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Cross-layer modeling and optimization for rechargeable wireless sensor
network with multiple base stations

Ding Xu'?> Han Jianghong' > Shi Lei' > Wei Zhenchun'’
(1. School of Computer and Information Hefei University of Technology Hefei 230009 China;
2. Engineering Research Center of Safety Critical Industrial Measurement and Control Technology

Ministry of Education Hefei 230009 China)

Abstract: The crossdayer modeling and optimization for rechargeable wireless sensor network with multiple base sta—
tions are researched in this paper. In order to develop the working scheme for wireless sensor node as well as wireless
energy transfer device physical and network layer constraints that wireless sensor node and wireless energy transfer
device must comply with are elaborated here. The cross-ayer optimization problem of dynamic networking is formula—
ted in order to maximize the index of sensor node activity which is presented here. Furthermore the cross-dayer opti-
mization problem with variables which are continuous functions of time is reshaped into a linear programming prob—
lem by deduction. In the simulation and numerical analysis the dynamic and cyclic working strategies for wireless
sensor node and the wireless energy transfer device are revealed after solving the linear programming problem. The
vacation time ratio of the wireless charging device is increased by more than 100% compared with former researches.
Keywords: rechargeable wireless sensor networks with multiple base stations; wireless energy transfer; cross-ayer;
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Table 1 Information of sensor nodes
/(bits *+ s /( bits + s7")
1 163 122 17 000 28 703 780 13 000
2 195 215 15 000 29 775 826 10 000
3 192 239 18 000 30 772 967 13 000
4 256 292 11 000 31 843 960 19 000
5 290 304 12 000 32 867 876 18 000
6 385 224 15 000 33 824 701 17 000
7 467 310 19 000 34 743 694 19 000
8 533 386 10 000 35 699 517 12 000
9 495 413 16 000 36 883 509 14 000
10 375 456 18 000 37 985 533 18 000
11 345 546 10 000 38 939 413 10 000
12 194 547 18 000 39 901 372 14 000
13 159 394 10 000 40 790 280 16 000
14 104 531 19 000 41 716 255 18 000
15 134 625 15 000 42 851 165 18 000
16 204 665 15 000 43 802 121 19 000
17 243 698 13 000 44 749 31 19 000
18 231 743 12 000 45 731 33 10 000
19 28 760 15 000 46 667 159 19 000
20 16 868 11 000 47 633 121 16 000
21 109 868 14 000 48 556 190 19 000
22 258 915 17 000 49 544 160 17 000
23 362 889 19 000 50 439 98 19 000
24 363 861 15 000 * 51 813 729 -
25 381 821 16 000 * 52 551 344 -
26 562 827 12 000 * 53 160 762 -
27 642 712 11000 L )
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Fig.3 Optimal travelling path of the wireless energy transfer device
2
Table 2 Working strategy of the wireless energy transfer device in the first energy replenishing cycle
/s /s k] /s /s /k]
1 113 984.37 66.49 10.47 26 120 887.32 150.71 10.05
2 114 070.53 144.19 10.08 27 121 066. 05 115.13 10.22
3 114 219.56 45.95 10.57 28 121 199.46 46.13 10.57
4 114 282.13 129.53 10.15 29 121 262. 67 335.13 9.13
5 114 418.87 667.25 7.48 30 121 626.01 24.79 10. 68
6 115 110.96 860. 69 6.55 31 121 665.07 106. 49 10.27
7 115 995.41 593.29 7.86 32 121 789.04 271.50 9.45
8 116 608. 83 12.75 10.74 33 122 096. 57 115.68 10.22
9 116 630.90 163.38 9.98 34 122 228.52 205.26 9.78
10 116 819.77 262.31 9.49 35 122 470.26 407.06 8.77
11 117 101.06 35.39 10. 62 36 122 914.15 2083. 38 0.58
12 117 166. 65 125.58 10.17 37 125 018.49 84.80 10.38
13 117 323.62 152.15 10. 04 38 125 128.99 54.78 10.53
14 117 505.30 125.80 10.17 39 125 194.95 201.61 9.80
15 117 650. 84 138.22 10. 11 40 125 425.39 109.77 10.25
16 117 805.18 451.89 8.55 41 125 550.78 2106.23 0.54
17 118 267.29 16.65 10.72 42 127 689.46 89.55 10.35
18 118 293.26 221.82 9.70 43 127 792.18 384.02 8.89
19 118 555.83 152.07 10.04 44 128 197.09 22.16 10. 69
20 118 729.62 36.91 10. 62 45 128 222.87 314.91 9.24
21 118 785. 14 319.52 9.21 46 128 566. 04 349.71 9.07
22 119 135.90 323.28 9.20 47 128 925.94 239.97 9.61
23 119 480. 62 35.99 10.62 48 129 186.59 2127.42 0.54
24 119 522.21 19.22 10.70 49 131 320.47 444.87 8.64
25 119 550.21 1300. 90 4.37 50 131 789.73 226.57 9.68
{fw' m fkn, m wB, qu,B2 m
50 fup, m } fo, m #0
51 WSN I s;
oprPT4 0 51
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Table 3 Power usage of the 48" sensor node along the optimal travelling path in different

phases in the first replenishing cycle

W W
0 0.094 17 0.084 34 0.084
1 0.084 18 0.084 35 0.084
2 0.084 19 0.084 36 0.084
3 0.084 20 0.084 37 0.084
4 0.084 21 0.084 38 0.084
5 0.084 22 0.084 39 0.084
6 0.047 23 0.084 40 0.084
7 0.013 24 0.084 41 0.084
8 0.062 25 0.084 42 0.084
9 0.084 26 0.084 43 0.099
10 0.099 27 0.084 44 0.099
11 0.084 28 0.084 45 0.099
12 0.099 29 0.084 46 0.147
13 0.084 30 0.084 47 0.139
14 0.084 31 0.084 48 0.177
15 0.084 32 0.084 49 0.015
16 0.084 33 0.084 50 0.047
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