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Proxybased Volume Haptics

Proxybased methods for volume haptics use a
proxy point to internally represent the haptic
probe. The haptic behaviour is controlled by
moving the proxy and the force feedback is
calculated from a virtual springdamper
connecting the proxy and the probe.

Haptic Mode
Volumetric Data

Data are extracted at the probed position in the volume and
used to control the parameters of the haptic primitives,
thus indirectly controlling the haptic feedback.

Applications

CFD Simulation

Haptic Primitives

The haptic primitives controlled by the volumetric data properties define the
local haptic behaviour which then reflects the local data in the volume.
Depending on which primitives have been selected as a representation of the
data, and depending on how their parameters are controlled, the resulting
haptic mode produces different haptic behaviour. Each primitive has an
individual strength, direction and position.
Plane Constraint

The plane primitive is a 1D constraint, used to
simulate surfaces.
Line Constraint

The line primitive is a 2D constraint, following the
"bead on a string" metaphore.

The SHARC aircraft is an
experimental unmanned aerial
vehicle (UAV). In this example
the air flow from a computational
fluid dynamics simulation (CFD)
is explored using multimodal
interaction. While only simple
properties can be rendered
visually without cluttering
the display, the haptic
feedback
provide
continuous representations
of the data and physical
guidance throughout the
volume.
Heart Bloodflow

Modern MRIscanners are capable of
aquiring animated bloodflow data
from withing a beating human heart.
Both the poor tissue contrast of this
kind of data and the fact that the
noisiness of MRI data makes
automatic extraction of features
difficult, makes it an interesting target
for multimodal methods. The haptic
feedback
helps
the
radiologist
understand the flow and guides the
exploration both physically and
mentally.

Point Constraint

The point primitive is a 3D constraint, providing a
resistance to motion in any direction.
Directed Force

The directed force primitive
generates a force in the
defined direction.

Timevarying CT Heart

Handling of Dynamics

The haptic primitives represent
features in the data. When time
varying data changes or its
position is changed through
updates in the model transform,
the haptic primitives must be updated to correcly represent the moved palpated
position. Without this consideration of changes, a haptic feature can move
through the haptic instrument and not produce haptic feedback. With the
implemented technology, the haptic feedback is made consistent with dynamics
of the data.
Data dynamics caused by a varying model transform are implicitly defined by
the changes in the transform. Dynamics in sequences of volumes representing
timevarying data are explicitly represented by a motion field.

A CT volume sequence of a beating human heart has been aquired by
synchronizing a CT scanner with EKG. This data contains important
information
about
the
dynamics of valves, artria
and ventricles. The dynamics
of the data are, in this
example
of
multimodal
exploration, reflected through
both visual and haptic
feedback thereby facilitating
the understanding of complex
phenomena
for
medical
diagnosis, for example.

Primitives Solver

The proxy position that represents the haptic feedback through the virtual springdamper for each time frame is found by balancing the force feedback from the spring
damper against the force from the primitives. This is done by the primitives solvers. First the system tries a fast and high precision solver, and if this fails the system falls
back on a second more general solver.

High Precision Analythical Solver

We have designed an analytical method for solving the balancing equation
and so find the position of the proxy. This solver makes use of the common
situation where haptic primitives are in configurations that produces
orthogonal constraints.
The analytical solver is based on iterative movements the proxy point in
accordance with the haptic primitives in turn. During these iterations the
proxy position represents the force exerted by the applied haptic primitives,
onto the currently processed primitive.

General Numerical Solver

If the orthogonality requirement for the analytical solver is not fulfilled,
the solver fails and the system needs to fall back on a more general solver
that is capable of handling any combination of haptic primitives, even non
orthogonal configurations.
This solver performs a steepest descent approach towards the minization
of the balancing between the feedback and the force from the primitives.
By iteratively moving the proxy in the direction of the residual force from
the balancing, the minimization error is gradually removed.

