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Figure 2.3 An example of fuzzy inference.
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OCcobeHHOCTN HeYeTKON JTOTnKu
(fuzzy logic)

B He4eTKOoW nornke ToYHble paccyXaeHus
paccMaTpuBalroTCs Kak YaCTHbIU cnyyYyan HeYEeTKUX
paccyXgeHuu

B HeyeTKOn Nornke He4yTo ABndaeTcsd 4emM-To
onpeaeneHHbIM TOMbKO B KAKOU-TO CTEMNEHMU

B He4yeTKon nornke sHaHMe NHTepnpeTUpyeTCca Kak
Habop rMbKMUX NN HEYETKUX OrpaHNYEeHN Ha Habope
HEYETKUX NEPEMEHHbIX

BbiBOO paccmaTtpuBaeTCca Kak npoLecc
pacnpocTpaHeHns HEYETKUX OrpaHUYeHNI

JTtobast noruka moxeT 6bITb dha33ndununpoBaHa
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Kakasa pasHuua mexagy HeyeTKkoUu NOrnmkou u
OObIYHBbIMM MeTO4aMU yrpaBreHna”?

HeueTkas normka BBOAUT NPOCTOU, OCHOBaHHbLIW Ha NpaBuiax sBuaa

IF X AND Y THEN Z nogxop k pelwueHuto npobnembl ynpaBneHust BMECTO
NOMbITOK CMOAENMPOBaTb CUCTEMY MaTEMaTUYECKN.
HeueTkaa nornka ocHoBaHa Ha aMnupuKe (onbITe) onepaTtopa, a He Ha
NOHUMAaHUN BHYTPEHHOCTEN CUCTEMDI.
Hanpumep, BMecTo Toro, 4Tobbl onepupoBaTb TaKUMWU BblCKa3blBAHUAMW C
Temnepartypon kak "SP =500F", "T <1000F", nnun "210C <TEMP <220C",
Mbl UMeeM aeno ¢ npasunamm tmna "Ik (process is too cool) AND (process is
getting colder) THEN (add heat to the process)" unu "IF (process is too hot)
AND (process is heating rapidly) THEN (cool the process quickly)".
9T BbiCKa3blBaHUS HETOYHbLI U B TO XK€ BPEMS OMNUCLIBAOT TO, YTO
OEeNCTBUTESNTbHO NPONUCXOAWT.

HeueTkaa nornka onucebiBaeT NnoBegeHWe onepartopa npu yrnpasneHun.
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Kak He4yeTKkasa rnorvka pabortaeT?

HeueTkasi nornka ncnonb3yeT HEKOTOPbLIE YNCIIEHHbIE NapaMeTpbl ASS
TOro, YTOObI OLEHNBATL OLLUNOKY N CKOPOCTb UBMEHEHUSA OLLNDOKN,

Ho TO4YHbIe 3Ha4YeHNs1 ATUX BENUYMNH OBbIYHO He TpebyeTcs.

Hanpumep, npocTtasa cmcrtema ynpasneHua TemnepaTtypon MoxeT
ncnonb3oBaTb OAMH AaT4YMK, NOKasaHMA KOTOPOro BblYMTAKOTCA U3
ynpaensawoLero curHana ang Bbl4MCNEHUst oMbk U 3aTeM NPOUCXOOANT
andhdepeHumauns No BpeMeHU AN BbIMUCIIEHUS CKOPOCTU N3MEHEHMNS
OLLINOKM.

Owunbka MOXET BblMNCIATLCA B rpagycax F n maneHbkas owmnbka

MOXET accouumpoBaTbes ¢ 2F, a 6onbwas ¢ 5F.

CKOpPOCTb UBMEHEHMUSA OLLUNDKN MOXET U3MEPSATLCA B rpa/MUH C ManeHbKOW
ckopocTbto B 5F/min n 6onbwon B 15F/min.

OTN BENUYMHLI HE AOMKHbI BbITb CUMMETPUYHBIMU U MOTYT ObITb HACTPOEHbI
Onsa nyyuwero npeacraBneHns noBegeHust Npu ynpasreHun.

OB6bI4HO HeveTKast Nornka No3BonsaeT cucrteme paboraTb C NepPBOro pasa
6e3 BCAKOWN HACTPOWKM.
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[lepBbi B Mupe Fuzzy Logic Controller

B Axrnum B 1973 B University of London, npodeccop Mamdani n ctygeHT S.
Assilian nbiTanncb ctabnnuanpoBaTb CKOPOCTb ManeHbKOro NapoBoro

asuratens, NOCTPOEHHOro CTYAEHTOM.
OHun nmenun obopyanosaHme ans atoro — MMHU-OBM PDP-8 n obblvHbIe

cpefacTtea anga umgpoBoro yrnpasrieHus.
Ho OHM He mMornn ynpaenaTb ABUratenem Kak MM XoTenocs.
Habntoganock nepeperynmpoBaHue U Tpebyemasi CKopoCcTb gocTuranach
TOSbKO Nnocne cepun konebaHun, T.e. ynpaBneHne CKOPOCTbIO ObIfI0 OYEHb

Meas1ieHHbIM

met point
target speed

/f

Speed

Time

Figure 1. System Response Without

Fuzzy Logic Controeller 1
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[MpMEHMB HEYETKYIO NOTMKY OHM MONYYUNU NyYlune pe3ynbraThl

et point
target speed

Speed \\

Speed arrives at set point
gquickly with no overshaoot

Time

Figure 2. System Response Using
Fuzzy Logic Controller
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[1nsa Toro, 4ToObI nony4ynTb fuzzy logic control
system Ha nepcoHanbLHOM KOMMbIOTEpPE,
HeobxoanMmo:

Onpegenntb BXoabl.

OnuncaTtb COCTOSIHUA N OEUCTBUSI CUCTEMbI C NMOMOLLIbIO HEYETKUX
npaBuilt HaA eCTECTBEHHOM A3bIKE.

Hanucatb nporpammy ansi BbINOMHEHNA 3TUX NpaBuil Hag BCEMU
BXO4aMu u ansi onpegenennsa Bbixoaos. [paBuna CTaHOBATCS
onepatopamu "If-Then" B nporpamme. (Kak nokasaHo ganblue,
Npu BKNOYEHUU B ynpaBneHne obpaTHOM CBSA3KU, NCMOSIb30BaHME
TPeyrosibHUKOB Ans npeacraBneHns PyHKUMN NPUHAONEXHOCTH
MOXET MOMOYb BM3yann3mpoBaTb 1 BbIYUCNATb pe3ynbTaThl
BbINONMHEHUA NpaBun)

B nporpamme ncnonb3dyeTtcs B3BELLEHHOE cpeaHee aAngd
00beaNHEHNA pa3HbIX AENCTBUN, BbI3BAHHbIX Pa3HbIMU
npasunamn, B 04HO OAENCTBUE yripaBnsieMmon cuctemol. (B crnyyae,
eClnn UMeeTCS TONbKO OAWNH BbiXod, 00beaNHEHUST He TpebyeTcs)
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PYyHKUMOHaNbHaA cXemMa CUCTEeMbI YNpaBJieHUA CKOPOCThLIO
3aneKTpoAaBUraTens.
OBuratenb ynpaBnsaeTcs KOHTPONEepoM, ynpaBnsaeMbIiM
nporpammou, peanusosaHHon Ha BASIC B K

hotar shaft coupled
to generator shaft

DC MOTOR / N [ DC generator used o

Output speed | determine autput Generator output
controlled. b speed of controlled voltage proportional
rator. to speed. Connects
_ to analog input
lse g!gnal Controller output | of converter,
T2¥de  conditioning f -
as needed ([ FuzyLogic Cantroller }
|Tran5i5tnr L (ST il

Cantroller plugs in
to personal computer

b

Fersonal computer B
with BASIC program iy

Figure 3. Motor Speed Control System
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KOMMOHEHTbI

IBM or compatible personal computer equipped to run
Microsoft Quick BASIC. IBM is a registered trademark
of IBM Corporation. Microsoft and Quick BASIC are
registered trademarks of Microsoft, Inc.

8 channel input; 8 bit, analog/digital converter with 8 on-
off, digital output channels and one 8 bit digital/analog
output channel.

Signal conditioner (transistor amplifier to adjust levels
as needed)

Transistor - 2N3053.

DC motor, 1.5V to 3.0V, 100 ma., 1100 Rpm to 3300
Rpm.
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JT1anbl pa3paboTkm 3TON CUCTEMBI:

1. OnpepeneHne BxoaooB. [lpumepbl: TemnepaTtypa ongd
ynpaBJieHUA CUCTEMOW KOHOUUMOHMPOBAaHUA B goMe. CKOpOCTb
aBTOMOOUNA ANa CUCTEMbI ynpasrieHna asmxkeHnem. B Hawem
cnydae, BXod — CKOpOCTb B 06opoTax B MUH. Owmnbka mexay
Tpebyemoun ckopocTbto 2,420 06/MMH onpenensieTcs B nporpamMMe.
Owunbka MOXET ObITb NONOXUTESBHOM N OTPpULATENBHON.
HanpsaxeHune reHepaTtopa, nponopumnoHanbHOe CKOPOCTH,
npeobpasyeTcd B KOHTpoOssiepe B ULMGPOBOE 3HAYEeHNE aSS
KOMMNbOTEpPA.

2. Onpepgenenue Bbixoga. [N KOHOMLMOHEpPA 3TO BKITOYEHUE U
BbIKITIOMEHME BEHTUNATOpPA. [ANs ynpaBneHne OBUXKEHNEM
aBTOMOOMNA 9TO perynupoBaHue gpoccens. B Hawem cnyyae
TONbKO OWH BbIXOM — HaNpshkeHue, NogaBaeMoe Ha TPaH3UCTop,
YNPaBnsOLNI 3NEKTpoaBUraTenem.

3. Onpepenenne Tpebyemon Benn4vnHel. Hanpumep, 70 rpagycos F
ana temnepatypbl B gome, unu 60 Miles per hour gna aBTomobunsi.
[Ona Hawero cnyyasa uenb - 2,420 060poTOB B MUH.

4. Bbibop cnoBecHOro onucaHusa ans npasun.
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[1lna ynpasneHua napoBbiM asurateniem npodgeccop Mamdani
ncnonb3oBarn cnegyroLine crosa:

*Positive Big

*Positive Medium

*Positive Small

*Almost No Error

*Negative Small

*Negative Medium

*Negative Big

Hawa cuctema npoule 1 MOXHO UCMNoNb3oBaTb TOSTIbKO TPU ONMcaHus
COCTOSAHMSA BXOAa:

Input Status Word Descriptions RULES:

*Too slow Rule 1: If the motor is running too slow,
About right then speed it up.

*Too fast Rule 2: If motor speed is about right,
Ans BbIXOA0B: then not much change is needed.
Output Action Word Descriptions Rule 3: If motor speed is to fast,
*Speed up then slow it down.

*Not much change needed

*Slow down FaBpunos A.B. 18
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5. OnucaHne cBA3en Mexay Bxodamm v Bbixogamu B Buae
aonarpammbl (Figure 4)

[Ouarpamma CTpouUTCA C UCMOSIb30BAHMEM TPEYrOSIbHUKOB
Ons onucaHna PyHKUMWU NpuHaaneXXHOCTN NCNOSb3yeMblX
3HAYEHUN NIUHIBUCTUYECKUX NepeMEHHbIX. MoryT ObITb U
apyrne gurypbl, HO TPEyronbHUKKU yaobHee.

LLiInpnHa TpeyronbHNKOB MOXET ObITb pa3HOMN.

Y3Kue TpeyrosisHUKn obecneymBaroT boree cTporoe
ynpasneHne. Y3kme TpeyronbHUKU 00bIYHO

MCNOJb3YITCH B LIEHTpE.
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“oltage to controlled motor
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Figure 4 Cause-Effect
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6. Figure 4 nony4aetcsa U3 paHee NnpuBeaeHHbIX
npasun (Rules) n pesynbtatom aBnsieTcs
HanpsaXxeHue, nogaBaemMoe Ha KOHTPONnep
CKOPOCTMU:

a. Ecnn ckopoctb About right To Not much
change HeobxogMMo ang KOHTposnsepa.

b. Ecnu ckopoctb Too slow 1o gnga Toro,

4yTOObI YBENUYUTL €€, Hago noaaTb Speed up.

c. Ecnu ckopoctb Too fast To Heobxoanmo
Slow down.

7. OnpepenuTb BbIXo — HanpskeHwe ons
nogadun Ha TPaH3UCTOP

["aBpunos A.B.
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[MpennonoXxum, 4To CKOPOCTb yBenuyunach ¢ HyxxHon 2,420 Rpm o 2,437.4 Rpm, 17.4

Rpm ceBepx Tpebyemon. Heobxoammo yMeHbLWUTb CKOpoCcTb A0 2,420 Rpm.

NHTYUTUBHO ACHO, YTO HA40 HEMHOIO YMEHbLUUTb HanpsXXeHue, nogaBaemMoe Ha

TpaH3ucTop. Ha anarpamme BHU3Y BepTUKanbHasa NUHUA — pakTnyeckasd CKOpOCTb.
Measured speed 2437.4 Rpm

| | Intersects about right trianale at .4

! | ahout - Intersects too fast triangle at 3

10}
(100%)

_—_._—'—_-

2304 2362 2420 2478 2936
speed - RPM

Figure 5. Speed above target value

OTa NHKA nepecekaeT TpeyronbHUK About right npu 3Ha4YeHnn pyHKLMK
NpUHaaNeXXHocTn .4 n TpeyronsHUK Too fast - npu .3.
Intersect point/ 1 =11.6/29 = 4
Intersect point/ 2 =17.4/58 = .3
["aBpunos A.B. 22

HI'TY, kadbeapa AlIMM



Cnepgywowmin atan — HapucoBaTb BbIXOAHbLIE TPEYrOSIbHUKM.
X BbiCOTa onpegendeTtca nonyyYyeHHsiMmn .3 1 .4
3Ha4YeHUaAMM.

Contraller output - Matar |
input ... 2376 Ve g

|
|
|
L R R e + - -
(100%:) '
: Mot much '
h
L 4 =
: i = fa‘dnwn :
| I
! /&/\

| 1
248 244 240 23BY 232V
|—Dt—[-D2-
Cutput Ydc 23
Figure 6. Determination of Control Voltage to Motor




The portion of the program for the above system which examines

the input and performs the "triangle" calculations to arrive at a crisp output follows:
910 IF MS = 2420 THEN MIV = 2.4 : GOTO 5000 'MS-MEASURED SPEED, MIV-MOTOR INPUT VOLTAGE
920 IF MS < 2420 THEN 2000 ELSE 1000

1000 ' LINES 1010-1110; GREATER THAN 2420 RPM, SLOW DOWN

1010 IF MS > 2449 THEN MIV = 2.36 : GOTO 5000

1020 ' COMPUTE INTERSECT POINT, IPA, FOR 'ABOUT RIGHT' TRIANGLE
1030 IPA = (2449-MS) / 29

1040 IF IPA =< 0 THEN IPA = .0001

1050 ' COMPUTE INTERSECT POINT, IPS, FOR 'SLOW DOWN' TRIANGLE
1060 IPS = (MS-2420) / 58

1070 ' COMPUTE MOTOR (TRANSISTOR) INPUT VOLTAGE (MIV)

1080 AAR = .5 * .04 * IPA 'AAR - AREA OF 'ABOUT RIGHT' TRIANGLE

1090 ASD = .5 *.08 * IPS 'ASD - AREA OF 'SLOW DOWN' TRIANGLE

1100 D1 = .04 * (ASD / (ASD+AAR))

1110 MIV = 2.4 - D1 : GOTO 5000

2000 ' LINES 2010-2110; LESS THAN 2420 RPM, SPEED UP

2010 IF MS < 2362 THEN MIV = 2.44 : GOTO 5000

2020 ' COMPUTE INTERSECT POINT, IPA, FOR 'ABOUT RIGHT 'TRIANGLE
2030 IPA = (MS-2391) / 29

2040 IF IPA =< 0 THEN IPA = .0001

2050 ' COMPUTE INTERSECT POINT, IPF, FOR 'SPEED UP' TRIANGLE
2060 IPF = (2420-MS) / 58

2070 ' COMPUTE MOTOR INPUT VOLTAGE (MIV)

2080 AAR = .5 * .04 * IPA 'AAR - AREA OF 'ABOUT RIGHT 'TRIANGLE

2090 ASU = .5 * .08 * IPF 'ASU - AREA OF 'SPEED UP' TRIANGLE

2100 D1 = .04 * (ASU / (ASU+AAR))

2110 MIV = 2.4 + D1
5000 ["aBpunos A.B. 24
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