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This paper documents an architectural project developed using subdivision
surface modelling. Subdivision surfaces are not new, and the tools are readily
available in many 3d modelling applications. Despite their age and availability
and recognised benefits they are rarely applied in architectural projects
furthermore there is paucity of published case studies that demonstrate these
tools in action. The second contribution to the field that this paper offers is in
recognising the way in which subdivision surfaces can provide a new form of
collaboration. Our core team consisted of architect, artist and 3d modeller and
the project was inspired by a ceramic sculpture with unusual geometry.
Subdivision surface modelling enabled a unique form of design exploration,
feedback and communication between people with diverse skills. This case study
therefore offers both insight into applied use of subdivision modelling and further
depth into the way it enables interdisciplinary collaboration.
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INTRODUCTION
In this paper we describe a multi-disciplinary design
workflowwhere subdivision surfacemodelling (SSM)
was used to develop a building proposal for an ar-
chitectural competition (figure 1). Our aim is to doc-
ument the application of SSM itself and to demon-
strate how this method of modelling provides the
possibility of integrating a diverse design team. The
background to the geometry used for the competi-
tion and the form of the design team is therefore par-

ticularly important.
The formal inspiration for this proposal origi-

nated in a handmade sculpture made by a ceramic
artist. This sculptural object, if scaled up to the size
of a building, it could serve as a rich conceptual ba-
sis for a competition entry, where an open ground
floor could serve as a public plaza . The ceramic form
not only captured an intent to maintain the ground
plane as an open public space, it also indicated how
the building could be resolved structurally and pro-
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vided a compelling topological and logical organisa-
tion for the internal building program. Subsequently
an initial design teamwas formed consisting of archi-
tect and artist.

Figure 1
Competition entry
image
demonstrating the
unique urban
response generated
from the team’s
integrated
form-finding
experimentation
processWhile the sculpture provided abundant ideas for the

architectural premise of the competition proposal it
also presented some complex problems in terms of
geometric representation. As a result the project
team grew to three, from architect and artist to in-
clude 3d modeller. From the outset it was clear
that in order to function well as a building the orig-
inal geometry would require several iterations of
geometric modifications as the design developed.
The unusual topology of the form included several
branching junctions which are particularly difficult
tomodel using traditional computermodelling tech-
niques which tend towards methods that involve
linking and deforming of rectangular or sheet like el-
ements. We accurately captured the form in an elec-
tronic format using a 3d scanner. 3d models pro-
duced by 3d scanners are representations that usu-
ally consist of hundreds of thousands of vertices and
thousands of faces which can be edited to make lo-
cal geometrical changes, but do not really suggest a
logicalmethod for control andmodification of global
geometry.

SSMoffered a unique approach the resulting sur-
faces are defined by recursively refining an initial
polygonal mesh. We could define our models with
simple geometry with the minimal of control points
and yet we could elegantly geometrically represent
the branching forms that were an essential part the
original sculpture. Theoretically a limit surface can

be generated by infinite recursion. This is usually im-
practical in architecture and stopping the refinement
when the mesh size represents a facade system or
structural grid is more convenient. One of the pub-
lished benefits of this aspect of SSM is that the coarse
mesh can be used early in design to undertake fast
analysis that can drive the design in more efficient
directions. For our competition stage goals were to
match the original sculpture while also providing ge-
ometry that could function architecturally. The ini-
tial coarse mesh could be easy controlled within a
modelling application by the 3d modeller while the
artist and the architect could review the refinedmesh
and provide instructions for furthermanipulations to
achieve aesthetic and architectural criteria.

Working with this rational method we realized
that this technique was enhancing our ability to col-
laborate as a team providing a rapid feedback mech-
anism that enabled us to directly discuss the interre-
lationships between architectural requirements, ge-
ometric manipulations and the impact on the artistic
and aesthetic qualities. It facilitated a hybridmethod
of working where hand sketching, clay sculpting,
3d scanning and parametric modelling could inform
each other on an equal basis (figure 2). Using SSM in
thiswaywe created a computational parallel thatwas
analogous to sculptingwith clay, this straddled phys-
ical and digitalmodelling domains and subsequently
facilitated a new means of real time communication
across a design teamwith a diverse rangeof skills and
experience.

Figure 2
SSM as an
integrator of
disparate tools,
mediating between
physical and digital
techniques

We established the building geometry directly from
the original mesh and all systems and subsystems
within the building could be directly derived by care-
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ful control of offsets and the iteration of mesh refine-
ment. The SSM approach and the geometrical hier-
archy that we had established provided a novel infor-
mation modelling system. As the project developed
and we moved towards production of a set of draw-
ing and images for the competition entry we could
extract 3D data that related directly to the structural
and architectural information domains simply by ad-
justing the offset and iteration parameters.

SCULPTURAL FORMS
The ceramic sculpture that inspired the competition
designwas originally conceived as one ofmany com-
ponents for a matrix that was based on the structure
of a root system thatwould be taskedwith additional
aesthetic rules. Plant roots are fibrous threads seek-
ing pathways in a complex matrix of dense and less
dense soil mass. The clay model predicts a knot born
of interacting pressures. The artist's interest in the
arabesque figure would form the aesthetic rules that
wereapplied to the root form. The cursive vocabulary
of the root is metamorphosed with the constructed
cursive text of Islamic writing. Calligraphy, or khatt
in Arabic, originates from 'line', 'design', or 'construc-
tion'. For Islamic visuality, the arabesque is the tran-
scendental metaphor of cursive space.

The objective of designing a component that
would align with a variety of other similar but differ-
ent knots, led to the grammar of the knot-root. The
concept for a matrix of root-knots was a question of
three-dimensional patterning in three-dimensional
space. To imagine a space-filling pattern led to
the conclusion that each knot-root needed multiple
branches that would reach out in global directions
(and like a root, gravity is ignored). The branches
needed to be clipped short, otherwise connecting
to neighbouring components would be unmanage-
able. Given that the original matrix was amassed of
non-mathematical forms, a final element, a flexible
connecting tissue, such as plastic or polymer tubing,
was needed to enable the connection of rigid forms
that frequently did not perfectly align.

The matrix sculptures are the combined results

of many smaller methodological studies which in-
volved the development of a set of ceramic compo-
nentswhich captured possible junction forms of two,
three, four and five branches and sometimes also the
morphology of stubs. Each part played a role of vary-
ing importance in the creation of the matrix ceramic
sculptures as an individual syntactic or grammatical
structure. In the sculpture that inspired the library
design a series of these components were joined in
a raw clay form. The individual parts were made by
pressing clay into moulds and then unifying them in
a continuouswhole. This approachusing the rawma-
terial allowed additional clay to be added at the joins
which permitted various smaller modifications to be
made letting them to be combined and to further ex-
tend the language of the overall form. Once the final
formwas reached, thepiecewasglazed andfired (fig-
ure 3).The matrix sculpture shown in figure 4 is built
by assembling several hundred of these parts which
havebeenglazed andfired and connected themwith
plastic tubing.

Figure 3
Glazed ceramic
sculpture that
inspired the library
design.

Figure 4
Matrix ceramic
sculpture by Neil
Forrest
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INITIAL DESIGNMOVES
The brief Daegu Gosan Public Library called for a
3100msq contemporary library on an urban site in
Daegu, South Korea. The project began with the
idea of a building as a continuous space and a free
ground plane that would preserve the site's exist-
ing green space. This intention to create a building
that would behave spatially and formally to preserve
the existing natural diversity of the site lead to the
search for a language that could accomplish this, spa-
tially, structurally, and tectonically. The branching
shells which the artist Neil Forrest was exploring in
his work was a clear starting point. His work was ex-
ploring continuity of space and form in thebranching
structures in roots, tree branches and coral reefs and
then abstracting and appropriating those elements
to create an expandable vocabulary. The branching
form of the ceramic sculpture was an opportunity
for a dynamic and expressive structure dispersed in
three dimensions across the site, which opened up
the ground plane, and allowed for a series of galleries
above ground level. These forms offered continuous
spatial sequences inside them, and a spanning ca-
pability in which the curving forms of the branched
structures could be lifted above the ground in a dis-
persed set of galleries. The resulting form inspiredex-
plorations into the construction of ship and airplane
hulls, and how they perform structurally. (Figure 5)

Figure 5
Concept sketch by
Richard Kroeker

MODELLING PROCESS
Subdivision Surfaces
Subdivision surfacemodelling has beenwell used for
character modelling in the games and in computer
animated films (Zorin et al 2000), however despite
several published benefits in building construction
(Shepherd and Richens 2010, 2012, Shepherd 2014)
and the availability of SSM within standard 3d mod-
elling applications the use of thismethod in architec-
ture is uncommon. Our experience of applying SSM
methods demonstrates directly the potential bene-
fits and highlights specifically how SSM can offer a
close to real time method for communication and
analysis of potential designs.

SSM uses a network of polygons to describe a
smooth surface. To generate the smooth surface
the network of polygons is iteratively subdivided,
new vertices are defined and connected as newpoly-
gons within a network. Several different subdivision
schemes exist for adding, averaging and sometimes
removing vertices based on the location of the orig-
inal vertices and the preceding generation. Eventu-
ally a smooth limit surface can be reached. The sub-
division process can be stopped before reaching the
limit surface resulting in a faceted polygonmesh but
one that is smoother than the original polygon net-
work.

In character animation the level of subdivision is
controlled by proximity to the camera. As objects get
closer the levels of subdivision are greater meaning
more polygons and a smoother surface. Further from
the camera less detail is required and therefore fewer
polygons are generated saving processing power. In
architecture this procedure has a parallel. Later in the
design process more detail is needed but in early de-
sign stages less detail is beneficial. A coarse poly-
gon network representing a building is useful be-
cause polygon analysis such as incident solar radi-
ation, structural performance, acoustic performance
or shadow studies can be done close to real time. The
results are good enough tomake important early de-
sign decisions. The original control network is easy
to change so multiple options can be studied both
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quantitatively and the qualitatively. Ultimately in ar-
chitecture the limit surface is not required as the level
of subdivision can be set to correspond to discrete
polygons that represent facade panels or a structural
grid.

Despite the potential benefits of using SSM they
have been under explored,it is more common to use
B-spline or NURBs surfaces to describe architecture
with curvilinear geometry. These methods present
two difficulties. First these surfaces must be post-
rationalized to produce a panelisation strategy that
can be used for construction. Second, using B-spline
and NURBS is equivalent to using a rectangular sheet
or several linked sheets to describe a shape, making
it very difficult to describe complex forms or surfaces
that include branching with these techniques.

Methodology
In our process it was clear that a NURBS based
method would be difficult to control and would not
produce the desired aesthetic qualities. SSM was
chosen primarily as a means to represent and con-
trol thebranchinggeometry of theoriginal sculpture.
The ability to shift between coarse and refined mesh
results by controlling the number of iterations per-
mitted us to optimise the aesthetic and architectural
goals using visual assessment by both the artist and
the architect.

The first step in working with the ceramic form
was to scan the entire sculpture using Dalhousie
University Libraries NextEngine 3D scanner services
(Groenendyk and Gallant 2013). The scanned mod-
els consisted of around 277000 vertices and 554000
faceswhichwas too complex to form a basis forman-
ual 3D editing. Quadratic edge collapse decimation
[1] is a tool that reduces the count of polygons in a
mesh. Experiments with this algorithm in the free
software MESHlab [2] resulted in loss of the original
form and yet still too much complexity to permit any
manual control (figure 6).

An initial investigation of subdivisions surfaces
began with an attempt to rebuild the full ceramic
model using a very coarse mesh network modelled

on site. The model was then subdivided using the
Weaverbird plugin [3] in the visual programming in-
terface grasshopper [4] within the Rhinoceros 3d
modelling application [5]. While the results of this
(figure 7) were not acceptable for our design process,
this experiment offered some valuable insight into
the design possibilities of having parameterized con-
trol of the refinement of coarse mesh and the ability
to easily offset the resulting subdivided mesh.

Figure 6
Original scanned
model (left) and
after decimation to
200 faces (right)

Figure 7
Coarse mesh
network (left) and
subdivided result
(right)

The dissatisfaction with these initial experiments led
us to return to the original sculpture that inspired
the design and we sought a deeper understanding
of how conceptually and physically this work had
emerged. We believed that if we could understand
the syntactical structure of the ceramic form, we
would be able to develop a corresponding process
with the computer model and harness the physical
form as mutable. The experiments also made the
team realise that we wanted fidelity to original form
and our combined understanding of how this was
achieved was essential. We needed to develop an
understanding and method similar to the modelling
of the ceramic branching components that the artist
had developed for his matrix sculptures. Once we
had the ability to model and control the parts we
could begin to combine them and adjust them to
model the complete sculpture.

The artist located 10 of the original, fired but
unglazed, component parts in his studio that he be-
lieved may have been used in combination to define

Shape, Form and Geometry - Concepts - Volume 1 - eCAADe 33 | 407



the sculpture. While waiting for 3d scans (figure 8) of
all these parts we undertook some simple modelling
tests to anticipate the forthcoming workflow. These
test proved very promising (figure 9) and suggested
that our instincts that paralleling the physical sculpt-
ingprocesswith the computerwas the key to capture
and control of the ceramic geometry.

Once we had the parts scanned, the team used
MeshLab and quadratic edge collapse decimation
to reduce these meshes from 100000 vertices and
150000 faces to around a 1000 vertices and 2000
faces. This made opening and viewing the model in
Rhinoceros 3D relatively quicker, but also preserved
the original form so that we could reference it and
match it with the subdivision version.

Sitting in front of a screen artist and 3d mod-
eller examined each part scan in detail. Of the orig-
inal ten parts four were identified as being poten-
tially used in the sculpture. We discussed what we
each found compelling about the nominated clay
form. We agreed therewere obvious rules about how
the branches intertwined, that there was no single
point of origin in the branch, that there was a gen-
tle swelling of the branch if it were to merge with an-
other, and understood the branches tapered as they
moved away from the perceived centre. Proceed-
ing in this way we combined the modelling steps re-
quired to produce a controllable subdivided mesh
with the memory of the aesthetics and process of
the physical sculpting process. The basic topology
of each componentwas identified andmodeledwith
a coarse mesh of around 150 vertices and 30 faces.
The faces and vertices of the coarse mesh were itera-
tively manipulated in small groups and the resulting
subdivided mesh compared to the scan until a satis-
factory result emerged (figure 10). We repeated this
approach for each of the 4 component parts and de-
veloped a further modified component based on the
original (figure 11).

Figure 8
Ceramic
component

Figure 9
Initial modelling
test simulating the
form of the ceramic
parts

Figure 10
Matched mesh
topology network
(left) and refined
mesh (right)

Figure 11
Computer models
of the components.
Refined meshes
(left) and coarse
meshes (right)
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Figure 12
Sequence of steps
to combine parts,
adapt and match
the original form

Figure 13
Sketches, ceramic
models, 3d printed
models and the
computer were
integrated using
subdivision surface
modelling

Figure 14
Architect's working
sketch during form
rationalisation

Working through this part of the modelling process
we began to realise that something unique was oc-
curring facilitated by SSM. A link was being formed
between two collaborators with very different expe-
riences and skills. 3d modeller and artist sat side by

side with the original ceramic parts on the table and
with laptop and mouse gradually informing one an-
other of the considerations each was making or had
made with their respective modelling process.

Following the capture and control of the con-
stituent parts we began to recombine these with
the computer modelling environment to reproduce
a form as close to the original sculpture as possible.
In the physical process as each component was ag-
gregated subtle adjustments in clay permitted con-
tinuity. In the computer modelling gradual refine-
ment to the coarse mesh allowed the same. We 3d
printed a decimated version of the original scan as a
further physical reference to the actual ceramic form.
Both physical versions of our target form were used
extensively in this reconstruction process. The deci-
mated original mesh was referenced into the model
andSSMcontinued to facilitate this stageof themod-
eling by permitting the rapid evolution of a final form
by iterating the following steps.

1. Artist identifiedwhich component part to add
next and where

2. 3d modeller added this part to the coarse
mesh

3. 3d modeller refined the mesh and compared
the result to the original scanned, artist pro-
vided aesthetic analysis

4. Adjust other previously addedcomponents as
necessary

5. Repeat steps 3 and 4 until satisfied
6. Return to step one until all components

added

Once we had a close match to the original sculpture
the team grew in order to examine the form in the
context of the site. This phase involved artist, 3D
modeller, and additional architects. Here we moved
to a more complex phase - rationalisation and fitting
of the architectural requirements to the sculptural
form while still maintaining the original aesthetic
qualities. We extended our previous mesh matching
process to include the extraction to traditional scaled
2Ddrawings plans, sections and images. Using these,
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the architectural teamwould sketch over the top (fig-
ures 13-15) to identify where the building functioned
architecturally, and where we needed tomakemodi-
fications. SSM made these modifications possible by
providing global control of the position of the coarse
mesh on site. By parametrizing the scaling and rota-
tion of the mesh in all coordinate axes and we could
make further local geometric adjustments and then
refine the coarse mesh to check against the original
form. Onemajor adjustment that challenged the de-
sire tomaintain aesthetic qualities of the original was
the proportions of the entire sculptural form. Origi-
nally it did not permit sufficient space for circulation
and accommodation of the required program. The
refined mesh had to be offset to accommodate the
program.

In the ultimate phase of the process we contin-
ued to extract geometric data from the model and
refined in detail specific spatial and constructive as-
pects of the proposal (figures 16 - 18). Different layers
of the proposed constructionwere alignedwith vary-
ing levels ofmesh refinement in the SSMprocess. We
could extract each of these domain specific levels by
controlling the level of mesh refinement, mesh off-
sets. The correspondence between the geometry of
resultingmeshes allow very accurate coordination of
systems and subsystems. While our drawings were
ultimately for a competition the potential to use SSM
to facilitate building systems coordination was very
apparent.

IMPLICATIONS
Modellingmethod
In Architectural Geometry (Pottman et al 2007) a
methodology ofmodellingwith subdivision surfaces
is described where the designer moves towards a
specific goal in a linear way by subdividing and then
manually refining the resulting mesh and repeating
this subdivide-manual refine process until a satisfac-
tory result is achieved. For us this resulted in un-
satisfactory results with curvature discontinuities in
the resulting surfaces. These kind of problems were
unacceptable from both an aesthetic and construc-

tive perspective. In our approach we worked itera-
tively between the crudemesh and the refinedmesh.
Each time comparing the refined mesh to our orig-
inal sculptural form and evaluated according to the
original artistic aesthetics and the functional archi-
tectural requirements. When the results were unsat-
isfactory we adjusted the crude mesh and refined it
again. We were therefore highly dependent on the
results of subdivision algorithm and chose to use the
Catmull-Clarkmethod (ref ). Several other subdivision
algorithms exist and for future applications it would
be essential to have a good understanding of the re-
sults in the different schemas.

Figure 15
Architect's working
sketch during form
rationalisation

Figure 16
Construction detail
of programmatic
space inside
subdivided form.
Rapid iteration
allowed for
assessment of
structural, service,
and functional
space and
adjustment of
offsets to suit
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SSM and BIM
The use of a logically robust and parametrically con-
trolled design process offers numerous advantages
towards a BIM workflow that is amplified by the in-
clusion of the SSM process and the interdisciplinary
benefits that come with it (figure 19).

Figure 17
Using the tools built
into the Rhinoceros
software package,
the team was able
to quickly assess
the results from
form-finding
against design
criteria, such as
relationships with
surrounding urban
fabric

The BIMForum Level of Development Specification
[6] identifies that different elements of any given BIM
model will progress to different stages of comple-
tion as the project progresses, akin to the analogy
previously drawnbetween theprocess of subdivision
and the progressive fine-tuning of architectural de-
sign processes as they proceed. Allowing for rapid
iteration creates a thorough process for assessment
of the implications of different proposed solutions
within the context of the model. Combined with
an automatic generation of construction documen-
tation and potential partnerships with other consul-
tants, contractors, and fabricators, the loop created is
powerful in implementingdesigns that satisfy design
criteria. The link between design and fabrication/-
construction is strengthened.

Figure 18
Renderings that
establish a human
scale can be
extracted relatively
quickly for multiple
iterations of the
project.

Performance analysis
The potential to undertake rapid analysis in practice
as not implemented fully, and likely would proceed

with a project of this type if it were to receive fur-
ther development past its current conceptual stages.
The high surface area to enclosed volume indicates
great potential for a skin that could capture solar en-
ergy, and optimization of panels could be rational-
ized using computational modeling. Other opportu-
nities exist for extraction of design drawings, fabrica-
tion drawings, data sets for analysis, shadow casting,
solar gain, physical model building, and many other
benefits. The structural system was derived directly
from the subdivision method, and likely would also
undergo optimization in tandem with a larger con-
sultant team as is common practice moving to an-
other project stage.

Rapid Prototyping
Architecture is a unique disciplinewhere due to time,
financial, and other constraints the abstraction of
space and form into a 2D drawing, physical model,
or digital 3Dmodelmakes it necessary to understand
the requirements of a design and convey the solution
to stakeholders. Computational design is currently
an integral part of many architecture projects. The
team's unique workflow provided a relationship be-
tween the physical, tactile form, and the virtualized
urban geometry of the city, extending the use of CAD
technologies from a simple drafting tool to an instru-
ment for interaction between members of a team.
Team members could share their understanding of
the particular issues as viewed through their own
perspectives, and respond either digitally or physi-
cally in a joint learning process.

The use of 3D printing provides an intriguing av-
enue of further exploration, as it implies a workflow
of creating a physical model, scanning, modification,
and 3D printing to begin the process anew. By giv-
ing an abstract digital process tactile form, the out-
come of the process would be considered from other
perspectives than solely a digital one. In the docu-
mented process 3D printing was under utilised, the
single 3Dprint of theoriginal 3D scanof the sculpture
and this proved valuable in the stage ofmatching our
computation geometry to the physical.
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Figure 19
Iteration loop for
SSM process
demonstrating a
balance of
generation and
analysis. Not all
potential analytical
variables are
depicted.

Figure 20
Proposed tactile
fabrication
workflow.

Interdisciplinary Collaboration
The Integrated Project Delivery process (IPD) which
is emerging as the new norm of design practice due
to technical and scheduling changes in the architec-
tural industry requires a level of robust communica-
tion among disparate stakeholders in early design
stages [7], and SSM has proven to be a viable avenue
for rapid iteration and inclusivity. Our team was able
to collaborate closely across disciplinary boundaries
through the intuitive nature of the process in rela-
tionship to the physical and digital realms of design.
The quick results as generated from the process al-
lowed for rapid feedback that ensured all teammem-
bers had a say in the design, without the emergence
of "silos" of thinking due to poor lines of communica-
tion.

CONCLUSIONS
Our implementation demonstrates how it is possi-
ble to take advantage of SSM in architectural design,
provided that the level of subdivision and required
parameters for modification are carefully controlled.
The dynamic nature of the SSM process facilitated
anunusually direct connectionbetweenphysical and
computational domains as a result of its speed and
responsivity. Working as a team, the process enabled
the identificationof issues and implementationof so-
lutions in the urban context of the site in an unprece-
dented way. This was leveraged to foster commu-
nication within a design team formed of three gen-
erations of designers and artists, each with a very
specific skill set and contributing a vital piece of the
greater puzzle.

Through a process of analysis, decimation, and
rationalisation we developed a language that de-
scribed the topological features of the model parts.
This directly informed the construction of coarse
meshes which through SSM could be iteratively sub-
divided to produce surfaces close to the forms of
original sculptural objects. By recombining the
coarsemesheswewere able to develop amodel con-
sistingof a control network for theentirebuilding. Af-
ter subdividing this network of coarsemeshes the re-
sulting polygon mesh could be quickly analysed and
evaluated according to a series of architectural and
environmental criteria. Manipulating the network of
coarse meshes and evaluating the resulting polygo-
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nal form enabled us to progressively converge on a
final proposal. Further iterations of subdivision re-
sulted in geometry describing the primary structure,
secondary structure and discrete cladding panels

The ability to shift between coarse and refined
mesh results by controlling the number of iterations
permitted us to optimise the aesthetic and architec-
tural goals using visual assessment by both the artist
and the architect. This method offers great future
potential in integrated practices for dynamic form-
finding, and delivering projects that meet project
goals
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