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Abstract

Domotics aims to improve features and capabilities of building systems and appliances. In spite
of increasing self-management of electrical equipments, current solutions model static scenarios
and require an explicit and direct interaction with the user. Hence the real pervasiveness and
context-awareness of enabled functions is still poor. The integration of knowledge representation
and reasoning techniques (originally devised for the Semantic Web) in most common building
automation standard protocols can allow to reach higher levels of autonomicity and control, so
improving user comfort and building efficiency. A semantic-based evolution of EIB/KNX protocol
has been defined able to interface users and smart devices (whose needs and energy constraints
are expressed via annotated profiles) in a fully automated fashion. The proposed approach has
been simulated in a prototype in order to test the feasibility, whereas a case study about energy
management is presented to let emerge its benefits.

1 Introduction

Home and Building Automation (HBA), also known as domotics, is a technological effort aiming to
make houses and buildings more controllable, autonomous and comfortable. In latest years, research in
pervasive computing field has introduced remarkable innovations in the integration of computational
capabilities into ordinary objects and everyday activities; so a wide array of Building Automation
and Control Systems (BACS) have been developed and implemented in commercial products and
appliances to improve building energy savings, minimizing waste and maintenance costs (reflecting
guidelines of the European standard EN 15232 [8]). However, current HBA systems still require
explicit interactions with the user and furthermore they are typically configured according to a static
set of operational scenarios defined during the system design. As a consequence, a low adaptability
and flexibility is permitted in both specification of user’s needs and management of available resources.

The exploitation in most common BACS protocols of knowledge representation and reasoning
techniques and technologies (currently adopted in the Semantic Web effort) is thought as a mean
to reach higher levels of pervasiveness and control, resulting in an improvement of user comfort
and building effectiveness. A knowledge-based evolution of the application layer of one of the most
widespread standards for HBA, i.e., EIB Konnex (EIB/KNX) [2, 7], was proposed in [6] supporting
semantic-enhanced characterization of both user requirements and devices/services/resources in home
environments. A pervasive and context-aware computing framework is combined with decision support
features enabled by logic-based inferences [4].

The integration of a semantic layer within the KNX protocol stack preserves a full backward
compatibility, while introducing the following improvements: (i) the standard is enriched with an
advanced service and resource discovery support; (ii) exploiting non-monotonic matchmaking, the
user profile –annotated w.r.t. a shared ontology– can be compared with house configuration (which
includes devices settings and appliances behavior) so identifying the home features best fitting user
needs; (iii) advanced equipments (e.g., media centers or weather stations, whose profile is annotated via
data fusion algorithms which take into account surrounding and environmental conditions) can address
requests for services and/or resources to the home government unit; (iv) the household equipments are
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Figure 1: Reference framework architecture

autonomously able to reach the status better satisfying users activities or devices requirements. These
points distinguish the proposal also from other ontology-based HBA approaches, which lack deep
integration with standards, support for non-exact matches and device-started home self-configuration.

The proposed approach has been implemented in a prototypical testbed, in order to assess the
feasibility of theoretical framework and to evaluate benefits deriving from the exploitation of semantics
in BACS. IEEE 802.11 and Bluetooth are the reference communication interfaces for user-building
interaction, IP and UDP are adopted in lower network layers, whereas used ontological formalisms
are based on Description Logics (DLs) [1].

The rest of the paper is organized as follows. Section 2 describes the proposed framework archi-
tecture, connoting the semantic-based KNX standard extension. A case study is reported in Section
3, whereas conclusion and future work are presented in Section 4.

2 Framework Architecture

Figure 1 shows the framework architecture. It consists of four main functional blocks: (i) Central
Unit : is the system core unit and includes a device manager and a mobile client manager. It also
embeds the mobile matchmaker in [5], exploiting standard and non-standard inference services, to
carry out a semantic matchmaking process (see [4] for theoretical background) between a semantic
request and device annotations; (ii) KNX Router : converts the KNX/EIB telegrams into IP frames
and vice-versa according to the EIBnet/IP standard; (iii) Semantic-based devices: i.e., KNX home
devices implementing the semantic enhancements; (iv) Mobile clients: i.e., mobile devices equipped
with a software agent able to address semantic-based requests and receive replies. Clients are also
able to directly activate simple tasks for house check-up and remote device control.

Particularly, the central unit allows to: (i) retrieve device service (i.e., functional profile) descrip-
tions, expressed in standard logic-based languages; (ii) rank best services that must be activated to
fulfill users’ or system requirements, by computing a relevance score w.r.t. to received request; (iii) find
possible inconsistencies between system status and selected services; (iv) explain the matchmaking
outcome, showing possible issues and negotiation options to the user.

Requests can be addressed to the home management unit not only from user agents, but also from
devices. That is home appliances can embed device agents, able to provide services and autonomously
issue requests. This is a unique feature w.r.t. current HBA standards, enabling more dynamic environ-
ment adaptation through decentralized device cooperation, whereas the central control unit basically
acts as service broker. Let us analyze the operations performed by the system when a request comes.
The central unit performs an orchestration of suitable services via a semantic-based covering process
formalized as in what follows:
1. A service request message is sent to KNX router in order to retrieve all services from suitable
devices.
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2. For each device, the router sends a specific property request message to obtain service descriptions.
In order to save memory and bandwidth, annotations are compressed by means of a specific algorithm.
3. Data received from devices are then forwarded to the central unit, decoded and temporarily stored
in the local memory.
4. Using semantic annotations related to both received request and services, the mobile matchmaker
executes an algorithm based on the resolution of a slightly revised version of the Concept Covering
Problem (CCoP) [3], a non-standard DL-based inference service.

• First of all, a compatibility check is performed to find active services conflicting with the request,
which are deactivated subsequently;

• Then a Concept Abduction inference task [4] is performed in order to verify whether the request
is already completely covered or the activation of further services is needed;

• In the latter case, one or more inactive functionalities are selected, whose combination can cover
missing features;

• For all compatible services, a second matchmaking process is performed to compare their energy
requirements with the available energy providers description;

• For each pair (functionality Fi, energy provider Pj), the efficiency score is defined as:
(a) efficiency(Fi, Pj) = α ∗ semDist(R,Fi) + β ∗ semDist(Fi, Pj)
(b) semDist(A,B) = penalty(A,B)/penalty(A,⊤)
where semDist(request, Fi) measures the semantic distance between the request R and a single
functionality whereas semDist(Fi, Pj) measures how the energy providers is suitable to activate
the functionality. As shown in the formula (b), both exploit a penalty function [4]. Two
weighting factors combine both contributions and enable a ranking based on either user needs
or energy requirements. According to the formula (a), low scores will be associated to pairs
having a good trade-off between user and energy constraints.

5. Finally, the algorithm returns the set of pairs to be activated, the (possibly empty) set of services
to be disabled and a description of uncovered request part, if present.

Based on the above theoretical framework, the prototypical testbed depicted in Figure 2 was
developed. A subset of home areas, i.e., a hall door, a living room, a kitchen and a small outdoor space
were simulated. Currently, it integrates 13 devices/appliances, including both traditional (legacy)
electrical equipments and KNX-compliant ones. Devices are connected through a twisted pair bus in
a hierarchical network structure exposing 42 different services/functionalities as a whole. Furthermore,
3 different energy providers are also simulated. The Central Unit exposes a graphical user interface,
shown in Figure 3: the upper panels display environmental information, available devices, and active
or inactive functionalities; the lower ones show KNX/IP network status and allow a quick selection of
basic user profiles. Moreover, on the right, available energy providers and the overall current power
consumption are shown.

3 Case Study

A case study referred to power management in home automation was developed to highlight the
capabilities of the proposed approach. Let us consider the following example scenarios taken from our
case study. EIB/KNX-compatible equipment in Floriano’s house includes: an air-source heat pump,
an electrical heater, photovoltaic collectors with battery accumulator and a weather station measuring
outside temperature. Floriano comes home from work and feels cold. He inputs this information
to the central unit through his smartphone. The system collects environmental information from
home devices and associates it to the user profile, so that the request to be satisfied takes both user
preferences and home status into account. Weather station reports that outside temperature is 10◦C,
while photovoltaic accumulator reports that 4kWh energy is available in scenario A and 0kWh in
scenario B. The proposed example can be formalized as follows with respect to an HBA ontology
(expressly defined for the case study and not reported here for the sake of brevity).
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Figure 2: Prototypical testbed

Figure 3: Central Unit GUI
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Request ≡ ∀suggestedForSensation.Cold ⊓ suggestedForOutsideTemperature = 10

HeatPump ≡ ∀suggestedForSensation.Cold ⊓ suggestedForOutsideTemperature ≥ 8 ⊓
availableKWh ≥ 1
HeaterHalfPower ≡ ∀suggestedForSensation.Cold ⊓ suggestedForOutsideTemperature ≤ 7 ⊓
∀suggestedForEnergyProvider.Renewable ⊓ availableKWh ≥ 3
HeaterFullPower ≡ ∀suggestedForSensation.Cold ⊓ suggestedForOutsideTemperature ≤ 2 ⊓
∀suggestedForEnergyProvider.Renewable ⊓ availableKWh ≥ 6

ElectricGrid ≡ ∀suggestedForEnergyProvider.(¬ Renewable) ⊓ availableKWh = 1
PhotovoltaicSystem ≡ ∀suggestedForEnergyProvider.Renewable ⊓ availableKWh = 4
EmptyPhotovoltaicSystem ≡ ∀suggestedForEnergyProvider.Renewable ⊓ availableKWh = 0

The request combines the user requirement for a service suggested in case of cold feeling and con-
textual information about temperature provided by the weather station, whereas energy availability
is defined within each energy provider description. The description of HeatPump device model the
fact that it is more beneficial when no self-produced electric power is available and for higher external
temperatures (due to thermodynamics, coefficient of performance is higher when working at a lower
temperature differential). On the contrary, electrical heater is more beneficial when self-produced elec-
tric power is available. Using the heater at full power requires more electricity, but is more efficient
at lower temperatures.

Let us consider scenario A with the following two energy providers: ElectricGrid and Photo-
voltaicSystem. Efficiency outcomes1 are summarized in Table 1. It can be noticed that, when solar
power is available, the heater is globally more beneficial than the heat pump, because no external
resources are consumed, even though the heat pump is more efficient than the electrical heather from
a thermodynamic standpoint. Conversely in the scenario B, no self-produced power is available and
the energy providers are ElectricGrid and EmptyPhotovoltaicSystem. In this case the heat pump is
preferred as shown in Table 2.

Energy Providers
Electric Grid Photovoltaic System

Heat Pump 0.137 0.177
Heater Half Power 0.233 0.107
Heater Full Power 0.245 0.138

Table 1: Matchmaking Results - Scenario A

Energy Providers
Electric Grid Empty Photovoltaic System

Heat Pump 0.137 0.197
Heater Half Power 0.233 0.163
Heater Full Power 0.245 0.175

Table 2: Matchmaking Results - Scenario B

The presented example is purposely simplified in order to make presentation of the proposed
approach clear and short. In real scenarios, more articulated requests and service descriptions can
be used. Benefits of the framework (enabling logic-based matchmaking with support to approximate
matches and service ranking) become even larger w.r.t. both standard home automation technologies,
characterized by static profiles, and other state-of-the-art ontology-based agent infrastructures, which
support only rule-based inferences and exact matches.

1Efficiency scores were calculated according to the formula (a) in Section 2 using α = 0.3 and β = 0.7
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4 Conclusion and future work

A semantic enhancement to EIB/KNX HBA standard has been proposed allowing the integration of
knowledge representation and reasoning technologies with current protocol. The devised framework
has been implemented in a prototypical testbed in order to test both feasibility and effectiveness.
Future extensions will include: (i) the design of a structured agent framework running on the user
mobile client able to automatically build user profiles crawling phone Personal Information Manager
(PIM), SMS and call lists; (ii) an explicit exploitation of the framework for load scheduling; (iii) the
enhancement and integration of further standards for HBA.

References

[1] F. Baader, D. Calvanese, D. Mc Guinness, D. Nardi, and P. Patel-Schneider. The Description
Logic Handbook. Cambridge University Press, 2002.

[2] Konnex Association. KNX Handbook for Home and Building Control. 5.0 edition, 2006.

[3] A. Ragone, T. Di Noia, E. Di Sciascio, F. M. Donini, S. Colucci, and F. Colasuonno. Fully auto-
mated web services discovery and composition through concept covering and concept abduction.
International Journal of Web Services Research (JWSR), 4(3):85–112, 2007.

[4] M. Ruta, E. Di Sciascio, and F. Scioscia. Concept abduction and contraction in semantic-based
P2P environments. Web Intelligence and Agent Systems, 9(3):179–207, 2011.

[5] M. Ruta, F. Scioscia, E. Di Sciascio, F. Gramegna, and G. Loseto. Mini-ME: the Mini Match-
making Engine. In OWL Reasoner Evaluation Workshop (ORE 2012), volume 858, pages 52–63,
2012.

[6] M. Ruta, F. Scioscia, E. Di Sciascio, and G. Loseto. Semantic-Based Enhancement of ISO/IEC
14543-3 EIB/KNX Standard for Building Automation. IEEE Transactions on Industrial Infor-
matics, 7(4):731–739, Nov 2011.

[7] M. Ruta, F. Scioscia, G. Loseto, and E. Di Sciascio. KNX, a worldwide standard protocol for home
and building automation: state of the art and perspectives. In R. Zurawski, editor, Ind. Comm.
Tech. Handbook, Ind. Inf. Techn., chapter 58, pages 1463–1481. CRC Press/Taylor & Francis,
second edition, aug 2014.

[8] UNI EN 15232. Energy performance of buildings - Impact of Building Automation, Controls and
Building Management, 2007.

6


