
A 3D Interactive Environment for Automated Building Control

Tiago Castelo

Instituto Superior Tcnico, INESC-ID
Av. Professor Cavaco Silva, 2744-016 Porto Salvo, Portugal

Abstract

Information Technology tools for Facilities Management are meant to provide automated control systems that coordinate and
control electric and mechanical devices installed in buildings to improve occupant comfort and safety, while at the same time
reducing energy consumption. An important aspect for the effective usage of these systems is efficient handling the representation
of the location of devices along with their corresponding status. However, the state of the art, in terms of graphical interaction
regarding these types of user interfaces is still quite primitive in comparison with modern applications. This work explores the use
of 3D interactive environment for maintenance activities by augmenting a virtual facility with information regarding the status of
systems and the space itself while providing simple and intuitive ways to monitor and control them. To do so we implemented
a FM prototype regarding a satisfactory interface for monitoring and control in the building automation domain, making use of
game engine technologies. By satisfactory we mean an interface that adequately conveys the perception of the status of the building
automation systems. Our prototype makes use of 3D building representations to ameliorate the perception of space along with the
representations of each device, its corresponding status and spatial information. To evaluate our ideas, we report a comparative study
that contrasts our Virtual Reality interface applied to the centralized control of a building automation system with a corresponding
legacy application, verifying the reliability and possible benefits of 3D virtual environments on FM. Conclusions of the evaluation
of our prototype, indicate that these kind of interfaces have the potential to significantly increase the productivity in maintenance
tasks.
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1. Introduction

The heart of a Smart Building or Smart Home is the Building
Automation System (BAS) which is an automated control sys-
tem that coordinates electric and mechanical devices installed
in buildings, to improve the comfort and safety of the occupants
while at the same time reducing energy consumption. One im-
portant component of a command and control system of large
dimensions is the existence of a form of graphical representa-
tion of the location and distribution of devices and is crucial to
the efficient use of the system. Trough BAS systems, a user,
should be able to graphically view the location of each device
in the plan of a building, navigating in a fluid immersive mat-
ter trough each floor and interact with each device or a group
of devices in real-time, instantly perceiving its actions and the
state of all controlled devices in the application. To design such
interfaces there is a need to combine several complex variables,
such as satisfactory system perspectives, fluid real-time render-
ing technologies, tools for modeling virtual geographical envi-
ronments and geographical information systems.

Command and control tools are developed by companies
linked to the automation industry which do not, in general, have
the motivation nor the ability to create sophisticated easy-to-use
interfaces. As a result, most tools present huge gaps in user in-
terface interaction, turning the interaction with the devices in-
stalled in the building an unpleasant and frustrating experience.

Although conceptually simple, to the best of our knowledge, no
command and control system has implemented graphic interac-
tion functionalities in a satisfactory way. In video game genres,
(e.g. such as the real time strategy genre) where users need
to control multiple elements at the same, its used the overhead
pull-out third-person perspective. This perspective is meant to
supply the user with the ability to view all virtual world ele-
ments at the same time, permitting zoom in and out actions
upon a given element, through an isometric view at any time.
In the same manner, this concept can be applied in the interac-
tion with BAS floor plans.

In this document we discuss and validate an appropriate so-
lution for displaying and interacting with integrated informa-
tion within a facility management information system. To val-
idate our solution, we developed a prototype implementation
of a tridimensional environment for assisting maintenance ac-
tivities in the building automation domain. This prototype was
named FM3D and it pretends to augment a virtual facility,in
this case a part of the IST-Taguspark facility, with information
regarding the space characteristics as well as the location and
status of equipments, while providing simple ways to control
them. Unlike previous applications of virtual reality to facility
management that rely on CAD or older technologies such as
VRML for scene generation we take advantage of recent game
engine technologies for fast and real-time rendering of feature-
rich representations of the facility, along with space informa-
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tion, equipment conditions and statuses of devices. Using one
such game engine, we are able to seamlessly offer an interface
that is accessible not only from a desktop or portable computer
but also on multiple mobile devices.

To validate our work and verify the actual capabilities of
using a virtual 3D environment to visualize and interact with
integrated facility management information, a user evaluation
study was conducted. This study compares our prototype in-
terface applied to the centralized control of a building automa-
tion system with a corresponding legacy application, regard-
ing both time effectiveness and user qualitative experience. In
this evaluation the participants without training demonstrated
a high degree of engagement and performance operating our
FM3D interface, when compared with that of a legacy applica-
tion. Although good results have been achieved, there is also
some space left for improvement.

The remainder of our text is organized as follows. In Sec-
tion 2 we make a literature review of the concepts regarding
Building Automation Systems and several aspects of interact-
ing with Control and Monitoring Systems through the usage of
3D Virtual Interactive Environments. Section 3, describes a 3D
Building Control system identifying a control interface and pre-
senting the modular architecture supporting it. Section 4 details
our prototype implementation and Section 5 presents the eval-
uation results. Section 6 closes with a review of the achieved
results and outlook for future work.

2. Literature Review

2.1. Building Automation Systems
The demand for more security, efficiency, convenience and

comfort, has caused the level of automation in commercial and
residential buildings to increase [9]. A building automation sys-
tem coordinates electrical devices installed in a building where
devices are attached to a dedicated digital network known as
fieldbus network, enabling data exchange in the form of mes-
sages [10]. These networks have been used for many years
in industrial automation and control, and opened the market to
diverse application areas, such as home and building automa-
tion [6].

By comparison with traditional wiring, devices communicat-
ing through fieldbus networks are, in a sense, more decoupled.
For example, a traditional wall mounted switch that would sim-
ply close an electric circuit, on a automatic control system, is
an electronic device that sends a message through the bus to
an actuator driving luminary. This decoupling grants a degree
of flexibility that opens many new possibilities. Instead of de-
livering the message to the appointed luminary, the BAS can
choose to redirect the message to another device, depending on
the room layout, or simply not deliver it, to inhibit the switch
when in after hours. Conceivably, the message could also be
associated to multiple luminaries. There are many possibilities.

All devices used in building automation, such as sensors, ac-
tuators, controllers, regulators and control panels, operate re-
motely and need dedicated communication systems to execute
their functions and enable data exchange over field buses and
networks in the form of messages [10].

Home automation is also building automation adapted to
homes. The control is more of domestic activities, such as home
entertainment systems, houseplant, yard watering, changing the
ambiance scenes for different events and the use of domestic
robots [7].

One of the most important features of any automation sys-
tem is the interface by which users interact with the system fea-
tures of a sophisticated interface. Such interfaces permit one to
program future operations and control different devices from a
centralized system [12].

Current Building Automation Systems are not user friendly,
and require highly trained personnel, familiar with the systems
for its operation, costing time and money. Centralized com-
mand and control software for building automation should be
created taking into account user needs by providing intuitive,
graphical control interfaces. The interaction with these inter-
faces if happening in real time would provide a convincing
feedback to the user and give the impression of natural inter-
action. For many years, the video game industry has studied to
provide users with intuitive and realistic interfaces trough the
usage game engines graphics systems. A game engine based
GUI when integrated with BAS would provide intuitive con-
trol of various electronic devices with minimum training thus
reducing costs while at the same time contributing to pleasing
the user. In addition, user interfaces can also present a vary-
ing degree of sophistication, ranging from simple wall switches
and control panels to touch screens or as this works intends,
to present visual control panels that are rendered on demand in
order to interact with a given device.

When interacting with physical devices, it is expected that for
each user action, to exists a predefined perceived reaction [3].
For instance a user to interact with a particular light bulb is pre-
sented whit the corresponding light switch. To that user, that
light switch is perceived as the light ball interface and the ac-
tion of turning it on, will cause the predefined reaction of the
light, to be also turned on. But given the case of the light switch
to not be in the same bedroom as the light ball, how could the
user perceive if the light ball was actually turned on? In BAS
systems, building controls are not always in the same location
as the devices that they are controlling, so there is the need to
represent each device possible actions and state [13]. As there
are different kinds of controlled devices, there is also different
device actions and state representations. For instance compar-
ing a light ball with a HVAC, the first one may support on/off

and intensity dimming actions, while the HVAC supports also
on/off action, low/medium/high intensity and desired tempera-
ture functioning levels, both needing different actions and state
representations.

Device location and grouping are also functions provided in
BAS [1]. Through device grouping, several devices are manip-
ulated simultaneously, simply by acting over a defined group.
Such features provide a system with a huge building control
flexibility, by automatically adjusting a large set of devices to
a desired behavior towards a more rational use of a building
resources.

Interaction with command and control monitoring systems
can be arranged according to the type of activity, distinguished
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by their effect on the system as:

• Command activities are characterized by an action-
reaction pattern, where one commands a system, group of
devices, or individual device to perform the reaction task
predefined by the chosen action input. These actions are
almost instantaneous. A good example can be found in
the light switch or even the fan of a HVAC system, where
the user turns a light or a group of lights and that action
is executed immediately or in the HVAC case, the user in-
creases the room HVAC fan speed and almost immediately
the speed increases. These task are often used in a daily
basis, and can be achieved automatically and manually.

• Monitoring activities are meant to supply the user with
the ability to supervise CMS regular behavior. Monitor-
ing activities act as a complement of the command ones,
by allowing users to visualize the system behavior and
comprehend if it is performing as commanded. For in-
stance, through monitoring the illumination component of
a building, one can understand if the lights that where
commanded to be turned on are actually performing as ex-
pected by viewing their state and if not, act as required.

• Commissioning activities of CMS are responsible for ad-
ministrating system scheduled changes and calibrations. A
good example can be found in the summer-winter calibra-
tion and time scheduling of the exterior illumination of a
building and interior temperature regulation, were in the
winter the lights must be turned on much earlier than in
the summer and the HVAC’s air handling units set-point
and calibration must be set to heat up the building instead
of cooling it down. These changes are often commissioned
to occur only seasonly, and over a great quantity of devices

Moreover, activities can also be classified according to func-
tional areas. We can distinguish at least four relevant functional
areas:

• Alarms are meant for monitoring and notification pur-
poses, presenting information about unusual system
changes and malfunctions, they are usually programmed
to notify the system administrator about system malfunc-
tions. Notification can be achieved through a computer,
pager, phone or even an audible alarm.

• HVAC encompasses all interaction related HVAC related
devices, from the HVAC central plant transformers and
auxiliary power units for emergency power to local vol-
ume air-handling units.

• Illumination encompasses all interaction related to Illumi-
nation related devices, from photosensors, timers and dim-
mers to manual wall switches states.

• Occupation it is usually based on time of day schedules.
On Occupancy mode, a CMS is meant to provide adequate
lighting and comfortable temperature, often with zone-
based control so that users on one side of a building have
a different thermostat than users on the opposite side.

2.2. Interacting Virtual Interactive Environments

VR interfaces are effective at rendering spatial information
(with the addition of conveying volumetric information and ver-
tical element placement) but also enable interactivity. Interac-
tivity is simplified by VR environments direct manipulation.

This interactivity enables to navigate on information
smoothly across the space dimension, navigating to adjacent
areas, but also on the detail dimension, zooming in and out
to obtain different levels of detail. It is even possible to rep-
resent and interact with different types of information. Non-
visual data can be transformed into a visual images mapping
values into visual characteristics. However, the best best way
to render information visually is still subject of debate [8]. Be-
sides representation, interactivity can be taken one step further
since equipment statuses and feature rich controls can be ren-
dered within the space enabling seamless interaction with de-
vices. The changes in the status of space of a device can be
even displayed and previewed thus enabling to perform impact
analysis. Accurately rendering the status of equipment is a very
important aspect that can be tackled by a VRE in alternative to
capturing a video of the target site to obtain the actual status of
the devices as suggested elsewhere [11].

The applications of VR that are more aligned with FM es-
sentially aim at achieving a common language and a commu-
nication tool between different stakeholders of the architecture,
engineering and construction [4]. They have also been used for
training [5] and more recently in maintenance [2]. However, to
the best of our knowledge there are no reports of VR approaches
that take into account BAS.

3. A 3D Building Control System

3.1. Overview

Current Building Automation Interfaces are confusing, too
technical and hard to understand. They lack of deficient navi-
gation use outdated interface technologies and can only be used
by specialized personnel.

Through a Building Control system interface, it should be
possible to navigate through a 3D virtual representation of a
building plant in real time and interact with all existing build-
ing devices, visualizing their status as well as their actions on
the environment. Current 3D Virtual Interactive Environment
technology provides features such as real time interaction and
3D navigation that would permit to render 3D virtual represen-
tations of devices allowing to simulate their effects on a 3D
building environment, but as far as we know, 3D Virtual In-
teractive Environment technology have not been applied to the
Building Automation domain.

It is our aim to contribute to a satisfactory 3D Building Con-
trol system. In such systems there is a plurality of software lay-
ers that are generally important, but in the scope of this work
our main concern is the system’s user interface. In its concep-
tion, our interface it will be featured by a 3D interactive envi-
ronment meant to provide access to building information man-
agement in a multitude of platforms, from mobile devices to
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desktop computers through on-line interaction. This is consid-
ered a major benefit if we take into account the freedom of the
geographical location of the professional charged of the facili-
ties management and offers a powerful, yet easy, way to super-
vise and control small, medium and large facilities.

Regarding how to interact with such environments, we con-
vened the visualization concepts that are common to command
and control simulation games and are effective in this type of in-
teraction. In such games types, the user make use of two view
types: a main view, where most interaction occurs allowing the
user to navigate in the environment, from a global viewpoint to
detailed local exploration and a mini-map view, where the user
is able to visualize the complete environment, offering a fast
and easy way to change from one point to another.

3.2. Interface

Our interface intends to make use of simple controls to help
the user explore the environment, inspecting and commanding
several devices within a building. To assist the user in navigat-
ing through the 3D model, our interface will offer two distinct
views of the building simultaneously, the main view and the
mini-map view:

Main view is the broader of the two views and where all de-
vice interaction occur. To navigate in the main view area it
is available at the most right part of the screen three navi-
gation control components: the rotation controls, panning
controls and zooming controls. In this view, device vi-
sualization by functional area is also available, these op-
tions are available at the top left area of the screen and
they act as functional area filters, allowing to only render
the functional areas that the user selects. The room search
functionality is at the top right of the screen and at the top
center of the view is the building floor identification.

Mini-map view is the smaller one located at the bottom left
corner of the screen. This view allows users to view the
complete virtual building and choose the floor that will be
displayed at the main view. Through this view it is ex-
pected to improve the user awareness of the virtual envi-
ronment.

Figure 1 shows the sketch of the purposed user interface, illus-
trating the layout of its components, signalizing the main view,
the mini map view, the navigation controls and visualization op-
tions. In more detail, at the bottom left corner is the mini map
view, on the top left corner are displayed the visualizations op-
tions, at the top center of the screen is the identification of the
current viewed floor. The room search box is at the top right
corner, and at the right side are all the Navigation controls. The
main view occupies all the remaining visualization area.

In comparison with our preliminary interface sketch our final
prototype interface aspect remained relatively unchanged. To
the final interface it was added some floor changing menus lo-
cated at the bottom right corner of the screen that were meant
to help users to better identify the current selected floor and as
well as supply a more familiar floor selection interface. Also the

Figure 1: Proposed Interface, illustrating the layout of its components

building division search box changed place from the top right
corner to the top left corner above the visualization options.The
final interface is depicted it Figure 2

Figure 2: Final prototype interface. Now the building division search box is lo-
cated above the visualization options, and at the right side are all the Navigation
controls. Some auxiliary floor changing controls are located at the bottom right
corner. Finally, the main view occupies all the remaining visualization area.

3.3. Architecture

To study the adequacy of 3D interactive environments for
rendering and exploring integrated BAS information, we de-
vised a modular architecture approach that allows easy adapta-
tion to different technologies. The architecture will consist of
four layers: device and sensor; network; application and inter-
face.

Device and sensor - hardware layer composed by all control
and monitoring physical devices of a given building.

Network - used for communication between the application
layer and the device and sensors one. In this layer com-
munication will be handled through the use of fieldbus
technologies. This layer can be classified in two modules
according with the flow of the communication using the
fieldbus. The upper network communication and the lower
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network communication module. The upper one will han-
dle all communication between the fieldbus and the ap-
plication. On the other hand the lower one will encompass
all communication between the fieldbus and the device and
sensor layer.

Application - this layer is divided in two components: the ap-
plication backbone and the application model.

• The Application Backbone handles all the exchanged
information with the lower layers. It is connected
to the application database and it is responsible for
the services that will be supplied to the application
model component.

• The Application Model component has access to the
control, monitoring and commissioning services that
are supplied by the backbone. In this component
is where all graphical application resource models
are defined, as well as all graphical interaction and
physics. It is here that the graphic engine resides and
it supports two types of access to the same model:
local and distributed. Their main difference resides
essentially in the graphical and performance output,
that is perceived by the interface layer.

Interface - This layer is composed by two types of interfaces
that have access to the application model of the application
layer. These types of interfaces are the local interface and
the browser interface.

• The local Interface is the one that it is executed in
a local computer as a common program. This inter-
face, as a stand alone application, has better access
to the local computer’s resources, which allows the
program to make full use of the computer resources
as well as the graphics board ones. As a result this
distribution is faster, fluid and with better graphics
quality.

• The Browser Interface, being the one executed by
the internet browser, is not as responsive or capable
of better graphics quality as the local one. Despite
the mentioned limitations, this type of interface ap-
proach has the advantage of being able to supply the
user with the ability to control a building in every in-
ternet browser connected communication device he
carries.

Notice the we only concentrated in developing the interface and
application model component of the application layer.

In Figure 3 we can see a diagram of the proposed architecture
as well as the components that we worked on, signaled in a
darker grey.

3.4. Architecture Modules
The beauty of a modular architecture is that you can replace

or add any module without affecting the rest of the system. In
the case of this architecture there is an exception, the GUI Com-
mand Module.

Figure 3: Proposed architecture for this prototype, consisting of four different
layers representation of the relations between them.The darker area represents
the part that was implemented.

The GUI Command Module is the one that connects and re-
lays commands to all others. Without it user interaction with
system would no be possible. Through it, the Interface GUI is
created and it is defined a screen area for the Command com-
ponents that will execute each of the other modules.

The remaining main modules are the Device Module, the
Tags Module and the Navigation Module Each of them is re-
sponsible for their behavior according with the users’ com-
mand. Illumination and HVAC is delegated to the Device Mod-
ule, navigation to the Navigation Module spatial information
monitoring to theTags Module.

The main benefit of this Modular disposition is that it allows
us to edit, add or remove any module (other than the GUI Mod-
ule) without affecting the rest of the system.

Figure 4: GUI Command Module architecture regarding its main components
and their interaction flow, where the Interface GUI component uses all the con-
nected Command components to command the Device Module, the Tag Module
and the Navigation Module.

Interface GUI is responsible for the state, positioning and ac-
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tion upon all GUI interface sub-components. It is through
this component that any user can relay commands that will
act upon the main modules.

Illumination Command is a GUI interface sub-component.
When required, it relays the user illumination functional-
ity commands to the Device Module. With this command
a user can activate or deactivate all luminaries and their re-
spective effects on the building environment, as required.

HVAC Command is a GUI interface sub-component. When
required, it relays the user HVAC functionality commands
to the Device Module. With this command a user can ac-
tivate or deactivate all HVACs and their respective effects
on the building environment, as required.

Tags Command is a GUI interface sub-component. It relays
the user Tag functionality commands to the Tags Module.
Through this component a user can choose to activate or
deactivate all existing Tags. When activated, it allows to
select the Tag Types that will be rendered.

Navigation Command is a GUI interface sub-component. It
relays all user navigation commands to the Navigation
Module such as zooming, panning, rotating and camera
selection.

The visual aspect of the Command Components is defined
within each one. This allows an easier customization. The In-
terface GUI only has the ability to position the Command Com-
ponents in our screen and define their starting selection state.

4. Implementation

In order to make our FM interface a reality, we decided that
using a game development engine was the best approach. To
make our prototype, we used the Unity3D engine/game devel-
opment tool, already used in several commercial titles 1 and that
has proven to be an easy to use and fast prototyping tool.

In Unity3D, a game is an hierarchy of Scenes, Game Ob-
jects and Components. Scenes contain the Game Objects of the
game. They are usually used to create game menus, individual
levels, and everything else. In each Scene you can create en-
vironments, objects, and decorations. Essentially they are used
for designing and building a game modularly.

In Unity 3D a Component/Script can only be executed when
bound to an active scene’s game object. With that in mind we
defined two types of game objects. The first one is an invisible
game object, the ”Gestor”, where we attach all environment
management scripts and GUIs. This object is always active
which allows its attached scripts to be always running. The
second type correspond to all visible game objects, they can
be activated and deactivated, usually through manager scripts
attached to the ”Gestor” game object.

Before creating our virtual environment we had to design all
3D objects and textures. So, we used 3Ds Max to design all

1http://unity3d.com/gallery/made-with-unity/game-list

tridimensional objects, this program allows not only to create
our objects but also texture them and making them appear more
realistic. After object creation we exported them using an Unity
3D supported format.

The most relevant components of the environment imple-
mentation were the illumination and the AC ones. The illu-
mination one was created using Unity Projectors. It allows you
to project a Material onto all objects that intersect its frustum.
It is commonly used to implement projected shadows. In our
case, we used it to render a white grid texture directly bellow
our luminary model, thus creating our desired illumination ef-
fect. With this solution, it allowed us to position the projection
light only inside a room without the risk of also illuminating the
adjacent ones. Figure 5 shows the luminary effect.

Figure 5: Close up of a room, showing the luminaries effect on the environment.

The AC action on the environment was harder to visually
simulate because air movement is invisible and hard to visu-
ally represent. We usually know that our AC is turned on by
hearing its work noise or feeling its air flow. When studying
this problem we verified that we can not represent its action
on the environment in a familiar way. As we know heat and
cold are commonly associated to red and blue colors, so our
solutions had to use this in some way. Our solution was made
through the usage of colored particle systems. They are fre-
quently used to make clouds of smoke, steam, fire and other
atmospheric effects, which made them perfect for simulating a
red or blue smoke coming out of an AC. Particles are essen-
tially 2D images rendered in 3D space. A Particle System is
made up of three separate Components: Particle Emitter, Parti-
cle Animator, and a Particle Renderer. The Particle Animator
moves particles in different directions and change colors. In our
case we simply draw the particles leaving from the front of our
AC model, making them disperse along their lifetime until they
get recycled. As the AC temperature was set to cooler temper-
atures, the particles that were recycled would come out with a
darker blue color and when set do warmer temperatures they
would change to a darker red one, as depicted on figure 6.
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Figure 6: Close-up of a room, with visible AC heating the room (as perceivable
by the red color air flows).

5. Evaluation

Our evaluation process consisted on a comparative study that
contrasts our Virtual Reality interface applied to the centralized
control of a building automation system with a corresponding
legacy application, Schneider Electrics’ TAC Vista currently in-
stalled and working at the IST-Taguspark Facility. This study
main purpose was to investigate the reliability and possible ben-
efits of 3D virtual environments on BIM by performing a quan-
titative as well as a qualitative analysis on both systems through
user’s interaction test sessions.

5.1. Methodology
To evaluate our FM3D prototype application, we executed a

comparison between our prototype and an existing legacy appli-
cation for centralized control and monitoring, featuring a tradi-
tional 2D Window-Icon-Menu-Pointer (WIMP) interface. With
this intent, we used the existing Schneider Electrics TAC Vista
application interface already installed and working at the IST-
Taguspark main building. This comparison proceeded along
two testing stages, the early prototype stage and the final proto-
type stage.

With the early prototype stage we intended to get a first per-
spective of how users would react to our 3D interface. At this
time all main functionalities were already implemented so the
feedback gathered from this phase did not only contribute to
infer possible adjustments to our final prototype as well as al-
low us to obtain a good preliminary quantitative and qualitative
analysis of our prototype’s main functionalities.

In both stages our evaluation was structured in four steps: a
pre-test questionnaire to establish user profile; a briefing about
test purposes and several tasks, preceded by a short training
where users freely explored each application for three minutes;
ending with a questionnaire after completing the tasks in each
application. This was meant to ensure an even test distribution
of the applications. It should be mentioned that at the second
phase it was added two more tasks to be tested only on our
prototype. With this new task we intended to evaluate some
secondary functionalities not currently available on the legacy
application.

During task execution we measured the time that each user
took to complete each task on each application. If a task was
not completed after three minutes, the task was considered in-
complete. From these data we were able to perform a quanti-
tative comparison between the two applications. Additionally,
the complete test session was filmed for posterior in-depth anal-
ysis, allowing the identification of details that might have been
missed during the evaluation. With the post-test questionnaire,
we were able to elaborate a qualitative analysis. It contains
direct questions related to the use experience, with special em-
phasis in the difficulties users faced during task execution.

5.2. Participants

Involving real users is a major aspect of our evaluation. Hav-
ing this in mind, we preferred to have a small number of partic-
ipants, instead involving ad-hoc users in the tests, which could
produce biased results. Therefore, the evaluation was carried
out by a total of 7 users and divided in two evaluation phases.
The early prototype stage and the final prototype stage.

• At the early prototype phase only two participants were
involved. These participants (Users A and B ) belong to
the security service operating in the building, who have 62
and 69 years old, basic education levels, low proficiency
in the usage of software applications and have no previous
experience in using facility management systems. Indeed,
this was the first time both used such a system, but they
have deep knowledge of the building and are used to inter-
act directly with the physical devices and sensors.

• At the final prototype phase a total of five participants
were involved. They were composed by three building se-
curity service elements and two administration elements.
For these tests one of the participants was used for test
control purposes, since he was an advanced user with high
knowledge of the building.

The advanced participant (User G) is a 31 year old male
with secondary education level, high proficiency in the us-
age of software applications and high experience in using
our legacy application at our building. The other partici-
pants were three males and a female, with an age spanning
from 34 to 56 years old, secondary education levels, some
proficiency in the usage of software applications and no
previous experience in using facility management systems.

At both phases, the first time that every participant had con-
tact with a 3D BA System, this should be useful to determine
the participant’s learning curve, intrinsic to 3D applications
such as ours. For each application the participant was required
to execute several tasks. Before the beginning of each task, the
system was set to an initial state, to ensure that all tasks were
executed from the same starting conditions. A member of the
development team was always present during the entire dura-
tion of the evaluation and acted as an observer not interfering
with task execution. This person was responsible for reseting
the system state. All tasks were presented to the users in writ-
ten form at the beginning of the task.
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5.3. Tasks

Due to limitations on the features available on the legacy ap-
plication and on the availability of the test users, it was not
feasible to perform in-depth tests to a wide variety of func-
tionalities. Instead, at early prototype stage, we focused only
on two specific contexts: AC and illumination. From previ-
ous interviews with the actual responsible for the facility, we
had identified four simple tasks common to both tools that were
selected as representative of everyday activities. These tasks
were executed at both stages by all participants during the tests.
During previous interviews with several facility management
users, it was identified that the legacy application lacked to of-
fer proper spatial information monitoring functionalities such
as: area electrical power consumption, electrical cost consump-
tion or temperature monitoring. So at the final prototype stage
the test Spatial information monitoring context was added. As
mentioned before these functionalities were not available at the
legacy application so we decided to add two more tasks to be
tested only at our prototype. These tasks were:

AC and illumination

• T1 - Check illumination status of room A1

• T3 - Verify illumination of area in front of room A2

• T3 - Confirm that AC of room A2 is On and set to Heat

• T4 - Set AC of room A2 to 22C

Spatial information Monitoring

• T5 - Verify trough the use of Labels, what is the current
electrical consumption of the Nucleo-2-N2 area.

• T6 - Verify trough the use of Labels, what is the current
Temperature of the A1 Amphitheater.

5.4. Results

We present two different perspectives on the analysis of the
results from our user study. First, we present a quantitative
analysis drawn from task completion times in each application
by each Participant. Second, we discuss a qualitative analysis
based on the questionnaires and sev- eral observations captured
throughout the test sessions.

5.4.1. Quantitative analysis
As mentioned before, during task execution the time that

each user took to complete each task on both applications was
measured, moreover if a task was not completed after three
minutes, the task was considered incomplete. Given these pre-
misses, we defined a time scale ranging from zero to three min-
utes which was applied to every task result chart, so any unfin-
ished task will be represented as taken exactly three minutes to
complete. To better discuss the obtained results we divided the
quantitative analysis in two parts referring to both tasks evalu-
ation contexts, namely AC and Illumination and Spatial Infor-
mation Monitoring.

AC and Illumination
The results shown in figure 7 represent the mean values that

where obtained from the time taken by all users while perform-
ing each task on both FM3D and TacVista. From it we can
verify that all tasks executed in FM3D were performed faster,
taking less then half of the time to execute than in TacVista.

Figure 7: Average time taken (mm:ss) while performing each task on both
FM3D and TacVista.

From these results, we feel comfortable to state that a 3D En-
vironment interface can improve user performance in FM activ-
ities.

Spatial Information Monitoring
As mentioned before, the Spatial Information Monitoring

evaluation context test is composed of two tasks that were only
tested at the final prototype phase, in which User A and B did
no participate and so only the results of the users ranging from
C to G will be considered. These tasks were made to test a fea-
ture that did not exist on the legacy application, which consists
on the visualization of single and aggregate information, such
as temperature or electrical consumption, on a single room or
a group of rooms like a Nucleo. As we know, the legacy ap-
plication did not offer similar features which would allow us
to compare with our prototype, so these context measurements
will only serve to test if the current implementation would allow
users to easily perform the intended task within a reasonable
time.

The first Spatial Information Monitoring evaluation context
task results were satisfactory and all users were able to perform
the given task under the specified time. In fact, as depicted on
table 1, only user D took more than thirty seconds to finish the
task. This task only required to visualize an aggregate area type
of Tag which did not require any kind of zoom making it easy to
see the tag; then the user had to change the tag from the location
name to electrical consumption, through the vertical menu.

FM3D
Tasks User C User D User E User F user G
Task 5 00:12 01:21 00:28 00:18 00:08
Task 6 01:05 00:54 02:20 02:56 01:03

Table 1: Task 5 and 6 completion time (mm:ss) per participant.

The last task results were not as good as expected, since User
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F almost did not finish the task in time and all users average task
time was one minute and thirty nine seconds, which although
it is not a bad result, but by comparison with all other FM3D
performed tasks, it was by far the worst one. When we asked
the participants why they have taken so much time to complete
this task, it was stated that they took time to visualize the A1
Amphitheaters Tag because they did not knew that A1 was a
single area, and so it was necessary to zoom in for the tag to
show up. That is, they selected the correct floor and knew where
A1 was located, but got stuck on the process

5.4.2. Qualitative analyses
After each application testing, all subjects filled out a post-

test questionnaire. This questionnaire consisted in a group of
twelve questions selected from the ISO 9241 standard. These
questions, depicted at table 2, were selected taking in consid-
eration five fundamental aspects for a good interface construc-
tion: Design; Functionality; Easiness of use; Learning and Sat-
isfaction. All questions, were designed so that the collected an-
swers could be treated using an Likert scale with five admissible
values, from 1-”Totally Disagree”; 3-”Not agree nor disagree”
to 5-”Totally Agree” , where each participant could state their
opinion of both applications in a comparative manner.

Question	  ID Question
Question	  1 I	  liked	  using	  de	  application	  interface.
Question	  2 I	  find	  the	  application	  interface	  pleasing	  to	  use.
Question	  3 The	  application	  as	  every	  functionality	  that	  I	  expected
Question	  4 The	  system's	  available	  information	  is	  helpfull	  to	  complete	  all	  tasks
Question	  5 I	  find	  the	  application	  is	  easy	  to	  use
Question	  6 It	  is	  easy	  to	  find	  the	  needed	  information.
Question	  7 Globally	  I	  find	  the	  application	  easy	  to	  use
Question	  8 It	  is	  easy	  to	  learn	  how	  to	  work	  with	  the	  application
Question	  9 The	  information	  provided	  by	  the	  application	  is	  easy	  to	  learn	  and	  understand
Question	  10 I	  felt	  confortable	  working	  with	  the	  application
Question	  11 I	  generally	  can	  complete	  all	  task	  in	  an	  effective	  manner
Question	  12 I	  am	  globally	  pleased	  with	  my	  tasks	  performance

Functionality

Easy	  to	  Use

Learning

Satisfaction

Design

Table 2: Questions used for the qualitative analyses software comparison di-
vided according with their context purpose.

The results shown in figure 8 represent, the mean values of
the results taken from the post-test questionnaire. From it, we
can conclude that qualitatively speaking the FM3D interface
was proven to be much more user-friendly than its counterpart.

Figure 8: Mean values of the results taken from the post-test questionnaire test,
referent to to each five fundamental aspects for a good interface construction:
Design; Functionality; Easiness of use; Learning and Satisfaction.

6. Conclusions and Future Work

6.1. Conclusions

We discussed the limitations of the current Building Automa-
tion Systems state of the art regarding: the graphical representa-
tion of the location of devices and the visualization of their cor-
responding status within the existing user interfaces for com-
mand and control of large BAS, and observed that existing BAS
tool interfaces are often quite limited with respect to display-
ing spatial data. Many do not display data using any type of
planimetric representation which makes navigating on spatial
information quite limited. Through our literature review, we
concluded that none of the literature gathered from this area of
study endorsed an architecture that fulfills all of the identified
needs. With this in mind we looked at a possible solution to the
thesis problem by taking advantage of the features provided by
virtual reality environments. To do so, we designed and imple-
mented a facility management interface architecture support-
ing them. Our prototype implementation was called FM3D and
to prove that a building automation control can greatly benefit
from tridimensional interactive interfaces we conducted a two
phased evaluation test. This would allows us to determine if
our FM3D prototype application when compared with an ex-
isting legacy application for centralized control and monitoring
would actually benefit user engagement and performance while
performing facility management tasks. At the end of these tests
we verified that our prototype presented at both qualitative and
quantitative levels much better results than the legacy appli-
cation. The participant’s feedback corroborated all our results
which meant that although our application was still a prototype,
as intended, its implementation could prove to be a useful tool
for facility management interaction.

At the end, we concluded that this work validates the litera-
ture reports pointing to an increase in performance of 3D virtual
environments over traditional interfaces and shows that new ap-
proaches to interact with spatial information are not only feasi-
ble but desirable. In addition, we think that our prototype’s test-
ing results demonstrates that it is possible to create appealing
3D interfaces for visualizing FM information in an integrated
manner concerning space configuration, 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 significantly increase
the productivity in maintenance tasks. Our participants, without
training demonstrated a high degree of engagement and perfor-
mance operating our prototype interface, when compared with
that of the tested legacy application. We think that the potential
drop in user time and increase in engagement with a 3D inter-
face will eventually translate into lower cost and to an increase
in quality, potentially turning tridimensional based interface the
option of choice in future IT tools for facility management.

Presumably, not all maintenance activities benefit from an
approach such as the one we propose in the same way, so it is
thought that additional experiments should be required to gain
insight on which aspects of a tridimensional interface contribute
to certain maintenance activities. In addition, the advantages of
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a web-based interface, accessible from mobile devices were not
subject to user testing. To that end, further evaluation should be
carried out with different use cases, which could be tested not
only in a central location like the IST-Taguspark facility, but
from any place.

6.2. Future Work

Although proved effective, some functional as well as graph-
ical components should be improved. That is the case of the
graphical aspect of both the ACs particle system and the devices
GUIs. Due to the shaders used, the AC particle effect was not as
visually pleasing as we expected, it lacks on the visual contrast
between the hot and cold types of temperature. That is, the zone
were there is a great concentration of particles being drawn get
a subtractive color effect becoming a white zone instead of a
red or blue one as the intended temperature. The devices GUI,
present a unhewn look they should be visually redesigned to
supply users with a more fluid and enjoyable working interface.

There are some aspects of the Tag system implementation
that should be modified. For instance the max number of vis-
ible tags from a space should be only five or it would not be
possible to visualize them all in our camera field of view. Also,
the whole building model should be redesigned in a more mod-
ular way, dividing each room individually and grouping them
hierarchically. This way, we could establish a direct association
between each tridimensional room and its logical information.

The work reported here is part of a wider effort that aims at
creating innovative new ways to explore building information.
In the future, we intend to develop our prototype into a data in-
tegration and visualization platform capable of both integrating
and interacting with FM data from different types of tools in
novel ways. Our vision is that the nature and quantity of infor-
mation that a virtual reality environment can support, together
with a distributed and mobile access to such information, will
encourage more applications than the ones devised until now.
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