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KEY ISSUES

A convincing immersion in virtual environments
requires multimodality, i.e. stimulation of visual,
auditory, and haptic receptors. The scientific un-
derstanding of our haptic perception (force, touch,
temperature), particularly concerning touch, lags
behind that of the other senses. This project inves-
tigated three major issues on the way to a “touch-
ing presence”: Fundamental Psychophysical Re-
search, Haptic Illusions, and Haptic Technology.

TECHNICAL METHODS

Fundamental Psychophysical Research

To explore the basis of human haptic perception,
psychophysical and neuro-physiological methods
are used. Insights into early cortical processing of
haptic interaction are obtained, e.g. using fMRI
(functional Magnetic Resonance Imaging). Special
issues are object representation and recognition,
attention, and the interaction of vision and touch.

Haptic Illusions

To circumvent current limitations in actuator tech-
nology, haptic and multimodal illusions are ex-
plored, which effect presence through perceptual
tricks. The relative importance of cues like rough-
ness, vibration, and shape is investigated by psy-
chophysical methods, aiming at a comprehensive
mathematical modeling framework with system-
atic design guidelines for multimodal systems.

Haptic Technology

High-definition haptic systems are investigated to
allow psychophysical evaluations, and to provide
a testbed for future applications. An advanced
haptic feedback device is combined with a novel
tactile shear force display. A study of new physi-
cal principles for force generation is performed,
and the candidate technology of magnetorheologi-
cal fluids is implemented in a prototype.

RESULTS

Modeling of the Human Perceptual System

We studied the basic mechanisms of touch, in-
volving neurophysiology, psychophysics, and
functional mappings in the brain. We verified e.g.
the hypothesis that object recognition, movement
detection and spatial localization is commonly
processed in the visual ventral and dorsal ex-
trastriate cortical areas, independently from the
sensory modality. Furthermore, we found out that
humans integrate sensory information in a statisti-
cally optimal manner.

Haptic Human System Interfaces

The developed haptic displays cover a large range
of possible applications. E.g. the ViSHaRD10 is a
hyper-redundant haptic display that offers a large
workspace, high dexterity and high payload. The
Multilevel Haptic Display renders surfaces at high
fidelity. Tactile displays like the Shear Force Dis-
play or the Pin Actuator Display extend the cur-
rent technology by providing new stimuli and new
actuator technologies. Additionally, we developed
sensors and actuators for tactile flow and for the
use in fMRI applications. A modular concept of
the developed systems was realized, resulting in a
Combined Kinesthetic Tactile Display.

Software to Synthesize Complex Virtual Sce-
narios

The developed I-TOUCH software for bench-
marking haptic research is already operational and
could be used for the generation of sample haptic
applications with various commercial and non-
commercial haptic devices. Also, the developed
interactive 3D data navigation system is already
applied in clinical applications. It has been in-
stalled at the Radiology Department of the Uni-
versity Hospital Zurich, and has been applied to a
number of patient cases to support the medical
staff.





