
Interaction devices for virtual environments have
evolved slowly. Most systems still employ tracked

wands or some type of gloves, as in the first days of vir-
tual reality systems. Only recently have prop-based
interfaces in combination with two-handed interaction
techniques become increasingly popular. Passive real-
world props augment interaction through tactile feed-
back and often lead to more intuitive interaction
techniques.

The Cubic Mouse1,2 is a new, 3D input device based
on the prop idea. It consists of a cube-shaped box with
three perpendicular rods passing through its center
(Figure 1). We use a six-degrees-of-freedom (6-DOF)
tracker embedded in the Cubic Mouse to track the
device’s position and orientation. The rods can be
pushed and pulled, allowing the constrained input of
three degrees of freedom. We call this “translation only”
version the 3-DOF Cubic Mouse. Our latest version of
the device, the 6-DOF Cubic Mouse, also allows rotation
of the rods, which adds another three DOF. Altogether,
we have a total of 12 analog degrees of freedom avail-
able with the Cubic Mouse, six DOF through the track-
ing and another six through the rods. These 12 DOF can
be assigned to interaction tasks in various ways. In addi-
tion, the Cubic Mouse has six application-programma-

ble control buttons mounted on one face and one button
at both ends of each rod.

Operating the device
In this article we present a variety of interaction tech-

niques developed around the Cubic Mouse, which we
have implemented in various application prototypes.
Our geo-scientific visualization system allows the explo-
ration of data from the oil and gas industry in local and
distributed virtual environments. With our automotive
partners, we’re developing a system for steering and
visualizing crash simulations. Other application areas
include medical visualization and terrain visualization.
All of these applications deal with the manipulation of
a single virtual model (the reference model).

The Cubic Mouse implements the idea of virtually
holding the reference model in your hand. Navigation in
this context entails rotating, translating, and zooming
the reference model in contrast to flying, walking, or dri-
ving around—often the preferred method of navigation
in walkthrough scenarios. The Cubic Mouse’s rods con-
trol virtual objects relative to the reference model. A few
basic interaction techniques based on the Cubic Mouse
became a standard for all of our applications:

■ The Cubic Mouse represents a reference model. All of
our models have up and down directions, and we
assign the up direction to the Cubic Mouse’s face with
the buttons. The cabling comes off the opposite face,
which is thereby naturally assigned the down direc-
tion. Other directions align with the natural coordi-
nate system that comes with the reference model. For
example, the car model has a front, rear, left side, and
right side.

■ We use the 6-DOF tracker inside the Cubic Mouse to
position and orient the reference model, keeping the
reference model’s orientation in sync with the orien-
tation of the Cubic Mouse. For positioning tasks we
use a 1:1 hand-to-model movement ratio on the
Responsive Workbench and 1:3 to 1:5 ratios for larg-
er display devices like a CAVE or Reality Center.

A total of six buttons sit on the top face of the Cubic
Mouse. A single button in one corner, two buttons in
another corner, and three buttons in a third corner
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allow easy tactile identification of the associated
functions.

The single button serves as a clutch, allowing users
to freeze the model in its current position. Releasing
the clutch attaches the model to the Cubic Mouse’s
current location and reorients it to the device’s ori-
entation. The clutch also lets users move the model
further than arm’s reach by extending the arm, releas-
ing the model, moving the arm back, reattaching the
model, extending the arm again, and so forth.

The two buttons are used for zooming in and out.
The three buttons are auxiliary buttons and have

typically application-specific functionality.
■ The rods represent the X, Y, and Z axes of the refer-

ence model’s coordinate system. Tracking the Cubic
Mouse ensures that the rods stay aligned with the
coordinate system axes. Typically the rods are pushed
and pulled to translate a virtual object like a cutting
plane relative to the reference model in the appro-
priate direction. Rotating the rods is mostly used to
rotate a virtual object around the corresponding axes
of the reference model.

■ In most cases the buttons at the ends of each rod serve
as a clutch for the rod. Moving the rod while pressing
the button does not affect the position of the associ-
ated object. In other cases these buttons have appli-
cation-specific functionality.

■ The origin for rotation and zoom operations is typical-
ly defined as the center of the model’s bounding sphere.
After zooming and panning the model, it’s sometimes
necessary to change the origin to a new location
because it might have moved too far from the area of
interest. Thus, by simultaneously pushing the two
zoom buttons, users define the new origin as the posi-
tion represented by the three rods, for example, the
intersection point of three orthogonal cutting planes.

From observations we found that in almost all cases
users hold the device in their nondominant hand to posi-
tion and orient the reference model, while their domi-
nant hand operates the rods and the control buttons.
Both hands are used only for larger rotations unachiev-
able by just twisting the wrist of the nondominant hand.

1-DOF control—slicing and cutting
The three rods can control a single degree of freedom

of three independent objects. Visualization applications
often use a set of three orthogonal planes—slicing or
cutting—planes simultaneously. Figure 2 shows three
orthogonal cross sections through a magnetic resonance
imaging (MRI) data set of a human head. Each rod con-
trols the position of a single slicing plane. In this sce-
nario the rods’ rotations control small offset
translations. The rotation of each rod typically controls
± 5% of the translation performed by moving the rod
from stop to stop. Pushing and pulling the rod allows
fast access to a certain region and roaming through the
model. The rotation allows thorough investigation of a
local area.

In engineering applications three orthogonal cutting
planes provide an important tool. Figure 3 shows an
example of a chair cut of a finite-element model used

for car crash simulations. A chair cut removes one octant
of the model, whereas three cutting planes cut away
seven octants. These operations complement each other,
and users can switch between them. The orientation of
the cutting planes defines the octant being cut away or
kept. The buttons mounted on both ends of each rod
allow toggling the orientation of the corresponding cut-
ting plane. In this crash visualization scenario the group
of three application-specific buttons on top of the Cubic
Mouse implement a video-player-like interface for play-
ing back the crash sequence.

3-DOF control—translation
For slicing and cutting operations the three rods con-

trol the position of three independent objects along a
principal axis. We can also use the rods to control the
3D position of a single object within the reference
model. We present two examples.
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2 Using the Cubic Mouse to control three orthogonal cross sections
through an MRI data set of a human head.

3 A chair cut of a finite element car model.



Figure 4 shows a snapshot from our geo-scientific
application prototype. One of the techniques used for
the exploration of volumetric seismic data is a volume-
rendering lens. The rods control the position of the vol-
ume-rendering lens. The lens orientation is either (1)
fixed and aligned with the data set or (2) it automati-
cally orients itself toward the viewer.

Figure 5 shows an oil well editing scenario, where a
well path needs adjusting. The well trajectory is defined
by a small set of interpolated control points, typically
between 10 and 30 points. Two of the auxiliary buttons
on the Cubic Mouse serve as up and down controls to
select the current control point along the well path. The
rods move the selected control point relative to its cur-
rent location.

6-DOF control—translation and rotation
The image sequence in Figure 6 shows a Daimler-

Chrysler S-Class car. The color-coded temperature dis-
tribution inside the car is visualized on an arbitrarily
oriented slicing plane. The slicing plane represents one
possibility for controlling translation and rotation of a

single object through the 6-DOF Cubic Mouse. Moving
the rods moves the slicing plane in the corresponding
direction. Twisting the rods rotates the slicing plane.
The axis of rotation is defined by the center of the slic-
ing plane and the direction of the rod used.

Integrating different interaction modes
We developed our geo-scientific application proto-

type within the VRGeo consortium, which consists of oil
and gas companies and software vendors, for this appli-
cation domain. In oil and gas exploration the central
data structure for most tasks is the seismic cube, a scalar
volumetric grid representing subsurface structures. The
Cubic Mouse literally puts the seismic cube into the
user’s hands and allows intuitive control of position, ori-
entation, and size of the data set. In this application we
integrated four different interaction techniques that rely
on the input from the three rods:

■ Three orthogonal seismic sections positioned in the
same way as for the medical scenario shown in
Figure 2.

■ The volume-rendering lens shown in Figure 4.
■ Oil well editing as shown in Figure 5.
■ 6-DOF control of an arbitrarily oriented seismic slice

similar to Figure 6.

For cutting and slicing operations the resolution of a
rod was, in general, sufficient to avoid clutching. Moving
a rod from stop to stop moved the corresponding slice
or cutting plane from one end to the other end of the
data set. The rods’ positions serve as absolute inputs.

This is no longer appropriate when the Cubic Mouse’s
rods control multipe different objects, because it would
cause objects to jump when switching control from one
to the next. Therefore, we moved to a relative control
mode, which also requires clutching of the rods. Each
rod’s movement is transformed into a relative movement
of the attached object. When arriving at one of the rod’s
stops, one of the buttons at the end of the rod is pressed
while moving the rod away from the stop. Clutching was

only required for translating the
rods. The rods allow up to 450
degrees of rotation, which provide
enough cyclic overlap to avoid
clutching for rotations in all of our
applications.

Discussion and future
work

We have presented the Cubic
Mouse to several hundred people
during demonstrations and planned
user observation sessions. We found
that users became proficient with
the device after only a few sentences
of introduction. They immediately
focused on the application and the
task at hand, and didn’t have to con-
centrate on operating the Cubic
Mouse. This direct understanding of
the underlying interaction model
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4 The volume-
rendering lens
(green frame)
in a seismic data
set.

5 Editing the
trajectory of an
oil well.



results largely from the following: Tracking keeps the
reference model aligned with the Cubic Mouse so that
the rods always correspond to the principal axes of the
reference model’s coordinate system. This visual cue in
combination with the strong tactile cues provided by
the Cubic Mouse’s shape make it easy and intuitive to
find the desired rod without looking at the device.

We have used the Cubic Mouse to control applications
in a variety of virtual environment systems, for exam-
ple, workbenches, caves, and large projection screens. In
all these environments—and even for monoscopic dis-
plays and for applications with low frame rates, where
it’s typically difficult to use tracked gloves or wands—we
found that the Cubic Mouse performs well.

At a recent public demonstration somebody suggest-
ed labeling the rods X, Y, and Z, and using the device to
teach coordinate systems and transformations. We think
this is a great idea. It shows that we have only begun to
explore the full potential for this type of input device.

In April 2000 we licensed the Cubic Mouse technolo-
gy to Fakespace Systems. First production units of the
device will become available later this year. ■
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6 Investigating
the tempera-
ture distribution
in a car model.
The views show
the car model
and slicing
plane from 
(a) the back,
(b) the top, and
(c, d) the side.
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