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1 Abstract

We present ErgoDesk, a software and hardware framework
for interacting at an ActiveDesk, a rear-projected drafting
table-sized display. ErgoDesk represents a new interaction
paradigm, based on physical props, multimodal input and a
stereo-on-demand display surface, that seamlessly supports
transitions between a variety 2D and 3D interaction tech-
niques. We provide a detailed discussion of the ErgoDesk
framework’s major features including: the layout of physi-
cal props; the transitions between 2D and 3D interactions;
the use of gestural and spoken input; and the transformation
model for converting between real-world and virtual envi-
ronment coordinates. We also discuss the design of ErgoS-
ketch, a conceptual 3D modeling application built on the
ErgoDesk framework, and our usability experiences with
both over the past year.
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2 Introduction

ErgoSketch is a conceptual modeling system that adapts the
Sketch interface [18][19] to the ErgoDesk framework. The
ErgoDesk framework is based on the concept of an Ac-
tiveDesk (see Figure 1), a variant of the responsive work-
bench [13], that minimally supports 2D pen-based gestu-
ral interaction, 3D interaction, and stereoscopic 3D view-
ing. The ErgoSketch name derives from the design goal
to extend the 2D gestural Sketch application to a more er-
gonomic physical setup. This setup not only supports nat-
ural 2D input, since users draw directly on the display sur-
face with a pen, but also enables seamless transitions be-
tween 2D and 3D interaction as dictated by specific inter-
action tasks.

This paper discusses several aspects of the design of the
ErgoDesk framework including:

Figure 1:A user creates 3D geometry at the ActiveDesk with a
pen and performs camera operations using the 3D tracker in his
non-dominant hand.

� seamless transitions between tools

� 2D pen-based input

� 3D tracked input

� a device layout that supports two-handed interactions

� speech input

Since the design of the ErgoDesk framework is closely tied
to the ErgoSketch application, our discussion of the details
of ErgoDesk will be given in the context of ErgoSketch. In
particular, the the discussion of ErgoDesk will cover spe-
cific ErgoSketch tasks including: 3D modeling with 2D
gesture lines (as in Sketch [18]), non-dominant hand cam-
era control, stereoscopic model examination in 3D (using
an “object-in-hand” metaphor), stereoscopic model annota-
tion in 3D, toolglasses and magic lens interaction [1]. In ad-
dition, we will discuss the calibration procedure we are us-
ing with our magnetic trackers and how we transform from
the ActiveDesk’s coordinate system to the virtual environ-
ment’s coordinate system. The following sections describe



each of these components of the framework in further de-
tail.

3 Seamless Transitions Between
Tools

Users switch between a variety of different tools in most
modeling applications. It is important to support a seamless
transition between these tools to enable an effective inter-
face dialog such that the user may concentrate on the mod-
eling task instead of the tools themselves. We have found
that the novel hardware configuration and predominantly
gestural input style of ErgoDesk enable more compelling
and more seamless transitions than conventional interfaces.

There are several types of transitions in ErgoSketch that ap-
pear seamless to the user when contrasted with traditional
desktop-style modeling systems. First, transitions between
physical tools that support specific tasks are seamless be-
cause the tools are positioned on the table top within reach-
ing distance. To switch tools, the user simply puts down
one tool and picks up another. Each physical object has a
specific purpose just as a pencil, eraser, ruler, and protrac-
tor do in traditional drawing. Second, some physical tools
serve multiple purposes; in these cases the selection of log-
ical tools is also seamless. For example, a 3D tracker can
act as a 3D camera manipulator, a 3D annotation tool, or
as a magic lens[1]. The transition between logical tools is
accomplished seamlessly by speaking to the tool or auto-
matically based on context. Third, virtual tools are acti-
vated and deactivated by a drawn gesture, a spoken com-
mand, by selection of a different virtual object, or, less nat-
urally, through a 2D menu selection. A colorpicker, for
example, can be activated through selection in a 2D widget-
based menu, by drawing a “C” gesture, by speaking “color-
picker”, or by selecting the colorpicker object if it happens
to be on the display. Fourth, the system may change aspects
of the environment automatically when it perceives certain
actions of the user. For example, the world is displayed
monoscopically when the user draws 2D lines with a light-
pen tool, but when the system recognizes that the user has
switched to a tracked 6 DOF proxy tool, the display auto-
matically switches to stereoscopic viewing.

ErgoSketch has a range of 2D and 3D interactions each tai-
lored to best support specific modeling tasks. For example,
basic tasks such as object instantiation, object editing, and
camera manipulation are accomplished using a lightpen to
draw 2D gesture lines that are interpreted by the interface.
In addition, a trackball can also be used to manipulate the
virtual camera. Other tasks such as virtual object inspection
and some forms of object annotation are performed in 3D,
closely simulating how such tasks would be performed in
the real world. When drawing 2D gestures on a 3D model
at the ActiveDesk, a stereoscopic view is problematic be-
cause the lightpen can only interact with the display sur-
face. Furthermore, if the 3D model is “above” the display

surface, then the lightpen can break the user’sillusion of
the object floating above the desk surface if it is positioned
inside or behind the object. Consequently, a monoscopic
view is required when drawing 2D gesture lines. However,
when interacting in 3D, a stereoscopic view is a more ef-
fective way to perceive a 3D model. Therefore, we sup-
port a seamless, dynamic transition between monoscopic
and stereoscopic viewing depending on which type of tool
is being used. In general, environmental transitions are au-
tomatically triggered when a particular tool is activated by
the user.

3.1 2D Pen-based Input

The Sketch interface [18] is an effective gestural interface
for creating and editing 3D conceptual models. Sketch’s
first implementation used a conventional workstation setup
(a three-button mouse, a monitor, and a keyboard) for input
and output. However, the indirect nature of the mouse and
monitor display is not ideal for the Sketch interface which
interprets “drawn” lines and 2D gestural input to directly
manipulate objects and the view.

The ActiveDesk’s drafting table-like design and large dis-
play surface augmented with a lightpen naturally supports
direct drawing and direct manipulation. There are three but-
tons on our lightpen: one is triggered when the pen is de-
pressed on the display surface and two others are positioned
such that the index finger can press either. We follow the
convention of the sketch system where one button is used
for drawing gestures, one button is used to manipulate ob-
jects, and the third button is used to modify camera param-
eters (zoom, pan, rotate).

3.2 3D Tracked Input

While sketching in 2D is an effective way to create 3D
models, it does not support some inherently 3D tasks such
as rapidly viewing an object from different sides. A user
might perform this task when examining an object or dis-
cussing it with another person. We support this type of in-
teraction through the use of a physical prop that acts as a
proxy for a virtual object (similar to [8]). The physical prop
is a 6 DOF tracker that normally is attached with Velcro to
the edge of the desk surface. When the user picks up the
prop, two things happen: first, the object they were design-
ing becomes “attached” to the end of the tracker and inter-
actively translates and rotates as the user manipulates the
tracker. Second, the rendering mode dynamically switches
to a stereoscopic rendering mode to heighten the illusion of
examining a 3D object. In addition to examining the object,
the user may use a second 3D tracker to draw 3D virtual an-
notations around the object.

When the user puts down the tracker that acts as a proxy



for the virtual object, the rendering mode transitions back
to a monoscopic display. The user may then pick up the
lightpen tool to modify the existing model or create new
geometry.

3.3 Device Layout Supporting Two-handed
Interaction

There are many situations where two-handed interaction is
more effective than one handed interaction. Recent work
has demonstrated the benefits of this style of interaction
[3][7][14] [16][19]. Our layout of physical devices around
the ActiveDesk encourages several types of two-handed in-
teractions. When the user is drawing with the lightpen, the
non-dominant hand can manipulate a trackball which can
be used to rotate and zoom the camera view with respect to
the lightpen. When the user has “picked up” a virtual object
with a 3D tracker, the second hand can use a second tracker
to create 3D annotations with respect to the first hand– an
action that closely mimics similar real world two-handed
interactions.

3.4 Speech Input

Speech naturally augments many modeling and general in-
teraction operations. For example, simply saying “col-
orpicker” can activate a colorpicker widget. In addition,
speech can take the place of the keyboard for specifying
commands or possibly simplify the task of selecting from a
large group of items. Recent advances in speech recogni-
tion technology are resulting in robust speaker independent
speech recognition for small vocabularies which is nearly
adequate for our requirements at this time. We are using a
speaker dependent system, [9], in our framework, but are
working on integrating a speaker independent system [6].
In most situations, speech is not an exclusive means for per-
forming an operation. The colorpicker widget can also be
activated through a drawn gesture (by drawing a “C”).

Spoken commands can be used in the context of operations
performed by virtual tools. For example, when the user
is holding a tool (e.g., a 3D tracker or the lightpen), he
or she can specify additional operations or parameters by
speaking. Voice commands are useful in situations where
alternative resources are not available. For example, when
annotating an object in ErgoSketch both of the user’s hands
are occupied (i.e., the non-dominant hand is holding the ob-
ject and the dominant hand is “drawing” 3D annotations).
In this situation, spoken commands provide a way to clear
unwanted annotations which previously was done by push-
ing a button on a keyboard. As another example, the user
can issue the voice command “copy” while pointing to an
object to duplicate it or speak a color name to change its
color.

4 Magnetic Tracker Calibration and
Transformations

There are two aspects to the integration of 6 DOF mag-
netic trackers into our framework for the ActiveDesk. The
first is a calibration step which convertstracker coordinates
into desk coordinates. The second is a transform that maps
points in thedesk coordinate system to points in the vir-
tual environment’s (VE’s) coordinate system. This trans-
form is used by the application programmer to easily and
intuitively position objects in “3D” in the viewing volume
above, on, and below the desk surface. This is especially
useful if the application supports general navigation (e.g.,
translation, orientation, and zooming) through the VE.

The following two subsections describe our calibration pro-
cedure and the coordinate transform from desk’s coordinate
system to VE’s coordinate system.

4.1 Calibration

We use magnetic tracking technology to perform 3D inter-
actions at the ActiveDesk. To incorporate 3D trackers, it is
necessary to calibrate the tracking system because, in gen-
eral, the tracking system’s coordinate system is not aligned
with the ActiveDesk’s coordinate system. However, once
calibrated the system does not have to be recalibrated un-
less the ActiveDesk or the magnetic transmitter is moved.

Figure 2 depicts the six points used to define the Ac-
tiveDesk’s coordinate system. To calibrate the desk, the
user positions the tracker at each of these six points. Us-
ing these samples, a transform (see derivation below) from
tracker coordinates todeskcoordinates is defined. During
the calibration, points 1 through 5 are graphically drawn
on the desk surface to show the user where to position the
tracker. Point 6 is positioned at approximately the user’s
eye-level and perpendicular to point 5. Although the height
of point 6 above the desk is arbitrary, we have found it con-
venient to choose an average user’s eye height. We typically
use a wooden box as a tool to aid in positioning the tracker
perpendicular to the display surface when specifying point
6.

Thedeskcoordinate system is defined as follows: the ori-
gin (0,0,0) is at the center of the display surface; the x-axis
points to theright and is in the plane of the display surface;
the y-axis is perpendicular to the x-axis and in the plane of
the display surface; and the z-axis is perpendicular to the x-
axis and the y-axis (according to the right-hand rule). The
upper-right, upper-left, lower-left, and lower-right corners
of the desk are mapped to the coordinates (1,1,0), (-1,1,0),
(-1,-1,0), and (1,-1,0), respectively. Point 6 is mapped to
the coordinate (0,0,1). Although unit distances along the
X, Y and Z axes are different, this is not an issue for the
programmer who typically usesdesk coordinates only to
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Figure 2: The six points shown are used in the calibration pro-
cedure to define the ActiveDesk’s coordinate system. Point 5 is
mapped to the origin (0,0,0); the x-axis points in the direction
from point 1 to 2; the y-axis points in the direction from point 3 to
4; and the z-axis points in the direction from point 5 to 6.

specify positions relative to the unit cube. Figure 3 illus-
trates the ActiveDesk’s coordinate system by showing the
coordinates of several key 3D points around the viewing
area. We now show the derivation ofTdesk tracker, the
transformation from tracker todeskcoordinates.

We define each pointn from Figure 2, notatedPn, in terms
of a fraction1, 1

f , of the desk surface:

P1desk = (�
1
f

, 0, 0) (1)

P2desk = (
1
f

, 0, 0) (2)

P3desk = (0,�
1
f

, 0) (3)

1Although this fraction can take any value between zero and one, it
is practical to choose a value that is far enough from the origin to mini-
mize the effect of both tracker noise and human placement error, but close
enough to the origin that the sampled position is robust (i.e., not on the
fringe of a magnetic tracker’s range where there is a lot of noise).f can be
any small positive integer– we use a value of 5.

P4desk = (0,
1
f

, 0) (4)

P5desk = (0, 0, 0) (5)

P6desk = (0, 0, 1) (6)

We can represent the principal unit vectors of the desk
coordinate system (i.e., the vectors (1, 0, 0), (0, 1, 0), and
(0, 0, 1)– see Figure 3) in tracker coordinates:

~X =
f
2
� (P2tracker - P1tracker) (7)

~Y =
f
2
� (P4tracker - P3tracker) (8)

~Z = (P6tracker - P5tracker) (9)

The transformation fromdeskto trackercoordinates is then
given by the column matrix:

Ttracker desk=

2
664

~Xx
~Yx

~Zx P5trackerx

~Xy
~Yy

~Zy P5trackery

~Xz ~Yz ~Zz P5trackerz

0 0 0 1

3
775 (10)

Finally, the transformation fromtracker to desk coordi-
nates is the inverse:

Tdesk tracker= (Ttracker desk)
�1 (11)

It is interesting to note that in our current system, we do not
make any attempt to compensate for static distortion of the
magnetic field. However, we have found that the error in the
reported samples was essentially undetectable for our appli-
cation when the magnetic transmitter was positioned about
1.5 feet off the ground, behind the user, and as close to the
front of the desk as possible (approximately 2 feet from the
front of the ActiveDesk). If greater precision is required, an
additional and more involved calibration step is necessary
to eliminate static error (i.e., the error in tracked values due
to the distortion of the magnetic field due to objects in the
physical environment). There are several approaches to re-
ducing static error such as [2].

4.2 Transforming Between Desk and Virtual
Environment Coordinates

ErgoSketch uses another transformation betweendeskand
VE coordinates to support object placement within the desk
viewing volume and to navigate within the VE. By convert-
ing betweendeskand VE coordinates it is easy to position



an object relative to thedesk coordinate system. For ex-
ample, we can “attach” virtual objects to 3D trackers that
report values within the unit cube volume above the desk
(see Figure 3) thereby causing the object to appear to float
above the desk.

In addition, thedesk to VE transformation simplifies the
programmers interface to moving through the VE. This is
similar to the platform concept presented in [17].
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Figure 3: A sampling of points in the ActiveDesk’s coordinate
system.

5 Usability Discussion

Over the past few months we have gathered information
about the usability of the basic ErgoDesk framework and
ErgoSketch modeling application. Although we are primar-
ily interested in the usability of theframework, most of our
results have been complicated by details of theapplication
that uses the framework. In this section we discuss both of
these issues in more detail.

In terms of the ErgoDesk framework, we found subjects
could easily draw 2D gestures, switch between devices,
and transition to visualizing objects stereoscopically. With
only a brief explanation it was clear what each tool was for
and what effect it could have on the environment. How-
ever, subjects had difficulty using the speech recognition
which frequently misinterpreted spoken commands, had a
limited vocabulary and grammar, was affected by ambient
noises, and frequently required the user to carefully enun-
ciate in a constant tone of voice. Some subjects did not
like the fact that some devices were fixed or cumbersome
to move around in the environment (e.g., the trackball).
Further, two-handed interaction was limited to essentially
sequential operations (e.g., camera manipulation with the
non-dominant hand followed by drawing with the dominant

hand). 2D drawing was hindered by the use of a lightpen
instead of a cordless device– although cordless solutions
exist from ITI[10]. Finally, subjects expected to be able to
use their hands and fingers todirectly interact with objects
on the display surface.

In terms of the ErgoSketch modeling application, users had
difficulty creating interesting 3D models. This is in part
due to the nature of learning a gestural user interface. The
underlying modeling functionality was also relatively in-
complete compared to full-featured commercial modeling
systems. Lastly, users were strongly affected by the many
deficiencies in the underlying hardware (i.e., display blurri-
ness, the tethered lightpen and its noisy data, and difficulty
drawing in 3D).

6 Future Work

There are several extensions we would like to add to Er-
goSketch that our current framework does not support. We
discuss three issues that we will research in order to expand
our framework and extend the ErgoSketch system.

At this time, we are not tracking the user’s head position.
However, head tracking would result in an improved 3D
viewing experience because motion parallax resulting from
head motions is a principle means of extracting depth from
a scene by the visual system. The user should be able to
move their head from side to side when viewing objects
in the stereoscopic mode as means for examining objects
from different perspectives. While magnetic trackers could
be attached to the user’s head in some way, we would prefer
to use an unobtrusive camera-based solution. [12] demon-
strates such a system for head tracking is robust in various
lighting conditions and that no calibration is necessary af-
ter the tracking algorithm has begun running. The main
advantage of the camera-based solution is that no cabling
or method for mounting a tracker on a user is required. The
effects of the accuracy of a camera-based head tracker and
the sampling rate may be a problem requiring further ex-
ploration.

We will also expand the role of speech input in the inter-
face. We are currently supporting simple voice commands.
There are situations in which context could further be lever-
aged and voice commands can be more tightly coupled with
individual physical and virtual tools. The QuickSet system
[4][11] serves as an example of how speech and drawn ges-
tures can be integrated effectively. In addition, we found
most speech commands were spoken in an unnatural way
(i.e., overly enunciated) and we believe a much more infor-
mal style of communication is necessary.

Lastly, except for 3D annotations, geometry can only be
created using 2D gesture lines created with the 2D light-
pen. We want to support the generation of both free-form
and precise 3D geometry through 3D hand gestures. To



support this functionality, we will add glove devices or
camera-based hand tracking to the existing framework and
develop interaction techniques to create geometry from 3D
hand gestures. The interface for these operations will most
likely be multi-modal interactions incorporating speech to
modify hand gestures or state the type of geometry to cre-
ate.

7 Conclusion

We believe ErgoSketch is representative of the next gener-
ation of modeling systems which has an interface more ap-
propriate for designers and that reuses learned skills. The
ErgoSketch system is built on top of the framework we have
developed which enables both 2D and 3D interaction at a
projection table and supports seamless transitions between
the interactions and tasks.

The prototype system we have developed using the frame-
work has some inadequate implementations. However,
many of these problems can be eliminated by purchasing
appropriate hardware. For example, a large untethered see-
through tablet in place of lightpen technology is less ob-
trusive way to draw on the desk surface and eliminates the
need to calibrate the lightpen. In addition, tablet technol-
ogy, in theory, supports the tracking of multiple devices that
can have unique identifiers which would support a range of
interaction possibilities such as personal pens, “Pick-and-
Drop” user interface (see [15]), and simplifying the imple-
mentation and use of specialized physical tools.

In summary, while the ErgoSketch application was difficult
for many users to operate, the underlying ErgoDesk frame-
work appears to be more promising. We believe that many
applications can benefit from the ErgoDesk’s integration of
2D gestural input, multiple physical tools, transitions be-
tween 2D and 3D interactions as well as display modes,
and speech input.
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