JlaGoparopna pob6ota Ne3
IMPOEKTYBAHHSA CUCTEM KEPYBAHHS HA OCHOBI AJITOPUTMIB
HEYITKOI'O BUBOJY TA FA3 3HAHb HEUITKHX ITPOIYKIIINA

Meta po6oTH: OCBOITH METOAMKY MPOCKTYBAaHHS CHUCTEM KEpPyBaHHS Ha OCHOBI

aJITOPUTMIB HEYITKOTO BUBOJY Ta 0a3 3HaHb HEYITKUX MPOIYKITIH,
Kopotki TeopeTnuni BizomocTi

B CK enemeHT, sikuii «mpuiimMae pileHHs» OyJAeMO Ha3MBaTH aKTUBHHUM. SIKIIO
CUCTEMa TPENCTaBIII€ CO00I0 KOHQITypallil0 aKTUBHHX €JEMEHTIB, il Ha3MBaIOTh

opraHizaiiiHow cucteMoro yrpaiiHHs (OCY).

Toai B cucteMy MOXe BXOJUTH €IEMEHT — KOOPJIMHATOp, KU BU3HA4Ya€ BXIiJHI
CUTHAJIM aKTUBHHX €JIEMEHTIB. B 3aMKHEHII cucTeMi 1ICHye 3BOPOTHIN 3B’s130K. OKpemi
€JIEMEHTH BX1THOTO BekTopa X(t), skl MO’KHA Ha3BaTU KEPYIOUUMHU 3MIHHUMHU, 3aJI€KATh

B1J1 pPI3HUIII MK Oa)KaHMM 3HAUYE€HHSIM BHUXIJIHUX BEJIMUUH 1 X peaJTbHUM 3HAYCHHSIM.

B saxocti mpukiany posiMkHeHoi CY MoOXe CIyKUTH eJIeKTpOHarpiBaJbHUAN
NPUCTPIA, SKUH KepyeTbCcsl KHONMKAMM 3aBJaHHs OaXaHOi IHTEHCHBHOCTI HAarpiBy
KiMHaTh. Toal BXIAHUM CHUTHAJIOM € HATUCHEHHS BIAMNOBIAHOI KHONKH, a BUXOJIOM —
TeMIlepaTypa HarpiBy. Sk 3aMKHEHYy CHCTEMYy VIPABIIHHSI MOXHA PO3TIISIHYTH

KEepyBaHHS aBTOMOO1JIEM Ha TOPO3i.

TyT B AKOCTI BXIJIHUX €JIEMEHTIB BHUCTYHAalOTh KYyT IOBOPOTY pyJisl Ta cuja
HATUCKaHHS TeAale, B SKOCTI BHUXIJHHUX €JIEMEHTIB BHUCTYIAIOTh IIBUJKICTH Ta
HalpsIMOK PYXy aBTOMOOUIS, a B SIKOCTI BHUMIPIOBAHHS B 3BOPOTHBOMY 3B SI3KY
BUCTYNAIOTh OPraHW 30PYy BOJsI, SIKI CHOCTEPIralOTh HAMPSIMOK Tpacw 1 JT03BOJICHI

[IBUJIKOCTI.

[Tin kepyBaHHAM (YyIpaBIiHHSIM) CHUCTEMOIO Oy/IeMO PO3YMITH Take BH3HAUCHHS
BX1JJHOro curHainy X(t), sike popmye He0OXiIHY TOBEIIHKY (3MiHY cTaHiB S(t)) cucTeMu
JUTSL MOCSATHEHHS OakaHMX 3Ha4eHb Yo . [I00ym0Ba HEUiTKOT MOJIEl CUCTEMU KepyBaHHS
0a3yeTrbcst Ha (PopMambHOMY TMPEACTABICHHI XapaKTEPUCTUK O0’€KTYy B TEpMIHAX

JIHTBICTUYHUX 3MIHHHUX.
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Buxonanus podoru

3.1. Jlnsg moOynaoBU CHUCTeMH KepyBaHHS IisiMU odiliepa JOPOXKHBOI CIyKOH 3

BUKOPHUCTAHHAM anroputMmy Mawmpaani 1 6a3u 3HaHb BUKOPHCTA€EMO BOY/TOBaHHUI MakeT

Fuzzy Logic Toolbox.

% Step 1: Create a new FIS
fis = newfis('OfficerControlSystem’);

% Step 2: Define input variables
fis = addvarf(fis, 'input’, 'Speed’, [0 120]);

fis = addvarf(fis, 'input’, 'Weather', [0 100]);

fis = addvar(fis, 'output’, 'Action’, [0 1]);

% Step 3: Define linguistic membership functions
fis = addmf(fis, 'input’, 1, 'Low’, 'trimf*, [0 0 60]);

fis = addmf(fis, 'input’, 1, 'Medium’, ‘trimf', [20 60 100]);

fis = addmf(fis, 'input’, 1, 'High', ‘trimf', [60 120 120]);

fis = addmf(fis, 'input’, 2, '‘Good', 'trimf', [0 0 50]);
fis = addmf(fis, input’, 2, 'Rainy’, 'trimf', [0 50 100]);

fis = addmf(fis, 'output’, 1, 'Allow', 'trimf', [0 0 0.5]);
fis = addmf(fis, 'output’, 1, ‘'Stop’, 'trimf', [0 0.5 1]);

% Step 5: Define fuzzy rules

rulel = "Speed is Low or Weather is Good then Action is Allow";
rule2 = "Speed is Medium and Weather is Rainy then Action is Stop";

fis = addrule(fis, [rulel; rule2]);

% Step 6: Generate surface plot
figure;

plotmf(fis, 'input’, 1);
title('Speed";

figure;
plotmf(fis, 'input’, 2);
title('Weather");

figure;
plotmf(fis, 'output’, 1);
title('Action’);

gensurf(fis);

xlabel('Speed";

ylabel('Weather";

zlabel('Action’);

titte('Fuzzy Inference System Surface’);
view(45, 45);
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[ NON Figure 1
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3.2. 3a anasoriero MoOyayeMO HEUITKY MOJENb KEpyBaHHsS KpaHAMM rapsdoi 1
XOJIOJTHOT BOJM MPU MPUHAHATTI AYIIY.

% Step 1: Create a new FIS
fis = newfis('ShowerControlSystem’);

% Step 2: Define input variables

fis = addvar(fis, 'input’, 'HotWaterTemperature', [0 100]);
fis = addvarf(fis, 'input’, 'HotWaterFlow', [0 1]);

fis = addvar(fis, 'output’, 'HotWaterValveAngle', [-90 90]);

% Step 3: Define linguistic membership functions

fis = addmf(fis, 'input’, 1, 'Hot', 'trimf', [30 50 70]);

fis = addmf(fis, 'input’, 1, 'Warm’, 'trimf', [40 60 80]);

fis = addmf(fis, 'input’, 1, 'Cold’, 'trimf', [60 80 100]);

fis = addmf(fis, 'input’, 2, 'Strong’, 'trimf', [0.5 0.7 1]);

fis = addmf(fis, ‘input’, 2, 'Weak', 'trimf', [0 0.3 0.5]);

fis = addmf(fis, 'output’, 1, 'LargeNegative’, 'trimf', [-90 -90 -30]);
fis = addmf(fis, 'output’, 1, 'SmallNegative', 'trimf', [-50 -30 0]);
fis = addmf(fis, 'output’, 1, 'Zero', 'trimf', [-10 0 10]);

fis = addmf(fis, 'output’, 1, 'SmallPositive', 'trimf', [0 30 50]);
fis = addmf(fis, 'output’, 1, 'LargePositive’, 'trimf', [30 90 90]);

% Step 5: Define fuzzy rules

rulel = "HotWaterTemperature is Hot and HotWaterFlow is Strong then HotWaterValveAngle is
LargeNegative";

rule2 = "HotWaterTemperature is Hot and HotWaterFlow is Weak then HotWaterValveAngle is
SmallNegative";

rule3 = "HotWaterTemperature is Warm and HotWaterFlow is Strong then HotWaterValveAngle is Zero";

ruled4 = "HotWaterTemperature is Warm and HotWaterFlow is Weak then HotWaterValveAngle is
SmallPositive";
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rule5 = "HotWaterTemperature is Cold and HotWaterFlow is Strong then HotWaterValveAngle is
SmallPositive";
rule6 = "HotWaterTemperature is Cold and HotWaterFlow is Weak then HotWaterValveAngle is
LargePositive™;

fis = addrule(fis, [rulel; rule2; rule3; rule4; rule5; ruleb));

% Step 6: Generate surface plot
figure;

plotmf(fis, 'input’, 1);
title("HotWaterTemperature');
figure;

plotmf(fis, 'input’, 2);
title("HotWaterFlow');

figure;

plotmf(fis, 'output’, 1);
title('HotWaterValveAngle";

figure;

gensurf(fis, [1 2], 1);
title('HotWaterValveAngle Surface');
xlabel('HotWaterTemperature');
ylabel('HotWaterFlow');
zlabel('HotWaterValveAngle');
title('Fuzzy Inference System Surface);
view(45, 45);
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File Edit View Insert Tools Desktop Window Help £l

Odde @ 08 k[E

Fuzzy Inference System Surface

oA
o o o©

HotWaterValveAngle
g o

'
B
o

&
o o©

60 0.4

80 0.2
HotWaterTemperature HotWaterFlow
100 0

Puc. 3.7. Bigyanizauist cucTeMu IpURHATTS pillieHb

3.3. 3a a”asiori€ro MO0y 1yeEMO HEUITKY MOJIENb KEPYBaHHS KOHAUILIIOHEPOM MOBITPS
B IIPUMIIIEHHI.

% Step 1: Create a new FIS

fis = newfis('AirConditioner’);

% Step 2: Define input variables

fis = addvar(fis, 'input’, 'RoomTemperature', [15 35]);
fis = addvar(fis, 'input’, '‘OutsideTemperature', [0 40]);
fis = addvar(fis, 'output’, 'ACPower’, [0 100]);

% Step 3: Define linguistic membership functions

fis = addmf(fis, 'input’, 1, ‘Cool’, 'trimf', [15 20 25]);

fis = addmf(fis, 'input’, 1, ‘Comfortable’, ‘trimf', [20 25 30]);
fis = addmf(fis, input’, 1, 'Warm’, 'trimf', [25 30 35]);

fis = addmf(fis, 'input’, 2, ‘Cold’, 'trimf', [0 5 10]);

fis = addmf(fis, 'input’, 2, ‘Moderate', 'trimf', [5 15 25]);

fis = addmf(fis, 'input’, 2, 'Hot', 'trimf', [15 25 40]);

fis = addmf(fis, 'output’, 1, 'Low’, 'trimf', [0 10 30]);

fis = addmf(fis, 'output’, 1, 'Medium’, 'trimf', [10 30 50]);
fis = addmf(fis, 'output’, 1, 'High', 'trimf', [30 50 100]);

% Step 5: Define fuzzy rules

rulel = "RoomTemperature is Cool and OutsideTemperature is Cold then ACPower is Low";

rule2 = "RoomTemperature is Cool and OutsideTemperature is Moderate then ACPower is Medium";
rule3 = "RoomTemperature is Cool and OutsideTemperature is Hot then ACPower is High";

rule4 = "RoomTemperature is Comfortable and OutsideTemperature is Cold then ACPower is Medium";
rule5 = "RoomTemperature is Comfortable and OutsideTemperature is Moderate then ACPower is
Medium";

rule6 = "RoomTemperature is Comfortable and OutsideTemperature is Hot then ACPower is Medium";
rule7 = "RoomTemperature is Warm and OutsideTemperature is Cold then ACPower is Medium";

rule8 = "RoomTemperature is Warm and OutsideTemperature is Moderate then ACPower is High";
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rule9 = "RoomTemperature is Warm and OutsideTemperature is Hot then ACPower is High";
fis = addrule(fis, [rulel; rule2; rule3; rule4; rule5; rule6; rule7; rule8; rule9));

% Step 6: Generate surface plot
figure;

plotmf(fis, 'input’, 1);
titte(RoomTemperature');
figure;

plotmf(fis, 'input’, 2);
title('OutsideTemperature');
figure;

plotmf(fis, 'output’, 1);
titleCACPower");

figure;

gensurf(fis);

title('Surface Plot: RoomTemperature vs OutsideTemperature vs ACPower");
xlabel('RoomTemperature');

ylabel('OutsideTemperature');

zlabel('ACPower");
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3.4. 3a ananori€ro Mooy yeMO HEUITKY MOJIeNIb KEPYBaHHS KOHTEMHEPHUM KPAHOM.

fis = newfis('ContainerCrane');
fis = addvarf(fis, 'input’, 'ContainerPosition’, [-1 1]);
fis = addvarf(fis, 'input’, 'SwingLevel', [0 1]);

fis = addvar(fis, 'output’, ‘MotorPower', [-1 1]);

fis = addmf(fis, 'input’, 1, 'Horizontal', 'trimf', [-1 -1 Q]);

fis = addmf(fis, 'input’, 1, 'Vertical', 'trimf', [-1 O 1]);

fis = addmf(fis, 'input’, 2, 'LowSwing', 'trimf', [0 0 0.5]);
fis = addmf(fis, 'input’, 2, 'HighSwing', 'trimf*, [0.5 1 1]);

fis = addmf(fis, 'output’, 1, 'LowPower, ‘trimf', [-1 -1 -0.5]);
fis = addmf(fis, 'output’, 1, ‘MediumPower', 'trimf', [-1 -0.5 0]);
fis = addmf(fis, 'output’, 1, 'HighPower', 'trimf', [-0.5 0 1]);

fis = addmf(fis, 'output’, 1, 'StopPower', 'trimf', [0 1 1]);

rulel = "ContainerPosition is Horizontal and SwingLevel is LowSwing then MotorPower is MediumPower";
rule2 = "ContainerPosition is Horizontal and SwingLevel is HighSwing then MotorPower is LowPower";
rule3 = "ContainerPosition is Vertical and SwingLevel is LowSwing then MotorPower is HighPower";

rule4 = "ContainerPosition is Vertical and SwingLevel is HighSwing then MotorPower is MediumPower";

fis = addrule(fis, [rulel; rule2; rule3; ruled]);

figure;
plotmf(fis, 'input’, 1);
title('Container Position’);
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figure;
plotmf(fis, 'input’, 2);
title('Swing Level?;

figure;
plotmf(fis, 'output’, 1);
title('Motor Power");

figure;
gensurf(fis);

title('Surface Plot: Container Position vs Swing Level vs Motor Power');

xlabel('Container Position’);
ylabel('Swing Level');
zlabel('Motor Power');
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BHuCHOBOK: OTpMMAaHO HAaBUYKU 3 MPOEKTYBAaHHS CHUCTEM KEpyBaHHS Ha OCHOBI

QITOPUTMIB HEHUITKOTO BUBOY Ta 0a3 3HaHb HEUITKUX MPOAYKIIIH.
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