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Introduction

Much of everyday life communication takes place in dynam-
ic and complex environments with background sounds, mov-
ing sound sources and reverberation. When relying solely on
auditory cues, the full communication potential cannot be
lifted. Particularly in difficult listening situations the human
perceptual system incorporates non-auditory information
from our behaviour: body gestures, poses, head gestures, and
facial movements including speech (lip) reading infor-
mation. The contribution of these cues has been studied in
isolation for many years, but their combined contribution in
real-life situations is not yet understood. Since such situa-
tions are difficult to control and repeat in real life, virtual
reality laboratories can be used to place participants in an
ecologically valid environment. To this end, our team has
developed a virtual audio-visual environment reproducing
the TheresienstraBe U-Bahn station located in Munich [1],
[2], using the real-time Simulated Open Field Environment
(rtSOFE) [3], [4], a CAVE-like virtual audio-visual space in
the acoustic free field of an anechoic chamber.

Several studies have already been conducted in this virtual
environment, characterizing individual behaviour during
conversation [5], [6]; however, such studies do not allow us
to examine how we react to these behavioural cues. Indeed,
during free-flowing conversation, a wide variety of situa-
tions arise, but it is difficult to compare them across conver-
sations involving different participants. This is where avatars
can help as they offer total control over possible interactions,
as well as complete reproducibility across sessions.

An interesting experimental approach in this context is the
"Wizard-of-Oz" paradigm. This method involves having
participants interact with an avatar that is remotely con-
trolled by the experimenter. Utilizing a pre-recorded anima-
tion and dialogue script, the experimenter selects the appro-
priate response to deliver. As responses are pre-recorded,
their reproduction quality can be analysed and multimodal
cues can be carefully controlled and manipulated.

This raises the question of how these avatars are created.
The use of avatars has become increasingly common in
perceptual studies. A key consideration is the accurate re-
production of facial movements. As demonstrated by Pollack
et al. [7], observing the speaker's face significantly improves
speech comprehension performance, particularly in noisy
environments. Several studies [8], [9] have shown that cur-
rent video-to-avatar generation techniques also facilitate this
audio-visual integration; however, they do not yet achieve
the level of performance offered by a real human face.

In this presentation, we will outline the pipeline for captur-
ing body and facial motion of human participants, for ex-
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tracting relevant cues and animating avatars with them in a
manner compatible with our laboratory’s requirements.

Animation Pipeline

The animation production pipeline we use relies partly on
commercial software to ensure we are using the latest indus-
try technologies, but also on tools developed within our
laboratory that are specifically suited to our research needs.
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Figure 1: General concept of the avatar pipeline

Facial Animation

Faithful reproduction of facial movements is crucial in a
communication context. We employ a facial capture camera,
Mark IV Wireless Headcam system, and the associated
software solution, both provided by Faceware (Faceware
Technologies, Inc., Los Angeles, CA, USA). In addition to
providing high-quality facial capture (1080p / 60fps), their
software allows for precise work on the animation.

The Faceware solution comprises two software programs:
Analyzer and Retargeter. The former extracts facial land-
marks from the video, while the latter applies the movements
to a 3D character. This offline method allows for manual
editing at each stage, enabling us to prepare or correct indi-
vidual frames to optimize precision of facial movements.
This is useful for adapting certain visemes that can be par-
ticularly problematic or confusing during automatic extrac-
tion.

Body Animation

We record full-body motion data for the avatar using the
OptiTrack system in the same way as done in previous stud-
ies analyzing participant movements [6], [10]. Movement
information and the skeleton associated with the recorded
actor are extracted using Motive (OptiTrack, Corvallis, OR,
USA). These two elements are required to enable the appli-
cation of the captured movements to arbitrary avatars within
a game engine through motion retargeting (i.e., transferring
motion from a source skeleton to a target avatar).

Data processing and storage

The exported data is processed in the 3D software Maya
2024 (Autodesk, San Francisco, CA, USA), from which it is
exported via a Python script into a MATLAB file.
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The purpose of this script is to retrieve, for each articulated
element of the face or body, all points that make up the ani-
mation curves. This file therefore contains a vector for each
element, as well as the timeline associated with the anima-
tion.

Experiment control plugins

In addition to the methods outlined above for capturing ani-
mations, we require the ability to play them back and control
them within the framework of our perceptual studies. Our
audiovisual perceptual experiments are implemented in
MATLAB R2024b (The MathWorks, Inc., Natick, MA,
USA) for data acquisition, stimulus triggering, and related
processes, and in Unreal Engine 5 (Epic Games, Cary, NC,
USA) for interactive environments and 3D representations. It
is therefore essential to integrate avatar animation within the
same experimental codebase. To this end, we developed two
in-house plugins, one for each software, that provide control
over avatar animations and can be readily integrated into our
current experimental workflow. These plugins are:
matStreamer (control from Matlab) and rtMotion (reception
of data in Unreal). Communication between these compo-
nents occurs via OSC.

A key advantage of this approach is that once the avatar is
properly configured in Unreal, it is no longer necessary to
modify the scene to change or add new animations, e.g. if
different sentence material is to be animated.

matStreamer

This Matlab function’s primary role is to retrieve animation
data, prepare the OSC messages that will be sent, and store
them in memory. It then triggers the sending of these mes-
sages according to the chosen frame rate.

The data, including IP addresses, ports to contact, and loca-
tions of files to play, are transmitted via configuration .json
files.

Once the files are pre-loaded, it is possible to trigger their
playback either through an OSC message or via a GUI.

rtMotion

This Unreal plugin comprises several elements:

e rtMotionParameter: An element to be added to the
MetaHuman avatar in the scene that allows for pa-
rameterizing the OSC reception server and pointing
towards animation blueprints controlling the face
and body of the avatar.

e  Generic animation blueprints adaptable to the data
stream sent by the rtMotionParameter.

e  Generic retargeters enabling a link between skele-
tons such as those derived from our motion capture
system and MetaHumans.

Discussion and Future work

This paper presents an animation pipeline developed to facil-
itate interactive studies aimed at identifying key factors and
their impact on both listener and speaker during the commu-
nication process. Unlike many existing animation pipelines
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used in research, which rely on automated control, our ap-
proach prioritizes enhanced manual control, enabling precise
manipulation of facial cues. Leveraging established com-
mercial products, we have also developed plugins that allow
for the implementation of communication experiments with
Matlab-based control, specifically designed to support Wiz-
ard-of-Oz study paradigms.

Prior to proceeding with Wizard-of-Oz studies, our next step
involves validating the benefits of this facial animation
method in terms of speech intelligibility.
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