to be compiled each time they are used thereby reducing execution time. In addition it
provides methods for extracting matches directly into Fact objects which are used as intermediate results
by the parser.
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Figure36: UML diagramof the PatternEngine

7.2.4 Con guration

To simplify configuration of the system and switching between various configurations an XML based
configuration scheme is used. Figure 37 shows the DTD of the configuration scheme.

The DTD defines sections for specifying agents along the following dimensions:

o initial social networks
e traits of an agent according to the big five

e JAM files making up the agent

Additionally the DTD allows other parameters required for the systems execution to be specified as
needed. Figure 38 shows an example of a configuration file using the DTD. The configuration shows
an agent consisting of two JAM files and values for one trait and a small social network.

7.2.5 Hardwarerequirements

The server part of the system is implemented in java and does not have any special hardware requirements.
Any reasonably fast system equipped with Java 1.2 or higher will be able to run the party server. As
communication with the other components of the system is done via OAA the latest OAA release (OAA
1.3) also needs to be installed on the system.

7.3 TheParty Player

The player part of the system is implemented in C++ around the AvatarMe rendering engine which pro-
vides FAP and audio playing facilities. In addition a connection to the Greta FAP server and Festival
produces FAP and audio files from APML specifications. The LUA extension language is used for config-
uration of the system and scripting behavior of certain classes, in particular cinematographic idioms and
camera shots.
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<?xml wersion="1.0" encoding="TUTF-8" 2>
<IELFMFHT configquration | agentinfo+, param®* | >

<IELEMFHT agentinfo | ccnet, traits, jam, param* | >
ZIATTLIST agentinfo name NMTOEEN #REQUIRED >

<IELFEMFHT ccnet | dimension+t, relationt | =

<IELEMEWT relation EMPTY >

LIATTLIST relation agent NMTOEEN #REQUIRED >

<IATTLIST relation wvalue (very negatiwve|negative|little negatiwve|neutral|
little poszitive|positive |very poszitiwve) "neutral™ >

<IELEMENT dimension EMPTY >

<IATTLIST dimension name NMTOFEN #REQUIRED =

<IATTLIST dimenszion walue (very negative|negative|little negative |neutrall
little positive|positive |very pozitiwve) "neutral™ >

<IELEMFEHT traits ([ trait+ ) >

<IELEMFNT param EMPTY >

ZIATTLIST paraw name NMTOEEN #REQUIRED =
<IATTLIST param walue CDATA #EEQUIRED >
=<IELEMFHT trait EMPTY >

<IATTLIST trait name NMTOKEN #REQUIRED >

<IATTLIST trait walue NMTOFEN #REQUIRED >

<IELEMENT jam { file+ ) >
<IATTLIST jam path CDATA "." >

<IELEMENT file EMPTY >

<IATTLIST file name CDATA #REQUIRED >

Figure37: Con gurationDTD
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<7xml wersicon="1.0" encoding="UTF-8"2-
<IDOCTYPE configuration 3TSTEM "config.dcd™
<configquration=

<agentinfo nane="lowiza">
<ccnetl-
<dimension name="school™ walue="little negative” />
“dimension name="rowance” value="positive”Ss
<dimension neme="popularity” walue="vwery positiwe" /=
cdimension name="friendship™ walue="neutral” /=

crelation agent="karin" walue="pozitiwe"/»
<relation agent="ebba” value="neutral".>
<fecnet>
<traits:
ctrait nawe="extroversion” walue="3" />
<ftraits:
<jam path="jau">
«<file name="lovisa-facta.jan"/>
«file name="te3r. jan” s
< fjam:
<jagentinfo:

<fconfiquration>

Figure38: Examplecon guration le
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Figure39: Main componentsf theplayer

The player provides three solvables that can be called via OAA; play_.apml(Speadr, APML, Listenes),
play_fap(Spea&r, Fap, Way, Listenerfap, Timing, Listenes) and event(Speads, APML, Listenes). The
solvables generate and play a FAP, play an existing FAP and generate a FAP and cinematographic direc-
tions respectively. The main C++ classes of the player and their relationships are shown in Figure 39.

The system consists of five namespaces:

e AME contains classes that encapsulate the AvatarMe rendering engine.

Cinematgraphycontains classes related to cinematography such as cameras, shots and idioms.

Core contains core classes of the system such as CGameProxy, and CEngine.

Math3D contains vector and quaternion classes needed for 3D geometry

Util contains utilities such as timers and queues.
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#m_bRunning
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#m_Events \
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#m_pThis Ill

+ CGameProxy() i

+~CGameProxy() |

+ Create() I m_pThis

+ Destroy() g

+ GetEvent() |

+AddProxyEventListener{) |

+ FireProxyEvent() i

+ Start() [

+ Stop()

+ OnUserinput() I

+ ThreadProc{)

+ OnOAAEvent()

+ OnTimeQut()

Figure40: UML diagramof Core::CGameProxy

The Core::CEngine class acts as a faade class that encapsulates the other main components of the system.
In addition it is responsible for handling events from the party server through appropriate event handlers
for the three solvables described above.

7.3.1 GameProxy

As implied by its name the CGameProxy class acts as a proxy object to the game server (Figure 40). The
proxy maintains a connection to the OAA framework and parses incoming OAA events into classes usable
by the rest of the system. When an event has been parsed any registered listener object are notified via
the IProxyEventListeneinterface. The proxy also provides a method for sending user input to the party
server via the OnUserInput(Stringjnethod.

7.3.2 MediaEngine

The media engine generates and caches media from APML descriptions read from files or strings (Figure
41). The component that does the actual generation of FAP and WAV files is the Greta server. Through the
Core::CGretalListenercomponent the media engine acts as a collector and manager of the files generated
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Figure4l: UML diagramof Core::CMediaEngine
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+ Score()
+ Direct()

//

Cinematography:: CSingleTalk

i

Cinematography:: CThreeTalk

Cinematography::CScriptableldiom Cinematography:: CTwaTalk
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+ ~CScriptableldiom() +~CSingleTalk{) + ~CThreeTalk() + ~CTwaoTalk()
+ Score() + Score() + Scorel) + Score()

+ Direct() + Direct() + Direct() + Direct()

Figure42: UML diagramof Cinematograpyr:lldiom andimplementations

by Greta. If a file corresponding to an APML expression has previously been generated it is fetched from
the cache instead of being generated again. The engine also handles loading and unloading of media files
as the AME rendering engine requires that FAP and WAV files are loaded before they are used.

The engine can be run in both synchronous and asynchronous mode. In the former case calls to the
CreateMediaFom... functions result in a blocking call that does not return until the process is finished.
In the latter case the method returns immediately and it is up to the user to check the status of the request
through the Che&Handle(MediaHandlenethod.

7.3.3 Cinematographer

The cinematographer is responsible for creating and laying out shots on the screen according to cine-
matographic idioms (Figure 43). All idioms implement the lldiom interface which declares two methods:
Score(CScene) and Direct(CScene) as shown in Figure 42.

42).

The score method calculates how well an idiom thinks that it applies to a scene. The scores are used by the
cinematographer to choose the most suitable idiom for a particular situation. The direct method applies
the idiom to the scene and results in a sequence of shots being added to it. The system contains three
default idioms for situations involving one, two or three characters. These idioms only take the number
of characters in the scene and the duration of the scene into account. Other more complex idioms may
be developed by writing appropriate scripts for the scriptable idiom class and instantiating them during
runtime.

A CScenenbject contains all information about a scene, including number of participating characters,
their social relationships, duration, FAP and WAV files, shots etc.

The scene manager object is the component that actually plays a scene. It activates shots at the appro-
priate time points and de-activates them when they are done, assigns FAP and WAV files to the different
characters and starts the animation at the specified time.

Shots implement the IShotinterface (Figure 44). Currently 1Shot has two extensions CShotwhich im-
plements the standard shot types and CScriptedShathat allows shots to be defined through scripts. Both
CShot and CScriptedShot also extend the camera class CCameraView making it possible to directly set
properties such as rotation, zoom factor and size.
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Figure43: UML diagramof Cinematograpyt:CCinematographer
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Figure44: UML diagramof Cinematograpyt:IShotandimplementations
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Figure45: UML diagramof AME::CAmePlayer

7.3.4 AmePlayer

The classes of the AME namespace encapsulate the functionality provided by the AvatarMe rendering
engine. The main class of this namespace is CAmePlayer which is responsible for updating and rendering
the scene (Figure 45). The player is updated by calling the Update function and providing a timer indi-
cating the elapsed time since the last update. Rendering is started by a call to the BeginRendemethod
and ended by a call to the EndRendemethod. In between these calls an arbitrary number of shots can be
rendered using the Renderiéw method and passing shots as parameters.

Functionality that is directly related to AME avatars — e.g. loading of bone definition files or setting ani-
mation frames — is implemented in the CAgentclass. The class also has methods for retrieving geometric
information about the agent such as current position, heading and bounding spheres of the whole avatar or
only the head. The latter information is e.g. used to interpolate shot sizes (close-up, medium, , full-shot).

7.3.5 Scripting

Most parts of the player can be configured through scripts written in the LUA language (lerusalimschy et.
al, 1996). Lua is an extensible procedural language with powerful data description facilities, designed to
be used as a general purpose extension language. Lua incorporates facilities common to most procedural
programming languages such as control structures (whiles, ifs, etc.), assignments, subroutines, and infix
operators. As Lua is an embedded language it has no notion of a "main” program; it only works embedded
in a host client. Lua is provided as a library of C functions to be linked to host applications. The host can
invoke functions in the library to execute a piece of code in Lua, write and read Lua variables, and register
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Figure46: UML diagramof Core::CScriptEngine

C or C++ functions to be called by Lua code.

To simplify the process of binding functions and classes to LUA we used the freely available luabind?
template package.

Together with luabind the scripting engine forms the basis for scripting the player (Figure 46). The engine
provides facilities for loading scripts from strings and files and executing scripts. A base for scriptable
classes, IScriptable was also created. IScriptable contains a LUA table member that works as a virtual
function table. Methods and data defined in a script can be bound to slots in the table and be called from
extensions of IScriptable. The scriptable idiom and shot classes described above work along these lines.
For instance the scriptable idioms Score method calls a corresponding Score method in LUA that is bound
to the class when it is initialized with a script. 3.6

7.3.6 Con guration

The player is configured by LUA scripts that are executed when the system is started. An example of
configuration parameters are seen in Figure 47.

The main initialization of the engine occurs through a call to the initEngine LUA function. Figure 48
shows an example of the function. The script saves global references to the core components of the
system for later use by other scripts. The script then creates three agents and loads the appropriate avatar,
bone and controller files that define them. Finally the function loads a set of borders that are used by the

2http://luabind.sourceforge.net
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-- zome pathsz

enginelocation = workingpath .. "ameisbinsy";

scenelocation = workingpath . "data\\scenesi\magicsteryymagicster.esf;
agentlocation = workingpath .. "data“yawatarshy';

borderLocation = waorkingpath .. "dataysbaordersh\";

greta_address = "127.0.0.1";

greta_port = 2000,

mediapath = workingpath .. "data“\fap";

Figure47: De ning parametersn LUA

function initEngine{ engine )

- =set globals

gEngine = engine;

gCinematographer = gEngine: GetCinematographer();
gSceneManager = giinematographer: GetSceneManager();
gPlayer = gEngine: GetPlayer(};

— load scripts
initScripts();

- ereate agents

agentd = gPlayer: Createagent(0);
agent0:Loadagent{agentlLocation .. "Ebba_Black_20100019.am3");
agent0: LoadBoneFile{agentLocation .. "Ebba.bone def');
agent0:LoadController{agentLocation .. "7.ctr");

agentO. Animation = ame. Animation{4, 0, 200, true);

agentl = gPlayer:CreateAdgent{1);
agentl:LoadAgent{agentlocation .. "Lovisa_Red_13000940.am3");
agentl:LoadBoneFile(agentLlocation ., "Lovisa.bone def');
agentl:LoadController{agentLocation .. "7.ctA");
agentl.Animation = ame. Animation{3, 0, 200, true);

agentz = gPlayer:Createsgent(2};
agent2:Loadagent{agentlocation .. "You_Yellow 14000065 am3");
agent2:LoadBoneFile{agentLocation .. "You.bone def");
agent2:LoadController{agentLocation .. "7.ctr");

agent2. Animation = ame. Animation(s, 0, 200, true);

--load borders
loadBorders();

end

Figure48: Initialising the player
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Figure49: Timing le

player.

7.3.7 Hardwarerequirements

The player part of the system contains several components that require substantial amounts of processing
power, e.g. the Festival speech synthesizer and the rendering engine. Thus it places quite high demands on
the hardware. Development of the systems was conducted on machine with dual 1.7GHz Xeon processors
and a graphics card containing 64MB of memory.

7.4 Miscellaneous

Apart from implementing the server and player parts of the system we have made modifications to the
Greta server and implemented a tool for authoring JAM files.

7.4.1 Modi cations to Greta

The party game uses a slightly modified version of the Greta agent server. In addition to the animation
and sound files produced by Greta the modified version also produces a timing file containing information
about the onset and duration of affective facial expressions. An example of a timing file is shown in
Figure 49. The timing information is collected from the phonetic duration information which is used by
the Greta server to generate facial expressions. The duration information is computed by the Festival
speech synthesis system during its audio generation process.

Thus the modified Greta server receives an APML expression as input and produces the following four
files:

e A FAP specification for the speaking avatar
o A WAV file containing the speakers audio data
e A TIM file with timing information for the speaker as detailed above.

o A FAP file for the listening avatar(s)
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Figure50: A screershotof theJAM editor

7.4.2 JAMEditor

As authoring of JAM agents can be quite error prone we implemented a simple editor to simplify this task.
The editor is implemented as a plug-in to the Borland JBuilder development environment which is freely
available for non-commercial use. The editor provides syntax high-lighting, on the fly error checking and
a structured view of the JAM file being edited (see Figure 50). 49. By clicking errors or elements in
the structured view the editor window is scrolled to the right position and the correct line is highlighted
making navigation of JAM files much easier. The editor has been tested with versions of JBuilder from
five and upwards.
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