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ABSTRACT

EasyOGL is a Tcl/Tk extension that adds three new dynamically
loadable packages: a new Tk 3D graphics widget, an OpenGL
package and an OpenGLU package. The 3D graphics widget pro-
vides a context for drawing 3D graphics. The OpenGL/GLU pack-
ages provide interpretive access to the OpenGL/GLU libraries so
that developers can script interactive 3D graphics that appear in-
side an active 3D drawing context. Since EasyOGL is embedded
in Tcl, it provides an extensible, easy-to-use, fast prototyping en-
vironment for 3D multimedia applications.

1. INTRODUCTION

Scripting languages such as Tcl (Tool Command Language) [10]
offer enormous advantages over lower level languages such as C++
and C for prototyping multimedia interfaces. The interpretive na-
ture of these languages permit developers to focus on the func-
tional requirements of the system being created rather than on
dealing with compiler issues which slow down the process. Most
modern scripting languages allow the developer to embed multi-
media libraries inside the language allowing scriptable access to
the library’s functionality1. Associated with Tcl is Tk: a toolkit
that provides easy-to-use 2D widgets such as buttons, sliders, and
entry widgets for building 2D graphical user interfaces (GUIs). Tk
has emerged as one of the defacto standard 2D GUI toolkits for
scripting languages including Perl [13], Tcl/Tk, and Python [8].
One deficiency in Tk has been the lack of strong support for a 3D
graphics widget to provide easy creation of 3D interfaces and 3D
visualization techniques. EasyOGL is an extension to Tcl that em-
beds the OpenGL [4] and OpenGLU libraries, as well as providing
a 3D graphics widget in Tk.

EasyOGL is derived from two previous extensions for em-
bedding OpenGL/GLU in Tcl/Tk: Tkogl1.0 [3] andswiggl [2].
Tkogl1.0 provides a 3D graphics widget for Tk. In Tkogl1.0,
OpenGL commands are associated with the 3D widget. Many of
the main OpenGL/GLU commands are supported through a mod-
ified OpenGL syntax passed to the 3D widget as a single com-
mand argument. Tkogl1.0 relies on display lists heavily to provide
3D graphics functions. The strength of this system is that the 3D
graphics widget behaves like any Tk 2D widget, making it easy
to integrate 3D graphics in a GUI. The weakness of the system is
that it ties the OpenGL/GLU commands to the widget itself, de-
stroying one of the main advantages of OpenGL/GLU: window

This work was supported by a grant from ATR MI&C Research Lab-
oratories, Kyoto, Japan and TLEF grant from the University of British
Columbia with N. Burlinson.

1Tools such as SWIG [2] perform the embedding automatically using
the library’s header file.

system independence. Another weakness is that its reliance on
display lists makes code reuse very difficult. Further, not all of the
OpenGL/GLU commands are supported and the syntax has been
modified from standard OpenGL/GLU.

The second embedded system is calledswigglwhich comes as
part of the Simplified Wrapper and Interface Generator (SWIG) [2].
Swigglcomes from ”wrapping” OpenGL, OpenGLU and the glaux
libraries inside of Tcl so that users can access the libraries as script
commands. Glaux provides functions to create a 3D graphics con-
text into which OpenGL and openGLU commands render graph-
ics. The strength of this approach is that the complete OpenGL/GLU
libraries are accessible from the interpreter. The main disadvan-
tage is that the 3D graphics context provided with glaux does not
integrate at all with Tk, making the creation of a 2D GUI difficult.

EasyOGL takes the best of both systems and glues them to-
gether. The 3D widget is taken from Tkogl1.0 but the OpenGL/GLU
commands are removed. This provides the 3D drawing context
for OpenGL/OpenGLU commands. As inswiggl, SWIG wraps
the OpenGL/GLU libraries. Additional glue code manages the re-
drawing of windows, supporting multiple 3D widgets, supporting
2D text in the 3D widget, and providing additional convenience
functions. Thus, the 3D graphics context is kept separate from
any OpenGL/GLU commands as originally intended with these li-
braries.

Creating a 3D widget with the appropriate graphics context
desired, such as double buffered, RGB modes, alpha plane size,
etc., provides a simple way to use the system. Once created, a
user specified procedure is called whenever the widget needs to be
redrawn. This redraw procedure contains OpenGL/GLU scripted
code to draw the desired 3D graphics. Sample code and results are
shown in figures 2 and 3.

Tcl is a glue language, allowing applications to be combined
together easily. Additionally, Tk provides an easy to use 2D GUI
builder. EasyOGL is a dynamically loadable extension to Tcl/Tk
that provides a 3D widget compatible with Tk as well as Tcl com-
mand access to the full set of functions in the OpenGL/GLU li-
braries. By embedding video and audio libraries, and other mul-
timedia libraries (as well as multimodal interface libraries, such
as instrumented gloves, joysticks, and MIDI libraries) in a similar
manner, users have a foundation for fast prototyping interactive 3D
multimedia environments.

2. RELATED WORK

EasyOGL derives from Tkogl1.0 [3] and uses the SWIG to wrap
the OpenGL/GLU libraries as discussed in section 1. The OpenGL
and OpenGLU libraries are function-oriented rather than object-
oriented, thus, fit naturally inside a function-oriented scripting lan-
guage such as Tcl/Tk. In contrast, InvenTcl [5] provides an em-



Figure 1: Overview of the EasyOGL packages.

bedding of Open Inventor inside of [incr Tcl] [9]. [incr Tcl] is an
object oriented extension to Tcl/Tk. Open Inventor is a C++ class
library for creating 3D graphics that sits on top of OpenGL. It uses
a scene graph representation for 3D scenes. Since it is object-
oriented, it is more suited for embedding in an object-oriented
scripting language such as [incr Tcl] or Python. The main dis-
advantage of InvenTcl is that it depends upon the object-oriented
extension to Tcl/Tk, [incr Tcl]. One solution to this problem is
to embed Open Inventor inside of Tcl/Tk and provide command
structures that mimic object-oriented behaviour. This is the ap-
proach taken in Ishells [6]. Other systems that embed 3D graphics
inside of scripting languages include Alice [12], togl [11]2, and
tkSm [7].

3. EASYOGL: SYSTEM STRUCTURE

EasyOGL is a set of three independent packages that are dynam-
ically loadable inside of the Tcl interpreter. Figure 1 shows the
relationship of the packages to Tcl/Tk. EasyOGL (Tkogl3.0) is
the modified version ofTkogl1.0[3] discussed in section 3.1. It
provides the 3D graphics context as a tk widget. The other two
packages,OpenGLandOpenGLU, are the wrapped OpenGL and
OpenGLU libraries respectively. SWIG is used to wrap the li-
braries, as discussed in section 3.2.

3.1. 3D Graphics Widget

One of the main contributions of EasyOGL is the separation of 3D
drawing commands from the window manager/drawing context.
This was accomplished by extracting the 3D widget code from
Tkogl1.0 and adding glue code to manage drawing control of the
windows. A 3D graphics widget is created using the following
syntax:

OGLwin <path> [configuration parameters]

2togl provides a 3D graphics context for graphics to be rendered from
OpenGL commands called from C code.

-accumsize< size > specifies thatsize bit planes should be
supported for red, green and blue

-alphasize< size > specifiessize bit planes for the alpha
component

-aspectratio< ratio > sets the aspect ratio.
-context< path2 > makes the current OpenGL context share

display lists with with another OGLwin
graphics widget

-depthsize< size > specifies the number of bit planes for the
depth buffer

-doublebuffer< flag > specifies whether or not to use double
buffered mode

-height< height > specifies the height of the window in pix-
els

-refresh< TCLexpr > < TCLexpr > is executed whenever a
redraw window event occurs(see subsec-
tion 3.1.1

-stencilsize< size > specifies the number of bit planes re-
quested for the stencil buffer

-width < width > specifies the width of the window in pix-
els

Table 1: Configuration parameters for a 3D widget. All but-
refreshare the same as in Tkogl1.0.

where<widget path> is the Tk path name the user wants to
give to the 3D widget being created. The configuration parame-
ters specify attributes of the 3D widget (indicated using a dash -
in Tk syntax). Figure 2 shows an example of the OGLwin com-
mand being used. Once created the 3D widget becomes the current
graphics context. Any exectuted graphics commands will appear
in this window. The following sections describes each of the prop-
erties of the 3D widget and how it differs from the implementation
in Tkogl1.0. The main changes are new 1) configuration parame-
ters, 2) commands for drawing control, 3) commands for 2D text
and 4) convenience functions.

3.1.1. Configuration Parameters

All but one of the 3D widget configuration parameters come from
Tkogl1.0. The parameters are listed in table 1. One configuration
parameter was added to the 3D graphics widget from Tkogl1.0:
refresh. The refreshparameter takes a Tcl expression as its argu-
ment. This parameter effectively sets up a call back so that the
refresh expression is executed whenever the widget needs to be
redrawn, such as when it receives a window expose event. Typi-
cally, users put procedure calls or OpenGl/GLU commands in the
expression, as shown in figure 2.

The call back mechanism is crucial for providing flexible code
reuse. Users can write generic drawing functions that will change
their drawing behaviour based on passed arguments. Thus, dif-
ferent 3D widgets can use the same drawing functions and need
only pass arguments to get the desired rendered graphics. Thus,
libraries of 3D utility scripts can be developed and reused easily.

3.1.2. 3D Widget Commands for Drawing Control

Three commands are associated with controlling drawing in the
3D widget:

• makeCurrent
• swapBuffers
• redraw



ThemakeCurrentcommand makes the 3D widget the current ac-
tive 3D drawing context. This means that any subsequent 3D draw-
ing commands will render in this window. TheswapBufferscom-
mand will swap the front and back buffers of the current 3D wid-
get. Theredrawcommand will force a window redraw event to oc-
cur which in turn causes the 3D widget to execute the-refreshex-
pression. This causes the current 3D widget to be redrawn. These
commands are implemented in Tcl/Tk by wrapping the equiva-
lent C code accessible through the library according to the Tcl/Tk
protocol. For example the theswapBufferscommand will call
gluSwapbuffersin the OpenGLU library to swap the front and back
buffers.

3.1.3. 2D Text Drawing Commands

There are two techniques for putting 2D text labels in a 3D wid-
get. The first technique uses the normal OpenGL commands for
creating raster fonts, then draws each character in the window at
the specified raster position (by the glRaster command). This is
the technique currently in place for running EasyOGL on a Unix
platform. It is cumbersome, especially when many fonts are re-
quired.

The second technique uses calls to a font server to generate
the raster fonts automatically. For EasyOGL, we ”wrapped” the
Microsoft API to the font server found in Microsoft’s extended
OpenGL library for Windows,wgl. The font commands are part
of the 3D graphics widget, since thewgl API require a 3D graphics
context to create the fonts. This is available only with a 3D widget.
These are the commands for 2D text based on thewgl API:

• createFont< typeface > < height > < weight > <
italic > < underline > < strikethrough >

• deleteFont< font >
• putString< font > < string >

The createFontcommand creates a raster font with the specified
characteristics. ThedeleteFontdeletes a font created by thecre-
ateFontcommand. TheputStringcommand draws the specified
string in the specified font at the current 2D raster location. The
raster location is set with theglRaster2dcommand. See the exam-
ple in section 4 and shown in figure 3. Notice the text commands
are associated explicitly with a 3D graphics context called.gl.

3.1.4. Convenience Commands

The 3D widget provides a window for graphics functions from
the OpenGL/GLU libraries to draw into. As these functions are
wrapped in EasyOGL, anything possible with OpenGL/GLU can
be scripted. However; for some commands the scripting code
is syntactically complicated, thus, we have implemented conve-
nience commands associated with the 3D widget. Use of these
commands is optional. Most of the convenience commands orig-
inally come from Tkogl1.0 and are part of the OpenGLU library
functions. These include OpenGLU commands:cylinder, gencyl,
get, load3ds, nurbssurface, partialdisk, project, tesselate, sphere
andunproject. (Refer to [3] for a description of each command’s
arguments.) The only command different from Tkogl1.0 istexIm-
age2D. This command provides a convenient mechanism to pass a
Tk image to the OpenGL glTexImage2D function.

3.2. 3D Drawing Commands (OpenGL and OpenGLU)

Creating the 3D widget provides a 3D graphics context for draw-
ing. Any function executed from the OpenGL/GLU libraries ren-

ders in the 3D widget. We use SWIG to automatically wrap both
libraries and make them into dynamically loadable packages.

SWIG is an automatic code generation program. It takes as
input an interface file3 (derived from the library’s header file) and
generates C wrapper code which is then linked to the library (either
statically or dynamically). This wrapper is responsible for binding
the library’s functions, variables, and constants to commands in
a scripting language such as Tcl, Perl, or Python. The benefits
of SWIG include rapid code development and the ability to glue
different C libraries together within a scripting language.

Adding the functionality of a library of C functions (or any
linkable library) to a scripting language generally requires three
steps. First, the developer creates a header file containing func-
tion prototypes, variable declarations, directives, and documenta-
tion. This file is called an interface file4. Next, SWIG uses this
interface file and the C header files along with any required addi-
tional C code to create a wrapper file. This wrapper file is more
C code connecting the C library to the desired scripting language.
SWIG also produces documentation in HTML and plain text that
lists the function names, return types, and comments for the library
functions included in the wrapper code forming the basis of doc-
umentation for EasyOGL. Finally, the wrapper code is compiled
and becomes a package. Refer to [2] for details of automatically
wrapping libraries.

4. EXAMPLE

Figure 2 illustrates some of the basic features of EasyOGL. This
example creates a window with a lit sphere with some text and a
2D button (shown in figure 3). It depends upon a number of de-
fault settings optionally set by the developer. Refer to [4] for more
complex OpenGL/GLU commands. Refer to the EasyOGL [1] dis-
tribution for additional examples. Code could be added easily to
allow selecting objects in the scene, moving view points, editing
the scene and other typical OpenGL/GLU functions.

5. SUMMARY AND FUTURE WORK

The Tcl/Tk scripting language and GUI toolkit provide the means
to quickly and easily create 2D graphical user interfaces. The
addition of the packages in EasyOGL extend the capabilities of
Tcl/Tk to allow scriptable 2D/3D GUI development with 2D and
3D visualization. The EasyOGL extension includes three pack-
ages: Tkogl, OpenGL and OpenGLU. The Tkogl package provides
a command to create 3D graphics widgets which behave like nor-
mal Tk widgets. These 3D graphics are drawn into the 3D widget
using rendering functions from the OpenGL/GLU libraries. The
OpenGL and the OpenGLU packages are Tcl embeddings of the
C based OpenGL and OpenGLU libraries. Thus, the full set of
library functions are accessible from the Tcl command line, and
draw into the current 3D graphics widget.

For portability, we plan to support Unix/Linux platforms, in-
cluding access to the font server, to simplify adding text to 3D
scenes. Further, we plan to port the extensions to other scripting
languages that use Tk, such as Perl and Python. We also plan to
embed audio and video players inside of Tcl/Tk. This will allow

3SWIG may also need some additional C code for input.
4For OpenGL and OpenGLU the header files are used as the interface

file.



package require Tkogl
package require OpenGL
package require OpenGLU

pack [OGLwin .gl -doublebuffer 1 -refresh draw]
pack [button .b -text "PUSH ME!"]

set font [.gl createFont Times 28 700 1 0 0]

proc draw {} {
global font
glClear GL_COLOR_BUFFER_BIT
glClear GL_DEPTH_BUFFER_BIT
gluSphere [gluNewQuadric] 0.75 20 20
glRasterPos3f -0.8 -0.6 -0.75
.gl putString $font "Hello World!"
.gl swapBuffer

}

glEnable GL_LIGHT0
glEnable GL_LIGHTING
glEnable GL_DEPTH_TEST

glLightfv GL_LIGHT0 GL_AMBIENT [newfv4 1 1 1 1]
glLightfv GL_LIGHT0 GL_SPECULAR [newfv4 1 1 1 1]
glLightfv GL_LIGHT0 GL_POSITION [newfv4 1 1 -1 0]

Figure 2: Sample EasyOGL code for drawing a sphere with 2D
text and a 2D button widget

Figure 3: Resulting drawing from the sample code.

us to create multimedia tutorials for teaching 3D concepts. We in-
tend to use EasyOGL to create a 3D drag and drop demonstration
builder for Nuclear Magnetic Resonance (NMR) lecturers. Learn-
ing NMR techniques requires significant understanding of vector
rotations in 3 dimensions. Often, a significant understanding 3D
vector rotations is difficult to acquire when learning NMR con-
cepts. However, having 3D multimedia demonstrations of NMR
phenomena that can be easily created by NMR lecturers will be
a great asset. Finally, we will make EasyOGL a plug-in so it is
web-accessible.

Tcl/Tk with the EasyOGL extension provides an easy to use,
extensible platform to facilitate fast prototyping 3D multimedia
interfaces.
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