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‘The clash of  nature and culture’

1.0 Introduction

This thesis is a process-based experimentation into the capabili-
ties of  photogrammetry as a tool for architecture to engage more 
profoundly	 with	 site	 complexity,	 influence	 design	 practice	 and	
subsequently form a more intimate relationship with the natural 
world.  It deals with construction systems that blend, merge and 
integrate with natural complexities whilst minimising disruption, 
damage and benching of  existing sites.  The project narrative and 
program	was	 undefined	 prior	 to	 commencing	 the	 project,	 but	
emerged	logically	from	the	research	into	the	definition	of 	com-
plexity, a ‘digital’ exploration of  photogrammetry and context 
analysis of  the ‘realities’ of  the selected site.  

This thesis seeks to explore a process that moves toward new 
systems for architectural, construction and fabrication design, so 
that outcomes can blend, merge and integrate new built form 
insertions more harmoniously with complexities in the natural 
world.  Particular emphasis will be placed on resilient and hard 
surface environments such as rock and stone formations and 
other	terrains	which	until	now	have	been	considered	difficult	and	
perhaps impossible sites for construction.  Of  special interest are 
the irregular and highly complex geometries and forms of  the 
selected site.  

With the use of  photogrammetry, drone technology and 3D 
printing, this thesis will investigate how the emerging technolo-
gies, which are becoming more sophisticated, less expensive and 
within easy reach of   design practitioners, can assist with more 
accurate and profound context analysis for projects located in 
sensitive and complex natural environments. With this thinking 
in	mind,	this	research	also	intends	to	examine	and	redefine	the	
‘touch point’ of  potential buildings, where walls meet the earth, 
the design meets the un-designed and where the constructed 
world meets the natural.

In order to promote a more harmonious relationship between 
the built and natural world through complexity, Kullaberg Na-
ture Reserve, which sits within a Key Biodiversity Hotspot and 
is known for its dramatic landforms was selected.  More spe-
cifically	 Josefinelust,	 a	 popular	 fishing,	 bathing	 and	 hiking	 bay	
was chosen and scanned with a drone, with the resulting data 
utilised for analysis.  From an investigation into the surrounding 
context	of 	Josefinelust	and	the	greater	region,	the	building	pro-
gram of  a Bird Watching Facility is proposed, with an emphasis 
on	observation	during	storms,	due	to	the	unique	confluence	of 	
bird migration, only seen in this location, a site (the Bay) which 
experiences spectacular storm events, which in turn illicits unique 
bird activity. The work covered in this thesis moves between the 
two worlds of  digital data analysis, including design/fabrication 
opportunities	and	real	world,	extreme	site	specificity.	

The Kullaberg Storm Birding Facility is a project located in a 
picturesque,	dramatic,	difficult	to	reach	and	much	loved	area	of 	
Skane, in Sweden.  Using a brief  derived from context analysis 
and real world requirements, this project will demonstrate how 
understanding a site deeply before going about the process of  
changing it, can deliver design opportunities that can more sensi-
tively integrate with its site and have a greater opportunity to be 
an intervention very much ‘of  its place’. 

As design experts are ever forced to build closer to, or within 
environmentally sensitive areas. Such an approach also offers the 
hope that such a process and resultant outcomes will be better 
accepted by the general community and stakeholders who are 
staunch protectors of  places that are, in this case, well loved by 
hikers,	fishermen,	nature	 lovers,	domestic,	 international	visitors	
and ornithologists.

Remnant Vegetation 
Global Land Cover

Existing Urban Area
Global Land Cover

Growth Projection
(Karen Seto)

Conflict Zone

Extreme Conflict 
Zone

Threatened Species 
Habitat (red list)

Protected Area
KBA’s and IBA’s

Key Biodiversity Areas and 
Important Bird Areas

Kullaberg Nature Reserve
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2.0 Process Diagram

The process diagram outlined below illustrates the narrative that 
emerged from this thesis research.  It seeks to highlight the em-
phasis	of 	process	and	does	not	place	a	finalised	design	outcome	
as the result or conclusion.  The narrative is intended to continue 
past the design phase and suggests secondary simulations (wind, 
wave	and	water)	to	be	applied	and	analysed,	before	any	final	ar-
chitectural solution is achieved.
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Figure 1. https://www.sarahinthegreen.com/kullaberg-sweden/

3.0 Complexity and the Coastline paradox

When	homosapiens	first	emerged	on	earth,	how	did	they	perceive	
the	world?		With	the	exception	of 	perhaps	a	flat	lake	on	a	wind-
less day or the surface of  a broad leaf, the world around them was 
filled	with	objects	of 	complexity.		Perhaps	due	to	the	invention	
of  mathematics, the world today is a patchwork of  regularity and 
smoothness. There is a widening gap between the built environ-
ment and the natural world.  With technological developments in 
the 21st century such as 3d scanning and 3d printing we suddenly 
have the tools to not only understand complexity in a new way, 
but	design	and	build	objects	with	much	finer	resolution	of 	con-
sideration and detail.  Complexity with it’s mysteriousness and 
unknowingness can perhaps be better understood and engaged 
with in the contemporary world.

This thesis began with an exploration into the complexity of  na-
ture, with the hope of  gaining a better understanding of  how 
architecture might more successfully respond and engage with a 
complex world.
are, is it is not as straight forward as one might think.

Designers	have	traditionally	had	difficulties	with	building	on,	or	
amongst more complex forms in nature due to limitations asso-
ciated with quantifying and measuring the complexities of  such 
sites. It has been easier to deliver this engagement with massive 
human domination over the natural circumstance.  For projects 
where there is an aim to bring architecture and nature closer to-
gether, understanding and qualifying complexity will be required. 
Whilst looking into a rock pool along the northern coastline of  
Kullaberg Nature Reserve, one can ask how can we quantify or 
measure the complexity of  this place?  Is it possible to measure 
the perimeter of  this rock pool?  The answer to these questions 
are, is it is not as straight forward as one might think.
  
The measurement of  complexity in nature has been a problem 
baffling	and	confusing	cartographers	for	centuries	making	it	im-
possible to record the length of  coastlines and landforms.   In the 
early 1950s mathematician Lewis Fry Richardson began observ-
ing immense discrepencies of  dimensions between the shared 
border of  Spain and Portugal. Richardson soon discovered that 
this discrepency was due to a mathematical principle that had 
been confusing cartographers for hundreds of  years and made it 
impossible to accurately record the length of  coastlines around 
the world.  This is known as the coastline paradox.  For a shared 
coastline, Spain had plotted 982 km, whilst Portugal had recorded 
1214 km. Richardson’s work emphasised our lack of  understand-
ing	and	the	difficulties	in	quantifying	and	recording	the	complex-
ity of  natural forms.  Objects in nature often have what is called a 
fractal dimension which makes the notion of  length inapplicable.  
The principle states that: (Brevern and Samuel, 2012)

‘the measured length depends on the method used to measure it’.

03_Complexity 
and the Coastline 
paradox
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Total Length:  approx 10.61m
Segment Length:  xx

Number of  Segments:  -

Total Length:  10.45m
Segment Length:  xx

Number of  Segments:  499

Total Length:  9.36m
Segment Length:  xx

Number of  Segments:  64

Total Length:  8.76m
Segment Length:  xx

Number of  Segments:  25

Total Length:  7.71m
Segment Length:  xx

Number of  Segments:  20

Total Length:  7.36m
Segment Length:  xx

Number of  Segments:  9

Total Length:  6.69m
Segment Length:  xx

Number of  Segments:  7

Total Length:  6.62m
Segment Length:  1.6m

Number of  Segments:  4

Figure 2. The Coastline Paradox shown in a rock pool of  Kullaberg

As the length of  a measuring stick decreases in scale, the total 
perimeter length increases (as seen in the puddle to the right).  
With this theory Lewis Fry discovered not only that the length 
of  borders and coastlines are variable but they can be effectively, 
infinitely	long.				
In the 60’s, polish-born mathematician Benoit B. Mandelbrot fur-
ther developed this thinking with his development and study of  
mathematically generated fractals based on highly simple equa-
tions.  Although primarily a mathematician, Mandelbro devel-
oped a love and passion for geometry and form.  A common 
misconception of  fractals are that they are self-similar and repeat 
shapes	at	all	scales	(such	as	the	Von	Koch	Snowflake	seen	to	the	
left).  However, Mandelbro’s initial inspiration for fractals was his 
“theory of  roughness”.  His personal quest was to explain and 
measure the “roughness” he saw in the shapes of  mountains, 
coastlines and rivers, the structures of  plants, blood vessels and 
galaxies, and many other complex natural objects in nature. Man-
delbrot was struck and mesmerised by the beauty of  nature.

The coastline paradox and the theory of  roughness are helpful 
in	 demonstrating	 the	 difficulty	 we	 have	 in	 understanding	 and	
interpreting the detail and complexity of  objects in the natural 
world.  As technology advances, our ability to capture and mea-
sure objects with a much higher resolution has become possible.  
It is therefore important that scale and resolution are considered 
when attempting to build, merge and integrate architecture in 
these more natural settings.  Both these theories are examples in 
which	 the	practical,	mathematical	 and	 scientific	disciplines	 can	
be applied to better understand naturally occurring objects, phe-
nomenon and processes. Similarly this thesis will take its inspira-
tion from nature, seek to better understand and make central the 
complexities of  the natural world in order to better merge and 

connect architecture to place and location.
For	 architecture	 this	 often	 results	 in	 the	 wholesale	 flattening	
or	 benching	 of 	 a	 site	 or	 the	 oversimplification	of 	 terrain	 data	
through contours and other means for architects to work effec-
tively, as shown in this image:
Rather than ignoring, simplifying, condensing or bullying the 
complexity of  the natural world, this thesis will attempt to bring 
as much data as possible from a complex site and look to shape 
architectural opportunities from this information.  Through this 
process the research aims to give architecture a more intimate 
relationship with the natural world. (Elias Wirt, 2018)

There are now a range of  digital tools that give us access to 
aagreater resolution of  site detail and 3d printing enables us to 
create base data models and construction components which in-
clude a great deal of  detail and accuracy.  Complexity in it’s dif-
ferent forms could make a return to the world in a more visible 
and celebrated way. 

The conversation in respect of  complexity is helpful not only 
in our perceptions of  nature but in our understanding of  the 
built world.  Geometries and form both natural and designed, sit 
along this scale of  complexity and it is only by bringing the gap 
between these closer together that perhaps culture and nature can 
form a more symbiotic relationship.  
Since modernism, architecture has seen a shift from highly orna-
mented and more complex geometries to smooth, straight and 
refined	architectural	ideals.		In	the	21st	century	however	we	have	
seen a sudden revival of  complex forms assisted by new technol-
ogies such as 3d printing and photogrammetry.  And it is with 
these new technologies we are able to delve further into the world 
of  complexity. (Brevern and Samuel, 2012)



14 15Figure 3. Andrew Tallon’s 3d scan of  Notre Dame

04_Technologies

4.1  Preserving architecture and nature
This	year	on	April	15,	2019	a	horrific	fire	destroyed	a	large	por-
tion of  the iconic Notre-Dame cathedral in the centre of  Paris 
to the devastation of  the watching world.  Although many of  the 
vital artworks and artefacts were salvaged by emergency response 
teams, others have been lost forever including the main spire that 
has formed the backdrop of  Paris’s skyline for decades.  For-
tunately four years ago, art historian Andrew Tallon preserved 
every intricate detail of  the building and it’s spire, utilising 3d 
scanning technology.  The data has now been safely stored in a 
digital archive as a record of  what once was. In a world threat-
ened by global warming, terrorism and extreme weather events 
this has become a common practice of  preservation for some 
of 	 the	world’s	most	significant	heritage	sites	around	 the	globe.		
Architectural photogrammetry and 3d scanning have been used 
specifically	for	this	purpose,	since	the	1990s.

In the 21st century not only are our architectural sites threat-
ened but ecological collapse of  the natural world poses a risk to 
all life.  The opportunity exists to document our physical world 
as a backstop to major environmental devastation. A sort of  in-
surance should the need to restore to some previous state is re-
quired, thus offering the earth as much care and consideration as 
we show to our beloved heritage buildings and artefacts. (Larry 
Hertz, 2019)

04_Technologies 
Research/Photogrammetry 



16 17Figure 4. Rick Smith Digitizing a model in the office of  Frank Gehry using a FaroArm, 1991,
A Fish Is Kind of  Aerodynamic, A conversation between Greg Lynn and Rick Smith, https://www.cca.qc.ca/en/issues/4/origins-of-the-digital/39920/a-fish-is-kind-of-aerodynamic

4.2 A Brief  History 

During the early 1990’s architects started to adapt existing en-
gineering and medical technologies such as 3d scanning to an 
appropriate scale for prototyping in architecture.  One of  the 
most famous examples of  these experiments took place in the 
office	of 	Frank	Gehry,	where	architects	Rick	Smith	began	to	digi-
tize Gehry’s smooth and complex hand-made physical sculptures.  
Frank Gehry and his team were particularly drawn to techniques 
such as 3d scanning, as soon as the shapes and forms explored 
became	too	difficult	to	understand	through	traditional	2-dimen-
tional drawings.  Technology has been evolving exponentially 
and dramatically since this time and now techniques such as the 
original	 FaroArm	 (one	 of 	 the	 first	 primitive	 3d	measurement,	
digitisers) are now seen as limited and rudimentary.  It was not 
until the twentieth century that new impressive techniques were 
developed with 3d-printing being the catalyst.  This sparked a 
new generation of  additive fabrication tools, with 3d-printing be-
ing the most notable catalyst which “many now see as a turning 
point in the history of  technology”.

Just as 3d-printing was developed from the creative appropria-
tion of  a machine developed for other purposes, (the household 
printer) so too was affordable 3d-scanning.  The Microsoft Ki-
nect launched in 2010, was a motion-sensing device developed 
for players to interact with video games through motion and 
voice.  By 2012 architecture students around the globe began us-
ing the Kinect to scan small objects before importing the data 
into CAD software which could then be edited.  

Since then new technologies have been introduced to reconstruct 
three-dimensional volumes from a series of  photographs, now 
known	 as	 photogrammetry.	 	 The	 benefit	 of 	 photogrammetry	
compared to laser based 3d-scanning machines is the affordabil-
ity and accessibility for the user.  The only input-tool required 
being a digital camera and the output a series of  photographs.  
Although this technique only provides an approximation of  the 
real-world form, the resolution and scale quality is increasing ev-
ery day whilst the accessibility to 1mm – 0.1mm accuracy laser 
3d scanning technology is also become more and more common.  
It is hypothesized that soon a common phone will be able to 3d 
scan objects in this fashion.

When used in conjunction with drones, the range and scale of  
the subject can be increased dramatically as images are able to 
be captured from almost any possible vantage point in the air. 
(Brandon Blizard, 2014)
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In the software the photographs are laid out and common pixels 
(in the overlapping zone) are extracted and compared to one an-
other as they move between each photograph.  These common 
pixels are used as “tie points’ and the photographs are stitched 
together to create a 3D point cloud.  Professional grade photo-
grammetry software such as the one used in this thesis (Reality 
Capture) can extract millions of  pixels during this process and 
can produce a near perfect representation of  an object.  Once 
created this point cloud can be coloured, textured and converted 
into an editable mesh for use in other design programs such as 
Rhinoceros.  During the initial research phase of  this thesis 13 
optimal photogrammetry factors were developed to maximise 
the	final	point	cloud	quality.

Point Cloud Data

Photo one

Photo two

Photo th
ree

Tie Points

Line of  Sight

Figure 6. Photogrammetry Breakdown Diagram

4.3 The Science of  Photogrammetry

Defined	as	“the	science	of 	making	precise	measurements	from	
photographs” photogrammetry involves taking a series of  pho-
tographs of  an object, from many different angles.  This informa-
tion is then put through software, converted into a 3-Dimension-
al model as a point cloud.  An optimal overlapping percentage of  
60 to 70 percent is ideal and the greater the number of  photo-
graphs the higher the point cloud resolution becomes.  

SUBJECTStart

Finish

60 / 70%
overlap

Figure 5. Diagram of  Photogrammetry Camera
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03_Patterns
Avoid patterns

_When shooting patterns 
such as brick walls it is ideal 
to shoot close and perpendic-
ular in order to pick up small 
differentiations and 
inperfections between 
individual bricks

04_Solids
Avoid solid colours

_Surfaces with solid colours 
can make aligning images 
difficult
_Get close to subject to pick 
up inperfections and 
differentiations

05_Perpendicular
Shoot perpendicular 

02_Reflections
Avoid reflection and gloss

_Polarising filters can help 
cancel out some reflections
_Subjuects such as water, 
glass and mirrors are difficult 
to capture
_If  it is essential to capture 
something reflective, powder 
can be applied in order to 
produce a matte surface

01_Scale
Scale is important 

Choose a subject that you can 
navigate around and capture 
in its entirety

07_Terrestrial
Typical photography

_Terrestrial photogrammetry 
can work well for medium to 
small scale subjects which can 
be navigated around

06_Aerial
Drones Photography

_Arial drone photogramme-
try is an ideal method for 
capturing large terrain and 
large objects

10_Colour match
Bring Colour charts to site 

_Colour matching charts are 
an ideal solution to colour 
correction in photographs
_To use a colour chart, 
photograph a CMYK colour 
sheet on site amongst the 
other photographs that will 
be imported into the 
photogrammetry software.  
These photos can be color 
corrected later in the process

08_Proximity
The closer the better

_The closer the proximity to 
the subject the higher the 
quality of  photogrammetry 
model 

09_Resolution
Use high-resolution 

_The general rule is the 
higher the resolution the 
higher the quality of  3d 
model 

12_Blurring

_Depth of  feild should be set 
between f/8 to F/16
-Photographs should not 
have subject in focus and 
background out of  focus
_Any pixels out of  focus will 
make digital alignment more 
difficult

13_Flash

_Flash photography does not 
suit photogrammetry as it 
distorts true pixel colours

 11_Overcast

_Shooting on a cloudy or 
overcast day is ideal for 
photogrammetry as over and 
underexposed areas are less 
common, the less full black 
and full white pixel the better
_Perfect for Scandinavia

The Camera

The Subject

The Environment

4.4 13 Learnings for Optimised Photogrammetry

During this reserach phase into photogrammetry and technolo-
gy 13 factors for optimised photogrammetry technique were de-
vised	in	order	to	maximised	the	final	output	quality	of 	the	point	
cloud.  These techniques were developed through both reserach 
and experimentation and testing on small scale objects before 
being	applied	to	the	final	site.	

Basically all these factors work to reduce the distortion of  pixels 
between photographs which consequently enable to software to 
better	interpret	find	and	compare	common	pixels.		This	results	
in	a	higher	quality	point	cloud	and	final	mesh.	(Brandon Blizard, 
2014)
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DJI Mavic drone Camera
Camera model: FC220
F-stop:  f/2.2
Exposure: 1/320
ISO speed: ISO-100
Focal length: 5mm

Figure 7. Technology Equiptment, the drone

4.5 Drones for photogrammetry

Much like photogrammetry and 3d printing drone technology 
has seen dramatic progress since the beginning of  the 21st cen-
tury.  Most interestingly is the affect drones have had on many 
other industries for which they were never intended.

Drones have had a huge knock on effect for photogrammetry 
and many other related industries.  Photorealistic landscapes for 
game design, mining applications, surveying and architecture are 
just some of  the areas drones have greatly improved quality of  
outcomes and provided opportunities for innovation.
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København

Malmö

Helsingborg

Lund

Landskrona

Höganäs

Mölle

Kullaberg Nature 
Reserve 

1 hour 15 minute
drive

Site Visit to Kullaberg

05_Site Selection

Whilst travelling along the western coast of  Skane, the Kullaberg 
Nature Reserve can often be seen silhouetted on the horizon.  
Unlike anywhere else in the south of  sweden, the Kullen pen-
insular features dramatic terrain and steep cliffs which rise out 
of  the sea of  Oresund.  The reserve is renowned for it’s unique 
fauna	and	flora,	hiking	and	archealogical	sites.	 	For	these	many	
reasons it has become one of  the most visited nature locations 
in Skane.  Whilst researching complex and environmentally sen-
sitive sites for this thesis, Kullaberg was a standout location in 
respect of  spectacular and iconic formations.  

Kullaberg has two small neighbouring towns Molle and Arild, 
which sit in the höganäs municipality in Skåne County.  These 
towns both have less than 1000 inhabitants and xxx

Skane	 typically	 features	 flat	 terrain	 so	 this	 site	 was	 somewhat	
unique. It was also of  paramount importance that the site be 
accessible	from	Lund	University.	With	this	factors	confirmed	re-
search began on the coastline within the nature reserve of  Kul-
laberg.

At this stage of  the project a context analysis of  this area of  
interest was instigated to determine an appropriate building pro-
gram for the site.  This was in order to undercover a relevant, real 
and	much	needed	program	to	influence	all	design	opportunities	
identified	from	this	point	onwards.

Research revealed Kullaberg to be a site within a European pro-
tected Key Biodiversity Area (KBA) as well as an Important Bird 
Area	(IBA).		A	preliminary	site	analysis	also	revealed	a	significant	
bird protection zone with no addmittance between the 1st of  
March and the 15th of  July.

Initially the program of  a sauna was considered being a use that 
is often sought after by nature lovers in scenic locations, however 
due to tight building regulations and a lack of  a suitable site, this 
programme was not considered suitable and a second more ap-
propriate program was persued. 

Due	to	Kullaberg’s	classification	as	an	Important	Bird	Area	(IBA)	
and from indicated bird activity in the reserve, an Ornithologist 
researcher at Lund University was engaged to comment on the 
general area, the Bird Sanctuary, the unique qualities of  the site 
in respect of  bird activity, the interest in the area from Orni-
thologists at a local, national and international perspective, what 
would be required in terms of  facilities/requirements in respect 
of  optimising bird observation and research. This part of  the 
research	 identified	 a	 strong	desire	 for	 a	 bird	watching	 facility/
tower	at	Josefinelust.		The	critical	components	to	this	unique	re-
quirement include:

• The world recognised Kullaberg Bird Sanctuary.
• The migration path of  birds from Kullaberg to many 
  other countries around the world.
•	 The	unique	shape	of 	the	bay	which	catches	birds	fl	
 ying through the area.
• The Unique relationship between bird activity and  
 storm activity.
• The highly sought-after opportunity to observe unique  
 bird activity in storm conditions.

(Visit Skane Tourism)

01_Site Selection, 
Kullaberg Nature 
Reserve
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6.1 Interview with Ornathologist

 Maarten Vervoort, student at Lund University

 
Lewis - Hi Maarten, I am an Architectural student working 
on my masters thesis research.  My project is investigating the hypothetical 
design and build of  a bird watching tower or bird hide within the Kullaberg 
Nature Reserve close to Mölle in the south of  Sweden.  It seems apparent 
that there is some particularly interesting bird life in this region and I’m 
wondering if  you have any particular knowledge on this?  If  there was any 
advice you could give me on how a structure like this might impact the birds 
in this area it would be greatly appreciated.  Or any general thoughts would 
be valuable.

Maarten Vervoort:   - “I think the possible location you 
pointed out is very suitable. I have been there once during an excur-
sion and also checked that side of  the “peninsula”. I know there is some kind 
of  seabird watching place/hide on the end of  kullaberg, i guess you know 
this (he is referring to the lighthouse which is currently used as a makeshift 
birdwatching location). But i think your side is also suitable because, what 
i think i have heard, is that the seabirds get blown into Skälder-
viken (during storm). And then they fly out by following the coastline 
southwards (as they are migrating from northwest) and therefore they end up 
close to the coast on your proposed location.”

“Maybe put the tower on a place where you also see most of  the sea, so you see 
more birds too.” “I think the most important thing of  a tower is 
that there are birds to see. I dont know if  there area any differences 
along your blue colored area, but it should be the most dense place. There 
shouldnt be a difference for the sea, but maybe for the land.”

“Its hard to guess what the positive or negative effects are of  your tower. I 
mean you could be creative with some nestboxes if  it is close to the woods. Or 
some kind of  sitting place on the roof  (i know there should be some eagles 
flying around). I also dont know if  it is better to put it close to the forrest 
or to let it stand out of  the forest. I can imagine the view might be better 
if  you place it out, but it could be “ruining” the view (I believe your design 
would look nice though). Maybe put some trees around it to make it look 
more natural.”

“As long as you let the tower be part of  the nature reserve and 
dont put a stony path to it or cut away a lot of  plants/trees, I dont think the 
tower would have much negative effects on the nature around it.”  

“One thing every birdwatcher is kind of  annoyed by is the 
height of  the windows (if  youre making one with windows). They are 
always too small, too big, too high or too low haha... Dont know a solution.  
I am also not sure if  you can come up with some inventive solution to prevent 
people from having the sun in their eyes...”

“One other thing you have to keep in mind is the wind. It 
could be very windy there (or everywhere) and if  you use binoculars and 
especially telescopes the wind causes vibrations (not good when you want to 
identify a difficult species far in the sea). And because of  the wind, the rain 
will splash into the tower as well < its most interesting to watch 
seabirds during storms!” 

06_Context analysis 
Ornithological Analysis

06_Context Analysis

Once	the	area	of 	Josefinelust	was	selected,	then	a	building	pro-
gram was required to inform and inform all subsequent decisions 
from	this	point	 forware.	 	Due	 to	Kullaberg	classification	as	an	
Important Bird Area but also noticing a ‘no go’ bird protection 
area within the reserve, a student of  ornithology was engaged 
to comment on the proposed construction of  a bird watching 
facility.		Two	more	specific	locations	were	suggested	within	the	
reserve.  The student was Maarten Vervoot and after an interview 
with him, several critical things emerged as highlighted here many 
of  which greatly related to the thesis’ initial goals of  bringing 
nature and architecture closer together.
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6.2 Bird Watching and Birding

Birdwatching also known birding, is the simple observation of  
birds in their natural habitat.  It often also involves learning to 
identify bird species and an understanding of  behaviors.  It is a 
hobby that can be practiced in any location public or private or 
it can involve travelling to particular bird sanctuaries, reserve or 
bird watching facilities that feature interesting bird life.  Humans 
have had a special interest in birds for hundreds of  years.  Whilst 
the	romans	held	the	belief 	that	their	calls	and	flight	patterns	fore-
tell future events.  Birds are indicators of  forecast environmental 
conditions	and	their	activity	and	population	numbers	reflect	the	
health of  the surrounding environment in which they dwell.  For 
that	reason,	it	would	greatly	benefit	the	world	if 	we	became	more	
interested in the activity of  birds.  It is very evident that through 
strengthening our knowledge of  birds amongst other creatures in 
nature, we are able to build a more sustainable relationship with 
the natural world.

Birding is an activity that can be greatly rewarding for several 
reasons, the observer builds a strong connection with beauty in 
nature,	there	are	many	health	benefits	from	being	outdoors	and	
there is a great sense of  solitude felt though the acts of  observa-
tion and experiencing the moment.  

More practical principles of  birding in the quest for knowledge 
through science.  It is one of  the few hobbies or past times where 
amateurs	can	often	contribute	greatly	to	a	larger	scientific	com-
munity.  Much of  our ornithology knowledge has originated 
from observations by individual birders.  (Kristjan Jung, 2012)

6.3 Birding Hide User Groups

General public
Some  bird hides are accessible for  all members of  the general 
public.  These typically accommodate 10 to 20 people at any one 
time	and	are	generally	financed	by	public	funding.		Public	hides	
such as this typically do not attract professional photographers 
who	require	more	specific	needs,	and	these	hides	are	known	for	
being poorly maintained.  
Users typically stay no longer than 30 minutes depending on the 
wildlife viewing.

Nature Enthusiasts
Nature Enthusiasts enjoy over day or overnight stays at bird 
hides and have limited requirements beyond exploring the nat-
ural world.  Most of  this user type commonly take photographs.  
Hides	designed	for	this	group	typically	fit	8	to	12	people	in	either	
one or several structures.  These hides typically require comfort-
able facilities including toilets.
These hides have a focus on ‘viewing’ rather than photography 
and windows tend to be panoramic as opposed to observations 
slits.

High-level nature photographers/professionals
This category of  user requires a focus on landscape backgroun, 
sun positioning, ground level viewing, high visibility preferably 
with 3 directional observation.  The correct bench dimensions 
for ball-head and gimbal camera mounts are also essential for 
these hides.  These professionals can spend several days and 
nights in these hides and therefore the appropriate faciliteis are 
required for this.  Insulation against cold and heat must also be 
considered.  These hides also attract users who are willing to pay 
for the use of  a premium facility. (Kristjan Jung, 2012)

With	confirmation	of 	a	building	program	research	began	on	the	
hobby of  birdwatching also known as ‘birding’. 
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Western European-African 
flyway

Eastern European-African 
flyway

Kullaberg
Skåne Sweden

Figure 8. Global Bird Migration Routes

6.4 Global Bird Migration Routes

“I think the most important thing of  a tower is that there are birds to see...  
Maarten Vervoort, student of  Ornithology

Although the Kullen peninsular is also home to a variety of  pe-
lagic and terrestrial birds, many of  the breeding birds migrate 
to and from destinations around the globe including Greenland, 
India, the Siberia, Argentina, South Africa, Iran and Antarctica.  
The	major	 bird	migratory	 flyways	 that	 connect	Kullaberg	 and	
Scandinavia to the rest of  the world include the East Atlantic, the 
Western-Eastern African, the Easter-European and the Black Sea 
Mediterrane	an	flyways.

For this reason, Skane has been described as a ‘mecca for 
bird-watchers’.  The region is home to 192 of  the total 250 bird 
species that breed in Sweden.  In particular the southernmost 
point of  Sweden is part of  the most important European route 
for migrating birds.  500 million birds from Scandinavia pass this 
region on their journey to spend the winter in Africa.  For these 
regions Skane attracts bird watchers internationally and across 
Europe.		Specifically	birds	the	rare	birds	of 	prey	found	here	are	
highly attractive for many bird watchers. (Kristjan Jung, 2012)
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Talgoxe
latin: parus major

Törnsångare
latin: sylvia communis

Ringduva
latin: columba palumbus 

Rödhake 
latin: : erithacus rubecula 

Gröngöling
latin: picus viridis

Koltrast
Blackbird

latin: turdus merula

Större hackspett 
latin: dendrocopos major

Ärtsångare
latin: sylvia curruca

Törnskata
latin: tanius collurio

Hämpling
latin: linaria cannabina

Bofink
latin: fringilla coelebs

Spillkråka
latin: dryocopus martius

Common Eider
latin: Somateria mollissima

Common Scoter
latin: Melanita nigra

Black Guillemot
latin: Cepphus grylle

6.5 The Birds of  Kullaberg

The Kullen peninsular is home to a variety of  pelagic and ter-
restrial birds.  Some of  the common seaducks and birds species 
include the common eider (Somateria mollissima), common 
scoter (Melanita nigra), velvet scoter (Melanita fusca), common 
goldeneye (Bucephala clangula), and black guillemot (Cepphus 
grylle).  Due to the shape and location of  the Peninsular many 
other bird species are often forced to rest in the park particularly 
during storms.

Other	local	birds	include	Chaffinches,	warblers,	great	tits,	black-
birds, robins and wood pigeons whilst the Tawny Olw and Marsh 
Tit residents in Kullaberg all year round.  There are three species 
of  woodpeckers including Black, Great-Spotted and Green.  

The specialized habitat of  Kullaberg has attracted the Rare Red 
Kite since 1996 and is a critical reasons the site meets the IBA 
criteria (B3 and C6).  The Common Guillemot has been recorded 
here since 1996 with 50 to 500 pairs recorded however the area is 
not known as a breeding ground for this bird criteria B1ii and C3 
are met nevertheless.  Also during up to 30 pairs of  Red-Backed 
Shrikes were recorded.

Due to this unique and extensive bird life, an international IBA 
(Important Bird Area) and SPA (Special Protection Area) des-
ignation has been issued to the Kullen Peninsular.  (Visit Skane 
Tourism, 2019)
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6.6 Storm Birding and Bird Fallout

“its most interesting to watch seabirds during storms!” 
Maarten Vervoort, student of  Ornithology

After the initial interview with Maarten who suggested storms 
produce a high bird activity.  The subculture of  Storm Birding 
was discovered.

Due to a phenomenon known as ‘bird fallout’ or ‘migration fall-
out’ a subculture in the community of  bird watching has devel-
oped	with	a	specific	interest	in	observation	during	storms.		Bird	
fallout is the sudden appearance of  sometimes many thousands 
of  birds as the result of  severe weather which prevents migra-
tory birds from reaching their destination.  Due to the extreme 
distances birds cover across the globe, birds often do not have 
enough	energy	to	fly	as	they	encounter	high	winds.		This	exhaus-
tion can result in thousands of  birds coming to rest in a small 
area.  Due to this sudden appearance of  foreign birds to an area, 
this can cause stress on the ecology on the birds in the area and 
surrounding ecology.  As bird fallout is a rare occurrence and 
only stems from extreme weather events it is a sought-after event 
for birders.  These events also give birders the chance to witness 
extremely exotic birds from many different corners of  the globe, 
that would otherwise never come to dwell in the area.  Some ex-
treme storm birders have even been known to follow hurricanes 
in order to witness these fallout events.

Although this event is rare, bird activity is generally higher during 
storms and therefore a storm birding facility has further been 
explored. (Karin, Brulliard, 2018)
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6.6 Skälterviken – A Natural Bird Net

“the seabirds get blown into Skälderviken (during storm)”
Maarten Vervoort, student of  Ornithology

After speaking with Ornithologist Maarten Vervoot who high-
lighted the fact that the cape of  Skalterviken plays a role in shap-
ing a particularly interesting bird life at Kullaberg.  A mapping 
and analysis of  the primary winds, bird migration and the loca-
tion of  bird sanctuaries along the coastline was made.  Maarten 
spoke about catching effect the bay of  Skalterviken had on mi-
gratory	birds	flying	across	the	area	explained	in	this	map.		The	
Bay of  Skalder IBA sanctuary and The Kullenberg Nature Re-
serve IBA can clearly be seen as stops the birds make along their 
journey back down the coastline after being swept in by strong 
storm surges in the area.
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Central Jutland, Denmark, 56.71°N 11.56°E 

12m asl
Data collated on 07/05/2019

Anholt Weather Station
Ö.Kattegatt
(SMHI, 2019)

Rain

07 Research into Storm Weather Conditions

At this stage of  the project, weather data was collected for the 
area to gain a better understanding of  storm conditions on the 
site with the aim of  assisting in the design of  a building for the 
observation of  birds during storms.

Subsequent simulations were performed according to storm 
conditions on the site in the form of  Wind, wave and rainfall.  
The site mesh was imported into AutoDesk’s Computation Fluid 
Dynamics (CFD) for wind analysis whilst rainfall was simulat-
ed in eVe a plug in for Rhino and a wave effect was visualised 
from section cut lines and photoshop.  As data was unable to 
be	obtained	for	the	exact	location	of 	Josefinelust,	data	from	the	
closest weather recording station was gathered.  This is an ocea-
onographic weather recording station on the Danish island of  
Anholt	roughly	70	kilometers	from	Josefinelust,	north-westwards	
out to sea.  It is known that this data may differ from true data 
gather on the exact location however it gives a close representa-
tion	to	the	site	conditions	at	Josefinelust.	(SMHI, 2019)

07_Research into 
storm weather 
conditions for 
Kullaberg
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0 >1 >5 >12 >19 >28 >38 >50 >61km/h

Wind Rose taken from Anholt Weather 
Station

Central Jutland, Denmark, 56.71°N 
11.56°E 12m asl

Illustrates how many hours per year the 
wind blows from the indicated direction

Prominant wind direction : Westerly
Highest wind speed:  50 - 60km/h

Anholt Weather Station
Ö.Kattegattt, approx 70km NW of  site location
(SMHI, 2019)Wind

Sea Area Station Maximum wave height Significant wave height Date

S.Bottenhavet Finngrundet 9.83 m 6.36 m 2006-11-01

N.Östersjön Almagrundet 12.75 m 7.82 m 1984-01-14

M.Östersjön Knoll's reason 10.33 m 5.56 m 2017-01-11

S.Östersjön Southern Baltic Sea 11.22 m 7.89 m 2009-10-14

Sound Oskar shoal 6.32 m 3.54 m 1989-10-02

V.Kattegatt Læsø Ost 5.86 m 4.10 m 2007-11-09

Ö.Kattegatt The troubadour 10.16 m 4.52 m 1988-10-28

Ö.Skagerrak Väderöarna 14.36 m 8.12 m 2015-01-10

 
 

Record: Wave Height
The highest waves are observed in connection with heavy winds.  How high the 
waves can be varies from place to place.  The highest maximum wave height 
has been observed outside Väderöarna.

Highest observed wave height

published Feburary 18, 2013
updated May 31, 2017

Measurement and calculation of  waves
Wave measurements have been carried out 

by SMHI.
Maximum wave height : 10.16m
Significant wave height: 4.52

Troubadour Weather Station
Ö.Kattegat
(SMHI, 2019)Wave
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• An aesthetic that respects and acknowledges the dramatic location,  
 with the aim to merge with the landscape, as opposed to fully dif   
 ferentiate. 
• Utilise a structural and construction system that minimises vibra  
 tions and sound for a peaceful viewing experience.
• Spaces that are organised to support professional ornithologists,   
 amateur birders as well as the general public who may simply want  
 to experience the view. 
• Allow for appropriate and comfortable seating where some viewers  
 may remain for long periods of  bird watching and photo capture.  
 Include ledge for camera and equipment rest/work area.
• Design windows to optimise views but reduce bird/wildlife aware 
 ness of  humans within.
• Allow for integrated interpretation opportunities with information  
 on bird species, behavior, storm activity and other unique location 
 al educational information.
• Incorporate nesting boxes or resting places for birds into the build 
 ing.
• Aim to collect and provide fresh drinking water.

 Accommodation Schedule. 
 The project should:
• Include one or several structures to which provide approximately  
 30sqm of  space.
• Storage for educational material – 5sqm.
• Integrated signage, interpretation and art material. 
• A range of  viewing points for short, medium and long range view 
 ing vantage.
• Drinking water supply.
• The building will not be serviced by way of  power, water and sew 
 erage. 

08 Brief

Project Objective: The Kullaberg Storm Birding Facility will offer op-
timised viewing opportunities on the Kullen Peninsula with the aim of  
observing both local and migratory birds that pass through this location and 
who are affected by unique storm activity in the Skälterviken Bay.  The view-
ing opportunities will be housed within an appropriately designed facility, 
sensitively inserted within the natural environment.

Activities:  As a well loved destination in southern Sweden this area enjoys 
a	range	of 	passive	and	active	recreation	interests	including	fishing,	hiking,	
sightseeing, swimming, birdwatching and communing with nature.  Due to 
the unique storm activity and related bird behavior a key activity will be the 
provision of  storm bird viewing in inclement weather. The project should 
work with existing users of  the destination, enhancing and not taking away 
from	the	other	uses	of 	swimming,	fishing	and	hiking.
Project to consider:

• The ability to support both individuals and groups up to 20 people  
 at any one time to observe the wildlife and birds of  Kullberg. To  
 include educational and school group visits.
• Extreme and severe weather periods, including storms.  Protect   
 against sun, wind and rain.
• Include a range of  open to sky and enclosed areas for both inclem 
 ent and good weather conditions.
• Maximising viewlines (including to forest and surrounding ocean)  
 in as many directions as possible, including directly upward.
• “Touch the earth lightly”: ensuring environmental impact is mini  
 mal. The structures could be designed so they could be removed if   
 required. Environmental light touch will include allowing   
 the natural processes of  the site to continue (water pathways)   
 through, under and around the structures.

08_Kullaberg Storm 
Birding Facility 
Brief
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09_Photogrammetry, 



46 47

Lada
rps

 Bath
ingBlac

k h
alls

Hon
eys

uck
le c

ave

Nim
is

Håku
llsm

al
Vald

em
ars

 gr
ott

an

Kitte
len

Geta
stu

go
rna

Sö
ftin

gsg
rot

tan
    

 

Virg
in 

cha
mbe

rsSu
gar

 Top
 

Trol
l h

ole
Abla

ham

Käri
ng

male
n

Eldl
öd

and
e k

lip
po

r

Häst
aho

vam
ale

n

Visit
gro

tta
n

Sk
åre

näs

Kull
am

ann
en

s d
örr

Kull
alå

Paln
ato

kes
 sk

rän
t

Para
dis

ham
n

Port

MÖLLE
Oresund

Skelderviken

ARILD

Josef
inelu

st

Djupad
al

Bird Protection area 

no admittance 1st March through 15 July

Preliminary site scan one

Site Visit Exploration

Main site scan two



48 49

09	 Josefinelust	Photogrammetry

27.03.19

After	the	first	scan	at	Djupadal,	a	second	scan	was	carried	out	at	
Josefinelust,	roughly	a	30	minute	walk		through	the	forrest.		Here,	
150 aerial drone and 50 terrestrial photographs were capture by 
Felix Ruder and myself.  There was a westerly breeze crossing the 
site however this did not have a minimal impact on the drone 
flight.		Direct,	harsh	lighting	was	avoided	by	scanning	the	site	at	
4pm	in	the	afternoon	whilst	Josefinelust	was	self 	shaded	by	the	
surrounding topography.  This did result in a darker blue tinted 
point	cloud	and	also	final	mesh	however	this	was	a	small	sacrifice	
to give a much more accurate and higher resolution point cloud 
quality.  The low air temperature did greatly affect the battery life 
of 	the	phone	used	during	the	scan	and	therefore	flight	time	was	
limited	to	approximately	15	minutes,	however	a	sufficient	num-
ber of  photographs were captured within this tmeframe.

Once	at	Josefinelust,	the	shape	and	geometry	of 	the	site	was	hard	
to understand.  Much like the image shown here, most of  the 
site understanding revolved around the incredible views and the 
small close up moments of  complexities, seen at ground level.  It 
was	satisfying	to	start	this	project	from	the	first	hand	experience	
of  the site which was only truely understood after the data had 
been gathered and processed.
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52 53 Flight path and photograph capure locations

Location on site

Aerial view of  site with 150 drone Photograph location overlay
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Aerial Photographs

Terrestrial Photographs
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10_Data Process-
ing and post processing 
in photogrammetry 
software
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8.5 Data Processing

Once photographs are collected and imported digitally, software 
is used to convert the images into a 3D point cloud.  It is of  great 
importance that no editing be performed on the photographs pri-
or to importing into the photogrammetry software.  This ensures 
that the pixels remain as similar as possible between photographs 
and therefore gives the software a greater chance in matching 
and alignment.  The software used in this thesis is a professional 
grade photogrammetry software.  The following seven steps are 
now made in within the program.  Once photographs are import-
ed into the software, an initial automatic alignment of  the pho-
tographs is executed.  This took several minutes.  Once an initial 
alignment is completed several separate data sets of  point clouds 
are produced each linked to different groups of  photographs.  
For	a	high-quality	final	data	set	containing	the	maximum	amount	
of  information, one single data set with ALL the point clouds is 
the goal.  Due to this a manual alignment process is made where 
similar tie points are selected in photographs from each data set 
and linked together.  Photographs alignment is now redone, and 
the result is ideally less if  not one single combined data set.  Once 
this occurs the major calculation solve is performed (step 4.) and 
the software begins solving the locations of  millions of  pixels in 
a	XYZ	space.		For	the	‘normal’	resolution		model	of 	Josefinelust	
this took many hours.  Finally, the point is colourised, texturized 
and meshes are generated.  The point cloud results are shown in 
the following pages.
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Raw Point Cloud Data Ocean Elevation
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‘Normal’ point cloud
represents flat and vertical surface for 

ease of  visualisation

Elevation point cloud
highlights elevation of  point cloud data

09 Surface Analysis in ReCap Pro09 Height Analysis in ReCap Pro
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10.3 Scale and resolution analysis

After the generation of  point cloud data an initial visual analysis 
was performed from visualisation out of  AutoDesk Recap.  The 
final	resolution	of 	the	point	cloud	far	exceeded	expectation.		Vast	
amounts of  information were gathered at both scales, the macro 
and	the	micro.	Two	caves,	a	lifesaving	floatation	buoy	and	a	lad-
der are just a few of  the examples of  objects found at the scale 
of  5 meters or less.  Some of  these objects we’re not even known 
about whilst exploring the site.  Although the drone stayed close 
in	the	focus	area	of 	Josefinelust	maintaining	a	flight	radius	of 	50	
meters, collateral data was generated up to 150 meters away along 
the coastline and extending into the neighboring bay.

750mm
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10.4 Generation of  Mesh

After an initial analysis and visualisation of  the point cloud is performed, Meshes are now extracted.  The master mesh generated from 
the	master	point	cloud	contained	over	30	million	triangles	and	therefore	had	a	file	size	over	10	gigabytes	large.		For	this	reasons	a	pro-
cess	of 	mesh	simplification	and	reduction	is	made	for	the	information	to	be	at	a	useable	file	size.		This	immediately	raised	an	interesting	
problem with dealing with complexity of  nature.  

This became a mesh of  100 thousand trianglges.  In the photogrammetry process many formats can be exported however I worked 
solely	with	OBJ	meshes	and	XYZ	point	cloud	files.		OBJ’s	were	exported	for	use	in	Rhino,	Meshmixer	and	MeshLab	whilst	XYZ	point	
cloud	files	wer’e	imported	into	AutoDesk’s	ReCap	Pro.		
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10 Storm Simulations
11.1 Wind Simulation on 5 000 TRI mesh

Software:   AutoDesk CFD
Air temperature:   19.85 Degrees celcius 
Analysis time:   535 seconds
Input wind Velocity:  50km/h 
Wind Direction:   Westerly
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North Elevation West Elevation East Elevation

11.3 Precipitation Simulation - Elevations10.2 Precipitation Simulation - Plan 

Mesh:   10 000 Triangle
Software:   eVe plug in for Rhinoceros
Analysis time:  10 minutes
Number of  raindrops: 10 000 raindrops  
Distribution of  rainfall: Randomised
Rainfall angle of  rotation: 0 degrees
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twater at sea level 0Wave Impact Visualisation using section line

10.4 Wave Height Analysis

Although	CFD	has	fluid	dynamic	simulation	capable	of 	running	
wave impacts on a mesh this was not used during this thesis due 
to large calculation times.  This however would be an effective 
method for generating a highly realistic wave impact on the mesh.

This analysis was generated by cutting section lines through the 
mesh at the appropriate heights according to the Maximum and 
Significant	wave	height	data	from	1988	at	the	Troubadour	ocean-
ographic weather station in the waters of  Kattegatt.  These levels 
were then visualised in photoshop to illustrate the impact effect 
on the site.  

Input Data
Sea Area:   Ö.Kattegatt
Station:    The troubadour
Maximum Wave Height: 10.16 m
Significant	Wave	Height:	 4.52	m
Date:    1988-10-28 (Approx 1/100 

year storm)
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Wave Impact VisualisationWave Impact Visualisation using section line Maximum wave height at 10.16m ASLWave Impact Visualisation using section line Significant	wave	height	at	4.52m ASL
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Granite stone filled gabion wall module MeshMould fabricated structureStandardised mesh clad gabion face

A gabion wall system was introduced with the intention of  ‘build-
ing on stone, with stone’.  Custom gabion walls are to be con-
structed utilising the generated point cloud data and mesh and 
then	to	be	filled	with	stone	in-situ.

Typical construciton 
method on flat site

Typical construciton 
method on site with 
complex terrain 

resulting in damgage to 
exisiting site

Proposed construction method 
for complexity modelled 
around real world point 

cloud data

Point Cloud

Ability for site terrain to return 
to natural state

11 Construction Method

A construction method was proposed to cope with all the envi-
ronmental factors as well as complexity.  This was simply to tailor 
the building instead of  the site.

Through use of  the point cloud data the ‘touch point’ of  the 
building can be custom shaped to merge into the existing site.  
This enables an ‘optional’ architecture which minimised impact 
to the natural systems aswell as having the ability to be removed 
at any time to return the site to it’s state prior to construction.
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Rain and Ocean 
water runoff

Custom footing-less 
gabion wall system to take 
Wind loads

The	resulting	components	then	allow	both	wave	and	water	runoff 	to	flow	
through the building and it’s components effectively minimising the existing 
water path runoffs.

The weight of  the stone also means that footings become obsolete.
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2.

Weld elements together3.

Cut and Move
MeshMould Robot 
arm to position 
according to camera 
sensors 

1.

Extrusion 
of  standard steel reinforcement 

bar

Weld 3.

Extrude2.
Move1.

Machine can work onsite or produce modules 
to be assembled on site

Meshmoulding can sense it’s surrounding and 
move accordingly

Space 
Sensing

Movement

MeshMould welding is highly time efficient 
compared to other additive manufacturing 
techniques

Time

Major cost saving compared to other additive 
manufacturing techniques

Technique works in perfect conjuncture with 
mesh patterning 

Cost 
Effective

Mesh 
Structure

Ability to print complex and curved formCurved 
form

11.2 Mesh Mould Additive Manufacturing Technique

To	construct	custom,	site	specific	gabion	wall’s	 for	 josefinelust	an	
appropriate additive manufacturing process was reserached.  ETH’s 
cutting edge machine called MeshMould is a machine that can eff-
fectively place, weld and cut segments of  standard reinforcement 
bars into any complex form.  The technique is highly effective for 
reducing construction times whilst being able to create extremely 
complex geometries.  This seemed like an appropriate method for 
manufacturing the complex underside of  the gabion wall system.  

This method is highly cost/time effective compared to other trad-
tional additive manufacturing techniques.  The machine is self  aware, 
meaning it can sense it’s surroudning via a number of  sensors and 
cameras.  It have the ability to move around on site for comstruction 
however for the required means fabrication of  gabion wall elements 
can be fabricated off  site and assembled in situ.w (Gramazio Kohler 
Research, 2016) 
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Abstract line analysis

12 Design Process

12.1 Moments of  Order

The	design	proccess	evolved	out	of 	many	attempts	to	find	small	moments	
of  order, structure and geometry amongst the chaos and complexity of  the 
mesh.  The resulting forms intended to become ‘extensions’ of  the existing 
rockface	 and	 have	 a	 great	 sense	 of 	 site	 specificity	 and	 belonging.	 	 Several	
resolution	reductions	assisted	in	highlighting	significant	unchanging	forms	on	
the site as shown here.

Mesh reduction analysis

5 000 triangles1 000 triangles

500 triangles4 triangles

Unchanging Cliff  
Geometry

13_Design 
Outcomes



84 85

Ocean observation path
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Orthographic Visualisation Stair Detail



Entry/Info
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Viewing Space two

Open light 
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Outdoor summer viewing
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Stair Visualisation Main Section
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Observation Window Detail
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13.1 Possible applications

The design process and structural system developed throughout 
this thesis has the potential to be adapted for numerous different 
applications.  Some possible examples of  these are listed below.
Space exploration and habitation: 

Tourism: Where people expect to see extremely sensitive built 
form interventions in natural environments.  Also ensuring that 
the initial attraction of  a place is not destroyed by making any 
changes to it.

Better community consultation: Communities are more vo-
cal and aware of  projects and expect greater involvement with 
various	projects.	For	sensitive,	controversial	projects	a	better	fit	
with the natural place will be easier to gain public acceptance of  
projects in sensitve locations.

Increasing urbanisation in Peri-urban areas: As human set-
tlements spread and world population spreads, we may be forced 
to start building in previously no-go areas, which are more envi-
ronmentally sensitive. This process could assist in such regional 
planning and land development.

A new building typology:  The construction system developed 
through this thesis research almost becomes a new architectural 
typology, one that sits between temporal and lasting impactless 
design.  Perhaps most importantly architecture built in this man-
ner is architecture with possibility and ‘option’.  

Technology advancements since writing this paper

Unsurprisingly since writting this paper, the technology of  3d 
scanning	has	already	evolved	and	become	more	efficient.	 	The	
software used in this research now allows users to generate 
a point cloud from a video input.  It is unknown whether this 
method produces an even higher quality point cloud but this 
fact helps to emphasis how this technology continues to devel-
op exponentially and suggests that it is likely to become more 
and more accessible and integrated into not just architecture but 
many other industries.
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13.2 Project Conclusions

This thesis began with a simple desire to learn the new and excit-
ing process of  photogrammetry as a tool for architecture.  What 
emerged however was something very different.  Through the 
first	hand	experience	of 	choosing	a	unique	site	and	 the	subse-
quent process of  analysis and design, a very deep and close rela-
tionship was formed with the complexities of  the site.  After this 
process I have come to learn every stone and rock formation at 
both	Josefinelust	and	Djupadal	and	I	was	 forced	 to	put	nature	
first	and	architecture	second.		

As architects we so often begin a project with a blank canvas be-
ing a site.  We then commence context analysis and gather more 
information, add data, aggregate further informaion as we at-
tempt to understand everything about the real world site we are 
about to build on.  The process explored in this research some-
what reversed that process, where context analysis commenced 
with an overwhelming amount of  data and detail, being a direct 
reflection	of 	the	real	and	complex	world.		This	then	needed	to	be	
managed and understood so that it could be helpful as part of  the 
architectural process. Perhaps the traditional approach of  build-
ing up information results in a subconcious denial and disregard 
for the natural world.  This thesis in many ways puts nature, its 
opportunities	and	constraints	upfront	first	up,	becaming	a	invert-
ed process of  starting with a near perfect representation of  the 
physical site and then working somewhat backwards to try and 
engage architecturally with this information.

As our technology continues to develop exponentially so too 
should our ability to design and dwell in a built environment that 
works in perfect in harmony with the natural world.
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