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Abstract

Virtual Reality Environments (VRE) are being increasingly deployed as means of displaying data
and controlling complex facilities. It is known that energy consumption feedback plays a crucial role,
not only as a tool to visualize energy use, but also as an aid to help managers diagnose and reduce the
overall consumption of an entire building. Yet, to date no energy management system relies on VRE to
display energy data.

This work addresses several features regarding the representation of energy data in virtual envi-
ronments and the benefits this new approach can bring to the final users. Through our research we
identified a set of principles and rules that are being increasingly used and studied during the develop-
ment of three dimensional interfaces for serious purposes. More and more researchers already started
to look at this new approach as a strong and viable alternative to conventional interfaces.

In order to test the feasibility of this approach, we developed a Virtual Reality Environment for
an Energy Management System based on the IST-Taguspark building. Through our final analysis, we
demonstrated that for most tasks in this field, the usage of 3D techniques can significantly increase
task performance.
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1. Introduction

Displaying energy consumption information intro-
duces changes in the consumer’s behavior and helps
them make better decisions when it comes to reduc-
ing their overall expenses in energy [2]. In-Home
Displays (IHDs) already play a roll in this matter
delivering the consumption information to the con-
sumers.

However, these utilities do not represent the data
in a user friendly way [1], most of the devices output
consists of an abstract numerical representation or,
in some rare cases, two dimensional graphs that are
still hard to read and interpret.

It is well known that 3D techniques bring a num-
ber of advantages when it comes to presenting the
information back to the users: it simplifies the pre-
sentation of complex space-related concepts, and
conveys complex inter-relationships, which are diffi-
cult to group otherwise. Moreover, animations can,
not only capture the user’s attention to the most
relevant clusters of informations, but also largely
improve on the time required to interpret and ana-
lyze the data.

In order to improve the visualization of the en-
ergy consumption data, we are interested in explor-
ing new ways to represent this information using

three-dimensional virtual representation of this in-
formation.

Since the goal of this project is to implement
some changes in an university campus, there is a
need for both overview information and informa-
tion at the point-of-use. The overview visualiza-
tion summarizes the overall consumption for the
entire campus and goes as deep as the global con-
sumption for each individual room. The point-of-
use representation offers a more detailed view of
each component in a single room (e.g. lighting, air-
conditioning, individual electrical outlets).

In a virtual reality environment energy consump-
tion has no standard illustration. Consumption is
not something visible in the real world, therefore
an adequate representation to visualize this kind of
information is required. In order to convert this in-
formation into a visual representation for a virtual
environment, the concepts and the mental model of
our final users have to be taken into account in an
effort to provide users with a friendly interface [3].

2. Conclusions

Observing previous systems and correlating the way
they present the data back to the users, we conclude
that current solutions are limited and sometimes
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present usability problems. As presented before,
these systems offer complex user interfaces that the
general user is not able to quickly and efficiently op-
erate without technical knowledge, mainly through
number or static images, far away from real-time
rendering allowed by virtual reality environments.
The majority of these systems present, at most, 2D
representations of the data being metered.

It is known that the closer we get from the users
mental model, the easier it will be for them to con-
nect with the interface and extract the information
they are looking for. From this fact, we can con-
clude that there is still a long road to travel when
it comes to the visualization of energy data, since
almost no one seems to be interested in exploring
the benefits of 3D environments to represent such
information. To improve EMS system’s usability,
navigation through the spatial area must be a fast
and natural operation, not requiring jumping trans-
actions between scenes. Current solutions require
that every time that a change is needed, a non-
smooth transaction is performed, leading to an un-
natural interaction.

Our solution is aiming at solving the current sys-
tem’s limitations by taking advantage of 3D tech-
niques that have already been proved to provide
huge benefits to the information visualization in
other fields of expertise.

Putting these concepts into practice, we de-
signed and implemented a virtual environment in-
terface using 3D techniques to bring it closer to
the user’s mental model. Our prototype implemen-
tation aimed at proving that a Building Energy
Management System can greatly benefit from tri-
dimensional interactive interfaces by constructing a
two phased evaluation test. This would allows us to
determine if our prototype application would actu-
ally benefit user engagement and performance while
performing building monitoring tasks. At the end
of these tests we verified that our prototype pre-
sented at both qualitative and quantitative levels
very satisfactory results. Also although our appli-
cation was still a prototype, as intended, its im-
plementation could prove to be a very useful tool
according to the final feedback provided by some of
the users that tested our solution.

At the end, we concluded that this we work vali-
dates the literature reports pointing to an increase
in performance of 3D virtual environments over tra-
ditional interfaces and shows that new approaches
to interact with spatial information are not only fea-
sible but desirable. In addition, our prototype also
demonstrates that it is possible to create appealing
3D interfaces for visualizing energy information in
an integrated manner concerning space configura-
tion, equipment location as well as their respective
operation conditions and impact within the space.

The usability tests we have conducted indicate that
these kind of interfaces have the potential to signifi-
cantly increase the productivity in most tasks. Our
participants, without training demonstrated a high
degree of engagement and performance operating
our prototype interface. We think that the poten-
tial drop in user time and increase in engagement
with a 3D interface will eventually translate into
lower cost and to an increase in quality, potentially
turning tri-dimensional based interfaces the option
of choice in future IT tools for building monitoring.
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