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Fig. 1 Flowchart of river flow forecasting

based on fuzzy inference

T DA — A 8] B A YA L K AL 4R N Bk A 24
BV 32 47, AR AN a VT K K B2 2 L4 5
N L2, n B SRR R K A SE . B A R 4
X nb 1S5 A D S A L R — S i BRI Y
Ui 25 AT I8 42 W) S 1 O o TRLIN YT ) o ] 3 —
A BE Ch R A28 B A S B a 07 K A%
7 1sf 0] A ) 3 R — A B ML R .

(1) B2 LR n 45000 O 42 1 ol Uk 1) 45 A
W4 1 SR B pR R

WU i oo 3 MR 4 AR & L TP s
e U gt BRI 2 sk R Ty Sl RS Y SR 28 T L R SR
Je& g R R X



KRS B TOBE M) A 3 e ok B o AT B O K TARAR A 265

m (Q)
£:(Q) =< mi, (Q) €Y)
mi, (Q)

Hrp m{ Q) vmh (Q) .mi (Q) AR § 5K
D A ) ol O T TG L L I Y SR R eR

(2) Hff 2 FEA) 1 0] £

n AT, 3 FRBTHIRAS , A7 37 SO RL I
R

R, : IF (Q 2 ih. ¢ 2MLmaE, - Jf H
Q ki E) THEN Q /& -

R,: IF (Q 2 ia. ¢ 2w, - Jf H
Q' R THEN Q J& -

Rov: TF (Q il » Q & =i il
Q' R Fiii) THEN Q J& -

M Q. Q. Q' Q A AR RS 1, 3%
Ui 25 === s SCUL R0 a R N 428 1l 9 O 6. KE
n-+ 1 2500 3 1Y Dy 5B i a1 R A R SRR B = ()
(7] IR 56 T die SR i 32 it Do 5 4 R B S B A 3R
1. R B 451 SR R B — ATy S B ) 2, m 2% S Y
i BV ¢ I 203200 1Y A, T a VAT A0 A O R ¢
+ A I Z Y R

k1 ARAERELE

""’#H

il

el el

Tab. 1 Historical flux data of rivers
e W1 X2 FH o M a
1 [ EE [ [
2 [ ik

R S B L) 43 A 1) 3 BE Bk Apriorit™ X
B RAZ AL RUNTE .

D BT = {1y sdrnsirs st srrstogass iusinps
Ly s o1 s doz s dos | e AR o B — TR AR 3R S
13200 2,00 3200 n T & MOV A & LD IR )R
PE. RS B IC SR A B S D . D Y
BELET B—1TWE.T, C1THj € (1,
N} Horp NI e A Bl an 2 1 b s 1 4%
WS T = (i sine s siug ooy ARER T0 B 20 3
1Ry mli s, S0 2 P, e KU n o i
HLH afE T+ AciF 205 e i o Ach
WA, Bl 4E D I N &Kid sk { Ty, Tl

@ F8 7 BEAZ 4 Y B0 A 29 oS5 L BV
FLITE 2, 7 5] v i e FI) 5 560 R 90T 9 a 1Y) 9
i E /D L min_sup A{EE)E min_conf.

@ & J2 3% A A U RE IR AR IR /N SR
FE S E e A L ok, B B A AR B 1 AR L
= L)« B AL 25 PF 25 T/ N = min_sup., Hf
2 Tu AFTAIERTEE i, RN RE (T,
eony, L€ {1, 2, 30 ARG TE 1 IUAR A BR A AR K
4 A 10 5 MR UK AE T A A0 R TR Ly e
L, o FCH e iy A0 T4 v T 14 A4S 2

@ EF XA EETE L= LA RS T
XTI IES F5E s, R support(D/
support(s) == min_conf, M % H B Hy s> —
$) , FoH support(D) Fll support(s) 7 HACET A
0 5% AL AN AR Y 1 S AR

© PG T A A S RO , 43 A K S L R BR
k.

DRI FIL 00 42 41 35k 2 A2 D s Bl Y
FARE T BT a DU — M AE b W A SCUR A3 AR FE AT 4
AT AR AE A 2R B HE RN R 25 B
EE R v 17 YO0 AT X A R D A AT AL L 4
Xof U oK A B 7 SO R B B ) 21 & AT I BR B
If 2 3 L H T AL R MR FLI M << 3", B KR
J3E b /L UL ) £ 5 0 K5 E DT i e ASEOR] 4fE BE op
FINH ik 22 1 [ R

(3) B 5 A BRI il i a O B Q B3R IA
3t

a2 Bl 78 T-S BB A A b, a 1]
)3 i A DL EBOE R B SRS TIE I DA
5 SR Sy 2 AT 3t ] 6% 3 R Y A 4 X L p
= n. N Tk R) R, A 5 220 s Tf B () X 3l ) 5 T
Ui B O b, (0) = 0. WX (2) ik
Ri: Q = JCanl + 112Q2n + e 2, Q0
Ro: @ = a0 Qh+ a0 @+ + 2,Qh
Ru: Qu = 2w Q + 2 Q + =+ + 20, Q1!

DL EJR A E 0 M SR R 3E 2K, s AR
T 2 S b 3 3 MM E SR P Q.
Q. Q. AR FRAT i i b % A 2
) 45 TN AE A FIN R a Y07 (%) 3t ot A (EL

(4) Iy s A A 4R

B EBEERNIQ.Q QL Qs
Qis s Qs sty sl = lorys Ny H 1 Q' ,QF,--,
Q' ARERER i Z& P Al s SR 1. S 2500 S
nTE ¢ 20 B LS i Q¢ AUERES @ AP il %
M a WRAE ¢+ At B BE LSS L N D I

(5



266 A # ¥ T

x

¥ 2 515 %

SR a B © ISR T A R AN (R
= 1, M) By)E R T LR
@y = min{ aj» Qs s ali ) (6)

Hoag s oo oee s afy 3 ARERAS ST 3 58 T
FRIN) o v A L SZ I T o 20 A SR B L K () 3R
.

(5) FE A X2 A FL ) L AR A AL i s 45
AN 25 S R I AR S8

WEF RN (k= 1, , M), 73T /D
=R Sy IR Ry R (R

N
: 2 ; 1 2 2
mmz i (Q— 2 Qi — 1 Q — = — 1,Q1)
i=1

D)

LT A XTI R 0 A S I AL E S
Boaw s i s s an s B 8 kAT 4L (A
PSR I R 5) I A AE S8

(6) iz HIAE A JE AT T4l

RERL i AT B ¢ B & SO i i Q'
Qo QLA (DL (6) AR sy
FAlaQ a@Q i aQ)ss {aQ s anQ s,
auQ") B 52 TR (5 1B S EBAAARK G
PSR AT QL Qe Qs K s
can M Qi Qe QU AR () IBER Q'
R 5 2 TR 45

DL BRI gy, Oy T A A R T — L
B L 1 45 32 T K A 4 st ) B AR ) L % 06
IKHAAS A AT TR SE B ST T R TR AR b 45 T 5 UK.

4 B

AR S DAL i SR T BT b T L 1
JRART b A S L OV T I b U B BT 3 AN T
3 4l 0 Ak G, F 5 WOV R T U R] B A ) A
K. [ Bk R K E R DL b 3 AT S kK
R 7 AR PR 3 BT S B oA ARk B =
SEEAT AT AT, R T 5 O IR IR R YA SO T R
R A LR, DA T L BT R L R B ] B
22 [V) P BT AR L A /0N 5 220 T I DX [R] R A R R
[F] B 3l B9 52 e 26 BBOIZ O B0 S B A X AR OK AR
1973.1978,1979,1980.,1984 ,1988 4F ) ¥R A VU 3%
72 AL VA St SR A N B AR T TR RS A 43
FRZR /L R R R UE K G0 Y 1982, 1983,
19891969 4 Ay VR P sl 428 Y 25 4l %of A5 7Y 4 47 4G

s OV 5

Q9 °°°

56 G e R N ) B Ay 2 ) B A R E TR K P 2 1
FEWS ), R B o 1 d.

AR SORF I K v BT 2 3 7 T L AT A R
P HEAT R FIH c-means 5 = vl IR
o RO R R L DU R R 2R
27, =l 0 SR R PR RO SR T 4 R KSR
7N AL 2.

Pl EEE (3 ) (BRI B R B pR A

—_

0 " " ; Y N N —Q
600(300)[40] 1200(700)[120]  1800(1100)[200]
O/(m*s™)
W2 =Z#RBEEDHAE
Fig. 2 Membership degree function of three

hydrology stations

b i A AT O (R A O AR L R AR R
Ui 2 5 P 7K B9 AN [R] 45 1 BRI O 41 O i 28 AE RV R 5
ANJ@ M ICEE 2 A& . A SCHkE— 205 B
AL A TE a5 — A B I T AR
55 22 30K i B B IR F 5960 AE 5% —5 Y 2 [A]
ANTF =5 Y0 43 R I R B T V. T Y I
G 01 38 3 e R SR JE B Y D () B S Y I i
G 38 i AT AT F.

N RS L€ R K e Y S WU E oF T ok
TEA RS, () 23 3 AT e S B0 e O 1 . AN )
(4 o FH EL AT AN [R) A R A5 610 2 A R I 1 G
BRAZ b, — M e /D SCHE BERAE 200 ~ 5%, dRe /D
BARBEAE 6000 22 A7 X F A >k Uk, 4 2R e/ 32
R B R AR /N AR BE A5 /1N, 2 o 425 40 1 1 D) 4
ik 22 AT IR AN 30 fa7 4k 0 B Y 5 40 2R B/ S 4 BE A
Sre /N A BE A i s 32 0 42 0 0 DN 4 ik T
AT Ak A ABEASN 1 B %) RS BB 3R AT AR 9] AR 45 T /K A% 4%
R FI T 2 b/ SCHRIE (/N BT BE R 2 G
T2 B e A i /D S BE SR 500 /N E R
S 60 V0 B 25 4 1 A0 D) B A A S ok b Ty VA AR B Y
LRI

B i i and TR R =) R B

g

il

Prag =1
IL

i

BT P e i B and b IR R B =) [

i

Pragm =1
IL

i



5% 2 3

KRS B TORE M A 3 e K B U o AT B O K TR A

267

BTV U B and IR R B =) [ B

Ny
IL

e

BT P B and IR B =) [ B

Ny
IL

e

A = A and BT VRS AL and IR
R & = 7] B e ok o

B k7K and 38k K = [A) B O

MAZHEEE 0] DL X R — 28 . (D T
Uit B G0N FE R 0% it 0T [ B b DA e AN K
(2) B] 22 0 Rl 3k 14 1k 0 2 45 13 11 5 | A [ B 1Y
HEIgE . (D TE A G b, TR Y FnT LU 200 A
T B2 VORI 01 B 2 0 21 G 2 (R ik s el g L

PR V5V S5 25 s BRI s ik a4 A AR D

YT UL bR A 6 R AR AT AR Y Ak
CL) g P20 1 9 o B F B R 40 Ry 2 ol — Sl vp
IR B L — P o v . () A ) I e R A
XF R RS A/ o AE LI AN T 2 L (2) K B =
e U e R N/ e A W N = AN SR = I = =
o R IGL HA AE 6 Fh AL (308 Bl R A
RSN RS SR Rt O Rl QU QN B N b/ s R SN
ek v 7 AR 5 Rhgl AL MR L B 3 AR
Wi LI A 2X 6 X 5=60 &, /N T J5 5K 1
34U .3 AT GG .3 Fh R H T A AL 729
SR Ay R AN R 2 B R,

T HE A 200 A O A ASE 78 it A R S 4,
A3 LN UL 3.

x2 HEMEEANE

Tab. 2 Fuzzy inference rules set

x4 ] 2 LE SR
)
it H HliS e it B
6 [ th % [ %
7 [ h 75 oo [ - gl ik
8 [ h ol ik [ % o7
9 AR = K o ik
10 AR = % LR %
k3 MR EE AT RAN
Tab. 3 Fuzzy inference flow forecasting rules
IF THEN
F ) - —
R Q BT 2 % Q. W T Q [l
17 A% (¢S (KO 1.106 7 Q +1.187 8 Q: +0.664 6 Q
18 Tk = (&) () 0.9723 Q +1.1680 Q +1.020 6 Q
19 aE (S (16 0 SEEN-TC AN I 0.7682 Q +0.890 6 Q +1.192 4 Q

20 i 85 CF 1)

(& P

0.976 5 Qi +1.193 0 Q2 +0.885 0

PEHCHE K W AE 43 I AE 1 500~2 000 m®/s By
1982 4EJRHA .3 000~4 000 m®/s A 1983 4E VI .
6 000~8 000 m®/s f 1989 4ETHI A 8 000 m*/s
DL E R 1969 A7 A Jhy 55 0 G 56 B3040 4 . ) AR A
R D) 43 S 6 3 3 A VR [R) B8 0 0 A 7 AR 4
LA RN R UL E 3. S T L o A B T
Tk 0 T 45 5 S O R 2 TR 3. A
7 vk U Y 435 1 L 3 4.

M3 53 4 AT LUE A S0 v, ORI
PR o I o o ARG R A T Mt Tk (E X

AL A e A TR R B B st ik AN 2L
L P PR AR ML U A 1 R 0 D D) ek /D 1
AR A AR B AT 285 SR RS JEE L TN T T K B
S 75 R MR 5 O e 4 S i Rk A AR 1)
Hh—JE DT SRR R E S HOR R AR E , 2
PR 2 50 i) 349 4 B 3 57 5 i A B 1 D AL i R
A BT — E B R Ge e 22 RN A —
SE W I P E T 3 ek R X R B SE L B
R E BN 780 3 S I AN B R A A —
F14 17 FH =5 ).



268 X % B I kK ¥ ¥ H# 548 %
2500 4000
— HH 3500F — E—QHE
2000 —— LML so00) T PAMHEELE
----- - BTk ----o- SRR
% 1500 % 2500
& E 2000
i 1000 S 1500
500 1000
; 500 F
0 L 0 L L
1982-07-01 1982-08-01 1982-09-01  1983-06-01  1983-07-01  1983-08-01  1983-09-01
t t
8000 - 12000 -
o0k LR — A
— ROk 10000 F ——— TR
6000 ----- - Ot oy | e - BTk
~ 8000
& 6000}
S
4000 -
2000 -
0 1 1 0 L 1
1989-06-01  1989-07-01  1989-08-01  1989-09-01  1969-07-01 1969-08-01  1969-09-01  1969-10-01

t

t

B3 1982.1983.1989.1969 W i [ ¥ 3k vk & H 4 4 £ T 1

Fig.3 Comparison of flux forecasting results of Tongmeng Station in flood season in 1982,

1983, 1989, 1969

K4 BMEEEES DR T R EAFTHAR

Tab. 4 Flow forecasting results of fuzzy inference method and Muskingum method

A A 2035 5Tk
(o + =1 s WERARNE  WEBLBTELARE MUK RN BB SR AR
BE/% WRE/MBONC WXE/% WE/Y WRE/MER RE/Y%
19820707 15.55 —1 22.89 13.23 0 20. 67
19820804 5.73 —1 4.59 3.26 1 5.79
0~3 000 19830610 5.02 0 2. 89 6. 54 3 6.03
19890605 7.96 0 9.20 0.59 1 0. 33
19890813 11.28 0 8.07 0.63 1 8. 95
19830706 —2.52 0 3.65 —2.11 1 —1.34
3 000~5 000 19830802 —4.74 1 —5.82 0.28 1 3.53
19890629 2.82 0 2.23 —7.46 1 3.28
~5 000 19690811 —4.75 1 —1.78 —10. 69 2 —5.99
19890717 —3.67 1 —0.10 —10. 50 2 —5.15
5 &% b THRT I AR A AT AR U S KA TR 2

R TR A 2L 5 B AL D] 73 A 14 T 3 T K 95
AT ¥ S AR A AR 2 o) B2 S ST AR A FELAIL
SR M S IR MU 23 B 75 32 68 Dy o2 Bl 4R A5 5%
SR A2 4 o DA i PR A AL DU g R A 4 L
PRI o 22 1 T . 25 TR ) L O 2R A Dy W i o

T, PR S 3 A B TS O X LA 7K ) 2 SRR R Al A 5
T A N7 ASE L I i B A A Y 7 s kK EORE R
Tiff BT 3 Tk K S 24 A2 4 I ]

XoF Y ) T R A AR AR it K SR
A I [A) 4 A0 25 ) 4 b nl g — 207 . (1) 23 A 4



5% 2

KRS B TOREOM] A 3 e Ok KA U o AT B O B K TARAR A 269

YT 2R A B 2 0 it T T O AR AR
IR, AR FH B g R0 H sl B 2% g o BT 3 A 9
TS W) o EL AT AR 0 U SR A S R e R
B BRI B AR R R BT R AR R
BRI AL i 0 HE BRI AL (2) I ) 2 R
XA R TR B, R — SOSOUR  CSOR AE
TR T —A 22 JZ2 I Ah 5 & AT X 3 3 AN [
J2 RS B o LA T T 4t K Ik 3T DL 30 SR A [
. AL B 6T i B — o BEAT TR I B 4 2 00
A8 S0 B3 s i e AN [R] J2 U bl S T DL 3
RGN oRE Y N o S R R s e LT o= 3 | B 7
J B 5 B R S B AR AR 2R

2% 3CHk -

(1] AR BT ARZE R4S, 1998 44 T A # A [M].
K& FMRARE KA, 2002

[2] RAR. RBAXEY — HLITHEAERIEA
[M]. bt ARl A WA 1984

(3] REW.AFkW. Tz, % ETAIWHZKEEHE
AL TR A A [T] KRl # 4k, 2005, 36(7):
806-811

[4] KIM G,

BARROS A P. Quantitative flood

forecasting using multisensor data and neural
networks[ J]. Journal of Hydrology, 2001, 246:45-62

[5] ARONICA G, TUCCIARELLI T, NASELLO C. 2D
multilevel model for flood wave propagation in
flood-affected areas[J]. Journal of Water Resources
Planning and Management, 1998,124(4):210-217

[6] MAMDANI E H, ASSILIAN S. An experiment in
linguistic synthesis with a fuzzy logical controller[ J].
International Journal of Man-Machine Studies, 1975,
7(1):1-13

[7]JTAKAGI T, SUGENO M. Fuzzy identification of
systems and its application to modeling and
control[J]. IEEE Transactions on Systems, Man and
Cybernetics, 1985, 15(1).:116-132

[8] RUSSELL S O, CAMPBELL P F. Reservoir
operating rules with fuzzy programming[]]. Journal
of Water Resources Planning and Management, 1996,
122(3):165-170

[9] AGRAWAL R, IMIELINSKI T, SWAMI A. Mining
association rules between sets of items in large
databases[ C] // Proceedings of 1993 ACM SIGMOD.
International Conference of Management of Data,

Washington D C: ACM, 1993:207-216

River flow forecasting model based on

fuzzy inference and associated rules analysis

ZHANG Chi™,

ZHOU Hui-cheng, LI Wei

( School of Civil and Hydraulic Engineering, Dalian University of Technology. Dalian 116024, China )

Abstract: The processing of river flow forecasting includes complicated non-linear calculation, how to

gain the characteristics of downriver watercourse duly and exactly based on the river flow forecasting

model is very important in practice. Aiming at the existing problems on the number of fuzzy rules and

parameters in traditional fuzzy inference, a new model based on T-S fuzzy inference engine is proposed

to forecast river flow, which confirms rule numbers and model parameters by using associated rules

analysis on historical data and non-liner programming method and therefore predicts the future flux

value. Through case study, it is testified that the established model based on fuzzy inference and

associated rules analysis is easy to understand and implement, especially to excellent precision for

flood forecasting.

Key words: flow forecasting; fuzzy inference; associated rules analysis



