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IF ... THEN,
o - T-S-K
Rr: IF (x,= 1)AND/OR (x,= 2)

AND/OR ---... THEN

output=f(xy,%, " ,x,)

AND  OR
, AND
minimum  product ; OR
maximum  probability e,

’

T-S-K
(1 ) o

Rl: ifxis Al and y is Bl then z=px+qy+r,

Also

R2: ifxis A2 and y is B2 then z=px+qy+1,
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Fig.1 The calculation process of T-S-K fuzzy logic algorithm with

double input and single output rules
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Tablel The clustering center values of the two inputs

/m’es™ /m’es™
(VL) 55 95
(L) 244 317
(M) 578 692
(H) 1187 1377
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Fig.3 The d membership degree function for the Loujiachun station
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Fig.4 The membership function for the Liaojiawan station
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R, : If (qyis very low, and q,is very low)
Then Q=aq, +b, q-+c,

Ry: If (qiis very low, and q, is low)
Then Q=a,q2+b>qrtcs

Rs: If (qyis very low, and qis very high)
Then Qs=asq, +bsqr+cs

Rs: If (qiis low, and qais very low)

Then Qs=asq,+bsqatcs

Ry: If (qyis high, and qyis very high)
Then Q= axq+bxgrtcxn

Ry : If (qqis very high, and q, is very low)
Then Qg = ay qi+by grtca
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Ry If (qyis very high, and qis high)
Then 024 = q, +by grtCoy

Rys: If (qyisvery high, and q,is very high)
Then Qas = as gy +bas gortcas

HA q2 H Qi l
24h , a b,
H C, o
16a ,
o 9 O
25 19 75 57 &

R, : If (qyis very low, and q,is very low)
Then Q\=aq,+b,gr+c,
R,: If (qiis very low, and q, is low)
Then Q=a,q, +b,qr+c,
R;: If (qyis very low, and q,is middle or high)
Then Qs=a; q, +b,qr+c;
R;: If (qiislow, and q,is high or very high)
Then Q-=a;q,+b;qrtc,
Ry5: If (qyishigh, and q,is very low or low)
Then Qu=ai;q,+b;qr+ci;
Ry7: If (qyis very high, and qis low or middle )
Then Qy=ar;qi+b17qrtcys
Ris: If (qiisveryhigh, and q,is high)
Then Q=aizq,+bsqrtcs
Ry: If (qyis very high, and qis very high)
Then Q=aisq;+biqrtcio
332
T-S-K

000m=§)7;) (aq+bgrte, )+§’—; (a1 +bagatcy) =+

g{lz (al9(]|+b 19(]2+Cl9)

+

N s a, b ,C o
AND ,
minimum  product

o, =MIN{w; (¢1) ,0; (¢2)}

w,=w;, (q1) @ (q2)
AND OR ,
minimum maximum product

probability
Wy, :MIN[wk (l]l) s MAX{CUM (l]z) s Wi (QZ)}]

Wy, =Wy, (ql)*[wkl (Q2)+0)k2 (C]2)—0)k1 (lh)*a)kz (C]2)]
1 Wy, ((I2) » Wy, ((I1> k

o (q2) 05 (¢2) 2 k OR

57 , ,

19 N
MiHZL&l [ 2,:1 (QH]_ainl_biql2_ Ci)q

Y 5q'1.9" I, 2
t Q! t+1
o
minimum maximum ,
2:
2 minimum  maximum

Table2 The parameters of the minimum and maximum operator

a b c
1 1.88 0.36 -21.74
2 -0.38 0.40 85.66
3 1.95 1.61 -135.3
18 437 1.83 -9362.4
19 1.01 0.22 2163.27

R,: If (qyis very low, and q,is very low)

Then (,=1.88%q,+0.36%q,—21.74

R,: If (qyis very low, and q,islow)

Then Q,=—0.38%,+0.40q,+85.66

Rs: If (qiis very low, and qis middle or high)
Then Q:=1.95%q+1.61¢,—135.3

Rys: If (qyis very high, and qis high)

Then Qs=4.37*q,+1.83q,—9362.4

Ry: If (qyis very high, and qyis very high)
Then Q6=1.01%q+0.22¢,+2163.27

product  probability ,
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3:
3 product  probability
Table3 The parameters of the product and probability operator
a b c

1 1.79 0.40 -20.70

2 3.75 0.45 -103.41

3 28.1 2.5 -2161

18 4.62 0.09 -7051.29

19 1.23 -0.29 3360.29

R, : If (qyis very low, and q,is very low)
Then Q,=1.79%q,+0.40*q,—20.70

Ry: If (qyis very low, and qais low)

Then (,=3.75%q+0.45q,—103.41

R;: If (qyis very low, and q,is middle or high)
Then (;=28.1%q+2.5%q,—-2161

Rs: If (qis very high, and q,is high
Then Q15=4.62%q;+0.09¢,—-7051.29

)

Ryo: If (q;very high, and qis very high)

Then Q=1.23%q,~0.29¢,+3360.29
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Fig.5 The time series plots of the observed and forecasting discharge during 1977-1979
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Fig.6 The scatter plots of the observed and calculated discharge during 1977-1979
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Table 4 The performance indicators

Min and Max Product and probability

MAE 75.113 74.579 74.961 73.664
RMSE 148.517 133.085 148.028 128.143
RRMSE 0.375 0.413 0.374 0.398
EF 0.949 0.949 0.949 0.953 1.0
CDh 1.054 1.032 1.053 1.031 1.0
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Hydrological Forecasting based on T-S-K Fuzzy Logic System in Fuhe River Basin
ZHU Bing', ZHAO Lanlan', LI Meng’

(1.Bureaw of Hydrology, Ministry of Water Resources of China,Beijing 100053,China;
2.Construction and Administration Bureauw of South to North Water Diversion Middle Route Project,Beijing100053,China)

Abstract: A large amount of hydrological data stores in hydrological institutions in our country. In order to improve the accuracy of hydrological
forecasts and to lower the complexity of the forecast, a important research direction is how to use intelligent algorithm to analyze the data. T-S-K
fuzzy logic system is one of the opinions. The Takagi— Sugeno—Kang (T-S-K) fuzzy system is adopted in this study to establish the relationship
between the observed downstream discharges and the observed upstream discharges in the Fu River basin. The result shows that the quality of the
modle built by T —S -K fuzzy logic system is good, the forecast accuracy is high, the forecast model quite meet the practical application
requirements.

Key words : T-S—K ; data mining ; flood forecast



