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4.2 Chemistry and Physics Concepts Interactive 3D Simulations

The first module of this project is a virtual demonstration of the electrolysis con-
cept. Electrolysis is the technique of separating compound chemical elements into
simpler elements with opposite charges by applying an electric current. Our simula-
tion offers an intuitive and effective visualization of the process by replicating the
behavior of the decomposed molecules. The interface (fig. 5) includes a 3D tank
model with experimental solution (H20 and NaCl), a cathode and anode dipped into
the solution, a cord connecting the cathode and anode to a bulb, and colored spheres
representing the atoms of sodium and chlorine. There interface also has a floating
menu with a legend explaining the appearance of the atoms, molecules, and ions at
different stages, and a slider to control the speed of simulation.
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Fig. 5. NaCl electrolysis simulation

The graphical scene is embedded into an HTML page which contains Start and
Reset buttons and provides a textual explanation of the phenomenon. Once the simu-
lation begins, the molecules of NaCl break into positively charged ions of sodium and
negatively charged ions of chlorine:

NaCl = Na* + CI' . (1)

Then ions of sodium are attracted to the cathode where they lose an electron and be-
come neutral atoms; and ions of chlorine are attracted to the anode where they obtain
an electron, become neutrally charged atoms which form molecules of Cl, and evapo-
rate based on the formula:

2NaCl — 2Na + Cl,1 . @)

All steps of the reaction are explicitly reflected in the simulation by the motion of
reagents’ atoms. As an additional visual cue, the bulb radiates small portions of light,
indicating the presence of electric current.

The simulation demonstrates the effectiveness of a Web3D interface employed as a
part of Web page multi-media content. In addition, the animated X3D scene intro-
duces a fair level of abstraction that helps convey the nature of the phenomenon with-
out confusing the user with redundant graphical complexity.
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4.3 Haptic e-Learning —- HaptEK16

HaptEK16 [13] is designed to assist students in understanding Pascal’s principle and
other difficult concepts of hydraulics. The simulator includes three modules: pressure
measurement, hydraulic machine, and hydraulic lifting simulation. Students can inter-
act with the 3D scene using a haptic device, as illustrated in fig. 6. The functionality
of the simulator is implemented using Python, X3D, and the Sense Graphics’ H3D
API (www.sensegraphics.com), discussed further.

Python is an object-oriented scripting language that offers strong support for inte-
gration with other toolkits and APIs. According to InfoWorld [14], Python’s user base
nearly doubled in 2004 and currently includes about 14% of all programmers. Python
is available for most operating systems, including Windows, UNIX, Linux, and Mac.

Some of the Python’s strengths which were considered when selecting a language
to implement the system functionality include

o Low Complexity: wxPython (an auxiliary library for GUI) was selected because
of its ease of use and reduced complexity compared with Java/Swing;

e Prototyping: Prototyping in Python is quick and simple and often leads to a
quick prototype that can be adapted for the development of the final system;

e Maintainability: The code in Python is easy to modify and/or refactor. Less time
is spent understanding and rewriting code which leads to efficient integration of
new features.

H3D is an open X3D-based haptic API. It is written entirely in C++ and uses OpenGL
for graphics rendering and OpenHaptics (de-facto industry standard haptic library) for
haptic rendering. With its haptic extensions to X3D, the H3D API is an excellent tool
for writing haptic-visual applications that combine the sense of touch and 3D graph-
ics. The main advantage of H3D to OpenHaptics users is that, being a unified scene
graph API, it facilitates the management of both graphics and haptics rendering.

Fig. 6. Students using the HaptEK16 hydraulics demo

The scene graph concept facilitates application development, but it can still be time-
consuming. SenseGraphics extended their API with scripting modules in order to
empower the user with the ability of rapid prototyping. The design approach used in
HaptEK16 was the one recommended by SenseGraphics; i.e., geometry and scene-graph
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structure for a particular application were defined using X3D, and application and user
interface behaviors were described using Python and wxPython.

Programming the sense of touch for a virtual object involves two steps. First, the
programmer must specify the haptic device to use; second, a set of haptic properties
must be defined for each “touchable” object. To specify the haptic device, an instance
of the Devicelnfo node is created, and the haptic device is added to it. HLHapticsDe-
vice is the node used to manipulate a Phantom device. The graphical representation of
the device (in case of HaptEK16, a sphere) is also specified in the containerField
group, as illustrated next.

Example of specifying the haptic device in an X3D file

<DeviceInfo>
<HLHapticsDevice positionCalibration="
le-3 0 0 -.15
0 2e-3 0 .05
0 0 1le-3 0
000 1">
<Group containerField="stylus">
<Shape>
<Appearance>
<Material />
</Appearance>
<Sphere radius="0.0025" />
</Shape>
<Transform translation="0 0 0.08"
rotation="1 0 0 1.570796">
<Shape>
<Appearance>
<Material />
</Appearance>
<Cylinder radius="0.005"
height="0.1" />
</Shape>
</Transform>
</Group>
</HLHapticsDevice>
</DevicelInfo>

To implement the tactile sensation for a generic shape, one must add a surface node
with haptic properties to the shape’s Appearance node. In HaptEK16 this is accom-
plished with a frictional surface node added to the cylinder’s Appearance node. The
DynamicTransform node is added to define properties for rigid body motion.

Example of implementing haptic properties in an X3D file

<DynamicTransform DEF="DYN1"
mass=".05"
inertiaTensor=".1 0 0 .1 0 0 0 .1">
<Shape>
<Appearance>
<Material diffuseColor="0 .8 .8" />
<FrictionalSurface dynamicFriction=".6"
staticFriction=".2" />
</Appearance>
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<Cylinder DEF="LEFTCYL" height=".085"
radius=".045" />
</Shape>
</DynamicTransfoxrm>

The X3D file format is used by H3D as an easy way to define geometry and arrange
scene-graph elements, such as user interfaces. A screenshot of the HaptEK16
e-Learning module is illustrated in fig. 7.

Fig. 7. HaptEK16 screenshot and corresponding Phantom® Omni™ Device

A set of test questionnaires were designed and implemented for the assessment of
the e-Learning module. The results from the assessment tests proved that the student
group exposed to the HaptEK16 simulator scored better (13% higher total scores)
than the group that was not. Such results indicate the potential of using X3D and
haptics to develop novel simulation and training environments.

5 Conclusions

3DRTT serves as an example of a Web-based system extensively taking advantage of
X3D to improve the efficiency of the user-interface interaction as well as to provide
powerful means of professional education and training. Naturally, complex concepts
and settings are better understood when delivered with visual support, especially in
complicated scenarios. Easy online access, simple control, and advanced capabilities
of 3D visualization of radiation therapy treatment scenarios proved to be of great
value to the radiation therapists using our system. Currently, 3DRTT has over a hun-
dred registered users and keeps attracting the attention of other professionals working
in the radiation therapy field.

Another project, chemistry and physics concepts interactive 3D simulations, proves
the effectiveness of X3D interactive models embedded in a Web page content to sup-
port the description of the presented phenomenon. X3D scene visually depicts the
concept that the user reads about on the very same page. Therefore, Web3D signifi-
cantly deepens the level of learner’s comprehension.
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The other development, the haptic e-Learning module (HapteK16) facilitates
students’ understanding of difficult concepts (e.g., in science) and has the potential to
augment or replace traditional laboratory instruction with an interactive and cost-
effective interface offering enhanced motivation, retention, and intellectual stimula-
tion. HaptEK16’s haptics-augmented activities allow students to interact and feel the
effects of forces in the experiment. We believe that force feedback will lead to more
effective learning and that HaptEK16 and similar projects have substantial and still
unexplored educational capacities.

Considering the advances in software and hardware technology, we foresee many
applications of haptics and 3D graphics in the near future, broadening the communi-
cation channels among people and narrowing the knowledge gap among us.
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