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Abstract: Animation is an important presentation
method in the internet-based Virtual Reality Laboratory

(iVRLab). Because of the iVRLab’s four basic fea-’

tures--3-D form, interactivity, network basing and virtu--
ality, conventional animating method can not meet the
‘fe'clluiremem. Based on the VRML animating principle
and analysis of the iVRLab’s requirement, a brand-new
animation forming mechanism is presented. An example
of liquid surface lifting animation is illustrated to give
the more details. .
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1. Imntroduction

Recent technological advances on the Internet have
enabled a multitude of applications to operate via the
World Wide Web. E-Learning is one such application.
To this end, various institutions and universities are now
offering online courses that students from all over the
world can subscribe to and attend. Various teaching
methods and tools have appeared, such as Web Course-
ware, On-Line Answer Machine, Web Classroom, etc.

Virtual experiments have also been developed.
Some recent articles have described the design of virtual
experiment systems and their uses in academe ¥\ An-
other important simulation technology, virtual reality
(VR), was introduced by John Bell with Scott Fogler as
a powerful new tool in engineering education .

We have developed an internet-based Virtual Real-
ity Laboratory (iVRLab) system to aid the undergradu-
ate’s engineering experiment. In this system, we have
implemented several engineering chemical experiments,
¢.g.. “Measurement of Water’s Degree of Hardness”.

Animations are always used in virtual experiment
to represent all kinds of actions, such as object move-
ment, liquid shaping, coloring, etc., so they are very
important representative’ means in virtual experiment.
But traditional animating mechanism takes a long time
to design an animation, and the animation data size
generated is too large to be transferred in the Internet**,
So a new animating mechanism is needed in iVRLab to
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meet its four basic features--3-D form, interactivity,
network basing and virtuality.

In the next section, we will give further details of
the basic features of iVRLab system. Section .3 de-
scribes the requirements of animation in iVRLab. The
detailed animating mechanism is introduced in Section
4, followed by a liquid shaping animation as an example
in Section 5.The final section gives a conclusion.

2. Basic Features of iVRLab

. Educating students in engineering and related sci-
entific fields is made difficult by the complex ideas and
phenomena that are hard to demonstrate by conven-
tional methods. A virtual cxperiment faces the same
problem. In order to help the students understand and-
master the virtual experiments, they must be presented
in-3-D form, where they can observe any object from
any point of view and any angle. This important feature
of WBVL not only helps the students accomplish their
objectives, but it also aids in holding their interest.

When performing experiments, students run the
apparatus, observe phenomena, record data and com-
plete a report of the experimental. This means that they
must interact with the experiment at every stage. For
this reason, interactivity is another important feature of
WBYVL. Each virtual experiment is capable of present-
ing different reactions to differing input bye the students.
This interactivity helps the students feel that they were
actually doing the experiment.

At times the students cannot access a laboratory
and the only way they can conduct an experiment is
through the Internet, so network basing is also impor-
tant. With network-based virtual experiments, experi-
ments are not limited to the laboratory enviromment.

Virtuality, another feature of WBVL, is a kind of
virtual experiments based on simulation and are called
Simulation Experiments (SE). In some of the articles
mentioned previously, another kind of virtual experi-
ment, called Remote Control Experiment (RCE), is de-
scribed in which the students control actual experimen-
tal instruments via the Internet. This is not feasible in all
cases, however, since some experiments use’ apparatus



that cannot be remotely controlled, -or they: take a long
time to complete, or they are expensive. RCE also limit
the number of students who can participate. SE has no

such limitations and is a more realistic form for virtual -

experiments.

3. Basic Requirements of Animations in
iVRLab

According to the four features of iVRLab, four ba- -

Sic requirements are put forward to the amliﬁtions:'f )
1. Reality ST ‘

For the virtual experiment is virtual reality based,
reality is also a basic requirement for the animations.

2. Rcal Time =
Nobody can endure discontinuous animations. Also

user should get response immediately after he sends a
command. With limited computational and image proc-
essing abilities of PC, the algorithm to creating the ani-
mation should be as simple as possible.

~

3. Small code and data size - : :
iVRLab delivers” experiment curricula through the

Internet, so the data of the animation must be short for
the sake of reducing the transfer time. Modeling ac-

cording to the lg'nematiCS and dynamics analysis to the.

animating object, Key Frame technology is used to im-
plement animation in iVRLab.

4. Reusability
Because a multitude of animations are used in

iVRLab, reusability is emphasized to reduce the code

size. A good animating mechanism can reach this re-
quirement. '

4. Animating Mechanism

The Script node is an ilnponahi- VRMLM node
used to implement the animating techanism in iVRLab.
Each Script node has associated programmiing language
code that is cxccuted to carry out the tiode’s funiction.

The differences of most animations: are their’

mathematical models, while thieir animation calculating
parts are almost the same. S6 il we abstracted vth'evse
parts. a compact and highly reusable scheme would be
implemented. According to this idea, we designed an
animating mechanism as shown in Fig. 1.

Each part in Fig. 1 will be explained below.

1. User Interface }
Through the user interface, user can interact with

the scene to control the start/stop of the animations,

change movement direction, and so on.

2. Shape Object :
The shape Object is an animating entity. For exam-
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ple, in liquid shaping animation, the shape object is the
shaping liquid in a container. Usually the shape object is
composed of some geometric shapes that have one or
more variable- attributes. During animating, the shape
object requests data, then changes its attributes based on
the response from the generator to create the animation.
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Fig. 1  Structural Architecture of The Animating
Mechanism
3.  Generator
The generator is the most important part in this
animating mechanism. The generator is composed of a
calculating module and an interface module as shown in

Fig. 2.”
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Fig. 2 Structure of The Generator

The calculating module is responsible for real-time
calculating of the animation data. Requested by the
shape object, it works out the data needed accdrding to



the animation mathematical to update the animation
model. and sends data back to the shape object. If there
has corresponding animation mathematical model, cal-
culating module will query interface module for the
modecl.
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Fig. 3 Structure of The Interface Module

The interface module is responsible for mounting a
suitable mathematical model into the calculating module
and creating a right routing path to enable correct data
t_ransferring between the calculating module and the
shape object. Its structure is shown in Fig. 3.

On receiving a modcl-querying message from the
calculating module, the interface module checks the
message and determines which model lo be invoked,
then sends a model-invoking messagé to the model da-
tabase.

- After getting a mathematical model returned from
the model database, the interface module will adjust
some of the model’s parameters to fit the object attrib-
utes. and this model will be downloaded to the calculat-
ing module. At the same time some dynamic routes,
which are used to transfer commands and data between
the calculating module and the shape object, are created
by the interface module according to the model interface
and the shape object attributes.

4. Model Database
The model database stores mathematical models of

all kinds of animations. The models are coded using
PROTO nodes. There are two kinds of interfaces in a
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model, named attribute interface and data interface. The
attribute interfaces provide parameters and attributes of
the model for the interface module to adjust. The data
interfaces define quantities and types of input/output
data in a model. -

5. Example  of Liquid’s Surface Lifting
Animation

Liquid’s surface lifting animation is used to simu-
late the process of streaming liquid into a container. In
this animation, liquid’s suiface in a container moves
horizontally up or down smoothly. Liquid’s shape is fit
to the container’s edge, which is usually an irregular
shape. -

The container in this example is a conical flask. We
choose an Extrusion node as the base of the shape object.
The shape object attributes are shown in Table 1.

Table 1 List of The Shape Object Attributes

Name Data Type | /O Type Explanation
evaluator | SFNode eventOut | Model to calculate
animation
tick SFTime | eventOut | Time tick to update
animation
T SFFloat | eventOut | Radius of cross sec-
tion
dest_spine | MFVec3f | eventOut | Destination spine
points
dest_scale | MI'Vec2f | eventOut Scale oneach
destination spine
orign_spine | MFVec3f | eventOut |Original spine points
orign_spine | MFVec2f | eventOut | Scale on each origi-
nal spine points
set_crossSe | MFVec2f | eventln Set cross section
ction ‘
set_spine MFVec3f eventin Set spine points
set_scale MF Vee2f eventln Set scale

In Table 1, evaluator attribute is the mathematical
model type in the model database. This attribute speci-
fics which model is used in thc animation. On a tick
being sent out, the generator calculates a set of anima-
tion data using the mathematical model and then sends
them back to the shape objéct to display the next frame
of animation. R defines radius of the shape object’s
bottom cross section. Dest_spine and dest_scale define
the final object shape at the end of animation. Similarly,
orign_spine and orign_scale define the original shape at
begining of animation. Set_crossSection is an eventIn (o
change cross section. Similarly, set_spine and set_scale
eventIns are separately used to set spine and scale of the
shape object.

The mathematical mode! of liquid’s surface lifting
animation is Extrusion_Spine Point, ie., value of




evaluator attributer of the shape object is node Extru-
§1011_Spine_Point. Interface of this model is shown in
Table 2.

Table 2 Interface of Extrusion Spine Point Model

Name Data Type | 1/0 Type Explanation
r SFFloal | eventln | Radius of cross sec-
tion
“dest_spine | MFVec3f | eventln Destination spine
points
dest scale [ MFVec2f | eventln . Scale on each
destination spine
orign_spine | MFVece3f | eventln | Original spine points
orign_spine ) MFVec2f | eventln | Scale on each origi-
nal spine points
tick SFTime eventn | Time tick to update
animation
set_crossSect | MFVec2f | eventOut Set cross section
101
set_spine | MFVec3f { eventOut Set spine points
set_scale - MFVec2f | eventOut Set scale
Most items in the interfface of Extru-

sion_Spine_Point model is correspondence to the items
in the shape object attributes. Note that the first five
items are categorized to the attribute interface, while the’
last four items the data interface.

On dynamic routing, a routing table shown in Table
3 is created. $AO represents the animation shape object,
while $Ev represents the mathematical model node
mounted dynamically in the generator. Five prior routes
are responsible for transferring animation paraineters.
When $AO sends a time tick to $Ev using the sixth
route. a frame of the animation is calculated and.sent
back to $AO via the last three routes.

Table 3 Dynamic Routing Table -
Route $AO.r To $Ev.r
Route $AO.dest_spine To $Ev.dest_spine
Route $AO . dest_scale To $Ev.dest_scale
Route $A0O.orign_spine To $Ev.orign_spine
Route $AO.orign_scale To $Ev.orign_scale
Route $AO tick To $Ev.tick
Route $Ev.set_crossSection To $AO.set_crossSection
Route $Ev.set_spine To $AO.set_spine
Route $Evaluator.set_scale To $AnimObject.set_scale

6. Conclusion

Fig. 4 is the screen copies of the liquid’s surface
lifting animation. .

" We have presented a mechanism which can be used
to implement many animations used in iVRLab. This
mechanism can improve reusability and reduce code
size while keeping the reality of animations. It also re-
duces the difficulty of animation developing by decoup-
ling the animation calculating module and the animation
mathematical model. It is a very useful tool in the de-
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sign of iVRLab.

(a) (b)

© @
Fig. 4 Screen Copies of Liquid’s Surface Lifting Ani-
mation
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