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Introduction

In the Hall of Biodiversity at the American Museum of Natural History (AMNH), a rain forest was created in part from artificial leaves that were hand-crafted by thousands of students
. Imagine, instead, a rain forest built by students in cyberspace where they craft their leaves, vines, and trees using plant generation algorithms that run on video game machines, thereby creating a massively shared virtual reality. The technical foundation of this vision was laid through the invention of techniques for plant generation and rendering (Prusinkiewicz & Lindenmayer, 1990) that ran on powerful computers. Soon, game machines will have Internet connectivity and sufficient computational speed to render millions of polygons per second. Thus, a strong possibility is that collaborative, constructivist educational technology could be developed using high-speed visualizations running on game machines.

In our CILT seed grant we explored the utility of one component that could help realize this vision, as a first foray into the field of algorithmic plant generation. This involved experimenting with a sophisticated plant generation software package and speculating about the tasks that students using it would find entertaining and educational. Specifically, we investigated the xfrog (www.greenworks.de) plant generation system that is used to create and manipulate wireframe models of plants. Using existing xfrog models, our partner, Osiris Studios, intended to professionally render these as photorealistic plant models
. We intended to make these models accessible through a web browser with special plug-ins as 3D models. We envisioned that this deliverable would permit us, in future work, to test our vision with teachers and students. We identified issues with the xfrog software that would make it difficult for students to use to construct their own plants, which led us to look further, in other, follow-on projects
, for software that would better suit our needs.

Background

Algorithmic plant generation, as described in the preface to the seminal book on the subject by Prusinkiewicz & Lindenmayer (The Algorithmic Beauty of Plants, 1990), can trace its roots back to the fascination of both mathematicians and biologists with the beauty inherent in the structure and symmetry of plants. Close inspection of geometric features such as scales, flowers, etc. (Neill, 1993) sparks fascination and a desire to describe these forms mathematically (D ‘Arcy Thompson, 1992). Working together, these scientists were able to go beyond description of geometries to the invention of simple algorithms (rules or instructions for a computation) that would describe how a plant develops over time (the early work was published in 1968). For example, consider a simple growth and branching algorithm:

1. Start a seedling S

2. Grow S until it is 4 inches high

3. Split S into S1 and S2

4. Repeat steps 2 and 3 on S1 and S2 until the plant is 20 inches high.

5. Flower

These algorithms correlate with an interesting feature of plant structure, self similarity. As plants develop, they produce entire forms that appear, later on, to be a small part of the final form. In this way, the entire plant can be created using many small parts that are structurally similar to the whole plant. Computer scientists are drawn to such features because they make the algorithms simple: code used in one part can be reused in another. By combining the investigation of both structure and development, and using self similarity to make the approaches computationally possible, researchers were able to look at both the development and the final form of beautiful plants.

The Algorithmic Beauty of Plants focuses on algorithms that describe plant development over time through the use of L-systems. L-systems (Lindenmayer systems) were developed by Astrid Lindenmayer, a botanist, in the 1960s. L-systems are a mathematical tool to model plant development and structure that are derived from formal grammars for string generation. These basic generation algorithms produce output that can be graphically displayed by 3D rendering engines such as VRML or ray tracers (thus introducing yet a third discipline, computer graphics, into this multidisciplinary area of research). L-systems permit the modeling of the influence of outside environmental forces, such as moisture, wind, and sunlight through input parameters. Several prototype systems have been implemented based on these methods, by both computer artists
 and computer science students
.

Although L-systems are elegant mathematically, they were not universally adopted as a solution for the computer graphics community. Specialized software that emphasizes the creation of landscapes or worlds
 was created. Among these was the work of Bernd Lintermann and Oliver Deussen at University of Karlsruhe in Germany. Their software, called xfrog, is described in Lintermann & Deussen (1996). The best features of their approach to plant modeling are the interactive nature of xfrog, and the animations that could be played of the plant development. In the animation web page that accompanys their 1996 paper
, they showed a fern developing, an ivy plant growing around a stick, and a tree growing, blooming, and shedding its leaves (complete with color changes).  Their continued emphasis is on creating elegant models instead of true-to-nature development modeling. They emphasize getting “visually correct shapes of plants” (Lintermann & Deussen, 1998) in an easy-to-use software package (Lintermann & Deussen, 1999).

We were attracted to xfrog for this project because of its claim of ease-of-use, the beautiful images it could produce
, and its ability to show users the results of their changes instantaneously. Xfrog breaks down the parts of a plant into components without mapping them onto botanical terms which seemed to make the task easier. Dealing with what the plant look like, and not how a botanist would describe it, seemed a good simplification for students. In xfrog, components such as leaf, tree, stems, wreathes, and balls are connected into a graph which is traversed in order to draw a wireframe model of the plant.  Some of the components (e.g., tree and leaf) have parameters that correlate to a plant’s response to its environment, like phototropism and gravitropism. As with most graphic object modelers, xfrog produces the first step in generating a realistic-looking plant, a wireframe model which describes the structure. The second step, done with a rendering tool, is to put texture and shading on the wireframe. Sometimes, the modeling process is combined with natural objects, such as when leaves are scanned in to provide textures and to make the drawing of the whole tree simpler. (If the leaf were made up of many little polygons, it would take too long to draw the thousands that must be modeled on a fully grown tree).

Proposed Approach

Based on this background SRI and Osiris Studios proposed to use the seed grant to work towards a prototype software environment that allows students to better understand plant ecology, and, thereby, to see in action the principles that underlie the general functioning of ecosystems. This prototype software would aid in teaching ecology through simulated plant development. It would allow a student to describe and then modify environmental parameters that will be input to a growth simulation, and these parameters would influence plant development. The results of this influence would then be visible through a 3D graphical rendering of the resulting plant structures using the software describe above.

Our vision, expanding on the AMNH scenario described in the introduction, is to allow students to breed virtual plants in an environment where they have determined characteristics that would support certain kinds of plant growth. Plant morphology is connected to the environmental conditions: some plants are better suited for some environments. We would design a prototype game that lets a student set up an environment and then design plants to fit it; plant growth and/or speciation would test whether a student understands interaction of plants and environment. Students would be given feedback on their choices in a process wherein they (1) write why they think that the plants they built will grow well in that environment, (2) observe what happens, and (3) change plants to make them grow better. Students would have to consider the following environmental factors in their design: moisture, soil chemistry, temperature, and neighboring plants.

We envisioned creating a library of plants that represented different vegetative ecosystems in California
 (an area rich in the variety of such ecologies). Plants in these ecologies are cataloged in books such as Barbour (1977), and we were interested both in creating sample plants from these areas as well as learning how the creation takes place.
Outcomes/Results

For the seed grant, we decided to create a web page that shows teachers the capabilities of algorithmic plant generators and suggest how they could be used in a middle or high school curricula. The web site would contain links to many such systems, and show photorealistic plant images as well as a 3D versions that can be manipulated (e.g., zoomed and rotated) using a web browser with the appropriate plug-in.

Initially, we had planned to use the xfrog software to make new plants for California ecosystems, but the software turned out to be tailored toward computer graphics professionals and was too difficult to use. Futhermore, it ran only on a specialized platform (a Silicon Graphics computer) which our partner, Osiris Studios, did not have.  Thus, we decided to use the wireframe plant models that were distributed with the xfrog software with the permission of Oliver Deussen.

Osiris Studios was to provide the artistic services required to create graphics that represent photorealistic views of 10 plant models. The views would be created by Osiris from the xfrog wireframe models using the professional tool 3D Studio Max from Kinetix. Osiris would deliver the views in 3 forms: as a 2D jpeg image, as a 3D image in VRML file format, and as a 3D image in the Metastream file format. These would all be included in the web page describing the possibilities of educational use of algorithmic plant generation. However, due to the rapid growth experienced by Osiris, their work was not completed.

Although we were unable to use the xfrog software directly to further our research goals for educational technology, this project did have several important outcomes. First, doing the work described above provided SRI staff with insight into how to use 3D models for learning. These insights helped us to participate in a  proposal to DARPA on the “Digital Earth.” This project involves research and development of educational applications that use visual models of terrain and natural objects, and was secured by SRI after its Center for Technology in Learning (CTL) joined forces with SRI’s Perception Group within its Artificial Intelligence Center. The resulting project is described at http://www.ai.sri.com/digital-earth/.

A second outcome was a continuation of this work in an SRI internal research and development project, where we focused more on the possibility of constructing VRML models of trees for planting on the Digital Earth. Important issues we addressed are how to adapt the interfaces of algorithmic plant tools for students and how to provide case libraries that will eliminate the difficulties of starting from scratch but will still preserve the challenge and excitement of creating plants algorithmically.

In our future work, we intend to investigate the design of learning tasks and a simulation environment that drives a plant generation engine. We would design interfaces through which students can diagram their understanding of environmental influences on plant development, and through which students set up the simulation parameters for the plant generation/display engine. We could envision working with an industry or research lab partner to build a display engine for the graphical presentation of the resulting plants, as well as providing the requisite art backgrounds to support the plant presentations.

In summary, the overall objective for this future work is to build a richly visual scenario that demonstrates the following:

· How a plant growth curriculum can be used in a classroom setting,

· What the tie-in is with science teaching,

· Three scenarios for plant growth in 3 environments, and

· The use of the tool for artistic purposes and for studying plant morphogenesis.
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� http://www.amnh.org/ncslet/biodiversity.htm


� Due to time constraints, this task was never completed.


� Specifically, under an SRI-supported Internal Research and Development project.


� http://www.xs4all.nl/~ljlapre/


� http://www.cpsc.ucalgary.ca/Redirect/bmv/index.html and http://www.artificial-life.com/demos/lsystems/plant.asp


� See examples at http://www.woolleysoft.co.uk/, http://www.cirad.fr/amap/pepinieres/pepinieren.shtml, and http://www.onyxtree.com/.


� http://i31www.ira.uka.de/~linter/EGCAS96.html shows the animations, which require an MPEG player.


� See the gallery at http://wwwisg.CS.Uni-Magdeburg.De/~deussen/gallery/.


� Pictures of California vegetation can be seen at http://elib.cs.berkeley.edu/imgs/512x768/5315_2021/0941/0060.jpeg, http://elib.cs.berkeley.edu/imgs/512x768/7335_3182/4411/0056.jpeg, http://elib.cs.berkeley.edu/imgs/512x768/6249_3022/3539/0061.jpeg, and http://www.sonic.net/bristlecone/Images.html
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