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MULTI RESOLUTION

“

The difference between my bottle of wine and a bottle of wine that Socrates might have drunk is that his
bottle was only a container of liquid and my bottle of
wine is a container of information”
‘Shaping Things’, Bruce Sterling
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Research seeks the computational algorithm
for the agent based modeling and robotic fabrication of the informed object through digital
multi-resolution tools.” Manuel Rodriguez Ladron de Guevara
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spatial density

spatial density

spatial matrix with information of arxel connections

[location]
[volume]
[connectivity]
[usefulSurface]
[typology]
[m
[material]
[economy]

[[
[[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 1, 1, 1, 0, 0, 0, 0],
[2, 2, 1, 0, 1, 1, 0, 0, 0],
[0, 1, 3, 2, 1, 2, 0, 0, 0],
[0, 0, 1, 0, 0, 1, 0, 0, 0]]

[[[
[[[0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]],
[[0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]],
[[0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]],
[[0, 0, 0, 0], [0, 0, 0, 0], [0, 1, 1, 0], [0, 1, 0, 1], [0, 0, 1, 1], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]],
[[0, 2, 1, 0], [0, 1, 1, 2], [1, 0, 0, 1], [0, 0, 0, 0], [1, 1, 0, 0], [0, 0, 1, 1], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]],
[[
[[1, 0, 0, 0], [1, 1, 0, 0], [0, 3, 2, 1], [0, 1, 0, 3], [0, 1, 0, 1], [1, 0, 2, 1], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]],
[[0, 0, 0, 0], [0, 0, 0, 0], [2, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [2, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]]]

[4]

[3][0][2]

[0][9][0]

[2][1][9]

[8][5][5]

[4][1][2]

ABSTRACT Advanced design and fabrication
methods seek to control economies such as
material, environemntal and functionality.
However, architects are still far away from
being computationally efficient.
Inefficiency is innate to the system, therefore,
the target is not about erradicating it but
giving it a particular role.
Unresolved gaps unleash loss of information
and unexpected results that require post
edition work. This process can be improved
by tailoring the amount of information that
is exclusively required during the whole
operation of design and construction.
This Research aims to further develop the
concept of ‘Arxel’ and its implementation
in construction technology. Arxel is a digital
architecture unit that may provide insight
in the construction of digital architectures
through the lens of genotype and
phenotype, but particularly through the lens
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of affordability, fundamental in furnishing
sustainable alternatives.
A holistic process flow is designed for additive
manufacturing of multiresolution surfaces
suitable for use as architectural components.
This holistic process is compounded by input
parameters, geometry generation, topology
optimization, FEM analysis, feedback loops
and robotic fabrication.
The procedure intends to democratize the
fabrication industry, implementing bespoke
design and manufacturing in emergent
markets that may bring new opportunities of
appraising constructive requirements of an
ever more digital society.

METHODOLOGY Multi-resolution methodology of design and fabrication. The
scrutiny of architecture resolution and performative measurements of the digital
form will increase the applications of aditive manufacturing and computation
by making more affordable fabrication up until theoretical saturation.
The analysis and comparison of digital and physical models of computational
pieces, robotically fabricated, provide the knowledge base in which a theory of
relationship between complexity and resolution for affordable digital design and
fabrication is developed.

*Note: This research approaches a Grounded Theory Research Design type: this approach
examines the same event or process in several different settings or organisations. The researcher carries out a process of sampling, making comparisons between samples, using these to
evolve a theory. When no new insights emerge from new data, the researcher has reached
theoretical saturation
[6]

Figure 1: End of the arm tool for 3D print testing. Mockup with 3D pen

HYPOTHESIS Reseach advocates for computational design and digital fabrication through the implementation of multi-resolution tools in order to achieve
affordable arhictectures.

voxelization of the space

digital unit ‘arxel’ mapped
through diﬀerent resolutions

arxel is the overlap of information,
material and geometry
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Figure 2: 3D printed piece for button activation

“

Towards affordable bespoke architectures produced
by cottage industries” Manuel Rodriguez Ladron de Guevara
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WHY?
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“

Non-standard architecture is either
an expensive artifact or produced
a highly intricate process where
small degree cost reductions involve risky quality tradeoffs.”
				

Figure 3: 300x150x0.4cm steel panels. K house in Granada, Spain.
Architect: Manuel Rodriguez Ladron de Guevara
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Manuel Rodriguez Ladron de Guevara

THEORETICAL FRAMEWORK This Research believes in a post-industrialized era in
which society no longer relies on heavy industry and mass production systems.
Each year is ever more digital than its preceding, therefore, we are switching
towards a ‘bits information’ based society. *Negroponte N., (1995) Being Digital
-This, alongside the evolution CAD/CAM and intelligent parametric softwares,
brings production back to our hands, incorporating it into the design process.
-The ‘killer app’ in digital fabrication, as in computing, is personalization,
producing products for a market of one person. *Gershenfeld N., (2012) How to Make

Almost Anything. The Digital Fabrication Revolution. Foreign Affairs.

-Consequently, in a near future, Small Digital Factories (SMD) would irrupt in our
economical system, co-establishing a small scale fabrication trading economy
with a global digital trading structure.
-Efficiency eludes construction Industry.

*The economist (2017) Printed version of Business section of ‘The least improved’
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COTTAGE INDUSTRY
Pre - industrial society referes to social attributes and forms
of political and cultural organization that were prevalent before the advent of the
Industrial Revolution.
Most activities existed at the subsistence level: goods are produced for the
consumption and survival of one’s family group.
Most goods were produced by the family for the family.
Along with subsistence-level living, some people offered services and products for
sale within their small, rural communities.
The production was processed in cottage industries. These were business or
manufacturing systems operating in a person’s home or private property.

Figure 4: Cottage industry in the 18th Century. England
Source: https://mazzmanali.wordpress.com/2013/04/12/cottage-industry-and-the-industrial-revolution/
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MASS PRODUCTION Industrialization brings mass production, known as a flow or
continuous production of large amounts of standardized products.
Products are standardized and manufacturing stop understanding about
personal needs. This system pulls the extremes and triggers inaccessibility (luxury)
and excess (waste) and remains active until our days.
The 1973 and 1979 energy crises demonstrated the extent to which the global
community had become dependent on nonrenewable energy resources.
In the 21st century, there is increasing global awareness of the threat posed
by the human greenhouse effect produced largely by forest clearing and the
burning of fossil fuels.
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Figure 5: Textile mass production. Industrial revolution
Source: https://imperialismirdebate.wikispaces.com/

CONTEMPORARY AGENDAS
The efficient use of computational, economical
and natural resources is a priority on global agendas as stated in the Suistanable
Development Goals of the United Nations agenda and the past HABITAT III
conference.
Jeremy Rifkin, in his book The Zero Marginal Cost Society, forecasts that capitalism
will go into an irreversible decline within the next three decades. The end of its
hegemony is designed and will come due to the simultaneous advance of the
internet of things and collaborative commons.
The expansion of the opportunities to offer goods and services from the
collaboration between people (and less and less by the market), hinge on the
reinforcement of the fortitude of the civil society.
However, it bumps into the gigantic force of interests that strive to limit the reach
of these commons. Mass production vs production by masses (multitude).
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“

While we are all using Iphones, construction Industry is still in the Walkman phase.” Ben Van Berkel
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WHAT IS DIGITAL?

Figure 6: Multi-resolution algorithm. GHpython.
Author: Manuel Rodriguez Ladron de Guevara
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Digital Materials?
The theorist Neil Leach, argues that “while there is clearly a practice of designing
that involves the use of digital tools, there is no product as such that might be
described as digital” (Leach 2015).
Mario Carpo, architect and historian, provides the beginning of a counter argument to Neil Leach’s statement. Carpo identifies the digital character of a design
method, arguing for the intrinsically discrete nature of computational processes
(Carpo 2014).
MIT professor Neil Gerschenfeld distinguishes between analogue and digital organizations (Gershenfeld, Carney, Jenett, Calisch and Wilson 2015). He draws a
parallel to the way how data is organized. Analogue data is continuous, digital
data is discrete. In an analogue or continuous system, a piece of matter has
infinite connection possibilities, whereas a discrete or digital system only has a
limited number.
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Figure 7: RC4 2016: CurVoxels. The Bartlett School of Architecture, UCL
Authors: Manuel Jimenez Garcia, Giles Retsin

Research precedents
Resolution samples:
WirePrint: 3D Printed Previews for fast prototyping. Stefanie Mueller.
This Research replaces surfaces with wireframe meshes. This allows the user to make
fast prototypes using 3D printers, that normally tend to be slow even though they
are considered a fast prototyping tool.
Computational samples:
Voxel Chair 1.0, Robotically 3D Printed chair, extruded PLA plastic. Manuel Jimenez
Garcia and Gilles Resin.
The Design Computational Lab, at UCL Barlett, develops a computational design
method specifically for larger scale 3D printing of architecture.
Fabrication samples:
Robotic prefabrication of timber structures: towards automated large-scale spatial
assembly. Fabio Gramazio, Mattias Kohler.
This research studies automatization techniques and innovative feedback process
in robotic construction.

Figure 8: WirePrint, 3D Printed Previews for Fast Prototyping
Authors: Stefanie Mueller, Sangha Im, Serafima Gurevich,
Alexander Teibrich, Lisa Pfsiterer, Francois Guimbretiere,
Patrick Baudisch
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METHODOLOGY
As for computer graphics development in the past century, it is expected that
the scrutiniy of architecture resolution and performative measurements of the
digital form will increase the possibility of applications of specific additive manufacturing tools and algorithms by making gradually more affordable fabrication
up until theoretical saturation for which grounded theory research is required.
Case studies of digital architecture materialized through additive manufacturing compliments resarch by drawing more general forms for wirder application.
Research is being undertaken through an iterative process of data analysis and
theoretical definition.
The analysis and comparison of digital and physical models of 3d printed tridimensional tessellations optimized thorugh genetic algorithms, fabricated and
assembled through robotically augmented additive manufacturing create the
knowledge base on which a theory of relationship between complexity and resolution for affordable digital design and fabrication is developed.
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Figure 9: 3D Pen to Robotic Arm development.
Author: Manuel Rodriguez Ladron de Guevara

EXPECTED RESULTS
A nomenclature of multi-resolution based novel tectonics related to digital design and fabrication of assemblable pieces that encompasses both the theoretical framework of the model (algorithm analysis) and the application framework of
physical model (paradigm analyisis) is to be developed in order to identify the areas
in the construction process in which such technologies represent a competitive,
sustainable alternative.
A nomenclature of geometrical discrete forms susceptible of additive manufacturing of the meso and macro scale is beforehand necessary.
Both measuraments may provide insight of the relationship and control between
complexity of the model and affordability of fabrication, critical in providing an alternative construction system.

Figure 10: Mass instantiations of a speculative typology
informed by Arxel.
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ARTIFACTS, MACHINES, PRODUCTS, GIZMOS AND SPIMES or THE CONTINUOUS INTERPLAY BETWEEN OBJECTS AND PEOPLE
Artifacts - simple artifical objects made by hand, used by hand, and powered
by muscle. People within an infrastructure of Artifacts are ‘Hunters and Farmers’.
Machines - complex, precisely proportioned artifacts with many integral moving
parts that have tapped some no-human power source. Pople within an infrastructure of Machines are ‘Customers’.
Products - widely distributed, comercially available objects, anonymously and
uniformly manufactured in massive quantities using a planned division of labor.
People within an infrastructure of Products are ‘Consumers’.
Gizmos - highly unstable, user-alterable, baroquely multifeatured objects, programmable, with a brief lifespan. People within the infrastructure of Gizmos are
‘End-Users’.
Spimes - manufactured objects whose informational support is so overwhelmingly extensive and rich that they are regarded as material instantiations of an inmmaterial system. Spimes begins and end as data. They are designed on screens
and fabricated by digital means. People within the infrastructure of Gizmos are
‘Wranglers’.
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Computational abstraction: ARXEL©
Think of architecture as a collection of rows, columns and heights of arxels. For any
given volumetric space you can decide how many rows, columns and heights
you wish to use. The more of each, the smaller the arxel, the finer the grain, and
the better the result. The constrains are the fabricability of the arxel.
The same way as when pixels are represented by colors, you have three numbers
(R,G,B), that correspond to 24 bits or 3 bytes, arxels can compute as many bits as
memory you can have. Those bits will be different types of information.
The power of the arxel comes from its digital nature, in that an arxel can be part
of anything, from walls, to floors, to furniture. With enough arxels and with enough
bits per arxel, one can achieve multiple resolutions within the same element, directly depending on the user’s different economies.

Figure 11: Early version of the development of the multi-resolution
algorithm.
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Computational system
Spatial grid: acts as the canvas to generate geometry, it is a voxelized space. The
goal is to have a multi-dimensional voxelized array which can house different scales
within the same system. It is a data base that stores as much information as one can
design. This information is the interaction between the grid and different classes of
agents.
Agents: The agents will wander around the space of the grid with some clear instructions, thus specific behaviours that respond to divergent necessities or demands
from the user.
Diferent classes: structural agents, light agents, quality agents, circulations, wet
agents, vegetation agents, etc.
Under the hood: Rhinoscriptsyntax and VectorMethods as libraries. Classes define
grid and agents.
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Figure 12: Multi-resolution algorithm development. 3D spatial connections

COMPUTATIONAL SPACE: SPATIAL VOXELIZATION
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COMPUTATIONAL SPACE: SPATIAL VOXELIZATION
COMPUTATIONAL LAYOUT: POTENTIAL TERRITORIES
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COMPUTATIONAL UNIT: ARXEL

COMPUTATIONAL SPACE:
GRID # (0,0,0,0,3,2)

COMPUTATIONAL INSTANTATION:
ARXEL # [0,1,4,6,0,7] i:1 j:2 k:0

code = [0,0,0,0,0,0,('i:{}, j:{}, k:{}'.format(i,j,k))]
temp1dCode.append(code)
temp1dInd.append('i:{}, j:{}, k:{}\nCode:'.format(i,j,k))
odVisited.append(0)
odCont.append([
odCont.append([None,None,None,None,None,None])
temp1dBases.append([None,None,None,None,None,None])
temp1dBasesCode.append([0,0,0,0,0,0,('i:{}, j:{}, k:{}'.format(i,j,k))])
temp1dBranchPts.append([None,None,None,None,None,None])temp1dBranchCode.append([0,0,0,0,0,0,('i:{}, j:{}, k:{}'.format(i,j,k))])

c.potTerr: wetAreas
c.size = .35m
c.volume = 1.3m3
c.material = ABS
c.conections = 4
c.strucPerformance = 0.4
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COMPUTATIONAL INSTANTIATIONS: BREADTH SEARCH
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HOLISTIC SYSTEM

DESIGN INFORMATION

GEOMETRY DATA

FABRICATION DATA

USER INPUTS

POTENTIAL TERRITORIES + GRID: INFORMED ARXEL

Material available

Neighboring relationships

ROBOTIC ADDITIVE MANUFACTURING
ROBOTIC ASSEMBLY

Material type

Geometrical connections

Economic budget

Material matching

Prioritization

Multi-scale matching

associa
Quality associated
to each territory

Optimization

Aesthetics

Structural calculation

Indexing
Tooldata
Objectdata

Structural capacities

EXCEL Database

Rhino GH Python - GA - Karamba

[ 28 ]

HAL + ABB RoboStudio

MASS PRODUCTION
MASS INSTANTIATIONS
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spatial density
[location]
[volume]
[connectivity]
[usefulSurface]
[typology]
[m
[material]
[economy]
spatial density
[[ 0, 0, 0, 0, 0, 0, 0, 0],
[[0,
[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 1, 1, 1, 0, 0, 0, 0],
[2, 2, 1, 0, 1, 1, 0, 0, 0],
[0, 1, 3, 2, 1, 2, 0, 0, 0],
[0, 0, 1, 0, 0, 1, 0, 0, 0]]

[[
[[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 0, 0, 0, 0, 0, 0, 0],
[0, 0, 1, 1, 1, 0, 0, 0, 0],
[2, 2, 1, 0, 1, 1, 0, 0, 0],
[0, 1, 3, 2, 1, 2, 0, 0, 0],
[0, 0, 1, 0, 0, 1, 0, 0, 0]]

MASS PRODUCTION

spatial density
[location]
[volume]
[connectivity]
[usefulSurface]
[typology]
[m
[material]
[economy]

MASS INSTANTIATIONS

spatial density

non base typology
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COMPUTATIONAL AGGREGATION
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FABRICATION
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