
European Union RTN Summer School on Multi-Agent Control, NUI Maynooth, Sept. 8th – 10th 2003 

Probability Based Multimodal Feedback 
for Gesturing  Systems  

Parisa  Eslambolchilar 1, Andrew Crossan 1, John Williamson 2, 
and Rod Murray-Smith 1&2 

Hamilton Institute, NUI Maynooth1. 
Department of Computing Science, University of Glasgow2. 

Dynamics 
Viscosity - The viscosity effect provides a resistive force proportional to the user’s velocity, 
rather than perturbing the user's movements. Context information could be presented as 
high viscosity to indicate areas of  low interest, and low viscosity to indicate areas close to 
targets. 

Gravity - The gravity effect pulls the user towards a probable target.  The gravitational force 
would be proportional to the distance to the target.  Gravitational forces from a series of  
targets builds a vector field that attracts a user strongly towards a target when there is a high 
degree of  certainty and weakly when there is uncertainty. 

Tunnels - The tunnel effect would restrict the user’s movement to specific paths through 
the environment leading to targets.  This would allow the user to navigate to their goal while 
reducing targetting errors.  

Auditory Feedback 
Much of  the interface work on wearable computers (more 
complex and fully equipped computers than PDAs) tends to 
focus again on visual displays, often presented through head-
mounted displays. These are often heavy and hard to use in 
bright daylight, plus they occupy the users’ visual attention 
and it is not safe when users are driving, running or talking 
with others. Our novel aim here is to try to create a system 
that uses little of  our users’ visual attention and to see how 
effective such a system can be. Initial work has shown non-
speech audio to be very effective in improving interaction on 
mobiles. It allows users to keep their visual attention on 
navigating the world around them and allows information to 
be presented to their ears. 

The Goal 
The goal of  the research is to aid human-computer interaction in steering and targetting tasks through the presentation of  multimodal, probablistic 
feedback, and develop new interaction techniques combining sound and gestures that are usable on the move . By dynamically adjusting the properties 
of  a system,  interaction can be improved such that  probable actions are easier to perform.. 

Force Feedback 
Force feedback devices (such as the 
PHANToM from SensAble Technologies) 
stimulate the kinesthetic system, restricting the 
motion of  users by applying forces.  The 
PHANToM allows a user to interact with a 
virtual environment through a single point.  
The user can move freely in 6 degrees of  
freedom (translational and rotational).  The 
device can also provide 3 degrees of  high-
resolution force feedback to resist or assist 
motion in the X, Y and Z dimensions.  These 
forces can be adjusted dynamically to support 
probable actions 

Vibrotactile Feedback 
Vibrotactile technologies (such as Tactaid) 
produce vibration to stimulate the skin.  By 
varying the frequency and amplitude of  the 
vibation different sensations can be created.  
These parameters can be structured to provide 
context information to the user. 
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Probabilistic Gesture/Audio Interplay 
The method used in this project for deriving sound from gestural interaction is based on 
fundamental statistical and dynamic features of  the mathematical models of  gestures and 
classification, which are then transformed and mapped onto audio display.  

We believe this makes this proposal unique in terms of  the new, interdisciplinary approach to 
the problem. In most recent publication on this type of  work done by Williamson & Murray-
Smith[1] they have used granular synthesis approaches to link a range of  probabilistic models 
which map observable variables to belief  states.  

This provides an extremely flexible mapping from scientific and engineering models to audio 
display, and generates audio feedback with much more interesting texture and responsiveness.  

An example of  a two-dimensional state 
space mapping onto an 11-dimensional 
belief  space (in this case a simple mixture 
of  Gaussians).  
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Mobile Gestural Interfaces  
We have augmented mobile devices with a miniaturised 
3 degree-of-freedom accelerometer, which can respond 
to tilting and linear accelerations. Accelerometer 
readings can be used for both direct input from the 
user (in the form of  gestures) and for sensing context, 
for example detecting walking motion. This form of  
input is of  value on mobile devices where traditional 
mobile input methods are often unsuitable -- touch 
screens require visual attention, which may already be 
heavily loaded, and the performance of  voice based 
technologies is often reduced by the presence of  
background noise.  By incorporating a dynamics model, 
the sensed accelerations can be transformed to behave 
in a way similar to the haptic effects. Such models can 
be continuously adapted to take into account changing 
probabilities of  particular goals, guiding the user 
towards likely potential goal states. Feedback from 
audio and vibro-tactile devices allows users to control 
the system in a closed-loop manner, without requiring 
significant visual attention. 
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