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Abstract 
 

The technological progress in various domains has enabled the formulation of Wireless Sensor Networks (WSN). These areas include 

highly integrated digital circuits, low energy consumption processors, wireless communications among the others. For de-creasing the 

energy consumed in data communication, some of the superfluous data is eliminated during data aggregation. One of the most famous 

protocols based on hierarchy and which factors routing in WSNs is Low Energy Adaptive Clustering Hierarchy (LEACH). Among vari-

ous improvisations suggested for LEACH, the stable election protocol is one of them .For improving the performance of the WSNs, the 

virtual backbone of the network is formulated by A Connected Dominating Set (CDS) of a graph. This work factors the formulation of 

clusters based on CDS. This technique has been contrasted with LEACH. 

 
Keywords: Wireless Sensor Networks (WSN); Low Energy Adaptive Clustering Hierarchy (LEACH); Connected Dominating Set (CDS). 

 

1. Introduction 

The physical environment can be studied and controlled using the 

sensors. There are several nodes that are contained in WSNs. 

These sensor nodes are densely disseminated and they have to 

evaluate various network parameters and send the collated data to 

the sink using hop-to-hop communication. After sensing this data, 

the sink sends the same to the users. In several domains like bio-

medicine and healthcare applications, the WSN application has 

improved significantly over the years, including defense and habi-

tat monitoring areas [1]. 

The methodical aggregation of the data sensed from several sen-

sors to be ultimately transmitted to BS for processing is referred to 

as data gathering [2]. The sensor node is ineffective in sending the 

data directly to the base station as they are power constrained. The 

neighboring sensors also generate data. This is not only highly 

correlated but is also redundant. Additionally, very huge amounts 

of data are generated in large networks for processing by BS. Thus, 

there are techniques involved for aggregating the data into infor-

mation of high quality at the sensors or the intermediate nodes for 

decreasing the amount of packets that are sent to the BS which can 

save bandwidth as well as energy. This task can be achieved using 

data aggregation. The process by which data from various sensors 

is collated and sent to the base station so that there is an elimina-

tion of redundant transmission and provision of only the useful 

information is known as data aggregation. Data from many sen-

sors is collected and fused at the intermediate nodes. These will 

send the data further to the sink/base station (BS). 

Hierarchical routing is a concept where, a cluster is created and a 

chosen sensor node within each cluster known as the cluster head 

(CH) is given extra privileges. This scheme decreases the number 

of transmissions to the BS. It thus helps in conserving energy as 

data is effectively combined in every cluster. The Low Energy 

Adaptive Clustering Hierarchy (LEACH) was the pioneering hier-

archical protocol to be incorporated [3]. The basic tenet of 

LEACH is formation of clusters of sensor nodes on the basis of 

the robustness of the received signal and usage of the CHs to route 

the data to the BS. Thus, only CH participates in data transmission 

rather than all sensor nodes. This helps in conserving energy. 

Based on this tenet, there are several hierarchical routing protocols 

that emerged. The objective is to providing a survey of the proto-

cols based on LEACH. 

An important factor to be taken into account is the management of 

power in WSN which is a sought after field of research. This prob-

lem focuses on extending the lifespan of WSN and also on im-

proving the reliability of the link .The most pressing challenges of 

the WSN is extending the network lifetime and management of the 

network. For decreasing the overheads, controlling the network 

topology and also extending the network lifetime, a strategy called 

Connected Dominating Set (CDS) has been found to be very ef-

fective. This helps achieve all stated targets [4] as the bandwidth 

efficacy is improved by the CDS backbone. Turning off some of 

the superfluous nodes, the CDS backbone ensures that the nodes 

in the network are connected and removes the useless transmission 

links. This leads to data being effectively delivered .Some of the 

nodes in virtual backbone WSNs have been chosen as the back-

bone node/dominator node in the formulation process of CDS. 

A subset of nodes which can perform special tasks and service the 

non-backbone nodes is referred to as a backbone. The task to be 

done determines the construction of the backbone. In case of 

WSNs, the backbone/CDS comprises active sensors with the re-

maining ones in sleep state. In order for the backbone nodes to 

interact for performing special tasks, the network backbone needs 

to be connected. This connected backbone can facilitate effective 

routing as well as broadcasting. Dominator or backbone nodes 

refer to the nodes in the CDS. The remaining are referred to as the 

non-backbone/dominate nodes. The CDS enables ease of routing 

and rapid adjustment to network topology transformations. In 

order to decrease the traffic during data communication, a mini-
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mum CDS has to be formulated. For decreasing the redundant as 

well an unnecessary overhead in communication, a lot of attention 

is being given to topology based on Connected Dominating Set 

(CDS). The main task of communicating only with the dominators 

is restricted by using such CDS. A CDS graph associated with the 

wireless network is normally utilized as the network backbone [6]. 

A Dominating Set (DS) D of a graph G is a subset of V, and each 

node in V\D is adjacent to at least one node in D. A CDS C of a 

graph G is a DS of G, and the sub-graph G[C] induced by C is 

connected. 

For energy aware data aggregation, this clustering approach based 

on CDS has been suggested, in WSNs. The related literature in the 

work has been explained in the second section. The details on the 

used algorithm are given in the third section. The results are dis-

cussed in the 4th section and the conclusion of the work is given 

in the 5th section. 

2. Literature survey 

The data aggregation schemes in Flat& Hierarchical WSNs has 

been presented by Sangolgi&Zakir [2] . These schemes are com-

pared based on parameters such as data precision, latency and 

lifetime of the network .The cluster based network which makes 

use of the LEACH protocol delivering ten times the data com-

pared to the least energy transmission routing is mainly focused on 

data aggregation. This in turn results in improving the lifespan of 

the system and provides a reliable transmission of data with a 

power consumption improved by a factor of 8 in comparison with 

direct connection. The challenges and issues in LEACH are dealt 

with in this work& the proposed protocol LEACH Access 

Point(LEACH-AP). 

A stream aggregation prototype has been suggested by Zechinelli-

Martini et al [7]. This makes use of the resources of the sensors 

including the implementation as well as experimental validation 

suited to the monitoring of environment. In place of sampling and 

then instantaneously sending the new samples to the BS, the sam-

ples are stored temporarily in its RAM’s history. After aggregating, 

the data is forwarded in any of these scenarios: on receiving a 

query, when the history is full and when the stored data size is up 

to the optimal size of the packet. As the sent packet can attain 

larger sizes for a regular wireless sensor network, the packet error 

level can be held less than some user selected threshold , by using 

FEC scheme which is packet level adaptive scheme .Outcomes 

have demonstrated that this scheme performs better compared to 

the standard schemes like sample-and-transmit. This can enhance 

the lifetime of the sensors by at least fifty percent and simultane-

ously provide better throughput in terms of the rate of loss of net-

work packets. For achieving better outcomes, the data aggregation 

of the source may be combined along with the other schemes for 

network aggregation as well.  

A recent evaluation of the LEACH-based hierarchical routing 

protocols has been conducted by Hani&Ijjeh [3]. Particularly, for 

every protocol, the network lifetime as well as the power con-

sumed has been shown. Additionally, these protocols have been 

contrasted in terms of CH selection condition, drawbacks, assump-

tions and benefits that include the improvisations over LEACH. 

For wireless sensor networks, an Optimized Region Based Effi-

cient Data(AORED) routing protocol has been suggested by 

Faheem et al [8]. For formulating a virtual backbone comprising 

the network nodes that communicate, CDS has been incorporated 

in AORED. It has been proven by experimental studies that the 

suggested routing protocol outperforms the popular DEEC and 

SEP protocols. Associated with AORED are enhanced number of 

transmissions, enhanced CHs and fewer packets sent to BS. 

There is a considerable influence of the CDS of a graph on the 

effective designing of the routing protocols in the WSNs. All the 

nodes that have been analyzed in the extensive study of this prob-

lem have similar ranges for transmission and also taken into ac-

count is how big the dominating sets are. By means of construct-

ing the Steiner tree, the modelling of a network as a unidirected 

graph is done in Zhang et al [9]. This has led to the CDs that are 

smaller in size. There is also constancy in the ratio of performance 

of these algorithms. It has also shown an association in the size 

between the maximal autonomous sets and a CDS; the limitation 

on the highest number of autonomous nodes in the neighborhood 

has also been shown. In order to verify the suggested schemes, the 

theoretical analysis as well as outcomes of simulation has also 

been given. 

The nodes in WSN have limited energy. They are deployed arbi-

trarily. Due to the absence of a physical infrastructure, a virtual 

backbone is employed so that the communication is efficacious. A 

Connected Dominating Set (CDS) is constructed and a virtual 

backbone is formulated. In the recent past, topology control is the 

chief research issue in the efficient and the rapid formulation of 

the CDS. The benefits and the drawbacks of the CDS have been 

presented by Mohanty & Mandal [10]. They have also presented 

an in-depth survey of the CDS construction algorithms. The chap-

ter has been concluded with some of the existing issues as well as 

proposal of some of the interesting ones. For formulating a virtual 

backbone in WSNs, the CDS is a popularly adopted approach. 

This can lead to the forwarding of traffic by the virtual backbone. 

The other nodes can switch off radio and thus the power can be 

conserved. Additionally, the smaller the CDS, the fewer will be 

interference associated. However, this happens to be a NP-hard 

problem. Thus, the focus of most researchers would be how the 

approximate algorithms are derived. A new algorithm is suggested 

by Zhang et al [11]. This is based on the induced tree of the 

crossed cube (ITCC). This strives to obtain a Maximal Independ-

ent Set (MIS), which depends on construction of an induced tree 

of the crossed cube network, and then to connect the MIS nodes to 

form a CDS. Based on a novel parameter, the priority of an auton-

omous tree has been found. This is the node’s degree in a graph’s 

square. There has been a presented proof that a CDS is generated 

using the ITCC and a lower approximation ratio. It has also been 

proven further that a Fibonacci sequence constitutes the cardinali-

ty of the induced tree. This establishes a threshold for the amount 

of the dominating sets. It has been shown via the simulations that 

the smallest size of the CDS is provided by the algorithm in com-

parison with the others. For expanding the lifespan of the WSN, a 

distributed heuristic was suggested by Ramalakshmi& Radha-

krishnan [12]. This presented a stable MPR based CDS which was 

also efficient in terms of power. It took into account the energy as 

well as the velocity of the nodes .It has been shown by means of 

simulation outcomes that not only does the proposed scheme con-

serve power but it also enhances the network lifetime by about 25% 

compared to the others. 

3. Methodology 

This section details on Low Energy Adaptive Clustering Hierarchy 

(LEACH) and CDS. 

3.1. Low energy adaptive clustering hierarchy (LEACH) 

A popular clustering heuristic in WSN is the LEACH. It has the 

ability to extend the network lifespan. It is adaptive, auto-

structured clustering algorithm. Iterations are used. The assump-

tions in LEACH are as follows: The distance between sensor 

nodes and base station is huge. Similarity exists among all sensor 

nodes. The energy source is constrained. The environment can be 

sensed at a constant rate. The sensors not only communicate 

amongst each other but also with the BS. The tenet of LEACH is 

organizing the nodes into clusters so that the power is disseminat-

ed amongst the nodes. Every node has a special node called Clus-

ter Head (CH) chosen through election. 

Each round in LEACH comprises of two stages like setup phase 

and steady phase. Formation of clusters is in the former stage and 

the transfer of data is in the latter. Initially in the set up phase, an 

arbitrary number between 0 and 1 is picked up by every node. 

Then, the threshold formula is computed. If the chosen random 
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number is lower than this value, the chosen node is the cluster 

head. Threshold formula is given as below: 

 

   if n G
1

1 *( mod )( )

0                             otherwise

P

P rT n
p


 −= 


                                                                   (1) 

 

r- current iteration. 

p- required percentage of CHs. 

n- Set of  nodes which are not CHs in the last G iterations that can 

become CHs. 

The heuristic states that the nodes which become CHs have a five 

percent likelihood under usual scenario. A node which is cluster 

head in round 0 cannot again become a CH in the subsequent it-

eration. After 1/p-1 rounds, the threshold value will beT(n)=1. 

Then, the nodes can again become cluster heads. Every CH after 

being selected will send a promotional information to the remain-

ing nodes using CSMA MAC protocol. This is followed by every 

node choosing a CH which depends on the promotion’s Received 

Signal Strength Indication (RSSI). All the cluster heads must turn 

on the receivers at that point. Then, as per how many nodes are 

comprised in a cluster, every CH formulates a TDMA schedule 

upon the cluster formation .Every node broadcasts its data to the 

CH during the assigned transmission time in TDMA. 

Every sensor node can sense as well as send the data to its CH 

based on the schedule of the TDMA, during the steady state phase. 

The data received by the CHs is aggregated before it is sent to the 

BS. Post sometime that is decided beforehand, the network com-

mences iteration by returning to the set up phase and the steady 

state phase. A simple radio network delineating the dissemination 

of energy by means of electronic devices, transmitter, power am-

plifier and receiver is assumed by the LEACH protocol. 

There are many drawbacks of LEACH [11]. The data is aggregat-

ed at the CHs. This decreases the traffic across the network. The 

routing from the nodes to CH is single hop. This leads to energy 

conservation. Also the WSN lifetime is enhanced. Despite all 

these benefits, drawbacks also exist. It is assumed in the LEACH 

that the initial energy of all nodes is the same. However, practical-

ly, that is not the case. It is also assumed that the nodes are static. 

Hence, the same cannot be applied in case of mobile nodes. Addi-

tionally, issues arise due to the failure of CHs and also presence of 

several Base stations. Dynamic clustering presents additional 

overhead. This lead to the emergence of protocols for improving 

LEACH. 

3.2. Connected dominating set (CDS) 

Dominating Set, Given a graph G = (V,E), a Dominating Set (DS) 

of G is a subset C ⊂ V such that each node either belongs to C or 

is adjacent to at least one node in C. This means that a Dominating 

Set of a graph G = (V,E) is a set of nodes V such that (v,w)  E, 

v V or w  V.  A set of vertices covering all the edges is given 

by vertex cover. However, a vertices set that covers all vertices is 

referred to as dominating set (c).  Only if there is a route between 

any 2 nodes in the set comprising only these nodes, then a Domi-

nant Set is said to be connected and called as Connected Dominat-

ing Set (CDS) . A Connected Dominating Set of G = (V,E) is a 

Dominating Set of G such that the subgraph of G induced by the 

nodes in this set is connected. The nodes in a CDS are called the 

dominators. Apart from dominators, the other nodes are referred to 

as dominates. The number of dominators and the CDS’ sizes are 

equal. A dominator dominates every dominate. In the CDS C, the 

nodes in C can communicate with any other node in the same set 

without using nodes in V – C. A dominating set is a maximal in-

dependent set. Nodes that are connected in MIS forms a CDS. Yet, 

every dominating set is not an MIS as nodes in the dominating set 

may be beside one another. 

CDSs have been used as the basic structure for the MAC, mul-

ticast/broadcast, location-based routing, energy conservation, re-

source discovery protocol and so on. Some of the advantages of 

CDS based routing protocols are: 

• Used in routing, sending data and avoiding collisions. 

• Decreased searching of routes and the process of routing to 

the subnetwork induced from the CDS. Routing information 

can be maintained only by dominators. 

• CDS improvises the efficacy of the multicast routing [14]. 

• The message overheads that are concerned with the routing 

updates are decreased. An underlying architecture is formed 

by CDS. This has been used by protocols like media access 

coordination, unicast, multicast/broadcast, and location-

based routing, energy conservation, and topology control. 

• CDS can be used as forwarding nodes for decreasing the 

energy consumed in  WSNs. 

• Serving as database servers, the virtual backbone in the 

dominating set can send the link quality information for the 

selection of route in multimedia traffic. 

4. Results and discussion 

Table 1 shows the simulation parameters. Table 2 to 6 shows the 

Number of clusters formed, average end to end delay (sec), aver-

age packet loss rate, lifetime computation and remaining energy 

computation for LEACH and CDS-WSN respectively. 

 
Table 1: Simulation Parameters 

Transmission range of node 100m 

Number of nodes 100 to 600 
size of network 2000 * 2000 m 

Location of base station centre of network 

Data aggregation energy cost 50 pj/bit j 

 
Table 2: Number of Clusters Formed for CDS-WSN 

Number of nodes LEACH CDS - WSN 

100 12 13 

200 18 20 

300 30 31 
400 34 34 

500 36 36 

600 40 40 

 

 
Fig. 1: Number of Clusters Formed for CDS-WSN. 

 

From table 2 and figure 1 it is observed that the number of clusters 

formed for CDS-WSN performs better by 8%, by 10.53%, by 

3.28%, no change, no change and no change than LEACH at 

number of nodes 100, 200, 300, 400, 500 and 600 respectively. 

 
Table 3: Average End to End Delay (sec) for CDS-WSN 

Number of nodes LEACH CDS - WSN 

100 0.001624 0.001616 
200 0.001716 0.001989 

300 0.01693 0.018007 

400 0.026305 0.022011 
500 0.054397 0.052581 

600 0.061074 0.056286 
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Fig. 2: Average End to End Delay (sec)for CDS-WSN. 

 

From table 3 and figure 2 it is observed that the average end to end 

delay (sec) for CDS-WSN performs better by lowering delay by 

0.49%, by 14.74%, by 6.17%, by 17.78%, by 3.4% and by 8.16% 

than LEACH at number of nodes 100, 200, 300, 400, 500 and 600 

respectively. 

 
Table 4: Average Packet Loss Rate (%) for CDS-WSN 

Number of nodes LEACH CDS - WSN 

100 10.09536 9.150242 

200 15.542937 13.765609 

300 16.066463 15.443441 

400 22.324248 20.771756 

500 30.138109 28.094322 

600 41.979386 39.944671 

 

 
Fig. 3: Average Packet Loss Rate (%) for CDS-WSN. 

 

From table 4 and figure 3 it is observed that the average packet 

loss rate (%) for CDS-WSN performs better by lowering packet 

loss rate by 9.82%, by 12.13%, by 3.95%, by 7.2%, by 7.02% and 

by 4.97% than LEACH at number of nodes 100, 200, 300, 400, 

500 and 600 respectively. 

 
Table 5: Lifetime Computation for CDS-WSN 

Number of 
rounds 

Percentage of nodes 
alive_LEACH 

Percentage of nodes 
alive_ CDS - WSN 

0 100 100 

100 100 100 
200 89 91 

300 68 84 

400 73 76 
500 22 54 

600 3 18 

700 0 0 

 

 
Fig. 4: Lifetime Computation for CDS-WSN. 

 

From table 5 and figure 4 it is observed that the lifetime computa-

tion for CDS-WSN performs better by lowering delay by 2.22%, 

by 21.05%, by 4.03%, by 84.21%, and by 142.86% than LEACH 

at number of rounds 200, 300, 400, 500 and 600 respectively. 

 
Table 6: Remaining Energy Computation for CDS-WSN 

Number of 
rounds 

Average remaining energy 
of nodes(J)_LEACH 

Average remaining energy 
of nodes(J)_CDS - WSN 

0 0.5 0.5 

100 0.43 0.46 

200 0.23 0.34 
300 0.18 0.29 

400 0.19 0.27 

500 0.11 0.18 
600 0 0.1 

700 0 0 

 

 
Fig. 5: Remaining Energy Computation for CDS-WSN. 

 

From table 6 and figure 5 it is observed that the Remaining energy 

computation for CDS-WSN performs better by lowering delay 

by %, by %, by %, by %, by % and by % than LEACH at number 

of rounds 200, 300, 400, 500 and 600 respectively. 

5. Conclusion 

There are several issues of WSNs in terms of restricted battery 

power, less memory and low speed of processing. In all applica-

tions, it is necessary to design an energy effective data processing 

as well as communication scheme that can assure precision of the 

data sent. One of the best schemes for decreasing the WSN energy 

consumption is aggregating data. The routing overheads can be 

decreased using a Connected Dominating Set (CDS) that serves as 

a virtual backbone for WSNs. Results show that the number of 

clusters formed for CDS-WSN performs better by 8%, by 10.53%, 

by 3.28%, no change, no change and no change than LEACH at 

number of nodes 100, 200, 300, 400, 500 and 600 respectively. 
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