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Abstract. We describe an environmental education e-laboratory that al-
lows various experiments involving sensing and monitoring plants and their
environment using communication media commonly available at home. in-
cluding wireless (WiFi), and mobile telephony devices.

1 Introduction

We all know that plants are living entities with various needs. but even though
they are commmon in many homes, humans tend to take them for granted. It is also
true that a typical modern home contains a large number of sophisticated devices
and technologies, but they do not usually interact with the plants.

We have designed and tested an enviromental education e-laboratory that al-
lows us to study the effects of computer augmented human-plant interaction to
change the perception of people about other living entities. This we do by expand-
ing users concept of plants by giving them access to the communication media
common in the modern home (computer, internet, PDA, mobile phone).

An e-laboratory can be local. remote or virtual. A local e-laboratory is a real
laboratory that has been enhanced with computer-based technology, sensors and
effectors. A remote laboratory can be defined as a laboratory with a real-world
presence that allows participation from a remote place. A virtual laboratory can
be defined as a computer system that models a place, situation or the like, con-
ductive to experimentation, investigation or observation. In previous work[1-3]
we have explored various aspects of remote and virtual laboratories for robotics
applications.

Another relevant topic that we have been exploring are tangible interfaces,
which involve using real objects to interact in a more natural way with virtual
worlds [4,5]. We have extended this concept to the exploration of computer aug-
mentation of real environments, in particular those involving plants, in order to
extend the plants functionality in what can be called real virtuality (3, 6]. From
these experiences we have developed a prototype educational environmental e-
laboratory that allows users to monitor and control certain aspects of plants, even
in a remote fashion through the internet, and thereby develop empathy for plants.
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Users interacting with computer generated (virtual) or com
worlds use interfaces, and so are in reality using metaphors. Meta
to “conmnect” actions carried out in the real world with what happens in ¢}
applications. Although much of the work in this area has focused ip the vi lese
aspect, other important aspects of interfaces should not be neglected. Tanls.l;)a]
interfaces have been shown to connect the user to the virtual world [7_9] gll le
similar fashion, interfaces that allow users to have contact with plants provide.thn .
with a better understanding of the plant’s “feelings” and “needs”. The changes telm
soil the where the plant is placed experiences during a certain time are procesgelfj3
and analyzed by a computer program that infers the current status of the pl;;m
This information, when processed according to the embedded model of the plam.
can suggest a response or a message to be sent to the user. Thereby the user cap alq;
use this model to imagine that he is actually establishing communication wit, tile
plants, and thereby establish a bond with them. The user has some contro] of the
plant’s status by watering it, medicating it and watching its progress through a wel,
cam. The use of the cornmunication media constitutes a form of augmented reality
that can help the user interact with and manage the plant and its environment.The
use of the internet allows this to happen remotely. All this is the basis for our first
experimental setup, an “e-mail plant”, [5,6].

Onmne important aspect is that one normally has more than one plant at home.
It is important to incorporate applications for managing many plants. Managing
many virtual reference entities simultaneously can be complicated and therefore
must include the interaction between the plants. Plants communicate by chemical
messages, but only the plants that are potted in the same soil or that are in the
same commnon area receive these messages. To improve this communication process
we have empowered the plants with the means to remotely exchange chemical
messages, thus constituting a “plant chat” system. This is basically our second
experimental setup(5, 6).

In the following we explain in more detail our experimental setups and how
they have been shown to users.

puter enhanceg
phors alloy, Users

2 e-mail plant

Our first prototype application for the plant e-laboratory is an e-mail plant. A
simple sensor is attached to the plant and when it is determined by our program
that humidity is too low (the plant needs to be watered), the system sends an
e-mail to the user or list of users. In fact, the very first version we exhibited (at
X-Teresa, 19 March 2003) was smart planter that included a sensor and a LED,
as one can see in figure 1, but no emailing. We then incorporated extra hardware
to connect to the computer and allow emailing. as can be seen in figurc 2)

The system consists of a humidity sensor embedded in the soil where the plant
has been placed, connected to a circuit that discretizes this signal and sends them
to a PC through the serial port. From there. a java application sends e-mails to
users on a list and attaches a text file describing the status of the plant. qsfrs
introduce their e-mail address into the PC application that adds it to the mailing

304



Plant Lab: An environmental education e-laboratory

Fig. 1. Smart Planter

list and thus sends messages to every address on it. The systein sends one or several
messages reminding users that the plants need watering. A simple java application
on the screen of the control computer shows the status of the plant as well as to
what addresses mail is being sent.

This application was developed using a very simple sensor and a black box that
interprets the sensed status of the plant. Diffcrent plants require special humidity,
minerals and other different factors such as PH levels, so more complex sensors can
also be used.The status of these extra variables must be stored in micro-controller
memory so the user can adjusr the application for a specific plant.

With this simple application we intend to make the user think that there is
actual communication with the plant. The user thus feels empowered to interact
with another living entity. Despite the fact that users know that this kind of
direct interaction is not possible, they establish the necessary metaphors creating
stronger emotional bonds with the plant.

A prototype of this application was exhibited as an art piece at Galera Myto,
a trendy art gallery in Mexico City (September 12th, 2003). and in Casa Frisac,
a government "house of culture” in Mexico City. (December 3rd, 2003 - January
20th, 2004). For this version, the simple sensing mechanism was deemend sufficient.
One interesting aspect of exhibiting in an art gallery was the reaction of people
to the piece in this context. The daily interaction of users with e-mail services
made the computer’s screen used to send the e-mails seem natural to most users.
They perceived a flow of “love and care” to and from the plant. This overcame
the barriers that computers (and technology in general) still generate in this kind
of audience. We have not yet tested the interface with the general public, but we
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Fig. 2. Email plant

expect a similar reaction since most patrons of the gallery were not technically
inclined. In all cases, people were really surprised with the application. People
immediately requested us to use their e-mail addresses. They really wanted to see
whether they would “really” get e-mail from a plant, although they knew that
the mail was not “really” from the plant. Users seemed to react to the virtual
affection bond and cared for the status of the plant. More sophisticated viewers
that had knowledge of conceptual art reacted intellectually, but everybody reacted
by becoming emotionally attached to the plant. From the reactions observed in
the galleries, one can conclude that users would probably want to have something
like this at home.

A second version of the interface (Figure 3) was produced for an exhibit at The
Valenzuela-Klenner gallery in Bogotd (November 21, 2003). Since in this case the
plant was to be in Mexico, and the viewers in Bogotd, a web version including 8
WebCam had to be developed.

The interface is still unobtrusive, although the impact is reduced because the
viewer can see the image of a plant, but not the plant itself. Still, users are greatly
empowered because the setup can be in a different place than the user. Of course,
if you are far from the plant, there must be a way of watering it. Therefore we
added a computer controlled water pump (of the type used in water fountains, as
shown in figure 4). Now the user can not only know the status of the plant, l?ut
actually do something about it. Still, we decided that we could do other interesting
things if we had more than one plant. This is described in the next section.
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Fig. 3. Web Plant

3 Chatting Plants

It is well known that natural “messages”. such as the change of color of a plant,
for example, mean that it is dry or something else is wrong. There are many
other phenomena that stress plants. Plants communicate with each other trough
chemical meaus. Salicylic acid, for example. can transmit to a neighboring plant the
message that all is well. Our second experiment, which we called “Smart Garden”
is an interface that inserted in this context explores the relationship of plants
amongst themselves, as well as between humans and plants. It can be mounted in
a garden or indoors, always with a networked component. A preliminary version
can be seen in figurc 4.

In this case we sense not only humidity but also acidity (PH) in the soil and
by doing this we intercept, decode, transmit (through internet) and reinterpret
messages between plants by applying the detected substances remotely. The sys-
tem can be thus be considered as an “internet chat” between plants, in their own
chemical language. The system also translates these messages to humans, either
physically present or remote. The user can thus follow the status and “conversa-
tion” of the plants, as well as directly control the environment via the computer,
via a mobile phone or through a WiFi capable PDA. Although the system has
not yet been exhibited in galeries, the videos of the prototype application have
been shown at several conferences. The reaction of people is even stronger than
that of the email plant. The concept of plants communicating amongst themselves
and humans eavesdropping enhances the environmental education aspect of the
system. The complete chat applications for PDA and mobile phone are still being

worked on.

307



Issac Rudomin, et al.

1
)

' ' ' VPR
suh"_ _si‘.—‘v .w‘
e T
L—‘- ] l.... —_— - — T

Fig. 4. Chatting Plants

4 Conclusions and future work

In the testing we have performed so far in several venues and with different instal-
lations, suspension of disbelief is achieved and plants seem to email them or chat
with each other. Users find this to constitute attractive applications they would
like to have in their home. it also enables them to change their understanding of
plants and their environment, so we think the system can go beyond the stage
of art installation or technology demo, and become a full fledged kit for an envi-
ronmental e-laboratory suitable for a typical home and using the communication
media available there (computer, internet, wireless (WiFi) capable PDAs and mo-
bile telephones). This could entail being capable of sensing many other variables of
the plant or its environment, as well as developing more effectors, giving the users
more precise information and control. Since the system has to be costumized to
each plant, a system that would detect the type of plant automatically would be
interesting. But, if the intention of the laboratory is to educate people about the
fact that plants are living entities that require attention, even the simple sensors
and effectors shown achieve this goal.

A first version of the WiFi PDA interface is shown in figure 5 (above). T_he
mobile telephony interface consists of sending SMS messages instead of ernal!s-
This has been implemented and the interface using an SMS server is shown 1B

figure 5 (below). For the final implementation we need the cooperation of a mobile
phone company.
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Fig. 5. WiFi PDA Plants (above)and SMS server sending message (below)

309



Issac Rudomin, et al.

References

1. Rudomin, I., Mufioz L., Alencastre M.: Virtual Laboratory. In: Proceedings ar:
cai/Taina 2002 Workshop in Intelligent Virtual Environments, J. Sossa anq G :5 Mi.
editors, ISBN 970-18-7825-6 (2002) 35-42 + A\TToyo,

2. Rudomin .. Alencastre M. and Muiioz L.: Teloperating Robots in Multiuger Vi
Environments. In: proceedings ENC 2003, Tlaxcala Mexico, Sept 2003 (2003) il

3. Rudomin I., Muiioz, L. and Alencastre M.: Defining and Executing Practjce Sessj
in a Robotics Virtual Laboratory. In: proceedings ENC 2003, Tlaxcala Mexico Sons
2003 (2003) R

4. Diaz, M., Hernéndez, E., Escalona, L., Rudomin, 1., Rivera. L.: Capturing Wager and
Sound Waves to Interact with Virtual Nature. In: Proceedings ISMAR 2003, IEEE
ISBN 0-7695-2006-5, (2003) 325-326 '

5. Diaz, M., Rudomin, I.: Object, function. action for tangible interface design. In. Pro-
ceedings Graphite 2004, Singapore, June 2004, ACM. ISBN 1-58113-884-9, (2004)
106-112

6. Rivera D., Rudomin I., Dfaz M.:Plant Mail and Chat Environments. In: proceedings
Smart Graphics 4th International Symposium, SG 2004, Ban(l, Canada, May, 2004,
Springer Verlag Proceedings Series : Lecture Notes in Computer Science . Vol. 3031
Butz, Andreas; Krger, Antonio; Olivier, Patrick (Eds.) ISBN: 3-540-21977-3. (2004)
135-139 ’

7. Ishii. H.: Tangible Interfaces. In proceedings of SIGGRAPH 1999, ACM Press / ACM
SIGGRAPH, Annual Conference Series, (1999) 127.

8. Ogden, P.: Human computer interaction in complex process control: developing struc-
tured mental models that allow operators to perform effectively. In: People in Control.
IEE Conf. No. 481 . 120 -125.

9. Ishii, H.: Tangible bits: Towards Seamless interfaces between People, Bits and Atoms.
In: proceedings of CHI97 ACM march 1997 (1997)

310



Part I11

Data Mining, Qualitative Models






