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"We become what we behold. We shape our tools and then 
our tools shape us.” Marshall McLuhan



I am fascinated by the story of evolution. It all started with physics when 
the Big Bang started an endless existence, a universe, possibly multiple ones, 
where atoms link together in countless ways to create information structures. 
Various combinations of the atom can create increasingly complex molecules, 

physics gave birth to chemistry. 

Billions of years later a key molecule in our history emerged, one which could 
precisely encode lengthy strings of information and generate entire organisms 
that function according to these “programs.” This key molecule is known as DNA, 

chemistry gave birth to biology.

At an increasingly rapid rate, organisms evolved communication and decision 
networks called nervous systems, which could coordinate increasingly complex 
parts of their bodies as well as their behaviours. Neurons making up those 

nervous systems aggregated into brains, biology gave rise to neurology. 
The brain rapidly evolved into its most complex form, the mammalian brain, the 
only on capable of hierarchical thinking. 

Our brains gave rise to yet another level of abstraction. We have used the 
intelligence of our brains as well as our physical bodies to manipulate 

the environment we inhabit to build tools, neurology gave rise to 
technology. It is only because of our tools that our knowledge base has been 
able to grow without limit.

“As the most important phenomenon in the universe, intelligence is capable 
of transcending natural limitations, and of transforming the world in its 

own image. In human hands, our intelligence has enabled us to overcome the 
restrictions of our biological heritage and to change our selves in 
the process. We are the only species that does this.” How to Create a Mind, Ray 
Kurzweil.
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Foreword



The technological singularity is imminent. We are approaching a point in time where 
evolution will result in another paradigm shift similar to that moment nearly 200,000 
years ago when the first homo sapien stood up.

In the current context where our bodies are merging with the technologies we create, my 
thesis investigates ways in which augmentation of the body will influence the every day 
of the human condition, with respect to movement through space in particular.

PostHuman Derive highlights a design approach on a variety of scales and media. From the 
static human body, the implications on motion and ability, to the overall construct of 
the city. The project takes the Parkour community as the current step into a new form of 
mobility, one that uses the full potential of the body to move freely within the city 
that was designed to control the strollers path.

Fundamentally, the relationship between the body and its surroundings is being looked at. 
Looking at current trends in techonlogical development the thesis projects possibilities 
for an augmented human body for the parkour community, and suggests how the architectural 
and urban experience may be rethought where inhabitants of the city actively participate  
individually and collectively in the construct of their overall experience.  

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher8

Thesis Outline



To design for enhanced motion of the body, on the boundary between interventions to 
the body and to the environment, I have been undergoing a thorough research and design 
process in the following areas:

• Understanding the philosophies, way of life and abilities that are associated 
with the Parkour community by joining their tribe and performing with them. This 
allowed me to identify and make decisions on the desired performance enhancements and 
understanding the unique way they perceive and move through space.

• Searching and comparing, across various disciplines, to identify potential 
technologies that may be used to merge with the body, in order to investigate the 

potential for achieving the desired enhanced performances.

• Using motion capture technologies to understand and experiment with the framework 

that governs the laws of motion and dynamics, to discover the parameters that 
can be designed with and the physical quantities that need to be achieved/
overcome at the scale of the environment and the body.

• An ongoing process of designing and reappropriating technologies to allow for 

abilities and scenarios for motion enhancement, and understanding the impacts 
of those technologies towards fully designing an ability enhancing exoskeleton. 

• Trough site specific simulations I am testing the possible impacts of enhanced 
motion as a driver for the architectural design process of the 
bridge. Mapping the data of augmented motion due to the exoskeleton on site allows 
for testing various ways in which the site can be experienced or navigated through.

Fundamentally the thesis aims to rethink potential design opportunities by analysing 
and designing potential ways the body can move through space in an off grid manner, 
redefining its relationship with the environment as shown within the Parkour community. 
Designing for enhanced performance, in my approach, occurs at the level of the body as 
well as the environment positioning my role as the designer in this blurred boundary 
where a fluid relationship can be drawn, a seamless integration between the body and its 
surrounding space where it is unclear which is defining the other.
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Technical Thesis Outline

“Here is one of the few effective keys to the design problem — the ability of the designer 
to recognize as many of the constraints as possible — his willingness and enthusiasm for 
working within these constraints. Constraints of price, of size, of strength, of balance, 
of surface, of time and so forth.” Charles Eames
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In the Diploma 18 tribe we position ourselves this year in mankind’s current progression with respect 

to Gordon Moore’s exponential progression curve. We are in a reality approaching the technological 
singularity. Since the first Homo Sapien stood up and picked up his/her first stick, we were set on an 
exponential evolutionary path, one that has superseded biological evolution and has always been the prime 

catalyst of progression.

PROJECT NAME is an investigation into the coming of the inevitable technological singularity, where man 

and machine merge. PROJECT NAME looks at the every day nature of a scenario where our everyday 
actions are augmented, our abilities are amplified and the relationship between 

man, machine and environment is redefined.

2.2 Embodying Domestic Activity

1] Off-Grid Singularity

3] Anatomy of Augmentation

2] Body, Machine and Environment

4] Experiment : Physics of the Stroll 0-5% Enhancement

5] 200% Enhancement : Anatomy of Singularity

6] Bridge : Designing the Augmented Derive

1.4 Way of life

3.5 Flight

4.5 Motion Capture : Fundamental Parkour Choreographies

1.5 Off-Grid Living

2.4 Air Architecture

3.6 Stick

4.6 Structure of Ability

1.6 Architecture of Particles

2.5 Design for Ability

3.7 Sense

4.7 Parameters of the Jump

4.8 Architecture of Dynamics

4.9 5% Enhancement : Environment

4.10 Conclusion

2.6 Villa NURBS Case Study

2.7 Conclusion

3.8 Conclusion

1.3 Home is the solution

2.3 The Body, the Garment and the Structure

3.3 Strength

3.2 Protection

4.3 Kinect Motion Sensor

4.2 Apparatus

1.2 Global Warming Scenario

3.4 Speed

4.4 Procedure

1.1 Technological Singularity

5.1 Ability Augmentation Exoskeleton

7.1 Site

5.4 Amplifying Speed

7.4 Bridge Design

5.2 Protective Layer

7.2 The Augmented Derive

5.5 Flight

7.5 Blurred Line

5.3 Strength Exoskeleton

7.3 Designing with Movement

5.6 Customised Abilities

7.6 Conclusion

5.7 Enabled

5.8 Conclusion : The Augmented Every Day

2.1 The Vehicle, the City and the Home

3.1 History of Ability Augmentation

4.1 Aim



Off-Grid Singularity

11



Predictions presented by Gordon Moore - 1965
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DELL Dimension 8400

1997: Deep Blue defeats Garry 
Kasparov (chess world champi-
on) at chess

2012: Google Brain recognises 
a cat by itself after watch-
ing 10,000 youtube videos.

2012: 700Tb of data stored in 
1 gram of DNA

2015: IBM Blue Gene simulates 4.5% 
of the human brain.

2029: Ray Kurzweil predicts that 
artificial intelligence will 
surpass human intelligence.

2045: Ray Kurzweil predicts that 
artificial intelligence computing 
power will surpass all human minds 
combined according to his Law of 
Accelerating Returns.

2009: IBM Blue Gene simulates the 
brain of a cat.

2011: IBM Watson defeats 
Jeopardy world champions.

1953: Arthur Samuel Programs 
the first Machine Learning 
computer to teach itself 
checkers.

1964: Jospeph Weizenbaum 
develops ELIZA, a machine 
that simulated a psychothera-
pist. Was actually mistaken 
for a huma by some.

1976: Steve Jobs and Steve 
Wozniak release the first 
apple computer.
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All Human Brains 
Combined
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Electromechanical Relays Vacuum Tubes Transistors Integrated Circuits Organic Matter

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher12

1.1 Technological Singularity

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. 

“Our intuition about the future is linear. But the 
reality of information technology is exponential, and 
that makes a profound difference. If I take 30 steps 
linearly, I get to 30. If I take 30 steps exponentially, 
I get to a billion.” Ray Kurzweil

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

Source: Gordon, Moore, Cramming More Components onto Integrated Circuits, 1965
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“The thing that is amazing about cities 
is as they grow, their dimensionality 
increases. That is, the space of opportunity 
just continually increases.[...] One of 
the great things about cities is that it 
supports crazy people. Well, that's good. 
Cities are tolerant of extraordinary 
diversity.” Geoffrey West

Enric Ruiz Geli - Simon Taylor Ibrahim Muasher14

1.2 Global Warming Scenario

Where has this outburst in technological evolution got 
us so far? The exponential nature of technological evolution 
began to more dramatically show its symptoms only a few centuries 
ago. Rapid industrialisation and growth of the man made world has 
strongly reshaped the systems which used to govern our world. There 
is always an adjustment period when great change occurs, however 
natural systems have a way of self regulating and restoring balance 
in order to survive. The symbiosis of man and technology is no 

different, I see technology as a natural extension to 
biology, after all technology is a product of biology, 
a product of nature. 

Buildings are responsible for more than 40% of global 
energy use and one third of global greenhouse gas emissions, 
both in developed and developing countries.1 The main source 
of these greenhouse gas emissions from buildings is energy 
consumption, but buildings are also major emitters of other non CO

2
 

greenhouse emissions such as halocarbons.

Furthermore, according to the World Economic Forum, climate change 

is the most severe global economic risk of 2016. The 
nonprofit economic analysis institution has labeled climate change 
or related environmental phenomena—extreme weather, major natural 
catastrophes, mounting greenhouse gas levels, water scarcity, 
flooding, storms and cyclones—among the top five most likely and 
significant economic threats the world faced in each of its annual 
reports since 2011.2 

The world has experienced unprecedented urban growth in 
recent decades. In 2008, for the first time, the world’s population 
was evenly split between urban and rural areas. There were more 
than 400 cities over 1 million and 19 over 10 million. More 
developed nations were about 74 percent urban, while 44 percent 
of residents of less developed countries lived in urban areas. 
However, urbanization is occurring rapidly in many less developed 

countries. It is expected that %70 of the world population 
will be urban by 2050, and that most urban growth will occur 
in less developed countries.3

The buildings that compose our cities are one of the most prominent 
causes of climate change, and as a result one of the leading causes 
of economical problems. Nevertheless, although buildings are 
gradually becoming more efficient, the rate at which our cities 

are growing is exponentially increasing. A radical rethink 
is required in the way our cities are composed, 
constructed and lived in.

1 http://www.unep.org/sbci/pdfs/SBCI-BCCSummary.pdf
2 http://www.scientificamerican.com/article/top-economic-risk-of-2016-is-global-warming/ 
3 http://www.prb.org/Publications/Lesson-Plans/HumanPopulation/Urbanization.aspx

CO
2
 emissions from buildings (including through the use of electricity)

Source:http://www.scientificamerican.com/article/top-economic-risk-of-2016-is-global-warming/
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1.3 Home is the solution

Technology has always evolved alongside mankind, ever since the 
first Homo sapien stood up and picked up a stick to extend his/her 
reach technology was born. However, the rate evolution of technology 
enormously outgrew that of biology. 

We are at a stage where technology is merging with biology, it 
is crucial to understand this relationship and what it means for 
civilisation. Technology has shaped our possessions, homes, cities, 
cultures and every day lives. This is what I refer to as home. 

Home is the every day, how is the everyday reacting to the 
exponential progression of technology?

Fundamentally, technology separates humans from all other creatures  
due to our ability to manipulate matter to extend our own reach. To 

make possible what our bodies do not allow. Technology augments 
our abilities, influencing all aspects of every day life.

As our abilities are being augmented, this redefines our relationship 
with the environment, the way we experience it.

Virtual reality maze design tested at Watermill Centre, New York
Photo taken : 3rd November 2015

“Our technology, our machines, is part of 
our humanity. We created them to extend 
ourselves, and that is what is unique about 
human beings.” Ray Kurzweil
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Source : Photographed by Harry Shunk and Jean Kender 1960

Leap into the Void - Yves Klein 
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1.4 Way of life

Como el Musiquito en la Piedra – Pina Bausch

“I like leaving home as much as I like to 
come to it [...] Homesickness is always also 
aliensickness.” Pina Bausch

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.

This longing Bausch talks about describes our every day pursuit of 
extending our reach. Exploring the environment and what is possible 
through our bodies, but also discovering the impossible, longing for 

the alien. Breaking off the grid that governs the every 
day, whether that grid is the city, society or the body itself.  

Before Yves Kleinw as recognised for any of his artwork, he was a 
master of his body through practicing Judo. In this piece (left) 
Klein is depicting liberation from social and cultural conventions 

at the time, suggesting an off grid way of life created by free 
movement of the body limited by nothing but the imagination. As 
in his carefully choreographed paintings in which he used nude female 
models dipped in blue paint as paintbrushes, Klein's photomontage 
paradoxically creates the impression of freedom and abandon through 
a highly contrived process. 

Embodiment is the phenomenon through which we experience the 
everyday environment, as we anticipate the technological singularity 
the relationship between body and environment is continuously being 
redefined. 

Source : Photographed by Ania Beutler
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Space is created by the occupant, the way they chose to move 
within it and the limits set out by the body

Diploma 18 Tribe Dance at Watermill Centre

Source : Performance recorded 3rd November
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1.5 Off-Grid Living

The notion of strolling through the every day environment or the city 
in a playful and free fashion, brings to mind the Theory of the Derive, 
by Guy Debord. Literally translated to drifting, the derive refers to 

a technique of rapid passage through varied ambiances. In a 
derive 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 action, and let themselves be drawn by the attractions of 
the terrain and the encounters they find there. 

Parkour performers or freerunners can be seen as an ideal example of 

free movement through the environment. They move freely through 
the grid/city that was designed to control the movement 
of people. There is a lot to learn from this community, as they 
redefine the relationship between the body and space by exploiting the 
movement of the body to its full potential, using the environment as a 
facilitator for that movement rather than a boundary.

The wall suddenly transforms from a space defining boundary to an 

ability enabling force. Architecture, and the environment, in 
general, are looked at from the perspective of the body and 
abilities, the space is used for alternative reasons than 
was intended or designed. Parkour off grif tribe

Source: Tim Shieff
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Freerunners become the designers of the city through their 
movement, the stroll through the city becomes a Flaneur 
constantly searching for more.

Comparing parkour movement to regular (grid) movement



Enric Ruiz Geli - Simon Taylor Ibrahim Muasher22



23Diploma 18 - Off Grid Singularity

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.



Enric Ruiz Geli - Simon Taylor Ibrahim Muasher24

As we anticipate the singularity, can technology further enable the 
body? Can we break free of the restrictions our body offers and 
evolve to a different state of embodiment, a new relationship with 
the environment? Free-runners redefine the every day functions of 
architectural elements, as technology empowers us and enhances our 
abilities, can this become an every day condition? 

The drawing on the right illustrates the main performance locations 
for free running performers. I envision a scenario where technology 

enables us to move freely through the city as a new form of mobility. 
A scenario where the movement and our enhanced abilities 
design the city achieving a seamless, “natural” merging 
between man, machine and environment. 

My design thesis will take the form of designing an 

In pursuit to achieve an enhanced relationship between machine, 
body and space, where the body  becomes the designer of the space 
as seen in Parkour performances. Also to envision what impacts free 
movement and enhanced ability could have on the environment.

Exoskeleton +  a Bridge
1.6 Architecture of Particles

Sketches of enhanced movement through London

Source: Photos taken on 20th January 2016



Rowley Way :
NW8 0SF
Belsize Priory Health Center :
NW6 4DX

Balfron Tower :
E1 8JN

Barbican Center :
EC2Y 8DS

Heygate Estate :
SE17 1NA

Community Sports Centre 
Skate Park :
W2 5EZ

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

Vauxhall Walls :
SE11
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Exoskeleton +  a Bridge
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The selected site is to replace the proposed Garden Bridge 

across the Thames. I aim to propose an alternative 
crossing of the Thames designed by and for the 
resulting abilities of the enhanced human.

I am exploring a design process that looks at the architecture 
from the perspective of the body as well as the environment 
simultaneously, never separating the two. Taking Parkour and 
free running as an inspiration for redefining the relationship 
between body and environment through the full exploitation of 
the body and its abilities. 

As we approach the singularity, I am investigating what our 
full potential abilities could soon become as we are gradually 
merging with technology. The possibilities in the way we embody 
the every day space are being redefined, I am looking at the 
implications of that on the way we design architecture and 
experience the environment.

Architecture is designed by designing the 
abilities of the occupier.

Left: Site map showing proposed Garden Bridge - Heatherwick Studio

Below: Concept sketch of bridge designed by extreme, augmented motion
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As we anticipate the technological singularity, this section brings to attention a number of case studies 
that begin to challenge the norm of the design and construction industries. The use of cutting edge 

technologies is allowing for some remarkable performative and evolutionary architectures that challenge the 

way we design, build and inhabit space. My analysis of the following case studies illustrate a glimpse 
into reconstructing our relationship between people, technology and inhabitation of our 

environment.

Each of these examples suggest an alternative relationship between the architecture and its user.

2.2 Embodying Domestic Activity

1] Off-Grid Singularity

3] Anatomy of Augmentation

2] Body, Machine and Environment

4] Experiment : Physics of the Stroll 0-5% Enhancement

5] 200% Enhancement : Anatomy of Singularity

6] Bridge : Designing the Augmented Derive

1.4 Way of life

3.5 Flight

4.5 Motion Capture : Fundamental Parkour Choreographies

1.5 Off-Grid Living

2.4 Air Architecture

3.6 Stick

4.6 Structure of Ability

1.6 Architecture of Particles

2.5 Design for Ability

3.7 Sense

4.7 Parameters of the Jump

4.8 Architecture of Dynamics

4.9 5% Enhancement : Environment

4.10 Conclusion

2.6 Villa NURBS Case Study

2.7 Conclusion

3.8 Conclusion

1.3 Home is the solution

2.3 The Body, the Garment and the Structure

3.3 Strength

3.2 Protection

4.3 Kinect Motion Sensor

4.2 Apparatus

1.2 Global Warming Scenario

3.4 Speed

4.4 Procedure

1.1 Technological Singularity

5.1 Ability Augmentation Exoskeleton

7.1 Site

5.4 Amplifying Speed

7.4 Bridge Design

5.2 Protective Layer

7.2 The Augmented Derive

5.5 Flight

7.5 Blurred Line

5.3 Strength Exoskeleton

7.3 Designing with Movement

5.6 Customised Abilities

7.6 Conclusion

5.7 Enabled

5.8 Conclusion : The Augmented Every Day

2.1 The Vehicle, the City and the Home

3.1 History of Ability Augmentation

4.1 Aim



29

Body, Machine and Environment
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2.1 The Vehicle, the City and the Home

The Slow House by Diller Scofidio Renfro throughly analyses the 

relationship between the city and the country side, the 
automobile and the home, the window and the windshield. The form 
of the building is based on a series of events when traveling from the city 
to the countryside. 

The large facade at the end of the house facing the ocean is an early example 
of augmented reality. A TV screen was showing a live feed of the same view 
that would be seen from that part of the transparent facade. However, the 
technology would offer the occupier to change that part of the view to 
different times or ambiances. This idea was inspired by the varied ambiances 
experienced through the automobile windshield. 

“There is no front facade, only a front door, 
the house is conceived as a passage from 
physical entry to optical departure ” Lizz 
Diller.

Slow House model  

Slow House model  

Source: Diller Scofidio Renfro

Source: Diller Scofidio Renfro
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2.2 Embodying Domestic Activity

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’ needs. 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

RV House - Greg Lynn
1:5 Carbon Fibre Model  

RV House - Greg Lynn Sections

Source: Photographs by Wouter Van Vaerenbergh

Source: Drawings by Greg Lynn Studio
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2.3 The body, the Garment and the Structure

The Blur building is an architecture of atmosphere. The 
atmosphere is a result of a combination of natural 
and man made forces, interacting and generating the 
architecture as a byproduct of behaviour.

The framework allows for the mist and the mist acts as a projection 
medium by reflecting the light emitted from the brain coats. 
The Brain coats are tied into the survey prior to entry and the 
information projected onto it is managed by an external server.

Based on the identity or behaviour of the inhabitants (defined by a 
set of rules in the aforementioned survey), the Brain Coats allow the 
bodies to sense one another, and for the environment to sense that 
interaction, responding to it and thereby influencing the way it is 
inhabited. A continuous loop that always appears in natural systems.

The Architecture is generative, 
building up due to a symbiotic set 
or relationships within a network 
of agents.

Diagram: Linking infrastructure, atmoshphere and the inhabitants

Interface linked to Brain Coats

Pumps

Sand filters

CPU (regulates water pressure)

Water intake pumps

Weather station

Nozzles

Blur Pavilion

Source: Diller Scofidio Renfro

Source: Diller Scofidio Renfro
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Brain Coaats virtual network field

Brain Coaats

Source: Diller Scofidio Renfro

Source: Diller Scofidio Renfro
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2.4 Air Architecture

While lying on the beach in Nice one day, eighteen-year-old 
Yves Klein and his friends decided to divide the world up among 
themselves. Klein (1928-1962) chose the air, the cloudless sky. 
He remained fascinated with the element and its immaterial quality 
throughout his life. In the late fifties, he and the German 
architect Werner Ruhnau developed plans for an "architecture of air" 
composed of walls and roofs of air-as represented, for example, in 
the idea of the "Temple of the Elements" with fountains of water and 
fire and a café protected against the rain only by air currents. 

Klein associated this idea with a philosophy of optimism 
devoted to the creation of a paradise on earth, a Garden of Eden 

in which human beings would be free to pursue their own 
interests.

Designing using forces. 

Air roof test Yves Klein

Air Architecture

Source: http://www.yveskleinarchives.org/works/works16_us.html

Source: http://www.yveskleinarchives.org/works/works16_us.html
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2.5 Design for Ability

Maison a Bordeaux is a house where technology meets architecture to 
create an environment that reinforces the abilities of its occupiers. 

The client, Jean Francois Lemoine, was paralyzed as a result of an 
automobile accident and wanted a home that could meet their own needs 
and at the same time it was a home for the whole family: a solution 
that combines two parallel lives. 

OMA proposed a house where the owner would have their own “space” 

, or rather “station”: the lifting platform. The motion of the 
elevator continuously changes the architecture of the 
house. A machine is its heart.

Designing using forces. 

Maison a Bordeaux sections

The School of Architecture at Southern Illinois University
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2.6 Case Study : Villa NURBS

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. 

:

:

:

:

Cloud9 - Enric Ruiz Geli

Castelló d’Empuries, Girona, Spain

420m2

€3,000,000

Villa NURBS elevationVilla NURBS plan

Villa NURBS axonometric 

Source: Cloud9

Source: Cloud9
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“How can you have a carbon 
fibre speedboat, and live in a 
Flinstones’ house.” Enric Ruiz 
Geli

Villa NURBS arial view

‘virus’ in a kisch paradise
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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.

LED display at entrance

LED display at entrance

Source: Cloud9
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Drawings to be sent for fabricationCad drawings for wood form work

Base Construction

CAD CAM communication process due to the highly bespoke nature of most elements of Vila NURBS. 

Source: Cloud9

Source: Cloud9 Source: Cloud9
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30m Cantiliever

Concrete ‘sprayed’ into formwork Services installed
Source: Cloud9 Architects

Source: Cloud9 Architects
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Corian facade fabrication

Unique corian units for facade

It could be said that the 
house is SCALE-LESS as almost 
every element was custom 
fabricated. 

Source: Cloud9 Architects

Source: Cloud9 Architects
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Window fabrication

LED array for communication LED display

Ceramic facade detailing against solar data.

Source: Cloud9 Architects

Source: Cloud9 Architects

Source: Cloud9 Architects Source: Cloud9 Architects
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As mentioned earlier, all the “ingredients” of Villa NURBS were custom made and 

fabricated for that particular project. The building 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.

Ceramic facade detailing against solar data. Ceramic cladding fabrication

Projection mapping for facade design tests

Projection mapping for facade design tests

Source: Cloud9 Architects Source: Cloud9 Architects

Source: Cloud9 Architects

Source: Cloud9 Architects



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 
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Dissecting the anatomy of Vila NURBS



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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Rescaling Vila NURBS to the body



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.”

I am challenging of the scale-less nature of Vila 
NURBS, by rescaling ints constituent elements onto the 

human body. When designing for the body, arhcitecure 
can be seen as more of an extension of the 
wearer’s abilities, the wearer becomes the designer 
in the way they use their augmented embodiment to 
experience the surrounding environment.
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Sketches for potential Vila NURBS 2.0 - Rescaled 
to the body
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2.7 Conclusion

The various relationships apparent in the 
aforementioned examples, and Villa NURBS cases 
study highlight reveals the fluidity in the 
relationship between the body, the device 
and the built environment. It is within this 
relationship where architectural design takes 
place in my opinion. 

Moving on from this section I will continue 
to establish such a fluid, blurred 
relationship between the flesh, the 
machine and the architecture within 
the context of singularity and 
enhanced human capabilities.

Villa NURBS rescaled to the body
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Villa NURBS

Villa NURBS rescaled to the body

Source: Cloud9 Architects
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There are various technological endavours to augment human abilities across a wide range of 
disciplines. In this section I look at a number of examples for designing for the body, to 

enhance certain aspects of its abilities, in an attempt to compare the extent by which various 
organisations and disciplines were able to amplify abilities. Furthermore, this section will 

look at the nature of abilities that may be designed for people.

2.2 Embodying Domestic Activity

1] Off-Grid Singularity

3] Anatomy of Augmentation

2] Body, Machine and Environment

4] Experiment : Physics of the Stroll 0-5% Enhancement

5] 200% Enhancement : Anatomy of Singularity

6] Bridge : Designing the Augmented Derive

1.4 Way of life

3.5 Flight

4.5 Motion Capture : Fundamental Parkour Choreographies

1.5 Off-Grid Living

2.4 Air Architecture

3.6 Stick

4.6 Structure of Ability

1.6 Architecture of Particles

2.5 Design for Ability

3.7 Sense

4.7 Parameters of the Jump

4.8 Architecture of Dynamics

4.9 5% Enhancement : Environment

4.10 Conclusion

2.6 Villa NURBS Case Study

2.7 Conclusion

3.8 Conclusion

1.3 Home is the solution

2.3 The Body, the Garment and the Structure

3.3 Strength

3.2 Protection

4.3 Kinect Motion Sensor

4.2 Apparatus

1.2 Global Warming Scenario

3.4 Speed

4.4 Procedure

1.1 Technological Singularity

5.1 Ability Augmentation Exoskeleton

7.1 Site

5.4 Amplifying Speed

7.4 Bridge Design

5.2 Protective Layer

7.2 The Augmented Derive

5.5 Flight

7.5 Blurred Line

5.3 Strength Exoskeleton

7.3 Designing with Movement

5.6 Customised Abilities

7.6 Conclusion

5.7 Enabled

5.8 Conclusion : The Augmented Every Day

2.1 The Vehicle, the City and the Home

3.1 History of Ability Augmentation

4.1 Aim
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Anatomy of Augmentation



ExtraVehicular Mobility Unit
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The extent to which body augmentation can be taken could be high-
lighted by 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 extravehicu-
lar mobility units.

A spacesuit is more than clothing for astronauts in space. It can 

be thought of a bespoke spacecraft to the body, protecting 
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 following 
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 

3.1 History of Ability Augmentation

Project Mercury - 1959

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

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 
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Hardiman Electric Exoskeleton 1967

Hadriman electric exoskeleton  - General elec-
tric 1967
Source: http://www.freerepublic.com/focus/f-chat/2978520/posts

Hardiman is a name derived somehow, from 

“Human Augmentation Research and 
Development Investigation.” and 
Man from MANipulator. Sometimes written as 
HardiMan. 

The suit was funded by the U.S. military, 
and was designed to mimic the user’s natural 
movements, enabling him to lift up to 1,500 

lbs. Of course, this impressive power came 
at a price — the suit itself weighed 1,500 
lbs and included 28 joints and two grasping 
arms connected by a complex hydraulic and 
electronic network.

Ultimately, Hardiman’s size, weight, lack 
of stability, and power-supply issues 
kept it from ever being developed beyond 
an experimental prototype. We have come a 
long way since 1967 however, the following 
pages will show todays endavours by various 
institutions to augment human abilities with 
exoskeletons.
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Ralph Mosher (at the rear) and Art Bueche (to 
the left of the photo) with models of the Walk-
ing Truck and Hardiman.

Ralph Mosher (at the rear) and Art Bueche (to 
the left of the photo) with models of the Walk-
ing Truck and Hardiman.

Hardiman arm prototype.

Source: Museum of Innovation and Science
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3.2 Protection

Protective Armor

In various sports, the concept of protective armor is quite common.  
Sensitive areas or areas more prone to injury relative to that sport 
are usually covered up with a hard material to withstand impact.

More than 100 concussions are recorded each season in the NFL. Given 
the size and speed of today’s athletes, it’s surprising that more 
gridiron warriors aren’t carried off the field on their shields. 
For that, they can thank high-tech gear that protects them from the 
physics at play in the sport’s fearsome collisions.1 

1 http://www.popularmechanics.com/adventure/sports/a2954/4212171/
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Liquid Body Armor

Liquid body armor diagram

Point of impact

Traditional Kevlar Shear thickening fluid

Post impact

Soft and flexible state

Locks on shock

D30 - highly efficient STF material

Scientists have developed a non-Newtonian liquid so effective that 
when implemented into body armour, can not only stop a bullet, 
but prevent the shockwave from causing potentially lethal internal 
damage.

Called a Shear-Thickening-Fluid (STF), the liquid was developed 
by Polish company Moratex and its inventors at the Military Institute 
of Armament Technology in Warsaw.

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 
instantaneously, preventing bullets from piercing through.

As shown in the diagram below, when liquid armor is struck by a 
bullet the force is spread over a wider area. After impact the liquid 
armor returns to a flexible form. In the cross section, it can be 
seen that the depth of penetration is also less than in traditional 
Kevlar.
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3.3 Strength

HULC Exoskeleton

Motorised joints

Upper body exoskeleton

Exoskeleton frame

Wires running from the motors tug on the 
suit and boots

Body fastening straps

Lower limb fastening straps

Titanium frame

Power pack

2

3

4

5

6

7

8

1

Human Universal Load Carrier (HULC) 

HULC exoskeleton schematic 

Source: Ekso Bionics

Source: Ekso Bionics

1

1

1

4

4

3

3

2

8

2

5

5

2
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Developed by Ekso Bionics, Lockheed Martin and DARPA, human 
universal load carrier (HULC)is an un-tethered, hydraulic-powered, 
anthropomorphic exoskeleton designed specifically to fit around 
the body of a dismounted soldier. The system’s flexible design 
poses little to no restriction of movement, a crucial element for 
war-fighters using the system in theatre.

There is no joystick or control mechanism, instead sensors detect 
movement and, using an onboard micro-computer, make the suit 
to move in time with the body. The system’s titanium structure 
and hydraulic power augments the soldier’s ability, strength 
and performance, whereas its modularity allows components to be 
switched and replaced with ease.

Specifications:
• Weight, 53lb without batteries.
• Power, lithium polymer batteries.
• Electronics, flexible, expandable electronics architecture. 
Custom single-board microelectronics housed in a sealed 
enclosure. Heat sinks on actuators. No fans used or needed.
• Hydraulics, Efficient low-flow, high- pressure hydraulic 
system.
• Uses standard hydraulic fluid. 

Features:
• Range, 20 km on level terrain at 4 km per hour.
• Load Carriage: Up to 200 lb; carries front and back loads. 
• Speed, 3 mph march; up to 10 mph burst.
• Fits war fighters’ height range of 1.6m to 1.9m.

Extensibility:
• Wide variety of mission specific attachments.
• Capable of serving as backbone for integrated systems such 
as armor, heating or cooling systems, sensors and other custom 
attachments. 
• Long-range extended 72-hour mission model available.1 

1 http://www.lockheedmartin.co.uk/content/dam/lockheed/data/mfc/pc/hulc/mfc-hulc-pc-01.pdf

HULC Exoskeleton
Source: Lockheed Martin

Abilities:

Increased strength Enhanced ability 50% average human strength

Increased endurance Enhanced ability 130%

Load transfer Enhanced ability 80%
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XOS Exoskeleton

The XOS is one of the most advanced exoskeletons 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. 

The test called for Price to be, in effect, the exoskeleton, and his 
daughter to be the pilot. With her back to her father, she stepped 
up on his feet, her toes atop his. Then they held hands for balance 
and she began to walk. Price’s job was to stay in step, to keep his 
feet dir ectly beneath hers. Within a few minutes, they were moving 
in sync. His daughter made all the high-level decisions—how fast to 
walk, when to turn—and Price just tried to mimic her, step for step.

The demonstration proved for Jacobsen that, given a few points of 
contact—the feet and hands, in this case—a smart machine could 
interpret the intended movements of the person strapped into it 
and react accordingly. On the way to the finished XOS, Jacobsen 

and his group designed compact actuators, built improved force 
sensors, invented more-efficient hydraulic valves, and even 

machined the robot’s aluminum feet. But what Jacobsen calls 
his “get out of the way” control scheme is the big idea 
that brings it all together, the approach that transformed it from 
just another of his cool robots into a superhero suit. Obusek, who 
has personally tried the XOS, agrees. “A human will fatigue fairly 
quickly even with very little resistance,” he says, but the XOS’s 
control system reduces that drag to nothing.

XOS Exoskeleton arm detail
Source: Lockheed Martin

1

2

5

3

4
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XOS - Steve Jacobsen (Sarcos)

Hydraulic valves

Cables

Hydraulic pipes

Control unit / processor

Load carrier hook

Safety helmet

Power pack

Motion sensor

2

3

4

5

6

7

8

1

Sketches for military exoskeleton applications

Photos testing XOS exoskeleton

Source: Lockheed Martin

Source: Lockheed Martin

Source: Sarcos

Abilities:

Increased strength Enhanced ability 100%

Increased endurance Enhanced ability 120%

Load transfer Enhanced ability 130%

5
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Ekso bionic suit

Ekso Bionics uses the power of ingeniously designed machines 
to empower people. Ekso Bionics, a front-runner in robotic 

exoskeleton technology, which can replace or augment 
human capabilities. Led by Icelandic CEO Eythor 
Bender, the company has licensed its technology to Lockheed 
Martin for military use and sold its initial medical 
product, the Ekso, to rehabilitation centers throughout the 
U.S.A.1

Ekso bionics have explored a vision of a 3D printed exo-
skeleton. In this conceptual design Ekso bionics propose a 
mesh of 'swarming robots', creating a powered, 3D printed, 
exo-skeletal fabric that assists walking.

Though this shows a hypothetical example of a futuristic 
fabric, the concept is not beyond the realm of possibility.  
Mesh structures based on the human form have been taken to 
great lengths (look at NERVOUS System's Kinetic Dress, for 
example).  And swarming robots are now a regular exploration 
in the robotics world. The vision is that this will one 
day replace the wheelchair, offering those with Spinal Cord 
Injury a natural, discrete, comfortable way to return to 
ambulatory life.

In another concept project, Ekso are working on creating a 
highly customized hybrid robot that integrated the physical 
morphology of a specific user with the robot. 

The ‘test pilot’ shown was 3D scanned to provide the body 
reference geometry.  Designer Gustavo Fricke then modeled 
the interstitial parts that connected the subject’s body to 
the robot, allowing additional clearance for any parts that 
may result in bruising or circulation loss.  

The design had a secondary intent, which was to mitigate the 
utilitarian, robotic nature of Ekso’s machine.  The forms 
were deliberately fluid and sculptural, slightly suggestive 
of musculature. 

1 http://www.fastcompany.com/1822791/eksos-exoskeletons-let-paraplegics-walk-will-any-
one-actually-wear-one
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Abilities:

Enabling disabled to walk 

Load transfer Enhanced abilityy 100%

Customised joint motion to protect weak joints and manage con-
tractures

Step initiation option - controlled by patient’s own strength

Adjustable power individual to each leg - option to turn off 
power if patient has enough strength on that side

Reciprocal gait achieving trailing limb action

Variety of soft goods to accomodate/customise a wide range of 
body types

Fully supported device - patients only manage their own weight

2

3

4

5

6

1

1

1

2

3

5

6

4
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HAL Exoskeleton

Hybrid Assistive Limb (HAL)  - Cyberdyne

HAL-1 Type-B 
(1996-1999)

HAL-5 Type-C for walking support of a paraplegia patient

HAL-3(1999-2003) HAL-5 Type-B(2005)

Source: Cyberdyne

Source: University of Tsukuba 

Source: Yoshiyuki Sankai, Global COE Cybernics,System and Information Engineering, University 
of Tsukuba HAL: Hybrid Assistive Limb based on Cybernics

Used as an extension of the body structure, HAL (Hybrid Assistive 
Limb) is used to support movement and to lift weights. In medical 
purposes the suit is used by patients with disabilities to rise from a 
chair, to walk or to lift various weights. In constructions can be used 
in common activities, especially for carrying or picking up heavy loads 
that can’t be removed without assistance.

The company provided great assistance in intervening for removing 
radioactive residues appeared after the earthquake in Fukushima. 
This alone demonstrates its versatility and usefulness, the list of 
applications that can benefit from the usage of such a robotic suit is 
practically endless.

HAL is a cyborg type robot used to support and expand 
capabilities of the human body. Since 1992, when the project was 
launched, Cyberdyne released several versions starting with HAL 1, HAL 
3, and ending with HAL 5. Each version has brought improvements in 
mobility, lower weight and greater autonomy.

Control unit

Power units for lower limb 

Floor reaction force sensor

Bio-electric signal sensors

Angle sensor

Battery pack
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1

Control PC
with wireless LAN module

Power units
including potentiometers

Shoes
with floor reaction sensors

Batteries

Monitoring PC

Main body

Fastening equipment

Specifications:

• Height, 1.6m. 
• Weight, 23kg.
• Battery life, 2 hours and 40 minutes in a full working 
stage when the user can walk, lift weights, or use the 
suit for entertainment.
• Maximum lifting weight, 70kg.
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Control unit

Power units for lower limb 

Floor reaction force sensor

Bio-electric signal sensors

Angle sensor

Battery pack

Abilities:

Increased strength Enhanced abilitiy 40%

Increased endurance Enhanced ability 160% 

Enabling disabled to walk

Actual experiment (57-year-old male, SCI) Right leg 
joint angles with reference angles and power unit 
torques in each phase. His hip and knee joints follow 
the reference angles based on a healthy person’s walk 
most of one cycle of the supported walk.

Brain sends 
impulse to 
muscles

Bioelectrical 
signals appear 
on skin surface

Sensors pick up 
on the signals 
and sens impuls-
es to processor

Power units cal-
culate amount of 
power needed

Process responds 
even quicker 
than muscles

Source: Yoshiyuki Sankai, Global COE Cybernics,System and Information 
Engineering, University of Tsukuba HAL: Hybrid Assistive Limb based on Cy-
bernics

When a person moves the body, he or 
she first thinks about the motions in 
his or her brain. By thinking “I want 
to walk.” the brain transmits nec-
essary signals to muscles necessary 
for the motions through nerves. In 
the healthy body, each muscle is able 
to receive signals destined from the 
brain to it and move as strongly and 
fast as intended.

In order to actualize complex bodily 
motions for walking, the brain al-
ways controls number of muscles based 
on various information from the whole 
body. The device that was developed as 
an application of this principle, was 
HAL.

Signals sent to muscles by the brain 
leak on the skin surface as very faint 
signals, so called “bio-electric sig-
nals”. HAL is able to read BES by only 
attaching the originally developed de-
tectors on the surface on the wearer‘s 
skin. By consolidating various infor-
mation, HAL recognizes what sorts of 
motions the wearer intends.

HAL, in accordance with the recognized 
motions, controls its power units. 
This function enables HAL to assist 
the wearer‘s motions as he or she in-
tends and exerts bigger power than he 
or she ordinarily exerts.
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ATLAS Knee System - Moximed

The Atlas Knee System is an implantable joint unloader that works like 

a shock absorber for your knee. Placed subcutaneously alongside 
the knee joint, the Atlas System incorporates advanced biomaterials 
designed to provide a clinically beneficial 13 kg (30 lbs) of 
unloading. Importantly, the Atlas System absorbs excess joint load 
rather than transfer load to otherwise healthy areas of the joint.

The Atlas System features a streamlined surgical technique 
based on the patient’s own anatomy and allows the surgeon 
to visually confirm functional joint unloading during the procedure as 
shown on the opposite page.

Specifications:

• Small footprint. 
• Smooth absorber surface.

• Clinically beneficial 13 kg of weight unloading.
• No bone restriction, reversible procedure.
• Advanced materials with favorable wear characteristics.

Femur (upper knee bone)

Tibia (lower knee bone)

Smooth absorber surface (silicon)

Damper

Gaps for surgical pin insertion

Load absorber

Surgical fastening pins

Rotation joint

Titanium base
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Abilities:

Increased speed Enhanced ability 20%

Higher Jump Enhanced ability 30%

Increased endurance Enhanced ability 80%
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Increased speed Enhanced ability 20%

Higher Jump Enhanced ability 30%

Increased endurance Enhanced ability 80%

Identify femoral  medial 
epicondyle

Place guide pins

Introduce final implant

Confirm free movement 
and device function

Identify medial edge of 
tibia

Select absorber length

Determine tibial fixa-
tion point

Introduce trial and 
confirm implant function
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3.4 Speed

Running Jet Pack

Abilities:

Increased speed Enhanced abilitiy 5%

Running Jet Pack 

Running Jet Pack 

Source: Arizona State University

Source: Arizona State University

For a competition titled, 4 Minute Mile, held by the 
DARPA. Students and researchers at Arizona State 
University have designed a jet pack that propels the 
soldiers forwards increasing their speed.
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Bionic Boots

Abilities:

Increased speed Enhanced ability 300%

Higher Jump Enhanced ability 100%

Developed by San Francisco-based inventor, Keahi 
Seymour. Bionic Boots employ a series of large springs 
that mimic the Achilles tendon of an ostrich. With 
their wide, springy gait, ostriches can reach speeds of 
40mph (70 km/h), covering up to 5m in a single stride. 
Bionic Boots allow Seymour to reach an impressive 40 
km/h.
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Soft Exoskeleton

At the Wyss Institute of biologically inspired engineering at 
Harvard University, one particular area of interest is that of 
devices to assist the lower body for tasks such as walking, 
running, and supporting heavy loads. The vast majority of 
these are rigid exoskeletons, with links in parallel with 
the body that can impart torques to the joints, support 
compressive forces, and in many cases transmit loads to the 
ground. However, rigid exoskeletons have a high mass and 
inertia resulting in higher metabolic costs, and in many cases 
disrupt the natural movement of the wearer’s joints. 

At the Wyss institute, a few devices have been able to reduce 
the metabolic cost of certain activities, including tethered 
walking, running, or stationary activities such as squatting 
and hopping. This was done through designing and constructing 
artificial tendons, muscles and ligaments using structured 
textiles.

Knee joint

Hip joint

Suit tension

Foot switch

Internal measurement unit

Artificial tendons

Artificial ligaments

Strain sensor

Bio inspired tendon, ligament, skin architecture

Pressure sensor insole

Air source

Control hardware

Anterior muscles

Strain sensors

Artificial tendons

Posterior muscle

Actuator

Ankle joint
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Abilities:

Increased strength Enhanced ability 25%

Increased endurance Enhanced ability 100%

Load transfer Enhanced ability 20%

Increased speed Enhanced ability 20%

Higher Jump Enhanced ability 10%

18

2

3

1

5
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MIT Biomechatronics Lab

The Biomechatronics Group is one of over 20 research groups within 
the MIT Media Lab. The mission of thr biomechatronics group is two 
fold.  First, they seek to restore function to individuals who have 

impaired mobility due to trauma or disease through research and 
development. Second, we develop technologies that augment human 
performance beyond what nature intends. 

These objectives are met by combining the scientific discipline 
of organismal and cellular neuromechanics with the technological 
discipline of bionic device design.

Towards the goal of developing more comfortable, better-fitting 
wearable devices, tools such as FitSocket are being developed at the 
biomechatronics lab that can sense the properties of soft-tissues in 
human limbs. Further tools are being created that could understand the 

very biomechanics of the body, to design seamlessly integrated 
interventions to fit within such a dynamic system.

A powerful six degrees-of-freedom tethered wearable robotic system 
is proposed for understanding how a wearable robotic intervention 
worn on the legs of a human user influences the kinetics, kinematics, 
electromyography and metabolic cost of human locomotion. This device 
can be used to test hypotheses about building effective exoskeletons 
and prostheses, as well as realize different kinds of rehabilitation 
strategies. It can also be used to understand the effect of different 
types of wearable systems and associated sensing and control strategies 
on the movements of able-bodied or disabled persons. The wearable 
robotic simulator could be used as a tool for companies or institutes 

to develop exoskeletal, orthotic or prosthetic devices, or 
rehabilitation strategies. 

While the effects of series compliance on the biomechanics of various 
movements are well documented, the effects of parallel compliance with 
artificial augmentation are investigated. As many practical exoskeletal 
and orthotic designs act in parallel with the leg, it is desirable to 
understand the effects of such an intervention.1 Therefore, various 
designs augmenting human movement with prosthetics,  exoskeletons or 
implants have been designed at the Biomechatronics Lab.

During bouncing gaits such as hopping and running, leg muscles generate 
force to enable elastic energy storage and return primarily from 
tendons and, thus, demand metabolic energy. In an effort to reduce 
metabolic demand, we designed two elastic leg exoskeletons that act 
in parallel with the wearer’s legs; one exoskeleton consisted of 
a multiple leaf (MLE) and the other of a single leaf (SLE) set of 
fiberglass springs. 

Without accounting for the added weight of each exoskeleton, wearing 
the MLE reduced net metabolic power by an average of 6% and wearing 
the SLE reduced net metabolic power by an average of 24% compared 
with hopping normally at frequencies between 2.0 and 2.6 Hz. Thus, 
when hoppers used external parallel springs, they likely decreased 
the mechanical work performed by the legs and substantially reduced 
metabolic demand compared with hopping without wearing an exoskeleton.2 

1 http://biomech.media.mit.edu/#/portfolio_page/simulator/
2 Alena M. Grabowski and Hugh M. Herr, Leg exoskeleton reduces the metabolic cost of human hopping 

Wearable robotic simulator for human 
augmentation

FitSocket project

Exoskeleton part for running hopping 
and augmentation

Soft tissue regions

FitSocket frame

Amputee limb

Robotic sensors

Hard tissue regions
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Abilities:

Increased speed Enhanced ability 65%

Higher Jump Enhanced ability 50%

Increased endurance Enhanced ability 80%
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Increased speed Enhanced ability 65%

Higher Jump Enhanced ability 50%

Increased endurance Enhanced ability 80%

Exoskeleton straps

Exoskeleton stunt harness

Exoskeleton hip joint

Exoskeleton knee joint

Exoskeleton ankle joint

Exoskeleton leaf springs

Exoskeleton rigid frame

Breath monitoring apparatus to measure metabolic rates
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Spring-like forces offer a natural choice of perturbation 
for running, as they are both biologically motivated and 
energetically inexpensive to implement. An exoskeletal knee brace 
consisting of an elastic element engaged by a clutch is used to 
provide this stance phase extensor torque during the jump.1 

1 1 Alena M. Grabowski and Hugh M. Herr, Leg exoskeleton reduces the metabolic cost of human hop-
ping  

Single leaf exoskeleton

3 axis hip joint

Fixed knee joint

2 axis ankle joint
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3.5 Flight

Otto Lilienthal’s 
zweefvliegtuig (glider), 
the German engineer flew 
over 2000 flights. He even-
tually crashed to his death 
in 1896.

In 1911 the 
Wright Brothers 
made the longest 
non-motorized 
flight, almost 10 
minutes.

DeLackner Arocy-
cle 1954. They 
were ordered by 
the US Military, 
but were then 
deemed unsafe by 
pilots.

In 1955 Stanley 
Hiller debuts 
the Hiller 
VZ-1 Flying 
Platform, which 
includes two 
Nelson H-59 
engines, a fan, 
and two large 
propellers. 

1958, Thiokol Chemical Corporation markets 
its jump belt, a strap on rocket fueled by 
nitrojen tanks, not as a flying machine but 
as a device to enhance athletes’ jumping and 
running ability

1960, Bell Aerosys-
tems engineer Wen-
dell Moore develops 
the Bell Rocket 
Belt for the U.S. 
Army. The device 
runs on hydro-
gen peroxide and 
includes hand con-
trols for steering 
the flight. Problem: 
It can only thrust 
for 21 seconds.

History of the personalised flying machine

After over 30 years of development, New Zealand inventor Glenn 
Martin, has designed the Martin Jet pack, the world’s first, 
practical jetpack to be used in military, search and rescue, and 
first responder markets, as well as for recreational purposes.

Emergency parachute

Shock  absorbing landing legs

Control vanes, located underneath fans to 
deflect for forward, backward and sideways 
movement in flight.

Fuel tank

Data panel

Seat

Roll bar

Controls

Twin duct fans, 7000rpm pushing air down-
wards at 300kmh-1
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Jetpack - 2438m

Helicopter - 4300m

Comercial aviation - 12000m +

1.67m

1.5m

Martin Jet pack
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Jet Man - Yves Rossy

Swiss military-trained pilot and an aviation enthusiast, Yves Rossy is known as the inventor 

of a series of experimental individual jet packs, the latest using carbon-fiber wings for 
flight. Rossy developed and built a wing-suit system comprising a backpack equipped with 

semi-rigid carbon-fiber wings with a span of about 2.4m. Powered by four Jet-Cat 
P200 jet engines, modified from large kerosene-fueled model aircraft engines. Therefore, 

Rossy has been dubbed Jetman.

Fuel tank (inside wings)

Jet-Cat P200 jet engine

Parachute

Heat resistant suit

Emergency release handle

Steering through body movements/gestures

Straps

Retractable carbon fiber wings
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1984, Summer Olympics opening 
ceremony.

1994, NASA introduces the 
SAFER, a propulsive backpack 
for when astronauts come un-
tethered during space walks.

2006, Swiss pilot Yves 
Rossy invents a kero-
sene-burning pack with 
wings. He uses it to fly 
over the Swiss Alps, cross 
the English Channel, and 
crash into the Strait of 
Gibraltar. (He’s OK)

2012, Jetlev rocks 
the boat with a 
$99,500 jetpack that 
can launch people 
up to 30 feet high 
using water as a 
propellant.

2013, with a V-4 engine and 2 duct-
ed fans, the Martin Jetpack reaches 
a record 5000 foot altitude. Possi-
bly soon to be the first commercial 
jet pack at $75,000.

Abilities:

Increased speed Enhanced ability 500%

Flight Enhanced ability 100%

Load transfer Enhanced ability 100%
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3.6 Stick

Spiderman Suit
Spiderman exoskeleton, developed at Arizona State University, Department 

of Human and Machine Integration. The Spiderman suit uses a soft foam 
material to make a close to air-tight seal with a wide variety of wall 
textures. Using a on board vacuum pump a suction force is created 
between the wall and the foam cups. This allows the user to scale just 
about any surface. The system is totally self contained.

Abilities:

Wall scaling  Enhanced ability 90%

Spider Man Suit - Arizona State Univer-
sity
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Wall scaling  Enhanced ability 90%

The Personal Vacuum Assisted Climber (PVAC) is basically a vacuum motor 
that powers two suction paddles, and you can use it to climb a wall like 

an octopus. Because it works on the principle of suction, it can stick 
onto any building surface, whether it be glass, stucco, or brick. 
The suction the vacuum pack delivers is also powerful enough to hold up 
anything that weighs between 500 to 700 pounds, depending on the altitude.

Abilities:

Wall scaling Enhanced ability 60%

Personal vacuum assisted climber

Personal Vacuum Assisted Climber
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Wall scaling gloves

A team of engineers at Stanford University’s Biomimetics and 
Dexterous Manipulation Lab are developing controllable, 
reusable adhesive materials that, like the gecko toes that inspire 
the work, can form a strong bond with smooth surfaces but also 
release with minimal effort.

A long-standing trade-off with gecko-inspired adhesives is that 
making them larger tends to cut into their performance. But using 
this synthetic adhesive, the group has developed a device that 
shares large loads very evenly across every patch of the adhesive. 
This device can create sufficient adhesion to allow a person to 
climb a glass wall.

Over a decade ago, scientists first reported the mechanism of 
adhesion in geckos. These animals exploit a complex hierarchical 

adhesion system, using nanoscale fibres which produce 
adhesion through van der Waals forces and can be attached 
and detached by controlling the loading angle.1 

The research being carried out at the Biomimetics and Dextrous 
Manipulation Lab (BDML) are using an adhesive that consists of  

polydimethylsiloxane (PDMS) slanted microwedges (roughly 100mm 
tall), which adhere well to glass and can be repositioned many 
times without degradation. While other dry adhesive materials 
produce larger adhesive stresses, PDMS microwedges are especially 
suitable for climbing because they exhibit controllable adhesion 
that can be effectively switched on or off in a fraction of a 
second by applying a shear stress. Therefore, a climber can attach 
PDMS microwedges simply by transferring weight to the adhesive, 
and can detach by removing the weight, requiring nearly zero added 
effort.2 The graph on the opposite page compares the performance 
of a tokay gecko with the PDMS adhesive glove designed at the 
BDML.

The image on the right shows the design of the climbing device 
and the synthetic adhesion system. Climbing device: the load is 
transferred from the synthetic adhesion system through the load 
tendon into the rigid load member, which lies along the surface 
out of the way of the climber and supports the climber at the foot 
pivot. A rubberized roller prevents side slip, and the foot pivot 
allows the ankle joint to be used. The foot pivot is located away 
from the wall, which allows the climber to move his or her centre 
of mass closer to the wall than the foot pivot, negating any 
tendency to fall backwards. Synthetic adhesion system: the load 
is transferred from the adhesive tiles, through the tile tendons, 
into the degressive elastic elements, through the load plate and 
into the load tendon. The soft foam supports hold the adhesive 
tiles in place while in the swing phase, but are of negligible 
stiffness during the stance phase. The total area of the adhesive 
is 140 cm2 on each hand, divided into 24 independent tiles of 
dimensions 2.5 x 2.5 cm.

1 Autumn K et al. 2002 Evidence for van der Waals adhesion in gecko setae. Proc. Natl Acad. Sci. 
USA 99, 12 252–12 256. 
2 Parness A, Soto D, Esparza N, Gravish N, Wilkinson M, Autumn K, Cutkosky M. 2009 A microfabri-
cated wedge-shaped adhesive array displaying gecko-like dynamic adhesion, directionality and long 
lifetime.

Stanford University BDML wall scaling device
Source: Elliot W. Hawkes, Eric V. Eason, David L. Christensen and Mark R. 
Cutkosky, Human climbing with efficiently scaled gecko-inspired dry adhesives, 
Department of Mechanical Engineering, and Department of Applied Physics,  Stan-
ford University,
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The crosses on the top curve indicate the maximum adhesive shear 

stress σ
max
 that can be achieved on a flat, smooth surface by tokay 

gecko adhesion systems as the adhesive area A increases. From 
left, these data correspond to a single seta, a setal array, a toe 

and two feet. Top line shows the least-squares power law fit 
to the data (log σ

max
–0.24 log A + 1.1). 

Similarly, for the PDMS microwedge synthetic adhesion 
system, the crosses on the bottom curve represent the maximum 
adhesive stress produced by a 1.5 mm2 patch, a 12 mm2 patch, a 6.5 cm2 
tile and a 24-tile system. The least-squares power law is plotted by 

the bottom line (log σ
max
–0.02 log A + 1.8).

Abilities:

Wall scaling Enhanced ability 130%
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3.7 Sense

North Paw Directional Anklet KitEyeborg

Magnetic Implants

Magnetoreception is a sense which allows an organism to detect a 
magnetic field to perceive direction, altitude or location. This 
sensory modality is used by a range of animals for orientation and 
navigation, and as a method for animals to develop regional maps. For 
the purpose of navigation, magnetoreception deals with the detection 
of the Earth’s magnetic field. Humans do not have this ability.

The North Paw Directional Anklet Kit unit sports a total of eight 
vibrating pager motors, which surround your leg. Whichever direction 
magnetic north happens to be, the integrated compass will cause the 
corresponding motor to vibrate, thus allowing you to navigate hands-
free.

North paw directional ankle kit

North paw directional ankle kit

Eyeborg - Rob Spence

Rob Spence is a one eyed filmmaker who has a prosthetic eye with 
a wireless video camera embedded in it. Its not connected to his 
brain but it does provide the world’s first literal point of 
view including glancing around and blinking. The Eyeborg Project 
began when one-eyed filmmaker, Rob Spence decided he wanted a 
prosthetic eye with a video camera in it. 

Body artists Jesse Jarrell and Steve Haworth had an original 
idea of implanting a magnet to carry metal gadgets. Than did not 
work, however they initiated a widespread interest of implanting 

magnets into their fingers to gain the ability of sensing 
electric and magnetic fields.
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BioLogic Suit

Designed and fabricated by MIT Media Lab’s Tangible Media group, 
BioLogic incorporates a type of bacterial knows as Bacillus 
Subtilis natto. This bacteria contracts in the presence of 
moisture, therefore it has been incorporated within the suit 
causing the “pores” of the suit to open up as the wearer sweats, 
to cool the wearer down.
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Smart Contact Lens Phone tooth

On October 2015, Google was awarded a patent for a solar-powered 
contact lens that is capable of communicating with computers and 
collecting biological data about the wearer.

In 2014 Google revealed that it was testing lenses that could 
measure glucose levels in tears using a tiny wireless chip and 
a tiny glucose sensor. But the new patent reveals new potential 
use cases for a smart contact lens. For example, according to the 
patent the contact lens could have sensors that detect a range of 
the wearer’s biological data, including internal body temperature 
and blood-alcohol content.

The sensors could also potentially gather data about the wearer’s 
environment. According to the patent, the device could possibly 
sense allergens like grass or tree pollen, pet dander, and dust 
mite excretions.

Invented by James Auger and Jimmy Loizeau, the phone tooth is an 
implantable artificial tooth that can receive data from mobile 

phones. The data is translated into sound and vibrated through 
the jaw bone to the ear drum.

Antenna, transmit and receive data

Capacitor, power storage

Controller, coordinates components

Glucose sensor, measures glucose levels in tears

Gaps for surgical pin insertion

Load absorber

Surgical fastening pins

Rotation joint

Soft contact lens

Smart contact lens
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Tesla Suit

Tesla Studios (no relationship to Tesla Motors) recently 
announced that it has developed a full-body suit that 
will give the wearer a sensory experience to match the 
visual experiences now available through virtual reality 

headsets. Called the Teslasuit, it relies on neuro-
muscular electrical stimulation technology 
also used in medicine, electrotherapy and professional 
sports to offer both tactile stimulation and temperature 
control.

The suit incorporates a mesh of sensors that 
include up to 52 channels to stimulate sensations in 
the skin through tiny electric pulses. The company says 
that it can simulate such diverse sensory experiences as 
touch, wind, water, heat, cold and force. For instance, 
the wearer can feel a warm summer breeze or the sudden 
impact of a bullet.

There’s no vibration or noise in the suit, that the 
company describes as being non-bulky and able to be worn 
like normal clothing. It is completely wireless, and is 
expected to be compatible with existing virtual reality 
headsets like the Oculus Rift, as well as with popular 
game consoles and other devices like computers, tablets 
and smartphones.

The principle of the sensitization system is 
based on sending a pulse with different amplitude, 
frequency and pulse range to the electrode. This pulse 
is stimulates skin surface, muscles and nerve endings to 

create tactile feedback.

Microprocessor

Main module

Leg haptic module

Electrodes

Climate control system

Virtual reality helmet

Arm haptic module
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Project Underskin

Project Underskin

Authentication Entry/exit Exchange Self Expression Wellness

Scource: New Deal Design

Project Underskin is a smart digital tattoo designed to help you 
in all aspects of life, from unlocking doors, making payments, 
monitoring health and understanding your emotions. Our hands are 
an incredibly communicative device and by placing the technology 
within our hands, Project Underskin shifts away from the abstract 
science fiction worlds of Google Glass and Occulus Rift, and places 

it in a more human, tactile place. The technology becomes an 
extension of what our hands can already do, running off 
the body's electro-chemical energy in order to always be on. 

New Deal Design believe Project Underskin could be ready within 
five years and are already planning a second tattoo which would 
monitor vital statistics and would be placed on a wearer's palm. 
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EEG Reader Tatoo

Brain Computer Interface Tattoo

Scource: Center for Wearable Sensors at the Jacobs 
School of Engineering at UC San Diego

Coined as a 'Brain Machine Interface', or BMI, the wireless, 
tattoo-like device has the ability to perform the functions of a 
normal brain implant, typically used to map brain signals, but it 
also has further, more exploratory possibilities of remote machine 
control and even telepathy.

The BMIs work by reading electrical signals that are associated 
with brainwaves. They can also be upgraded to provide more in-
depth analysis by including thermal sensors to monitor skin 
temperature and light detectors to analyse blood oxygen levels. 
The device is powered by micro solar panels and uses antennae to 
wirelessly transmit or receive data.

Outside of sensible applications such as monitoring premature 
babies, the BMI has more tantalising mad scientist-esq potential 
applications such as robot control, telepathy and even 
telekinesis.
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Brain Computer Interface

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, exponen-
tially. Fiction is no longer a dream, but a target which is 
normally inevitably reached with technology. 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, com-
munication, gaming and day to day life in general. 

We are on the brink of achieving the ability to manipulate 
the atmosphere that surrounds us by thought, our 
conscious and subconscious mind is a powerful tool, process-
ing more information 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. 

The Brain-Computer Interface Project

Nowadays brain interface devices used require deliberate 

conscious 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

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

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, but-
terflies and chandeliers.

The computer revealed by the end of the experiment that the soldier 
chose to focus on images that fall under the boat category, by taking 

note of the changes in the subject’s brain waves. 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 

3 ibid.
4 Mariella Moon, US Army lab develops a way to read soldiers’ brains, engadget, 
November, 7th, 2015

Easton LaChappelle - creator of a $350 mind controlled prosthetic arm

3.8 Conclusion

The collection of case studies shown in this section 
highlight the diversity of concepts, designs and 
technologies that may be used for the same fundamental 
pursuit of enhancing bodily abilities. 

Although the projects and technologies used vary, I 
realised that the overall aims of body enhancement may all 
fall under only a few categories of enhancing abilities. 
In this section, I have split those into physical 
enhancement and sensory augmentations.

In order to design an exoskeleton to enhance abilities, it 

is important to understand what abilities to design 
for. It is crucial to study the abilities in question in 
order to envision viable, creative and disruptive 
ways in which technologies can be combined with 
the body to achieve the ability in question.

Therefore, in the next section I am looking at the laws of 
motion with respect to the dynamic movement of parkour to 
identify my interventions within the body and environment 
to design for these abilities.



Enric Ruiz Geli - Simon Taylor Ibrahim Muasher88

Every day, as we stroll around the city for whatever reason, we are constantly influenced by the psycho-
geographies of the spaces we inhabit as Guy De Bord points out in the Theory of the Derive. What are these 

psycho-geographies that De Bord also refers to as the terrain of the city? 

The Derive (derived from the word drifting) refers to a technique of rapid passage through varied 
ambiances. The grid of the city, elements of its architecture, the resulting flows of motion and 

hidden alley ways shape the terrains of the cities of today. 

However, inspired by free-runners’ motion through the city. I am exploring the idea that an environment’s 

“psycho-geography” is not the physical boundaries created by the grid, but the way the body 
imagines, decides and is capable of experiencing it. The terrain becomes the very laws 
of physics that govern our motion, it is those parameters, that the body can design its 

own experience with.

2.2 Embodying Domestic Activity

1] Off-Grid Singularity

3] Anatomy of Augmentation

2] Body, Machine and Environment

4] Experiment : Physics of the Stroll 0-5% Enhancement

5] 200% Enhancement : Anatomy of Singularity

6] Bridge : Designing the Augmented Derive

1.4 Way of life

3.5 Flight

4.5 Motion Capture : Fundamental Parkour Choreographies

1.5 Off-Grid Living

2.4 Air Architecture

3.6 Stick

4.6 Structure of Ability

1.6 Architecture of Particles

2.5 Design for Ability

3.7 Sense

4.7 Parameters of the Jump

4.8 Architecture of Dynamics

4.9 5% Enhancement : Environment

4.10 Conclusion

2.6 Villa NURBS Case Study

2.7 Conclusion

3.8 Conclusion

1.3 Home is the solution

2.3 The Body, the Garment and the Structure

3.3 Strength

3.2 Protection

4.3 Kinect Motion Sensor

4.2 Apparatus

1.2 Global Warming Scenario

3.4 Speed

4.4 Procedure

1.1 Technological Singularity

5.1 Ability Augmentation Exoskeleton

7.1 Site

5.4 Amplifying Speed

7.4 Bridge Design

5.2 Protective Layer

7.2 The Augmented Derive

5.5 Flight

7.5 Blurred Line

5.3 Strength Exoskeleton

7.3 Designing with Movement

5.6 Customised Abilities

7.6 Conclusion

5.7 Enabled

5.8 Conclusion : The Augmented Every Day

2.1 The Vehicle, the City and the Home

3.1 History of Ability Augmentation

4.1 Aim
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Experiment : Physics of the Stroll 0-5% Enhancement
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4.1 Aim

Using machine vision to digitally capture, record and store the analogue data of a body’s motion. The 
motion for this experiment is of a free-running performer doing the long jump. 

The data obtained can be used to accurately map body movements through space and time allowing us to 

accurately extract further information about the motion using the equations from the laws of motion.

An understanding of the laws of motion is essential in this case as the effects due to motion are the 
“brick and mortar” for this project. An architecture augmenting and enhancing biomechanics and being 
derived from the resultant movements at the same time.

Navigating the psycho-geographies of the city need not be defined by the environment, but by the abilities and forces that facilitate motion as designed by the moving body.

Brink

Mirror’s Edge Assassin’s Creed Syndicate

Examples of free movement from video games
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Navigating the psycho-geographies of the city need not be defined by the environment, but by the abilities and forces that facilitate motion as designed by the moving body.

4.2 Apparatus

Kinect Sensor [V2] for XBox One - Motion sensor

Nikolas Kourtis - Free-running performer

MacBook Pro - Processing MoCap data, timer

Delicode NI Mate - Processing  Kinect sensor readings

Maya 2016 - Animate and analyse data

Tape measure

Tripod - More accurate positioning of Kinect sensor

2 x StudioFX 2400W lights - More accurate sensor readings

Prototype Tony Hawk Pro Skater Spiderman Call of DutyReal Parkour



Full length visibility

Full length with hands up

Allowing for jump height

5m

3.2m

2.5m

0.5-1m

1.75m

2m 3m

5m

3.2m

2.5m

2.2m 2.8m 4.5m

Full length visibility

Full length with hands up

Kinect sensor
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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

Kinect sensor Key

Depth image from Kinect in Processing v.3

2

3

4

5

6

7

1

Source: edited original from [http://ipisoft.com/]

Parameters for Kinect motion capture (plan view)

Parameters for Kinect motion capture (elevation view)

4.3 Kinect Motion Sensor

Left knee joint

Left hip joint

Lower spine

Upper spine

Head

Right shoulder joint

Right elbow joint

Right wrist joint

Right hand

Left ankle joint

Motion Capture Key

2

3

4

5

6

7

8

9

10

1

1

2

3

4

5

7

6
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Left knee joint

Left hip joint

Lower spine

Upper spine

Head

Right shoulder joint

Right elbow joint

Right wrist joint

Right hand

Left ankle joint

Motion Capture Key

Left knee joint

Left hip joint

Lower spine

Upper spine

Head

Right shoulder joint

Right elbow joint

Right wrist joint

Right hand

Left ankle joint

Motion Capture Key

2

3

4

5

6

7

8

9

10

1

1

2

3

4

5

7

8

9

10

6
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GoPro video recording - real world environment Kinect motion sensor reading - Software: Delicode NI Mate

Translation of kinect readings into joint locators - Software : Maya

750mm

500mm
40°

1200mm
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4.4 Procedure

As shown by the schematic on the previous page, 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. The following will show a motion capture experiment I set up, 
I performed this experiment multiple times including myself as the performing 
body as well as Nikolas Kourtis, a parkour / free-running performer. The 

experiment results in 3 data sets; animation data, 3d spacial data, 
and the changes that occur over time. 

Key joint motion capture by Kinect Sensor in Autodesk Maya

Nikolas Kourtis - 
Free-running performer

1

2

3

4

578

9

10

6

1

2

3

4

5

6

7

8
9 10



Key Joints

Tripod
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Motion capture with mo-
tion paths - screenshots 

from Autodesk Maya 



Key Joints

Tripod
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1500mm

750mm

1500mm

54°

800mm
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Prop arrangement and measurement

• 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 - Calibration



750mm

1500mm
1500mm

550mm

970mm

1500mm

550mm

θ=47° 
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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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Jump motion capture

Climb (cat pass) motion capture

Frames

Frames

Unit for translation : mm

Unit for translation : mm

Unit for rotation : degrees

Unit for rotation : degrees

4.5 Motion Capture : Fundamental Parkour Choreographies
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Walk motion capture

Run motion capture

Frames

Frames

Unit for translation : mm

Unit for translation : mm

Unit for rotation : degrees

Unit for rotation : degrees



X

Y

Z

50mm

200mm
20mm
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Walking

Left ankle vertical translation (Y)

Right hand vertical translation (Y)

Centre of gravity vertical translation (Y)



X

Y

Z

50mm

200mm
20mm
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X

Y

Z

400mm

115mm

26°
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Running

Left ankle vertical translation (Y)

Right shoulder rotation (Y)

Centre of gravity vertical translation (Y)



X

Y

Z

400mm

115mm

26°
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Frames (30fps)
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Climbing

Centre of gravity rotation (x)

Right ankle vertical translation (Y)

Centre of gravity vertical translation (Y)
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X

Y

Z

1200mm

800mm

35°
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Jumping

Left ankle vertical translation (Y)

Centre of gravity rotation (Z)

Centre of gravity vertical translation (Y)



X

Y

Z

1200mm

800mm

35°
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sx

sy Vi
Vy

Vx
θ

t1

t2

t3

sy

a
Vi

V

Vy

Vx
θ 

t1

t2
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4.6 Structure of Ability

The recorded motion of Nikolas’ jump is characterised as 

projectile motion. Once forced into motion, Nikolas (the 
projectile) is 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.
In this section I am looking at the physics behind the 

captured data in the previous section. Understanding 
the physical relationship the body (moving or 
static) has with the environment is crucial in the 
designing of spaces. I will look specifically at the jump for 
this section.

Diagram of Nikolas’ recorded projectile motion [Not to scale]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:

Vertical velocity component
Horizontal velocity component
Horizontal distance covered (range)
Vertical distance covered
Time
Angle of jump
Force of gravity
Acceleration
Angle of impact

Initial velocity
Final velocity

V
x

V
y

s
x

s
y

t
θ
g
a
i

V
i

V
f



sy

i

t2

t3

Vy

Vx

Vf

g

V
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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

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 body whether moving or static and its environment through 
the dynamic physical interactions at play.

The next page sums up a number of the aforementioned parameters that 
influence a body in space.
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Eventually, due to the negative (downwards) accel-

eration, Nikolas’ vertical velocity Vy will reach a 
value of 0ms-1, causing him to stop rising (maxiimum 

height, sy is reached). Assuming no air resistance, 
no other forces are acting on the body in the hori-

zontal direction. Therefore, Vx remains constant.

Under the influence of g, Nikolas will 
begin to accelerate downwards as Vy con-
stantly increases until he lands.

Assuming no air resistance, the land-
ing velocity is equal to the initial 
take off velocity.

From the physics and dynamics equations 
we know that a large number of parameters 
affected the motion of Nikolas. The 
initial velocity, angle of that velocity, 
acceleration and so on. Some properties where 
omitted for simplicity, such as drag (air 
resistance).  Therefore, in the next section 
I will look at those parameters more closely 
and at their impacts on one another and on 
the overall motion.

Identifying possible design opportunities by understanding the different moments within a 
sequence of motion, the physical quantities at play can also be looked at as design tools.
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Vertical velocity component
Horizontal velocity component
Horizontal distance covered (range)
Vertical distance covered
Time
Angle of jump
Force of gravity
Acceleration
Angle of impact

Initial velocity
Final velocity

V
x

V
y

s
x

s
y

t
θ
g
a
i

V
i

V
f

Nicolas’ push on the ground generates an 
initial velocity for the jump. The ve-
locity is a vector (magnitude and direc-

tion) acting at an angle θ resulting in 
a horizontal component of velocity, Vx 

and a vertical component Vy.

As soon as Nikolas leaves the ground, the only force 

acting on his body is gravity, g (assuming no air 
resistance) causing a downward acceleration, a, that 
opposing Vy. This causes Vy to constantly decrease.
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4.7 Parameters of the 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 

The objectives in each phase of the jump are the same regardless 

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

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

Parameter

Athlete’s height (m)

Athlete’s body mass (kg)

Run Up velocity  (ms-1)

Single athlete study

Multiple athlete study

J
u
m
p
 
d
i
s
t
n
a
c
e
 
(
m
)

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

76

8

48

10.6

-0.1

8.8

3.4

9.4

21

-1.8

3.5

61

166

0.11

1.03

1.29

0.65

-0.64

1.88
Source: Linthorne, P. Nicholas, Biomechanics of the Long Jump Brunel Universi-
ty, Uxbridge

Source: Government of Western Australia, Department of Sports and Recreation - http://www.dsr.wa.gov.au

Relationship between run up velocity and jump distance

Facilities plan for Long Jump sport



h max

s max

920mm

460mm
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Run up phase

In long jumping, the distance achieved is strongly 

determined by the athlete’s horizontal veloc-
ity at the end of the run-up. To produce a fast 
run-up, most long jumpers use 16–24 running strides 
performed over a distance of about 35–55 m. By the 
end of the run-up the athlete reaches about 95–99 
per cent of their maximum sprinting speed. The oth-
er 1-5 per cent is replaced by accuracy of the take 
off.

Long jumping is essentially a projectile event, and the 
athlete wishes to maximize the flight distance of the human 
projectile by launching it at the optimum take-off veloci-

ty and take-off angle. In launching the body into the air, 
the athlete desires a large horizontal velocity at take-off to 

travel forward and a large vertical velocity to give time in 
the air before landing back on the ground. A fast run-up pro-
duces a large horizontal take-off velocity, but it also short-
ens the duration of the ground contact and hence the ability of 
the athlete to generate a vertical impulse (force integrated 
over time). To increase the duration of the foot contact, the 
athlete plants their foot ahead of the centre of mass at touch-
down. However, the resulting increase in vertical propulsive 
impulse is accompanied by an undesirable increase in horizon-
tal braking impulse. Therefore, there is an optimum leg angle 
at touchdown which offers the best compromise between vertical 
propulsive impulse and horizontal braking impulse.

In the flight stage, the athlete’s actions are designed to control the forward rotation that is 
imparted to the body at take-off and hence allow the athlete to attain an effective landing po-
sition. In the hang technique (shown below) the athlete reaches up with their arms and extends 
their legs downwards just after take-off. This extended body position gives the athlete a large 

moment of inertia about their somersaulting axis and hence reduces the athlete’s forward 
angular velocity. The athlete maintains the hang position for as long as possible during the 

flight so as to minimize the amount of forward rotation.

Skilled long jumpers maintain their normal sprinting 
action up until about two to three strides before take-
off. The athlete then begins to lower their centre of 
mass in preparation for the take-off. A low position 

into the take-off is necessary to give a large vertical 
range of motion over which to generate upwards velocity. 
The athlete lowers their centre of mass to the required 
height and tries to keep a flat trajectory in the last 

stride before take-off. This ensures that the athlete’s 
centre of mass has minimal downward vertical velocity at 
the instant of touchdown and so the upwards vertical im-
pulse exerted by the athlete during the take-off produc-
es the highest possible vertical velocity at the instant 

of take-off. 

Transition from Run Up to Take Off

Take Off

Flight

h
take-off



h max

s max

920mm

460mm

Understanding forces offers a different insight on the relationship between the body and 
space. Space can become a generator of forces as the moving body uses surfaces to create a 
force rather than define a boundary.
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During the flight phase of the jump the effects of gravity are much greater than 
those of aerodynamic forces and so the jumper may be considered as a projectile in 
free flight. The trajectory of the athlete’s COM is determined by the conditions at 
take-off, and the flight distance is given by:

where v is the take-off velocity, θ is the take-off angle, and g is the acceleration due to 
gravity. Here, the relative take-off height, h, is given by:

h = h
take-off

 – h
landing

S
max 

=
 

V 2 sin(2θ)
1+ 1+

2g
2gh
v2sin2θ

Towards the end of the flight phase the athlete prepares 
for landing by lifting their legs up and extending them in 
front of the body. The goal of the landing is to create the 
greatest possible horizontal distance between the take-off 

line and the mark made by the heels in the sand. The landing 
technique should not result in the athlete falling backwards 
into the pit or otherwise producing a mark that is closer to 

the take-off board than that made by the heels.

Landing

h
landing
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To test the effects of different parameters against each other, 

I designed the interactive system using visual scripting 
program, Grasshopper (a plugin for Rhino). I used data from 
the long jump as a starting point to set up the system, such 

that the relationships between the associated physical 
quantities 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 screen shots of testing the impacts of amplifying 
certain quantities.

Vx = Vi cos(θ)

Jump angle - θ / °

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

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

Viy = Vi sin(θ) Vfy = Viy + at

Vix = Vi cos(θ) Vfx = Vix + at

Vertical Motion

Horizontal Motion

Initial velocity - Vi / ms
-1

Gravitational acceleration - g / ms-2
time / s

f = ma

f = ma

Gravitational force - Fg / N

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

Vy = Vi sin(θ)

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).

4.8 Architecture of Dynamics



Identifying constraints and opportunities by testing the implications of augmenting 
various physical quantities relative to each other.
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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

time / s

Vfx = Vix + a.t

Vfy = Viy + a.t

sx = Vix .t + 1/2a.t2

sy = Viy .t + 1/2a.t2

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.

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

)



Vi = 7ms

Vy = 6.06ms

Vx = 3.50ms

sx = 3.8m

sy = 1.9m

t = 0.00s

t = 1.09s

t = 0.617s

-1

-1

Vx = 3.50ms
-1

Vy = 0ms
-1 -1

-1

Vf = 7ms-1

Vx = 3.55ms

-1

Vy = 6.06ms
-1

a=45° 

a=60° 

Vi = 7ms

Vy = 3.50ms

Vx = 6.06ms

sx = 4.3m

sy = 0.8m

t = 0.00s

t = 0.71s

t = 0.36s

-1

-1

Vx = 6.06ms
-1

Vy = 0ms
-1

-1

-1

Vf = 7ms-1

Vx = 3.55ms

Vy = 3.50ms
-1

a=45° 
a=30° 

Vi - initial velocity [ms ] 

Vx - horizontal velocity [ms ] 

sx - horizontal displacement [m] 

sy - vertical displacement [m] 

t - time [s] 

-1

-1

Vy - vertical velocity [ms ] 

a - angle [degrees] 

-1

Assumptions:Index:

Acceleration = -9.81ms

Drag = 0N

-2

Vf - final velocity [ms ] -1
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Initial Jump angle variation 

45°

45°

60°

30°



angle/deg
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1
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range/m

Vi/ms

25
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range/m
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Jump angle and range

Initial Velocity and range

The graph 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.

The graph 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.

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.

45°

60°



Vi = 7ms

Vy = 4.95ms

Vx = 4.95ms

sx = 4.9m

sy = 1.2m

sy = 10.2m

sx = 40.6m
t = 0.00s

t = 1.09s

t = 0.49s

t = 1.44s

a=45° 

-1

-1

Vx = 4.95ms
-1

-1

Vi = 20ms-1

Vf = 7ms-1Vy = 4.95ms
-1

Vf = 20ms-1

t = 2.89s

sx = 33.9m
t = 2.89s

sy = 10.2m

Drag = 0N

Drag = 

sx = 40.6m
t = 0.00s

t = 1.44s

a=45° 

Vi = 20ms-1

Vf = 20ms-1

Vf = 16ms-1

sy = 8.3m

t = 1.2s

t = 2.89s

Vi = 7ms

Vi - initial velocity [ms ] 

Vx - horizontal velocity [ms ] 

sx - horizontal displacement [m] 

sy - vertical displacement [m] 

t - time [s] 

Cd - Coefficient of drag [s] 

-1

Vf - final velocity [ms ] -1

-1

Vy - vertical velocity [ms ] 

a - angle [degrees] 

-1

Assumptions:

Index:

Acceleration = -9.81ms

Drag = 0N

-2

Assumptions:

Acceleration = -9.81ms
-2

Vx = 14.14ms-1

Vy = 14.14ms
-1

Vx = 14.14ms
-1

Vy = 0ms
-1

Vy = 14.14ms
-1

Vx = 14.14ms-1

Vx = 14.14ms
-1

Vy = 0ms
-1

Vx = 12.23ms
-1

Vy = 0ms
-1

Cd  [(ρ.V 2)/2] A
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Initial Velocity Variation

Athlete : Vi = 7ms
-1 

Athlete : Vi = 7ms
-1 

Augmented human : Vi= 20ms
-1

Augmented human (including 
drag) : range, sx = 34m

Athlete (excluding drag) : 
range, sx = 4m



Vi = 7ms

Vy = 4.95ms

Vx = 4.95ms

sx = 4.9m

sy = 1.2m

sy = 10.2m

sx = 40.6m
t = 0.00s

t = 1.09s

t = 0.49s

t = 1.44s

a=45° 

-1

-1

Vx = 4.95ms
-1

-1

Vi = 20ms-1

Vf = 7ms-1Vy = 4.95ms
-1

Vf = 20ms-1

t = 2.89s

sx = 33.9m
t = 2.89s

sy = 10.2m

Drag = 0N

Drag = 

sx = 40.6m
t = 0.00s

t = 1.44s

a=45° 

Vi = 20ms-1

Vf = 20ms-1

Vf = 16ms-1

sy = 8.3m

t = 1.2s

t = 2.89s

Vi = 7ms

Vi - initial velocity [ms ] 

Vx - horizontal velocity [ms ] 

sx - horizontal displacement [m] 

sy - vertical displacement [m] 

t - time [s] 

Cd - Coefficient of drag [s] 

-1

Vf - final velocity [ms ] -1

-1

Vy - vertical velocity [ms ] 

a - angle [degrees] 

-1

Assumptions:

Index:

Acceleration = -9.81ms

Drag = 0N

-2

Assumptions:

Acceleration = -9.81ms
-2

Vx = 14.14ms-1

Vy = 14.14ms
-1

Vx = 14.14ms
-1

Vy = 0ms
-1

Vy = 14.14ms
-1

Vx = 14.14ms-1

Vx = 14.14ms
-1

Vy = 0ms
-1

Vx = 12.23ms
-1

Vy = 0ms
-1

Cd  [(ρ.V 2)/2] A
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Amplification

The bottom image shows the effects of increasing the initial 
velocity on the projectile motion. Increasing V

i
 from 7ms-1 to 

20ms-1 increased the range from 4.9m to 40.6ms-1. Clearly an 
increase in Vi resulted in a large effect on the range og the 
projectile s

x
 also on the maximum height reached s

y
.

The graph on top shows the implications of including drag 
forces (air resistance) into the system. The projectile is no 
longer symmetrical as drag is never constant, it changes with 
the shape of the moving body (surface area), the velocity at 
which the body is traveling, density of air (which is also 
varied with temperature and pressure), and the coefficient of 
drag (relates to the medium’s viscosity).

Augmented human (excluding 
drag) : range, sx = 41m
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Drag/N
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0
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Drag force and Velocity

Initial jump force and initial velocity

The graph shows another exponential relation. The drag force 
acting on the body is directly proportional the square of its 
velocity.  The faster the object is moving, the larger the 
drag force acting on the object opposite to the direction of 
motion. 

In free fall the effects of drag force become more apparent 
if a body is falling for long enough, as it enables bodies to 
reach their terminal velocity. Terminal velocity is reached 
at the point where the drag force is equal to the weight 
of the body, allowing it to move at constant speed, this 
gives the body a feeling of “weightlessness”, a sensation 
experienced by skydivers. 

As you would expect, there is a directly proportional 
relationship between the force of the jump and the initial 
velocity. However, it is not as straightforward as you might 
expect.

It is not only the magnitude of the force that influences the 
initial velocity, but also the time period over which the 
force acts. The product of force and time is called impulse, 
this phenomenon is explained further on the next page.

Assumptions:

Drag coefficient of air is equal to 1.204 and remains 
constant.
Mass of the falling body is 70kg.
Surface area of the body remains constant at 0.5m2

Assumptions:

Time period over which the force acts is constant, this 
implies that the surface of the body and the ground are kept 
constant.
The mass of the jumping body is constant.
No air resistance, drag force is equal to zero.



θ

D

R

W

L

V

θ

V/ms

t/s

-1
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A closer look at drag

Over 400 years ago, the story goes, Galileo stood atop the Leaning 
Tower of Pisa and dropped two balls of different masses over the 
edge. As we all know, both balls smacked the ground at the same 
time, proving that gravity affects objects’ acceleration regardless 
of mass. If this experiment is carried out outdoors, you will most 
likely see more massive objects will hit the ground first. However, 
if there is no air resistance or drag forces acting on the objects 

(if the objects are in free fall), they will hit the ground at the 
same time. 

To explain this we resort to Newton’s second law, f = ma.
This tells us that acceleration of a free falling object is directly 

proportional to the force (weight), yet inversely proportional to 
the mass. The acceleration is given by 
a = f/m. This is always constant and, on Earth, has a value of 
9.81ms-2 and is known as the acceleration due to gravity.

However, unless in a vacuum, there will always be forces acting 

opposite to the direction of motion according to Newton’s 3rd 
Law, for every action there is an equal and opposite reaction. In 
fluid dynamics, drag is a force acting opposite to the relative 
motion of any object moving with respect to a surrounding fluid. 
Regardless of what fluid the object is moving through it will 
experience a drag force opposing the direction of motion which is 

proportional to the density of the fluid, the velocity and 
surface area of the moving object.

The drag coefficient, Cd is a dimensionless quantity that 
is used to quantify the drag or resistance of an object in a fluid 
environment, such as air or water:

As the body accelerates towards the ground, its velocity is 
constantly increasing by 9.81ms-1, every second. As shown by the graph 
no the opposite page, the drag force will increase as the velocity 
increases. At some point, if the body is falling for long enough, the 
drag will equal the weight of the body leading to a resultant force 
of 0N, therefore an acceleration of 0ms-2. At this point the body 

will at a constant velocity known as its terminal velocity. 
The relationship between drag, velocity and the form of the body 
leads to the phenomenon that allows aircrafts to fly as stated by 

Bernoulli’s principle, this relationship is also the basis on 
which parachutes work, a sudden increase in surface area increases 
drag and therefore allows the body to reach a much lower terminal 
velocity much quicker. Flight is a careful relationship of four 
opposing forces. Weight pulls the flying object down. Lift ensues 
when the downward momentum of the object meets the resistance of the 
air. If you have a flat surface or airfoil, then the net lift can not 
only slow the rate of decent, but actually move the object upward 
through the air.

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.

Cd =
2Fd

V2 ρ A

Lift
Drag
Normal reaction force

Velocity
Weight

L
D
R

V
W
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Force and time - Impulse

Initial momentum phase

Peak pliometric force 
(end of amortisatioin)

Miometric phase
(final momentum phase)

Peak pliometric force 
upon landing

Ground contact phase - 
Start of amortisation

Flight phase

Take off
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Mechanics of the jump

Some of the important observations in a jump 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 opposite page illustrates the changes in the 
Normal Reaction Force (force of ground on body) 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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4.9 5% Enhancemet : Environment

F
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M
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F
a Arm swing force

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.

Drag force

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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After taking a thorough look into the various physical quantities 
associated with a number of dynamic scenarios, I am looking at a few 
examples where the environment is augmented to enhance motion. The 
environment is augmented with respect to enhance specific abilities based 
on the various physical quantities discussed earlier in this section.

This section materialises the redefinition of the relationship between 
body and space as introduced by the Parkour community. Space is not a 
physical boundary, but a mass of opportunity, a generator of forces 
reacting to the body, enabling the body. 

The image on the left shows all forces associated with the act of running. 
As highlighted, most of the performance is controlled and governed by the 
body. However, according to Newton’s Third Law, as the body is generating 
a force on the surface, the surface is returning that force in the 
opposite direction pushing the body forwards. 

In this case, there are 3 main forces exerted by the surrounding 
environment onto the performer. These forces are the frictional 
force Ff , the drag force due to air resistance Fd, as well as the normal 
reaction force Fr(reaction to the weight of the performer).

There are various ways of designing with such forces in mind to augment 
performance. It is important to understand the relationships between the 
basic physical quantities discussed in this chapter in order to exploit 
such design opportunities. The following example of the London Velodrome 
project by Hopkins Architects. 

The velodrome at the  Olympic Park already has become a visual 
icon of the  2012 Summer Games. Nicknamed The Pringle, the 
venue has seen an unprecedented number of olympic records 
broken on its track. 

The reasons for the London velodrome being the fastest cycling 
track in the world is for 2 main reasons. The construction 
of its 250m track as well as the way in which the interior 
environment is managed.

The first key to those records is the track itself. Like 
all world-class velodromes, it’s constructed of wood - We’re 
used to thinking of the bikes as the highest-tech object 
in a cycling event. Here in London, the track itself might 
take that title. in this case, Siberian pine. But there’s 
a difference to this track. There’s no standard design for 
cycling tracks, so this track has higher banking in the turns 
than many, as well as a finish line 5 metres further down the 
straightaway. That allows riders to come off the turn with a 
slingshot effect to the line and a little more time to enjoy 
the straight.

Furthermore, there’s the atmosphere that the track sits in. 

The temperature inside the velodrome is maintained at 
28°C. Warm air is conducive to fast times not only because it 
helps keep the athletes’ muscles loose and flexible, but also 
because warm air is less dense than cooler air, decreasing 

the aerodynamic resistance the riders encounter (lower Fd). 
Furthermore, spectators enter the arena through a system 
of airlocks to not only keep the climate as consistent as 
possible, but also to keep the air perfectly still.1

1 Mark Mcclusky, Why the Pringle is the fastest velodrome in the world, 06-2012

London Velodrome Project
Source: Hopkins Architects

London Velodrome Project

“We're used to thinking of the bikes as 
the highest-tech object in a cycling 
event. Here in London, the track itself 
might take that title.” Mark Mcclusky
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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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Biomechanics of walking
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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 

4.10 Conclusion

The drawing above illustrating the anatomy of the foot highlights the 
complexity that constitutes the body in order for it to enable us to achieve 
the desired performance. Of course the body requires the medium within 
which it will perform and extract forces. However, although very effective, 
the enabling properties of the environment should not be the only motion 

enhancing mechanisms we rely on. As highlighted by this chapter, the body 
and space cannot be treated separately, they rely on one another.

Taking this forward, the design of the exoskeleton would be an intervention 
reacting to the physical quantities outlined by this chapter, in addition to 
inspirations from the ongoing research shown in section 3. For example, When 
thinking about designing for longer fall time, the design proposal would aim 
to maximise the upward force on the body opposing gravity. How could drag of 
the body be increased? by designing larger surface area? or by heating up 
the surrounding air?
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In the context of amplifying motion set out by this thesis, it must not be forgotten that the current state 
of our body is far from equipped to achieve the hypothetic abilities mentioned in section 4.8 as well as 

absorbing the resulting impacts. Therefore, a major part of my design response is to position myself in the 
world of body augmentation.

This section starts by identifying a number of researched technologies [section 3] that I am 
associating with my exoskeleton design in order to amplify performance. This is followed by a 

more detailed look at selected parts of the exoskeleton and how I used the parameters and physical 
quantities associated with the dynamics of parkour [section 4] to inform my design approach and 
ideas. Furthermore, as the body and its performance is unique for every individual, I illustrate the 

techniques I am using to design customised components to suit different wearers and abilities through 3d 
scanning. This section ends with envisioning different design possibilities for inhabiting spaces within 
various every day scenarios with the augmented embodiment resulting from the exoskeleton. The envisioned 

scenarios give a glimpse on the potential of the exoskeleton to augment the relationship between 
machine, body and environment.

2.2 Embodying Domestic Activity

1] Off-Grid Singularity

3] Anatomy of Augmentation

2] Body, Machine and Environment

4] Experiment : Physics of the Stroll 0-5% Enhancement

5] 200% Enhancement : Anatomy of Singularity

6] Bridge : Designing the Augmented Derive

1.4 Way of life

3.5 Flight

4.5 Motion Capture : Fundamental Parkour Choreographies

1.5 Off-Grid Living

2.4 Air Architecture

3.6 Stick

4.6 Structure of Ability

1.6 Architecture of Particles

2.5 Design for Ability

3.7 Sense

4.7 Parameters of the Jump

4.8 Architecture of Dynamics

4.9 5% Enhancement : Environment

4.10 Conclusion

2.6 Villa NURBS Case Study

2.7 Conclusion

3.8 Conclusion

1.3 Home is the solution

2.3 The Body, the Garment and the Structure

3.3 Strength

3.2 Protection

4.3 Kinect Motion Sensor

4.2 Apparatus

1.2 Global Warming Scenario

3.4 Speed

4.4 Procedure

1.1 Technological Singularity

5.1 Ability Augmentation Exoskeleton

7.1 Site

5.4 Amplifying Speed

7.4 Bridge Design

5.2 Protective Layer

7.2 The Augmented Derive

5.5 Flight

7.5 Blurred Line

5.3 Strength Exoskeleton

7.3 Designing with Movement

5.6 Customised Abilities

7.6 Conclusion

5.7 Enabled

5.8 Conclusion : The Augmented Every Day

2.1 The Vehicle, the City and the Home

3.1 History of Ability Augmentation

4.1 Aim
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200% Enhancement : Anatomy of Singularity
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Scale 0.15m
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Temperature regulating suit

Actuator joints

Titanium spring

Brain computer interface

Chemical energy of the body

Cerebrospinal fluid fuel cells [see section 6.2]

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 [see section

Spine micro actuators

High shock absorbing polymer blades 

Soft artificial tendons (High stiffness flexible polymer)

Pneumatic membrane [see sections 6.2 and 3.2]
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6.1 Ability Augmentation Exoskeleton 

Protection [see section 3.2]

Strength [see section 3.3]

Speed [see section 3.4]

Flight [see section 3.5]

Adhesion [see section 3.6]

Sense [see section 3.7]

Power 
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6.2 Protective Layer

Temperature regulating fluid (Circulation System)

Exo-capillaries - Fluid transferring nano-tubes

Exo-“Heart” - Fluid pumping mechanism

LIDAR sensor

Pneumatic Membrane

2
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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 (see section 
3.2).

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

6.3 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
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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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6.4 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 - see section 3.6.
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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 [see section 3.2]

Piezoelectric polymer generates electricity from shock ab-
sorption

Piezoelectric polymer generates electricity from shock 
absorption. Can also be activated to move and guide di-
rection of wearer by simple gestures [see case study in 
section 3.7]. 

Polydimethylsiloxane (PDMS) surface for climbing

Additional surface area = 3m2
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6.5 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
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5

1

Scale 0.15m

Artificial Spine

Spine section 
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Spine section 

Scale 0.15m

Exploded spine section
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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
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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
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6.6 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



149Diploma 18 - Off Grid Singularity

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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6.7 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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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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Centre of gravity rotation (x)

Right ankle vertical translation (Y)

Centre of gravity vertical translation (Y)
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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.
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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.

6.8 Conclusion: The Augmented Every Day
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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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Desirable slope, 1:10-1:8

landing

maximum 18 steps
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Finally, in this section I am using the augmented motion caused by the exoskeleton [section 5] and governed 

by the laws of dynamics [section 4] to design the home for the Parkour Tribe in London. As 
mentioned earlier, this will take the form of a bridge, spanning across the Thames. 

The design criteria for my bridge will be about ability expression and augmentation, on the scale 
of the body as highlighted earlier, and on the scale of the environment. In this section I have worked with 
the motion capture data collected and augmented in section 4, governed by the laws of dynamics and applied 

to the site.

The bridge will be a home for the Parkour community, where they can express their further enhanced 
abilities. Furthermore, the exoskeleton design is not limited to the Parkour community, allowing their 

tribe to grow as enhanced abilities become part of the every day as we reestablish the 
relationship between man, machine and environment.

2.2 Embodying Domestic Activity

1] Off-Grid Singularity

3] Anatomy of Augmentation

2] Body, Machine and Environment

4] Experiment : Physics of the Stroll 0-5% Enhancement

5] 200% Enhancement : Anatomy of Singularity
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Bridge: Designing the Augmented Derive
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7.1 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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Scale 10km
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Scale

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

Scale 50m50m
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V
1

V
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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 [see section 6].

7.2 The Augmented Derive
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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

jump time / s

run time / s

f = ma

f = ma

f = ma

Gravitational force - Fg / N

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

Initial run velocity - Vri / ms
-1
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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.

7.3 Designing with Movement



Number of enhanced humans: 15
Jump range: 10-20m
Separation factor: 20% 
Cohesion factor: 70%
LIDAR range (range of vision): 5m

Number of enhanced humans: 50
Jump range: 40-60m
Separation factor: 80% 
Cohesion factor: 50%
LIDAR range (range of vision): 20m

Number of enhanced humans: 40
Jump range: 20-40m
Separation factor: 80% 
Cohesion factor: 20%
LIDAR range (range of vision): 50m

Number of enhanced humans: 20
Jump range: 30-40m
Separation factor: 50% 
Cohesion factor: 50%
LIDAR range (range of vision): 50m
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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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Number of enhanced humans: 100
Jump range: 5-40m
Separation factor: 50% 
Cohesion factor: 80%
LIDAR range (range of vision): 5m

Various trail iterations
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Number of enhanced humans: 100
Jump range: 5-60m
Separation factor: 80% 
Cohesion factor: 50%
LIDAR range (range of vision): 5m
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287m

25m
10m

10m 25m
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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



238m

45m

90m

75m

60m

15m
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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
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Scale 100m
7.4 Bridge Design
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Scale 40m
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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



As outlined in the start of this thesis, we are approaching the technological 
singularity. When we merge with the technology we create, and the condition of our 
bodies change, and our relationship with space 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.
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Technical Thesis Conclusion
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