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Study on Control of Water Level in Marine Boiler based on RBF
Fuzzy Neural Network
Abstract

In this paper, the control system of marine boiler is studied. Because of the
nonlinear nature of boilers with instable parameter and difficulties of building accurate
math model, combined fuzzy control theory and neural networks theory, and proposed a
controller based on RBF neural network to control marine boiler. Simulation is
performed to the boiler control method of using RBF fuzzy neural network by Matlab
software. The results indicate that the control arithmetic presented in this paper is
effective, the control effect and the performance is better than that of the PID controller,
the fuzzy PID controller and the neural network controller.

The main research of the paper is as follows:

Firstly, the accurate models of boiler drum water system are established in accord
with the theory of marine boiler. A

Second, relative theories of FNN are summarized. On the basis of fuzzy control
énd neural network theory, the paper presents a fuzzy neural networks controller which
combines advantages of the fuzzy control and neural networks control through the
analysis on the shortage of those. It is constructed by RBF fuzzy neural networks.

Third, it is designed for the fuzzy PID controller, RBF neural network controller
and RBF fuzzy neural network controller based on the same model of boiler water level.

Fourth, simulation is performed to the PID controller, fuzzy PID controller, the
neural network controller and RBF fuzzy neural network controller by Matlab software.
The result indicates that RBF fuzzy neural network control system has a better
adaptability and stronger anti-jamming ability, and it is practicable to apply in boiler

water level control.

Key words: Boiler’s water level; Fuzzy control; Neural Networks; RBF Fuzzy
Neural Networks
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Fig. 2.3 Step response curves caused by steam disturbance of marine boiler
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RN S, BREBNESNRESRHANERIANZRAHERAHLTH
Mezdh ERMANBEEARBEEUANHE (28 B% HEUANER
(H#) BERERHANRE (HE) BE. BHEZBRENANEZEEERS,
LM% R MNRIHERELMMIIEE LRBARERE, CRMAEREHNE
EERU,

FRENNADRE, WEHZEESEHEMBEHRETEREH NG

%[18}
3.1 iz EEH
3.1.1 EHRIC R

MR LRI 0 R AR R RO TR 4,
TR B SRS RN, - EETHE—MEAROIGE, X
B TR SIS E R T R B E AR AR . 0 T — S RIS Sl
B, A LE TR TR E %A,
—. AT X R

(1) BHEE R FEARREX Ll — MEMES A RIS THERH
xe X, BRET— My, (x), EEFANRBEE. B

f,:U—[0]] |

1> p,(x) @D



%3 E BREHBA

RERBU f— MEMTEA, R—RBEM ., RENKE.

(2) EHMHBOEL: EAEG,a,a) M BHEEEH0<g <1,
i=12,0n, WAREA—A n EHMAE.

(3) BMESEENEL: SEAEAEER, EHRA Y RS,
. NBIEHER, #4, BRLEU LIOMNES, A5BRXHEANE. HE
AUBRAME T BRBIRU LHAHES,

REH(AND BH): p, 5 (u)=min{u,(u), uy@)} (3.2)
HIEH(OREBE): u,,(u)=max{i, (1), 1, ()} ' (3.3)
WEE(NOTZH): u, =1-p, (3.4)

SRRM-EERRRE, ENEANEER—HEESE. A, EHES
MEEhEE— IR, WRSE, THE. 44K, SRR, REESEE.

(4 BHERRNL: XREEMHRAFENTENS. SHATENZAE
EMEHER, AMERZENXRRN - TXER, SABHUENERRAZ
TxFR. WEXFRARRFTRZMATHE, EENUAFENREXRRE
WA H” B CBE” RREERIARERYSY, FEHIIHTERER.

HERZEEXxY={(xyfreX,ye¥) LEEBMRRER XxY H—MEH TR
R, REBRBERMR(,y) RRT X FHAEx 57 PHTE y BEXHERL
B, o |
ERE N MEMER, RN TENER, %X =V, #hX L
KRR, BN n MEABER X, x X, x--x X, B, ERBIH n THERMER
R.

BEFEOEEXER, —RERTTHENXR.

(5) MMXEMAR

B AN S RESEXRERIRT, CHELR:

RU. V. WERE, QRU IV H—/BHXR, REVIIWH—1EH
£R, WXRMAERQ-RIEWRU BWH— MEMXER, BATRREN:
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Hoor (1, W) = V(x5 (1,9) A X (v, W)) | ' 3.5
. BEmER

BRI SRR bR MR RT IR B R AR R NLET R, MER AR (1
EMBIE) . BN R BRI IKYE, XA ANIERTEFHLE
RESHRE, REbRZAESHN, X ELRAOT=REX:

(D “mAMB” B, WHEXTSH “IFATHEN B” HI&M4ERER.

(2 “WAMBEYC” B, FHEXATER “IFATHEN BELSEC”.

) “mAHBRIC” B, FEAETEMR “IFAAND BTHENC”.

FEUENLHESANS, BEFHEAES, THEESEHTERDE. B
HEEHIEEP, TEELRLUESREEZRAERMRE, MALTEERE
KAREEAE, —fBA A RTEE, BBRRIRERLE, MA CRRiEH
.

3. 1.2 R HI R
—. BIEHREHER

B ER T ENEFEAN MR, HEEERRANE AR T
— BB FEHRS, - ARMREHIET SRR, H7ERD
& 3.1 FR.

BT ' = Hitk
- AD_|—-{ tagithss o] D/A |—w{ WITIR |—n] Bimim [T

% el l;

3.1 BRIEHRGERARK
Fig. 3.1 The composition of fuzzy control system

Z. IR RAE R
BRI OB REMEEIR, BREGME—RbtENRERF L.
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%3 E FREHER

T B R A ARAERIE IR, BOVERIE BB A0 12 B B 2 T B 1
FHIEE BB, 5 DRSS AR A S . B A
WEHRARTRFECZRENER, BRERBERNRES, TtMEEEE
HRH THERREEN.

RIS HISRE R B FE/LMBAARY, HARHE 3.2 Fix.

EEA
WA i wi
— BEE | $ERHE | FHRHE e pE e AUEE |-

3.2 MR IR A A
Fig. 3.2 The composition of fuzzy controller

WA B RIEEHROMAR L REEREHTEEA, WME

THABRNRAMIA. BTEHSOMA—REFEERLNE EBLIER
RAEMMEFWAEHNE. BFSEHANNESSEEEREHROKL. BT
BEHRMARMESEEMN, EMZEtEREREmLBR— M oMEH. 3
HOMIL AR 4t B0 AV R MO L AL RO B BB IS BB MTa k-
WHEREOVLRNEHE (EHE) 2E6ME. LREBHRZEY, fEg
EWEHEZ MREREGIBOEA. SHBETHREREHREANRHE,
EHRBEEL EHTEEN

3.1.3 HRMIERI ST B R E

—. BORMEHI B M AR R

- ERERIR NS RIS SRR O RARBRNG N R, dTE
W 2R A BN RARYE A BT BB MR ), B LRI SR A
ZEUF=A, BRE. RENBULRERUNRL, BHTE—RitES
HBHZL. —BERT, —SEHEHNZRAT-HBHRENR, HTFXHE



# T RBF HI#EME MR R REKAIZHIBIR

HBRAERAGERE—A, BHODHSRHEEIE. FUBIHZRANS
HTHRERS I, KRB LLEEMBENBLNMAZE, URHERNE
LhRHE R,
. EREEIANIE
BERNMRG R RGNS HIRLR, —REBSHIIRE: B8
ARG HEROAE, RSN RN TR B SR A
.
(1) HEBRRBARR BB TE
BB HATERY —AEHA RN, EEGEATHARAS
HERRAN AT (W CEX7 AN %) RS, RAKLERETE,
—BEA K. . N SADCRERENEHENMA. BHEROR
Fo WK, F.OAEMEE. ABEAFASLERROBRE, H-LMALC,
B
(k. s, S, B, EA. Ed. EX)
—RARXE BTN
{NB. NM. NS. O. PS. PM. PB}
(2) EXEEHE RIS T4
B TECAELTRTUN—CEERTEELS, MELEBTESANE

- ERRAFRBEXRZIEN. EX—MEHTR, LHLREEHERY TRERESR

KR,
(3) HHMAEE
BHAMNER B RARRAA “if-then” METEMMUAR, EREMRLEH
BOHRS, RAFADE BT AR T AR AN FIZ LA TSR A% R AL A& ) R
RTEHAMRE, FELAXOTLMEERMIA. — BB L&
MRERE: FHETRERAETUESRENEIHE,
= MmABREMIL :
RAAZHBOAANE—REIRENE, FESLEEREE M ERL
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MM, LA B X —MEBIE E BRHE N BEIREE
HMXR, ATERENRNEM L, SRERTHEEESREBEERL,
RSP AR, B AR R R RIAR R R S i
DU, HORRIE S AR AR

(1) iR

HOWHE T B A S5 M B o ORERE “if-then” MUNISE SR ERIBAS, B
RS LSRR A B AR A, T EAEEEAN Y.
“if-then” MMMFT. HERBHERN—LILNBHILR.
MBS RE SORERANE) SO MR
FREWR, XEBEANSARS, BHEEM ERGANSN. RRELE
ERBEIRE SRSSR, WRERAEYEREYE PD S5THNSY, FEEMN
b PID IS AT @A S R A L E R T SRR,
FEIGETREMA, RERH I EETEN LERER, EHRMRT 2BI0H
WAL,

a. SiRE

MR IR SIS SIS AR, BRI IR
S, RAMESHISRA L, HP AR LA R SR R R AN B AR
SEMATIR, 8 B RIS S 1 S B B

HOT B R s SRR 58 RS S B M R AT SO SR AR 00, AR
BOREE, {BHFREIENRALEORENGS, TREEEESEML.
B, EHSEEMR, MEBL ORI, MASEEEEA N
FREME N, EHEREE. BENEE. DHTRRENESNRERLE
N A

MBS LT ARMBHAN, Ll “ifthen” BRER, HEXBHL
B P T T AR TR 4 B 4

B E EHN R — RFE S AR R B AR R R R
HIERE, TRBERERANT ARSI RNSHZR B LR ETRN.
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b. EOMHEENL :

ﬁﬂﬁﬂﬂ%i?%%ﬁﬁﬁAﬁ%ﬁ%ﬁ,ﬁﬁ$%iﬁmm?%@mﬁ
BHEZRINENE TAENAFEOHRIERIZHARN, SREMEEER
BB NEAT R, TR ERREESEHRU AN — R & 4#
TEEWE, UAR—MERMAEERTHRERLE, INMERAHE—A
HEMIHTCE, WML E, TRXHS IR,
EHEMBEENLD, EHRBREBERRL, TG ARERERSNE R
B RE B U AR B O I E A R T R .

(2) MERERIL

TR B B R TR E R ERPITIEE, EXERN
WMUEBEEP, CLAEHE-IBRAFARENEFEAZENREZHE, TR
XS ThRER S R AR LR O

FERAECHA B = BT R R AR S 2 75 B A BRI 4 B B R L N R R I 2 I 4E
M, MEHTTUEERBEHUNRERE, CAEMERERT-EERNE F
BB BNEE, BRER RERESRBIANETESFRALE. R
BHERTEBITOATEERNNENELNRER, RTANRZHR
gravity .

3.2 \THERSEHER

3.2.1 AL#HEZMEELR

AT 45 2 HF P TR B R T BRI 042 0 3 B 25 HO ) By — o
HARYS, B—HAMETOEREINLRE. CEU—HEATE—m
BT (MR HH N, RALHRSENETHE. ATRSRETURS
BEEAERNERMEE, TEINEBNRNERTRENRL COFHE
ERREHNEABERNFRTTRENNEHET, BREBOEHILAAS
P, BFRATHTFMRGERE, EARESTAEEERNTHE. TRRT
AR BERETEASE, GEFTFERLE, 23, BE. BRA9%. 2%,
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F3E FhEHEA

WAL H KBNS T T ERT RN, REEEFRNTR,
SRGTARFAL: BERROTRARENEHS AN, 3TRMSLERA
2. hEE (BB FMUBEAR, TAETEETE, §—RHMETA
BRH—ERETNRY . THLEERRNS AEEH MR THETRIES,
FEALS SEEWS T AR EEEAE, NE—ETFH, SETRNE
th, AT R REREREN B SRS S LIRS,

HEESRY T SHMLTEMENEE, THE BT 2 MaH
RBETEARRE. HEMEIEHTREHEXRS N, RECAGH—LE
TG A ROPE R R 24 |

(1) ATHZMLERENAZIH TR ER S, ERESEERN
B R AN i — B RS N DMER R I LLEE, @ T AR Ik bR i
.

(2) AEAGREREBHES, B MEETRERE—AMY, TR
ERRMGE, YRSBRESRN, BREERNER.

(3) S BRI BT TR ST A MU B4 4 M B R AR
SHA R ML S BAHE, FRFRHESHAAGRZANXR, AT
RS ETAH B SR AR R ST, SRR H7E BB R
Bt +HE R,

(4) HERSAGT AN, %Y. BENSEE. EELELRTAER
BB, ANCEATRBHNAMGE, R8T ERLBHTEERNEE
M. |

(5) HAMBNEHRHEAMSTORMEAS, THABLRAEEHAY
el ELHTEERES: BARAMEERREEN BESTHE
HRHATHBIEH..

—. AT AR 5240,

(1) BT, BIERSRETER. W 3.3 iR, WEtsEHsl,

HRAR. FEE (RUBE, TAETE) IRLE S—ENHSTRES
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BT RBF M HE R MM AR R A K BRI

H—EWLThHE. ARER—HEBE LI RE, REWHELsTHRE,
TR R AT B THE AMS, TRBERNERELER S, BRE
REEERBNETH.

(2) RIBML%

R QLA 3.4 Fik. HERHFA (BET) AN, WENMFHEEN
MEARRIY, HRES, FEWAERE RN, T2 AT UEESTEEE,

RBMSER—MRBHNERE, CEELE—RNEABEERE.

(3) BARNLE

BASMES, Sl ASARLMY A ZHE, FEARD. BATA
R R B IREE W, () EE, B M RERAN, R HRE W, (k) F
BEREN, S—NRMAENARENBARERUNRE, 3 EXHELY
BEMi SRAER OB .

Bl 3.3 Him M4 S HHELE
Fig. 3.3 The frame of Feed forward NNS
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%

Q

BA

B 3.4 RIRF L5
Fig. 3.4 The frame of Feedback NNS

=. NIHEMLE %77k

FARNERATIHERBERBENEERE, MEHENENEN, B
RIFES —ENEIHELAMNRMESRE (WE) KR, EHLEFAHL
2. RA 5K FRAERMEERIKBEIEE. '

BRIMENENEIFEEEH, KEXTSIMTH A FHTET. TH
JEEIMBEN . ERBINZEI TS, NEHHUMBENHY (BIEF
f55) #THER, REREFEZANERRENEME KEEZREN.
EXBMHIZETAF, MARKHEAREE, MERB—HEREIRN
AN BsARRE, FMERLARFGEASLBR. FHEIRATL
BHEZ B —FEI TR ‘

3.2.2 MM
HTEEERENSHELESE R, E4TRBEILERANIESHLBH AL R
ik, —EESKTENEEEE, KEMENRRREET R UB RS IE
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T ROF BRI R AP B AR SIS

LEHE. MHEMERTLRIERIENRS, AEFBREIRLREZ AR
HEX. '

WML SRR R, R AR RIEERERENERD.

(1) #HEMBERTRT S EILEHT LN RIEE,

(2) ERBEHRATEER AR HBNOER.

(3) EEREHREPRMLTHIEM. ,

(4) ESHAMERESTERRIEE, MRS, SRS RBEHE
SHBAT, HHRAFESHANEHEY, RUSH. BEER RIS,

LSS BIT AN LY REEEES. REFHR, EHRAMTRER
BhE. RERGHI 0 NERE. EREEH. RESEEH. ARE6E. W
WEH. RAPHR. BRMAFEZE . BENEEEH SHREILHE. HEN
ZEHRANBELEEE WA 3.5, ‘

/

= AR -

B 3.5 MENSEHREESFRER
Fig. 3.5 Fundamental schematics of neural network control system
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%3 ¥ BReEHBEAR

3.3 R Z ML _

WERSBEFTHE. AHREEFN. SREHIBRURASHENEY
WEEZ—RIIMR A, BTXERA, HENEHFHFAZE ZHREHTET
2EHRTAZNNE, B—HERR, HERNEREEGREETAVNMA, B
SrER 2 MG HTIIZGE, BT ARREFNEAERNZRMIA, FHEAmRE
PIEEER B RBEHE, AT T M4 I SREN B3 E AR E R R R
fH. KRR LR H—MT R,

B4, EHEEERE—MLBETHEYE, EEHENHETHITR. B
HEE S FRIEMLEMBER MR, HEBRT KRR TANBERN, X
B REMIBEN EERA. BR, —RRIEMBERART FIMABMAE
F1. BN EENEH T U — B IR AL, BERBTALIEN R
7 1 & P R B R R B o ‘

ET ERITRTLEER, HHEEENSENHZNEEINS SRR, TR
B AL, TUIRT AZH Al B B 428 PR % TR U B MR O R R Mk BB R S 4T Y
RO, MHHEPERRESHE R T AN —IHNERPL

REW e 22 P48 R ¥ 2 B B0 43 SR PR 45 MM o 428 ST T HED AR B — S PT A ERAR Y
FRMHENERSE, CEENSERESHEMEHINETNTY. SH£LEN
M2MEERRR, EHHSMETNEHSERT —EXwEE L. ]t
EMnZERELHN, TUREHENEMMEUREEER, HEa0/%ER
SRR MR HIRL TR A AT IR, DR 2 I 45 P A (L AT S A T
RIEBABMRIKHIMLIESE, X, NEHEIEERAKIR, FE—EEE
Il T BRI R R AR
—. EHHERRKER

EHMERE AT —RRE RSN RRR A, BRA IS RIYE
}ﬁ[ﬁil]:

(1) BTRATEMEEROETE, F— Bt Rt HRR8NE
&, MfEfE B EEER MR
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T RBF AHIWE ML A R KA B R

(2) BTFRATEBLMETAS, XA RN RSN BEME,
(3) BEEMR, BHUHEREY KT RELEREWEE, ERETRN
RhTREH S S BRI PR B
(4) AN, BUAKENT RALEEBNTR, ERGLBE AN EE
BEMRE.
= EBHBRE K |
HAl, AHZME5ENRAANMATRE, NSRS REN HUTFS -
ﬂ[BZ]:
| (1) R PSSO BB 1 7 5
R I PR SEELE R B B R A R LR T EE, T
BN, £EMS T AR NS ERTH, BT ke (B
L% RER. FEMROENBERSME 3.6 Fir.
LREHREBOHE ST RTRE NS, BALERRENENE. &
HRHRZ RTINS . MR RS SBR EH B LS B, B4
AT SRR RGN R BRI, M4 P4 0 4 AR R
WHEH RN R R, R AR SR L,

WA BN B i
X amef ML w- RLBFLE -~ R - Y
BT % HHTFR

3.6 PG RS SN BN S B R
Fig. 3.6 Neural networks based on fuzzy logic systems

(2) REMZERRNMEMEE

EMSPERFINENBEEAR, FIHX P42 YA B R A&
HARKRMMVREEEIEE, REDSHAENENEDTRE, MRETEE,
BUEPERE. MSh, BN ELRMZENBE - EREEHNHENE, KE
M2t e
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(3) ETEENANEMSERA

EREHEEARERI T ESHERKNEEIHSHNEITELEEGE
%, BEHRAREBEENHITRMOMELEH, KT —FEBHE M.
3. 4 {EM M RIS H RIS B ALIEH] B RYE RN

ERPRAKGEEHRET, SEHBNEREZAXAEERR, BFE

e, KIER, KR, BUA—MERISFERRRE, JHEN PID &2
AARBEHSARRORR, AEKPHEFIREY, HRTFENZR. &

COBPRIRE, FAEHHEERERARLIURRE KM, REN:

EHEHE—RETANMNES, CHERAESRIEFANN, HRERR
FiRE A R HZREMESRNMIR, TR P AR ER LIS 0
¥R, RTfEERENENERS TESSER, Ritee, ETNA,

BERE AT BAR. B2, BENSEE. FRLELRESAHRBEN
FAEE . R EEAARENASGYE, RETEBLENITRENEEL.

R A ET U MEMNEREI, FHRAHE SRR EEE.

Fibl, BT LR, FRTET —FET RBF SRS RS H2E,
HESN, BEEPRTRITSHE, HMMTREHROTTE SR8,
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T RBF SR MMM RPREKAESTA

4 E MRARIPREKAHEH R RIT

AEER TR T B R KRR YW, TIART R b SRR
A, EESERAAS, RITTHS, EREERHERSLHIE S a0
RS, ERSERERNMS RSN NS SRR, RRFEEGKL, WL
AR R RS NS R R AR M R AR S E RN RS, B, EAE
B, HRHRIPREAR SR, BT SRR, 458 T FuzyPID
PSBISE. RBF M2 FI4 555 RBF MMMERMERHE, FHESEES, 4
RIS EHTHR, IV, RIS SRE NI SR,

¢1ﬁ@ﬁﬂ*ﬁmﬁmpmﬁﬂ

4.1.1 PID SEUEH B BEIH RGEH

HHHI 8RR i — MRYE PID #5518 F1— A Fuzzy HBENMAR. REHA
EEmE KA, H U REMMBSIAE, BT Puzzy HEIE BN RE, 7
L% P, 1. D BRI EHUBENEHRANSEELR THELEEL.

ETHEBBERTEN PID HHIRUSH S RETHHBSRNLRIMR
A, 7F PID HIEHEAL ERINT ER EC MHE, FUETSANRELRE
C HMEBZERERMA, UFEEEBERTF (£4) THEN (£8) KRXERmiRE,
ZHM & BRI A B WERE . MRS ER R EC, Bl SLrEsL
MM PR E AN AR, HETREEY, @4 L, |

= IR
Koy ki § kot
R 4 R 51
' PID C
T Ll wee L2
dtlec _

H 4.1 PID 588 O BB R AL HE
Fig. 4.1 The frame of PID parameter fuzzy self-tuning control system
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%4 B AEKAEHIRNRT

4.1.2 PID SEIEME EEMEN |
PID B . u()=K,e(k)+ K, e(j)+ K eck), EF: K, %

j=0

MBS, KABARE, K ABGREG b ech) S I RERBERL
%.

BMIE 5% PID SHIMEMBRSNK, .« K,« K, Wk e Flec WEATIAF
R, HEEERTENZANER, REXFER, SHK, . K,. K, EFA
e A ec F BT 200 FVRRC,

(1> BeBAR, HM RGN (R A RIFMREREE, Dy ILE
ST ¢ SRR A3 BB, RIRBEKH K, MM K, ; FIRTi
FRAMERABA R ERENK, EEREA R MRS, EHTE MK,
. '

() e hBEIMINE, HRARAGERR, RIE—ZHENEE, K,
RE M, TERRERT, K, WIEN RENBHEK, MRBRAL, K i
ERERNEE, |

(3) BB, HTRAEERE, ERERARFOESILE K, 5K,
AL, % T S WA NGRS, R RART Sk,
oo BN, K, MR NE, % ec BN, K, FUETRA X,

RIBU LA ATBSEERANRME 4.1, R4, 2HK 43,
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R4.1 AK, HHRRE I

Tab. 4.1 Fuzzy control rules of AK,

ec

e NB NM NS Z0 PS PM PB
NB PB PB PM PM PS 20 Z0
NM PB PB PM PS PS 20 NS
NS PM PM PM PS Z0 NS NS
Z0 PM PM PS 20 NS NM NM
PS PS PS A NS NS NM NM
PM PS Z0 NS NM NM NM NB
PB Z0 0 NM NM NM NB NB
R 4.2 AK ERERIR
Tab. 4.2 Fuzzy control rules of AKX
ec
e NB NM NS 20 PS PM PB
NB NB NB NM M NS 0 20
NM NB NB NM NS NS Z0 0
NS " NB NM NS NS 20 PS PS
20 NM NM NS 20 PS PM PM
PS NM NS 20 PS PS PM PB
PM Z0 Z0 PS PS PM PB PB
PB Z0 20 PS PM PM PB PB
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%4 & REKUEHISHERT

#£4.3 AK, WESHIIIE

Tab. 4.3 Fuzzy control rules of AK,

ec
e NB IS 70 PS PM PB
NB PS NS NB NB NB M PS
N PS NS NB N N NS 20
NS 20 NS NI N N | NS 70
20 70 NS | NS NS NS NS 20
PS 0 | 20 20 20 70 20 20
PM B | NS PS PS PS PS PB
PB PB PH M PM PS PS PB

RIS, RN AK MRS e MRET KR e, HEBERY
KSR RER, FHELEELEMEMSLHITER, 25RURLE
FREBALRAK, . AK,. AK,. W35 PD BRMEK, . K, K, H504E0
BRBENES PD S5, AFKEHAN PID EHHH.

4.1.3 MANMHESN Fuzzy &

BB B E Fuzzy-PID #4I R RGER T4, HPKSHEERDY LRN
—/ Fuzzy 154138, HMABERENE. EC, AHEEREDHAK,. K, K, -
SZF Fuzzy NIRRT PID S5 AR IEK Fuzzy HHER S BRW T
~ Stepl: ¥E. ECHK,. K. K,ZE Fuzzy {t, M€ & B Fuzzy THRER
R ‘
" Step2: MK, K+ K, Fuzzy RIEARERRIESBHIRIELE;
Step3: NZFH Fuzzy &BEEITEH K, K« K, # Fuzzy BIEREHEER.
HFREMMMRE E . REFUEECHHIRA—RIZLER, HRELL
a4 5 E XN Fuzzy 8 LSRR, :
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E. EC=1{-6,-5-4,-3,-2,-1,0,1,2,3,4,5, 6}
K, K« K,=(-6,-5,-4,-3,-2,-1,0,1,2,3,4,5, 6}
HRH Fuzzy FHA:

E. EC={NB, NW,NS, Z0, PS, PM, PB}

K, K,+ K,={ NB,NM,NS, Z0, PS, PM, PB }

(1) E. ECHIEHL
E. ECREBEREA=AMRY, REBEERFWHE4.2.

4.2 E/BC R hLE
Tab. 4.2 Membership function curves of E/EC

SERLEIRE E RIREFIE EC MEME R R MR 4.4,
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# 4.4 BECHHRER
Tab. 4.4 Fuzzy variable of E/EC

E/EC 6| -5|-4|-3]|-2]|~-1 0 | +#1 | +#2 | #3 | +4 | +5 | +6
PB 0 0 0 0 0 0 0 0 0 0 0 |05] 1
PM 0 0 0 0 0 0 0 0 0 {05 1 105] 0
PS 0 0 0 0 0 0 0 |[05] 1 (05] 0 0 0
70 0 0 0 0 0 |]051 1 405 0 0 0 0 0
NS 0 0 0 {05 1 ]05{ 0 0 (-0 0 0 0 0
NM 0 105 1 [05] O 0 0 0 0 0 0 0 0
NB 1 105} 0 0 0 0 0 010 0 0 0 0
(2) K,+ K+ K,FIBHL
K, K, K, REEHWE 4.3 Fix.
NB NI NS Z0 PS PN FB
1
0.5
% 4 -2 0 2 4 6

LIFRK, K, K, RRES#E

Fig. 4.3 Membership function curves K, K;. K,

MEMK, . K~ K,HEHEERNE 4.5,
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%45 K,. K,. K, BW%a%

Tab. 4.5 Fuzzy variable of X, K. K,

K,/K/K,| 6| 5|4 3]2] 1[0+ [+ [+n]+w]%H]
PB o]o]oloJololoflo oo o] o5]1
PH 0lolo|o]olo]o|o|o]os]|1]05]0
PS 0olo0]o]o]|olololos]10o5]0]0]o0
20 0] o0]ololojosl1lo5l0olo olo] o0
NS 0] 0] 0]os]1]0o5l0l0 oo ]0o]o]o
M 0 |05] 1]os5]lolololololo]o|o]o
NB 105|000 ]o0]o]o]o]olo]|o]o

4.1.4 Fuzzy SREEEE

i Fuzzy-PID B HIB M EHTT4, ©B T 248N\ = 4% H 4 Fuzzy BHIR S,
WMASHKEREC, THHAHA PD H=MAWEEK,. KK, ERE
TEHHAEANERE, BETROTENZBEENELSTHESR, KB
HNRK, . K, K, HEMEHR, BAZMBHROKBIETE—H, Q&
ALK K, SRR MRS R R TP

(1) &RHEREE

MFZHBA (E. EC), Bl (K,) I Fuzzy BHIRS, HEsMueT
SR TESHEERR.

If E=E, and EC=EC, then K, =K, (i=1,2,+m; j=1,2,-=n) (4.1

HYPE . EC,. K, HBIREXEE EC. K, EM Fuzzy &, X (4.1) —
BT A —AN B, X EC, B K, ) Fuzzy XK R RHi&, B

R=U,(EXEC)XK, (4.2)

1RI% Fuzzy BUEE®, “X” BEMESXHETREX
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%4 B "AKAEFIRET

fp(esec,K )= Vg, (&) A ige, (€€) A prg , (K,)] 4.3)

R RERURER BRI E A EC, W Fuzzy RIS R R AL
s Fuzzy & RAUUSE H

K,=(ExEC)oR (4.4)

B pe (K,) = V(pp(esec,K ) A(ug(e) A fgc(ec))) (4.5)

Bk, RIEFE K, WEMRURTER (4.2), & (4.3) ALK Fuzzy

XRRRUK B2, HRGM Fuzzy %R R HEKN, RTRERAEF ECH
AR (4.0 Kiti K, AR, '

(2) PID S¥fRHM Al
XERELFEEREETRARBEEHTRERAR, NTBETK, 24

i) Fuzzy %1% 4. 6. B A8 K, M K, ) Puzzy B RFEER 4. THR 4.8,
#4.6 K, BHH Fuzzy MEEHI% |

Tab. 4.6 Fuzzy regulation of parameter K,

E/EC 6| -5 -4|-31}|-21]-1 0 +1 | +2 | +3 | +4 | +5 | +6

-6 +6 | +6 | +6 | +5 | +4 | H4 | +4 | 3 | #2 | 41 | O 0 0
-5 +6 | +6 | +6 | +5 | +4 | 43 | #3 | +3 | +2 | +1 0 ‘ et B el |
-4 +6 | +6 | 6 | +5 | +4 [ ¥3 | 2 | +2 | 2 | +] 0 -1 | -2
-3 +5 | +5 | +5 | +5 | +4 [ +3 | +2 | +1 [ 41 0 -1 -1 ] -2
-2 +4 | +4 | +4 [ +4 ) +4 [ 43 | 42 ] 41 0 | -1]|-2|-2|-2
-1 +4 | +4 | +3 | 43 | ¥3 | 42 | +1 0 -1 -2]1-3(-3]-3
0 +4 | +4 | ¥4 1 43 | 2 | 1 0 -1 (-2} -3|-4|-4] -4
+1 3 { 3 | 3 | 2 | +1 0 -1 | -1 -2]-3]|-4| 4] 4
+2 2 | 42 | 2 | 41 0 1| -2]|-2}{-2]|-3|-4}-4]|-4
+3 2 1 41 |+ 0 -1{-2]-3,-3|-3|-3|-4)-5]-5
+4 +2 | +1 0 -1 -2|-3|-4|-4}-4|-4)]-4|-5]-6
+5 +1 + 0 2| -3{-3|4|-4|-4}|-5-5|-5]|6
+6 0 0 0 21 -4] 4| 4 4 | 4P-5| 6| 6|6
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T RBF ERIHE MM RSP R A KA SRR

BE. ECRK, K, K, Fuzzy TRNERE, BRES Fuzy TENR
REBRERNESH Fuzzy WEANER, EH Fuzy 43EERHHE PD
S Fuzzy WEHEM (R4.6, 4.7, 4.8), XREERYS Fuzzy BHIEIENEL,
RITBRENEFIEE R TR,

£ 4.7 K, BEMN Fuzzy FEIEHIR
Tab. 4.7 Fuzzy regulation of parameter K|

E/EC 6 [-5 |4 [-3 |-2 |-1 |0O +l |42 |43 |+ [+5 |46
-6 6 (6 |6 |5 |-4 |-4 |4 |-3 [2 |-1 |0 |0 |oO

-5 6 |6 (6 [-6 (-4 |-3 |-3 |-3 [-2 |-1 |0 0 0

-4 6 |6 (6 |-5 |-4 {-3 |-2 |-2 |-2 |-1 |0 0 0

-3 -6 |5 |5 |4 [-3 |-3 |-2 [-1 |-1 |0 [+1 |+1 |+1
-2 -6 |5 [-4 |-3 (-2 -2 |-2 |-1 |0 1 (42 | +2 | +2
-1 -5 -5 |-4 -3 |2 |-1 |-1 |0 |+1 |+2 |43 [+3 |43
0 -4 1-4 (-4 -3 |-2 | -1 [0 |41 [+2 [+3 |+4 [+4 | +4
+1 “4 173 =3 12 -1 |0 (4L 41 |42 |43 [+ |45 |45
+2 -4 |-3 |-2 [-1 [0 |41 |42 |42 |42 [+3 |+ [+5 |+6
+3 -2 1-2 |-1 |0 +1 |41 |42 |43 |+3 |+4 [+5 |+D | +6
+4 0 [0 [0 41 |42 [42 |42 |43 |44 |45 |+6 [+6 |46
+5 0 0 0 +1 (42 |43 |[+3 (43 |+4 |+5 |46 |+6 | +6
+6 0 0 0 1 142 [+3 |+4 | +4 | +4 [tH |+6 |+6 | +6
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#£4.7 K, 88K Fuzzy AER
Tab. 4.7 Fuzzy regulation of parameter K,

E/EC. 6 |-5 |4 |-3 |-2 [-1 |0 +1 |42 [ 43 |+4 |45 | +6
-6 +2 /10 (-2 |-3 |6 |6 |6 |6 |6 |5 (-4 [-1 [+2
-5 +2 (o |2 |3 [-6 |5 |5 (-5 |-5 (-4 |-3 [-1 |+l
-4 +2 0o |2 |3 |6 {5 |4 |4 |4 |3 |2 |-1 |0
-3 +1 |0 |-2 |4 |-5 |5 |[-4 (-3 (-8 [-3 |-2 |-1 |0
-2 o |-1 (-2 (-3 |4 |-4 |-4 |-3 |2 |-2 [-2 [-1_]0
-1 o [-1 |2 |3 [-3 |-3 |3 |3 (-2 {2 |-2 {-1 [0
0 o (-1 |-2 |2 |-2 {-2 |-2 |-2 |-2 {2 |-2 |-1 |0
+1 o |-t {-1 |[-1 |-1 |-1 {-1 |-1 {-1 |-1 |{-1 |-1 |0
+2 o {0 o |o |o {o o jo (o {0 O jO |O
+3 +2 |42 [+1 [+1 [+1 [+1 [+1 | +1 [+1 |41 [+1 [+2 [+2
+4 + |[+3 [ +2 (42| +2 | +2 (42| +2 | +2 [ +2 [ +2 |43 |+6
+5 +6 [+4|+3 | +3 | +3 | +3 | +3 | +3 | +2 | +2 | +2 [ +3 |46
+6 +6 | +5 | +4 | +4 | +4 | +4 | +4 | +3 | +2 | +2 [ +2 | +3 [ +6

EXK,. K\ K, BHAEHRT.

K,=K, +{E,EC}K, =K, +AK, (4.6)
K, =K, +{E,EC}K, =K, +AK, 4.
K,=K, +{E,EC}K, =K, +4K, (4.8)

Rk, K,. K, K, RPDEHBEOSH, K, . K, kK, K, K- K,
HK¥ESH, EIETEMATERE. ARETEES, ELMIIEZERRA K
‘ BRI RS WNE, HERRTERREMRERLE, RERCIIER
WABBEFIEC, BT ) Fuzzy WBEMABEK, . K, K, =1 SHNHAEE,
TR EHIRRSHRIRE. ‘
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ET RBF BRI E M KA RP SRR

4.2 #RAPIREIKEIR] RBF #E2 M 4Rin

4.2.1 RBF MEZMLEEYLEH

BRER WL MNEHEIR RBF (Radial Basis Function) #2M%&, R—#F
BEBIEMHEME . ERH J. Moody M C. Darken 7E 20 #42 80 fEAAKIR HH—
MHZENE, RAAFERENZEIBMEEE., HA4F SR AT 5% st &
AR, TRS R R B A R B R R, TR K INER T % 53 BE
FBRT BRI .

RBF #&MERHEMME 4. 4 Fi7R:

RBF #1248 i HY I 2 R 30 h

a,@=v,(r-c /o) (4.9)

ﬁ*c,%%j’l‘%ﬁ&‘]%b)ﬁ, o, =AU BHEFKSH, BRET X
ERBESRFLAHNEE, “x—cj“%rﬂix—cjﬂ‘lﬁﬁ, BEERR xMc, ZREK
EH. y, R—MRRERROEY, T MM BAE, W |x-c)
MAK, v REERIE, HFARMMA xR, RE /MBS ORI x i
AT TR |

4. 4 RBF W2 M4 4
Fig. 4.4 Structure of RBF Neural network
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54 B REKAEHRRT

B ¥ PN RBF £FBEEN (Caussian) EEH, &P

a,®=y,fx-c|io)=e | (4.10)

RBF HERSHRREAR: RAREIM x> a,() =y, (x-c /o) B
WB, WHEERa, () E y WAL, 0

y =Wa(x) : . (4.11)
R oy= ‘":,w,.,aj(x) i=1,2, r (4.12)
=] -
HHE BN T HE
wy @+ = w, () + Ay, -y, Ol ()/ @ (R)ax(®) (4.13)

BT o, () HEHES, BIHER 88 o ()0, MikERHABRE
BItRAT. TORES b B e, B, a,(x) BAER/N, AN O XA, BILEE ER
4 o, () KT 56— H0E (10 0. 05 I A ARRLAVUE w, BT L3t AL EJS RBF
It R L R R I 2 ST SR AR A

EER S EE 2SI AR IR 0< 4 <2 AT RER S S HERIK
Sk, B5EFR LEH KRB 0< BLL.

RS B R I T — AR

(1) RRRREE, DENTFSERANTHMASHERE,

(2) BRTH; -

(3) EHLF, EERMEEISTE,

(4 T HBSRTHLLRIET, EUETHTRRMT.

HRRMORE SR, SRUEREN—A LB, ERANELLE
Ca, () TS~ NBETREREE S 00, T WAZE — SRR LM

4.2.2 RBF M BITH AL
(1) RGN H)



BT RBF IR A2 R AR A PR KA IR

460 PID HEHIRAEHE L., BEMFSRA, BhaTaEmes, —
4 PID SHRBIEHEOSHAER, AR LT LM EENNES,
BEFI A2 4% 14 RN RGHATHE S, W LR A RIHNE T TR R BB EK PID
EHZ2%. AXHHEREEHRREF A RBF #&NE K A% PID 42
¥, hEHRnERERDNE 4.5 FR™,

rin u ' yout
~—<£ PID X¥ & -

RBF | =] NNI
RENE | /4

P 4.5 RBF 2B HIREER
Fig. 4.5 The frame of RBF Neural network control system

(2) Flaga gty
RAMER PID 12538, BHIRENR:
error(k) = rin(k) - yout(k) (4.14)
PID =T AN
xc(1) = error(k) —error(k —1)
xc(2) = error(k)
xc(3) = error(K) — 2error(k 1) + error(k - 2) | (4.15)
EHI SRR RIS N
u(k) = u(k —1) + Au(k)
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%4 E JREKALEHRART

Au(k) =k (error(k) error(k —1)) + k,error(k) + k, (error(k) - 2error(k 1) + error(k —2))

(4.16)
R, K,‘ K\ KA BI0LpIEE. BARS. BORY K,« K\ K, 1A
- BRARE TR )
__,0E __OE Oy OMu_ _ay_
Ak, = ”Bk T]ay o0 ok, rror(k) xc(l) 4.1

0E  OE OF oAu o
Ak =B __, OE OF 0Au _ -2 xe2 (4.18)
=%~ ey ohu ok, nerror(k) 35 ¥

O OE 3y OAu ay
Ak, = o = = 2L £) -2 xc(3 (4.19)
R TR v o Sl Crrwiid

op, 2o Jacobian & ., FTLLERHZ L ABHATI .
RS SRR
E(k):%error(k)z ' O (4.20)
(3) RBF AP
FIF RBF Mm%ﬂem%%ﬁa% '

, RBF #2HAMZR=EMRMNE, HWAR. FTEENHLELAM, HE
HW5HE 4.4 48R
7F RBF MEAMB LT, X =[x,,x,,-x,]7 ALK N EE . £+ 6 Z RBF
R RAGNENRH =[h,hy,--hy, b, T 5 b HEHERE

s 26} T '

RIS 0 A SRR REH C, =[epne eyl BRi=120n

AL LA E S ACE CoF
B =[b17bz""abm]r
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ET RBF M2 W& MM E R R B KRS SR

b, WU NERESY, EHKTEHM.
4% (A B
W=[W,,W2,"',Wj,"',wm]1

PHRM R A
Vu(K)=wh +wyhy +---+w,h, (4.22)

PRSI REIR IR REA -

J= %( yout(k) -y, (K))* (4.23)

RERETRE, BHK. TRPLERWAERSHENEREENT:

w, (k) = w, (k —1)+n(yout(k) - y,, (k))h, +aw,(k-1) = w, (k- 2)) (4.24)
“X ‘C/Ir
Ab; = (yout(k) - y,, (k))w;h T : (4.25)
b,(k)=b,(k-1)+nAb, +a(b,(k-1)~b,(k—2)) (4.26)
X —C
Ac,, = (yout(k) -y, (K))w, ’b - (4.27)
]
cj,(k) =c,(k=1)+nAc, +a(c,(k-1)-c,(k-2)) (4.28)

K, nBEIER, o HFERT.
Jacobian B (Bl AR R M IEHEIMAZILHRBERER) EiEN:

ay(k) a 6ym(k) = Zm:Wh} c./l —Z‘xl (4. 29) v
hu(k)  oduk) =" T p,

J

AH x, = Au(k)
4.3 $R4P;5 E7K LAY RBF & 22 I 4854

A T HT RBF EHHZ R4 PID 251 SXHR 4P KR RIGHATIH .
AR B RBF MMM ENE R R T EMRANMEME S BHEE, MEER
FERBANRENEF, TARA RFALREMERN FH, EFELSH.
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%4 F RAKEHRNRT

SF RBF 142 4 LT F AR M 10122 P 5 3 KR 3476 F RBF 2 I SRR
B ERRHFME.

4.3.1 RBF {2 EZ MBI
RBF 52 M%7 i3 MK 2 e HnEE, REnmE 4.6
FiR. ZMEHMAR. SR, EHERE i ERRK.

LR SRR

4.6 RBF BB &M 4451
Fig. 4.6 RBF fuzzy neural network structure

-2 WAR.

AR ENERAERNE, BABNENTAHESHARNEN R
EE, BRARBEHT . MUZOSERIMBARHETS:

£@)=X =[x, %,,..%,] (4.30)

R MAZEUAE.

BT RRERLE, CRAAEROEIL, AR EEEMEA
TROEHTRENORN, SATARR—AESERE, CHEARHEEE
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T RBF M HE R KRR R AKEHRR

AGERTEEERRENHRSNRBRRY. RAGFEHENRBEY, o
Mb, FHRFINZEE j MEMESHRBREN T LT,

(fi®D-¢) :
—#} (4.3D
RF, i=12-n;5 j=1,2,n.
R=R: EHEEE.
EHAEEREE SRR MEER R AN ML, M TAZAE
BEHESE, NETENMTRNAEBRENMNRIGRE. BN & WEH N E
TRFERMAG SRR, 8.

fGj)=exp{-

. .
LW =T1A46G7) (4.32)

BRIz, |
WUHBEREA,, b, b BEER, WRESATEHR, 0.

LG =w-fi=> wi, ) £,()) (4.33)

=

AH, wARRHE TR ERE=ZBEW RNERIUER =123,

4.3. 2 RBF HEHIHHE ML PID 125 SR AT
(1) EHRREME R
AL VHH RBF M4 4842588 5K A PID #5188 . %) RBF #9144 5 RBF
PHRME AL SR, M 4.7 FiR. B RBF M4 4E G52 NNI,
SEHL AR ERT B BT Jocobian {5 BN, BN RBF A M EEL A% PID #4142
Bk, k, k,=NSY, B PID EHIB LI ST RETEH.
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% 4 B REKAEHRRN0RT

rin u yout
—é\ﬁ PID - Bk -

RBF #H53 »  NNI
HBRS | /L

B 4.7 18] RBF #Z M4 PID B HI R4
Fig. 4.7 Fuzzy RBF network PID control system

(2) EHIBHRELH
EHBEAEEN PD EHEE A

u(k) = u(k —1) + Au(k) (4.34)
e

Au(k) = f, - xc =k ,xc(1) + k,xe(2) + k ,xc(3) - (4.35)

P f, & RBF H#ENENHHEIME, Xk, k, L,HEESER. R
A '

kp = fo ).k, = £,(2k, = 1,03) ‘ (4. 36)

xc(l) = e(k) (4.37)

xc(2)=e(k)—e(k-1) (4.38)

xc(3) = Ale(k) = e(k) - 2e(k —1) + e(k - 2) (4.39)

¥ A Delta 2 I RNRBERTRSH, €XEFEEA

E= -;—(rz'n(k) — yout(k))? (4.40)

KA, rin(k) M yout(k) H PR RME LM B MBRGY, &P
Bk BB HIRE A rin(k) - yout (k) -
PLERE R I BRI T
= - (rin(k)  Qyout o8u o, '
=n - (rin(k) - yout(k)) obu o, ow, (4.41)

R, -ag:—‘wmgm Jacobian {58, TEITMEMSNPHATIE, XN

oF
Aw, k)=-n-

7
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BT RBF A E R A R R B KRR

EAZRENEFXT RBF L NEFHRNE MR w, ARBHRTREL—
B RKEER, j=12, N, nh¥IJEER. ‘ ‘
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F5E REAGESOH

%55 HHRENHERS A

RYTERTE Matlab HRAFFRE T HATHHE. A T XPTRIHH L8
YEBREATLL R, THEAPHIER ST HE. EAXTF, SKREBKEHE

0.02
10s® +s

WaE R 10s, &9 20mm, BEHIKAIHIEXNREBEREN: Gy(s) =

5.1 LRI EMRR
(1) PID ¥4l
REKMEKESTEWM L WE 5.1 fix, Kbk, k., k KBEERA

5, 0.001, 8.

B 5. 1 4£45 PID #5555 BR e 5 J
Fig. 5.1 Respond curve of PID control

i 5. 1 ATLUE N, RAEAGMEE SHEERT, WHeEL%Y 105s,
BEEN 1%, BEKEERLENT, HIRREKARIESH PID 5577
VAR, TRMEHUE MM PID S8, RECHI WL fL R AR,

(2) 1% PID =4I |
¥ 4.1 PR I SRR R B AL R R, EM B R0 2 4
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H T RBF &4 M4 B SR R B K LR BT AR

& 5.2 fims.
1.4 _ .
1ot
11 p—
160 3 1éU T :;2!:'30,‘ 'Zéﬂ" A 360,“ 35.fo

time(s)

5. 2 #UB) PID 2 {7 5L th 2%
Fig. 5.2 Fuzzy PID control simulation curve

HE 5.2 ATLLEH, R4 PID EHIETR[EIZ0 78s, 544 PID 24| R
Zirath, B PID HHIATR AR, EEEHERDN, RARRMEEXRRER
(3) RBF #4432 |
HEMANIRMANEKE S0, REKPTE IR g2 i 5. 3 Fir.

1.4 =
-~
s 0.8 y; .
i ;
= J
= osl / 4
o {
o4F -
G /
. . ) , . \ . .
50 100 150 200 250 300 BE0E AEAnn

time(s)

/% 5.3 RBF #2442 4107 B th 2k &

Fig. 5.3 RBF Neural network control simulation curve

-53.



5% RAMESH

HE 5.3 ATLIEH, MABMEREIATREAN 100s, RENRARBEAR
ASgE, BRER/D, BRERENIFTHERK. '
(4) RBF ¥4 M 4542

FEHESIES, B RBF HERKHHRAESHFHA, NEEHRENRER
2% RBF MEHPFHRES, HXTENMRANI 5 MEMERTERW, Bln=2,
N =5, %% RBF #2 M4 E 2-5-5-3 BN, MEZ IS4 n =020, a =0.02,
WA ERRBRESHVER T LRBE . RBF HAMBHILEHN
3-6-1, BHMANESH: Aukk), yout(k), yout(k—1).

LI NIRIMAR KRG SH, HERENA LN LA 5. 4 .

fin,youl
o
o
I

ok ) s L L L L L
a 50 100 150 200 250 300 350 400
“time(s)

¥ 5.4 RBF #0819 20 P £ 12 117 B 2% P

Fig. 5.3 RBF fuzzy neural network control simulation curve

FHR R B T VB, SRR M IS RIR S, RS R AT (B3R
3| 50s, REHAR, BRERE, RERIFHMERE.

5.2 MANERHAERR

(1) PID ##|
IMA—ANNAESZTIES (B(EH 0.1, 5iZEH 0.05), ERIRFEKVIEH

LA 5.5 B,
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H T RBF AR R4 AR B R i K AL IR 5T

280 250

5.5 INALENA PID #5445 B dh 2k

Fig. 5.5 PID control simulation curve when it is disturbed

ME 5.5 ATU—FH, PID #EHI3TFHRIIMNEI e L B0R, ERBHEK,
T AR, AT (a294 130s.
(2) %M PID =%
MATRESE, HNKTEBLNE S. 6 Fix.

50 100 150 200 250 300 350 400
L fn L Mmelsy ' L S S

B 5. 6 IR AIREHAT A PID 45545 B th k&

Fig. 5.6 Fuzzy PID control simulation curve when it is disturbed

HIE 5. 6 ATLLEH, MAMSIE, RABEMK, BHHELZK, 4% 100s.
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%5 % RAMESH

(3) RBF £ M 4% 2 i
REMATHRESE, HEAHEHZWE 5.7 Hir.

B 5. 7 INAIRBNET RBF #0420 P 4% 42 i 5 i 25
Fig. 5.7 RBF Neural network control simulation curve when it is disturbed

(4) RBF 8128 P 4% 12 5
AEMANTIESE, ANMHEHZLEWE 5.8 Fix.

& 5.8 iMA# AT RBF #0825 M 24 455547 H g 22 1

Fig. 5.8 RBF fuzzy neural network control simulation curve when it is disturbed
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ET RBF YL M NRARFREKMERRR

B EETLEN, MATRGE, BEEA 0.05%, BERENT. RUMEA
BEHMEMNZEFKKAERHRREA TR B RBOEENE, HRISERY
RIER I

5.3 (AEAH
SRR AR AL ES PID. 5 PID #2551, M2 ML L RAERI L M
SRS BT, W51, #5.2.

® 5.1 BrK(E S T WM L& A RE IR

Tab.5.1 Step response curve of the signal performance indicators

AHRET, (B) | Bifko, (%) |REREe(o) (%)
4% PID $5%1 105 12 Y4k 0
BB PID 5% 78 0 0
RBF #£2 Pl 45 4% 100 0 0
- RBF HCH) 92 W 28 #51 50 . 0 0

5.2 MATHT Y dhk 1 e dR AR

Tab.5.1 Response curves performance indicators when it is disturbed

WHNET, (B) | Bi&o, (%) |BEREe(o) (%)
4 PID #5551 130 25 2300
B8 PID #54%) . 100 2 . 0
RBF W FZ o] 120 o 0
RBF M2 M4 %) 80 0. 05 0

B PL_ BB RAE P EIERT LU i, RBF ML MRt H B R TR
o LA R R XHEHRANETRER, RTRER ENMEEF, T
BT RBF MM ESRERHRANTT SR,

-57- .




BIER KRR R AR M BEE N — A, BEEANK
BB EEETERERE L. AR CUMAREREHFRANE, LAR
MR TR AR, 46455 A LR RN R B E REES,
Wit T —H T RBF B2 NS PID Bkl 4Rk LTl
—. WFHE T

(1) FEARASRP TAEETE, AL R A — R M R4,
BRI SER,

(2) TR MRS RBRLZ A, £ BRI SR 2 M 4
HER T2, BEERKET, RU—HET RBF EHHEREHERS
TR R R . HEEAR R KRR PR, Bt T AR
PID %158, RBF 45 M 5555870 RBF MR M2 M4t 55 .

(4) Wit x4£4 PID #5158 . #08] PID #5488, RBF & MEiZH|3# M RBF -

2 A IR R, AHT/EH, RBF EHMHSREEHRELY RIFH
PR, BT SR RGOR AT SRR .
o BB SRR

(1) FEMF RS RSN E R, RANS Tt R RRA TRk
B, NERERFEERRORAES, WHRSHERRITERLNIELE,

(2) KRR LRSS LT TR AN LS, BES— S EHEHE
BHITRANGR, WS SRR EFNEE,

(3) AXFMMOFRERARELHELR, WSAEHT LA, EEL
BBSTBRA N, FERSOTHEEM, £4FOFATDE BEL—5 B0,

WS, EERRERAOTEREN, BRSNS ISR BRI NER,
S B 3 R B A SIS B i) B RO AR A th K RO TR ¢

B FREEA, MEEEKFER, XPERBLL, BEEMLSRMEM
HIPIEIE.
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