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Abstract—Topology control is the heat issue in wireless sensor 
networks. It is of great importance for prolonging network 
lifetime, reducing radio interference and increasing the efficiency 
of routing protocols. This paper presents a GA-based k-
connected fault-tolerant topology control algorithm, called 
FTCGA. The algorithm takes k-connected of network as 
constraint and node energy consumption as optimization target. 
The experiment results show that the algorithm can reduce 
redundant links effectively and ensure network connectivity, 
reduce the energy consumption and prolong the life cycle of WSN. 
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I. INTRODUCTION

Wireless sensor network is composed of a large number of 
inexpensive and energy-constrained wireless sensor nodes, the 
network has the characteristics of self-organization, distributed.
It has broad application prospects in environmental monitoring, 
defense and military, forest fire prevention and control and 
other fields[1]. Sensor nodes will collect the information, and 
then sent to the sink node by means of single-hop or multiple-
hop. Topology control is one of the most important research in
wireless sensor network, without proper topology control 
algorithm will lead to poor network utilization, high network 
transmission delay and short life network lifetime.

Existing topology control algorithms can be divided into 
three categories: power control, hierarchical control, and 
heuristics. In the aspect of power control, Narayanaswamy et al 
proposed COMPOW [2] uniform power allocation algorithm, all 
nodes use the same transmit power, on the premise of 
guarantee network connectivity, minimizing power, but when 
the uneven distribution of nodes, a relatively isolated nodes 
will lead to all the nodes using large transmission power. In [3], 
Kubisch et al have presented a power control algorithm based 
on node degree, which called LMA and LMN, but the 
algorithm based on the node degree is difficult to ensure 
network connectivity.

In recent years, the research to maintain network k-
connected become a heat issue, a k-connected network can 
tolerate at least k-1 node failure. In [4], Li et al proposed global 
approximation algorithm and local approximation algorithm, 
which called FGSS and FLSS, these two algorithms compare 
the network path constantly and determine whether the network 
reaches k-connected, it will consume too much energy. In [5], 

Li et al proposed CBTC(α) algorithm, when α=2π/3k, enabling 
the network to maintain k-connected. However, it puts forward 
higher requirements for the hardware. In wireless sensor 
networks, k disjoint paths between any pair nodes is 
unnecessary. Therefore, we only need to consider k disjoint 
paths between nodes and sink nodes[6]. Obviously, the higher 
the network connectivity k is, the stronger the fault-tolerant 
ability is. But also means that it will consume more energy. 
Therefore, in order to balance the contradiction between energy 
consumption and high connectivity, this paper proposes a based 
on genetic algorithm k-connected fault-tolerant topology 
control algorithm, which called FTCGA. On the basis of the 
algorithm in keeping the network k-connected, the node energy 
consumption as the optimization goal.

II. NETWORK MODEL AND PROBLEM
DESCRIPTION 

In the two-dimensional plane, wireless sensor network can 
be described as a directed graph ( , )G V E , where V represents 
the node, E represents the link between the nodes. Here, we 
assume all nodes have the maximum transmission radius Rmax,
r(i) is the radius of node i, where max0 ( )r i R� � , and use ( , )d i j  to 
represent the Euclidean distance between node i and node j. If 

( ) ( , )r i d i j� ,it means there is a link from node i to node j, at the 
same time, if ( ) ( , )r j d i j� ,it means node i and node j is connect 
each other. The relationship between node energy consumption 
is ( ) * ( )e i m r i� ,here m is a constant. 

Definition 1  Disjoint path[7]

In the network, there are two or more paths between source 
node and destination node, each path has no common point of 
intersection in addition to source and destination node, then the 
paths are disjoint path. 

Definition 2  k-connected graph[8]

A graph ( , )G V E  is k connected if and only if for any u V�

and v V�  , there are k disjoint paths from u to v. Or equally, if 
any k-1 nodes are failed, the network still connectivity. 

Definition 3  Average energy consumption[9]

Average energy consumption max/ *100%c ae e e� , here ae
represent actual energy consumption of all nodes, maxe
represent the maximum transmission power. 

In wireless sensor networks, set a special node as the sink 
node, thus optimizing goal is to make an arbitrary node to the 
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sink node with k disjoint paths and minimum energy 
consumption. 

III. BASED ON GENETIC ALGORITHM TOLERANT TOPOLOGY 
CONTROL SCHEME

The problem of constructing a k-connected sub-network for 
achieving power efficiency is a NP-hard problem , using the 
general algorithm is difficult to obtain good results, therefore, 
the idea of using constrained optimization calculation to solve 
this problem[10]. The genetic algorithm is an effective algorithm 
to solve the problem of NP-hard. To solve this problem, we 
propose a GA-based k-connected fault-tolerant topology 
control algorithm, which called FTCGA. The basic idea of 
algorithm is network connectivity as a conditions, try to make 
the transmit power as possible. The ultimate goal of this paper 
is to find the best emission radius of each node, so that the total 
energy consumption is low, and to ensure network connectivity, 
which satisfy the constraints. 

A. Constraints and fitness function design 
Since optimization goal is to build k-connected network 

topology, any node to the sink node with k disjoint paths in 
wireless sensor networks, but if the node density is low, even if 
all nodes are working at maximum transmit power, it can not 
guarantee k path between all node and sink node, we design the 
following constraint function and fitness function as follows. 
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    Where in Formula 1,Ki represent the number of disjoint 

path from i-th source node to sink node D.  According to the 
formula 2 and 3, k_cons is between 0 and 1, if there are k 
disjoint path from all nodes to sink node, the network is k-
connected. k_cons is reflect the network connectivity, the more 
k_cons, the higher network connectivity. In algorithm, network 
nodes when working at maximum power, we can get the 
maximum k_cons. Since we use k_cons as constraint 
conditions, to search the minimum solution of formula 4. 

B. Algorithmic process 
    Step 1: Chromosome Initialization 
    In Wireless sensor networks, assume there are N nodes, 

with r (i) represents the radius of the i-node emission, then a 
chromosome of {r (1), r (2), ..., r (i), ..., r (N)}, the algorithm 
initially chromosome maximum radius for each node. 

    Step 2: Fitness calculation 
    In the first iteration, the initial population is the 

maximum, so we can get the maximum k_cons, denoted 
k_cons0. This value as the next iteration constraint. 

    Step 3: Genetic operate 
    Populations cross, and uniform mutation by a certain 

probability.  

    Step 4:Be judged on children which produced by genetic 
operate, that is, caculate the value of k_cons of each child. If 
the value less than k_cons0, the child is not satisfied the 
constraint condition, now we use the optimal solution of 
previous iteration to be replaced. 

    Step 5: If the termination condition is not satisfied, go to 
step 2. 

    Step 6:Iteration is terminated, get the best solution. 

IV. SIMULATION EXPERIMENTS

    In this paper, using MATLAB R2012a as a platform for 
simulation, population size is set to 30, the number of iterations 
is 600 times and the population crossover probability is 0.8, the 
mutation probability is 0.05. 

    In the area of 50 * 50, we generate 30 sensor nodes 
randomly. And the maximum transmission power of each node 
is set to be 18. Randomly select a node as the sink node. The 
final form of the network topology shown in Figure 1, sink 
node labeled by a small box. 
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Figure 1. Toplogy of Nodes by maximum power 

    When K=1,2,3, followed by running algorithm. As 
shown in Figure 2,3,4. 
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Figure 2. K=1 
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Figure 3. K=2  
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Figure 4. K=3  

    Through Figure 2-4 shows, FTCGA algorithm can 
effectively reduce redundant wireless link, meanwhile, as the 
value of K increases, redundant links also increases. FTCGA 
algorithm can guarantee that there are K disjoint path between 
network node and sink node.

In the case of the remaining parameters constant, by 
changing the number of nodes and the value of K , we compare 
the average energy consumption and the average node degree 
under different node number, where MAX curve represents the 
node work at the maximum power. As shown in Figure 5 and 6. 
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Figure 5. Comprison of average energy comsuption 

18 20 22 24 26 28 30
0

1

2

3

4

5

6

7

8

9

Number of nodes

A
ve

ra
ge

 n
od

e 
de

gr
ee

 

 

MAX

K=2

K=3

Figure 6. Comprison of average node degree 

The figure 5 shows that when nodes work in maximum 
power, the power consumption of the node is the largest. When 
the value of K set is larger, the more node energy consumption. 
The figure 6 shows that with the increase of number of nodes, 
the average node degree also will increase, in the same way, 
when the K value set is larger, the average node degree will 
also higher, when N = 18, basically equal to the average node 
degree, because of the node density is sparse, even if the node 
work by the maximum power, it also can't achieve the 
requirements of K = 3, so the average node degree is basically 
the same. 

Through the above experiments show that the algorithm can 
effectively reduce the network node redundant paths and save 
energy, improve the network life cycle. 

V. CONCLUSION

    Using k-connected as constraint condition, and node 
energy consumption as optimization problem, we propose a 
based on genetic algorithm k-connectivity fault-tolerant 
topology control algorithms. From the simulation results shows 
that FTCGA algorithm can greatly reduce the redundant links, 
reducing the node energy consumption, but also to ensure 
network connectivity, the network can maintain a good fault-
tolerant topology. 
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