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A STUDY ON APPLYING FUZZY CONTROL THEORY
TO DAM OPERATION SYSTEM

By Shuichi Ikesucui, Hiroshi Mivakawa and Shin—ichiro KawaBaTa

Synopsis

In real-time operation of a dam reservior at flood period, we propose the
application of fuzzy control theory to dam control method using a combination of
hydrologic prediction system and information based on actual experience of dam

operator.

Firstly, in this paper we treat input-output relation as fuzzy relation, and decide
release discharge by ‘FUZZY INFERENCE (1),

Secondly, we introduce expected value and variace for error of predicted inflow,
calculated by Kalman filtering-prediction theory, into one of elements for fuzzy

antecedent.
Then we study that simulation by fuzzy control is very similar to that by

thought of dam operator.

1. 3 C®»IC

Yo, BRECH->-TRENFHOHMERET 3 L) KEE SN ETHENE SV, Z20—20DK
XD, FADRKBIERIERL, BA%A 5 A0 0 OMAREEY 5 -0 OESRERE wbw3
5 LK D ERRHRIEORIEN 5 5, BITO 5 Al KHHRIE, & 0 DU AHRTHR ET 2 8KEFDE
BRRIEIC BV TR, EBBARPER - ERARLEPEASI N TV, RETROEESEVC
LITA T, BKOBEEICL 0 BEHNRMNES L -0, ATHUKEFET T 206 ESA TV B, $HiC,
FLNDORABRDBKE L, IWKRADBY —F v — VKR EBA 358103, EAHKICHT 38EELT
(7222 LB ERME] BiTbh s, EEBLEE, ZOBEREE2EDHETOH L VWEROBEISIERS N S,
ESREBEN S LCBVTR, REEOETHEKMERKALE ORNESBEET 5, < Dnia/K « K
HTOWELER/MNCT 57200 (51X 2Lk T, ZENSLOMBRLVEREXS Z EHKRET
55,

TN b, JE - KCFH v R 7 - OB kalman KO filtering FHFRGR B & &2k
HEROHESBLEINTE?, ARETE, 5 LA - FRHEFOBRREEGV AL E & bz, EE
OF LBEEHEYBT A RL -7 -OFEFOEREM T 2 TOHNIHER CEHM - SENRBRLEDS
D) EHELIHEIEEEEED 120,

7 7 VA G, BEA RV -2 —BEORBRARE A THBC XV IREBERD B L VI T ot
ZTPTHY, EEAELBIT> T RRTHEBHEOSVRIEAEEETFVLTE 2HREEN H 5, £1
1R, ARV — 5 - OHERCRBREFIERANGREL L, ZoRRCASBaEr L, T ORIERROR

..._.1._



372 BB SKERTEAAE $£328B-2 F 1.4 (1989)

EFEWEET I &L T, £ LWV RF ABRHSAREIZ B,

S LA ERTIET, RSB EOE—RT v L LTHE— 7 A OEBREBREC Y » 01 FIE
REBHLTVRY, 22T, 74 VA 5IERAOTIFRERO—o I FRKEBEREZ LD 5, £0
FRICMZEEBEEANL 2BE0BEEME T 2B CEAERSEZA LY, BEROHIHEEICH
KOBEAMFTHELAVE L EDRAMB IR,

KHETIE, CHLET7o—FA2I5RBEEB~L, FFHERO— ICHARTHIE Z0FR
HENEBATIEEbIC, BEML7 r VIRAETEREL, 77 V1 FIEER Y 3#RE 17
& -T, HATHE3MRBEBARNARET 5HEERET 5,

2. 77 oML HRE

7y VA4S R, ABOHMNESVEVSEEUHIBET VT Y X 4% if-then BEATEREL, 7~
VARRERVCHERICETS &, BlHSh/HEREL b LHBZTIHETH %,

21 77 oA HEOHEEY
ZITWHIEER, 77 PM1EIRTHEDONS 7 » VA HIERAIE, ChicBEI<#ROFEXTH 5,
¥ LEIRT LB & A DIREEICBET 215 E x, x,, FLANDANEY ETEE, 77 A FIEBAIE
X if (A) then (B) BITREhB3BAITH B, 1cE A,
if x, is small and x, is big then ¥y is medium}
if x, is big and x, is medium then y is big
ZCT, (A) QEIHS (B) BBRAMEFEN S,
7 7 VA4 HESA R 2 —RANCERT &,

(G=1,2,-,n)
I ITi RHARAOES, x, x BEFREE, vy IBRABEH LIRS,

22 TrIAHE

7 7 V4 HRBRIEREO 7 7 V4 GIHBAOEAEKE, 7 VIHERES ORI NS,

7 7 DA HIERAIC BT, FEITRNRAPEREAT, BABERERN LRSS, 77 VAR
Tk, EBOAMBEZ S/ & s, BRAMURESEROHEREHVT 7 » VIR ETS> LI
Wi EHET 5,

7 7 YA HBHOEREL, G - BEROER, 7 7 VAEROR, HRLo=ZEA»oBKESh, <
NS B ICBLEE S S B, ~ '

23 77UAHSR

77 VAHRIC O WL SO EESS B, ARETCHVE bORMERE 1Y T, Fhidv V1B
FROARACE I bDTH 3, PUTczohkEBRL T <,

7 7 V4 EHGESE LRSS D, ERROBA, Tox v—vy TEROBRIc KD, $ER
LEMERIcAhN G, Bl TR’, FTEOMELPRRICKENASNLBVWIEEZEL, =HERSH
VWHhTED, ARRCBVTHBRBT B L =AM EH VI LT 5,

W, BiFSERG2E 7 VAHEEAS 2 BTHY, ThOoPHLICor BRI TVLEH0DLE
T3,



i« =) - I KRR Y X F AND 7 > VA KIHFEROEM IS 5% (I) 373

A,y 1
B,
_:x‘ did w o
X,
(a) fixed value (b) fuzzy value /
Fig. 1. Method to determine the fuzzy o y
grade. Fig. 2. Fuzzy subset B and B".
R, :if x,is A, and x, is A; then y is B,
Ry :if m is Ay and % is Ap then y is By [ weeeeeesersemssssssssssmsssssssssssssssss 3)

R, :if x, is A, and 3c2 is A, then y is B,.

VE, Fitk (BaVRE 1 825254, i ZFAORAITO A i T L - FAEE S, Th
FALGD), An() EET, bLEHRSAHESICLS7 7 V& LTRIRGT &L, AiiR%E 4=
AELT, TOEEDTL—-FE, v
Aij(x?)=max[A,~,-(x,-)/\A}’(x,-)], G=1,2, =, M =1, 2) ccccvmmrrecnmnnnnnin. @
E¥4 32, T, Aidmin 2EH%9 3, (Fig. 1)
KicTh o ORRY i FHOHAC L OBEBA L TV 0%, BAELLTRDOLI XY,

w;=Ag1(x?)/\A,~2(xg), (=1, 2, vor, M) werrerrernnnnmnnnnsssnsseriintmuiiisssistttiiiiestatintinieaes (5)
0L LTROIEEER b LI FROHRER BF £k 3, (Fig. 2)

B () =@ABi (1), (F=1, 2, o+, M) reererersesessessususssnstsiitinetnss s 6)
IHhODHREBRAEL, Chi B EThEhMERERET S,

B () =B () UBF (3) U s UBX () seererersssrnmerintnntisiiniinnii st )

T, UK, MEEEERD
Y LEESHRTS Y MNEIADRE, Tk T7r VAESEHAELTEZ 30 TREL, daHMHEKC
LT BN ENH B, DD, BOEAMEETHDLE B () OBLEEEER 5 ik iRz

’ -

776

PLEoHER T o £ X ZEIEEAD 2 HOBEOFITRY &, Fig. 30&5IZ185,
5B, ofBETRIR(4)~(6) IKBVWT, Almin) HEEEHOVTVEY, ANORbYERREEH
L‘%C&%%Z’o '

Fig. 3. Fuzzy inference (1).
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Table 1. Equations of membership function

Fuzzy Variable Membership Function

S@®  |[FEW=g=x@5-1S®-SD

| for i=1,2,3,4,5

QAW [P Q@) =7x@5-1QI(H-QL D)

for j=1,2,3,4,5

41  |FUQI@) =5 x@0-14QB(—-4QLD"

- for k=1,2,3

4QIt+40) |FUQG+4D)

=Lx@-14QIt+aD-4QL 1"
for I=1,2,3

Q0 (© F (Q0 (z>)=ly><<y—| Q0 (D—Q0. ***"
for m=1,2,3,4,5,6

where,
S=1{10.0, 7.5, 5.0, 2.5, 0.0 (X10°m®}
QI=1{10.0, 7.5, 5.0, 2.5, 0.0 (X10°m*/h}}
4Q1L,=12.0, 0.0, —2.0 (X10°'m*/h)}
4QL=1{2.0, 0.0, —2.0 (X10°'m’/h)}
Q0,=1{10.0, 8.0, 6.0, 4.0, 2.0, 1, 0 (X10°m*/h)}
{1.0 (m=1)

Y= 12.0 m=1)

{Notes)

*  F@QI®)=1.0, QI(®)>10.0 (X10° m*/h)

xx FUAQI®)=1.0, |4QI (@) 1>>2.0 (X10°m*/h)
xx % FUQI@+4))=1.0,4QI (t+4¢) 1>2.0 (X10°m*/h)
* % % % F (Q0 (1))=1.0, Q0 (£)>>10.0 (X10° m*/h)

<Case 1 > (Fig. 6(a))
E— 2 MABRDEEHRARD 80% &5 5158, @Bk S bPBIEOBG L VA 5,
<Case 2 > (Fig. 6 (b))
E— 7 BARVETERARO 2 BEOBE, ChIETEREEEZ 2H&LEX SN 5,
<Case 3 > (Fig. 6(c))
RARD € — 2 BEHEO S W ICEBERY S h 3858, ARK TRV —R& LT, $HBHO
€ — 7 MEERARD 80%, 2EBE® -2 MEERAR S QIR LFROBET, &4XOE-7
BroRfE%E 4 BEE LTV 3,

42 FHBEAREHTEEE LTHALKES
FOHFAIC L D ES N2 TRIGARIC I TFRIBENHSE S S, KF TR TRIRARNZIERBRETS
BEHLEEE, THOBHEN0TH S LKEL LB VTENE, UT, J05&E%<Type
A>ET3) COBAOHIEEERE Fig. T~Fig. 9 10RT.
IHhSDERMOEBONBRERELT,
D HABRE—7 OBRHRE, COHRABRRINEL > THIVARICEHVTWS, BRI, <
Case 1 > & <Case 3 >DIEA, BAKMFEERMNOENS 2,240 (nf/sec) ThHb, FHERKHRHEEZE
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Table 2. Fuzzy control rules )
105%x {2

Rule Antecedent Consequent = 104

SO—QI({) —AQU W +AQI t+4D)— Q0 (W) — =
R | VL | EL i ANY IN MA e CoN
R | VL EL { IN | CO,DE MA g ] - .
R: | VL EL { CO,DE ! CO, DE NM R bl , , -
R« | VL VL i ANY ANY NM 5 5 03 T
Rs | VL LA IN ANY NM Tine(hour)
Rs | VL LA co IN NM (@) {Case 1>
R | VL LA co CO, DE VL
R | VL LA DE ANY VL 108 12 )
Re | VL ML IN IN, CO VL 2 ' F
Re | VL ML IN DE LA T o FEAN
Ru | VL ML co IN VL : ] ;
Re | VL ML co CO, DE LA z ] L e
Rs | VL ML DE ANY LA R feblehid g . , T
Ru | VL SM IN | IN,CO LA ° ° B2
Rs | VL SM POIN DE NM Time thour)
Rs | VL SM i CO,DE: ANY NM (b) <Case 2
Ry | LA ES i ANY | IN MA
Rs | LA EL ANY CO, DE NM \obx 12
Rs | LA VL ANY ANY NM = 10 N
Rs | LA LA ANY ANY VL S el ~ AN
R | LA ML ANY ANY LA 3 6]
Rz | LA SM ANY ANY SM 2 4] A Tl
Rs | ME EL ANY ANY NM o2 7 T
Ru | ME VL IN IN NM o b TR
Rs | ME VL IN CO, DE VL Tine (hous)
Rs | ME VL CO, DE ANY VL © ¢ 3
R | ME LA IN IN VL Case
Ra | ME LA IN CO, DE LA . )
R | ME LA CO, DE ANY LA Fig. 6. Modeling hydrograph.
Ro | ME ML ANY ANY SM
Rs | ME SM ANY ANY MI
Rz | SM EL IN IN NM )
Rs | SM EL IN CO,DE VL EERl-TWBH, BRABEY-sD
il Iy or e vL EETORKOES S, 125
Rs | SM VL IN co LA LEXREERT--eHBLTx
Re | SM VL CO, DE ANY LA
Re | SM LA IN IN, DE LA W
Re | SM LA IN co SM o o
Re | SM LA CO, DE ANY SM @ KkfroRREEEEs 5L, &
Re | SM SM, ML ANY ANY MI DI —ZILHVWTH, HRIFEE
mlve VL ANy o~ o HY— F 4 — YIKE A FE»TH
Ru | VS [SM,ML,LA | ANY ANY Ml D, ¥ukkite LToORSEHE

{Explanatory Notes)

Divisions of fuzzy variables;

{Antecedent)

S (&) : (VL,LA, ME, SM, VS)
=(Very Large, Large, Medium, Small, Very Small)

QI : (EL, VL, LA, ML, SM) -
= (Extreme Large, Very Large, Large, More or Less Large, Small)

4QI(t), 4QI(t+4¢): (IN, CO, DE)=(Increasing, Constant, Decreasing)

{Consequent)

Q0() : (MA, NM, VL, LA, SM, MDD
=(Maximum, Nearly Maximum, Very Large, Small, Minimum)

HotoEHM L TE,
@ BREBMEIC O VTH, RABE—7%2~3KET HRRBUSHEARLE LE-THY, i<
Case 2 >icBWTIZ, 23 ERHELIEOR/KEBAHEEKEICHEYT 2IKBEEELTV S,

43 FURAROAHEEHTHE LSS

_8__.

BHEEECHATHWS, <Case 2
> D54, 10KHEE» SO 1
k@b 2l bicisn,
LIBEANDOEENEL 5 EIIE
HIEWIT LTS, IrEBEEOHR:
-9 Ay PEEHRT 8B
KoGE, SRIO& S SERTS,
77 VAHIHEBEAL RS
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Fig. 9. Sequences of storage level, inflow
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; Inflow

Sequences of storage level, inflow
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({Type C> and {Case 1))
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