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Abstract

Following the widespread adoption of building management systems, driven mostly by building en-
ergy efficiency concerns, Building Automation has earned a great deal of attention. However, given the
popularity of the subject, one startling aspect of Building Automation is the scarcity of authoritative
literature references regarding the topic—definition inconsistency and disagreement are recurring is-
sues. Moreover, automation technology specifications and manufacturer documentation are prevalently
leading to a lack of coverage of the entire spectrum of functionality expected from modern automa-
tion systems. This results in communication difficulties between system developers further hindering
the efforts to overcome heterogeneity. We conclude, by assessing established literature standards, that
none of the analyzed specifications are able to totally cover the surveyed functionality span, leaving to
developers and manufacturers the responsibility of creating custom extensions to fill functionality gaps,
hence, hindering the interoperability between different technologies. In order to solve the previously
mentioned heterogeneity issue, considered to be one of the greatest problems in the field of Building
Automation, this work presents a technology-agnostic framework capable of integrating several automa-
tion technologies. Our proposed solution is validated and compared against other solutions, that fall
short attempting to solve the same issue, in a production environment within the scope of an European
Project where it surpasses existing solutions and, additionally, shows the potential of interoperability
in applying energy efficiency techniques.
Keywords: Building Automation, Fieldbus, Protocols, Information models, Framework

1. Introduction
Building Automation Systems (BAS) consist of a
set of technologies installed in buildings that con-
trols and monitors equipment such as heating, cool-
ing, ventilation, air conditioning, lighting, shading,
power systems, life safety, and security systems.
BAS aim at automating tasks in technologically-
enabled environments coordinating a number of in-
terconnected electrical and mechanical devices in a
network. These systems may be found in industrial
infrastructures such as factories, in enterprise build-
ings and malls, or even in the domestic domain.

Building Automation (BA) has been receiving
greater attention due to its potential of reducing
energy consumption and facilitating building oper-
ation, monitoring and maintenance, while improv-
ing occupants’ satisfaction. These systems achieve
such potential by employing a wide range of sen-
sors (e.g., for sensing temperature, CO2 concentra-
tion, zone airflow, daylight levels, occupancy lev-
els), which provide information that enables deci-
sion making concerning how the building’s equip-
ment is controlled, with the goal of reducing the

building’s expenses while avoiding decreasing its oc-
cupants’ satisfaction [3]. A building controlled by a
BAS is often referred to as an Intelligent or Smart
Building, or a Smart Home if the building consists
of a domestic residence.

Unfortunately, with the evolution of BAS and
technology in general, some related literature refer-
ences became outdated and no longer offer coherent
definitions in this topic. Adding to that, Building
Automation is a highly diverse topic that borrows
concepts from different disciplines such as computer
science, electrical engineering, artificial intelligence,
robotics, among others, and for which almost no au-
thoritative text exists. There is no global agreement
with respect to concepts and terminology. One ex-
ample of literature disagreement concerns the appli-
cation of LonWorks and KNX at the management
level of a BAS [19, 10, p. 23]. Another example
is the numerous literature references describing Su-
pervisory Control and Data Acquisition (SCADA)
systems that are unable to provide a generic enough
description of the SCADA systems’ most common
architectures [4, 25, 17, 9, 15, 26, 16]. Some of these
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references are outdated, so their accuracy with re-
spect to the SCADA systems of today is thereby
questionable [13, Section 3.61 Note 7] [2]. Simi-
larly, the datapoint concept is also provided with
contrasting definitions across the literature [24, p.
54] [13, Section 3.61]

With this loss of field-knowledge, manufacturers
end up redefining basic concepts repeatedly instead
of building upon already existing references, culmi-
nating in a plethora of concurrent definitions, proto-
cols, standards and service implementation method-
ologies. As a result, the Building Automation mar-
ket consists of heterogeneous solutions that (i) can-
not cover all the expected functionalities expected
in a BAS, (ii) are not able to interoperate with
other vendors’ solutions without additional over-
head, locking costumers to the same product line,
which becomes a greater issue in case that such a
line gets discontinued, (iii) have closed specifica-
tions, (iv) are too complex to use by non-specialized
personnel, whether they are end-users or system de-
velopers, and (v) most solutions only perform satis-
factorily in the exact conditions they were tailored
for, not performing so well if the working environ-
ment changes—lack of flexibility. This is known
as the Building Automation Heterogeneity Problem,
because the interoperability of installations from
different vendors constitutes a significant problem
for planners, construction companies and users.

The negative impact of this problem is such that,
it is even considered by some authors as a poten-
tial barrier for BA technologies around the turn of
the millennium [23, 8, 1]. Several solutions try
to circumvent this problem, usually by creating
even more protocols and technologies in hope for
manufacturers to adhere. Some example of these
technologies are OPC UA, oBIX and BACnet/WS,
which specify a set of standards that manufactur-
ers have to implement in their solutions in order
to interoperate across different technologies. How-
ever this did not solve the heterogeneity problem
because, once again, they ended up redefining ba-
sic concepts and left manufacturers with the free-
dom to choose which one of the numerous standards
they will follow, hence further promoting market
heterogeneity. Faced with the aggravation of this
problem, open-source communities started develop-
ing technology integration frameworks such as DOG
and openHAB, which, instead of hoping for manu-
facturers to adapt to their standards, its the frame-
works that try to adapt to already existing technolo-
gies. However, these solutions still fall short, for
still redefining existing concepts, lacking of docu-
mentation, having an unnecessarily complex design
and for failing to completely abstract the underly-
ing technologies.

In the urgency of finding a solution for this prob-

lem this thesis proposes a technology-agnostic in-
tegration framework which, following the already
established literature references, is capable of bridg-
ing different automation technologies. Our frame-
work is able to abstract software developers from
hardware intricacies, hence facilitating the creation
of BA solutions built atop current technologies
which take full advantage of the installed resources
in any building. We apply an in-depth qualitative
and quantitative analysis using well established ar-
chitecture quality metrics, we concluded that our
framework excels in almost every aspect the exist-
ing solutions targeting the heterogeneity problem.

To further validate our solution we applied it to
an European Project as a case study, encompassing
a complex production environment suffering from
technology heterogeneity issues, where several ap-
plications targeting building energy efficiency had
to be developed within a tight delivery schedule.
Our framework was able to fully abstract the un-
derlying hardware to software developers, greatly
contributing to the project completion within the
time schedule. During the project’s demonstration
phase we were able to access that the applications
developed atop our solution were able to signifi-
cantly decrease energy consumption in the tested
areas, exposing the potential of taking full advan-
tage of a building’s installations in order to reduce
energy consumption.

2. Background
Information models represent, characterize and re-
late concepts of a given domain by abiding to a
common model where agents can share informa-
tion. We will abstract from low-level details re-
garding physical and network specificities such as
protocol data. Instead we will focus if the in-
formation models address fundamental BAS con-
cepts such as grouping, notifying, scheduling, com-
manding, among others. Although many standards
enable implementing these functionalities through
model extensions, software plug-ins, extra hardware
modules, and so on, we will only consider function-
alities natively provided by the standards’ specifi-
cations, which formally define how such functional-
ities should work and get implemented. Otherwise
manufacturers are left with the responsibility of im-
plementing these functionalities, having freewill for
promoting closed proprietary solutions, thus ham-
pering interoperability with other market solutions,
resulting in costumer lock-in.

3. Building Automation Technologies

During our survey we have concluded that some
technologies are better suited for specific BAS levels
than others, for example, OPC UA, oBIX and BAC-
net/WS are tailored for the management level, since
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they provide a SOA whose services aim at man-
aging BAS. LonWorks, KNX, ZigBee and BACnet
communication protocols are more suited for con-
trol operations. Although these particular proto-
cols’ functionalities can be extended by the use of
programmable devices, such as adding task schedul-
ing and alarm notification capabilities [5, p. 5-5,5-
6], it leaves those features implementation’s respon-
sibility in manufacturers hands which usually end
up impairing interoperability between devices from
different vendors by developing closed proprietary
implementations.

Tables 1 summarizes the analysis made concern-
ing these technologies organized in terms of func-
tional aspects covered by their official specifications.

As BACnet, KNX, ZigBee and LonWorks tar-
get the control level, i.e. they are directed to net-
work communications, end up being quite rigid in
the sense their specifications do not provide spe-
cific ways to develop new concepts, namely high-
level concepts such as scenarios or scheduling, over
these protocols. In contrast, OPC, BACnet/WS
and oBIX are designed to be relatively extensible
and capable of representing complex domains with
several relations and definitions, likely to have more
applications than just in the BAS domain [18]. Al-
though some authors describe BACnet/WS’s model
as not extensible due to its simplicity [20]. An-
other problem arising from these specifications is
that they end up being too generic and too com-
plex to model simple domains such as the Home
Automation context, which do not require all the
overhead that, for example, OPC provides.

LonWorks, BACnet, ZigBee and KNX have, in
practice, low interoperability, because manufactur-
ers’ devices can only interoperate if they implement
their functionalities according to the same guide-
lines, which is not always possible due to stan-
dards’ limitations. One example is the implemen-
tation of the proprietary TAC’s network variables
over the LonTalk protocol [22], which consists of a
proprietary custom extension to the original Lon-
Works specification. On the other hand, OPC,
BACnet/WS and oBIX were designed to target in-
teroperability between systems by defining a com-
mon information model and a service abstraction
layer, but which still misses some basic functional-
ities pointed out in Table 2.

In the end, as pointed out by our analysis re-
sults, there is no single technology which can be
used to fully satisfy the functional aspects of all
levels in a BAS without complementing their spec-
ifications with posterior, custom-made, feature de-
velopments, practiced by device manufacturers and
developers [10] as we can conclude from Figure 1.
Apparently, BACnet is the most complete solution,
since it covers all three functionality layers.

Management
Level

Automation
Level

Field
Level

WS

Figure 1: Coverage of functional layers by distinct
BAS and service framework technology specifica-
tions (adapted from [10]).

A direct consequence of the shortcomings of most
technologies is that, to get all the desired function-
ality in a complex infrastructure, more than one
technology is required, and adding to this, the in-
tegration of such technologies can easily become
a very complex undertaking [7, 11, 21]. More-
over, most solutions only provide their specifica-
tions’ documents leaving their implementations in
the developers hands. Although, some fieldbus
standards already provide low-level libraries that
implement their protocol stacks such as OpenLDV
for LonTalk [6], and Falcon or Calimero for KNX.
At the management level, only oBIX and BAC-
net/WS have up-to-date and freely available im-
plementations of their specifications. During this
study, no freely available and complete implemen-
tations of OPC UA’s specification were found.

4. Technology Integration Frameworks

Technology Integration Frameworks are software
solutions tailored to solve the previously analyzed
heterogeneity issue inherent to the automation in-
dustry. Since heterogeneity is the key issue we are
trying to solve, it is imperative to analyze the ex-
isting applications, analyzing their strong and weak
points.

In contrast with Management Service Frame-
works such as OPC UA and BACnet/WS, where
manufacturers have the responsibility of making
their devices compatible with a given framework, or
having network gateways that provide the necessary
interfaces to bridge incompatible devices. Tech-
nology Integration Frameworks try to adapt them-
selves into incorporating already existing devices.
The advantage of using an integration framework
is that, in principle, every device can be accommo-
dated, given the necessary driver implementations.

While analyzing two existing solutions, open-
HAB 1 and DOG 2, we have found some obstacles
from which we highlight the following:

1OpenHAB Official Website: http://www.openhab.org/
2DOG Official Website: http://dog-gateway.github.

io/
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Building Automation Technologies Service Frameworks

BACnet KNX LonWorks ZigBee BACnet/WS OPC UA oBIX

Grouping/Zoning
Event Notification
Alarm Notification

Historical Data Access
Scheduling

Scenarios

Table 1: Comparison of functional aspects of the studied technologies. Legend: low or no support
medium or partial support high or full support.

ISO 16484-3 EN 15232

Grouping/Zoning Individual zone control is listed as a required
functionality. (Section 5.1.1.4)

The concept of zones is used to define room
or zone specific control activities and setpoint
preferences. (p. 27, 32, 46)

Event Notification
Event handling and notification are described
as an operator function provided by the HMI.
(Section 5.1.1.2, 5.3.5.17)

Refers to the notification of changes in the sys-
tem’s status changes for several purposes such
as controlling indoor occupation.�

Alarm Notification
Alarm notification is described as an opera-
tor function provided by the HMI. (Section
5.1.1.2, 5.3.5.17)

Alarm notificiation are essential to detect mal-
function situations.�

Historical Data Access
This standard presents data archiving and the
means for retrieving that data as management
functionalities of a BAS. (Section 5.3.2.9)

States that data collection and logging are fea-
tures offered by building management systems.
(p. 10)

Scheduling Provides a section describing time scheduling
features. (Section 5.3.5.15)

Specifies the use of schedules to control some
attributes such as the air flow in a room (Sec-
tion 7.5.1)

Scenarios

There’s no direct reference to the “scenario”
terminology, although, energy management
services are seen as a requirement that accord-
ing to EN 15232 benefits from this concept.
(Section 5.1.1.3)

The standard defines several system operating
modes that are used to adapt the operation of
the building to occupants’ needs. Each opera-
tion mode can be modelled as a scenario.�

Table 2: BAS functionalities addressed in ISO 16484-3 [14] and EN 15232 [12]. � This aspect is referred
throughout the document EN 15232.

1. Terminology discrepancy, we have shown
previously that there already exists some ter-
minology discrepancy in the field of Building
Automation. However the analyzed solutions
provide us with even more terminology such as
bindings and items in openHAB, which could
be simply named devices and datapoints. Not
following the standard terminologies is, by its
own nature, an integration issue.

2. Context specific semantics, both analyzed
technologies introduce the usage of context
specific semantics, such as HousePlants, which
indicates us that these solutions where specif-
ically designed for home automation. Where
the complexity is much lower than in large in-
frastructures.

3. Code re-usability, OSGi3 is the core of

3OSGi Alliance Home Page http://www.osgi.org

both DOG and openHAB frameworks, which
is natively built on the philosophy of code re-
utilization. However we believe both frame-
works could explore this feature even further
by providing a clear separation of a driver’s re-
sponsibilities, such as separating drivers into
gateway drivers and transport drivers. Which
would benefit new driver developers that would
not need to, for example, re-implement the
transport layer for each developed driver, re-
ducing the occurrence of software bugs.

4. Complex Architectures, given that both
solutions target more objectives than just net-
work, which is to provide high-level home au-
tomation semantics, we would need to under-
take the task of modifying and recompiling the
core architectures in case we want to apply
them to different usage scenarios. However this
task is complex to do in large architectures,
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specially in the absence of unitary tests telling
us if our modifications are not crippling the
system, as it happens in DOG.

5. Lack of documentation, while at the time of
this writing there is lack of documentation per-
taining the driver development for both frame-
works, we also cannot tell, by analyzing dif-
ferent drivers, which is the correct way of im-
plementing one driver since developers are left
with an extensive list of choices they can make.
This results in heterogeneous driver architec-
tures, which once again hampers components
re-usability.

5. Solution Proposal
Our proposed solution’s domain model revolves
around the concept of datapoint as depicted in Fig-
ure 2. A datapoint holds information about a net-
work resource, which can support read or write op-
erations. Additionally we can read cached values
from a datapoint. Every datapoint is linked to one
datapoint provider, which can be a gateway or a de-
vice. This means that, for example, writing to a
datapoint will result in a write request command
sent to the gateway providing that datapoint.

Figure 2: Proposed high-level domain model. Mul-
tiple datapoints can be provided by datapoint
providers, gateway and device drivers. A gateway
driver makes use of one transport driver, which can
be re-used by other gateway drivers. A device driver
groups datapoints from other datapoint providers
such as gateway drivers.

A datapoint object holds metadata concerning
the access type that the datapoint provides, the
data type that can be read or written, its sampling
rate, the associated hysteresis, the connection sta-
tus (offline, online or unknown), the cache size, a
human-readable description, and a flag indicating if
this datapoint is virtual. These concepts are aligned
with the international standards overviewed in pre-
vious sections.

On the other hand we have gateway objects,
which have three main responsibilities: (i) overall,
to communicate with the network gateway using the
proper communication protocol, (ii) to discover and
expose the datapoints provided by that given gate-
way, (iii) to maintain the status of each datapoint,
and (iv) fully abstract device drivers from protocol
specificities.

The gateway object holds the knowledge concern-
ing the protocol messages to exchange with the net-
work gateway. However it uses a transport driver in
order to establish a connection link. This is useful
to cover situations where multiple gateways use the
same protocol messages, differing just in the con-
nection link they exchange their messages on. For
example, Cooper Controls4 provide multiple gate-
ways, all sharing protocol similarities, differentiat-
ing only in the way they can be connected, some
use USB connections, others use RS232 or even
TCP/IP. This means that the same gateway driver
can be re-used with several different gateways shar-
ing the same protocol messages.

Transport Driver

Datapoint 1

RGB Datapoint

Application Logic

Physical Devices

Device Controllers

Gateway

Communication Link

Temp. Datapoint

Gateway Driver

RGB Device Driver Sensor Device Driver

Datapoint 2 Datapoint 3 Datapoint 4

Figure 3: Illustration of how the proposed solu-
tion will abstract the hardware stack from high-
level applications. In this particular example, an
RGB lamp and temperature sensor devices are ab-
stracted.

Finally, we have device drivers, consisting of a
group of datapoints and control functionality to
drive those datapoints, exposing these capabilities
through another group of datapoints. For example
in Figure 3, a RGB lamp device could be associ-
ated with three datapoints, representing the blue,
red and green colors, and then exposing a single
datapoint providing a simpler color selection inter-
face for upper layer applications. Device drivers do
not need to know any communication protocol, just
the data type of the datapoints they will group. So

4Cooper Controls iLight Solution: http://www.ilight.

co.uk/
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Application

Datapoint Updates

Drivers

Datapoints Updates

Gateways

Protocol Bytes

Transport

Figure 4: Proposed solution’s functional layers.

the RGB lamp device driver could, for instance, ex-
pect three datapoints having an integer data type
ranging from 0 to 255. Such level of abstraction
enables the same device driver to control any RGB
lamp device exposing three datapoints ranging from
0 to 255, disregarding if that lamp is connected to
a KNX, ZigBee or LonWorks network.

With this domain model we can abstract every
high-level application from protocol and network
specificities, without compromising our solution to
any specific realm of application such as home au-
tomation and building automation. Since we only
rely on networking concepts, our framework can be
used in other control applications such as robotics
and vehicular automation. Moreover, in contrast
with the solutions analyzed in Chapter 4, all our
domain concepts are based on the terminology de-
fined in well known international standards.

5.1. Architecture

The architecture of our solution is divided in four
functional layers: Transport, Gateways, Drivers
and Application as depicted in Figure 4.

The Transport Layer is the lowest layer in the
network chain. This layer contains all transport
drivers installed which serve as a bridge responsible
for sending the byte messages coming from the up-
per layer to the output stream. The output stream
can be a RS232 or an USB port.

The Gateways Layer contains all the installed
gateways for each supported protocol. Datapoint
operations from the above layer are converted into
specific gateway protocol message bytes. Bytes re-
ceived from the network gateway are parsed into
appropriated datapoint readings.

The Drivers Layer exposes simplified interfaces
through datapoints to the Application Layer, cre-
ating an abstraction between the Application and
the inherent fieldbus protocols. Device Drivers are
used to group one or more generic datapoints ex-
posed by gateways.

Finally, the Application Layer is where the ap-
plication control logic features lie. These applica-
tions make use of the datapoints exposed by device
drivers to interact with the system. Examples of
applications are user interfaces, a service providers
(such as Web Services) or controller applications
(to manage buildings or robots). This layer is ab-
stracted from every device’s protocols and specifici-
ties.

Moreover, one of our main goals enable develop-
ers to further extend our solution. Developers can
add new capabilities to the system such as new de-
vice, gateway and transport drivers, datapoint reg-
istries, datapoint data-types, and datapoint status
trackers. Additionally new functionalities can be
built atop of the solution. For example, in the case
studies, our solution is provided with two additions:
a configuration loader and a REST API. The former
stores in disk all configurations concerning existing
gateways and devices, and loads them every time
the system boots up, the latter enables the access
to all exposed datapoints for external applications.

Our solution, depicted in Figure 5, is separated
in six functional layers: The first layer encompasses
the transport drivers, which are then connected to
the upper layer’s gateway drivers at execution time.
The third layer consists of an API exposing all data-
points provided by gateways. The fourth layer holds
the device drivers which orchestrate the datapoints
exposed by gateway drivers and provide a simpler
control interface to the upper layer which exposes
all device datapoints. The sixth layer abstracts
third-party applications from low-level domain con-
cepts such as gateways and transport drivers, while
exposing the datapoints provided by device drivers,
disregarding the underlying automation technolo-
gies. Atop of our solution, we have the third-party
applications, which consume our Java or REST
API, depending on whether they are local or remote
applications respectively, which enrich our solution
with further, domain-specific, capabilities such as
energy or facility management features.

6. Validation

One remarkable result that we were able to achieve
was the low number of classes needed to fulfill
the necessary requirements compared to DOG and
openHAB modules which are responsible for obey-
ing these requirements. However, having less classes
just by itself has no meaning unless more informa-
tion is provided, so another key aspect to note is
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Figure 5: Proposed solution architecture consisting
of six functional layers.

that the mean number of methods per class (MPC)
is essentially the same as the other solutions. The
complexity of these methods can be accessed by the
LCOM and CC metrics, which is also very close to
the analyzed solutions, although not optimal. Over-
all, this means that our architecture is simpler to
understand than of the analyzed solutions given its
reduced size and complexity.

On the other hand, we were able to decrease the
average amount of inheritance levels (DOI) while
maintaining a reasonable number of children (NOC)
and instability ratio compared to the other solu-
tions. Moreover, all our metrics are provided with
lower standard deviations compared to the other so-
lutions, suggesting that our architecture offers more
coherence along its modules. This implies that in
sum, any module of our architecture is as easy to
maintain as any other module.

As for the KNX driver comparison; our driver
is simpler than the ones studied previously, con-
taining fewer classes and fewer methods per class
(MPC). The calculated instability for our driver is
also remarkably lower and has no deviation, since
any driver in our framework has only 4 external
dependencies. However cohesion got negatively af-
fected due to the concentration of contrasting re-
sponsibilities in fewer classes—one class is respon-
sible for the tasks of reading, writing and listing
datapoints of a gateway.

7. Conclusions

The begining of this work we systematized funda-
mental aspects of BAS, contributing to a common
understanding of fundamental Building Automa-
tion concepts aligned with the well known stan-
dards ISO 16484-3 [14] and EN 15232 [12]. Using

these standards as guidelines this work highlights
the scope of the functionality that should be ex-
pected from the typical BAS.

We assess the industry standard Building Au-
tomation technologies in terms of functional
requirements employing a uniform terminology.
Moreover, this study also provides a detailed map-
ping of features between existing technologies ac-
cording to their official specifications and identifies
their functionality gaps. It becomes clear that no
single technology fully covers all functionality of
BAS, thus requiring posterior, custom made, fea-
ture developments—a state of affairs that, presum-
ably, is among the main causes of heterogeneity in
building automation.

After a deep analysis of the current market at-
tempts in solving this issue we arrived at the conclu-
sion that they fall short for several aspects such as
not following any known terminology, having com-
plex architectures or even lack of documentation.
For this, device heterogeneity is still considered an
issue to this date.

To solve this problem this work presents a
technology-agnostic integration framework capable
of bridging different automation technologies, pro-
viding an abstraction layer to developers wishing
to create Building Automation software. Our ap-
proach is unique in the sense that it (i) provides a
smaller architecture capable of performing the in-
tegration of different automation technologies, (ii)
strongly promotes modules re-usability, hence sim-
plifying the development task, (iii) can be applied to
numerous different contexts other than simply home
or Building Automation, without core modifications
to the architecture, (iv) accelerates the development
of third-party applications due to the layer abstract-
ing the underlying technologies specificities, and (v)
further simplifies the driver development process by
natively injecting every driver with functionalities
which are pertinent to every driver, independent of
the targeted technology, avoiding developers from
having to repeat code, hence reducing the margin
for producing mistakes.

To demonstrate that our framework outperforms
any existing solutions, there were two validation
stages: the first one consisted on a qualitative
and quantitative architectural analysis against cur-
rent state of the art solutions, the second one con-
sisted of two significantly complex case studies.
The first one was performed within the scope of
the European Project SmartCampus—a production
environment—, where one of the requirements was
orchestrating the heterogeneous environment found
in IST Taguspark building, while developing the
necessary applications to control the building. The
other scenario consisted on commanding a mobile
robot employing a control loop querying a sonar
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for obstacles in the path and actuating accordingly
to avoid crashing into the obstacle, confirming the
versatility of our solution. Within the scope of the
SmartCampus project our solution demonstrated
a great potential in the application of energy ef-
ficiency techniques and in the development of ap-
plications to achieve user behavior transformation
and to revitalize old Building Automation hardware
installations.

For these reasons we firmly believe that our solu-
tion proposed herein will help explore every Build-
ing Automation System’s full potential, supporting
the implementation of new solutions to better serve
building occupants, while simultaneously providing
benefits such reduced energy consumption. We ex-
pect to assist an exponential growth of technology-
agnostic BA solutions accompanied with reduced
installation costs, by providing a state of the art
solution that brings together different technologies,
which can help building managers to closely moni-
tor and control the building’s activity, while allow-
ing novel control systems, having strongly devel-
oped AI—only possible when hardware details are
ignored—able to perform complex decisions that no
technology today can undertake.

8. Future Work

Despite the fact that our proposed solution excels
at several aspects, it still needs a few enhancements
in order to end-users take full advantage of the min-
imalist abstraction layer it provides:

� Driver abundance
We need to develop and provide a plethora
of transport, gateways and device drivers, in
order to cover the most common technologies
used nowadays in building and Home Automa-
tion. By having an enriched catalog of drivers
to choose, developers will have to perform less
work—ideally none—to integrate any infras-
tructure using our solution.

� Configuration GUI
In order to provide a pleasant user-experience
we need to feature a GUI to enable users to con-
figure the platform. Currently all configuration
is performed by manually editing a single text
file. However, taking advantage of the fact that
all technologies are abstracted, it is possible
to develop a GUI which enables the homoge-
neous configuration of any integrated technol-
ogy. The concept of a configuration GUI is
already employed in openHAB.

� Creation of high-level applications
We believe in the importance of an applica-
tion which enables the end-user to customize
a set of scenarios, timers and schedule events.

Although our framework integrates several au-
tomation networks, it does not deal with such
high-level details regarding building automa-
tion. These concepts strictly belong to the au-
tomation field hence constraining our applica-
tion solely to automation scenarios. However,
using our abstraction layer, which abstracts ap-
plications from hardware idiosyncrasies, it is
straightforward to handle such high-level no-
tions by software. This will also provide the
end-user with ways to modify scenarios, timers
and schedules at will, having no need to have a
technician to modify the underlying technolo-
gies commission configurations—as it happens
with technologies such as iLight.

� Application marketplace
One of the main goals of creating a technology-
agnostic framework for Building Automation is
to uniformize the way applications are devel-
oped in this field. Having an increased commu-
nity, this project may eventual lead to the cre-
ation of a market place, similar to mobile appli-
cation stores, where numerous developers share
their applications. These applications will ben-
efit from the hardware abstraction layer our
solution provides, being able to perform in any
building without having to deal with interop-
erability issues.
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