Jlaboparopna po6ota Nel

HNPOEKTYBAHHSA CUCTEM HEYITKOI'O BUBOJY HA OCHOBI
AJITOPUTMY MAMJIAHI

Meta po6OTH: OCBOITH METOAMKY IMPOEKTYBAHHS CUCTEMHU HEUYITKOIO BUBOJY Ha
OCHOBI1 p0O3pO0OKH Ta BUKOPUCTaHHA 0a3 3HaHb MPOAYKIIHHUX MPaBUI 3 BUKOPUCTAHHSAM

anroputMy MampaHi.
Kopotki TeopeTnuHi BizomocTi

3HaHHS MoOXKHa (GopMalli3yBaTH Yy BUIJISAlI CHCTEMH HEUITKMX JIOTTYHUX
BUCJIOBIIIOBaHb. KOXHE BHUCIOBIIOBAaHHS MOXKHA OLIHUTH HEYITKUM CTYNEHEM
ictTuHHOCTI. Hanpukiaa, BUCIOBIIOBaHHS «IIBUIKICTb MAIIMHU BHCOKa» MOXE OyTH
ictuaHae Ha 80%, a BUCTOBITIOBaHHS «3aBTpa Oyae Mopo3Ha moroaa» - Ha 100%. Koxne
Take BHUCJIOBIIOBAHHA MOXXHA ONUCAaTH 3a JIOMIOMOTOK BIAHOIIEHb MHOXHH

JIHTBICTUYHUX HEYITKUX 3MIHHUX.
JIinrBicTMYHA 3MIHHA — 1€ KOPTEX HacTyNmHUX 3HadeHs B, T, X, G, M, ne
B - iM’s1 3MIHHOT (HAIPHUKJIIA, «IIBUIKICTH aBTOMOOISI»);

T — 6a3oBa MHOXKMHA 3HA4YeHb i TCpMiB — 3HA4YCHBb, KOXXHC 3 AKHMX HAAa€TLCA 3a
JOITOMOTI' OO HEYITKOI MHOKUHH (HaHpI/IKHa,ZI, «Mallay», «CEpCAH:A», «BUCOKaA», «IYKC

BHUCOKa»);
X — MHOKMHA — HOCIM MOXKJIMBUX KOHKPETHUX 3HAYEHb 3MIHHOI JIJIS1 BCIX TEPMIB;

G - gedka CHHTETHMYHA TMpOIeaypa TeHepallii HOBUX TEPMiB 3 MHOXWHU T
(HampUKIIaJ, «1yXKe Majay);

M — cemaHTH4HA MIpOLIeTypa HAJAHHS TEPMY MTEBHOI HEUITKOI 3MIHHOT BUTIISTY X.

B cucremi MATLAB icHye cepenoBumie s (OpMyBaHHS CHCTEM 3HAHb
HEYITKOTO BHUBOJY. [[7s1 BXOMy B IIe CEpENOBUIIE CIIiJ] BBECTH B KOMaHIHOMY DPSAKY

cnoBo fuzzy i HatucHytn KnaBimy <Enter>. [ToOymoBa cucTemMy HEYITKOTO BUBOY

(CHB), sxa ocHOBaHa Ha BUKOPUCTaHHI alropuT™My MamiaHi.
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Buxonanus podooru
1.1. Buxonyemo nporpamy Juist GopMyBaHHs 300paKEHHS 3aJI€KHOCTI:

y=x%-sin(x,—1)

@ & Figure 1
File Edit View Insert Tools Desktop Window Help k]

Dadde @ 08 K[E

0 =@ dM@E O
Target &, é E] '@) N @( Fv\ o

40
30

20

Puc. 1.1. 300paxkeHHs MOBEPXHI1 3aJIKHOCTI

1.2. 3amaemMo nis 3MIiHHOT X1 (YHKIIIIO HAJI@KHOCTI Y BHUIJISLA 3-0X TEPMIB

TPUKYTHOT () YHKITII.

[ ] Membership Function Editor: Untitled
File Edit View

FIS Variables Membership function plots et et 181
L A .
L J
LE
3 2 1
input variable "x1"
Curent Variable Current Membership Function (click on MF to select)
Name xl Name H
Tipe Input R trimf
Params [-1.167 3 7.167]
Range 73
- B = | [ ow |
| Renaming MF 3 to *H"* |

Puc. 1.2. PenaryBanns QyHKIIIi HAJIEKHOCTI 3MIHHOT X1
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1.3. 3amaemMo 1y 3MIHHOI X2 (YHKIIO HAJEXKHOCTI Yy BHUIJISAL 5-0X TEpMIB

rayCoOBCbKOI (DYHKIII.

File Edit View

FIS Variables

Membership Function Editor: Untitled

Membership function plots nint neinte: 181
LA A HA ]

input variable "x2"

Current Membership Function (click on MF to select)

Name H

Type gaussmf
Params [0.6901 2]

‘ Help Close |

Current Variable

Name x2

Type input

Range [-4.52)

Display Range [-4.5 2]
| Renaming MF 5 to "H"

Puc. 1.3. BikHo pegaryBanHs (QyHKIIIT HAJIEKHOCTI 3MIHHOT X2

1.4. 3amaemo s 3MiHHOT Y QYHKIIIIO HAJIEKHOCTI Yy BHUIJISLA 5-0X TEPMIB

TPUKYTHOT () YHKITII.

File Edit View

FIS Variables

Membership Function Editor: Untitled

nlnt nainte: 181

Membership function plots
LA A HA H

0
output variable "y"

Current Membership Function (click on MF to select)

Type trimf &l

Params [51015]

[ con ||

x2

Current Variable

Name y

Type output
Range [-1010]
Display Range [-1010]
Ready

Puc. 1.4. BikHo pegaryBanHs QyHKITIT HATEKHOCTI 3MIHHOT Y

3wmH. | Apk. Ne dokym. MMidnuc \dama
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1.5. Ha ocHOBI Bi3yaJIbHOTO CIOCTEPEKEHHS 3a TpadikoM, sSIKUI 300pakeHHil Ha

puc. 1.1 chopmyemo npaBuna.

[ ) O Rule Editor: 1
File Edit View Options

1. If (x1 is L) and (x2 is L) then (y is H) (1)
2. If (x1 is L) and (x2 is H) then (y is LA) (1)
3. If (x1 is L) and (x2 is HA) then (y is LA) (1)
4. If (x1is H) and (x2 is L) then (y is H) (1)
5. If (x1 is H) and (x2 is H) then (y is LA) (1)
6. If (x1 is A) and (x2 is A) then (y is H) (1)

7. 1f (x1 is A) and (x2 is HA) then (y is LA) (1)
8. If (x1 is L) and (x2 is LA) then (y is H) (1
9. If (x1 is A) and (x2 is HA) then (y is LA) (1)

x1is X2 is yis
L L L
A LA LA
H A A
none HA HA
H H
none none
not not not
Connection Weight:

or

O and 1 Delete rule I | Add rule | | Change rule |

‘ The rule is changed ‘ ‘ [ Hep  |[  ciose ”

Puc. 1.5. BikHo penaryBaHHsI IpaBuUII

1.6. ®opmyBaHHs Bizyauizalii QyHKIIII.

&

[ ] Rule Viewer: 1

File Edit View Options

Plot points: 101

INput:  [-2;-1.25]

o [ [ore[sown] o | |

Opened system 1, 9 rules | Help || Cose |

Puc. 1.6. Bizyanizaiiisi HE4ITKOTO BUBOY

ApPK.
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[ ) [ ) Surface Viewer: 1

File Edit View Options

M AV O M A O ®
. L Lt

X (input): x1 e Y (input): x2 e Z (output): y e

X Mesh Points: {5 Y Mesh Points: 15
Ref. Input: Plot points: 101 | Help I | Close |
Ready

Puc. 1.7. TloBepxHst cuctemu "BXia-Buxin"
1.7. TlorToproemo 1.1 - 1.6 m.m. ayist GyHKIIIT BUTIISIAY
y=In(x; +1)-cos(xy)
@] [ Figure 1

File Edit View Insert Tools Desktop Window Help ¥

Ddde @ 0B K[E

Target

05
x2

Puc. 1.8. 300pakeHHsI MOBEpXHI 3aI€KHOCTI
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®
L 4

File Edit View

Membership Function Editor: Untitled

A A mlat nninter 181
FIS Variables : : N!embershlp Tunctlon plolts ‘
L A H
1
] XN
x1 y
x2
0 1 1 1 1 1 Il Il
1 1.5 2 2.5 3 3.5 4 4.5 5
input variable "x1"
Current Variable Current Membership Function (click on MF to select)
Name x1 Name H
Type input ES trimf e
Params. [3.333 5 6.667]
Range [15]
Display Range [15] Help Close
Renaming MF 3 to "H"

Puc. 1.9.

@
@

File Edit View

PenaryBannst pyHKIIIi HAIEKHOCTI 3MIHHOT X1

Membership Function Editor: Untitled

nint nninte:

181

FIS Variables Mewbemhip Tunction [?Iots ‘ ‘
L LA A HA H
1
XX XN
x1 y
ﬂ 0.5 i
X2
0 | | | | | 1 | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
input variable "x2"
Current Variable Current Membership Function (click on MF to select)
Name x2 Name H
Type input TR gaussmf e
Params [0.2124 2]
Range [02]
Display Range [02] Help Close
Renaming MF 5 to "H"

Puc. 1.10. Bikao penaryBanHs QyHKIIIT HAJIEKHOCTI 3MIHHOT X2

3MH.

ApK.
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@

File Edit View

@ @ Membership Function Editor: x1

s : Rlnt nninte: 181
FIS Variables Mer‘nbershlp functlon r.rlots ‘ ‘
L LA A HA H
1
/O
x1 y
x2
0 1 1 1 1 1 1 1 1
-10 8 5 -4 -2 0 2 4 6 8 10
output variable "y"
Current Variable Curmrent Membership Function (click on MF to select)
Name y Name H
Type output Type trimf (¢ ]
Params [510 15]
Range [-10 10]
Display Range [-10 10] Help IT
Renaming MF 5 to "H"

Puc. 1.11. Bikno penaryBanHsi (yHKIIIT HAJIEKHOCT1 3MIHHOI Y

[
L

File Edit View Options

Rule Editor: 1

1. If (x1 is L) and (x2 is L) then (y is H) (1)
2. 1f (x1 is L) and (x2 is H) then (y is LA) (1)
3. If (x1 is L) and (x2 is HA) then (y is LA) (1)
4. 1f (x1 is H) and (x2 is L) then (y is H) (1)
5. If (x1 is H) and (x2 is H) then (y is LA) (1)
6. If (x1 is A) and (x2 is A) then (y is H) (1)
7.1f (x1 is A) and (x2 is HA) then (y is LA) (1)
8. If (x1 is L) and (x2 is LA) then (y is H) (1
9. If (x1 is A) and (x2 is HA) then (y is LA) (1)
If and Then
x1 is x2 is yis

L L L
A LA LA
H A A
none HA HA

H H

none none

not not not
Connection Weight:
or
O and 1 Delete rule | | Add rule | | Change rule | << || >

The rule is changed | Help | | Close |

Puc. 1.12. BikHO penaryBaHHS TPaBUII

3MH.

ApK.
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®
L 4

File Edit View Options

11T
il

Tl
11

o[~ | ]

Rule Viewer: function_2

Input:  [3;1]

Plot points: 101

Move: | left || right ||down|| up |

Opened system function_2, 10 rules

| Help | | Close

Puc. 1.13. Bizyanizaiiis HEUITKOTO BUBOIY

®
L 4

File Edit View Options

Surface Viewer: x1

8 s
==
S T/
/2
4- '}}_)zz
2 y
> 0 - l
_2 - /
-4 - +
-6
2 45 T— 5 4 ®
0.5 U" 1 2
x2 x1
X (input): x1 e Y (input): x2 e Z (output): y e
X Mesh Points: 15 Y Mesh Points: 15 Evaluate
Ref. Input: Plot points: 101 | Help | | Close |
Ready

Puc. 1.14. TloBepxus cuctemu "BXia-Buxia"

3MH.

ApK.

Ne dokym. Mionuc \dama

MMMT.420.007.037 — 3/11

ApPK.

10




1.7. IloBroptoemo 1.1 - 1.6 m.m. aast QyHKIT BUTTISTY:

y=mn(x +1)-

1+ Xy
( NN J Figure 1
File Edit View Insert Tools Desktop Window Help ¥
Dgde @ 08 & E
Target

0.74 -

0.58 -l

Puc. 1.15. 300pakeHHS TOBEPXHI 3aJI€KHOCTI

® ® Membership Function Editor: Untitled
File Edit View

FIS Variables Membership function plots it 181
L A H
x2
: 3
input variable "x1*
Current Variable Current Membership Function (click on MF to select)
Name x1 Name H
Type input fivpe timf e
Params [3.333 5 6.667)
Range [15)
et 19 [—— o |
Renaming MF 3 to "H* ‘

Puc. 1.16. PenaryBanus GyHKIIIT HAIGKHOCTI 3MIHHOT X1

ApPK.
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®
@

File Edit View

Membership Function Editor: Untitled

nint nninte: 181

FIS Variables Mer‘nbership Tunction ;?Iots
L LA A HA H
1
/XN
x1 y
XX 05| i
x2
0 | | | | | 1 | | |
0 0.2 0.4 0.6 0.8 1 il 1.4 1.6 1.8 2
input variable "x2"
Current Variable Current Membership Function (click on MF to select)
Name x2 Name L
Type input 2D gaussmf e
Params [0.2124 0]
Range [02]
Display Range [02] Help Close
Selected variable "x2"

Puc. 1.17. BikHo penaryBanHsl (QyHKIIIT HAJIEKHOCT1 3MIHHOI X2

®
v

File Edit View

Membership Function Editor: Untitled

: . efhet menfisier 181
FIS Variables Meerershlp Tunc’(lon prlots ‘ |
L LA A HA H
/00
x1 y
x2
0 Il Il Il 1 Il Il Il Il 1
-10 -8 -6 -4 -2 0 2 4 6 8 10
output variable "y"
Current Variable Current Membership Function (click on MF to select)
Name y Name H
Type output Type trimf &
Params [510 15]
Range [-1010]
Display Range [-10 10] Help ,T
Renaming MF 5 to "H"

Puc. 1.18. Bikao penaryBanHs (GyHKIIIT HAJIEKHOCTI 3MiHHOI1 Y

3MH.
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File Edit

View Options

. If (x1 is L) and (x2 is H) then (y is L) (1)
. If (x1 is H) and (x2 is H) then (y is L) (1)
. If (x1 is L) and (x2 is HA) then (yis L) (1)
. If (x1 is A) and (x2 is A) then (y is A) (1)

. If (x1 is H) and (x2 is H) then (y is L) (1)
. If (x1 is L) and (x2 is H) then (y is L) (1)
. If (x1 is L) and (x2 is L) then (y is HA) (1)

©CE®NO O WN =

L If (x1 is A) and (x2 is LA) then (y is HA) (1)
If (x1 is A) and (x2 is HA) then (y is LA) (1)

If and
x1is x2 is
L L
A LA
H A
none HA
H
none
not not
Connection Weight:
or
® and 1

Delete rule | |

Add rule || Change rule | E IT

The rule is changed

Puc. 1.19. BikHo penaryBaHHs MpaBuil

Y

File Edit View Options

[ @ Rule Viewer: function_3

Input:  [3;1]

Plot points:

101

Move: | left || n'ght”down“ up |

Opened system function_3, 9 rules

| Help | | Close |

Puc. 1.20. Bizyanizairist HE4iTKOTO BUBOIY

3MH.

ApK.

Ne dokym.

Mionuc |dama
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@

File Edit

Surface Viewer: function_3

View Options

X (input):

x1

X Mesh Points: 15

Y (input): x2 Z (output): y

Y Mesh Points: 15

A
hd

Evaluate

Ref. Input:

Plot points: 101 | Help | | Close

Ready

Puc. 1.21. TloBepxus cuctemu "Bxig-Buxin"

BucHOBOK: 03HallOMUBCS 3 MCTOAUKOK IIPOCKTYBAHHA CHCTCMHU HEUITKOTO

BHBOJIy Ha OCHOBI PO3pOOKH Ta BUKOPHUCTAHHS 0a3 3HaHb MPOAYKIIMHUX TpaBUI 3

BUKOPUCTaHHAM ajIroputMy MamaHi.

3MH.

ApK.

Ne dokym.
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