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Abstract

We demonstrate the Virtual Guide, an embodied conversational agent that gives directions in a 3D envi-
ronment. We briefly describe multimodal dialogue management, language and gesture generation, and a
special feature of the Virtual Guide: the ability to align her linguistic style to the user’s level of politeness.

1 Introduction

At the University of Twente we have developed the Virtual Guide, an embodied conversational agent that
can give route directions in a 3D virtual building called the Virtual Music Centre (VMC).1 When navigating
through the VMC, the user can approach the Virtual Guide to ask for directions. Currently the Virtual Guide
is located at the reception desk of the VMC (see Figure 1), but she could be situated anywhere in the building.
In fact, with only minor changes she could also be used for direction giving in actual environments.

2 The Virtual Guide

Figure 1: The Virtual Guide.

The first part of the interaction between the Vir-
tual Guide and the user consists of a natural lan-
guage dialogue in which the multimodal dialogue
management module tries to find out the user’s in-
tended destination. This may involve subdialogues,
in which either the Guide or the user asks the other
for clarification, and the resolution of anaphoric ex-
pressions (e.g.,How do I get there?).2 Available
input modalities are typed text or speech in combi-
nation with mouse pointing. To process the user’s
input, the Virtual Guide incorporates a speech rec-
ognizer (Philips SpeechPearl), a parser making use
of a Dutch unification grammar, and a fusion mod-
ule that merges deictic expressions with any co-
occurring pointing gestures (e.g., the user asking
What is this? while pointing at the VMC map).
The results of input analysis are sent to a dialogue
act classifier, which maps the user’s utterance to one or more dialogue acts. Based on this, the dialogue man-
ager chooses an appropriate action to be performed by the Virtual Guide, such as uttering a certain dialogue
act (realised in natural language using one of a collection of sentence templates) or showing something on
the map.

Recently, the Virtual Guide has been extended with an alignment module that enables dynamic adapta-
tion of the Virtual Guide’s linguistic style to that of the user. The grammar rules used for user input analysis
have been associated with tags indicating the level of politeness of the user utterance, depending on the
grammatical construction used. For example, an imperative such asShow me the hallis considered quite
impolite, while indirect requests such asI would like to know where the hall isare considered very polite.

1The Virtual Guide is accessible online via http://wwwhome.cs.utwente.nl/˜hofs/dialogue.
2The actual language of the Virtual Guide is Dutch, but for ease of reading examples in this paper are given in English.



The templates used to generate system utterances have been similarly tagged, allowing the Virtual Guide to
adapt the politeness of its replies to that of the user. Using different parameter settings for the system’s initial
levels of politeness, as well as the degree of alignment, allows us to model different professional attitudes or
personalities for the Guide.

Currently, the alignment module is only used for the dialogue part of the interaction, not for the actual
generation of the route description, which is presented in the form of a monologue when the user’s desti-
nation has been established. The route description consists of a sequence of segments consisting of a turn
direction combined with a description of a landmark where this turn is to be made. For example,You go left
at the information sign. For the generation of the route description, a template-based realisation component
has been built based on Exemplars [4].

Finally, the Virtual Guide’s gesture generation component extends the generated text with tags associat-
ing the words in the route description with appropriate gestures. The marked-up text is sent to the animation
planner (based on [3]), which realises the required animations in synchronization with the Guide’s speech
output. For text-to-speech synthesis, either Loquendo3 or Fluency4 can be used. The 3D model used for the
body of the Virtual Guide was purchased from aXYZ design.5 In addition to being presented in speech and
gesture by the Virtual Guide, the recommended route is also displayed on a 2D map of the VMC.

For more details on dialogue management, language generation and gesture generation in the Virtual
Guide, see [2]. The linguistic alignment module used in the Virtual Guide is described in [1].

3 The demonstration

In the demonstration, which will last 10 to 20 minutes, we will carry out some scripted example interactions
with the Virtual Guide to illustrate dialogue features such as multimodal fusion, resolution of anaphors and
elliptic utterances, clarification subdialogues, error recovery and politeness alignment. In addition, visitors
will be given the opportunity to interact freely with the Virtual Guide.

The system runs on a Windows computer with 2 GB of memory and a broadband Internet connection. It
uses Java, Java 3D and Java Advanced Imaging.

Acknowledgements

We thank Martin Bouman and Richard Korthuis for their work on the language generation component,
Marco van Kessel for his work on the gestures and embodiment, and Markus de Jong for developing the
linguistic alignment component of the Virtual Guide. This work was carried out within the NWO project
ANGELICA (grant no. 632.001.301).

References

[1] Markus De Jong, Mariët Theune, and Dennis Hofs. Politeness and alignment in dialogues with a virtual
guide. InProceedings of the Seventh International Conference on Autonomous Agents and Multiagent
Systems (AAMAS 2008), volume 1, pages 207–214, 2008.
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Abstract 

DEIRA is an embodied agent with a highly modular design, supporting several domains such as real time 
virtual horse race commentary, robosoccer commentary and virtual storytelling. Domain-specific 
information is processed to have the agent act on emotion and produce a compelling report on the 
situation, using synthesized speech and facial expressions. This paper briefly describes the features of the 
agent.  

1 Introduction 
DEIRA was originally developed as an embodied agent that provides commentary for real-time virtual 
horse races. Its first public appearance was at the IVA07 conference where it participated in the GALA07 
contest, having to report on a race script supplied on the spot. The successful result, being a jury award 
shared with another contestant as well as the public award, combined with the modular design inspired 
further development into a platform for transforming domain-specific information into a compelling live 
report by an embodied agent. 

2 System description 
The following is a brief description of the system. A more elaborate version is available in [1]. 

The first step in the process is the transformation of the domain-specific information into meaningful 
events. Different domains ask for a different method of determining what is meaningful and 
consequently, for every domain, a domain-specific Input Analysis Module (IAM) exists. These modules 
are required to deliver the events in a specific format, enabling further processing. 

For all the events, the Mental Model Module (MMM) determines the emotional impact of each event 
based on the event information and personality parameters of the reporter. It also maintains a general 
emotional state which is the combined result of all events that have occurred taking into account a 
reduced influence over time and the assigned importance of the events. 

After passing the MMM the events are stored in a prioritized Event Queue (EQ), with the 
prioritization based on the importance and decay factor parameters the IAM has linked to the events. 
Updating the importance using the decay factor ensures that the events reported on first are indeed the 

Figure 1: Screenshot of the system



most important ones. The EQ also decreases chances of repetition by lowering the importance of events 
that are similar to those recently uttered. 

Using a generative context-free grammar supporting variables and conditionals, the Text Generation 
Module (TGM) constructs a set of potential utterances for each event it retrieves from the EQ. To prevent 
repetition in verbal content, a history of utterances is maintained. The grammar provides a rich 
vocabulary to report on each event, and is easy to expand or adjust for other purposes. 

For vocal expression, the Speech Adaptation Module (SAM) subsequently determines at what speed, 
pitch and volume the sentences should be uttered based on the emotional state of the reporter and the 
emotional content of the event itself. 

The facial expression of the agent is handled by the Facial Animation Module (FAM) in two ways. 
Secondary head animations (like saccadic eye movements and small head motions) are triggered at fixed 
intervals. When reporting on a specific event the emotional state of the reporter is used to generate an 
appropriate primary animation like smiling and frowning.  

When all aspects of the output have been determined, an Output Module (OM) feeds the text plus 
utterance characteristics and animation data to an external application responsible for actually displaying 
the animated model and cooperating with a Text-To-Speech (TTS) engine to generate lip-synced speech.  

The external applications we currently support are the Haptek Player1 as well as an application based 
on Visage2, both capable of using a TTS engine such as Nuance's RealSpeak™ US English voice which 
we have used in most applications. Alternatively, audio-only output using Cloudgardens3 TalkingJava is 
also presently supported. 

3 Modularity 
At every step of development we have kept modularity, flexibility and interchangeability of different 
parts of the system in mind. The context-free grammar used by the TGM is contained in a human readable 
text-file and is completely language independent. Combined with being able to use more or less any TTS 
engine, audio output is truly language independent. The OM is furthermore easily replaceable to support 
different external applications, with all the different output modules being selectable at runtime.  

The most recent work we have done to explore the abovementioned characteristics has been to add 
support for the RoboSoccer domain as well as support for the Virtual Storyteller project4 at the University 
of Twente. The adaptations necessary to support these domains were completed in 13 and 22 hours, 
respectively, which serve as support for our claims of modularity and adaptability.  

The ability to adapt the system to diverse domains enables it to be used in a multitude of applications 
which can benefit from an embodied agent conveying situational information. 

4 Demonstration 
DEIRA is able to run demonstrations of the virtual storyteller, the robosoccer and the horse racing 
module, with demonstrations of the different instances lasting about 3 minutes per instance. This can be 
done using a sufficiently powerful laptop which is very preferably connected to external audio and video 
outputs. 
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Abstract

We show an online system for auditory scene analysis. Auditory scene analysis is the analysis of complex
sounds as they occur in natural settings. The analysis is based on models of human auditory processing.
Our system includes models of the human ear, analysis in tones and pulses and grouping algorithms.
This systems forms the basis for several sound recognition tasks, such as aggression detection and vowel
recognition.

Current sound recognition systems function well in controlled spaces with one, well defined source. But as
soon as multiple sound sources are present the performance drops rapidly[3]. Humans on the other hand
seems to have little problems recognising sounds in the presence of noise[5] or other sources. One of the
goals of (computational) auditory scene analysis[7] is to try to bridge this gap by basing its methods on
what is known about human auditory processing. We will demonstrate our system based on techniques from
auditory scene analysis augmented by algorithms that select spectro-temporal areas with positive signal-
tonoise ratio.

1 Methods
The model demonstrated is based on a transmission line model of the human ear[1]. Its latency is lower
than filterbank implementations[2], which makes it more suitable for online models. The output is squared,
leaky-integrated and down-sampled which results in a energy representation. This representation is called
a cochleogram. To find areas of the cochleogram where tones or pulses dominate, we filter it with two
segment-dependent filters. These filters match the shape of the tone response and the pulse response of
the cochleogram up to two standard deviations of white noise under the peak of the response. The result
is two representations, one which indicates the pulsality, the other indicating the tonality of each time-
frequency combination of the signal. These measures can be interpreted as local signal-to-noise ratios under
the assumption that the signal is a pulse, resp. a tone. In both representations the neighboring local maxima
are joined to form regions of the spectrum with are likely to be one continuous tone or pulse. These regions
we call signal components. Tonal signal components are then grouped into harmonic complexes, this can
increase the robustness of the signal components and leads to groups of signal components that are highly
likely to stem from a single source.

2 Discussion
The cochlea model is successfully applied in several sound monitoring projects in the Netherlands[6]. The
complete system is used in several projects ranging from aggression detection[8] to environmental sounds
recognition[4].



3 Demo requirements
The demo runs continuously, but with explanation will take about ten minutes to visit. Requirements would
include a large screen or beamer and a table for it.
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Abstract
The GIS and mobile navigation markets are large and still have growth potential. The effectiveness of end
user products in these markets is directly related to the quality of the geographic data provided. Likewise,
the importance of quality maintenance and related tools increases for digital content providers. This
demonstration paper presents a quality maintenance tool for the company Tele Atlas. It is implemented
to discover regularities, in the form of rules, and corresponding anomalies in geographic data by the
integration of an algorithm from the field of Descriptive Inductive Logic Programming (DILP). It is generic
in the sense that it discovers regularities and/or anomalies that hold over a selection of related geographic
feature and property types, and apply to a selection of geographic areas.

1 Introduction
The company Tele Atlas is a geographic content provider that collects its data by analysing satellite images,
by processing information from other organisations and by processing data that was captured on the field
by mobile mapping vehicles, which are shown in Figure 1. Even though each update to the core database
is subject to a set of fundamental quality checks, anomalies reside in the geographic data, due to human
mistakes or inconsistencies between updates from different sources. More information about the case can
be found in [2], in which also a case study with DILP is discussed in further detail.

Figure 1: Geographic data collection with mobile mapping vehicles

We integrated a prototype tool in the company’s environment that enables data engineers to automatically
mine for regularities and anomalies in the geographic data. It extracts and combines geographic data into
higher level concept knowledge, which is fed to the WARMR[1] algorithm. This algorithm finds all the
queries that satisfy a given language bias L and cover at least t interpretations of the given set of interpreta-
tionsE. These frequent queries are processed afterwards into query extensions (rules) describing regularities
that apply to the input data. Violations to these rules are the candidate anomalies. Furthermore the tool is
able to translate resulting rules into the rule engine language used by the company and to import previously
induced knowledge such that the DILP algorithm takes it into account during the search process. Note that
the tool can be used with any DILP algorithm that fits into the framework described by Stolle et al. [3].



2 Demonstration
Figure 2 depicts the component diagram of the generic rule miner. The user interaction and outcome of
each component will be shown during the demonstration, by use of a set of cases. For example, relations
between various properties of road elements are investigated in the region of NW Barcelona, which results
in the finding that 99.2% of the road elements with a specific name have importance 6. Next, violations to
the LP rule are traced and the rule is exported into the company’s format.

Figure 2: Component diagram of the generic rule miner

The Geographic Data Selection Component is controlled by an end user to manually select the regions of
interest that correspond to the application area of resulting rules. The Feature Selection and Interpretation
Partitioning Component allows the user to select a desirable way to partition the data into interpretations
using some feature and attribute types of choice. The (I)LP Data Formatting Component converts the
interpretations into the format of LP and maps the data model on a set of LP predicates. The Rule Import
Component is able to import already approved rules from the company’s knowledge base. The Modelling
Intentions Component allows the end user to reflect modelling intentions in the DILP language bias and
background knowledge. Finally, the Rule Export Component collects the context in which the global expe-
riment was set up from several modules to convert resulting rules into the company’s rule format.

3 Further specifications
This prototype tool is developed as part of an R&D research project funded by IWT (050730). It is im-
plemented in Java and uses the WARMR implementation of the ACE Datamining System (K.U.Leuven).
It interfaces with the APIs provided by Tele Atlas to acquire geographic data (from an Oracle database
running on the local system) and the data model. It uses the mProlog libraries to trace back violations. A
JAXB library was generated from the company’s rule format XSD to enable the exportation of rules. Both
the presentation of the case and the software demonstration take 15 minutes. Special thanks to Gert Vervaet
(Tele Atlas) for the collaboration and to Katja Verbeeck (KaHo Sint-Lieven) for the suggestions made.
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Abstract

We demonstrate a high-level search system that allows users to find images of people in a database of
captioned news images. The system does not require a labeled training set with example faces of each
person; instead the system is based on the weak supervision provided by the captions. Because the system
does not rely on supervised face recognition techniques, it is possible to use it in an open-ended setting.
Given the name of the queried person, the captions are scanned for this name to yield an initial set of
candidate images. These images are further processed by applying a face detector, and then the visual
analysis of the detected faces is used to filter out the queried person in an unsupervised manner. For recall
levels up to 50% to 60% (which are sufficient to fill the first few result pages) we achieve a precision of
90% averaged over an evaluation set of 23 queries for different people.

1 Introduction
Automatic analysis of online published news streams is important as they are an increasingly important
source to fulfill the information need of people, and they publish news articles at a high frequency. Iden-
tification of faces of a certain person in news photographs is a challenging task, significantly more so than
recognition in the usual controlled setting of face recognition: we have to deal with imperfect face detection
and alignment procedures, and also with great changes in pose, expression, and lighting conditions, and poor
image resolution and quality. Our demonstration shows how to answer queries for images depicting specific
people in databases of captioned news photographs.

When searching for faces of a certain person, a simple system could (i) query the database for captions
containing the the name, and (ii) rank or filter the result images by the confidence level of a face detector to
retain only images that contain faces. An example of such a system is IDIAP’s Google Portrait1 and a also
Google’s ”advanced image search”2 has a similar feature.

Although such a system correctly rejects images without faces (or at least without detections), the per-
formance of such a system is clearly limited by the fact that it returns all images with detected faces, not
only those depicting the queried person; thus leading to a high false positive rate.

Perhaps naively, one could think of training a face recognition system for all people that appear in the
database in question. However, for a system using a large database it is completely infeasible to train a
supervised recognition system for all people we could potentially query for. Nevertheless, we could use the
information contained in captions.

Recently research [1] has shown that initial text-based results can be significantly improved by filtering
images based on analysis of the detected faces using visual features. While using the caption alone leads to a
disappointing precision of 44% (fraction of faces belonging to the queried person among all returned faces,
averaged over queries for 23 people), adding face analysis increases average precision to 71%, at a recall of
85%. The main failure of this work is in cases where the queried person’s face is relatively rare: when under
say 40% of the detected faces represents the queried person the precision may be very low (under 50%).

Recently we have shown [2] that using a form of ‘query expansion’ results can be significantly improved.
The set of news stories found by querying the captions with a name, is extended by querying the database
for names that appear frequently together with the queried person, we refer to those names as ‘friends’. We

1http://www.idiap.ch/googleportrait
2http://images.google.com



use the ‘query expansion’ —the set of faces found in images with friends appearing in the caption, but not
the queried person— to obtain a notion of whom we are not looking for.

2 Face Filtering using a Gaussian Mixture Model
We apply the query expansion idea to a generative mixture model to filter the text-based results. While we
have shown that a linear discriminant method slightly outperforms the generative mixture model, the former
is much faster to learn and allows it to be used in a real-time system. A Gaussian mixture model can be used
by framing the problem to a constrained clustering problem. We define a mixture with two components, one
to model the queried person (foreground) and one to model the background. We fix the parameters of the
background Gaussian, thus only the parameters of the foreground Gaussian have to be estimated.

We associate an unknown assignment variable γ ∈ {0, . . . , F} with each document in the query set, to
represent which, if any, of the F faces in the image belongs to the queried person, i.e. the foreground com-
ponent. We define a mixture model over the features of the detected faces F = {f1, . . . , fF }, marginalizing
over the unknown variable γ (1-2). Which component is used in p(fi|γ) depends on the value of γ, the
foreground component is only used if i = γ (3).

p(F) =
F∑
γ=0

p(γ)p(F|γ) (1)

p(F|γ) =
F∏
i=1

p(fi|γ) (2)

p(fi|γ) =
{N (fi;µBG,ΣBG) if γ 6= i
N (fi;µFG,ΣFG) if γ = i

(3)

We use the EM algorithm to maximize the log-likelihood of the set of faces in all documents with
respect to the parameters of the foreground component. After optimization we use the maximum likelihood
assignment to determine which, if any, face represents the queried person. This model implements the
constraint that only one face per document may be selected.

In the case of query expansion, we use a more elaborated background component. Instead of a single
Gaussian representing all background faces, we use a Mixture of Gaussians, each representing a face from
the query expansion and one for the other background faces. The Gaussians for the faces from the query ex-
pansion are learned with the method described above. As before during learning the foreground parameters
we fix the background model, and only the parameters of the foreground model are optimized.

3 Demonstration
We present a web-based search interface to a large collection of news photos with captions. The system is
able to find quickly images that contain the face of the queried person. We show the results of (i) filtering
faces after text-based queries, and (ii) using our system based on query expansion. Face Finder is developed
by the authors at the Learning and Recognition in Vision (LEAR) team of INRIA Rhône Alpes, Grenoble,
France. It was part of an research internship supported by VSBfonds and the EU funded project CLASS
(Cognitive-Level Annotation using latent Statistical Structure, http://class.inrialpes.fr/). The
system runs on a standard laptop, and the demonstration takes about 15 minutes.

The demo of the generative model with query expansion on the Yahoo! News data set is also available
at http://lear.inrialpes.fr/˜verbeek/facefinder.

References
[1] Matthieu Guillaumin, Thomas Mensink, Jakob Verbeek, and Cordelia Schmid. Automatic face naming

with caption-based supervision. In IEEE Conference on Computer Vision & Pattern Recognition, 2008.

[2] Thomas Mensink and Jakob Verbeek. Improving people search using query expansions: How friends
help to find people. In 10th European Conference on Computer Vision, 2008.

400 Thomas Mensink and Jakob Verbeek



OperettA: A Prototype Tool for the Design, 
Analysis and Development of Multi-agent 

Organizations

Daniel OKOUYAa     Virginia Dignumb 

a Dept. Information and Computing Sciences, Utrecht University 
3508 TB Utrecht, The Netherlands 

Abstract 

OperettA is a graphical tool that supports the design, verification and simulation of OperA models. It 
ensures consistency between different design parts, provides a formal specification of the organization 
model, and is prepared to generate a simulation of the application domain.  

1 Introduction 
The OperettA is an IDE (Integrated Development Environment) developed to support the design, analysis 
and development of agent organizations using the OPERA methodology [1]. It is intended to support 
software engineers and developers in both developing and documenting the various aspects of specifying 
and designing a multi-agent organization 

The OperA model proposes an expressive way for defining open organizations that explicitly 
distinguishes between the organizational model and the agents who will act in it. That is, OperA enables 
the specification of organizational requirements and objectives, and at the same time allows participants 
to have the freedom to act according to their own capabilities and demands.  The OperA framework 
consists of three interrelated models. The organizational model (OM) is the result of the observation and 
analysis of the domain and describes the desired behavior of the organization, as determined by the 
organizational stakeholders in terms of objectives, norms, roles, interactions and ontologies. The social 
model (SM) maps organizational roles to specific agents. Agreements concerning the role(s) an agent will 
play and the conditions of the participation are described in social contracts. The interaction model (IM) 
specifies the interaction agreements between role-enacting agents as interaction contracts. 

The Electronic Institution Development Environment (EIDE) for ISLANDER which results in an 
AMELI [2] implementation can be seen as similar to OperettA. However, EIDE is developed among 
other things for the specification of fully regimented institutions, and as such does not meet the OperA’s 
requirements of internal autonomy and collaboration autonomy [1]. OperettA has been implemented 
following the model driven software development paradigm, which enables the introduction and 
combination of different formal methods hence enabling the modeling activity through systematic advices 
and model design consistency checking. 

2 The OperettA Architecture 
The Operetta prototype is implemented using MetaEdit+1, a generic customizable model driven software 
development environment suitable for prototyping. The prototype incorporates Racer DL2 reasoning 

                                                 
1 http://www.metacase.com/ 
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system, SWI-prolog interpreter3, MCMAS4 model checker and Brahms5 as a possible simulation 
environment.  The OperettA Architecture, which is depicted in Figure 1, is further described below. 
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Figure 1 - The OperettA conceptual Architecture 
 

Following the model driven paradigm, OperettA consists of 3 different levels. The Meta Level is 
directly based on the OperA conceptual framework and provides its syntax and semantic specifications. 
Syntax is derived from the OperA BNF and semantics are defined as an OWL6 ontologyi. At the Model 
Level the development environment for OperA OM specifications is defined. It provides a multi-viewed 
GUI (graphical user interface) and model verification support. At this level, a Platform Independent 
Model (PIM) is constructed for the organization which is semantically checked trough OWL. Finally, the 
Implementation Level (under construction) enables the generation of Platform Specific Models (PSM). 
Brahms is currently used as a simulation environment for organizations in which normative properties of 
the organization can be verified for different populations with emergent behavior.  

3 Conclusion and Future Works 
OperettA with its underlying model driven architecture that take into account semantic provides 
interesting features that are extremely useful in the modeling of complex environments that require the 
integration of organizational structures and individual (emergent) behaviors. We are currently working on 
the integration of OperA and Brahms for the specification and evaluation of integrated models [3]. In the 
future, other implementation platforms (such as Repast) will be supported, and the tool will be integrated 
in an OperA open environment that enables the participation of heterogeneous agents in the same 
organization 
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1 The Buchenwald demonstrator
The ‘Buchenwald’ project is the successor of the ‘Radio Oranje’ project that aimed at the transformation of
a set of World War II related mono-media documents –speeches of the Dutch Queen Wilhelmina, textual
transcripts of the speeches, and a database of WWII related photographs– to an attractive online multimedia
presentation of the Queen’s speeches with keyword search functionality [6, 3]. The ‘Buchenwald’ project
links up and extends the ‘Radio Oranje’ approach. The goal in the project was to develop a Dutch multi-
media information portal on World War II concentration camp Buchenwald1. The portal holds both textual
information sources and a video collection of testimonies from 38 Dutch camp survivors with durations
between a half and two and a half hours. For each interview, an elaborate description, a speaker profile and
a short summary are available.

The first phase of the project was dedicated to the development of an online browse and search ap-
plication for the disclosure of the testimonies. In addition to the traditional way of supporting access via
search in descriptive metadata at the level of an entire interview, automatic analysis of the spoken content
using speech and language technology also provides access to the video collection at the level of words and
fragments. Research in this phase was dedicated to the automatic annotation of the interviews using speech
recognition technology [5] and combining manual metadata per interview with the within-interview auto-
matic annotations for retrieval of both entire interviews and interview fragments, given a user’s query [4].
Moreover, having such an application running in the public domain allows us to investigate other aspects of
user behavior next to those investigated in controlled laboratory experiments.

The second stage of the project aims at (i) the optimization of the automatic annotation procedure [1],
(ii) interrelating all available multimedia resources, such as written summaries to exact video locations or
locations to maps or floor plans [2], and connected to this, (iii) further development of a user interface that
allows for the presentation of this information given the various user needs.

While survivors of World War II can still personally tell their stories, interview projects are collecting
their memories for generations to come. Such interview collections form an increasingly important addition
to history documented in written form or in the form of artifacts. Whereas social scientists and historians
typically annotate interviews by making elaborate summaries or sometimes even full transcripts, by assign-
ing keywords from thesauri and by establishing speaker profiles, catalogs based on these manually generated
metadata do not often contain links into video documents. That is, they do not support retrieval of video
fragments in response to users’ search queries; results are typically entire videos - that may be hours long -
or (parts of) the transcripts.

The interview browse and search application of the ‘Buchenwald’ portal shows a multimedia search ap-
plication based on both the conventional, manual metadata as well as automatic speech recognition output. It
is part of a website on Buchenwald maintained by the Netherlands Institute for War Documentation (NIOD)
that gives its user a complete picture of the camp then and now by presenting written articles, photos and
the interview collection.

1Buchenwald: http://www.buchenwald.nl



After the audio tracks had been separated from the video documents, the audio was processed by the
open source speech recognition toolkit SHoUT2 developed at the University of Twente, resulting in coherent
speaker segments and a time-stamped transcript for indexing. For retrieval, the open source XML search
system PF/Tijah is being used3.

The user interface supports browsing and search in the collection. To start browsing the collection, a
user can request a list of all available videos. Each result contains links to the short summary, the speaker’s
profile, the elaborate description and the video document (Figure 1). To search the collection, a standard
text search field is provided. If results are found, they are listed in the same format as the browse list, with
the alteration that two types of results are available: interview results and fragment results.

Figure 1: Screen shots of the result list, showing the short summary, the speaker’s profile and the video
browser

Interview results imply hits in the textual, manual metadata, and fragment results imply hits in the speech
recognition output. In the former case, the terms matching the user’s query are highlighted in color in the
textual metadata. In the latter, the video link directs the user to the exact speaker segment that contains the
hit.
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1 Introduction
One interest of our research group is in (1) developing Ambient Entertainment technologies and applica-
tions that (2) interact in a coordinated way with human partners using (3) a multitude of different sensors
observing many characteristics of the partner and using (4) many different channels of expression (such as
sound, visuals, speech and embodiment with gestures and facial expressions). The Virtual Conductor project
[1, 2] concerns the development of the first properly interactive virtual orchestra conductor that can conduct
a piece of music through interaction with musicians, leading and following them while they are playing. Its
observations consist of different manners of musical processing of the incoming signal from a microphone.
The forms of its expressions are defined by the possible conducting patterns and by the timing, speed, am-
plitude and smoothness with which those patterns are expressed. The interaction is focused on the tempo of
the musicians and includes a correction module that interactively corrects the tempo when the musicians are
playing too slow or too fast.

We describe our motivation for developing such a system; related work in the areas of ambient enter-
tainment and coordinated timing, automatic music processing, virtual humans and conducting; the design,
implementation and evaluation of the Virtual Conductor; and, finally, contains a discussion of the resulting
system, general applicability of the ideas and technology developed in this project, and expected develop-
ments in the (ongoing) Virtual Conductor project.

2 Motivation
More and more, music is becoming a theme in computer based entertainment. Games in which interaction
with or through music plays a central role are on the rise (see, for example, games such as Guitar Hero,
Dance Dance Revolution, Donkey Konga and many, many more). However, for many of those games the
interaction through music is mostly one-way: the player must follow a rhythm or riff presented by the
computer to achieve a set goal. When a group of people make music, interaction is inherently simultaneous
and two-way. Both partners in a musical cooperation are alert to what the other is doing and adapt their own
performance to mesh.

In the Virtual Conductor project presented in this paper a major element is the mutual interaction be-
tween system and musician with respect to tempo and timing. Some ideas concerning temporal coordination
in interaction have been worked out preliminarily in [3], in relation to topics such as synchrony. Here we just
note the strong positive relation found in literature between synchrony and positive affect, or between syn-
chrony and a positive evaluation of the interaction, in human-human interaction, but also in human-computer
interaction. Given the literature it seems a reasonable assumption that implementation of modules for syn-
chrony can add to the enjoyment and engagement of users of computational entertainment applications. The
Virtual Conductor can be seen as one of the first ambient entertainment applications that takes a step in the
direction of harnessing interactional synchrony for improving the enjoyment and engagement of the user.

A Virtual Conductor system can be used in several ways. An edutainment application of such technol-
ogy could be in teaching student conductors. As a reflective tool, the system could show good examples as



well as examples of typical conducting mistakes or allow the student conductor to visualise different ways
of conducting a passage to see what it looks like. In combination with the complement of this artificial
conductor, namely an artificial orchestra such as the one on display in the Vienna House of Music, a system
could be envisioned that detects the student’s mistakes and graphically shows them to the student in combi-
nation with a better way of conducting. We can also envision this conductor developed further as a rehearsal
conductor. The time in which a human conductor can work with a certain ensemble is often limited; if a
Virtual Conductor could be used to rehearse the more technical aspects of a piece of music this would leave
the human conductor more time to work on the creative and expressive musical aspects of a performance.
Finally, a Virtual Conductor could also be made available through the internet to provide the casually inter-
ested layman with easy and engaging access to knowledge about, and some do-it-yourself experimentation
with, conducting.

3 Survey and Conclusions
A Virtual Conductor has been researched, designed and implemented that can conduct human musicians in
a live performance. The conductor can lead musicians through tempo, dynamics and meter changes. During
test sessions the musicians reacted to the gestures of the conductor. It can interact with musicians in a basic
way, correcting their tempo gracefully when they start playing faster or slower than is intended. Feedback
from the musicians who participated in the tests shows that the musicians enjoy playing with the virtual
conductor and can see many uses for it, for example as a rehearsal conductor when a human conductor is
not available, or a conductor for playing along with when practicing at home.

Several audio algorithms have been implemented for tracking the music as played by the ensemble.
Among those, the beat detector can track the tempo of musicians and the score follower can track where
musicians are in a score, in real-time. The possibilities of these audio algorithms reach further than what
is currently used for feedback in the Virtual Conductor and will be very useful for future extensions of the
system.

While this article presents the results of the first stages of the Virtual Conductor project, the system
is still being extended in several directions. We have been working on a detailed analysis of a corpus of
performances and rehearsals that we recorded on video, in order to find out more about the intentions and
signals used in conducting and about the structure of rehearsals. The repertoire of expressions that the
Virtual Conductor can use is continuously being extended. We are working on implementing rehearsal
modules that allow the Virtual Conductor to plan a structured series of rehearsal sessions, adapting later
sessions in response to the progress achieved in the earlier sessions. Also, the planning and scheduling
modules used to produce the conducting animations have been extensively redesigned in order to allow a
much more flexible and responsive behavior generation that can handle several expressive channels at the
same time. This will allow us to combine the basic beat patterns with an extensive repertoire of left hand
gestures, facial expressions, gaze behavior and other non verbal expressions.
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Abstract

We propose to demonstrate The Emotionally Aware Painting Fool, a novel system that combines a machine
vision system able to recognise emotions with a non-photorealistic rendering (NPR) system to automat-
ically produce portraits of the sitter in an emotionally enhanced style. The vision system first records a
short video clip of a person showing a basic emotion. The system then analyses this video clip, locating
and tracking facial features, recognising the basic emotion shown and when this emotion was strongest.
This information is then passed to the NPR software. The detected emotion is used to choose appropriate
(simulated) art materials, colour palettes, abstraction methods and painting styles, so that the rendered
image may heighten the emotion being expressed. The live demonstration shows how each element of
The Emotionally Aware Painting Fool functions and producesa portrait in approximately 7 minutes.

1 Introduction

We are interested in the notion of computational creativity, in particular the question: under what circum-
stances (if any) is it appropriate to describe the behaviourof a computational system as creative. Visual art is
a domain where human creativity flourishes, so Non-Photorealistic Rendering (NPR) – where art materials
and artistic styles are simulated – would appear to be an ideal domain in which to test computational models
of creativity. Unfortunately, however, NPR researchers have tended to eschew the potential for software
to act as creative collaborators in art projects, opting instead to build systems which merely enhance the
efficiency/creativity of users. In fact, due to its close relationship with human creativity, some authors seem
almost apologetic about simulating artistic techniques.

We disagree with this assessment, and we are currently building an automated painter (called The Emo-
tionally Aware Painting Fool) which we hope will eventuallybe accepted as a creative artist in its own
right. We have taken the approach of identifying what appearto be some necessary high-level conditions
for creative behaviour. One such condition is that the software exhibits appreciation in its behaviour, and we
describe here how we have addressed the issues of the software appreciating both its subject matter and the
way its rendering choices affect the picture it produces. Tostart addressing these issues, we added an expert
system to The Painting Fool which takes a description of the sitter’s facial expression, and chooses from an
extensive range of abstraction, colouring and rendering methods which – taken together – specify an artistic
style appropriate to the emotion shown.

The demonstration was build initially for the British Computing Society’s Machine Intelligence Award
2007, which the authors won. The demonstration runs on a laptop, with the video being captured by a small
webcam, and a projector used to show the progress of the system on a screen.The demonstration takes about
7 minutes for each portrait painted and is intended for the general public: no technical knowledge is required
from the sitters. The system on which this demonstration is based has been described in detail in [1].

2 Facial expression analysis

We used a fully automated system [3] that can recognise the six basic emotions: anger, disgust, fear, happi-
ness, sadness or surprise. The system uses features based onthe geometric relations between fiducial facial



Figure 1: Example portraits. Emotions expressed, from leftto right: fear, happiness, disgust, anger, sadness,
and surprise.

feature points. Using a combination of GentleBoost featureselection and Support Vector Machine classifi-
cation we detect the activation of facial muscle groups, so-called Action Units (AUs, [2]). Ekman et al. have
shown that it is straightforward to recognise which expression of emotion was displayed if we know what
AUs were activated during that expression [2]. In our approach we use neural networks to map the detected
AUs to an emotion.

Recently, we have proposed a system that is capable of analysing both the morphology of an expression
(i.e. determine which AUs were present) as well as the temporal dynamics of an expression [3]. For each
AU we find exactly when the facial action starts, when it reaches its peak, when it starts to return to neutral
and when it has returned to its neutral phase. We use this knowledge to find the frame in a video in which
the emotion is displayed strongest. This frame is then sent to The Painting Fool, together with information
about which emotion was recognised and the location of the facial points in that apex frame.

3 The Painting Fool NPR System

The NPR system is given a digital image which may or may not have been annotated with the boundaries of
scene-elements within the image (for instance, the user might choose to provide details of where the eyes,
nose and mouth of a person are in a digital image). It producesan artistic rendering of the image in a two-
stage process. Firstly, it segments the entire image and separately segments the scene-elements producing
a list of segmentations. Secondly, it takes each shape in each segmentation and renders it with simulated
art materials such as acrylic paints, pastels, pencils, etc. We do not claim that our NPR techniques are
particularly novel. However, we believe that by applying the NPR techniques that are selected by the expert
system to be appropriate to the emotion shown, we can enhancethe emotional expression of a portrait.

4 Emotionally Aware Portraits

To produce the most impressive demonstration, we opted for full automation, with the demonstrators having
only to start and stop a video camera into which subjects wereasked to express an emotion, for example by
smiling. The Emotionally Aware Painting Fool produces its pictures live, i.e., it renders each stroke in real
time, which can add value to the demonstration. The full rendering process can take minutes or hours, so
we chose artistic styles for each of the emotions which wouldcomplete the picture in around three minutes.
In Fig. 1, we present some example portraits for each emotion. More examples can be found on the website
www.thepaintingfool.com.
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Abstract 

A multi-agent model of trade in mono-cultural and multi-cultural setting will be demonstrated. The model 

allows for configuration of cultural background in individual agents, according to the Hofstede’s five 

dimensions of national culture. The model is built as a tool for social-scientific research into the efficiency 

international trade and supply chain formation, in particular in a context of institutional economics. The 

emergence of different trade patterns under different cultural settings will be demonstrated. 

1 Theoretical background 

A series of papers by G.J. Hofstede et al. [1, 2, 3, 4, 5] describe the differentiation of behavior of 

individuals in trade processes according to the individual’s cultural background. The papers are based on 

the work of G. Hofstede [6], who found that national cultures can be characterized according to five 

dimensions: 

• the extent to which the less powerful in a society expect and accept that power is distributed 

unequally (power distance, or hierarchical versus egalitarian cultures); 

• the extent to which the members of a society can accept that certain things are unknown and that 

rules for behavior are ambiguous (uncertainty avoiding versus uncertainty tolerant cultures); 

• the extent to which the members of a society feel to be individuals responsible for their personal 

interest or group members responsible for common interest (individualism versus collectivism); 

• the extent to which the members of a society are oriented toward performance and competition 

or toward care-taking and co-operation (masculine versus feminine cultures); 

• the extent to which the members of a society pursue status, consumption, and immediate profit, 

or pragmatically pursue long-run goals and virtues (short-term versus long-term orientation). 

The papers by G.J. Hofstede et al. [1, 2, 3, 4, 5] define rules for culturally differentiated behavior of 

trading agents in the processes displayed in figure 1. The purpose of these models of culture is to advance 

the understanding of international trade processes and supply chain formation in different mono-cultural 

and multi-cultural settings, in a context of institutional economics, and to compare the efficiency of 

institutions. The research method in which the models are applied, combines multi-agent simulation and 

human gaming simulation, as indicted in figure 2. For examples of such research, see [7, 8]. 
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      Figure 1. Process model of trading agents                                      Figure 2. Research cycle 



2 Multi-agent Simulation 

The simulation application allows for configuring individual agents with cultural parameters,  

representing the Hofstede dimensions, and some personal traits, like impatience, and  negotiation 

preferences and parameters. Agents have a role of either supplier or customers. They trade a commodity 

that has a hidden quality attribute, so the suppliers have an opportunity to cheat the customers. The 

customers can either trust the suppliers, or put their purchases to the test with the tracing agent, that will 

at the cost of a fee inform them about the real quality, and fine the supplier in case of deceit. A number of 

suppliers and a number of customers can be configured for a simulation run, with all customers connected 

to all suppliers. They may freely select a partner and send a trade proposal, and their partners are free to 

respond or ignore a proposal. Agents can enter into negotiations with only one partner concurrently. They 

may come to an agreement, or break-off negotiations if they feel there is insufficient progress or the 

partner makes unrealistic proposals. They may simple not respond any longer to partner’s proposals, in 

which case the partner will start searching for a new partner after waiting for a while. Thus trade patterns 

emerge, of which some important observables, to be made at group level or for individual relations, are: 

• the number of successful transactions, 

• the average quality of commodities traded, 

• the number of tracing requests, 

• the number of revealed/unrevealed deceits, 

• the number of failed negotiations, 

• average duration of negotiations. 

The application that will be demonstrated, has been implemented in Cormas 

(http://cormas.cirad.fr/indexeng.htm). The demonstration will show the emergence of patterns of some 

observables in different settings. 
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