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Abstract

The Algorithmic Gardener — Tales of Nature and Code is a
collaborative new media installation that is currently being
developed by the authors and Juan Wachs, a roboticist and
computer vision expert in Purdue University’s School of
Industrial Engineering. Using a two-armed robot with
stereoscopic vision capabilities programmed to autonomously
identify and pull weeds, the project investigates an emerging
visual culture defined by synthetic ways of seeing and the
material realities such seeing might produce. Conceptually, The
Algorithmic Gardener focuses on the translation of a cultural
concept, that of weeds, and its many connotations (from
agriculture, to real estate to social contexts) into robotic action
code. These algorithms, executed by the robot, merge culture and
technology into tangible outcomes: a series of ideologically-laden
micro-gardens that can activate agricultural, political and
environmental narratives, metaphors and materializations for 21*
century relationships between nature and technology.
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Introduction

In her cultural study of the gardens of Versailles in the 17™
century, cultural and science studies scholar Chandra
Mukerji reveals gardens as sites where art and technology
produce material realities and social narratives with
political consequences. She writes:
Gardens are complex laboratories, where new
cultivation techniques are explored, new approaches to
engineering entertained, new aesthetics mobilized, and
new demonstrations/representations of power tendered;
they are places where human will and the natural order
are co-constructed. Gardens address, in other words
some fundamental ties between human action and the
material, “natural” world, so they have surprisingly
important tales to tell about human societies. [1]
The conclusions she reaches about a French national past,
open questions about a transnational future. As an
interdisciplinary group of artists, technologists and
practitioners of social inquiry, the authors would like to

grapple with these questions: What tales of human society
do we want to hear in the future? What relations between
nature and technology — future natures — do we want to
‘explore, entertain, mobilize, tender and construct’? And,
what new visual metaphors can we create to help publics
narrate, debate and act on possible futures? The authors
aim not to provide definitive answers to these questions of
speculation, but to create an artwork that constructs,
activates and interrogates visual metaphors for emerging
relations between nature and technology in the 21% century.
Key here is a particular understanding of metaphor. The
authors agree with cultural geographer Tim Creswell’s
materialist and experientialist understanding. Drawing on
the work of Lakoff and Johnson (1980), Cresswell (1997)
in an essay about ‘out-of-place metaphors’ (weeds, disease
and bodily filth) argues: “The point is that ... metaphors
are ways of acting and not merely poetic flourishes.” [2]
Given the significant nature-related challenges that
humanity faces, including climate change and food
insecurity, a critical consideration of the relationship
between ways of representing and ways of acting is
warranted across a variety of fields, including the arts,
humanities and the sciences.

The Algorithmic Gardener builds on the authors’
existing body of collaborative work through which they
research and represent cutting edge technologies that will
have a profound effect on human-nature-technology
relations. [3] This project will also contribute to the small,
but growing number of interdisciplinary contemporary
artworks that address developing cultural shifts resulting
from the interaction of code, robotics and “nature,” or that
mobilize weeds to reveal underlying assumptions of social
exclusion. Specifically, The Algorithmic Gardener has
drawn inspiration from the following examples:

— TeleGarden (1995-2004), an installation by new
media artists Ken Goldberg and Joseph
Santarromana allowed web users to view and
interact with a remote garden filled with living
plants. Members could plant, water, and monitor
the progress of seedlings via the internet-
controlled movements of an industrial robot arm.
[4]

— The weed gardens of Tyrolean artist Lois
Weinberger  emphasize  peripheral  zones
(Randzonen) in the exploration of the spaces of
nature and civilization [5] (e.g. the rooftop garden



at the Watari Museum of Contemporary Art in
Tokyo).

— Lot (2005), the architecture scale works of
installation artist Kim Beck use decals in the
shape of weeds, applied to windows, literally
taking over abandoned buildings. [6]

—  Architect Martha Schwartz’ Splice Garden (1986)
which uses culturally specific forms to create a
garden through “abstraction, symbolism and
reference” constructed of unusual materials that
alludes to the dangers of gene splicing. [7]

Gardens and Machines

The Algorithmic Gardener: Tales of Nature and Code
brings together four main components: weeds with their
metaphorical intensity and as targets for extermination,
agricultural plants like soybeans (see McMullen and
Winkler’s National Security Garden public artwork for the
significance of soybeans in this context [8]), technology in
the form of a dexterous robot and synthetic vision
algorithms for precision robotics.

The presentation of The Algorithmic Gardener will
allow visitors to see multiple small-scale garden boxes at
various stages of development in a customized greenhouse.
At least one garden will already have been weeded by the
robot. One will be the box the robot is currently working
on and there will be at least one that still needs to be
weeded. The authors are very interested in the divergent
possible outcomes of this weeding process, since each
garden represents the visible results of the translation of a
cultural concept, that of weeds, into an algorithm -
computer code that controls the actions of the robot (Figure
1).

Weeds are a powerful and unstable category, offering
fertile ground for an artistic interrogation of the metaphoric
and the material. While in its initial experimental stage the
robot is programmed to look for soybeans as the only
desirable plants, the goal is to eventually express a more

Figure 1. First weeding experiments with the Taurus robot, May
2015. A video of this behavior is available at:
http://www.gardensandmachines.com/AlgorithmicGardener.
©McMullen Winkler.

nuanced and ambiguous definition of weeds that is
informed by agricultural, aesthetic and social contexts. For
example, the eradication of weeds has increasingly been
viewed as a path to improved crop yields, weed science has
developed into a field of research with a significant
presence at universities with strong agricultural programs.
[9] The goals of weed science are mirrored more broadly in
urban and suburban space — the absence of weeds from real
estate is viewed positively. Weed-free sidewalks, yards and
lots have been seen as a sign of property value, urban
prosperity (as opposed to decay) and human moral
superiority. [10] As a metaphor, weeds are often associated
with politicized terms like decay and invasion that can
harbor racist, nationalist and classist undertones. [11]

Adding to this instability are evolving alternative
concepts of nature and technology. Biodiversity,
permaculture, synthetic biology, GMOs, the “doubly green
revolution,” [12] “industry-nature,” [13] sustainability,
organic farming, (sub)urban nature and farming, urban
ecology; all of these concepts and attendant practices
challenge in part or whole the industrial age divisions of
nature and culture into discrete locations and sets of
practices, and question the existing definitions of weeds
and the actions that should be taken against or for them.
Restating the primary question in this context, the authors
ask: In the age of code, how are cultural conceptions of
weeds changing, or how could they change, and what
agricultural, political and environmental narratives,
metaphors and materializations can they activate?

Creating an artwork to provoke these questions
successfully requires a high level of engineering expertise
in the fields of robotics and synthetic vision. The detection
and pulling of weeds is a complex motor-perceptive task
that involves planning, recognition and execution. Several
engineering challenges need to be overcome to achieve
precision robotic gardening. To begin with, the robot needs
to be able to recognize the “weeds” and distinguish them
from other plants in the garden. [14] This is a non-trivial
synthetic vision task, since both objects have a similar
color distribution, and have variable shapes. Conventional
approaches for template matching and color segmentation
will not work in this case. Based on prior research, [15]
Juan Wachs is currently supervising two graduate
researchers’ experimentations with a novel approach
involving the robot’s arms to move plants while looking at
them to get different views for better classifications.
Secondly, once the exact position of the weeds has been
assessed, the robot needs to move in real-time. For this to
happen, an optimal trajectory must be computed for the
robot to reach the weed while avoiding obstacles —
precluding damage to the desired plants. [16] Finally, once
the weed is reached, haptics technology will determine the
systematic grasping movements, enabling the right amount
of force to be applied in order to extract the weeds in a
“single trial.” In summary, from a technical perspective,
weed detection and removal is a significant challenge that
requires engineers to achieve visual recognition, precision
haptics and effective programming. Each technological



step requires the translation of cultural and embodied
concepts into code. From a collaborative perspective,
success means the robot will perform algorithms in which
culture and technology merge into visible outcomes, at the
same time failures will provide opportunities to consider
the same relationships.

An Emergent Visual Culture of Synthetic
Vision

The very first experiments with the Taurus stereoscopic
camera system already showed that the images the robot
creates and abstracts in order to identify plants yield
intriguing visual material that is directly related to the
robot’s actions (Figure 2). Experimental geographer and
artist Trevor Paglen has recently observed that computer
vision images are created “by-machines-for-machines”,
and large numbers of them are never seen by humans. [17]
Yet, in order to understand, critique and shape the impact
of machines seeing with abilities beyond human vision
capability, humans will need to learn to see like machines,
to understand their abstractions and their categorizations of
things in the world. German art historian Horst Bredekamp
makes the case that images do not merely reproduce a prior
reality but rather actively create our reality. [18] Seen in
this light, synthetic vision images are extremely powerful
and require a better understanding by humans if they wish
to critically shape the realities these images create.

One interesting starting point for an emergent ‘visual
culture of synthetic vision’ is the analysis of the image sets
that are used to train synthetic vision systems. Who
constructs these image sets and with what criteria? What
perspectives of the world do they convey? Who and what

are excluded? For example, Edith ZimmermannOs cleverly

curated image gallerytited OWomen Laughing Alone
With Salad[19] exposes latent stereotypes arultural
absurdities in large stock photo collecpmointing out
that visual datasets may not be as neutral as imadithed.
authors are only at the beginning of these investigations for
which they have received funding for continuing
explorations: during the summer 2015, they will research,
together with a graduate student from Purdue’s American
Studies program, deeper intersections between computer
vision and visual culture as well as robotics and agriculture
(the contemporary ‘“Machines in the Garden” [20])

Figure 2. Visual output of a basic synthetic vision process
(image segmentation: separating a soybean plant from its
background). ©Arjun Narang, McMullen Winkler.

culturally contextualizing the artwork’s engineering
components. Together with the gardens the robot creates —
materializations of the translation of cultural concepts into
computer code — this visual culture research will hopefully
further inspire critical thought about the future of nature
and technology hybrids.
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