\

Original Paper

dx.doi.org/10.22093/wwj.2019.168274.2812

Journal of Water and Wastewater, Vol. 31, No.3, pp: 1-11
Increasing Computational Efficiency of Inverse

Transient Analysis for Leak Detection using
GA-Kriging Surrogate Model

S. Sarkamaryan!, A. Haghighi?, S. M. Ashrafi3, H. Mohammad Vali Samani*

1. PhD Student, Dept. of Civil Engineering, Faculty of Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran
(Corresponding Author) saeid.sarkamaryan@gmail.com
2. Prof,, Dept. of Civil Engineering, Faculty of Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran
3. Assist. Prof., Dept. of Civil Engineering, Faculty of Engineering
Shahid Chamran University of Ahvaz, Ahvaz, Iran
4. Prof.,, Dept. of Civil Engineering, Faculty of Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran

(Received Jan. 18, 2019  Accepted Aug. 15, 2019)

To cite this article:
Sarkamaryan, S., Haghighi, A., Ashrafi, S. M., Mohammad Vali Samani, H. 2020. “Increasing computational
efficiency of inverse transient analysis for leak detection using GA-Kriging surrogate model” Journal of Water
and Wastewater, 31(3), 1-11. Doi: 10.22093/ww;j.2019.168274.2812 (In Persian)

Abstract

The inverse transient analysis (ITA) method is amongst the successful leak detection methods

in water distribution networks. However, determining the unknown leakage parameters such as
number, location, and area of leakages is computationally time-consuming and costly due to
applying metaheuristic algorithms, like the genetic algorithm (GA). This study aimed to present
a novel approach to resolve this issue in order to enhance the accuracy and speed of the ITA
method while maintaining its computational structure. In this research, surrogate models were
incorporated in the optimization process of the ITA method. Mimicking the behavior of the
objective function, surrogate models attempt to represent the most similar behavior at a low
computational cost. In this regard, a new optimization algorithm based on the Kriging surrogate
model, called GA-Kriging was proposed. In this algorithm, according to the structural
characteristics of the Kriging surrogate model, an EI index was presented to modify the
offspring selection scheme in GA. In order to evaluate the GA-Kriging algorithm and compare
its performance with the conventional GA, a reference water distribution network was
considered for leak detection. The accuracy and computational efficiency of the results in the
GA-Kriging algorithm were 52% and 75% higher than those of the conventional GA,
respectively. The present study concluded that appropriate incorporation of surrogate models in
the optimization process can make the computations more intelligent, reduce repeated
computations and, ultimately, increase computational efficiency.

Keywords: Inverse Transient Analysis, Leak Detection, Computational Efficiency, Surrogate
Model.
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Table 3. Leakage results for the best performance of different
algorithms in different nodes

True Approach
Node  pe (cm?) GA-Kriging GA
2 1 0.76 0.58
3 0 0.01 0.08
4 0 0.02 0.07
S 0 0.01 0.05
6 0 0.03 001
7 0 0.01 0.05
Overall absolute
differences (cm?) 0.32 0.68
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Fig. 5. Minimization process of the objective function for the
reference water supply network vs. the NFE
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Table 2. The statistical results of 10 times evaluation of objective
function for water supply network

f Cos.t Approach Mean Best Worst Std.
unction
s 065 038 1.19 023
C (m) ging
GA 1.08 0.84 1.56 0.20
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