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Maximal Covering Spatial Optimization Based on Network Voronoi Diagrams Heuristic and

Swarm Intelligence
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School of Geographic and Oceanographic Scienses, Nanjing University, Nanjing 210093, China

Abstract: A maximal covering location model based on network Voronoi area diagrams and particle swam optimization is
proposed to provide the spatial optimization means for response sensitive public service facilities in urbanized
area. |t is taken into account that facilities function conducts along traffic network and variable demands distribute
continuously. the facilities optimized can be located in continuous network space. The network Voronoi area
diagrams are used to simulate the service areas of facilities in the maximal covering location model, which has
heuristic to minimize overlap coverage in spatial optimization. The proposed model maximizes utilization of
facilities, the demands within coverage radius are covered completely and the demands beyond coverage radius
are covered partially by facilities function. An improved particle swam optimization algorithm integrated with
genetic mechanism and generalized Voronoi diagram is proposed to enhance the optimization performance in
continuous network space. The computational experiment for location optimization of fire stations in Nanjing shows
that the proposed model and optimization algorithm have achieved desired results.

Key words: network Voronoi area diagram; spatial optimization; maximal covering location model; Voronoi

diagrams heuristic; particle swarm optimization
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Fig. 1 Fully covering areas of present facilities and optimized facilities analyzed by NVAD

1

Tab.1 Covering information of present facilities and optimized facilities in Nanjing

/km? / / / /km? / / /

1 8.18 1.766 4 3.002 8 6.5313 9.34 1.649 9 2.8323 1.6697
2 7.69 2.116 7 5.3841 16.013 0 9.71 2.1294 3.6126 6.6237
3 3.71 2.4609 4.0384 5.056 4 6.49 3.426 2 5.105 8 7.209 1
4 3.96 4.0825 6.1458 9.2229 7.56 4.897 1 6.0137 6.980 5
5 6.19 1.086 8 6.3975 8.1011 7.11 5.0428 6.5187 9.3491
6 7.26 8.5816 9.575 8 13.689 8 8.06 8.306 7 9.6529 10.134 2
7 2.85 9.5635 9.5635 9.5635 8.74 9.3880 11.122 6 14.839 8
8 2.74 11.068 2 11. 068 2 11.068 2 9.6 9.6618 12.007 8 12.179 7
9 8.79 12.320 0 16.357 0 24.898 7 9.38 13.1511 17.462 9 20. 304 4
10 6.22 15.556 1 17.550 2 18.216 9 8. 44 17.1925 18.2250 18.626 5
11 9.62 16.136 3 20. 657 9 24.427 6 9.66 21.2239 24.5214 25.366 8
12 6.97 19.1614 22.522 3 28.034 2 10.08 23.317 6 24.549 8 24.763 4
13 7.23 20. 947 6 23.465 1 24.873 4 10. 00 30.1257 32.490 9 33.290 7
14 8.95 25.716 7 30.954 7 34.907 6 11.14 36.229 7 39.599 0 40. 266 8

90. 36 153.564 7 186. 683 3 234. 604 4 125. 31 185.742 4 213.715 4 234. 604 4
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Tab.2 Comparison of spatial optimization results based on

different maximal covering location models esti-

mated by NVAD

/km? / / /

Voronoi 125.31  185.7424 27.9730 213.7154

Voronoi 120.86 167.0052 38.4139 205.4191
118.47 162.3721 35.8254 198.1975 (1]
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