ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392 - 1215

20110. 1(107)

ELEKTRONIKA IR ELEKTROTECHNIKA

SIGNAL TECHNOLOGY

T121

SIGNALY TECHNOLOGIJA

Multi-Agent Based E-Social Care Support System for Inhabitancies of a

Smart Eco-Social Apartment

A. A. Bielskis

Department of Informatics, University of Klaipéda,

Manto str. 84, LT-92294 Klaipéda, Lithuania, e-mail: bielskis@ik.ku.lt
Department of Electrical Engineering, University of Klaipéda

A. Andziulis, O. Ramasauskas
Department of Informatics, University of Klaipéda,

Manto str. 84, LT-92294 Klaipéda, Lithuania, e-mails: arunas@ik.ku.lt, olegas@ik.ku.lt

E. Guseinoviené

Department of Electrical Engineering, University of Klaipéda,

e-mail: guseinoviene@gmail.com

D. Dzemydieneé

Department of Informatics and Software Systems, Mykolas Romeris University,
Ateities 20, Vilnius, LT-08303, Lithuania, e-mail: daledz@mruni.lt

G. Gricius
Department of Informatics, University of Klaipéda,

Manto str. 84, LT-92294 Klaipéda, Lithuania, e-mail: gediminas@ik.ku.It,
Institute of Mathematics and Informatics, Vilnius University,

Akademijos str. 4, Vilnius, LT-08663, Lithuania

Introduction

The Smart Ecological and Social Apartments (SESA)
are understood nowadays as living and working
environment with equipment friendly working for the
people and the nature of the environment. The SESA is
capable to adaptively gain its experience to: a) minimize
the amount and loss of heat and electrical power acquired
from central heat and electrical support systems; b) make
the most efficient use of own alternative energy; c) provide
of e-consulting services on e-health and e-social care
aspects for the inhabitancies of given SESA,; d) help people
to participating in the process of development of the
concept of SESA. Principles of creating of subsystem of
adaptive user-friendly e-health care service for people with
movement disabilities are described in [1-3]. The model of
a few adaptive moving wheelchair-type robots was
recently proposed in [4-6] to servicing people with
movement disabilities in a SESA.  This paper presents
principles of implementation of the model of multi-agent
based e-social care support system by using of an
intelligent power controller. The proposed multi-agent
based system is planned to be used for an adaptive diming
of LED lighting and providing of power supply for motors
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as an appropriate e-social care support for people in the
SESA.

Designing of an Intelligent Power Controller

The Intelligent Power Controllers are planned to be
used to controlling of power delivered from heat pumps,
solar radiation subsystem, wind turbine, and solar batteries
installed into the SESA as it is shown in the block diagram
of Fig.1. An Intelligent Power Controller, the IPC is
composed of two modules shown in Fig.2 and Fig.3. Fig.2
gives a schematic diagram of Atmega32 based
microcontroller as well as of block diagram of subsystem
for measurements of electro dermal activity, the EDA,
heart rate, the HR, and finger temperature, the FT of the
inhabitancies in the SESA.

Fig.3 presents an approach of a smart socket for an
adaptive diming of lighting as well as for the control of
speed and power of asynchronous motors of heat pumps in
the SESA by using BUZ41A power MOSFET, BT137/600
and BT136/500 triac type symmetrical thyristors
accordingly. MOC3022 and 4N35 general purpose
phototransistor optocouplers are used for isolation. Each
IPC contains a module for measuring of emotional state of
person in the SESA by using INA126 instrumentation



amplifier for electro dermal activity (EDA) measurement,
by using TCRT1010 optocoupler for measurement of heart
rate (HR) as well as by using temperature sensor LM35DZ
for measurements of finger temperature (FT) of given
person in the SESA.
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Fig. 1. Block diagram of installation of a set of the Intelligent
Power Controllers to controlling of power delivered from the
following subsystems installed into the SESA: heat pump, solar
radiation subsystem, wind turbine, and solar batteries
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Fig. 2. Atmega32 based microcontroller used for intelligent
power control as well as of measurements of EDA, HR, and FT
of the inhabitancies in the SESA

The power consuming is calculated in the model of Fig.
3 by multiplying the measured values of voltage U and the
current I, taken from the mains via current transformers.
The following dynamic equilibrium equations are used to
calculating of mains current Iy, load current Iz, and
secondary current of current transformer Iy,:

Ryar =00, It = l11, Ir = I22, lt2 = I3,
l1,(r+1/sCy)+155(-1/sC;)+133(0) =U, (1)
111(-1/ SC7)+ I35 (L/ SC7 + 5Ly + R)+ Ig5(-sM) =0,

111(0) + 122 (-sM) +I33(sklp + Ry + Rap / (SRApCy +1) = 0.

Measuring circuit of the voltage Ugg which is
proportional to RMS value of the mains voltage Uy:

ITl(rTl +SLT1) + ITZ(_SM ) :UT’
I, (-sM) + 11, (1, + 5Ly, + (R, + Rg)/ (L + (R, + Ry)sC,)). (2)

The moment value of full power S(kT) in Volt-
Amperes delivered into the load by the smart socket is
calculated as a product U;(KT)*Urg(KT)*K;*K, . The values
of Ui(kT ) and Ugg(kT), measured and applied for an
analogue to digital conversion through the ADCO and
ADC1 channels of ATmega32 microcontroller, may be
calculated by the following expressions:

For the case of real eigenvalues:

Urs(KT)=Urg(Du1exp(q1.K) + Duyzexp(gauk) +

+Duyzexp(qauk)), ©)
Ui(kT)=Ui(Diexp(d1ik) + Dizexp(dzik) + Disexp(qsik) +
+Disexp(d4iK)). (4)

For the case of complex eigenvalues:
Urg(KT)=Urg(Du1Xp(d1K) + Du2exp(qauk) +

+Dyszexp(gauk)), Q)
Ui(kT)=Ui(Dinexp(quik) + Dixexp(0ik) +
+ Digg@xp(-T S K)Sin(KT @ 1 + ¢ 54), (6)

where O 1=rti/Lt1, 20, =U(Ci(R; + Rg)) + Ipllyy,
@ 0"=rral(L12Ci(R; +  Rg)), 20 m=L1/(RapCi)+Ry/Lo,
@ o*=Ri/L,RAsCy, 20 =1Ly +1URC,,  @¢=(r
+R)/(L1C71).Tsp= Qu=-T 0 1=~(T rri/lyy), Tsp= Go=T(-
02+ @), Tsau= Gau=T (-0 2- @2), Dyr=1/(s1° + 23 551,
+® %), Du=  U(2(sa-S1)(Sat 0 2)), Dus =1/(2(Sau
$1)(Saut 0 2)), S1=QlT=-S wt @ =0l T=- -
W 1m, S5=0s/T=-0 + @3, $4=0/T=-0 - @3, Dp=1/(2(
st S m)( S + 28 8u +@); D=L+ O w)( S +
20 Syi T+ 02)); Di3:1/(2(s3i2 +20 mS3i + G)OMZ)(S3i+ o )),
Diu=1/(2(S4” + 28 wSai + @ ov)(Sai* 0 )); Auia=T S1i; Go=T
$2i; Dink= Din; Dizk= Dig; Diaak =1/50rt(Ass® +Bas’); Ags= 0 2-
®.1°28 S+ ®on’ B’ =20 (6 - ) ); @ 1=sqrt( @ o

4%, @ s=atan(Bay/Agy); Ki=ltrms/Uirms;
Ku=Utrms/Ursrms, T — sampling period in ms.
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Fig. 3. Schematic diagram of an intelligent power controller to
provide of adaptive control of motors and LED lights used to

servicing people in the SESA



Designing of multi-agent based e-social care system

The proposed multi-agent system of Fig. 4 consists of
two main parts, first part — for human’s physiological data
collection, analysis and emotional state detection and
another part — for an intelligent power control which takes
environmental and hardware parameters and, with the use
of embedded agents, provides adaptive control of LED
lights, temperature as well as of power consuming by
motors used in the SESA. These two parts are linked with
one common event, the NewUserCondition, which can
indicate how users’ emotional condition changes after
intelligent power control system have changed light
intensity, temperature or other environmental parameters,
and then it will try to adopt these parameters to the given
user. The first group of agents permanently performs the
following actions:

"PhysiologicalParametersAnalitic” agent is responsible
for communication between hardware and software,
analyzing collected physiological data and emotional state
detection. It takes data via RS232 protocol, determines the
type of received data (HR, EDA, temperature, and settings
information) and performs appropriate actions. This agent
is also responsible for the feedback to the hardware (LCD
information transfer, ADC channels settings transfer, etc.).

Upon receiving of new data, the agent identifies data
and distinguishes new physiological parameters or device
settings. On receiving the new physiological parameters,
agent stores them in the global database called
UserPhysiologicalData and also  generates events
NewECGSample, NewEDASample, and NewSTSample to
the other agents. In a case on receiving new hardware
parameters, it will execute the plan pNewSettings which
will update the software settings, and report to the
hardware information about the changes. The agent saves
all received data to the database and also receives
information from the agent "Userinteraction” on what
should be displayed on the LCD display. The agent sends
information to the hardware via event UpdateDevice.

The agent “RStatistic” is  responsible  for
communication between whole multi-agent software and R
statistical tool in which Nadaraya-Watson kernel
regression smoothing, Fourier transform, self-organizing
maps and other complex algorithms are provided.

"UserInterface“~ the agent is responsible for
information conveying to the user and the users commands
input. The agent has an internal database of Suggestions
which holds the tips to the user, such as what user should
do or what action should be taken by a change of
emotional state. This agent prints the HR, EDA, and FT
graphs on the screen. After receiving notice of the new
emotional state, it shows the graphs on the screen and tries
to find the appropriate advice to the user in the database
Suggestions. User information is also sent to the hardware
to be printed in the LCD screen. The agent adds all the data
to the web server via plan AddToWeblInterface which uses
TCP/IP protocol for data transmission. The agent takes the
event NewUsersCondition with detected emotional state,
and also physiological data from the global database
UserPhysiologicalData. It performs data smoothing and
displays it on the screen. After receiving information about
new human physiological state by using event
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NewUsersCondition, it decides whether to provide the user
with any proposal. If it decides to provide then the
proposal is selected from the database Suggestions and
displayed on the screen, and also it is transmitted to the
users LCD. It is also the agent that takes the user
commands via web interface and, by the user desire,
creates a dynamical agent "Driver" witch will have
information about location to which the user wants to go.
Agent "Driver" has an internal database HomeLayout
which has schemes of the house layouts, and, according to
the data, the agent creates a scenario by which the user is
moved to the desired location. During the journey, where
the way meets an obstacle or home layout has been
changed, the agent updates the database HomeLayout data.
After completing a journey, agent “Driver” retains the

accumulated data.
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Fig. 4. Multi-agent-based system: human-computer remote
interaction block diagram
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Other part of the agents, the agents
SolarRadiationSubsystem, ~ WindTurbine, = HeatPump,
SolarBatteries, and InteligentPowerControl are responsible
for environment monitoring and intelligent power control.
The main agent of this part is “InteligentPowerControl”. It
handles events from the hardware sensors via event
NewSensorsData (temperature, LED light level, humidity)
and performs plan Analyze which is capable to create
events:LowTemeprature,NormalTemeprature,  LowLight,
HiTemperature, NormalLight, and HiLight. After receiving
these events, an agent “InteligentPowerControl” executes
plans LightControl, HeaterControl that triggers embedded
agents responsible for light, heater, fan and other devices
control. All data received from sensors as well as the
agents of part 2 are stored in database PowerData.

Conclusions

The paper presents further development steps of
recently proposed model of an adaptive multi-agent-based
e-health and e-social care system by introducing in it an
intelligent power controller to supporting people in a Smart
Ecological and Social Apartment, the SESA. The
schematic diagrams of the controller are proposed for
adaptive control of motors and LED lights as well as for
measurements of EDA, HR, and FT signals of
inhabitancies in the SESA. The proposed in this paper
multi-agent system consists of two groups of agents, first,
the agents for human’s physiological data collection,
analysis and emotional state detection, and, second, the
agents for an intelligent power control which takes
environmental and hardware parameters and, with the use
of embedded agents, provides adaptive control of LED
lights, temperature as well as of power consuming by
motors used in the SESA.
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The paper presents further development steps of recently proposed model of an adaptive multi-agent-based e-social care system by
introducing in it an intelligent power controller to supporting people in a Smart Ecological and Social Apartment, the SESA. The
schematic diagrams of the controller are proposed for adaptive control of motors and LED lights as well as for measurements of EDA,
HR, and FT signals of inhabitancies in the SESA. The proposed in this paper multi-agent system consists of two groups of agents, first,
the agents for human’s physiological data collection, analysis and emotional state detection, and, second, the agents for an intelligent
power control which takes environmental and hardware parameters and, with the use of embedded agents, provides adaptive control of
LED lights, temperature as well as of power consuming by motors used in the SESA in accordance with the human state defined by the
first group of agents. IIl. 4, bibl. 6 (in English; abstracts in English and Lithuanian).

A. A. Bielskis, A. Andziulis, O. RamaSauskas, E. Guseinoviené, D. Dzemydiené, G. Gricius. Daugelio agenty e. socialinés
riipybos paslaugy sistema i$maniojo ekologi§ko socialinio biisto gyventojams // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2011. — Nr. 1(107). - P. 11-14.

Autoriy siilomas intelektualios agentinés sistemos modelis €. socialinés ripybos paslaugoms teikti iSmaniajame ekologiskame
socialiame biiste (IESB) igalina adaptyviai valdyti §viesos diody (LED) apsvietimo intensyvumg ir spalva bei IESB esanciy varikliy
galia, taip pat vykdyti IESB gyventoju odos elektrinio aktyvumo (EDA), Sirdies ritmo (HR) ir pir§ty temperatiiros (FT) kitimo parametry
matavimus, panaudojant iSmanuyji galios keitikli (IGK). Darbe pasitlytaji daugiaagenty modelj sudaro dvi agenty grupés: pirmoji — IESB
gyventojy fiziologiniams duomenims rinkti, analizuoti ir ju emocinei biisenai nustatyti, 0 antroji — intelektualiam galios paskirstymui
LED apsvietimui ir IESB esan¢iy varikliy valdymui pagal realiu laiku i8matuota IESB gyventojy fiziologing busena. 1l. 4, bibl. 6 (angly
kalba; santraukos angly ir lietuviy k.).
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