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PREFACE

Living on a lifestyle block in Russell, Bay of  Islands, I have grown up surrounded by 

one of  New Zealand’s most pristine natural environments. 

The site for this project, Motu Kōkako, is regarded as the most significant island in 

the Bay of  Islands.  Therefore all actions on the island require particular attention to 

detail to ensure minimal impact.  For the proposal of  construction, the superior pre-

cision of  off-site processing and the consequent reduction in on-site waste offered 

by digital tools, makes them a valuable addition to the design process.

From childhood I have been passionate about making with my hands, something 

that runs back on both sides of  my family. This project has challenged me to engage 

with digital tools, and through exploration, to understand their value in design for  

Motu Kōkako.

Figure 1 Above: View from above west face, 
Motu Kōkako 

Figure 2 Left: Russell Township, Bay of  
Islands, Main Street 



VI VII

ABSTRACT

This project, set on Motu Kōkako in the Bay of  Islands, investigates a design for 
a refuge in a sensitive and remote natural environment, searching for an approach 
that reduces the impact of  the building on its environment. The project challenges 
the status quo of  the regular and rectilinear connections and excavations that char-
acterise typical building sites by proposing that when building in an environment of  
character there may already be abundant opportunities for connection with the site. 

The project presents one approach that combines precise digital surveying and fab-
rication workflows to deliver a site-informed design and an efficient system that 
engages with the irregularity of  the site whilst satisfying the constraints arising from 
issues of  transporting the building materials to the site.

The project is driven by a proposition set by the Motu Kōkako Ahu Whenua Trust 
for a small refuge for whānau, biodiversity researchers and potentially tourists who 
would provide an income for the trust. 

  

Figure 3 Left: The Helipad at the summit of  
Motu Kokako. 
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To the community of Te Rawhiti

Figure 4 Te Rawhiti and beginning of  The Rakau-
mangamanga Peninsula from the Salt Air helicopter. 
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INTRODUCTION

The natural environment is characterized by eons of  progressive change. The move-
ment of  the earth’s crust from below, the erosion by the elements from above and 
living ecosystems together sculpt distinctly unique landscapes. Motu Kōkako is a 
unique example of  this dynamic process. Its makeup, geologically and ecologically, 
is unlike any other island in the Bay of  Islands, making the act of  entering into, let 
alone building in such an environment open to criticism. In and of  itself  any action 
on Motu Kōkako will inevitably have an impact on the island, so the approach to this 
island must be highly sensitive to minimize such impact.

The treatment of  site by scraping it flat and spacing connections regularly is the most 
common strategy for preparing for construction. This approach has been largely 
facilitated by the advent of  machines and a shift away from and on-site design and 
construction. The development of  sophisticated machines during the 20th century 
has led to more refined tools capable of  greater efficiency and precision. There is a 
concern that these new digital tools create a disconnection between fabrication and 
materiality and geography1 because the seductive appeal of  “error free” 2 control 
using digital fabrication processes is biased towards homogenous materials.3 How-
ever, these new digital tools also allow a more customized approach to design and 
fabrication, offering useful opportunities to engage with the irregularities of  the 
material and site that characterize Motu Kōkako. 

1  Rabee M. Reffat, “Digital Architecture and Reforming the Built Environment,” Journal of  Architectural 

Planning and Research 25:2, (2008): 118-129. 

2 Scott Marble, Digital Workflows in Architecture: Designing Design -- Designing Assembly -- Designing Industry, (Basel: 

Birkha ̈user, 2012), 31 

3 Lucy Johnston, Digital Handmade: Craftsmanship and the New Industrial Revolution, (London: Thames & Hudson, 

2015), 31

The question therefore remains: How can digital tools aid in creating a respectful 
and intimate connection between a refuge and a sensitive and remote natural envi-
ronment?

Furthermore, how can digital tools create a stronger and more intimate bond with 
the site, its materiality and the unique textures and forms that characterize its compo-
sition? This project is a progression from an understanding of  the tools themselves 
to their application as a means of  engaging with the site, an approach which creates 
collaboration between analogue and digital surveying, design and construction, in 
pursuit of  maximizing the precision and quality of  the result and minimising the 
impact of  the building on its site. This process involves integrating “the physical” 
and “the digital”. Tools of  digital capture and digital fabrication are the main area of  
enquiry because of  their ability to three-dimensionally document and fabricate from 
the surface of  the physical environment. 

Motu Kōkako, Piercy Island, or “The Hole in the Rock” as it is known by its many 
visitors today, is a sublime example of  one of  New Zealand’s most valuable natural 
environments. Motu Kōkako is recognised as the most valuable island in the Bay 
of  Islands ecologically, as a site of  international significance geologically and as a 
site of  great significance to Māori, with a trail of  history dating back to the ancient 
voyagers from Hawaiki. Ultimately, the site calls for a collaborative approach of  Kai-
tiakitanga by all parties to preserve this wondrous natural resource for years to come, 
a response that respects the mana of  the island and its significance. Motu Kōkako, 
located 10 kilometres from Te Rawhiti in the Bay of  Islands, the nearest location by 
road, is fortressed by 50–100-m sheer cliff  faces easing to a rocky 30–45° terrain. 

This topography limits access to the island to helicopter, thus significantly challeng-
ing any prospect of  construction. Stemming from the challenges presented by the 
vulnerability and inaccessibility of  the site, the project progresses based on a design 
brief  set by the Motu Kōkako Ahu Whenua Trust, which owns the island. 

In summary, the brief  is for a self-sustainable building for overnight stays, which are 
already run on the island for whanāu and biodiversity scientists, but also with the 
potential for a unique tourism experience which could provide a source of  income 
for the Trust. The Trust is currently working in partnership with helicopter company 
Salt Air through which a helicopter pad has been set up on the island. The site’s 
logistical access situation must be approached with precision and accuracy to create 
a smooth construction process respectful of  the environment. Weight, volume and 
form restrictions of  the building materials also need to be adapted so they can be 
transported from Te Rawhiti over the 10-km journey by helicopter. 

Because of  their capacity to measure, record and then produce models of  exist-
ing conditions without any physical contact, digital tools provide opportunities to 
effectively solve the logistical problems involved in achieving accurate and high-per-
formance results, whilst also maintaining a ‘light touch.’ This project considers the 
methodology of  surveying, design and construction in a holistic approach which 
respects the environmental vulnerability of  the site. 
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How can digital tools aid in creating a respectful and intimate connection between a structure and a sensitive and 

remote natural environment?

 

Figure 7 Right: View from Motu Kōkako towards “The Pinnacles” 
rock  formation and beyond to the Rakaumangamanga peninsula 
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The project is divided into six main sections:

Part 1, Tools, describes the tools that will be investigated as part of  the design pro-
cess, developing first an understanding of  how the tools work and their typical appli-
cations. The implications of  their use are assessed and the opportunities of  their use 
as tools for design and construction processes are explored. From this evaluation, 
appropriate tools were selected for this project.

Part 2, Site, provides an overview of  our current response to the architectural con-
dition of  the site, its advantages and limitations. This understanding is extended to 
include a cultural value assessment that may have an impact on the appropriate type 
of  response acceptable for Motu Kōkako.

Part 3, Motu Kōkako, develops an in-depth range of  understanding of  the wider 
context of  Motu Kōkako and the intimacies of  the site itself, ultimately developing 
the base from which appropriate design responses can be developed. By combining 
information obtained through digital tools, physical experience and the literature, a 
good understanding can be developed of  why Motu Kōkako is of  such significance. 
Based on this information, the foundations are set for a design which aims to infuse 
the unique characteristics of  the site while attenuating the impact of  the building on 
its environment. In short, this section establishes the “parameters” of  the project.

Part 4, Precedents, investigates buildings and structures relevant to this project and 
their response to their sites. This section is divided into four main areas:

- Material Systems: investigates biomimicry and the use of  materials, using 
systems and structures already existing within the natural environment.

- Deployable Structures: the tent as a “building” method is very different 
from the permanence of  most construction today. Vernacular examples 
such as the Arab tent and Mongolian yurt, are somewhat excluded from 
the destructive image associated with the act of  “building” because of  their 
transient nature.

- Prefabrication Systems: developing an approach using deployable struc-
tures, this section investigates construction techniques which deal with 
issues concerning the difficulty of  access to the site.

- The Roundhouse: the traditional Maori Roundhouse took many forms, 
typically being a semi-temporary building. Evidence suggests construction 
not dissimilar from this typology was likely used as shelter by local Maori 
staying on Motu Kōkako before European contact. 

Part 5, Process, this section uses research by design in pursuit of  an approach 
suited to Motu Kōkako and the natural environment at large. The process focuses 
on the intimate relationship between building and site, looking at an appropriate bal-
ance between the functional space of  the building, restraints of  access and detailed 
accuracy needed for minimal connections to the materiality of  the site.

Part 6, Conclusion, reflects on the effectiveness of  the design approach, drawing 
conclusions and indicating possible future prospects for this research generally and 
for the Motu Kōkako Ahu Whenua Trust. 

The pristine condition of  Motu Kōkako is the essential reality that generates the pri-

mary aim of  this project. This aim is to develop an approach that is inherently aware, 

respectful and creates a connection with the precious environment and thereby pro-

vide a feasibility study for its owners the Motu Kōkako Ahu Whenua Trust. 

Given the remote location and rugged terrain of  the island, prefabrication systems 

are mandatory, so this project also focuses on the use of  digital tools as part of  the 

design process, investigating ways in which these tools can be used to benefit design 

and minimize the effect of  the construction process on the environment. 

AIMS AND OBJECTIVES
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SCOPE

This project aims to develop a design approach suitable for the environment of  Motu 
Kōkako, practically confronting the challenges of  accessing the site and respecting 
this significant environment.

The scope of  this project aims to demonstrate how a refuge for overnight stays 
on the island might be approached. The approach presented here overcomes the 
challenging conditions by introducing digital capture of  the physical environment. 
The digital data is then imported into the design “realm” where design solutions are 
developed which could be digitally fabricated remotely to extremely fine tolerances 
that have the potential to almost reduce construction on site to mere elegant inter-
lock with the landform of  the site.

The digital tools used were narrowed down to photogrammetric digital capture by 
drone and digital fabrication by CNC router, two very effective, scalable and rela-
tively accessible digital tools. 

The project ultimately argues that successful integration between these digital tools 
and understanding and respect for site and material, can inform effective and effi-
cient design, production and assembly that intimately connects the architecture with 
its site.

Given the aim to create a sensitive approach to design in this environment, the refuge 
is not large. It is proposed to support 3–4 people in each of  up to three refuges.4

4 Rau Hoskins, Motu Kokako Ahu Whenua Trust Chairman, Personal Communication, April 24th 2017
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METHODOLOGY

The main focus of  this thesis is on the connection between architecture and its envi-
ronment. Consequently, the methodology is one of  constant iteration and reflection 
in order to optimize the many contextual considerations involved when refuge in 
nature. The project constantly seeks to connect the digital, or virtual, design envi-
ronment which is the standard for design documentation today, with the physical 
environment in an effort to create an intimate connection between building and 
site. Using prototyping as a means of  exploration, the research is largely research by 
design, in particular, site informed design. As part of  this iterative process, as prog-
ress is made in one area issues develop in another and compromises need to be made 
to optimize the result. The many conflicting parameters of  access, site conditions 
and function are all factors that need close consideration.

Though the design outcome will not be completed at full scale within the time frame 
of  this research project, the Motu Kōkako Ahu Whenua Trust has indicated they 
will consider the outcome of  the project. Ultimately, for the Trust, this project is a 
feasibility study to determine whether design in such a sensitive natural environment 
is viable in a way that maintains their responsibility as kaitiaki of  the island. The 
thesis aims to conclude with enough information to articulate an approach partic-
ularly focused on the interface between site and building site. A balance is sought 
between celebrating the irregularity of  this interface and efficient prefabrication sys-
tems that satisfy the demands rising from the access to the site and the function of  
the building.

Digital tools form an important part of  this process as the means of  translation 
between the physical site and digital design.

Figure 8 Above: Design process schematic; a site informed design process 
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Figure 9 Above: Design exploration models. 

Figure 10 Below: Design Process Timeline. 
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TOOLS

Part 1

The New Industrial Revolution, The Digital Revolution and the Information Age 
are all expressions used to describe the current period. Rapid developments in digi-
tal technologies, and crucially their availability and affordability, have brought them 
into everyday use by consumers and within many sectors of  industry where the cost 
would have previously outweighed their usefulness. 

On the forefront of  fabrication technology, this “democratization of  production”5 
follows the transition from analogue construction methods to mechanization, and 
standardization. With standardization came a period of  development, where “the 
mass production spirit”6 was sought to satisfy the ever-increasing demands of  soci-
ety. For the modernist architect, this transition called for an international style, a style 
of  regularity and consistency, pursuing a functional ideal.

Digital tools therefore fall into a somewhat interesting area of  discourse. On the 
one hand, these tools can be seen as a progression from their machine predecessors, 
and from these roots one can argue a disconnection from context. On the other 
hand, opportunities for more complex geometries and greater customization create 
potential to connect with the irregularities of  material and complex site contexts. 
In this section, it is first necessary to present an overview of  the digital tools used 
for surveying and fabrication. This is followed by a critical analysis of  their use. The 
critical analysis investigates the concern that digital technology threatens to create a 
homogenous architecture that is not reflective of  the specifics arising from the site 
context.

5 Alastair Parvin, “Architecture for the people by the people,” 13:11, Filmed by “TED Talks,” May 2013, https://

www.youtube.com/watch?v=Mlt6kaNjoeI

6  Le Corbusier, Towards a New Architecture, (New York: Dover Publications, 1986), 6

Figure 11 Left: Mavic Pro Drone - Preparing for a 
flight in the trees. 
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THE COMPUTER

For architects, the computer has become central to the design process. Historically, 
its initial application was to serve the tedious tasks architects did not like doing7. 
The capability of  the computer is now progressing at an ever-increasing rate and 
computer software is actively a part of  the design documentation process. The shift 
from 2D to 3D design has seen a transition towards a method of  digital modelling 
which creates a link between what can be conceived and what can be built,8 between 
designing and making.9 

Software for design, analysis and simulation offers extensive opportunities to define 
the methods and predict the outcomes of  a project before it is built. Accordingly, 
combined parametric controls can be used to easily target and manipulate a specific 
part of  an entire system which can seamlessly respond to the change. This process 
makes the design process iterative, whereby any part of  a design can be adjusted at 
any stage. Being able to predict outcomes and fine-tune changes to the design is a 
valuable tool when striving for precision. 

7  Kolarevic, Architecture in the Digital Age, 358
8  Reffat, “Reforming the Built Environment,” 119
9  Robert Sheil, Design through Making. Architectural Design (London, England: 1971); v. 75, No. 4. (Chichester: 

Wiley, 2005)
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DIGITAL CAPTURE

Digital capture is the process of  transferring a physical object or environment into 
a digital representation which can be manipulated within software. Digital capture 
can be divided into two methods: contact and non-contact. As the name suggests, 
contact is a method involving physical contact with the object using probe or a digi-
tizing position sensor. Alternatively, non-contact capture uses laser scanning or pho-
togrammetry.10 Each process yields different results. Contact digitization in effect 
scribes lines from the surface geometry while non-contact digitization calculates the 
locations of  points on the surface of  the geometry, measured either by triangulating 
points from an image using photogrammetry, or laser scanning by measuring the 
response time of  light reflected from a surface.11 

In this thesis, non-contact methods, specifically photogrammetry, were the main 
focus of  inquiry in the area of  digital capture because of  their efficient, cost effec-
tive and contactless methodology which is effective at multiple scales and environ-
ments. For a largely inaccessible site such as Motu Kōkako, the ability to survey effi-
ciently without physically touching the island is important to prevent environmental 
damage. Both photogrammetry and laser scanning are widely used in the surveying 
of  land, historic buildings and artefacts.

In short, photogrammetry combines mathematical, mechanical, graphical and com-
puterised procedures to plot points of  the form.12 The early beginnings of  photo-

10  Kolarevic, Architecture in the Digital Age, 48
11  G. Vosselman, H.G. Maas, and Ebrary, Inc Content Provider, Airborne and Terrestrial Laser Scanning, 
(Dunbeath: Whittles Publishing, 2014), 19
12  Barclay Jones, Protecting Historic Architecture and Museum Collections from Natural Disasters, 

grammetry can be traced back to the Renaissance era when the discovery was made 
as to how we perceive space.13 To understand the composition of  a space it is useful 
to see it from more than one perspective so that the composition of  similar parts 
can be compared and understood from different perspectives. In perspectival draw-
ing, a similar technique can be applied to accurately plot points from orthographic 
projections into the 3D space of  a perspective drawing. Photogrammetry operates 
around similar principles, matching points from images taken from different per-
spectives. Longitude, latitude and altitude GPS locations are embedded into ‘geo-
tagged’ images as they are captured, to determine the location and orientation of  an 
image. Software can accurately triangulate common points in overlapping images, 
accurately determining their location in 3D space by using the original GPS coordi-
nates as a measuring device. Collectively, these points form point clouds which make 
up the 3D model of  the object or environment being captured. 

Drones or unmanned aerial vehicles (UAVs) are a rapidly-developing tool for digi-
tal capture. Studies in the United States have found that the number of  UAVs has 
doubled in 2017, and a tenfold increase is anticipated by 202114; New Zealand’s Civil 
Aviation Authority predicts similar increases.15 The construction industry makes up 
26%16 of  industries using drone technology. 

(Stoneham: Butterworth, 1986), 252
13  S. Foster, & D. Halbstein, Integrating 3D modelling, photogrammetry and design, (London: Springer London, 
2014), 7
14  FAA, “Unmanned Aircraft Systems”, February, 2017, https://www.faa.gov/data_research/aviation/
aerospace_forecasts/media/Unmanned_Aircraft_Systems.pdf
15  CAA, “RPAS, UAV, UAS, Drones and Model Aircraft”, accessed 14th May 2017, https://www.caa.
govt.nz/rpas/index-2/ 
16  FAA, “Unmanned Aircraft Systems”Figure 12 Left: Point Cloud of  rock formation in the 

saddle of  Motu Kokako 
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Photogrammetry is limited to the capture of  the surface geometry of  forms, mean-
ing it has some limitations when applied to capturing the whole environment. Lim-
ited by light, it struggles to determine depth in situations such as through a canopy 
of  trees where it will recognise only the outer surface and not the ground beneath. 
In contrast, laser scanning using methods such as LIDAR is often more accurate and 
can penetrate through surfaces such as tree canopy.17 Terrestrial and aerial laser scan-
ning tools are not available at Unitec and are very expensive, with LIDAR typically 
undertaken by manned aircraft,18 making it ultimately unjustifiable for this project.

For Motu Kōkako, three different scales of  photogrammetry were used to achieve 
different levels of  intimacy with the site, which in turn allow for different oppor-
tunities for the design to interact with its environment. The three scales are: (1) the 
entire island, used for site analysis and site selection; (2) coverage of  the building 
site, to facilitate design within the irregularity of  the site; (3) the points of  contact 
with the site, to develop connections respectful of  the site. An in-depth overview of  
the photogrammetry process is available in the appendix.

17  G. Vosselman, Airborne and Terrestrial Laser Scanning, 19

18  Spar3D, Drone LiDAR vs Photogrammetry: A Technical Guide, Accessed July 14, 2017, http://www.

spar3d.com/news/lidar/drone-lidar-vs-photogrammetry-technical-guide/

Figure 13 Above: Key point matches located in an aerial 
image of  Motu Kōkako used to generate the point cloud 
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DIGITAL FABRICATION 

Digital fabrication is a process involving the transfer of  data from digital shapes or 
forms as a sequence of  instructions to a particular fabrication machine.19 This pro-
cess was first developed by the MIT Centre for Digital Business which developed the 
computer numerical control (CNC) system20 on which virtually all digital fabrication 
techniques are based. Just like the GPS coordinate system used for photogrammetry, 
digital fabrication relies on the numerical definition of  points in space which can 
be defined by coordinates on several axes in which a machine can move. Stringing 
these points together in the form of  a code generates a path which the machine can 
follow. The number of  axes affects the operations the machine can perform, varying 
from 2-axis 2D machines such as laser and plasma cutters to robotics which can use 
upward of  5 axes. The machines can operate in either additive or subtractive meth-
ods to build up or carve into material.

Digital fabrication for designers offers a direct link between design and making, 
breaking down work-flows of  specialization where typically someone not involved 
in design will “actually get their hands dirty in a separate phase of  the process.”21 
This shift has led some to re-associate the designer with the master builder whereby 
the architect has a presence as someone in charge of  all aspects of  building.22 

19  Kolarevic, Architecture in the Digital Age, 112
20  MIT, “The Science of  Digital Fabrication”, last modified March 7, 2013, http://cba.mit.edu/
events/13.03.scifab/

21  Marble, Digital Workflows in Architecture, 110

22 Kolarevic, Architecture in the Digital Age, 89

Figure 14  Left: First iterations of  reverse engi-
neered connections with rock. 
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Additive fabrication in the form of  3D printing or Fused Deposition modelling is 
usually a 3-axis operation requiring a material that is “formless,”23 that is, a material 
that can be reduced to tiny particles and then amalgamated into the desired form. A 
range of  materials including plastics, metals, ceramics and concrete are suited to this 
process and can also be cured in several ways using either light, heat, or chemicals24. 
The process involves adding material layer by layer to generate a finely contoured 
form of  the digital model.

The advantage of  additive fabrication techniques is that almost any form can be 
created as opposed to equivalent 3-axes subtractive methods which cannot undercut 
geometries and are limited by the scope that the router bit can reach.25 Manufacturing 
at scale with these machines is still in the early stages; however, their use with mate-
rials such as concrete and ceramics are being developed.26 On Motu Kōkako, with 
less than 500 mm of  topsoil and no clay, using materials from the site is not possible 
when applying the additive technique. 3D printing for large members is therefore 
not a viable method to meet the weight restraints of  helicopter flights; however, its 
versatility has potential in producing complex connections with the rock.

23  Moritz Hauschild and Rü̈diger Karzel, Digital Processes: Planning, Design, Production, Detail Practice, 
(Munich: Basel: Institut Fur Internationale; Birkhau ̈ser, 2011), 45
24  Ibid, 45
25  Kolarevic, Architecture in the Digital Age, 53
26  Ibid, 58

Subtractive fabrication effectively works inversely to additive fabrication. Instead of  
material being added to create the desired shape, material is removed to form the 
final shape.27 Using three or more axes allows complex geometries to be shaped by 
the process from a wide range of  materials for which different milling bits can be 
selected.28

Using a CNC router involves producing tool paths for the router bit to follow using 
CAD and CAM software to produce G-code directly from the 3D digital model.29 
The process allows precise cutting of  complex geometries. Combined with photo-
grammetry to define the geometry of  the material and site conditions this opens 
up a whole level of  opportunity in the design process; the designer can respond to 
existing materials of  the site and can adapt the design for the site in ways otherwise 
too inefficient by hand. 

The necessity to transport all the materials by helicopter onto Motu Kōkako requires 
light-weight, easily manoeuvrable prefabricated forms. 

27  Moritz Hauschild and Rü̈diger Karzel, Digital Processes: Planning, Design, Production, Detail Practice, 
(Munich: Basel: Institut Fur Internationale; Birkhau ̈ser, 2011), 54
28  Hauschild, Digital Processes, 54
29  Kolarevic, Architecture in the Digital Age, 54

Additive Fabrication

Figure 15 Above: Armadillo Vault by Philippe Block at the 2016 La Biennale di Venezia is a 399 piece digitally 
fabricated stone shell which stands in pure compression spanning 16 metres and tapering to 50mm at its narrowest 
point

Subtractive Fabrication
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COMPUTATIONAL THEORIES

Before the availability of  robust computational power, “architecture was to a certain 
extent governed, if  not limited, by the ability of  the architect to manage and think 
through complex conditions with ordinary forms of  representation,”30 in essence, 
the architect was constrained by easily conceived rectilinear forms. In the 1960s and 
70s “blobby” shapes developed, where the plasticity of  materials “inspired a free 
and often unrestrained treatment of  form.’’31 The novelty of  these forms has been 
largely adopted by 3D computer software which is well suited to these complex 
geometries, and through digital processes the fabrication of  these forms can be 
achieved far more seamlessly. 

While offering the architect great opportunities to push beyond the bounds of  the 
easily conceivable, there is concern that these tools are “side-tracking the critical dis-
course into the more immediate territory of  formal expression and away from more 
fundamental possibilities that are opening up.”32 At its extremities, this position 
argues that digital tools allow us to be “freed from the restrictions of  materials”33 
and claims that “geography no longer matters,”34 a dismissal that can be equated to 
modernism’s demise for the “peculiarities of  local tradition.”35 The tendency to use 

30  Marble, Digital Workflows in Architecture, 30
31  Kolarevic, Architecture in the Digital Age, 7-8
32  Ibid, 43
33  Johnston, Digital Handmade, 31
34  Reffat, “Reforming the Built Environment,” 119

35 Henry-Russell Hitchcock and Philip Johnson, The International Style, (New York: Norton, 1966), 93

digital tools to produce forms “dematerialized by plastic and curvilinear shapes”36 
divorced from existing site and material conditions contradicts the sensitive and 
seamless response required of  this project. 

Digitally capturing physical objects and space offers an opportunity to engage more 
directly with context and material. Used at multiple scales throughout the design 
process, this approach may demand freely formable materials37 but it also offers 
designers opportunities to adapt less predictable materials and techniques to dig-
ital forms and digital forms to the likeness of  material and site, thus regenerating 
interest in material properties and their useful capacity. The connection between 
the output and the input is crucial for such work to be successful; for “inferences 
to be drawn in the inverse direction: from the resultant output variables to the 
input variables.”38 Ultimately, the results from the output can be used to define the 
changes needed to the input. 

Design works within a “complex web”39 of  technical, cultural, economic and envi-
ronmental constraints, and all these elements must be reflected within our remotely 
located design environments. While in such an environment the digital tools we use 

36  Hitchcock and Johnson, The International Style, 121
37  Kolarevic, Architecture in the Digital Age, 78 
38  Patrick Schumacker, Shell Structures for Architecture: Form Finding and Optimization, (London; New York: 
Routledge/ Taylor & Francis Group, 2014), 273
39  Kolarevic, Architecture in the Digital Age, 32

Figure 16 Above: Villa Savoye by Le Corbusier

allow us to determine the quantifiable technical and economic aspects of  a project40, 
when we engage with a culturally and environmentally significant site, the technol-
ogy must be recognized as merely a ‘tool’ in the design process:

 “There must be both the unfolding of  an internal system and the   
 infolding of  contextual information fields”41 

Rational rectilinear forms are an effective and efficient means of  design for recti-
linear site boundaries and building materials. In a natural environment, however, 
particularly one with the sensitivities of  Motu Kōkako, it is necessary to consider 
an integration of  the geometries and materials available and those already exist-
ing within the site which uniquely characterise it. Essentially, the ‘unfolding’ of  the 
potential of  digital tools should be integrated and supported by and ‘infolding’ of  
the geometries and materials of  the site.

40  Marble, Digital Workflows in Architecture, 31

41  Kolarevic, Architecture in the Digital Age, 28
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Figure 17 is an example of  a technique of  digital integration with an existing arte-
fact by Amit Zoran and Leah Buechley discussed in their paper Hybrid Reassemblage: 
An Exploration of  Craft, Digital Fabrication and Artifact Uniqueness. The technique of  
reverse engineering for them is closely tied with an understanding of  the craftsman-
ship which formed the slightly imperfect but consequently unique artefacts they 
work with. 

With projects focused on integration between digital tools and individually unique 
artefacts, it is useful to understand the process of  craftsmanship which is strongly 
associated with analogue processes. Zoran approaches craftsmanship from David 
Pye’s definition which argues that craftsmanship is not about the tools we use but 
rather how they are used: 

 [Craftsmanship] means simply workmanship using any kind of  
 technique or apparatus, in which the quality of  the result is not 
 predetermined, but depends on the judgment, dexterity and care 
 which the maker exercises as he works47 

Confronted with the existing site, precious because of  its unique character, it can 
be easy to see technology as an enemy rather than simply a risk.48 It is therefore 
important on Motu Kōkako to consider the risks of  human intervention, and ulti-
mately take care and practice craftsmanship to “do the job well for its own sake”49 
as Richard Sennett describes it.

47  Amit Zoran, “Hybrid Reassemblage: An Exploration of  Craft, Digital Fabrication and Artifact 

Uniqueness”. Article (2014), 5-6

48  Richard Sennett, The Craftsman, (New Haven: Yale University Press, 2008), 3

49  Sennett, The Craftsman, 9

REVERSE ENGINEERING

The process of  going from physical to digital and then back to physical as a means 
of  reconstruction is often referred to as “reverse engineering”42, where the existing 
can be digitally captured for manipulation and as a starting point for the design. In 
The Art of  Reverse Engineering Frank Apunkt Schneider defines reverse engineering 
in terms of  mechanical engineering as “modes of  operation in which an existing 
artefact should be imitated.”43 The book ultimately defines the process as “open – 
dissect – rebuild”44, which when applied to digital tools means to go from physical 
to digital and back to physical. ‘Open’ refers to the exposure of  blueprints45 of  the 
artefact, ‘dissect’ implies processing this information to develop a level of  under-
standing from which the artefact can then be ‘rebuilt’ or altered. This practice is 
extensively used in areas of  engineering, dentistry, and biology where existing tech-
nology is used to reconstruct or repair irregular forms and cells. 

Reverse engineering offers the opportunity to “open, to explore, to modify accord-
ing to one’s own requirements, to expand and develop new characteristics and adapt 
everything to the ever-changing technological framework”.46 For complex digital 
forms designed purely within software which might typically express disconnection 
from the site, designing with the precise visualisation ability and construction reality 
of  these tools with a reverse engineering mind-set allows for a far more seamless 
integration between the existing and the new. 

42  Ibid, 47
43 Günther Friesinger, Jana Herwig, The Art of  Reverse Engineering: Open - Dissect – Rebuild, 1st ed. Cultural 
and Media Studies, (Bielefeld: Transcript, 2014), 9
44 Friesinger, The Art of  Reverse Engineering, 23
45  Ibid, 9
46  Ibid, 141

Figure 17 Above: Hybrid Reassemblage of  vase 
by Amit Zoran and Leah Buechley 



35 36Analogue was first. Then there was digital. But before both there was landscape - Michael Spens
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SITE

Given the precious taonga of  Motu Kōkako, an in-depth understanding of  its histor-
ical, cultural and present-day significance and the possible impact of  an interaction 
with the site is a fundamental part of  this project and a primary area of  investigation. 

With the ‘go-to’ approach to the interface between site and building being the con-
crete slab or regularly spaced piles, this section investigates site response and the rea-
soning behind our different approaches to preparing for and founding our refuges 
within the site. How we care for the contexts we design for, how these environments 
change and how changing cultures and values have defined these responses to the 
site are all fundamental in the development of  this project.

This section is followed by a section dedicated specifically to Motu Kōkako which 
presents a first-person experience of  the environment of  the island and a more 
quantified analysis.

Figure 18 Above: Motu Kokako from the Cape Brett Hut 

Figure 19 Left: “The Pinnacles” rock formation seen from the Motu 
Kokako Helipad. 

Part 2
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Kaitiakitanga of  the environment is at the heart of  Māori values and forms the basis 
of  many tikanga (customs). Kaitiakitanga or guardianship refers to the responsibility 
we have as caretakers of  our environment. For Māori, the environment is important 
not only for sustaining a group economically, but also politically, culturally and spiri-
tually.50Ancestral history of  the natural environment is also of  significant value, with 
environmental landforms and features such as Maunga (mountains) and Awa (rivers) 
being of  significance, encapsulating past events and defining a sense of  place. The 
Maori view of  the intrinsic relationship between man and nature51 is also strongly 
recognised by many theorists including the writers John Ruskin and John Muir. 

Heritage is of  huge importance to New Zealanders; New Zealand has a rich history 
of  architecture which commemorates a convergence of  two different cultures. The 
buildings of  both Maori and Pakeha experienced transition, one from the availability 
of  new technologies and the other in adaption to a different environment. Perhaps 
the most valuable heritage for New Zealanders is the heritage of  our natural envi-
ronment. As one of  the last land masses discovered by the western world our natural 
heritage is rich in untouched natural treasures. The natural environment exists in 
perfect harmony without our intervention. It existed well before us and will proba-
bly exist long after we are gone. We rely on its essential role in balancing what we are 
becoming increasingly aware of  as the very delicate balance that is our environment. 

50 Racheal Selby, Pataka J. G. Moore, Malcolm Mulholland, and Te Wa ̄nanga-o-Raukawa, Māori and the Envi-

ronment: Kaitiaki, (Wellington, N.Z.: Huia, 2010), 221
51  Te Ara, Story: Kaitiakitanga – guardianship and conservation, accessed 27 May, 2017, http://www.
teara.govt.nz/en/kaitiakitanga-guardianship-and-conservation

Nineteenth-century writers John Ruskin and John Muir drew attention to the impor-
tance of  our natural environment. Drawing on their exposure to the effects of  the 
industrial revolution, they brought to light many abuses of  the environment and 
their effects on human society. John Ruskin (1819–1900) romantically describes 
the natural environment in several essays, pondering the miracle of  its existence 
and giving an insight into the value of  the environment on our lives. Ruskin por-
trays romantic impressions of  nature and its importance to people at the emotional 
level, “to preserve the health and increase the happiness of  mankind.”52 Ruskin also 
offers a practical perspective of  the essential ecosystems of  the world, describing the 
essential functions of  environments such as mountains – to give motion to water, 
to maintain a constant change in the currents and nature of  the air and to cause 
perpetual change in the soils of  the earth.53 

John Muir (1838–1914) is another well-respected writer focusing specifically on the 
natural environment. His writings discuss the importance of  the wilderness, in par-
ticular our need to connect with it, and that we “over-civilised people are beginning 
to find out that going to the mountains is going home.”54 Muir’s writings clearly 
assert the importance of  our need to connect with the environment, stating that 
“no place is too good for men and still there is room.”55 His assertion of  our need 

52 John Ruskin, Nature Studies; Selections from the Writings of  John Ruskin, (New York: Dana Estes & Company, 
1900), 185
53  Ibid, 185
54  John Muir, Our National Parks, (New York : Houghton, Mifflin and Company, 1901), 1
55  Muir, Our National Parks, 363

for connection with the environment is arbitrated with a strong opposition to man’s 
destructive exploitation of  nature. “Any fool can destroy trees. They cannot run 
away and if  they could they would still be destroyed – chased and hunted down if  
fun or a dollar could be got out of  their bark hides, branching horns or magnificent 
bole backbones.”56 Muir’s writings remain valued as the backbone of  wilderness 
literature. 

Parallels can be drawn with our own New Zealand Department of  Conservation 
(DOC) which shares a similar view of  our need to experience nature, recognising 
through studies that this is also of  great importance to New Zealanders.57 DOC 
defines Natural Heritage as “the naturally occurring biological and physical com-
ponents of  a place … including plant and animal species and their genetic pool”58. 
DOC acts on behalf  of  New Zealanders’ interests, through the preservation of  
native plants, animals and ecosystems.59 DOC specifically notes, as a part of  their 
objectives, their aim to maintain and restore what are considered “nationally iconic” 
natural features such as landforms, geological features, landscapes and seascapes 
which New Zealanders in turn benefit from through recreation, tourism, education 
and research values.60 

56  Ibid, 367
57  DOC, “Department of  Conservation: Statement of  Intent 2013–2017”, Accessed May, 2017, http://
www.doc.govt.nz/Documents/about-doc/statement-of-intent-2012-2017/statement-of-intent-2013-2017.
pdf, 31
58  Ibid, 16
59  Ibid, 8
60  Ibid, 16

With the world’s booming population and a culture of  consumerism with expansive 
wants and ‘needs’, designing for any environment has become increasingly destruc-
tive. Since the early 1990s humans have destroyed 10% of  the earth’s remaining 
wilderness61, and this trend continues with our increasing demands for resources in 
a society based on consumption. 

“The natural environment – on one hand pristine beauty, and on the other a com-
modity, a marketable product.”62 

Designers are becoming increasingly aware of  the damaging effects our influence 
can have on the environment. For this reason, the proposition of  developing pristine 
land, untouched by the hand of  man is viewed with particular cynicism due to our 
past mistakes and our image of  what a building is. In response to this opposition, the 
aim in this project is to reinvent the image of  the refuge which in current society is 
seen in relation to the natural environment as inherently damaging. A major problem 
facing the proposition of  building on Motu Kōkako is the effect of  the ‘touch’ on 
the land; therefore, this project aims to offer an alternative solution that is not only 
resourcefully sustainable but which also works in harmony with its environment. 

61  The Guardian, “Humans have destroyed a tenth of  Earth’s wilderness in 25 years,” Last Modified 
Sept, 2016, https://www.theguardian.com/environment/2016/sep/08/humans-have-destroyed-a-tenth-of-
earths-wilderness-in-25-years-study
62  Judy Vulker, Gillian McDonald, and Royal Australian Institute of  Architects. National Education 
Division, Architecture in the Wild : The Issues of  Tourist Developments for Remote and Sensitive Environments, Red Hill, 

KAITIAKITANGA
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We Rejoice in the progress of our own body across the uneven surface of the earth and our spirit is gladdened by the endless 
interplay of the three dimensions we encounter with every step - Dimitris Pikionis
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A DYNAMIC ENVIRONMENT

The environment is a dynamic system of  constant change. While 
the erosion of  rock is relatively slow, the more ephemeral qualities 
of  environments experience change at a more rapid rate, particularly 
when exposed to coastal forces.63 The growth of  trees, the decay of  
their leaves and branches, the erosion and deposition of  soil and the 
movement of  loose rock are all environmental changes that will be 
confronted on Motu Kōkako.

It is necessary to consider how building in this dynamic environment 
could be approached where the building may be considered part of  
this environmental process.

63  Ministry for the Environment, Preparing for Coastal Change: A guide for Local 
Government in New Zealand, March 2009, https://mfe.govt.nz/sites/default/files/pre-
paring-for-coastal-change.pdf

Figure 20 Above: Point cloud comparison of  a 
beach showing the deposition of  sand and shell  
over one month 

Figure 21 Below: The life cycle of  an island 
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The interface between the built environment and the site is a condition fundamental 
to the construction process but is often overlooked in comparison to the exposed, 
functional space above. To achieve permanence and stability within the site, sturdy 
foundations are essential. With this in mind, our founding techniques have been 
refined to standardized anchoring techniques of  hammering or concreting timber 
piles into the earth or pouring concrete foundations to obtain the permanence and 
security of  the buildings we construct. While both of  these solutions are valid and 
in most cases suit the purpose very well, they stand in stark contrast to temporary 
tent construction techniques. Thus, it appears there is a significant gap in approach 
to site connection between a “building” and a temporary structure.

There is no doubt that New Zealanders value the environment and appreciate archi-
tecture that is informed by it.64 We build with forms, use materials, and develop nar-
ratives which link our architecture to its site; however, at the building–site interface, 
at the detailing level, our approach is in most cases confined to the two techniques 
described above: timber piles or a concrete slab. Although historical examples and 
tent construction methods demonstrate structures that rest more lightly on the sur-
face, it appears the overall image is given a stronger weighting over the detailing.65 

64  Andrew Barrie, “Waitomo Visitor Centre”, accessed 1 Feb, 2011, http://architecturenow.co.nz/arti-
cles/waitomo-caves/
65  Kenneth Frampton, John. Cava, and Graham Foundation for Advanced Studies in the Fine Arts, Stud-
ies in Tectonic Culture The Poetics of  Construction in Nineteenth and Twentieth Century Architecture, Cambridge, Mass: 
MIT Press, 1995), 26

THE INTERFACE

Figure 22 Above: Typical levels of  construction penetra-
tion with site for tent (top) and building structures 

Figure 23 Left: Typical response to site with the functional 
rectilinear form informing change to the site. 
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On comparing the characteristics of  the tent and the building there is general agree-
ment on the solidity and reliability of  the known practices of  the slab and pile. How-
ever, it is important that the detailing not be considered a purely technical means 
of  satisfying its function but rather an opportunity to explore the tectonics of  the 
structure in a way that is both practical in what it aims to achieve and poetic in how 
it expresses it.66 

“Situated at the interface of  culture and nature, building is as much about   
the ground as it is about built form. Close to agriculture its task is to   
modify the earth’s surface in such a way as to take care of  it”67 

In the case of  an environment already very unique and full of  character, the idea of  
permanently anchoring a building into it is somewhat problematic in the sense that 
the foundation asserts dominance and priority over the site by cutting into it. The 
site is thus adjusted to suit the building rather than adjusting the building to suit the 
site. As Christopher Alexander asserts: “Buildings must always be built on those 
parts of  the land which are in the worst condition, not the best.”68 An interesting 
example of  the application of  architecture permanently engaging with its site is the 
Lycian tombs in Turkey which are shrines,69 physically carved from the rock faces. 
This method of  construction adapts the site to the building but also the building to 
the site where it is restrained by the forms and integrity of  the rock within which it 
is built. The building which is made from the existing conditions and materials of  
the site itself  appears intrinsically part of  its environment.

66  Ibid, 26
67  Ibid, 27
68  Alexander, Christopher., Sara Ishikawa, and Murray Silverstein. A Pattern Language : Towns, Build-
ings, Construction. Center for Environmental Structure Series ; v. 2. New York: Oxford University Press, 
1977, 509.
69  Freely, John, Western Shores of  Turkey, The Discovering the Aegean and Mediterranean Coasts, (London: 
I.B.Tauris, 2004), 19

This understanding and integration between building and site can be closely tied to 
vernacular architecture, made by people from the environments they were designing 
for with the materials of  the site. This gives the building an intrinsic connection 
with site that makes it feel part of  it, in contrast to architecture today where the 
constraints of  practice mean we design in a location often far from where the site 
actually is.70

In vernacular Maori construction, buildings were designed of  materials and with 
methods that integrated the character of  the site into the architecture. Where trees 
were tall and straight, whare were built which reflected this; when the trees were 
curved, the building’s form would change accordingly, the roundhouse being a typ-
ical example. Buildings were also designed to last only a generation to ensure that 
the knowledge of  the different materials and their application in different environ-
ments and buildings was not lost.71 Buildings such as the roundhouse varied in their 
intended life span with some being made purely for one-off  use72 while others, more 
substantial, were used and reused for many years, giving a sense of  scale to the 
ephemeral nature of  the structures in the environment.73 

To propose building in a significant environment, it is therefore necessary to develop 
an approach more perceptive than that of  ‘the building’ which typically assumes 
that ground should be adjusted to suit the building’s requirements through a regular 
layout of  its vertically oriented piles or concrete slab. 

70  Taylor, William M, The Vital Landscape : Nature and the Built Environment in Nineteenth-century Britain,(Bur-
lington: Ashgate, 2004), XII
71  Rau Hoskins, “Whare Māori: Traditional and Hybrid Māori Building Technologies”, Lecture, International 
Straw building conference, Methven, 4th March 2016
72 Atholl Anderson, “‘Makeshift Structures of  Little Importance’: a Reconsideration of  Maori Round 
Huts”, The Journal of  the Polynesian Society, Vol. 95, No. 1 (1986), 102
73  Ibid, 103 Figure 24 Above: Traditional Maori construction scale of  

levels of  permanence. 
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MOTU KOKAKO

Part 3

Motu Kōkako is located in the Northland region of  New Zealand known to Māori as 
Te Tai Tokerau. One of  a number of  Northland iwi, Ngapuhi with around 125,000 
individuals74 is the largest iwi in the country, refuge in the centre of  Te Tai Tokerau. 
Ngati Kuta and Patukeha are the two hapū or subtribes within Ngapuhi on the east 
coast of  the Te Tai Tokerau region. Members of  these two hapū are shareholders 
and kaitiaki of  Motu Kōkako. Both hapū reside in Te Rawhiti and share the same 
Marae. 

Ngapuhi’s view of  their land at large as “the house of  Ngapuhi” is made up of  
Ranginui (sky father) as the roof, Papatūānuku (earth mother) as the floor and the 
seven maunga (mountains) making up the pillars;75 this description expresses the 
people’s relation to the environment which defines the bounds of  the land. The 
maunga of  the hapū of  Te Rawhiti is Rakaumangamanga. This maunga, situated 
at the end of  the Cape Brett peninsula only several hundred metres from Motu 
Kōkako, has enormous significance to the community, having been named by their 
ancestor Kupe on his journey from Hawaiki.

74  Statistics NZ, “2013 Census QuickStats about Māori”, accessed April 19, 2017, http://www.stats.govt.
nz/Census/2013-census/profile-and-summary-reports/quickstats-about-maori-english/population.aspx
75  Te Ara, “Story: Ngapuhi”, accessed April 19, 2017 http://www.teara.govt.nz/en/ngapuhi/page-1

Figure 25  Left: The Bay of  Islands, Key locations 
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Figure 26  Below: Rakaumangamanga Peninsula. 

Figure 27 Above: Map of  Te Tai Tokerau, Iwi and the maunga 
that form the pillars of  Ngapuhi 
 

He mea hanga tēnei tōku whare

Ko Ranginui e titiro iho nei te tuanui

Ko Papatūānuku te paparahi

Ko ngā maunga ngā poupou

Pūhanga Tohorā titiro ki Te Ramaroa

Te Ramaroa titiro ki Whiria

Ko te paiaka o te riri, te kawa o Rāhiri

Whiria titiro ki Panguru ki Papata, te rākau 
e tū papata ki Te Tai Hauāuru

Panguru–Papata titiro ki Maunga Tani-
wha-whakarongorua

Maungataniwha titiro ki Tokerau

Tokerau titiro ki Rākaumangamanga

Rākaumangamanga titiro ki Manaia

Manaia titiro ki Tūtāmoe

Tūtāmoe titiro ki Maunganui

Maunganui titiro ki Pūhanga Tohorā

Ko tēnei te wharetapu ō Ngāpuhi-nuitonu.

The sky father is the roof

The earth mother is the floor

The mountains are the posts

Pūhanga Tohorā faces Te Ramaroa

Te Ramaroa faces Whiria

The taproot of  strife, the custom of  
Rāhiri

Whiria faces Panguru-Papata, the trees 
bent by the western wind

Panguru-Papata faces Maungataniwha 
that hears both the eastern and western 
coasts

Maunga Taniwha faces Tokerau

Tokerau faces Rākaumangamanga

Rākaumangamanga faces Manaia

Manaia faces Tūtāmoe

Tūtāmoe faces Maunganui

Maunganui faces Pūhanga Tohorā 76

76  Te Ara, “Story: Ngapuhi”, accessed April 19, 
2017 http://www.teara.govt.nz/en/ngapuhi/page-1

The House of Ngapuhi
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Te Rawhiti Community Values

 
Tikanga

Manaakitanga

Matauranga

Kotahitanga

Kaitiakitanga

Whanaungatanga

Tohungatanga

Rangitiratanga 

 
Customary lore

Respect, care

Knowledge

Togetherness/unity

Guardianship

Kinship/relationships

Spirituality

Self  determination

The Motu Kōkako Ahu Whenua Trust is made up of  657 owners,77 each with vary-
ing shares in the island. The land has been titled as Maori freehold land since 1913.78 
The hapū have a wealth of  natural resources within their ownership, with the Rakau-
mangamanga Peninsula another significant area of  Māori freehold land within the 
ownership of  the Rawhiti community.79

The hapū today have a strong interest in the betterment of  their people through 
wellbeing of  the environment, economy, culture and spirituality.80 The community 
faces the challenge of  preserving these resources while also furthering economic 
wealth to benefit the wellbeing of  the people of  Te Rawhiti:

 “The community has been gifted the right to create economic wealth by their tupuna. 
The lands, waterways and people are the tools used and remain with us today.”81

The community has given start-up grants to enterprise propositions. Past examples 
include bee keeping, harvesting of  Māori medicines82 and, more recently, the devel-
opment of  a shop on nearby Urapukapuka Island. 

Since 2007, the Te Rawhiti community has had plans in place for the development 
of  their Marae.83 The Marae has deteriorated over time and is due to be upgraded for 

77  Maori Land Court, “Rawhiti 2C Piercy Island - Motukokako”, Accessed May 2017, http://www.mao-
rilandonline.govt.nz/gis/report/title/std-30330.pdf;jsessionid=705E11FF87B19E2EBDC42F145FB49BF6
78  Ibid
79  Maori Land Court, BLOCK: Rawhiti 6, Accessed May 2017, http://www.maorilandonline.govt.nz/
gis/title/253801.htm
80 Willoughby “Community Plan”, 2
81 Willoughby “Community Plan”, 2
82 Willoughby “Community Plan”, 6
83  Te Rawhiti Marae, “Working Drawings of  the Marae Development Plans”, accessed 29 May 2017 
http://www.terawhitimarae.maori.nz/marae-development/computermodelsofthemaraedevelopments/

the growing number of  visitors.84 A mutually beneficial partnership has been formed 
with Salt Air Helicopter Company to transport small groups of  visitors to Motu 
Kōkako. The prospect of  a low-impact refuge on the island which would facilitate 
overnight stays for very small groups has come up in conversation.

The development initiative of  Motu Kōkako suggests that one ‘market’ for the over-
night stay would be tourists who are prepared to pay for the unique experience. The 
cash flow from this endeavour could significantly help the community. 

The refuge would also be occupied by researchers who currently run biodiversity 
studies on the island every six months to analyse the variation in plant and animal life 
on the island and to investigate the effects of  human activity on the island.

Finally, the refuge would also offer opportunities for whanāu within the Trust to stay 
on the island. 

It is important for Māori that development on the rock is seen holistically within the 
responsibility of  the Trust as kaitiaki of  the island which has been passed down by 
their tupuna.85 

84Te Rawhiti Marae, “Te Rawhiti Marae Strategic Plan 2006-2016”, accessed 29 May 2017 http://www.teraw-
hitimarae.maori.nz/marae-development/, 2
85  NZ Herald, “Rau Hoskins: Our responsibility to protect Hole in the Rock”, accessed 30th May 2017, 
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11197743

Motu Kōkako Ahu Whenua Trust
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Target Markets 

Whanau 
Bio-diversity study participants

Paying Guests

Scale 

To sleep a maximum of  4-5 people
To fit within the tree canopy, unobtrusive from the air and sea

Environmental

Contact with the ground should be light to allow activity to occur under it
Contact with the earth should be done with minimal foreign materials 

The design should be adaptable to multiple locations

One to three units may be considered on Motu Kōkako. “Pod” accommodation is being 
explored in other locations

BRIEF

Figure 28 Left: Schematic of  functions within the refuge 
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CONTEXT

The significance of Motu Kōkako

Figure 29 Above: Sunrise at Motu Kōkako from the 
Rakaumangamanga Peninsula.  
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Context (up further)

The Study of  Flora and Fauna by Cameron and Taylor in 1983, undertaken in just 
5 hours on the island,86 deemed Motu Kōkako as rat-free and stated that, though 
small, from a conservation perspective, the island is “probably the most important 
island in the Bay of  Islands.”87 There is no known free or standing water on the 
island, which prevents the island from supporting rodents and other pests.88 With 
the recent development of  the helicopter pad allowing more people to the island, it 
has become increasingly important to maintain this rat free status; with “a commer-
cial operation landing on the island, the chances of  mammals, particularly rodents, 
arriving to the island is higher”.89 This risk would escalate even further with the 
prospect of  frequent, overnight stays on the island.

The island’s flora has a unique ecosystem of  native plants with an 8–10-m canopy 
covering the entire top of  the island where the terrain allows for vegetation to grow. 
Sizeable canopy trees include Pururi, Coastal Maire and Karaka. Interestingly, the 
environment’s flora has similarities to more tropical environments, with a number of  
trees and shrubs on the island being related at a species level to trees characteristic 
of  warmer environments such as Norfolk Island, New South Wales and Hawaii.90 
This suggests that the island has its own microclimate. Indeed, many native trees 
such as Manuka and Kanuka which are prolific on the neighbouring Cape Brett pen-
insula are not found on Motu Kōkako. Between the three areas of  Motu Kōkako, 

86 E.K Cameron and G.A. Taylor, “Flora and Fauna of  Motu Kokako (Piercy Island), Cape Brett, Northern 
New Zealand”, Tane Vol. 33 (1991), 123-124
87  Ibid, 121
88  Ibid, 123
89   Isabel Castro, “Fieldtrip to Motu Kōkako 27 January - 2 February 2014.” Massey Univer-
sity, 2014, 23
90 Ibid, 25

ECOLOGICAL

Cape Brett and an unclassified inlet, the Cameron and Taylor study found a total of  
130 species, 23 of  which were found only on Motu Kōkako.91

Birds, lizards and invertebrates were also studied by Cameron and Taylor and have 
been monitored since 2013 in a collaboration between the Motu Kōkako Ahu 
Whenua Trust and Massey University after the  helicopter pad was built.92 Monitor-
ing field trips to the island are currently run every six months. 

While land birds such as Kereru, Tui and Fantail can be seen on Motu Kōkako,93 
the absence of  water on the island means it is unlikely any of  these birds would nest 
there. Motu Kōkako is home to both grey-faced and black-winged petrels, of  which 
around 200–300 pairs were estimated to nest on the island.94 The island is also home 
to skinks and a large number of  Pacific geckos95 have been recorded on the island 
as well as giant centipede and Amborhytida sp. Motukokako, a specimen of  Kauri snail 
endemic to Motu Kōkako and Cape Brett.96 

Motu Kōkako’s marine life makes it a prime fishing spot within the Bay of  Islands 
and adds to the magnitude of  the unique experience of  its visitors. The water visi-
bility is five times that of  the inner islands97 where tidal speeds are relatively weak. 
Motu Kōkako’s geological make-up also supports high fish diversity with the forma-
tion of  reefs, being regarded as having outstanding conservation value.98

91  An inventory of  significant vegetation, birds, lizards and invertebrates can be found in the appendix.
92  Salt Air, “About Us”, accessed July 16, 2017, http://www.saltair.co.nz/about-new-zealand-air-ser-
vice-operator/
93 Isabel Castro, “Fieldtrip to Motu Kōkako 27 January - 2 February, 2014”, Massey University, 2014, 4
94 Cameron, “Flora and Fauna of  Motu Kokako”, 130
95 Castro, “Fieldtrip to Motu Kōkako” 19
96  DOC, “Natural areas of  Whangaruru Ecological District - 4.1.2 Level 1 sites/Islands Q05/042 - 
Q05/049”, accessed May 30, 2017, http://www.doc.govt.nz/Documents/conservation/land-and-freshwater/
land/whangaruru-ecological-district/whangaruru-ecological-district-level1-sites2-q05-042-q05-049.pdf, 446
97  NIWA, Ocean Survey 20/20 Bay of  Islands Coastal Project: Phase 1 - Desk Top Study, NIWA client 
report: WLG2009-3, January 2009, 173
98  Ibid 227

Figure 30 Left: Shell of  Rhytidia Dunniae Snail endemic to 
Motu Kōkako and the Rakaumangamanga peninsula.
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Motu Kōkako is encircled by 50–100-m sheer cliffs which rise from the water and 
give way to a marginally gentler slope of  around 30–45°. The island is roughly 5 
hectares in area and is well known for its large arch, the entrance to the Bay of  
Islands.99

Motu Kōkako is of  international geological significance.100 A geological study of  the 
site was published in 1990 by Brathwaite who analysed the complex arrangement of  
geological formations. The island has a base of  Waipapa greywacke which is over-
lain by a rare occurrence of  a 98-m-thick layer of  Whangarei limestone from the 
north of  the island.101 The greywacke on the island extends to neighbouring islands 
Tiheru, Bird Rock and Otuwhanga as well as Cape Brett and forms the foundation 
of  much of  the Bay of  Islands. Motu Kōkako, however, has the only occurrence 
of  limestone in the Cape Brett area with the nearest occurrence of  limestone found 
in Kawakawa around 34-km away. As part of  Brathwaite’s study, “pods” of  white 
(Stylolite) marble were found on the island containing rare fossils of  crustaceans102. 
The rock also contains a large number of  different garnets including quartz veins, 
which are also found on neighbouring greywacke outcrops, typically a few millime-
tres wide; however, on Motu Kōkako they are up to 30 cm thick. This rich amal-
gamation of  rocks and crystals also includes a number of  rare minerals including 
Babingtonite, which has only been found in two other NZ locations (three Kings 
Islands and Southland) where it is scarce and comprised of  much smaller crystals 
than on Motu Kōkako. 

99  Te Ara, Story: Whāngārei tribes, accessed, July 17, 2017, https://www.teara.govt.nz/en/photo-
graph/1044/motu-kokako-hole-in-the-rock
100  Geocaching, “The Hole in the Rock”, accessed May 30 2017, https://www.geocaching.com/geo-
cache/GC1M597_the-hole-in-the-rock-northland?guid=30fe2874-5950-4def-bd1e-271280e0b050http://
www.teara.govt.nz/en/artwork/13013/motu-kokako-hole-in-the-rock
101  Brathswaite, R.L, Isaac M.J., Challis, G.A., Brook, F.J. “Tertiary Limestone and Zn-Pb Mineralised 
Skarn at Motukokako, Cape Brett Northland New Zealand,” Journal of  the Royal Society of  New Zealand 
Vol. 20 No. 4 (1990): 440. 
102  Brathswaite, “Tertiary Limestone at Motukokako”, 431

GEOLOGICAL

Figure 31 Left: Quartz on a rock formation in the “Saddle” 
of  Motu Kōkako 
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Motu Kōkako, well known by many today as “The Hole in the Rock” is an icon of  
the Bay of  Islands with great value to many parties who live and travel within and 
around the island. Large boating companies, including Fullers Great Sights, profit 
from running trips which offer the experience of  traveling through ‘the Hole’ by 
boat. The Hole itself  is of  particular importance to Maori, being wahi tapu103, a 
sacred place. Currently, tourist companies running trips through the Island in no way 
share their revenue or show respect to the owners of  the island. The Trust argues 
that they should pay a fee “in the same way companies pay a concession to cross pri-
vate or conservation land.”104 The Motu Kōkako Ahu Whenua Trust is not trying to 
remove all tourism from the rock but wants to negotiate with the companies which 
currently send thousands of  tourists through the rock without any concession to the 
owners.105 

The tourism operators’ attitude to the Trust’s attempts to negotiate with the compa-
nies has been an approach of  “we’ll come and talk to you when the law changes.”106 
Fullers stated on their website that “If  the navigation rights around New Zealand 
seaways are to be challenged, the Crown is the correct party to engage with.”107

103  The Northern Advocate, “Hapu claims it doesn’t want to stop Hole in the Rock tourism”, May 29, 
2017, http://www.nzherald.co.nz/northern-advocate/news/article.cfm?c_id=1503450&objectid=11862400
104 Ibid
105  Maori Television, Motukokako Trustees Launch Peaceful Protest, Jan 3, 2014, https://www.maoritele-
vision.com/news/regional/motukokako-trustees-launch-peaceful-protest
106  Ibid
107  Fullers Greatsights, “Motukokako Island”, accessed 30th May 2017, https://www.dolphincruises.
co.nz/motukokako

In 2014 the Trust began to passively protest for their rights after the High Court 
ruled against the Trust, basing its decision on the right of  access to the open sea.108 
This protest involved approaching locals, NZ visitors and tourists to explain the 
exploitation.109 In the same year the rock was chained off  by an independent group 
of  protestors. The chain was later removed by the Northland Regional Council. The 
Trust considered the actions of  both the protesters and the NRC to be trespassing 
onto the property of  the Trust.110 A year previous to this the Trust developed a 
relationship with Salt Air, building a Helipad on the top of  the rock; referring to this 
operation, trustee Richard ‘’Blandy’’ Witehira explained ‘’We want to send a strong 
message to other operators: if  you won’t talk to us, here’s an operator who will.’’111

In May 2017, after 108 applications112 for Crown involvement around the Marine 
and Coastal Areas (Takutai Moana) Act 2011 which repealed the 2004 Foreshore 
and Seabed Act,113 the issue arose again. One of  the applications was by the Motu 
Kōkako Ahu Whenua Trust for the customary marine title. If  their application is 
successful this legislation will give the Trust, with some exceptions, the ability to 
say yes or no to activities requiring resource consents or permits.114 “Lawyers have 
advised hapū that their claim to the customary marine title is likely to be settled in 
five years.”115

108  Northern Advocate, “Hole in the Rock tourism”
109 Ibid
110 Maori Television, “Chain blocking Motu Kōkako entrance removed by Northland Regional Council”, 
Accessed June, 17 2017 https://www.maoritelevision.com/news/regional/chain-blocking-motu-kokako-en-
trance-removed-northland-regional-council
111  Northern Advocate, “Hapu claims it doesn’t want to stop Hole in the Rock tourism”
112 Ibid
113  New Zealand Legislation, “Marine and Coastal Area (Takutai Moana) Act 2011”, accessed 30 May 
2017, http://www.legislation.govt.nz/act/public/2011/0003/latest/DLM3213131.html
114  Northern Advocate, “Hapu claims it doesn’t want to stop Hole in the Rock tourism”
115  Maori Television, “Hapū may get more authority over “Hole in the Rock” Motu Kōkako”, May 29, 
2017 https://www.maoritelevision.com/news/regional/hapu-may-get-more-authority-over-hole-rock-motu-
kokako

POLITICAL

Figure 32 Left: Fullers taking tourists on the trip 
through the “Hole in the Rock"
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Motu Kōkako has a long history of  Māori contact. The islands in the Bay of  Islands 
were frequently visited and lived on by Māori.116 The motu is also believed to be the 
first landing place of  the ancient waka Tūnui-ā-rangi,117 one of  the great canoes that 
voyaged from Hawaiki, before continuing on to Ngunguru and finally to Whangarei. 

Motu Kōkako got its name from the Kokako bird. The island was a sanctuary for 
the bird which is known to have the voice of  many birds and was used to lure and 
capture other birds. The birds that were not strong fliers were confined to the island 
due to the harsh weather beyond it.118 It was once a rite of  passage for chiefs to go 
to the island and collect the feathers for use as hair adornment.119 

Motu Kōkako also has a population of  Oi or Petrels and has a history of  people 
travelling to the island to collect the mutton-birds. Being well elevated and the out-
ermost point in the Bay, oral records also recall the island being used as a lookout 
location with its nearly 360° view making it a useful vantage point.120

116  Te Ara, Story: Nearshore Islands, accessed July 19, 2017, https://www.teara.govt.nz/en/art-
work/13013/motu-kokako-hole-in-the-rock
117  Te Ara, Story: Whāngārei tribes, accessed July 16, 2017, http://www.teara.govt.nz/en/whanga-
rei-tribes/page-1

118  Blandy Witehira, Talk given to group after landing on the island, Motu Kokako, Feb 5, 2017
119 Cameron, “Flora and Fauna of  Motukokako”, 123

120  Rau Hoskins, Meeting, Design Tribe, August 16, 2017

CULTURAL

Figure 33 Left: Charles Emilius Gold’s 1847 waterco-
lour of  waka passing Motu Kōkako  

https://www.teara.govt.nz/en/artwork/13013/motu-kokako-hole-in-the-rock
https://www.teara.govt.nz/en/artwork/13013/motu-kokako-hole-in-the-rock
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SITE VISITS

For this project, four site visits were conducted on and around Motu Kōkako. Each 
site visit was intended to uncover information on the island through a different lens 
and to develop a broader understanding of  what it is to be on and around the island. 

LAND 

AIR

SEA

Exploring Motu Kōkako

Figure 34 Left: Gravel road though the Ngaiotonga Forest 

Figure 35 Below: Orthomosaic of  Motu Kōkako 
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This was the first site visit albeit from 800 m away at the nearest point on the main-
land. At the furthest point of  Rakaumangamanga Peninsula lies the Cape Brett light-
house and what remains of  the settlement of  the lighthouse keeper’s huts. This jour-
ney is a 17-km walk across the undulating ridge-line of  the seven peaks that make 
up the peninsula of  Cape Brett. The journey gives an appreciation of  the challenges 
for what was once a fairly large community which even supported its own school-
house.121 The lighthouse settlement was home to a number of  families who oversaw 
the manual operation and maintenance of  the Cape Brett lighthouse.

The remote headland was a rugged place to live on, experiencing a number of  major 
storms. The largest reported wave reached 43 m above sea level as it made its way 
over the principal keeper’s house in 1951. The strongest wind on record in the set-
tlement was recorded as 97 km/hr 1954.122

121  Christine McAlpine, “Cape Brett Lighthouse – Hut Book”, (Keri Design and Print: KeriKeri, 
2008), 6

122  Ibid, 6

LAND 

Cape Brett Track 9th January 2017

Figure 36 Left: View towards Motu Kōkako from Rakau-
mangamanga 
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Figure 37 Top: Cape Bret hut and docking area from Cape Brett today 

Figure 38 Bottom: Photo of  lighthouse keepers’ house completed in 
1909,  Figure 39 Above: “Strorms of  Cape”  
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My first visit to the top of  Motu Kōkako was by helicopter. The helipad was erected 
following the launch of  the joint venture between helicopter company Salt Air and 
the Motu Kōkako Ahu Whenua Trust which began in January 2013.123 Since then, 
helicopter has replaced the rugged track up the eastern face of  the island as the main 
means of  reaching the island. This trip was for a biodiversity study, which is under-
taken twice a year to monitor the wellbeing of  the fauna on the Island. 

When arriving on the island by air, a true sense of  the size of  the island is grasped, 
while from below the sublime sheer cliffs of  the island below the trees appear to 
be small shrubs and the island’s footprint could be easily mistaken as being fairly 
minimal. Walking on the island around the 5.6-hectare footprint, populated with 
a well-established 8–10-m canopy of  trees removes this misconception. The still-
ness of  the environment is another noticeable characteristic with no wind being felt 
despite the terrain of  30–45° slopes tapering down to the sheer cliffs that make up 
its face.

123  NZ Herald, “Hole in the Rock Flights reach anniversary”, Jan 23, 2014, https://www.nzherald.co.nz/
northern-advocate/business/news/article.cfm?c_id=1503446&objectid=11190926

AIR

Salt Air Helicopter, 7th February, 2017

Figure 40 Left: Taking off  from the Helipad in the Robin-
son Helicopter 
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Figure 43 Motu Kokako Helipad 

Figure 44 Right: Salt Air Helicopters 

With helicopter being the only access to the site, an important 
design consideration is the weight and volume restrictions of  the 
loads and the associated costs involved. After discussing with the 
Salt Air team which already works with the trust, constraints were 
developed. The Bell Longranger, their largest helicopter, has a max-
imum load capacity of  just less than 1000 kg.124 However, given the 
distance and conditions for transporting to the site, Salt Air has 
indicated a maximum of  500 kg per load.125 Using the Longranger 
to transport all the loads from Te Rawhiti, each load would cost 
around $1750 based on the $2000/hr rate for the helicopter.126 
While Salt Air have said they can work with a variety of  shapes, 
aerodynamics are an important consideration and ideally the com-
ponents would fit inside the 1-m3 volume of  the chopper, allowing 
for higher speeds when travelling to the island. 

For post construction servicing, Salt Air said they could hover above 
the site and lift/drop supplies as required;, however this would be 
reflected in the cost for visitors. To get to the island, visitors would 
expect to pay around $400 each way, based on the current rate for 
the trip.127

124  Bell Helicopter, “Commercial Aircraft”, accessed Sept 15, 2017, http://www.
bellhelicopter.com/commercial/bell-206l4#

125  Lara Kay. Letter. April 23, 2017. ‘Salt Air Website Contact’. Email.

126  Ibid
127   Salt Air, “Book Scenic Flights Online”, Accessed Sept 25, 2017, 
http://www.saltair.co.nz/book-scenic-flights-online/

Figure 41 Up close to the Limestone faces of  
“the pinnacles” rock formation. 

Figure 42 Camp site set up to feed those 
participating in the bio-diversity study. 

1 2 3
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The first site visit by sea was with Dronemate as part of  mapping the island by 
Drone. This is the experience known to most visitors. Visiting “The Hole in the 
Rock” is one of  the ‘must do’ tourist experiences of  the Bay of  Islands with over 
360,000128 paying visitors travelling through The Hole every year. Experiencing 
the island by boat is very different from landing on the island by helicopter. Com-
pared to the surprisingly calm atmosphere on the island, even on a fine day the boat 
encountered rough seas. It felt as if  the island was not a place for people. It is too 
rough to be accessed, and the sheer scale of  the cliffs from this perspective gives a 
diminishing illusion of  the scale of  the 5-hectare footprint of  the island.

128 The Northern Advocate, Hole in the Rock protest well received, Jan 2, 2014, https://www.nzher-
ald.co.nz/northern-advocate/news/article.cfm?c_id=1503450&objectid=11180444

SEA

Drone survey 10th June 2017

Figure 45 Left: Launching the drone from 
the boat just off  Motu Kōkako 
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Figure 46 Above: Images from the water 
around Motu Kōkako 

1 2 3 4 5 6
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Being fortunate enough to visit the island a second time, this time for an overnight stay, a broader 
understanding of  the experience of  being on the motu could be grasped. This time the trip was 
about exploration, searching for an environment with enough adequate connection points for a 
refuge. The first powerful feature of  the site is the sheer scale of  the steep cliff  face and the views 
across the Pacific Ocean that fade into the horizon where they extend uninterrupted to Polynesia, 
Mexico and South America.

On a more engaged experience with the site, however, it is evident that this experience is about 
much more than the views but also the unique character of  the rock formations, vegetation and 
animal life which truly immortalise the dynamic environment and life of  this site that is anchored 
to its rock foundations.

As the sun sets the night fills with stars and the sound of  petrels soaring across the night sky and 
calling to each other. One hears the distant sound of  the pounding waves beneath and the wind 
gusting through the shrubs that hang on to the cliff  faces; yet not even a breeze can be felt. The 
feeling of  isolation, being at the mercy of  the island, knowing a few steps further would see you 
fall 100 m to the sea below is a unique feeling.

The experience is certainly a unique and memorable one.

A NIGHT ON THE MOTU

19-20th September 2017

Figure 47 Left: Sunset from the Helipad on the Motu 



89 90

Figure 48 Above: Looking up a sheer rock 
face near one of  the potential sites. 

Figure 49 Above: Light of  the Cape Brett 
Lighthouse below the Silhouette of  the 
Rakaumangamanga Peninsula. 

Figure 50 Left: Two ruru or morepork were 
spotted in the middle of  the day on the 
northern face.

Figure 51 An area where the track leads you to climb 
down the roots attached to the faces of  the rock.

1 2 3
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SITE ANALYSIS

When exploring the island with the project in mind, it is notable that the canopy of  
trees which covers the island is fairly low in most places, meaning the structure will 
need to be low to the ground or have a low ceiling. 

While the site visits mentioned above helped develop the very important concept of  
the experiential nature of  the island, surveying the island by drone offered a differ-
ent perspective. The 3D model generated from the drone survey was used to model 
sunlight, wind and terrain information as well as being a useful tool to zoom in on 
areas of  the island for detailed analysis. 

A full description of  the surveying process using photogrammetry is available in the 
appendix. 

Figure 52 Left: Three scales used for design 
analysis and refuge design. 



93 94

Figure 53 Left: Point cloud of  Motu Kōkako 
captured by drone with the help of  Drone-
mate. 

Figure 54 Right: Mesh model of  Mōtu 
Kokako. 
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Figure 55 Above: Wind pressure felt 
from different wind directions around 
the site. 

Wind

Analysis of  information collected in the settlement of  Cape Brett confirms that the 
area experiences severe weather. Motu Kōkako lies at the forefront of  the Bay of  
Islands, exposed in all directions, and will therefore be significantly affected by this 
severe weather. Interestingly, a notably unique characteristic of  the experience of  
Motu Kōkako is the calm nature of  the site despite its exposure. The sheer cliffs that 
encircle Motu Kōkako send the wind vertically upward, which when reaching the 
summit rise up and over the island a fair distance before returning to ground level. 
As can be seen from the wind pressure diagrams, a blue low-pressure zone is present 
above the island where the wind is weak and an eddy forms, dissipating its pressure. 

Given the extreme variation in wind pressures and directions that would occur in the 
most severe weather conditions, this wind flow analysis is limited in modelling the 
exact nature of  each of  the areas; however, it provides a good estimate of  where the 
most sheltered areas on the island would be in such an event.

Figure 56 Left: Overlaid Pressure diagram 
of  prevailing SW and NE winds 
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Figure 57 Left: Sun study Analysis of  Sum-
mer and Winter equinox 1 hour intervals 

Sun

Through the sun study analysis it is clear that the saddle is an area which receives 
the least sun, receiving virtually no sun on the northern side in winter where it is 
shaded by the steep terrain to the summit. During the summer this area gets nearly 
full sun all day.

Areas with too much sunlight are not likely to be an issue regarding overheating 
because of  the shelter from the canopy; however, receiving no sunlight may be an 
issue, leading to dampness and a cold building. 
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Terrain

Motu Kōkako is characterised by its steep and rugged terrain. Movement around 
the site is governed by this terrain, while a few flat areas exist close to the helipad; 
the majority of  the island has a pitch of  between 30 and 45° tapering to sheer cliffs.

The only access to the ‘saddle’ on Motu Kōkako is down a steep cliff  face. In con-
trast, the north face is characterized by a more gradual steep slope

Generally, architects tend to avoid steep areas and rocky areas because this raises 
conflicts with the rationality of  our structures. However, in an environment such as 
Motu Kōkako this is not an option and taking advantage of  these features for their 
existing structural formations will be necessary to found a building into the site. 

Figure 58 Left: Contour model showing the terrain of  
Motu Kokako 
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Informal tracks exist on the island and are used by the biodiversity scientists to visit 
areas of  interest. As a part of  the design it is necessary to consider how the structure 
may be connected to these known tracks whilst being private and isolated from the 
activity for a truly immersive experience of  staying in a remote natural environment.

The helipad is located at the highest point at the top of  the west face of  the island 
and it takes around 15–20 minutes to walk in either direction to the saddle or down 
the north face due to the rugged terrain. 

Existing Areas of Importance

Figure 59 Left: Locations of  significance on Motu Kokako 
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PRECEDENTS

Part 4

The precedents which follow investigate examples and typologies which engage with 
site through different means, offering opportunities for design for Motu Kōkako.
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Hygroscope is a project by Architect Achim Menges; like many of  Menges’ proj-
ects it demonstrates a revolutionary approach to material and fabrication. Menges’ 
Hygroscope and Hygroskin projects use the natural characteristics of  timber in a 
dynamic and expressive way, working with wood’s natural environmental respon-
siveness: 

 “Wood’s cellulosic structure seeks to maintain moisture content in   
 equilibrium with the surrounding relative humidity by taking moisture  
 from the atmosphere when dry and yielding moisture when wet.”129 

This approach is one which works with the systems and biological conditions of  the 
environment rather than against it, adapting the design to suit the natural systems 
already existing within nature. As a result, the system naturally controls openings, 
closing in high humidity and opening again in low humidity.

This system ultimately demonstrates how digital processes can in fact engage inti-
mately with the sensitivities of  material, just as vernacular or indigenous construc-
tion would have, as people living in and working with the materials of  the site had a 
strong understanding of  their makeup and workings.

129  Achim Menges, Material Synthesis : Fusing the Physical and the Computational, Architectural Design 

(London, England : 1971) ; Volume 85, Number 5, London, England: John Wiley & Sons, 2015, 68)

Tents and deployable structures

Material Systems

Hygroscope - Achim Menges

Figure 60 Left: HygroScope - Meteorosensitive 
Morphology by Achim Menges 
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 ‘Is it not remarkable that the nomads, while building non-permanent  
 shelter, have a building tradition that is more durable than ours?   
 The designs of  the nomad tents have survived the centuries that have  
 seen great stone monuments turn to dust. If  these tents have sheltered  
 a portion of  mankind so well in the past, might they not be useful in the  
 future?’130 

Nomadic tent structures have been constructed in the most sparsely inhabited hos-
tile desert environments for centuries. The nomadic approach to the environment 
is largely based around the need to pasture livestock and forage for food. With 
groups such as the Rendille living in an arid Kenyan environment which receives an 
average rainfall of  just 250 mm per year, the group is aware that the environment is 
vulnerable to overgrazing and so the people must remain on the move to allow the 
environment to regenerate.131

The variation in structures across various groups of  nomadic people demonstrates 
the development of  the structures to suit the different climates. The black tent for 
example is made of  an open weave from goat hair to allow air flow and a dark colour 
to maximise the shadow cast by the structure.132 The material is composed in an anti-

130  Faegre, Torvald. Tents: Architecture of  the nomads. New York: Anchor Press 1979, 3

131  Paul Oliver, Refuges: The Vernacular House World Wide. Rev. ed. (London: Phaidon, 2002), 31

132  Ibid, 32 

clastic curved surface which optimises the fabric as a structural component of  the 
building.133 Variations exist locally between different clans to suit the local variation 
in requirements of  the structures and to create identity between different groups.

The tent in its many forms serves as a rather simple, but very important precedent 
for this project. While many may be opposed to the idea of  building in an environ-
ment as sensitive as Motu Kōkako, it might be expected that fewer would oppose 
the temporary nature of  the humble tent, a structure taking many different shapes 
and forms all over the world, from the traditional Arab tents, yurts and safari tents 
to the modern day fiberglass and synthetic fabric tent that can fit on our back and be 
erected within minutes at any location. All are examples of  the versatility and strictly 
temporary nature of  the tent in contrast to a building which is permanent and has a 
lasting effect on its site.

The examples mentioned above also bring up another issue of  concern, that it is not 
the buildings themselves which damage the environment, but rather the people occu-
pying them. With a highly significant site it is not enough for a refuge to demonstrate 
a light touch on the environment, it must also warrant an operation or habitation of  
the refuge which is also respectful of  it. 

133  Peter Petschek and Siegfried Gass, Constructing Shadows : Pergolas, Pavilions, Tents, Cables, and Plants, Basel: 

Birkha ̈user, 2011, 54

Deployable Structures

The Humble Tent

Figure 61 Above: Rendille Tent section, located between 
Lake Turkana and Ndoto Mountains, Kenya. 

Figure 62 Above: Black Tent or Bedouin tent, located in 
Saudi Arabia and the Middle East. 
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Wikihouse by Alaister Parvin and Clickraft by Chris Moller are two plywood systems 
designed for cost efficiency and simplicity of  construction. By eliminating nails, 
bolts, and all specialized construction techniques, the projects attempt to “democ-
ratise” production, where consumers can modify and build their own building.134

Wikihouse uses CNC cut plywood with mortise and tenon joints fixed with wedges 
which can be hammered in with a mallet. The standardisation of  this simple, user 
friendly joint is combined with the customization of  the system as a whole to create 
an efficient system. Similarly, Clickraft is made from the standard and readily avail-
able 12-mm pine plywood, bending the timber to improve its rigidity as a system. 
Both systems have been standardised to be cut from a standard 1200 × 2400-mm 
sheet of  plywood using a CNC router and the materials can be easily transported as 
flat-packed components to be reassembled on site.

134  Alastair Parvin, “Architecture for the people by the people,” 13:11, Filmed by “TED Talks,” May 

2013, https://www.youtube.com/watch?v=Mlt6kaNjoeI

Prefabrication Systems

Wikihouse/Clickraft Systems

Figure 63 Left: Wikihouse System components and 
assembly 
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Round houses Whare Porotaka (round houses) of  the Titi Islands were carbon dated as early as 
1270 A.D.137 The Titi Islands have similar natural features to those of  Motu Kōkako, 
with notably steep cliffs, heavy wave surges and an absence of  protected anchor-
ages.138 The temporary homes of  the Titi Islands that served as seasonal refuges of  
the mutton-birders remained in use, as an appropriate construction for the seasonal 
stays, until as late as the 1800s and have also been observed in other demanding 
remote environments such as Dusky Sound and the Chatham Islands139. This may 
serve as a testament to their effectiveness as a technique that is also believed to have 
been used by the first Maori to arrive in New Zealand.140 

This makeshift typology varied significantly depending on the duration of  use and 
material, with some being as small as 4 feet high and 6 in in diameter141 at the bottom 
and others more elaborate such as those on the Titi Islands designed to be reused 
each season. Roundhouse structures have been recorded to be hollowed out up to 
0.4 m deep142 and often had a hearth in the centre. 

137 Olga Sansom, In the Grip of  an Island: Early Stuart Island History, (Invercargill: Craig Printing Co, 1982), 
50
138  Ibid, 71
139  Atholl Anderson, “‘Makeshift Structures of  Little Importance’: a Reconsideration of  
Maori Round Huts”, The Journal of  the Polynesian Society, Vol. 95, No. 1 (1986), 92
140  Alan Taylor, The Maori Builds: Life Art and Architecture from Moahunter Days, (Auckland: Whitford 
and tombs, 1966), 6
141 Anderson, “‘Makeshift Structures”, 91
142  Ibid, 94

Working with the Materials of the Environment

With such strong oral history of  Maori contact with Motu Kōkako it would come as 
no surprise that buildings may have once existed on the island. Though no archaeo-
logical studies have been carried out on the island, it was traditionally a mutton-bird-
ing island. Therefore, parallels can be drawn between Motu Kōkako and the Titi 
(Muttonbird) Islands of  Stuart Island. According to Rau Hoskins, an expert in the 
area of  traditional Maori building and chairman of  the Motu Kōkako Ahu Whenua 
Trust, a location was found on the site which appears to have been levelled for what 
may well have been a refuge or refuges. Furthermore, archaeological finds on other 
small islands in northern New Zealand suggest short-term visits and pre-historic 
mutton-birding on Motu Kōkako.135 Cameron and Taylor in their short survey in the 
1980s136  estimated that Motu Kōkako was home to a colony of  around 200–300 
breeding pairs of  petrels. Around 120 burrows were counted in the survey out of  
an estimated 500. 

On the Titi Islands the refuges were typically dome shaped, derived from the shape 
of  the branches from which they were built. It is, however, hard to determine exactly 
how such structures may have been conceived on Motu Kōkako with the current 
forest make-up suggesting a major disturbance such as a fire in the past. However, 
given the surprisingly mildly windblown characteristics of  the forest today, it is likely 
the refuges would have taken their own form. 

135  Cameron, “Flora and Fauna of  Motukokako”, 135
136   Ibid, 130

Whare Porotaka - The Roundhouse

Figure 64 Above: Whare Porotaka from the Titi Islands off  
of  Stewart Island 

Figure 65 Right A layout of  Roundhouses on a site in 
southland based on artifacts found. 
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The temporary nature of  the roundhouse is reflected in its construction, with the 
buildings being typically informal and utilitarian.143 Windblown trees, being the only 
material available in isolated coastal environments, are sought to inform the struc-
tures which are naturally suited to windy site conditions. While the trees on Motu 
Kōkako are less noticeably windblown, those building the structures would have 
had to employ the same technique of  working with the irregularity of  the site and 
the materials found nearby. There is evidence of  roundhouses in the Bay of  Islands 
existing as early as 1769.

The buildings, while being recognised as simple constructions, as they were in many 
cases, were initially disregarded as an architectural typology in comparison to more 
substantial whare. Examples such as those from the Titi Islands, however, are more 
than just makeshift structures made randomly. Rather, they are a well-considered 
and developed typology that evolved from generations of  advancement and under-
standing of  the materials of  the site, which evolved to create the specific form of  
the buildings.

The roundhouse forms a central precedent within this project. It is an approach to 
the site that is respectful and intrinsically part of  it because of  its ephemeral material 
qualities. This intimate connection with site and its materiality is the approach for 
this project.

143 Ibid, 93

Figure 66 Above: Diagram of  curved branches as a likely 
component of  past makeshift structures of  Motu Kokako. 
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“To build means to cooperate with the earth, to give man’s imprint to a landscape, which will be 
thus forever modified” - Maguerite Yourcenar
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DESIGN PROCESS

Part 5

In the pursuit of  intimately connecting building and nature, the design process is 
constantly challenging the degree to which the refuge exists as ephemeral, that is, 
how interactive and reversible the building is and the impact of  this process on the 
environment, looking specifically to the roundhouse as a precedent for the con-
struction. The design process works with constant reference to its connection to the 
environment and its physical connection with the interface and materials of  the site. 

Different approaches to the interaction between the structure, as a whole and as well 
as a level of  detailing, and the site have been investigated.

Figure 67 Right: Levels of  connection with site investigated 
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Figure 68 Above: digitally captured and CNC cut 
Manuka branch.  
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Refuge in the trees

Isolation

Figure 69 Left: Construction of  the pod unit from steam-
bent timber 
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Figure 70 Above: Construction time lapse of  pod structure  

Figure 71 Left: Construction drawings of  pod 

The concept presented here investigated the prospect of  a small “pod” structure 
designed to contain the minimal commodities the refuge needs. The structure is 
made entirely from steam-bent 50 x 8 mm cypress slats laid at 300–400 crs with 3 
layers running in each direction and bolted together with galvanized M8 bolts. The 
structure is very light-weight and though only partially completed was designed to 
be covered with plastic film which would be tensioned over the acorn nuts on the 
outside of  the frame. It uses the tensile strength of  wire rope suspended between 
two or more trees and the compressive strength of  the convex structure to resist 
the compression of  the wire rope on the outside faces. The overall intention of  the 
structure is to isolate from and therefore preserve the environment beneath.

By lifting the structure off  the ground and onto minimal connections within the 
trees, the building no longer imposes itself  on the ground of  the island. All life on 
and around the island and the movement of  water would be largely unchanged; 
moreover, because the trees on Motu Kokako are very slow growing the connec-
tions would likely not be challenged by the progressive growth of  the trees, with 
appropriate connections designed to suit the strong wind conditions.144

144 Grant Stevens, Richardson-Stevens Consulting Engineers, Meeting, Whangarei Office, Sept 06, 2017
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Critical Reflection

Figure 72 Left: Render of  structure suspended between 
point cloud of  two trees. 

While the system would potentially be possible, with some trees on the island reach-
ing over 300 mm in diameter, the structure’s approach of  avoiding engagement with 
the site lacks connection with the island. The structure is a universal solution for a 
significant, remote natural environment in that it could quite comfortably fit into a 
range of  environments. It doesn’t engage specifically with the character of  Motu 
Kōkako, and so doesn’t integrate with the landscape where opportunities exist in its 
natural character for a uniquely interlocked design.
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Engaging with the Interface

A response to an irregular site

Figure 73 Above: Folding scissor exploration. 

Figure 74 Below: Reverse engineered connection between 
timber and an existing sandstone rock. 
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When designing in an environment isolated from the site and the material that will 
actually be used to create the building, it is very easy to produce symmetry, clean 
straight lines and regularity as part of  the design. However, in reality this approach 
ignores opportunities that a more intimate understanding of  the site and specific 
materials might offer for the design.

The explorations shown in Fig. 75 explore material arrangements which through 
working closely with the rock forms produce a site-informed response. The explora-
tion is iterative in the way that arrangements can be tested and adjusted to optimize 
the usefulness of  each connection in its function to hold the weight of  the structure 
in place. 

Figure 75 Above: Exploration of  purely friction inter-
locking structures within an existing rock formation. 
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Scaling Up

Scaling up the timber members used in the previous investigations will lead to a scale 
and weight of  the members not desirable for transport. For the access constraints of  
Motu Kōkako, a more deployable system or one made of  many small components 
is more appropriate for transport and construction logistics. The Hoberman Sphere 
is an isokinetic structure designed by Chuck Hoberman which uses a curved scissor 
system within which all components are connected and move together simultane-
ously to expand and contract the volume of  the sphere enclosed. The ability of  this 
system to at any point increase or decrease in scale makes it ideal for compact trans-
port by helicopter, through the bush and for fast on-site construction. 

Each component must be identical, and as long as each ‘kink’ in the generic scissor 
component is a multiple of  360°, the structure will move very smoothly.

Figure 76 Above: A failed attempt to make the Hoberman 
structure adjustable. 

Figure 77 Left: Components of  the Hoberman Sphere as 
they come off  the CNC. 

Figure 78 Below: Hoberman hemisphere from timber and 
bolts using a 7.5 degree ‘kink’ in each component 
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Removing the sphere component of  the structure, which like the first proposal of  
refuge in the trees is a rigid and universal system, the structure can be utilised in 
way that has a dynamic relationship with its site. Being able to seamlessly adjust the 
expansion and contraction of  each folding component separately from the system as 
a whole, means that the very regular and standard system can be used to effectively 
adapt to the particularities of  distance and angle between each point of  connection 
to the site. 

For the actual connections to the interface of  the environment, capture techniques 
combined with digital fabrication were used to create perfect fitting connections 
to the environment in an effort to utilize the irregularity of  the rock as a friction 
locking mechanism. Integrated with the expanding scissor structure which can apply 
pressure on these joints into the rock, it makes for an effective structural system that 
doesn’t penetrate the site.

Figure 79 Left: Testing the expansion capacity of  a scissor 
component  

Figure 80 Below: Point Cloud of  the beach captured by 
drone and processed in Pix4D 
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Figure 81 Above: Orthomosaic and contours at 50mm in-
tervals of  the beach site and proposed connection locations 
and structural links 

Figure 82 Right: Point connections captured by DSLR nad 
processed in remake 
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Figure 83 Above/Left: Reverse engineered timber connec-
tions with the site 
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Figure 84 Right: Above: Assembly test of  a waffled 
connection, this process is more effective for creating larger 
components and reaching undercut areas to deep to be 
reached within the constraints of  the CNC gantry. 
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Figure 85 Above: Transport, Assembly and 
Installation of  reverse engineered plywood 
components 
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Figure 86 Above: Installing the folding scis-
sor components. 



151 152

 

Figure 87 Left: Close up view of  the assembled structure. 

Figure 88 Above: Waiting for the tide to drop to start 
installing the components. 

Figure 89 Below: The Fully assembled structural instal-
lation. 
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Figure 90 Above: A sample of  connections from the 
project. 

Figure 91 Left: A waffled connection within the rock which 
is fanned out on the vertical planes to align with the folding 
structure. 

Figure 92 Right: Solid reverse engineered connections from 
timber and acrylic. 

Due to the inaccessibility of  the actual site, a beach with exposed rock was used to 
test the system. When attaching the components to the rock faces it was apparent 
that some components felt more appropriate than others in the way they were com-
posed on the rock. Where the outer surface of  the connections appears to follow 
the surface of  the rock beneath or fill in eroded areas, the connections seem more 
specifically designed for the location.

The connections were “waffled” to allow water to flow behind them and for liz-
ards and invertebrates to be able to move under them which would otherwise be 
restricted by a connection covering the entire surface. In “waffling” the elements, 
the components can be cut from 2D materials which also allows for a broader range 
of  forms to be constructed without the limitations of  the machine affecting the out-
come. A significant disadvantage of  the system was that the thickness of  the mate-
rial dictated the tolerance of  the connection. Using 12-mm plywood without cutting 
each edge three dimensionally where it met the rock meant that in places the system 
didn’t connect as seamlessly as would have been possible when cutting the 3D form 
onto this edge. Booleaning and CNCing this edge would however have significantly 
increased the cutting time of  the components as it requires a flip milling approach.
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Critical Reflection

This system was an effective solution to the issues of  access to the site and the speed 
and sensitivity of  the construction, with all the components being carried to the site 
in two loads and compacting to a volume of  around a quarter of  1 m3 and expand-
ing to enclose around 5 m3. An advantage on site was the ability to remove and add 
components from the folding system to make them span less or further with the 
folding mechanism allowing for fine adjustment. 

The system is, however, still fairly universal and standardized in its construction. 
Standardised materials such as plywood would be ideal for this solution with the 
straight grained timber components causing some issues where they were bent and 
the grain did not follow. Ultimately, the universal approach to material holds the 
system back from an intrinsic connection with the materially of  the site in the way 
that vernacular techniques do so successfully. 

The curved form the structure implies would create a shell-like structure similar 
in form to the traditional roundhouse. This form is desirable for its aerodynamic 
characteristics, but also from a utilitarian perspective in the way the wall and roof  
members are combined to eliminate their junctions. The form is also naturally suited 
to optimise the compressive strength of  the structure.

Figure 93 Above: A broken component, affected by a 
weakness in the grain where is doesn’t follow the curve. 
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Engaging with Material

Reinterpreting a vernacular approach

Figure 94 Left: The CNC following the form of  a ma-
nuka branch by adding the digital model of  the material 
into the manufacturing process. 
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The approach of  the vernacular typologies such as the roundhouse that we admire 
for such a strong intrinsic connection to the site are often made of  local materials 
from the site with minimal processing. This technique, despite its practical under-
pinnings, develops an intrinsic relationship with the site and therefore feels naturally 
part of  it.

The approach in this investigation was to look at the use of  the irregular material 
found close to the site as a catalyst to create a response that feels more in harmony 
with the site, whilst also optimizing the material for its own intrinsic strength charac-
teristics, noting that timber is strongest in its unprocessed round state.145 By involv-
ing digital tools as part of  the design process, we can machine each component 
individually and visualize the components together in an arrangement where each 
of  their characteristics can be matched more seamlessly.

145  Grant Stevens, Richardson-Stevens Consulting Engineers, Meeting, Whangarei Office, Sept 06, 2017

Figure 95 Left: Mesh and Brep body of  sticks digitally 
captured, arranged, booleaned, cut and assembled. 

Figure 96 Right: The arrangement of  the digitally recon-
structed components 
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Figure 97 Left: First pass Parallel finishing cut of  the 
branch on the CNC (above) and fitted together (below) 

Figure 98 Right: The final result fitted together with 
dowels. 

Figure 99 Below: Analysis of  the curvature of  timber 
members within an area of  bush  



167 168



169 170

This method of  processing the material was useful to seamlessly integrate a make-
shift approach to the irregularity of  the material with the digital design environ-
ment. The process, while seemingly automated, was actually very time-consuming 
and tedious. Scaling the material, decimating the meshes and aligning the branch on 
the CNC machine to reflect its position digitally, were all areas where issues were 
confronted. Setting up control points as a reference for the elements as they were 
captured and as they were fabricated would have significantly improved these issues.

Nevertheless, the system offers promising opportunities. Just like the process of  
selectively choosing timber elements manually by visually inspecting a tree and 
determining the usefulness of  its shape as part of  the building system, an entire area 
of  forest could be digitally reconstructed, virtually milled and from that appropriate 
trees selected for physical construction. The process allows for accurate arrange-
ment of  the material before any trees have been cut.  Hence, the timber can be 
utilised in the best way and wastage can be significantly reduced. In a typical timber 
mill, due to the character of  logs, less than half  of  them are actually converted to 
timber in a very resource-intensive process.146 The final reconstruction could be fur-
ther assembled to form a grid shell of  small manageable pieces of  timber. 

For Motu Kōkako, the approach to this material selection system will be to select 
timber members from similar specimens on the mainland, to minimize damage to 
the site; however, any trees needing to be removed to create room for the structure 
could be used within the system.

146  Make it Wood, “Timber as a sustainable building material”, Accessed 4th May, 2016, http://makeit-
wood.org/documents/doc-692-timber-as-a-sustainable-material.pdf, 3

Critical Reflection

Figure 100 Left: A harvested manuka tree  
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Material of the Site

Figure 101 Left: Timber species selected for process-
ing to match  the trees on Motu Kokako. 
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Figure 102 Left: Towai half  rounds. 

Timber is the material of  the ancient roundhouses, though timbers much smaller in 
size would have been used. The selection of  these timbers was based on a utilitarian 
mind-set, identifying the large number of  windblown trees as a material source that 
occurs in coastal areas; and using the curvature of  the trees to inform the design 
approach.

A tree is made up of  four layers: heartwood, sapwood, cambium layer and bark. 
The cambium layer is the outermost layer of  the trunk, producing a new layer of  
bark and sapwood every year. As the sapwood becomes older it turns into heart-
wood which has no living cells and acts purely as the structure of  the tree.147 In 
some trees the visual and durability differences of  heartwood and sapwood are 
hardly noticeable; however, generally heartwood will be noticeably darker, if  not 
a completely different colour and significantly stronger and more durable. This 
would be an issue when considering the use of  smaller branches and trees where a 
large portion of  the material would be younger and more vulnerable to decay. 

Determining the durability of  the timbers would also need to be selectively done 
with many of  the timbers selected from Motu Kōkako not having undergone offi-
cial durability measurements; however, an understanding can be grasped by looking 
at past uses of  the timbers.148

147 Susan D Kocher and Richard Harris, “Forest Stewardship Series 5: Tree Growth and Competition, 
University of  California”, publication 8235: 2007, Accessed 3rd May, 2016, http://anrcatalog.ucanr.edu/
pdf/8235.pdf
148  Maori Plant Use, “Plant Use Details”, accessed June 9, 2017, http://maoriplantuse.landcareresearch.
co.nz/
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The Contradiction

Irregular or regular

While an irregular structure has its merits, combined with the fine tolerances of  
connection with the interface of  the environment, the system would leave significant 
reliance on precise tolerances throughout the processes of  environment and mate-
rial capture, fabrication and construction. While dry fitting the components offsite 
would give a fair indication of  this precision, the previous approach of  the scissor 
structure isolates the precise tolerances to the individual connections for accurate 
fabrication. Thus, the system wouldn’t need to work with millimetre accuracy across 
the entire site, and its manoeuvrability leaves room for an adjustable, more interac-
tive connection with the site. Another advantage of  the expanding structure is its 
ability to expand and clamp the connections into their locations within the rock.

Given the cost and time involved in getting components to Motu Kōkako, the con-
struction needs to be well executed with minimal construction issues. Applying 
some of  the benefits of  a regular structure to the design is well worth its benefits 
when also considering a cladding and flooring system.

Figure 103 Left: Applying the curvature of  the timber to 
the curvature of  a scissor component.  
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Figure 104 Cutting the logs into  half  rounds 
by eye (above) and using a simple chainsaw 
mill jig set up (below). 
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Figure 105 Above: CNC cutting a component 
from a  curved piece of  timber. 

Figure 107 Above: Extracting the acme thread and 
nut from a scissor car jack. 

Figure 106 Above: Development of  a bearing system 
for smooth movement of  the structural components. 

Utilising the scissor mechanism of  a car jack and the smooth movement of  a bear-
ing system, the system could be firmly fixed into its friction joints within the rock, 
and easily adjusted for any future movement of  the environment or the material of  
the scissor truss. The system is easily reversible, meaning it could be retracted or 
removed at any point in its life. 

Figure 108 Right: Structural system detail from 
curved Towai branches and a car jack. 
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The presencing of work is inseparable from the manner of its foundation in the ground and the ascendancy of its 
structure through the interplay of support, span, seam and joint. - Kenneth Frampton

Figure 109 Right: Close-up of  acme threaded rod system 
from car jack. 
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Intelligent Standardisation

The approach of  appropriating the curvature of  the timber members to a single rep-
licated component by searching for the curved member that fits the desired shape 
is useful when attempting to merge the regular and the irregular; however, it is very 
restricting in the way that it is constrained by a single size and shape of  compo-
nent. Developing the structure to have a range of  different components offers more 
opportunity for different parts of  foraged timber logs to be used, which would not 
otherwise fit the rigid shape of  the single component. 

Adjusting the structure to taper also offers opportunity for more focused control of  
the side of  the members where the load is heaviest and where the structure is best 
kept light.

Figure 110 Left: Folding tapered timber component 
developed by ensuring each diamond forms a rhombus 
quadrilateral of  equal length on all four sides. 
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Figure 111 Above: The Manual digital 
capture process. 

Figure 112 Below: Sketch of  pro-
posed automation of  the process 

A Photogrammetry Machine

Figure 113 Right: The photogammetry 'machine' 

Using a single component size to make the folding structure was a simple way in 
which components could be standardised, however with a tapering component there 
are many more different sizes, which means that there is more opportunity to utilise 
more of  the raw timber branches.

Up until this point the Image capturing process used to generate 3d models of  
material has been very manual and with mixed results. Photogrammetry software 
works well with consistency of  overlap and distance in order to produce the best 3D 
models; the software also prefers consistency in the lighting of  the subject. Using 
these principles, a tool was developed to capture the timber components efficiently 
between two points which could be used as control points when the material is 
placed onto the CNC.

The developed system revolves the camera around the subject at a consistent speed 
and from a consistent distance. By tinkering with the interval timer in the camera and 
the speed of  the revolution an efficient system of  overlap can be developed, allow-
ing for large-scale capture of  components for use within the system. The system can 
capture objects up to 650 mm long.
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Figure 114 Above: Close-up images of  the 
photogrammetry system. 

Figure 117 Timelapse of  the photogrammetry 
machine in operation. 

Figure 115 Above: First attempt - generating consis-
tently located images, generated in Pix4D.

Figure 116 Above: Locating potentially useful geometry of  
the material for building components. 
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Developing a System

Figure 118 Above Sketched layout of  the system. 

To effectively implement the various approaches to site it is important to bring 
together the lessons learned from the material and site investigations to form a 
cohesive system. The system as a whole would follow the rock-face, soil or other 
irregular interface beneath it or adjacent to it, utilising its connections to support 
the structure. It uses a plywood 'waffled' grid which would be cut to mirror the 
surface of  the environment it is up against but would be offset to allow activity 
behind it. Reverse engineered connections clamped into the site below provide the 
founding components for the system to be connected to its site. 

By using a plywood structure as the 'foundation' which is attached to a rock face 
or area of  particular character, the rest of  the system can be deployed or retracted 
depending on the spatial requirement and weather conditions. This system also 
functions as an effective way of  collapsing and transporting components to the site. 
The proposed size of  the plywood structure and all other components is 1 m or less 
for ease of  transportation by helicopter and on foot to the exact site. 
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Figure 119 Right: Structural compo-
nents proposed to be used as apart of  
the system. 

Figure 120 Left: Positioning of  Struc-
tural components. 
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Figure 121 Above: A segment of  the proposed system 
deployed and retracted, and sketches of  the development of  
connections and points of  movement of  the system. 

Figure 122 Above: Floor plan layout with functions 
expanding and contracting into the space. 

The operation of  the system would be: in summer the system would be fully 
deployed. With warmer temperatures the outer skin should be sufficient to stay 
warm within the structure, while throughout winter or during storms the system 
could be retracted with minimal space. As the structure is retracted, the depth of  the 
scissor truss in the structure increases, intensifying its strength. 

Within the base plywood structure all necessary functions would be located and be 
able to be deployed or retracted just as the structure itself  would be. This means 
some of  the core functions could also be accessed from within its retracted state 
such as sleeping spaces. Thus, the core function of  the structure as a place to sleep 
would still be met.

Most importantly, however, the deployable nature of  the structure demonstrates 
complete reversibility of  its interaction with its site. 
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Figure 123 Above: Waffling technique taking geometry 
directly from the interface with the natural environment. 

Figure 124 Right: Applying Functions to the internal face 
of  the plywood gridded structure.  

Extracting Site Geometry
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Figure 125 Right: Founding plywood 
structure. 
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Water

While no official studies have been conducted, it is quite clear there is no water 
source on Motu Kōkako. Given the island is entirely rock with a thin layer of  top 
soil and terrain which slopes steeply to the sea, all water to support refuge will need 
to be  captured and stored within the refuge, or alternatively flown in by helicopter. 
Being able to capture and utilize water from the island will be advantageous to sim-
plify helicopter logistics and cost.

Figure 126 Right: Water collection techniques as a response 
to the absence of  water on the island. 

Figure 127 Above: Water pooled in a nikau frond on 
Motu Kokako. 
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The simplest and lightest solution to clad the irregular form that is 
developed from a site informed design would be a fabric or clear plas-
tic film which could be shaped to suit. 

As the surface will be a double curved structure straight timber com-
ponents wouldn't effectively bend over the structure unless they were 
steam bent or laminated to follow the curve. The concept here inves-
tigated a layering system where flat timber panels could be overlapped  
to make the building watertight. The panels could be fixed at one 
end to a bracket placed at the peaks of  the folding structure and at 
the other fixed to a sliding connection which would slide the panels 
over each other when folded. When attempting to arrange panels on 
the structure, both on a diagonal and perpendicular, it became evi-
dent that issues would arise from the size of  the gaps between panels. 
Using steam-bent panels to follow the curve and developing an effec-
tive seal between overlaps would be critical for the system to fold. 

Figure 128 Above/Left: An investigation into cladding the system 
with solid components that would fold with the structure. 



205 206

An Alternative Structure
Critical Reflection

Figure 129  Above: An alternative approach 
using raw timber components to form a grid 
shell structure over the enclosed space. 

The system’s ability to fold as a means of  reducing component size for transport and 
construction time is effective; however, the ability for the system to retract in the 
case of  a storm creates more potential for water penetration and so further precise 
detailing and construction of  components to allow it to function are still required. 
It also might be determined when applying the system to the site that the refuge 
doesn't need to retract because it is simply not possible or not necessary. The alter-
native solution (Figure 129) is another approach to the roof/wall structure which 
could be clad with an irregular panel layout to match the geometry of  the timber 
components. This system is far more susceptible to failure. Not being adjustable and 
furthermore requiring a huge number of  irregular connections, the system would 
require extreme tolerances to ensure an accurate fit into its site.

The system investigations as they are developed to this point without a site are barely 
convincing as to how they engage with it. When actually applied to a site the arrange-
ment of  components would be very irregular, floor level changes may be necessary 
and the system may need major changes to allow it to function.

When returning to search for potential sites, 8 data sets were collected across 6 
potential sites and from this 3 sites were selected that each demonstrated different 
situations to which the system could adapt. 
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Back to Motu Kōkako

In search of a site

Figure 130 Above: Gear used survey sites on Motu Kokako. 
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Figure 131 Left: Flying the drone in 
the trees. 

Figure 132 Right: A selection of  
surveyed sites from which point clouds 
were generated. 
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1 2 3 Figure 133 Left: Point cloud progression 
from the entire island to point connections 
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Scenario 1

Hanging on

This approach investigated the possibility of  connecting to the cliff  face as one way 
of  refuge in and experiencing the site. While this project has largely indicated that 
this approach is not necessary from the outset as it is visually disruptive, potential 
'sites' like this which surround the island have a lot of  character and therefore a large 
number of  potential connection locations. 

Certainly a refuge in this environment would be a unique and dynamic experience of  
the sheer size of  the cliff  faces and expansive views. However, in such a location the 
refuge is exposed even more to the extreme environmental conditions and does not 
take advantage of  the sheltered and protected environment above, which in itself  
offers a unique experience and seclusion. Exposed locations such as this may be 
visited on walks around the island.

Figure 134 Left Point Cloud of  a potential cliff  site on the 
west face. 
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The site would be well suited to the friction joints of  the expanding system; how-
ever, it would require epoxied threaded rod connections into the rock or a similar 
anchoring system to fix it to the site. It receives fairly consistent all-day sun, although 
in winter only a small amount of  sun is received until the evening. Not being con-
tained within a canopy of  trees means that the refuge would receive more of  the sun 
that falls on the site but being directly exposed to the prevailing southwest wind, the 
site would be significantly affected by the wind.

The site would have views of  the cliff  faces beneath it and towards the Bay of  
Islands beyond.

Figure 135 Above: Wind and sun analysis of  Scenario 1. 

Figure 136 Left: View looking down from Scenario 1 

Figure 137 Above: View looking out from Scenario 1 
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Figure 138 Above: Progressive cross sections through the 
Scenario 1 Site. 

Figure 139 Below: Design Response to Scenario 1 
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Level 0 Level 1

L1

L0

Elevation: Point Connection Locations
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Section A-A
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Scenario 2

Northern Forest

The Northern Forest is a far less exposed environment than the first site. While 
some rock exposes itself  through the built-up layer of  soil, as it does virtually every-
where on the island, the site is largely just a simple site of  soil and trees; therefore, 
the refuge will not be engaging with, nor interrupting an area of  significant rock 
formation, leaving those areas untouched. This approach is aligned with the view 
that a building should be built "in the worst condition, not the best.”149 Though the 
project as a whole is challenging this view by using a low impact design, this site is 
comparatively less significant than others.

The initiative behind using a site such as this is the recognition of  the refuge as 
a place of  respite and relaxation for visitors staying on the island as they visit the 
more significant sites. It is hidden from the air and sea and would engage with the 
larger trees and rock connections which could potentially be enlarged through minor 
excavation. 

149  Alexander, A Pattern Language, 509

Figure 140  Left: Point Cloud of  Scenario 2. 
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Figure 141 Right: Point cloud views from within Scenario 2. 
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The site is very sheltered within the canopy of  trees that enclose it. It receives all 
day sun in summer and winter and is only mildly affected by wind. It has small view 
shafts out towards the Pacific Ocean and the horizon beyond.

Figure 142 Above: Wind and sun analysis of  
Scenario 2 

Figure 143 Left: View from scenario 2 site. 
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Figure 144 Above: Progressive cross sections through the Scenario 
2 Site. 

Figure 145 Below: Design response to Scenario 2. 
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Level 0.1 Level 0.2 Level 0.3
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Scenario 3

Connecting in

This approach is something of  a compromise between the first two scenarios. The 
refuge in this scenario would engage with an area of  irregular exposed rock in 
the saddle of  Motu Kōkako. This area of  the island is characterized by extensive 
exposed limestone throughout. This proposal, connecting to a significant rock face, 
is close to the helipad. However, the area is down a steep rock face leading to the site. 
While the track, which traverses down the tree roots to the site, is currently used by 
biodiversity scientists, an easier solution with stairs would be necessary for visitors. 

Figure 146 Left: Point cloud of  Scenario 3 
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Figure 147 Right: Point cloud views 
from within Scenario 3. 
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The site is within an interesting rock formation which forms a wing that protrudes 
out and forms a cave-like crevice. The formation has a number of  potential spots 
where the design can interlock and connect into the rock allowing a purely friction 
connection between the site and the refuge.

The site’s location in the saddle of  the island would be much more shaded than 
other areas of  the island that receive all day sun; however, being at the top of  the 
saddle the area still receives sun in the winter.Figure 148 Above: Wind and sun analysis of  

Scenario 3 and (right) winter sun 

Figure 149 Above: Views from Scenario 3, 
upper section (left) and lower section (right). 
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Figure 150 Above: Progressive cross sections through 
the Scenario 3 site. 
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Identifying Connection Points

4

3

2

1

Given that scenario 3 is located by an accessible rock face, a more in-depth analysis 
of  how the refuge might engage with this face can be undertaken. The potential 
connections to all the sites have been categorized into four different types: (1) tree 
connections, (2) friction pressure connections, (3) concaved clamp connections, (4) 
convex clamp connections. It is worth noting that this is simply a generic guide to 
potential connections at the site developed from observations during the site visits. 
However, other types of  connection may be possible, and the size of  each could vary 
significantly. 

Determining connection points is one of  the more challenging tasks of  the design. 
Collaboration between architect, engineer and geologist is crucial. On this particular 
rock formation, a digital analysis of  the mesh has not yet been completed. How-
ever, preliminary inspection by geologist Luke Matheson of  the features visible in 
photographs and a look at the geometry of  the mesh generated, suggests that the 
kinematics of  the rock (i.e. the orientation of  its structural layering) is a feature which 
can lead to potential failures. However, the layout of  the jointing in the rock means it 
should be fairly stable and clear of  rock-fall. A more detailed documentation of  this 
first inspection and other geological information is available in the appendix. 

The connections developed here are a general layout of  the possible connection com-
binations and from this, with input from both engineering and geological expertise, 
the number and locations of  the connections could be developed.

Figure 151 Above: Different connection 
types identified.

Figure 152 Right Point locations identified for 
Scenario 3 
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Section A-A
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The gridded foundation structure would be made of  either 19-25mm 
plywood or potentially 12mm plywood to reduce weight which could 
be strengthened by linking two panels together to counter torsion.

The approach of  mirroring the rock-face in this scenario was slightly 
less literal. While geometry was directly taken from the rock face, 
a less rigid approach to the depth of  the structure has been taken, 
allowing the structure to taper into the rock-face for a more seamless 
connection. 

 

Figure 153 Left Waffled structure attached to the rockface. 

Figure 154 Above: Detail model of  a potential approach to 
the waffle system.
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These three sites present three very different approaches to engaging with the envi-
ronment. All of  these conceptual layouts are within 20 m2, (2) 14.5 m2 and (3) 17 m2.  
These areas are very small, but the intention is to optimize the space within the ref-
uges so that the areas can be multipurpose to minimise their size and wasted space. 

Scenario 1, whilev engaging most strongly with an area of  irregular character, the 
proposition is far too visually destructive to the island and would require at least 
some physical penetration into the rock to support it. 

Scenario 2, being developed on an open but far less significant area of  land than 
Scenarios 1 and 3, would have the least impact on areas of  significance that char-
acterise the island. This character, particularly the character of  the rock, is however 
an effective system for the building to engage with. Thus, while Scenario 2 is in a 
comparatively an insignificant area, the site was found to only have 3 small outcrops 
of  rock, each less than 1 m2, some of  which may potentially be loose. This means 
the refuge would need to rely on at least some connections to trees, excavation to the 
rock below, or resting on the soil above.

For this reason, Scenario 3 with many potential connection locations is a strong 
proposition. Although the site is more significant than site 2, with further engineer-
ing and geological investigation it could be possible for the refuge to have no phys-
ical penetration into the rock, meaning it could be completely reversed at any time, 
leaving the environment in its original state.

Critical Reflection

Figure 155  Left: Point cloud from Scenario 3
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CONCLUSION

Part 5

The research question for this project, “How can digital tools aid in creating a respectful 
and intimate connection between a refuge and a sensitive and remote natural environment?” aimed 
to investigate design on Motu Kōkako that challenges the normative "destructive" 
procurement processes of  building on sites that is almost universal. The approach 
to the site that this project has proposed is in contrast to this universal treatment of  
appropriating the site for the building. Rather, this project investigated adapting the 
building to engage with the irregularities of  its environment.

Given more time, resources and expertise, the project could have been brought to a 
more developed conclusion. It is true that more precise laser scanning and robotic 
technologies would improve the precision and probably the efficiency of  the design 
results. However, the project has developed another focus. These superior tools with 
their finer accuracy and abilities do not yet support the accessibility of  the more 
affordable and user friendly digital capture and fabrication tools that were used for 
this project.  These "lesser" tools can in fact perform the work with adequate preci-
sion if  they are used correctly.

Therefore had less time been spent learning the tools and more on applying them, 
the project may have yielded more complete results. However, this learning process 
is also testament to the usability of  these tools not only for architects but also for 
communities such as Te Rawhiti. Members of  the community could conceivably set 

up a workshop with fabrication tools which, in the case of  this project, could fabri-
cate almost all of  the structural system required for these small refuges from readily 
available and affordable materials.

The relationship with this somewhat "vernacular" approach to the site, that accepts 
what is already there and interlocks with it by using digital tools, is an area that this 
research has, surprisingly, only begun to broach. There are enormous possibilities, 
particularly for the reverse engineering process where the links between digital fabri-
cation and the natural forms of  material and site can be integrated into a design just 
as they would have been with vernacular processes. 

Being able to perfectly scribe a component into a rock-face where its founding prop-
erties rely purely on the rock-face is a powerful tool for engaging with sites of  par-
ticular character. However, it also raises the question of  how far this concept should 
be taken and at what point a connection, such as one or two epoxied threaded rods, 
should be implemented to reduce the number of  connections and perhaps improve 
confidence in the overall connection to the site.

Finally, given more time the project would have benefited from more prototyping at 
a larger scale to prove the system. 

Figure 156 Above: Tools used for this project.
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FINAL EXAMINATION

Unitec 10th November 2017
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STUDENT DESIGN AWARDS

Heritage Hotel Auckland 
28th - 30th November 2017
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Threaded rod conneccons betw
een 

friccon joints (Type 2)
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1. Final Introduction Video 
https://www.youtube.com/watch?v=2s5q3tsfOJE

2. Site Visits

Land
https://www.youtube.com/watch?v=iUDCaKSXDAY

Air
https://www.youtube.com/watch?v=hFakNGZTSYY&t=218s

Sea
https://youtu.be/YGzWAs-cNHA

3. Design Exploration

Engaging with the interface Project
https://www.youtube.com/watch?v=bO_b9Ka4iiA

4. Extras

X-Carve CNC Assembly
https://www.youtube.com/watch?v=jQj5BmUU6R4

Building Motu Kōkako

https://youtu.be/VNGv9VF8Nrg

Interactive Meshes Captured by Drone

1 - Motu
Motu Kōkako
https://skfb.ly/69rLO

2 - Site 

Scenario 3 upper rock formation
https://skfb.ly/69rGQ

Scenario 3 lower rock formation
https://skfb.ly/69rEo 

3 - Connection

Example connection - unused site
https://skfb.ly/69soG

Note: Uploaded meshes have been heavily reduced

VIDEOS 3D SITE MESHES

https://www.youtube.com/watch?v=jQj5BmUU6R4
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Climate of the North

Appendix

Northland covers 13,940 square kilometres of  land stretching about 300 km north 
of  Wellsford, Auckland. Northland is a very coastal environment, its widest part 
spanning less than 100 km150. Its  beautiful scenery makes Northland a popular 
tourist destination, with the common slogan “you are never more than 40 km from 
the sea”151. 

Northland fits within the subtropical latitude of  34° S and 36° S. Being located so 
close to the sea, Northland’s warm, humid climate is fairly consistent right across the 
region due to the low-lying topography, where virtually all land is located less than 
150 m above sea level, with the exception of  the central ranges (at 600 m).152

Northland is often referred to as “the winterless north”.153 Situated at the top of  the 
country, the temperature is fairly moderate, with New Zealand’s highest mean tem-

150  NIWA, The Climate and Weather of  Northland (3rd ed.), Accessed 10th May 2016, https://www.niwa.
co.nz/static/Northland%20ClimateWEB.pdf, 7
151  Susanne Becken, Jude Wilson, Ken Hughey, Planning for Climate, Weather and Other Natural 
Disasters: Tourism in Northland, (Lincoln University: 2011), Accessed 9th May 2016, https://researcharchive.
lincoln.ac.nz/handle/10182/34717
152  NIWA, Weather of  Northland, 7
153  Explore NZ, Northland

perature in June, and the other cold months of  the year.154 The most intense national 
extremes on record are 42.4°C and −25.6°C155. Where Northland is at its narrowest, 
in areas moderated by the coast, fluctuations over a 24-hour period are only about 
5°C compared to towns such as Kerikeri and Dargaville which are separated from 
the coast by areas of  land and consequently have fluctuations closer to 10°C. 

Most of  Northland has an average of  2000 hours of  sunlight per year, fluctuat-
ing ±100 hrs depending on the location and its topography.156 The predominant 
wind directions are from the south-west and north-east, with south-west typically 
being the strongest and most prevailing, meaning the west coast typically receives 
the strongest winds.157 

Northland’s weather events are some of  the worst in the country, with tropical 
cyclones and the strong winds and rain that they bring striking Northland before 
moving to other parts of  the country.

154  NIWA, Weather of  Northland, 24
155  NIWA, Climate Extremes, Accessed 10th May 2016, https://www.niwa.co.nz/education-and-training/
schools/resources/climate/extreme

156  NIWA, The Climate and Weather of  Northland (3rd ed.), Accessed 10th May 2016, https://www.niwa.
co.nz/static/Northland%20ClimateWEB.pdf, 28
157  NIWA, Weather of  Northland, 15
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THE PHOTOGRAMMETRY PROCESS

196GB

16,311 Images 

1  1 Motu

2  7 Surveyed Sites 

3  36 Surveyed Interface Connections

Digitizing the Physical

Figure 157 Left: Mavic Pro drone used for small 
scale photogrammetry throughout the project 
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THE MOTU

Photogrammetry is an easily accessible and very capable means of  digital capture 
which enables anyone with a camera and the right software to produce 3D digital 
models. 

Digital reconstruction using photogrammetry has been an important part of  this 
project, creating the platform for integration between the building and the site. I 
am very thankful to Dronemate who have helped me greatly along the way in this 
area throughout the project.

The principles of  photogrammetry are actually fairly simple: common matches 
between images allow software to triangulate the position of  the points. This, 
coupled with the drone’s ability to “geotag” GPS coordinates to the images means 
these points can be generated with high precision. The combination of  many of  
these points forms a point cloud from which the object or landscape being cap-
tured is reproduced. 

On Motu Kōkako, over 500 images were captured on seven flights which gave 
enough information to accurately document the site. Given the remote and rugged 
conditions of  Motu Kōkako, however, we faced a number of  challenges.

Figure 158 Above: The triagulation process of  
photogrammetry 

Figure 159 Left: Motu Kokako with camera loca-
tions of  images captured. 

1
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Figure 160 Above: Diagram of  Field of  
view issue confronted on Motu Kokako. 

Figure 161 Left: A sample of  images from 
the site survey.  

Flight regulations restrict drone flights without special consents to 120 m158 above 
ground level. Given the height of  the cliff  faces, particularly on the west where the 
cliffs sheer up to the summit at 150 m, this restriction has significant implications 
on the quality of  the model. Only a small sample of  images captured these faces 
with very little difference in positioning. This made it challenging for the software 
to capture the environment and also meant that some cave and crevice areas were 
not captured because they were outside of  the drone’s field of  view. This flight re-
striction also meant that the entire survey had to be flown manually in the already 
challenging condition of  having to fly the drone from the boat in swell and wind 
conditions.

158  Airshare, “NZ Drone Rules”, accessed May 5, 2017, https://www.airshare.co.nz/rules
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Photogrammetry uses image-recognition technology to analyse images with the 
same features from different perspectives. From this the software composes accu-
rate 3D representations of  points and aerial images or orthomosaics. To achieve 
this, a considerable overlap between images is essential for the software to be able 
to recognise matches – the greater the overlap the denser the point cloud. Afford-
able entry-level drones are equipped with cameras with 12 and 20 megapixels. Each 
image contains millions of  pixels for the software to work with. The image-match-
ing process is very accurate and in many cases actually produces denser point 
clouds than laser scanning159, though there is more opportunity for issues to arise 
in accuracy due to the conditions in which the images are captured.

In a situation such as Motu Kōkako, photogrammetry has both advantages and 
disadvantages, the major limitations being the inability to reproduce an accurate 
terrain model, with the survey only picking up the surface of  the canopy, thus only 
giving an indication of  the terrain below. In the case of  Motu Kōkako we achieved 
a ground sampling distance of  3.5 cm which in a usual situation would give an x 
and y accuracy of  3.5–7 cm and 3.5–10.5 cm, respectively.160 

With all limitations involved, there was a trade-off. Although the general accuracy 
and terrain model were not as effective as the more accurate and equally more 
expensive LIDAR would have been, the output from photogrammetry has the 
advantage of  a very useful orthomosaic and mesh which was helpful throughout 
the project. Ultimately, for analysing the sun and wind and being able to zoom in 
to inspect sites on the island, the survey was more than adequate.

The data recorded by the drone was backed up on the computer with every battery 
change. The data could be compared as the survey took place to determine any 
locations lacking in overlap which could then be amended in the next flight. 

159  Pix4D, “Key Outputs”, accessed sept 15, 2017, https://pix4d.com/product/pix4dmapper/
160  Pix4D Support, “Accuracy of Pix4Dmapper Outputs”, accessed sept 14, 2017, https://support.pix4d.
com/hc/en-us/articles/202558889-Accuracy-of-Pix4Dmapper-Outputs#gsc.tab=0

Figure 162 Above: Diagram of  matches comput-
ed between images for Motu Kokako (left) and 
a simple survey from an automated flight path 
(right) where black represents strong matches in the 
images. 

Figure 163 Above: Images from the drone survey. 
on Motu Kokako. 
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Figure 164 Left: Overlapping images from which matches 
can be generated. 

Figure 165 Right: Cameras with rays showing the number 
of  images used to triangulate each point in the point cloud. 

Figure 166 Below: Processing steps in Pix4D to generate 
the Point Cloud and Mesh output. 

1. Tie Points 2. Point Cloud 3. Mesh



291 292

THE SITE
2

Seven sites were surveyed on Motu Kōkako, each with between 300 and 700 images 
depending on the openness of  the sites. Having practiced the process thoroughly, it 
was evident that densely vegetated areas such as those faced on Motu Kōkako are a 
challenge to capture as is the case with both laser scanning161 and photogrammetry 
technologies. Movement of  the vegetation in the wind is one issue; however, the 
with so many trees needing to be captured from so many different angles a large 
number of  images are needed to achieve the required overlap from the different 
faces of  the trees and rock formations, and these images need to be tied in to others 
to produce a complete and well-matched model. 

With a much higher chance of  the accuracy of  the model being reduced by the 
different arrangement of  images for different environments, control points were set 
to check the scale and orientation of  the point cloud. When surveying the environ-
ment, in many locations the GPS locations were not strong enough to be embedded 
in all the images, and given the consumer-grade GPS, the locations that were cap-
tured did struggle with accurate positioning. This meant the need for control points 
was even greater. Ground control points are commonly used in surveying with both 
laser scanning and photogrammetry techniques, with the points being accurately 
measured by a surveyor for their GPS location for global accuracy, and in the case 
of  laser scanning, they are also used for registering multiple scans.

The process of  capturing the images was done by flying the drone where possi-
ble and taking the remainder of  the images with the drone handheld. The process 
yielded a point cloud with ground sampling distances of  1–3 mm; however, the 
inconsistency in the way the images were captured means that this figure is likely to 
be higher.

161  Simon Mobley, Asbuilt, Meeting, August 30th, 2017

Figure 167 Left: Positioning of  images captured to repro-
duce the model and extreme bundle block adjustment where 
their coordinates needed to be recalculated. 
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Figure 168 Above: positioning points using a laser meter 
and the gyroscope in a phone. 

Figure 169 Image of  target position control point within 
the trees 
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Figure 170 Above: Captuing images on one 
of  the sites on Motu Kokako. 
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Figure 171 Left and Right: Checking control 
point distances and re-optimising the point cloud 
where necessary. 
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THE CONNECTION
3

Given the number of  challenges confronted in surveying the exact sites, the 
accuracy could not be relied on with enough precision for the reverse engineered 
friction connections that have been proposed. For this reason, areas of  exact con-
nection with the site were developed separately and then tied into the main model 
where their relative locations can be determined and designed for. 

These connections were produced using Autodesk Remake which is a reverse 
engineering software designed for photogrammetry. From reconstructions within 
Remake, dense meshes with around 300,000–800,000 triangles are produced with 
around 100–250 images per mesh which need to be reduced in order to make the 
accurate connections required for the project. 

Because no consumer-grade GPS system is accurate enough for the small scale of  
the connections, each mesh needed to be manually scaled. The matching process 
of  photogrammetry is very effective in creating a relatively accurate model and 
so the meshes were scaled using control points placed on the site with known 
measurements. An alternative solution has been to place an object in an area of  
reconstruction with known dimensions.

Figure 172 Left: A point location from the Pix4D Site 
model  
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Figure 173 Above: Capturing specific con-
nection locations with the DSLR 
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Figure 174 Left: Mesh and images loca-
tions for its reconstruction in Remake. 

Figure 175 Above: A mesh of  a target 
from which the model can be scaled. 

Figure 176 Right: A mesh reconstruction 
of  a rock face from Scenario 3 
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PracticeWhat Goes Wrong?

EXPOSURE

SHUTTER SPEED

LIGHTING 

TEXTURE

OVERLAP

MOVEMENT

LAWS

Figure 177 Above/Left: Practice projects worked on 
to learn the photogrammetry process. 

When the camera exposure is set too high the software becomes confused in areas which are washed out with white and will 
potentially produce unwanted artefacts in the reconstruction.

An ideal shutter speed is a high one that still achieves an acceptable exposure level. If  images are taken with a low shutter speed 
and there is any movement, motion blur will be noticed in the photo and detail will be lost, producing an inaccurate reconstruc-
tion.

Lighting is probably one of  the most important considerations in photogrammetry. Overcast outdoor lighting with minimal 
contrast between darks and lights, and areas of  extreme brightness, for example sun streaming through the gaps in a canopy of  
trees or shadowing in an area not receiving sunlight, will be poorly represented in the model and potentially create errors.

Some textures work better than others for reconstruction. Highly characterful textures such as rock are ideal; however, reflec-
tive and homogeneous surfaces pose issues for the software which struggles to find specific points to match between images.

Image overlap determines the number of  potential matches between images and ultimately the density and accuracy of  the 
point cloud.

Movement of  elements such as trees, people and the like in images can confuse the software and prevent accurate reconstruc-
tion.

Drone laws, such as the 120-m AGL height restriction for drone flights without special permits can restrict the ability to collect 
data as was the case on Motu Kōkako on the sheer 150-m cliff  faces.

In learning to use the drone and fully understand the photogram-
metry process, a number of  projects at multiple scales where taken 
to practice and perfect the processes using the drone. In large open 
spaces, which drones are designed for, capturing images to produce 
point clouds is fairly easy and accurate, particularly with the help of  
an automated flight path. However, in more confined spaces, such as 
under canopies of  trees, the process is much more difficult. The reality 
for both laser scanning and photogrammetry technologies is that vege-
tation is always an issue when reconstructing point clouds.

Early investigations on beaches and many other environments offered 
the luxury of  being able to fly the drone to take the images. Howev-
er, a canopy covers Motu Kōkako and while it is reasonably clear of  
dense undergrowth it is fairly low, meaning the drone could at best 
only be flown to capture a portion of  the images. It was therefore 
essential to practice the process in a number of  different scenarios in 
order to understand and be able to maximise the results. 
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Figure 178 Above: Drone restricted areas with-
in Auckland from https://www.airshare.co.nz/ 

Figure 179 Left: Image of  point cloud recon-
struction of  Motu Kokako. 

For anyone considering using drones for any future projects it is important that 
rules and regulations are followed to keep everyone safe. Airshare is a website 
which provides maps of  flight restricted zones and information on procedures to 
log flights. 
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THE REVERSE ENGINEERING PROCESS

Manufacturing the Digital

Once the meshes of  the point connections are processed it is sometimes necessary 
to reduce the meshes for processing in order to make them easier to use within 
the software. This process is called decimation and can be done in either Autodesk 
Remake or Meshmixer. Decimation was necessary on larger meshes where the 
triangle could make them slow and tedious to work with.

Once the meshes were adequate to import into the software they were converted 
into a Brep body which the CAM software can work with. From this, the geometry 
of  the mesh can be applied to other forms by booleaning one body from another.

Fusion 360 was the main CAM software used for the process of  reverse engineer-
ing the material with a 3-axis CNC router. The limitations of  this machine are in its 
inability to reach undercut areas and within the rock formations and the dimension 
of  the gantry which led to a shift to “waffling” the connections so the components 
could be reduced to 2D elements and include undercut components. This process 
was done using and add-on for fusion 360 called slicer.

Figure 180 Left: Decimation of  triangles of  reconstructed 
mesh, the highest resolution without slowing the software 
excessively was used. 
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Figure 181 Above: 2D component outputs from Slicer 

Figure 182 Right: arranging the quantity and angle of  
slices in Slicer 

Figure 183 CNC executing a parallel finishing pass 
across a piece of  acrylic. 

Figure 184 Left: CNC adaptive clearing (left) and 
parallel finishing (right) processes.  
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In reverse engineering the branch components (the material of  the site), just like 
the connections produced in the photogrammetry process, the components need-
ed to be scaled manually either with control points or by manually measuring the 
components.

Once a digital model was reconstructed, the branch components and their arrange-
ment in the software could be processed to form tool paths where they intersect. 
By using the digitally reconstructed mesh of  the branches as the stock within 
Fusion 360, efficient tool paths were generated to manufacture the components

A major challenge faced within this first approach was aligning the components 
accurately on the CNC which with just a measurement and no control points was 
a real challenge. Utilizing control points at a later stage resolved this issue, making 
the process far more efficient.

Material of the site
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Figure 185 Above: Software Work-flows from capture to 
fabrication 

PROJECT WORKFLOW
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Additional Surveyed Sites

Located on the edge of  the east face, 
this site has a unique rock formation 
stretching around 10 m across the site 
and around 4 m high. The site is on a 
slight headland area within the Motu 
which has view shafts towards the 
eastern cliff  faces as well as the Pacific 
Ocean. 
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On the north-western face of  the 
Motu, this site receives optimal sun 
conditions and is a small opening 
in the trees within which exposed 
rock protrudes. With the rocks being 
predominantly independent loose 
rocks ranging from large boulders 
to smaller rocks, the grounds for 
founding in this area with friction 
joints is possible but issues may arise 
with any movement of  the rocks the 
refuge is founded on.

While this site is not dissimilar to the 
previous site location, characterized by 
loose rock on the forest floor, it backs 
up to a large rock face which would be 
useful for connections. However, the 
site is tightly enclosed by many low-lying 
trees which would need to be removed 
for it to be viable to fit the proposed 
refuge.
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Geology of Motu Kōkako

Greywacke with quartz veins 

Quartz Crystals

Limestone

Ilvaite-babingtonite skarn 

Stylolitic marble “pod” within calc-silicate skarn
Figure 186 Diagram from the study of  Motu Kokako by Braithwithe showing 
the distribution of  different rock formations across the island.
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Ferns

Common Name: Shining Spleenwort
Latin Name: Asplenium oblongifolium
Status: Not Threatened
Location: Forest floor

Common Name: Jointed fern
Latin Name: Arthropteris tenella
Status: Not Threatened
Location: Forest floor and trees

Common Name: Cloak fern
Latin Name: Cheilanthes sieberi
Status: Not Threatened
Location: Open Northern edges

Common Name: Rasp fern
Latin Name: Doodia media
Status: Not Threatened
Location: Single colony, northern forest margins

Common Name: leather-leaf fern
Latin Name: Pyrrosia eleagnifolia
Status: Not Threatened
Location: On trees and rock

Common Name: Spleenwort
Latin Name: Asplenium haurakiense
Status: Not Threatened
Location: Open and shaded sites

Common Name: Hound’s tongue
Latin Name: Phymatosorus diversifolius
Status: Not Threatened
Location: Forest floor and trees

Common Name: Coastal brake
Latin Name: Pteris comans
Status: Not Threatened
Location: Upper eastern forest slopeFlora and Fauna of Motu Kōkako
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Common Name: Titoki
Latin Name: Alectryon excelsus
Status: Threatened - Nationally Vulnerable
Location: Frequent as seedlings to small trees 5m

Common Name: Puriri
Latin Name: Vitex lucens
Status: Not Threatened
Location: Northern slope forest 9m

Common Name: Large-leaved milk tree
Latin Name: Streblus banksii
Status: Not Threatened
Location: Frequent as canopy trees 7m

Common Name: Kowhai
Latin Name: Sophora microphylla
Status: Not Threatened
Location: Forest margin

Common Name: Nikau
Latin Name: Rhopalostylis sapida
Status: Not Threatened
Location: Flat location around heighest point

Common Name: Houpara
Latin Name: Pseudopanax lessonii
Status: Not Threatened
Location: Forest margin

Common Name: Tawapou
Latin Name: Planchonella costata
Status: At Risk - Relict
Location: Most common tree 9m

Common Name: Karo
Latin Name: Pittosporum crassifolium
Status: Not Threatened
Location: Cliff ledges and forest margins

Common Name: Pohutukawa
Latin Name: Metrosideros excelsa
Status: Not Threatened
Location: In exposed sites 12m

Common Name: Taraire
Latin Name: Beilschmiedia tarairi
Status: Not Threatened
Location: Single Tree 4m

Common Name: Tawa
Latin Name: Beilschmiedia tawa
Status: Not Threatened
Location: Single Tree 9m

Common Name: NZ Broom
Latin Name: Carmichaelia aligera
Status: Not Threatened
Location: Within undergrowth

Common Name: Coastal karamu
Latin Name: Coprosma macrocarpa
Status: At Risk
Location: Frequent shrubs

Common Name: Karaka
Latin Name: Coprosma macrocarpa
Status: Not Threatened
Location: Frequent as seedings and small shrubs

Common Name: Houhere
Latin Name: Hoheria populnea
Status: Not Threatened
Location: Frequent as seedings and small shrubs

Common Name: Mapou
Latin Name: Melicytus novae-zelandiae
Status: Not Threatened
Location: Frequent as small trees and shrubs

Common Name: Mahoe
Latin Name: M. ramiflorus subsp. ramiflorus
Status: Not Threatened
Location: Frequent as seedings and occasional shrubs

Common Name: Rangiora
Latin Name: Brachyglottis arborescens
Status: Not Threatened
Location: Occasional forest shrub

Common Name: Wharangi
Latin Name: Melicope ternata
Status: Not Threatened
Location: Saddle Ridge

Common Name: kohekohe
Latin Name: Dysoxylum spectabile
Status: Not Threatened
Location: Seedlings to trees 7m

Common Name: Coastal maire
Latin Name: Melicope ternata
Status: Not Threatened
Location: Frequent canopy trees on northern saddle 6m

Common Name: Whau
Latin Name: Entelea arborescens
Status: Not Threatened
Location: Shrubs within forest spaces

Trees and Shrubs
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Birds

Common Name: Grey-Faced Petrel, Oi
Latin Name: Pterodroma macroptera
Status: Not Threatened
Location:  Nesting on Motukokako

Common Name: Common Skink
Latin Name: Leiolopisma smithi
Status: Not Threatened
Location:  Within undergrowth 

Common Name: Common Gecko
Latin Name: Hoplodactylus pacificus
Status: Threatened
Location: Within Undergrowth and on trees

Common Name: Giant Centipede 
Latin Name: Cormocephalus rubriceps
Status: Undefined
Location: Within Undergrowth

Common Name: Kauri Snail
Latin Name: Rhytidia Dunniae sp.Motukokako
Status: Threatened
Location: Within Undergrowth

Common Name: Black-Winged Petrel, Oi
Latin Name: Pterodroma macroptera
Status: Not Threatened
Location: Nesting on Motukokako

Common Name: Red-billed gulls
Latin Name: Larus novaehollandiae
Status: Not Threatened
Location: Waters around Motukokako

Common Name: Australasian Gannet
Latin Name: Morus serrator
Status: Not Threatened
Location: Waters around Motukokako

Common Name: Buller’s Shearwater
Latin Name: Morus serrator
Status: At Risk
Location: Waters around Motukokako

Common Name: Sooty Shearwater
Latin Name: Puffinus griseus
Status: At Risk
Location: Waters around Motukokako

Common Name: Fairy Prion
Latin Name: Pachyptila turtur
Status: At Risk
Location: Waters around Motukokako

Common Name: Flesh-footed Shearwater
Latin Name: Puffinus carneipes
Status: Threatened 
Location: Waters around Motukokako

Sea Birds Lizards

Invertibrates
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CONSULTATION

What follows is a record of  dialogue with people in relevant profes-
sional fields that have been consulted, I thank them all for their time 
for helping bring a sense of  reality to the project.
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Rau Hoskins - Motu Kōkako Ahu Whenua Trust Chairman
Design Tribe Office 24/04/17

Email 26/04/17
Salt Air - Helicopter Company, Paihia

Rau Hoskins, Architect and Chairman of  the Motu Kōkako Ahu Whenua Trust, 
has acted on behalf  of  the trust throughout the project to represent the trusts 
interests. On one of  our earlier discussions we developed a brief  for the project:
Target Markets 

- Whanau 

- Bio-diversity study participants

- Paying guests

Function 
Primary Function - for sleeping and shelter from wet weather
To accommodate the biodiversity studies 

- To house a sound recorder

- Storage for chainsaw, backup generator, tarpaulin, basic tools, other equip-
ment

- Laptop work space

All servicing elements to be self-contained
- Cooking facilities (gas)

- Refrigeration (gas)

- Water collection and storage

- Shower and toilet facilities

- Waste water and grey water storage

- Lighting (supported by photovoltaic system)

Scale 
To sleep a maximum of  4–5 people
To fit within the tree canopy, unobtrusive from the air
Appearance –
Should be modern and appeal to the target markets 

- Should avoid shiny materials

- Ideally low-maintenance materials 

Cost – 
This will be of  interest to the trust, but will be elaborated at a later stage

- Capital cost, materials, labour, transportation should be well considered

- Potential cash flow from paying guests; how long will it take to pay this 
back?

- Environmental cost, both from construction and operational point of  
view

Environmental
- Minimise changes to the land where water falls

- Contact with the ground should be light to allow activity to occur under 
the structure

- Contact with the earth should be done with minimal foreign materials 

The design should be adaptable to multiple locations
- One to three units may be considered on Motu Kōkako

- “Pod” accommodation is being explored elsewhere as an enterprise for the 
community 

Salt Air have been working in partnership with the Motu Kōkako Ahu Whenua 
Trust for the past 4 years, giving trust members and biodiversity scientists access to 
the island as well as an exclusive experience for tourists to visit the island which in 
turn has generated an income for the trust. What follows are questions about the 
logistics of  combining this project with the existing capabilities of  the company’s 
machines:

Q. What are your weight limits per load for the transport from Raw-
hiti to Motu Kōkako? 
A. The Bell Longranger could probably lift about 500 kg over that distance.

Q. Aerodynamics – is there a preferred shape? Or a shape that you 
cannot fly with? The more aerodynamic the better. Rectangular shapes tend to 
spin a lot; however, we can accommodate anything.

Q. Is there a maximum volume you can carry? 
A. One square metre for any one solid object inside the helicopter due to the 
height of  the door. As for the volume as underslung load, you are restricted by the 
size of  area on top of  the island.

Q. Roughly how much would you charge for a custom job like this? 
I know I haven’t been terribly specific as I am early on but a rough 
ballpark figure per trip or by the hour? 
A. It would depend how much lifting was involved and how long it would take, 
almost impossible to give a ballpark figure without knowing what we are lifting. We 
charge an hourly rate for the machine which is $2050* plus GST and let’s just say it 
was one load out from Rawhiti to Motu Kokako you would be looking at some-
thing like $1770*.

Q. What would be your preferred methodology to do something like 
this? Would airlifting parts off  of  a boat that is out at the Motu Kōka-
ko be preferred or would airlifting from Rawhiti or Paihia be better? 
A. Lifting from Rawhiti would be the most cost effective option as it is near to the 
island. Flying with a load is a lot slower than flying without a load.

Q. What would be the cost per trip or per person to carry people out 
to the rock to stay in one of  these? 
A. This is hard to answer as it would need to be quoted on a case by case basis as 
it depends on the number of  people and how much luggage they have, as to which 
helicopter we would need to use. One is a Bell Longranger which seats up to 5 pas-
sengers and the other is a Robinson R44 which seats up to 3 passengers. However, 
if  passengers have international luggage then we wouldn’t be able to carry as many 
people (it is best that passengers travel with soft suitcases rather than hard suitcas-
es). For a ballpark figure, let’s say a one way trip to the island would be something 
like $300* per head in the R44 with light soft bags. There would be a minimum 
charge of  $600* for this helicopter. Or if  pax and luggage didn’t fit in the R44 
then we would need to use the Longranger which would be a minimum charge of  
$1200*.

Q. Is it possible to hover above this building to pick up a small waste 
water tank and deliver fresh water and supplies? 
A. Technically – yes it would be; however, you would need ground crew to assist 
and ensure that the area is clear of  any debris that may get caught up in the rotor 
wash, and also to direct any guests well away from the area. It would be best done 
during a guest changeover period where only trained crew are on site.

*All figures supplied by Salt Air are estimates for this project only and are not to 
be quoted
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Consulted 14/06/17 at PDP, New Market and email.
Luke Matheson - Geologist at Pattle Delamore Partners Ltd

Consulted 30/08/17
Simon Mobley - Director at Asbuilt

Consulted 06/06/17
Jonathan Lopardo - Co-owner and Drone Pilot at Dronemate

Luke Matheson from PDP previously worked for OceanaGold mines where, 
using precise photogrammetry data collected by drones, he could predict potential 
rockfall, removing the need for manual geotechnical inspections and thereby elim-
inating the dangers involved in this process. This work won him the OceanaGold 
Safety Innovation award in 2015 and he is currently investigating the application of  
this data at a smaller terrestrial scale, one very relevant to this project.
I was first introduced to Luke by Jonathan from Dronemate and through a presen-
tation by Jonathan also presented my topic and proposal of  purely friction joints 
within the rock to a group around 15 geologists and geotech engineers. The geol-
ogists determined that the erosion rates of  the rock would likely be very slow and 
the limestone would be strong enough for the proposal, with strengths of  around 
200 mPa. The density of  the rock would, however, need to be determined with a 
more specific study of  the site, with the rock being made up of  layers of  varying 
strength and erosion rates 
From a first look at the geology of  Scenario 3, structural controls and potential 
failure mechanisms exist within the rock; these require further examination. The 
kinematics (the orientation of  the structural layering within the rock) was also an 
area of  interest from this early look at the rock forms of  the site. 
 
A first look at the geological joint set locations identified in the figure on the right 
was described by Luke as: 

“ Very crudely marked up major joint set locations – this would need to be re-do-
ne. There is also a cleavage162 in the rock from images 10–30 mm. In Leapfrog 
[geology software] I would digitise the joints and create planes of  weakness. The 
planes will determine if  there are unstable wedges/toppling blocks via kinematic 
analysis. Add in the cleavage and determine the minor blocks (rockfall) that may 
me unstable.  Looking around the base of  the outcrop there are few rock blocks 
which is a good indicator of  stability. Lichen on the face of  the rock also indicates 
good surface stability – a qualitative assessment only.”163 

162  Cleavage is the tendency of  a mineral to break along smooth planes parallel to zones of  weak bond-
ing – “Minerals: Cleavage and Fracture”, accessed October 7, 2017,  http://academic.brooklyn.cuny.edu/
geology/grocha/mineral/cleavage.html

163  Luke Matheson, PDP, email, June 6, 2017

Dronemate specialise in agriculture and surveying applications of  drone technol-
ogy. Throughout the project I have worked with Jonathan Lopardo from Drone-
mate in developing the processes and determining the best way to capture the 
different environments and scales I have been dealing with. 
Through working with Jonathan and Thomas on the Motu Kokako project I 
developed skills in photogrammetry and the experience inspired me to purchase 
my own drone and further understand the application of  drones as part of  the 
photogrammetry process.
A significant part of  the overview developed earlier in the document that dealt 
with the issues confronted when using the drone was a result of  first-hand experi-
ence working with the team at Dronemate.

Asbuilt is a leading company in laser scanning technology; they also use photo-
grammetry as part of  their workflow. Talking to Simon at Asbuilt helped me devel-
op a broader overview of  other technologies used in the area of  digital capture.

From talking to Simon and looking at their point clouds there are obvious advan-
tages in accuracy in using more expensive laser scanning techniques. The outputs 
from the laser are quite different; however, for this project the use of  the orthomo-
saic and accurate visual representation of  the colours of  the point cloud were very 
useful.

Simon shared his thoughts on the best way for me to survey the small-scale sites 
I would survey with photogrammetry. He reinforced the importance of  control 
points in the model to tie smaller scans together with the larger overall scan.
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Whangarei Office 06/09/17
Grant Stevens - Director and Engineer at Richardson Stevens Consultants

Richardson Stevens Engineers are based in Whangarei and designed the helipad 
built by the Trust. 

In a meeting with Grant I presented my concept of  a refuge interlocked with pure 
friction with the site. The proposal was determined as possible with the right con-
nections to the rock. However, Grant explained that a simple threaded rod anchor 
in one or two places would significantly improve the strength of  the design and 
reduce the number of  connections needed. The prospect of  using irregular timber 
was also a possibility; however, as Grant explained, because both the systems are 
outside of  the building code, the engineering would likely be very conservative 
without testing the system; therefore, a thorough testing plan is recommended.
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Figure 1 View from above west face, Motu Kōkako 
 IV
Figure 2 Russell Township, Bay of  Islands, Main Street 
 IV
Figure 3 The Helipad at the summit of  Motu Kokako. 
 VII
Figure 4 Te Rawhiti and beginning of  The Rakaumangamanga Peninsula from the  
 Salt Air helicopter. 
 IX
Figure 5 Development model of  stuctural system. 
 XI
Figure 6 The approach by boat toward Motu Kōkako and Tiheru island from the  
 southwest. 
 XI
Figure 7 View from Motu Kōkako towards “The Pinnacles” rock  formation and  
 beyond to the Rakaumangamanga peninsula 
 7
Figure 8 Design process schematic; a site informed design process 
 13
Figure 9 Design exploration models. 
 18
Figure 10 Design Process Timeline. 
 18
Figure 11 Mavic Pro Drone - Preparing for a flight in the trees. 
 20
Figure 12 Point Cloud of  rock formation in the saddle of  Motu Kokako 
 24
Figure 13 Key point matches located in an aerial image of  Motu Kōkako used to  
 generate the point cloud 
 26

Figure 14  First iterations of  reverse engineered connections with rock. 
 28
Figure 15 Armadillo Vault by Philippe Block at the 2016 La Biennale di Venezia -  
 http://www.block.arch.ethz.ch/brg/project/armadillo-vault-venice-italy 
 29
Figure 16 Villa Savoye by Le Corbusier - https://www.metalocus.es/en/  
 news/villa-savoye-le-corbusiers-machine-inhabit  
 32
Figure 17 Hybrid Reassemblage of  vase by Amit Zoran and Leah    
 Buechley 
 33
Figure 18 Motu Kokako from the Cape Brett Hut 
 38
Figure 19 “The Pinnacles” rock formation seen from the Motu Kokako   
 Helipad. 
 38
Figure 20 Point cloud comparison of  a beach showing the deposition of    
 sand and shell  over one month 
 44
Figure 21 The life cycle of  an island 
 44
Figure 22 Typical levels of  construction penetration with site for tent   
 (top) and building structures 
 46
Figure 23 Typical response to site with the functional rectilinear form in  
 forming change to the site. 
 46
Figure 24 Traditional Maori construction scale of  levels of  permanence. 
 48
Figure 25  The Bay of  Islands, Key locations 
 50

Figure 26  Rakaumangamanga Peninsula. 
 51
Figure 27 Map of  Te Tai Tokerau, Iwi and the maunga that form the pillars of   
 Ngapuhi 
 
 51
Figure 28 Schematic of  functions within the refuge 
 60
Figure 29 Sunrise at Motu Kōkako from the Rakaumangamanga Peninsula.  
 61
Figure 30 Shell of  Rhytidia Dunniae Snail endemic to Motu Kōkako and the  
 Rakaumangamanga peninsula.  
 64
Figure 31 Quartz on a rock formation in the “Saddle” of  Motu Kōkako 
 66
Figure 32 Fullers taking tourists on the trip through the “Hole in the Rock”,  
 https://www.tripadvisor.co.nz/ 
 68
Figure 33 Charles Emilius Gold’s 1847 watercolour of  waka passing Motu   
 Kōkako https://www.teara.govt.nz/en/artwork/13013/motu-kokako- 
 hole-in-the-rock 
 70
Figure 34 Gravel road though the Ngaiotonga Forest 
 72
Figure 35 Orthomosaic of  Motu Kōkako 
 72
Figure 36 View towards Motu Kōkako from Rakaumangamanga 
 76
Figure 37 Cape Bret hut and docking area from Cape Brett today 
 77
Figure 38 Photo of  lighthouse keepers’ house completed in 1909 - McAlpine,  
 Christine. “Cape Brett Lighthouse – Hut Book.” 
 77
Figure 39 “Strorms of  Cape” McAlpine, Christine. “Cape Brett Lighthouse – Hut  

 Book.” 
 78
Figure 40 Taking off  from the Helipad in the Robinson Helicopter 
 80
Figure 41 Up close to the Limestone faces of  “the pinnacles” rock formation. 
 81
Figure 42 Camp site set up to feed those participating in the bio-diversity study. 
 81
Figure 43 Motu Kokako Helipad 
 81
Figure 44 Salt Air Helicopters 
 81
Figure 45 Launching the drone from the boat just off  Motu Kōkako 
 84
Figure 46 Images from the water around Motu Kōkako 
 85
Figure 47 Sunset from the Helipad on the Motu 
 88
Figure 48 Looking up a sheer rock face near one of  the potential sites. 
 89
Figure 49 Light of  the Cape Brett Lighthouse below the Silhouette of  the   
 Rakaumangamanga Peninsula. 
 89
Figure 50 Two ruru or morepork were spotted in the middle of  the day on the  
 northern face. 89
Figure 51 An area where the track leads you to climb down the roots attached to  
 the faces of  the rock. 90
Figure 52 Three scales used for design analysis and refuge design. 
 92
Figure 53 Point cloud of  Motu Kōkako captured by drone with the help of   
 Dronemate. 
 94
Figure 54 Mesh model of  Mōtu Kokako. 
 94



339 340

Figure 55 Wind pressure felt from different wind directions around the site. 
 95
Figure 56 Overlaid Pressure diagram of  prevailing SW and NE winds 
 96
Figure 57 Sun study Analysis of  Summer and Winter equinox 1 hour intervals 
 98
Figure 58 Contour model showing the terrain of  Motu Kokako 
 100
Figure 59 Locations of  significance on Motu Kokako 
 102
Figure 60 HygroScope - Meteorosensitive Morphology by Achim Menges -  
 106
Figure 61 Rendille Tent section, located between Lake Turkana and Ndoto   
 Mountains, Kenya - Paul Oliver, Refuges 
 107
Figure 62 Black Tent or Bedouin tent, located in Saudi Arabia and the Middle  
 East - Paul Oliver, Dwellings 
 107
Figure 63 Wikihouse System components and assembly - https://wikihouse.cc/ 
 109
Figure 64 Whare Porotaka from the Titi Islands off  of  Stewart Island  - Ander-
son, Atholl, 'Makeshift Structures of  Little Importance’ 
 111
Figure 65 A layout of  Roundhouses on a site in southland based on artifacts  
 found. 
 111
Figure 66 Diagram of  curved branches as a likely component of  past makeshift  
 structures of  Motu Kokako. 
 114
Figure 67 Levels of  connection with site investigated 
 118
Figure 68 Digitally captured and CNC cut Manuka branch.  
 120
Figure 69 Construction of  the pod unit from steam-bent timber 
 122

Figure 70 Construction time lapse of  pod structure  
 124
Figure 71 Construction drawings of  pod 
 124
Figure 72 Render of  structure suspended between point cloud of  two trees. 
 126
Figure 73 Folding scissor exploration. 
 127
Figure 74 Reverse engineered connection between timber and an existing sand 
 stone rock. 
 127
Figure 75 Exploration of  purely friction interlocking structures within an existing  
 rock formation. 
 132
Figure 76 failed attempt to make the Hoberman structure adjustable. 
 134
Figure 77 Components of  the Hoberman Sphere as they come off  the CNC. 
 134
Figure 78 Hoberman hemisphere from timber and bolts using a 7.5 degree ‘kink’  
 in each component 
 134
Figure 79 Testing the expansion capacity of  a scissor component  
 138
Figure 80 Point Cloud of  the beach captured by drone and processed in Pix4D 
 138
Figure 81 Orthomosaic and contours at 50mm intervals of  the beach site and  
 proposed connection locations and structural links 
 141
Figure 82 Point connections captured by DSLR nad processed in remake 
 141
Figure 83 Reverse engineered timber connections with the site 
 144
Figure 84 Assembly test of  a waffled connection, this process is more effective  
 for creating larger components and reaching undercut areas to deep to be  

 reached within the constraints of  the CNC gantry. 
 145
Figure 85 Transport, Assembly and Installation of  reverse engineered plywood  
 components 
 147
Figure 86 Installing the folding scissor components. 
 149
Figure 87 Close up view of  the assembled structure. 
 152
Figure 88 Waiting for the tide to drop to start installing the components. 
 152
Figure 89 The Fully assembled structural installation. 
 152
Figure 90 A sample of  connections from the project. 
 156
Figure 91 A waffled connection within the rock which is fanned out on the  
 vertical planes to align with the folding structure. 
 156
Figure 92 Solid reverse engineered connections from timber and acrylic. 
 156
Figure 93 Above: A broken component, affected by a weakness in the grain where  
 is doesn’t follow the curve. 
 157
Figure 94 The CNC following the form of  a manuka branch by adding the digital  
 model of  the material into the manufacturing process. 
 159
Figure 95 Mesh and Brep body of  sticks digitally captured, arranged, booleaned,  
 cut and assembled. 
 164
Figure 96 The arrangement of  the digitally reconstructed components 
 164
Figure 97 First pass Parallel finishing cut of  the branch on the CNC (above) and  
 fitted together (below) 
 165
Figure 98 The final result fitted together with dowels. 

 165
Figure 99 Analysis of  the curvature of  timber members within an area of  bush  
 165
Figure 100 A harvested manuka tree  
 169
Figure 101 Timber species selected for processing to match  the trees on Motu  
 Kokako. 
 172
Figure 102 Towai half  rounds. 
 173
Figure 103 Applying the curvature of  the timber to the curvature of  a scissor  
 component.  
 176
Figure 104 Cutting the logs into  half  rounds by eye (above) and using a simple  
 chainsaw mill jig set up (below). 
 177
Figure 105 CNC cutting a component from a  curved piece of  timber. 
 181
Figure 106 Development of  a bearing system for smooth movement of  the  
 structural components. 
 181
Figure 107 Extracting the acme thread and nut from a scissor car jack. 
 181
Figure 108  Structural system detail from curved Towai branches and a car jack. 
 182
Figure 109 Close-up of  acme threaded rod system from car jack. 
 183
Figure 110 Folding tapered timber component developed by ensuring each   
 diamond forms a rhombus quadrilateral of  equal length on all four sides. 
 185
Figure 111 The Manual digital capture process. 
 187
Figure 112 Sketch of  proposed automation of  the process 
 187
Figure 113 The photogammetry 'machine' 
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 188
Figure 114 Close-up images of  the photogrammetry system. 
 189
Figure 115 First attempt - generating consistently located images, generated in  
 Pix4D.  
 189
Figure 116 Locating potentially useful geometry of  the material for building com 
 ponents. 
 189
Figure 117 Timelapse of  the photogrammetry machine in operation. 
 190
Figure 118 Sketched layout of  the system. 
 191
Figure 119 Structural components proposed to be used as apart of  the system. 
 193
Figure 120 Positioning of  Structural components. 
 193
Figure 121 A segment of  the proposed system deployed and retracted, and   
 sketches of  the development of  connections and points of  movement of   
 the system. 
 195
Figure 122 Floor plan layout with functions expanding and contracting into the  
 space. 
 196
Figure 123 Waffling technique taking geometry directly from the interface with the  
 natural environment. 
 197
Figure 124 Applying Functions to the internal face of  the plywood gridded  
 structure.  
 197
Figure 125 Founding plywood structure. 
 199
Figure 126 Water collection techniques as a response to the absence of  water on  
 the island. 
 201
Figure 127 Water pooled in a nikau frond on Motu Kokako. 
 202

Figure 128 An investigation into cladding the system with solid components that  
 would fold with the structure. 
 204
Figure 129  An alternative approach using raw timber components to form a grid  
 shell structure over the enclosed space. 
 205
Figure 130 Gear used survey sites on Motu Kokako. 
 207
Figure 131 Flying the drone in the trees. 
 209
Figure 132 A selection of  surveyed sites from which point clouds were generated. 
 209
Figure 133 Point cloud progression from the entire island to point connections 
 212
Figure 134 Point Cloud of  a potential cliff  site on the west face. 
 214
Figure 135 Wind and sun analysis of  Scenario 1. 
 215
Figure 136 View looking down from Scenario 1 
 216
Figure 137 View looking out from Scenario 1 
 216
Figure 138 Progressive cross sections through the Scenario 1 Site. 
 217
Figure 139 Design Response to Scenario 1 
 217
Figure 140  Point Cloud of  Scenario 2. 
 224
Figure 141 Point cloud views from within Scenario 2. 
 225
Figure 142 Wind and sun analysis of  Scenario 2 
 227
Figure 143 View from scenario 2 site. 
 228
Figure 144 Progressive cross sections through the Scenario 2 Site. 
 229
Figure 145 Design response to Scenario 2. 

 229
Figure 146 Left: Point cloud of  Scenario 3 
 238
Figure 147 Right: Point cloud views from within Scenario 3. 
 239
Figure 148 Wind and sun analysis of  Scenario 3 and (right) winter sun 
 241
Figure 149 Views from Scenario 3, upper section (left) and lower section (right). 
 242
Figure 150  Progressive cross sections through the Scenario 3 site. 
 243
Figure 151 Different connection types identified.  
 245
Figure 152 Point locations identified for Scenario 3 
 245
Figure 153 Waffled structure attached to the rockface. 
 254
Figure 154 Detail model of  a potential approach to the waffle system.  
 254
Figure 155  Point cloud from Scenario 3 
 255
Figure 156 Tools used for this project.  
 258
Figure 157 Mavic Pro drone used for small scale photogrammetry throughout the  
 project 
 282
Figure 158 The triagulation process of  photogrammetry 
 284
Figure 159 Motu Kokako with camera locations of  images captured. 
 284
Figure 160 Diagram of  Field of  view issue confronted on Motu Kokako. 
 286
Figure 161 A sample of  images from the site survey.  
 286
Figure 162 Diagram of  matches computed between images for Motu Kokako  

 (left) and a simple survey from an automated flight path (right) where  
 black represents strong matches in the images. 
 287
Figure 163 Images from the drone survey. on Motu Kokako. 
 
 288
Figure 164 Overlapping images from which matches can be generated. 
 289
Figure 165 Cameras with rays showing the number of  images used to triangulate 
each point in the point cloud. 
 289
Figure 166 Processing steps in Pix4D to generate the Point Cloud and Mesh out-
put. 
 289
Figure 167 Positioning of  images captured to reproduce the model and extreme 
bundle block adjustment where their coordinates needed to be recalculated. 
 292
Figure 168 Positioning points using a laser meter and the gyroscope in a phone. 
 293
Figure 169 Image of  target position control point within the trees 
 294
Figure 170 Captuing images on one of  the sites on Motu Kokako. 
 296
Figure 171 Checking control point distances and re-optimising the point cloud 
where necessary. 
 297
Figure 172 A point location from the Pix4D Site model  
 300
Figure 173 Capturing specific connection locations with the DSLR 
 302
Figure 174 Mesh and images locations for its reconstruction in Remake. 
 303
Figure 175 A mesh of  a target from which the model can be scaled. 
 303
Figure 176 A mesh reconstruction of  a rock face from Scenario 3 
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Kaitiakitanga -  Refers to guardianship or stewardship. It is a word specifically   
  associated with the natural environment.
Taonga  -  A highly treasured natural resource.
Preservation - The position that the environment should be preserved in its   
  existing state and only enjoyed for its intrinsic value.
Conservation -  The position that use of  natural resources should be managed in a   
  way that is sustainable.

Digital Capture Terminology

Geotag   Imbedded GPS coordinate information within an image
UAV    Unmanned Aerial Vehicle (or drone)
Nadir    Images collected looking down vertically (in plan)
Oblique    Images Captured from an angle looking down
Terrestrial   Images in elevation, typically at ground level
Keypoint   A point that has been matched between multiple images
Tie Points   Generated from the keypoints to tie the images together
Point Cloud   A densified collection of  points that together imply a surface.  
Mesh  A digital 3D model of  the geometry generated from the point cloud.
GSD    The ground sampling distance is a measure of  accuracy of  the point  
  cloud, as a rule of  thumb the GSDx2 for X and Y axes and GSDx3  
  for the Z will give the maximum error.
Bundle block  Refers to the repositioning of  the cameras initial GPS located conditions 
Adjustment  to match their actual computed location based on the relationship   
  between image matches.
AGL  Above ground level

Digital Fabrication Terminology

G-Code    A numeric programming language used to control CNC based machines
CNC   Computer Numerical Control, the system used to control CNC mills,  
  3D printers and most other digital fabrication machines
CAM   Computer Aided Manufacturing, CAM software is used to generate  
  G-code

GLOSSARY

 303
Figure 177 Practice projects worked on to learn the photogrammetry process. 
 306
Figure 178 Drone restricted areas within Auckland from https://www.airshare.
co.nz/ 
 308
Figure 179 Image of  point cloud reconstruction of  Motu Kokako. 
 308
Figure 180 Decimation of  triangles of  reconstructed mesh, the highest resolution  
 without slowing the software excessively was used. 
 309
Figure 181 2D component outputs from Slicer 
 311
Figure 182 Arranging the quantity and angle of  slices in Slicer 
 311
Figure 183 CNC executing a parallel finishing pass across a piece of  acrylic. 
 312
Figure 184 CNC adaptive clearing (left) and parallel finishing (right) processes.  
 312
Figure 185 Software Work-flows from capture to fabrication 
 316
Figure 186 Diagram from the study of  Motu Kokako by Braithwithe showing the  
 distribution of  different rock formations across the island.  
 322
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	Left: Schematic of functions within the dwelling

	Above: Sunrise at Motu Kōkako from the Rakaumangamanga Peninsula. 

	Left: Shell of Rhytidia Dunniae Snail endemic to Motu Kōkako and the Rakaumangamanga peninsula.
	Left: Quartz on a rock formation in the “Saddle” of Motu Kōkako

	Left: Fullers taking tourists on the trip through the “Hole in the Rock”, F-F-01
	Left: Charles Emilius Gold’s 1847 watercolour of waka passing Motu Kōkako (F-T-01)

	Left: Gravel road though the Ngaiotonga Forest

	Below: Orthomosaic of Motu Kōkako

	Left: View towards Motu Kōkako from Rakaumangamanga

	Top: Cape Bret hut and docking area from Cape Brett today

	Bottom: Photo of lighthouse keepers’ house completed in 1909, CAPE BRETT LIGHTHOUSE ND SETTLEMENT DOC

	Above: “Strorms of Cape” (lighthouse book)

	Left: Taking off from the Helipad in the Robinson Helicopter

	Up close to the Limestone faces of “the pinnacles” rock formation.

	Camp site set up to feed those participating in the bio-diversity study.

	Motu Kokako Helipad

	Right: Salt Air Helicopters

	Left: Launching the drone from the boat just off Motu Kōkako

	Above: Images from the water around Motu Kōkako

	Left: Sunset from the Helipad on the Motu

	Above: Looking up a sheer rock face near one of the potential sites.

	Above: Light of the Cape Brett Lighthouse below the Silhouette of the Rakaumangamanga Peninsula.

	Left: Two ruru or morepork were spotted in the middle of the day on the northern face.
	An area where the track leads you to climb down the roots attached to the faces of the rock.
	Left: Three scales used for design analysis and dwelling design.

	Left: Point cloud of Motu Kōkako captured by drone with the help of Dronemate.

	Right: Mesh model of Mōtu Kokako.

	Above: Wind pressure felt from different wind directions around the site.

	Left: Overlaid Pressure diagram of prevailing SW and NE winds

	Left: Sun study Analysis of Summer and Winter equinox 1 hour intervals

	Left: Contour model showing the terrain of Motu Kokako

	Left: Locations of significance on Motu Kokako

	Left: HygroScope - Meteorosensitive Morphology by Achim Menges

	Above: Rendille Tent section, located between Lake Turkana and Ndoto Mountains, Kenya.

	Above: Black Tent or Bedouin tent, located in Saudi Arabia and the Middle East.

	Left: Wikihouse System components and assembly

	Above: Whare Porotaka from the Titi Islands off of Stewart Island

	Right A layout of Roundhouses on a site in southland based on artifacts found.

	Above: Diagram of curved branches as a likely component of past makeshift structures of Motu Kokako.

	Right: Levels of connection with site investigated


	Above: digitally captured and CNC cut Manuka branch. 

	Left: Construction of the pod unit from steam-bent timber

	Above: Construction time lapse of pod structure 

	Left: Construction drawings of pod

	Left: Render of structure suspended between point cloud of two trees.

	Above: Folding scissor exploration.

	Below: Reverse engineered connection between timber and an existing sandstone rock.

	Above: Exploration of purely friction interlocking structures within an existing rock formation.

	Above: A failed attempt to make the Hoberman structure adjustable.

	Left: Components of the Hoberman Sphere as they come off the CNC.

	Below: Hoberman hemisphere from timber and bolts using a 7.5 degree ‘kink’ in each component

	Left: Testing the expansion capacity of a scissor component 

	Below: Point Cloud of the beach captured by drone and processed in Pix4D

	Above: Orthomosaic and contours at 50mm intervals of the beach site and proposed connection locations and structural links

	Right: Point connections captured by DSLR nad processed in remake

	Above/Left: Reverse engineered timber connections with the site

	Right: Above: Assembly test of a waffled connection, this process is more effective for creating larger components and reaching undercut areas to deep to be reached within the constraints of the CNC gantry.

	Above: Transport, Assembly and Installation of reverse engineered plywood components

	Above: Installing the folding scissor components.


	Left: Close up view of the assembled structure.

	Above: Waiting for the tide to drop to start installing the components.

	Below: The Fully assembled structural installation.

	Above: A sample of connections from the project.

	Left: A waffled connection within the rock which is fanned out on the vertical planes to align with the folding structure.

	Right: Solid reverse engineered connections from timber and acrylic.

	Above: A broken component, affected by a weakness in the grain where is doesn’t follow the curve.

	Left: The CNC following the form of a manuka branch by adding the digital model of the material into the manufacturing process.

	Left: Mesh and Brep body of sticks digitally captured, arranged, booleaned, cut and assembled.

	Right: The arrangement of the digitally reconstructed components

	Left: First pass Parallel finishing cut of the branch on the CNC (above) and fitted together (below)

	Right: The final result fitted together with dowels.

	Below: Analysis of the curvature of timber members within an area of bush 

	Left: A harvested manuka tree 

	Left: Timber species selected for processing to match  the trees on Motu Kokako.

	Left: Towai half rounds.

	Left: Applying the curvature of the timber to the curvature of a scissor component. 

	Cutting the logs into  half rounds by eye (above) and using a simple chainsaw mill jig set up (below).

	Above: CNC cutting a component from a  curved piece of timber.

	Above: Development of a bearing system for smooth movement of the structural components.

	Above: Extracting the acme thread and nut from a scissor car jack.

	Right: Structural system detail from curved Towai branches and a car jack.

	Right: Close-up of acme threaded rod system from car jack.

	Left: Folding tapered timber component developed by ensuring each diamond forms a rhombus quadrilateral of equal length on all four sides.

	Above: The Manual digital capture process.

	Below: Sketch of proposed automation of the process

	Right: The photogammetry 'machine'

	Above: Close-up images of the photogrammetry system.

	Above: First attempt - generating consistently located images, generated in Pix4D.
	Above: Locating potentially useful geometry of the material for building components.

	Timelapse of the photogrammetry machine in operation.

	Above Sketched layout of the system.

	Right: Structural components proposed to be used as apart of the system.

	Left: Positioning of Structural components.

	Above: A segment of the proposed system deployed and retracted, and sketches of the development of connections and points of movement of the system.

	Above: Floor plan layout with functions expanding and contracting into the space.


	Above: Waffling technique taking geometry directly from the interface with the natural environment.

	Right: Applying Functions to the internal face of the plywood gridded structure. 

	Right: Founding plywood structure.

	Right: Water collection techniques as a response to the absence of water on the island.

	Above: Water pooled in a nikau frond on Motu Kokako.

	Above/Left: An investigation into cladding the system with solid components that would fold with the structure.

	 Above: An alternative approach using raw timber components to form a grid shell structure over the enclosed space.

	Above: Gear used survey sites on Motu Kokako.

	Left: Flying the drone in the trees.

	Right: A selection of surveyed sites from which point clouds were generated.

	Left: Point cloud progression from the entire island to point connections

	Left Point Cloud of a potential cliff site on the west face.

	Above: Wind and sun analysis of Scenario 1.

	Left: View looking down from Scenario 1

	Above: View looking out from Scenario 1

	Above: Progressive cross sections through the Scenario 1 Site.

	Below: Design Response to Scenario 1

	 Left: Point Cloud of Scenario 2.

	Right: Point cloud views from within Scenario 2.

	Above: Wind and sun analysis of Scenario 2

	Left: View from scenario 2 site.

	Above: Progressive cross sections through the Scenario 2 Site.

	Below: Design response to Scenario 2.

	Left: Point cloud of Scenario 3

	Right: Point cloud views from within Scenario 3.

	Above: Wind and sun analysis of Scenario 3 and (right) winter sun

	Above: Views from Scenario 3, upper section (left) and lower section (right).

	Above: Progressive cross sections through the Scenario 3 site.

	Above: Different connection types identified.
	Right Point locations identified for Scenario 3

	Left Waffled structure attached to the rockface.

	Above: Detail model of a potential approach to the waffle system.
	 Left: Point cloud from Scenario 3
	Above: Tools used for this project.
	Left: Mavic Pro drone used for small scale photogrammetry throughout the project

	Above: The triagulation process of photogrammetry

	Left: Motu Kokako with camera locations of images captured.

	Above: Diagram of Field of view issue confronted on Motu Kokako.

	Left: A sample of images from the site survey. 

	Above: Diagram of matches computed between images for Motu Kokako (left) and a simple survey from an automated flight path (right) where black represents strong matches in the images.

	Above: Images from the drone survey. on Motu Kokako.


	Left: Overlapping images from which matches can be generated.

	Right: Cameras with rays showing the number of images used to triangulate each point in the point cloud.

	Below: Processing steps in Pix4D to generate the Point Cloud and Mesh output.

	Left: Positioning of images captured to reproduce the model and extreme bundle block adjustment where their coordinates needed to be recalculated.

	Above: positioning points using a laser meter and the gyroscope in a phone.

	Image of target position control point within the trees

	Above: Captuing images on one of the sites on Motu Kokako.

	Left and Right: Checking control point distances and re-optimising the point cloud where necessary.

	Left: A point location from the Pix4D Site model 

	Above: Capturing specific connection locations with the DSLR

	Left: Mesh and images locations for its reconstruction in Remake.

	Above: A mesh of a target from which the model can be scaled.

	Right: A mesh reconstruction of a rock face from Scenario 3

	Above/Left: Practice projects worked on to learn the photogrammetry process.

	Above: Drone restricted areas within Auckland from https://www.airshare.co.nz/

	Left: Image of point cloud reconstruction of Motu Kokako.

	Left: Decimation of triangles of reconstructed mesh, the highest resolution without slowing the software excessively was used.


	Above: 2D component outputs from Slicer

	Right: arranging the quantity and angle of slices in Slicer

	CNC executing a parallel finishing pass across a piece of acrylic.

	Left: CNC adaptive clearing (left) and parallel finishing (right) processes. 

	Above: Software Work-flows from capture to fabrication

	Diagram from the study of Motu Kokako by Braithwithe showing the distribution of different rock formations across the island.
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