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ABSTRACT

An experimental studio on a highway site in Canton of Ticino in
Switzerland held at the ETH in the fall of 2017 is the result of a
collaborative project with the National Center of Competence
in Research Digital Fabrication, ETH Zirich. The work shows

a series of designs that were developed through procedural
and robotic principles. The landscape models based on a Lidar
point cloud data set of the entire Ticino Valley served as the basis
of all terrain operations. The results obtained after a 15-week
studio are encouraging and show the way towards a new way of
conceiving landscapes through robotic design.
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Robotic Landscape; Autonomous Terrain Modeling; Point Cloud
Data Set; Anthropocene
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Students exploring
various topologies in the
sand box with a robotic
arm and end-effector.
The physical / digital
design system
developed for the studio
including the robotic
arm and end-effector
with 3D scanner, force
sensor, and tool holder.
End effector tools
designed by students to
model sand in different
ways.
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process in the sand box
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experiment
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Landscape Architecture Definition

The physical alteration of the ground —
connected to the modern development of
contemporary civilization — now exceeds
the remaining natural land surface around

the globe.™

Land leveling, trenching, and
embankment building concurrent to the
construction of cities partially define what we
call the Anthropocene.”” The Anthropocene
is a geological era where human activities
are in a significant way defining earth’s
ecosystems. In this process, landscape,
architecture, and infrastructure have become
more and more entangled as a single large
artifact with the increasing complexity of

our environment slowly but surely becoming
a continuous whole.® Normative practices

in civil and environmental engineering are
now dominating the shaping of landscape

by fostering their expertise in the political
structures of urban and landscape planning.
However, these data-driven disciplines seem
to be unable to cope with the fundamental
question of Landscape Architecture: How
does the territory exist functionally and
aesthetically for people?™ Subsequently,
contemporary Landscape Architecture is

treating the remaining bits of spaces left
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Calculate slope
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Add
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Physical output
MRz 2

between architecture, infrastructure, and
ecology. However, the profession was initially
rooted in the urban and infrastructural arts.
Its appearance was an answer to questions
of urban expansion in the middle of the
nineteenth century.” With an increasing
amount of earth’s surface marked by human
activities, it becomes apparent that we have
to relate Landscape Architecture back to

its origins where its main goal was to help
define the overall shape of the city and

countryside.

Robotics

A revolution in construction equipment
and mechanization is underway that
might completely invert the logic of how
we think and construct our landscapes
and infrastructures. The tradition of
resourcing local materials in landscape
construction has changed over recent
times with the development of powerful
hydraulic equipment. The value of handcraft
and careful manual assembly balancing
local material was replaced by the ease of
mechanized material transport to and from a
site. Current construction practices have had

a negative impact on sites because of the

Q1 © Ladina Ramming, Thorben Westerhuys
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5-2. Formation diagrams,
from left to right;
excavation area, site
parameters, cut and
fill, robotic topology
and sound barrier
performance.

5-3. Topological
illustration of the
fixed and performative
parameters

6. lllustration of the pit-
operations of the
autonomous walking
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and fill.
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failed integration of ecological, sustainable,
and aesthetic considerations. The recent
developments in robotic construction
equipment (think bulldozers and excavators)
open up a whole new category of possible
topologies and applications for large-scale
infrastructures and landscapes. In light of
these upcoming changes in the production
of our landscapes, a research on the robotic
construction with found materials was
launched in 2014 by the National Center of
Competence in Research (NCCR) Digital
Fabrication at the ETH in Ziirich with the
Robotic Systems Lab (RSL) of Professor
Marco Hutter.” An integral part of the
research is the test of robotic construction
processes and applications through three
Design Research Studios directed by

the Chair of Landscape Architecture of
Professor Christophe Girot in collaboration
with the Chair of Architecture and Digital
Fabrication of Professors Fabio Gramazio
and Matthias Kohler. The results of the
first studio held in the fall of 2017 are
presented here. This studio explored the
transformation of shapeless soil material
along a river course and motorway in a
geometry of inclined surfaces in various
configurations for sound reflection and
protection, riverbed remediation, and

leisure activities.
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Studio

The studio was conducted following a
topological design approach. This technique
has been developed by Prof. Girot over the
past ten years, integrating the physical,
scientific, and material properties of a
particular site in a single meaningful whole.
In the Fall studio of 2017, students were
asked to balance the artificial displacement
of material providing a sustainable way for
topographic transformation, and to imagine
scenarios that will use and modulate
the topography in a variety of ways and
purposes. The robotic construction process
transforms the landscape of the valley over

time reinforcing the relationship between
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its origin (natural processes) and human
transformation (artificial processes). The
studio was mostly concerned as an exercise
in landscape design through the elaborate
shaping of land surfaces and topography.
The site of the studio was located on the
Ticino River where sediments deposited over
thousands of years created the Valle Riviera
between Biasca and Bellinzona. Up to the
river correction between 1888 and 1912, the
area was an incredibly large marshland.
Today, we see a seemingly static channeled
river landscape that is defined by its use.
By studying the history of the valley, one
becomes aware of the constant change to
the river and ever increasing complexity of

this artifact. The valley is like a palimpsest,

53 © Abra

a superimposition of natural, agricultural,
and urban networks changing over time. The
A2 highway, constructed in the 1960s along
the river, is the main connector but at the
same time main border and noise emitter
in the valley. The Ticino River correction,
together with the highway, form the main
infrastructural works of the valley floor.
Being the most dominant features in the
valley, it is unfortunate that they were only
considered on a utilitarian and technical
level at their time of construction.

Current development in large-scale
landscape construction is moving towards
robotically controlled machinery. The
parametric work required to initiate robotic

design first experimented test runs on

VOLUME 6/ ISSUE 2/ APRIL 2018
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synthetic sand models which enabled rapid
prototyping. This enabled a completely

new catalog of possibilities in landscape
architectural form in ways to adapt to the
local topography. What does it mean for a
topographic surface to provide the foundation
for circulation, noise relief, leisure activities,
and water runoff in one continuous topology
instead of isolated objects? Robotic
processes in digital landscape fabrication
allow for a seamless reconciliation between
form and process by mediating the material
reality of a site into new formal expressions.
Let us think about this valley in one hundred
years and imagine a different valley floor
that is considered on both a utilitarian and
landscape architectural level that allows for
robotic processes to take over significant

parts of large-scale landscape construction.
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Computation

The studio was based on the capabilities
of the real-size Autonomous Walking
Excavator (Fig. 2] currently in development at
the RSL. Featuring Lidar and full autonomy
in 19 degrees of freedom, this platform
also implemented force feedback on all
actuators to interact with its environment.
To test the potential of the Autonomous
Walking Excavator in the studio, students
used a robotic arm (Fig. 3-1) with custom
end-effector (Fig. 3-2) that was able to
make 3D scans, sense forces and moments
and hold various tools (Fig. 3-3] to interact
with the sand box. This enabled a feedback
loop within the robotic design operations,

responding to the topology and density of

the sand (Fig. 4). For the computational

53 © Ladina Ramming, Thorben Westerhuys



design tool to take better advantage of novel

robotic construction methods, a matrix of
parameters was defined in order to help
distinguish between fixed (i.e., position-
critical) parameters and performative
parameters (Fig. 5). Fixed parameters relate
to either existing artifacts on site that cannot
be altered or a final geometric definition.
Performative parameters relate to a final
design in relation to its performative goals
instead of its topology. For example, a
performative parameter defines a path that
can take a person from point A to point B
with a maximum slope of 6%. As long as the
two parameters are met, it is not necessary
to pre-define its exact topology or position
in space. The computational design tool
allows for changing site conditions to occur
and therefore affect a changing topology

of the resulting path. Going from the point
cloud® model of the whole valley, students
were asked to maintain the existing volume

of soil on the site, thus limiting operations
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to pressing, shifting, cutting, and filling.

This constraint limited material movement
within the site thus providing a sustainable
construction method (Fig. 6). In this way, the
projects responded naturally to the slope of
the valley, the riverbed, and the new highway
sound barrier, resulting in one continuous
topology. Starting from the material
processes and the natural processes, a third
robotic process was introduced in the valley
(Fig. 1, 7). Implementations of this process
were computed on the point cloud model of
the site, using various rules of scale, density,
level, and slope. Over time, this resulted in
various shapes depending on the underlying
topology of the site (Fig. 8]. In the projects

of the students, the robotic process was

the protagonist of the landscape, operating
side by side with the natural and material
processes on site. Computer Numerical
Control (CNC) models of their projects finally
illustrated the robotic terrain modeling as a

moment in time.

@ © Abraham David Noah, Bing Yang

A point cloud is a

set of data points in
space. Point clouds are
generally produced by
3D scanners, which
measure a large
number of points on
the external surfaces
of objects around them.
As the output of 3D
scanning processes,
point clouds are used
for many purposes,
including to create

3D CAD models for
manufactured parts,
for metrology and
quality inspection,

and for a multitude

of visualization,
animation, rendering,
and mass customization
applications.
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Conclusion

The computational tool promotes and
differentiates the performative aspects of
each site.” It brings the designer closer to
the actual materiality of a place by directly
influencing the process of construction and
fabrication.® The distinctive parameters of
form and performative will enable designers
to understand a landscape not only as a set
of topological relations, but also as a strong
performative surface. This will change the
role of the landscape designer and the
discipline as a whole.

Recent movements in “landscape
urbanism” and “landscape infrastructure,”
make a plea towards a broadening of the
discipline to include larger territorial
systems. While the architectural discipline
is founded in the tectonic expression of
buildings, Landscape Architecture seems
to have forgotten its disciplinary origin
that of shaping the forms of both rural and

urban landscapes. Both directions tend to
neglect the physical shape of the earth’s
surface as an expressive material modeled
by natural and cultural forces over time.
The research and design studio presented
here help recover Landscape Architecture
as a discipline that can integrate the physical,
scientific, and material properties of a
particular site in a meaningful whole.” The
robotic process creates a new intelligence
of terrain by encompassing all in its
continuity and complexity. In this sense,

it searches for a method and technique to
uncover the hidden potential of a place.
This studio in robotic landscapes seeks
to uncover the geometry of the ground

as a result of its means of production;
specifically relating to the organization

of spatial relationships and proximities
within surface structures. The craft of
responding to — and shaping of — the
earth’s surface should be seen as a vital

aspect of any resilient design. The approach

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES
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proposes a new foundation for Landscape
Architecture as the form-giving discipline of

contemporary cities and landscapes. LAF
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