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Abstract: Buildings are accounted to consume arei¥d of the total energy in Europe
and USA, even more — up to 60% - in Canada andditavian countries, and the rate
of growth of the number of buildings follows theoarth of the population. In this
context, there is a vast literature dedicated talifig solutions for saving energy
through innovative control systems of the heatiremtilation and lighting in residential
and commercial buildings. This paper proposes atisol for controlling the HVAC
system in small and medium size buildings by mezfrs distributed neural network,
implemented using low cost microcontrollers, coriedcwith passive infrared (PIR)
motion detectors. This network is capable to detewd learn user occupancy and
activity patterns, relevant for the energy managenté the building. Unlike other
similar systems, in our approach the energy manegens entirely decentralized,
relying exclusively on the above mentioned disti@ouUANN.

Keywords: Building management systems, Energy saviativity recognition,
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1. INTRODUCTION

Structure of energy consumption

In most developped countries, buildings are

accounted to consume more energy than the industry o Transport
or the transportation system (see EIA, 2016a; EIA, Industy 6%
2016b; EIA, 2016; European Parliament, 2010; 8%

Nguyen & Aiello, 2013). Figure 1 shows the

structure of energy consumption in Europe. In Nort Buidings

America, the proportion of the energy demand of the o

buildings in the total energy consumption is even
higher. However, as noted by Nguyen & Aiello
(2013), and Frost & Sullivan (2007), up to onedhir o
of all the energy used in buildings can be saved byFig-1.Structure of the energy consumption in Europe
using relatively simple measures.
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Among the most promising approaches for energy
saving, Corucci et al. (2011) and De Paola et al.
(2014) cite:

« Developping a so-called “energy consumption
awareness” at the user’s level. Note that some
authors (e.g. Tokuda et al, 2013) suggest the
implementation of “energy aware appliances”,

while others (see Agarwal & Weng, 2012)

extend this concept to “energy aware buildings”.

Reducing standby consumption. The simple
measure of switching off some appliances rather
than letting them in stanby can be very efficient,
knowing that some appliances, which are left in
standby for extended periods of time, consume
more energy in stanby that in normal operation.

Automatically scheduling the operation of
certain devices or machines (e.g. dishwashers,

designing improved thermostats (Gao et al. 2009; Lu
et al.,, 2010) to rethinking the concept of “smart
home” (see Alam et al., 2012).

A review of the recent research regarding these
topics is available in (De Paola et al.,, 2014) and
(Zehnder et al., 2015).

Among the technologies used for occupancy
detection and user activity recognition, De Padla e
al. (2014) cite:

Video Cameras

Motion detectors (PIR)

Door sensors/switches

Floor sensors

RFID tags for object identification and
localization

Sound sensors

Power sensors

washing machines), may reduce the peak energy

demand and optimize the overall energy costs.

Finally, the adaptive control of the heating,

ventilation, air conditionning (HVAC) systems,

and lighting in accordance with certain activity
patterns of the occupants of the buildings, may
significantly reduce the energy consumption
without affecting the overall comfort of the

users.

This last energy saving strategy is used in the
solution proposed in this paper. Following this
approach, we describe a system wherein the
reference temperature for the HVAC is generated by
a distributed artificial neural network (dANN),
implemented by means of a network of low cost
microcontrollers that monitor the passive infrared
(PIR) motion detectors normally present in any
building as part of the security system.

The solution described here makes the object of the

patent application RO128439-A2 (Sushea & Vasiliu,
2013).

Apart from this introduction, the structure of this
paper is as follows:

Section 2 contains a brief description of the
related work.

Section 3 contains the actual presentation of the
proposed solution.

Finally Section 4 is reserved for discussion and
conclusions.

2. RELATED WORK

Each of the above mentioned sensors have their own
advantages and drawbacks, but from the perspective
of the final cost of the system, using the PIR ooti
detectors appears to be one of the most convenient
solutions.

In what concerns the actual artificial intelliger(ég)
techniques used for activity recognition, De Pagila
al. (2014) enumerate:

Data mining,

Bayesian networks,
Hidden Markov Models
Fuzzy logic

Neural networks,
Reinforcement learning

For a more in depth review of the research litegatu
in the field of activity recognition see (Turagaadt
2008).

The simplest to create a link between certain agtiv
patterns and the operation of the HVAC system is to
instruct the HVAC to adjust the reference
temperatures of the thermostat according to a
schedule based on an estimate of the building
occupancy during certain time intervals.

In practice, however, the predictions on the
occupancy levels are seldom accurate, and such a
system will either force energy savings by affegtin
the comfort of the users, or fail to save energy.

One interesting solution to avoid this drawback is
proposed in Lifson & Taras (2007), who describe a
system wherein the reference temperatures for the
HVAC are derived from the weather forecast reports
preiodically downloaded from a specialized Internet

The solutions aimed to create systems capable tosjte.

optimize the energy consumption of buildings by
observing the behavior of the occupants range from
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Osman and Lemke (2005) propose a system whereinVe solved this problem by considering a model of
an artificial neural network attempts to predice th the integration of the PIR data as shown in fidkire
energy load of the building for several hours ahead v

In Cohen (2009), a simpler and more efficient
solution is based on the idea that the occupancy
levels of the buildings are accurately reflectgdhe
states of the security system control panel, and
suggests a method to control the HVAC in 10
accordance with the state of the security panel.

PIR —

All the above cited solutions rely on a centralized
control system. Using a different approach, in
Susnea & Vasiliu (2013), we proposed a
decentralized control system capable to adjust the DC
temperature references of the HVAC based on

activity patterns detected by a distributed neural
network. The following section contains a descoipti A
of this solution.

PIR

3. DESCRIPTION OF THE PROPOSED
SOLUTION

In (Susnea, 2012) it is argued that, for any thager
perceptron it is possible to build an equivalent
distributed neural network, consisting in a numbier
“detachable neurons”, which communicate with each
other using a specific protocol.

In this approach, the processing and communication ) ]
tasks for these “detachable neurons” can be easilyFi9-3. The model of the integration of the PIR
assigned to low cost microcontrollers, connected in provided data

wired or wireless communication network. . .
According to this model:

Starting from this idea, we proposed a system with
the structure depicted in figure 2. 1) Ve = ICZtON -1 DZtOFF
T T

User interface

F where Ic — the charge current + the discharge
88 current. In practicd . >> | .

Distributed perceptron

Set-point Obviously, the entire model can be easily
temperature Temperature Actuators R .
control unt implemented by software, running on the
microcontroller conected with each PIR motion
T detector, so there is no need to use any hardware f
the integrator.

A 4

Sensors HVAC

The resulting ANN operates for a certain time in
learning mode (using the classic backpropagation
algorithm — see Rojas, 2013) and becomes capable to
approximate the reference temperatures of the HVAC
previoulsly provided by the human operators.

Fig.2. The structure of the proposed system

The input of the distributed ANN is represented by
the ON/OFF signals generated by a number of PIR
motion detectors, and the output is an analog gelta
used to define the reference temperature for the
HVAC system.

Once the ANN has learned to generate set-point
values for the HVAC starting from user activity
patterns, the system can operate independently.

Obviously, the key of the solution is to find a mea
to integrate the temporal series of “events” deigct
by the PIR sensors, into user activity patterns.

4. DISCUSSION AND CONCLUSION

The solution described here can be a valuable
alternative to the “classic” building management
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systems (BMS), suitable for small and medium size European Parliament (2010) Directive 2010/31/EU of
residential and office buildings. the European Parliament and of the Council of
19 May 2010 on the energy performance of
buildings, Official Journal of The European
Union L153, Vol. 53, 18 June, 2010

o o Frost & Sullivan Research Service. (2007) Advances
Considering that most modern buildings are curyentl in energy harvesting technologies. Technical

equipped with security systems that already deploye report. Frost & Sullivan Research Service;

PIR motion detectors throughout the premises, theGao, G., & Whitehouse, K. (2009, November). The
cost of the implementation of the proposed system self-programming  thermostat: optimizing
could be significantly reduced by using the exigtin setback schedules based on home occupancy
PIR sensor. patterns. In Proceedings of the First ACM

. Workshop on Embedded Sensing Systems for
Besides the low cost, the proposed system hahkaall t Energy-Efficiency in Buildings(pp. 67-72)

advantages of a distributed control system: good ACM

scglability, robustness to hardware faults, andy eas Lifson, A. & Taras M. (2007) HVAC & R System

maintenance. Control Utilizing On-Line Weather Forecasts ,
Patent application WO2007117245(A1).

Lu, J., Sookoor, T., Srinivasan, V., Gao, G., Halbe
B., Stankovic, J., ... & Whitehouse, K. (2010,
November). The smart thermostat: using
occupancy sensors to save energy in homes. In
Proceedings of the 8th ACM Conference on
Embedded Networked Sensor Syst@ops 211-
224). ACM.

Nguyen, T. A., & Aiello, M. (2013). Energy
A review of smart homes_Past' present’ and inte"igent bUIldIngS based on user aCtiVity: A
future. Systems, Man, and Cybernetics, Part C: survey.Energy and buildings6, 244-257.
Applications and Reviews, IEEE Transactions Osman A. & Lemke K (2005) System and method
on, 42(6), 1190-1203. for prec_i|ct|ng buildings thermal loads. Patent

Cohen N. (2009) HVAC system with energy saving __application US2005/192915A1. _
modes set using a security system control panel,Rojas, R. (2013).Neural networks: a systematic
Patent application US2009/266904A1. introduction  Springer Science & Business

Cottone, P., Gaglio, S., Re, G. L., & Ortolani, M. Media.

(2015) User activity recognition for energy Susne-a, l. (2012) Distributed Nel_JI’al Networks
saving in smart homeservasive and Mobile Microcontroller ~  Implementation ~ and
Computing 16, 156-170. Applications. Studies in Informatics and

Corucci, F., Anastasi, G., & Marcelloni, F. (2011, Control, 21(2), 166.

June). A WSN-based testbed for energy Susnea, I. Vasiliu, G. _(2013) Temperature .Cor.1trol
efficiency in buildings. In Computers and System for buildings, Patent application
Communications  (ISCC), 2011  I|EEE RO128439-A2

Symposium on (pp. 990-993). IEEE. Tokuda, K., Matsumoto, S., & Nakamura, M. (2013,

De Paola, A., Ortolani, M., Lo Re, G., Anastasi, G. October). Implementing a mobile application for
& Das, S. K. (2014). Intelligent management spontaneous peak shaving of home electricity. In
Systems for energy efﬁciency in bu“dings: A 2013 IEEE 9th In_ternatlonal -Conference .On
survey.ACM Computing Surveys (CSURY(1), Wireless and Mobile Computing, Networking

Obviously, the entire concept can be adapted to
control the lighting system.
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