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The system of smart home climate control based on fuzzy logic and the Raspberry Pi
microcomputer that ensures the operation of the heater, conditioner and humidifier of air has been
developed. As a result of presenting input data using linguistic variables and fuzzy production rules
for current values of temperature and relative humidity, output signals to control the functional
devices of the smart home are obtained. The proposed approach is implemented using the Mamdani
algorithm that includes the stages of fuzzification of input variables, aggregation of the truth of each
rule sub-conditions, activation of conclusions and defuzzification of output variables. The
application of fuzzy logic in the smart home climate control system makes it possible to take into
account the individual characteristics and preferences of residents.

Keywords: smart home, climate control system, fuzzy logic controller, production rules, fuzzy
inference, Raspberry Pi.

1. Introduction

The development of information technology (IT) and the home automation industry
through the creation of many smart devices such as the Internet of Things (loT) has
revolutionized our living environment. Improving the quality of life of residents of smart
homes is ensured by integrating a variety of appliances into an intelligent system that provides
safety, comfort, and resource savings [1-3]. Due to the integration of advanced IT in the home
environment, all systems and electronic devices in Smart-home projects coordinate the
performance of functions without human intervention [4]. The intelligent smart home system
provides not only continuous monitoring of many living environment parameters but also
centralized control of electronic devices [5-7]. As the subsystems become more complex and
the number of functions they perform increases, their management becomes more and more
difficult. Therefore, the development of systems and algorithms designed to meet the specific
needs of smart home residents or to respond to situations related to environmental change or
security is one of the current areas of research in the field of Smart solutions & 1oT.

An important indicator of the smart home quality is the level of comfort that is
determined by the compliance of values of basic home parameters to optimum conditions of
the residents in the system ‘“human - living environment”. These parameters include
temperature, humidity and indoor air pollution, light level, etc. Climate control is one of the
most requested features of intelligent systems of the smart house that provides the optimal
combination of a high comfort level of residents and balanced use of resources [8,9].
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A feature of the climate control system is the need to take into account approximate and
subjective information for the control of household appliances that create an atmosphere of
coziness and comfort. Comprehensive coverage of different criteria of comfortable living
involves the use of linguistic variables and rules, which are close to spoken language by
structure presentation. These requirements need the use of specific approaches, which include
fuzzy modeling methods [10,11]. Fuzzy modeling is a classic artificial intelligence technology
that is successfully used in many control systems for industrial and household appliances,
where traditional modeling methods and controllers usually do not provide the required level of
efficiency or productivity. In particular, the use of linguistic variables to describe complex and
weakly structured processes, establish the correlation between concepts, and implement a
formal description of fuzzy rules make fuzzy algorithms for managing technical systems
relatively easy to develop and implement [12-14].

In this paper, the climate control system with two inputs and three outputs based on fuzzy
inference is proposed. It has been demonstrated that fuzzy logic controller provides reliable
control of the modes of heating, conditioning, and humidification of air using current
temperature and relative humidity data.

2. Design of fuzzy logic controller

The architecture of fuzzy logic controller for climate control system consists of
fuzzification block, the base of fuzzy production rules, and defuzzification block, which
generates output signals that control the operation of the heater, conditioner, and humidifier of
air. The values of temperature and relative humidity indoor are used as input signals. Fig. 1
illustrates the architecture of the climate control system based on fuzzy inference.
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Fig. 1. Scheme of the climate control system based on the fuzzy logic controller.

The input linguistic variables "temperature™ and "humidity” contain the terms "low",
"comfortable” and "high". They are set on the scales of temperature and relative humidity
respectively. The terms of the output linguistic variables correspond to the control signals that
ensure the operation of the heater, air conditioner and humidifier. That is, the output linguistic
variables are "heater power", "air conditioner" and "humidifier”. In particular, the power of the
heater can be high (P high), medium (P middle), or the heater can be turned off (Pw off). The
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modes of air conditioning (C) and humidification (H) can be turned on or off. The membership
functions of fuzzy sets characterizing the terms of input and output linguistic variables were set
by piecewise linear functions, as shown in Fig. 2 and Fig. 3. It should be noted that the
parameters of the membership functions of fuzzy sets can be adjusted according to the
individual preferences of the smart home residents.
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Fig. 2. Membership functions of fuzzy sets characterizing the input variables “temperature” (a) and
“humidity” (b).

To implement the smart home climate control functions, the algorithm of fuzzy inference
proposed by Mamdani was used [15]. The mechanism for obtaining a fuzzy inference is based
on information of various origins, including experimental data, expert opinions, and the
preferences of residents. This information is represented by fuzzy production rules.

The proposed climate control system is based on fuzzy rules in the form of IF (sub-
condition 1) AND (sub-condition 2) - THAT (action). Sub-condition 1 establishes affiliation of
current value temperature to fuzzy sets characterizing the terms of the linguistic variable
"temperature”. Sub-condition 2 is associated with the affiliation of the current value of relative
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humidity to terms of the linguistic variable "humidity”. Table 1 shows the base of fuzzy rules
formed in accordance with the proposed model.
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Fig. 3. Membership functions of fuzzy sets characterizing the output linguistic variables "air conditioner",
"humidifier" and "heater power".

The algorithm for generating signals controlling climatic household appliances contains
the following stages of fuzzy inference:

1. The truth degree of the statements of each of the terms of linguistic variables that form
the conditions of the production rules is determined using the fuzzification procedure for given
values of temperature and relative humidity (RH). It should be noted that the truth degree of
the statement is defined as the value of the membership function of the corresponding fuzzy set
for a quantitative value of the selected input parameter.

2. The truth of the condition of each of the fuzzy rules is obtained by aggregation of the
truth degrees of the sub-conditions of this rule by the operation of the fuzzy conjunction.

3. The truth of the conclusion of each of the fuzzy production rules is determined by the
operation of min-activation. Only active production rules are involved in the conclusion
activation procedure. The truth degree of their conditions is different from zero.

4. Accumulation of conclusions of fuzzy production rules for each of the output linguistic
variables is carried out by means of fuzzy disjunction operation.
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5. Output signals to control the functional devices of the climate system are obtained
using the defuzzification procedure by the center of gravity method [16].

Table 1. The base of fuzzy rules of the smart home climate control system.

Temperature Humidity
Low Comfortable High
Pu high P high Pu high
Low C off C off Con
H on H off H off
Py off Py off Py middle
Comfortable C off C off Con
Hon H off H off
Px off Py off Pnx off
High Con Con Con
H on H off H off

The application of this algorithm for a pair of temperature and relative humidity values
makes it possible to obtain output control signals that provide a comfortable living
environment for smart home residents.

3. Software and hardware implementation of climate control system

Test results of the climate control system based on fuzzy inference are illustrated in
Fig. 4, which shows the dependence of the output control signals of "heater power" (Py), "air
conditioner" (C), and "humidifier" (H) on room temperature and relative humidity.

The obtained results demonstrate that output signals, which control the heater power and
the air conditioner, depend on both the value of temperature and relative humidity. The climate
control system significantly increases the power of the heater in case of low room temperature.
In addition, the air conditioner is turned on together with a low-power heater in the case of high
humidity even at high room temperature. However, the power of the heater decreases as much
as possible with increasing temperature. The combined action of the air conditioner and the
heater provides an effective reduction in humidity. Unlike the operation of the air conditioner,
the activation of the humidification mode is determined mainly by the value of relative
humidity regardless of room temperature.

The setting of the output linguistic variable Py on the set [0, 1] allows getting the value of
the output signal as a percentage of the maximum power of the heater. This approach is
versatile for rooms that differ in size and shape, with various thermally conductive properties
of the walls, for different heat sources. To enable air conditioning and humidification modes, it
is necessary to select the threshold values of the output variables "air conditioner" and
"humidifier" in the range [0, 1]. Fig. 5 shows diagrams for the threshold values of the output
variables C and H as a function of temperature and relative humidity. The use of fuzzy
modeling methods makes it possible to take into account approximate and subjective
information on the comfort of living spaces and adjust the climate control system to the
individual preferences and needs of residents.
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Fig. 4. Dependences of the output control signals of "heater power" (a), "air conditioner" (b), and
"humidifier" (c) on room temperature and relative humidity.
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In particular, if residents prefer a warm and humid climate, the threshold value of the

control signal, which turns on the air conditioning and humidification modes, should be

increased. Conversely, the threshold value of these output signals should be reduced in the case
of preference for dry and cool living conditions.
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Fig. 5. Threshold values of the output signals that turn on/off the air conditioning (a) and humidification
(b) modes as a function of temperature and relative humidity.

It should be noted that the accuracy of the proposed climate control system based on the
fuzzy logic controller can be increased by a smaller partition of the subject area, the
introduction of additional fuzzy sets and the corresponding fuzzy production rules. An increase
in the model complexity (i.e. increasing the number of rules or fuzzy sets) increases the
adequacy of the model and its ability to accurately describe the real system. However, with
increasing complexity, the amount of information about the system needed to model increases
significantly. This information is often insufficient to determine the parameters of the model.
Therefore, it is advisable to find a reasonable compromise between the accuracy and
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complexity of the fuzzy model. In many practical tasks, even simple fuzzy models provide
effective control of various devices.

The smart home climate control system is implemented on the basis of the Raspberry Pi
microcomputer using the RPi.GPIO module [17]. The DHT11 temperature and relative
humidity sensor [18] was used to determine both current values of the fuzzy logic controller
input variables. The software is developed in Python using the libraries necessary for fuzzy
modeling and work with the DHT11 sensor. The output signals of the fuzzy logic controller
were fed to the electronic unit to amplify and control the operation of climate devices. Pulse-
Width Modulation was used to control the power of the heater. The value of the output variable
Pw was used as the Duty Cycle parameter.

4. Conclusions

Thus, the considered climate control method in smart homes based on the fuzzy logic
controller enables to obtain the quantitative values of heater power and output signals that turn
on/off air conditioning and humidification modes. Control signals are obtained as a result of
the implementation of procedures of fuzzification of temperature and relative humidity input
variables, aggregation of the truth of each fuzzy rule sub-conditions, activation of conclusions
and defuzzification of output variables.

The proposed approach makes it possible to take into account the individual preferences
and needs of smart home residents and does not require complicated calculations. This leads to
the simplification of the climate control process in smart homes.
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CUCTEMA KOHTPOJIIO KJIIMATY PO3YMHOI'O BYJIUHKY HA OCHOBI
KOHTPOJIEPA HEYITKOI JIOTTKHA
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Y poGoti po3pobsieHO cUCTeMy KOHTPOJIO KIIMaTy pO3YMHOTro OyIMHKY Ha OCHOBI
KOHTpOJIEpa HEYiTKOI JIoriku Ta Mikpokomir'rorepa Raspberry Pi. 3anpononoBana cucrema
KOHTPOJIIO KJiMaty 3abe3neuye poOOTy 00irpiBada, KOHAMIIIOHEpa Ta 3BOJIOXKYyBaya TOBITps. Y
pe3ynbTaTi MpeACTaBiICHHs BXiJHUX NaHUX Y BUIJISAL JIHIBICTHYHUX 3MIHHUX 1 0a3u HEWiTKHX
NPOAYKLIHHUX TPaBHJI Ul NMOTOYHHUX 3HA4YCHb TEMIIEPATypH Ta BIAHOCHOI BOJIOTOCTI MOBITpPs
OTPUMAaHO BHXI/IHI CUTHAIH JJIsI YIIPaBIiHHS (QYHKIIOHATEHUMH TPUCTPOSIMH, IO 3a0€3MeTyI0Th
KOMQOPTHI KJIIMaTU9HI YMOBU MEMIKAHISIM PO3YMHOTO OYAWHKY.

3anponoHOBaHUH MiJXiJ peali3oBaHO HA OCHOBI aITOPHUTMY MaMmaHi, KU MICTHTh eTamnu
¢dasudikanii BXiZHMX 3MIHHHX, arperyBaHHs ICTMHHOCTI IMiJ[yMOB KOXHOTO 3 HEUiTKHX
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MIPOIYKIIIHHIX MTPaBHJI, aKTUBAI[i] BUCHOBKIB Ta Jieda3ndikamil BUXiTHUX 3MiHHHUX. 3aCTOCYBaHHS
HEYIiTKOI JIOTIKM y CHCTeMi KOHTPOJTIO KIIMaTy pO3yMHOTro OyIWHKY Ha€ 3MOTy BpaxyBaTH
1HAMBITYyaJIbHI OCOOIMBOCTI Ta yroJo0aHHS MEIIKAHIIB 1 HE BUMarae CKJIaJIHUX po3paxyHKiB. Lle
3a0e3nedye COpOLIeHHS Npoliecy KepyBaHHA KIIIMAaTOM Y PO3yMHHX OYyIHHKaX.

CucremMa KOHTPONIO KJIiMaTy peanizoBaHa Ha OCHOBI Mikpokomm rotepa Raspberry Pi 3
Bukopuctanusam mMoxayist RPi.GPIO i 6ibmiorexk MoBH mporpamyBaHHs Python, HeoOXimHux st
HEJITKOTO0 MoJelroBaHHs Ta pobotu 3 cencopom DHTI11, skwmit Oyno BHKOpPHCTAaHO IS
BU3HAYEHHS TEMIIEPATypH Ta BiTHOCHOI BOJIOTOCTI ITOBITPSI.

Kniouosi cnosa: po3yMHWH OyIMHOK, CHCTeMa KJIiMaT-KOHTPOJIO, KOHTPOJIEp HEUITKOL
JIOTiKH, MPOYKLiHHI paBiia, HEYITKHI BUCHOBOK, Raspberry Pi.
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