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Abstract

The end goal of this project was to guide a user through a 3D environment, the
Virtual Wave Lab, to the points of interest in the lab while leaving the user free to move
about the 3D space freely. Several methods were looked at including lighting, motion,
and sound. Inthe end lighting and motion were the two methods that were implemented.
While these methods are common in applications such as video games, using suggestive
methods, such as lighting and motion, will become more common place in everyday
applications as 3D environments become the preferred method of relaying visual spaces
to users.

Getting Started

When work began on this project the author had very little experience working
with 3D graphics and no experience with Java, the programming language used to
develop the project. Realizing this, the project began with a crash course on the Java
programming language and gathering the tools that needed to develop the 3D models and
test the system in the following weeks. A couple of meetings with Dr. Ron Metoyer were
necessary in the first week to establish the first requirements of the project and too gather
literature pertaining to the goals of the project. It was decided in the first week that twice
weekly meetings during the project would be appropriate as well as attending a Tuesday
evening group meeting with the graduate students working with Dr. Metoyer during the
summer.

The first task to be accomplished was to segment the 3D model that the system
was currently using into several different objects. Thiswas necessary so that the system
could distinguish between the different objects in the lab. Figure 1 shows the flume room
asit was originally designed by Tim Holt, an engineer working at Oregon State
University (OSU). Figure 2 shows what the same room looks like with the points of
interest, the control room and flume (long wave tank), removed. Figure 3 shows the
control room after it had been removed from the original model. The control room object
was then saved to a separate file as was the flume. Now the system could distinguish
between the different objects in the room and use this to display relevant information
about the points of interest, turn on lights to draw users to the points of interest, and
animate objects to guide users to the points of interest.



Figure 1 the original wave lab model developed by Tim Halt, an engineer at OSU.

Figur e 2 the same room with the points of interest, the control room and flume, removed.



Figure 3 The control room as a stand-al one obj ect

Lighting

The first method of lighting developed was the static lighting. Static lighting is
the lighting that would not change throughout the environment. This was accomplished
through the use of ambient light which islight that illuminates every object in the scene
with an equal amount of light. Ambient light is created using a factor between zero and
one with one being the brightest light. Figure 4 shows an ambient light factor of .8; there
are no other light sources in this scene.

Figure 4 Ambient light factor of .8



The second method of lighting is dynamic lighting. Thisisthe lighting that will
be used to guide the user through the Virtual Wave Lab by turning lights on and off based
on certain user parameters. One parameter iswherethe user isat inthe lab inrelation to
the objects of interest in the lab. The second parameter is activated when the user is
viewing the description of an object.

Spotlights were the type of lighting used to implement the dynamic lighting.
Figure 5 shows an example of what several spotlights shining on an object look like in
the Virtual Wave Lab.

Figure 5 Spatlightsilluminating the Circular Wave tank

The first of the two parameters used to determine when to activate the dynamic
lighting was the user position. When the user approached an object of interest the lights
would illuminate that object. Thiswas accomplished through the use of a programming
construct available in Java3D known as a bounding sphere. When the lights are being
created the system is alerted when each particular object is being loaded into the scene,
such as the control room. The system then calculates the radius of the object and adds a
predetermined dimension to the radius and creates a bounding sphere that is then attached
to the object. Now all that the system has to do is check the users camera position each



frame and if that position intersects any of the bounding spheres of any of the objectsin
the Virtual Wave Lab then the lights are activated. By lighting up an object when a user
approaches it will let the user know that thisis a point of interest in the lab. Figure 8

shows what, theoretically, a bounding sphere looks like around the circular basin object.

Figure 6 iswhat a bounding sphere, theoretically, looks like around the circular basin object

The second parameter used in the implementation of the dynamic lighting was
when the user selects an object of interest in the lab and a description of that object pops
up inasmall window. Along with a description of the object the box will list other
objects of interest to the user. The system is alerted when a description box is opened
and will then check the objects related to the object being described and activate the
lights on those objects. Once the user has closed this description box the lights will turn
on in the area around the related objects. Thisway the user will know where to find the
next point of interest in the lab.

While researching dynamic lighting the author took alook a some of the more
popular video games for PC’'s and looked at the ways that they used lighting to guide the
user through the game to the areas of importance. These helped the author to get a good
idea of how to guide a user through a 3D environment using dynamic lighting.



Animation

The second method developed in the Virtual Wave Research Lab to guide the user
was the use of animation. Animation is defined as an object moving in a visual scene
with no interaction by the user.

A robot guide was developed that would help the user find the points of interest in
the Virtual Wave Lab. The system was designed so that when the user selected a point of
interest the system would place the robot in the user’s line of sight. Then when the user
closes the information box the robot guide would go to the related object that was
displayed in the information box. Thisway, through the use of motion, the user would
have another visual aid as to where the next point of interest was located. As mentioned
earlier the lights would also be on at the next point of interest.

The robot was implemented in such away that at any point he would know how
to get to the points of interest in the lab depending on the users selection of the
information boxes. Each frame the system would check to see if an information box had
been opened. When one has opened the system will find the current position of the user
and the vector that points in the direction that the user is facing. The system then
calculates where the robot should be placed so asto be in the users view. Having done
this the next signal the system looks for is when the information box is closed. Once the
information box is closed the robot goesto the point nearest to his current position. The
system calculates an array of points, out of all positions available to the robot already
known to the system, and sends the robot to the appropriate pointsto arrive at the next
point of interest. Figure 7 gives avisual layout of the points available to the robot in the
Virtual Wave Lab.



Figure 7 The black dots are the pre-processed positions that the system has avail able to send the robot too.

Figure 8 shows a scenario where the user has selected an information box near the
control room and the related link is the circular basin. The system then places the robot
in the user view and then moves the robot to the circular basin after the information box
had been closed.



Figure 8 The blue dot isthe user’s current position. The blue lines represent the user’ s current field of
view. Thered dot shows the position that the robot moves to when the user selects an information box.
Once the user has closed the information box the robot will follow the red path to therelated object, the
circular tank.

Usability Study

The last aspect of the project was the usability study. A usability study is
performed by a person or persons unfamiliar with the project. This gives aunique
perspective on how well the user interface works as well as the navigation system that
was developed. Dr. Pancake and Sally Haerer did the usability study for the project. The
majority of the changes made after the studies were relatively minor but did add to the
usability and feel of the environment.



Acknowledgments

| would like to thank Dr. Metoyer, my mentor for this project. He was very
helpful and genuinely interested in what we were trying to accomplish. | look forward to
working with him in the future if | am accepted to graduate school here at OSU.

Secondly, | really appreciate the time that Chris Moore, the student working with
me on this project, spent helping me out with the code that had already been developed
and setting up the systems that we used to develop the project. He was very patient and
helpful.

Lastly | would like to thank the National Science Foundation for appropriating tax
payer funds for research at great institutions such as Oregon State University through
grant NSF-EEC-02-44205.

Biography

| am currently a student at Oregon Institute of Technology majoring in Software
Engineering and will be starting my senior year at the end of September. In January |
will apply for graduate school at Oregon State University with an interest in graphics. If
accepted to attend graduate school | will move to Corvallis, OR in June of 2004 and find
ajob for the summer. | am hoping to be attending graduate school as well working under
an assistantship for the following two years. After graduation | will more than likely look
for ajob in industry to gain experience and pay back loans before deciding where to go
with my career.

10



