


leaves a yellow post-it note. All drawings and text
comments can be saved on the Space Pen server and later
retrieved by others.

A collaborating designer may propose design changes by
sketching them into the model. First the designer generates
a temporary drawing plane (figure 2) by drawing a quick
straight line gesture, then pausing for two seconds. Space
Pen recognizes the gesture and generates a temporary
tranducent plane aong the direction of the line
perpendicular to the existing surface. The designer then
draws a new shape on this plane. This shape can retain its
sketchy form or (in some cases) be rectified. The new 2D
shape remains after the drawing plane disappears. The
designer can aso scribble handwritten annotations on a
temporary drawing plane to comment on a general concern
or region so that the comments float in space instead of
attaching to any existing surface.

Figure 2. Proposing an addition to the model. Initial state (left);
sketching a new wall on a temporary drawing plane (center);
suggested model changes (right) posted to the server for comment.

Space Pen incorporates a 2D sketch recognizer, used to
interpret pen marks made on model surfaces. Its purpose
goes beyond beautifying rough sketches. Once recognized,
geometric shapes can be added to the VRML model, and
may be replaced by more complex configurations. For
example, a rectangle drawn on awall may be interpreted as
a window or door, and corresponding 3D geometry
inserted. Other marks such as arrows can be interpreted as
commands to edit the model, establish a viewpoint or
otherwise interact with Space Pen’ s annotation system.

Visitors to 3D virtua worlds often become lost so we
added a 2D representation of the model (Figure 1, left). A
floor plan is automatically generated by the Space Pen
engine at the user’'s eye level. The floor plan is regenerated
as the user moves to different level (e.g., up to the 2™
floor). A red dot on the plan indicates the user’ s position.

IMPLEMENTATION

Our system supportsintuitive use by various participantsin
design (designers, clients, engineers) and also it is platform
independent. The Space Pen applet uses Java3D to handle
the 3D interactivity and Java2D to represent floor plans and
sections. Models are in standard VRML format and require
no special preparation to be annotated in Space Pen.
Commercial VRML browsers impose a barrier for novice
users so we huilt a simpler browser with navigation con-
trols similar to those used in first person video games.
Sketch recognition employs a template-matching scheme

used in our BOE system [4]. Each drawing gesture is
described by its path within its 3x3 grid bounding box, the

number and path of itsinflection points, and its coplanarity.
Each input gesture is matched against a library of
previously trained templates.

The 2D floor plan is calculated by finding the intersection
between the model and a horizontal surface (of user eye
level), then by arranging all existing uncut objects in order
of height and drawing a white filled, gray edged polygon
from the farthest object to the closest one.

Geographicaly distributed users can review the design
simultaneously, but they won't see each other's changes
until they check in to the database later. Server-side CGlI
Perl scripts handle saving text annotations and drawing
characteristics in separate files, which employ a
rudimentary check-in/out scheme.

SUMMARY

Space Pen is intended to support asynchronous design
collaboration: specifically annotation and markup in walk-
throughs of three-dimensional models. We plan to test the
system in user studies with students and professiona
practitioners, as well as look into applications to other
fields like medical research or industrial engineering where
immersive drawing annotations could facilitate web-based
collaborative work.
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