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Abstract  

Wireless Sensor Networks (WSNs) dominated in last two 

decades and it is consider as a key technology for various 

applications that involve lengthy processing and minimum 

cost monitoring, such as Battlefield Reconnaissance, Building 

Inspection, Security Surveillance and etc. In most WSNs, the 

battery is the important energy source of the sensor node. 

These nodes are expected to work based on batteries for 

continuous period times like several months or even for few 

years without replacing. Thus, energy efficiency becomes a 

critical issue in WSNs. The power consumption of a sensor 

node is comprised of three parts: sensing, computing, and 

radio. For a typical sensor node, the radio is the most power-

consuming part and may even dominate the energy 

consumption. Therefore consider only the scheduling of the 

radio. For that, present a novel sleep-scheduling technique 

called Virtual Backbone Scheduling (VBS). VBS forms multiple 

overlapped backbones which work alternatively to prolong 

the network lifetime. In VBS, traffic is only forwarded by 

backbone sensor nodes, and the rest of the sensor nodes turn 

off their radios to save energy. The rotation of multiple 

backbones makes sure that the energy consumption of all 

sensor nodes is balanced, which fully utilizes the energy and 

achieves a longer network lifetime compared to the existing 

techniques. 
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1. INTRODUCTION 

 
    The sensors in wireless sensor networks (WSNs) are expected 
to work on batteries for several months or a few years. The 
sensors’ energy consumption is the paramount concern in 
WSNs. Energy saving techniques are critical to the success of 
WSNs. Currently, duty-cycling is a well-studied and widely used 
power saving technique [1], [2], [3], [4]. A limitation of existing 
duty cycling approaches is that all the sensors cycles are 
identical, which does not consider the redundancy in WSNs.The 
lifetime of a wireless sensor networks is its ability to sustain 
communication between its nodes [1]. In such networks, the 

messages are usually carried over the virtual backbone and the 
lifetime of the nodes constituting the backbone determine the 
life  

 

of the network. The Connected Dominating Set (CDS) is used to 
construct the backbone.  

  A CDS is a Dominating Set (DS) and is fully connected with the 
original graph. A CDS in Figure 1 is c, d, e, g. 

 

    Fig1: Representation of wireless network with eight 
nodes as a graph.  

CDS is a general idea of the backbone construction for WSN. The 
marking process (MP) with the Rules 1, 2 and rule K are used to 
construct the backbone and it is shown in Figure 2.Figure 1.2 the 
illustration of three CDS construction rules.  

 Rule 1: The rule 1 shows that the marked node v can be 
unmarked if any one of its neighbor’s node u, cover all 
its neighbors and it has highest priority. 

 Rule 2: The rule 2 depicts that the marked node v can 
be unmarked if all of its neighbors are jointly 
connected to the two other nodes u and w and v has 
the lowest priority. 

 Rule K: The rule K depicts that the k marked node v1, 
v2, vk are unmarked if node Vi has the lowest priority. 
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Fig2: Rule 1, 2 and K 

2. RELATED WORK  
A survey on power saving techniques for multi-hop wireless 
networks is given in [7]. Sleep scheduling can be divided into 
synchronous [1] and asynchronous [8]. It has been proven in [9] 
that minimum end-to-end delay sleep scheduling is, in general, 
NP-hard. The energy-delay trade-off in tree shaped WSNs have 
been studied in [4]. In [3], five wakeup patterns used in previous 
work [2], [10], are summarized, and a multiparent scheduling is 
proposed to reduce the forward and backward delays in data 
gathering WSNs. All of the above methods above do not use 
heterogeneous scheduling. 

The connected dominating set is a widely used backbone 
Construction method for wireless networks [11]. The minimum 
connected dominating set problem is NP-hard in Unit Disk 
Graph (UDG) [12]. Wu and Li’s marking process (MP) [13] ,Wu 
and Dai’s self-pruning rule [14], rules 1 & 2 [13], rule K [15], and 
the extended coverage condition [16] are representative 
distributed MCDS construction algorithms. In [17], several 
distributed algorithms are proposed to construct Kvertex 
connected K-coverage CDS (KCDS). Connected domatic partition 
(CDP) is a partition _Pi of the nodes of a graph into disjoint sets, 
where each set Pi of the partition is a CDS. A recent work [6] 
presents a CDP based backbone rotation scheme.  

3. NETWORK MODEL AND PROBLEM 

DEFINITION 
       We consider static WSNs. Sensors are randomly placed in 
the field. There is only one sink in the network, which is always 
working and has an infinite power supply. The links between 
sensors are undirected. VBS works with duty-cycling. We define 
T (T ≥ 1) continuous cycles as a round. VBS rotates backbones at 
the end of each round. A node’s lifetime is the time span from 
when it starts working to when its energy is depleted. Network 
lifetime is the minimum lifetime of all the sensors in the 
network. A schedule in VBS is a set of backbones that working 
sequentially. It is represented by a set of tuples {_B1, T1_, , , _Bp, 
Tp_}, where Ti is the working time of backbone Bi. The goal is to 
find a schedule with maximum network lifetime. 

Initially the Base Station will broadcasts Topology-Discovery 
packets to the entire sensor, which makes each sensor should be 
aware of its local topology namely neighboring nodes, and paths 
to reach base station.Neigbouring nodes are discovered based 
on Euclidian distance formula. 

 It is necessary to enumerate all possible backbones of the 
network in order to find the optimal solution. In order to obtain 
better results, more backbones should be constructed. Since the 
sink has an unconstrained energy supply, always add the sink as 
the first node into each candidate backbone. Use CDS 
construction algorithms iteratively. Initially, the priorities of all 
of the sensor nodes are randomly assigned. After each iteration, 
reduce the priorities of the sensor nodes of the backbone 
constructed in this iteration, which lowers the probability that 
they are selected in the next iteration. Keep on constructing 
CDSs until the desired number of CDSs is obtained. 

After that we schedule sensor based on vbs algorithm, which is 
fined sleep schedule.  

Algorithm 1 VBS 

1: loop 

2: At the beginning of each round 

3: Check the energy the of all nodes in the backbone  

4: if energy is less than threshold then 

    a: Collect or update the h-hop information 

    b: Recalculate backbone using rules 1 & 2, or rule K 

 5: else select the backbone 

6: end if 

7: end loop 

In vbs algorithm, before scheduling check the energy of each 
node in the backbone. If the energy is less than the threshold we 
should choose another backbone for scheduling. Each time an 
event is detected nodes will sent data only through this 
backbone nodes which only nodes in on state. All other nodes 
are put into the sleep mode. This will help nodes to prevent their 
energy thus prolong the network lifetime. 

THE CLUSTER BASED IMPLEMENTATION OF VBS 

We divide the whole area of network into different grids. The    
size of grid is selected based on equation shown below. 

      Size=a*b 
     Where, 
     a=x coordinate of network /d 
    b= y coordinate of network/ d 
   

d is the constant value which selected based on the location of 
nodes. This grid forms the clusters in wsn. After the formation 
of cluster we select the cluster head node in each cluster. This 
selection is done based on the algorithm shown below. 
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Algorithm 2 cluster head election 
 
1: find midpoint of each grid 

2: select node which has highest energy in that grid. 

3: check this node is nearer to midpoint then 

4: set node has cluster head and broadcast this message to   

all    other nodes in grid. 

5: repeat for each cluster 

6: end 

Above algorithm shows that how the cluster head is selected 
in the each cluster. For that, first we find midpoint of each grid. 
Then select node which is nearer to the midpoint and has the 
highest energy in the cluster. Such node is elected has cluster 
head. After the election cluster head node inform all nodes in the 
cluster. 

 

Cluster head act as virtual backbone in wsn. All other nodes is 
put into sleep mode. Vbs scheduling done this cluster based wsn. 
When an event is occurred cluster head detects and awake the 
node nearer to the event. Then schedule the path for data 
transfer to the sink. 
 
 

 
 

4. PERFORMANCE EVALUATION 
The proposed method of cluster based implementation of vbs is 
also used for improving the lifetime of the network. In vbs 
implementation we use Cds construction algorithm for creating 
backbone nodes. But in cluster based implementation of vbs we 
use cluster head act as backbone node. On comparing these two 
methods, both methods show the improvement in the life time. 
Figure shows comparison of vbs and cluster based 
implementation on vbs. 

 EFFECT OF NETWORK LIFETIME, PACKET 
DELIVERY RATIO, THROUGHPUT, PACKET DROP 

In this section, we present the results of the network lifetime 
achieved by our proposed algorithms. Two configurations are 
used: identical initial energy of 100units. Sensor nodes are 
deployed in a 1200 * 1050 area. The transmission range is fixed 
to 250 so that all of the networks generated are fully connected. 
On comparing all these parameters cluster based implementation 
of vbs has more efficient than vbs implementation. 

 

Fig: 3: Network lifetime of vbs 
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Fig: 4: Network lifetime of cluster based implementation of 

vbs 

 

 

 

Fig: 5: Throughput of vbs 

 

Fig: 6: Throughput of cluster based implementation of vbs 

 

 

Fig: 7: Packet drop of vbs 
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Fig: 8: Packet drop of cluster based implementation of vbs 

 

 

Fig: 9: Packet delivery ratio of vbs 

 

Fig: 10: Packet delivery ratio of cluster based 

implementation of vbs. 

       5. CONCLUSION 

WSNs require energy-efficient communications to able to work 
for a long period of time without human intervention. Here, the 
combined backbone scheduling method and duty cycling method 
is called VBS. VBS schedules multiple overlapped backbones so 
that the network energy consumption is evenly distributed 
among all sensor nodes. In this way, the energy of all of the 
sensor nodes in the network is fully utilized, which in turn 
prolongs the network lifetime.VBS improves upon state-of-the-
art techniques by taking advantage of the redundancy in 
WSNs.Therefore, algorithm proposed in this study are efficient in 
extending the lifetime of wireless sensor networks. 
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