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1.  ECOSYSTEM OVERVIEW: 

Morpheme features a virtual ecosystem for the letters to live in. These creatures can interact with each 

other and their environment. The creatures are born into the ecosystem, live in the ecosystem, and 

eventually die in the ecosystem. Just like in any real ecosystem, there are many different species, 

consisting of many different creatures. These creatures are capable of mating with each other which 

allows for reproduction. The new born children receive the genes of their parents, and through genetic 

cross over and mutation, evolution takes place. 

 

The creatures must do more than just mate with each other, however. Each creature has a set of needs 

and desires. If they do not satisfy these needs, they will suffer, and ultimately, die. There are 5 main 

needs/desires. One such need is water (coffee). The creatures will continually become more and more 

thirsty for coffee, and only through drinking it can they satisfy this need. If they don‟t drink coffee 

frequently enough, then they will die from thirst. Thus, evolution occurs through adaptation. Any 

creature that dies of thirst before it gets a chance to reproduce will not be able to pass on its genes. 

Only the „fittest‟ creatures survive long enough to have children. 

 

So how is fitness determined? A creature‟s fitness is determined by its ability to satisfy its needs. This 

ability is largely determined by the creature‟s attributes. Some creatures can move faster in water, 

while others can move faster on land. Some are carnivores, while others are herbivores. These 

attributes are what ultimately determine the survival and fitness of any given creature. In an 

environment filled with water, the water creatures do better than the land creatures. In turn, the land 

creatures die out and the water creatures evolve to become even more efficient in water. Similarly, in a 

world with very little grass (paper), herbivores may find it too difficult to find food, and will slowly 

evolve to become more carnivorous as all of the pure herbivores die of starvation. 

 

The fundamental building block of any creature is its letters. These letters not only determine how the 

creature moves, but also the genetic code of the creature. Each letter has its own genetic fingerprint. 

When a creature is created, all the genes from all the letters within it are averaged out, and become the 

genetic code for that particular creature. There are four genes, and each of these genes range from 0 to 

1. Each creature will have a value somewhere on this range, between 0 and 1, for each of the genes. 

Thus, you might find a creature that‟s 90% carnivore, and only 10% herbivore. This means that while 

the creature can eat both meat (other creatures) and grass (paper), it satisfies its hunger much faster 

when eating meat. 

 

These are the primary factors that determine the evolution and dynamics of Morpheme‟s ecosystem. 

The letters are passed from parent to child and determine the genes of the newly created creature. 

These four genes are mapped to the creature‟s attributes, which affect the way the creature interacts 

with the world. The creature must interact with the world in order to satisfy its needs, or else it will die. 

If the creature is able to stay alive long enough to successfully reproduce, then it has succeeded in 

passing on its genes. The creature has a child, and the cycle begins all over again. It is through this 

process that the Morpheme ecosystem is able to evolve and adapt to the ever changing environment. 

 

2. NEEDS: 

There are 5 primary needs that each creature must satisfy in order to successfully reproduce. These 

needs are: health; food; water; rest; and sex. Each need affects the creature in a different way, and is 

satisfied in a different way, too. While the creature is alive, it constantly tries to satisfy these 5 needs to 

the best of its ability. Four of these needs can be thought of in the negative terms: injury; hunger; thirst; 

and tiredness. A creature constantly tries to bring all these negatives down to 0. Ideally, a creature 

would have no injury, no hunger, no thirst, and no tiredness. The exception is the sex need, which is at 

0 by default, and the creature must strive to get this as high as it can. Unfortunately, a creature cannot 

satisfy everything at once, so it is constantly deciding which need is most important. No need can be 

ignored, because if it is, the creature will die without passing on its genes. Below is a description of 

how each need influences the animal. 



 

2.1 Health 

This is perhaps the most important need. When a creature‟s health runs out, it dies. The number one 

cause of health running out is injury. If an animal fights another animal, it suffers injuries. These 

injuries are determined by the damage abilities of the opposing creature, and detract directly from the 

creature‟s health. The best example of this is when a prey is killed by a predator. The predator deals 

damage to the prey, and causes the prey‟s health to drop. When the prey‟s health drops to 0, it dies, and 

the predator can begin feasting. 

 

The other way that a creature‟s health decreases is when it is starving or dehydrated. If a creature 

allows itself to get too hungry or thirsty, then it will slowly begin to die. The health slowly decreases 

for every frame that the creature is starving or dehydrated. Eventually, the health will drop to 0, and 

then the creature will die. There is one more way that a creature can die, and that is of old age. When a 

creature‟s life expectancy runs out, it will die. 

 

Fortunately, there is a cure. Creatures can regenerate. For every frame that a creature isn‟t being 

injured, starved, or dehydrated, the creature‟s health slowly increases. Over time, the creature will 

return to full health. Overall, to satisfy this need, all a creature must do is not get injured, and not 

ignore the other needs – food and water. If a creature must fight (say for food), then they must make 

sure the fight won‟t kill them. 

 

2.2 Food 

Food can come from two main sources, grass (paper) or meat (other creatures). Most creatures can eat 

food from both of these sources, but will usually have a preference. This preference is determined by 

the creature‟s genes (which in turn, are determined by the creature‟s letter makeup). Carnivores can 

gather food much faster from meat sources than they can from grass, while herbivores gather food 

faster from the grass. Creatures will constantly become more and more hungry, and they need to satisfy 

this hunger by eating. The consequence of not eating was described above – the creature reaches 

starvation and begins to lose health. Eventually, the health drops to 0 and the creature dies. 

 

2.3 Water 

In Morpheme, water comes in the form of coffee. Water behaves in a similar fashion to food. The 

creatures become increasingly thirsty and must drink coffee in order to avoid dehydration and death. 

 

2.4 Rest 
Every waking moment, the creature gets more and more tired. Just like the food and water needs, the 

rest needs gradually gets worse, and must be satisfied. To satisfy the rest need, all a creature must do, is 

rest! This involves simply sitting there, not eating, not drinking or moving – just resting. When a 

creature rests, they recharge their batteries, and when they‟re not resting, they become more tired. 

 

The consequences of not resting are quite different to the consequences of not eating or drinking. If a 

creature ignores food, it dies. If a creature ignores rest, however, it doesn‟t die. Instead, it slows to a 

halt. The speed at which a creature can move is related to how rested a creature is. When a creature is 

fully rested, it can move as fast as possible. But when a creature is completely exhausted, it can‟t move 

at all. While not moving at all doesn‟t immediately kill you, it 

indirectly results in your death, as you can no longer eat, drink, or 

escape predators.  

 

2.5 Sex 

This is essential for reproduction. The sex control works a little 

differently than the others, and works differently again between 

males and females. Basically, the sex control always decreases 

down to 0. However, if two creatures of a similar genetic code and 

opposite genders are both completely uninjured and neither one of 

them is pregnant or recharging, they can attempt to have sex. When 

this happens, the male‟s sex charge increases. When the sex charge 

gets to the maximum, he and the female he is with successfully 

conceive a child. The child receives a mix of the letters of its two 

parents and is created. However, it is not yet born. At the point of 

conception, the female‟s sex control jumps up to the maximum, 



and gradually decreases. Only after the mother‟s sex control has reached 0 again is the child born. 

 

The image to the right shows this in action. The bars from left to right are: injury, hunger, thirst, 

tiredness, and sex. The creature dies when that red bar fills up. The pink bar, being the sex bar, is 

currently on its way down. Because the charge bar to the right is full, we know the female is pregnant. 

When that pink bar reaches the bottom, a child will be born. The „1‟ down the bottom of the pink bar 

indicates that only 1 child will be born, rather than twins or triplets. When the child is born, the white 

charge bar will also return to 0, indicating that the female is ready to get pregnant again. 

 

Basically, this control is a way of ensuring that children aren‟t created the instant their parents bump 

into each other. This time delay is important, as creatures must balance the time between eating, 

drinking, sleeping, and reproduction. Furthermore, it‟s not good enough for a mother to simply 

conceive a child, she must also stay alive long enough to give birth to it. This tests the mother‟s 

survival skills, as she may be better off seeking protection while pregnant, than going out exploring on 

her own. 

 

3. ATTRIBUTES & GENES: 

Each creature has a whole bunch of attributes. These attributes are determined by the creature‟s genes. 

Attributes affect all aspects of the creature‟s existence. The distance a creature can see, the rate at 

which it gets thirsty, the speed it can travel on land, the amount of damage it can deal, etc... All of these 

attributes affect the way a creature lives in the environment. These attributes are mapped from the four 

basic genes - and the four basic genes are determined by the 26 letters in the English alphabet. 

 

 The four basic genes are mass, land speed, carnivorousness, 

and attack. Ignoring mass for a moment, the graph to the 

right shows how each letter affects a creature‟s 3 remaining 

genes. A letter is either a water letter, or a land letter; a 

stamina letter, or an attack letter; and an herbivore letter or a 

carnivore letter. Letters in red are carnivore letters. 

 

For example, the letter A is a water-based, high attack, 

carnivore (think of a piranha). While the letter R is a land-

based, high stamina, herbivore (perhaps a rabbit). 

 

Now, while creatures can consist of a single letter, they often 

won‟t. The mass gene is determined by the number of letters 

in the creature. A creature with only a single letter would have a small mass gene (0.1), while a 

creature with 10 letters (the maximum) would have a huge mass gene (1). 

 

When creatures have multiple letters, they take the average genes (ignoring mass) of all letters within 

them. So for example, the creature „CAR‟ would have a mass of 0.3, a land speed of 0.66, would only 

be 33% herbivore, and would have an attack of 0.33. Once a new creature is conceived and its genetic 

makeup is determined, the creature‟s attributes are mapped accordingly. This is based upon 4 basic 

genes - what they do, are as follows: 

 

3.1 Mass Gene 

This is by far the most influential of all the genes. Large animals can see further, deal more damage, 

withstand more damage, and live longer. Smaller creatures require less food and water to survive and 

can produce offspring faster. 

 

3.2 Land Speed Gene 

This gene determines if an animal is water based or land based. With a high land speed gene, a creature 

can travel faster on land and requires less water. With a lower land speed gene, a creature travels faster 

in water and requires less food. 

 

3.3 Carnivore Gene 

Carnivores gather food from meat faster. Herbivores gather food from grass faster. Meat is generally 

faster to gather than grass is, but grass is much safer and easier to obtain. 

 

 



3.4 Energy Use Gene 

This gene determines attack versus stamina. Creatures with higher attack deal more damage when 

fighting, but creatures with a low energy use gene have more stamina, and tire slower. 
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1.  THE FINITE STATE MACHINE 
The artificial intelligence component of Morpheme was perfected over several iterations. Initially the 

AI consisted of a Finite State Machine (FSM). That is, the creatures could be in any one of a series of 

different predefined states. The occurrence of certain events or conditions would trigger a transition 

between these states. This approach was a great way to get up and running very quickly, however it had 

several key limitations.  

 

Firstly the FSM requires very specific rules, for example a rule may state: 

 

IF Thirst > 80% THEN Find_Water 

 

This type of configuration has two major drawbacks, the first being that the rule will always produce 

the same outcome. The creature will wait until its thirst reaches 80% and then it will run the 

Find_Water routine. It will do this every single time, without fail, reliably but also predictably. 

Although such predictable behaviour is much easier to debug we felt that it detracted from the 

personality and diversity of our creatures.  

The second drawback of this configuration is that it takes very many rules to achieve complex 

behaviour. This is because this method requires such specific rules and outcomes that all the many 

possible combinations must be accounted for. 

 

Another limitation of the FSM is that rules are generally more difficult to maintain. Often you can end 

up with scores of nested IF THEN statements making it difficult to make changes and to decipher down 

the track. Also the nature of the rules often leads to usage of “magic numbers” or threshold values and 

multipliers with little to no explanation such as the “80%” from the above example. Again, after some 

time has passed it can become difficult to remember the reasoning behind the choices of some of these 

numbers. 

 

Eventually it became obvious that we would have to go further if we were going to get complex 

behaviour out of the system.  

 

2. THE FUZZY STATE MACHINE 
The Fuzzy State Machine is a similar concept to the Finite State Machine. The Fuzzy State Machine 

however uses Fuzzy Logic to express and evaluate rules. Fuzzy Logic is a concept that was first 

outlined in 1965 by Lofti Zadeh. The basic idea was to use a method to describe problems and 

solutions that was more natural to the human way of thinking. Often when humans are solving 

problems they will think about them in imprecise terms such as “that animal is tall or fast”, rather than 

precise terms like “that animal is 1.5m tall and can run 20km/h”. Fuzzy Logic allows you to do this 

with precise machines like computers.  

 

The other staple of Fuzzy Logic is that everything is a matter of degree. Drawing on the previous 

example, in determining whether or not an animal is tall, Boolean logic such as that which is used in 

the Finite State Machine, forces us to set discrete boundaries for these classifications. For instance all 

animals 1.7m and taller may be considered tall. This would mean that an animal of 1.69m is not 

considered tall, however surely in the real world when assessing such things you would still consider 

that animal to be tall. In Fuzzy Logic there is some overlap in the classification. So we would say that 

this animal is “tall” to a certain degree and maybe “average” to another degree. Therefore in Fuzzy 

Logic everything is true to a degree between 0 and 1, 1 being absolutely true and 0 being absolutely 

false. This is in contrast to Boolean logic where we can only nominate things to be completely true or 

completely false and there is no grey area in-between. 

 

By allowing us this grey area Fuzzy Logic afforded us many benefits when compared to the Boolean 

logic of the Finite State Machine. Firstly it allowed us to intuitively code rules for the system. We 

could state things like: 

 



IF Thirst is Critical THEN Find_Water 

 

Encoding the rules this way was much more intuitive and far easier to understand when going back to 

them after some time had passed.  The use of Fuzzy logic also overcame the limitations of the Finite 

State Machine. The ability to use imprecise statements such as the one above and to therefore allow for 

degrees of truth we were able to get unpredictable behaviour from our creatures and a much greater 

diversity between them. 

Fuzzy logic also allowed for smooth transitions between our states. This is because of the way a Fuzzy 

State Machine evaluates which state it should be in. The Finite State Machine will run through a set of 

IF THEN statements until one returns True, when it does it will fire cause a change of state. In contrast, 

the Fuzzy State Machine will fire all the possible states to a certain degree. For instance, the Fuzzy 

State Machine may decide that our creature should be in the Find_Water water state to a degree of 0.3 

and in the Find_Food state to a degree of 0.6. As you can see they both return true, however Find_Food 

is more true than Find_Water. 

 

This in turn meant that we no longer needed a hierarchy of states as we had with the Finite State 

Machine. The hierarchy of states was used to determine what was more important to the survival of the 

creature and to make sure that state has the opportunity to fire before the others. For example, if the 

creature gets thirsty quicker than it gets hungry, but both its hunger and thirst bars are almost maxed 

out what should it take care of first? The thirst, because that will kill it quicker, it has a greater chance 

of survival by satisfying that need first. With the Fuzzy State Machine we no longer had to worry about 

this because all of the states fired, it was just a matter of making robust rules that would ensure that if 

the need for thirst and hunger was equally high the one that would kill the creature quicker evaluated to 

a higher degree of truth. 

 

3. SATISFYING NEEDS 

Of course even with the Fuzzy logic rules there were still some obstacles to overcome. Firstly the needs 

system; the creatures needed to know when to begin performing certain tasks to satisfy their needs. E.g. 

Performing Find_Food when hungry. This was accomplished easily enough by providing a threshold at 

which the creature would start looking for food when it was hungry. Our threshold in this case however 

was a Fuzzy threshold and not a discrete value. The problem now is how the creature knows when to 

stop eating. If we leave it with just this one rule it will reach the threshold we have set, go looking for 

food, it will eat until the need for hunger falls below the threshold value and then it will stop. Typically 

this will result in the creature eating tiny bits of food continuously because it only ever eats enough to 

satisfy itself momentarily.  

 

In the real world both animals and people will get hungry and they will eat until they satisfy their 

hunger sufficiently so they do not need to eat for a certain period of time. To mimic this we had to set 

up a different way to evaluate our rules if the creature was already performing an action. Meaning that 

if the creature was already eating it would try not to stop eating until it reached a certain threshold of 

satisfaction. Of course this could be interrupted by more urgent needs. For instance if the creature was 

eating and getting attacked it would stop to flee or if it was eating and it was about to die of 

dehydration, it would stop and get a drink. This mechanism ensured that the creature would not drag 

itself into a loop of momentarily fulfilling its needs but would also not fulfil them in lieu of more 

urgent needs. 

 

4. OTHER IDEAS 

We had several other ideas to expand the AI that we did not get around to implementing due to time 

constraints. The first of these was implementing a type of Reinforcement Learning allowing the AI to 

learn which states worked best given certain inputs. The idea was to determine the need, run through 

the Fuzzy State Machine where a state would be selected, then finally evaluate that sate based on how 

it fulfilled the need. We felt that this would both create a greater sense of intelligence and diversity 

amongst our creatures. 

 

Another of the ideas that never made it to implementation was the use of Influence Maps. We thought 

this would be a very cool addition to Morpheme. Influence Maps are basically a grid or set of regions 

that define certain factions‟ influence over an area. For Morpheme the idea was to divide the world into 

grid spaces and count up the number of creatures of a certain species and then give each grid area an 

influence rating for that species. This would have created “territories” for the creatures. The idea was 

then to have them protect their territory and maybe even vie for territory. This idea however had 



several complications, the most important of which was that Morpheme had a real grey area when it 

came down to species. We did not have set species and it would have proven difficult to define them in 

any intuitive way in the time we had to complete the project, so unfortunately this idea too was 

abandoned. 
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1. STRING ENTRY 

In order to reach an environment populated with creatures that interact in various ways, a creature 

generating process had to be fundamentally mapped out. The process begins with the user inputting a 

word via the keyboard into the GUI, which in turn converts each letter into section of the creature in 

order to produce a visual form or body-like appearance. Each creature that is generated is unique in its 

own respect by the formation of the comprised “letters” with the word they chose to enter. This allows 

people to experiment with creating longer words with different character sets to produce the fittest 

individual creature within the environment. There is a 20 character limit to word inputted, however the 

longer the word, the more physical mass will be generated and attached to the creature body as a whole 

and could potentially create a creature who is very slow in movement, which ultimately would mean a 

reduced ability to flee from predators or walk to food and water.  Any of the 26 letters of the alphabet 

can be inputted and even repeated to experiment with stronger/weaker vs. faster/slower generated 

creatures. 

 

2. LETTER OBJECT CONVERSION 

The characters of the chosen word are processed one at a time and generate a creature part from hard 

coded set of variables. Meaning each letter from the alphabet A-Z has been pre-designed in relation to 

where the letter can bend and pivot and how structurally to maintain its appearance of looking like a 

letter from the alphabet. The physics library by (J.T Bernstein, 2007) is the foundation for creating the 

structure of each letter and the visual depiction of the creature as a whole. The Traer Physics library 

allows manipulation over springs and particles in order to simulate real world physics within a 

designed particle system. This allowed a more organic looking and moving developed creature, 

whereby all processes to produce movement would be via the manipulation of the springs and particles.  

Fundamentally a spring is connected by 2 particles, one at each end, so the process to determine where 

to place the particles and springs for the each letter of the alphabet was taken as an engineered 

approach to building letter structures which would maintain its shape in the event of external forces 

acting upon it. This was achieved by simplifying the particles of the letter into a grid formation 3 points 

by 4 points which produced an LCD display visual style of each letter.  

 
Figure 1.1 – Letters B + W 

 

As shown in Figure 1.1 the number of particles (circles) and springs (dark lines) vary with each letter 

which allow for unique creature building and movement with respect to the particles and spring physics 

simulation. The dotted lines seen in the diagram show the invisible springs that have been inserted in 

order to maintain the shape of the letter, while holding an organic visual style. The placement of 

invisible springs and their particle counterparts have been designed and inspired by the truss geometric 

shape commonly seen in the building of bridges and skyscrapers.  

 

Each particle allows control over it‟s mass and position in the X,Y and Z planes, however for our 2 

dimensional display we only utilize the X + Y positioning of particles. With respect to mass, the 

heavier a particle it is, the more anchored to the floor, it becomes for that area of the creature. The 



spring‟s component allows you to manipulate its resting length: the desired length the spring tries to 

achieve. The strength of the spring: whether or not it‟s a solid foundation with no elasticity or a cable 

which is affected greatly from external forces. Damping is also included in order to tweak how a 

spring overshoots its marks and the ability to settle down after oscillations. 

 

Inspiration was here drawn again by an external online application source called (SodaPlay, 2007) and 

it‟s development environment called Constructor. This allow for rapid designing and testing of letters 

and their constituenting particles and springs to be deployed in a physics simulation before mapping 

out the final coordinates in our own application. The aim of SodaPlay is to develop a structurally sound 

creature that has an excellent ability to navigate various terrains with respect to peaks, troughs and land 

texture variables. 

 

In order to determine appropriate resting lengths between springs of the 3x4 grid, simple square root 

calculations were utilized in order to visually maintain a letter from the alphabet. The 3x5 grid of 

particles and springs has been designed  for scalability given control to the user to determine the size of 

their generated word creature. As mentioned before the mass of each particle is an important addition 

for the user to consider because the heavier the creature is, the slower it will move, thus a variable has 

been provided here to experiment with different mass weighting to simulate within the particle system.  

 

3. JOINING LETTERS TOGETHER 

After the word has been inputted into the program and the letter generating processes fulfilled, the next 

step is to join the characters in a unique and logical way in order to produce a creature which can 

visually hold its identity of an alphabetic letter and move effectively within the environment. As 

previously mentioned each character of the inputted word knows the position and mass of each particle 

and the connecting springs which join each of the 2 particles. At this stage however, there is an 

additional process of determining a friend particle to each particle contained within the letter. This 

friend particle acts an indicator as to how to join respective letters together. For example if the word 

“STORM” was entered, the joining process would begin with only 2 characters at a time. One 

randomly chosen particle from the “S” letter would be selected and its friend particle would be found. 

This would essentially select a spring that conjoins the randomly selected particle and its friend 

particle.  

 
Figure 1.2 – Letter “S” with randomly selected particle and friend particle / Direction checked 

for join / Joined “S” + “T” 

 

Additionally to this, information about the pertaining side direction of the spring would also be 

determined, as to ensure no connection on along the inside springs of the letter “S” to the letter “T”. 

After the direction of the spring from the first letter has been gathered, in this case “LEFT”, the second 

letter would be searched for any direction that is not “LEFT” so “RIGHT”, “TOP” or “BOTTOM” 

would allow a joining between springs. In the case of internal springs which allow no joining their 

direction would valued as “NONE”. As seen in Figure 1.2, a “LEFT” is compatible with “TOP” so the 

join is successfully made along these springs.  

 

This process would continue with the “T” selecting a random particle and finding its friend, then 

checking for a compatible direction to join the “O” until the completed creature “STORM” is 

generated. The possibility for 3 outer 4 directions to join equal length springs allows for large amounts 

of variation within the form and manoeuvrability of the creature. Finally, the number of letters from an 



inputted word will determine whether or not the last character in the word is joined back to the first 

character, creating a box body –form.  In contrast, leaving the last character unjoined will result in a 

snake like creature, perhaps ideal for water terrain movement.  
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1. INTRODUCTION 

Development for this project was undertaken in a modular fashion. The application was broken down 

into discrete components and a group member was assigned to each task. The fundamental concept 

behind the creature generator was to be able to produce creature objects that could be „grown‟ 

separately from the main application, in order to separate computationally intensive processes from 

each other. Ideally, the various application components could be executed remotely over a network, to 

optimise the execution of the end product. The envisioned program flow for the creature generator had 

several discrete parts: 

 

 Take string input from the main application 

 Construct a creature based on this input 

 Develop a walk cycle for the creature 

 Return the fully formed, encapsulated, functional creature object with an appropriate interface 

 

A „functional creature‟ had to be able to satisfy the requirements of the application using it. The most 

fundamental function of the creature was that it had to be able to move itself towards a specified 

destination. Brainstorming an appropriate method for this resulted in the following series of actions for 

a moveTo function, based on developing a walk cycle that could move the creature in one direction: 

 

 Check angle to the target destination from the orientation of the creature 

 Rotate the creature so that it faces the target destination 

 Move forwards until the target destination is reached 

 Check progress at regular intervals to make sure creature is still moving towards destination 

and re-orient if necessary 

 

The final step would be necessary to compensate for a potentially imperfect walk cycle that caused the 

creature to veer too far to the left or right. Therefore, the basic interface for a creature would be the 

moveTo function, which would operate in conjunction with a rotate function in order to reach its 

destination. 

 

Other, less crucial functions for a creature object would be functions to define its boundary, for 

implementing collision detection, and possibly methods for defining body parts for interaction with its 

surrounds, such as „eyes‟. 

 

2. IMPLEMENTATION 

Development of the creature generator was undertaken using Java under the Processing IDE. Initial 

prototypes for creature construction used a system of joints and bones to build the creature‟s structure, 

and varying orientations of each joint to achieve extension or retraction of limbs. This required a 

combination of forward and inverse kinematics in order to correctly calculate angles for both extension 

and retraction. It also required a complex set of stored data in order to manipulate the creature in real-

time to produce movement. It was decided relatively early in the development process that this method 

was both clumsy and computationally expensive, and it was abandoned in preference of better 

alternatives. 

 

One such alternative that emerged was to use a particle/spring physics simulator. The immediate 

benefit of this method was that it tied physical form and functionality of the creatures together neatly. 

If a creature could be constructed using springs and particles, then movement would come more 

naturally, as a particle simulation lends itself intrinsically to organic, dynamic motion. Furthermore, the 

availability of sophisticated, optimised physics libraries for Processing meant that this option was faster 

to develop and would most likely run more smoothly. 

 

The Traer physics library (http://www.cs.princeton.edu/~traer/physics/) was used as the basis for 

particle physics simulation in this project. The library implements particle simulation using spring and 

attraction forces. The only function of this library is to simulate the motion of particles under external 



forces, and return the resulting position of a particle. It does not implement collision detection or 

drawing. This helps to maximise the performance of the library when simulating a large number of 

particles and forces. Using this library to construct creatures meant that much of the difficulty in 

development became an engineering problem – connecting spring and particles in a way that resulted in 

robust letters that could maintain their structure and move adequately. 

 

2.1 Letters 

The building block for creatures is the Letter class. This is the class that defines individual letter 

objects, and stores information about the springs and particles they comprise. Each letter consists of a 

series of springs, particles, invisible springs and invisible particles. Springs and particles are the 

components that make up the visible letter – the edges and vertices that connect to each other to form 

its physical shape. Invisible springs and particles are used as engineering supports to maintain the 

structure of the letter, so that it maintains its shape under normal conditions as well as when the letter is 

deforming as part of its walk cycle. They are essential in some letters, such as „L‟, to hold the visible 

elements of the letter in place and prevent them from collapsing in on themselves. Figure 1 shows the 

visible particles and springs as large black dots and thick black lines, while invisible springs are shown 

as thin black lines, for two letters, E and L. 

 

 

Figure 1: The letters E and L with all springs and particles visible 

 

2.2 Creatures 

Creatures are objects of the Creature class. Creatures can comprise one or more letters. Each creature 

object has an array of the letters it comprises, and an array of connectors – zero-length springs that join 



one letter to another. Each letter is connected to the letter that was added immediately before it; a 

random particle is selected on each letter, and a connector is created between them. This is a very 

rudimentary system that will be imrpoved as the development process continues. Ideally, the 

construction algorithm would be able to decide how best to connect the letters to form a robust 

creature. This could be based on learned knowledge about which letters and configurations produce the 

fittest individuals, requiring the application to store information about various creature configurations 

and their performance. One particular shortcoming of the current construction algorithm is that 

creatures do not maintain their structure when joined at a single point. Letters can rotate and twist, 

deforming the creature, and resulting in a walk cycle that may not function properly (for a different 

physical structure) and a loss of aesthetics when letters overlap and become tangled. 

 

Creatures have an inbuilt cycle, or „body clock‟, that is used as a reference point for coordinating 

spring and particle behaviours. The clock updates every frame, incrementing itself by 1. When it 

reaches its upper limit (currently set at 40), it reverts back to 0. Therefore, with a body clock set to 

cycle at 40 frames, every spring will complete its motion cycle once every 40 frames, and every 

particle that is set to alternate will fix and free itself once every 40 frames. 

 

Every creature has its own controllers for particles and springs. These objects tell the creature how its 

particles and springs should behave over time. The ParticleController class creates controller objects 

that manage the behaviour of an array of particles. For each particle under its influence, the particle 

controller defines and modifies three variables: an isChanging variable, that controls whether the 

particle changes its state at all during the motion cycle; a timeOn variable, that controls when during 

the cycle the particle changes its state to fixed; and a timeOff variable, that controls when the particle 

changes its state to free. This essentially mimics the behaviour of a foot – it will touch and then leave 

the ground once during each complete step. 

 

Similarly, the SpringController class creates controller objects that manage the behaviour of an array of 

springs. For each spring under its influence, the spring controller defines and modifies three variables: 

a minLength variable, that defines the minimum length a spring can condense to; a maxLength 

variable, that defines the maximum length a spring can extend to; and a timeDelay variable, that 

controls the phase of the spring‟s motion with respect to a creature‟s inbuilt body cycle. Minimum and 

maximum spring lengths are determined as a proportion of the default (initial) length for each spring, 

so that the minimum length will always be smaller than the default, and the maximum will always be 

larger. It is believed that this makes conceptual sense, and that it helps maintain visual integrity of the 

creature when deforming. The complete motion of a spring, from minimum to maximum back to 

minimum, occurs within the timespan of one cycle, offset from the creature‟s inbuilt cycle by the 

amount of time specified in timeDelay (a phase shift). 

 

2.3 Walking 

Of central importance to the concept behind Morpheme is the genetic algorithm that allows creatures to 

learn how to walk using their unique physical structure. Creatures achieve movement through 

manipulation of the springs and particles that they comprise. Initially, this involves randomly flailing 

springs and switching particle states, but over time, the genes that control movement are evolved and 

refined through a process of evaluation, selection and regeneration, and the actions of the creature‟s 

springs and particles result in gradually improved movement over increasing distances. 

 

Creatures have a rotate function that allows them to change their orientation so that they are facing the 

target they wish to move towards. This function calculates the average centre of all particles, then 

rotates all particles (visible and invisible) around this point according to the formula: 

 
float newX = cos(theta)*(oldX-avgX) - sin(theta)*(oldY-avgY) + avgX; 

float newY = sin(theta)*(oldX-avgX) + cos(theta)*(oldY-avgY) + avgY; 
 

where newX and newY are the new coordinates to move the paricle to, avgX and avgY are the 

coordinates of the central point around which to rotate all particles, and theta is the angle by which to 

rotate the particles. This is a modification of the formula to rotate points around the origin. The 

coordinates of the central point need to be subtracted from the coordinates of the particle, and then 

added again. This is equivalent to translating the particles towards the origin to perform the calculation, 

and then translating them back to where they should be. 

 



A creature‟s genes are simply the numbers it uses to drive its spring and particle controllers. More 

precisely, they are the values of the variables discussed in the previous section. These are grouped into 

sets of three, so that the crossover point refers to a particular spring or particle. Therefore, variables for 

all springs or particles to the left of the crossover point come from one parent, while all those to the 

right of the crossover point come from the other parent. Genotypes undergo crossover and mutation 

with each successive generation, and each new set of genes is expressed in the creature‟s movement 

through its controllers. Currently, a crossover rate of  99% and a mutation rate of 2-3% seems to 

produce the best results. 

 

The evaluation process is a currently quite simple, however is yielding some quite promising results 

(which will be discussed later). Evaluation occurs at the end of the execution period for each 

generation. The execution period is a predefined number  of frames (currently set at 400) for which to 

run the application before evaluating the progress of the current population and moving to the next 

iteration of the process. As the algorithm is evaluating distance travelled by the creature, the execution 

period must be long enough for the creature to have had a chance to move itself away from its initial 

position. From basic testing, 400 seems to be an adequate value, although from an optimisation 

standpoint, this value should be as low as possible in order to maximise the speed of producing a 

functional creature. 

 

The evaluator simply measures the average distance from the origin of each particle in the positive-x 

direction. That is, the total horizontal distance of all the creature‟s particles divided by the total number 

of particles. Creatures that move further therefore receive a higher fitness score. Previously a penalty 

was applied for deviations in the y axis, however this was found to be unnecessary, as creatures tended 

to correct themselves over time to travel only in the desired direction, and the penalty seemed to distort 

the solutions that were produced and slow down the formation of better solutions. 

 

The tournament selection method of parent selection is used for this GA. Under tournament selection, 

parent selection occurs by selecting multiple members of the population at random and adding the one 

with the highest fitness score to the genepool for generating the next generation. Selecting a larger 

number of population members means that weaker individuals have a smaller chance of being selected. 

This GA only selects two individuals for the tournament, so weaker individuals initially have a 

relatively larger representation in the genepool. This helps to avoid becoming stuck in local optima in 

the solutions realm. 

 

Expression of the genes occurs in the update() function of the creature. This function cycles through the 

values stored in the spring and particle controllers and uses them to update all of the creature‟s visible 

springs and particles (invisible springs and particles are never modified). The creature‟s body clock is 

used to generate a sine function that sets the spring length to be somewhere between minLength and 

maxLength depending on the point in the cycle. The particles are alternated at the point in the cycle 

specified by timeOn and timeOff. 

 

One particular problem that was encountered when first testing the GA was that performance (i.e. 

speed of execution) slowed significantly with each generation. It was discovered that this was the result 

of a memory leak caused by the particle system. At the end of each generation, all individuals were 

destroyed before generating the next population. However, the particle system itself keeps track of all 

particles created, and continues to simulate them as long as they exist. With each progressive 

generation, therefore, hundreds of new particles were being added to the system, in addition to all 

particles previously added. Eventually, with thousands of particles active and being simulated in the 

system, execution slowed to a crawl. In order to rectify this, creatures have a kill() function that can be 

called when the creature is destroyed. This cycles through all of the creature‟s particles and removes 

them from the particle system. 

 

3. ANALYSIS 

The GA seems to perform quite well, developing solutions that increase in fitness in a relatively few 

number of generations. As can be seen in figure 2a and 2b, a high level of fitness is reached within the 

first 50 or so generations, with local optima occuring at several points up until approximately 

generation 80 - 120. At this point a large plateau is reached, with no significant increases in fitness 

until generation 250, when program execution is terminated. This suggests that an acceptable level of 

fitness could be achieved by running the algorithm for approximately 50 generations and returning the 

best individual at this point. Visual inspection of the population over time shows definite progress in 



developing mobility. Over time, creatures appear to develop a very organic looking walk, and seem to 

be able to move quite far in the time given. 

 

The trade off with a genetic algorithm is always time for performance: the best individual attainable in 

a set period of time, or the time taken to produce an individual with fitness greater than a minumum 

threshold. For the purposes of this project, the choice will most likely be the former, so that the 

incubation time is known roughly before the request for a creature is made. The main application 

would request a creature, and the creature generator would return the best creature available after a set 

number of generations (for example, 50). 

 

 

Figure 2: Letter E, distance travelled, 250 generations 

 

With an evaluation time of 400 frames, and an „incubation period‟ of 50 generations, this process 

would require 20 000 frames to complete. At 30 frames per second, this would take more than 11 

minutes. This is clearly far too long to be acceptable, as the main application must wait for the process 

to complete before the creature can be returned and inserted into the ecosystem. 

 

Further work is required to optimise the algorithm so that a functional creature can be generated within 

a more acceptable time frame. This could possibly be achieved by reducing the cycle time from 40 

frames to something lower, so that the creature would modify its springs and particles at a faster rate. 

In order for this to be effective, the simulation speed of the particle system would also have to be 

increased (it is currently set at 0.1). This would allow the system to simulate particle movement at a 

faster speed. Reducing the evaluation time from 400 frames may also be an option for reducing the 



incubation period, as long as an acceptable individual can be produced in a shorter time period. 

Optimising the mutation rate may also improve the speed at which fitter individuals are produced. 

 

4. FURTHER WORK 

Further work on this application will involve enhancing the algorithm that constructs the physical 

structure of the creatures, so that structures improve over time. This will allow the algorithm to learn 

not only what behaviours work well, but which letter configurations work well together to produce 

robust creatures. 

 

Modification of the evaluators will also be necessary in order to enhance the solutions produced by the 

algorithm. This will need to be a result of further testing of the application, to determine what 

enhancements are necessary to improve overall evaluation. 
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1. THE DESK 

The setting of our ecosystem is on an office desk. The desk surface is made of fine polished wood to 

visually contrast the colour and texture of paper. The objects in the setting consist of typical office 

stationaries (such as pen holder with pens/pencil, calculator, stapler, ruler, etc) plus the undeniable 

coffee mug. The paper acts as a food source for the herbivores, it is akin to a grass field. The coffee 

spill acts as a water source, it is akin to a pond. The ruler acts as a bridge. The lamp acts as a light 

source and indicates the time of the day, akin to the Sun. The rest of the stationaries act as obstacles, it  

is akin to plateaus, the creatures cannot climb over them.  

 

2. THE PAPER 

The papers are rectangular sheets of notebook paper. They are randomly scattered on the desk in few 

numbers. They can overlap each other and overlap the coffee spills. When a sheet of paper is fully 

devoured, another will coincidentally fall onto the desk from a nearby fax machine with the help of a 

sudden wind from a nearby window. As the paper fall from the above the desk, the creatures will 

scramble away from it. Any creatures that are too slow and get covered by the falling paper will just 

simply crawl out underneath. A single sheet of paper is not heavy after all. As each little piece of 

sections of the paper gets devoured, the paper will deform and lose a small piece of it, which creates 

holes and jagged edges as a result, much like a leaf after a caterpillar fed on it. As a result, it will leave 

the paper in a shape that is no longer rectangular.  

 

3. THE COFFEE 

The coffee spills are the sources of water for the creatures. One or more coffee spills are randomly set 

on the desk, usually at the corner. The spills are randomly curved shapes. Like papers, the spills can be 

consumed and will decrease in size while the creatures drink from it, but will never run out. The coffee 

spills restore their original size once the creatures cease drinking from them, or when the creatures are 

no longer within the area of the spill (due to the decrease of the area of the spill into the coffee mug), or 



when the spill has decreased to a certain size. In other words, the spills from the coffee cup are a 

continuing source of water for the creatures, and yet it can be deadly to creatures who accidentally 

stumble too deep in the coffee spill. There are different depths in the coffee spills. The depth of the 

coffee spills gets deeper as it gets closer to the mug. Any unfortunate creatures who stumble into parts 

of the spill that are too deep will limit their movement and potentially drown. 

 

4. THE RULER 

Ruler acts as a bridge. Since there are obstacles all over the desk, possible holes created by termites and 

deep area of coffee spills that can potentially drown the creatures, rulers are placed on the desk to help 

them go to where they need to be, which makes it easier for them to survive. The ruler is a path and an 

element that is not consumable by the creatures. It can be a narrow path that can only fit a small 

number of creatures. That means if too many creatures tried to cross the bridge at once, especially in 

both directions, they could be pushing against each other and none will get across. The creatures must 

be able to move and let the traffic flow to be able to get to where they need to be and survive, if not 

they may not be able live long. 

 

5. THE LAMP 
The lamp acts as a source of light. When it is switched on, it is day time, when it is switched off it is 

night time. During night time, there is still a bit of light from the moon light. So although dark, we can 

still make out the shapes of the creatures. The creature‟s activities will vary according to day time and 

night time. 

 

6. THE OBSTACLES 

The obstacles are any stationaries on the desk that are not paper sheets (food), coffee spills (water), 

rulers (bridge), and the lamp (sun). The obstacles are there to limit the creature‟s activity. They are akin 

to plateaus, in that the creatures are not able to climb over them. Their only option is to walk around 

the obstacle if they wish to go to the opposite side of the obstacle. This challenges the creatures‟ 

survival abilities. For instance, if the coffee spill (i.e. water source) is on the other side of the pen 

holder (i.e. the obstacle), the creatures must explore and find a way to the other side of the obstacle to 

get to the water source. If the creatures are not able to consume what it needs to survive because it can 

not find a way around an obstacle, it will die. The obstacles can also help creatures survive from 

carnivores. For example, a creature may use the obstacle to hide carnivores, or escape/outrun the 

carnivores through pivoting along the obstacle. 

 

7. SETTING IMPLEMENTATION 

 

7.1 Paper 

 

The paper sheet is made out of a table of small grids. Each grid can have different states, uneaten, half 

eaten and eaten. The different states are portrayed differently in visual. The uneaten state is full paper, 

the half eaten state have the grid area half filled with paper, the eaten state have the grid area empty 

with paper. The co-ordination of the grid according to the creature is calculated using trigonometry. 

 

7.2 Spill 

 

The spill is formed using a random number of vertex points and random distance and angle from one 

focus point. The focus point is placed at, or close to, the mug. A curve was then drawn to connect all 

the vertex points together to form the shape of the spill. Despite the random distance from the focus 

point, the vertex points that are close to the mug are closer to the focus point, since it would be 

unrealistic if the spill gets anywhere behind the mug. The curve continues to join the points back to its 

starting point and forms the shape of the spill. The spill determines if a creature is on the spill by 

checking the colour of the pixel the creature is on before the creature is drawn. If the coordinates of 

pixel where the creature is located has the same unique colour properties as the colour spill, then the 

creature is recognised to be on the spill and drinking from it. 
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To add atmosphere to aesthetics, the design team opted to include sounds into our program. This new 

layer is designed to help increase the overall interest of the program as well as adding to the 

environment and turning it into a much more immersive experience. On a secondary note the audio is 

also useful as an additional way of conveying the state of the world to the viewer. The inclusion of 

sound enabled us to create another level of information which could convey things which could not 

easily be shown through the visual medium. A creature simply moving towards another could mean 

anything; it could be charging towards its prey, running towards its lover or simply moving that way by 

pure coincidence. 

 

The first question that stood in the way of all our audio production was a simple but important one, 

what sound does a letter make? It was easy to see that traditional animal sounds would seem very out 

of place in our abstract/alien environment. No one was particularly interested in seeing the letter a bark 

like a dog or roar like a tiger. There were many ideas about how the creatures could sound but it wasn‟t 

until seeing the early versions of the creatures that something finally stuck. 

 

These letter animals were formed of very slender, fragile bodies which sprawled out with their many 

limbs. Seeing this I was inspired and began to base the creature sounds off those of insects (with their 

own personal charm of course.) These strange sounds seemed to reflect the nature of the letter creatures 

since they appeared to have no internal organs or mouths in which to produce the more „organic‟ tones 

of other warm blooded animals. 

 

The creature voices ended up with a very alien sound do them, full of crunching and clicking sounds 

drawn out at various pitches. By altering the pitch of these sounds it became possible to give the voices 

character and convey some sort of meaning with the way in which they make their „statements.‟ While 

alien through these shifts in pitch I was able to still make the creatures sound like they were some kind 

of life form. 

 

The creatures within this world all have seven different sound states, each of which represents a 

different possible action which can be preformed. The sounds differ from creature to creature 

depending on its size; large creatures having their own heavy, low pitched sounds and smaller creatures 

having weaker, higher pitched sounds. 

 

The seven possible sound states are; an idle state when the creature is doing nothing, a movement state 

for when the creature walks or swims any where, eating sounds, drinking sounds, sounds to show that 

the creatures are making aggressive actions, fighting sounds when they enter battle with another 

creature and sounds of reproduction. 

 

The idle sounds are generally just the „voice‟ of the creature, their voices being higher or lower pitched 

depending on size as well as a touch of their own unique character. These sounds are reminiscent of 

cicadas and other bugs which make creaking sounds through grinding certain parts of their body 

together. 

 

The movement sounds are a combination of simple footstep sounds played with the idle voices over the 

top. These movement sounds were made with a variety of loudness and tones, depending on the weight 

and size of the creature in question. 

 

When the creatures eat and drink the sounds are probably at their most natural sounding. The main 

thing that sets them apart from regular animals in this regard is that the sounds are much drier. 

 

Aggression uses the same voices as the idle and movement sounds however they are changed to be 

played in short, loud pulses as an attempt to make them sound like actions of aggression and 

differentiate them from the passive sounds. When actually in combat the creatures make stabbing 

sounds that would be caused by jousting with their limbs. 



The love making sounds of the creatures are made of two parts, a soft pumping sound as well as more 

of the creature‟s vocals. 

 

The sounds themselves were produced using a mixture of different techniques ranging from edited 

recordings to one hundred percent computer generated audio. 

As a general rule all of the creatures‟ vocals were created within the computer. These were generated 

by making a variety of sound waves then passing them through a large selection of filters including, but 

not limited to, resonance filters, distortion filters and „phasers and flanges.‟ 

The more physical sounds were made in a mixture of ways. These sounds were either made completely 

on the computer as described above or they were recording sounds. These recorded sounds were not 

left in their native state however. Instead they were heavily modified, running them through a similar 

set of filters as those described earlier. 

 

Due to limitations within the program, and the related hardware requirements, each sound is only 

allowed to play once even if two creatures which make that sound are on the screen. This restraint 

required careful consideration during the generation of the audio files since it is possible for the entire 

screen to be populated by a single type of creature. Without any additional changes it may have 

sounded barren with merely a single sound playing. To compensate for this the sounds were 

constructed so that they were full enough to hold their own however not created with so much content 

that when several sounds began to play they would interfere with each other and create an unpleasant 

sound. 

 

This change has had some negative effects upon the usefulness of the sound. Mainly in relationship to 

its job as a method of working out a specific creatures actions. Since a single set of sounds plays for all 

of the creatures of one type it there is absolutely no way to isolate which creature a specific sound is 

coming from. This point, however, may be mot anyway since with the large number of sounds playing 

at any one given time this may have been impossible to begin with. 

 


