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Abstract—Network coverage rate is a key standard of 
measuring the quality of network coverage. This thesis aims 
at solving the differences between node energy and task, 
which causes coverage holes and blind spots of Wireless 
Sensor Network, and proposes a coverage algorithm, based 
on key node scheduling, divides node subsets, and adjusts 
the states of individual nodes according to node energy and 
coverage rate. This algorithm ensures network connectivity 
while reducing coverage holes and redundancy. Simulation 
results show that, the proposed algorithm can effectively 
reduce failure nodes, energy consumption, improve network 
coverage rate, and demonstrates network convergence and 
stability. 

Index Terms—Wireless Sensor Network; network coverage 
rate; energy loss, coverage adjustment, node scheduling. 

I. INTRODUCTION 
Network coverage rate is an important technical index 

indicating completeness and availability of information by 
Wireless Sensor Network. It indicates the sensing ability 
of Wireless Sensor Network to the physical world and 
usually describes quality of service (QoS). To fully cover 
the sensor filed, dense deployment is exercised to increase 
the coverage rate of Wireless Sensor Network. However, 
there is some overlapping between sensor nodes in the 
network, which produces redundant data and interferes 
with wireless channels. Once channels are in conflict, 
over-consumption will emerge [1, 2]. In addition, given 
the input-output ratio, with limited investment, dense 
deployment is always put aside.  

Among existing studies on network coverage, literature 
[3] studied the coverage correlation between nodes. 
Without accurate position, errors are produced and a blind 
area of coverage is created, making the monitored data 
inaccurate. Literature [4] proposed a distributed 
scheduling algorithm. Network nodes can calculate shared 
area with neighboring nodes within its coverage according 
to geographical position, from which coverage correlation 
is clear. However, this algorithm fails to notice that a 
sensing area of nodes can be overlapped, thus mobilizing 
too much working nodes and wasting energy. Liu C [5] 
divided sensor nodes into k random subset. In each subset, 
sensor nodes practice mission periodically. But the free 
division of subsets makes it impossible to predict the 
coverage rate. Literature [6] combined two ways of 
coverage control. So the coverage rate can serve as an 
index to measure quality of service. Select several nodes 
randomly as master node and divide the monitored area 
into several Voronoi polygons. 8 fixed point away from 

the master node are regarded as the best places for hole 
repairing. Look for nodes that are closest to 8 fixed points 
in the subset and put them into operation so as to increase 
the coverage rate. The requirement of network coverage 
differs with circumstances. But it works as long as the 
network has a reasonable coverage rate [7-9] for the 
sensor filed. 

More and more researches on coverage control are done 
recently, such as the research node scheduling strategy, 
which puts redundancy nodes take turns into dormant 
state; The other is research network coverage hole 
detection and repair strategy, which imagine the sensor 
node perception range as a circle and divided monitoring 
area into multiple area according to sensor node location 
information.There are related method has incorporates two 
kinds of coverage control strategies, which is a research 
trend in the future. But it set the same network attribute to 
every nodes, which can’t get accurate network holes 
information, existing a lot of redundant area, so the 
method can’t maximize coverage rate. This thesis 
presents the key nodes, meanwhile, designs a covering 
algorithm based on key node scheduling. The proposed 
algorithm selects key nodes and distribute nodes into 
different node subsets while not undermining the monitor 
quality. According to network condition, adjust nodes and 
change their working conditions to reduce coverage holes 
and redundancy and energy consumption, increase 
network coverage and prolongs network survival. 

II. NETWORK MODEL  
Supposing a node set S which containing N non-

overlapping wireless sensor nodes is randomly deployed 
in a 2-D monitoring region A. After deployment, the 
position of each node is fixed. All nodes have a 
perception radius of Rs and a communication radius of 
Rc. To any node Si (Si S), as the center of a circular 
perception area. Supposing the node has the following 
properties: 

1) The wireless sensor nodes are randomly deployed in 
the monitoring region. After deployment the node location 
is fixed, and a wireless network is building up. 

2) Network nodes are isomorphic. Their initial energy 
is W and they have synchronous clock.   

3) The coverage sensing area is 2! sR! =  . When P in 
the sensor filed meets || ||i sS p R!  , P is covered by 
node iS .  
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4) The position of sensor node is available. Meanwhile, 
a node can obtain relevant information within effective 
communication range, including battery and node 
position.  

5) The border effect of sensor filed is negligible and the 
node density is larger. 

III. NETWORK COVERAGE STRATEGY 
To balance energy consumption and given that network 

nodes differ from each other in energy supply after a time 
of working, this thesis proposes a covering algorithm 
based on key node scheduling. Two questions are bore in 
mind. One is how to judge the nature of the node 
according to network condition, node type and position 
[9], namely whether the node is a key node. The other 
question is how to adjust node, if the node is an ordinary 
node and when two or more ordinary nodes share the 
same electric quantity, which can prolong network 
lifetime [10-12] according to network redundancy while 
ensuring the quality of network coverage and saving 
energy.  

A. Selection of key nodes 
N sensor nodes are distributed randomly in sensor filed 

A to construct wireless Sensor network. According to 
existing studies, in Wireless Sensor Network, energy 
consumption during information transmission has 
something to do with Euclidean distance. The total energy 
consumption W from source node a to target node b is 
described by expression (1):  
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 (1) 
where !  , !  and !  are energy factor of node. d(ai ,aj) 

refers to Euclidean distance between node ai and node aj. 
!  is a variable. ajaiQ !  is data volume of transmission 
from node aj to node aj node. The unit is bit. ai is the 
information-related neighbor nodes of the target node and 
the source node. 

Only when the residual energy of any sensor node and 
the monitored area in the sensor field reach a balance can 
the effective coverage meet the threshold ! , where n is 
node number, A is the sensor filed area, and
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icov is the effective coverage area of  node,When 
cover function f is close to the coverage threshold , the  

Purpose is to deal with non-linear multi-target 
optimization. According to expression (1) and (2), it is 
known that key node set that meets the coverage 
threshold   in area A is S{k1,k2…..kn}: 

Ak argS i!=                  (3) 
According to real situation, key node set is computed 

based on expression (3). In a given sensor field, to reach 
the anticipated the coverage rate, key nodes should 
become main working nodes during transmission, as 
shown in Fig.1: 

 
Figure 1.  The selection of key nodes 

B. Coverage adjustment 
Based on network key node sets S, ordinary working 

nodes are adjusted according to residual energy of 
network nodes and network coverage, so as to reduce 
network holes and redundancy, as described below: 

Step 1 Select key node set S={k1,k2…..kn} in sensor 
field A. Node members are relevant to each other. Any 
member can acquire the information about its neighboring 
nodes, such as relative position and surplus electricity 
quantity.  

Step 2 Select a key node key nodes si from S and divide 
the coverage area M. local areas mi are independent. Key 
nodes receive information from neighbor nodes and the 
other way round. Information acquired by the key node 
composes a fully connected member node set E.  

Step 3 When members in node set E are determinate, 
activate member nodes. It is necessary to consider the 
change of energy and coverage of node. If the energy is 
smaller than energy threshold W0, the node should be 
taken to dormant. And a node sub-graph G connected to 
this node is established. Activate nodes in G and repair the 
blind area in the network.  

Step 4 Calculate the network coverage with current 
working nodes and its coverage correlation. Make choice 
between the node and node subgraph G and bring to 
dormancy nodes of small coverage. By doing so, network 
redundancy can be reduced and “dead” node can be 
avoided. Network lifetime is prolonged to the maximum 
without undermining network connectivity. 

Step 5 When key nodes are low in energy, bring them 
to dormancy. In the fully connect member nodes set E. 
repeat abovementioned steps to find key nodes and adjust 
network holes and redundancy so that the network will 
have favorable connectivity. As shown in Fig.2 and Fig.3: 

 

Figure 2.  network coverage before adjustment  
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Figure 3.  network coverage after adjustment 

IV. ANALYSIS OF SIMULATION EXPERIMENT 
This thesis measures performance of the algorithm 

through simulation experiment and comparison. The 
settings: in 

2m100!100  sensor field 200 sensor nodes are 
placed, the radius of which is 15m. The initial electric 
quantity is 200J. The algorithm this paper proposed is 
named after KNSC (a coverage algorithm based on key 
node scheduling) for convenient. To evaluate the 
performance of KNSC algorithm, this paper will compare 
it with the RDCA (the random distribution algorithm.). 
KNCS is compared with RDCA, the random distribution 
algorithm. Working condition of nodes in different time 
period is sampled in the wireless operation. Three aspects 
are analyzed with priority: (1) energy consumption (2) the 
number of failure nodes and (3) network coverage rate. 

Network residual energy is an important index to 
measure network performance. It reflects the speed of 
energy consumption in the whole network. Network 
residual energy ratio is total residual energy against initial 
energy. From Fig.4 it is seen that in the initial stage, there 
is little network energy loss. As time goes by, the gap in 
energy consumption appears gradually. This thesis takes 
key node as master node and adjust other nodes according 
to working condition of the network. And the algorithm 
brings nodes whose energy is lower than the threshold to 
dormancy and activates relevant nodes. It is more 
advantageous in terms of saving energy.  

 
Figure 4.  network energy consumption 

The number of failure nodes indicates network 
connectivity and distribution of energy consumption. 
From Fig.5, it is shown that there are less failure nodes in 
the proposed algorithm than in the random algorithm. As 
time goes by, failure nodes take a leading position in 
deciding the distribution of whole networks. The proposed 
algorithm prolongs network lifetime successfully. 

  
Figure 5.  network residual node 

The coverage rate is the proportion of effective 
coverage area to overall sensor field in a given time. It is 
also important to measure network coverage performance. 
Fig.6 presents the change of network coverage rate with 
network holes and redundancy in the initial stage of the 
network. The difference in coverage rate begins to appear. 
Though there is much energy consumption in node subset 
division and network node transmission, the overall 
performance of network coverage has been enhanced, 
which extends network lifetime. At the same time, the 
coverage rate curve of the proposed algorithm is more 
stable than the other one, indicting that it has good 
convergence. 

 
Figure 6.  network coverage rate 

V. CONCLUSION 
Wireless Sensor Network have some features, such as 

dynamic and randomly distributed. These features are 
source of network holes in the sensor field. The holes not 
only produce blind area and lower the monitoring quality, 
but also influence the performance of the network. Thus, 
this thesis proposes a coverage algorithm based on key 
node scheduling. By dividing nodes into different working 
node sets, it adjusts working condition of nodes and 
repairs network holes and redundancy. Results show that 
the proposed algorithm sheds off monotony in selecting 
the best nodes and realizes even distribution of working 
nodes. As a result, network holes and redundancy are 
reduced, the coverage rate reaches the requirement and the 
network lifetime is prolonged. With redundant nodes 
removed, the monitoring cost is also taken under control.  

REFERENCES 
[1] Chen JM, Li JK, Lai TH. Energy-Efficient intrusion detection with 

a barrier of probabilistic sensors: Global and local. IEEE Trans. on 
Wireless Communications, 2013, 12 (9): 4742!4755 
http://dx.doi.org/10.1109/TW.2013.072313.122083 

[2] Kasem F, Haskou A, and Dawy Z. On antenna parameters self 
optimization in LTE cellular networks[C]. Proceedings of 3rd 

iJOE ‒ Volume 11, Issue 9, 2015: "Wireless Sensor Network Applications in Engineering" 69



PAPER 
A COVERING ALGORITHM BASED ON KEY NODE SCHEDULING 

 

International Conference on Communications and Information 
Technology (ICCIT 2013), Beirut, Lebanon, 2013: 44-48. 
http://dx.doi.org/10.1109/iccitechnology.2013.6579520 

[3] Ye F, Zhong G, Lu SW, Zhang LX.  A robust energy conserving 
protocol for long-lived sensor networks. Proc. of the 10th IEEE 
Int’l Conf. on Network Protocols. IEEE Computer Society, 2001. 
200!201.  

[4] Tian D, Georganas ND. A coverage-preserving node scheduling 
scheme for large wireless sensor networks. In: Raghavendra CS, 
Sivalingam KM, eds. Proc. of the 1st ACM Int’l Workshop on 
Wireless Sensor Networks and Applications (WSNA). Atlanta: 
ACM Press, 2002. http://dx.doi.org/10.1145/570738.570744 

[5] LIU C, WU K, XIAO Y, et al, Random coverage with guaranteed 
connectivity: joint scheduling for wireless sensor networks [J]. 
IEEE Trans Parallel Distrib Syst, 2006, 17(6):562-575. 
http://dx.doi.org/10.1109/TPDS.2006.77 

[6] LIN J W, CHEN Y T.Improving the coverage of randomized 
scheduling in wireless sensor networks [J]. IEEE Transactions on 
Wireless Communications, 2008, 7(1):4807-4812.  

[7] Engels A, Reyer M, Xu X, et al.. Autonomous self- optimization 
of coverage and capacity in LTE cellular networks [J]. IEEE 
Transactions on Vehicular Technology, 2013, 62(5): 1989-2004. 
http://dx.doi.org/10.1109/TVT.2013.2256441 

[8] Tan R. Exploiting data fusion to improve the coverage of wireless 
sensor networks [J].  IEEE/ACM Transactions on Networking, 
2012, 20(2): 450-462. http://dx.doi.org/10.1109/TNET. 
2011.2164620 

[9] ERGEN SC, VARAIYA P. TDMA scheduling algorithms for 
wireless sensor networks [J].Wireless Networks, 2010, 16(4):985-
997. http://dx.doi.org/10.1007/s11276-009-0183-0 

[10] Naderan M, Dehghan M, and Pedram H. Sensing taskassignment 
via sensor selection for maximum target coveragein WSNs [J]. 
Journal of Network and Computer Applications, 2013, 36(1): 262-
273. http://dx.doi.org/10.1016/j.jnca.2012.06.003 

[11] Ashouri M,Zali Z,Mousavi S R,et al.New optimal soutions to 
disjoint set K-coverage for lifetime extension in wireless sensor 
networks[J].IET Wireless Sensor Systems,2012,2(1):31-39. 
http://dx.doi.org/10.1049/iet-wss.2011.0085 

[12] Khedr A M and Osamy W. Minimum perimeter coverage of query 
regions in a heterogeneous wireless sensor network [J]. 
Information Sciences, 2011, 181(15): 3130-3142. 
http://dx.doi.org/10.1016/j.ins.2011.04.008 

AUTHORS 
Li Zhu female, born in 1982, received her M.S. degree 

in Computer Applied Technology from University of 
Electronic Science and Technology of China (2011). Now 
she is reading for a doctor degree at Beijing University of 
Posts and Telecommunications. Her research interests 
include WSN and embedded system. (Email: 
jolie.zhl@hotmail.com / zhul@nercita,org.cn) 

Chunxiao Fan female, born in 1962, she is currently a 
professor and the director of Center for Electronic and 
intelligent systems. Meanwhile, she is a members of the 
national sensor network working group. Her research 
interests include WSN, data mining and intelligent 
information processing, etc. (Email: cxfan@bupt.edu.cn) 

Huarui Wu is a professor at National Engineering 
Research Center for Information Technology in 
Agriculture. He is interested in studying Artificial 
Intelligence. In recent years, he has participated in 18 
national and provincial key scientific research projects, 
and published over 20 academic papers. He got the first 
prize of Beijing Science and Technology in 2005, and 
third prize of agricultural technology promotion in 2003. 
(Email: wuhr@nercita.org.cn) 

Zhigang Wen is a professor at Beijing University of 
Posts and Telecommunications, meanwhile, he is a 
members of the national sensor network working group. 
He research interests include WSN, Cognitive radio, the 
system communication, etc. (Email: zwen@bupt.edu.cn) 

The work presented in this paper was supported by the National 
Natural Science Foundation of China (Grants No. NSFC- 61471067) and 
the National Natural Science Foundation of China (Grants No. NSFC-
61271257). Fund for the Doctoral Program of Higher Education of China 
(Grants No.20120005110002).The work presented in this paper was 
supported by National Great Science Specific Project(Grants No. 
2012ZX03005008 ) Submitted 21 September 2015. Published as 
resubmitted by the authors 20 October 2015. 

 

70 http://www.i-joe.org


