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Wireless sensor network routing algorithm based on

diffusion of multi-component mixtures
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Abstract: To inhibit the formation and development of energy holes in wireless sensor networks (WSNs)
and to equalize the energy consumption and hole distribution, the effects of parameters such as node
density, node residual energy, and data transmission within the survival zone of hole edges, as well as the
distance of multi—energy holes, on the generation and development of energy holes are systematically
analyzed. To objectively describe the characteristics of energy holes, a series of definitions such as energy
hole, fusion energy hole, hole edge domain, and hole distance are proposed. Drawing on the theory of

diffusion of multi-component liquid mixtures, an energy hole evolution model is constructed by calculating
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the diffusion angle and diffusion velocity of energy holes. On this basis, the WSN clustering method based

on the diffusion coefficient of the energy hole, the WSN data transmission optimization method to suppress

the energy hole, and the node dormant scheduling strategy in the edge domain of the energy hole are

studied. Simulation results show that the proposed algorithm has significant improvement in terms of

network lifetime, data transmission, energy equalization, and hole distribution compared with LEACH,

UCDTS, and EHSRA algorithms.

Key words: communication and information systems; wireless sensor networks; energy hole; dynamic

cluster routing ; diffusion of multi-component mixtures
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Fig.1 Diagram of energy hole
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Fig.2 Diagram of the fusion energy hole
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Fig.4 Diagram of the survival zone at the edge of the hole
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Fig.5 Diagram of the distance between multi energy hole
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Fig.7 Diagram of hole diffusion distance
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Table 1 Average remaining energy of the algorithm

when different numbers of dead nodes occur
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20%.30% .40% H1 50% B Y % 2k BT LA
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T LI — R 50 MR, B — 4% il 4 AR e AH [R] 19 1
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T A /% LEACH  UCDTS  EHSRA RAD?
MCM

10 0.8414 09752 12012 1.2329

20 0.6104 07763  1.1300  1.1272

30 05145  0.6482  1.0938  1.0570

40 04090  0.5421  0.8688  0.976 2

50 0.2573  0.3995  0.8559  0.9921
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Table 2 Extremely poor energy of the algorithm when

different numbers of dead nodes occur

TS /% LEACH UCDTS EHSRA RAD”
MCM

10 1.306 9 14775 1.5819  1.5041

20 11902 1.3299 1.4881  1.3508

30 0.9995 1.2656 1.4185  1.2260

40 09338 1.1721 1.2905  1.0574

50 0.7040 1.0753 1.2270  0.6761
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Table3 Energy standard deviation of the algorithm

when different numbers of dead nodes occur

T A /% LEACH  UCDTS EHSRA RAD”
MCM

10 04396 05132  0.5977 0.4698

20 0.3724  0.472 0.6186  0.4322

30 0.2938  0.4249 0.6004 0.3336

40 0.2484 03728 05291 0.3175

50 0.1750  0.2901 05079 0.1054
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Fig. 12 Comparison of contour plots of different

algorithms at 20% of dead nodes
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Fig. 13 Comparison of contour plots of different

algorithms at 30% of dead nodes



(T % k)

% 55 %

- 4080 - T Hh X F
S ——— 100 . . 100
80 .. ».-@ " Hso 80 80
g60 i e Mo 60 & 0 60
=40 e g R0l ST € {140
20; .0 a0 1H20 20 1120
S0 o, o t | e NS I
e e s () I S i Pl u()
20 40 60 80 20 40 60 80
x/m x/m
(a)LEACHEA SRR (b UCDTSH IR F R E
. 100 fe tammei. |, 100
g I80 80' A 80
a 60 g 60+.- ":;.'. = (C17 60
) H4o =40 40
N S I120 20p S L o0
[T ¥ e e U
20 40 60 80 20 40 60 80
x/m x/m
(c)EHSRAB B HERLHE (RADMCME RS RLE

E14 AAEZEXETTAS40Y NESEZEXLLE

Fig. 14 Comparison of contour plots of different algo-

rithms at 40% of dead nodes
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Fig. 15 Comparison of contour plots of different algo-

rithms at 50% of dead nodes
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Table 4 Energy holes for different algorithms in the

presence of different number of dead nodes

WA ER/% LEACH UCDTS EHSRA RADMCM
10 5(4) 3(8) 5(3) 5(4)
20 8(5) 3(17) 4(6) 5(6)
30 9(13)  3(27)  4(17) 4(11)
40 8(21)  6(33)  4(29) 3(20)
50 7(29)  5(36)  5(33) 2(27)
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