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Energy Consumption Balanced Scale-free Fault-Tolerant Topology Model
for Wireless Sensor Networks
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3 (The Key Laboratory for Special Fiber and Fiber Sensor of Hebei Province , Yanshan University , Qinhuangdao 066004)

Abstract  Network lifetime is an important indicator to evaluate the performance of wireless
sensor networks. The fault tolerance of scale-free topology is beneficial to prolong the network
lifetime, but the uneven construct will lead the imbalanced energy consumption, then the
imbalanced energy consumption will shorten network lifetime. In order to solve the problem, a
network energy consumption model is established based on the residual energy of node and the
distance between nodes, and the network lifetime is evaluated according to this model. The influence
of node energy and node distance on network lifetime is analyzed. We found that node energy is
positively related to network lifetime, and the node distance is negatively related to network lifetime.

Then the influencing relationship is introduced into the preferential connection mechanism of scale-free
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topology, a dynamic evolution model which can balance the energy consumption and tolerant node

failure is proposed in this paper. In the model, the ratio of distance between the nodes to residual
energy of the nodes is regarded as fitness function, the addition of new links and reduction of
some old links are also introduced into this model, and the power-law distribution characteristic
of node degree in this evolution model is analyzed by the mean field theory. Thus a topology
which has scale-free and fault-tolerant properties is obtained. To verify the correctness of the
theoretical analysis and analyze the network performance, extensive simulation experiments are
carried out in the MATLARB simulation platform. Compared with other classical models, the simula-
tion results show that the degree distribution of the topology obeys the power-law distribution
characteristic, and it can not only balance the energy consumption of nodes and network, prolong
the network lifetime, but also enhance the capacity of fault tolerance and intrusion tolerance.

Keywords  wireless sensor networks; balanced energy consumption; network lifetime; scale-

2017 4

free topology; fitness function; Internet of Things; Cyber-Physical System
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1. WHILE (: is unequal to N+1) do
2. deploy N nodes randomly
3. END WHILE
4. FOR (i from 1 to N) do
5. mark 7, nodes to form the initial network
6. END FOR
7. WHILE (unmarked nodes exist in the network) do
8. FOR (i from 1 to N) do
9. store the unmarked neighbor nodes of the
existing nodes in W[ |
10. FOR (j from 1 to W[ num]) do
11. count the existed nodes which can be
connected with W[ num ], and put in A[ ]
12. FOR (g from 1 to Alnum]) do
13. calculate 7, by formula(12), chose the
node has max(m,) join in the network
14. END FOR
15. END FOR
16. calculate 7, by formula (15), the nodes are
ordered and put in Q[ ] according to the value
of each node
17. FOR (Link from 1 to b) do
18. IF (the neighbor node j of the top node in
Q[ ] meet the conditions £, =2 and =] is the
maximum among the neighbors) do
19. delete (e;)
20. END IF
21. END FOR

22.  END FOR
23. END WHILE
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balance the energy consumption of the network on the basis

of greater tolerance for node failure, then prolong the net-



8 XU SR 55 - REFRE I A () T0 2k A% SR A0S I 46 TO bR JEE 2 5 1 F IS Y 1855

work lifetime, In WSNs, the energy of sensor nodes is limit-
ed, the nodes with lower residual energy may fail premature-
ly because of the imbalanced energy, and they are often de-
ployed in the bad environment, so the sensor nodes fail
frequently. In order to enhance the robustness of networks
when the nodes failed, a number of fault-tolerance techniques
have been proposed for WSNs specially. However, the research
results are most around the redundant nodes and the clustering
structure. Although the former enhances the network fault
tolerance, but increases the burden of network. In the clustering
structure, it can reduce the energy consumption, but a failure
of cluster head will lead to part failure of network. So
designing a fault-tolerant and energy-balanced topology is a
problem that shall be solved immediately.

In recent years, the researches on complex networks
become a hotspot, the scale-free networks are proposed by
Barabasi A L. and Albert R, in which the degree distribution
obeys power-law distribution. With the deep research of
scale-free networks, people found that many large-scale
complex networks are scale-free, and this kind of network

displays a strong robustness even with high failure rates.

With the help of the theory of scale-free network. in this
paper, a new fault-tolerant and energy-balanced topology model
is proposed. The analysis of growth dynamic demonstrates
that the formed network distribution obeys the power-law
distribution, this character which can enhance the ability of
fault tolerance, and the model proposed can balance the energy
consumption of the whole network. On that basis, a new
train of thought is provided to solve the problem of unbalanced
energy consumption of the scale-free network, and the
network lifetime is extended.

In order to solve the problem of network fault tolerance
and balance the energy consumption effectively, our group
has studied large number of evolving models, and set up
some integrated fault models to stand for the nodes failure in
different conditions, obtained good results. This work is
supported by the Natural Science Foundations of Hebei
Province (F2015203091, F2014203239), the Science and
Technology Projects of Hebei Province (15275423) ., and the
Scientific and Technological Research and Development

Planning Projects of Qinhuangdao City (201502A216).





