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AdaptEve Project Report Introduction

This project is a response to the eversion briefe&ls with the topics of artificial life,
artificial intelligence, mimicry of natural systeraad explores the possible artefacts
that can be produced by the merging of these sgstem

Unusual concepts such as artificial intelligenagedr by artificial life are presented
and the project endeavours to utilise establisimeldcantemporary artificial life and
artificial intelligence work.

The result of the project is an adaptive, self-gpning artificial life/artificial
intelligence system named the “AdaptEve” systenajpéitle, evolving artificial
intelligence system).
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AdaptEve Project Report Section 1 - Project Backgro  und & Synopsis

Project Brief

The project brief deals with the topics of systemtervention and eversion. It
requires that a complex system (such as the weatleestock exchange) be identified
and interpreted as a virtuality. Once this has lokmTe, the brief requires that this
system should be intervened into. Finally, as alted this intervention process, the
system should be everted or turned inside outatattho longer exists as a virtuality
but has been brought out into our midst.

In essence- identify a complex system, determimethod for intervening in this
system and evert the data that is obtained byiateng in the system so that the
system exists in some form in the real world.

Ross O’Shea Page 2
MSc Smart Design



AdaptEve Project Report Section 1 - Project Backgro  und & Synopsis

MSc Smart Design Course Specification

The focus of the Smart Design course is upon tbhegss of the design of artefacts
and environments that are functionally augmentethtgyactive digital technologies.
The course considers the impact of interactiongiheand physical computing on
design practice and emphasises how designed ag@iaenvironments can be made
experientially different through the use of computependent functionality or
behaviout.
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AdaptEve Project Report Section 1 - Project Backgro  und & Synopsis

Personal Background

My background lies in mechanical and manufactuengineering. This branch of
engineering encompasses many different fieldsuafysand | have chosen to focus on
machine design and development. | have gainediealognd analytical approach to
design and problem solving through my undergradiraieing which | hope to
augment by developing my creative thinking and meétthogy during the Smart
Design course.

| have always had an interest in machine desigpé&ation and I'm currently
expanding that interest into exploring the areaartficial life and artificial
intelligence. In particular, the field of biomimedi (robotics that mimic biology) is of
great interest to me- I'm currently focusing on eleping my technological,
electronic and programming skills through the Srasign course so that | can
better understand and further explore this field.
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AdaptEve Project Report Section 1 - Project Backgro  und & Synopsis

Project Specification

The project brief indicates that the artefact pastlby this project must:

1) Interface with a complex system

2) Extract data directly from the complex system drapolate data based upon
the system’s behaviour

3) Utilise the data obtained to create an output wigaton-digital (i.e. physical
and non-virtual)

The complex system may be real or virtual and wadgally be dynamic. If possible,
there should be a meaningful link between the syshat is everted and the output of
the artefact.
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AdaptEve Project Report Section 1 - Project Backgro  und & Synopsis

Design Response

The eversion brief is a significant departure froravious design projects and, as a
result, poses significant problems to the desigor@gch. The artefact produced by
the project could be considered to be a once-dfitatxpiece rather than a product
which means that standard design approaches afmmbdsetwvhich are generally
product focused, will not be applicable. Howevemeral design goals such as
simplicity of design and efficiency of operatioreapplicable and these will be
incorporated into the design process whenever plessi

The project brief also poses problems to the d@&fimiof performance or functional
goals for the artefact to meet as the unusual eatiithe brief makes it difficult to
identify projects that can be used as “benchmarkisérefore, the main goal of the
project will simply be to meet the requirementdhad project brief and specification.
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AdaptEve Project Report Section 2 - Preliminary Research

Research Approach

There were two main approaches that could have bsshto drive the project
research:

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

2) Focus on identifying technologies that could bedusegenerate artefact
concepts first and then identify a system that waubrk well with a final
concept artefact.

In order to keep the range of potential artefactcepts as broad as possible, the first
of these research approaches was used. Reseadelntify relevant contemporary
projects that meet the requirements of the evelsi@f was also be carried out in the
hopes of finding a common theme or approach thaltddoe used in the development
of concept artefacts.
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AdaptEve Project Report Section 2 - Preliminary Research

Initial Research

Preliminary research into virtual systems was 8ergcessful and many suitable
systems were found such as real time webcam, gsmathyand space data feeds (see
Project Journal entry ‘Thursday, January 27, 2000rrency, metal and stock
exchanges were also examined but it was decidedhthacope and volume of raw
data available from the scientific community on itiernet would produce a greater
range of concept artefacts than the markets.

The digitisation of real world (non-virtual) systemwas also investigated and it was
found that sports biometric sensing equipment fgedometers, heart monitors)
offered great potential in utilising human actiegtias a complex system.

However, despite the variety and number of dattesys that were identified, they
were generally found to be uninspiring as it wastfeat the only option for
development that they presented was to directlyexirihe system’s data from one
form to another. Only meaningless concepts sualsiag solar data to control the
intensity of room lights could be thought of whislere found to be too
straightforward or pointless, even though they widwdve met the requirements of the
brief.

Research into successful contemporary projectseprty be much more inspiring and
several outstanding examples of eversion based wer& eventually identified (see
Project Journal entry ‘Monday, January 31, 200Bhese projects were found to be
very encouraging and they illustrated the diffeeebhetween merely converting or
everting a system’s data and having a meaningfydgae for doing so.

This meaningful reason for everting the systemta,déae link between the data and
the output produced by the artefact, proved tdhbespecial factor that was present in
all of these projects. It was therefore concluded this meaningful link must be
included in this project’s artefact design if itsM® succeed.

Two projects in particular, ‘Spinne’ by Laura Bdl&f Erich Berger and ‘Quorum
Sensing’ by Chu-Yin Chen proved to be of great geasinterest as they
encompassed the areas of artificial life and aréfiintelligence (hereafter referred to
as AL and Al) aswell as eversion of complex systems

The projects succeeded in bringing life to thewattand allowed it to have a definite
presence and influence in the physical world. Taleg challenged participants to
consider what, exactly, defines something as hafiegSpinne’s trembling in
response to internet traffic could be considereoketa territorial reaction and the
movement and growth behaviour of Quorum Sensinigtaal creatures in response to
users could be considered to demonstrate awarehgssenvironment.

Inspired by these projects, it was decided thatphoject should also try to develop
and explore these themes of AL and Al, with themtibn of allowing them to
interact, and possibly merge, with real world eesit
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AdaptEve Project Report Section 2 - Preliminary Research

Shortly after this decision was reached, it wasitbthat research into alternative data
systems was becoming unproductive- no suitablesystvith connections to AL or

Al could be found and it was eventually concludeat & simple lifeform based
system (real or virtual) would have to be generategart of this project. This
conclusion also helped to define the project acteda it was felt that, ideally, it

should be a biomimetic device that would preseneenewfound Al/AL theme of the
project.
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AdaptEve Project Report Section 3 - Conceptual Des ign

Initial concepts

Preliminary research concluded that a simple If®&fdased system would be utilised
by the project’s artefact and that the artefacufdhbe a biomimetic device of some
kind. The biomimetic device should interact witle tleal world and there should be a
constant theme or link of AL/Al between the systama artefact.

Based on these goals, the following final concepiations were created:
(NB: Other potential concepts which were felt tonoe suitable are documented in
the Project Journal and Project Sketchbook)

Concept 1: AL is generated in a computer but gosed to real world
environmental factors instead of being “shelteredhe virtual
environment. Sensors in the real world would attetmpecreate
current physical conditions from the real worldidesthe virtual
environment and the artificial life would be forcedadapt in order to
survive.

Eventually a successful adaptation of the AL waertkrge and this
could be downloaded into a physical body that heesnlzonstructed in
the real world that matches its virtual form. An Ahtity has now been
produced that is capable of surviving and interacin the real world
despite having been generated in the virtual. Tmeept attempts to
merge the boundaries between AL and the real world.

r-/ ,\_
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\
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T Sensors
: When has been “hardened up” to real world
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Downloaded to

physical body

Environment
/ (heat, light)
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Ross O’'Shea Page 10

MSc Smart Design



AdaptEve Project Report Section 3 - Conceptual Des ign

Concept 2:

A simple real world life form would beogn in controlled conditions-
e.g. coloured bacteria in a sealed petree dishdrus,in a small, self-
contained ant farm. The ever changing state andviair of these
lifeforms would be constantly monitored by a congpuhrough
sensors that are embedded in the lifeform’s coatdocal
environment. The data obtained from these sensoutdvbe used to
control a biomimetic device in the real world- egsaly concentrating
the overall “will”, state or behaviour of the snallifeforms into a
single being.

The biomimetic device could be the sealed envirartrtieat the
lifeforms occupy, e.g. a mobile ant farm that loaksl moves like a
giant ant. Thus the local behaviours of the lifefsrwould be brought
out into the greater, global environment and vissa- e.g. the mobile
ant farm may inadvertently wander into a regiohigh heat putting
the lifeforms in danger or, the lifeforms may emdandangering
another lifeform in the greater environment assallteof their
wanderings.

Variation 1:  The real world lifeforms would actdiborain neurons,
carrying information signals back and forth throagh
the system. An Al system could use these as the bas
for an artificial brain that’s based on real woddnple
lifeform behaviours and would control the biomingeti
device

Lifeform

\ 4

’_/ ﬁ > Se:sors

v

Al

v
Device

Ant carrying
“synapse”

v

Environment

Neural pathway
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AdaptEve Project Report Section 3 - Conceptual Des ign

Variation 2:  The real world lifeforms are merely mitored by a
computer program which would simply make control
decisions based on the behaviour of the lifeforeng-
higher concentrations of lifeforms in a particudaea
means move the biomimetic device left, rapid attivi
means move the biomimetic device quickly. The
lifeforms would be treated as a whole instead of
individuals.

\ »| Lifeform
v

Sensors
-
oY / Y
SWaqg Program
v
Device
v

High concentration
Environment

Variation 3: Instead of using real world lifeforntee biomimetic
device would be driven by simple AL creatures. Ahe
creatures would be subjected to real world conattio
that are fed back through the biomimetic devica in
similar manner to “Concept 1”.

Artificial
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AdaptEve Project Report Section 3 - Conceptual Des ign

Concept Evaluation

Concept 1 has much potential and raises someuiriggpossibilities such as directly
confronting the real world with an AL creature. Hawer, although interesting, the
concept poses many technical problems- the progegumired to create and control
the AL creatures could be beyond the scope ofpilugect and the construction a real
world body for a mature AL creature to inhabit abalso prove to be problematic.

Concept 2 is as intriguing as the first concepsimg equally valid issues such as
bringing the hidden world of the lifeforms into thesal world. However, the use of
real lifeforms in the concept is potentially hazard to the lifeforms and it raises
moral concerns as to whether their existence shuoilthreatened for the sake of an
exhibit piece- they may be small/simple lifeformg they are still life none the less.

Variation 3 of Concept 2 does offer an alternatvéhis dilemma however, and it
also presents the exciting possibility of creatmgAl system whose behaviour is
based upon an AL system.
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AdaptEve Project Report Section 3 - Conceptual Des ign

Concept Selection

After much consideration, it was felt that Variati® of Concept 2 would be the best
concept to develop. It satisfied the requiremehth® brief while utilising both Al

and AL, it seemed to have the vital ‘meaningfuklifactor that was missing from
early concepts and it also incorporated aspediseoQuorum Sensing and Spinne
projects such as AL reacting to real world inteiatt and virtual systems being given
a presence in the real world.
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AdaptEve Project Report Section 4 - Embodiment Des  ign

Development Research

The research for the concept development stageegdrbject was carried out in three
main areas: AL, Al and biomimetics. Full detailstiofs research can be found in the
Project Journal, entries ‘Saturday, February 1252 ‘Wednesday, February 16,
2005'.

Research into Al was productive and a rudimentadeustanding of the principles
involved in creating basic Al systems was gaineg (8roject Journal entries
‘Saturday, February 12, 2005’). In particular, iherk of Grey Walter was found to
be particularly relevant to the project- his ‘Tatttreations were some of the first
Al/AL creations and he proved how reasonably complehaviour such as intelligent
navigation through an environment and decision ngkan be achieved from just a
simple system of interconnected sensors and acliatovas hoped that this project
may be able to use some of these behavioural plescthat were pioneered from his
Turtles’.

However, research into computer programming badexy#tems proved to be
uninspiring and it was eventually decided thatghgect would attempt to devise an
original system for Al generation (see Project dauentry ‘Tuesday, February 15,
2005).

Research into AL focused mainly on the computegmmming methods that could
be used to generate such systems. It was decideththbest AL system to use would
be L-systems as they were primarily created toasgnt real lifeforms (see Project
Journal entry ‘Sunday, February 13, 2005’) and thleg drew interesting parallels
with Grey Walter’s Al behavioural principles. Indystems, simple recursive
equations are used to create complex structureg aas felt that it would be fitting

to try and combine this with the similar behavidwancepts of Grey Walter’s work.

Research into biomimetics revealed many interestargemporary projects but only
one project was found to have a link to eversiondyGracie’s ‘small work for
robots and insects’ (see Project Journal entry ‘déoyn February 14, 2005’).
Unfortunately, few details could be found aboutitsict workings and it was felt that
only rudimentary aspects of biomimetics could m®iporated into the project due to
the limited time and monetary resources of theqmtoj
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AdaptEve Project Report Section 4 - Embodiment Des  ign

Concept Development

It was known from the concept selection stage efgtoject that an AL system was to
be used by an Al system to control a biomimetiacewHowever, exactly how the
AL and Al system would relate to each other wdswwtknown.

After much consideration and scrutiny of previougjgct concepts, it was eventually
decided that incorporating the idea of brain nesfoom Variation 1 of Concept 2
would be the most suitable relation to use (segPrdournal entries ‘Thursday,
February 17, 2005’ and ‘Friday, February 18, 2005’)

This decision finalised how the completed Al/AL ®mas and project artefact would
ideally operate:

Memory

(2)
)

= 0w wvmonNnO="T

@

Sensors

The AL system (a 2D L-system), would be grown iestdbounding box. Each edge

of this box represents a particular part of thesydtem- the bottom edge represents
any sensors that the Al has access to, the le& sgfyesents the processing centre for
the Al system (e.g. computational & logical abdg), the top edge represents the Al
system’s memory and finally the right edge represany servos or actuators that the
Al system has access to.

The Al system can only access the biomimetic detficeugh the structure of the L-
system and, essentially, is completely reliantranlt-system to function. Data
transmission through the L-system structure wowldhéndled in a similar manner to
synapses being passed through neural pathwaye muthan brain and neuroscience
concepts such as strengthening and “forgettingiatifiways will be incorporated.
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AdaptEve Project Report Section 4 - Embodiment Des  ign

The ideal path for information signals to followsisown by the black numbered
arrows. An information signal would arrive at tlensor interface (bottom edge of the
bounding box), be relayed via the structure ofltfggstem to the processing
interface, then to the memory interface beforellfyreriving at the servo interface
which would provide the biomimetic device with insttions to move.

‘Short circuiting’ of the system will be possibléigh would produce instinctual,
reflex like reactions. In this scenario, an infotima signal would be picked up from
the sensor interface by the L-system structurealmgnnection to the processing
centre may not have been established. The randowtlyof the L-system may have
localised into a single corner of the bounding bo# in this case, the information
would be relayed directly to the servo interfaceviding an instant, unprocessed
reaction to the biomimetic device.

The random growth behaviour of the L-system shputdiuce a variety of behaviours
and it is hoped that the Al system can be devel@medigh so that it can understand

and utilise its various resources- i.e. consulim&gnory on a regular basis to look for

successful actions or behaviours.

The growth of the L-system will be dependent on lowandles the transmission of
information signals (i.e. the structure will beestgthened by successfully transmitting
a signal) and the environment in which the biomimeévice operates will also have
an affect on how the L-system grows. In a very dyicaenvironment the L-system
should be prolific whereas in a dull boring envimeemt it will have difficulty

growing.

In terms of meeting the eversion brief- the com@gstem is the L-system, the
intervention in the system is the Al program (tleeithding box placed over the L-
system providing definitions of boundary and irdeds) and the eversion occurs by
using the L-system, through the Al program, to oard biomimetic device in the real
world. The intelligence and behaviour of the bioretim device is directly related to
the L-system.

In terms of achieving a meaningful link between ¢benplex system and the
eversion- the concept allows the L-system to afé&ct interact with the real
environment through the actions of the biomimeégide and visa versa- thus a
feedback cycle is created between the two. Theegirexplores Al that is driven by
AL and it could be said that the concept also exgd@\l that is generated by non-
sentient lifeforms such as plants.
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AdaptEve Project Report Section 4 - Embodiment Des  ign

Concept Implementation

The final concept indicates that there are foutspiarthe project which need to be
constructed- the AL (L-system) generator, the Algsam, the biomimetic device and
a graphics display to show the actions of the cetedystem.

After some consideration, the Python programmimguege was selected to run both
the L-system generator and the Al program. The Blg&stems will require

significant processing and calculating power anas felt that Python was one of the
few programming languages that could provide tnel of performance.

Flash was initially chosen to run the graphics ldigpart of the project as its ability
to use vector graphics ensured that a sharp aricamiglated display could achieved.

As mentioned in the Development Research sectidthi®feport, it was
unfortunately not possible to implement a propenbmetic device due to the limited
monetary resources of the project. Instead, a atdriasic Stamp Il robotics kit was
acquired as it offered the possibility of upgradihg kit with biomimetic features,
such as crawling legs, in the future.

Details of all of these decisions can be foundrimjéet Journal entries ‘Saturday,
February 19, 2005’ and ‘Tuesday, April 05, 2005'.
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AdaptEve Project Report Section 5 - Detail Design

Due to the nature of computer programming, anduthesual requirements of the

brief, the generation of computer code had to lpeexhout ‘ad hoc’ as the project
progressed. Functional pieces of code were cretgstgéd and added as necessary and
detailed planning of the programs was only posgibléng the initial stages of

coding.

Consequently, it is not possible to provide a cehkor linear explanation of how the
final code was developed. Instead, this sectiah@teport will be used to describe
the features and functions of the final code. Doentation relating to the general
code generation process can be found in the Pragechal from entries ‘Sunday,
February 20, 2005’ onwards.

All of the code for the project’s final programscisntained on the accompanying
Project CD.
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AdaptEve Project Report Section 5 - Detail Design

Python Program Code

- L-System
The AL system code uses a simple recursive L-sysilgorithm to generate a
relatively complex AL structure:

vy A

Two branches sprout at 45 degrees to either sideariches that have finished growing

Further examples of L-systems can be found in tbgBt Sketchbook and Project
Journal (entry ‘Sunday, February 13, 2005’).

The AL system in the final Python code uses a sintitsystem recursion to the
above example- however, the AL system attempt&tibmimic the general growth
behaviour of plants by randomly sprouting eithee ontwo branches at a random
angle between =45 degrees of the original branstead of using constant values for
angle and number of children to sprout.

This simple L-system was chosen over more compdedetres for the purposes of
debugging and establishing that the concept optbgct was sound. It was found to
be quite useful as it produced sufficiently comphdxstructures without the need for
processor intensive calculations. Now that theqmtogode has been finalised, a more
complex L-system (e.g. fern or bush) could be imm@eted if so desired.

The L-system code uses a branch focused appraabbey than the standard node
focused approach of L-systems, and this approashcihvasen as it was felt that it
would ease the creation of computational functionater stages of the project.

- Branches

Every branch that is generated by the L-systemtesesn instance of a base Branch
class in the Python program and each new brangives individual properties at its
birth such as a semi-random length, width and aredédive to its parent etc.

Branches also share some common properties, swdfadt length/width growth
rates & computational functions, and their lengthd widths must lie between
common default values. All branches are subjecettain maximum and minimum
parameter limits which they cannot exceed (suabvasall width and length) and
child branches are not allowed to exceed the leagttidth of their parents. This
limiting of certain parameters ensures that thesftem maintains a natural look,
matching that found in natural structures suchress lbranches.
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AdaptEve Project Report Section 5 - Detail Design

Branches use an intelligent naming system thaivalkhe program to calculate certain
properties, such as numbers of parents/offsprirglmtnch, from the name alone and
this embedded name information is vital to the codperation. Virtually every

aspect of the program relies on the naming systesome way- from routing
information signals to branches sprouting and dying

1 ~<«— Branch Name: 1121

All branches are in a constant state of withernognfthe instant they are created-
every iteration or cycle that the program runs tigftoreduces the width of the
branches by a set amount and a branch is consittebedead when its width drops
below zero. This is carried out in an attempt weate the plasticity that is found in
complex natural systems such as neural pathwaygitrening and weakening in the
human brain.

Essentially, the withering effect ensures that bihes which do not transmit
information signals on a regular basis die off, mgkhe efficiency of the AL system
self-managing. If a branch is grown that is notdesk(not used to transmit signals)
then it will eventually die so only that which iseded and used is maintained in the
system.

The only way for branches to avoid dying from withg is to increase their width on
a regular basis- this can be achieved by eithasiniting information signals or
sprouting children. Widening of branches from sgsba transmission of signals
reflects neural pathways being reinforced and witgfrom the production of
offspring reflects the dependency that child brasgblace on their parents- the
parents must be strong enough to support all af thddren, grandchildren, great
grandchildren and so on. Widening from the produrcof offspring also helps the AL
system to maintain its natural look.

New child branches are only allowed to sprout ftbends of fully grown, mature
branches and a branch that has sprouted childreraisle to do so again until all of
its children have died- i.e. when the branch hasime the outermost branch once
more. Again, this is implemented to preserve themhlook of the AL system as it
prevents random sprouting of branches throughoerygart of the structure-
however, it also reflects the budding behaviouplahts when new shoots sprout only
from the area at which the plant was pruned.

Once a branch has died, it is removed from theraragand all of its children,
grandchildren etc., are also removed. Its immegatent is then budded, allowing
the system to recover from its ‘pruning’. Thisngglemented to reflect the growth
behaviour of natural forms such as trees.
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AdaptEve Project Report Section 5 - Detail Design

A ‘food’ based system is used in the program to@né branch numbers from
overgrowing and all branches consume one unitad fat their creation. If no food is
available then branches trying to sprout must Yeaitl becomes available again. A
gueuing system manages the waiting branches andeshat those who have been
waiting the longest get to sprout first as soofoasl becomes available. Food is
created when the data from the robot’s sensouisd to match pre-programmed
values or food definitions (e.g. light or heat ab@vcertain intensity)

Only a limited number of root or base branchescegated at the start of each
program (generally about five) and every brancthenAL system will be grown from
these roots. This restriction of root branch nuralatempts to counteract the
recursive nature of L-systems and prevents theystesn from becoming
prematurely overgrown. Root branches grow at acgamangle between 0 and 360
degrees from the centre point of the Al bounding.bo

The number of roots present in the AL system isitoogd at all times and if it is
found to drop below the number of roots that weesent at the start of the program,
then new roots are sprouted until the correct nurhbs been restored. Additional
food is also given to the AL system at the creatibthese root branches to ensure
that a ‘healthy’ AL system is maintained- the cr@abf root branches while the
program is running indicates that the AL systerarisountering difficulty

maintaining itself (i.e. dying) so this action mbsttaken to help it re-establish itself.

- Interface Connections

Branches grow outwards from the centre of the Atesy’s bounding box until they
reach the edges of the box. Each box edge is eeféoras an “interface” (e.g. sensor
interface, memory interface) and each interfaspis into a number of “ports” that
correspond to the number of resources that ardadaito the Al system at each
interface- i.e. if there are 4 sensors availabléa¢oAl system then the sensor interface
(bottom bounding box edge) will have 4 ports.

Connection

Interface Edge

(Processing\
InterfacePor \
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AdaptEve Project Report Section 5 - Detail Design

As soon as a branch matures, it is automaticakglodd to see whether its end point
lies outside the bounding box and the startingtpafichild branches are also checked
as soon as they sprout. This ensures that ideattdit of connections is registered as
soon as possible in the program.

Branches that have reached an interface ceasergy@nd do not try to sprout
children- instead they register with the prograat they have established a
connection with a particular interface port.

Once a branch has established a connection ntasconstant state of wither which
ensures that only useful and regularly used coedeate maintained- if a connection
is established which is never used (e.g. a coroeatiade to light sensors when the
robot is in a dark environment), it will quicklyeloff as the branch’s width is never
widened from information signals or children.

In the case of multiple branches establishing aneotion to the same interface port, it
is ensured that the branch who first establishedtimnection always receives the
port’s information signals- newer connections aean allowed to ‘usurp’ the old.
Again, this is implemented to improve the efficigiud the system- time, food and
branches are not wasted through ‘squabbling’ ftarface port access.

Multiple
Connection
Established

It was noticed during the code development howetat,allowing branches to
‘usurp’ each other’s interface connections gendrateme interesting growth
behaviour. Branches began to act as scouts thdtwearch for connections and
move on once other ‘backup’ branches had arriveshe@lly a branch would forage
ahead, establish a connection and hold it untitrrdoranch made a connection to
the same interface port. The new branch would thke over the transmission of
information signals from the old, causing the oldeanch to wither and die as it was
no longer being widened by the information sign@lsce the old branch had died, its
parent could sprout branches again as it was newukermost branch and still inside
the Al bounding box, and so new ‘scout’ branchesldgrow away in different
directions to seek out new, unconnected interfactspin this way, the system
seemed to search for unconnected ports, estalgrsiections with them, reinforce
these connections with new branches and then s&arahconnected ports again in
the local area. Although the code was changeddweeptt this behaviour, it is a trivial
matter to enable it again by uncommenting sevaraslof the final code.
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- Signal Transmission

Sprouting or growing branches are not allowed toyaaformation signals and a
mature branch can carry a maximum of two inforrmasmnals simultaneously
provided that the signals are travelling in oppositrections- i.e. one travelling
towards the root (travelling in through the bramscparents), and one travelling away
from the root (travelling out through the brancbfsldren). This is implemented in an
attempt to represent the behaviour of brain neundrish can generally only transmit
synapses in one direction only.

/

| AN
Travelling Away From‘W ;

|I|III?

i \

Originally, branches were only allowed to carryiragke information signal at all
times. However, it was found that this limitatioengrated problems when
information signals travelling in opposite directsowould meet each in the same
branch- the signals would clash and delete eaddr.ofme final code eliminates this
problem and allows the signals to pass by eaclr.othe

- Signal Priority System

If two signals travelling in the same direction toyenter the same branch or, if a
signal tries to enter a preoccupied branch, themagity system is used to resolve the
situation. The two signals are compared to eacér@hd the signal that takes priority
over the other overwrites and deletes the lowarijpyi signal. Signals travelling to

the servo interface get priority over all otheignals travelling to the memory
interface get priority over those going to procegsaind sensor signals have the
lowest priority. In the case of two signals of #aane type meeting, the oldest signal
gets priority.
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This priority system prevents needless overwribhgata and essentially it ensures
that processed data always gets priority- the rpoyeessed an information signal is,
the important it is. Without this system, the AL/&\stem (hereafter referred to as the
AdaptEve system) could be forced to endlessly m®data without reason as the
processed data would be constantly overwrittendwy data entering the system.
Lower priority signals are deleted rather than besaved or queued to prevent the
AdaptEve system from becoming overloaded and crga&xcessive processor drain.

- Signal Routing

A global ‘right of way’ system was created to cahthe transmission of signals
throughout the AL structure. This ensures thatrimftion signals are directed to the
correct Al interface at all times and it also pmagesignals from wandering aimlessly
around the AL structure or interfering with otherals. In its most basic sense, the
right of way system operates by polarising inforiorasignals to a particular
interface. Once they reach that interface, theyeumolarised to another interface and
SO on.

There is also a comprehensive signal routing systetime program which
methodically ensures that the most is made ouadf enformation signal. The
routing system always endeavours to direct and @larute for the signal to follow to
its desired port interface. If the desired integfgort is not available, the system will
attempt to find an alternative port at the samerfate. If an alternative port cannot
be found, then the system redirects the signdlémext interface that the signal
would have been directed to had its original desingerface port been available- i.e.
if processing ports are not available, then thadiwill be directed to memory ports.

If no suitable substitute connections can be fadegpite all of this, then the system
directs the signal to the outermost branch theloisest to its original desired port.
The operation of the routing system is impressiveatch as the changing
destinations of signals can clearly be seen ascoemections become available.

All signals use a self-contained navigation systerollow their assigned route. The
route is split into waypoints and generally a slgnast pass through the root centre
point (centre of the Al bounding box) once befdreain get to its destination.

- Communication

Communication between the AdaptEve system and #isecEstamp onboard the robot
is carried out via a serial cable connection thatreated and managed in Python
(details for this decision can be found in Projsmirnal entry ‘Monday, April 11,
2005’). The need for communication protocols becgumiekly apparent early on in
the development of the code as the Basic Stampeaasily overloaded with
information from the serial connection. Transmisdig also presented a significant
problem to the program’s operation and pauses g@xecution had to be
incorporated into the program code to counteractdl effects.

Ross O’Shea Page 25
MSc Smart Design



AdaptEve Project Report Section 5 - Detail Design

The final program uses a request-confirmation syste sending and receiving data-
the data sender transmits its data and waits éonéirmation signal to be sent back to
ensure that the data has been successfully recewtte receiver.

- Data Processing

Sensor information from the Basic Stamp only enteisthe AL system following a
data request command from the program. The rec@iferdnation arrives at a sensor
interface port and is converted to an informatigmal containing the raw numerical
sensor data from the Basic Stamp. A unique naroalé¢silated for the information
signal based upon the iteration cycle that theadigras created on and the interface
port that it originates from. This name is thendusedistinguish the signal from
others once it enters the AL structure.

The signal is then instantly directed to a processiterface port that matches the
port number on the sensor interface from whiclad just originated. This
corresponding port numbering system prevents iddali ports on the processing
interface from being overloaded as it distributesdemand for particular ports.

Random port number assignment was briefly invest@yduring the development of
the program code but it was not found to offer pagformance advantages over the
corresponding port numbering system.

Once an information signal arrives at a procesporgjfrom a sensor port via the AL
system structure, its name and raw data are exdrbyéhe Al system. The Al
system performs logic and calculation operatiorsetian this data and replaces the
information signal’s data with the resulting outpiug. the raw sensor data contained
in the information signal is overwritten by newppessed data (essentially a servo
pulse signal). The signal is then directed to a orgrmterface port that corresponds
to the information signal’s port of origin andstsent back into the AL system
structure

On arrival at a memory interface port, the sigsaimply copied and the original is
redirected to a corresponding servo interface fdre. copy of the information signal
is stored in the programs memory and it is avadlablthe Al system to check at all
times forming a list of past actions that were iearout by the system.

Finally, the information signal arrives at a semterface port where its data is read
and interpreted as a servo pulse signal. This midgel is encoded and transmitted to
the Basic Stamp and the information signal is remddvom the system.

- Graphics

A graphics display of the AdaptEve system is geteeran the program through the
use of Python and the Python module, PIDDLE (PiuBiawing, Does Little Else).
During the program’s development, it was found tHash was not suitable to
generate the program graphics- documentation mgla&bi this decision is contained in
the Project Journal, entries from ‘Monday, Mar@h BO05 Saturday’ to ‘March 12,
2005'.
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The drawing system implemented in the final prograwery efficient and redraws
graphic entities only when necessary (i.e. wheg bave been changed between
iteration cycles). This ensures that the graphystesn draws as little processing
power as possible.

Al interfaces and information signals are graplyceblour coded to quickly relate
information, such as signal type/destination, andrface ports and branches light
when they receive data which makes the operati@ysitm more intuitive to
understand.

Information Sig na/’

(From Memory) &‘%3

\\;_:I

.l

Information Signal
(From Sensor

g .-’/ Active Interface
Ports

Information Signal o~
(From Processing >

Yellow => From Sensors 4 \
Green => From Processing |
Red => From Memor i

All branch growth is animated and a great dealffiofrewas put into making the
growth as smooth and as close to nature as possfteuting branches grow as
stretched triangles and mature into rectanglesreefening out until their final
with is reached.

It should be mentioned that a significant proparijapproximately 60%) of the final
program code is devoted purely to the graphicesysif the program. These graphics
are generated purely for observers of the systatirenAdaptEve system does not
require them to operate.

- Interface

The final program runs in an interactive interfagadow that is generated by Python
and it contains various buttons to provide padaitrol over the system such as
pausing, resuming and feeding etc. Direct useuamite of the AdaptEve system is
not permitted as it would defeat the goals of ttqet- the systems must be self-
controlled and self-managed.
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- Flexibility

The program code has been developed with flextalitd future changes in mind and
it can be quickly adapted to different robot coofagions or L-system structures
through the use of default variables- i.e. theeystould be easily configured to
handle 50 sensor inputs/servo outputs by changsigghe program variable.
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Basic Stamp Program Code

The Basic Stamp program controls all actions ofrtmt and was developed purely
in reaction to the demands and requirements ofnidi@ AdaptEve program.
Documentation relating to the code generation m®can be found in the Project
Journal from entries ‘Wednesday, April 13, 2005mainds.

The Basic Stamp program’s default action is to $yjnmait and listen to the serial
cable connection. Simple coded commands such dsdi€Gent to it from the main
AdaptEve system program, instructing it to eitremdsnumerical data from the
robot’s sensors or move the robot’s servos usimgarical servo signal pulses that
are received from the AdaptEve program.

Essentially the Basic Stamp program can do notbimgs own and is a ‘mindless
slave’ to the main AdaptEve program.

The Basic Stamp code can be found on the accompgafypject CD.
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Flash and Max/MSP Program Code

It was originally intended that Flash would hanittle graphical representation of the
AdaptEve systems and this assumption was exploreéghartially developed for quite
some time. Unfortunately however, Flash was founet unsuitable for this function
and it was abandoned in favour of the Python mqdRiEDLE. The reasons behind
this decision can be found in the Project Joumatkies from ‘Monday, March 07,
2005 Saturday’ to ‘March 12, 2005'.

The Max patches and ActionScript code that weregdad during this period will
not be described in detail as they were not usdchad no influence on the project
once they were dropped. The Max patches and AatigpiSsode can be found on the
accompanying Project CD and the process throughhwthiey were created is
documented in the Project Journal, from entriesu@kay, February 19, 2005’ to
‘Monday, March 07, 2005’.
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The following actions are carried out when the paogis first run and initialised:

- The serial connection with the Basic Stamp iald&thed

- The interactive interface window is created

- The Al bounding box and interface ports are drawthe interface window
- A initial set of root branches are created (galhefive)

The following steps are carried out during eactatten cycle of the AdaptEve
program:

1) The cycle number of the program is increased by 1

2) Branch properties such as length and width areteddasing the new cycle
number as a reference. All branches are subjectadvithering width
decrease. New mature (fully grown) branches arekateto see if they
exceed the Al system bounding box- branches foarmktexceeding the box
are sent to a function which determines the conmethey have established
whereas branches that have not exceeded the btbudded’ to sprout child
branches. Dead branches (branches whose widthroyaged! below zero as a
result of the withering width decrease) are flagfyggdemoval.

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

4) Dead branches that were flagged for removal in stepof the cycle are
removed from the program. Newly ‘orphaned’ childrches resulting from
this process are searched for and removed. Thesswg\parent branches of
the original dead branches are ‘budded’

5) All branches that are ‘budded’ sprout child brarscheovided that there is
food available. Child branches are checked to desthver they lie outside of
the Al bounding box- branches found to be outsidd® box are deleted and
the parent of the branch is sent to a function Wwilietermines if their parent
has established a connection with an interface Boainches that are not
outside of the box inform their parents, grandptreic. that they have been
born and their parent’s, grandparent’s etc. widtimcreased.

6) Data is requested from the Basic Stamp and the@amogauses until the
transmission of data from the Stamp has been cdetple

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

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

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

10)The program pauses for a fraction of a seconddduymre an animation affect
with the next cycle- if the program didn’t pauseritthe animation would run
too fast for the human eye to see correctly.
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Due to the unusual nature of the project brie§ thioject was primarily indented to
be an experiment or exhibit of a concept- it wagenéntended to be a product.

However, upon examination of the final system feis that the project has the
potential to be used in the field of robotics.

The adaptive nature of the AdaptEve system prodacedf-configuring system
which would be most useful for autonomous roboticsobot using the AdaptEve
system would be capable of automatically configmiteelf to match its current
environment.

For example- if a robot is equipped with touch &ght sensors and is placed in a
dark environment, the AdaptEve system would onlyettgp and reinforce
connections to the robot’s touch sensors (whictbaneg constantly used). Its light
sensors would be ignored by the AdaptEve systeranya®ranch connections that
were made with these sensors would quickly dielo# to lack of use. The robot is
now optimally configured for its dark environmemidats processing resources are
focused purely on those sensors which are of usgeipis not wasted on checking
inappropriate sensor types.

If the robot then moves into a bright environméné, AdaptEve system will again
gradually adapt and re-configure the robot soitedight sensors become the primary
sense at the expense of the touch sensors. Onicetlagaystem will have been
optimally configured, making as efficient use &f jiirocessing resources as possible.
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The project meets almost all of the goals that weatified during the course of the
project and has been a success in many aspects:

- The final AdaptEve system meets the requirementiseoéversion brief- a
complex system (an L-system) has been intervertedtimough an Al
system) and the data generated from the interve(@meural pathway
structure) has been everted into the real worla(iiph the behaviour of the
robot and its interactions with its environment).

- The AdaptEve system has a meaningful link betwhersystem that it
intervenes into and the output produced by thestmeprocess- the L-system
is a representation of a real world living organesna the eversion output is
an intelligence that that organism may potentipthgsess.

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

- Arudimentary artificial intelligence was creatgubssibly the first of its type.

- Many new skills and much experience was gaineddaasasuch as
programming in Python & Basic and physical compy&nrobotics

- The project demonstrated some unexpected and uairtjtieial life behaviour
(branches reinforcing and scouting for connectiovisrh pays tribute to Grey
Walter’s early artificial life work.

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

o0 The gap between the virtual and real has beenrledd®y making the
AL system mimic nature

0 The intelligence that virtual creations may possessbeen explored

o The virtual has been allowed to interact with tbal world and visa
versa

o The real world has been allowed to impact on tnei&i and visa versa

However, there were several areas in which theeptdjad shortcomings:

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

- Only a rudimentary, logic based Al was implementet not yet capable of
learning (although some of the necessary resoaes been implimented in
the program) and it is questionable if it can praEuseful responses or ‘think’

- There are serious synchronicity issues with thetstservos. It is very
difficult for the Al to make the robot go straidiorward or backwards as this
would require two separate servo information sigmalsimultaneously reach
two different servo interface ports. Such a sitwats difficult to generate in a
semi-randomly grown, artificial life structure.

- The system can be slow or erratic at times dubderial connection lag

- The system can loose data due to information sigwedwriting

- The system can become overgrown at times and e=joantrol procedures to
prevent or reverse this situation
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There are many areas of the project that couldebeldped or improved upon in the
future:

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

- Multiple branch connections could be allowed tariat an interface port
which would improve system efficiency and reduceadess.

- Closer realism to natural systems could be addathplementing ‘synapse
burnout’ in branches- once a branch has transmateidformation signal, it
would be unable to do so again for a set numbeydes. Information signals
would be forced to constantly find new routes tittllesired interface port.

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

- Successful AL system patterns could be storedeppsgrammed and loaded
to match a particular environment- e.g. a darkremvnent AL structure. This
would give the AdaptEve system a head start whentérs a new
environment.

- The Al could be developed so that it learns andeg@ns its own responses
and logic based on past successes/failures.

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

- The servo synchronicity issue could be addressdgassibly solved by
altering the robot’s locomotive arrangement so thases a steering castor
and a set of driving wheels similar to Grey Waltanstles’.

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

- More complex L-system recursions could be implemend better mimic
nature.
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The eversion brief was successfully fulfilled ahd areas of artificial life and
artificial intelligence were explored with some @ding, and some disappointing,
results.

An insight was gained into the challenges presemtége production of artificial
intelligence systems and it is believed that a aed unique type of artificial
intelligence system has been developed duringdbese of the project.

Much experience and many new skills were gainedicodarly in the areas of
programming and physical computing, and the rasilie project offers great
potential for further exploration and development.
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AdaptEve Project Report Appendix — Basic Stamp 2 O verview

Ross O’'Shea Page 40
MSc Smart Design



AdaptEve Project Report Appendix — BOE Overview
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AdaptEve Project Report Appendix — BOE Bot Overvie w

Technical information relating to the BOE-Bot canfbund in the Project Journal
and at: http://www.parallax.com
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