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Kinaesthetic Metaphors
The first developed and most straightforward implementations
of volume haptics make use of a direct mapping from vector
properties in the data at the probed position to a force feedback.
Recent research indicates that the information flow can be
improved by using alternative metaphors that represent the
structure of the data through shapes that are more naturally
connected to the manner of interaction, as described for example
by exploratory procedures.

In this paper we explore the possibility to simultaneously represent, in a
comprehensive way, more than one property through the haptic feedback by
dividing the feedback into the two components of the haptic sense. We propose
the use of kinaesthetic metaphors overlaid with tactile information about the
data. These two channels of information can be considered independent —
vibrations with small amplitudes are detected by subcutaneous, tactile sensors,
while relatively slow but large movements and forces are detected by
proprioception, sensors in muscles and joints.

Semiimmersive Environment

Roughness Metaphor
The roughness metaphor for volumetric data provides a 3D
analogy to the roughness felt on surfaces. It can be used in
scientific visualization to reflect scalar volume data, or scalar
properties of vector data such as the flow magnitude.

Transition Cue Metaphor
The transition cue metaphor provides a transient vibration to
indicate for example the passing of an isosurface. This can be
used to indicate any transition between regions, for example
segmented tissues or areas of different vorticity.

Subject's Opinions
Some of the subjects expressed a lack of cues about the structure
of the data presented through the vibrotactile metaphors. The
subjects regarded the roughness metaphor as marginally better
than the transition cue metaphor at conveying structure, since it
has an extended distribution. This makes it possible to stroke
along a structure and get a sensation of its shape and position. The
transition cue metaphor on the other hand is only activated upon
crossing the structure. There is no notion on the direction of the
crossing, whether the probe was moved perpendicular to the
structure or at an acute angle even almost parallel to the structure.

Poster Weblinks

The application was programmed in C++,
Python and X3D using H3D API and Volume
Haptics Toolkit and is running on a Sense
Graphics IW presenting active stereo 3D
graphics and colocated haptics through a
Desktop PHANToM.

Evaluation
An evaluation has been performed to determine the effectiveness of this approach, to answer
the question of whether or not a user of the system can make sense of the tactile cues while
exploring data using a kinaesthetic metaphor. The
task for the subject was to find a combination of
features represented by the two metaphors.
Eight subjects were used in this evaluation, all
experienced with scientific visualization but with
varying experience with haptics and haptic
visualization.

Quantitative Data Analysis
The mean and standard deviation of the current location accuracy data were 14.1
and 9.7 mm, respectively, using the roughness metaphor and 7.6 and 7.0 mm,
respectively, using the transition cue metaphor.
The accuracy is found to be, with a confidence
level of 99%, in the range 10.7–17.6 mm using
the roughness metaphor and 5.1–10.1 mm using
the transition cue metaphor. By comparison, the
accuracy by chance is in the current working
space about 53 mm, and the size of the feature is
20x40 mm for the roughness metaphor and 20
mm for the transition cue metaphor.

Conclusions
The study presented in this paper shows that spatial vibrotactile cues can be used together with
kinaesthetic feedback as representations of volumetric data, that this combination is effective and
that a combination of features from the two metaphors can be
identified and located in space. The spatial accuracy was shown
to be within the centimetre range, even better than the order of
the size of the target. The study also shows that the design of the
vibrotactile metaphors has a strong impact on the spatial
precision, as has already been shown for kinaesthetic feedback.

