NMHOOPMATUKA
INFORMATICS

DOI 10.31489/2019M4,/109-117 < 5

UDC 004.896

L.Zh. Sansyzbay, B.B. Orazbayev

L.N. Gumilyov Eurasian National University, Nur-Sultan
(E-mail: sansyzbaylazzat@gmail.com)

Nowadays, much attention is paid to the creation of favorab
and the microclimate in the design and further operation s. It is necessary to investigate the
fort of the microclimate, as well as to
ing systems. Analytical research methods,

% as research methods. The methods of analysis
atical apparatus of theory of fuzzy logic, the Matlab

determine the required capacity of the equipmen oi
methods of mathematical and computer modeli
and synthesis of automatic control systems, ma
software environment, the system of visual

Fuzzy Logic Toolbox are used for research

composition of their terms, mem
research methods, the actual sci
the formation of the comfort

Keywords: intelligent sy ding microclimate, simulation, fuzzy inference system, fuzzy logic, linguistic
rules, air conditioni ste

Introduction

and methods of microclimate control in buildings [1-15].
tithe 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 b
fuzzy logic (fuzzy logic is a branch of mathematics that is a generalization of classical logic and set theory,
on the concept of fuzzy set), taking into account all disturbing influences and characteristics of 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 ro

Temperature control is one of the major factors influencing microclimate in both inddstrialdandiresidential
buildings. Therefore, the modeling of the control system based on the fuzzy controller i %
the room temperature control loop.
This control loop consists of the following blocks (Fig. 1):
— Block «Set temperature» establishes the desired temperature in the ro
— Block «Fuzzy controller» represents a model of the fuzzy controll
Toolbox package, designed specifically for constructing the fuzzy expert and¥jor control systems.
— Using «Room model» block, heat losses through construcvs nclosing ¥@om are considered.
— Block «Conditioner Models. In buildings, the conditioneris in ed, which can operate in two modes: a
heating or cooling.
The system operates in the following way: the difference betwee set and the current room temperature is
provided to the input of the controller. Based on the generate rules, the controller provides an output
signal to the conditioner, which includes the heating or t ling mode with the appropriate productivity
based on the error value.

ed using Fuzzy Logic

Set joner Room Current temperature
temperature | model

17 Temperature control loop block diagram
1on and calculation of heat loss through the enclosing surfaces

Heat losses6ccu the room through the walls, windows, ceiling and floor.
The followinghis the'general formula for the calculation of heat loss:

Qheatloss = Qwalls + Qwindows + chiling + Qfloo’ra

Dwallss Quindows, Qeeiling, @ floor — heat loss through exterior walls, windows, ceiling and floor, respectively.
e premise with the following characteristics is taken as an example for the calculation of heat losses.
‘he 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 m2-hour-°C /kcal. The heat transfer resistance for R, outer surfaces which are contacted with the outside
air (exterior walls) is 0.5 m?-hour-°C/kcal.

Window construction: plastic profile frame (heat transfer coefficient of plastic profile 0.2 W/m?2.°C),@ouble
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 (tin tout)a

where, Quaus — heat loss through exterior walls, kcal/h; kyqus — heat transfer coeffic of the wall,
keal /m?-hour-°C; Sy,ans — an area of the wall, m?; ¢;,- internal temperature of the roo : — outside
temperature, °C.

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

kwalls = ]-/Rca @

where, R. — heat resistance of enclosure construction m?-hour-°C / kca

Since the wall is a multilayered enclosure, the value R, is determined la [21; 55]:

RC:Rin+R1+R2+je

where, R;,, — heat resistance at the inner surface of the enclosur
layers of enclosure; R., — heat resistance at the outer surfac

Thermal resistance of homogeneous enclosure or layer, co
by the formula [21; 32]:

thermal resistance of the individual
closure.
the multilayer enclosures is calculated

R, =0.133+0.015/

Heat transfer coefficient of exteri

1 kcal = 4.19 J, then ks
Heat transfer coefficient of

walls.
Heat loss through @ ow openings are determined according to the expression [20]:

iling and floor are calculated similarly heat transfer coefficient of exterior

Qwindows = kwindows : Swindows : (tzn - tout)a

where Q. eat loss through windows, W; kyindows — heat transfer coefficient of windows (W /m?2.°C);
Swindows eatof windows, m?.

fer coeflicient of windows kyindows calculated by the following formula [22]:

3 _ knggl + kaf
windows — Ta

wheretk,, — 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); Sy — frame area, m?; S; — window area, m?.
The heat transfer coefficient of windows k. indows:

1.96 - 1.5525 + 0.2 - 06225

kwindows = 2175 = 146W/m2 .°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.

Table 1
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 7
5 | Positive Small PS
6 Positive Middle PM
7 | Positive Big PB
Table 2
Terms of variable «Heate*
No. | Name of the term Range, %
1 Stop 0
2 Low Power 0-30
3 | Average Power 30-60
4 | High Power 60-100
Table 3 shows the formed base of rules.
Table 3
The rule base uzzy temperature control system in the room
rznt Then the conditioner is operating in the mode of
cooling heating
At full power Off
At average power Off
At low power off
off Off
off At low power
ositive Middle off At average power
Positive Big Off At full power
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Figure 2. The structure of the model 3he fuzzy comtroller

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

Fuzzy Loge
Controler

17.73

Desby

i |

Dispiys

&

Dispis2

igure 3. The fuzzy microclimate system for temperature control loop

em ure of Tset = 18 °C is defined for modeling. According to the simulation results, the temperature
ce 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 N&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 tem ture difference
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Figure 5. Plot of current temperature based on simulation results
Main result

e research has produced the following results, which have a scientific and practical importance:
The analysis of the microclimate control models has performed.
eat 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.ZK. Cancei36ait, B.B. Opaszbaen

FumapaTThlH MUKPOKJIMMATBHIH NHTEJLJIEKTYAJIJIbI DacKapy
MOJIEJIIH aifiKbIH eMeC >KUbIHJIAap TeOPHUsChl HeTi3iHae&ypy

J€ aHAJTUTUKAJIBIK, MATEMATHUKAJIBIK >KoHE KOMITBIOTEPJIK MOJEJIBIEY dIICTE
rizy yiiiH aBTOMATTBI OacKapy »KyHejepiH Tajagay »KoHe CUHTE3/Ey 9iCTe
CBIHBIH MaTEMATHUKAJBIK anmaparsbl, Matlab Konnanbaibr 6armapaamalt
JIeabaey i rpadukaibik, xkyiteci, Fuzzy Logic Toolbox ambik emec xkyitesn
KOAAHBLIABL. 2K yMBIC 6apBIChIHIA KOPIIAY KOHCprKHHHﬂaIﬁpKBIJIbI KB

BU3YAJIbIIbI MO-
e apHaJIFaH XKyieci

JKall MoJtesli, KOHIUIMOHED Mojesi, 6acKapy »Kyi#eciHiy Kypbl
eMeC peTTErilITiH Kipic KoHe MIBIFBIC alHBIMAJIBLIAPDI, OJIAP/IbIH, TE
OUsIapbl aHBIKTAJIFAH, epeKeIePIiH TOJIBIK 6a3achl KAJIBIITAC
2K9He KOMIIBIOTEPJIK MOJIeJIIey »KYPri3y HOTIKeCiHIe Y-
backapy Kyiteci allKbIH eMec JIornKa 6a3achlHIa KYPbLT
Mocestesiepis, 6ipi e,

MHUKPOKJ/JIMMATBIH UHTEJIJICKTYaJIIbL
arbl ©3eKTi FPBIJIBIMUA-TIPaAKTUKAJIBIK

Kiam coe3dep: MHTENNEKTYaIAbIK OaKbLIay KYie PATTHIH, MUKPDOKJIUMAThI, alflKbIH €MeC KOPBITHIH-
Jplay »Kyiecl, aifKbIH eMecC JIOTUKA, JJUHTBUCTUKA.

JL.2K Qancoi30ait, b.5. Opazbaen
Pazpaborka Mo, €JJIEKTyaJIbHOII CUCTEeMbI YIIPaBJICHMS
MUKPOKJIMIMAT s Ha OCHOBE TeOPUU HeYeTKUX MHOXKECTB

KTUPOBAHUH U TAJbHEHNINel SKCITyaTaIlii 34aHN O0JIbIIIOe BHUMAHUE Y16
SATHBIX YCJIOBHIi JIJIsl 3/I0POBbsl U PabOTHI JIIoJieil, MUKpOKauMara. Jjis oneHku
KOMQOPTHO 3 AMAaTa, & TAKKE ONpeJiesIeHrsT TPeOyeMOoil MOIIHOCTH pabOThl 060PY/IOBAHNST WHIKE-

9ecTBE Me €/I0BaHUs IIPUMEHEHBl aHAJUTUYECKNE METO/bl MCCJIEJIOBAHMSI, METO/bI MaTeMaTuye-
CKO €pHOr0 MOJieIMpoBanusd. /Ijis MpoBeIeHNsT NCCIETOBAHUI UCIIOIb30BAHBI METOJIbI AHAJTH3a
¢ CTEM aBTOMATUYECKOTO yIIPABJICHUS, MATEMATHIECKUN allllapaT TeOPUU HEUETKOM JIOTUKH, I1a-
T ubix nporpamm Matlab, cucrema Busyasbaoro mMomenupoBanus Simulink, cucrema s paspa-

TKH HedeTKux cucreM Fuzzy Logic Toolbox. B paGore npe/icraBiena MOe/Ib IOMEIIEHUS, Y INTHIBAIOIIAST
TENJIONOTEPH depe3 orpakKJalolnue KOHCTPYKINH, MOJIE/Ib KOHAUIIMOHEDA, ONPeAesIeHbl CTPYKTypa HedeT-
KO CHCTeMBI yIIPaBJIEHNUs], AJITOPUTM ee (DYHKIIMOHUPOBAHNUSI, BXOJIHbIE U BBIXO/IHbIE TIePEMEHHbIE HEYETKOT'O

eryJIsiTopa, COCTaB MX TEPMOB, (DYHKIMI IPUHAUIE’KHOCTH, cchopMHUpoBaHa mnojHas 6a3a npasmi. Ha oc-
HOBaHUU IIPOBEJIEHUA T€OPETUIECKOT0O ICCIeJOBAHNA, MATEMATHIECKOTO X KOMIIBIOTEPHOT'O MOJAEINPOBAHUI
pellleHa aKTyaJsbHas HayJHO-IPaKTUYecKas 3aJada Pa3pabOTKN MHTEJIEKTYaIbHONU CHCTEMBI yIIPaBJIEHUS
nporneccaMu (pOPMUPOBAHUS MUKPOKJINMATA IIOMEIIEHUH, pean3yeMoil Ha 6a3e TeOpUH HEYEeTKOM JIOTUKU.

Karoueswie crosa: UHTEJVIEKTYaJIbHad CUCTEMa, MUKPOKJINMAT 3JaHud, CUCTEeMa HEIEeTKOI'O BbIBOJIa, HEIET-
Kagsl JIOTUKa, JJUHI'BUCTUYECKHE IIpaBUJla, CUCTEMa KOHJAUITUOHUPOBAHUA.
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