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The landscape is under constant threat from human kind and cannot evolve 
fast enough to protect itself adequately. By augmenting an ecosystem’s 
natural resilience with cybernetic technology, it will be better equipped to 
ensure its survival in an urban setting. This practicum will investigate the 
creation of a cybernetically-enhanced ecosystem, the cyborg landscape, 
and how this organism(s) will know and understand the world around it. 
This practicum has been inspired by the idea of the cyborg, research on 
plant intelligence, installations, artistic interventions and ideas of chance 
and performance introduced by composer John Cage. The cyborg plant is 
a strategy used to expand on the limitations of a plant allowing adaptation 
to situations and environments. The cyborg can challenge the limits of 
the organism’s physiology. Many disciplines use the idea of the cyborg 
in a variety of forms, but the commonality between them is the idea of 
empowerment. To become a cyborg then, is to have an intimate bond 
between technology and organism, both functioning as one to overcome 
limitations limiting survival in the environment.

Keywords: Landscape Architecture, Sensors, Cybernetics, Making, Data

Abstract

Note: All photographs, diagrams, drawings and tables are the work of the author 
unless otherwise stated.
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Plants fi nd a way to survive in 
the most inhospitable places. 
They evolve mechanisms to 
help survive the hardships of 
a variety of environments. In 
select places on Earth where 
there is little access to nutrients, 
some plants have even evolved 
into carnivorous organisms. 
One such plant is the Dionaea 
muscipula, more commonly 
known as the Venus fl ytrap. 
This plant has tiny cilia inside 
the two fl aps on the top of its 
stem that resemble a mouth-
like opening. When the cilia are 
triggered by touch, typically 
that of an insect drawn to the 
plant, the fl aps close down 
and hold the prey in place for 

consumption. Though the Venus 
fl ytrap is not actively hunting 
for prey it has evolved to use 
biological mechanisms that 
enable the plant to react and 
to move in response to external 
stimulus.

But a force of nature that is 
di�  cult for a plant to react 
to is that of anthropomorphic 
activity. The magnitude of 
change, and speed at which 
that change occurs make this 
activity particularly challenging 
for plants which adapt on 
such a slow timescale. It could 
take hundreds of years for 
signifi cant change to occur in 
an environment where human 
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activity is not directly impacting 
it, allowing a plant species to 
adapt. An urban environment, 
however, is one that is highly 
a� ected by human activity. 
Environmental change resulting 
from urban expansion and 
inhabitation can drastically alter 
a plant’s living conditions in a 
matter of months. Some plants 
are able to deal with these 
types of environments and 
thrive on disturbance; they are 
often referred to as weeds. 

In this practicum, I am focusing 
on plants that have been 
placed into an environment 
they are not well equipped 
to deal with, such as species 
commonly planted for aesthetic 

landscaping. To help these 
plants survive in di�  cult urban 
environments I will be using the 
idea of the cyborg and explore 
how sensory technology can be 
a tool of empowerment when 
bonded with plants.

The intention of this practicum 
is to explore the use of this 
plant cyborg condition in 
the context of landscape 
architecture, as a means to 
empower plants so they have a 
greater infl uence and presence 
in their environments. Due to 
the limitations of the scope 
of a practicum, a small-scale 
ecosystem will be studied, in 
this case a small indoor garden. 
The knowledge gained 

(previous) Figure C.1 (top) Figure 1.1 “Dionaea muscipula trap” by che - che. 
Licensed under Creative Commons Attribution-Share Alike 2.5
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Throughout this document, I 
will provide an introduction 
to the fundamental ideas of 
the cyborg, how it has been 
portrayed in the past, and 
some current uses of this 
machine/organism. Next, the 
idea of plant intelligence will 
be introduced along with how 
various scientists and artists 
are exploring this concept. 
From there I will share my 
own exploration of sensory 
technology and how it was 
focused to create a cyborg 
plant. Lastly, I will discuss what 
the implications cyborg plants 
have on landscape architecture 
and the landscape at large 
and the ethical ramifi cations of 
such a relationship.

The rationale for this practicum 
is to explore the use of 
embedded sensory technology 
in the landscape and to 
contribute to the dialogue 
about the cyborg landscape 
in the discipline of landscape 
architecture. As Liam Young 
states: 

With this in mind, a process of 
designing, testing, refl ection 
and revision will be used to 
explore my practicum premise:

“Using knowledge of plant 
biology, sound design 
and analysis, electronics, 
software programming and 
environmental sensing, this 
practicum will be a study of 
the creation of a technological 
system that will give plants the 
ability to protect themselves 
from some types of human 
harm. This marriage of organics 
and machine will result in a 
hybrid ecological form, the 
cyborg landscape.” (Lucenkiw, 
Practicum Proposal).

[The] real value of these sorts of 
projects is to explore the future 
implications of new technologies 
though design scenarios, and to 
present them in such a way that 
we can start to develop emotional, 
cultural or social responses to 
them. We can play some of those 
scenarios out so that we can 
actually make informed decisions 
about whether these things 
are worth trying to develop in 
more empirical terms later on. 
(Manahugh 2013, 121) 

during this exploration will be 
extrapolated to speculate how 
this will impact a landscape of 
greater scale and complexity. 
This practicum makes use 
of knowledge of sound, 
electronics, programming 
and environmental sensing to 
provide a design response to 
this problem.
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Figure 1.2 The form of energy transforms and is 
transcribed as it passes through di� erent sensors and 
processors.
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Chapter_2
Foundational Ideas: Cyborg as a 

means of empowerment
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Plants have limited agential 
control over their environment 
in an urban context. Although 
plants play a large role in 
that environment in terms 
of generating oxygen, 
providing habitat and a� ecting 
microclimate, among others, 
they are still very much at the 
mercy of anthropomorphic 
activities. They can be planted, 
removed, and impacted in 
ways they cannot control. By 
providing urban plants with 
the ability to express their 
conditions, they can have a 

stronger role in shaping the 
landscape they inhabit.

Working under the assumption 
that plants are not idle or 
inanimate, this practicum aims 
to use electronic technology to 
empower plants to react in the 
scale of our human perceptions 
through information gathering 
and expression of data. This 
will be achieved by augmenting 
the plant with electronic 
devices and sensors. This 
marriage of machine and 
organism will create a hybrid 
ecological form, the cyborg 
plant. This practicum is an 
exploration of how to use this 
technology while investigating 

2.1 Empowerment 
through information
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In this quote Harbisson is 
referring to his relationship with 
the eyeborg and the moment 
when he felt he became a 
cyborg. The eyeborg is a 
device attached to his body 
that transcribes the colours in 
front of him into unique sound 
frequencies. He was born 
without the ability to perceive 
colour and uses the eyeborg 
to simulate this perceptual 
ability. “It’s a colour sensor that 
detects the colour frequency 
in front of me and sends this 
frequency to a chip installed in 
the back of my head. I hear the 
colour in front of me through 
bone conduction” (Harbisson 
2012, 0:47).  He co-founded the 
Cyborg Foundation in 2010 to 
help others become a cyborg 
and to defend cyborg rights 
(The Cyborg Foundation, N.D.).

The idea of a cyborg is not a 
new one. In 1960, Manfred E. 
Clynes and Nathan S. Kline 
fi rst coined the term cyborg to 
refer to a modifi ed organism 
that possessed “autonomous 
homeostatic controls” (Clynes 
and Kline 1960, 27). This is an 
important notion, because 
Clynes and Kline are stating 
that these devices must operate 

2.2 The Cyborg

(previous) Figure C.2 (top) Figure 2.1 
“Neil Harbisson cyborg” By Moon Ribas 
cyborgphotographer. CC-BY-SA-3.0 

“The cybernetic device was no 
longer a device, it had become 
a part of my body, an extension 
of my senses” (Harbisson 2012, 
2:20). 

the implications this may have 
for landscapes and the fi eld of 
landscape architecture.

to assist the organism they are 
mated to by operating without 
requiring conscious e� ort. This 
di� erentiates cyborg devices 
from other types of devices. 
If the device required specifi c 
mental focus to operate, it 
would be mentally taxing 
and act as any other tool. 
By operating autonomously, 
cyborg devices should require 
as much mental e� ort as the 
human heart does to function. 
In his case, Harbisson noted 
that he no longer had to think 
about translating the sound his 
eyeborg was creating, it just 
occurred in his brain without 
specifi c focused thought 
(Harbisson 2012). 



20

Figure 2.02
“Six million dollar man 1973” By 
ABC Television [Public domain], 
via Wikimedia Commons
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with machine legs, an arm 
and an eye. These machine 
parts, however, give him back 
more than just the abilities he 
lost due to the accident. Each 
new limb provides him with 
enhanced abilities. The novel’s 
tagline describes this well: 
“They had taken the wreck of 
a man and bionically created 
a superior being… a superman 
who might even be the fi rst of 
a whole new breed!” (Caidin 
1976). Unlike the caped hero 
Superman, whose powers were 
granted though mystic means, 
the Six Million Dollar Man had 
become superhuman through 
pure technological ingenuity 
developed by humans. This 
cyborg literature explored 
some of our desire to use 
technology to modify and 
enhance our bodies. Slowly, 
the technological limitations 
that largely prevented such 
imagined enhancements 
were being overcome, in part, 
through modern medical 
research.

Through advancing mechanical 
technology, researchers and 
doctors are augmenting lost 
human abilities with devices, 
bringing the idea of the 
cyborg from fi ction to reality. 
These devices range from 
prosthetic limbs to pacemakers. 
Scientist from the University of 
Tuebingen are currently working 
on a project that uses a device 
to help return sight to the blind. 
The microchip is called Alpha-
IMS and it is implanted in the 
patient’s eye and translates 
the light coming into signal the 
brain can understand before 
passing the data along (Stingl 
et al. 2013, 2). This technology is 
signifi cant in 

Clynes and Kline were looking 
for a way to enhance the limits 
of human abilities to allow us 
to cope with the hardships of 
space travel. They suggested 
that cyborg technology 
could counteract specifi c 
physiological strains of this 
travel mode by addressing 
wakefulness, e� ects of 
radiation, breathing, perceptual 
problems, and other human 
limitations (Clynes and Kline 
1960). This would be achieved 
largely through the use of a 
variety of chemical injections, 
each one targeting a specifi c 
physiological aspect of the body 
as the limit of its capability was 
reached. They would see the 
human body adapted to the 
environment rather than adapt 
the environment to the human 
body, the more typical human 
response (Clynes and Kline 
1960). This fundamental idea 
would be carried forward and 
reimagined to create cyborgs as 
we know them today.

Free from the constraints of 
ethics and technical limitations 
of the day, science fi ction 
provided a platform to explore 
human enhancement through 
machines. It would be in this 
literature that mechanical 
cyborgs would really take 
o� . Perhaps the most classic 
and better known example 
is the Six Million Dollar Man, 
which aired in the 1970s. This 
television show is based on the 
novel Cyborg written by Martin 
Caidin. The main protagonist of 
the novel is a seriously injured 
soldier who is mended back to 
health and fi tted with machine 
parts to augment that which 
he has lost. Post recovery, he 
realizes he had been fi tted 
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that it enables the blind to have 
useful visual acuity. Alpha-IMS 
has some distinctions from its 
closest competitor, the Argus 
II. Where the Argus II relies on 
an external camera, the Alpha-
IMA is implanted inside the eye. 
This mating of the sensor to 
the human organ provides the 
user with functionality that is 
much closer to a natural human 
eye (Stingl et al. 2013, 7). The 
visual perception provided by 
these implants does not return 
full vision to the patient, but 
each model strives for higher 
visual resolution. It is not 
specifi ed if the research team 
intends to push the resolution 
of the Alpha-IMS to that of a 
human eye, or if they will go 
beyond that limit, increasing 
the capability of human visual 
perception. In another example, 
a new mechanical heart has 
been developed by Professor 
Alain Carpentier. Unlike previous 
artifi cial hearts, which were only 
made for temporary use while 
waiting for a transplant (Allen, 
2013), Carpentier’s heart will 
react as a natural heart would 
by sensing the body. Carpentier 
reports that a change in heart 
rate will occur automatically 
when the patient’s physiological 
condition changes, like a real 
heart would (Allen, 2013). The 
fi rst successful transplant of this 
artifi cial heart occurred in late 
2013.

The idea of regaining lost 
abilities through mechanical 
and electrical technology is 
a contentious issue, but is 
becoming more common in 
the medical fi eld. Using this 
technology to enhance human 
limitations through the creation 
of cyborgs is far less accepted. 

Harbisson has been outspoken 
as an advocate for the rights 
of cyborgs. He notes that he 
has to overcome social stigma 
as the people he encounters 
do not understand or accept 
the physical presence of the 
machine extension of his 
body (Torrent 2013). “Future 
Species,” an exhibition that 
was held at the Museum of 
Contemporary Canadian 
Art, touches on this issue by 
exploring how our bodies 
may exist in di� erent futures 
imagined by several artists 
(Museum of Contemporary 
Canadian Art 2009, 5). Though 
the focus of this exhibition deals 
more with social experience 
and aesthetics, it is perhaps a 
frightening exploration of self-
driven evolution gone out of 
control.

This also illustrates that we are 
not limited by the physiological 
capabilities born unto us by 
evolution and experience. 
Clynes and Kline wrote about 
how their cyborg could 
change what it is to be human, 
stating that “[solving] the 
many technological problems 
involved in manned space 
fl ight by adapting man to 
his environment, rather than 
vice versa, will not only mark 
a signifi cant step forward in 
man’s scientifi c progress, but 
may well provide a new and 
larger dimension for man’s spirit 
as well” (1960, 74). This notion 
is in opposition to humankind’s 
current attitude of changing the 
environment to meet its needs. 
Maybe the origins of the cyborg 
is a more natural response than 
our current model. In adapting 
humans to an environment, 
there will inevitably be some 
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The cyborg landscape in the 
context of this practicum uses 
the idea of adapting organisms 
to the environment using 
autonomous processes, as 
outlined in Clynes and Kline’s 
(1960) defi nition of the cyborg. 
This will result in fi tting plants 
with devices working on their 
behalf, which will allow them 
to become better at surviving 
in urban environments. These 
devices will carry out a similar 

impact on the environment 
as well. Through this cyborg 
transformation, we may also 
learn something new about our 
environment. 

The ideology of the cyborg 
is also one of empowerment. 
The Cyborg Manifesto written 
by Donna Haraway suggests 
that the cyborg is an idea that 
extends beyond the dualities of 
our society (Haraway 1991, 300) 
such as “self/other, mind/body, 
culture/nature, male/female” 
among others (Haraway 1990, 
35). The cyborg is a product 
of our creation and therefore 
not subject to such societally 
defi ned constraints. I think 
Haraway’s writing is also a 

2.3 Cyborg Plant 
connection
Plants in urban environments 
are good candidates to 
become cyborgs. They are 
often poorly equipped to deal 
with the pressures of urban 
environments. Often regarded 
as static, plants have complex 
interactions, but these occur 
in ways humans cannot easily 
perceive. The time scale of the 
reactions and our sensorial 
limitations prevent this 
perception. To understand these 
reactions requires the use of 
instruments designed to detect 
them.

Geo�  Manaugh’s Landscape 
Futures (2013) explores how 
measuring instruments and 
devices can be used to gain an 
understanding of the landscape 
that is beyond human 
perception. Manaugh notes that 

“[i]t is not clear who makes 
and who is made in the relation 
between human and machine” 
(Haraway 1990, 35).

cautionary tale, of how a cyborg 
can exists beyond the confi nes 
of humanity, noting that
In summary, the cyborg is a 
hybrid of organic and machine. 
It is a strategy used to expand 
on the limitations of an 
organism and allow adaption 
to situations and environments. 
The cyborg can challenge 
the limits of the organism’s 
physiology. Many disciplines 
use the idea of the cyborg 
in a variety of forms, but the 
commonality between them is 
the idea of empowerment. To 
become a cyborg, then, is to 
have an intimate bond between 
technology and organism, both 
functioning as one to overcome 

“[these] devices were not 
architectural; nor were they 
scientifi c. Instead they were poetic 
intermediaries between humans 
and the landscape” (51). 

“Knowledge comes from our 
senses. So if we extend our 
senses, consequently, we 
will extend our knowledge” 
(Harbisson 2012, 8:54).

limitations preventing survival in 
the environment.
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Figure 2.3 “Tudor Cage Shiraz 1971” By 
Unknown. Photo courtesy Cunningham Dance 
Foundation archive via Wikimedia Commons. 
Used under Creartive Commons.
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wanted to remove himself from 
the performance and allow the 
ambient sounds to exist on 
their own. Later, Cage would 
create an experimental piece, 
Variations VII, that utilized 
microphones collecting the 
sounds from a variety of items 
and locations and thereby 

John Cage was an American 
composer who began 
working with experimental 
music composition later in 
his career. Using the I Ching, 
Cage began incorporating 
chance operations into his 
pieces, which was a very 
unorthodox approach to 
musical composition (Haskins 
2013, 64). He also created 
beautiful notations that were 
open to much interpretation, 
depending on whoever decided 
to follow them. These notations 
acted as a framework for the 
performance, allowing the 
performers to provide input 
through their interpretation 
of Cage’s musical notation 
(Haskins 2013, 69). His most 
famous, or infamous, piece was 
4’33”, which consisted of “silent 
rhythmic values” (Haskins 
2013, 68). Despite the absence 
of sound from the orchestra 
during the performance of 
4’33”, the performance hall was 
not silent. The sound of “air 
moving about the breathing 
of the audience, their physical 
rustling in chairs and with 
programmes, squeaking chairs, 
and — as if heaven-sent — a 
terrifi c thunderstorm” fi lled the 
hall (Haskins 2013, 69). Cage 

2.4 John Cage: 
Chance Operations

role as those demonstrated by 
Manaugh, helping us connect 
with landscape processes that 
are beyond our perception 
(2013). The plants will have a 
much deeper bond with the 
devices as they are connected 
on an intimate level. Device 
and plant working in harmony, 
create the cyborg plant. “making audible what is 

otherwise silent” (Rainer  
2009, 224). 

This performance allows the 
audience to have a unique 
view into processes that are 
not normally perceived in a 
performative context.

In the context of this practicum, 
Cage’s work has become a 
source of inspiration in terms 
of his process and ideals. In 
4’33”, Cage’s intention was for 
each auditorium to have a role 
in the performance through 
its unique sound palette. I 
have extrapolated his musical 
experiments into the fi eld 
of landscape architecture in 
an urban context wherein 
the auditorium becomes the 
urban environment and the 
elements within it. As well, the 
interpretation of Cage’s chance 
operations is understood 
through this practicum as the 
creation of a process framework 
where the fi nal outcome or 
performance is unknown.
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Chapter_3
Plant Intelligence
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Plants are typically used as 
aesthetic elements, sources of 
food, or as living infrastructure 
in the form of fi ltration systems 
or other applications. Plants 
are not often considered for 
their sensory capacity. Indeed, 
there exists a divide among 
the scientifi c community about 
the legitimacy of intelligence 
in plants (Brenner et al 2006, 
414). Some of this debate 
revolves around the defi nition 
of intelligence and whether or 
not plants meet it: “The concept 
of plant intelligence generates 

a considerable amount of 
controversy. Some scientists do 
not view plants as intelligent 
organisms and so restrict the 
concept of intelligence only to 
animals or even to a specifi c 
subset of animals such as 
chordates or humans” (Brenner 
et al 2006, 414).

Charles Darwin
An important moment in the 
history of our understanding 
of plant intelligence was in 
1880, when Charles Darwin 
released a book entitled The 
Power of Movement in Plants. 
He documented movement in 
climbing plants and noted that 
“it is impossible not to be struck 
with the resemblance between 

3.1 Scientifi c approach 
to plant intelligence 
and plant neurobiology
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the foraging movements of 
plants and many of the actions 
performed unconsciously by 
the lower animals” (Darwin and 
Darwin 1880, 571). Despite a 
focus on climbing plants in this 
particular document, he began 
asking important questions and 
making observations that could 
bridge the kingdoms of animal 
and plant, previously separated 
by intelligence. In his root brain 
hypothesis, Darwin stated that 
root tips act “like the brain 
of one of the lower animals” 
(Darwin and Darwin 1888, 573).

Jagadish Chandra Bose
Many groundbreaking plant 
physiology discoveries were 
fi rst made by Jagadish Bose, 
who developed a method of 
monitoring the electrical signal 
inside plants in the early 1900s 
(Shepherd 2005, 613). Bose 
elaborated the idea of plant 
signalling and spent many years 
studying responses in plants to 
a variety of stimulus (Shepherd 
2005, 609). Only recently has 
the idea of electrical signalling 
plants become more accepted 
in the mainstream science 
community (Brenner et al 
2006, 415). Today, this discipline 
is called plant neurobiology 
(Brenner et al 2006, 413).

Stefano Mancuso
The International Laboratory of 
Plant Neurobiology, formed in 
2005, argues that “[plants] are 
as sophisticated in behaviour as 
animals” yet they operate on a 
scale we cannot perceive (LIVN, 
2009). Stefano Mancuso and his 
team of researchers investigate 
intercellular communication in 
plants and the concentration 
of neural activity in the root 
tip. Their research suggests 

that plants make decisions 
on how best to extend their 
root system, and do not 
simply grow at random. 
The research team boldly 
states that ”plants emerge as 
dynamic and highly sensitive 
organisms that actively and 
competitively forage for 
limited resources, both above 
and below ground, organisms 
that accurately compute their 
circumstances, 

(previous) Figure C.3 (top) Figure 
3.1 “Page 370 Movement of Plants” 
by Charles Darwin, LL.D., F.R.S. 
assisted by Francis Darwin. Licensed 
under Public domain via Wikimedia 
Commons 



30

(top) Figure 3.2 shapeimage 5 
© Stefano Mancuso. Used with 
permission. (bottom) Figure 3.3 
“Jagadish Chandra Bose 1926” 
by Agence de presse Meurisse - 
Bibliothèque nationale de France. 
Licensed under Public domain via 
Wikimedia Commons

use sophisticated cost benefi t 
analysis, and that take defi ned 
actions to mitigate and control 
diverse environmental insults“ 
(LIVN, 2009). This statement 
is in contrast with the current 
view of plants from many 
disciplines, including Landscape 
Architecture which tend to 
think of plants aesthetic objects 
or providers of biological 
services such as air and water 
purifi cation. 

Fromm and Lautner
In a very pragmatic way, these 
researchers are attempting 
to understand the types of 
signals and their meaning. 
Fromm and Lautner (2007) 
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have established techniques for 
measuring electrical signals in 
plants, which they di� erentiate 
as intercellular and extracellular. 
The intercellular method 
requires the use of positive and 
negative needle electrodes. 
One electrode penetrates a 
single cell, while the other is 
placed in the intercellular space 
beside the fi rst cell. Extracellular 
measurement employs the 
use of electrode pads placed 
on the plant surface. They use 
a method of amplifying and 
measuring intercellular electrical 
discharges using electrodes and 
sensitive monitoring equipment. 
Fromm and Lautner (2007) 
also identifi ed and defi ned the 
di� erent types of signals that 
can be measured inside a plant. 
They have identifi ed two signal 
types as action potentials (APs) 
and variation potentials (VPs). 
APs are very quick electrical 
messages that are caused by 
a threshold of charge inside 
a cell being reached. This is 
triggered by phenomena in 
the environment such as light 
or physical contact. Once a 
threshold of excitation is met, 
a depolarization of the cell 
occurs. This depolarization is 
the emission of an AP signal 
(Fromm and Lautner 2007, 
252). In contrast, VPs are a 
slow wave of electrical signal 
that pass through the xylem 
and transmit through the 
entire plant and tend to be 
generated as result of harm to 
the plant (Fromm and Lautner 
2007, 253). Both signals are 
sent throughout the plant as 
“2AP and VP are capable of 
informing distant cells about 
local stimuli, causing them to 
act appropriately” (Fromm and 
Lautner 2007, 254).

Other research projects 
investigate this technology for 
very specifi c purposes. Aditya, 
Freeman and Udupa (2013) are 
using the bioelectric signals 
in plants to create an early 
warning system to protect 
settlements from landslides. 
The research team connected 
plants to a measurement 
system and subjected them to 
a simulated landslide condition. 
By measuring the bioelectric 
signal patterns, the researchers 
attempted to identify a signal 
signature unique to a landslide 
condition.

Conclusion
The literature reviewed as 
part of this practicum ranges 
from research on how inter-
plant communication may 
occur to speculations about 
how responses di� er between 
plant species. Research is 
carried out from a variety of 
academic disciplines ranging 
from robotics, biology to 
electrical engineering. But 
while the scientifi c community 
has provided very thorough 
research on the nature of 
bioelectric signals in plants, 
and even o� ered a few specifi c 
applications of the technology 
used to understand plants, 
there is little speculation as to 
what impact this understanding 
of plant physiology will have on 
the world as we know it.
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Figure 3.4 Pulsu(m) Plantae © Leslie Garcia. 
Used with permission.
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the performance (Bicephaly 
Pictures 2013). 

Though her work does not 
directly empower plants 
or protect them, Milleece 
demonstrates how technology 
can be used to gain information 
about plants. Bio-Electricity 
places these plants in a 
di� erent context: up on stage 
and seemingly active. The 
musical performance allows an 
understanding of the activity 
of plants on a human time 
scale. Changes are noticed 
immediately as the musical 
tones shift. Very little electronic 
hardware was visible during 
the performance of Bio-
electricity. Perhaps this was an 
aesthetic decision, but it added 
an element of mystery to her 
performance. This may result 
in a lack of connection for the 
audience between the plant 
and the technology used to 
empower it. 

Pulsu(m) Plante
Leslie Garcia’s Pulsu(m) 
Plante is a collective that is 
creating projects that help 
us better communicate with 
plants and interact with them 
through technology. One 
such project uses bioelectric 
signals collected from the plant 
connected to a synthesizer 
that produces variable sounds 
depending on the signal form. 
This produces a fascinating 
result as physiological changes 
in the plant that show no visible 
change are instantly audible. 
The resulting blips, beeps and 
tones provide a vocabulary for 
the plant to express itself. There 
does not appear to be any self-
awareness of this expression. 
Hearing the various 

Introduction
The artistic community is 
beginning to harness the 
knowledge of plant signaling 
and techniques for measuring 
these signals, experimenting 
these emerging technologies 
as new media. There has been 
a range of responses dealing 
with the connection of plant 
and machine and the utilization 
of electrical signaling. The goal 
of many of these projects is to 
raise public awareness of plant 
intelligence or of issues relating 
to environmental disparity.

Mileece

3.2 Response from the 
artistic community

Mileece is an artist based 
in Los Angeles whose 
work was displayed at the 
Metropolitan Museum of Art. 
In her performance installation 
called Bio-Electricity, she 
performed on instruments 
she created alongside another 
musician and a collection of 
plants. These plants were 
fi tted with bioelectric sensors 
that detected the bioelectric 
electrical current that occurs 
inside them. This signal was 
amplifi ed and then fed to 
a synthesizer. The range of 
bioelectric signals being 
detected was then mapped 
to harmonic tones allowing 
the plants to participate in 

“They [the plants] are lacking 
in representation. It seemed to 
me to be a good idea to try to 
provide some way to bring them 
into an exciting relationship with 
us” (Bicephaly Pictures 2013). 
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sounds allows for distinguishing 
when physiological changes 
take place but beyond that 
contain little information. 
Unlike Mileece’s Bio-Electricity, 
Garcia’s work does not stray 
away from exposing the 
mechanical and electrical 
components that work with the 
plant in the di� erent Pulsu(m) 
Plante projects. 

Garcia publishes all the 
schematics and programming 
code gained from this project, 
thereby contributing to open 
source knowledge. This is 
important because Garcia 
democratizes the knowledge. It 
also allows anyone to take part 
in creating their own machines 
based on the ones used by 
Pulsu(m) Plante. To further 
reinforce this workshops were 
held allowing participants to 
make their own bio-sensor 
boards (Pulsu(m) Plante, 2010).

This project has been largely 
infl uential in the development 
of Flora Machina in terms 
of the mode of exploration 
and expression, although the 
context and intentions di� er. 
Later revisions of Pulsu(m) 
Plante also attempted to be 
sensitive to the environment 
through the selection of 
materials that are non-toxic to 
plants as well as using solar 
energy as a power source 
(Pulsu(m) Plante, 2010). 

Plantas Nómadas
Plantas Nómadas, a twelve-
legged mechanical plant 
enclosure, is the creation 
of Gilberto Esparza. This 
partnership of robotized plant 
and fi ltration system crawled 
along polluted urban riparian 

areas collecting and fi ltering 
water. This project serves 
to clean the environment, 
nourish the plant and provide 
awareness on the polluted 
state of the river system 
(Plantas Nómadas, N.D.). 
Plantas Nómadas is the 
result of an iterative process 
of design prototyping and 
experimentation that has led 
to the most current version. 
This project is the result of 
the collaboration of experts 
from many disciplines. It 
demonstrates the breadth of 
knowledge required to integrate 
technology and living systems. 
This project redefi nes how a 
plant is part of the environment, 
as it becomes a mobile element 
in the landscape. The intricacy 
of machinery required to 
achieve this movement is such 
that it becomes prohibitive on a 
larger scale. Though the plant is 
being nourished by the onboard 
equipment, it has no real 
control over its environment as 
it is along for the ride with the 
processor of Plantas Nómadas 
in control. 

Conclusion
The projects reviewed here 
have required knowledge in 
electronics, sound design, 
programming, robotics, 
biology, performance, and plant 
physiology. Working with plants 
and cybernetics is also not well 
understood, despite the long 
history the idea of intelligence 
in plants. Most research is in an 
exploratory phase and not in a 
format that is easily accessible 
for the design community. 
With Pulsu(m) Plante for 
example, the work is as much 
about experimenting with the 
technology required to interface 
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with the bioelectric signals 
in plants as it is about using 
that signal to create feedback 
and interaction scenarios. The 
artist’s projects presented here 
do not have strong spatial 
qualities, they are presented 
as an art piece and are rather 
object oriented. They are part 
of a performance and are an 
ephemeral experience. They do 
however give insight on how to 
begin to understand the role of 
sensory technology in creating 
a cyborg landscape. 

Figure 3.5 Plantas nómadas © Gilberto Esparza. 
from Nomadic Plants project. 2008-2010. Used 
with permission.

But being a discipline that 
is often described as an 
intersection of art and science, 
Landscape Architecture is 
well positioned to experiment 
and speculate on the spatial 
qualities of such a cyborg 
landscape and what the 
implications may be. 
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It has been established 
that plants are complex 
organisms capable of internal 
communication signaling, have 
behavioural characteristics 
and react to environmental 
changes (LIVN, 2009). Human 
beings are generally unable to 
perceive these phenomena, 
which contributes to plants 
having little control and minimal 
agency in urban landscapes. 
Perceiving this internal plant 
activity requires the use of 
sensory devices, which are used 
as an interface between plant 
and people. Implementing the 
concept of the cyborg is the 

strategy being used to facilitate 
the connection between device 
and plant. The cyborg plant will 
be empowered by allowing it 
to better adapt to the urban 
environment through the 
augmenting of the physiological 
shortcomings of the natural plant 
variety. The data collected from 
the electronic system attached 
to the plant will benefi t the plant 
directly.

The shortcoming of the plant 
is its inability to express its 
internal condition to humans. 
This shortcoming will be 
augmented by sensing the 
bioelectric signal of the plant as 
a data source, then processing 

4.1 Narrative

(previous) Figure C.4
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it. The processed signal will 
be mapped to audible sound 
frequencies, thus making 
changes in the plant’s internal 
condition perceivable to 
humans.

Design parameters were 
established to begin 
determining the nature of this 
device, how it interfaces with 
the plant and how the hybrid 
cyborg plant will interface 
with people and the greater 
environment. The machine 
component of the cyborg 
can be described as a system 
that begins with information 
gathering and results in an 
action in response.

The machine system has a 
process fl ow that guides how it 
will function. The process can 
be understood by breaking it 
into two phases: interfacing 
the device and plant; and 
interfacing the cyborg plant and 
the landscape. The interface 
of device and plant refer to 
process of collecting data 
about the plant’s condition 
and the environmental factors 
in the proximity of the plant. 
This phase also includes the 
interpreting and processing 
of that data. The cyborg plant 
interfacing with the landscape 
refers to the output action 
that is guided by the data and 
processing.

The cyborg is an intimate 
connection between machine 
and plant. To achieve this, the 
electronic system must be 

4.2 The Cyborg 
Landscape: Interfacing 
the device and plant

informed about the condition 
of the plant using sensors and 
an electronic input/output 
interface.   

Sensors
Sensors are instruments of 
measurement. They are the eyes 
and ears of electronic devices. 
They are used to quantify 
the phenomena of the world 
around us in varying degrees of 
accuracy. Sensors can detect 
changes in phenomena that are 
not in the detectable range of 
human senses. For example, the 
upper limit of sound perceivable 
by human ears is 20KHz, but 
certain microphones are able to 
detect frequencies beyond this. 
Although a human would not 
be able to hear the playback of 
sounds recorded beyond this 
limit, sounds created in this 
high frequency range still exist 
and therefore can be collected 
and quantifi ed. This information 
is useful as it provides insight 
into occurrences that humans 
cannot perceive. Sperm whales 
communicate using a low 
pitch frequency bellow the 
human hearing range (Madsen, 
Wahlberg and Møhl 2002, 
31). By detecting this sound, 
it is possible to study whale 
communication despite these 
communication sounds being 
below 20Hz. Another advantage 
of quantifying phenomena, even 
those which occurs inside the 
range of human senses, is the 
ability to detect changes and 
identify patterns that may not 
be perceivable. Hearing two 
sounds that are similar but not 
identical can be detected, but it 
may not be known how exactly 
they di� er. Having a numerical 
measurement or graphical 
representation will make 
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(top) Figure 4.1 Early experiments with the 
Arduino and sensors interacting with plants
(bottom) Figure 4.2 Basic interaction fl ow 
diagram depicting how an environmental 
phenomena is transcribed into some form of 
action or outcome
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di� erentiating the two sounds 
much easier.

In this practicum, the primary 
type of sensor used is the 
transducer, which is “a sensing 
device that provides a usable 
electrical output in response to 
a specifi c measurand” (Norton 
1989, 17). This means that the 
sensor will react to changes 
in the specifi c phenomena it 
is designed to detect and will 
output a voltage that changes 
accordingly. The change in this 
voltage can be measured and 
converted from volts to a more 
useful unit. The conversion 
factor is determined by the 
manufacturer’s specifi cation, 
which di� er for each sensor 
type and model. The sensors 
basically act as a variable 
resistor. Sometimes the changes 
in voltage are very small and 
di�  cult to detect. This is true 
of some small microphones. 
To produce useful information 
from sensors in this situation, an 
amplifi er is required to increase 
the strength of the signal.

There is a large variety of 
sensors available, but they can 
generally be categorized into 
two formats: a stand alone 
enclosed device; or, an electrical 
component. As a stand alone 
enclosed device, a sensor is 
often contained in a case and 
attached to all the components 
required to function. An 
example of such a sensor is 
a hand held light meter, that 
once turned on provides instant 
feedback to the user about the 
amount light being detected. 
The advantage of this format is 
that the sensor is easy to use 
and ready to go right out of 
the box. A major draw back of 

a stand alone sensor is that it 
is di�  cult to integrate it into a 
larger system of sensors. For 
this reason, enclosed sensors 
were not appropriate for the 
cyborg plant. As an electrical 
component, the sensor must 
be part of an electronic circuit 
to be useful. This will likely 
require the addition of resistors, 
capacitors, processors and 
other electrical components. 
Sensors in component form 
were selected over enclosed 
devices as they o� ered more 
fl exibility in terms of being 
connected into a greater 
system. It is also much easier 
to get data gathered from 
these sensors into a third party 
system using components. 
There exists a great variety 
of sensors for detecting 
environmental conditions 
such as di� erent qualities and 
amounts of light, pressure, 
sound levels and electric 
current to name a few.

Each sensor requires 
connection to various 
components to be functional. 
The most typical component 
is a resistor, which limits the 
fl ow of voltage through the 
sensor, preventing damage. 
Every sensor used in Flora 
Machina generally follows a 
similar setup. Sensors with two 
terminals have one connected 
to a power source and the other 
split between a data input pin 
on the Arduino and the ground. 
In some cases the sensor has 
three terminals: one connected 
to power, ground, and data 
output. In most cases a resistor 
is also connected to a sensor 
to limit the amount of voltage 
passing through the sensor and 
prevent it from burning out. The 
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changes in luminous intensity, 
osmotic pressure, temperature, 
cutting, mechanical stimulation, 
water availability, wounding, 
and chemical compounds such 
as herbicides, plant growth 
stimulants, salts, and water.” 
(Volkov and Rufus 2006, 106)

There are two types of 
charges: action potentials and 
variation potentials (Volkov 
and Ranatunga, 2006,). The 
action potential, which refers 
to a quick response signal, 
is a reaction that transmits 
long distance throughout 
the plant that is the result 
of non-damaging changes 
detected by the plant (Davies 
2006, 411-412). The variation 
potential is a localized signal 
that is generated in response 
to wounding or damaging of 
the plant tissue (Davies 2006, 
411). These electrical changes 
are thought to be a mode of 
internal communication within 
the plant (Davies 2006, 408). 
These changes in charge are 
referred to as the bioelectric 
potential (Karlsson 1972, 458). 
By measuring these signals, it 
becomes possible to infer the 
condition of the plant. Karlsson 
(1972) outlined a series of 
methods for monitoring the 
bioelectric signal. Karlsson 
(1972) states that:

“Two distinct classes of 
cell bioelectrical potential 
measurements exist. The 
intracellular action potential is 
measured with one electrode 
placed inside a cell while the 
reference electrode is situated 
in the conducting medium 
surrounding the cell. The 
extracellular action potential is 
measured with both electrodes 

Figure 4.3 Photocell used to detect the 
amount of light in a given area.

amount of resistance required 
varies from sensor to sensor 
and depends on manufacturer 
specifi cations.

Internal – bioelectrics / plant 
neurobiology
Determining the plants 
condition in a direct way 
requires the detection of the 
change in electrical charge 
occurring inside the plant. 
It has been shown that this 
charge changes as a result 
of its physiological reaction 
to changing environmental 
conditions (Volkov and Rufus 
2006, 106). 

“Plants quickly respond to 
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in contact with the con-ducting 
tissue embodying larger groups 
of cells. In the latter case the 
signal observed is due to the 
depolarization - repolarization 
process in a group of cells.”

The extracellular method has 
been selected in this practicum 
as it requires less technical 
expertise to setup the pad 
style electrodes and avoids 
potentially damaging the 
plant, which may occur when 
inserting the needle electrodes 
required of the intracellular 
method. Through detection of 
the signals, it is possible to get 
a sense of the communications 
being transmitted through the 
phloem.

Collecting these communication 
signals requires a bioelectric 
sensor. There exists no machine 
specifi cally designed to read 
plant communication signals. 
There is no best practice guide 
for interfacing hardware with 
a plant. Despite the growing 
literature on the subject, 
the information is largely 
intellectually inaccessible as 
specifi c knowledge of plant 
physiology and electrical 
engineering is required. This 
makes the process of utilizing 
research on electrical plant 
signaling very di�  cult. However, 
there is a scattered community 
of enthusiasts connected 
through a loose network of 
online groups and forums that 
contain various parts of the 
puzzle required to create the 
hardware needed to interface 
with the plant. The community 
is made up of researchers, 
artists and hobbyists, among 
others. The decentralized nature 
of this information required a 

design exploration method of 
trial and error.

The fundamental components 
that make up a bioelectric 
sensor are the contact 
electrode pads, transmission 
wire, and an instrumentation 
amplifi er (Davies 2006, 414). 
Disposable electrode pads 
are used in Flora Machina as 
they are less expensive than 
reusable electrodes. They are 
mounted to the plant by means 
of a conductive adhesive jelly. 
The jelly provides a secure 
connection to the plant, but 
does not create a permanent 
bond with the plant allowing 
the pad to be removed without 
causing damage the external 
tissue. The transmission line is 
made of twisted cable wrapped 
in an electro-magnetically 
shielded housing, which 
minimizes electrical interference 
that can lead to false signal 
readings. The cable is used 
to connect the electrodes to 
the instrumentation amplifi er. 
The instrumentation amplifi er 
receives the signal collected 
from the plant and conditions 
it for use by other instruments. 
It does this by measuring the 
tiny voltages changes in the 
plant that are in the order of 
mili-volts, and comparing it 
against a reference voltage 
(Burr-Brown Corporation, 1997). 
The signal is then boosted 
in strength so that it can be 
read by other instruments that 
cannot detect voltages with so 
little di� erentiation. The amount 
of boosting is adjustable so that 
an optimal amount is achieved. 
The conditioned signal is 
passed along to the next device 
through output pins.
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Figure 4.4 Measuring the bio electric signal 
inside a plant using the extracelluar (left) or 
intercellular (right) methods. Adapted from 
Fromm, Jörg, and Silke Lautner (2007).
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Figure 4,5 Communication signals fl owing  
throughout a vascular plant.  
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The Arduino is comprised of 
several electrical components 
mounted to a circuit board 
roughly the size of a credit 
card. The main components 
consist of a processor, memory, 
a data port (USB connection), 
an external power connection 
port and fourteen input/
output pins (Arduino, N.D.). The 
processor is a small computer 
chip that makes calculations 
and carries out programming 
commands. It acts as the 
“brain” of the microcontroller, 
executing all of its functions. 
The memory contains data that 
are the instructions for how 
the microprocessor should 
carry out these functions. The 
memory is somewhat limited, 
therefore only one program 
can be stored in the memory at 
a given time. A programming 
language is used to create 
these programs and describes 
how actions are carried out. 
Programs rely on logic and 
math functions to make 
calculations. The data port 
facilitates the uploading and 
downloading of data between 
the Arduino and a computer. 
This transfer can be done in 
real time, or just to make a 
single upload to the Arduino’s 
memory chip. The data port can 
also be used to provide power 
to the Arduino as most USB 
ports provide 5 volts of power. 
When not being powered by 
USB, the Arduino relies on 
electricity being delivered 
from an alternate source to be 
connected through the power 
connection port to allow the 
Arduino to function. This may 
come in the form of AC current 
or a battery. The input/output 
pins allow components to 
be connected to the Arduino 

Figure 4.6 The Ardunio Uno 
microcontroller

Input / output interface: The 
Arduino
The Arduino is a small, 
inexpensive microcontroller 
used for creating prototypes 
of electronic circuits. Arduino 
was created as “an open-source 
electronic prototyping platform 
based on fl exible, easy-to-use 
hardware and software. It’s 
intended for artists, designers, 
hobbyist and anyone interested 
in creating interactive objects 
or environments” (Arduino, 
N.D). There are several models 
available, but the Uno model 
will be described here as it is 
the one used throughout this 
practicum.
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and allow a fl ow of electricity 
to move in or out of these 
components. For example, an 
LED can be switched on and o�  
using the Arduino, by allowing 
or disallowing electricity to 
fl ow through these ports. There 
are six ports that are specially 
dedicated for an analog 
input signal. The Arduino is 
excellent at detecting voltage 
changes through these analog 
ports. Sensors connected to 
these ports generate a range 
of voltage responses that 
correspond to changes in 
environment phenomena being 
detected.

The Arduino can be used as 
part of a sensor system in two 
main ways, as a processor or 
as an interface. When acting 
as a processor, the Arduino 
becomes independent once 
the uploaded program is 
running. The Arduino’s onboard 
processor carries out the 
commands from the program. 
In this confi guration, it acts 
as the main processing unit 
of the system utilizing the 
components attached to the 
input/output pins and does not 
require a personal computer 
to function. This allows the 
Arduino to be placed in remote 
locations as it can be powered 
by a battery or another 
power source. This is very 
advantageous when dealing 
with outdoor environments that 
can be harmful to computers. 
The drawback of this method 
is the lack of processing power 
of the Arduino hardware. A 
second confi guration has the 
Arduino acting as a sensor 
interface for a computer. In 
this mode, the Arduino reads 
the voltage changes on the 

input/output ports from the 
connected components and 
passes that information to 
whatever device is connected 
to the USB port. Though now 
encumbered by computer, this 
confi guration takes advantage 
of the processing and hardware 
power available from the host. 
When using the Arduino as 
an interface, software on the 
connected computer is required 
to process the incoming data. 

There are a variety of other 
microcontrollers available, but 
the Arduino was selected due 
to its versatility, price point 
and high degree of community 
support. Arduino is largely an 
open-source project, which 
means that designs, code and 
other contributions are both 
available for free and continually 
added and improved upon 
by community members. This 
community support is critical 
when trying to troubleshoot 
problems.

Interfacing with the Plant
Deciding how to interface with 
the plant requires determining 
what the fl ow of information 
is between the environment 
and the plant. This requires 
understanding which qualities 
of the plant would be measured 
and what sensors would be 
needed to detect the changes. 
Odum and Odum’s Energy 
Basis for Man and Nature (1976) 
provided a useful method of 
understanding the inputs and 
outputs of a given system. 
Odum and Odum created 
diagrams that illustrated the 
relationship between the fl ow 
of energy entering, being stored 
and leaving the system. They 
would also illustrate the 
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on a computer. Changes in 
environmental conditions can 
happen over a long time scale. 
Therefore, the data collection 
method would have to refl ect 
this condition in order to 
e� ectively provide information 
to the cyborg plant. This data 
collection system must also 
respond to events and changes 
that occur on a much shorter 
time scale. Being able to 
represent long time scale data 
in a short time scale is a main 
advantage in having a bond 
with a cybernetic system. This 
new ability a� orded by the 
cybernetic system will augment 
the lack of short-term reaction 
possible by the plant in a format 
humans can understand.

The Arduino is able to feed 
data to a variety of software 
platforms. Processing, an 
open source programming 
platform, was the fi rst software 
tested. Using a variation on 
the coding examples provided, 
Processing was able to provide 
live visual feedback to changes 
in conditions from the sensors. 
For example, the light sensor 
was programmed to a� ect the 
size of a circle on the computer 
screen. In low light levels the 
circle size would decrease and 
in high levels would increase. 
It would correspond to light 
levels in real time. Although this 
was a very simple feedback 
loop, it demonstrated the 
potential of having Processing 
visually report changes in 
the environment through 
an Arduino. This software, 
however powerful, was to my 
knowledge unable to perform 
physical responses and would 
require some form of screen 
in the garden to be able to 

pathways that connected the 
energy as it made its way 
through the system (Odum 
and Odum 1976, 17). Each 
fl ow inside the system could 
be broken down into its own 
internal system allowing 
for highly complex energy 
mappings to be created. 
This idea of connections 
and energy fl ow became a 
very important metaphor for 
understanding how all the 
elements would connect in the 
garden.

Using Odum and Odum’s 
energy fl ow modeling, the 
basic energy relationships 
between the garden and 
the immediate environment 
were identifi ed. From this 
information, the appropriate 
sensors to collect this 
information were determined. 
This yielded three conditions 
about the plant that would be 
sensed: light levels, ambient 
temperature and soil moisture 
content. Though not an 
exhaustive list, it represents 
an initial set of conditions 
to monitor that marked the 
beginning of the process of 
understanding the relationship 
between the environment, the 
sensors and the software.

Processing the Data
As was previously mentioned, 
changes in environmental 
phenomena are converted 
into a voltage level by sensors. 
These changes are detected 
and measured in a quantifi able 
terms using a microcontroller. 
Next, these quantifi ed 
changes must become data. In 
this practicum, the conversion 
from signal to data occurs in 
a software platform operating 



observe changes through the 
program. This limitation meant 
a di� erent software solution 
would be required. Pure Data, 
a patch based programming 
environment, was tried next. 
There is open source code 
available that facilitates an easy 
framework for interfacing with 
an Arduino. Pure Data proved 
to be more fl exible, allowing 
live feedback from the sensors 
by displaying the voltages 
numerically.

Max/MSP, which Pure Data is 
based upon, is another patch-
based software programming 
environment. Though the 
software itself is not open 
source like Pure Data, there is (top) Figure 4.7 System energy fl ow 

diagram. Adapted from Odum and Odum 
(1976) (bottom) Figure 4.8 Custom 
interface adapted from Maxuino protocol 
[Max/MSP 6 software]

49
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become the cybernetic system 
that forms the mechanical 
components of the cyborg 
plant.

To explain the relationship 
between the cybernetic system 
and the organism it is mated 
to, a comparison can be made 
with the relationship between 
a driver of a vehicle and the 
traction control system in that 
vehicle. Many modern vehicles 
have a system operating in 
harmony with the driving 
wheels that help maintain the 
intended trajectory of the 
vehicle as intended by the 
driver. If the wheels begin to 
slip on the road, perhaps due 
to poor weather conditions, the 
traction system understands 
that this is occurring. A 
counter action occurs without 
any input from the driver to 
prevent or minimize wheel 
slippage thereby keeping 
the vehicle on course. The 
driver is still in control of the 
vehicle and can override the 
traction system, or even alter 
the vehicle trajectory while 
the traction control system is 
acting. The traction system 
informs itself about the factors 
it needs, processes them, and 
acts on them when necessary. 
Some of this information is 
available to the driver, some 
of it is not. For example, the 
driver may not be able to 
perceive subtle di� erences 
in the speed between each 
wheel, representing the start 
of traction loss. The driver 
and traction system are two 
separate processing entities, yet 
operate together to achieve the 
best performance. The driver 
can operate the vehicle without 
the aid of the traction system, 

a strong community of users 
that share code openly on 
support forums. Like Pure 
Data, Max is very profi cient at 
communicating with devices 
such as the Arduino and 
processing data received to 
perform a variety of functions. 
Max has powerful audio/video 
processing and generating 
functions as well. Though 
quite similar to Pure Data, Max 
was selected as the software 
of choice throughout the 
development process in Flora 
Machina because the interface 
is much more user friendly. 
Software called Labview is the 
more standard data processing 
environment for scientifi c 
monitoring systems. Though it 
may be more profi cient at data 
collection, Max o� ers more 
fl exibility in terms of using the 
data for alternative uses.

Conclusion
Outlined in this section is the 
equipment and processes that 
allow a fl ow of information from 
the environment, through a 
sensor, to a microcontroller and 
fi nally into software to become 
data. This step represents the 
conversion of the environment 
into quantifi able terms that 
are ready to be understood 
by a computer system. The 
process presented here is 
not necessarily the most 
e�  cient way to create this 
system for operation in the 
environment but it facilitates 
easy prototyping and changes. 
A full scale, permanent sensor 
system may not use any of the 
equipment mentioned here, but 
the general process and fl ow of 
information will still remain the 
same. Together, these electronic 
and software elements 
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4.3 The Cyborg 
Landscape: Interfacing 
the cyborg plant and 
the landscape

Once data is collected and 
processed, an output action 
will result that is facilitated by 
the cybernetic components. 
This allows the cyborg plant to 
interact with the world around 
it. To speculate how a cyborg 
plant would interact with the 
environment, three design 
strategies were identifi ed. This 

represents the fi nal task in the 
fl ow of information through the 
cybernetic system.  

Strategy 1: Using the 
Environment
The cybernetic system acts to 
o� set the e� ect of harm on the 
plant being caused by human 
behaviour. It will do this by 
actively seeking out nutrients 
and other life sustaining 
elements from the environment. 
Nutrients provided by the 
cybernetic machinery ensure 
that despite the stress, the plant 
should be able to survive. This 
type of strategy is inherently 
reactive, but patterns could be 
discovered to anticipate regular 
times of stress. For example, 
during the summer dry season, 
the cybernetics may help 
mitigate the e� ects of the heat 
island e� ect by increasing the 
amount of nutrients and water 
the plant has access to.. 

Strategy 2: Using Armour
A cyborg plant could protect 
itself by actively using some 
mechanism to create a bu� er 
between itself and that which 
is harming it. When harm 
or vulnerability is detected, 
the cybernetic system can 
evoke a kinetic response as 
countermeasure. This could take 
the form of a physical barrier 
erected between the plant and 
its surroundings.

Strategy 3: Using Agents
A cyborg plant can become 
part of a network with an agent 
or agents. If the plant is in 
distress, it is able to signal to a 
third party to request aid. This 
could result in communication 
with a human authority that is 
able to respond to the distress 

but this system is able to 
understand specifi c conditions 
and perceive them in a way that 
is very di�  cult for the human 
operator. The ability of the 
traction system to understand 
and perform this function 
extremely quickly, much quicker 
than a human could manage, is 
what truly provides its greatest 
advantage.

A plant and accompanying 
cybernetic system described 
in this document have a similar 
relationship. The plant acts 
like the driver of the car, and 
cybernetics as the traction 
control system. The cybernetic 
system is able to gather 
information and act on it in 
the best interest of the plant, 
but will not actively impede 
the plant. In this way, the 
system is relatively benign as 
it will not override the plant’s 
action or prevent it from doing 
anything. It is inevitable that 
the cybernetics will impact the 
development of the plant as it 
will alter the relationship the 
plant has with the environment 
as compared to a non-cyborg 
plant.
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(bottom) Figure 4.9 Depiction of strategy 1: 
using the environment (Opposite Top) Figure 
4.10 Depiction of strategy 2: using armour
(opposite bottom) Figure 4.11 Depiction of 
strategy 3: using agents
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call and remedy the situation. 
This agent could also be in the 
form of some robotic entity 
that is able to aid the plant 
without human intervention.

Conclusion
The strategies presented here 
are not an exhaustive list of 
all actions possible, but act 

as a general outline of ways 
the cyborg plant can interface 
with the environment. Moving 
forward, I used a modifi ed 
version of the armour strategy. 
Using sound as a means of 
providing a barrier, the cyborg 
plant will interact with the world 
through speakers.
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(top) Figure 4.12 “In the air - Prototipo Fachada 
difusa” by Medialab Prado via Flickr. Used under 
Creative Commons License.
(below) Figure 4.13 “Amphibious Architecture” © 
Chris Woebken. Used with permission
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A series of explorations were 
carried out to help understand 
the relationship between 
collecting data, processing 
it and presenting it. These 
explorations o� ered a hands-
on approach to understanding 
these relationships and the 
technology required to facilitate 
them. The output of data was 
guided by John Cage’s ideas 
of chance in performance. This 
meant that I would not create 
script for the presentation 
of data, but instead create a 
process framework.

Experiment 1: The Arduino 
Garden 
In an independent course 
setting, a mode of collecting 
and utilizing live data was 
established. Early challenges 
of this project included coping 
with the steep learning curve 
associated with using electrical 
components and software 
programming. Through trial 
and error, some basic models 
were established that utilized 
a variety of sensors interfaced 
with the Arduino and to various 
software platforms. It was 
during this exploration that 
some key concerns arose. Was 
the output being created in a 
way that was truthful to the 
data being collected? What is 
the relationship between these 
parts and the environment they 
would be in? Even at this early 
stage, a sensitive approach 
towards adding electronic parts 
into an environment was taken. 
The cybernetics are meant to 
support the plant, not endanger 

it. The intent of this early 
experiment was to create a 
captivating way to express data 
collected that provided a strong 
connection between the output 
and the data using the Arduino.

There are many interesting 
examples of projects that 
utilize environmental data 
and translate it into a more 
dynamic and accessible format. 
In the Air is a data visualization 
exercise that reports on the 
air quality of Madrid based on 
the data acquired from sensors 
(infosthetics, 2009). This data 
is made visual through a web 
based interface that layers a 
“3D geographical overlay that 
can be interactively navigated” 
(infosthetics, 2009) over a map 
of the city. This data is also 
presented in the form of an 
installation. Mounted to a wall, 
LEDs illuminate a water mist. 
The colour of the mist changes 
to indicate air quality. For me, 
the cloud like mist makes a 
strong and literal connection to 
the idea of air quality, but lacks 
an understandable connection 
to the data. I think one might 
have di�  culty relating the 
current air quality factor to a 
specifi c colour of mist. Another 
interesting project using data 
visualization is the Amphibious 
Architecture project in the East 
River of New York City. This 
project, led by David Benjamin 
along with several collaborators, 
features a grid of fl oating 
illuminated poles anchored in 
place in the river. These poles 
change colour in reaction to 
water quality, which is detected 
by onboard sensors. People 
had the ability to communicate 
with the poles by sending text-
messages (Clinic, N.D.). The 

4.4 Putting the 
process into Practice:  
Experimentation
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(top) Figure 4.14 An early experiment using the Arduino to collect data 
about a plant  (bottom left) Figure 4.15 Early software test transcribing 
gathered data in to MIDI information[PureData software screen capture]
(bottom right) Figure 4.16 The fi nal iteration of the interface used to 
monitor the Circuit installation [Max/MSP 6 software screen capture]
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musical composition that was 
a� ected by street level activity 
adjacent to the alley. This 
component was being driven 
by environmental data being 
generated from the loudness 
of street tra�  c as recorded 
through a microphone. As 
the loudness increased, the 
musical composition in the alley 
would become more intense 
as new layers of sound were 
activated. When the loudness 
on the street subsided, the 
composition would follow suit 
and reduce the level of intensity. 
Street loudness was used as 
indicator of the environment 
for a number of reasons. As 
the festival only lasted one 
evening, there was not enough 
environmental change that 
could be sensed. The volume 
of street sound changed 
frequently enough to give the 
musical composition a sense of 
dynamism. There were also a 
limited number of sensors that 
I had access to at that time. 
Having worked with sound as 
a medium before, I was also 
comfortable engaging with it to 
create data.

The sound volume on the street 
was a dynamic element with 
close proximity to the alley and 
represented an important and 
non-typical phenomena that 
was driven by the occurrence 
of the festival. Without the 
festival, there would have 
been considerable less activity 
around the alley, and therefore 
less sound. Therefore, the 
feedback loop being generated 
between the sound activity and 
the installation had an intimate 
connection with the occurrence 
of the festival as it allowed the 
musical composition to be 

poles respond by  delivering 
information in text format, 
describing the water quality and 
fi sh health (Manaugh 2013, 99). 
This project is quite e� ective as 
it provides information about 
an aquatic environment, which 
is one that o� ers little clues 
about its condition using a 
visual study of the surface. The 
poles utilize sensors to provide 
access to a deeper level of 
understanding of the river’s 
health by providing information 
that is di�  cult to perceive, such 
as dissolved oxygen content. 
Furthermore, the dynamic 
lighting quality of the poles 
draws attention to the river and 
encourages people to interact 
with it (Manaugh 2013, 99).

With a better understanding 
of the technology involved 
in creating reactive data-
driven installations, I found 
an opportunity to design an 
installation of my own. This 
came in the form of Circuit, 
an installation I helped create 
for The Nuit Blanche festival in 
Winnipeg during the fall of 2013. 
The installation occupied a back 
alley in Winnipeg’s Exchange 
District for the one night 
art festival. The intention of 
Circuit was to provide a unique 
experience in the alley that 
would alter one’s perception of 
the normally forgotten space, 
through the use of lighting 
and sound. It was comprised 
of approximately fi fty paper 
lanterns suspended in the alley 
that slowly alternated in colour. 
These lanterns appeared to 
fl oat as the suspension system 
was made to be invisible to 
those in the alley. The sound 
component of Circuit was 
comprised of a reactive 
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(top) Figure 4.17 Speakers anchored 
to a truck project sound into the alley 
from above. (bottom) Figure 4.18 The 
soundcard and computer processed 
the data and the output.
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(top) Figure 4.19 Looking down on the lanterns 
suspended over the alley.
(bottom) Figure 4.20 Section cut of the alley 
showing the lanterns, microphone and speakers 
shown in relation to the alley and street spaces.
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Experiment 2: building the 
sensors of the cyborg plant.
To understand the complex 
relationship between the 
electronic elements and the 
plant required a process of 
experimentation, refl ection 
and revision. Unlike Circuit, this 
next set of explorations would 
incorporate data collection from 
more tangle environmental 
factors. Many iterations were 
created using various sensors 
in di� erent confi gurations. In 
this way, making became a 
catalyst for the design process. 
Resolving technical challenges 
to achieve the goals set out for 
the cyborg landscape became 
the primary driver. 

In the context of this practicum, 
the landscape at large 
could not be studied due to 

Figure 4.21 A microphone was placed 
at the far edge above the alley to 
capture sounds from the street that 
were converted into a stream of data.

dynamic. Overall, the installation 
was e� ective and entrancing 
but, I felt, not as successful 
at conveying the data being 
sensed. It did not appear that 
those experiencing the musical 
composition were aware of its 
connection to the level of sound 
activity in the surrounding area.

A subtle, but fundamental 
shift in the design paradigm 
occurred upon refl ection of the 
outcome of Circuit. The data 
collected from the environment 
would not be used to drive 
a performance for people, 
as it had in this installation. 
The data collected from the 
environment would be used to 
serve that environment giving 
the output a strong connection 
to the landscape in which the 
sensors are situated. This shift 
marked the birth of the cyborg 
landscape project.
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technical and time limitations. 
Therefore a small indoor garden 
became the focus as it is of a 
manageable scale. This small 
indoor garden was to become 
the built form of the cyborg 
landscape. This would consist 
of live plants, the sensors and 
supporting electronics, as 
well as a structure to house 
these elements. The sensors 
would include a light sensor, 
moisture sensor, temperature 
sensor as well as a bioelectric 
sensor. These sensors would 
collect data used to inform the 
processor to act and create a 
sound output in accordance 
with the modifi ed armour 
defence strategy. At this 
point, I had a relatively good 
understanding of how to collect 
data from the sensors. The 
major technical challenge would 
be creating and working with 
the bioelectric signal sensor. 
There is a major shortage of 
information currently available 
around the process of building 
the devices required to interface 
with bioelectric action potential 
in plants. As there was no 
device that specifi cally met the 
needs of the cyborg landscape, 
I would have to create one. 
Although there are examples 
of these devices being used by 
various artists, such as Mileece 
and Leslie Garcia, specifi cations 
for creating these bioelectric 
sensor devices are not readily 
available. Garcia does share her 
work as open source, but her 
devices tend to be specialized 
for her specifi c project. 
Information about specifi cs of 
parts and settings are scattered 
across internet forums and 
posted by individual hobbyists 
and artists interested in this 
type of work. Despite being 

rather decentralized these 
forums became one of the main 
source of information.

A baseline for the creation 
of my bioelectric feedback 
device was the The SpikerBox 
created by Backyard Brains. The 
SpikerBox was created to make 
neuroscience more accessible 
to youth. The device allows 
the user to connect electrodes 
to the leg of a Cockroach 
to measure bioelectric 
feedback when stimulating the 
sensitive hairs on the leg. The 
bioelectric signal is detected 
using software to present a 
spectrograph and an onboard 
speaker that plays the signal as 
sound (Backyard Brains, 2013). 
Though the organism measured 
is not a plant in the case of 
the SpikerBox, the principle 
of signal detection is similar. 
Moving forward, I looked for 
similar projects and devices to 
understand how to create my 
own.

Trial and error experiments
The result of researching the 
operation of the bioelectric 
sensor yielded many parts 
of the puzzle. To integrate 
the various approaches for 
building a bioelectric potential 
detector, a trial and error 
exploration ensued. Through 
this exploration I had to create 
the bioelectric sensor, but 
also understand the nature 
of the signal being collected 
from the plant. Subsequently 
described  are abridged log 
entries explaining changes and 
breakthroughs throughout this 
process.
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(top left)Figure 4.22 Using surface mounted clips attached to the leaves.
(top right) Figure 4.23 Probes inserted into leaf fl esh at the stem connected to a 
volt meter. (bottom left) Figure 4.24 Early attempts to read a signal through a bio-
electric sensor using bare copper wire inserted into the fl esh of a cactus plant
(bottom right) Figure 4.25 Two instrumentation amps mounted on a breadboard 
with stabilized wires connected to the plant being measured.
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February 12, 2014: A voltmeter was used 
to detect the voltage signal inside 
a Yucca elephantipes by inserting 
the electrode probes into the base 
of the leaf bundle. The probes were 
approximately 1.2cm apart from one 
another. The voltage was measured 
several times over the course of two 
hours and showed a range from 
7mV to 23.8mV. During one trial, 
alligator clips were used to attach to 
the leaf, but they seemed to provide 
unreliable readings.

The voltage signal in the plant is very 
small and subject to signal noise. 
This noise is a phantom response 
from ambient signal in the 
environment that may appear as a 
bioelectric signal. Measures were 
taken to minimize the possibility of 
a noise during the tests. A reading 
was taken without connecting 
to the plant to determine the 
amount of noise and to provide an 
environment baseline. During this 
initial measurement, the meter was 
placed on the ground to reduce 
motion based disturbance from 
infl uencing the signal reading. 
This produced an output reading 
of 0.3mV. The difference between 
this environmental baseline and 
the readings once connected to the 
plant, suggest that the plant is in fact 
producing a measurable voltage. 
These signals were measured using 
a digital multimeter. Prior trials, 
using a poorer quality analog 
multimeter, were unsuccessful likely 
due to the multimeter being unable 
to accurately record values in the 
mili-volt range.

February 17, 2014:  By doing regular 
measurements over the course of 
twenty-four hours, a basic electric 
signal range from the Yucca 

elephantipes was determined. 
This allowed me to select an 
instrumentation amplifi er with an 
appropriate range that could be 
used in the bioelectric sensor. The 
Burr-Brown INA125 instrumentation 
amplifi er was recommended in 
the online forum Research Gate, 
and was found to have the correct 
specifi cations. Two INA125 
chips were ordered from Texas 
Instruments, who distribute these 
amplifi ers. After an appropriate 
circuit setup was determined, the 
chip was wired into a breadboard 
to begin testing. The gain level of 
the amplifi er was set using 10k ohm 
resister.

March 1, 2014: A second instrumentation 
amplifi er has been installed on the 
breadboard to provide the ability to 
collect two signals simultaneously. 
This also allows for redundancy 
testing to occur, as the two signals 
can be compared to see if on 
amplifi er is not operating correctly. 
Small improvements were made 
to the overall setup including the 
use of shielded cable to connect to 
the electrodes and the shortening 
of some of the wires that connect 
components inside the circuit. These 
changes were made in an attempt 
to minimize environmental signal 
interference that is caused from 
lengthy wires acting as antennas. At 
this time, it is not clear how much 
these changes have improved signal 
clarity.

March 24, 2014: Though signal is 
being transmitted through the 
instrumentation amplifi er, it is 
extremely irregular and diffi cult 
to discern from environmental 
interference. Although it may be 
nearly impossible to completely 

Log Entries
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isolate the bioelectric signal, several 
actions were  taken to reduce 
factors that impede signal clarity. 
The breadboard and all wires in 
the circuit can potentially act as 
antennas that may be subject to 
signal noise. To mitigate this, the 
breadboard was removed from the 
circuit so that connections could be 
soldered in place on a circuit board. 
This improves the quality of those 
connections. Additionally, all jumper 
wires were replaced with solid 
copper wires of the shortest length 
possible, reducing their capacity to 
act as antennas. A wire connecter 
was soldered in place to allow 
easier and stronger connections 
from to the shielded cable to the 
amplifi er. Low quality alligator clips 
were being used to make contact 
with the plant to collect the bio 
signal, which could be acting as 
a poor transmitter. Medical grade 
Silver electrodes pads have been 
ordered to improve the ability of 
the instrument amplifi er to detect 
the bioelectric signal. It is possible 
the gain has been incorrectly set, 
which reduces the possibility of 
detecting a signal. This setting will 
be re-evaluated and adjusted if 
necessary. As has been mentioned, 
the Arduino, amplifi er and wires 
in between them are susceptible 
to RF interference. To reduce this 
possibility, the creation of a Faraday 
cage will be explored which blocks 
electromagnetic interference. In 
addition to this measure, a signal 
fi lter may be required to limit the 
range of frequencies that pass 
through the circuit. This can be 
used to cut out the frequency band 
that environmental noise could be 
occupying, providing a cleaner 
signal. As the bioelectric signal 
pattern is not fully understood, there 
is a great potential to inadvertently 
fi lter part it. For this reason, a fi lter 
will not likely be applied.

April 4, 2014: Proper medical grade 
electrodes have replaced the 
alligator clips as the interface point 
and has resulted in a more reliable 
connection with the plant. These 
electrodes have been attached 
to the underside of the leaves 
in accordance to the procedure 
demonstrated by Aditya, Udupa 
and Lee (2011). This did not 
appear to damage the plant and 
provided a strong connection. Due 
to the inconsistent readings and 
inadequately small leaf size of the 
succulents being tested thus far, a 
Crassula ovata (Jade Plant) has 
been introduced as the new test 
plant. With the addition of a ground 
rod inserted into the soil, early trials 
with the Crassula ovata resulted in 
a signal response that reached 4.55 
volts with little deviation during the 
test. This voltage is signifi cantly 
higher than the previous tests as 
it is being measured through the 
amplifi er and was reported inside of 
the custom Max/MSP program. The 
test was run again without the use 
of a ground rod, the signal ranges 
from 0.2 volts to 1.25 volts. These 
changes were observed over a time 
period of approximately 35 minutes. 
It is not clear at this time what these 
differences in voltages represent. 
After the test, the equipment was 
left still without being attached 
to the plant in order to determine 
an environmental baseline. That 
provided a signal of 0.2 volts to 
0.3 volts. It is anticipated that the 
addition of a faraday cage would 
further stabilize these readings and 
reduce the impact of interference. At 
this time, it was still unclear if touch 
and environmental changes are 
responsible for creating the change 
of signal in the plant, although some 
a strong likelihood that the plant is 
generating a signal.
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Conclusion
There is a variety of examples of 
how to work with, and measure, 
bioelectric signal. Each example 
has a slightly di� erent approach 
and intention. A trial and error 
process was the only means 
to fi nd a method that worked 
for the specifi c conditions 
and desired outcomes of this 
practicum. By the end of the 
trials, a working bioelectric 
sensor setup had been 
established and some expected 
signal ranges were established. 
However, the bioelectric sensor 
was di�  cult to use in prototype 
format as the components 
are exposed and vulnerable to 
the elements. It is unclear how 

Figure 4.26 Electrodes mounted to the 
underside of the leaves of a Jade Plant

reliable the device will perform 
during long term testing. The 
next phase of experiments 
would address these issues 
through the creation of a 
protective enclosure for the 
equipment that integrates the 
plant and the sensors. 
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The most current iteration has 
resulted in the creation of cubic 
cyborg plant enclosure. It is the 
physical manifestation of the 
ideas and research presented 
in this practicum and the 
blending of electronic systems 
and a living plant organism. It 
is not a scientifi c instrument, 
but is intended to serve as a 
starting point for understanding 
the implications of a cyborg 
landscape and the utilization of 
live data.

The defensive strategy 
implemented to guide design 
and development was a 
modifi ed version of the armour 
strategy. Staying true to the 
armour strategy, the plant will 
be protected through passive 
action. However, instead of 
using a physical barrier to 

provide this protection, the 
cyborg plant will project a 
non-material barrier of sound 
that is intended to evoke a 
behavioural change in humans 
interacting with the plant. This 
protects the plant through an 
armour that acts indirectly by 
revealing the internal activity of 
the plant in hopes that humans 
interacting with it will respect 
it, and therefore not induce 
harm. Although the intention 
of Flora Machina was that the 
data collected would be solely 
for the benefi t of the plant, the 
current iteration deviates from 
this in order to accommodate 
the level of technological 
barriers to creating a system of 
this nature. An enclosed, self-
su�  cient cyborg system would 
require specially designed 
hardware, of which the creation 
is beyond the scope of this 
practicum. A laptop will take 
the place of this hardware, 
but results in the requirement 

4.5 Experiment 3: The 
current Iteration

Figure 4.27 View from the four sides of the cyborg plant.
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for human intervention and 
therefore a reduction of the 
level of self-su�  ciency of the 
cyborg plant. This in e� ect 
reduces plant empowerment. 
But by opening up access 
to the data collected from 
the plant, it a� ords a better 
understanding of the fl ow of 
data inside the system which 
will inform future iterations. The 
position held in this practicum 
is that the reduction of plant 
empowerment is acceptable in 
this early stage of development 
as it supports developing a 
tool with a broader range of 
applicability. At this point in 
time, the link between the 
voltage and the plants condition 
is unknown, therefore the sound 
responds to the amount of 
voltage detected. This iteration 
is an important fi rst step that 
can pave the way for future 
development of this tool.

The enclosure is divided into 

two sections: the “organic” 
side and the “synthetic” side. 
The organic side houses the 
plant itself and the growing 
medium that supports it. The 
synthetic side contains all the 
electronic support systems that 
make up the cybernetics. At 
this time, the plant enclosure 
must be supported by an 
external processor in the form 
of a laptop. The enclosure is 
built from 3 mm thick clear 
plexiglass made of custom 
parts that were laser cut from 
standard sheets. The parts are 
fastened with minimal joinery 
and assembled using superglue. 
The edges are sealed with a 
marine grade calking to prevent 
moisture from leaking into the 
dry side or out of the enclosure. 
The pressure of the soil in the 
enclosure eventually caused the 
interior walls to press outwards, 
breaking some of the watertight 
seal. Plexiglass brackets were 
created to 
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four types of parameters: light, 
temperature, moisture, and 
bioelectric.

Light
Two CdS photoresistor are used 
to collect lux levels, a unit of 
measurement that describes 
the quantity of light “that 
lands on a given surface area” 
(Descottes and Ramos 2013, 14). 
One photoresistor is mounted 
at the soil level, and the other 
mounted at the vertical extent 
of the plant. They are both 
connected with 10k ohm 
resistors. This confi guration 
tends to provide reduced 
ability to distinguish between 
levels of light when under 
full sun conditions. This can 
be adjusted using a di� erent 
strength resister, but this 
was not implemented for this 
iteration. A proper conversion 
into lux could not be located 
for this particular sensor. As a 
result, the data feed uses the 
raw voltage reading instead. A 
rough estimation of what the 
volts means can be determined 
through testing. For example, 
readings above 4.25 volts 
indicated non-direct sun, but 
high levels of light. Readings 
above 4.95 volts indicated 
direct sun.

Temperature
The TMP36 Analog Temperature 
sensor is installed in the 
cybernetic system to detect 
temperature changes. This 
simple sensor is inexpensive, 
relatively accurate and small 
in size. For these reasons, it 
was more than suitable for 
the cyborg plant. Using a 
conversion formula provided 
from the manufacturer, the 
voltage reading from the 

reinforce the structure and have 
prevented any further splitting. 
The bottom of the enclosure 
has several holes drilled in it 
to allow for excess water to 
escape, preventing the plant 
from drowning. The enclosure 
sits in a drip tray, also made of 
3 mm clear plexiglass. This adds  
further structural support and 
prevents any water from that 
passed through the drilled holes 
from spilling out. The lid has 
three covered outlets allowing 
the sensors to protrude. This 
also allows the transmission line 
connected to the bioelectric 
sensor, mounted inside the 
case, to reach the electrodes 
attached to the plant’s leaves. 
Two holes on the side panel 
accommodate access to the 
3.5 mm stereo jack and the 
USB port that is connected 
to the Arduino. The aesthetic 
of the enclosure intentionally 
juxtaposes the organic 
elements and the electronic 
elements so that they seem to 
fi t naturally together.

In the organic side of the 
enclosure, a Crassula ovata, 
or Jade plant is installed. The 
Jade plant was selected for 
its vascular internal structure, 
hardiness, and its appropriate 
size leaves that are structurally 
robust. The leaf size is 
important, as it is di�  cult to 
get electrodes less than one 
square inch of surface area. 
The Jade plant had at least 5 
inches of depth in its enclosure 
to grow into, which is fi lled with 
a tropical potted plant mix. 
Mounted near the surface of 
the enclosure are the electric 
components that make up 
the cybernetic system. The 
cybernetic system detects 
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TMP36 can be reported in 
degrees Celsius.

Moisture
A makeshift moisture probe 
was built using two nails that 
sit approximately 6 cm apart. 
This probe is based upon 
the method identifi ed in the 
Garduino project (liseman 
N.D.). The two nails must be 
made of a conductive, yet rust 
proof metal, as it is submerged 
in damp soil. Galvanized nails 
were not very e� ectively as 
the coating seemed to inhibit 
conductivity. Wire ends are 
soldered to the nail head and 
covered in electrical tape 
exposing only the bottom 8 
cm of the nail. This prevents 
unwanted electrical contact 
that could give faulty readings. 
The nails are placed fi rmly 
into the soil close to the 
base of the plant. This probe 
is connected to the rest of 
the circuit with a 2.2k ohm 
resistor. As water is conductive, 
the more moisture that is 
present within the soil, the less 
resistance that soil will provide 
as the current runs between 
each nail tip. If the soil is dry, 
no current will pass through 
the soil. There is no specifi c 
chart for determining moisture 
content as a percentage value, 
so estimates are based on 
somewhat arbitrary conditions 
that were established by adding 
water and observing voltage 
readings the probe returned. 
The level of accuracy of this 
sensor comfortably allowed 
distinguishing between dry, 
damp, saturated, and heavily 
saturated soil.

Bioelectric
The bioelectric circuit system 

is made up of three parts: the 
electrode, transmission line and 
the amplifi er. Covidien 1” square 
disposable electrode pad are 
used in this setup. There is 
a great variety of electrode 
contact pads available that 
range of size pad and contact 
material. Silver chloride contact 
pads were selected as they 
were identifi ed in the scientifi c 
literature as being the most 
appropriate for collecting action 
potentials in plants through 
extracellular measurement 
(Davies 2006, 414). The 
Covidien pads are also one of 
the smallest contact surfaces 
available. Many tend to be larger 
as they are intended for use 
on humans. It was important 
to fi nd a small electrode pad 
as many plants potential being 
selected to become cyborgs 
had small leaves. Small pad 
will also minimize the impact 
of covering the surface of the 
leaf of the plant. Placement 
of the pads is fairly important. 
There does not appear to be a 
consensus on proper location 
to mount the electrodes on 
the plant. No one method will 
suit all plants, as there is an 
extreme variation in leaf size 
and shape. The electrode pad 
is mounted on the centre of the 
underside of the two adjacent 
leaves originating from the 
same stem. At this time, it is not 
clear if I have selected the most 
appropriate electrode mounting 
location. Further research is 
required to confi rm this.  The 
electrodes are connected to 
the amplifi er using 18 gauge 
shielded cable that act as the 
transmission line. Alligator clips 
are soldered to the ends of 
these wires allowing and easily 
removable connection with the 
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This is shown for the benefi t of 
data collection and monitoring, 
but is not a necessary step. 
The data is then sent to various 
sound synthesizing parts of 
the program. Four di� erent 
synthesizer outputs are created, 
one for each type of sensor. 
Each synthesizer provides one 
part of the overall sound that 
is generated. The most lively 
sound generated is that from 
the bioelectric signal. This was 
done intentionally to highlight 
this data stream. Though the 
sound is not actually the signal 
from the plant made audible, it 
represents the level of voltage 
being detected through the 
bioelectric sensor. As the 
voltage increases, the amount 
of tones generated increase as 
well as the frequency range of 
those notes. The temperature 
and soil moisture data feed two 
separate audio generators that 
produce a deep low frequency 
tone. There is little numerical 
variation in these data streams, 
so I decided to create a fairly 
unwavering tone to support the 
rest of the overall sonic output. 
I felt this sonic characteristic 
matched well with the data 
it was representing as it is a 
consistent underlying condition 
in an indoor environment. This 
may not be as true for soil 
moisture, but the plant is on 
a fairly consistent watering 
routine in this experiment. 
The light sensor data drives 
an oscillating tone that 
slowly changes in pitch and 
wavelength as each sensor is 

(opposite page top) Figure 4.28 View 
of the cyborg plant (opposite page 
bottom) Figure 4.29 Illustration of how 
environmental stimulus are interpreted 
by the plant and the cybernetics 
simultaneously.

electrodes. The cable itself is 
has a ground wire embedded 
in it which is connected to the 
common ground of the circuit. 
This further minimizes electrical 
interference of the bioelectric 
signal. A Burr-Brown INA125 
Instrumentation Amplifi er is 
connected to the shielded 
cable as well as a ground probe 
that is placed into the soil. A 
10k ohm variable resistor is 
connected to control the gain 
of the amplifi er, which allows 
the amount of signal gain, 
or strength, to be controlled. 
Future iterations will use a 100k 
ohm variable resister in its place 
to provide a greater range of 
gain tuning. 

Processor
The Arduino Uno accepts 
all analog signals coming in 
from the sensors and powers 
the sensors using the 5 
Volt pin. The Arduino itself 
is powered through the 5 
Volt USB connection from a 
laptop. The Arduino is running 
fi rmware called Firmata, which 
was developed as a general 
interface for analog sensors 
to be connected through an 
Ardunio to a laptop. The data is 
sent over a serial connection to 
the USB port and is received in 
Max/MSP. Using a patch called 
Maxuino, that serial data is 
converted into the more usable 
voltage format, allowing the 
sensor data to be used. (http://
www.maxuino.org) A custom 
program has been created in 
Max/MSP, which utilizes the 
Maxuino patch to intake and 
condition the data from the 
fi ve sensor inputs. The signals 
are converted from voltages 
into the appropriate unit of 
measurement for each sensor. 
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(bottom) Figure 4.30 Concept of the cyborg plant using the shell of a laptop. 
(opposite page top) Figure 4.31 Early explorations mapping interactions between 
plant, environment and cybernetics. (opposite page bottom) Figure 4.32 Concept 
of the cyborg plant enclosure. 
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exposed to various levels of 
light. These audio signals are 
directed to the onboard sound 
card of the laptop from inside 
the Max/MSP program.

The audio signal is sent from 
the laptop sound card to a small 
3.7W 2-channel amplifi er using 
a standard 3.5 mm stereo sound 
cable. Two 3” diameter 8ohm 

speakers are connected to the 
sound amplifi er and output the 
synthesized sound generated in 
Max/MSP. The Arduino powers 
the amplifi er but has no direct 
data connection with it. The 
speakers are mounted in the 
sides of the cyber enclosure 
opposite one another, facing 
outwards.
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(opposite page top) Figure 
4.33 Digital rendering of the 
concept for the cyborg plant. 
(opposite page bottom) Figure 
4.34 Parts are laid out to form 
the measurements of the 
cyborg enclosure. (top) Figure 
4.35 Fitting parts in the cyborg 
enclosure prototype to ensure 
proper fi t and clearances for 
wires. (bottom) Figure 4.36 
Once sealed, the enclosure is 
fi lled with a growing medium to 
support the plant.
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(top) Figure 4.37 The volume of 
the cybernetic enclosure dedicated 
to housing the synthetic elements.
(bottom) Figure 4.38 The volume 
of the cybernetic enclosure 
dedicated to housing the organic 
elements. (opposite) Figure 
4.39 Image of the side of the 
cyborg enclosure illustrating the 
juxtaposition of synthetic and 
organic systems existing together.
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(top) Figure 4.40 Perforations on the underside of the enclosure 
provide drainage for the plant  (bottom) Figure 4.41 Side access 
ports for USB/power and audio via 5mm stereo jack.
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(top) Figure 4.42 View looking down on the cyborg plant. The foliage height 
light sensors is visible. (bottom) Figure 4.43 Through the clear enclosure lid, it 
is possible to see the temperature sensor as well as the soil-level light sensor.
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(top) Figure 4.44 View of the sensors and supporting electrical 
components. (bottom) Figure 4.45 Two nails act as a moisture 
probe
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(top) Figure 4.46 Surface electrodes are mounted to the underside of the leaf
(bottom) Figure 4.47 The bio-electric signal is carried back to the amplifi er 
through shielded cable



82

(top) Figure 4.48 The instrumentation amplifi er and potentiometer are two 
components of the bio-electric sensor.  (bottom) Figure 4.49 The cyborg plant 
requires an external host computer to provide data processing functions.



83

Figure 4.50 The stereo amplifi er is powered through the 
Arduino via the 5V connection from the host laptop.
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(opposite top) Figure 4.51 A small stereo amplifi er 
provides power for two small speakers . (opposite 
bottom) Figure 4.52 One of the two speakers 
mounted in the side of the cyborg enclosure 
allows the electrical signals detected in the plant 
to be expressed as sound. 
(bottom) Figure 4.53 The most recent iteration  
of the cyborg plant interface designed in the 
Max/MSP 6 software environment.
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Figure 4.54 The cyborg plant showed the most 
noticeable activity change in a short time frame 
when exposed to various changes in lighting 
conditions.
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4.6 Chance operation 
with the signal. Am I 
getting it? If not, why?

Through various trials observing 
the cyborg plant, it appears 
all the sensors are operating 
within normal operational 
parameters. I am reasonably 
confi dent the bioelectric sensor 
is actually collecting the change 
in charge potential in the plant, 
but there are no operation 
parameters since I’ve built the 
sensor myself. There is a chance 
that the signal being detected 
through the bioelectric sensor 
is actually environmental 
interference in the form of radio 
waves of charge from physical 
contact. Reasonable care has 
been taken to minimize this as 
much as possible. Extensive 
e� ort has been taken to 
ground parts of the circuit 
whenever possible to reduce 
the possibility of accidentally 
induced interference. With the 
electrodes disconnected, the 
bioelectric sensor has a resting 
voltage readout of 0.7V while 
being monitored through Max/
MSP. This could represent the 
baseline of signal noise in the 
system or is possibly due to 
environmental interference. 
When the electrodes are 
reconnected to the system, 
the voltage increases almost 
immediately, suggesting the 
plant is providing that change. 
There may also be mistaken 
signal data due to the wrongful 
placement of electrodes or 
wrongful interpretation of the 
signal. 

At this time, no particular 
patterns have emerged that can 
link a signal response pattern 

to a specifi c physiological 
condition of the plant. That 
being said, the cyborg plant 
does o� er variation in its signal 
output from day to day. The 
bioelectric signal does seem 
to change when the plant is 
in di� erent environments with 
di� erent levels of light.
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Beyond the Garden: Implications for 
Landscape Architecture 
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The Intent
The intent of Flora Machina 
is to empower plants by 
turning them into cyborgs, 
allowing them to protect 
themselves from the harsh 
conditions of an urban 
environment. By fi tting them 
with electronic equipment, 
the plants could better cope 
with the environment by 
augmenting their physiological 
shortcomings. In the spirit of 
the cyborg defi nition o� ered 
by Clynes and Kline (1960) the 
organism was to be modifi ed to 
better adapt to an environment 

that was behind the organisms’ 
physiological limits. 

The Means
The electrical components serve 
two functions. First, they collect 
data about the plant’s state 
and its immediate environment 
and put that data to use in 
service of the plant. The second 
function is the outputting of 
that data in a sonic format. 
Urban landscapes are often 
incredibly visually stimulating 
environments. It is di�  cult for 
plants to compete with other 
more dynamic elements around 
them. 

Sound was chosen as the 

5.1 Summary

(previous) Figure C.5
(opposite) Figure 5.1 Looking at the 
graphic interface of the cyborg plant, it 
is possible to compare how the voltage 
detected from the plant changed when 
the plant was various conditions. The 
top image shows a read out from when 
the cyborg plant was in dark indoors 
environment. The bottom image shows 
a readout from when the cyborg plant 
was in a sunny outdoors environment 
[Max/MSP 6 screen shot] 
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primary means of expression 
because it allows the plant to 
avoid competing with a visually 
overstimulated environment, 
a� ording them greater impact. 
Using sound would also add a 
dimension of expression that 
plants currently cannot utilize. 
Using sound as medium for 
plant expression also has strong 
precedents among artistic 
work, like that of Mileece or the 
Pulsu(m) Plante project.

How and Why
The plant is already aware 
of its environment and its 
current state, so it does not 
actually need the data being 
collected. The purpose of the 
data collection is to inform 
the cybernetics and allow 
the activity of the plant to 
be communicated to people, 

an ability the plant does 
not have. Human senses 
are not able to perceive the 
electrical discharges in the 
plant, and therefore the subtle 
physiological reactions the 
plant undergoes. By detecting 
these reactions and mapping 
them to audible frequencies, 
the electric equipment bridges 
the perceptual gap that 
exists between people and 
plants. Plants also operate 
on a temporal scale that is 
di�  cult for people to perceive. 
Collecting data on the plant and 
recording it over a longer time 
period allows us insight into 
this activity, which we couldn’t 
otherwise understand. By giving 
the plant the ability to express 
its activity through an audible 
language, protection is achieved 
through an empathetic 
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(opposite) Figure 5.2 Illustration of a 
hypothetical cyborg plant.

confi guration being used in this 
iteration of the cyborg plant. 
Though more fi ne-tuning could 
result in a better variation of 
the cyborg plant, there is still a 
great deal of information from 
the plants’ bioelectric signal 
that can’t be understood by 
using a numerical voltage based 
measurement. Future iterations 
will interpret the signal through 
a sound-processing unit. By 
using this type of processing, 
the signal can be studied using 
a visual scope. This gives a 
much richer measurement of 
the signal by allowing it to have 
a visual expression. Currently, 
a laptop must be connected 
to the enclosure to power the 
equipment as well as process 
the data. In this way, the cyborg 
plant cannot act independent 
of human intervention, reducing 
the cybernetics system’s ability 
to empower the plant. However, 
using the laptop allowed me 
to overcome the technical and 
fi nancial barriers of having a 
powerful enough processor 
embedded in the plant 
enclosure. Having the laptop as 
part of the system also gives 
much greater access to the data 
being produced, which better 
lends itself to understanding the 
signal of the plant compared 
to using the plant’s sonic 
expression alone.

Visually the structure is 
e� ective, all the parts are 
clearly visible allowing viewers 
to engage with the technology. 
The aesthetic of the enclosure 
was chosen so that the process 
of understanding the data 

relationship with the people 
that share its environment. 

Is it working?
An important question arises; 
does this relationship with 
electronic hardware really 
empower the plant? I can’t 
really say for sure. The armour 
requires people to enter into a 
sympathetic relationship with 
the cyborg plant, and based on 
this relationship, decide not to 
harm it. 

The plant enclosure 
demonstrates that there is in 
fact a variable voltage that 
changes day by day, and that 
it is measurable. There just 
isn’t enough knowledge in the 
scientifi c literature to have a full 
understanding of that reading 
yet. By measuring the voltage 
and comparing it to the other 
environmental factors being 
simultaneously measured, 
perhaps a recognizable pattern 
will emerge bringing a greater 
understanding to the inner 
workings of the plant. Work 
is being done to map these 
signals so that patterns can 
be recognized. This will allow 
us to recognize particular 
conditions in the plant and 
the environment as detected 
through the plant. Volkov and 
Ranatunga (2006) are trying 
to map the pattern of signals 
from the plant by exposing it to 
a variety of chemicals related 
to anthropomorphic activity. 
They hope to fi nd signal pattern 
indicators of acid rain, heavy 
metal pollutants and pesticides 
as detected by a plant.

Through experimentation in 
Flora Machina, I feel I have 
found a limit of the equipment 
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Figure 5.3 Photo depicting the relationship 
between the synthetic and organic components 
of the cyborg plant.

A central concept throughout 
this work has been data driven 
landscapes. The cyborg plant 
became a vehicle to explore the 
implications of understanding 
the world as data and 
translating that into a dynamic 
sound response. The act of 
using instruments and machines 
to study the landscape provides 
us with a deeper and richer 
understanding of processes 
that we are unable to perceive. 
In this way, the data o� ers us 
the potential to become more 
in tune with the world around 

5.2 Cyborg Landscape 
and the Profession

generated in and around the 
plant is as transparent as 
possible. All the electronic 
hardware that is utilized in the 
operation of the cyborg plant is 
visible. The structure is meant 
to be evocative and intriguing. 
The enclosure itself has some 
structural fl aws in its design that 
can be overcome with some 
simple revisions. The addition 
of some simple bracing has 
mitigated this in the meantime. 
Connecting the sensors through 
the lid has proved to be very 
di�  cult, though still possible. 
Future iterations would see 
adjustments made so that 
connecting the sensors is far 
less strenuous.
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us. A drawback is that through 
this process of collecting and 
presenting data, it is easy to 
lose track of the context of 
that data, and therefore the 
landscape from which it was 
derived in the fi rst place.

What is Our Role? And how is it 
changing?
In its present form, the 
technology of Flora Machina 
provides the ability to gain 
some insight into the internal 
conditions of plants creating a 
window into a world of activity 
that most people are not even 
aware of. It is a very powerful 
statement of the idea that 
plants can perceive the world 
in an intentional way, which is 
not even fully accepted by the 
scientifi c community (Brenner 
et al 2006, 413). 

Although this tool is far from 
refi ned in its current form 
it presents designers with a 
wonderful opportunity. Our 
role as designers is to unlock 
the potential of this sensory 
technology to provide means 
for us to make meaningful 
connections with the landscape. 
Projects like Public Lab are 
working to make accessing 
instruments to understand 
the world easier by providing 
connections to do-it-yourself 
tools and open source 
projects (Public Lab N.D.). The 
devices used to perform these 
investigations can be incredible 
expensive. By fi nding low-cost 
alternatives and providing 
open source schematics, Public 
Lab is empowering citizens to 
understand their environment 
through the use of this 
technology. These homemade 
instruments may not have the 

same power and accuracy as 
lab quality instruments, but 
they break down a barrier of 
informing ourselves about our 
environment by putting these 
tools in the hands of citizens. 
Integrating this technological 
connection to the landscape 
at a larger scale would be 
very di�  cult for a citizen to 
achieve. A designer involved a 
large scale project may have 
the infl uence to integrate 
such  sensory technology into 
our landscape to create a 
more powerful data collection 
system. In an interview with 
Geo�  Manaugh, David Benjamin 
remarked, “I think one of the 
roles for us — as architects 
and artists, not scientists — 
is not only to visualize data, 
but to come up with the right 
interface so that there can be 
easy public legibility” (Manaugh 
2013, 102).  He was speaking 
to the incredible potential 
of technology to connect 
people with information about 
their environments and to 
the importance of making 
sure the data collected 
is understandable. Using 
bioelectric sensing technology, 
we can have a more intimate 
understanding of the fl ora that 
inhabit our environment while 
ensuring that the data remains 
meaningful.

5.2.1 Anthropocentric View
An inherent limitation in any 
project that deals with non-
human elements is that it 
is inevitably positioned in 
relation to an anthropocentric 
understanding of the world. 
Researchers from Keio 
University appear to be utilizing 
this inevitability in the creation 
of their interactive plant. In 
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Figure 5.4  “hello canadian 
botanicalls!” by pablocomotion 
via Flickr. Used under CC BY-NC-
ND 2.0.
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movement of plants. Falsely 
imposing a set of humanlike 
emotions onto an organism 
does not function in the way 
presented here. This creates 
a strange and misguided 
relationship between plants 
and humans. In this way, our 
desire to anthropomorphize 
non-human things creates a 
context of entertainment and 
therefore actually reduces 
the plant to that of a novelty. 
Although these interactive 
plants may encourage people 
to communicate with them, it 
does not facilitate a meaningful 
relationship or allow plants to 
communicate back.

Like the interactive plant 
project, there are many projects 
that use simple feedback loops 
to express something about the 
plant. Botanicals, for instance, 
sends a message to a Twitter 
account alerting followers that 
the plant requires watering 
(Botanicalls N.D.). This is 
achieved using a soil moisture 
probe connected to a processor 
that utilizes a connection to 
the internet. When the sensor 
detects levels of soil moisture 
that drop below a set threshold, 
a message is sent from the 
plant asking its owner to come 
remedy the situation. In this 
project, the plant isn’t actually 
sending a message, and has a 
rather indirect relationship with 
the technology in this case. The 
messages are predetermined 
and are expressed only through 
social media. Botanicalls would 
function with or without a plant 
even present as it reports soil 
moisture, not the condition of 
the plant. In that way, it is hard 
to appreciate that the plant is in 
fact communicating 

describing the project, one of 
the team’s researchers, Furi 
Sawaki, noted that: “[the] 
purpose of this system is to 
make living plants seem even 
more alive, and give them a 
greater presence. To do this, 
we’re attaching actuators to 
plants, so they have a more 
physical aspect, which could 
encourage communication 
between plants and people” 
(DigInfo TV 2012). Limbs of the 
plant are connected by thin 
wire to servo motors hidden 
inside a case under the plant. 
Activated by motion and sound, 
the motors move the plant 
limbs to demonstrate a “wide 
range of movements to convey 
emotions” (DigInfo TV 2012). 
Though the intentions of the 
research is similar to that of 
Flora Machina, using technology 
to give plants greater presence 
in their environment, the 
process to achieve this and 
the output are quite di� erent. 
The interactive plant system is 
informed by a motion sensor 
and a microphone. To my 
knowledge, there is no evidence 
that motion has any direct 
impact on a plant. There is very 
little substantiated evidence 
surrounding the impact ambient 
sound has on plants. In this 
way, I am concerned with their 
sources of data that inform 
the output of this project. 
Most plants do not move at 
such speeds as shown in the 
interactive plant. This output 
amplifi es the movement of 
the plant in a way that does 
not actually occur in the plant. 
Lastly, the overall message 
being delivered by this project 
is not one that I believe is in the 
best interest of plants. They are 
assigning new meaning to the 
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(opposite top) Figure 5.5 “detail of 
‘fi ngers’ on keys” © designboom. 
Licensed under CC BY-NC-ND 3.0
(opposite bottom) Figure 5.6 “In 
the air” by Medialab Prado via 
Flickr. Licensed under CC BY-SA 2.0

its disappointment with the 
amount of water it has. It is an 
interesting use of technology 
to connect us to plants, but 
does not o� er much more than 
adding another novel presence 
in the social network web 
propped under the guise of 
plant communication.

We should remain critical 
when evaluating these mergers 
between plants and electronics 
and question if they are in 
fact truly for the benefi t of 
plants. There is a danger that 
anthropomorphizing plants 
creates a relationship that 
isn’t benefi cial to the plant but 
also does a disservice to the 
research into plant neurology, 
making it appear novel. 
Observing the cyborg plant 
could be thought of as viewing 
a performance. The notion of 
performance, an early approach, 
was left behind as it proved 
di�  cult to maintain the integrity 
of the data that was being 
sensed. The overall presence 
of the cyborg plant, and the 
sound output it produces, 
became more meaningful when 
designed from the perspective 
of plant empowerment. I did 
not try to give the plant human 
like qualities or give it means 
to express feelings. The sounds 
demonstrate that activity is 
occurring in the plant, and 
that the plant is not a passive 
organism. However, there 
appears to be an unavoidable 

tendency to understand 
the reactions in the plant as 
some sort of human based 
emotional reaction. The sounds 
that the cybernetics produce 
are intentionally made to not 
resemble music, helping to 
avoid associating the bioelectric 
output with an emotional 
response.

My hope is that the cyborg 
plant fosters a sense of curiosity 
about the plant and conveys 
that plants are not just objects, 
but very active participants 
in the landscape beyond the 
ecological functions that we 
typicality associate with them. 
By exposing all the electronic 
elements in the plant enclosure 
of Flora Machina, it is my 
hope that viewers understand 
the cyborg plant not as a 
performance installation, but 
as a tool of understanding. 
Though it does not have the 
accuracy of a scientifi c tool, it 
does have the ability to engage 
the viewer. This provides us 
with an awareness of internal 
sensory ability of the plant, but 
it also asks us to imagine what 
a cyborg plant is and what it 
might mean.

Dealing with Data
Dealing with data is a large 
component in creating this 
cyborg landscape, and it 
is susceptible to distortion 
through designer bias. This 
alters the meaning of that 
data, often with negative 
consequences. Despite my 
best e� orts, it was not possible 
to fully remove my bias from 
the means of data expression 
provided for the plant. I decided 
the sound each data stream 
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would produce and how much 
each sound contributed to 
the overall composition of 
sound that is produced. The 
considerations in creating this 
soundscape are not unlike the 
considerations that must be 
taken by a landscape architect 
creating the experience of a 
site. As this bias is inescapable, 
a designer must be aware 
of it in order to reduce the 
negative impacts. Data is the 
link between the phenomena 
sensed and its digital 
expression. Therefore, any 
impact designers have on that 
data can drastically e� ect our 
experience of the phenomena. 
The three main types of bias I 
encountered can be described 
as follows:

1.      This lack of data correlation 
leaves us without a 
meaningful relationship 
between the phenomena 
and the output.

2.     Too much designer control 
was imposed on the data 
causing distortion. As a 
result, the connection to the 
phenomena was di�  cult to 
understand.

3.     The resulting performance 
of that data is so random 
that it is not understandable 
and becomes meaningless.

I will now illustrate the three 
forms of this bias I encountered 
through the analysis of 
select projects. This is by no 
means intended to discredit 
these works, but instead to 
demonstrate the di�  cult nature 
of dealing with data as it is 
defi ned in the context of Flora 
Machina.

1. Lack of Connection
A challenge for data 
transcribing projects is making 
a strong connection between 
the data being collected and a 
meaningful output of that data. 
Again, looking at In the Air, air 
quality was being measured 
by several data collectors, 
processed, then represented 
as changing colours in the 
mist. The intentions are good, 
but there is some di�  culty 
in understanding the colours 
as representing good or poor 
quality air. For example, when 
walking by this installation 
and the colour purple was 
projected into the mist, it is 
not clear if this is good or bad. 
This lack of data correlation 
leaves us without a meaningful 
relationship between the 
phenomena and the output. 
Although the expression of data 
as mist in this project appeared 
to be in an experimental phase, 
it still illustrates the di�  culty of 
physically visualizing data. 

2. Too Much Distortion
By comparison, Invisible 
Forest by Augustine Leudar, 
has a high level of designer 
bias. The project debuted at 
the 2013 Sunfl ower Festival 
in Hillborough, Ireland (Gus, 
2013). For this project, Leudar 
is collecting the bioelectric 
signal from several trees 
and using it to modulate 
the sounds being heard in 
an immersive soundscape 
created in a forest. The data 
being expressed has been very 
controlled, resulting in a very 
understandable output. The 
sensors infl uence the dynamics 
of a soundscape that is created 
to compliment the narrative 
of trees communicating with 
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one another. The sounds heard 
present a mysterious and 
slightly haunting soundtrack. 
This was a decision by the 
designer to impose a certain 
atmosphere in the forest. This 
raises questions about whether 
the data is being expressed in 
a sonic format or is the means 
to add dynamic qualities to the 
artist’s performance. Leudar 
states that “[the] challenge for 
the artist is to create something 
they fi nd aesthetically 
pleasingly yet at the same time 
ensure the signals are measured 
correctly, that the integrity of 
the signals are maintained” 
(Leudar 2013, 3). I completely 
agree with this statement, but 
I’m not convinced Invisible 
Forest achieved this goal. Too 
much designer control was 
imposed on the data causing 
distortion. As a result, the 
connection to the phenomena 
was di�  cult to understand.

3. Meaningless Data
Removing bias as much as 
possible can result in a rather 
chaotic performative expression 
of the data. Stadsmuziek, a 
project by Akko Golenbeld, 
involves a piano that is played 
like a music box by a rolling 
cylindrical drum. Vertical relief 
on the drum is populated by 
buildings of a city block that 
tap the piano keys as the drum 
is manually rotated (Hill 2011). 
The resulting sounds from 
the piano shares the likeness 
of pressing numerous keys at 
random as no musical pattern 
seems to emerge. Though some 
bias still exists through the 
designer’s choice to use a piano 
and in the particular location 
to model, most of the control 
of the expression of the data 

was removed. By reducing the 
control, the outcome resulted 
in information that was not 
particularly useful in terms of 
representing that data.

Conclusion: Designer as 
Curator
The approach taken in this 
practicum to apply a sensitive 
approach to working was to 
wear the curator’s hat. Data 
can be easily misconstrued 
through bias, even without 
the intention of doing so. This 
problem becomes even more 
troublesome when that data is 
being collected live by sensors. 
Without an understanding of 
the capability of the sensors 
and of what exactly is being 
measured false conclusions 
can be made. For instance, 
when measuring light, there 
are a variety of characteristics 
that can be detected. The 
most common sensor available 
for measuring light is an 
inexpensive lux detector. Lux is 
a measurement of luminance 
per area. This is not a very 
common measurement and 
the data is fairly meaningless 
to most people if it isn’t 
contextualized in some way. 
Depending on how the lux 
sensor is confi gured in a circuit, 
the sensor’s resolution at high 
light levels can be drastically 
reduced.

To present live data becomes 
a delicate balancing act 
between providing an accurate 
presentation of the data and 
creating an understandable 
experiencing of that data. 
A useful metaphor to this 
dilemma is to approach the role 
of the designer as curator. An 
e� ective curator attempts 
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to preserve the essence of the 
artist’s work being presented 
while still fi tting it into an 
overarching theme. Care must 
be taken to apply bias so that 
the presentation of work is 
sensible and understandable 
without interfering with the 
artist’s expression. While trying 
to decide how to represent the 
environment data in Circuit, I 
attempted to apply a similar 
approach. I was trying to 
capture the amount of street 
level activity by measuring 
how much the loudness of 
street noise increased or 
decreased. This activity level 
data was expressed by adding 
or decreasing complexity of 
a musical composition being 
projected into the installation 
site. In short, the intensity 
of the musical composition 
was to refl ect the intensity of 
street level activity throughout 
the night of the installation. 
Despite being cognizant of my 
bias, the output still resulted in 
my imposing a large amount 
of control over the sonic 
expression of the data. None 
of the sounds of the alley had 
an infl uence on the musical 
composition. The composition 
itself presented a relaxed and 
curious atmosphere to the 
alley. This is a state that we 
imposed onto that space. I 
struggled with not knowing how 
the environment would vary, 
making it di�  cult to determine 
how to map a response. For 
example, I decided to determine 
fi ve thresholds of amplitude 
to assess the sound detected 
through the microphone. I 
wanted to space the thresholds 
out enough so that variation 
could be detected. This act of 
conditioning the data to create 

a useful and meaningful output 
created bias.

Data in my own Experiments
There is a danger that the 
expression of the data will be 
lost on those encountering 
the cyborg plant. This was 
an important lesson that I 
took away from the Circuit 
installation at Nuit Blanche. 
There was little evidence 
that people experiencing the 
installation were able to make 
the connection that the musical 
score was adjusting to live data 
or what the relationship the 
live data had with the dynamic 
sound response. Care was taken 
to ensure the sound output 
from Flora Machina made a 
strong connection to the data 
being measured. This is a 
challenge as there is long delay 
between the environmental 
change and a measurable 
corresponding signal change 
in the plant. Volkov and 
Ranatunga note that many 
plants have a quick reaction 
to touch but react slowly to 
many stimuli, which “may not 
be immediately recognized” 
(2006). Ensuring a strong and 
meaningful connection between 
the data and the environment 
is perhaps one of the most 
important aspects covered in 
this practicum. The output of 
Flora Machina is presented 
in a very upfront and honest 
way. Care was taken to ensure 
the sound was as neutral as 
possible though in refl ection 
I am still not completely 
convinced this was the case. 
In some ways, this may be an 
almost impossible task as it is 
in our nature as humans to view 
the world from a human point 
of view.
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Making a connection between 
the data and the eventual 
output adds yet another level of 
bias. Therefore, understanding 
the data and being aware of 
personal bias becomes a very 
critical part creating sensor-
based responsive environments. 
In Flora Machina, synthesized 
sound is the output of the 
data collected from sensors 
and corresponds to the level 
of voltage activity in the plant. 
The process of transcribing this 
voltage activity into sound has 
a high potential for misguiding 
bias to a� ect the outcome. 
Avoiding bias completely is 
impossible, as decisions about 
every aspect of the sonic 
expression must be determined 
by the designer on the plant’s 
behalf. Even in choosing 
sound over other mediums 
of expression, my bias has 
impacted the plants’ expression. 
Bias isn’t necessarily a negative 
consequence, but it must be 
carefully understood to avoid 
misleading outcomes.

Dealing with designer bias 
through the expression of data 
is somewhat analogous to a 
designer’s role in community 
consultation. Being heavy 
handed may result in a design 
that does not appropriately 
refl ect the interests and 
concerns of the community 
members. Being too passive 
may result in a chaotic output 
that is not realistic. Therefore a 
delicate balance must be struck 
between honest representation 
and focused output.

5.3 Open source as a 
research strategy

In choosing the Arduino platform 
to develop my sensor interface on, 
I was also becoming a member of a 
community of innovators. Arduino, 
being an open source project, 
has a tremendous community of 
individuals that contribute to the 
body of knowledge associated 
with implementing projects using 
the Arduino. This gave me access 
to input from many people trying 
to work on similar projects. As the 
fi eld of bioelectric measurement 
is fairly niche, there were limited 
contributors to this base of 
knowledge. Finding projects that 
overcome similar challenges, 
solutions can be found to problems 
in Flora Machina. This is achieved 
by taking out parts of one project 
that are useful, and discarding that 
which is not useful. This common 
practice, referred to as “hacking”, 
is widely acceptable as long as 
credit is given to the creator of  
the borrowed code or technical 
solution. Questions can be posed 
to users on these forums, but 

Engaging with the open source 
community is a way to cope 
with a shortcoming in skills a 
designer requires to interface 
with the electronic and software 
technology needed to implement 
cyborg landscapes.

Critical to the success of this 
project was an engagement 
with the open source 
community. This community has 
provided information, results 
of experiments and access to 
expert opinions. The somewhat 
decentralized resource makes 
up some of the knowledge base 
of bioelectric measurement. 
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This statement outlines an 
important ideology that is at 
the foundation of this online 
community, one of sharing 
what has been discovered for 

“We believe science should be 
open and transparent. This is 
why we’ve made it our mission to 
connect researchers and make it 
easy for them to share, discover, 
use, and distribute fi ndings. We 
help researchers voice feedback 
and build reputation through 
open discussion and evaluation 
of each other’s research.” 
(Research Gate 2014)

responding is voluntary, and 
the validity of the answers may 
not be sound. Generally, fellow 
users are enthusiastic about 
helping a fellow inventor solve 
whatever technical problem 
they are encountering. For 
example, by looking at a project 
called Garduino, I was able 
to understand a method of 
interfacing a moisture sensor 
with my Arduino (liseman, N.D.). 
I used a modifi ed version of this 
moisture sensor to inform my 
own project. Garduino is hosted 
on another information sharing 
website called Instructables, 
which functions as a third party 
resource for utilizing a variety of 
DYI technical projects. On this 
website, users share projects, 
but more importantly, they 
share how they made them and 
allow users to ask questions 
and o� er advice. Depending 
on the quality of the project 
entry, the user may even list 
the specifi c parts involved in 
the project and where to fi nd 
them. This makes utilizing these 
open source derived solutions 
even more plausible. Similar 
help is available when searching 
for help for software related 
questions. Max/MSP has a very 
strong community of users 
that share projects and answer 
questions. Certain operations 
in the software have become 
quite common, and as result, 
standard approaches have been 
established that can be found 
through the community forum. 
This type of knowledge base 
has been developed through 
the support of a strong open 
source community environment.

These communities work well 
because they are related to 
a piece of technology, which 

become the owner of that 
knowledge. This format has 
been less successful when there 
cannot be an owner, such as a 
specifi c scientifi c knowledge 
base. I encountered this when 
searching for information of 
how to actually work with 
bioelectric signals. There is no 
specifi c community associated 
with this type of work outside 
of the academic realm. This 
may change as interfacing with 
bioelectric signals is growing in 
interest from scientists, artists 
and hobbyists. It was important 
to search beyond academic 
sources because they primarily 
use equipment that is highly 
specialized and used primarily 
for research applications. A 
goal with Flora Machina was to 
use readily available equipment 
whenever possible to increase 
ease of implementation. 
Through my research, I found 
an online resource called 
Research Gate. This website 
acts as a distribution platform 
for research papers as well as 
supporting a dialogue between 
researches in a forum format. 
Research Gate’s mission 
statement is as follows:
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the good of the community. 
This resource proved to be very 
useful in fi nding information 
required to understand 
how other people were 
implementing bioelectric signal 
reading devices.

There are drawbacks to using 
this open source resource. It is 
not always possible to know the 
credentials of users contributing 
and therefore the validity of 
information may be in question. 
It is also di�  cult to search 
for information or request 
assistance if you don’t know 
the right questions to ask. This 
problem is not unique to open 
source community forums, but 
is prevalent in the research 
form. There may already exist 
a repository of information 
related to a particular query. 
Asking a question outside of 
that thread of information will 
likely result in little assistance 
being provided from other 
users.

There is value for the profession 
of landscape architecture in 
working as an open source 
community. It allows the 
baseline of knowledge to grow 
faster through sharing and 
collaboration. For example, 
instead of struggling to 
create a way for my Arduino 
to communicate with my 
laptop, I was able to tap into 
the knowledge base and use 
the commonly accepted best 
practice for this process. This 
allowed me to spend my time 
focusing on how to engage 
with that technology in the 
context of my project instead 
of struggling to learn to use 
it from scratch. The open 
source ideology is particularly 

useful when working with new 
technology, as it promotes 
sharing struggles as well as 
successes.

Collaboration: Skills required 
for the modern designer
As is custom when borrowing 
knowledge from an open 
source community, it is good 
form to share the project, which 
benefi ted from that knowledge, 
with the community. I feel a 
responsibility to uphold this 
unwritten rule not only because 
I wish to make good on the 
help I have received throughout 
this process, but I also believe 
sharing this project can help 
other designers use this tool to 
bring a deeper understanding 
of our environment to a greater 
audience. An amazing outcome 
of sharing your work in an 
open source community is that 
people will create iterations 
and potentially develop the 
idea further using various 
perspectives that I could not 
have imagined.

I also have a fear of returning 
this project to the world in 
this unrestricted fashion. 
There is a lot of incorrect 
information available on 
internet forums, be it from 
inexperienced contributors, 
lack of knowledgeable 
overseers, or otherwise. The 
knowledge required to create 
Flora Machina had to be 
earned through my previous 
academic training, by reading 
numerous scientifi c papers 
and by performing numerous 
experiments. There is a very 
specifi c understanding required 
to properly implement reading 
bioelectric signals and to derive 
meaning from them. 
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Figure 5.7 A cyborg plant variety 
with a connection to sound sensing 
hardware.

As has been demonstrated, 
this bioelectric reading system 
can be created using widely 
available, o� -the-shelf parts. 
Without having an in-depth 
understanding of the data being 
collected and of what it means, 
false ideas can be propagated 
about bioelectric signaling. This 
misinformation could have a 
profound impact on someone 
experiencing a fully immersive 
installation environment. This 
very situation could happen to 
a landscape architect trying 
to implement sensor-based 
technology in a project if 
they are not familiar with the 
phenomena of interest and how 
the sensor measures it. To avoid 
this, it becomes necessary to 
develop an expertise in biology, 
electronics, programming 
and sound design. Becoming 
a master of all these skills is 
a rather unlikely possibility. 
A far more plausible course 
of action is to gain a general 
understanding in these fi elds 
and call upon the use of experts 
for specifi c knowledge. A critical 
skill to acquire is the ability to 
interface with electronics, a 
skill set that is not part of my 
current curriculum. Devices are 
becoming part of the landscape 
at large. In Landscape Futures, 
Geo�  Manaugh highlights 
several projects that illustrate 
how electronic and sensor 
technology are changing the 
way we interact with and 

perceive the landscape. One 
such project by David Benjamin 
and Soo-In Yang is the “Living 
Interface” (Manaugh 2013, 98). 
This project relays air quality 
information gathered from 
sensors located around Seoul 
and displays it visually on an 
“occupiable pavilion” (Manaugh 
2013, 98). The data is presented 
in a very tangible and beautiful 
way giving citizens access to 
information that is not easy to 
perceive. Projects of this nature 
rely on a strong understanding 
of sensors and electronic 
components, how these 
components interact with the 
landscape and how to express 
meaningful data.

To be able to engage with this 
techno-landscape reality in a 
meaningful way, we need to 
expand the on the knowledge 
which landscape architects 
engage with. Without a baseline 
understanding of electronics, 
it is not even possible to 
know what questions to ask 
when using this technology 
to address design problems. 
Understanding how to speak 
this electronic language 
becomes essential. Though it 
is simply not possible to gain 
a mastery of all these skills, 
engagement with electronics is 
an under-represented skill set 
that I feel needs to be engaged 
more substantially in design 
education.
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The strategy taken to empower 
plants throughout this 
practicum has been to allow 
the inner changes in plants to 
be mapped to audible tones 
giving us a sense of the level 
of activity that happens in 
seemingly motionless entities. 
It is hoped this might lead to a 
greater appreciation for plants 
by allowing people to perceive 
the variation of electrical activity 
that occurs in them. This is in 
e� ect, an active response by 
the cyborg plant to protect 
itself in an urban landscape. The 

cyborg confi guration presented 
in Flora Machina may or may 
not be successful in carrying 
out this strategy of protection, 
but it does, with certainty, 
o� er us insight into the plant 
in a measurable way. Maybe 
it is more for our benefi t than 
the plant. The plant is already 
aware of itself, so the bioelectric 
monitoring system does not 
directly benefi t it. It does 
however inform the cybernetic 
system of the condition of the 
plant and perform functions 
the plant cannot on its behalf. 
Rather than modulate sound, as 
has been done in Flora Machina, 
this signal could be used to 
inform much more complex 
reactions.

6.1 What does 
this mean for the 
landscape?
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Plants, being unable to program 
or build these cyborg parts, 
are still at the mercy of human 
creators.  
This represents a key di� erence 
between how humans and 
plants become empowered 
using the idea of the cyborg. 
Therefore, the impact cyborg 
plants have on the landscape 
has a very close relationship to 
the designer that constructs 
them. This creates the 
possibility of control over the 
landscape. A person has the 
ability to decide to create 
cybernetic enhancements for 
themselves whereas a plant can 
only accept this enhancement 
from a person and has no 
concept of consent about this 

transformation. In this way, the 
designer potentially becomes 
something of a “creator of the 
forest”, able to design plants 
in a way that he or she sees fi t. 
This raises concern about the 
potential for someone to take 
control of the environment 
through the cybernetic 
enhancements of plants. 
This places a level of ethical 
responsibility onto designers as 
their decisions have potentially 
large consequences to society 
and the environment. 

What if these cyborg plants 
could be hacked? Electronic 
billboards have been the victim 
of hacking many times. Hackers 
found a way to access these 

(previous) Figure C.6 (top) Figure 6.1 A 
cyborg plant variety that has synthetic 
branches and root system.
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Some technology / plant 
relationships could be seen 
as engaging with plants, but 
may in fact not be doing so. 
Botanicus Interactus uses the 
technology they have created 
to turn plants into touch 
sensitive controllers (Poupyrev 
et al, 2012). This is achieved by 
sending an electrical voltage 
through the plant and detecting 
the resistance as a person 
physically interacts with the 
plant. The di� erent interactions 
yield di� erent signatures which 
can be mapped to perform 
specifi c functions. While this 
does allow plants to play a 
greater role in an environment 
by becoming interactive 
objects, they become slaves 

(top) Figure 6.2 “Botanicus Interacticus orchide” 
© Ivan Poupyrev. Used with permission.
(opposite) Figure 6.3 A cyborg plant variety 
with an animated synthetic branch system.

signs and altered the message 
being displayed (Diaz 2011). The 
harm from hacking billboards 
is fairly minimal, but it brings 
to light how oversight of 
malicious behaviour involving 
digital technology could have 
much more dire consequences. 
The issue of hacking is beyond 
the scope of this practicum, 
but it is a concern that should 
be considered in future 
development.

Ethics
Having engaged with research 
material discussing the 
behaviour of plants, it becomes 
more and more di�  cult to 
see them as simply objects in 
the landscape at our disposal. 
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There are several examples 
of projects that aim to use 
a merging of plants with 
machines. The position being 
held in this practicum is to 
create a technological bond 
with a plant for the benefi t 
of the plant and to further 
our understanding of plant 
physiology. The health of the 
plant was considered during 
experiments and design. It 
is accepted that some harm 
will come to the plant in the 
hope that the benefi ts will 
far outweigh this harm. As a 
primary goal of this practicum 
is to empower plants through 
cybernetics, using this cyborg 
relationship solely for our 
benefi t would violate this goal.

Disruption of the Landscape 
Plants already have the 
benefi t of thousands of 
years of evolution that have 
allowed them to adapt to 
natural environments. If it 
safe to assume that they 
don’t need additional support 
for behaviours that they 
already excel at, such as seed 
distribution or attracting 
pollinators. For this reason, I 
have avoided using the idea 
of the cyborg to enhance 
such functions. Instead, I am 
focusing on the meditating 
negative impacts that arise 
from anthropomorphic activity, 
as plants are not able to evolve 
quick enough to adapt to these 
challenges. In this way, I feel 
cyborg plants create no more 
upset to a natural environment 
than has already occurred by 
the act of bringing the plant to 
an urban space. A cyborg plant 
will be have enhancements that 
will allow it to better cope with 
new challenges which we 

(opposite) Figure 6.4 Depiction 
of how a naturally occurring plant 
and a cyborg plant may vary.

to that technology. No real 
benefi t is given to the plants 
themselves, in fact the opposite 
may be true as they are 
reduced to a gestural interface. 
Where this becomes particularly 
troubling is when, through this 
interfacing, the plant is used 
to control musical tones. This 
could be seen as giving the 
plant the ability to be part of 
the music performance, but in 
fact, the plant has no control 
over the performance, and 
therefore is not empowered.

Another project fusing sensory 
technology and plants is 
Plants Employed As Sensing 
Devices, or PLEASED. Utilizing 
the potential of bioelectric 
detection, the PLEASED project 
aims to utilize the complex 
sensing ability of plants to 
create an environmental 
detection tool (PLEASED, N.D.). 
The long-term goal is to set 
up a comprehensive ”network 
of entities” for environmental 
monitoring, which has 
many potential benefi ts for 
human kind (PLEASED, N.D.). 
They intend to do this by 
subjecting plants to a variety of 
conditions and map the plants 
reactions to voltage response 
characteristics. This relationship 
with technology is intended 
purely for anthropomorphic 
benefi t, where the plant acts 
merely as a host.
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far more accessible alternative 
to gene manipulation. It 
may also be far safer, as the 
cybernetic enhancements 
that are added can likely be 
removed. Although removal 
may cause death to the host 
plant, it cannot pass down the 
cybernetic technology through 
seedlings. Genetically altered or 
hybrid cultivars species would 
be di�  cult to control as these 
changes are passed on through 
seeding. This could change as 
technology advances. Thus, 
a fi nal defence strategy that 
has not been discussed yet is 
the bonding of plant cells with 
cybernetic technology.

Throughout this discussion, I 
have introduced several positive 
and negative potential impacts 
cyborg enhancement will have 
on the landscape. In some ways, 
the arguments in this discussion 
may appear contradictory, 
but I feel this demonstrates 
the dichotomy that exists 
in the potential outcomes 
of integrating such sensory 
technology in our landscape. 
It is important to acknowledge 
potential negative impacts that 
may arise from further research 
of this topic. There are also 
many positive possibilities that 
give plants struggling to cope 
with urban environments a 
chance to succeed and reduce 
stress on them.

(opposite) Figure 6.5  Further 
integration of organic and synthetic 
may see synthetic components 
integrated directly into the organic 
systems.

have placed on it. This being 
said, cyborg plants will likely 
be able to outcompete their 
“natural” counterparts. This will 
potentially create an imbalance 
in an ecosystem where cyborg 
plants will be able to survive 
in conditions that would be 
terminal for the natural variety. 
This may upset the equilibrium 
of balance between organisms 
in a particular environment. 
This di� erence would be far 
less extreme in urban spaces 
utilizing minimal planting, 
where there is potentially less 
competition between plants. 
The e� ects may be far more 
substantial in areas more 
naturalized, such as riparian 
zones, where plants must 
compete with one another 
for resources. Perhaps future 
integrations of this technology 
will extend beyond the 
cybernetic enhancement of 
single plants and integrate into 
the larger ecosystem creating a 
true cyborg landscape.

The process of creating a 
cyborg plant can be looked 
at as a method of controlling 
the natural evolution of plants. 
As extreme as this may seem, 
it is an alternative to gene 
manipulation, which already 
widely occurs in our landscapes, 
as plants are cultivated to 
favour specifi c genetic qualities. 
Using cybernetics becomes a 
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real time data were developed 
as a means of empowering 
plants in urban environments. 
The result allowed for 
speculating about the e� ects 
of cyborg plants. Although this 
marks the end of this practicum, 
it is the beginning of an inquest 
into discovering the potential of 
the cyborg landscape. 

In summary, I want to express 
the main themes that have 
emerged from this practicum. 
There is value in using sensing 
devices to reveal the landscape. 
These devices can help create 
a deeper understanding of the 
landscape and processes that 
a� ect it. Plants are sensing, 
reactive organisms that are 
active but in ways we cannot 
perceive. Integrating sensing 
devices with plants can create 
a better understanding of 
plants and how they engage 
with the landscape. The data 
that results from these sensing 
devices can be easily distorted, 
therefore caution must be 
taken to avoid negative bias 
and misconception. Lastly, I 
feel there is value in bringing 
electronics to our curriculum 
so we are better prepared to 
engage with the ever more 
technologically-enhanced 
landscape.

Throughout the exploratory 
process of this practicum, I 
set out to answer questions. 
In the end, I feel that through 
seeking answers to these, I 
have just created many more 
new questions. This represents 
an important fi nding in and of 
itself. There is still much to learn 
about the cyborg landscape, 
and therefore there is value in 
generating these questions. 
The potential is vast for 
landscape architecture, design, 
and landscapes themselves to 
become more connected and 
immersive and understood 
through sensor based data 
collection and bioelectric signal 
detection. As has been argued, 
it must also be approached 
with caution. It is through the 
development of meaningful 
questions and experimentation 
that important debate and 
discourse arises. 

This practicum has 
demonstrated how sensory 
instruments can be used as a 
means of understanding and 
revealing the landscape and 
allowing us to overcome our 
inability to perceive aspects of 
it. Using this notion, methods 
for collecting and presenting 

6.2 Closing Remarks

(opposite) Figure 6.6 A cyborg 
plant with fully integrated circuity
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Figure S.1 Illustration of the CAD fi les used to 
cut out the Plexiglas parts the were used to 
build the cyborg enclosure.
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Supplementary 
Material

Digital Document
Interactive digital version of this document is available at: http://
scalar.usc.edu/works/fl ora-machina/index

Building a cyborg plant
The following is the list of hardware and software that were used 
to build the cyborg plant and links to where those items can be 
located.

Max/MSP 6: http://cycling74.com/products/max/
Cyborg Interface source code: https://github.com/
michaellucenkiw/Flora_Machina
Firmata Ardunio fi rmware: http://fi rmata.org/wiki/Main_Page
Maxuino Max/Arduino communication protocol: http://www.
maxuino.org/downloads
Arduino Uno: http://arduino.cc/en/Main/ArduinoBoardUno
Photo cell: http://www.adafruit.com/products/161
TMP36 - Analog Temperature sensor: http://www.adafruit.com/
products/165
Moisture sensor: http://www.instructables.com/id/Garduino-
Gardening-Arduino/step4/Build-Your-Moisture-Sensor/
INA125 Instrumentation Amplifi er with Precision Voltage Reference 
http://www.ti.com/product/ina125/samplebuy
Speaker - 3" Diameter - 8 Ohm 1 Watt: https://www.adafruit.com/
products/1313
Stereo 3.7W Class D Audio Amplifi er - MAX98306: http://www.
adafruit.com/products/987
Electrode Pad: http://products.covidien.com/pages.aspx?page=Pro
ductDetail&id=147885&cat=Electrodes&cat2=Default
Shielded Cable: http://www.weicowire.com/index.
php?route=product/category&path=185_58_63_136 (*Note: cable 
used in this project was acquired second hand. The source listed 
here is a suggested supplier, but equivalent products can be 
substituted)
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+5V

Plant +
Plant -

R: 10k ohm

Vo

GND

Amplifier Wiring Diagram

(opposite) Figure S.2 Schematic for assembling 
the cybernetic interface of the cyborg plant.
(bottom) Figure S.3 Schematic for wiring the 
bioelectric sensor.
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Figure S.4 Diagram depicting the major parts of 
the cyborg plant.
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fi ed from “Österreich und der Schweiz” by Prof. Dr. Otto Wilhelm Thomé Flora 
von Deutschland (1885). Used under GFDL © Kurt Stueber, 2007. www.BioLib.
de [created in Adobe Photoshop CS5]

(opposite) Figure C.7 Cyborg plant with 
extensive root system.
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+Ko2vg1.qzyGZi+uwuupvXu9PazOe7j2u5a+Lz6238seFk8HN6QR1izes2uU
OtSsB2ofZ3NLv.ty6KtaTI1.NC2PCnPetBvtxJuHVPcF0xZzouu5dgyGd8zi
EhQglkWy1uvhaR79Rmd+PETz5FeNd61lNYximN0JuzepU5L8Rlg1Jyv4iLir
UlQyGYFaqLimOxLwVYlLOjYtsiAmMCAg1Jw9ijHK2pYkg3mO2ZwOgv1tgIVO
z.w6NPeGhNUoPX3GW2OpXBKODtKe9XkeVEAAO5ytsJQfD+uu64AT0Tb8y3IJ
v75bPAKpT.JOzk3rPWhyBcINKzk3rPWhqG5hxvVTuqEIaBvAr.98dbFrhoMe
d6nWTF4xUC5pGohi3W8slfZlKar0gu1YkRoVIFmoOBAU+QodIoiLRwzZU94l
xMrbqLCK2OzPgXSBZJ2csKgK6V7qwMdJkWQNr8o2F8zonbFF86WpMc9b3SQW
Lx3OF9xQmWF4JiEhv1y4CCRjVLz1yvt1p8rwzhwQuu+P7tuOILIp+zEBC3aH
AAAoJOLioTIjPV4KzLegXPliobZCkDFxfjUBCWILb3babwhC3NwQxbMI6wKW
a.8qOvjweQkNsBa.MgMs1BzYOn0GWkcAM1FzaenKaDMrS35ZKn0bgElLrwrQ
mlNrz7gASH1YFoCSIcZNoCSJcZVQmoEylWLahwrYFilZzYtQsIG0lcZqr217
yEueWqagQaMCX8KLsFFlWGC8r22Xx+M4rXn3R603v35bz+05vz5cX1bqsq6w
aB5cgysNWWjgn1ku9H9bUN5LtFIc6uy7Zkzi0Kw3Zl710k355oXbMUFx5pXb
sU5U+UmCZ5n+o8ZsnnSpoGtKV2kK66TQjphdPKVGFmVKF8LqpmcUmzIGT6B5
R6BtbZWHWZWnkS6B6R6BubZWDWZWjkQ6h6hciEiYCnKsJ+qTyJeMmZOEvtV6
o1yxcrlflcSFrGyHQqf0g.YRPLuFUpVmplc.ivlLQzojbXeuYZQRxBAyJB9z
LWKkLO6JYJODt+o6pT0tt6tlsQ6B+ZsR3mVF46BV.RlQwcAKX+qBCT4f1zra
kFlhDDGHQr.6TjvzYihTykyoUFusKJ7Tu0hjfgL2ek4gAz2.jfeCnwbDwQwj
2Eh0v370OanFsa0GPewpl8YZWASS7Sb+DOxzjB5+w+92+u+2rRAswRImuFoD
LMs1sjVckHzVUWIsiz49xzOK66fBUpV2luWnFp6KWpt2Jp6UmuKXfjJP7Esw
IpakLPaN4cRXzFpYiNP3B2piITD2WTL2alCnH51EEA8GEQaRKDFHLwNXjyW1
nnoEEMJ7G68X57cCRVL5DVW9F48dDM1DJltnS223OyAkSTeAU4h8X8HbF+1c
.NbXJl1igzkMFNvoZm6YlRraFRL3rYFRixTCstgS8uQZ34lXrtcytQZ24lEr
tcStUTzCnRCgXCMbKmYDEMZbFoYNNv7cVE4Bp+laVNFG.ENU.ZkbN6.TgEI5
XgmfIBOgAjYKdJszMJ3Y4ts+pimL+qHdJD7GFvF+TVkwQLVQkIoikif7lPCX
9bflTR.ML2xyQ658TzktrPA3pP3MB3zw.vUqCOool8fTSgTlaponU0zgolJC
Dvd0T7pZp.0.vLfxZ0TvpZ5fTSkgWYuVJbUK8G7xGZaqRJBupjNHkzb1jsUI
EcqnjZfa9vyIdfML5Po1SFSMqacXvxe6hzMdRFJggR3jh6NAvdO.mP+9hmbh
aZmn2Av4.41ThkjNUMQjkOVZZoiNGk3UKs2c1YjT0DKUJk0Cbiqy9M7xrmBk
+o3mdd2W8NGl75ovjxpXaO7wSqgqPXm68LH31FX+9ghnETQKQT+N0T8uswy+
3ouNr3OyARRPW.IaYCjCrvZJ2FxT96fBqY4PpYVg07pTPBssdDltMomIECM+
EW4aiaaEmKcGSYUET7k3sGODuOIWKHsN8jVDlRKk0U9Ya8JHK+Dggl+hlBz0
GEvVhBj4itl8xLdAJyvkmLilOxLyoQ0yDYlt.kYaq9kYag74hPu77qxVb9Uo
9VqYLiDZawY17oDPmty3rSlmOpyTjsJGf4iLaqoN+4iHCrElmOCAS2hS1oNO
eDYqcnXqOvVSg.wxVidBWRXmLUyZ9p70DElMCBLXxm.g0XPV17MFf.nAHHOx
oxWlXthWgxOd.84xEyjO8Pjsw2QmQiFItLuv4w4K.w14qPmOyWgfbYtryDb1
VGhz4iSbBvk4eOOvYrsQRSlOtDw1ZqC62OuAPRlmNBIOGr4xhnP8Wg8kLDK8
aj8pI1hO1ZlSHymdNqkYzBTlAKOYFNel1FFr.0mAKP8YvBTeFr7zmQ1FcKc9
nOibhM9YxI9ksQ2RmOQvfrM5VEDV7lIy1NFjMel4CzZd0vfYjPaqB87gLPn0
ykmOeH2FhVdqUi0x7L5LrChWdq8HzZfdNIzfEnBM3l8PYDNZb.tdpLNomJiE
aHu1GiXeWT34WOEk9dm87dI73wnsdIG7BecabZ+m34o6Ou7OVpF0iGdUtw9v
EGhWmd5gFmvIVePj4mdnDhYjz5YFk5Wc.EJOE8HbMmEYXmOp1.W8SvwigO9i
BHP7etdZ0IBzXS.HfRXoK9BRcwwsY6mNOObKsRI6KwmeMbm3GZqRsJznpUgI
nMXt77+SpTgw5.UzanRkNj6+H7m71FlD583g8eI5ThXvY7dwvyWjH5VuuDt6
0IY7ILfsgxvB8ztGeVddpLmfx+f35utO9wLWZdODk7SQQ68RdNx62cZ6qw6E
171u0aW3wjCGUhmjw0dGdChfBBXkvIS2vc2OPVmHMy+Xpl4mOc3kLX7bz9yG
NcdBFUKhBo7T8riQ0H1LD6xOrT89C2MXXg3S2PvALFOsHIgJfEeA.wXLJyvA
dJh1WnIsgz5Hz0GfyN.Zu7Y0OkXqGvDVENSF2iH0iG180yeM4Yktjw5Q0.Xw
IjJEx1vJCKgazsLx4iHUjN2xmieZe5Gp7Y2lGYp4EwVHr9AgHstgv0yLUoN8
5Yl5UIWvfxpLFUdbwYQxfAdayFrg0ZCfN0XgAyrTe64bU4696G185KQ8Mq3j
GD3brkn.bTRGx5fTt3OIP0t3mdNwC0WrBJOiZsErBtNoP3eIqQ.uahpCLOFt
KxC3ASOsaRslpE7Xcj9k9xhCHFtIP7urng.zNOFNdWehkjmme93hPY69bKg7
N5XKwjZa3O8KdDBp+mOSx8+KrbVDr7jszPYF9pnq1Jl2KwT7nhocY7D1WimR
+s1Z6Dccrc98Gh248xg3yYwj+VXAE2eKn4tebzBJrYjKu2rgV.ZtXCEyVMhV
yHZ+OdVXtaDk.tErhNPc17x9DG4fNq+6Hc1gAuROQPdfCnavJ5ZcoJzck2wo
NktPf2cweIZySgw6+k5MquDVsX2U2wO.+m20ntqeH4PZCn7V+NxeYS0su4Os
QX6NZ+VKKCUOtK93mJal1LpgPwUqLMQlpDDaqK0M65ncz0Yi876q+rz+urKc
W74VwAd3Trtpj+13yG2E90OcRnGj+K7w77.zTw1uF5.jG2gEObAlH2QGkakC
KNtiyVLyCetwA9b8i64ZX1t38+XpFQ6gmMuoC6epSMrFehyOe3ThhOht6un6
An48eQnEl99RnU28DlMFBq+Vh2GmHrInVSQ0cV1C07rst1M9p3FOm7U42FQG
bbLJZ6t3Wx47s5lpcbWOpG7xFhL6e6W5aLY4CiAfxgwWyhc9vhIaxBz8wu93
tneo+mHl4U53x.JHcNqLRvMNjNTMzzx2WNZ1sBJ+VGMS2+.CDPqEPFtyS3w.
vUolbW4qdtLE2gMxOehZNMxO.tZLs6Q+Ngnz4DhdUpliAVWdulOITT.zEYdd
jrYA1ta0ClO6vdaq4M3EmDmQc8boPFFr7JXj1ZzH.1upSJhkWwf.EmRuEuZp
qNNAicEPocKEhj0ABlbKZIKp79SesV055SCYFUGfbRl6SUxUnxkVOOvxPEP9
kuZp6ctrAL6y8dqqdPyHiwjEX9USbJzh9LJPZ+EQ8kGfHx0dqwqvn7CpEl7T
ZkL8iPrM2mmO0lBa8sD.Vdx7LpRQasLimOoEu0UWqfYDNaawVjLizmsUjmOU
SCaUlClQoDu0i.YyHgdriGtkWUJrVnk0CzzIGmqI38jlf2ZyApjnWN9GjYO5.coU4ekZV4b12dJfcwce6Y4NVSPytIC1iYjn
Uv5PfLIHl43WEO+id1yLvZgjajNglYEGHmppMYsNeKK.PWm5xvjWJF.dTv.p
DCTIaOoOFDzYEX..V1UfACH5u0CVVjecO8IxfwfxrH8ZkSJtpY91.keLUkbf
XojSXB7MJIT5GVdcxXB3xaaaYc1Gf3KPYd9r2b3KtLlHyExRamlY84n..rdN
JbCsMaZDkk5S..l98YCUDPEqrNqWai1vZmEvMB.mMOOE.D5aIhdcG2qQXQzP
E0bYRUMWFALsWi7AN1PyyA22jVU.v1VEbxZUhefGJWad62WXXdYqBvKaUTys
JTe2WXFJxMWhEoqGZ6jsdLzpSN7zS6hbt+mVhTDets8+Xy8+NiG8S0nKKcok
1Ofql5v7.U.R.xDfPlmF556fmphKOiY4fG9hdriFUIgbc5fqmVN0FQUu17e4
7+ZPGw3oAMUfSiRJPePGFHnrd2bYAEPYc9d3nSWmVAWK6PvJlsr2TjeooHJ1
u5Td.ZzVTYEfetYLRMLcJb+1CuLjAY0sQYbPFBNZHizo0UGbROYk1I7qqwHN
WO.wIjMbI.4CXE4IgIC3ywiDo+9gcImG9YPCCUM8EjbGrPkybQ2QOC.eqbzy
znvQpFwd3oFBLK8e7TwjUJvbHW.e2Wufs007DyAZrbQLzBzFB5162eX2VyQO
7bukc8QcjbJNy1sTWiSGZGqkk3xzeWwquPVZ7aFffTV1uT.I.fx9Iohezl+h
BebGDcJ6he7Gq2O2Vapn6+vosQmbCFm6Jh0RLnZG5TBahLeHGizqP5GrpO99
Pe7kW2kDedW71Jmqmipp3jEB41Sg+zwnverghpRs2GEQxDKdHhUH1bb5+xDQ
LEEPxDaeeDl1De53L2DKWGIQvMXFlvHoYa.Ss5aP47HJkFbgzfB.vzSyOvFB
TfcTIHh4HVSoQslc42meo9FhSnvruOBGPy5Tno+Dv1sNGlgWyjoqP63BgfVH
DTewzUy.V+JwAKZU3lBgnqUzkkWHSyKMr0e+xuYTwM.IREYAvIz3PY51XJym
g07I4EeRedpPk8IyDk6q8s0.XDpUMTyIkJ2W9Lk+jjxOoPBgY8sBCcLPlXCD
cJ9s9IUL1ppF41nyaDih6iDvXbRBhRq4jHIyL35wVnIh1fQLFt5vyE5NWw.f
+MiNzkaLotqPc3GZ4feJLlOEFta4suQ4ltCC7oUDIeBDw8cx.uu+MkA9AXPO
qy1AsrVd.9Xd1gAVcBnG5V1gUMfQmbJaCDvvHb4ny7y4GciK4KqwkRcfOsK5
yIuUCWant00v0YQ.aOJbTkRIWCusyhwuZvxdL9McGY7ZrqqYTChenk0I37zO
BA0Lng1WBYSkRICok1QbjDab+hyH574vmhtrJlHDgzrFNwUhra.b9YwyxtHW
sZfYW8MUAdrh.qtcexxvtuHD4118ITlYK+j0HxzYhmU19AnztrLCqJj2qmwd
MTO0ee.IOK9p1Gc97srS.cSG82GeXWzNwnkSwO5884Gb.eykkdEzvWxFgUPX
wNNih2DDHFZlcD2ms3mXrlUwhOCWEq+VzKGiNElUJKFLvHlFepNBKf2DX3Fq
4Ub5LDWjGZxgI+i8oGAnWIEoZ6mmFvkvNOiwnL85RTzrFy9KQgeI57UB0PBu
c7KQMFMqF0pCvfyP.KU05er+6JNdYuNvU.ToNFyjoJJ3MDsbew37KWBlKeVG
AUQwvMr7fpBXB+qnfzfBxKei90+vsp7NPEa0tqxNMq4ZrE33Jk87EDd5m6wV
0yzR8YkdmlCzNJGTY6W3HTERdcTF5ZOgWSqmJSZLtlcJo+jrQA0zQ0.t8Msh
iiWrTQ+qsgO579jiKl+GFJlaC+dIRWbvvgMYSAhMa4X2gGkG8dPfeOZJGEAp
tyIiFYw8lgcYS8wnUBQDeATBGJhkOMHmpshLpFs3B0Jw+vPk5VLMs9IaLgXh


