W22 % B2 i S = S S 3 Vol. 22, No. 2
2011 4£ 3 A ADVANCES IN WATER SCIENCE Mar. , 2011

DOI. CNKI: 32-1309/P.20110313. 2241. 023
RESKMHBABAMBEZLTSHE

MEBAE, RIRE, Fou, T Ak

(R AR DR 5KFK L TR E R RS9 %E, Jbat 100084)

FEE . 4EFFHE I RUK A R 8 R PR IE R K B Z G RS T T B . AR R AR O 228 FZEMHIN 7, BETLM—
KEL(LQR) T8 47, W T IR IE R KN ZE . 25 748 S8 F0 0 2 5 o) 1) 4 bR A5 2 TR AR 8 o A 00 000 A e 11y £ 1k — 9k
BIREERE RGN RS S R P AT LG, & T 03 T 35050450 Y i 4% 3 5 ko E 3 I ez 90 2K
VXTI A5 M B BEAR , A B K AL IR P o R E O S XA A A EAT IR IR, JES R R, AR R E BT
THMCESS, hReMS 4+ R E AR BT, BB R H W AE i v A

KR BREBTHEN; MAIR PR TR, WNEE; mTERE

hESESE: TVI3S5. 3 NHRFRER: A XEHS: 1001-6791(2011)02-0242-07

F K AL P 4 TR R T IR A Sl R s AT R KL R 2 TR FOR TR, R R AR L A B R
B, R TGRS AWK, WTAHK SN, BOKEEE K kAR, kB ME KRS, T
FESLERARW], T IRK AL SN A A B 22 5 R 70 KO B BB OR AR gl B R B K B IR A S ORI
b, T IR T R E Th I B IR B R A W, S R B B Y e As AT o TS B S RS AT
FUEAE M REEAT TSR R, BT R Gel i B OE R R MRS IR GE R A, BRI 4 R IE
TS W /N o7 SR b, U3 2 3 5 4 AT RS S KRR B PR A BEE R R KRBT, X
RO O IR T AB AT A, AR AR AR R R IR s AT I A AN C A WS 2 B X
M, DL K B B A B AT BEORAE R R B o AR P R R A A R A, LR A I R SRR
) A A [ R AR T ATREAE o O BOULRE BE ORI 45 R O B KR AL, TE AR R IT R R KL h 2 TR T
USSR LD K S = 1= R T Bk e 05 o o T £ B o = M O o e L 1 A 2 s
T, IR 6 200 AT I T 4 0y 23R AT AR A T DA R ) AR R . A B R T IR AT
77 S 7 .

ASSCAE AFEWR ST 6 L, 45 73 7K AR A 3 B T SRR AR RGEIE B, AR il K o2 8 20 o 3 22 iy il
i T, R R At TN RIS A B 2k R LA B bR, B Pl Al UM A EE R . it
A REAE R K AL IR T A T 4R IE AR R TR

1 BeehiR
1.1 EHAFERBERZE

Hh 2 B K SR TE BRI 1725000, J& T4 BAIE , JFIA A A2 WS PR e K IR R AR AR I Y 3R E
KL A D AR IR E AR A, R Sl R T ISR e T R A

YriE A : 2010-06-04; 4 H ARATE: 2011-03-13

W 2& H R4k : hitp: //www. cnki. net/kems/ detail/32. 1309. P. 20110313. 2241. 023. html
ELWB: BERESLMUIE LRI (973) %HHH (2007CB714100)

EZ B MBAE (1983 - ), B, i+, BB A, EENFK % ZFR S % EE.

E-mail: syz05@ mails. tsinghua. edu. cn



%2 i BORE , 45 BT 2 K I B AT UM SR BT 5 0 B 243

Bg+60:

ot o D (1)
00,5000 oyt o azy, 101 0en’
Jt +2A 0x (A) ox g(0 ax)A+ AR 0 (2)

Xt B AKIMTERE ; 2 KA ¢ AEFE]; Q hlidd; » NGRS ¢ WA ER S MARE i ; A
N ISOK W AR s g M E IR s R K IIEAR s n RER,
FHI b FUESFAE Y Pressimann PO g 22 4 B ig X 26 2 7 BR AL 04T B BA AR B, F FLRR AL O — 4 25 )
Tt
A, 807 + ALz + A,80), + A8

Jj+l j+1

= A/HSQI. + A'lzézj + A'135(2j+1 + C, (3)
A, 80 + A,8z7 + ApSQ),, + Aydz),, = A',80, + A',,8z, + A',,8Q,,, + A8z, + C, (4)
A (3) MK (4) 73 A0 E e TR P L A (1) Mizgh iy fa(2) . U, A, 4,
Ay A B T FRERB T R 60, . 67" Fon Al Wi . KALFERTZ no+ 1 A3 5 80,
8z, FR T LA LEE L KALTER 2 n Y & 7ERREIRET , BEEUS R C, F1 C, B E
1.2 |IIHaRLE
R — T BRI B, BT R R+ 1 43 i A R IR R R RS Y . AR R K A B A S 1R R
LR AW FAIE

+A',6z

j+1

Qj = an = Qg’ Qg = C,bu «/E (5)
K Q, Fidiie; C, NS REG u HWTTIFE; b W ALYERE
WIRBERSTES e, KMTTHMRANXFRIE MU T/ESHENZENETES, HFESHZ+1 6
KM EHEFRRAH, G2 i+2 ARG HEFRELD
_ if + + af + _ if _ 8f if
( )'az]. +80), ( )(Szﬁl = ( )Eaz, +80,., ( )HazM + (au)uau (6)

az,/, 0z, 7, 0z, 0z,

1.3 SkOFEIIRE

I3 KA N RGN SAAAE , BT 50 M+ 123508 23 /K FURT RS AN /0, Q, ok /K B a3 /K i, )
W R+ EKAL, R RN

0 -0, =0, 7 =z, (7)

B (7) 2 BIRA(3) A (4) Al 30K O R 220 T R . 2R, JERY . BRI AImE IR, W 2 0F
e il, nlK IS BT RS AR MU, DS KA, WEXR Sk O AmEAEM ", RilafTdidh
R A8 T R A T IR A, A IR K o D RSB R S T, AN 2 R R N R K IS B O, R R s K
B 1% A TR T S S AT Bl A

ATLAE BRI AU — S RS, HR T AR — A O B O R . TR B A 5
AN T BT R B A 1 o DU T AR A (], 5 A, ik B R IART S 8, KA S AT IR
HEREEHFIEX AR 1) &

Sx(k) = [8Q, &5 80Q,., &z, 65,1, 6x(k+1) =[8Q & 80, 8, 85,1

J

I
1 12 14 Ay Ay A, Ay Ay
A = Ay Ay Ay, Ay A = Ay Ay Ay A’y
L ’ R ’
I P B P N e A P
0z, 7/, 92,57, 0z, 0%;,,
A Ay By,
d
oo (Z) 1] ¢=|n, -8,
0 0



244 KB o o B 22 %

)26 480 I B9 7K 2 550 0 5 P ek AT T A 33k
x(k+1) = Ax(k) + B,u(k) + B,d(k) (8)
X RGEHFEA=(A) A, WA B, =(A) "B, HodhMilE B, =(A) 'Co u(k) R MR, d(k)
AR R, 2 (8) 32 W UEE 2R Gk 7 1 V8 4 2 3 98 0 IR 1 TR ST o 7E R B B R (8) Sk
AR 3R (8) S AR ST T G Ak U ek i i e

2 U3 AT U AR

2.1 FIMAMEZENRY

JIT V1 S i i A st A 1 0 4 ) A i R 8 B B v i Sl Y L AN T AR AR R Y R AR R e g ) By
i KA O 22 1 B0 EAT I R iR T B RS RS, A0 2RAE K I 20 43 Ko R A8 A, AR ()
HEM 5 RSk N A~ I 22042 i s K7 B AR AR, Tl BRAE T SR 7 0 B, 38 3 IR R 4R A w (k) SR AB TE A
ZH, AR BUH BTN y (k) o XA, 2 U THI I > FiF s B A S0 {8 i 2, A D )80 o 42 o i A i o] % 4 o A
RISH, B LA 3 il s K A o T00I 4 ) A AR m] L3 5k By BR o) oz 3 36 A 31, TEAIR A T i R G Bt A 1
WHRES I, WALHITE RN RGN, #EAS . @5, W HEES R AR, JFEL &g
AN W 38 3 S0 2R 9 A R 0 A A A A 58 25 R ISR IE, BEAE — 8 TR b v R e T A R 25 AR B AN
RRE/(Ri i 002 IS 3l Priee o -y Wi ke S i BRI IE Y

R A A K 19 78 Ak >k T s BUAE 94T 2l J2 SO0 42 1 1) 2 RE . oK DARRAE L bris i B, i F E AR R
FeTE KA, SERHRFE RS RS o S04 ] A AR CORORAE LT AR A K TR ROR 1K
HL7 AR R A 25 50, ATE FUR R AR T B UL I (AR K SO AR vk R R A SN, R ok B — HL A
ZE S E W FE T AN DR 10 ) , TG # HUE W B AR — 3552 (BRI R, 37K 1 26250 43 BE 2y K3 H R I IR
437K, X EACHFR R CRIHEET

RBEIBITER RS LR B, MRIEC 20N RGARRNIZH 22K . REAK HIRG 5 SN
T A R R A0S B RN AT A 20 B PR SR 0 SR DL e O A ) R 1 Sy 4 R G e B B Al RN
KAFTFB, W RGBSR RO AUE S/ B 2 B L, g ok ok — B [ i et o 72X BB [|) Y
EREMECE R, AR RGORE, MRS RRMIL A RGN, SRS HAR T BRI

MR b3 oy A ae, T 0000 i AR T R e R B R T BRI E SR 19 B AR AR AR, BIR A5 A
SRR A . RS WU 33X — T Bt 7 B0 T 48 i) S0k AT — s /NN R
2.2 FMAMEENEE

A PUME L BOT AR R B 1M EA M P RREANY KIRERG, AR5 H KB &
BT Y 7 K &R G Y S A

XPC(8) #AT— B 2203, IR 2200 I Oy B AN 7 B G 5 J— A T B, PRz T B IR 2 R G

xo(k+1) = ®x,(k) + G,Au(k) + G,Ad(k) (9)

Krf xo (k) =[e(k) x(k)], Hh, e(k) X)) ~MEFENRERFS. RERANRGEHE & =

K“jﬂ,mAﬁ@q={§ﬁyﬁ@ﬁmm={ﬁ?}

2B AR B AN 28 A v DL A ML BT, I E X
Ad(k +1)

Ad(k +2)

x, (k) = Ad(k+i) =0,i=M+1,M+2, -

Ad(k + M)
R IR T 50, S 9) TP A S M AR E BT RIRE RS .



%2 i BORE , 45 BT 2 K I B AT UM SR BT 5 0 B 245

xy (kb +1) _ @ Gyyrx,(k) G, .
[xd(k+l)]_ [0 @][xd(k)]-'-[o ]A (k) (10)
0o I 0
1
AP Gy =06, o], 0=
1
0 Uy

HAE(10) BIE S, LOR {41545 ok ORI D3 &

_ - T T Q 077, (k)
J _A‘:;]{[xo(k)x(l(k)] . ondm

]+—AuT(k)RAu(k)} (11)
K Q F R H N IE E A [

FIBAE M 1k, RGBT X E AL Ry TR — A I s il AR A 20 (1) BROAR /M K — 8 B[] 5, AR SO X6 3R figf 1o
FRUEAT R IF, ALZE X A 1 ik =

My

Au(k) = Fox,(k) + EFd(j)Ad(k +j) (12)
& F,= -[R+B,PB,] 'B.PA, \[FEH [ P Jy Riccati J7 FEI i .
F,=-[R+B!PB,] 'B!(¢&))PB,,j=0,1,2, -, M, e =A+B,F, (13)
X (12) 47 Z B, HitE—BLH BEAgSWE (WKL) .
u(k) = Fﬁl _lz_.e(k> +F (k)x,(k) + F (z)d(k) (14)

S Fy = [F,F.), Fo(2) =F,(0) +F,(Dz b +F, (02" = SF, ()

d(k)

M F .
ZF, )74

k
SRR il

LA 4

Fig. 1 Control structure of the foreseeable algorithm
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Fig. 5 Water level variation for the controlled points of pools
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Design and simulation of a foreseeable algorithm for canals *
SHANG Yi-zi, WU Bao-sheng, LI Tie-jian, WANG Guang-qian

(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract. Water level hold at specified locations within each reach is of the utmost importance for reliable and effi-
cient management in a channel. A new algorithm for the control of unsteady flows in open channels is presented. An
innovative control method is first analyzed, and then synthesized to construct a foreseeable module. The algorithm can
thus be obtained by implanting the predicative module into a linear quadratic regulator (LQR). Using LQR, the canal
operation problem can thus be reformulated as an optimal control problem, which regulates the gate discharge using
the water level error as its constraints. The logical structure of the new algorithm is identified using an impulse re-
sponse test, and the performance of the algorithm is tested on the platform of the “digital canal of the middle route of
south to north water diversion project”. The result shows that the algorithm performs well, is able to cope with the

planned demand for large quantities of water, and is potentially useful for real applications.

Key words: canal control; the middle route of South to North Water Transfer Project; predicative algorithm; digital

canal
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