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Flaw of Demand Coverage Based Method for Optimal Locations of Monitoring

Stations and Modification

LIU Shu-ming LI Zhen-yu CHEN Jin-duan WANG Qi MENG Fan-lin
Department of Environmental Science and Engineering Tsinghua University Beijing 100084 China

Abstract The method of locating online sensor on a water distribution system for monitoring water quality was investigated. A flaw of demand
coverage method was identified. To overcome this flaw a demand coverage index based method was proposed in this paper. The demand
coverage index method evaluates a node’ s representativeness by taking both the total amount of demand coverage and its temporal distribution
into account. This increases the calculation accuracy and data representativeness. In order to increase the speed of optimization a genetic
algorithm was employed to solve the optimization problem in this work. Two example water distribution systems were employed to evaluate the
performances of both methods. It was obtained that more than 85% of node demand can be covered by 7 monitoring stations for the example
water distribution system with 95 nodes. Example applications show that results from this method have better representativeness than the one
from demand coverage method. An online monitoring network based on optimal locations obtained from demand coverage method can better
represent water quality of the distribution systems.
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Fig.1 Example network 1
1 /L
Table 1 Demand coverage of nodes/L
1
1 2 3 4 5 6 7
1.1 1 0 0 15 45 70 30 10
2 0 0 12 45 40 23 8
3 0 0 15 45 35 15 10
4 0 0 20 50 40 25 10
0 0 62 185 185 93 38
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1.2 Table 2 Multiple demand patterns in the network
01 00 1.34 09 00 0.96 17 00 0.79
02 00 1.94 10 00 1.1 18 00 0.74
demand coverage index DCI 03 00 | 46 1 00 1 08 19 00 0.64
total demand coverage TDC 04 00 1.44 12 00 1.19 20 00 0.64
05 00 0.76 13 00 1.16 21 00 0.85
. . 06 00 0.92 14 00 1.08 22 00 0.96
accumulation of demand coverage ranking ADCR 07 00 0.85 5 00 0.9 23 00 Lo
2 08 00 1.07 16 00 0.83 240  1.67
DCI = TDC/ADCR
_ i 1 23456 17
ADCR = >}’ DCR,
DCR; i
100
0.90 0.05 50
20
3
12 3
3 1
3
5 7 26213 L. 25551 L
| 1.05
' 1 25056 L. 25551 L
5
TDC
Max ADCR 7.
7 5
D < NS
1 1 5




91

13

DCIX 10%L

River

Lake
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Fig.3  Optimization using genetic algorithm

4. 3

15.

50

1 ~7

85%

95



92

31

3

L 1

Table 3 Demand coverage matrix and demand coverage index L
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5 7 14 17 31 63 84
2 471.4 462.5 399.2 391.3 372.9 367.6 360.1
4 5 6 7 9 10 11
21 798.6 522.3 450.8 440.2 411.3 400.4 388.8
2 5 6 8 10 11 14
» 674.6 1135 682.4 827.9 547.8 533.7 517.2
6 2 5 4 8 9 11
3 1211 908.6 784.2 691.5 618.2 620.9 601.4
3 5 7 9 12 11 14
o 719.1 1118 629.3 611.1 546.3 555.1 513.2
6 2 7 9 12 11 13
TDC/L 26213 25551 22 867 23017 21239 20 647 19021
ADCR 68 1.1 65 1.0 137 2.1 145 2.2 167 2.5 171 2.6 196 3.0
DCI/L 25056 25551 10 849 10 321 8 266 7 848 6307
1 TDC ADCR DCI
95 48
4
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