PAER) I K R D it B AT

sertaEmer  MESET - Bl BL - BN FHE
JENTRPAER - B lE #
AMEREERaE B Fe— - L BSEA
Kikz T2% HE HZ
(19894 10 B =fH)

1. (FLeic

FUMOBER, K7R, AR ELNIARIEEICROMEHTE, B, BREOHT
wRAIC, CORMBICET 2 RS, BARORECHAEN K EIGRELYFATHDE 2 L
ZhHBH, Tk, XRECRTAHHED, BRECEBEDEBRICY - THELSZTLZ LR, 2o
BIER XLKEBLLLTWD, Z0EDIR, EROFETCIIBRENARTAZEORMENDD
(H+ (1986)), FADHEEY AT 22 HHT 20D ERODLER Y S 25 Lok
717“: fc.

KD BRIE, BHMETORETLIKEOARTIEFROHELE, FhbigrElT5
ZEEEELTC, BERREEMERLACAREFTAREATIILRE - T, RAOERKEY
WETHREETERTHZETH S,

BA A XET AT A A RDDEET — A CBICHCEB I N A HBAT S L
X, EBREDEZTCHELLESE ST A -2 (BHRFERXORECLEB HEXORED OfE
FHWT, BREDEZICd L CREEROHTEEIE L,

2. KROETIAE

KOBTHNE,R1DX 5T, B, N1IIKET5EFEFIIREEHOESERT. <
FAURIEB I HIc » Tk, i FEREEOREERMT, X P.S. (Power Station) 7> 5 & B &
A~D IS HRABDT, VIV IBRLLTIL SR Evt, BF— 231452 L glfilx
NTWBDOT, MEFILBEOME & ofcb DB, KA1 SEONEY & -, HE
DOEAE M /15 min, KREOBAE M &35, KB, TEAINCDWTE, KEOF — 2555
WMEBEERLL OBk, BHEF—42 & LT,

2 WHPS. ofFHAKE 3 HWHL 2DHE

4 B X ADKAL 6 KIENOWE

T TERNORE (8) =REDIKAL

9 /M D IRAE 11 &ZFWPS. o FAE
13 ZFMErA o KAz 14 TR ORE
15 REHINE & DKAL 19 MIX PS. oFEHKE

21 MhARDIKAL
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BRI D

et

C) o~
1R P.S. 722
f kit (Akfir)

U HikE

5 bR N~
kel ~— (H:#M, M: %)

K1. KoFEhK.

BHBH, BL, BFERMETHREEHOES, P.S. 1% Power Station 0B, ( D HXHET
KEDHLREBLER LD XHEWE, Lirl, chiXdclt+ohEReE v+ E=71%
BB Z EMHRT, R, MO VWERE LT,

1 HfgNoE 8 ZREOCWHE
N DB _ 20 B & A DKAL
23 BB K 20 bORE

h5, THOLOEEFERCRERL WL, UToB1ZFBEORD L 51T, 2EDOEZE
BED, FOXI-BEEEZ0ELE., Zhitk), ChboBHRETIBINBLN TR
B EHETALHES,

ok, BAFRRIIKRDO XS ICERTHZ ENHRS,

0=y(1, )=x(1, )—2- 2(1, t—D)+x(1, t —=2)+w(1, ¢)
v(2, t)=x(2, )+ w2, ¢t)
v(3, )=x(3, t)+w(3, t)
v(4, t)=c(4,4) - x4, t)+w(4,t)
y(5, t)=x(6, t)+w(5, t)
(6, t)=x(7, )+ w6, t)
v(7, )=c(7,8) - x(8, t)+w(7,¢)
0=y(8, t)=x(8,t)—2- x(8, t—1)+x(8, t—=2)+w(8, t)
v(9, t)=c¢(9,9) - x(9, £)+w(9, )
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0=y(10, £)=x(9, £)—2+ x(9, t—1)+=x(9, t—2)+w(10, t)
v(11, t)=x(11, £)+w(ll, t)
v(12, t)=c(12,13) - x(13, t)+w(12, ¢)
v(13, t)=x(14, ¢t )+w(13, t)
v(14, t)=c(14, 15) - x(15, ¢ )+w(14, ¢)
y(15, )=x(19, t)+w(15, t)

0=y(16, t)=c(16, 20) - (x(20, £)—2 « x(20, t—1)+x(20, t—2))+w(16, t)
v(17, £)=c(17,21) - (21, £)+w(17, ¢)

0=y(18, t)==x(21, £)—2 - x(21, t—1)+x(21, t—2)+w(18, £)
(19, t)=c(19, 23) - x(23, t)+w(19, t)

0=y(20, t)=x(24, t)—2 - x(24, t —1)+x(24, t —2)+w(20, ¢)

B,
y(1, 1) BN OREDOKE v(2,t) : RBPS ofFEKE
v(3,t) : RPF 2DOBRE v({4,t) B L 2DKA
y(5,¢)  KEIEJIlDOF&E y(6,¢) TERIORE
y(7, 1) : ZREOHKE v(8, 1) : CIRIERE DM
y(9, ¢) MO E y(10, £)*: N OTEDREZE
y(11, ¢): wFHP.S. ofFHKE v(12, ¢) : TFIBEFKHL D KAL
y(13, ¢) : BERJIIEUK B Dt = v(14, 1) TR & & DKAL
y(15, £): HIX P.S. ofFEAKE y(16, ¢)* 1 B & £ DIRFLOMEZE
y(17, ¢): MR KA y(18, #)*: FhARD KA DR ZE
y(19, t): BB F 2L OWRE (20, ) : BB KX 20D BEDORLZE

vi(j, k) A kb jEE OBRBEHK
W, k)=y(G k- 4t) T 5)

At VT v IR

w(j, k): B, 14X

HRAABRRCE AT, TN *HODWT W5 97, ) CBELTC2EOMEN0THS
LWHE I —F— 2Bl L ICEE,

BBRHERZ, KOAHNBERROEERDELNIEEZERBLICA A -2 v 700kl
D, BENIXERLTIDIL, 2MOBEDRAL—AZXATIATEEA L, YV 7V v/
MFED 15 5% 1 BT & L, T ENRHAFEMICR2 2 2EEL, ThreF ekt 54
EROREENE L TCEALL (R1BR), oL &, EBHBEAIROL 5Tk,

x(1, t+1)=a(l,2) - x(2, t)+a(l,3) - x(3, )+ ull, ¢)

x(2,t+1)=2-x(2, t)—x(2, t—1)+ u(2, t)

x(3,t+1)=2-x(3, t)—x(3, t—1)+u(3, t)

x(4, t+1)=x(4, t)—al4,2) - x(2, t)—a(4,3) - x(3, ¢)
+a(4,5) x(5,¢t)+a4,6) - x(6,t—7)
+a(4,7) - x(7,t—5)+al4,8) - x(8, t—3)
+a(4,9) - x(19, t—1)+u(4, ¢)
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x(5, t+1)=2- x(5, t)—x(5, t—1)+ u(5, t)
x(6, t+1)=2- x(6, £)—x(6, t —1)+ u(6, t)
207, t+1)=2 - x(7, £)~x(7, t =)+ u(7, ¢)
2(8, t+1)=a(8,10) - x(10, )+ a(8,9) + x(9, t—1)+ u(8, t)
%09, t+1)=a(9,11) - x(11, £)+a(9,12) - x(12, ¢)
+a(9,25) + x(25, t—5)+u(9, t)
%10, t+1)=2 - (10, #)—x(10, £ —1)+ 2(10, #)
x(11, t+1)=2 - x(11, #)—x (11, t— 1)+ 2(11, £)
x(12, t+1)=2- x(12, 1)—x(12, t —1)+ «(12, ¢)
x(13, t+1)=x(13, t)—a(13,11) - x(11, )+ a(13,17) - x(17, ¢)
+a(13,14) - x(14, t—3)+a(13,18) - x(18, t—7)+ u(13, ¢)
x(14, t+1)=2 - x(14, 1)—x(14, t — 1)+ u(14, ¢)
x(15, t+1)=x(15, £)—a(15, 14) - x(14, )+ a(15, 16) - x(16, ¢)
—a(15,23) + x(23, £)+u(15, ¢)
x(16, t+1)=2 - x(16, t)—x(16, t—1)+ u(16, t)
x(17, t+1)=2 - x(17, 1)—x (17, t—=1)+u(17, ¢)
x(18, t+1)=2- x(18, 1)—x(18, t—1)+ u(18, ¢)
x(19, t+1)=2 - x(19, t)—x(19, ¢t —1)+ u(19, ¢)
x(20, t+1)=x(20, t)—a(20,19) - x(19, t)+ a(20, 21) - x(21, ¢)
+a(20,22) - x(22, t—1)+ u(20, #)
x(21, t+1)=2 - x(21, t)—x(21, t—1)+u(21, ¢)
x(22, t+1)=2 - x(22, #)—x(22, t — 1)+ u(22, ¢)
x(23, t+1)=2 - x(23, #)—x(23, t —1)+ u(23, t)
x(24, t+1)=x(23, t—4)+ u(24, ¢)
x(25, t+1)=x(24, t—5)+ u(25, t)

HL,
x(1, t+1)  FR)oFE x(2,t+1) W PS.oFERKE
23, t+1)  KBE L 2 OKEE x(4, t+1)  WHL 2 DKM
x(5, t+1) : RE X 2 DBKE x(6, t+1) : KPEJlORE
x(7, t+1)  TERNORE x(8, t+1) : ZREOWE
209, t+1) : NHOHE (10, t+1)*: ZRIECRERKE
z(11, t+1)*: T PS. oFEHKE x(12, t+1): NROBRKE
x(13, t+1) : ZeFMATKRLD KAL x(14, t+1): MEJIIBK DO E
z(15, t+1) : BERJI & & DIKAL x(16, t+1)": MBI X 2 DK E
x(17, t+1)": ZTFEEFKBOBRRE x(18, t+1)*: £ 3 —
x(19, t+1)*: MIX P.S. ofFFAKE 2(20, t+1) : mE)I & & DKAL
x(21, t+1)* : FARDKA x(22, t+1)*: &z —
2(23, t+1)": MBI & a0 b DORE (24, t+1) MBI X 2 bOWRE

x2(25, t+1) : BB F 20 LDORE

x(i, B): B b ickiF % i B OREBEK
(x(i, R)=x(i, k- 4t) T 3)
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At A I 5] )
uli,k): v A7 A7 A4X

REFEROERRRBRET LD, *HODOWTW5 x(7, B) B L Tk, BIE 215 reT
BDE, 2HEOBEDAALA—AFATIATEHEALLI L CER. IREE$ 23,24, 25 =B
LT, TN E 20BN HADHTERBEAIEVOT, FThi5Eld 57D, ABNC
BALLDTH 5.

REZEMFER S <27 PARBEYBCTELL L, KX 51T ?,

[
Xe+1— 20 Aj . xt—j‘l'lh
=
8
Ye— '28 Cj . xt_j-i- w:
j=
{E-L,

0 =7, n=25 m=20

x: =(x(1, #),..., x(n, t))

we =(ull, 1),..., uln, 1))

ye=(v(1, t),..., v(m, t))

w:=(w(, t),..., wlm, t))

x:  BEX LR T D n RIGREEH <2 + 1
Ui : AT A A X7 b

¥ BE kTS mKTEBN2 b
w.:: BR /A7 1

A; (4, 1)ER =a;(i, 1)

a;i(i, D EERBEHEI N H5HEE0 ([ t—7)DFRECHLT 52, —1,1,a(i, 1) 72X
—a(i, ) 2FEbL, ZOMDLIAL0 LT3,

C;o (i, 1) 5% =c,(i, 1)

cii, 1) XENFEHL HHEED (1, t—7) DFECHY T 1, —2F ik c(i, ) ®ED
L, Foflod AT 0ET5, «

IR EEI LV 74»5@%%&%%®§§ﬁ%?% LSRR, el
b, ROBLNEEEROIE x;; & ATWAHDT,

x{:xt—j (.7:07 l"") 6)
Bl &, AT ARKD L > EFKHED,

x%e1 xt I
x%+1 Xxi 0
. * . u:
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x?
y.=C- 'fé +w:
X!
=L,
Ao A A,
I 0 0
A= 0 I 0
0 0 I 0
C=(Co Ci - Cs)

CDFHUL WS AT AR, A=V e 7 4 LEDHEEYERATS BAR (1977),

3. EREND/INTA—FDHEHE
HEETREARS 2 -2, RODDVDH 5.

- BRGEXO RO, 8@
- BRITBAORE O, 24 @
(Chor@EEE g2 —2E\5)
cBH A X5 oi,(1)
c YRFAAXDGH ok (i)

IHBEDRF A —-Z2DOHETEIX, ETAERT X2 LZHTELDT,

s MEGNTAHRICEREACEAE ML X 51T 5
cBWMARKREbRWE 3T
s WAKOHAF~NDEEL DD

0B ERERICHE L CIRE L,

B A XOSEIBRAT - 2 OB RBREH CTREL CHLEALLE, £3I-F—%20
EXDIBI, T—2BRRVRVEZATRER /A XOSHE LTIHEIRKEIoME, 10 Fx
Antc, Bl A XO5BeY AT A 4 ADGEEBIGHICTHART AL -2, TOX >
wlie, { HFEOEHOSBUCH LT,

(i) #HEl 1 2oa8est LT,

r(i)=( B3 18 i A OB BIE D HEIHE D FHEDFFHR )/C0(7)
({BL, CO()iEF =g TEDdLIIES)

(i) =ax o4, (i) X R(i)

ZHWAS,
(i) v AF &/ A4 XOH5EZHR LTI,
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7(1)=( 8% 18 B 5 D REEE R O HEEME O HEHE D SEHME D FHR )/ C1(7)
(BL, Cl()iRF — 2 EE S\ THRD B REER)

oili)=Bx 0% ()X R(7)
RV,
AL, RGZ)ZIKDI >,

KELD & X : R(7)=max(7(i), 0.01)
MED L % R(i)=max(»(i), 1)

Tica, BIRARERTHS.

4. HfEm
COETE, KEOKMEHEE Liflicounwtiks,

= 9.00 = 3.20

g S

o =

% =

£ 5.00 $ 1.60

g g

x 1.00 T T T T I n— X 0.00 a— — (N e e
0.00 48.00 96.00 144.00  192.00 0.00 48.00 96.00 144.00  192.00

time (min) (x10%) time (min) (x102)
(a) (d)

= 15.009 = 28.00

E g

& ] =

= S

& 7.00- £20.00

X —1.00 T T T T T T T T X 12.00 T T T T T T T T
0.00 48.00 96.00 144.00  192.00 0.00 48.00 96.00 144.00  192.00

time (min) (x10%) time (min) (x102)
(b) . (e)
1.60
2 0.80
0.00- T T T T T T T T

0.00 48.00 96.00 144.00  192.00

time (min) (x10%)
(c)
K2 ERIoEExoF—%, () WHPS OFHKE, (b) WHF 2GR, (¢) R4
s0KA, () KIEJNOWE, (&) TERNOHRE,
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=17.00 = 12.007
g g
é { 2 )
~
g 9.00 r‘f\"ﬁ & 4.00
- M - - A
X 1.00- T T T T T T T T X —4.00 T T T T T T T T
~ 0.00 48.00 96.00  144.00 192.00 = "0.00 48.00 96.00  144.00 192.00
time (min) (x102) time (min) (x10%)
(a) . (c)
= 12.00 2 8.00- ,
2 g
Lrej 7 E ] ' !“v}‘if Y H ) '
= = K T R TR T
= ] ey
ER E oo-pupi el
[
g B
;*4.00 T T T T T T T T x —8.00 T T T T T T T T
~ 0.00 48.00  96.00  144.00 192.00 ~ 0.00 48.00  96.00  144.00  192.00
time (min) (x10%) time (min) (x10%)
(b) (d)

X 3. EARMEOLXOHEME (@ HEJIOHERE, (b) HIEL L0RME, (o BHL &
OERBE+HIIRARE, (D HHL 20RME REROTTE.

Bl KGO & E: K2(@) bR 2(e) iw& 4, W PS. offAKE, WS 2 DHRE,
WHE LDKEE, KIENOWE, TERINOREDT — 2% L1, i, Mrdin, @
WMABNGEAE—EDELEETHS, WHFL2DOFEZIZ20m » 55, RELSHROBEFETI9Im
BIFieH3eiows, WP L 20KRMOEE0m 55 1m oFEA (ERE, 20cm 25 80
cn P ICEEDBR TS (A (1987), JugEhR (1988)), K 2(c) DR X 2 KAICK T,
3600 4 (=2.5 B) 75 5400 4 (=3.75 B) i CANMN TN T35, 2o, RBL
ADPMERHE R E LTCWABLBTHS, K3 6K 3D HEETH S, K3 R
B OHEETREN, 3600 4 (=25 8) 7255400 4 (=375 ) ©hdT#2Tw5%, Zhit
BRI AR D, K 2(d) ke, K2(e) ofEA)IITHE 2z LItk h, K2(0b) O
W & A TERGBMNEL DoTelcdTH S, K3(b) OE L ADERIRE T 3600 5 (2.5
) fEFT—BTHoteD, LLFo8s, 72004 (=5H) b EBaicilloT\ 5,
RN CRENE L, FOBH D THD, LR, BRELE WV ->TWAE DL,
NHAEEZEARSDOTHS, ThT, REL 2BERE LK, TERANOWEINIKAZY —FE
b DXBRKE L LTR 3(C) it ai, 3600 4 (2.5 B) 5 4800 4 (=33 H) @
BMITHENEL TV, {EROFETHELARIW) Tk, ZOBRENAIKL 7 LT
Wiedy, 3@ TIRARKELRWL, O ThHD,

B2, BARoEE: Ni@ »HK4C) K x, ®RIAPS. oFHKE, P& 2 OKITE,
BHLZ L DKM, KIENOWE, ERNOHEDT -2 &R LI, ThAMAELED, )
WMAEZENZBCHEM L) Lick&Ths, K4 oKX, Rile) FEAITE, KE
232880 4 (=2 ) D& = ATHE L T\WT, 19200 4 (=13 H) 25 28800 & (=20 B) {7
DOEID L AHTEBEELZTWA, ZhECWTRANEC I A2HETHLD, BEOHTZIOLH
LVWASEED, BBcHESHEMLCW%, K5@ 256K 5D BH#EETHS, K5@ o
SN OHERES, 28804 (=2H) ML ATHEx, 192004 (=13 B) 75 28800 4
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[=3
(=}
]

(ton/15m:

T T T T T T T T T T
0.00 48.00  96.00 144.00 192.00 240.0(; 2;38.00
time (in) (x10?)
(a)

(x10%)

n
]
f=3
(=}

i

(x10°) (ton/15m
]
1

T T T T ) T |A ¥ 1] T T L]
0.00 48.00  96.00 144.00 192.00 240.00 288.00
time (min) (x10%)
(b)

1+

UWWWM o
e

E
- T T T T T T T T T T T T
0.00 48.00 96.00 144.00 192.00 240.00 288.00
time (min) (x10%)
(c)
£16.00
g
[fe -
T
£ 8.00-
o K\_
=
\XIO.OO T T T T T T t f T T T T
0.00 48.00 96.00 144.00 192.00 240.00 288.00
time (min) (x10%)
(d)
5 8.00+
£
Lﬁ N
S 4.00
: WA
50.00 T T Bty T T T T

T T T T
0.00 48.00 96.00 144.00 192.00 240.00 288.00
time (min) (x102)
(e)

R4, B LEDF—42, (a) WEPS. OHAKE, (b) WHL 20KKEE, () BRAL
DKz, (@ KEJNOHEE, (o) TER)OHKE.

(=20 B)MID & Z ATEBICHE 2 CT\W5, ZhIRBEHCREAE D, KB, TEAIDOHER
Bz, ThbIHIGEL TR 4(b) ORI £ 2 DEHRITLH - TcledTH B, i, K50b) D
T A ADBHRE 21600 4 (=15 B) 72526400 4 (=19 H) v & = ATRBIHEL, +h
CIBETR T3, I, WHALBRRE SR, TERANOFIIIRAELY—B L3 D
FEBHELLTELC - Thic, 28804 (=2 H) o & 2 ATHEND LEE L, 19200
S (=12 8) 25 26400 5 (=19 B) OO L2 ATHENABRICE 2 T35, EEDHE
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S
§1.00
>< 0.00+ T
0.00 48 (I) 96 00 144 00 192 00 240 00 288 00
time (min) (x10?%)
(a) i
= 3.20-
g
Le] -
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S 1.604
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é 0'00 1 Ll T T T T
0.00 48.00 96.00 144. 00 192 OO 240 00 288 00
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(b)
.£ 8.001
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time (min)- (x102)
(c)
S 15.00 S
g
w
2 4
=
2 7.004
x —1.00

0.00 48 CO 96 00 144 00 192 00 240 00 288 00
time (min) (x10%)

(d)

X 5. mmu@a?@ﬁiﬁ (@) HBNoHEERE, (b)) BHL A0EKE, (o) WAL 4
DOBREEHANRAE, (O REL 20RBREE (REROFTE).

T -7 5(d) CRIDEMRENAR -7t h LT Wwich, Ko TRAER - T
W, e, OB SEEAT A -2, Ml WTERDONCLDEFELTH A,

5. &bl

I THRNRICHTETHE LEEBREXEFOTECHE L CERE E SEvh—HT5, X
b, BEOAETHEE LLBREZAC -V EEBRKE -1, COHETIRRE
AW L, RAa—RICHEIRK, Fi, BAEDEZICHGWKLESE S 2 —2%F)
MEILNT, BHKRAED & EDOREBEHOHEBIZLH VD Z EBEEL Z ENbhate, BN
7 A =2 DEOHEEE, TBEOREETIEI TLRDL Z LRV T, ERIOHEED
MBI L WHENEORD L SICIREL. $%, MOrORBERRMEELYEAL
BEMLT 5 HEELE 2o, BUARERE VT, MAABRICEE: - 72 & X OREMITICR L T,
Ozaki et al. (1988) # &I\,
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Analysis of Water Flow of the Kusu River in an Interconnected
Multi-reservoir Power System

Emiko Arahata, Kunio Tanabe, Yoshiyasu-Hamada Tamura,
Genshiro Kitagawa and Tohru Ozaki

(The Institute of Statistical Mathematics)

Ryuichi Seki and Katsuhiro Urayama
(Kyushu Electric Manufacturing Co., Ltd.)

Hiroyuki Tamura

(Faculty of Engineering, Osaka University)

We are concerned with the problem of predicting water flows of the Kusu river system
in Kyushu, in the southern part of Japan, which interconnects several multi-reservoir
power systems. In particular, we are interested in predicting the residual inflows into the
reservoirs. The difficulty with this problem arises from the lack of a sufficient number of
observation points as well as a large error in measurements. Due to this problem, the
conventional methods which depend on an ad hoc technique were unable to give meaningful
information for controlling the river flow system.

The purpose of this paper is to explore the possibility of estimating the unknown
residual river flows by introducing a prior model which reflects the mass balance of water
and gradual change of water flows. A state space model for this system is introduced.
We introduce smoothing prior to unknown variables to specify the transition equations, and
add the second-order difference equations for unmeasurable variables to the observation
equations. Using the Kalman filtering technique, we get the state estimates. The struc-
tural parameters which are estimated for low water level cases are successfully applied to
high water level ones. While conventional estimation of residual river flows often gives
negative values which do not reflect reality, our method has no such problem.

Key words: Interconnected multi-reservoir power systems, state space model, smoothing prior,
artificial observation for smoothing, Kalman filtering technique, residual river flows.



