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Optimization of water quality sensor placement in water distribution networks based on multi-objective
evolutionary algorithm and logistic regression//WANG Hongyu'”, XU Teng"?, LU Chunhui'**, XIE Yifan'"*, YE
Yu'?, YANG Jie"* (1. The National Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098,
China; 2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
3. Yangtze Institute for Conservation and Development, Hohai University, Nanjing 210098, China; 4. College of Hydrology
and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: For the efficient identification of pollution events in water distribution networks using limited sensor monitoring
data, we propose the MOEA-LRM algorithm as a method for optimizing the water quality sensor layout of water supply
networks by integrating a multi-objective evolutionary algorithm (MOEA) with a logistic regression model (LRM). The
effectiveness of this approach is demonstrated through its application to the Anytown and Fosspolyl pipe network systems.
The MOEA-LRM algorithm aims to minimize the number of sensors, as well as the average and worst-case impact risk, by
constructing a mathematical model using the MOEA algorithm that achieves Pareto equilibrium within a pipe network
system. Based on this premise, the MOEA-LRM algorithm leverages the LRM to efficiently screen and identify the optimal
sensor layout, thereby enhancing the accuracy of contamination source identification across the entire network. The results
illustrate that this approach consistently identifies an optimal sensor configuration that ensures accurate identification of the
source of contamination throughout the pipe network and effectively reduces the impact of exogenous water pollution
incidents on users.

Key words: water distribution network; multi-objective evolutionary algorithm; logistic regression model; water quality
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Fig.1 Flow chart of sensor optimization placement
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WES el HbR 1(Fy) /A HR2(F)) HFR3(F,) HERTE A/ % Bk B/ %
| 20,90,100,170 4 8672.45 25651.50 59.65 59.65
I 20,80,90, 100,170 5 5788.75 24.843.00 77.19 77.19
I 20,80,90,100,140, 170 4185.70 11361. 00 82. 46 82. 46

- 201 -



K v K afEdR
o YT —IH
B4 Anytown EMERBEHREZTEHH
Fig.4 Spatial distribution of sensor layout in

Anytown network

K e i — I > KR

5 Fosspolyl B M AIMNE
Fig. 5 Topological structure of water distribution
network of Fosspolyl

A PRI ZBSR TS5 Y 50 1776 A8k, HAtAAY
B S E kB IR R Anytown PRZS

a. FIH MOEA i % Wi /& 25 14 1Y Pareto fif 45
AN R AR R T A et XURS: ) 32 (AR A T 5T 6
Frirs . I 6 AT LA Y 7R B a8 N 1 A>3 i 2
4 NI e O b KURS: B9 2 {2 AL 035 (H 2 f%
SRR T 4 I A 1 ML RIRIE O ik
i KU A (AL AR 3 G2, DAL, A% e A B i fie
ZAHML 4 D, HHEEE 1~ 4 MEREGER T
1) Pareto fif SEAE A& HETT R

b. ] LRM §fi i 5 2 07 %8 . MR ¥EIIZ% LRM
AR SR PRI 35 18 7 28 . SR BN, 1~ 4 DRI
B T A IR T AR L S, 2 R B E
BEIEAT AT Y 59 FIY A 28 RIS YWyt ik
JE o PRI R T 5 PR AR U ACY 109 FIFYY 2 28

= P rh i RS
= EINT O ot U

0 N
1 234567 8910
R B

6 Fosspolyl & [ & 28 #8 5 i XUBE Y18 th &

Fig. 6 Mean curve of numbers of sensors and

impact-risk in Fosspolyl network

FRUGHATRI L i 8 | 28 36 UE A A% 4% 28 J2 A7 3K
1, HETEJa MRITHE R BRIk LRM JF 158
AUERPEFR bR , 2 S8 09 i i Jr 28 S OH: H b pR B
(RPN ERPERE bR 2 3 iR, X B Hpr 2 A E
B 3 % I AR AN A 7595 45 28

H1e 3 ATLUE Y, 3 A5 22 0 W A HE B PR 46 A
HOARAE AT LRM B 5 L5575 Yy i e 57 i 4
WA/ N T RS B —2 H RN TR |
A1 H A R BUEAC ELERPE SR 2 L, 8807
R AR T 58 . 9 RS [ o A an &1 7 e
No FETHREM PR /7 =X, A — 1
PTG Y AT 55 10 HEA Fosspolyl 4 W R 45, 1] H
LRM #i7E 1 3 AMEZE I 1 5 (9 171 6 10 A
31 o THEAS B BB AR M 4 3 100%
1 94. 44% , Ut B %A% A8 A J) 25 455 7T LAE A b
i 1B V5 G R SRR TS YL R R

,S3

S5

S30

S28

S24

“He pe
LIRS

w ok RTET
BE 7 Fosspolyl ERM L1 E = H 2

Fig.7 Spatial distribution of sensor layout in

Fosspolyl network

< 3 Fosspolyl & MELIB I E LB ER LR
Table 3 The results of simulating LRM in Fosspolyl network

ES LIRS Hs 1(Fy) /A Hbr2(F)) HA5x3(F,) HEwPE A/ % eI B/ %
I 5,30,28 3 65.31 496. 44 42.34 42.34
1 3,5,30,28 4 36.28 188. 76 45.05 45.05
i} 3,5,24,30,28 5 22.39 74.47 60. 36 60. 36
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