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Moore’s Law

In the 1960s, the co-founder of Intel, Gordon Moore, 
made a simple observation which he explains in his paper 

titled “Cramming More Components onto Integrated 
Circuits”. After working at the largest integrated circuit 
production company in the world for a number of years, 
Moore realised that the number of components that can be 
placed on an integrated circuit each 18 months is doubling. 

This essentially means that there is an exponential 
progression in computing power of the chips produced at 
Intel. Furthermore, Moore observed that the price of these 
components are halving within roughly the same time. 

Moore himself thought that this progression would run its 
course in a few years, but that was not the case as the 
exponential trend he explained has continued with the same 
rate for decades. As you can see from the graph, even when we 
think the progression will saturate as the material’s full 
potential is exploited, new ways of using that material arise, 
resolution gets higher and most importantly, new materials are 
found that outperform older ones. Moore’s Law will continue 
at least until transistors are made at the scale of single 
atoms (when we cannot go smaller), however scientists are 
already dipping into cutting edge methods in computing and 
data storage, as biological matter is now being used to hold 
unprecedented amounts of data, moreover there have been a 
number of recent leaps in creating quantum computers that can 
deal with bits millions of times faster than the computers we 
know today.

Predictions presented by Gordon Moore - 1965

Moore’s Law 

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher8

Source: Gordon, Moore, Cramming More Components onto Integrated Circuits, 1965
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Singularity

An analysis of the history of technology shows that 
technological change is exponential, contrary to the common-
sense “intuitive linear” view. So we won’t experience 
100 years of progress in the 21st century — it will be 
more like 20,000 years of progress (at today’s rate). The 
“returns,” such as chip speed and cost-effectiveness, also 
increase exponentially. There’s even exponential growth 
in the rate of exponential growth. Within a few decades, 
machine intelligence will surpass human intelligence, 

leading to The Singularity — technological change 
so rapid and profound it represents a rupture 
in the fabric of human history. The implications 
include the merger of biological and nonbiological 
intelligence,1 immortal software-based humans, and ultra-
high levels of intelligence that expand outward in the 
universe at the speed of light.

Many long range forecasts of technical feasibility in future 
time periods dramatically underestimate the power of future 
technology because they are based on linear thinking and 
predictions rather than the reality that history as proven 
to us over and over again that technological progress is 
exponential.

To highlight the significance of differentiating between 
linear and exponential progress, simply count from 1 to 30, 
first linearly and then exponentially. Obviously, linearly 
you would go 1,2,3,4,5,6,7... 30. Exponentially though, 
this becomes 1,2,4,8,16,32,64... 1,000,000,000. The more 
intuitive linear thinking when it comes to technological 
progress is due to our linear progress in understanding, 
accepting and using this technology. The first human genome 
was fully sequenced in 2003, today around there 230,000 
sequenced genome and this number is predicted to reach 1 
1 Kurzweil, Ray, The Law of Accelerating Returns, March, 2001

million by 2020 (thats 20 times the current total in 
a third of the time). However, until today it remains 
unknown what the full potential of all these gigabytes of data 
could be. Venter said his genome has been online for 15 years, 
and we know about as much about it now as we did when it was 
first sequenced. More data is better, he said, but data isn’t 
the goal—the aim is to take data and generate knowledge with 
it.

With the advent of a technology-creating species, the 
exponential pace became too fast for evolution through DNA-
guided protein synthesis and moved on to human-created 

technology. Technology goes beyond mere tool making; 
it is a process of creating ever more powerful technology 
using the tools from the previous round of innovation. In this 
way, human technology is distinguished from the tool making of 
other species. There is a record of each stage of technology, 
and each new stage of technology builds on the order of the 
previous stage.2

The first technological steps-sharp edges, fire, the wheel–
took tens of thousands of years. For people living in this 
era, there was little noticeable technological change in even 
a thousand years. By 1000 A.D., progress was much faster 
and a paradigm shift required only a century or two. In the 
nineteenth century, we saw more technological change than in 
the nine centuries preceding it. Then in the first twenty 
years of the twentieth century, we saw more advancement than 
in all of the nineteenth century. Now, paradigm shifts occur 
in only a few years time. The World Wide Web did not exist in 
anything like its present form just a few years ago; it didn’t 
exist at all a decade ago.3 

2 Kurzweil, Ray, The Law of Accelerating Returns, March, 2001 
3 ibid.

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher10



The Law of Accelerating Returns - As summarisd by Ray Kurzweil

We can organize these observations into what I call the law of accel-
erating returns as follows:

_Evolution applies positive feedback in that the more capable methods 
resulting from one stage of evolutionary progress are used to create 
the next stage. As a result, the

_rate of progress of an evolutionary process increases exponentially 
over time. Over time, the “order” of the information embedded in the 
evolutionary process (i.e., the measure of how well the information 
fits a purpose, which in evolution is survival) increases.

_A correlate of the above observation is that the “returns” of an 
evolutionary process (e.g., the speed, cost-effectiveness, or overall 
“power” of a process) increase exponentially over time.

_In another positive feedback loop, as a particular evolutionary pro-
cess (e.g., computation) becomes more effective (e.g., cost effec-
tive), greater resources are deployed toward the further progress of 
that process. This results in a second level of exponential growth 
(i.e., the rate of exponential growth itself grows exponentially).

_Biological evolution is one such evolutionary process.

_Technological evolution is another such evolutionary process. Indeed, 
the emergence of the first technology creating species resulted in the 
new evolutionary process of technology. Therefore, technological evo-
lution is an outgrowth of–and a continuation of–biological evolution.

_A specific paradigm (a method or approach to solving a problem, e.g., 
shrinking transistors on an integrated circuit as an approach to mak-
ing more powerful computers) provides exponential growth until the 
method exhausts its potential. When this happens, a paradigm shift 
(i.e., a fundamental change in the approach) occurs, which enables ex-
ponential growth to continue.

“Your mobile phone has more computing power than all of 

NASA in 1969, NASA launched a man to the moon. We launch a 

bird into pigs.” Georfe Bray
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The Off-Grid Home
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To explore the implications of a singularity, how we will 
begin to integrate with the artificial world that we create, 
I thought the “home” is a concept that needed to be explored 
first. What constitutes our feeling of being home? Is it 
desirable? How is it augmented.

The Diploma 18 expedition for 2015-2016 involved an 
exploration into the notion of home. We experienced a diverse 
selection of places searching for those moments that we may 
call Home, moments that will inspire how we design homes in 
the 21st century.

Home Home Ingredients

With the evident surge of technological advancement creating 
a time of inevitably unpredictable entropy and change, it 
is important to look at the core components that make up 
the home. In order for us to successfully redefine home to 
facilitate these dynamic and volatile times I have defined 
what I thought were the ingredients that make up a Home. 
The architect is the cook, the chef that will curate these 
ingredients in order to find the recipe for the right time, 
place and person.

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher14



15Diploma 18 - Off Grid Singularity



Home moments

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher16
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Home as Nature

Organic life entails countless chemical and biological 
reactions continuously running to produce organic matter, 

behaviour, and experience. Particles within our body 
systems are constantly bombarding and interacting, 
transforming from one chemical to the other, some reactions 
are standard and repetitive while others are heavily reliant 
on the entropic nature that we live in. 

That feeling of a refreshing cool breeze on your skin is a 
result of heat exchange with bombarding air particles. The 
serenity you feel when walking through a colourful, dense 
forrest is the electric signals generated from the receptors 
in your nose taking in the recipe of surrounding scents. The 
photons that travel thousands of miles in no time into your 
eyes give you that awe feeling when being humbled by the 
scale of the ocean, or natural landscapes.

The particles that make our bodies are within a wider 
network of particles that we call nature. It constantly 

flows through all our systems and alters the very 
chemistry that shapes who and what we are. This 
relationship is heavily symbiotic since mankind has the 
ability to alter their surrounding nature. We change our 
being by creating artificial environments. 

“Have not the small Particles of Bodies certain Powers, Virtues or Forces, 

by which they act at a distance, not only upon the Rays of Light for 

reflecting, refracting and reflecting them, but also upon one another for 

producing a great part of the Phenomena of Nature?” Sir Issac Newton

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher18



“ To be a body is on the one hand to stand, to be master of 
oneself, and, on the other hand, to stand on the earth, to 

be in the other”. Emmanuel Levinas
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Home as Shelter

Shelter, along with food and clothing, is one of the three 
main necessities of mankind. Shelter is a physical presence 
that has always protected humans from the weather, wild 
animals, insects and provides a place for rest. 

Before mankind knew how to build shelters, they made use 
of the surrounding environment. The earliest examples of 
shelters are trees and caves, the first artificially built 
shelter is believed to be constructed out of branches and 
stone.1 Simple tools then began to emerge that allowed man 
to build better structures. The form of shelters evolved 
over time not only in shape and form, but also purpose. 
From being constructed solely for survival to becoming 
a facilitator for all sorts of human activity, and a 
stimulator for human emotion and behaviour.

Breaking down to the bare necessities, the need for shelter 
was to protect our fragile organic bodies from external 
conditions, creating an atmosphere by containing alternative 
conditions within an enclosure. The way in which we approach 
the construction of shelters varied greatly across the 
world, due to varying conditions. Furthermore, as tools and 
technology developed, new typologies of shelter and methods 
of construction emerged. Basic shelters have been created 
in all sorts of conditions to allow for minimal comfort or 
basic survival, from deserts, forrests and the arctic all 
the way to outer space.

1 http://sheltertwc.weebly.com/history-and-evolution.html

“All architecture is shelter, all great architecture is the design 
of space that contains, cuddles, exalts, or stimulates the persons in that 

space.” Philip Johnson

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher20
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 Shelter at Taliesin West School of Architecture

Shelter at Taliesin West School of Architecture Shelter at Taliesin West School of Architecture



Home as Community

As the cliche phrase goes; “its not about where you are, it 
is about who your with.” It was clearly evident to me that 
another of the main ingredients that make up a home is the 
community you are within. 

At our core, humans are tribal. Constantly our subconscious 

is collided with signals that identify who is “us” and 
“them”.1 It is our perceived similarities of status that lure 
us to form bonds that facilitate our coexistence, or even the 
pursuit of reaching this perceived status.

This tenancy has always been crucial to the value of human 
evolution, without strong cohesion, human groups ranging 
from hunter gatherer societies, business organisations and 
modern nation states would not be able to meet the constant 
challenges we face.2

1 behumanproject.net/why-we-are-tribal
2 ibid.

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher22
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During the Dip 18 expedition this notion of home as 
community was clear throughout as every place we experienced 

always had its associated “tribe”. From the network 
of artists in the Watermill Center, the Frank Lloyd Wright 
Foundation, students and Alumni to the followers of Paolo 
Soleri in Arcosanti. If there was ever an exaggerated vision 
of the home being centred around the bringing together of 
people, it would be found in one of Paolo Soleris Arcology 
visionary schemes.

In 1970 Soleri began his life’s work, Arcosant, after 
graduation from Taliesin School of Architecture as kind of a 
disciple for Frank Lloyd Wright. The construction took four 
decades of construction by over 6,000 volunteers who have 
all lived in this city at some point. Even the construction 
of the city followed Soleri’s communal visions of people 
working and living together. From our visit we also learned 
that he had a particular resistance to the automobile, as it 
made it easier for suburban isolated living.

Arcosanti is an ornate, secluded and communal desert complex 

in Arizona designed with the belief that “by cramming 
tens of thousands of people together, they would 
evolve and crime would disappear.”1 Soleri believed 
that it would be ideal to fit an entire city into a single 
structure, it would be a self sustaining, self contained, 
hyper efficient answer to mankind’s problems. The opposite 
page shows Soleri’s vision of Arcosanti as well as another 
project called the Hexahedron city.

However, visiting Cosanti and talking to a few members of 
the Arcosanti community was rather disappointing. It seemed 
as though the drive for building this community in the 70s 
that we read about has depleted. It was more like a non 
profit foundation, they teach people about Paolo Soleri’s 
ideas and do some creative workshops involving casting 
copper bells and continuing the ongoing construction of the 
complex.

When asked about the importance of community in the 
project, the word community was strongly resisted by their 
representative. It seemed to be out of fear of the word 
rather than the concept, they did not want to be perceived 
as a cult or as hippies.

Although I do not completely agree with Soleri’s methodology 
of creating community by cramming people into one structure, 
I do still see community as a major ingredient in a home. 
Our societies and technologies have become so advanced that 

physical distance is no longer a limitation for us, 
I believe that the automobile that Soleri resists should 
be embraced and even improved. Moreover there are many 
different ways to overcome distance as well as maintain and 
create a community.

1 James McGrik, Remembering Life in Arcosanti, Paolo Soleri’s Futuristic Desert Utopia, 4.11.13, 
Wired.

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher24
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Arcosanti - Paolo Soleri

Hexaheadron Arcology - Paolo Soleri
Source:Cosanti Foundation

Source:Cosanti Foundation



2.4 Home as a Space for Making

The manipulation of the matter that surrounds us is an 
innate activity that is found in the every day of most 
living organisms. Bees build hives, crows builds nests 
and seashells manufacture pearls, some creatures may do so 
instinctively while others would have more creative input.

Our lives are based on a series of making processes, one 
aspect is to serve our basic needs and survival, but what 

makes humans stand out is our need to “make” in order 
to contribute to society, to make a living and to fulfill 
desires and imagination.

The photo below is of artist Jackson Pollock’s studio. 
The floor has preserved a frozen painting through time, 
highlighting Pollock’s methodology and the character of 
many of his infamous paintings. This studio is where he 
spent most of his time, where he felt free, where he was 
expressing his imagination through painting, it was his true 
home. 

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher26
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“ I really don’t see the difference in making art and living” Robert Wilson.

"What I learned at watermill, and what is essential in my daily practice is 

constantly seeing how art lives in the most banal objects of everyday existence. 

When one is convinced of the indispensable role of creation in all of its 
forms (past, present and future), exceptional moments of creation can change human 

relations in definitive ways." Marie Claude Beaud

27Diploma 18 - Off Grid Singularity
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Home as Technology

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher28



29Diploma 18 - Off Grid Singularity

Virtual maze

Virtual maze experiment - Watermill Centre



The strangest state of mind I have experienced was an 
extremely contradicting balance between being overwhelmed 
and serenity. One of the few places I have experienced 
this unlikely combination was at Robert Wilson’s Watermill 
Centre.

A Laboratory for Performance, as Wilson calls it, the 
Watermill Centre houses Robert Wilson’s extensive 
collection of research, study and innovation which he has 
been collection since his teenage years. Collection has 
always been to him as important as his artwork.1 In itself, 
the centre is a living entity containing a continuously 
expanding inventory comprising images, objects, texts, 
music and gestures. Here, Wilson explores the relationship 

between the human body and its surrounding space, 
over the past 50 years the collection has grown to almost 
8,000 pieces and still expands by around 300 pieces 
every year. Based on his vision, the collection is highly 
personal and varied, ranging across all continents from 
the stone-age until the Stone Age to the present.

1 http://www.robertwilson.com/

Home as Imagination and Experience - A Legacy

In Wilson’s world, all elements that are parts of a total 
experience have similar weight. Foreground and background, 
down to the smallest detail, do not compete with one another 
but form a synchronous experiential field of infinite 
richness.2

Wilson aims to offer people a unique environment for creation 
and exploration. It is developing a strong global network 

transcending age, experience, social, religious and 
cultural backgrounds. I found this to be a very strong 
example of an off grid life.

Wilson’s purpose for watermill is not to replicate himself but 
to provide opportunities for many diverse professionals, he 
has a deep desire to share his legacy with others, to teach 
aspiring artists, and offer opportunities of research and 
creation.3

2 Enrique Jose Macian, Stoker Sue Jane, Weisbrodt Jorn, The Watermill Center : A Laboratory for Perfor-
mance, Robert Wilson’s Legacy
3 ibid
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"When I examine myself and my method of thought, I come to the conclusion 

that the gift of fantasy has meant more to me than my talent 
for absorbing knowledge." Albert Einstein
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Naim Dangoor Centre skate park - London 
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The building housing The Watermill Centre used 
to be a research facility for Western Union. 
Experimentation and innovation was actually 
ongoing on site before the establishment of the 
Watermill Centre, the first fax machine stylus 
was invented there, it was a facility for 
technological innovation. 

When the building was abandoned by Western 
Union, the opportunity rose for Robert Wilson 
to purchase the facility and land. Therefore, 
I am less intrigued by the form of this large 
warehouse like structure, and more about how 
this structure was inhabited, and the way the 
lifestyle surrounding it became an inspiring 
performance. It radiated Robert Wilson’s 
imagination and experience while allowing for 
the resident artists  not only to learn from 
the inspiration but also to help shape the 
premises with their own personal input.

Ralph Waldo Emerson said “An institution is 
the lengthened shadow of one man.”  This 
philosophy is negated at the Watermill centre. 
Wilson’s purpose for Watermill is not to 
replicate himself but to provide opportunities 
for many diverse professionals. He has a deep 
desire to share his legacy with others, to 
teach aspiring artists, and offer opportunities 
of research and creation.1 

1 Enrique Jose Macian, Stoker Sue Jane, Weisbrodt Jorn, The 
Watermill Center : A Laboratory for Performance, Robert 
Wilson’s Legacy
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Scene from Einstein on the Beach - 
Robert Wilson

Scene from Odyssey - Robert Wilson

Video Portrait (Robert Downie Jr.) - 
Robert Wilson

Parzival Chair with its Shadow and 
Chair from The Meek Girl

Einstein on the Beach - Robert Wilson

Source:http://www.robertwilson.com/
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“The human body is defined in terms of its property of 

appropriating, in an indefinite series of discontinuous acts, 

significant cores which transcend and transfigure its natural 

powers.” Maurice Merleau-Ponty
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Flesh
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Imagination

“Theatricality is made up of the realities of the imaginary.” Josette Feral

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher36

The Free ShooterPoles Deafman Glance

Life and Death of Marina Abramovic Woyzeck Vollmond (Full Moon)

The Old Woman Einstein on the Beach Alice



Robert Wilson is an artist of the stage, due to his non-
linear trajectory he has again and again had the vision 
to question and test all the conventional and essential 
elements of the theatre: the spectator, the performer, 
the writer, the stage, the story. The fact that he never 
studied theatre makes him the experimental influential 
person he is today.

“Wilson has directed many productions inspired by well-
known narratives. The stories that seize his imagination 
yield clues about that imagination.”1

Everything on Wilson’s stage was placed there deliberately, 
if there is a pair of objects, it means there is a 
relationship between them and they are not meant to be 
seen in isolation. He draws on clearly defined structures, 
shapes, and forms to create the image, the stage vision 
becomes a text.

Wilson’s stage image is created through human figures that 
are sharply defined by posture, costume, and light, all 
moving in a distinct manner to a given rhythm. He uses 
precise movements that are slow, minimal, and repetitive 
from everyday movements and gestures as well as his 
personal history. Movement in Wilson’s work is highly 
choreographed and incorporates elements of dance. He gives 
his actors very specific movements with specific angles, 
shapes, and durations. Much of the actor’s job in a Wilson 
piece is exactly mimicking Wilson and counting how long 
each movement lasts. Wilson uses slow motion in much of his 
work. This controlled slowness adds weight to the movement. 
Wilson’s use of slow motion is not like film or mime; it is 
more beautiful and more precarious and clumsy. 

1 Arthur Holmberg, The Theatre of Robert Wilson, Cambridge University Press, p.36

According to some observations one hardly notices the 
entrances in Wilson’s work because they are so extremely 
slow. Wilson not only is concerned with the movement 
itself, but the space around the movement. He talks of 
being aware of the space behind one’s head or under the 
arm. This awareness gives the movement greater weight and 
presence. A single hand gesture holds much more weight 
when there is space around it and nothing to distract the 
viewer.

Wilson was introduced to the performing arts by ballet 
dancer Bird Hoffman, she was a 70 year old dancer at the 

time who was teaching dance. She was a master of the 
body, she understood the body in a remarkable new way. 

This new understanding of energy, creativity and the body 
passed on from Hoffman allowed Robert Wilson to correct 
his childhood speech impediment. Years later, Wilson used 

“movement therapy” to help brain damaged, hyper active 
children with learning difficulties. Very simple movements 
such as using left and right hands, simple exercises 
like crawling and skipping made an evident difference in 
helping these children learn how to tie their shoes, or the 
alphabet. “More than anything this seems to have been a 
tribute to the way in which Hoffman directed Wilson toward 

a knowledge of the body — or, better, a knowledge of the 
body’s own knowledge, innate and unconscious.”2

I am interested in this symbiotic relationship between 
space, the body and the mind. The body choreographs the 
experience of the mind through the space, at the same time 
it expresses what is going on in the mind through movement, 
influencing the volume of the space and the way it is seen 
and experienced by others.

2 https://prelectur.stanford.edu/lecturers/wilson/

Poles - Environmental structure by Robert 
Wilson“Language is the barrier of the imagination” Robert Wilson
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Body

Helena Almeida explores the power of the body as the vessel 
through which we experience our existence, she investigates how 
our creations relate to our bodies. She takes performance art and 
movement into a different stage: the canvas.

‘Helena Almeida: My work is my body, my body is my work’ 
exhibits the work of the renowned Portuguese artist (Lisbon, 1934), 
surveying her work in painting, photography, video and drawing over 
nearly five decades. The exhibition will highlight the importance 
of the body — registering, occupying and defining space — and its 
performative encounter with the world throughout Almeida’s work from 
mid-1960s until today. 

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher38

Dias Quasi Tranquilos / Jours Presque 
Tranquilles, 1984

Untitled, 2010

Study for two spaces, 1977

Inhabited Drawing, 1975

Saída Negra / Black Exit, 1995

A Cadeira Branca, 2013

Saída Negra / Black Exit, 1995

Drawing, 2014
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This phenomenology concerned with the exploration of the 
every day spacial experiences is evident in inspirational 
choreographer Pina Bausch’s works.” Martin Heidegger 
states that an exploration of our existence has to start 
from “average everydayness” as the place where we always 
already find ourselves. Furthermore, we are the creatures 
who can ask questions and for whom our existence is a 
question and a concern.”1 

Bausch asks such questions to her dancers, they may 
not be questions in the grammatical form we know. They 
are rather a simple function asking the dancer for a 
response, be it a gesture, a dance or a random movement. 
Her approach requires awareness from the performer, it 
is about the how rather than the what, anything can be 
dance according to Bausch. By “omitting” everything else 
on stage, isolating the performer, Bausch believes that 
the movements we see are no longer hidden by the context. 
Through this isolation “a central phenomenon shall be 
examined: the body.”2 

There have been various approaches to such ideas of 
phenomenology and embodiment. Edmund Husserl’s Ideas 
II and Merleau-Ponty’s Phenomenology of Perception are 
concerned with the special way we experience our bodies, 
how the body is given differently than things are 
(despite the fact that it is still a thingly dimension). 
Some of the most important features of the body are its 
spatiality as an absolute. This involves the capacity 
for double sensations (one hand touching the other 
for instance), kinaestheses (close intertwinement of 
perception(aisthesis) and the bodily movement (kinesis)). 
These ideas emphasise how our body opens up towards the 
world in a unique fashion, there is a strong emphasis 

on autonomy and activity - the body is our point of 
access into the world.

“As such, not only is the body the condition for 
perceiving a world, but also our existence would be 
entirely different if we had the body of an insect or an 
elephant.”3 

Another approach to embodiment attempts to overcome the 
privileging of subjectivity. This is most represented by 
Merleau-Ponty in his late philosophy: The Visible and 

the Invisible. Merleau-Ponty stresses that the body 
is made of the same “flesh” as the world, he 
describes a reversibility between the body and 
the world. He suggests a different perception where 
surrounding objects “speak to him, solicit his attention, 
and even look back.” The distinction between the body and 
the surroundings are blurred.

1 http://www.janushead.org/11-2/Staehler.pdf 
2 ibid.
3 ibid 

In section 2.1 I talk about “home as nature”,as the 
interaction of our bodies with the elements. Emmanuel 
Levinas introduces another notion of embodiment along 
the same lines, in his emphasis on the vulnerable body. 
Levinas states: “To be a body is on the one hand to 
stand, to be master of oneself, and, on the other hand, 
to stand on the earth, to be in the other”. This “being 
in the other” refers to our dependence on the elements, 
however he makes the point that this dependence does not 
diminish the enjoyment of existence. On another level 
this inevitable dependence of beings on the elements 
reveals that our position is a precarious one. “Levinas 

calls the body a cross-roads, a point where 
different movements meet—enjoyment, dwelling, but 
also nakedness and vulnerability”.4 For Levinas, having a 
body is directly connected to ethics, having a body means 
that one can kill and be killed, it means that one can 
offer support or protection. He contradicts the previous 
notions of embodiment by declaring that since we depend 
on something other, we are not active and autonomous, 

but passive and exposed on a fundamental level. Events 
occur “despite oneself”, this idea is proven by an 
example such as aging. For the late Levinas, it even 
becomes questionable that I have my body to myself since 
the Other is already “in my skin,” as it were.

By way of repetition and isolation, the everyday is 
brought to the fore: activities like eating, washing, 
dressing, combing, but also basic movements like running, 
walking, sitting, and lying down usually remain embedded 
and hidden in our daily routines. Even though we spend 
most of our time occupied by these activities, we do not 
usually focus on them as such. Everyday body is thus 
revealed in Pina Bausch’s work as distinct from objects 
and as our unique point of access to the world, engaged 
in actions which are embedded in various contexts or 
horizons. Furthermore, it is revealed as affected by 
the world and its elements. In her minimal choreography 
of the stage she refers to Merleau-Ponty’s notion of 
embodiment by introducing “elements” to the stage that 
influence the movement of the performer, creating an 
interplay between the elements and the dancing body. 
As the ideas of dependability and fragility, Bausch 
introduces visible and sometimes invisible forces that 
seem to be pulling the body, nudity is another tool she 
uses to portray vulnerability.

4 ibid

Embodiment

“She talked to me about the energy in my body, about relaxing, letting 

energy flow through….She was amazing because she never taught a 

technique, she never gave me a way to approach it, it was more that I 

discovered it on my own.” Robert Wilson

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher40
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In a 1990 interview Pina Bausch explains that she likes 
leaving home just as much as she to come home. 
Yet in a vague and open-ended fashion, Pina Bausch adds 
that there is longing (in fact, she uses the plural: “diese 
Sehnsüchte”) – longing which she would not name in words. 
She states that longing becomes obvious in her work, but 
that she would need to be a poet in order to translate the 
shapes of this longing by way of words. 

Pina Bausch suggests that homesickness is always also 
“aliensickness”, or longing for what is alien. Rather 
than always being content, no matter whether at home or 
in the alien land, there is always longing. This should 

not be confused with discontent. It is possible to be 
comfortable in a foreign land and nevertheless 
long for the home, and vice versa.

When one longs for something, this is their longing, but it 
is also inspired by whatever they long for. Longing cannot 
be reduced to one of these two components.

Pina Bausch states that there is “a humanness” at stake in 
her work. Such humanness does not dissolve the difference 
between the home and the alien; rather, this difference 
is irreducible. It could only be abolished by reducing the 
alien to the home or vice versa; humanness means to stay 
away from such reduction. The irreducible difference between 
home and alien is acknowledged in the ways in which her 
work opens up to the alien without trying to achieve a full 
comprehension of it.

Bausch is setting to stage an existence which 
is always torn between home and alien, always 
homesick, and always aliensick. It is an existence 
which, like a rough cut, is unfinished and which never stops 
longing.

The next spread shows photos of the Diploma 18 Tribe 
at the Watermill Centre, the different movements by 
different people highlights embodiment as a unique 
sense.

I would like to suggest that we look at the 
aforementioned ideas: imagination, movement, 
embodiment and longing in different light. By 
reflecting on my personal experience at the Watermill 
Centre. Our movements in this inspirational space 
were influenced by the space itself, which in turn 
was being changed by our bodies interacting with it. 

Such places induce movement as a form of exploration 
of the space as well as physical expression resulting 
from that exploration. Bausch’s ideas of longing for 
the alien is what I was fascinated by. This longing 
could be for another alien space or home as Bausch 
explains it, a space that is imagined, whether it 
exists or not. I would suggest however that this 
longing can take different form. Rather than longing 
for an imagined place, maybe it is another level of 
embodiment being longed for. 

Longing for Home

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher42



“I’m not so interested in how they move as in what moves them.” Pina Bausch
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Algorithm March
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“To inhabit a space is to assimilate it to a body.” Daniel Sibony
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Custom Architecture
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Our identities are no longer fixed to a specific place or 
time. As we have become increasingly transient, what we 
call home today is more than likely a different location 
from our home ten, or maybe even five years ago. Where we 
work today could be different from where we worked two 
years ago. In addition, our access to worldwide information 
via the Internet, television and movies has expanded our 
experiences beyond those that we have enjoyed directly to 
include those we have experienced indirectly through images 
on a screen. 

As a result, who we are is no longer tied to where we live, 
who we know, or even what we’ve experienced, but is instead 
an amalgam of all our own experiences combined with the 
experiences of others shared through various media.1 As our 
identities are becoming more complex and our relationships 
with each other are more interconnected, what impact does 
this have on the relationship between architecture and 
modern experience, or Architecture and the Body?

The following examples describe architectures created 
relative to the body. After 20 years of research Le 
Corbusier finally concluded his research on proportion, the 
infamous Modulor he explains in 1945 “ gives a harmonic 
measure to the human scale, universally applicable to 
architecture and mechanics.” The Modulor man was segmented 
according to the golden section, and those proportions were 
used to create architecture tailored to the body. 

I believe architects and designers have pushed Le 
Corbusier’s ideas of the Modulor further, design not only 
responds to human body proportions, but also the senses. 
This suggests designing for a different standard: The 
Homunculus. The Homunculus is a physical representation 
of the human body, located within the brain. A cortical 
homunculus is a neurological map of the anatomical 
divisions of the body. This odd looking man represents 
the parts of the body we rely on the most for sensory 
experiences or movement.

1 American Institute of Architects, Forward 110, Architecture and the Body

3.1 Dynamic Architecture

“If you find a cup you like in a shop, you will buy it, and take it into 

your home. As you begin to use it, you will hold it with your fingers, 

touch it with your palms, and place your lips against it. The way to enjoy 

the object is unlimited. If you are satisfied, you may keep and use it 

until it is broken. It becomes a part of your life and you may even feel 

that it becomes a part of your body.“ Shin Azumi
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Sensory Humunculus

Modulor - Le Corbusier



To provide space for relaxing sleeping and bathing, 
Greg Lynn proposes a compact cocoon that rotates by 
a robotic arm in the Interieur 2012 design biennale 
in Kortrijk, Belgium. The structure adjusts the space 
based on environmental requirements as well as the 
inhabitants. The egg shaped space is always moving 
in between three spacial options, while the rest are 
only momentary. For example, 0° is living, 90° is 
kitchen and 180° is sleeping and relaxing.

Lynn wanted to create a stimulating and active 
environment for the user. This house introduces a 
different kind of relationship between architecture 
and the body, The user of the RV Prototype would 
need to clamber around inside the cocoon in order to 
access all its functions as it rotates into different 
positions. The bespoke comfort of a one-of-a-kind 
specified automobile is merging with the living room 
couch and television where everyplace aspires to be a 
first class flat bed seat with colour temperature and 
intensity controlled lighting, internet access and 
entertainment on-demand.

“If I can take a ride in a driverless car on 

a public street, then I see no reason why my 

building can't wiggle a little.” Greg Lynn
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RV House - Greg Lynn
1:5 Carbon Fibre Model  

RV House - Greg Lynn Sections

Source:Photographs by Wouter Van Vaer-
enbergh

Source: Drawings by Greg Lynn Studio



Our fundamental habitats have become spaces of 
uncontrolled consumption in which a countless number of 
objects satisfy  various needs created by modern society. 
Martin Azua, a designer from Barcelona, aims to encourage 
a more direct interaction with the environment itself, 
and wants to highlight thatt the idea of habitat can 
be understood in more essential and reasonable terms. 
Influenced by such ideas as well as recent technology, his 
“Basic House” response is an “immaterial” shelter. The 
shelter self inflates with either body heat or sunlight, 
it is so simple and versatile that it can protect the 
inhabitant from the cold or heat (when reversed). It is 
light enough to float, small enough to fit in your pocket 
when folded and is an ideal way to live with no material 
ties.

“Having everything without having almost anything. Basic 
Home is not a product, rather a concept of extreme 
reduction.”1

1 http://www.martinazua.com/product/basic-house/

I believe this project is suggesting a very radical proposal 
attractive. It is evident that the saturation of unnecessary 
products in societies is not realy progress, rather it is 
becoming a threat for the planet. If a house is kept in a 
pocket it is obvious that it can contain anything and breaks 
with our lifestyle based on consumption of products. “Have it 
all (freedom) without having almost anything”. Martin Azua, 
1999.
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Basic House - Martin Auza

Basic House - Martin Auza

Source:http://i.telegraph.co.uk/multimedia/archive/02125/pock-
et-house-expan_2125808i.jpg

Source: http://www.martinazua.com/wp-content/uploads/2013/05/basic-
house-martin-azua-280x373.jpg



According to Lucy Orta, to speak of clothes is to 
speak of a consciousness of nudity, an awareness of 
the self. Clothes are not external attributes or 
strangers to the nature of the wearer, they express 
the wearer’s essential and fundamental reality. Refuge 
wear manifests man’s procedures of space definition - 
how he produces his spacial condition.
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Refuge Wear - Lucy Orta
Source: http://www.studio-orta.com/en/artwork/3/Refuge-Wear-Habi-

tent



In 2005 Muslim students at MIT were the first to 
experience Azra Aksamija’s redefinition of the mosque. 
The project reinterprets the concept of the World as the 
Mosque as defined by the Prophet Mohamed himself, acting 
as a prosthetic device of the worshiper communicating his/
her prayers: problems, needs and desires.  

Aksamija illustrates, individuals or communities need 
no longer be limited and controlled by their physical  
surroundings. Instead, they can re-appropriate spaces 
and generate new perceptions and new ideas through their 
actions outside the bounds of their institutions.
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Nomadic Mosque Sketch - Azra Aksamija Nomadic Mosque - Azra Aksamija
Source: http://www.azraaksamija.net/nomadic-mosque/ Source: http://www.azraaksamija.net/nomadic-mosque/
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Nomadic Mosque - Azra Aksamija

Nomadic Mosque - Azra Aksamija

Source: http://www.azraaksamija.net/nomadic-mosque/

Source: http://www.azraaksamija.net/nomadic-mosque/
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Cocoon - Jennie Pineus

Vertical Bed - Ertesto Neto Suitaloon - Michael Webb Haus-Rucker-Co Flyhead - Environmental 
Transformer

VEASYBLE - Adele Bacci Crushable - Geraldine Husson
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Intensivbox - Wlater Pichler, 1967

Fun House -  Ken Isaacs, 1974



Olafur Eliasson uses light, space, and color 
to create environments and objects that relate 
to the human body through movement, reflection 
and refraction. His oevre’s approach to human 
physicality has developed through situations and 
devices that urge and demand interaction. By 
requiring viewer participation and making use of 
audience-members’ subjective experience, senses, 
and perception, installations such as The Weather 
Project (2003) proposes a new cultural programs. 
Through direct, experimental engagement, Eliasson’s 
viewers often spontaneously create the work’s 
resolution, which remains fluid and responsive.1 

Two of the greatest pressures on society today 
include humanity’s manipulation of the environment 
and the advancements in bioengineering of the 
human body. The first is changing the makeup of 
the physical spaces we occupy and the second, the 
very body that senses that environment.2 At this 
intersection we utilise and manipulate phenomena 
to create architectural space. Integrating these 
two quickly advancing industries as the epicenter 
of architectural design can open the possibilities 
of the disciplines spatial, social, and 
environmental discourse. Weathers, a Chicago based 
interdisciplinary practice experiment and speculate 
with prototypes for landscapes or architectures 
by designing the energy within our environment 
(electromagnetic, thermodynamic, acoustic, and 
chemical ). This architecture exchanges the walls 
and shells we have assumed to be the only type of 
attainable architecture for a range of material 
energies that develops its own shapes, aesthetics, 
organizational systems, and social experiences.

SHAGG, is a prototype for a carpet for the human 
body, free from the constraints of the existing 
climatic context, SHAGG produces its own. The 
project doesn’t rely on the sun to produce warmth 
for reclining; color and bloom associated with 
vegetation is no longer tied to a particular 
season, and distracting sounds of traffic and 
neighbors is overcome by ‘white noise’ emitters 
embedded within its surface.

Buildings of the future won’t have walls and will 
instead consist of climate-controlled areas of 
landscape according to Sean Lally, one of the 
contributing designers at the Istanbul Design 
Biennial 2014. Energy and heating don’t fill a 
building envelope, but instead become the envelope.

1 American Institute of Architects, Forward 110, Architecture and the Body 
2 http://www.weathers.cc
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The Weather Project - Olafur Eliasson

Energy Diagram - Weathers

New Energy Landscapes - Weathers

SHAGG - Weathers

SHAGG - Weathers

Architecture of Particles
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Leap Into the Void - Yves Klein

Air Architecture - Yves Klein



Enric Ruiz Geli - Simon Taylor Ibrahim Muasher58



Villa NURBS

59Diploma 18 - Off Grid Singularity



Ice melting experiments - Cloud9
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Vila NURBS initial form sketch - Cloud9
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Project Bio

Architect

Location

Area

Cost

Villa NURBS is a house designed by architect 
Enric Ruiz Geli, founder of Cloud9. The eccentric 
structure clearly displays its alien features in the 
very traditional neighbourhood Empuriabrava, Girona.

This house is highly experimental in process 
and result, as it combines an eclectic range of 
technologies within its unique geometry to create a 
highly efficient, interactive and performative home 
for the owners. 

:

:

:

:

Enric Ruiz Geli

Castelló d’Empuries, Girona, Spain

420m2

€3,000,000
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Villa NURBS elevationVilla NURBS plan

Villa NURBS axonometric drawing



As shown on the previous spread, the creative 
process for this project kicked off by an 
experiment involving melting dozens of large 
ice cubes via various techniques. Some where 
left to melt naturally, heat was applied in 
different positions with others and some were 
placed under dripping water.

The choice of using the different states of 
ice and water were inspired by the nature of 
the atmospheric conditions in Empuriabrava. 
The town is surrounded by the Natural Park 
of the Aiguamolls de l’Empordà, and is the 
largest residential marina in Europe, with 
some 24 km of navigable waterways.

The building sits like a ‘virus’ within the 
kisch pardise of Empuriabrava.

“How can you have a carbon fibre speedboat, and live in 

a Flinstones’ house.” Enric Ruiz Geli
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Villa NURBS elevation

Villa NURBS arial view

‘virus’ in a kisch paradise



The defining moment for Villa NURBS was when the clients 
simply pointed at one of the many photos of melting ice 
that Cloud9 have presented. The experimental practice were 
not used to clients responding as such to their strange 
proposals. This ignited a long relationship between 
the client and architect as the house is only nearing 
completion now, almost a decade after it started. The 
entire process was highly innovative and experimental, it 
is why this house is considered a masterpiece.

The house is treated as a laboratory. The initial concept 
was for the house to be split into separate pavilions, 
but as the process moved on, the fragments were brought 
together into a single structure organised around a central 
swimming pool.

The house sits on heavy concrete legs, and gets lighter 
as you move up the structure towards the ETFE pillows on 
the roof. These employ a system of opening and closing 
layers that insulate the interior (this is just 1 of the 6 
Cloud9 patents embedded in the house), in addition to the 
translucent concrete, residents can send a text message to 
guests on the front door. 

There are no standard parts, everything in this house 
is custom made, including the cable system holding the 
concrete structure together, the car body-like steel frame, 
each Corian facade panel, every single ceramic tile, every 
window, the pool and even the furniture.

So the construction began with the fabrication of the 
form work for the base. That was directly sent for CNC 
fabrication, assembled on site and then sprayed with a 
unique mixture of concrete that was ‘cooked’ on site.
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LED display at entrance

LED display at entrance
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Cad drawings for wood formwork

Base Construction

Drawings to be sent for fabrication
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Timber formwork assembled on site in 1 day

Concrete ‘sprayed’ into formwork Services installed
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Concrete base after removing formwork Project form inspiraton

30m Cantiliever
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Steel frame construction

Lightweight steel frame inspired by car body designs



A restructuring of conventional 
relationships in the building industry 
was shown in the process of Villa NURBS. 
The role of the contractor was minimised 
as the architects had the knowledge to 
hack CNC machines at a local carpenter’s 
workshop, who did not realise the 
potential of this machine. However, the 
architects did, Cloud 9 negotiated to 
pay the carpenter for the time using the 
machine, elements of the structure were 
fed into the machine directly from the 
architects’ computers. 
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Corian facade fabrication

Unique corian units for facade
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Window fabrication Window fabrication - CNC files
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Swimming pool

ETFE roof

Section 
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Ceramic cladding fabrication



As mentioned earlier, all the “ingredients” of Villa NURBS were 
custom made and fabricated for that particular project. The 
project is scaleless. 

In the following pages, I attempted to test this idea. I started 
by breaking up the building into its main components and 
constituent technologies, and started speculating what it would 
look like if these components were assembled in a more direct 
way to suit the human body.
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Glass fabrication

Projection Mapping



Hydraulic door

Unique mix concrete

Arduino LED display

15cm timber form-
work resolution, 
CNC milled

Metal mesh

Lightweight steel 
frame (car indus-
try)

Corian panels

lightweight 
Steel frame

Inflatable ETFE 
membrane

Black ceramic tiles

Curved glass

Swimming pool

EPDM panels 

PCM “painted” 
coating in glass 

Title
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Hydraulic door

Unique mix concrete

Arduino LED display

15cm timber form-
work resolution, 
CNC milled

Metal mesh

Lightweight steel 
frame (car indus-
try)

Corian panels

lightweight 
Steel frame

Inflatable ETFE 
membrane

Black ceramic tiles

Curved glass

Swimming pool

EPDM panels 

PCM “painted” 
coating in glass 

ETFE roof

Customised glass panenls

EPDM sheets

Corian facade

Unique mix concrete

Curved Glass

PCM

Black ceramic Facade

Responsive inflatable system

Hydraulic door

Lightweight steel 
frame (car indus-
try)

Underground heating

Arduino LED display

Swimming pool
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Human body [site]

Nanorobotic 
implants

Strength reinforce-
ment exoskeleton

Power supply

Brain implant

Augmented reality 
lenses

Responsive ETFE 
suit

Liquid body armor

Health monitoring 
system

Artificial PCM circulation 
for temperature regulation

BCI for communication 
with hardware

Metamaterial external skin
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According to architectural theorist Aaron Betsky, 
architecture is transcending beyond the tectonic 
physicality of buildings; architecture is “as it 
always is, about buildings, but it might be able 
to rise above or beyond building, move through 
building, or perhaps even come before building. 
It must be out there, not an affirmation of the 
mainstream way of making buildings, because if it 
did so it would disappear into the building.
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Similar to Aaron Betsky’s statement, I would like 
to explore and understand this idea of architecture 
that transcends building. An architecture that 
responds directly to the way in which we experience 
physical space rather than physical space itself. An 
architecture of embodiment.
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“Imagination is more important than knowledge. For knowledge is limited to 

all we now know and understand, while imagination embraces the entire world, 

and all there ever will be to know and understand.” Albert Einstein
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Body Augmentation
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Giovanni Battista Bracelli's etchings reconstruct 
the human body using strange components, from 
ambiguous shapes to standard household objects. He 
influenced the cubist art of Picasso and others, 
plus Dalí's surrealism — but his work is still 
unique, nearly 400 years after it was published.

Bracelli lived from c. 1600-1650 and published his 
geographic artworks in a book titled "Bizarie di 
varie figure" (Peculiarity of Various Figures) in 
1624. His work expresses that the human body is 
made of a number of components, each with different 
functions allowing for different experiences. The 
way I perceive this body of work is that embodiment 
is something that may be altered, by replacing or 
augmenting the medium through which it takes place.

After three thousand years of explosion, by means of 
fragmentary and mechanical technologies, the world 
is imploding. During the mechanical ages we had 
extended our bodies in space. Today, after more than 
a century of electric technology, we have extended 
our central nervous system itself in a global 
embrace, abolishing both space and time as far as 
our planet is concerned. 

Rapidly, we approach the final phase of the 
extensions of man - the technological simulation of 
consciousness, when the creative process of knowing 
will be collectively and corporately extended to the 
whole of human society.1 

In this section I will show a number of endeavours 
to design extensions to the human body in pursuit 
for certain experiences, actions or even abilities. 
These examples will be from various disciplines, 
we have seen some from the world of performance 
arts (Robert Wilson and Pina Bausch), I will take 
a look at other disciplines including design, art, 
architecture, prosthetics, military and science 
fiction.

1 Marshall, McLuhan, Understanding Media The extensions of man

Extending Reach
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Bizzarie Di Varie - Braccelli Opera Chirurgicae - Hieronymus 
Fabricius, 1684



In the sixties, after studying at the Hochschule 
für Architektur in Vienna, Walter Pichler worked 
with his friend, the internationally renowned 
architect Hans Hollein, on a new concept of 
architecture.

In 1963, the two exhibited together at the 
Galerie nächst St. Stephan under the title 
Architecture. Hollein and he explored utopian 
architectonic designs; they countered the 
growing subdivision of the city with a larger 
modernist vision made from cement, declaring 
architecture "freed from the constraints 
of building." This statement can easily be 
extended to Pichler’s TV helmet if one were 
to view it not merely as a blinding device, 
but conversely as a free-thinking extension of 
space: who needs four walls when you can have 
the whole world? 
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Rebecca Horn sought new ways to engage with herself and with 
others, explaining that with extreme fever, “you crave to grow 
out of your own body and merge with the other person’s body, 
to seek refuge in it”. Alone and incapacitated, Horn cautiously 
explored her personal space and how her body could interact with 
her surrounding environment, creating pieces out of fabric, 
feathers, and wood that allowed the wearer to expand their grasp 
of their surroundings through invented rituals. 

Horn engages with her body on a private, exploratory level, 
using her sculptural extensions to test its limits of 
expression and movement. She responds to some of the same 
issues as outwardly feminist body artists, but does so in a more 
introspective way, recalling her own experiences and bringing 
them forward as a representation of a possible everywoman. 
Blending personal history and universal experience, Horn’s body 
extensions are simultaneously restrictive and liberating.

One of Horn’s first major body extensions and performances 
was Einhorn (Unicorn). Made of fabric, wood, and metal, the 
construction is a long white cylinder that tapers to a point 
like an animalistic horn, connected to the wearer by a series 
of straps that extend down the neck and torso in a bandage-like 
format. The wearer is physically bound and therefore limited in 
movement, but also lent the appearance of sophistication through 
forced maintenance of straight-backed posture and regal head-
wear.

In her video piece, Mit Beiden Händen Gleichzeitig die Wände 
Beruhren (Two Hands Scratching Both Walls) (1974-75), Horn dons 
white versions of her 1972 Fingerhandschuhe (Finger Gloves) 
extensions and stands in the center of an empty room in her 
apartment clad in a black shirt and pants. A large mirror is 
placed opposite her between two rounded windows. She begins 
with her back to the camera, slowly extending her spindly 
beige finger extensions to the parallel side walls. She walks 
slowly and deliberately in a straight line away from the 
viewer, echoing the earlier performance of Unicorn. Lifting 
up her hands to the ceiling she carefully rotates to face the 
camera, stretches them out to the walls and again walks slowly 
in a straight line. She repeats this process several times, 
always silent except for the natural sounds of outside traffic, 
footsteps, and the grating, scratching noise of her finger 
extensions.

Repetitive in nature and simplistic in premise, Two Hands 
Scratching Both Walls is nevertheless propelled by narrative 
questioning. The viewer is forced to look beyond the surface of 
the action, as Horn appeals to the our imaginations. The Finger 
Gloves themselves, composed of wood, fabric, and painted metal, 
are somewhat vicious-looking instruments, recalling animal claws 
or the lethally sharpened nails of cartoon villains.1 

1 Alex Kittle, Art Film and Over Enthusiasm, Art: The Body Extensions of Rebecca Horn 

 “The body in Horn’s work is very much about an expressive, extrovert 

kind of body… even when Horn’s dealing with something that is to do 

with the body’s viscera, to do with the internal workings of the body… 

her way of working with that is to externalize it entirely” (Papers of 

Surrealism 5)
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Handschuhfinger Sketch - Rebecca Horn

Einhorn Sketch - Rebecca Horn
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White Body Fan

Pencil Mask Überstromer Federkleid

Measure Box

Arm Extensions

Feather Fingers



Humans have long augmented our bodies with eye-
glasses, clothing and prosthetics. Thanks to 
recent scientific advancements, we are now on 
the cusp of a second wave of body-modification. 
Nanotechnology may give us contact lens camer-
as and robots small enough to patrol our blood-
streams. Genetic modification could tweak us 
to be smarter, smaller and more eco-friendly, 
while neural interfaces might allow us to plug 
our brains directly into the web. Nature made 
us. New nature made us better.

The idea of blurring the edges of the body is 
central to all of Ms McRae’s projects. Her work 
is not all high-tech though. Along with one 
of her collaborators Bart Hess, she has come 
up with some very low-tech body sculptures. 
They photograph their own bodies transformed 
in often amusing as well as thought-provoking 
ways. In one of these, called Evolution, McRae 
strikes a classic body-builder pose, her body 
covered by panty hose stuffed with balloons.

McRae collaborated with designed Bart Hess in a 
number of projects, as “body architects“ they 
invent and build structures on the skin that 
re-shape the human silhouette. Their provoca-
tive, often grotesquely beautiful imagery sug-
gest a new breed; a future human archetype 
existing in an alternate world. Visualized in 
scenarios which let the human body perform as 
an intimate interface with the material world.
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Evolution - Lucy McRae and Bart Hess
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I believe the effects of body augmentation are most apparent 
in space travel. Space suits are an ultimate example of both 
body augmentation, and blurring the boundary between body 
and environment. Space suits are sometimes referred to as 
extravehicular mobility units.

A spacesuit is more than clothing for astronauts in space. 
It can be thought of a bespoke spacecraft to the body, pro-
tecting the body from the dangers of being in outer space. 
Spacesuits are a highly complex architecture of converging 
technologies that are assembled and customised to the human 
body creating an environment that can sustain human life. 
Furthermore, it extends the body’s abilities to be able to 

maneuver through the alien environment in outer space that 
our bodies could not function in.

A spacesuit is made up of many parts. The image on the fol-
lowing page shows the anatomy of the spacesuit worn by Alan 
Shepard on the moon during the Apollo 14 mission in 1971.1 

1 http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-a-spacesuit-k4.html 

ExtraVehicular Mobility Unit
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Project Mercury - 1959 Project Gemini (first space 
walk) - 1966

Manned Manneuverung Unit - 1984

Project Mercury - 1962

Project Apollo - 1968

Project Gemini - 1965

Space Shuttle - 1981Project Apollo 11 (first moon 
walk) - 1969
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An X-ray of the suit that Alan B. Shepard wore on the 
moon during the apollo 14 mission 1971.

Anti-abrasion Patch

Main Zipper

Shoulder

Tether Bar

Convolutes

Cable restraints

Integrated boots

Arm Bearing

Couplings

Snap Closures

Urine Transfer Connector

Medical Injections Patch

Multiple Layers

Woven stainless-steel fabric of-
fered protection from the life 
support backpack, which weighed 100 
pounds on Earth.

A special airtight zipper started at the neck and wrapped 
under the crotch. For later missions, the zipper design was 
modified to allow the astronauts to sit in the lunar rover.

Prevented the shoulders from collapsing under 
the weight of the backpack.

An attachment point for tethers that kept the 
astronauts in place while flying the lunar mod-
ule to and from the Moon’s surface.

Accordion-like folds allowed the suit’s flexible 
joints to move when pressurised. Hand-dipped 
from latex, the folds contained nylon tricol 
and flexible restraining rings to retain their 
shape when inflated.

Braided stainless-steel wire kept flexible 
joints from pverstretching when pressurised.

Like the rest of the suit, boots were custom 
made for each astronaut. Sizing a suit required 
measuring the astronaut along more than 100 
dimensions.

Pressure relief valve

Allows the arm to ro-
tate freely.

The upper left port was for communi-
cations, and the upper right port fed 
water to the water-cooled undergar-
ment. The four lower couplings were 
for good air and exhaled air.

Velcro was used to secure external 
flaps and pockets.

A small port for draining collected 
urine.

A small area on the right thighwas 
designed for emergency injections.

The suit, which weighted about 70 pounds 
on Earth, was made of 21 layers of fabric, 
hand sewn on Singer machines by experi-
enced seamstresses. The innermost pres-
sure bladder was a combination of natural 
and synthetic rubber, and the outer layers 
were made of materials like Dacron, Mylar, 
Kapton and Teflon.

Pressure Gauge

Source: http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/
what-is-a-spacesuit-k4.html 



Enric Ruiz Geli - Simon Taylor Ibrahim Muasher90

Leg Splint -  Charles and Ray Eames Transport Splint -  Charles and Ray Eames



Wearable Technology

“If eyeglasses have been transformed from medical 
necessity to fashion accessory, this revolution has 
come about through embracing the design culture of 
the fashion industry. Why shouldn’t design sensibil-
ities be applied equally to hearing aids, prosthetic 
limbs, Braille signs and communication aids?”1 Dis-
ability can provoke radical new directions in main-
stream design. Charles and Ray Eames’ iconic furni-
ture was inspired by a molded plywood leg splint, 
which they designed for injured and disabled ser-
vicemen. Designers today could be similarly inspired 
by disability according to Graham Pullin. 

If a technology like eyeglasses can evolve so far 
beyond pure function, into a desirable aesthet-
ic realm (and, presumably, to ever-more-refined 
functionality), why can’t other technologies do 
the same? These innovations have the potential to 
de-stigmatise, even naturalise, the normal human 
variation that we know as disabilities of various 
kinds. And they may lead to innovations outside the 
realm of accessibility concerns.2

Hearing aids, for example, have until recently been 
neglected in the design field, but the potential ex-
ists for them not only to improve hearing for those 
who need it, but provide an augmented hearing expe-
rience—perhaps even a more desirable and customized 
hearing experience. In 2005-06, the Victoria & Al-
bert Museum held an exhibit called “Hearwear,” show-
casing 15 designers who’ve tackled the design chal-
lenge of the hearing aid.

In 1941, Charles and Ray Eames were commissioned 
by the US Navy to design a lightweight splint for 
wounded soldiers to get them out of the field more 
securely. Metal splints of that period weren’t se-
cure enough to hold the leg still, causing unneces-
sary death from gangrene or shock, blood loss, and 
so on. The Eameses had been working on techniques to 
mold and bend plywood, and they were able to come up 
with this splint design—conforming to the body with-
out a lot of extra joints and parts. The wood design 
became a secure, lightweight, nest-able solution, 
and they produced more than 150,000 such splints for 
the Navy.

1 Graham, Pullin,  Design Meets Disability, MIT Press, 2009
2 http://ablersite.org/2010/04/17/adaptation-part-iii-art-as-research-braille-tattoos-
socially-adept-handbags/
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Hearing Aid Necklace 
- The Brewery

Surround Sound - In-
dustrial Facility

Hearing Aid - Design 
Affairs

Hearing Aid Necklace -  Ross Lovegrove

Surround Sound - Industrial Facility

Hearing Aid - Design Affairs



Prosthetics Evolution

There are myriad reasons for the pursuit of the cy-
borg state, from improving the quality of life for 
the amputee to cheating death by living forever. The 
amputee wants prosthetic limbs, while the death-de-
niers have their corpses immersed in liquid nitrogen 
in the hope of one day being brought back to life. 
The quest for eternal life is an age old human pur-
suit and can be traced through every age in reli-
gion, alchemy, the sciences and the arts. It is a 
concept that is deeply embedded in our psyche, and 
is exerting a powerful influence on the scientific 
development of the cyborg.1 

“I think about how almost everyone in urban societ-
ies could be seen as a low-tech cyborg, because they 
spend large parts of the day connected to machines 
such as cars, telephones, computers, and, of course, 
televisions. I ask the cyborg anthropologist if a 
system of a person watching a TV might constitute a 
cyborg. (When I watch TV, I feel like a homeostat-
ic system functioning unconsciously.) I also think 
sometimes there is a fusion of identities between 
myself and the black box.”2 Coined only a few de-
cades ago, the term cyborg has greatly mutated in 
its manifestation in fiction and in reality. There 
is currently a surge in the pursuit of integrating 
technology to the body, some of which trivial and 
repetitive, while others begin to redefine our basic 
forms of communication and expression. An alteration 
of embodiment.

The first wearable computer was an analogue device 
created by Edward O. Thorp in 1955. The machine, 
which he fitted in his shoe, it could markedly im-
prove a gambler’s chance at the roulette wheel, a 
card counting machine that increased the chance of 
winning in Black Jack by around 40%.

1 O’Mahony, Marie, Cyborg The Machine
2 Hess, David J. On Low-tech Cyborgs” In The Cyborg Handbook; edited by Chris Hables 
Gray, Heidi Figueroa-Sarriera, and Steven Mentor; New York: Routledge, 1995
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First prosthetic in his-
tory, wood and leather 
prosthetic toe, ancient 
Egypt - 1070BC

Edward Thorp - First wearable computer, 
created for counting cards

Artificial leg made from 
bronze and iron by Ro-
man soldiers found in 
Capua, Italy - 300BC

Peg legs and hand 
hooks were common 
for those who could 
afford to have them 
fitted - 470 to 1000
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Copper, iron, steel, and 
wood were the most com-
mon materials used for 
prosthetics during this 
period - 1400 to 1800

German mercenary Gotz von Ber-
lichingen had a pair of techno-
logically advanced iron hands. 
They could be manipulated by 
setting them with the natural 
hand and moved by relaxing a 
series of releases and springs 
while being suspended with 
leather straps - 1508

Artificial iron arm - 
1600

Made from wood and attached 
to the waist with leather 
straps these legs offered 
little flexibility and would 
have required crutches to 
walk with - 1850

Google Glass - Communication 
and augmented reality headset

Google Smart Con-
tact Lens - Aug-

mented reality 
contact lensSniffer - visualiz-

es odors using a smell 
sensor and a glass in 

front of your eyes

Tooth Phone - Con-
sists of a tiny 
vibrator and a 
radio wave re-
ceiver. Sound is 
transferred to the 
inner ear by bone 
resonance.

InstaLife - Back 
and sciatic pain 
acupressure com-
pression relief 
under knee calf 

wrap.

FitBit - 
Tracks user 
movement and 
monitors 
health

Nike 2K3 Basketball Shoes 
- high tech shoes that 

collect data on wearer’s 
movement

Bionic Boots - They allow 
even the most mediocre 

runner accelerate to an 
impressive indicator of 40 

kilometers per hour



We can see fast development in solid applications 
from wearable technology most clearly in the mil-
itary, where most technologies are created, and 
also in sportswear. 

There are two directions where the soldier of 
today is heading. The first, diminishing the 
role of man within the context of rapidly evolv-
ing technologies, as telepresence is allowing 
the soldier to become a mere facilitator away 
from the battlefield. However, the emergence of 
the cyborg state is clearly apparent in the sol-
dier, as the human becomes augmented with protec-
tive technologies, attacking weaponry, as well as 
surveillance, communication and health monitor-
ing. The image below shows one of the most recent 
breakthroughs in military gear, liquid body ar-
mor.

Sportswear also displays mans endavour to aug-
ment the body for superior performance, as shown 
by american football gear for example. BASE360 
with GarmateX produce shirts, pants, and socks 
with Cut Protection Zones to minimize the risk 
of severe injuries from skate lacerations for 
hockey players. While CISRO have designed “Smart 
Sleeve for basketball players equipped with ac-
celerometers that sit over the player’s biceps, 
forearm and back of the hand. As they practise, 
the sleeve keeps track of every arm movement and 
compares it with an ideal model of arm motion for 
a basketball shot. Addidas are one of the main 
companies investing in wearable technologies for 
sports wear, the MiCoach T-shirt is one example 
of sensors being woven within the fabric making 
a shirt that can monitor heart rate during work-
outs.

“If technology would be unlimited, then a dress that denies 

gravity would be the first thing I would make,” Iris Van 

Herpen
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Pylons, as these fibre and 
leather limbs were known, 
were designed to get am-
putee servicemen used to 
walking before a more 
sophisticated metal limb 
could be fitted - 1902

Temporary wooden right 
below knee leg made for 
Erskine House (Scot-
land). Both socket and 
thigh corset are made 
of 3-ply wood. Side 
struts with simple knee 
joints. “Clapper” type 
foot and ankle - 1918

Liquid Body Armor - Nano-ngineered 
non-Newtonian liquids are about 

to replace Kevlar in bulletproof 
vests.  The “Shear-Thickening 

Fluid” weighs considerably  less 
than Kevlar but performs better. 

When a force is applied to the STF 
its viscosity increases instanta-
neously, preventing bullets from 

piercing through.

CISRO Smart SleeveAmerican football gear Adidas MiCoach T-shirt

Each British ser-
viceman that lost a 
leg during WW1 was 
entitled to a free 
replacement limb. 
This leg was de-
signed for a below 
knee amputee - 1919

This prosthetic leg was 
found in Woodhull, Il-
linois. The sculptural 
leg is made of hand-
carved wood, leather, 
and hand-forged iron 
and zinc - 1865
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Aurora Dress - CuteCircuitAurora Dress - CuteCircuit

Faraday Dress - Anouk Wip-
precht

Metamaterial invisibili-
ty cloack - Tolga Ergin and 
Nicolas Stenger

Blur Pavilion Coats - Diller 
Scofidio Renfro

Spray on Dress - Fabrican Ltd

Made from alumini-
um, this prosthet-
ic left arm has 
a canvas coated 
hand to give the 
appearance of a 
gloved hand. The 
joints of the arm 
are adjustable and 
the hand is remov-
able - 1920

For the first time arti-
ficial legs with bending 
knee joints were dis-
tributed to amputees. 
The ‘knee’ would often 
need to be locked in 
place when stood upright 
and then released with 
the press of a switch in 
order to bend it when 
sitting down - 1934

This limb saw the in-
troduction of a ‘smart’ 
knee joint that would 
only lock when there 
was pressure from the 
‘heel’ hitting the 
ground, it would then 
bend when there was 
pressure on the ‘toes’ 
creating the feel of a 
natural walk - 1946



Cyborg

Marvel Comics
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Otto Bock Health Care 
introduce the micro-
processor controlled 
knee shin system C-Leg 
to the United States. 
Often described as 
a “quantum leap” in 
prosthetics the C-Leg 
remains one of the most 
desired artificial legs 
to this day - 1999

The world’s first bion-
ic foot where artificial 
intelligence replac-
es the human nervous 
system, making judge-
ments about the move-
ment needed adjusting 
to different ground 
surfaces and changes in 
activity - 2006

Thousands of children were 
being born with stunt-
ed limbs due to Thalidomide 
being prescribed to pregnant 
women. These fixed one piece 
aluminium legs attached to 
the hips using pelvic bands. 
These legs were designed to 
give maximum stability when 
walking through the use of an 
artificial shoe - 1966

Frankenstein Monster - 
Mary Shelley 1910

The Terminator - James 
Cameron 1984

Inspector Gadget - David 
Kellogg 1999

Bull’s EyeIron ManRobo CopMoon DragonPhilistineAnt Man Black Wing Charm Truth

Elysium - Neill Blomkamp 2013



I was intrigued by Graham Pullin’s fundamental idea of design 
being inspired by disability as mentioned in previously. How-
ever, I believe the way we understand disability can be pushed 
further. How we define, perceive, and treat those who current-
ly have marked disabilities is how we ourselves may well be 
perceived if and when we become less “able” than we are now: 
by age, degeneration, or some sudden change in our physical or 
mental capacities. We will all, over the course of our lives, 
traffic between times of relative independence and dependence. 
So the questions we ask, the technologies we invent, and 
how they broadcast a message about their users—weakness and 
strength, agency and passivity—are important ones. And they’re 
not just questions for scientists and policy-makers; they’re 
aesthetic questions too.

I would like to relate Pullin’s idea of disability with Pina 

Bausch’s philosophies of longing, longing for home and 
longing for the alien. The cyborg state that has been de-
veloping since the 1950s is key to achieve a never seen before 
expression of this longing, an attempt to reach out towards 
this inevitable longing discussed by Bausch. For the time be-
ing, fiction shows this relationship more clearly in my opin-
ion.
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The Flex-foot Cheetar’s, 
made famous in the Bei-
jing Olympics, sparked 
huge debate in the sport-
ing community after it 
was claimed that the 
artificial limbs out-per-
formed the capabilities 
of the human leg - 2009

The world’s first bion-
ic knee is motor-pow-
ered and its artificial 
intelligence closely 
simulates human muscle 
activity, allowing the 
wearer to almost seem-
lessly adjust to dif-
fering gradients when 
climbing stairs - 2009

Teenager, David LaCha-
pelle, creates a 3D 
printed, mind con-
trolled prosthetic arm. 
It costs under $400 to 
make. - 2013

Stilt Man Mr FantasticScorpion Chameleon Dr. Octopus Silvermane Klaw Wolverine
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Though advances in materials and designs have signifi-
cantly enhanced the dexterity and versatility of to-
day’s prostheses, their essential components of have 
remained virtually the same.

That said, they are by no means produced in a cook-

ie-cutter fashion. Instead, each must be customized 
to the user and is based on a variety of factors in-
cluding the type of amputation, the remaining muscular 
and skeletal structure and body size. Advances in mea-
suring and creating digitised renderings of patients 
have drastically improved the prosthesis customization 
process, but no artificial limb is perfect right out 
of the box.

Typically, the socket is adjusted or modified within 
the first several weeks of the amputation due to re-
sidual limb size changes and a reduction in swelling 
or muscle atrophy at the wound site. Physical thera-
py is also a key aspect of prosthetics use, since the 
way the body accommodates the artificial limb, as well 
as the psychological adjustment, is often the biggest 
hurdle for patients.

TIME magazine coined Hugh Herr the “Leader of 
the Bionic Age” because of his revolutionary work 
in the emerging field of biomechatronics – technology 
that marries human physiology with electromechanics. A 
double amputee himself, he is responsible for break-
through advances in bionic limbs that provide greater 
mobility and new hope to those with physical disabil-
ities. Herr runs the biomechatronics lab at MIT Media 
Lab, who are creating bionic limbs that emulate the 
function of natural limbs.

“We’re at a point in history where we will be going beyond just a normal human using a tool, like a human driving a hammer and pounding a nail. Bionics is a 

seamless integration between human physiology and electromechanics, it is an integration and not a simple tool use… We will extend what our brains 
are, what our bodies are, and go on extraordinary adventures.” Hugh Herr
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Towards the goal of developing 
more comfortable, better-fitting 
wearable devices, tools are be-
ing developed that can sense the 
properties of soft-tissues in 
human limbs.

Hugh Herr - Head of Biomecha-
tronics MIT Media Lab



101Diploma 18 - Off Grid Singularity

Haslet Davis - Dancing 
with prosthetic leg 
made by Hugh Herr

Neil Harbisson - Neuro im-
plant that allows him to 

hear colour

Professor Kevin Warwick  - 
Implants allowing him to 

remotely control ob-
jects

Rob Spence became the 
lifecaster he is today by 

jamming a video camera 
into an eye socket to 

replace an eye he lost to an 
unfortunate accident

Stelios Arcadiou, infa-
mous performance artist 

when it comes to body 
augmentation, believes 

that the human body is 
obsolete. We are be-

ginning to see a seamless 
integration between man 
and  machine, I believe 

the Atlas Knee System 
shown  on the right is 

a strong example of the 
marrying of flesh and 

metal. The device shown 
is an implantable joint 

unloader that works like 

a shock absorber for 
your knee



Body augmentation dates back to an-
cient times as warriors have been 
wearing armor and using weapons. How-
ever the idea of a body with mechani-
cal muscles first appeared in 1868 in 

Edward Sylvester Ellis’ novel “The 
Steam Man of the Prairies.” The 
book depicts a giant humanoid shaped 
steam engine that towed its inventor, 
chased buffaloes and terrorised indi-
ans.

By 1961, two years before Marvel 
created Iron Man. The Pentagon had 
invited proposals for real life wear-
able robots. Reports have referred 
to the project as the quest to de-
velop a “servo soldier” or “a human 
tank equipped with power steering and 
power brakes” it would be able to 
run faster and lift heavy objects, 
and would be immune to germ warfare, 
poison gas and even heat and radia-
tion from nuclear blasts. By the mid 
1960s, Cornell University engineer 
Neil Mizen had developed a 16kg wear-
able frame exoskeleton (shown below) 

dubbed “the superman suit” or “the 
man amplifier”.
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Unpowered exo-
suit built by 
Cornell Aeronau-
tical Laborato-
ry. Actuators are 
not simulated. 
The exoskeleton 

would be a “man 
amplifier”

Springtail EFV-
4A is a fourth 
generation single 
engine pow-
ered-lift re-
search vehicle.

HULC is an un-teth-
ered, hydraulic-pow-
ered anthropomorphic 
exoskeleton developed 
in U.C. Berkeley lab. 
Hydraulic actuation 
is more robust than 
electro-mechanical 
actuation found in 
other models, which 
makes it well suited 
to the rigors of war



The XOS (shown below), is the latest and 
arguably most advanced exoskeleton in 
existence, developed by one-man idea factory 

Steve Jacobsen and the engineers at Sarcos, 
a robotics company he started in 1983 that 
was recently purchased by the defense giant 
Raytheon. 

To the left, the photos show efforts by research 
groups at Arizona State University to create 
exosuits amplifying normal body abilities. 
The running jet pack allows the wearer to 

considerably boost their speed despite 
th extra weight. The spiderman suit actually 

introduces new, alien abilities to the 
wearers body. 
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XOS - Steve Jacobsen (SARCOS)

Spider Man Suit - Arizona State 
University

Jetpack - Yves Rossy

Wearable Motorcycle - Yamaha

Running Jet Pack - Arizona State 
University



Firefighter 
Evolution
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In the 1600s, structures often burned to the 
ground because interior operations were not 

possible because the everyday clothing 
firefighters wore offered insufficient protection 
from heat and flames.

Fire fighting vehicle 1864

Sprinkler Suit 
- 1931

The first organized fire 
brigade was in the 
Roman Empire, called 
‘Corps of Vigiles’

Hybrid Assistive Limb (HAL)  - Cyberdyne
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Fire Pioneer

Water Gun

Water Bottle Power Bank

Jaws of Life

First Aid Kit

Rescuer

Japaneze fire 
fighting robot

Firefighting drone

Pyropack, exoskeleton



Brain Computer Interface [BCI]

It is clear that our endavour to extend our abilities through 
technology is one of the main efforts in our world today. The 

technology is there, and it is developing further, fiction 
is no longer a dream, but a target which is normally 
inevitably reached with thecnology. However, if the goal is 
seamlessly merging with technology, it is vital to find ways for 
our bodies to communicate intimately with the technology.

Alongside the technological progress we are witnessing in 
computing power, our understanding of the human brain is 
constantly on the rise. This parallel progress is getting us 
closer to turning some remarkable science fiction ideas into 
reality.

A brain computer interface, also known as mind-machine 
interface, is a direct communication interface between an 
external device and the brain, bypassing the need for an 
embodiment.1 BCIs will soon allow us to directly manipulate our 
brains. This means that you can actually be programmed to see, 
remember, smell, hear or even feel specific things. Furthermore, 
BCI creates the possibility to communicate with computers 
directly using thought, this opens spectacular prospects in many 
areas including prosthetics, medicine, communication, gaming and 
day to day life in general. 

We are on the brink of achiving the ability to manipulate the 
atmosphere that surrounds us by thought, our concious 
and subconcious mind is a powerful tool, processing more infor-
mation than any computer can today. 

I am interested in investigating this phenomenon to try to 
understand the implications a BCI could have in our day to day 
lives. How, and to what extent, will this technology change the 
environment that surrounds us? Would the material world become 
as volatile as our thoughts? How can this change human to human 
interaction, as well as human to object, human to landscape?

1 Brain Vision UK, The Brief History of Brain Computer Interfaces, April 30, 
2014. 
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The Brain-Computer Interface Project

Scales of Brain Wave Reading - University of Freiburg



Examples of BCI

Nowadays brain interface devices used require deliberate 
concious thought, however future applications are expected 
to work effortlessly. Currently focus is on non invasive 
BCIs (does not require implanting a mechanical device in 
the brain). BCIs are directed at augmenting, assisting, 
or repairing sensory-motor or human cognitive functions. 
It combines technologies from the fields of electrical 
engineering, computer science, biomedical engineering, and 
neurosurgery.1

Research on BCIs started in the University of California 
in the 1970s. The focus of this research continues to be 
mainly in neuroprosthetics applications that may help 
restore sight, hearing and movement. It is important to 
note that BCIs do not read the mind with high accuracy, it 
detects the smallest of changes in the energy radiated by 
the brain when the subject thinks in a certain way. Based 
on brain imaging technology, such as magnetic resonance 
imaging and electroencephalography, BCI looks for patterns 
of activity in the brain in real time.

Hans Berger’s innovation in the field of human brain 
research and its electrical activity has a close 
connection with the discovery of brain computer 
interfaces. Berger is credited with the development of 
electroencephalography, which was a major breakthrough 
and helped researchers record human brain activity – the 
electroencephalogram (EEG).2

Among the first successful examples a BCI (a so called 
Brain Gate at the time), was NeuroPort, a product 
developed by a company called Cyberkinetics in 2001. This 
enabled researchers to identify micro-seizure activity 
prior to epileptic seizures among patients. June 2004 
marked a significant development in the field when Matthew 
Nagle became the first human to be implanted with a BCI, 
Cyberkinetics’s BrainGate.

A number of developments have been taking place in the 

field. By 2050, it is has been suggested that BCI could 
become a magic wand, helping men control objects 
with their mind.3 Is this to optimistic or far off? 
the following examples prove exactly otherwise.

An automated program developed by cognitive neuroscientist 
Dr. Anthony Ries, however, can make the process a lot 
faster. Ries works for a US Army research facility called 
the “The MIND (Mission Impact Through Neurotechnology 
Design) Lab,” which has just began testing a program 
that can interpret brain waves. In simpler words: it can 
read human minds. During a recent test, he hooked up a 
soldier to an EEG connected to one of the lab’s desktop 
computers and asked him to look at a series of images on 
screen flashing at a rate of one per second. Each image 
falls under one of five categories -- boats, pandas, 
strawberries, butterflies and chandeliers.

1 Brain Vision UK, The Brief History of Brain Computer Interfaces, April 
30, 2014. 
2 ibid.
3 ibid.

The computer revealed by the end of the experiment that the 
soldier chose to focus on images that fall under the boat 
category. How did it know? By taking note of the changes in 
the subject’s brain waves. The soldier produced distinct 
brain wave patterns whenever he looked at something he deemed 
“relevant.” In time, analysts can use the system to view 
large images cut up into smaller sections (called chips) to 
quickly find items of interest.4 

4 Mariella Moon, US Army lab develops a way to read soldiers’ brains, 
engadget, November, 7th, 2015
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Easton LaChappelle - creator of a $350 mind controlled prosthetic arm



2.0 Experiment: Making a BCI

To investigate this phenomenon, I believe direct experimenta-
tion with the technology is key. Therefore I started looking 
into the possibility of making a BCI device. Thanks to the 

ubiquity of information and hardware nowadays, a quick 
Google search allowed me to learn how to fashion a simple 
Brain wave reading machine. 

The next page shows my attempt to create a brain wave reader 
by rewiring a Mind-Flex Headset. This is a simple device that 
is used in a children’s game, which allows the players to 
move a ball up and down by change in concentration levels. 
Hacking this device will allow me generate scripts capable 
of visualising a subject’s state of mind, providing the 
opportunity to analyse influences of the external environment. 
The next stage to take this would be to investigate or 
experiment with the idea of changing the surrounding 
atmosphere based on the aforementioned readings.
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Parts for BCI - Hacking Mind Flex Game
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Flaneur
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Title

Clearly, in my opinion, and supported by the brief exam-
ples I have shown, evolution of man cannot be thought of 
as the genetic progression of a single biological spe-
cies. However, as pointed out by Timothy Taylor in hid 
book - The Artificial Ape, humans are “the first tech-
nology crating species.” The tools man fashions basi-
cally shapes the way we survive, eat, move, live, enjoy, 
communicate and progress. Technology plays a big part in 
shaping the holistic condition we live in, therefore in-
fluencing - if not dictating - evolution.

To explore how man will merge with technology in a more 
seamless manner than the examples we see today, util-
ising body-enhancing technology as a response to dis, 
ability seems limiting. However, I will look at disabil-
ity for its literal meaning, and not as a discriminant. 
We are all disabled, if we are in a state of longing for 
an embodiment  I will be looking at the aforementioned 
ideas of embodiment and expression within the body, how 
technology will complement, enhance and / or complete-
ly transform embodiment - which seems to be most likely 
if we look at the previous few decades and realise the 
progress we are witnessing is exponential. 

To explore the implications of this evolution, I believe 
such change should be tested in the context of the ev-
ery day. To investigate how the co-evolution with man 
and technology, I will look at the implications based on 
everyday experiences across different scales. From the 
intimate scale of embodiment, to movement, to the random  
stroll through the city, our bodies keep us in a con-
stant flaneur, searching for moments of excitement re-
sulting from the intertwining of fantasy, body and envi-
ronment.
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Parkour

Originally termed Art du Deplacement, the term ‘Parkour’ was 
first introduced by David Belle in 1998. Parkour derives 
from the French word Parcours meaning ‘route’ or ‘course’, 
which is how Parkour communities perceive the city, as an 
obstacle course for expression. It is better to describe 
Parkour as a discipline, rather than sport or activity, it 
is also knows by various other terms including displacement 
art or freerunning. A non competitive physical discipline of 
training to move freely over and through any terrain using 
only the abilities of the body, principally through running, 
jumping, climbing and quadrupedal movement. In practice it 
focuses on developing the fundamental attributes required 
for such movement, which include functional strength and 
fitness, balance, spatial awareness, agility, coordination, 
precision, control and creative vision.

It is a discipline that encourages self-improvement on all 
levels, revealing one’s physical and mental limits while si-
multaneously offering ways to overcome them. It is a method 
of training one’s body and mind in order to be as completely 
functional, effective and liberated as possible in any envi-
ronment. Parkour encourages humility, respect for others and 
for one’s environment, self-expression, community spirit, 
and the importance of play, discovery and safety at all 
times.

Such communities, I think are a perfect example for off-
grid communities. Freely moving as they do in a city that is 
designed to control people and the way they move. To many, 
architecture of the city is a pursuit of organising or “de-
signing” how people move through public spaces. The embod-
iment awareness that parkour practitioners posess is at a 
higher level than those who have designed the city, there-
fore they end up using the city and its elements in a com-
pletely different manner than what was intended, a much more 
progressive manner, and way more interesting in my opinion.

Parkour off grif tribe

Source: Tim Shieff
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The Derive

The notion of strolling through the city in this 
playful, free yet disciplined fashion as we see in 
freerunning, brings to mind the Theory of the De-
rive, by Guy Debord. Literally translated to drift-
ing, the derive refers to a technique of rapid pas-
sage through varied ambiances. In a dérive one 
or more persons during a certain period drop their 
relations, their work and leisure activities, and 
all their other usual motives for movement and ac-
tion, and let themselves be drawn by the attractions 
of the terrain and the encounters they find there. 
Chance is a less important factor in this activ-
ity than one might think: from a dérive point of 
view cities have psychogeographical contours, with 
constant currents, fixed points and vortexes that 
strongly discourage entry into or exit from certain 
zones.

I see freerunning or Parkour as potentially be-
ing a derive within the city, the psychogeograph-
ical contours being the elements used in a perfor-
mance or route as well as the psyche of the subject, 
as this would influence the way in which one would 
move through spaces, what elements to react to, how 
to react with them and what path to take. But the 
dérive includes both this letting-go and its neces-
sary contradiction: the domination of psychogeo-
graphical variations by the knowledge and cal-
culation of their possibilities. In this latter 
regard, ecological science — despite the narrow so-
cial space to which it limits itself — provides psy-
chogeography with abundant data.1

The derive is bound to be effected by chance, de-
pending on the conditions of the city being experi-
enced the significance of the role of chance varies. 
1 Guy Debord, Les Lèvres Nues #9 (November 1956), reprinted in Internationale Situationniste #2 
(December 1958), Translated by Ken Knabb

Considered to be more important for a derive would 
be the influence of other people included in that 
derive, in addition to those “centres of possibil-
ities and meanings” that you would find in great 
industrially transformed cities. I would like to add 
the subjects mindset and imagination throughout the 
derive to this list of influences on the derive, and 
then to add one more layer of the subject’s physi-
cal, experiential and expressive abilities into the 
equation.

“The spatial field of a dérive may be precisely de-
limited or vague, depending on whether the goal is 
to study a terrain or to emotionally disorient one-
self. It should not be forgotten that these two as-
pects of dérives overlap in so many ways that it is 
impossible to isolate one of them in a pure state.”2

Freerunners or Parkour practitioners derive in that 
fashion of experiencing and interpreting the sur-
rounding “terrain” compare it with their creative 
expression and abilities to and create a script, a 
stage and a psychographical landscape. The following 
preplanned derive being the performance.

The lessons drawn from dérives enable us to draw up 
the first surveys of the psychogeographical articu-
lations of a modern city Debord points out. However, 
the kind of derives I would like to suggest which 
bring into the equation imagination, expression 
and extending abilities. The lessons drawn here 
would be a landscape of imagination, a pursuit 
to conquer the mind, body and surrounding physi-
cal and psychogeographical atmosphere.

2 ibid. 

“Men can see nothing around them that is not their own image; everything 

speaks to them of themselves. Their very landscape is alive.” Karl Marx
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Freerunners move freely trough the city which is designed to control us
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Rowley Way :
NW8 0SF
Belsize Priory Health Center :
NW6 4DX

Balfron Tower :
E1 8JN
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W2 5EZ

Southbank Skate Park :
SE1 8XX
Hayward Gallery : 
SE1 8XZ
BFI IMAX :
SE1 8XR

Vauxhall Walls :
SE11
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Training with Parkour tribe

Source: photos taken February 22nd 2016

Architectural elements are not ever used for their intended purpose. Training with the Parkour 
community allowed me to see that the body can be the designer of the space in the way we chose to 
exploit our body abilities to move react to surrounding elements.
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MoCap
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Structured infra red light emitter

CMOS camera RGB

Processor

USB cable

Tilt motor

Infrared receiver

Microphones with noise reduction

Kinect sensor for XBox

Machine Vision

Key joint motion capture by Kinect Sensor in Autodesk Maya Nikolas Kourtis - Free-running performer

Depth image from Kinect in Processing v.3
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Procedure

As shown by the schematic on the right, the Kinect sensor uses multiple technologies to record 
data, its ability to sense and transmit infrared data, colour data and sound make it highly 
suitable for motion capture. 

The experiment involves using the sensor to analyse a number of aspects of the motion of the 
freerunning performer. The capture data, supplies enough information to derive and analyse the 
mechanics of the performed choreographies. Using the equations of motion, I will quantify the 
movements of the performer by dissecting the individual forces, velocities and trajectories.

Using machine vision allows us to reconstruct the performed scenarios digitally for further 
analysis, as well as augmentation of the movement, body and environment.
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1500mm

750mm

1500mm

54°

800mm

Prop arrangement

• Setup of Kinect sensor on tripod, minimum 1500mm away from 
performer.
• Setup green background as well as bright lighting conditions 
for more accurate readings by Kinect sensor.
• Measure distances between obstacles to scale digital model.
• Arrange props at correct distances onto which performer will 
act.

• Move in front of Kinect sensor until detection skeleton 
appears on computer monitor in Autodesk Maya window.

View from Kinect Sensor Photo of setup

Body detection
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750mm

1500mm
1500mm

550mm

970mm

1500mm

550mm

θ=47° 

Performance

• Record motion capture through Autodesk Maya.
• Ensure Kinect sensor does not lose body detection during 
recording.
• End recording in Autodesk Maya.
• Calibrate recording with timer for later calculations.

View from Kinect Sensor
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Fig**** - Diagram of Nikolas’ recorded projectile motion [Not to scale]
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Analysing Nikolas’ Motion

The recorded motion of Nikolas’ jump is 

charachterised as projectile motion. Once forced 
into motion, Nikolas (the projectile) is only 
influenced by the force of gravity, the initial 
launch speed as well as the launch angle.

Due to the predictability of projectile motion, we 
can use the data collected from Nikolas’ jump in 

addition to the rules of motion - dynamics, to 
analyse the properties of his movement.

To calculate the initial velocity of Nikolas we 
resort to one of the fundamental laws of dynamics 

set out by Sir Isaac Newton. Newton’s first law 
tells us that the velocity of Nikolas will gradually 
reduce due to the force of gravity acting opposite 
to direction of motion, until he reaches the maximum 
jump height where the vertical component of his 
velocity is equal to zero.

From the digital motion capture animations the 

jump angle, θ was measured as θ = 47°. Time t2 was 

measured as t2 = 0.6s.

The force of gravity, g, causes a downwards 
acceleration of : a = -9.81 ms-2.

First, we need to resolve the vector for the initial 
velocity Vi, into its vertical and horizontal 

components (Vy and Vx ) as the vertical and 
horizontal motion are treated separately:

Vx = Vi cos(θ)

Vf
2 = Vi

2 + 2a.sy

In the y direction:

At t2 ,  Vfy = 0ms
-1

Therefore, at t1:

02 = Viy
2 + 2(-9.81)(0.55)

Viy = 3.28ms
-1

Vy = Vi sin(θ)

Vy = Vi sin(θ)

3.28 = Vi sin(47)

Vi = 4.48ms
-1

At t2 the vertical component of velocity, Vy = 0, 
and the maximum height reached was measured to 

be  Sy = 550mm. Therefore, we can calculate the 
magnitude of the initial velocity as follows:
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1.5 Conclusion

As shown by this experiment there are a large number of factors 
influencing a this seemingly simple move of jumping in a projectile 
motion. It is inevitable that there will be some inaccuracy when 
applying real world motion into the “ideal motion” world of 
equations and relationships.

Approximating real situations with models of physics and 

mathematics based on ideal situations is the way things get 
done in physics. It is a useful technique that will allow me 

to investigate the relationships between a moving body and its 
environment through the dynamic physical interactions at play.

In the next section I will use sports data from the Long Jump, 
apply the laws of dynamics and create interactive simulations where 
the effects of various quantities may be tested.

The impact velocity (or final velocity), Vf, is assumed 

to be equal to the take off (initial) velocity, Vi. This 
is because the equations of projectile motion assume 
that there is no air resistance, and that the motion is 
entirely 2 dimensional. 

However, the experiment was carried out in a real world 
environment where drag forces were influencing the 
motion. The difference is expected to be minimal however 
as the scale velocities in question are not high enough 
to create significant drag.

As the projectile is landing, form t2 onwards, the 

gravity force, g, acts in the same direction of motion 
causing it to accelerate downwards by a = 9.81ms-2. The 

time change from t2-t3 was measured to be t3 = 0.6s.

Vfx = Vi cos(θ)

Vfx = (4.48)cos(47)

Vfx = 3.05ms
-1

Vfy = Viy + a.t

Vfx = Vix + a.t

Vf = 

Vf = 4.48ms
-1

Vfx
2
 + Vfy

2 

Vfx = Vix = Vx

Vfy = 0 + (9.81)(0.6)

Vfy = 5.89ms
-1

In the y direction:

In the x direction, there is no horizontal acceleration, Vx remains 
constant until point of impact.

Final velocity is the addition of vectors Vx and Vy:

At angle of impact, i = 133° (180-θ), assuming no 
air resistance and projectile lands at same level 
as take off.

As shown by the results for Vf and Vi, air resistance had a mini-
mal impact in this experiment. This is because of the relatively low 
velocities in question as well as the closed environment the experi-
ment was conducted in and the low surface area of the projectile. Drag 
forces will be discussed further.

At t2, Viy = 0ms
-1
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Long Jump

The basic technique used in long jumping has remained 
unchanged since the beginning of modern athletics in the 
mid-nineteenth century. The athlete sprints down a runway, 
jumps up from a wooden take-off board, and flies through 
the air before landing in a pit of sand. A successful long 

jumper must, therefore, be a fast sprinter, have strong 
legs for jumping, and be sufficiently coordinated to 
perform the moderately complex take-off, flight, and 
landing maneuvers.1 

1 Linthorne, P. Nicholas, Biomechanics of the Long Jump Brunel University, Uxbridge

The objectives in each phase of the jump are the same 
regardless of the athlete’s gender or ability. To produce 

the greatest possible jump distance the athlete must 
reach the end of the run-up with a large horizontal 
velocity and with the take-off foot placed accurately on 
the take-off board. During take-off the athlete attempts to 

generate a large vertical velocity while minimizing 
any loss of horizontal velocity, and in the flight 
phase the athlete must control the forward rotation 
that is produced at take-off and place their body in a 
suitable position for landing.2 

2 Linthorne, P. Nicholas, Biomechanics of the Long Jump Brunel University, Uxbridge

Run up phase Transition from Run Up to Take 
Off

Take Off
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Flight Landing

Parameter
Athlete’s height (m)

Athlete’s body mass (kg)

Jump distance (m)

Run up length (m)

Final horizontal velocity (ms-1)

Final vertical velocity (ms-1)

Initial horizontal velocity (ms-1)

Change in horizontal velocity during take off (ms-1)

Initial vertical velocity (ms-1)

Change in vertical velocity during take off (ms-1)

Initial velocity (ms-1)

Leg angle at landing (°)

Take off angle (°)

Knee angle at landing (°)
Take off duration (s)

Landing height (m)

Take off height (m)

Landing height (m)

Height difference between landing and take off (m)

Height at the peak of the jump (m)

Men
1.82 1.75

76 62

8 6.8

48 40

10.6 9.5

-0.1 -0.1

8.8 8

3.4 3.1

9.4 8.6

21 21

-1.8 -1.5

3.5 3.2

61 63

166 161

0.11 0.11

1.03 0.96

1.29 1.2

0.65 0.6

-0.64 -0.6

1.88 1.69

Women
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To test the effects of different parameters against each other, 
I designed the interactive system shown. I used data from 
the long jump as a starting point to set up the system, such 
that the implications of manipulating those parameters can be 
modeled.

Assuming ideal motion scenarios, the system would help me 
speculate the consequences of influencing different components 
of the motion in question. Below is a summary of how the shown 
quantities are linked using the laws of dynamics. The following 
page shows 

Vx = Vi cos(θ)

Vy = Vi sin(θ)

Vfx = Vix + a.t

Vfy = Viy + a.t

sx = Vix .t + 1/2a.t
2

sy = Viy .t + 1/2a.t
2

or

where ρ is density of air, Cd is 

the drag coefficient and A is the 
surface area of the moving body.

Acceleration in the x direction is due 

to drag force, D.

Acceleration in the x direction is due 

to drag force, D.

Acceleration in the y direction is due 

to drag force, D, as well as gravita-
tional force, g.

Acceleration in the y direction is due 

to drag force, D, as well as gravita-
tional force, g.

The starting point was taken as the body’s initial velocity (launch veloci-

ty), Vi, and the launch angle,θ. 
This allowed me to calculate the vertical and horizontal components of ve-

locity, Vx and Vy.

Now that the system registers the initial vertical and horizontal velocity 

components, we calculate those components,Vf , at a given time, t. This is 
given by the product of time (t) and acceleration in that given direction 
(a), added to the current velocity in that direction(Vi).

As the system registers the velocities at every point in time, we can also 
derive the displacement of the body at every point in time. This is also 

resolved in separate component vectors, sx  (horizontal displacement), and 
Sy (vertical displacement). 

The launch velocity and angle are known at take off, where t = 0s. The mag-
nitude (Vf) and direction (θ) of the resultant velocity at any given time 
can be found by simply adding the vertical and horizontal component vectors 
that are being calculated at every point in time.

The velocity components at every given point are always tied back to the 
drag force, as drag is directly proportional to the square of the velocity 
in a given direction. Drag is also influenced by a many other factors that 
need to be taken into account, such as surface area of the body, fluid vis-
cosity, temperature... However for this system I will only take velocity of 
the body into account.

The drag force will be further investigated in a later section.

Vf = 

D = 

θ = θ = 

Vfx
2
 + Vfy

2 

Cd  [(ρ.V 2)/2] A

cos-1 (Vx / Vf
) sin-1 (Vy / Vf

)
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Vfx = Vix + a.t

Vy = Vi sin(θ) Vfy = Viy  + at

Vx = Vi cos(θ)

sy = Vit + 1/2at
2

sx = Vit + 1/2at
2

jump angle/°

initial velocity/ms

initial velocity/ms

initial velocity/ms

time/s

displacement/m

final resultant velocity/ms

velocity direction angle/°displacement/m

-1

-1

-2

-1 final velocity/ms-1

final velocity/ms-1

-1

-1

Vertical motion

Horizontal motion

Vi

θ

Vf = Vx
2 + Vy

2

Drag Force/N
D

gravitational Force/N gravitational acceleration/ms
g a

-2
drag acceleration/ms

a

θ = cos / Vx Vf
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Jump angle and range

Initial Velocity and 

Fig. *****

Fig. *****

Fig***** plots the relationship between the angle of 
the jump with the horizontal displacement of the body, 
also known as range (for projectile motion). 

As shown the optimum angle to achieve a maximum range 
is at around 45°. If the angle is below 45°, the body 
will not have sufficient time to project a long enough 
distance although the horizontal velocity component 
would be higher. At above 45° the horizontal component 
of the body’s velocity is too low to project the 
body forwards, the displacement in this case is more 
vertical.

Fig***** shows the relationship between the horizontal 
distance covered by the body and its initial velocity. 
This is an exponential relationship. By doubling the 
speed the horizontal distance increases four times.
W
This makes us realise that minute changes in velocity 
can result in large increases in the range covered. The 
same applies for the vertical displacement (maximum 
height reached).

Assumptions:

No air resistance, drag force is equal to 0.
Vertical acceleration is equal to -9.81.
Take off and landing surfaces are identical.

Assumptions:

No air resistance, drag force is equal to 0.
Vertical acceleration is equal to -9.81.
Take off and landing surfaces are identical.
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Biomechanics of the Jump

Some of the important observations include the phase 
in which muscle forces are produced to absorb energy 
(amortization phase), the phase in which muscle force is 
produced to overcome gravitational forces (miometric phase 
and final momentum phase), and the flight phase where the 
athlete is airborne. You will also notice a large spike 
in force when the athlete returns to the ground, which 
represents another initiation of the amortization phase.

The graph on the previous page illustrates the changes in 
the Normal Reaction Force over the duration of the long 
jump. The ground reaction force can be looked at as the 
resulting forces measured where the foot contacts the 
ground.  This is the sum of all the muscle forces from the 

different joints involved in the jump (hip, knee and 
ankle). The graph also shows the vertical displacement of 
the body’s centre of gravity. As shown there are various 
stages in the jump, each stage allows for different 
abilities:

The first phase is referred to as the initial momentum 
phase, this is the phase in which the body’s centre of mass 
is moving with the force of gravity as the centre of mass 
descends towards the ground.

The second phase is the Ground Contact Phase.  The 
ground contact phase represents the initial push down on the 

ground, which is immediately followed by the Amortisation 
Phase in which the athlete produces a pliometric (eccentric) 
muscle action to effectively break the continuation of the 
initial momentum phase. Here muscle forces are produced 
to absorb energy. This phase is often referred to as the 
ability to rapidly switch from a muscle lengthening action 
to a muscle shortening action. In most circumstances 

the total time of the amortization phase is to be kept 
as short as possible.  This allows for the greatest 
contribution from the release of elastic energy and spinal 
reflexes, which essentially add to the muscle forces to 
further increase the jump height.

Following the amortization phase, the athlete performs a 
rapid miometric (concentric) muscle action, muscle force is 
produced to oppose the gravitational force.  This explosive 

and rapid muscle shortening leads to the Final Momentum 
Phase where the athlete overcomes gravitational forces and 
leaves the ground.

The large spike shown where the body lands is due to the 
shock given by the accelerating body onto the ground, 
generating an instantaneous high ground reaction force, this 
marks the initiation of another amortisation phase. 

Another important observation is the area under the curve.  
This represents the impulse.  Through the impulse momentum 
relationship, the net impulse gives the take off velocity 
of the subject.  The net impulse is a very important 
performance variable.1

1 http://www.jordanstrength.com/elastic-strength-development-the-biomechanics-and-neurophys-
iology-of-the-jump/

To measure the effects due to motion, on the body and 
on the environment, investigating the forces or energy 
transformations will not inform us a great deal about the 
implications. This is beacause during an impact or collision 
between 2 bodies, it is inevitable that deformations occur. 
Therefore kinetic energy and gravitational potential energy 
are not conserved as expected. Furthermore, colliding 
objects may also stick together causing changes in the 
overall mass. Therefore, momentum is used to analyse impact 
and collisions, as it is always conserved.

P = mV

I = Ft

Ft = mV

Momentum, P, of a body in motion is given by the product of 
its mass, m, and velocity, V. Momentum is mass in motion.

Impulse, I, caused by a body in motion is given by the 
product of the force, F, it produces and the time, t, over 
which it acts.

Momentum, P, of a body in motion is 
given by the product of its mass, 

m, and velocity, V.

We know from Newton’s second law 

that F = ma, ans acceleration, a, 
is equal to the change in velocity, 

V, over time, t.

Substituting a for V / t gives us 
this equation showing that impulse 
of a force is equal to the change in 
momentum. Impulse is given by the 
integral of the force vs time curve.

Force is an important factor, but time also counts. 
Specifically, when we are interested in knowing how long 
the force acts. For example, if a force is applied on a 
body for a short time interval, the change in momentum will 
be less than if the same force were acting for a longer 
time interval. This longer time interval leads to a greater 
change in momentum, the change in momentum is also known as 
impulse.
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Ff Frictional force exerted 
by ground onto the body. A 
reaction to the force of the 

quadriceps Mq to the ground. 
Ff is the main forward driv-
ing force,  the larger Ff is, 
the greater the velocity of 
the subject.

Fd, drag force 
acting opposite 
to the direction 
of motion due to 
air resistance.

Tensor Fascia muscle 
acts as a spring when 
foot lands, creating a 
bouncing effect lead-
ing to the next step.

Fa, arm swinging 
stabilises the body 
by generating a 

counter torque Ta.

Ff Frictional force exerted by 
ground onto the body. A reac-
tion to the force of the quad-

riceps Mq to the ground.

Tf is the torque force generated due to 
Ff. This force in neutralised by Ta which 
acts in the opposite direction, Ta is the 
torque generated by the arm swing Fa.
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Gravitational force

Normal contact force

Frictional force

Torque due to friction

Quadriceps force

Torque due to arm swing

Patellofemoral joint reaction

Patellar tendon tension

Knee joint reaction

F
d

A common misconception involving running speed is the belief that the 
faster legs move, the higher the velocity of the runner. Research 
conducted by Peter Weyand, professor at Southern Methodist University 
compared athletes to non-athletes. Weyand discovered that speed 
is dependent upon 2 variables. The force with which one presses 
against the ground, as well as for how long that force can be 
applied.1

When the foot hits the ground, the forces from the muscles generate 
a frictional force Ff propelling the body forward. Here the foot 
acts as a pogo stick, as our Achilles tendon acts like a spring, 
the hip muscles also play a part in this motion. The second part is 
when both feet are not touching the ground, at this stage the only 
force acting in the opposite direction to motion is air resistance 

F
d
. Therefore, the faster the force can be applied to the ground (the 

harder the kick) the quicker the force is transmitted to the ground 
and the body is propelled at a higher velocity. For this, think of 
bouncing a beach ball versus a super ball. The beach ball is soft and 
mushy and when bounced on the ground sits for a while before slowly 
rebounding back into the air. Conversely, a super ball is hard and 
stiff and when bounced rebounds almost instantaneously -- and at a 
much faster speed than the beach ball.

1 http://www.thepostgame.com/features/201107/usain-bolt-case-study-science-sprinting 
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Lower limb musculoskeletal 
highres QUAD right extensor 
hallucis brevis

A common misconception involving running speed is the belief 
that the faster legs move, the higher the velocity of the 
runner. Research conducted by Peter Weyand, professor at 
Southern Methodist University compared athletes to non-
athletes. He found that the amount of time to pick the leg up 
and put it down was very similar between the 2 test groups. 

Weyand discovered that speed is dependent upon 2 variables. 

The force with which one presses against the ground, 
as well as for how long that force can be applied.1

When the foot hits the ground, the forces from the muscles 

generate a frictional force Ff propelling the body 
forward. Here the foot acts as a pogo stick, as our Achilles 
tendon acts like a spring, the hip muscles also play a part in 
this motion. 

The second part is when both feet are not touching the ground, 
at this stage the only force acting in the opposite direction 

to motion is air resistance F
d
. Therefore, the faster the 

force can be applied to the ground (the harder the kick) 
the quicker the force is transmitted to the ground and the 
body is propelled at a higher velocity. For this, think of 
bouncing a beach ball versus a super ball. The beach ball is 
soft and mushy and when bounced on the ground sits for a while 
before slowly rebounding back into the air. Conversely, a 
super ball is hard and stiff and when bounced rebounds almost 
instantaneously -- and at a much faster speed than the beach 
ball.

1 http://www.thepostgame.com/features/201107/usain-bolt-case-study-science-sprinting ????? 

Achilles tendon is the thickest, strongest 
tendon in the body, connecting the calf 
muscles to the back heel. It acts as a 
spring transmitting the forces from the leg 
muscles to the ground propulsion force by 
pushing towards the ground.

In this instant, the stiffness of the 
material making up the tendon is what 
allows it to transmit larger forces 
and absorb the impact from the ground 
transforming it to forward propulsion.1 

1 Davis, John, The Ultimate Runner’s Guide to Achilles Tendon Injury 
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Biomechanics of walking
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Based on the discipline of Parkour I 
began to sketch out various scenarios for 
possibilities of motion enhancement through 
the environment. 

Smoothness of the surfaces can be 
manipulated to augment frictional forces, 
amplifying friction may allow the 
performer to run faster, or even scale 
walls (if increased enough).  The nature 
of the surface material can determine the 
energy exchange between the performer and 
surface resulting in larger impulses to 
allow for higher jumps, or lesser impulses 
to absorb the shock from a high landing.

However, as the title of this section 
suggests, augmenting surfaces and material 
properties of the environment can only 
take us so far. A stronger push against 
a wall inclined at an ideal angle, made 
of an ideal material can only allow us 
to enhance performance by a limited 
amount. It also requires the body to be 
conditioned and trained to a sufficient 
level to be able to use the environment in 
such a way.
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Anatomy of Singularity : The ExoSkeleton
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STF pneumatic membrane Titanium Exoskeleton Performance Amplifying Foot-wear
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Digital Tattoo
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Customised Abilities

How can such components be designed and fabricated for 
the body when no two bodies are alike. In section 3.4, I 
discuss the methods by which MIT’s Biomechatronics Lab 
designs for the human body. 

For my exoskeleton design I am using 3d scanning 
technologies to accurately capture the form of different 
bodies and develop ergonomic designs that would 
specifically fit each wearer.

Moreover, even if a design is created to perfectly fit a 
body’s form, it is important to realise that the form of 
the body is constantly changing. Therefore, the materials 
used should be flexible enough to adapt to changes to a 
certain extent. Among the previously explained factors, 
this also adds to the suitability of materials such as 
graphene, silicon and memory polymers for such designs.

The following images show a few experiments I have carried 
out to with 3d scanning bodies. Then using those scans in 
parametric models that I have scripted to create various 
parts of the suit, specifically for that body.

“It's extraordinary that we live in this 
day and age with all our wonderful modern 
technology, and still we have shoes that 
give us blisters," Hugh Herr.

3D scans using Kinect and Skanect Application

Gergana Popova

Peng Quin

Mi Ding
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3D scan of body

Identify positions of joints and rotation axes

Selected regions include areas of most frequent 
parkour injuries

The parametric model can then 
be tested on various body 
scans
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Marilyn Dyer, head of registrar at the AA, and I are collaborating to design an 
exoskeleton specifically for her body and to enhance her abilities. This process 
is still in progress, I have started by capturing data about MArilyn’s body and 
abilities as shown by the photos.

Marilyn Dyer 3D scan
Marilyn Dyer 3D print
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1 Brain Computer interface tatoo

2 Augmented reality lens

3 Phone tooth

4 Electronic tatoo monitoring health 

5 Graphene exoskeleton

5a-g Joint actuators

6 Graphene spine reinforcement

7 Actuator motion sensors

8 Magnetic nails

9 Knee implants

10a-f Flexible graphene tendonds

11 RFID implant

12a-e Speed and jump augmenting shoes

13 Fuel cell implants

b1

b2

b1

b1

5c

f5

f5

c3

c2

c1

12a

12c

b1
c4

10f

10f

c4

c4

g2

13

d1

c4

c4

c4

c4

c4

c4

12e

e2

e2

e1

g2

Temperature regulating suit

Actuator joints

Titanium spring

Brain computer interface

Chemical energy of the body

Cerebrospinal fluid fuel cells

Piezoelectric polymers

Augmented reality lens

Phone tooth

Performance monitoring tattoo

RFID implant

Magnetic finger nails - for sense of direction

Actuators motion sensors 

LIDAR machine vision system

Expanding skin from spine (explained further in 6.6)

Polydimethylsiloxane (PDMS) surface on hands
PDMS surface on other surfaces of suit

Polydimethylsiloxane (PDMS) surface on toes

Graphene exo-skleleton

Achilles tendon reinforcement implant

Knee implants

Spine micro actuators

High shock absorbing polymer blades 

Soft artificial tendons (High stiffness flexible polymer)

Pneumatic membrane

2

1

c1

f1

g1

g2

g3

f2

f3

f4

f5

f6

f7

f8

d1

e2

e3

e1

2

c2

3

4

c3

c4

1

a.

b.

c.

d.

e.

f.

g.

6.1 Ability Augmentation Exoskeleton 

Protection

Strength

Speed

Flight

Adhesion

Sense

Power 
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Protective Layer

Temperature regulating fluid (Circulation System)

Exo-capillaries - Fluid transferring nano-tubes

Exo-“Heart” - Fluid pumping mechanism

LIDAR sensor

Pneumatic Membrane

2

3

4

5

1

Scale 0.15m

On one level, the relationship between our bodies and the 
environment takes the shape of constant erosion, a slow 
reaction between the body and the very molecules that 
govern its every day experience and performance. As this 
performance is amplified, so is the associated impact.

As highlighted in section 3.2, augmenting the body’s 
ability to withstand impact is no new concept. With the 
technologies we have so far, and we know we will soon 
have as we anticipate the singularity, I am envisioning 
possible scenarios involving combinations of 
technologies that may augment the body’s ability to 
withstand considerably larger impacts.

The following scenario envisions a design for a pneumatic 
wearable, where a hydraulic pump circulates a shear 
thickening fluid around the body. The shear thickening 
fluid (STF) is a liquid that instantaneousness hardens on 
impact.

The pneumatic parts of the suit are located around areas 
of the body which are most commonly associated with 
parkour or free-running injuries.

In normal conditions, the STF is evenly distributed 
throughout the suit in its liquid state. As the body 
is in motion, LIDAR sensors embedded within the suit 
constantly gather data on the proximity of the wearer to 
other objects (LIDAR sensors constitute machine vision 
systems for driver less cars - they have been proven to be 
more accurate than humans at identifying objects).  When 
the combinations of sensors identify a situation where 
the body is nearing impact, the hydraulic pump (4) acts 
as a heart and pumps the STF to the region of the body 
anticipating the impact. Think of it as a smart car 
airbag that inflates just before collision. 

1

4

2

3

5
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Spine reinforcement include 24 micro actuators

Hydraulic knee implants

Graphene exoskeleton 

Actuator

2

3

4

1

Strength Exoskeleton

Scale 0.15m

Graphene exoskeleton

Referring back to the physical 
quantities outlined in section 4, 
it is impossible to achieve jumps 
of 50+ metres as our muscles cannot 
generate that magnitude of force. 

However, the examples in section 3 
clearly show that there has recently 
been a surge in the progress of 
strength augmentation especially in 
the military.

Using titanium exoskeletons to 
transfer heavy loads to the ground 
and a system of motor and hydraulic 
actuators to generate forces, 
the strength and endurance of the 
soldier is being greatly amplified. 

Here I suggest a graphene 
exoskeleton. Graphene is 200 
times stronger than steel, yet 
can be flexible. It is 10 times 
lighter than steel and can conduct 
electricity. It can be transparent 
and made into micrometer thin 
sheets.1

These features make graphene an 
ideal potential choice for my 
exoskeleton design as its organic 
nature flexibility and conductivity 
can allow it to connect seamlessly 
with the body with embeded 
technologies such as actuators, 
sensors and even displays. Its 
incredible strength, toughness and 
flexibility can result largely 
amplify the strength and rigidity 
of a body’s joints.

1 The Home for Graphene, University of Manchester

1

1

2

3

3

4

4

2
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Planetary gear

Knee motor

Ab/adduction joint

Bar linkage

Encoder mount

Hip motor

Planetary gear

Knee motor

Ab/adduction joint

Bar linkage

Encoder mount

Hip motor

Graphene exoskeleton

ScaleScale

Knee Implant detail Actuator detail

0.10m0.20m

Abilities:

Increased strength 220% average human

350% average human

200% average human

Weight = 2000N Weight = 800N

load transfer through exoskeleton

Increased endurance

Load transfer
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Amplifying Speed

Elastomeric piezoelectric 
toroids

Flexible shaft

Bending force

Stretching

Power generation

+ -

Squeezing

Piezoelectric power generation

As shown in section 3.2 the idea of ability augmentation has 
always been a motivation in the world of sports. Sneakers aim 
to improve the run and long poles help us defy gravity.

Now as technology progresses we can begin to envision 
scenarios where we can design products that work with the 
very anatomy of the body. The following images show my design 
ideas for a performance enhancing shoe by combining various 
technologies to work in tune with the desired enhancements as 
well as the anatomy of the body.

Referring back to the physical quantities outlined in section 
4, the main elements that need to be incorporated into the 
anatomy of the shoe are:

• Elastic ability to compliment the jump force produced by the 
actuators.
• Shock absorbing ability to absorb large impulses produced on 
landing.
• High surface area to result in high friction for adhesion, 
an important consideration for climbing.
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Scale 0.06m

Skin - outline of foot

3D printed shoe

Silicon incision through soft tissue

Titanium spring - amplifies strength of Achilles Tendon

Titanium spring implant - absorbs shock of landing

Nitinol Blades - Nickel and Titanium alloy that exhibits 
super-elasticity and shape memory

Shear thickening padding to absorb shock

Piezoelectric polymer generates electricity from shock ab-
sorption

Piezoelectric polymer generates electricity from shock 
absorption. Can also be activated to move and guide direc-
tion of wearer by simple gestures. 

Polydimethylsiloxane (PDMS) surface for climbing

Additional surface area = 3m2
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7

8
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4

5

6

11
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Flight

In section 3.5, Yves Rossy demonstrates how through an 
amalgamation of technologies and his body. He was able to defy 
gravity using four large engines to cause enough thrust to 
overcome his weight (plus the weight of his jet pack).

In my design, I am looking at gravity as a constraint to work 
with. However, it is possible to influence the extent to which 
the body is influenced by gravity. 

Section 4.7 illustrates a scenario where we can notice 
Newton’s third law of motion. As a body is falling under the 
influence of gravity, air resistance will act in the opposite 
direction. The following design that attaches to the wearer’s 
spine allows the body to vary its overall surface area to 
amplify the drag force, and therefore acceleration towards 
the ground. The extent to which such a device may affect 
performance can be illustrated by analysing the equation of 
drag as shown on the next page.

As shown by the details, there are 24 artificial “vertebra” 
made of graphene (extremely high strength and lightweight), 
which align onto a flexible rail. Connected by micro 
actuators, the vertebra can rotate to move with the body and 
become rigid to assist the body’s strength. 

It is important to remember the fact that the body consists 
of a series of highly integrated systems performing different 
functions. Therefore communication between those systems 
is key. In this case, the soft, pneumatic surfaces attaching 
the device to the wearers back offer an ergonomic connection 
between the body and the device. However, it is also used as a 
mechanism for the exoskeleton to seamlessly communicate 
with the body, as the sensing systems detect potential 
collisions or crowded routes for example, this can be 
communicated to the body through simple gestures on the back. 
As the mind gets used to these gestures, it becomes a natural 
sense as highlighted by the case study in section 3.7.

Pneumatic surfaces - offer a sense of direction through subtle gestures on the wearer’s back

Flexible frame - on which artificial vertebrae attach and rotate

Artificial vertebra

Fluid bank - to store circulating STF for protection and gesture communication

Vertebra

2

3

4

5

1

Scale 0.15m

Artificial Spine

Spine section 
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T1 - T12

L1 - L5

C1-C5

S

Co

Spine section 

Scale 0.15m

Exploded spine section

1

2

3

4

5
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60°

L4

Additional surface area = 0.05m2 x 24 = 1.2m2

Where Fd is the drag force, 

V is the objects velocity, 
ρ is the density of the 
fluid and A is the surface 
area of the object.

The equation for the coefficient of drag 
shows us that surface area A is directly 
proportional to the drag force 2F

d
. 

Cd =
2Fd

V2 ρ A

Disc

Spinal cord

Skin

Artificial vertebra

Capillaries transferring STF

Flexible rail 

Pneumatic surfaces

Tough flexible membrane

Silicon incision through soft tissue

Cerebrospinal fluid fuel cell

Vertebra

2

3

4

5

6

7

8

9

10

11

1

Scale 0.02m

Spine cross section

As shown, the exoskeleton plugs into 
the body, through permanent incisions 
protected from the exterior environment 
through a silicon cover. Through these 
incisions the exoskeleton merges with 
the body, in this case, it feeds of 
small doses of cerebrospinal fluid 
(CSF accessible from between l3, l4 
and l5 vertebra). CSF was proven to 
be a highly powerful and efficient 
electrolyte for glucose fuel cells 
according to researchers at MIT, who 
have already created implantable fuel 
cells as a new energy source for future 
medical implants1 . Digital tattoo 
examples shown in section 3.7 can be 
powered by the body’s own chemical 
energy. However the energy required 
for the extreme movement outlined in 
this thesis cannot be supplied by the 
body’s limited energy production as 
the body was not designed to allow for 
those abilities.

1 http://news.mit.edu/2012/glucose-fuel-cell-0612
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Additional strength = 300% human strength

Scale 0.02m

Spine section

Spinal cord

Epidural Space

Subarachnoid space

Cerebrospinal fluid

Skin surface

Artificial vertebra

Pneumatic surfaces

Electrodes attaching to body

Flexible rail

Silicon incision through soft tissue

Vertebra
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1

2

3

9

5

4

6

7

8

1 Human skin

2 EEG sensor tattoo

3 Brain computer interface

4 Circulatory system

5 Nervous system

6 Phone tooth

7 Augmented reality contact lens

8 Shear thickening fluid body armour

9 Jaw bone
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Planetary gear

Knee motor

Ab/adduction joint

Bar linkage

Encoder mount

Hip motor

Enabled

181Diploma 18 - Off Grid Singularity



X

Y

Z

10m

35°

Enabled

The following images show the 
heightened abilities of the wearers 
of my exoskeleton design. It is 
clear that the relationship with 
the environment is instantly 
reshaped as the way the subject 
moves through is augmented.

Left ankle vertical translation (Y)

Centre of gravity rotation (Z)

Centre of gravity vertical translation (Y)
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X

Y

Z

10m

35°

With the resulting abilities from the augmented anatomy of the body that I am designing, 
the way in which we inhabit, experience and design the environment will also be reshaped.
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X

Y

Z

Centre of gravity rotation (x)

Right ankle vertical translation (Y)

Centre of gravity vertical translation (Y)
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X

Y

Z

As in the discipline of parkour, once ability is amplified, architectural elements forming 
space have completely reshaped significance. 

The wanderer becomes the designer of the space.

185Diploma 18 - Off Grid Singularity



As mentioned earlier, my exoskeleton design is 
situated in our current context, approaching the 
inevitable technological singularity. We are 
merging with technology. 

As our bodies are augmented, and our abilities are 
amplified, or even redefined. Our relationship 
with space and the environment will also be 
reshaped. 

The following pages illustrate a comparison to 
show how my exoskeleton design me reshape some 
every day, general activities. 

The next step is to apply this enabled state, or 
augmented motion to the selected site across the 
Thames,  to design the augmented relation of 
the enhanced body with the built environment.

The Augmented Every Day
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45°

8mm

25-30mm

A

A

BB

750mm

2.20m

A B

2.80m
2.00m
2.50m

2.25m

A B

2.50m
190mm
201mm

3.00m 212mm
3.37m 225mm
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1500mm

600mm

1500mm

500mm

500mm

45°

45°
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900mm

>6000mm

>3000mm

600mm
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“Every phenomenon manifests itself of its own accord. This manifestation 
is always distinct from form, and is the essence of the immediate, the 
trace of the immediate.” Yves Klein
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2m

900mm

1250mm

900mm

200mm

300mm

62.5mm

Desirable slope, 1:10-1:8

landing

maximum 18 steps

6°

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher194



1m

1.8m

1.8m

1m
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Site

The site for my bridge design, as mentioned earlier, is the site where the proposed Garden 
Bridge, by Heatherwick Studio, is set to be constructed. In between Waterloo Bridge and 
Blackfriars Bridge as shown by the image.
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287m

238m

32m

296m

A3211 Victoria Embankment

594m

Foot path

Riverside walkway

24m

50m

5m

282m
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287m

238m

32m

296m

A3211 Victoria Embankment

594m

Foot path

Riverside walkway

24m

50m

5m

282m

Scale

Garden Bridge sectionGarden Bridge plan
Source: Heatherwick StudioSource: Heatherwick Studio

Scale 50m50m
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Jump angle - θ / °

Initial vertical velocity/ms-1 Final vertical velocity/ms-1

Initial horizontal velocity/ms-1 Final horizontal velocity/ms-1

Final run velocity/ms-1

Change in Direction - θ / °

Viy = Vi sin(θ) Vfy = Viy + at

Vix = Vi cos(θ) Vfx = Vix + at

Vrf = Vri + at

Vertical Motion

Horizontal Motion

Initial jump velocity - Vi / ms
-1

Gravitational acceleration - g / ms-2

Run acceleration - a / ms-2

f = ma

f = ma

f = ma

Gravitational force - Fg / N

Drag force - Fd / N
Drag acclelration - d / N

Initial run velocity - Vri / ms
-1

jump time / s

run time / s
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Vertical displacement/m

Final resultant velocity/ ms-1

Landing angle/ ° 
Horizontal displacement/m

sy = Viyt + 1/2at
2

vf =  vx
2 + vy

2

θ =  cos-1 (vx / vy)
sx = Vixt + 1/2at

2

jump time / s

run time / s

After establishing the parameters, relationships and possible constraints 
of enhanced movement, I have used further scripting tools to generate swarm 
behaviours based on the logics shown, and on interactions between the moving 
agents. 

As shown in section 6, the exoskeleton will have sense enhancing abilities, 
allowing the body to cope with the enhanced movements that the brain is not 
accustomed to. Therefore, as driverless cars operate, the wearer of the 
skeleton will have the sense of predicting trajectories of the swarm of 
people to avoid or join a stream of motion, depending on the intentions of 
the performer.

The following pages show some screenshots of the generated behaviours as 
different parameters were tested.

Designing with Movement
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V
1

V
2

V
3

V
4

jump 1 height

run 1 displacement

run 2 displacement jump 2 height

jump 1 range

Using visual scripting program, Grasshopper (a plugin for 
Rhino), I have scripted the same set of relationships 
discussed in section 4.8 to map the footprint of augmented 
motion on site. This script however links both trajectories, 
that of the run and the jump. The logic behind the script, and 
the embedded laws of dynamics are explained in the diagram on 
the following page. The image below shows a screenshot of the 
script applied to a single agent.

The next step is to feed in the augmented motion logics onto 
many agents to map a hypothetic scenario where hundreds of 
people are free-running or performing parkour in the city 
using the exoskeleton I have designed.

Simulation Results
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Number of enhanced humans: 30
Jump range: 10-50m
Separation factor: 80% 
Cohesion factor: 20%
LIDAR range (range of vision): 20m

Number of enhanced humans: 20
Jump range: 5-10m
Separation factor: 80% 
Cohesion factor: 10%
LIDAR range (range of vision): 3m

Number of enhanced humans: 3
Jump range: 40-60m
Separation factor: 50% 
Cohesion factor: 50%
LIDAR range (range of vision): 10m

Number of enhanced humans: 200
Jump range: 30-60m
Separation factor: 50% 
Cohesion factor: 50%
LIDAR range (range of vision): 10m
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238m

287m

25m
10m

10m 25m

238m

45m

90m

75m

60m

15m

Site axonometric : Regular humans

Site axonometric : Interrupted bridge - potential regions for 0-5% enhancement 

Site axonometric : Interrupted bridge - potential for 5-200% enhancement

Regular humans

Walkway

5 tracks

Walkway
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238m

45m

90m

75m

60m

15m

Scale 25m

Bridge Axonometric

Number of enhanced humans: 5
Jump range: 5-60m
Separation factor: 50% 
Cohesion factor: 80%
LIDAR range (range of vision): 5m

207Diploma 18 - Off Grid Singularity



Scale 100m
Bridge Design
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Scale 40m

209Diploma 18 - Off Grid Singularity



View from Waterloo Bridge
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Hydraulic actuator

Lightweight metallic rail

Steel Bar - 300mm diameter

Silicon Padding

2

4

1

3

Scale 0.2m

1

34

2

3
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As outlined in the start of this thesis, we are approaching the technological 
singularity. When we merge with the technology we create, the condition of our 
bodies change, and our relationship with space is redefined. Therefore, I 
have positioned myself in the relationship between the body, the machine and the 
environment. 

Taking inspiration from the way the parkour community exploit the full potential 
of their bodies to design their own experiences of the spaces they move through 
has offered valuable insight in understanding the possible implication of such 
enhanced ability.

Thoroughly investigating the laws of dynamics that govern motion throughout this 
thesis allowed me to identify a new terrain of design opportunities that 
operate on the boundary between the body and the environment. Designing 
scenarios using the abilities of the body as well as the physical properties 
and dynamic laws of the environment offered an alternative design approach, one 
where the form is not a defined structure, but a set of physical relationships 
that allow for the amplified abilities of the bodies in motion through the 
enabling technologies of the exoskeleton. In a way the moving bodies become 
the building blocks of the architecture, the space is defined by the 
dynamic combinations of bodies constructing their everyday experiences whether 
collectively or individually.

Conclusion
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