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Abstract - Wireless sensor networks have the problem of lifetime and scalability. To increase lifetime and scalability it is necessary 
to have control over topology of the network even when dynamically changes are observed. Dynamic clustering with adaptive 
feature is the best way to achieve the above. In this paper we propose a dynamic multi-level hierarchal clustering (DMH) approach 
for sensor networks. The proposed approach will create a dynamic system which can vary topology architecture according to 
traffic patterns in the active network. This approach can decide size of cluster, nodes in a cluster and level of hierarchy of a cluster 
and will vary according to the instant state of the system. In this approach for clustering we use nodes having multiple energy levels 
for energy efficient clustering along with mutual negotiation between nodes of Subsequently the cluster heads are selected 
periodically based on different attributes such as residual energy, node degree etc. in the proposed approach we have used mutual 
negotiation between nodes of the cluster; as a criteria for cluster formation, which was not used in the previously available 
approaches for cluster formation. Also here we have used dynamic adaptive level of hierarchy according to the traffic patterns and 
use the highest level of hierarchy for routing of aggregated data to the base station in the sensor network. The proposed method of 
clustering has given new dimension in clustering and performance of sensor network has improved drastically, especially with the 
increment of lifetime for network under test. The new method of clustering is also helpful in managing the sensor network with 
improving traffic rate and life.  
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I. NTRODUCTION 
Wireless sensor networks (WSN) have now become 

popular in many applications such as military, 
surveillance, environmental monitoring, spying, disaster 
monitoring and so on. Most of these applications demand 
efficient organization of network topology for data 
collection, data aggregation, network load balancing and 
to increase the network lifetime. It is also expected that 
the network must be autonomous and self organizing, 
which is also called mobile ad hoc network. Such 
networks need self sufficient nodes to be in the network 
having capability to search and route the traffic from one 
node to another. There are many constraints associated 
with wireless sensor networks such as the nodes must be 
lightweight, small in size, low cost and ultra low energy 
consumption. These constraints and applications require a 
design of very efficient and optimal protocol design in 
wireless sensor networks for its predicted operation. The 
sensor networks have the problem of lifetime and 
scalability. To overcome these problems it is necessary to 
have control over topology of the network even when 
dynamically changes are observed. In order to reduce 
traffic, bandwidth, ensure fault tolerance & scalability and 
for managing large number of nodes WSNs should have 
clustered hierarchy. The aggregated data has to be routed 
energy efficiently with minimum latency in the network. 
Multi hoping multi-level hierarchal structured networks 
are used to provide scalable solution. They have been 

useful to provide scalable routing solution too. All the 
constrained and features of these networks need optimal 
and efficient schemes of clustering and routing 
mechanism in wireless sensor network for dynamic 
clustering and routing mechanism in wireless sensor 
network. To be precise regarding technology and network 
classifications; basically, there are two types of networks: 
first type of networks is Reactive networks and second 
type is Proactive networks. The protocol, which has been 
developed in the proposed work, is the protocol, which 
can be applied to both types of networks. There are some 
existing protocols on clustering can be dynamically 
control the level of hierarchy and also selecting the cluster 
size to optimally distribute the load. In this approach i.e. 
dynamic Multi-level hierarchal approach for clustering 
(DMH) we developed a new protocol in which clusters 
are re-organized according to traffic patterns. The size of 
cluster is changed according to their position from the 
base station and their relational position from other active 
nodes. The proposed approach will create a dynamic 
system which can vary topology architecture according to 
traffic patterns in the active network. This approach can 
decide size of cluster, nodes in a cluster and level of 
hierarchy of a cluster and will vary according to the 
instant state of the system. In this approach for clustering 
we use nodes having multiple energy levels for energy 
efficient clustering. Subsequently the cluster heads are 
selected periodically based on different attributes such as 
residual energy, node degree etc.  
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II. MOTIVATION AND BACKGROUND 
It is well established fact that wireless sensor networks 

are considered to be energy starving networks as for most 
of the applications the nodes may not be re-energized or 
recharged considering the security levels and specific 
applications specifically involved in military and spying 
applications. This has forced researchers to develop 
energy awareness in the networks if not by reducing the 
consumption of energy by nodes then at least by 
conserving the energy by means of organizing and 
deactivating the nodes when not in demand. To operate 
these nodes certain network standards and protocols have 
to be adopted. One such case is clustering the network and 
developing a clustering protocol in WSN, which must be 
such that it is energy efficient and increases the network 
life time while doing so we must see that all the nodes 
lasts for as longer time as possible. Various approaches 
have been previously described so as the battery power is 
used as efficiently as possible in all these phases. Some of 
the previous protocols suggested for wireless sensor 
network are: LEACH [4]; It is a cluster-based protocol 
which includes distributed cluster formation. In this 
protocol a randomized rotation of the cluster head’s role is 
allowed for reducing energy consumption within a cluster 
and to distribute the energy load evenly among the 
sensors in the sensor network. HEED[2]: HEED protocol 
has been developed to overcome the drawbacks of 
LEACH by giving weight to cluster heads by their 
residual energy and node degree. In [3] they have 
classified different types of clustering and their advantage 
& drawbacks. The protocols presented here are concerned 
on how to increase the WSN lifetime and to make 
efficient use of critical resources located at sensor nodes 
by creating intelligent clustering schemes. There are other 
protocols too, which are mostly emphasizing on 
enhancement of sensor lifetime and thus of network by 
adopting various clustering schemes that are developed 
for different types of networks. The protocols in this area 
are basically for one type or both types of the networks. 
i.e. active and proactive networks. The classification of 
the protocols may be given as per their applicability for 
networks. For example;  
a) Proactive networks: - LEACH, LEACH-C, HEED and 
EESS. 
b) Active networks:- TEEN, APTEEN, CAG. 

Out of given protocols LEACH and HEED are more 
promising for further modification that can be used to 
create a more optimal and efficient protocols for WSN 
used for major of application. Consider that we have set 
of sensors dispersed in an area having environmental 
conditions warrants us to have continuous monitoring 
because the environment keeps on changing all the time 
continuously over a period of operation. This will force 
developers to consider a large scale wireless sensor 
network. For example: - forest fire detection, air 
conditioning sensors, environmental monitoring or any 
other specific application. While considering the proposal 
for modification and development of new protocol we 

have assumed that sensor network has the following 
properties:- 
a) The nodes are similar i.e. having same initial battery 
power and have identical capabilities when compared 
with all other sensors in the network. 
b) Links are symmetrical. 
c) Sensors are stationary. 
d) Nodes are unattended. 
e) Nodes have fixed number of transmission power levels 
and thresholds. 

 While establishing wireless sensor network with 
clustering approach, the points, which we have to keep in 
mind are: the clustering should be uniform throughout the 
area, should have efficient processing capability and the 
cluster heads are uniformly distributed to have proper 
load balancing in the network. Apart from the points to be 
kept in mind while preparing clustered network; we have 
also worked on some challenges while doing so, such as: 
Low complexity and low power design, robustness and 
zero maintenance, data fusion, MAC layer design, node 
duty cycle, connectivity etc. The process of clustering has 
been distributed into three phases according to 
consumption of time in individual phase of process. There 
is time allotted for each and every phase and this phase is 
periodically rotated as there may be a network change and 
also for load balancing so as to increase the life time of 
the whole system. This system may work with the 
existing power only if we are able to monitor the traffic 
and the power consumption for real time and only for 
traffic load in the network. The network is so designed 
that it will have to cater for the intended data rate and 
traffic assumed while setting up the wireless sensor 
network. 
 

III. PROPOSED WORK 
 

For wireless sensor network with energy saving 
criteria, we have proposed a new approach, which is self 
adaptive dynamic multilevel hierarchical clustering 
(DMH). It is established that in the sensor network the 
total energy consumed by a network to cater for data 
gathering and storing is not in one instance rather it is in 
phases. The phases for energy consumption are event 
driven and have some specific task according to the 
required parametric design. The various phases in 
clustering where energy is being used are: 
a) Cluster formation. 
b) Data aggregation within cluster 
c) Routing of aggregated data to base station. 

The communication between clusters and between 
cluster and base station is also energy dependent with 
definite time frame and access protocols. The three phases 
involved in cluster formation are as follows. 
 
Phase 1 

The first phase of cluster formation is initial cluster 
formation and this phase is repeated periodically for 
which any change in environment is incorporated in our 
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clusters so that our clusters are formed for getting 
information for useful and efficiently keeping the lifetime 
of the network as long as possible. For this we use self 
adaptive algorithm i.e. after a time Tc the cluster 
recursively calls its cluster formation algorithm. In the 
cluster formation algorithm at initial stage all the nodes 
send its information to its neighbours, which is also 
shown in figure 1. i.e. individual node sends its node 
degree and residual energy to others. By doing this all 
nodes know the status of its neighbours and the one which 
has greater residual energy and node degree contends for 
cluster head slots after which the winner node sends one 
confirmation signal and all other nodes with closer 
vicinity (in terms of greater received power) replies to this 
signal by indicating its participation in this cluster. Here 
the nodes having more than 1 hop away from the CH also 
can become a part of cluster unless they have no other CH 
node satisfying their requirement as shown in figure 2. As 
the environment is varying the traffic also varies 
accordingly. Due to this fact we have developed varying 
duty cycle listen and sleep mode as synchronized by the 
CH to its member nodes, which is decided accordingly by 
some predictive approach. All the process repeats itself 
after time Tc. As it was stated that the first step will repeat 
itself, which gives instant status of the network and 
residual energy with various nodes. In the proposed work 
we have used two way handshaking model for exchange 
of information between various nodes and also with 
cluster head and base station of the sensor network. The 
contention issue is looked after by this feature of the 
network protocol. It is mandatory to have contention 
resolving to access the common channel though it may be 
called independent too, as we are using wireless media; 
but due to synchronised behaviour of the network and 
having cluster heads, it is required to have known 
contention resolving though it may be bit complex. 

 
Fig 1:-Nodes exchange of information. 

 
In the proposed work, we have used RTS-CTS type 

of MAC layer protocol for message passing in cluster 
formation phase though this is somewhat more complex 
than CDMA/CD but synchronising time for adaptive duty 
cycle can easily be maintained by using this method. 

 
Fig 2:-Cluster Head Selection 

 
There is another criteria in creating the size of 

clusters initially. If the distance of cluster from BS is 
more the size of cluster can be increased as it had to deal 
only with aggregated data and less with the routed data 
but reverse is the case in cluster nearer to BS. If cluster 
size is less then energy of CH can be more utilized for 
routing rather than communicating within the large 
cluster. Thus optimal case may be well suited for this 
case. 
 

 
 

Fig 3:-Selecting cluster size for proper load balancing 
 
 
The distance of the cluster from BS can be calculated by 
using the formula: 
d=(cPT/PR)1/2 

where PT is transmitted power which is known to nodes 
previously and PR is actual received power. 
 
Phase 2 

The phase two of the clustering process mainly deals 
with the steady state of the network. This phase can also 
be referred as data aggregation phase. In this phase the 
data is aggregated from all the nodes in cluster to cluster 
heads and the data from nodes more than one hop away 
transfers data by multihop method by internal chain based 
clustering. In the chain based clustering data from nodes 
do not directly contact with CH and is transferred to 
neighbouring nodes and it takes turn in transferring to CH 
as different routes exist within a single cluster too, which 
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is evident from figure no. 2. It helps in acquiring load 
balancing and increase network lifetime. In [7] similar 
method has been proposed for entire network, but here we 
are using it within a cluster. In this phase we create a 
multilevel hierarchical clustering i.e data from the cluster 
heads are aggregated to second level of cluster heads and 
so on. Cluster heads of all lower level of hierarchy 
aggregate their data to higher level to create a Multilevel 
Hierarchical Clustering. The criteria for creating 
multilevel are as follows:- 

As traffic increases in an changing environment of 
the network the cluster head can’t be used for routing as it 
may create overburden on single node. This stimulated us 
to use multilevel hierarchical clustering by having traffic 
as main criteria for creating it. This higher level of 
hierarchy is created by incorporating a high level traffic 
area and a rather low traffic area which are in close 
vicinity and choose the cluster head, which is at low 
traffic area as the higher level cluster head. The traffic is 
measured i.e. number of messages exchanged by 
neighbouring nodes if it exceeds the threshold value Nt. 
The cluster head in the traffic area are given a constant 
number Tk which indicates the level of traffic; more the 
number the cluster head is in more traffic prone area. 
Higher layer of clusters are formed by keeping in mind 
that there is good balance between both type of cluster 
heads i.e. the total of all Tk does not exceed the threshold 
number X. This has been taken care while writing 
algorithm for the same. 

 
Fig 4:-Multilevel Hirarichal clustering 

 
Algorithm for selecting multilevel CHs 
1.Enter the value of M. 
2.Set N=0 
3.Choose cluster heads such that sum of all Tk ‘s is 
less than X. 
4.Make the cluster head with minimum value of Tk as CH 
for for next level. 
5.N=N+1 
6.Repeat step3 until N<=M 
Where:- 

M is number of multi-level required 
Tk is constant value indicating traffic density of the 
particular node k.where k=1,2,3......no. of CHs involved 
in making next level CHs X is threshold value of sum Tk 

allowed. 
 
Phase 3 

This phase deals with routing of all aggregated data 
in the highest level of hierarchy to the base station. In this 
intra-clustral routing can also use the approach used in [7] 
so that neighbouring nodes can take tirne in transmitting 
to BS rather than following same path and increase the 
network life time as a whole. The time taken by nodes in 
aggregation of data can also be reduced and resulting in 
the energy conservation, which can best be used for more 
time. 
 

IV. SIMULATION AND RESULTS 
 

Simulation is done for proposed protocol and 
algorithm for new approach, which mainly reduces 
consumed power of the whole network, which intern will 
increase life time of the network. Thus achieving the goal 
of work proposed. Here the platform we have used is 
changing traffic environment so we have compared our 
proposed protocol with LEACH and HEED. Here we 
have used a total 50 nodes. In  Fig 5 we have compared 
total energy consumed over time for these three protocols. 
Graph of energy has shown energy consumption Y-axis in 
scale of 10 joules and on X-axis time per 100 seconds. It 
is clearly evident from the graph plotted for two popular 
available protocols for clustering and the proposed one. 
The blue line shows that the proposed DMH protocol is 
better than the two standards available in the network use. 
Quantitatively the saved energy may look like meager but 
for sensors this energy is considered to be very high 
energy as it may increase the life time of the network by 
hours depending upon the application and the 
environment of the network. 
 

 
Fig. 5: comparison of consumption 
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V. CONCLUSION 
 
 In this paper we have devised an approach for 
clustering for the environment which is not stable and 
keeps on changing and we have to keep on monitoring 
these changes. We have devised an approach known as 
DMH dynamic multilevel hierarchal clustering in which 
clusters are prepared dynamically and multilevel cluster 
heads are also chosen dynamically according to varying 
traffic properties. Our simulation also shows that our 
approach is far superior to LEACH and HEED for 
dynamic traffics. Results available out of this work is only 
direction towards achieving better energy efficient ad hoc 
sensor network. The results available are with less number 
of nodes, thus we need to verify this approach having 
large number of nodes and check the robustness of the 
protocol. It is clearly evident from the simulation results 
that proposed approach is consuming less energy than 
existing two popular models thus justifying the goal of 
our work. 
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