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FUZZY LOGIC CONTROLLER FOR SMART HOME LIGHTING
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Background. Modern high-tech automation systems are able to provide unmanned productive and efficient
management of smart home functions. These systems should provide control of temperature, light level, humidity and air
pollution for a comfortable stay in the building. In particular, fuzzy logic controller has the potential for application in

intelligent systems of lighting control.

Objective.Te aim of the paper is to design the two-channel lighting control system in smart home that provides control

of lighting source power and of their spectral characteristics.

Methods. The lighting control system is based on fuzzy inference and provides forming the base of fuzzy production
rules, fuzzification of input values, aggregation of truth of sub conditions of each rule, activation of conclusions and
defuzzification process that generates an output signal to control the smart home functional devices.

Results. The crisp values of light source power with different spectral characteristics and output signal that controls the
transparency of windows have been obtained in result of representation of input data of different types using linguistic
variables and fuzzy production rules for the current values of natural light and time of day. It is shown the possibility to change
the sensitivity of the control systems in different ranges of illumination deviation from optimal values.

Conclusions. The lighting control method in buildings based on fuzzy logic controller enables to get the quantitative
values of power of light sources with different spectral characteristics taking into account the individual characteristics of

residents.

Keywords: lighting control; fuzzy logic controller; production rules; fuzzy sets; conclusions activation.

Introduction

The development of intelligent “smart home”
systems is closely linked with state-of-the-art
achievements of modern electrical engineering and
information technology [1]. Modern high-tech building
automation systems are able to provide unmanned
productive and efficient management of all resources of
working or residential buildings and to solve many
domestic problems on its own [2—4]. Thanks to the
coordinated management of all functions of smart
building there are saved efforts, time and money of its
inhabitants.

In addition, an important indicator of quality of
buildings is the level of comfort, determined by
compliance of values of basic parameters of apartment
to optimum conditions of the human body in the system
“human — residential environment”. These parameters
include temperature conditions, humidity and air
pollution in the room, light level and so on.

Ilumination control is one of the most requested
features of intelligent smart house systems [5, 6].
Switching off unnecessary loads or shifting to low
power consumption mode can significantly reduce
energy costs. For a comfortable stay in the building it
should provide control of not only power of lighting
sources, but also of their spectral characteristics. In the
daytime the “cold” light with color temperature of
4000-5500 K, which helps create working atmosphere

in the room, is optimally combined with natural light. In
the morning and evening a source of “warm” light with
a color temperature of 2700-3500 K should be used,
because it creates an atmosphere of coziness and
comfort. Besides, on sunny days it is often necessary to
reduce the illumination of buildings. Effective
management of light permeability of windows is
possible by using smart glasses containing
electrochromic or liquid crystal material. A
characteristic feature of these materials is the ability to
reverse optical changes (appearance of color or
changing one color to another one) under the influence
of an electric current, and the degree of transparency
can be controlled by the applied voltage [7-9].

Comprehensive coverage of different criteria of
comfortable living involves the use of linguistic
variables, which are close to spoken language by
structure presentation, in information technologies of
lighting control system of smart house. In this case it is
advisable to use fuzzy modeling methods [10-12]. The
theory of fuzzy sets makes it possible to apply linguistic
description of complicated processes, to establish the
correlation between concepts and implement a formal
description of fuzzy rules in control systems [13—15].

In this paper the two-channel lighting control system
in buildings based on fuzzy inference is proposed. It has
been demonstrated that fuzzy logic controller provides

ISSN 2312-4121, Information and Telecommunication Sciences, 2017, Volume 9, Number 2
© 2017, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”



I. OLENYCH. FUZZY LOGIC CONTROLLER FOR SMART HOME LIGHTING CONTROL

control of not only power of lighting sources, but also
of their spectral characteristics.

Fuzzy inference system description

Architecture of fuzzy logic controller, used in
lighting control system, consists of input signal renderer
(photoreceivers and timers), block of fuzzification, base
of fuzzy production rules and block of defuzzification,
which generates an output signal to lighting system
control (Fig. 1).

Method of automatic lighting control in buildings,
based on fuzzy logic controller, provides forming the
base of fuzzy production rules R* as IF (condition) —
THEN (action), fuzzification of input values of light
intensity, activation of conclusions, based on the found
truth values of each condition of fuzzy production rules,
and defuzzification process that generates an output
signal to control the functional devices of lighting
system.

Rules R* accumulate information of various origins,
including experimental data, results of simulation and
conclusions of experts. In general, the rules may
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include all possible combinations of terms for all input
linguistic ~ variables, combined by fuzzy logic
operations.

Design of fuzzy logic controller

The algorithm of fuzzy inference, proposed by
Mamdani [16], was used to implement lighting control
systems of smart house. Base of fuzzy production rules
R™ has been formed for a system with two inputs and
two outputs:

R®: IF x, is Aj; AND x, is Ay THENy, is Gy,

V218 Gy, (1
where k = 1, 2, , n; n — number of rules; x; € [0, 350]
and x, € [6, 22] - input variables that reflect

illumination in lux and time of day, respectively; y;, v,
€ [-1, 1] — output variables that reflect the control
signal of “cold” S and “warm” S light; Ay and G —
terms of input and output linguistic variables.

The base of fuzzy production rules of lighting
control systems in buildings is given in Table 1.
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Fig. 1. Scheme of the process of lighting control based on fuzzy logic controller

Table 1. Base of fuzzy production rules of lighting control systems in buildings

Time of The intensity of natural light
day Very low Low Middle High Very high
§9=0 §9=0 59=0 59=0 §9=0
Morning | Sjgnificantly Significantly
(W) (W) (W)
increase S Increase S Normal § Decrease S decrease S
Significantly ) (©) () | Significantly
. Increase S Normal § Decrease S
Day increase §° - o o decrease §
S(W)=O S$=0 S$=0 $=0 S(W):O
5=0 s9=0 $9=0 $9=0 §9=0
Evening | Sjonificantl Significantl
irif?éalsceag(% Increase S" | Normal S" | Decrease " de%reas e S(uy)
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Membership functions of fuzzy sets describing
“intensity of natural light” and “time of day” input
variables and S'“ and S output variables, were set by
piecewise linear or spline functions (Fig. 2).
Aggregation procedure for subconditions verity of each
rule of the fuzzy inference system was carried out by
the fuzzy conjunction operation AND, which was
defined by an algebraic product of two fuzzy
expressions degree of verity.
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Fig. 2. Membership functions of fuzzy sets describing the
input variables “intensity of natural light” (a) “time of day”
(b) and output variables that reflect the control signal of
“cold” $'“ and “warm” S light (¢)

The truth of the conclusions of each production rule
was determined using the procedure min-activation or
prod-activation of conclusions [17]. Moreover only
active rules of fuzzy productions were taken into
account, that is, the degree of truth conditions of which
is different from zero.

Accumulation of conclusions of production rules
was carried out by max-aggregation of fuzzy sets that
respond to terms of found conclusions for the
corresponding output variables. Defuzzification of
output variables was carried out by the Centre of
Gravity method [18].

Results and Discussion

Test results of the automated lighting control system
based on fuzzy inference are illustrated in Fig. 3, which
shows the dependence of the output control signals of
“cold” $ and “warm” S"” light systems on natural
light and time of day.

Setting of the output linguistic variables S and S
on the set [-1, 1] allows to get the value of the output
signals as a percentage of maximum windows
transparency 7,,,, and maximum power of “cold” P(C),W
and “warm” PV . light sources needed for optimal
illumination of a particular room. This approach is
versatile for rooms different in size and shape, with
various reflective properties of the walls, for smart
windows different in size and type, for LED or
fluorescent light sources.

Control signals determine the power of sources of
“cold” P© and “warm” P light at y;, y, € [0, 1] or
the transparency of windows T aty;, y, € [-1, 0]:

P(C) - 0
Y1k1Pr§§x)

pon | 0 wel10] xel69]ui722]
v,k Py, e (0] x, e [69]U17,22]

2% max

Y € [— 1,0] X, € [8,1 8]’ )
ye(01] x,e[818]

T={(l+max{yl,y2})Tmax Yo € [_LO), (4)
1 nyy e 0]

where the coefficients k; and k, allow to take into
account the contribution of cold and warm light sources
to obtain the necessary lighting level
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Calculations show that the fuzzy logic controller
provides increased power of artificial light sources
while reducing the intensity of natural light, moreover
in the daytime cold lighting system is involved, and in
the morning and evening — warm lighting system. In the
case of intense illumination one observes negative
values of control signals regardless of time of day,
providing reduction in the smart windows transmission
coefficient (see Fig. 3).
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Fig. 3. Dependence of control signals of “cold” S (a)
and “warm” S" (b) lighting systems on natural light and
time of day

It should be noted that the use of spline functions for
setting membership functions of fuzzy sets leads to a
smoother shift of output control signal when changing

the light intensity compared with piecewise linear
functions (Fig. 4).

In addition, the choice of activating conclusions of
fuzzy production affects the character of dependence of
the output control signal on the light intensity. In
particular, the use of min-activation or prod-activation
of conclusions shows different sensitivity of the lighting
control systems based on fuzzy logic controller in
different ranges of deviation of natural light from
optimal values. This allows taking into account the
individual characteristics of residents to create
comfortable living conditions.
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Fig. 4. The dependence of the output variables of lighting
control system on natural light in the case of piecewise linear
functions (1, 2) and spline functions (3, 4) and min-activation
(1, 3) and prod-activation (2, 4) of conclusions

Conclusions

Thus, the considered lighting control method in
buildings based on fuzzy logic controller enables to get
the quantitative values of power of light sources with
different spectral characteristics and output signal that
controls the windows transparency for current values of
natural light and time of day. The proposed algorithm
does not require complicated calculations. This leads to
simplification of lighting control in intelligent houses.

The obtained results show that using piecewise
linear or spline functions for setting fuzzy sets and min-
or prod-activation of production rules conclusions
allows changing the sensitivity of the control system in
different ranges of deviation of natural light from the
norm.
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Onenuy I1.B.

KonTponep HewiTkol 10riKH /151 CHCTeMH KepyYBaHHS OCBITJIEHHSIM PO3YMHOT0 OyIHHKY

Ipo6aemaTuka. CyyacHi BHCOKOTEXHOJIOTiYHI CHCTeMM aBTOMaTv3alii OyAMHKY 37aTHi 0e3 ywacTi JOAMHU
3a0e3medyBaTi MPOIYKTUBHE Ta eeKTHBHE KepyBaHHA (GYHKUiAMHU po3ymMHoro OymuHky. Jns kompopTHoro nepebyBaHHs B
MPUMIILEHHI 1l CHCTeMH TOBMHHI 3a0e3rneuyBaTi KOHTPOJb TeMIepaTypH, piBHS OCBITJIEHOCTI, BOJOTOCTi Ta 3a0pyIHEHHS
TNOBITPs. 30Kpema, KOHTPOJIEp HEUiTKOT JIOTiKM MepCreKTUBHUI 1S 3aCTOCYBAHHS B IHTENEKTYaJbHAX CHCTEMAX KEPYBAHHS
OCBITJIEHHAM.

MeTa. Po3pobka IBOKaHANBLHOT CHCTEMH KEPYBAHHS OCBITJEHHAM PO3YMHOTO OYIHMHKY, fika 3a0e3reuye KOHTPOJb He
TIIbKHM TOTYKHOCTI DKEpEN CBITIa, ae i iX CIeKTPaIbHUX XapaKTepUCTHK.

Metoauka peanianii. CuictemMa KepyBaHHS OCBITJEHHSAM Ha OCHOBI HEUIiTKOTO JIOTIYHOTO BHCHOBKY mepenbadae
(opmyBaHHs 6a3u HEUITKMX MPOIYKLiiHUX MpaBuil, (hasudikallito BXiTHAX 3HAYEHb, arperawliro iCTHHHOCTI MiTyMOB KOKHOTO
3 TIpaBWJ, AaKTHMBI3alil0 BUCHOBKIB 1 mpouenypy aedasudikauii, ska (opMye BUXiTHWI CUTHAT AN KepyBaHHS
(yHKIIOHATLHUMHU TIPUCTPOAMH PO3YMHOTO OYIMHKY.

PesyabTaTi pocaizkens. YV pesynbTati NpeAcTaBIeHHs Pi3HOTUIHUX BXiAHMX AAHMX 32 IOTMOMOTO0 JiHIBICTUYHUX
3MIHHHX 1 3aKTaeHuX y 0a3i HEUiTKUX MPOAYKI[IHHUX TPABUI [Jis TIOTOYHUX 3HAYEHb MPUPOIHOTO OCBITJIECHHS i yacy n00u
OTPUMAHO KiJIbKICHI 3HaUYeHHS MOTY)XHOCTi JUKepes CBiTaa 3 Pi3HUMH CHEKTpalbHUMH XapaKTepUCTUKaMHU Ta BUXiTHHIA
CUTHaJ, KUK Kepye mpo3opicTio BikoH. [l0ka3aHO MOXIMBICTH 3MiHIOBATH UYTJIMBICTb CHCTEMH KEpPYBAHHS B PI3HUX
Jiamna3oHax BiIXMIEHHS OCBITICHHS BiJ ONTHMAJIbLHNX 3HAYEHD.

BucHoBku. Crioci6 kepyBaHHS OCBITJIEHHAM MPUMIlIEHb HA OCHOBI KOHTpOJEpa HEYiTKOT JIOTiKM Aa€ 3MOTy OTPUMATH
KIJIbKICHI 3HA4YeHHs MOTYXHOCTI KEpeN CBITJIa 3 Pi3HUMH CTIEKTPATbHUMHU XapaKTePUCTUKAMK, BPAXOBYIOUM iHIMBITyanbHi
0CO0NMBOCTI MEIIKAHLLIB.

KnatouoBi cjoBa: kepyBaHHsS OCBITJIEHHSAM, KOHTPOJEp HEWITKOI JIOTiKW, MPOAYKIIiHI MpaBuia, HEWiTKI MHOXKWHH,
aKTHBALlisl BUCHOBKIB.

Onenuu U.b.

KonTponiep HeueTkoii JOrHKH 1151 cHCTeMbI YIIPaBJIeHHsl OCBEILIEHHEM YMHOIO 10Ma

ITpodaematnka. CoBpeMEHHbIE BbICOKOTEXHONOTMYHbBIE CHCTEMbl ABTOMATH3aUMM J0Ma CMOCOOHBI Oe3 ydacTus
yesoBeka oOecrevrBaTh MPOAYKTHBHOE M 3((eKTHBHOE YmpaieHne (YHKUMAMH YMHOro noma. [ komd@opTHOro
TpeObIBaHNs B IOMEILEHUN ITH CHCTEMbI I0JKHBI 00€creunBaTh KOHTPOJIb TEMIIEPATYPhl, YPOBHS OCBEIIEHHOCTH, BIIAAKHOCTH
¥ 3arpA3HeHKs BO3MyXa. B 4acTHOCTH, KOHTpOJLIEP HEYETKON JIOTMKU MEPCNEKTUBEH M MPUMEHEHHS B MHTEJUIEKTYATbHBIX
CHCTEMAX YIpPaBJeHHs OCBELIEHHEM.

Heab uccnenoBanmii. PazpaboTka ABYXKaHAIbHOIH CHCTEMbl YNpaBJEeHHS OCBEIIEHHEM YMHOTO J10Ma, KOTOpas
obecreurBaeT KOHTPOJIb He TOJIBKO MOIHOCTH HCTOYHUKOB CBETA, HO M UX CHIEKTPAJIbHBIX XapaKTEPHUCTHK.

Metoquka peammsanun. CucTeMa YNpaBieHHS OCBELUEHMEM HA OCHOBE HEUETKOIO JIOTHYECKOTO BbIBOJA
npeaycMarpuBaet GopmupoBanuie 6a3bl HEUETKMX MPOMYKIMOHHBIX MpaBu, (a33uuKaiyio BXOJAHbIX 3HAYEHHUH, arperamnuro
MCTMHHOCTH MOAYCIOBUI KaX/0T0 U3 MPaBHI, aKTHBM3ALMIO BLIBOAOB 1 MPOLEAYpY Aedazsuukaiuu, kotopas Gopmupyer
BBIXO/IHOI CHTHAI /1A yNIpaBJieHus (yHKLMOHAIbHBIMA YCTPOHCTBAME YMHOTO J0Ma.

PesyabTaThl mccienoBanuii. B pesynbrate NpencTaBNeHMS pPa3HOTUIHBIX BXOIHBIX [JAHHBIX C TOMOLIbIO
JVHTBUCTHYECKUX TEPEMEHHBIX M 3aJOKEHHbIX B 0a3e HEYeTKMX MNPOAYKLMOHHBIX TNpaBWI Ui TEKYLIMX 3HAYEHHH
€CTECTBEHHOTO OCBEIICHNA W BPEMEHM CYTOK MOJYYEHBl KOJIMYECTBEHHbIC 3HAYEHMA MOUIHOCTH HCTOYHMKOB CBETa C
Pa3IMYHBIMU CHIEKTPATbHBIMHI XapaKTepUCTHKAMU M BHIXOJHON CHTHAN, KOTOPBI yMpaBIseT Mpo3payHOCTbiO OKOH. [TokazaHa
BO3MOKHOCTb M3MEHEHMs UyBCTBUTEILHOCTH CHCTEMBbI YNPABNEHUA B PA3IMUHBIX JMANA30HAX OTKIOHEHHS OCBEIEHHS OT
ONTUMAJIbHBIX 3HAYEHUIA.

BoiBoabl. Crioco® ympaieHHs OCBELIEHHEM MOMEIIEHHH Ha OCHOBE KOHTPOJUIEPA HEYETKOH JOTMKM I03BOJAET
NOJYYUTb KOMMYECTBEHHbIE 3HAYEHUS MOLIHOCTH MCTOYHMKOB CBETA C PA3NMYHBIMM CMEKTPalbHBIMU XapaKTepPHCTHUKAMH,
YUYUTBIBAS MHAMBUIYATbHbIE 0COOEHHOCTH JKHUTENEH.

KunroueBble c10Ba: ynpasieHue OCBELIEHHEM, KOHTPOJIEP HEYETKOH JOTMKH, MPOXYKLMOHHbIE MPABHUIA, HEUETKHE
MHOKECTBA, AKTHBALMSA BBIBOJIOB.
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