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Abstract

This report presents the implementation of some of the parts of the L-system framework as 
presented in the book, The Algorithmic Beauty of Plants, and how L-systems can be used to 
generate tree like structures.  It  also presents  the results  of  a  small  experiment trying to 
dynamically modify parts of the L-system while the simulation is running. The simulation 
was made as a tamagotchi like application, but the user takes care of a tree instead of an 
animal. At the end of the report, future work for the presented material is presented.

Sammanfattning

Den här rapporten presenterar en implementation av några delar av L-system ramverk som 
beskrivs i boken, The Algorithmic Beauty of Plants, och hur L-system kan användas för att 
generera strukturer som liknar träd.  Rapporten redovisar också resultatet av ett litet 
experiment av att försöka dynamiskt modifiera vissa delar av L-systemet medans 
simulationen pågår.  Simulationen gjordes som en applikation som liknar en tamagotchi, 
men istället för att ta hand om ett djur så tar användaren hand om ett träd.  I slutet av 
rapporten så presenteras hur man kan utveckla materialet som pressenterats i rapporten.
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1 Introduction

More than anything else genes are responsible for determining the shape of all living 
organisms. From the smallest viruses, bacteria and funguses, to the largest mammals, 
trees and reptiles. They are the individual blueprints that every living organism has to 
follow as they grow,  but in order to grow organisms need building materials and 
energy to process those materials so they can produce the materials they need to 
function and to grow according to their personal blueprint. Other external forces will 
also be affect how closely they can follow those blueprints.
As mentioned in the abstract section,  this report will focus on the growth of plants, 
specifically the growth of trees by using a framework known as L-systems 
(Lindenmayer-systems).
As  I  write  this,  it  is  nearly  five  decades  ago since  Aristid  Lindenmayer  in  1968 
published the theoretical  framework known as L-systems [5]  that  he developed to 
study the growth of simple multicellular organisms. It was later discovered that L-
systems  could  be  used  to  simulate  the  growth  of  higher  plants  and  even  the 
development of individual plant organs.
When a way to generate geometrical models was introduced to the L-system 
framework computers could be used to render the structures that L-systems generated.

1.1 Goal and Purpose

The goal with the project is to examine if one can still simulate the growth of trees 
with L-systems if the growth rate of the tree's width and height, and the direction that 
the tree's main trunk and branches grow in aren’t constant.
The reason for researching this is that the growth of trees in the real world are affected 
by external forces. The amount of water that a tree receives affects how fast it can 
grow,  as  it  is  a  necessary  component  in  photosynthesis.  The  more  water  that  is 
available to the tree, the faster it can grow, unless it is too much in which case it will 
drown.
Another factor that affects how a tree grows is wind. Strong winds negatively impacts 
how efficiently the tree's root system can absorb water. It can also affect its shape by 
decreasing the rate that the growth rings develop on the side that receives a lot of 
strong winds.
The amount of sunlight that is absorbed by trees will affect how fast they can grow as 
it gives them the energy they need to perform photosynthesis, and if they don’t receive 
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enough sunlight they will wither and die. It also tells the plant if it should be in a 
vegetative state, a flowering state, etc.
The physical surroundings also play a major roll as the tree's trunk and branches need 
to grow around obstacles that lay in their way.
These are just some of the variables that affects how a tree grows.[7][8]

In order to test if the L-system framework can generate a tree model that still still 
looks good even if the rate at which it grows varies over time, I decided to implement 
a small demo application that works like a tamagotchi, but instead of having the user 
take care of an animal or animal like creature, the user will be taking care of a tree.

1.2 Limitations

I decided not to create my own L-system and use an existing one. This was because I 
didn’t know anything about L-systems when I started the project and I didn’t know 
how complicated it would be to create one, and therefore I couldn’t make a factually 
based estimate of how much time design one would end up consuming. 
Another limitation that had a major impact on the application implementation is one 
that came to light only after the implementation of the application had started. The 
SDK of the  snowflake software  developed by Nuiteq  prioritizes the  support  of  as 
many  machines  as  possible  and  thus  not  the  newest  rendering  functionality.  It’s 
limited to using OpenGL functionality  no higher  than version 2.1 and the highest 
version of GLSL shaders that could be compiled was version 1.5.

1.3 Background

This section will only describe the tools in the L-system framework that was used in 
this project. There are many other tools that the framework has to offer, see [1] for a 
description of how they work and how they can be used.
All  of  the  images  that  you  see  in  this  section  were taken  from  the  book,  The 
Algorithmic Beauty of Plants, which is available as a free pdf at [1].
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1.3.1 Introduction to L-systems

L-systems are part of a family of rewriting systems that operate on character strings. 
This  family of rewriting systems is  the most studied of the rewriting systems and 
because of that the best understood.
They work by taking one string of characters as input, and based on a number of rules 
and the characters in the input string it produces a new string.  However,  there is a 
major difference that differentiate L-systems from most of the other rewriting systems 
in the family,  and that is that all of the characters in the input string are evaluated 
independent of each other.
This parallel approach to rewriting is motivated by the fact that multiple cells in a 
multicellular organisms can divide simultaneously.

Figure 1: An example of the simplest type of L-system, called a DOL-system.

The L-system shown in Figure 1 consists of two productions. A production is what a 
character in a string is replaced with as the string gets rewritten, a production consists 
of a set of characters. The two productions of this L-system are,  a → ab  and  b → a. 
In addition to at least one production. Every L-system also needs an axiom, an axiom 
is the initial string of characters before it’s ever been processed by the L-system, in 
this case the axiom is,  b.
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As you can see in the Figure 1 each iteration the L-system produces a new string of 
characters,  b → a → ab → aba → abaab → abaababa → ….
To get an overview of an L-system they are often summarized in a table like format. 
The summarized version of the L-system in Figure 1 would look like this.

w : b
p1 : a → ab
p2 : b → a

Where w is the axiom and pn is the n:th production.

1.3.2 L-systems with Parameters

One tool in the L-system framework is called parametric L-systems, which allows the 
characters in the string to have parameters. This gives  a characters  ability affect the 
production string that is going to replace it. This also gives the L-system the ability to 
perform conditional if statements to check if the character should be replaced, it even 
gives the characters the possibility of having multiple strings of characters that could 
replace it.

The following is an example of a parametric L-system. The L-system is described by 
the following table, and Figure 2 shows the first iterations of the L-system.

w : B(2)A(4, 4)
p1 : A(x, y) : y <= 3 → A(x * 2, x + y)
p2 : A(x, y) : y > 3 → B(x)A(x / y, 0)
p3 : B(x) : x < 1 → C
p4 : B(x) : x >= 1 → B(x - 1)
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Figure 2: This image shows the first iterations of the L-system described by the above 
table.

1.3.3 Introduction to Turtle Interpretation

The sections, 1.3.1 Introduction to L-systems, described the basics of how L-systems 
takes a string and produces another, and the section, 1.3.2 L-systems with parameters, 
described how L-systems works with parameters, but how can those strings of 
characters be used to produce a geometric model?
The answer is provided by something called turtle graphics. To keep things simple 
we’ll limit the turtles movements to 2-dimensions (a plane) when explaining the 
basics of how the turtle graphics is used to interpret a string of characters.
The 2-dimensional turtle is defined by a triplet (a set of three values) that represent the 
current state of the turtle. The turtle triplet consists of, (x, y, α), the x, y part of the 
triplet are normal Cartesian coordinates that stores the current position of the turtle on 
the 2-dimensional plane, and the alpha character (α) in the triplet stores the orientation 
of the turtle and thus its current heading.
To move and rotate the turtle a few characters needs to be reserved. As long as we 
keep the turtles movements limited to two dimensions we can get away with only 
reserving three characters and still have the ability to create a huge variety of shapes. 
The introduction to L-systems that are presented in [1] uses four reserved characters, 
but as one of them won’t be used in this report so it’s excluded.
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F:
Move the turtle forward in the direction it’s rotated and draw a line from the starting 
position to the new position of the turtle (in this case the turtle travels a constant 
distance but the distance can vary if parametric L-systems are used).

+:
Turns the turtle by adding an angle to the turtles current orientation thus rotating the 
turtles heading to the left of its current heading (in this case the angle is constant but 
angle can vary if parametric L-systems are used).

-:
Turns the turtle by subtracting an angle from the turtles current orientation thus 
rotating the turtles heading to the right of its current heading (in this case the angle is 
constant but the angle can vary if parametric L-systems are used).

Figure 3: The image shows a string of characters and the turtles interpretation of that 
string.
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Figure 4: Shows the shape of a string of characters after it’s been iterated over by an 
L-system, n = 0 (the initial string), n = 1 (the first rewriting of the string), n = 2 (the 
rewriting of the second string), and n = 3 (the rewriting of the second string). 

The shapes shown in Figure 3  are generated by the L-system described in the L-
system table shown below. The angle that the turtle is rotated by when it encounters 
the + and - characters are 90o.
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δ = 90o

w : F - F - F - F
p1 : F → F - F + F + FF - F - F + F

For more examples of 2-dimensional turtle interpretations see [1] pages 6 - 18. For a 
more thorough and in depth explanation of L-systems how they can be used to 
generate graphics see [1], Chapter 1 - Graphical modeling using L-systems.

1.3.4 Turtle Movement in Three Dimensions

In order to extend the two dimensional turtle movement to three dimensions it suffices 
to add another coordinate, (x, y, z) instead of (x, y).
The orientation is however a little bit more tricky. When you’re in two dimensions all 
you needed was by what angle from the turtles original heading it was rotated. When 
moving in three dimensions you need to keep track of the directions of three axes 
instead of just one angle. The axes will represent the turtles current up, right, forward 
directions in the world (the axes are also known as the up, right and forward vectors).
On the subject of how the orientation of the turtle should be represented I deviate from 
the method described in [1]. I used a right handed coordinate system instead of a left 
handed one, and instead of using a 3x3 matrix to store the turtles orientation I used a 
quaternion as it avoids gimbal lock that can arise when using Euler angles.
The last thing I changed compared to the book is that I made the turtle move along its 
up vector instead of having it move along the forward vector. I found this thinking to 
be more intuitive as trees grow up from the ground towards the sky.

So with that out of the way we just need to reserve some more characters for this three 
dimensional turtle and we’ll be all set. I will only be describing the ones used by the 
L-system I ended up using for the demo.

F:
Just as in two dimensions this character moves the turtle forward certain distance and 
draws a line (a cylinder).

+:
Turn the turtle’s heading to the left of its current orientation by rotating using positive 
degrees around its current forward vector (The turtle’s rotated around its forward 
vector because the tree grows in the direction that its up vector is pointing).
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-:
Turn the turtle’s heading to the right of its current orientation by rotating using 
negative degrees around its current forward vector.

&:
Pitch the turtle’s heading down according to its current orientation by rotating using 
negative degrees around its current right vector (Again the rotation needs to be done 
around the right vector because the tree grows in the direction of its up vector).

^:
Pitch the turtle’s heading  up according to its current orientation by rotating using 
positive degrees around its current right vector.

\:
Roll the turtle around the orientation of its current heading (its up vector) by rotating 
using positive degrees (The turtle’s rolling to the right).

/:
Roll the turtle around the orientation of its current heading (its up vector) by rotating 
using negative degrees (The turtle’s rolling to the left).

[:
Create a new branch, this is done by pushing the turtles current state (its position and 
orientation) onto a stack.

]:
End the current branch,  this is done by setting the turtles current state to the state 
located on the top of the state stack. The state on top of the stack is also removed from 
the stack when this character is encountered.

!:
This character sets the size of the next tree segment that should be created.
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1.4 Nuiteq

Nuiteq is a company that specializes in multi-touch software solutions for Businesses, 
Entertainment for both kids and adults, and Learning for the youngest.
They provide a wide variety of multi-touch tools that are designed to help businesses 
with  sharing  information  and  collaborate  during  meetings,  providing  an  engaging 
environment where outside people can learn what a company is all about. They also 
have a wide variety of games that can be used by to entertain kids at kids corners 
while their parents are shopping, and games that allows kids to develop their math, 
spelling, problem solving, and creative skills.
I  used  the  multi-touch  functionality  supported  by  Nuiteq’s  snowflake  SDK  to 
implement how the user can interact with the application.

1.5 Related Work

As mentioned in the section,  1 Introduction, L-systems was introduced in 1968 by 
Aristid Lindenmayer and since then L-systems have evolved to cover much more than 
the growth of simple multicellular organisms for which it was originally developed. 
This section will present the development of L-systems that are related to trees.
The first development of L-systems towards branching structures similar to that of 
higher plants like trees was through so called,  axial trees,  which was developed and 
published as a collaboration between Lindenmayer and Prusinkiewicz [3]  and in [4] 
when the two teamed up with Hanan. A brief overview of how Axial Trees work and 
what they introduced to L-systems can be found in [1] pages 21 - 27.
The definition of how the turtle should interpret the character string for three 
dimensions was built upon the ideas put forth by Abelson and diSessa [2].  In this 
project turtle interpretation are performed as described in the section,  1.3.4  Turtle 
movement in three dimensions.  The original definition of the turtle interpretations in 
three dimensions for L-systems can be found in [1] pages 18 - 21.
The first to try to use L-systems to generate botanical trees was Anon and Kunii [6]. 
They used the definition of the original publication of L-systems [5] and they found 
them to be unsuitable for modeling higher plants branching structures. However, their 
arguments against using the original definition of L-systems doesn’t hold true for 
parametric L-systems (described in section,  1.3.2  L-systems with parameters)  that 
uses turtle graphics to interpret the string of characters.
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1.6 Method

My method for completing this project on time consists dividing it into three different 
phases each with their individual goal.
The first phase I’d decided to call, The Research Phase. It’s during this phase that I’m 
going to collect the majority of the information that I’m going to need for this project. 
I’m planning to spend somewhere between one and two weeks in this phase.
I’ve dubbed the second phase, The Implementation Phase. As its name implies this is 
where the project is going to be turned from an idea on a paper and in my head to an 
actual program. I will most likely be doing some additional research during this phase, 
as I’ve learned that you rarely think of everything you’re going to need during the 
planning stage of a project. I’ll also start to write some sections of the report during 
this phase. I’m planning to spend about five to six weeks in this phase.
The last phase I’ve named,  The Report Phase. It is during this phase that I will be 
writing the majority of the report. The plan is to spend about two weeks in this phase 
of the project.

1.6.1 Social, Ethical and Environmental Considerations

An application made to simulate the growth of plants could be used to make people 
more aware of the environment in the real world. As the time needed to grow a plant 
from the time it’s planted until it’s fully grown could be achieved at a much faster rate 
than if it was grown in reality, the experience of growing something can be seen much 
faster. It might even spark people's interests to such heights that they decide to start 
cultivating their own real plants. For example, if people could start to grow their own 
vegetables it would mean that some money could be taken from peoples food budgets 
and be used for other things. The environment would also be affected in a positive 
way as the food consumed doesn’t have to be transported by ships, planes, or trucks to 
reach its consumer.
As  the  environment  has  become  a  hot  topic  in  today’s  politics  and  the  modern 
scientific community, if more people could become more interested in the how we’re 
going to reduce the environmental  impact that  we as a species are having on our 
surroundings both locally and globally, and doing so in the most ethical way possible. 
An ethical solution to this problem could, for example be, finding a way that we can 
maintain a society where every person on the planet will have access to clean water,  
food, electricity and a roof over their heads, and that still allows us to continue to 
develop our technological capabilities. 
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2 Implementation

This section will explain how the demo application was implemented and how the 
limitations listed in the section, 1.2 Limitations, and the design choices made affected 
the functionality of the final demo application.

2.1 Character String Storage

As described in the introduction,  an L-system is basically  a set  of rules of how a 
character string should be rewritten into a new string. In [1] and in the section 1.3.2 L-
systems with parameters of this report, a character’s parameters are shown as a part of 
the actual string. For example, lets say we have the character “A” and that “A” has  
two parameters, “12.34” and “0.432”, it would be written like this , A(12.34,0.432). 
This is good for readability when someone is trying to understand how parametric L-
systems work, or to get an overview of the components of a specific parametric L-
system.
However,  storing a character’s parameters within the actual string as it would be 
extremely inefficient.
The reason for the inefficiency is that the values would have to be converted from a 
character string representation of the floating point value to the actual floating point 
value when they should take part in some computation, and if the parameter value is 
modified then it needs to be converted back to a string representation of the floating 
point value and replace the existing parameter value in the string,  this would most 
likely result in the need to adjust the index of the characters following the changed 
parameter.  If the character should be replaced by another character or string of 
characters then all of the parameters of the characters in the new string would need to 
be converted to the corresponding string representations of their value.
The other reason why it would be a bad idea to store the parameter values in the actual 
string is that the character representation of a floating point value would in most cases 
consume more memory than what the actual floating point value would have done, 
and the reason for this is that the size of a floating point variable is 32 bits which is 
equal to 4 bytes and the size of a single character variable uses 8 bits or 1 byte.
So if one used a character string to store the string, A(12.34,0.432), the total memory 
needed would be 14 bytes. If one instead would store the floating point values as their 
actual floating point values the total memory consumed would be reduced to 9 bytes, 
1 byte for the character and 8 for the two floating point variables (the parentheses and 
the comma separating the two floating point values can be skipped).
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For this reason the characters and the parameters are stored separately. The character 
is stored in the string and the parameters are sorted based on their character’s index in 
the string, so in order to locate a character’s parameters all that’s needed is its index 
location in the string.

2.2 Tree

2.2.1 Trunk and Branches

The entire tree is one single model generated by parsing the character string and 
modifying the turtle's current state whenever one of the reserved characters listed in 
the section, 1.3.4 Turtle movement in three dimensions, is encountered.
The size of the tree’s new section is modified whenever the reserved character “!(new 
size)” appears in the character string its size is set to the character’s parameter value, 
and the turtle’s orientation is adjusted by the parameter value of the following 
reserved characters,  “+(angle)”,  “-(angle)”,  “^(angle)”,  “&(angle)”,  “\(angle)”,  “/
(angle)”.
All of reserved characters mentioned above are used to give the turtle the right 
orientation and determine the size of the cylinder it should generate when it moves 
(they don’t add any new vertices to the tree model).
A new section is only added to the tree model when the character “F(distance)”  is 
encountered in the string. Which instructs the turtle to move forward in the direction 
of its heading (which is its up vector in my implementation) for the distance specified 
by the characters parameter value.
A new section is added to the tree model by taking the vertices on the bottom section 
of a cylinder model (the vertices whose y-coordinate value less than 0)  and moving 
them to the turtle's location before it moved,  and by taking the vertices of the 
cylinder’s top section and moving them to the turtle's location after it moved.
In the section,  7 Future Work,  I’m going to discuss a way to remove unnecessary 
faces from the tree model and there by optimizing the time it takes to generate the 
model from the string.
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2.2.2 Leaves

Figure  5:  The  image  to  the  left  shows  a  tree  before  leaves  were  added  to  the  
application. The right image shows a tree after leaves was included.

Leaves was one of the last things that was added to the application. One of the reasons 
was that the L-system I used did not incorporate them, but also because I had not 
thought  of  a  smart  way  to  add  them  to  the  application,  but  at  the  end  of  the 
implementation phase I came up with a very simple solution for how leaves could be 
added to the L-system.
Whenever the reserved character “]” is encountered in the character string some leaves 
are added by using the turtle’s current state before the state at the top of the state stack 
is popped and used to reset the turtle’s state.  This worked surprisingly well and the 
addition of the green color made the trees look a lot more life like than what they did 
before the leaves were added, as Figure 5 shows.
At the beginning of the tree’s life cycle only one leaf is added when a “]” is found in 
the string,  but as the tree gets older the amount of leaves added is increased to five 
instead.
However, the rendering solution is far from optimal. In the final demo application the 
leaves are geometrical objects and not just planes with a texture. The main reason for 
using a model instead of a plane is that the issues that comes with using transparent  
objects  could be ignored,  but also to make sure that  I  would be able to meet the 
project's deadline.
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2.3 Sunlight and Water

As mentioned in the introduction,  the major goal of this project was to test if L-
systems could still generate plant like structures if the growth rates of the plant’s 
width, height and its growing direction did vary as the tree grows. The results of the 
tests will be presented in the section, 3 Results.
This section will present how sunlight and water will affect the tree and how a user 
can change how much sunlight and water the tree receives. In the section,  7  Future 
Work,  some ideas that for one reason or another didn’t make it into the final demo 
application are described.

Figure 6:  The meters that shows the user how much water (the blue meter)  and 
sunlight (the yellow meter) the tree currently have.

2.3.1 Sunlight

In order for plants to get the energy they need to survive and grow they absorb parts of 
the energy radiated by the sun. This energy is used to perform photosynthesis in which 
water and carbon dioxide are combined into sugar which is stored until the plant needs 
the energy contained in the sugar molecule.
Since the goal of this demo application isn’t to accurately simulate the photosynthesis 
process a fictional definition of how sunlight will affect a tree was made.  In the 
application sunlight determines the length growth rate of a tree’s trunk and branches 
when the model is updated.
The sunlight is also responsible for determining when a tree should grow. A tree can 
only grow when the meter that gets filled when the sun shines on the tree (see Figure  
6) has been more than half full for at least 20 seconds (water is also needed and will  
be discussed in the next section).  If 40 seconds pass and the tree’s sunlight meter 
hasn’t been half full for 20 seconds, the length growth of tree’s trunk and branches 
will be reduced.
The amount of growth reduction will depend on how much additional time than the 40 
seconds it takes the user to get the meter to be more than half full for 20 seconds.
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How a user can affect the amount of sunlight a tree receives will be explained in the 
section, 2.4.2 Menu.

2.3.2 Water

As explained in the previous section, 2.3.1 Sunlight, sunlight provides plants with the 
energy they need to perform photosynthesis,  and that water together with carbon 
dioxide are the two molecules taking part in the photosynthetic reaction.
Just  as  with  the  case  of  how sunlight  affects  a  tree  in  the  application  a  fictional 
definition of how water will affect the tree has been made. The amount of water a tree 
receives will  affect  the girth  growth rate of a tree’s  trunk and branches when the 
model  is  updated.  There is  a  water  meter  that  lets  the  user know how thirsty the 
simulated tree currently is (see Figure 6). Just as with the sunlight meter, the water 
meter needs to be more than half filled for at least 20 seconds before the tree can 
grow. If it takes longer than 40 seconds for the meter to spend 20 seconds more than 
half filled the girth growth rate of the tree’s trunk and branches will  be decreased 
more and more the longer it takes for the user to get the water meter to be half full for 
more than 20 seconds.
How the user provides the tree with water will be explained in the section,  2.4.2 
Menu.

2.4 The Menu and Input

This section describes how single-touch and multi-touch interactions are used to give 
the user the ability to interact with the application. It will also describe a menu that’s 
available to the user, the widgets it has and how the widgets affect the application.
As mentioned in section, 1.4 Nuiteq, all of the data that’s needed to handle user multi-
touch input is provided by Nuiteq’s snowflake SDK.

2.4.1 Changing Perspective

As the application works in three dimensions a user would not only want to see the 
front of the tree, but also the back and any other angle in between.  To solve this 
problem the user was given two different ways to rotate the tree. The first one was the 
ability to rotate the tree around the global y-axis, which is performed by placing a 
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single finger on the screen and moving it horizontally in the direction the tree should 
rotate. This horizontal rotation can be done in 360o.
The other was to make the tree tiltable around the global x-axis, but only to an angle 
of about 37o (cos-1(0.8))  from its starting position.  The reason why the tree can’t be 
rotated 360o like it can around the y-axis is to maintain the illusion that the tree’s 
actually growing out from somewhere and in a given direction.  To tilt the tree,  the 
user needs to place two fingers on the touch screen and moving one of them vertically 
while not moving the other.  It doesn’t matter which finger is moved or is kept 
stationary.
The user can also zoom in to get a more detailed view of the tree, or zoom out to get 
an overview of how the tree looks. To do this, two fingers needs to be placed on the 
touchscreen and moved closer or further apart.  If the distance between the fingers 
decreases the tree gets closer to the horizon,  if the distance increases the tree will 
move closer to the camera. The zooming velocity is affected by the distance between 
the camera and the tree.  When the tree gets further from the camera the zooming 
speed is increased and when it gets closer the zooming speed decreases.

2.4.2 Menu

In addition to the sun and water meters shown in Figure 6 and talked about in section, 
2.3 Sunlight and water, there are two additional buttons and sliders that are invisible 
when the application starts,  see Figure 7.  They will remain invisible until the user 
quickly taps the screen with one finger, revealing the hidden buttons and sliders at the 
location that the user tapped the screen. To make them invisible again the user simply 
needs to be tapped again. While the menu is visible the users abilities to zoom in/out 
and rotate the tree are disabled.
The sliders are responsible for adjusting the suns orbit as described in section, 2.3.1 
Sunlight.  The slider at the top of the menu adjusts the point the sun orbits and the 
other slider is used to change the suns velocity.
The button with the image of a watering can is used to water the tree. The tree will be 
watered for as long as the user keeps the button pressed.  The other button with an 
image of a tiny tree sapling will discard the current tree and plant a new one when the 
user presses it. The button will also fill the tree’s sun and water meters to 25-100% of 
their maximum capacity.
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Figure 7: The menu through which the user can affect the tree. This is what they do in  
descending order: The first slider sets the y-coordinate of the point that the sun orbits,  
the second slider sets the orbiting speed of the sun, the button with a watering can  
fills the tree’s water meter, and the button with a tiny sapling discards the current tree  
and creates a new one.
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3 Results

3.1 Problem Statement

As described in the section, 1.1 Goal and purpose, the purpose of this project was to 
test if L-systems could still create a tree like structure if values that normally would be 
constant could vary while the L-system updates the character string, and not ending up 
with a piece of geometry that looks like an alien life-form or some other non-organic 
object. To test this a tamagotchi like demo application was going to be created, but as 
the implementation of the L-system string parsing and rewriting rewriting, getting the 
turtle to interpret the string correctly, and adding the tamagotchi functionality took 
until the very end of the projects implementation phase to implement, it was decided 
to  only test  variations of  the tree’s  width and height,  and exclude variation of  its 
growth direction(s).

3.2 The L-system

Since I didn’t know anything about L-systems before this project an estimation of how 
long it would take to create one couldn’t be made, so it was decided to use an existing 
L-system at the planning stage of the project. The L-system that was chosen is shown 
in Figure 2.8 [1],  Chapter 2 -  Modeling of  trees.  Some minor modifications were 
made to the L-systems constants. The first was to scale the tree down in order to give 
it a more appropriate size for the application, and the second was to split one of the 
angle  constants  into  three  separate  constants  (a,  b,  c)  in  order  to  allow for  more 
variations in the trees that can be generated.
The modified version is shown in the following table.

w : !(0.2)F(5)/(45)A
p1 : A : * → !(0.1)F(5)[&(a)F(5)A]/(d)[&(b)F(5)A]/(e)[&(c)F(5)A]
p2 : F(l) : * → F(l*k)
p3 : !(w) : * → !(w*v)

(the asterisk means that the character should always be replaced by its production)
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v  =  The rate that the tree’s trunk and branches will increase in girth
k  =  The rate that the tree’s trunk and branches will increase in length
a  =  One of the angles that a branch should be rotated from its mother branch
b  =  One of the angles that a branch should be rotated from its mother branch
c  =  One of the angles that a branch should be rotated from its mother branch
d  =  One angle that decides in what direction a branch should grow from its mother 
branch
e  =  One angle that decides in what direction a branch should grow from its mother 
branch

The reason that this L-system was chosen is that its existing branch and trunk 
segments will update their length and width every time the character string is updated. 
All of the other L-systems found during the research phase had a length and girth that 
was calculated when the segment was created and remained constant during the 
following iterations of the L-system.

3.3 The Experiments

In the chosen L-system there were two constants responsible for increasing the length 
and width of the tree segment,  the values of the constants are,  lr = 1.109  which is 
multiplied with the current length of a tree segment increasing its length by 10.9%, vr 

= 1.732 which is multiplied with the tree segments current width increasing its width 
by 73.2%. Three other constants is also used by the L-system, but as they had to do 
with in what direction that the new branches should grow they were excluded from the 
tests for the reasons explained in the section, 3.1 The question.

The first test was to see how the model created by the L-system would be affected if 
the growth rates of the tree segments length and width was calculated separately. The 
test gave a good result as long as the ratio between the growth rates of the tree’s 
length and girth didn’t change to much compared to the ratio in the original L-system.
When the growth rate of the girth was much larger than the length’s growth rate the 
tree’s segments began to resemble a collection of wooden stumps of varying sizes 
melded into an abstract art piece. In the other extreme case where the segments length 
increases way faster than their girth, the tree begins to look like a twig more than a 
tree, see Figure 8 for screenshots of both cases.
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The test showed that it’s possible to calculate the growth rates of the tree segments 
length and girth separately,  just as long as there’s a limit to how much the ratio can 
differ from the ratio of the original L-system.

As the first test showed that the ratio of the growth rates couldn’t be allowed to differ 
too much or the created structure wouldn’t resemble a tree anymore. So a second test 
where the length and girth growth rate ratio is maintained was made.
The two constant values that govern the growth of the tree segments in the original L-
system was set as  the maximum amount that  the segments could grow in the test 
(length = 10.9%, girth = 73.2%), and at a minimum they won’t grow at all.
This resulted in a growth development that had a much more natural looking tree even 
when the growth rates varied between the updates of the string, but it still has some 
issues. The most obvious problem that this L-system has with this method is that when 
the growth rates approaches zero percent.  The result would be that the existing 
segments would see very little to no growth when the L-system updates the string. 
Which actually is the desired result,  but because the new branches that are added 
during an update will always have a constant length of five,  making the structure 
resemble the twig seen in the first test (see Figure 8).

The problem that makes the second test resemble a twig when the growth rate is 
smaller has nothing to do with the the test itself, but with the L-system chosen for the 
tests. So a third test followed where the constant length of a new branch was replaced 
by a varying constant.
Again as with the second test it produced a good result when the growth rate was 
large, but when it’s small the result is basically a collection of discs sitting on top of a 
pedestal.  A fourth test where the width of the new tree segments would also be 
changed from a constant to a variable was considered, but as it wouldn’t solve any of 
the main problems which again lays with the L-system itself, the choice was made to 
not pursue it.

The first of the L-systems main problems which arises when trying to change its 
constants to variables are the fact every time the L-system rewrites the string new 
branches will always be added to the tree model.  So if the length of a new branch’s 
mother branch (the segment which the branch grows from) was small the girth of the 
new branch could be wider than the mother branches length. Even if the girth of the 
new branch wasn’t wider than its mother branch it would still look very unrealistic if 
the new branches was placed too close to the base of its mother branch.
The other main problem lays in the fact that the L-system increases the length and 
girth of the existing tree segments by a percentage of its current length and thickness. 
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This will cause the segments that are older to increase their girth and length more than 
the newer segments.  An example of this can be seen in the left image of Figure 8 
where the tree’s trunk has gotten a cone like shape, and the cone will only get more 
exaggerated as the L-system keeps updating the trunk’s girth.

Figure 8:  The extremes of the first test,  the leaves have been excluded to show the 
difference more accurately.  To the left is the result if the tree segments width has a 
growth rate that’s greater their length growth rate,  to the right is the result if the 
length growth rate is much bigger than the growth rate of the width.
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4 Discussion

The idea, as stated numerous times in the report, was to create an application that 
works like a tamagotchi but with trees instead of animals.  However,  what became 
clear during the planning before the project,  was that the projects two month time 
frame wouldn't be enough to develop the application I had in my mind. So instead I 
decided  to  focus  on  evaluating  if  the  L-system  framework  could  be  used  in  the 
implementation of that application. To test this I chose to create a smaller demo where 
I’d try to incorporate some of the basic ideas I had for the tamagotchi like application 
that used the L-system framework.
The  choice  to  use  an  existing  L-system  instead  of  creating  a  new  one  was,  as 
previously stated, founded on the fact that I didn’t  know enough about L-systems 
before this project, and I’d still probably have chosen to use an existing L-system even 
if I did have some knowledge of how it worked, simply because of the projects short 
time span.  In  hindsight,  the  choice  to  not  create  my own L-system was the  right 
decision. Because as I experimented with ways to get that L-system to work like I  
wanted it to, I realized why I would never get this L-system to produce the results I 
wanted by just changing some of its constants into variables, and it gave me some 
ideas of how one could create one that would work like I wanted it to. The two main 
reasons why the L-system couldn’t produce the results I wanted was that, it increases 
the  length  and  girth  of  the  tree  segments  by  using  multiplication,  and  that  new 
branches are added to the model every single time the L-system rewrites the string.
What I want is an L-system that needs more iterations to create a fully grown plant (in 
this case a tree),  where the growth is calculated by another formula than just 
multiplication, where branches aren’t created every single time the character string is 
updated.
To get around those issues and get my desired results I would most likely have to 
design my own L-system that incorporates some of the other tools that aren’t used by 
the L-system I used to make this demo (or any of the other L-system used to generate 
trees that I were able to find), but are available in the L-system framework.
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5 Conclusion

I never actually managed to find an L-system designed to generate plants in small 
increments, and by small I mean that the model don't appear to make a huge leaps 
through time whenever it updates the character string, but that the model would appear 
to be gradually growing as time passes. One reason for this could be that no one has 
ever needed an L-system with that capability, and that they just wanted to generate 
some tree models that  they could reuse multiple times throughout a scene, or just 
study the L-system trying to better understand the rules that dictates how real plants 
grow.
Another reason could be that an L-system that grows in smaller increments would be 
quite complex and therefore wouldn't be the best or even a good choice to accomplish 
the task, but from what I've learned about L-systems an L-system that would simulate 
plant  growth  in  smaller  increments  wouldn't  necessarily  need  to  be  much  more 
complex than the L-system I used in the demo application.
A simple modification would be to change the function type that is used to grow the 
tree from an exponential function to a logarithmic function, this would make sure that 
the growth will slow down the older the tree gets. Another simple change could be to 
add some extra  parameters  to  one or  more of  the  characters  parameter  list  which 
would influence how much a tree segment is allowed to grow, and as I've mentioned 
before one could also incorporate more of the tools that are available in the L-system 
toolkit.
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6 Future Work

This section presents ideas which I had for the project but was excluded because of 
the its time constraints. It also includes ideas that I got while I worked on the project 
but didn’t have time to implement.

6.1 Wind

As explained in the section, 1.1 Goal and Purpose, the wind has a huge impact on a 
tree’s  growth  by  affecting  how efficiently  it’s  root  system can  absorb  water  and 
nutrients  from  the  ground,  but  it  also  affects  the  tree’s  shape  to  some  extent. 
Determining how the wind will affect the shape of the tree might be a bit excessive, I  
still think that it would be worth looking into as it would give a user more control over 
the tree’s growth. On the other hand using the wind to calculate how efficiently a tree 
can absorb water and nutrients would enable for more accurate calculations of how 
much energy and building material is available to the tree.
The effects described above might provide too little value to the user than what it 
takes to calculate,  but using it to simulate the more visual effect of pushing on the 
tree’s branches making them sway, would without a doubt be worth looking into as it 
would make the trees look more alive. To simulate the wind interacting with the tree 
one could create an animation skeleton at the same time as the tree model is generated. 

6.2 Sunlight

As explained in the section, 3.3.1 Sunlight, sunlight provides all plants with the energy 
needed to perform photosynthesis.  The solar energy gets absorbed by the plants 
leaves.  To perform a more accurate estimation of how much sunlight the tree is 
absorbing and therefore make a better estimation of how much energy it has to 
perform photosynthesis with.  To do this one could create a separate shader program 
that renders the tree from the suns perspective and can then calculate how much light 
is actually hitting the leaves.
To give the user more ways to affect the growth of the tree they could also be given 
more options when it comes to modifying the suns orbit and making the tree try to 
grow more in the direction that its receiving sunlight.
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6.3 Collision Detection

In the real world you won’t see a tree that has any part intersecting itself or any other 
object in their vicinity. If a solid object is located in the growth path of any part of the 
tree it will have to find an alternate growth path.  So developing a way to detect 
collisions and solve them would have to be developed.
Also creating a collision mesh that can be used to detect collisions if the trees are 
animated to simulate the wind interacting with the tree.

6.4 Custom Built L-system

All of the L-systems that I was able to find during the course of the project were 
designed to produce the final model without showing the steps required to produce it. 
When  you  watch  the  individual  update  steps  one  after  the  other  they  look  like 
snapshots of the plants life taken with many huge time intervals, and in the case where 
the plant is a tree,  that interval appears to be multiple years.
This wasn't the result I was looking for, as I wanted that interval to be much smaller, 
but from what I learned about the L-system framework during this project I believe 
that one could designed such an L-system by incorporating some other tools available 
in the L-system framework.
Another possible solution is to interpolate the model's shape it has before the update to 
the shape it will have after the update.

6.5 Root System

As mentioned in section, 6.1 Wind,  plants absorbs the water and nutrients they need 
through their roots. So to actually create a model of the tree’s root system and using it 
to make a more accurate calculation of how much water and nutrients the tree can 
absorb at any moment in time.
L-systems have been created that can simulate the growth of plants root system, but I 
didn’t manage to find an L-system that grows a plant’s body above ground and its root 
system below the ground.  So designing an L-system that can do both would be an 
interesting challenge.  Another and possibly simpler solution would probably be to 
create to different  L-systems, one for growing the plant body above ground and the 
other for growing the plant’s root system.
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6.6 Modifiable L-system

Another feature that I originally wanted to include and test in the demo was the ability 
to trim the leaves and branches from a tree model giving the user the ability to directly 
modify the tree would be a nice feature provide to the user.
To implement this functionality one would have to create a data structure that can link 
a segment of the tree model to the part in the character string that responsible for 
creating it.  So when one branch is chosen to be removed the part of the part of the 
string that created it can be located.
If the user should have the ability to remove individual leaves or a group of leaves 
they would have to have a reserved character representing them in the string.

6.7 Optimizing the Tree Model

As described in section, 2.2.1 Trunk and branches, the tree structure that is currently 
generated  by  taking  a  cylinder  and  placing  it  at  the  trail  generated  by  the  turtle 
whenever it changes position. This is bad because at the top and the bottom of the 
cylinder  there  is  geometry  that  will  never  be  seen  by  the  user  but  which  is  still 
rendered to the scene consuming unnecessary computational power.
So instead one could use circles that, when connected, will generate a hollow cylinder 
without a top or bottom lid.  To do this,  a  circle needs to be placed at  the turtles 
position every time it changes. That circle is then connected to the circle created the 
previous time the turtle changed its position, generating the hollow cylinder without a 
top or bottom lid. A lid is only created whenever the reserved character that marks the 
end of a branch is encountered, which means that the last circle should be filled.
This will remove the triangles that the user will never see, optimizing the tree model 
further, it would also remove the need for the cylinder model.

6.8 Multicore Processors

If  multiple  cores  are  available  the  work  of  simulating  the  plant’s  growth  can  be 
divided between the cores. For example, one could have one core taking care of the 
animation of the current tree model, and having another calculate how much water and 
sunlight the tree’s receiving and then using that same core (or a third core) to update 
the character string and the tree model that will be created when the turtle interprets 
the string.
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6.9 Improving the Visual Appeal of the Plant

As the application I have in my mind is focused on simulating the growth of a tree, it 
would be a huge plus if the generated tree model would look appealing. So in this  
section I will present some of the things that can be done to improve the visual appeal 
of the tree, and therefore the visual appeal of the entire application.

• As mentioned in the section,  6.1 Wind, creating an animation skeleton to be 
able to simulate the wind interacting with the tree.

• Adding actual shadows to the application instead of using phong shading to 
create  the  illusion of  shadows.  This  would  also allow objects  to  cast  there 
shadow on other objects as well.

• Giving the tree’s trunk and branches a bark texture, using a normal map giving 
the illusion of having an bumpy surface, or combining the two.

• Using a plane for the leaves instead of a piece of geometry, this is more of a 
rendering optimization, but as one can use more planes of leaves it would give 
the tree thicker foliage.

• One could also give the tree flowers and fruits giving the tree more colors and 
add another dimension to the gameplay aspect where the user would try to get a 
good harvest.

• Another  thing  that  would  have  a  huge  impact  would  be  if  the  tree  could 
actually grow out from a surface. Adding a terrain from where the tree could 
grow out of would give the user better sense of orientation as well.

• Adding an actual visual effect for when the user waters the tree, for example, 
spawning a rain cloud above it.

• Having an actual object or plane shows the position of the sun instead of an 
invisible point.
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6.10 Presentation Suggestions

During the open questioning part of the presentation I made about the project there 
were some really ingenious ideas that the audience came up that would improve the 
application. The first was to give the user the ability to plant multiple trees at the same 
time building their own garden. Another idea that was really interesting was if one 
could think of the productions as the DNA of the tree and if you could therefore breed 
different and create a new L-system by mixing the productions of two different L-
system. That last idea sparked idea in another audience member, if the trees can breed 
with each other then one can construct a family tree of the tree’s the user has created 
and share them with other users of the application.
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