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A Study of Prediction of Daily Water Supply Using ANFIS
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This study investigates the prediction of daily water supply, which is a necessary for the -efficient
management of water distribution system. Fuzzy neuron, namely artificial intelligence, is a neural network into
which fuzzy information is inputted and then processed. In this study, daily water supply was predicted through
an adaptive learning method by which a membership function and fuzzy rules were adapted for daily water
supply prediction. This study was investigaled methods for predicting water supply based on data about the
amount of water supplied to the city of Kwangju. For variables choice, four analyses of input data were
conducted: correlation analysis, autocorrelation analysis, partial autocorrelation analysis, and cross—correlation
analysis. Input variables were (a) the amount of water supplied (b) the mean temperature, and (c) the population
of the area supplied with water. Variables were combined in an integrated model. Data of the amount of daily
water supply only was modelled and its validity was verified in the case that the meleorological office of
wedther forecast is not always reliable. Proposed models include accidental cases such as a suspension of water
supply. The maximum error rate between the estimation of the model and the actual measurement was 18.35 ¢
and (he average crror was lower than 236 %. The model is expected lo be a real-time estimation of the
operational control of water works and water/drain pipes.

Keywords: Daily Water Use, Fuzzy Nueron, Fuzzy Information, Membership Function, Fuzzy Rule, Adaption Learning
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Fig. 1. Auto—correlations of Water Demand, Popular and
Mean Temperature for 1997
Table 1. Correlation Coefficient of Variables(1995~1997)
Variable Water Popular Mean Max Humidity Cloudi- Prec.lpr Shining
demand Temp. Temp. ness tation hours
Popular 0.533
Mean Temp. 0.657 0.124
Max Temp. 0.631 0.128 0.978
Humidity 0.260 0.057 0.324 0.223
Cloudiness 0.039 0.060 0.177 0.047 0.607
Precipitation 0.131 0.071 0.153 0.095 0.392 0.338
Shining hours 0.033 0.010 0.027 0.154 0.648 -0.826 -0.349
Shining amount 0.168 -0.062 0.385 0.486 -(0.490 0.584 -0.201 0.848
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Model Range Input variable Training data Checking data
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Table 3. Fuzzy Inference Systems

Step N

Contents Procedure
Step 1 Fuzzify Inputs
Step 2 Apply Fuzzy Operator
Step 3 Apply Implication Method
Step 4 Aggregate All Outputs
Step 5 Defuzzify
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Table 4. Errors of ANFIS and Regression Model Estimating the Daily Urban Water Demand for

the Year of 1997

Model brror MAE (m?) | RMSE (m?) Max Error(%) Mean Error(%) Remark
Model la 12436 14962 18.51 2.95 95~96
Model 1 12630 15182 17.99 3.25 96
Model 2a 9226 12033 1846 2.36 95~96
Model 2 10860 14672 17.93 277 9%
Multiple Regression 13093 ] 16413 17.40 3.35 o
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Table 5. Coefficient of Correlation and Multiple Determination between the Estimation and the
Actual Value

Coefficient Model Correlation Determination Remark
Model la 0.849 0.716 "95~'96
Model 1 0.835 0.705 96
Model 2a 0.916 0.813 '95~'96
Model 2 0.883 0.794 96
Multiple Regression 0.830 0.673
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Table 6. Analysis of T-test for ANFIS and Regression Model(1997)
T-test
Model P DF Remark
| ¢1 tap

Model la 1.48 1.96 0.31 712 Selection

Model 1 1.76 1.96 0.26 706 Selection

Model 2a 0.83 1.96 041 716 Selection

Model 2 0.57 1.96 0.57 715 Selection
Multiple Regression 0.94 1.96 0.35 714 Selection
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Fig. 10. Estimation of Daily Urban Water Demand Using
ANFIS Model 2a, 1997
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Fig. 11. Estimation of Daily Urban Water Demand Using
ANFIS Model 2, 1997
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