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Introduction

The human vision is often considered to be our most important
channel of information. It is fast, intuitive and provides a high information bandwidth. Visualization technology and computer graphics, however, pushes the boundaries towards information overload.
In these cases the introduction of haptics can be of great assistance, providing realistic interaction, natural constraints and improved control. It can also be used in a range of applications to
intuitively reinforce visual information and provide guidance for
increased speed and precision.
Applications and technologies for haptic interaction and feedback
in the litterature typically based on the interaction with surfaces,
such that we encounter in reality. These aim at providing a realistic
copy of real stimuli. The power of computer generated haptic feedback, however, is not limited to mere surfaces. This presentation
reviews applications and implementations that are empowered by
the use of non-surface data or feedback metaphors.
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Virtual Prototyping

Volumetric data can be used to describe real object for surface simulation. Since a volume is structured, algorithms applied on such
data can be made much faster than on unstructured data, such as
polygonal meshes. This effect has been applied in algorithms for
virtual prototyping, for example in the Voxmap Point-shell method
by McNeely in [McNeely 1993], where the static world is converted
into a volumetric mesh and the haptic probe is converted into a point
cloud. For each single point in the cloud the proximity and interaction with the imlicit surfaces in the volume can be effectively
calculated and the combined effects can be used to simulated both
translational and rotational feedback. This approach can also be
made stable for most situations [Wan and McNeely 2003].

3

Scientific Visualization

The immense amount of information in scientific, volumetric data,
such as the medical Computer Tomography (CT) and the simulated
Computational Fluid Dynamics (CFD), can be overwhelming and
overly complex in a purly visual interface. The addition of haptic
cues and guidance has great potential to increase the capabilities
of such interfaces. A formative study presented in [Lundin et al.
2006] identifies two primary uses of haptic feedback in volume visualization: information, both reinforcing visual impressions and
providing complementary cues, and guidance, for finding and following features as well as mental guidance. To achieve this goal
there exists a range of haptic representations of data.
A straightforward approach to provide guidance in volumetric data
is to render a pushing or pulling force towards an area of interest
or in the direction of the gradient vector, e.g. as presented in [Wall
et al. 2002; Olofsson et al. 2004; Bartz and Gürvit 2000; Lawrence
et al. 2004]. Several researchers have also described the use of the
force metaphor to convey information about scalar data to a user.
This approach was first introduced by Iwata et al. in [Iwata and
Noma 1993] where a force in the direction of the gradient vector is
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used to represent the orientation of scalar data in combination with
viscosity to represent the magnitude of the local scalars. A similar
technique has been presented also by other research groups, e.g. in
[Avila and Sobierajski 1996; Mor et al. 1996; Hashimoto and Iwata
1997]. From vector data a method to convey information is to use
the vector as force feedback[Iwata and Noma 1993], although more
advanced approaches have been proposed[Pao and Lawrence 1998;
Donald and Henle 2000; Lawrence et al. 2004].
Another common way to provide feedback from scalar volume data
is to extract an explicit local or global surface (e.g. [Körner et al.
1999]) from which classical surface haptics can be calculated, or
to render the haptic feedback directly from the implicit representation of surfaces, e.g. as presented in [Salisbury and Tarr 1997;
Thompson II et al. 1997]. A similar approach can be used to generate a shape representation from vector data[Lawrence et al. 2004].
It should be noted that by defining distinct shapes, every piece of
data not part of that subset is unrepresented in the haptic rendering. Furthermore, haptic occlusion of potentially important areas is
introduced by impenetrable shapes in the volume.
The yielding shapes as a representation of volumetric data was first
introduced in [Lundin et al. 2002]. To avoid occlusion by impenetrable shapes these shapes are configured to yield if subjected to
a force exceeding their appointed strengths. Thus, the strength is a
property that can also be used to represent information in the data,
for example how distinct a feature in the data is or how certain a
shape estimation is. This approach has been used in volume visualization both to provide guidance (e.g. [Vidholm et al. 2004]) and
information (e.g. [Lundin et al. 2005b]). A powerful implementation based on haptic primitives was presented in [Lundin et al.
2005a].
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Tissue Simulation

While large body of research on surgery simulation concentrates on
surface simulation for realistic deformations and speed, tissues are
really much more than just surfaces. Volumetric representations of
tissue data and accompanying algorithms are necessary to get realistic feedback in cases where the sense of touch is of importance.
Examples can be found in simulation of both soft tissues and hard
tissues, such as bone.
There exists two main approaches for bone drilling, the first one being similar to the Voxmap Point-shell method described above. This
method was presented by Petersik et al. in [Petersik et al. 2002].
The volume mesh is here used to describe bone density instead of
proximity to static surfaces. The other approach was introduced by
Agus et al. and is described e.g. in [Agus et al. 2003]. Here the
intersection between a spherical drill and the voxels in the volume
describing the tissues is calculated. The sum of the values in the
intersection is a measure of the drill’s penetration of tissues and is
used to estimate the feedback.
A typical example of soft tissue interaction where touch is of utmost
importance is needle insertion and punctuation. In [Zhang et al.
2008], Zhang et al. use the haptic primitives described above to
simulate the haptic feedback in a spinal anaesthesia needle insertion
simulator. The haptics cues that indicate tissue penetration can be
felt and the correct procedure trained.

References

of haptic modes. Virtual Reality 11, 1 (March), 1–13. DOI:
10.1007/s10055-006-0033-7.

AGUS , M., G IACHETTI , A., G OBBETTI , E., Z ANETTI , G., AND
Z ORCOLO , A. 2003. Real-time haptic and visual simulation of
bone dissection. Precense: Teleoperators and Virtual Environments 12, 1, 110–122.

M C N EELY, W. A. 1993. Robotic graphics: A new approach to
force feedback for virtual reality. In Proceedings of IEEE Virtual
Reality Annual International Symposium.

AVILA , R. S., AND S OBIERAJSKI , L. M. 1996. A haptic interaction method for volume visualization. In Proceedings of IEEE
Visualization, 197–204.

M OR , A., G IBSON , S., AND S AMOSKY, J. 1996. Interacting
with 3-dimensional medical data: Haptic feedback for surgical
simulation. In Proceedings of Phantom User Group Workshop.

BARTZ , D., AND G ÜRVIT, Ö. 2000. Haptic navigation in volumetric datasets. In Proceedings of PHANToM User Research
Symposium.

O LOFSSON , I., L UNDIN , K., C OOPER , M., K JÄLL , P., AND Y N NERMAN , A. 2004. A haptic interface for dose planning in
stereo-tactic radio-surgery. In Proceedings of the 8th International Conference on Information Visualization ’04, IEEE, 200–
205.

D ONALD , B. R., AND H ENLE , F. 2000. Using haptics vector fields
for animation motion control. In Proceedings of IEEE International Conference on Robotics and Automation.
H ASHIMOTO , W., AND I WATA , H. 1997. A versatile software
platform for visual/haptic environment. In Proceedings of ICAT,
106–114.
I WATA , H., AND N OMA , H. 1993. Volume haptization. In Proceedings of IEEE 1993 Symposium on Research Frontiers in Virtual Reality, 16–23.
K ÖRNER , O., S CHILL , M., WAGNER , C., B ENDER , H.-J., AND
M ÄNNER , R. 1999. Haptic volume rendering with an intermediate local representation. In Proceedings of the 1st International
Workshop on the Haptic Devices in Medical Applications, 79–
84.
L AWRENCE , D. A., PAO , L. Y., L EE , C. D., AND N OVOSELOV,
R. Y. 2004. Synergistic visual/haptic rendering modes for scientific visualization. IEEE Computer Graphics and Applications
24, 6, 22–30.
L UNDIN , K., Y NNERMAN , A., AND G UDMUNDSSON , B. 2002.
Proxy-based haptic feedback from volumetric density data. In
Proceedings of the Eurohaptic Conference, University of Edinburgh, United Kingdom, 104–109.
L UNDIN , K., G UDMUNDSSON , B., AND Y NNERMAN , A. 2005.
General proxy-based haptics for volume visualization. In Proceedings of the IEEE World Haptics Conference, IEEE, 557–
560.
L UNDIN , K., S ILLEN , M., C OOPER , M., AND Y NNERMAN , A.
2005. Haptic visualization of computational fluid dynamics data
using reactive forces. In Proceedings of the Conference on Visualization and Data Analysis, part of IS&T/SPIE Symposium on
Electronic Imaging 2005.
L UNDIN , K., C OOPER , M., P ERSSON , A., E VESTEDT, D., AND
Y NNERMAN , A. 2006. Enabling design and interactive selection

PAO , L., AND L AWRENCE , D. 1998. Synergistic visual/haptic
computer interfaces. In Proceedings of Japan/USA/Vietnam
Workshop on Research and Education in Systems, Computation,
and Control Engineering.
P ETERSIK , A., P FLESSER , B., T IEDE , U., H ÖHNE , K. H., AND
L EUWER , R. 2002. Realistic haptic volume interaction for
petrous bone surgery simulation. In CARS.
S ALISBURY, K., AND TARR , C. 1997. Haptic rendering of surfaces
defined by implicit functions. In Proceeding of the ASME 6th
Annual Symposium on Haptic Interfaces for Virtual Environment
and Teleoperator Systems.
T HOMPSON II, T. V., J OHNSON , D. E., AND C OHEN , E. 1997.
Direct haptic rendering of sculptured models. In Proceedings of
Symposium on Interactive 3D Graphics, Providence, RI.
V IDHOLM , E., T IZON , X., N YSTRÖM , I., AND B ENGTSSON , E.
2004. Haptic guided seeding of MRA images for semi-automatic
segmentation. In Proceedings of IEEE International Symposium
on Biomedical Imaging.
WALL , S. A., PAYNTER , K., S HILLITO , A. M., W RIGHT, M.,
AND S CALI , S. 2002. The effect of haptic feedback and stereo
graphics in a 3D target acquisition task. In Proceedings of Eurohaptics, University of Edinburgh, United Kingdom.
WAN , M., AND M C N EELY, W. A. 2003. Quasi-static approxmation for 6 degrees-of-freedom haptic rendering. In Proceedings
of IEEE Visualization, pp. 257–262.
Z HANG , D., A LBERT, D., H OCKEMEYER , C., B REEN , D.,
K ULCSÁR , Z., S HORTEN , G., A BOULAFIA , A., AND
L ÖVQUIST, E. 2008. Developing competence assessment procedure for spinal anaesthesia. In IEEE International Symposium
on Computer-Based Medical Systems, 397–402.

