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Multi-objective optimization design of water distribution systems based on
improved SPEA2 algorithm

MENG Qinchao'?, YANG Cuili"?, QIAO Junfei'

(1. Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China; 2. Beijing Key Laboratory of Com-
putational Intelligence and Intelligence System, Beijing University of Technology, Beijing 100124, China)

Abstract: To solve the multi-objective optimization problem in water distribution system design, we consider three ob-
jective functions-the cost of the pipe network and the sum and variance of the node surplus head. Then, we optimize the
water distribution system in terms of economy and reliability. To obtain well-diversified and well-convergent solutions,
we combine the concepts of domination and decomposition and introduce reference vectors into the Strength Pareto
Evolutionary Algorithm 2 (SPEA2). The diversity and convergence of the algorithm are increased by the use of the dom-
ination strength-based solutions selection method. We use the proposed algorithm to optimize the two-loop network and
the New York Tunnels network, and the simulation results demonstrate its effectiveness in realizing the multi-objective

optimization of water distribution systems design. Finally, we apply the algorithm to actual pipe network construction.
Keywords: water distribution system; multi-objective optimization; strength Pareto evolutionary algorithm 2; reference
vectors; economy; reliability; two-loop network; New York tunnels network
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objective space for a three-objective problem with
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Fig. 2 Reference vectors on the normalized objective space

for a three-objective problem with k=3
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Table 1 Parameters of two-loop network and New York
tunnels network
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Table 2 Optimization results for two-loop network
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Table 3 Optimization result for New York tunnels network
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Table 4 Parameters for engineering example
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Table 5 Construction schemes for three different cases
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