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Leakage Detection of Water Distribution System using Adaptive Kalman Filter
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Abstract

Leakage in water distribution system causes social and economic losses by direct water loss into the
ground, and additional energy demand for water supply. This research suggests a leak detection model of
using adaptive Kalman filtering on real-time data of pipe flow. The proposed model takes into account
hourly and daily variations of water demand. In addition, the model’s prediction accuracy is improved by
automatically calibrating the covariance of noise through innovation sequence. The adaptive Kalman
filtering shows more accurate result than the existing Kalman method for virtual sine flow data. Then,
the model is applied to data from two real district metered area in JE city. It is expected that the proposed
model can be an effective tool for operating water supply system through detecting burst leakage and
abnormal water usage.

Keywords : water distribution system, Kalman filter, adaptive Kalman filter, leakage, pipe flow
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Start

| Load measured flow z; |

!

| Initialize Py™=1, g,=1, ;=1 |

—| Updateflowx;™=z; x 1.01 |

KF

|

1) Predict flow and covariance
L= T Py =P T

l

2) Calculate Kalman gain
G=P;/ (P 1)

!

3) Update flow and covariance
=1 G (G )
Py =Py U-Gy)

| Calculate flowresiduals |

{

| Execute low-pass filter for residuals |

| Calculate normalized residuals |

End

Fig. 1. Flowchart of Leakage Detection System
Using Kalman and Adaptive Kalman Filter
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Fig. 2. Virtual Flow Data Using Sine Function
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Fig. 3. Flow Data and Leakage Detection Results in
Virtual Sine Flow
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MG Reservoir

Fig. 4. Schematic Diagram of MG Water Supply
Network
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Fig. 5. Weekly Flow Pattern in MG4 DMA of JE
City
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Table 1. Statistical Characteristics of Applied Data in MG4 and MG8

Variable Mean StDev | Variance Min. Q1 Median Q3 Max. Skew.
MG4 126.02 49.10 2411.22 0.000 87.09 127.67 152.21 355.60 0.34
MG8 33.950 11.855 140.547 | 0.000 23.171 37.485 42.967 79.167 -0.64
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(c) normalized residuals after low-pass filter

Fig. 7. Flow Data and Leakage Detection Results
in MG4 DMA of JE City
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Fig. 8. Flow Data and Leakage Detection Results
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