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The development of the model of the intelligent system on the
basis of fuzzy sets for microclimate control of building

Nowadays, much attention is paid to the creation of favorable conditions for the health and work of people
and the microclimate in the design and further operation of buildings. It is necessary to investigate the
processes of forming a microclimate in the room to assess the comfort of the microclimate, as well as to
determine the required capacity of the equipment of engineering systems. Analytical research methods,
methods of mathematical and computer modeling are used as research methods. The methods of analysis
and synthesis of automatic control systems, mathematical apparatus of theory of fuzzy logic, the Matlab
software environment, the system of visual modeling Simulink, and the system for designing fuzzy systems
Fuzzy Logic Toolbox are used for research. The paper presents a model of the room, taking into account
the heat loss through the enclosing structures, the model of the air conditioner, the structure of the fuzzy
control system, the algorithm of its functioning, input and output variables of the fuzzy controller, the
composition of their terms, membership functions, the formed complete database of rules. On the basis of
research methods, the actual scientific and practical problem of developing an intelligent control system for
the formation of the comfort microclimate of the building is solved.

Keywords: intelligent system, building microclimate, simulation, fuzzy inference system, fuzzy logic, linguistic
rules, air conditioning system.

Introduction

The favorable microclimate is created by the building’s engineering systems, such as heating, ventilation
and air conditioning.

Using of computer simulation and the choice of an adequate microclimate model reduce labor costs in the
design of the above systems.

At present, in the domestic and foreign literature, a large number of articles are devoted to research models
and methods of microclimate control in buildings [1-15].

At the same time, there are no publications of scientists where research and development of a control system
would be conducted taking into account the characteristics of the room and all disturbing influences.

All microclimate control models are divided into three classes: white, black and gray box models [16; 225].

Analysis of the works of foreign authors showed that the most used models are models based on the comfort
index PMV/PDD (23 %), models based on fuzzy logic (22 %) and learning models (20 %).

The advantages and disadvantages of models of three classes are considered in the work [16; 226, 227].

Despite the shortcomings, the considered models have the ability to maintain thermal comfort in the
building. But the most effective for solving this problem is the use of fuzzy systems [17-19].
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Fuzzy systems are suitable for maintaining microclimate parameters in both industrial and office premises,
for a number of reasons:

— the ability to control nonlinear systems with dynamically changing parameters, even in the absence of a
complete priori information about the control object;

— the use of expert knowledge in a particular subject area and their representation in the form of linguistic
variables that are close to human perception;

— tangible improvements in performance of control processes in the case of application of fuzzy controllers.

The purpose of this article is to research and develop the building microclimate control system based on
fuzzy logic (fuzzy logic is a branch of mathematics that is a generalization of classical logic and set theory, based
on the concept of fuzzy set), taking into account all disturbing influences and characteristics of room, as well
as its approbation (checking the adequacy of the system by conducting a simulation).

1 Development of Matlab model for fuzzy temperature control system in the room

Temperature control is one of the major factors influencing microclimate in both industrial and residential
buildings. Therefore, the modeling of the control system based on the fuzzy controller is tested on the basis of
the room temperature control loop.

This control loop consists of the following blocks (Fig. 1):

— Block «Set temperature» establishes the desired temperature in the room.

— Block «Fuzzy controller» represents a model of the fuzzy controller, which is formed using Fuzzy Logic
Toolbox package, designed specifically for constructing the fuzzy expert and / or control systems.

— Using «Room model» block, heat losses through constructions enclosing room are considered.

— Block «Conditioner Model». In buildings, the conditioner is installed, which can operate in two modes: a
heating or cooling.

The system operates in the following way: the difference between the set and the current room temperature is
provided to the input of the controller. Based on the generated base of rules, the controller provides an output
signal to the conditioner, which includes the heating or the cooling mode with the appropriate productivity
based on the error value.

Set + Fuzzy Conditioner

temperature controller model model

Room Current temperature

h 4

Figure 1. Temperature control loop block diagram
2 Determination and calculation of heat loss through the enclosing surfaces

Heat losses occur in the room through the walls, windows, ceiling and floor.
The following is the general formula for the calculation of heat loss:

Qheatloss = Qwalls + Qwindows + chiling + Qfloo’m

where, Qualis; Quindows, Qceiling, @ floor — heat loss through exterior walls, windows, ceiling and floor, respectively.

The premise with the following characteristics is taken as an example for the calculation of heat losses.

The premise is located on the first floor of the business center.

The dimensions of the premises:

— Length - 8 m;

— Width - 5 m;

— Ceiling height - 3 m.

The premise consists of two external walls, one of which has two windows with the following dimensions
(WxH): 1.45 x1.5 m and two internal walls, one of which has a doorway.
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Characteristics of exterior walls.

Exterior wall construction:

— brickwork with a thickness of 640 mm (thermal conductivity is 0,7 kcal/m-hour-°C);

— internal plaster with a thickness of 15 mm (thermal conductivity is 0,6 kcal/m-hour-°C).

Heat transfer resistance R;, for internal surfaces of walls, floors, as well as ceilings with a smooth surface is
0.133 m?-hour-°C/kcal. The heat transfer resistance for R, outer surfaces which are contacted with the outside
air (exterior walls) is 0.5 m2-hour-°C /kcal.

Window construction: plastic profile frame (heat transfer coefficient of plastic profile 0.2 W/m?2-°C), double
glazing (heat transfer resistance coefficient 0.51 m2-°C/W, heat transfer coefficient 1.96 W/m?2-°C).

Heat losses through the wall are determined according to the expression [20]:

Qwalls = kwalls : Swalls . (tln - tout)a

where, Quaus — heat loss through exterior walls, kcal/h; kyqus — heat transfer coefficient of the wall,
keal /m2-hour-°C; Syaus — an area of the wall, m?; ¢;,- internal temperature of the room, °C; t,,; — outside
temperature, °C.

Heat transfer coefficient of the wall ky,q 5 is calculated by formula [21; 55]:

kwalls = 1/RC?

where, R, — heat resistance of enclosure construction m?-hour-°C / kcal.
Since the wall is a multilayered enclosure, the value R, is determined by the formula [21; 55]:

R.=Rip, +R1+ Ra + "'REZL’7

where, R;,, — heat resistance at the inner surface of the enclosure; R, Ro — thermal resistance of the individual
layers of enclosure; R., — heat resistance at the outer surface of the enclosure.
Thermal resistance of homogeneous enclosure or layer constituting the multilayer enclosures is calculated
by the formula [21; 32]:
R=46/\
where, § — layer thickness, m; A — thermal conductivity of the material, kcal / m-hour-°C.
Applying formulas 3 and 4, the heat transfer resistance of external walls is calculated:

R.=0.133+0.015/0.6 + 0.64/0.7 4+ 0.05 = 1.12m?2 - hour - °C/kcal.
Heat transfer coefficient of exterior walls:
Ewaits = 1/1.12 = 0.89kcal /m? - hour - °C.

1 kecal = 4.19 J, then kyq1s=3730 J/m?-hour-°C.

Heat transfer coeflicient of the ceiling and floor are calculated similarly heat transfer coefficient of exterior
walls.

Heat loss through the window openings are determined according to the expression [20]:

Qwindows = kwindows : Swindows : (t’L’ﬂ - tout)a

where Quindows — heat loss through windows, W; kyindows — heat transfer coefficient of windows (W /m?2-°C);
Swindows — the area of windows, m?.

The heat transfer coefficient of windows ky,indows calculated by the following formula [22]:

3 . k‘nggl + kaf
windows — Tv

where k,; — heat transfer coefficient of the glazing unit, W/(m?.°C); S,; — glazing area, m?; ky — heat transfer
3

coefficient of frame (plastic profile), W/(m?-°C); S; — frame area, m?; S; — window area, m?.
The heat transfer coefficient of windows k. indows:

1.96 - 1.5525 + 0.2 - 06225

windows — = 1.4 2.0 .
Fwind 2.175 6W/m”-°C

The heat transfer coefficient of two windows kwindows= 2.92 W/(m2-°C);
1 W = 3600 J/hour, then kyindows = 10512 J/m?-hour-°C.
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8 Development of fuzzy controller for temperature control loop in the room

Input variable of fuzzy controller is the difference between set and current temperatures. The output
parameter is the corresponding signal to the actuator of conditioner. Terms and data for constructing membership
functions of the input and output variables are presented in Tables 1, 2.

The structure of the model of the fuzzy controller is shown in Figure 2.

112

Terms of variable «Temperature difference»

No. | Name of the term Designation of the term Range, °C
1 | Negative Big NB from -22 to -9
2 Negative Middle NM from -14 to -4
3 | Negative Small NS from -9 to 0
4 | Zero Z from -4 to 4
5 | Positive Small PS from 0 to 8
6 | Positive Middle PM from 3 to 13
7 | Positive Big PB from 8 to 17

Terms of variable «Heater (Cooler)»

No. | Name of the term Designation of the term | Range, %
1 | Stop ST 0
2 | Low Power LP 0-30
3 | Average Power AP 30-60
4 | High Power HP 60-100

Table 3 shows the formed base of rules.

The rule base of fuzzy temperature control system in the room

If the temperature

No. difference is important Then the conditioner is operating in the mode of
cooling heating

1 | Negative Big At full power Off

2 | Negative Middle At average power Off

3 | Negative Small At low power Off

4 | Zero off Off

5 | Positive Small Off At low power

6 | Positive Middle Off At average power

7 | Positive Big Off At full power

Table 1

Table 2

Table 3
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Figure 2. The structure of the model of the fuzzy controller

At the next stage, the verification of the adequacy of the developed control system based on a fuzzy controller
for temperature control loop have produced in Simulink package in Matlab software environment (Fig. 3).

nponzEATRNsHOCT:
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Display3
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Figure 3. The fuzzy microclimate system for temperature control loop

Set temperature of Tset = 18 °C is defined for modeling. According to the simulation results, the temperature
difference is equal to 0.2823 °C. In response to this difference, the controller initiates a control signal to the
conditioner for turning on the heating mode with performance of 10.3% (Fig. 4). This scenario indicates that
rule Ne 5 is implemented, when the error has a positive small value (it is slightly cold in the premise), it is
required to turn off the cooling and turn on the heating at low power. The modeling results show that the fuzzy
controller is suitable for maintaining microclimate parameters at the required level (Fig. 5).
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Figure 4. The value of the control signal for 0.2823°C temperature difference
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Figure 5. Plot of current temperature based on simulation results
Main result

The research has produced the following results, which have a scientific and practical importance:

1. The analysis of the microclimate control models has performed.

2. Heat loss through the enclosing surfaces (walls, windows, ceiling and floor) of the room have calculated
in the article.

3. The model of fuzzy controller has developed using Fuzzy Logic Toolbox package.

4. The simulation of developed control system taking into account the characteristics of the premise has
conducted in Simulink package of Matlab software environment.

5. The research results have demonstrated that the developed intelligent microclimate control system of
buildings based on the fuzzy logic ensures the maintenance of microclimate parameters (temperature) at the
required level.
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The further researches in this direction refer to the exploring the possibility of using a fuzzy controller to
optimize the performance of various climatic equipment (heater, humidifier, fan plants, etc.).
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JI.2K. Cancoi36ait, b.b. Opazbaen

FumaparThlH MUKPOKJIMMATHIH NHTEJJIEKTYAJIJIbI DacKapy >KYyieciHiH
MOJIeJIIH afiKbIH eMecC >KUbIH/Iap TeOPUAChl HeTi3iH/ae Kypy

Kasipri Tanma ruMapaTThl 2K00aj1ay *KoHe OJIaH opi maiiajgany Ke3iHae aJaMIap/IblH JeHCAYIbIFbl MEH XKY-
MBICHI VIIIIH KOJIAMJIBI Karaail kacayra, MUKPOKJINMATKA YJIKEH KOHiI Oesinemi. MUKpPOKINMATTHIH, yKali-
JIBLIBIFBIH Oarajiay, COHIal-aK MH2KEHEPJIIK Kyhesiep »KaOAbIKTaPbIHBIH KAXKeTTi KYMBIC KyaThIH aHBIKTAY
VIIiH yi-KaiIapIbiH MUKPOKJIUMATBIHBIH, KAJIBIITACY IPOIECTEPIH 3€PTTEY KAKET. 3ePTTEY 9iCTePi peTiH-
Jle AHAJUTUKAJIBIK, MAaTEMATUKAJIBIK, KOHE KOMIIBIOTEPJIIK MOJIEIbALY 9iCTEP] KOJIIAHBLIIBI. 3€PTTEY KYP-
risy yIiiiH aBTOMAaTThI OacKapy »KyiesiepiH Tajjgay »KoHe CHUHTEe3JIey 9JIiCTepi, aHbIK eMeC JIOTHMKa TEOPUsi-
CBIHBIH MaTEMATHUKAJBIK anmapaTthbl, Matlab konnanbansr 6armapaamanap makeri, Simulink Busyasbabr Mo-
JIeabey i rpadukaibik, kyiteci, Fuzzy Logic Toolbox anbIk emec kyitenepin 93ipseyre apnaaran xKyiteci
KOIaHbLIbL. 2KyMbIC 6aphIChIHIA KOPIIAY KOHCTPYKIMSIAPHI apKbLIbL KBTIy IIBIFBIHBIH €CKEPeTiH Yii-
JKail MojtesTi, KOHIUIMOHEP MO, backapy »KYHeciHiH KypBIIBIMbI, OHBIH YKYMBIC iCTEY aJTOPUTMI, aHBIK
€MeC PETTETIIITiH Kipic KoHe MIBIFBIC ATHBIMAJIBLIAPDI, OJIAP/IBIH TEPMAJIAPBIHBIH KYPaMbl, THICTUTIK QyHK-
IUsIapbl aHBIKTAJIFAH, epeKeIePIiH TOJIBIK 6a3achl KAJIBIITACKAH. T€OPUSIIbIK, 3€PTTEY, MATEMATHKAIIBIK,
2KOHE KOMITBIOTEPJIIK MOJIEJIIEY »KYPri3y HOTHUKECiHJe YH-2KalaapablH MUKPOKJIUMATHIH WHTEJJIEKTYAJ I bl
backapy Kyiieci alKbIH eMeC JIOTHKa 6a3aChIH/1a KYPBUIBII, Ka3ipri TAaHJAFbl ©3€KTi FHLIBIMA-MPAKTHKAJIBIK,
Mocesesiep iy, 6ipi e,

Kiam cesdep: MHTEIEKTYAIBIK, OAKbBLIAY KYiieci, FUMapaTThIH MUKPOK/JIMMATHI, AfKbIH €MeC KOPBITHIH-
Jplay »Ky#eci, aifKbIH eMecC JIOTUKA, JUHIBUCTUKAJBIK epexKesep, KOHIUIIMOHepJIey »Kyieci.

JI.ZK. Canceiztaii, b.b. Opasbaes

PazpaboTka Mogeinm MHTENJIEKTYAJIbHOI CUCTEMbI YITPABJICHUS
MUKPOKJINMATOM 3JaHUS HA OCHOBE TEOPUHN HEYETKUX MHOYKECTB

Ha ceromgusimumit 1eHb pr TPOEKTUPOBAHNN U JAJTBHEHITIEH SKCILTyaTaIlny 3aHMi OOJIBIIIOe BHUMAHE Y/Ie-
JISIETCsI CO3/IaHUIO OJIATONPUSITHBIX YCJIOBUN JIJIs 3JI0POBbs U PabOTHI JIIOJEH, MUKpOKIuMaTa. s oneHkn
KOMQOPTHOCTH MUKPOKJIUMATA, 8 TaKKe OMpeIe/IeHust TpeOyeMoil MOITHOCTH paboThl 000PYA0OBAHMST MHKE-
HEPHBIX CHUCTEM HEOOXOIMMO UCCJIEIOBAHKE TIPOIECCOB (POPMUPOBAHKSA MUKPOKJINMATa B IOMeIeHnn. B Ka-
YecTBEe MEeTOJIOB MCCJIeJOBaHMUs IIPUMEHEHbl aHAJUTUYECKNEe MEeTO/Ibl MCCJIeJOBAHUs, MeTOJbl MaTeMaTHude-
CKOI'0 M KOMITBIOTEPHOI'O MO/JIeJIMPOBaHus. JIjis IpOBEIeHNsT NCCIIETOBAHUI UCIIOIb30BAHBI METO/IbI AHAJTH3A
¥ CUHTE3a CHUCTEM aBTOMAaTHYECKOI'0 YIIPaBJIeHUsd, MaTeMaTHIeCKNH alapaT TeOPUHU HeYeTKOI JTOTUKH, Ia-
KeT IpUKJIaIHbIX nporpamm Matlab, cucrema BusyasibHOro Mofemposanusa Simulink, cucrema a1 paspa-
6orku HeueTKux cucreM Fuzzy Logic Toolbox. B pabore mpescrapieHa MOJIEIb MOMEIIEHHUsI, VIUTHIBAIOIIAST
TEIJIONIOTEPU Yepe3 Orpazkaalolline KOHCTPYKINU, MOJIeIb KOHJUITMOHEPa, OIpeesIeHbl CTPYKTypa HedeT-
KOIl CHCTEMBI YIIPABJIEHUS, JITOPUTM ee (DYHKIITMOHUPOBAHUS, BXO/IHBIE U BBIXO/IHBIE TIEPEMEHHDBIE HEYETKOI'O
peryJsisitopa, CoCTaB WX TEPMOB, (DYHKIUI TPUHAIIEXKHOCTH, cchopMUpOBaHa MmoTHast 6a3a mpasumi. Ha oc-
HOBAHWUU TPOBEJIECHUS TEOPETUIECKOTO UCCIIEIOBAHNA, MATEMATIIECKOTO N KOMIIBIOTEPHOT'O MOAETUPOBAHUT
pellleHa aKTyaJibHasl HayIHO-IIPAKTHIECKas 3a/1a4a Pa3pabOTKM UHTEJJIEKTYAJIbHOW CHUCTEMBI yIIpaBJICHUS
nporeccaMu (POPMUPOBAHNS MUKPOKJIMMATA TIOMEIEHN, peajn3yeMoil Ha 6a3e Teopurn HEYETKON JIOTUKU.

Karoueswie crosa: UHTEJUIEKTYaJIbHasd CUCTEeMa, MUKPOKJINMAT 3JaHud, CUCTEeMa HEIEeTKOI'O BBIBOJIa, HEYET-
Kasl JIOTUKa, JJUHI'BUCTUYECKHE IIpaBUJla, CUCTEMa KOHJIAUITUOHUPDOBAHUA.

116 Bectnuk Kaparanmgurckoro yHuBepcurera



The development of the model...

10

11

12

13

14

15

16

17
18

19

20

21

22

References

Sansyzbay, L.Zh. & Orazbayev, B.B. (2017). Intellektualnaia sistema upravleniia protsessom for-
mirovaniia mikroklimata v pomeshchenii [Intelligent control systems indoor climate|. Vestnik ENU
imeni L.N. Gumileva. Seriia estestvenno-tekhnicheskikh nauk — Bulletin of the L.N.Gumilyov Eurasian
National University. Natural and technical Series, 4(119), 161-169 [in Russian].

Bobrikov, D.A. (2017). Mnohourovnevaia avtomatizirovannaia sistema upravleniia mikroklimatom na
osnove nechetkoi lohiki [Multi-level automated climate control system based on fuzzy logic]. Candidate’s
thesis. Moscow [in Russian].

Peshko, M.S. (2015). Adaptivnaia sistema upravleniia parametrami mikroklimata protsessov proizvodstva
i khraneniia pishchevykh produktov [Adaptive control system of microclimate parameters of food product-
ion and storage processes|. Candidate’s thesis. Moscow [in Russian].

Savosin, S.I. (2009). Intellektualnaia sistema kontrolia vlazhnosti i temperatury vozdukha v teplitse
[Intellectual control system of humidity and air temperature in the greenhouse]. Candidate’s thesis.
Moscow [in Russian].

Hasim, N., & Aras, M.S.M. (2014). Intelligent room temperature controller system using MATLAB fuzzy
logic toolbox. International Journal of Science and Research (IJSR), 3, 1748-1753.

Das, T.K., & Das, Y. (2013). Design of A Room Temperature And Humidity Controller Using Fuzzy
Logic. American Journal of Engineering Research (AJER), 2, 86-97.

Alcala, R., Alcala-Fdez, J., Gacto, M.J., & Herrera, F. (2006). Fuzzy Rule Reduction and Tuning of Fuzzy
Logic Controllers for a HVAC System. Journal Fuzzy Applications in Industrial Engineering, 201, 89-117.
Calvino, F., Gennusa, M.L., Rizzo, G., & Scaccianoce, G. (2004). The control of indoor thermal comfort
conditions: introducing a fuzzy adaptive controller. Journal Energy and Buildings, 36, 97-102.
Eftekhari, M., & Marjanovic, L. (2003). Application of fuzzy control in naturally ventilated buildings for
summer conditions. Journal Energy and Buildings, 35, 645-655.

Kolokotsa, D. (2003). Comparison of the performance of fuzzy controllers for the management of the
indoor environment. Journal Building and Environment, 38, 1439-1450.

Mirinejad, H., Welch, K.C., & Spicer, L. (2012). A review of intelligent control techniques in HVAC
systems. Proceedings of the IEEE Energytech, 1-5.

Molina-Solana, M., Ros, M., & Delgado, M. (2013). Unifying Fuzzy controller for Indoor Environment
Quality. Proceedings of Joint of IFSA World Congress and NAFIPS Annual Meeting (IFSA/NAFIPS),
1080-1085.

Xu, X.N., & Ding, Y.F. (2008). Intellectual controlling and energy-saving management for terminal
equipment of air-conditioning system. Building Science, 24(8), 43—46.

Soyguder, S., Karakose, M., & Alli, H. (2009). Design and simulation of selftuning pid-type fuzzy adaptive
control for an expert hvac system. Ezpert Systems with Applications, 36(3), 4566—4573.

Dounis, A., &, Caraiscos, C. (2009). Advanced control systems engineering for energy and comfort mana-
gement in a building environment-a review. Renewable and Sustainable Energy Reviews,13, 1246-1261.
Karpenko, A.V., & Petrova, L.Iu. (2016). Modeli upravleniia mikroklimatom v pomeshchenii [Microclimate
control models|. Fundamentalnye issledovaniia— Fundamental research, 7(2), 224-229 [in Russian].

Zadeh, L. (1990). Fuzzy sets and systems. International Journal of General Systems, 17, 129-138.
Takagi, T., & Sugeno, M. (1985). Fuzzy identification of systems and its applications to modeling and
control. IEEE Transactions on Systems, Man and Cybernetics, 15(1), 116-132.

Mamdani, E. (1977). Application of fuzzy logic to approximate reasoning using linguistic synthesis. IEEE
Transactions on Computers, 26(12), 1182-1191.

Peshko, M.S. (2011). Raskrytaia matematicheskaia model mikroklimata hribnoi teplitsy [The disclosed
mathematical model of the microclimate in the mushroom greenhouses|. Molodoi uchenyi — Young
scientist, 9, 4248 [in Russian].

Maliavina, E. G. (2007). Teplopoteri zdaniia [The heat losses of the building]. Moscow: AVOK-PRESS [in
Russian].

SNiP RK 2.04-03-2002. Stroitelnaia teplotekhnika [Construction heat engineering] from 1st March of
2003. Astana: KAZGOR [in Russian].

Cepust «Maremarukas. Ne 4(96)/2019 117





