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ABSTRACT 
In this paper, we describe a structure that takes vision-based 
augmented reality experiences from the figural space into the 
environmental space. We also demonstrate an experience that uses 
this structure to manipulate variables such as time based upon a 
user’s position. 

1. INTRODUCTION 
When this project began, all three team members were interested 
in creating a vision-based augmented reality experience because it 
allows for greater interaction and tighter registration of virtual 
content in the physical world. Through a survey of existing 
marker-based experiences, we noticed that most of these 
experiences limited themselves to a figural scale. By moving 
vision-based tracking into the environmental scale, we might be 
able to create more immersive experiences[1]. This is an ideal 
time to experiment with more complex trackable surfaces: Argon 
2 is bringing multi-surface natural feature tracking to iOS as the 
first implementation of the Vuforia framework in a web-based 
augmented reality development environment. 

Once we had decided on the scale of the experience, our next task 
was to envision an experience that could leverage the affordances 
of this structure to provide an experience not possible on the 
figural scale. We settled on the creation of a simple natural scene 
with a tree and a pond. By focusing on a few features, we hoped 
to build a dynamic and interactive scene that could be 
manipulated through several variables, including angle of view, 
interaction with the scene, and other gestures such as shaking the 
tree. Through the course of this experience, we sought ways to 
take advantage of the strengths of vision-based tracking. Now that 
we have many of the technical details sorted, we hope to continue 
working on the project to enhance the aura of the piece and 
incorporate our artistic message. 

 
Figure 1. Increased angle of view afforded by TowAR. 

2. IMPLEMENTATION 
2.1 What We Did 
The TowAR of Seasons went through several iterations before it 
reached its current virtual and physical forms. As we developed 
an understanding of how marker-based tracking works, we 
updated our designs accordingly. Here we will divide the system 
into two parts to improve the explanation, but we realize that in 
reality it is neither possible nor desirable to separate the 
experience from the structure that it is built to augment. 

From the beginning, the team members agreed that the TowAR 
would have a tall, slender profile in order to minimize occlusion 
of the real world. We initially built a prototype out of poster 
board, and then experimented with different numbers of markers 
to find maximum number that Argon could reliably track at one 
time. The TowAR’s main purpose is to anchor the digital content 
to the real world. 

 
Figure 2. Users interacting with the TowAR prototype. 

The Seasons experience was created to demonstrate what is 
capable using the TowAR. The core advantage is the increased 
degree of freedom the user has to view the scene, so we 
endeavored to create an environment that would encourage careful 
examination of content. We began by positioning 3D content 
using only webkit CSS transforms. We found that it was 
sometimes difficult to correctly position objects relative to one 
another, so we starting using Sprite3D, a lightweight JavaScript 
library that gave us a global coordinate system. Switching to 
Sprite3D allowed us to experiment with trigonometric 
transformations, and we then went through several iterations of 
the tree trunk as we strove to create an appealing style in as few 
divs as possible to increase performance. This design went from a 
simple 20-sided tree trunk, to a stylistic palm tree, to a more 
realistic tree using recursion for branching and leaf placement. In 
the end, we decided that the palm tree, while less technically 
complex, held greater aesthetic appeal. 



A large amount of the work in implementation regarded 
interpretation of the marker position information. The position of 
the virtual content is determined by the heading, tilt, and role of 
the simple-id markers. For this to work, the algorithm must 
consider many factors, including the height of the tower, the size 
of the markers, the spacing between markers, and the additional 
padding on the top and bottom. This information gives the system 
the information necessary to position the 3D content relative to 
the center of the base of the TowAR. Ideally we would have 
markers near the edges to record transitions between the faces of 
the structure, but Argon proved to be more stable with fewer 
markers visible. 

2.2 Evolution of the Concept 
The design of this system went through several cycles hubris and 
humility. Initial ambitions were curtailed by a limited knowledge 
of Argon implementation. However, the more we experimented 
with the platform, the more optimistic we were that we might be 
able to realize our original vision. TowAR of Seasons was always 
intended to use natural feature tracking to place the experience on 
a 3D structure. While we waited for Argon 2 to be released, we 
created our early prototypes using simple-id markers. While this 
allowed us to demonstrate the concept, we were not able to build a 
structure that demonstrated natural feature tracking. Instead, we 
thought about what shapes might be easy to track off, and how we 
could make the design interesting but simple to build. 

 

Figure 3. Several design alternatives for the final TowAR. 

We faced strict performance constraints while working with 
Argon 1. With less than a hundred divs on screen, the scene could 
not update fast enough to keep the user engaged in the experience. 
This caused us to shift our focus from transitions to interactions, 
which we hoped would put less of a load on the iOS device. We 
considered different ways the user might want to interact with the 
scene, including changing their position, the rotation of the iOS 
device, whether they might shake the device, or try to touch 
different elements of the environment. When Argon 2 was 
released, the experience immediately rendered much more 
smoothly. This caused us to return to our initial interest in 
transitions and animations. For the final submission, we moved 
clouds across the sky, placed butterflies throughout the scene, and 
floated a lily pad across a pond. 

3. WHAT WE TRIED TO DO 
Moving forward from the alpha to the final version, we tried 
several approaches to optimize the scene by creating more 
animated content and interactions in Argon 2. With the increased 
processing power, we attempted recreating the scene in three 
different ways. First, we tried keeping the Sprite3D code and only 
changing from a KML to an HTML file. Second, we exported the 

3D models we built in MAYA to .obj polygon files to rebuild the 
scene with Three.js. Third, we rewrote the scene with Three.js 
using divs. The last approach was the most successful. 

 
Figure 4. Exporting the MAYA model as a .obj polygon file. 
Next, we took steps towards building the physical trackable 
installation to fit our concept aesthetically. A wood sculpture 
would be more interesting to look at through this AR experience 
and it would blend better with our concept of bringing in the 
natural environment. Since Argon 2 supports natural feature 
tracking, we also attempt to build the physical TowAR structure 
with engraving that would create features to be tracked off. We 
visited the GVU prototyping lab and went through a tutorial on 
Autodesk Inventor and the laser cutter. Inventor would help 
decompose 3D models into a series of flat surfaces, which would 
allow us to combine the pieces into a finished 3D structure. 

We also tried to create a natural scene that included graceful and 
exaggerated animations with nice tweens and movement instead 
of rigid moving imaginary. Although a complex animation is easy 
for animators to create with software such as MAYA or After 
Effects, it is not so easy to do programmatically. We managed to 
create a detailed leaf falling animation using CSS webkit 
transformation and add it to Argon 2. However, the css-transform 
animation did not render smoothly, so we removed it. We would 
like to continue to experiment with css-transforms and loop 
animations to see which works better with Argon. 

4. CHALLENGES FACED 
Although we accomplish the core functionality and experience of 
our scene, the interactions and transitions are not working the way 
we envisioned them. In our initial design, we wanted to trigger 
changes in the styles based on movement of click events in the 3D 
environment we built. While working with Argon 1 we could not 
add these transitions because the framerate suffered too greatly. 
When we switched to Argon 2, the framerate was greatly 
improved, but we were constrained to use of the stone marker, so 
we could not implement the multi-surface natural feature tracking 
that would allow us to transition between seasons as we moved 
around the structure. We could also not get click events working, 
which prevented us from adding interaction to the scene. Our 
group is confident that we can overcome these challenges with 
additional time and consultation with Argon’s creator. 
5. ROLES & RESPONSIBILITIES 
With a background in design, Xiao served as the artistic lead for 
the project. She created all of the artwork and 3D models. Xiao 
was adept at rapidly illustrating the concepts discussed in group 



meetings. She also worked to animate the environment in Argon 
2. Xiao also created the final video demonstrating the usage of the 
TowAR of Seasons project. Dustin wrote the code to build the 
original tree and leaves in the Argon scene. When Argon 2 was 
made available, he ported the original experience into the Three.js 
framework and added the first animations. He also wrote the first 
drafts of both papers and created two presentations. Gheric took 
the first iteration of the tree and developed two increasingly 
sophisticated models. He also completed the significant task of 
writing the code for the simple-id markers. Gheric contributed to 
our experiments with Argon 2 by trying to find out how to run the 
original Sprite3D code directly in Argon 2. This project would not 
have been possible without the contributions of all three group 
members. 

6. DISCUSSION & CONCLUSION 
At the beginning of this project, we were very interested in 
conveying an artistic message through this experience. We wanted 
to affect users and leave them feeling as though they had 
experienced more than a series of webkit transformations. Once 
we began to build the system, the original goals were partially 
obscured. While we had to remain focused to implement the 
system, we should have maintained sight of the “bigger picture” 
because it should have been more central in the design process. 
Reflecting upon the system in its current state, we took a step 
back to ask ourselves what we thought this experience might be 
able to say to those who experience it. 

As a group, we agreed that additional environmental elements 
could make the experience more immersive, but they wouldn’t 
change the mood of the piece. Just as the tree is centered in the 
scene, it is also central to the impression we want viewers to leave 
with. The whole scene encourages the appreciation of nature, but 
the real focus is the life of the tree as its leaves die each fall and 
then grow again in the new year. As the viewer experiences this 
cycle at his own pace, we want the viewer to develop a new 
appreciation for nature. We have decided that this appreciation 
can be channeled in the effort against deforestation. We plan to 
add additional trees surrounding the central tree. As the user 
progresses forward in time, these trees will be chopped down one 
by one. Our classmate Ben Chapman suggested we consider the 
idea of mortality, and how we could disable a user’s ability to 
travel backwards in the experiences as a commentary that time 
can only move forward. As the trees disappear, the user will see 
that they cannot grow back within our lifetime. We might even 
replant some small saplings to show that replanting trees will not 
replace the beauty that is lost with the destruction of these critical 
resources. 

 

Figure 4. Current experience running in Argon 2. 

7. FUTURE WORK 
All three group members intend to continue developing the 
TowAR of Seasons. We hope to create a full art installation based 
on the prototype developed in this class. In order to do that, we 
will need to implement the artistic vision described above. We 
will also need to build one of the structures and implement natural 
feature tracking with Argon 2.  
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