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This project is a response to the eversion brief. It deals with the topics of artificial life, 
artificial intelligence, mimicry of natural systems and explores the possible artefacts 
that can be produced by the merging of these systems.  
 
Unusual concepts such as artificial intelligence driven by artificial life are presented 
and the project endeavours to utilise established and contemporary artificial life and 
artificial intelligence work. 
 
The result of the project is an adaptive, self-configuring artificial life/artificial 
intelligence system named the “AdaptEve” system (adaptive, evolving artificial 
intelligence system). 
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Project Brief 
 
The project brief deals with the topics of systemic intervention and eversion. It 
requires that a complex system (such as the weather or a stock exchange) be identified 
and interpreted as a virtuality. Once this has been done, the brief requires that this 
system should be intervened into. Finally, as a result of this intervention process, the 
system should be everted or turned inside out so that it no longer exists as a virtuality 
but has been brought out into our midst.   
 
In essence- identify a complex system, determine a method for intervening in this 
system and evert the data that is obtained by intervening in the system so that the 
system exists in some form in the real world.   
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MSc Smart Design Course Specification 
 
The focus of the Smart Design course is upon the process of the design of artefacts 
and environments that are functionally augmented by interactive digital technologies. 
The course considers the impact of interaction design and physical computing on 
design practice and emphasises how designed artefacts or environments can be made 
experientially different through the use of computer dependent functionality or 
behaviour1.  
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Personal Background 
 
My background lies in mechanical and manufacturing engineering. This branch of 
engineering encompasses many different fields of study and I have chosen to focus on 
machine design and development. I have gained a logical and analytical approach to 
design and problem solving through my undergraduate training which I hope to 
augment by developing my creative thinking and methodology during the Smart 
Design course. 
 
I have always had an interest in machine design & operation and I’m currently 
expanding that interest into exploring the areas of artificial life and artificial 
intelligence. In particular, the field of biomimetics (robotics that mimic biology) is of 
great interest to me- I’m currently focusing on developing my technological, 
electronic and programming skills through the Smart Design course so that I can 
better understand and further explore this field.   
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Project Specification 
 
The project brief indicates that the artefact produced by this project must: 
 

1) Interface with a complex system 
2) Extract data directly from the complex system or extrapolate data based upon 

the system’s behaviour 
3) Utilise the data obtained to create an output which is non-digital (i.e. physical 

and non-virtual)  
 
The complex system may be real or virtual and would ideally be dynamic. If possible, 
there should be a meaningful link between the system that is everted and the output of 
the artefact. 
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Design Response 
 
The eversion brief is a significant departure from previous design projects and, as a 
result, poses significant problems to the design approach. The artefact produced by 
the project could be considered to be a once-off exhibit piece rather than a product 
which means that standard design approaches and methods, which are generally 
product focused, will not be applicable. However, general design goals such as 
simplicity of design and efficiency of operation are applicable and these will be 
incorporated into the design process whenever possible.  
 
The project brief also poses problems to the definition of performance or functional 
goals for the artefact to meet as the unusual nature of the brief makes it difficult to 
identify projects that can be used as “benchmarks”. Therefore, the main goal of the 
project will simply be to meet the requirements of the project brief and specification. 
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Research Approach 
 
There were two main approaches that could have been used to drive the project 
research: 
 

1) Focus on identifying a suitable system to extract data from first and then 
develop artefact concepts to suit this system. 

 
2) Focus on identifying technologies that could be used to generate artefact 

concepts first and then identify a system that would work well with a final 
concept artefact.  

 
In order to keep the range of potential artefact concepts as broad as possible, the first 
of these research approaches was used. Research to identify relevant contemporary 
projects that meet the requirements of the eversion brief was also be carried out in the 
hopes of finding a common theme or approach that could be used in the development 
of concept artefacts. 
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Initial Research 
 
Preliminary research into virtual systems was very successful and many suitable 
systems were found such as real time webcam, geophysical and space data feeds (see 
Project Journal entry ‘Thursday, January 27, 2005’). Currency, metal and stock 
exchanges were also examined but it was decided that the scope and volume of raw 
data available from the scientific community on the internet would produce a greater 
range of concept artefacts than the markets.  
 
The digitisation of real world (non-virtual) systems was also investigated and it was 
found that sports biometric sensing equipment (e.g. pedometers, heart monitors) 
offered great potential in utilising human activities as a complex system. 
 
However, despite the variety and number of data systems that were identified, they 
were generally found to be uninspiring as it was felt that the only option for 
development that they presented was to directly convert the system’s data from one 
form to another. Only meaningless concepts such as using solar data to control the 
intensity of room lights could be thought of which were found to be too 
straightforward or pointless, even though they would have met the requirements of the 
brief. 
 
Research into successful contemporary projects proved to be much more inspiring and 
several outstanding examples of eversion based work were eventually identified (see 
Project Journal entry ‘Monday, January 31, 2005’). These projects were found to be 
very encouraging and they illustrated the difference between merely converting or 
everting a system’s data and having a meaningful purpose for doing so.  
 
This meaningful reason for everting the system’s data, the link between the data and 
the output produced by the artefact, proved to be the special factor that was present in 
all of these projects. It was therefore concluded that this meaningful link must be 
included in this project’s artefact design if it was to succeed.  
 
Two projects in particular, ‘Spinne’ by Laura Beloff & Erich Berger and ‘Quorum 
Sensing’ by Chu-Yin Chen proved to be of great personal interest as they 
encompassed the areas of artificial life and artificial intelligence (hereafter referred to 
as AL and AI) aswell as eversion of complex systems. 
 
The projects succeeded in bringing life to the virtual and allowed it to have a definite 
presence and influence in the physical world. They also challenged participants to 
consider what, exactly, defines something as having life- Spinne’s trembling in 
response to internet traffic could be considered to be a territorial reaction and the 
movement and growth behaviour of Quorum Sensing’s virtual creatures in response to 
users could be considered to demonstrate awareness of its environment.  
 
Inspired by these projects, it was decided that this project should also try to develop 
and explore these themes of AL and AI, with the intention of allowing them to 
interact, and possibly merge, with real world entities. 
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Shortly after this decision was reached, it was found that research into alternative data 
systems was becoming unproductive- no suitable systems with connections to AL or 
AI could be found and it was eventually concluded that a simple lifeform based 
system (real or virtual) would have to be generated as part of this project. This 
conclusion also helped to define the project artefact as it was felt that, ideally, it 
should be a biomimetic device that would preserve the newfound AI/AL theme of the 
project. 
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Initial concepts 
 
Preliminary research concluded that a simple lifeform based system would be utilised 
by the project’s artefact and that the artefact should be a biomimetic device of some 
kind. The biomimetic device should interact with the real world and there should be a 
constant theme or link of AL/AI between the system and artefact. 
 
Based on these goals, the following final concept variations were created: 
(NB: Other potential concepts which were felt to be not suitable are documented in 
the Project Journal and Project Sketchbook) 
 
 
Concept 1:  AL is generated in a computer but is exposed to real world 

environmental factors instead of being “sheltered” in the virtual 
environment. Sensors in the real world would attempt to recreate 
current physical conditions from the real world inside the virtual 
environment and the artificial life would be forced to adapt in order to 
survive.  
 
Eventually a successful adaptation of the AL would emerge and this 
could be downloaded into a physical body that has been constructed in 
the real world that matches its virtual form. An AL entity has now been 
produced that is capable of surviving and interacting in the real world 
despite having been generated in the virtual. The concept attempts to 
merge the boundaries between AL and the real world. 

 
 
 

Computer 

Sensors 

Downloaded to 
physical body 

Environment 
(heat, light) 

When has been “hardened up” to real world 
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Concept 2: A simple real world life form would be grown in controlled conditions- 
e.g. coloured bacteria in a sealed petree dish/box, ants in a small, self-
contained ant farm. The ever changing state and behaviour of these 
lifeforms would be constantly monitored by a computer through 
sensors that are embedded in the lifeform’s container/local 
environment. The data obtained from these sensors would be used to 
control a biomimetic device in the real world- essentially concentrating 
the overall “will”, state or behaviour of the smaller lifeforms into a 
single being. 

 
 
 
 
 
 
 

The biomimetic device could be the sealed environment that the 
lifeforms occupy, e.g. a mobile ant farm that looks and moves like a 
giant ant. Thus the local behaviours of the lifeforms would be brought 
out into the greater, global environment and visa versa- e.g. the mobile 
ant farm may inadvertently wander into a region of high heat putting 
the lifeforms in danger or, the lifeforms may end up endangering 
another lifeform in the greater environment as a result of their 
wanderings. 

 
  

Variation 1: The real world lifeforms would act like brain neurons, 
carrying information signals back and forth throughout 
the system. An AI system could use these as the basis 
for an artificial brain that’s based on real world, simple 
lifeform behaviours and would control the biomimetic 
device 
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Variation 2: The real world lifeforms are merely monitored by a 
computer program which would simply make control 
decisions based on the behaviour of the lifeforms- e.g. 
higher concentrations of lifeforms in a particular area 
means move the biomimetic device left, rapid activity 
means move the biomimetic device quickly. The 
lifeforms would be treated as a whole instead of 
individuals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variation 3: Instead of using real world lifeforms, the biomimetic 

device would be driven by simple AL creatures. The AL 
creatures would be subjected to real world conditions 
that are fed back through the biomimetic device in a 
similar manner to “Concept 1”.  
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Concept Evaluation 
 
Concept 1 has much potential and raises some intriguing possibilities such as directly 
confronting the real world with an AL creature. However, although interesting, the 
concept poses many technical problems- the program required to create and control 
the AL creatures could be beyond the scope of this project and the construction a real 
world body for a mature AL creature to inhabit could also prove to be problematic. 
 
Concept 2 is as intriguing as the first concept, raising equally valid issues such as 
bringing the hidden world of the lifeforms into the real world. However, the use of 
real lifeforms in the concept is potentially hazardous to the lifeforms and it raises 
moral concerns as to whether their existence should be threatened for the sake of an 
exhibit piece- they may be small/simple lifeforms but they are still life none the less.  
 
Variation 3 of Concept 2 does offer an alternative to this dilemma however, and it 
also presents the exciting possibility of creating an AI system whose behaviour is 
based upon an AL system. 
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Concept Selection 
 
After much consideration, it was felt that Variation 3 of Concept 2 would be the best 
concept to develop. It satisfied the requirements of the brief while utilising both AI 
and AL, it seemed to have the vital ‘meaningful link’ factor that was missing from 
early concepts and it also incorporated aspects of the Quorum Sensing and Spinne 
projects such as AL reacting to real world interactions and virtual systems being given 
a presence in the real world. 
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Development Research  
 
The research for the concept development stage of the project was carried out in three 
main areas: AL, AI and biomimetics. Full details of this research can be found in the 
Project Journal, entries ‘Saturday, February 12, 2005’ to ‘Wednesday, February 16, 
2005’. 
 
Research into AI was productive and a rudimentary understanding of the principles 
involved in creating basic AI systems was gained (see Project Journal entries 
‘Saturday, February 12, 2005’). In particular, the work of Grey Walter was found to 
be particularly relevant to the project- his ‘Turtle’ creations were some of the first 
AI/AL creations and he proved how reasonably complex behaviour such as intelligent 
navigation through an environment and decision making can be achieved from just a 
simple system of interconnected sensors and actuators2. It was hoped that this project 
may be able to use some of these behavioural principles that were pioneered from his 
‘Turtles’. 
 
However, research into computer programming based AI systems proved to be 
uninspiring and it was eventually decided that the project would attempt to devise an 
original system for AI generation (see Project Journal entry ‘Tuesday, February 15, 
2005’). 
 
Research into AL focused mainly on the computer programming methods that could 
be used to generate such systems. It was decided that the best AL system to use would 
be L-systems as they were primarily created to represent real lifeforms (see Project 
Journal entry ‘Sunday, February 13, 2005’) and they also drew interesting parallels 
with Grey Walter’s AI behavioural principles. In L-systems, simple recursive 
equations are used to create complex structures and it was felt that it would be fitting 
to try and combine this with the similar behavioural concepts of Grey Walter’s work.    
 
Research into biomimetics revealed many interesting contemporary projects but only 
one project was found to have a link to eversion- Andy Gracie’s ‘small work for 
robots and insects’ (see Project Journal entry ‘Monday, February 14, 2005’). 
Unfortunately, few details could be found about its exact workings and it was felt that 
only rudimentary aspects of biomimetics could be incorporated into the project due to 
the limited time and monetary resources of the project.   
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Concept Development 
 
It was known from the concept selection stage of the project that an AL system was to 
be used by an AI system to control a biomimetic device. However, exactly how the 
AL and AI system would relate to each other was still unknown.  
 
After much consideration and scrutiny of previous project concepts, it was eventually 
decided that incorporating the idea of brain neurons from Variation 1 of Concept 2 
would be the most suitable relation to use (see Project Journal entries ‘Thursday, 
February 17, 2005’ and ‘Friday, February 18, 2005’). 
 
This decision finalised how the completed AI/AL systems and project artefact would 
ideally operate: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The AL system (a 2D L-system), would be grown inside a bounding box. Each edge 
of this box represents a particular part of the AI system- the bottom edge represents 
any sensors that the AI has access to, the left edge represents the processing centre for 
the AI system (e.g. computational & logical abilities), the top edge represents the AI 
system’s memory and finally the right edge represents any servos or actuators that the 
AI system has access to. 
 
The AI system can only access the biomimetic device through the structure of the L-
system and, essentially, is completely reliant on the L-system to function. Data 
transmission through the L-system structure would be handled in a similar manner to 
synapses being passed through neural pathways in the human brain and neuroscience 
concepts such as strengthening and “forgetting” of pathways will be incorporated.  
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The ideal path for information signals to follow is shown by the black numbered 
arrows. An information signal would arrive at the sensor interface (bottom edge of the 
bounding box), be relayed via the structure of the L-system to the processing 
interface, then to the memory interface before finally arriving at the servo interface 
which would provide the biomimetic device with instructions to move. 
 
‘Short circuiting’ of the system will be possible which would produce instinctual, 
reflex like reactions. In this scenario, an information signal would be picked up from 
the sensor interface by the L-system structure but a connection to the processing 
centre may not have been established. The random growth of the L-system may have 
localised into a single corner of the bounding box and in this case, the information 
would be relayed directly to the servo interface providing an instant, unprocessed 
reaction to the biomimetic device.  
 
The random growth behaviour of the L-system should produce a variety of behaviours 
and it is hoped that the AI system can be developed enough so that it can understand 
and utilise its various resources- i.e. consult its memory on a regular basis to look for 
successful actions or behaviours. 
 
The growth of the L-system will be dependent on how it handles the transmission of 
information signals (i.e. the structure will be strengthened by successfully transmitting 
a signal) and the environment in which the biomimetic device operates will also have 
an affect on how the L-system grows. In a very dynamic environment the L-system 
should be prolific whereas in a dull boring environment it will have difficulty 
growing.  
 
In terms of meeting the eversion brief- the complex system is the L-system, the 
intervention in the system is the AI program (the bounding box placed over the L-
system providing definitions of boundary and interfaces) and the eversion occurs by 
using the L-system, through the AI program, to control a biomimetic device in the real 
world. The intelligence and behaviour of the biomimetic device is directly related to 
the L-system. 
 
In terms of achieving a meaningful link between the complex system and the 
eversion- the concept allows the L-system to affect and interact with the real 
environment through the actions of the biomimetic device and visa versa- thus a 
feedback cycle is created between the two. The concept explores AI that is driven by 
AL and it could be said that the concept also explores AI that is generated by non-
sentient lifeforms such as plants. 
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Concept Implementation 
 
The final concept indicates that there are four parts to the project which need to be 
constructed- the AL (L-system) generator, the AI program, the biomimetic device and 
a graphics display to show the actions of the complete system. 
 
After some consideration, the Python programming language was selected to run both 
the L-system generator and the AI program. The AI/AL systems will require 
significant processing and calculating power and it was felt that Python was one of the 
few programming languages that could provide this level of performance. 
 
Flash was initially chosen to run the graphics display part of the project as its ability 
to use vector graphics ensured that a sharp and well animated display could achieved. 
 
As mentioned in the Development Research section of this report, it was 
unfortunately not possible to implement a proper biomimetic device due to the limited 
monetary resources of the project. Instead, a standard Basic Stamp II robotics kit was 
acquired as it offered the possibility of upgrading the kit with biomimetic features, 
such as crawling legs, in the future.   
 
Details of all of these decisions can be found in Project Journal entries ‘Saturday, 
February 19, 2005’ and ‘Tuesday, April 05, 2005’. 
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Due to the nature of computer programming, and the unusual requirements of the 
brief, the generation of computer code had to be carried out ‘ad hoc’ as the project 
progressed. Functional pieces of code were created, tested and added as necessary and 
detailed planning of the programs was only possible during the initial stages of 
coding. 
 
Consequently, it is not possible to provide a coherent or linear explanation of how the 
final code was developed. Instead, this section of the report will be used to describe 
the features and functions of the final code. Documentation relating to the general 
code generation process can be found in the Project Journal from entries ‘Sunday, 
February 20, 2005’ onwards. 
 
All of the code for the project’s final programs is contained on the accompanying  
Project CD. 
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Python Program Code 
 
 
- L-System 
The AL system code uses a simple recursive L-system algorithm to generate a 
relatively complex AL structure: 
 
 
 
 
 
 
 
 
 

Two branches sprout at 45 degrees to either side of branches that have finished growing 
 
Further examples of L-systems can be found in the Project Sketchbook and Project 
Journal (entry ‘Sunday, February 13, 2005’). 
 
The AL system in the final Python code uses a similar L-system recursion to the 
above example- however, the AL system attempts to better mimic the general growth 
behaviour of plants by randomly sprouting either one or two branches at a random 
angle between ±45 degrees of the original branch instead of using constant values for 
angle and number of children to sprout. 
 
This simple L-system was chosen over more complex varieties for the purposes of 
debugging and establishing that the concept of the project was sound. It was found to 
be quite useful as it produced sufficiently complex AL structures without the need for 
processor intensive calculations. Now that the project code has been finalised, a more 
complex L-system (e.g. fern or bush) could be implemented if so desired.  
 
The L-system code uses a branch focused approach, rather than the standard node 
focused approach of L-systems, and this approach was chosen as it was felt that it 
would ease the creation of computational functions in later stages of the project.  
 
 
- Branches 
Every branch that is generated by the L-system creates an instance of a base Branch 
class in the Python program and each new branch is given individual properties at its 
birth such as a semi-random length, width and angle relative to its parent etc.  
 
Branches also share some common properties, such as default length/width growth 
rates & computational functions, and their lengths and widths must lie between 
common default values. All branches are subject to certain maximum and minimum 
parameter limits which they cannot exceed (such as overall width and length) and 
child branches are not allowed to exceed the length or width of their parents. This 
limiting of certain parameters ensures that the AL system maintains a natural look, 
matching that found in natural structures such as tree branches.  
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Branches use an intelligent naming system that allows the program to calculate certain 
properties, such as numbers of parents/offspring of a branch, from the name alone and 
this embedded name information is vital to the code’s operation. Virtually every 
aspect of the program relies on the naming system in some way- from routing 
information signals to branches sprouting and dying. 
 
 
 
 
 
 
 
 
 
All branches are in a constant state of withering from the instant they are created- 
every iteration or cycle that the program runs through reduces the width of the 
branches by a set amount and a branch is considered to be dead when its width drops 
below zero. This is carried out in an attempt to recreate the plasticity that is found in 
complex natural systems such as neural pathway strengthening and weakening in the 
human brain.  
 
Essentially, the withering effect ensures that branches which do not transmit 
information signals on a regular basis die off, making the efficiency of the AL system 
self-managing. If a branch is grown that is not needed (not used to transmit signals) 
then it will eventually die so only that which is needed and used is maintained in the 
system. 
 
The only way for branches to avoid dying from withering is to increase their width on 
a regular basis- this can be achieved by either transmitting information signals or 
sprouting children. Widening of branches from successful transmission of signals 
reflects neural pathways being reinforced and widening from the production of 
offspring reflects the dependency that child branches place on their parents- the 
parents must be strong enough to support all of their children, grandchildren, great 
grandchildren and so on. Widening from the production of offspring also helps the AL 
system to maintain its natural look. 
     
New child branches are only allowed to sprout from the ends of fully grown, mature 
branches and a branch that has sprouted children is unable to do so again until all of 
its children have died- i.e. when the branch has become the outermost branch once 
more. Again, this is implemented to preserve the natural look of the AL system as it 
prevents random sprouting of branches throughout every part of the structure- 
however, it also reflects the budding behaviour of plants when new shoots sprout only 
from the area at which the plant was pruned. 
 
Once a branch has died, it is removed from the program and all of its children, 
grandchildren etc., are also removed. Its immediate parent is then budded, allowing 
the system to recover from its ‘pruning’. This is implemented to reflect the growth 
behaviour of natural forms such as trees. 

1 1 

2 

1 

1 

2 

1 

2 

Branch Name: 1121 

Branch Name: 121 
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A ‘food’ based system is used in the program to prevent branch numbers from 
overgrowing and all branches consume one unit of food at their creation. If no food is 
available then branches trying to sprout must wait food becomes available again. A 
queuing system manages the waiting branches and ensures that those who have been 
waiting the longest get to sprout first as soon as food becomes available. Food is 
created when the data from the robot’s sensors is found to match pre-programmed 
values or food definitions (e.g. light or heat above a certain intensity)   
 
Only a limited number of root or base branches are created at the start of each 
program (generally about five) and every branch in the AL system will be grown from 
these roots. This restriction of root branch numbers attempts to counteract the 
recursive nature of L-systems and prevents the AL system from becoming 
prematurely overgrown. Root branches grow at a random angle between 0 and 360 
degrees from the centre point of the AI bounding box. 
 
The number of roots present in the AL system is monitored at all times and if it is 
found to drop below the number of roots that were present at the start of the program, 
then new roots are sprouted until the correct number has been restored. Additional 
food is also given to the AL system at the creation of these root branches to ensure 
that a ‘healthy’ AL system is maintained- the creation of root branches while the 
program is running indicates that the AL system is encountering difficulty 
maintaining itself (i.e. dying) so this action must be taken to help it re-establish itself.     
 
 
- Interface Connections 
Branches grow outwards from the centre of the AI system’s bounding box until they 
reach the edges of the box. Each box edge is referred to as an “interface” (e.g. sensor 
interface, memory interface) and each interface is split into a number of “ports” that 
correspond to the number of resources that are available to the AI system at each 
interface- i.e. if there are 4 sensors available to the AI system then the sensor interface 
(bottom bounding box edge) will have 4 ports. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Interface Edge 
(Processing) 

Interface Port 

Connection 
Established 
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As soon as a branch matures, it is automatically checked to see whether its end point 
lies outside the bounding box and the starting point of child branches are also checked 
as soon as they sprout. This ensures that identification of connections is registered as 
soon as possible in the program. 
 
Branches that have reached an interface cease growing and do not try to sprout 
children- instead they register with the program that they have established a 
connection with a particular interface port. 
 
Once a branch has established a connection, it is in a constant state of wither which 
ensures that only useful and regularly used connected are maintained- if a connection 
is established which is never used (e.g. a connection made to light sensors when the 
robot is in a dark environment), it will quickly die off as the branch’s width is never 
widened from information signals or children. 
 
In the case of multiple branches establishing a connection to the same interface port, it 
is ensured that the branch who first established the connection always receives the 
port’s information signals- newer connections are never allowed to ‘usurp’ the old. 
Again, this is implemented to improve the efficiency of the system- time, food and 
branches are not wasted through ‘squabbling’ for interface port access. 
 
 
 
 
 
 
 
 
 
 
 
 
 
It was noticed during the code development however, that allowing branches to 
‘usurp’ each other’s interface connections generated some interesting growth 
behaviour. Branches began to act as scouts that would search for connections and 
move on once other ‘backup’ branches had arrived. Generally a branch would forage 
ahead, establish a connection and hold it until another branch made a connection to 
the same interface port. The new branch would then take over the transmission of 
information signals from the old, causing the older branch to wither and die as it was 
no longer being widened by the information signals. Once the old branch had died, its 
parent could sprout branches again as it was now the outermost branch and still inside 
the AI bounding box, and so new ‘scout’ branches would grow away in different 
directions to seek out new, unconnected interface ports. In this way, the system 
seemed to search for unconnected ports, establish connections with them, reinforce 
these connections with new branches and then search for unconnected ports again in 
the local area. Although the code was changed to prevent this behaviour, it is a trivial 
matter to enable it again by uncommenting several lines of the final code. 
 

Multiple 
Connections 
Established 
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- Signal Transmission 
Sprouting or growing branches are not allowed to carry information signals and a 
mature branch can carry a maximum of two information signals simultaneously 
provided that the signals are travelling in opposite directions- i.e. one travelling 
towards the root (travelling in through the branch’s parents), and one travelling away 
from the root (travelling out through the branch’s children). This is implemented in an 
attempt to represent the behaviour of brain neurons which can generally only transmit 
synapses in one direction only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Originally, branches were only allowed to carry a single information signal at all 
times. However, it was found that this limitation generated problems when 
information signals travelling in opposite directions would meet each in the same 
branch- the signals would clash and delete each other. The final code eliminates this 
problem and allows the signals to pass by each other.  
 
 
- Signal Priority System 
If two signals travelling in the same direction try to enter the same branch or, if a 
signal tries to enter a preoccupied branch, then a priority system is used to resolve the 
situation. The two signals are compared to each other and the signal that takes priority 
over the other overwrites and deletes the lower priority signal. Signals travelling to 
the servo interface get priority over all others, signals travelling to the memory 
interface get priority over those going to processing and sensor signals have the 
lowest priority. In the case of two signals of the same type meeting, the oldest signal 
gets priority. 
 
 

Travelling Away From Root Travelling Towards Root 
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This priority system prevents needless overwriting of data and essentially it ensures 
that processed data always gets priority- the more processed an information signal is, 
the important it is. Without this system, the AL/AI system (hereafter referred to as the 
AdaptEve system) could be forced to endlessly process data without reason as the 
processed data would be constantly overwritten by new data entering the system. 
Lower priority signals are deleted rather than being saved or queued to prevent the 
AdaptEve system from becoming overloaded and creating excessive processor drain. 
 
 
- Signal Routing 
A global ‘right of way’ system was created to control the transmission of signals 
throughout the AL structure. This ensures that information signals are directed to the 
correct AI interface at all times and it also prevents signals from wandering aimlessly 
around the AL structure or interfering with other signals. In its most basic sense, the 
right of way system operates by polarising information signals to a particular 
interface. Once they reach that interface, they are re-polarised to another interface and 
so on.  
 
There is also a comprehensive signal routing system in the program which 
methodically ensures that the most is made out of each information signal. The 
routing system always endeavours to direct and plan a route for the signal to follow to 
its desired port interface. If the desired interface port is not available, the system will 
attempt to find an alternative port at the same interface. If an alternative port cannot 
be found, then the system redirects the signal to the next interface that the signal 
would have been directed to had its original desired interface port been available- i.e. 
if processing ports are not available, then the signal will be directed to memory ports. 
 
If no suitable substitute connections can be found despite all of this, then the system 
directs the signal to the outermost branch that is closest to its original desired port. 
The operation of the routing system is impressive to watch as the changing 
destinations of signals can clearly be seen as new connections become available. 
 
All signals use a self-contained navigation system to follow their assigned route. The 
route is split into waypoints and generally a signal must pass through the root centre 
point (centre of the AI bounding box) once before it can get to its destination. 
 
 
- Communication 
Communication between the AdaptEve system and the Basic Stamp onboard the robot 
is carried out via a serial cable connection that is created and managed in Python 
(details for this decision can be found in Project Journal entry ‘Monday, April 11, 
2005’). The need for communication protocols became quickly apparent early on in 
the development of the code as the Basic Stamp can be easily overloaded with 
information from the serial connection. Transmission lag also presented a significant 
problem to the program’s operation and pauses during execution had to be 
incorporated into the program code to counteract the lag effects.  
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The final program uses a request-confirmation system for sending and receiving data- 
the data sender transmits its data and waits for a confirmation signal to be sent back to 
ensure that the data has been successfully received by the receiver. 
 
 
- Data Processing 
Sensor information from the Basic Stamp only enters into the AL system following a 
data request command from the program. The received information arrives at a sensor 
interface port and is converted to an information signal containing the raw numerical 
sensor data from the Basic Stamp. A unique name is calculated for the information 
signal based upon the iteration cycle that the signal was created on and the interface 
port that it originates from. This name is then used to distinguish the signal from 
others once it enters the AL structure.  
 
The signal is then instantly directed to a processing interface port that matches the 
port number on the sensor interface from which it has just originated. This 
corresponding port numbering system prevents individual ports on the processing 
interface from being overloaded as it distributes the demand for particular ports. 
 
Random port number assignment was briefly investigated during the development of 
the program code but it was not found to offer any performance advantages over the 
corresponding port numbering system.  
 
Once an information signal arrives at a processing port from a sensor port via the AL 
system structure, its name and raw data are examined by the AI system. The AI 
system performs logic and calculation operations based on this data and replaces the 
information signal’s data with the resulting output- i.e. the raw sensor data contained 
in the information signal is overwritten by new, processed data (essentially a servo 
pulse signal). The signal is then directed to a memory interface port that corresponds 
to the information signal’s port of origin and it is sent back into the AL system 
structure  
 
On arrival at a memory interface port, the signal is simply copied and the original is 
redirected to a corresponding servo interface port. The copy of the information signal 
is stored in the programs memory and it is available to the AI system to check at all 
times forming a list of past actions that were carried out by the system. 
 
Finally, the information signal arrives at a servo interface port where its data is read 
and interpreted as a servo pulse signal. This pulse signal is encoded and transmitted to 
the Basic Stamp and the information signal is removed from the system. 
 
 
- Graphics 
A graphics display of the AdaptEve system is generated in the program through the 
use of Python and the Python module, PIDDLE (Plug In Drawing, Does Little Else). 
During the program’s development, it was found that Flash was not suitable to 
generate the program graphics- documentation relating to this decision is contained in 
the Project Journal, entries from  ‘Monday, March 07, 2005 Saturday’ to ‘March 12, 
2005’.  
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The drawing system implemented in the final program is very efficient and redraws 
graphic entities only when necessary (i.e. when they have been changed between 
iteration cycles). This ensures that the graphics system draws as little processing 
power as possible. 
 
AI interfaces and information signals are graphically colour coded to quickly relate 
information, such as signal type/destination, and interface ports and branches light 
when they receive data which makes the operation of system more intuitive to 
understand. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All branch growth is animated and a great deal of effort was put into making the 
growth as smooth and as close to nature as possible- sprouting branches grow as 
stretched triangles and mature into rectangles before widening out until their final 
with is reached.  
 
It should be mentioned that a significant proportion (approximately 60%) of the final 
program code is devoted purely to the graphics system of the program. These graphics 
are generated purely for observers of the system and the AdaptEve system does not 
require them to operate. 
 
 
- Interface 
The final program runs in an interactive interface window that is generated by Python 
and it contains various buttons to provide partial control over the system such as 
pausing, resuming and feeding etc. Direct user influence of the AdaptEve system is 
not permitted as it would defeat the goals of the project- the systems must be self-
controlled and self-managed.  

Information Signal 
(From Processing) 
(Processing) 

Information Signal 
(From Sensors) 
(Processing) 

Information Signal 
(From Memory) 
(Processing) 

Active Interface 
Ports 

(Processing) 

Yellow =>    From Sensors 
Green  =>    From Processing 
Red  =>    From Memory 
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- Flexibility 
The program code has been developed with flexibility and future changes in mind and 
it can be quickly adapted to different robot configurations or L-system structures 
through the use of default variables- i.e. the system could be easily configured to 
handle 50 sensor inputs/servo outputs by changing a single program variable. 
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Basic Stamp Program Code 
 
The Basic Stamp program controls all actions of the robot and was developed purely 
in reaction to the demands and requirements of the main AdaptEve program. 
Documentation relating to the code generation process can be found in the Project 
Journal from entries ‘Wednesday, April 13, 2005’ onwards. 
 
The Basic Stamp program’s default action is to simply wait and listen to the serial 
cable connection. Simple coded commands such as “C0” are sent to it from the main 
AdaptEve system program, instructing it to either send numerical data from the 
robot’s sensors or move the robot’s servos using numerical servo signal pulses that 
are received from the AdaptEve program. 
 
Essentially the Basic Stamp program can do nothing on its own and is a ‘mindless 
slave’ to the main AdaptEve program.   
 
The Basic Stamp code can be found on the accompanying Project CD. 
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Flash and Max/MSP Program Code 
 
It was originally intended that Flash would handle the graphical representation of the 
AdaptEve systems and this assumption was explored and partially developed for quite 
some time. Unfortunately however, Flash was found to be unsuitable for this function 
and it was abandoned in favour of the Python module, PIDDLE. The reasons behind 
this decision can be found in the Project Journal, entries from ‘Monday, March 07, 
2005 Saturday’ to ‘March 12, 2005’. 
 
The Max patches and ActionScript code that were generated during this period will 
not be described in detail as they were not used and had no influence on the project 
once they were dropped. The Max patches and ActionScript code can be found on the 
accompanying Project CD and the process through which they were created is 
documented in the Project Journal, from entries ‘Saturday, February 19, 2005’ to 
‘Monday, March 07, 2005’. 
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The following actions are carried out when the program is first run and initialised: 
 
- The serial connection with the Basic Stamp is established 
- The interactive interface window is created 
- The AI bounding box and interface ports are drawn in the interface window 
- A initial set of root branches are created (generally five) 
 
The following steps are carried out during each iteration cycle of the AdaptEve 
program: 
 

1) The cycle number of the program is increased by 1 
2) Branch properties such as length and width are updated using the new cycle 

number as a reference. All branches are subjected to a withering width 
decrease. New mature (fully grown) branches are checked to see if they 
exceed the AI system bounding box- branches found to be exceeding the box 
are sent to a function which determines the connection they have established 
whereas branches that have not exceeded the box are ‘budded’ to sprout child 
branches. Dead branches (branches whose width has dropped below zero as a 
result of the withering width decrease) are flagged for removal. 

3) Information signals that are being carried in branches are moved one branch 
along their route. Any signals that have reached an interface are processed and 
sent back into the AL system.   

4) Dead branches that were flagged for removal in step two of the cycle are 
removed from the program. Newly ‘orphaned’ child branches resulting from 
this process are searched for and removed. The surviving parent branches of 
the original dead branches are ‘budded’ 

5) All branches that are ‘budded’ sprout child branches provided that there is 
food available. Child branches are checked to see whether they lie outside of 
the AI bounding box- branches found to be outside of the box are deleted and 
the parent of the branch is sent to a function which determines if their parent 
has established a connection with an interface port. Branches that are not 
outside of the box inform their parents, grandparents etc. that they have been 
born and their parent’s, grandparent’s etc. width is increased. 

6) Data is requested from the Basic Stamp and the program pauses until the 
transmission of data from the Stamp has been completed 

7) Interface ports are graphically drawn with updated properties (e.g. lit up if 
they have just received an information signal) 

8) Branches are graphically drawn with updated properties (e.g. widened, 
withered etc.) 

9) Servo commands are sent to the Basic Stamp and the program pauses to allow 
time for the robot to carry out the commands and move. The robot signals the 
program once movement has been completed and the program resumes. 

10) The program pauses for a fraction of a second to produce an animation affect 
with the next cycle- if the program didn’t pause then the animation would run 
too fast for the human eye to see correctly.  
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Due to the unusual nature of the project brief, this project was primarily indented to 
be an experiment or exhibit of a concept- it was never intended to be a product. 
 
However, upon examination of the final system it is felt that the project has the 
potential to be used in the field of robotics. 
 
The adaptive nature of the AdaptEve system produces a self-configuring system 
which would be most useful for autonomous robotics. A robot using the AdaptEve 
system would be capable of automatically configuring itself to match its current 
environment.  
 
For example- if a robot is equipped with touch and light sensors and is placed in a 
dark environment, the AdaptEve system would only develop and reinforce 
connections to the robot’s touch sensors (which are being constantly used). Its light 
sensors would be ignored by the AdaptEve system, as any branch connections that 
were made with these sensors would quickly die off due to lack of use. The robot is 
now optimally configured for its dark environment and its processing resources are 
focused purely on those sensors which are of use- power is not wasted on checking 
inappropriate sensor types. 
 
If the robot then moves into a bright environment, the AdaptEve system will again 
gradually adapt and re-configure the robot so that its light sensors become the primary 
sense at the expense of the touch sensors. Once again the system will have been 
optimally configured, making as efficient use of its processing resources as possible. 
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The project meets almost all of the goals that were identified during the course of the 
project and has been a success in many aspects: 
 

- The final AdaptEve system meets the requirements of the eversion brief- a 
complex system (an L-system) has been intervened into (through an AI 
system) and the data generated from the intervention (a neural pathway 
structure) has been everted into the real world (through the behaviour of the 
robot and its interactions with its environment). 

- The AdaptEve system has a meaningful link between the system that it 
intervenes into and the output produced by the eversion process- the L-system 
is a representation of a real world living organism and the eversion output is 
an intelligence that that organism may potentially possess. 

- An artificial lifeform was created which mimics natural structures and growth 
behaviours. 

- A rudimentary artificial intelligence was created- possibly the first of its type. 
- Many new skills and much experience was gained in areas such as 

programming in Python & Basic and physical computing & robotics 
- The project demonstrated some unexpected and unique artificial life behaviour 

(branches reinforcing and scouting for connections) which pays tribute to Grey 
Walter’s early artificial life work. 

- The project also pays tribute to contemporary projects such as ‘Spinne’ and 
‘Quorum Sensing’:  

o The gap between the virtual and real has been lessened by making the 
AL system mimic nature 

o The intelligence that virtual creations may possess has been explored 
o The virtual has been allowed to interact with the real world and visa 

versa 
o The real world has been allowed to impact on the virtual and visa versa 

 
  
However, there were several areas in which the project had shortcomings: 
 

- The biomimetic form of the robot was not implemented due to monetary 
constraints 

- Only a rudimentary, logic based AI was implemented. It is not yet capable of 
learning (although some of the necessary resources have been implimented in 
the program) and it is questionable if it can produce useful responses or ‘think’ 

- There are serious synchronicity issues with the robot’s servos. It is very 
difficult for the AI to make the robot go straight forward or backwards as this 
would require two separate servo information signals to simultaneously reach 
two different servo interface ports. Such a situation is difficult to generate in a 
semi-randomly grown, artificial life structure. 

- The system can be slow or erratic at times due to the serial connection lag 
- The system can loose data due to information signal overwriting 
- The system can become overgrown at times and requires control procedures to 

prevent or reverse this situation 
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There are many areas of the project that could be developed or improved upon in the 
future: 
 

- Branches could be allowed to interconnect with each other so that signals 
could pass through any set of linked/overlapping branches to get to their 
destination more quickly. 

- Multiple branch connections could be allowed to form at an interface port 
which would improve system efficiency and reduce data loss. 

- Closer realism to natural systems could be added by implementing ‘synapse 
burnout’ in branches- once a branch has transmitted an information signal, it 
would be unable to do so again for a set number of cycles. Information signals 
would be forced to constantly find new routes to their desired interface port. 

- Branches could be encouraged to grow towards interface ports which are 
trying to send/receive information but have no connected branches to pass the 
information to. 

- Successful AL system patterns could be stored or pre-programmed and loaded 
to match a particular environment- e.g. a dark environment AL structure. This 
would give the AdaptEve system a head start when it enters a new 
environment. 

- The AI could be developed so that it learns and generates its own responses 
and logic based on past successes/failures. 

- Branches that can carry multiple information signals could be implemented to 
reduce data loss.  

- The servo synchronicity issue could be addressed and possibly solved by 
altering the robot’s locomotive arrangement so that it uses a steering castor 
and a set of driving wheels similar to Grey Walters ‘Turtles’. 

- A better AdaptEve system to Basic Stamp connection method could be 
implemented such as radio-frequency or Bluetooth. 

- More complex L-system recursions could be implemented to better mimic 
nature.  
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The eversion brief was successfully fulfilled and the areas of artificial life and 
artificial intelligence were explored with some rewarding, and some disappointing, 
results. 
 
An insight was gained into the challenges presented in the production of artificial 
intelligence systems and it is believed that a new and unique type of artificial 
intelligence system has been developed during the course of the project. 
 
Much experience and many new skills were gained, particularly in the areas of 
programming and physical computing, and the result of the project offers great 
potential for further exploration and development. 
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Technical information relating to the BOE-Bot can be found in the Project Journal 
and at: http://www.parallax.com 
 


