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ABSTRACT

Wireless networks play a crucial role in the communication systems nowadays. Wireless networks are being increasingly
used in the communication among devices of the most varied types and sizes. User mobility, affordability, flexibility and
ease of use are few of many reasons for making them very appealing to new applications and more users everyday. A
Wireless Sensor Network (WSN) is composed of sensor nodes spread over the field to sense the data. The sensed data
must be gathered & transmitted to Base Station (BS) for end user queries. The used sensor nodes being in- expensive
having low computation power & limited energy so are not as much reliable as their expensive macro sensor counter parts
but their size and cost enable hundred to thousand of micro sensors to achieve high quality fault tolerant system. In an
environment where in each round all sensor nodes have to send data to base station; it is required to effectively utilize
energy of sensor nodes so as to increase the life- time of the system. The use of data aggregation & fusion as proposed in
LEACH increases system lifetime by a factor of 8 as compared to conventional routing protocols. In this work, our main
focus is the static sensors are randomly selected and the base stations have their information all a priori. Basically, the
sensors are in direct communication range of each other and can transmit to and receive from the base station. The nodes
periodically sense the environment and have always data to send in each round of communication. The nodes fuse/
aggregate the data they receive from the others with their own data, and produce only one packet regardless of how many
packets they receive. The problem is to find a routing scheme or an efficient protocol to deliver data packets collected from
sensor nodes to the base station. It maximizes the lifetime of the sensor network under the system model given above.
However, the definition of quality of service of the sensor network provides is not specified. Secondly, where the nodes are
densely deployed, the quality of the system is affected as soon as a significant amount of nodes die, since adjacent nodes
record identical or related data. In this case, the lifetime of the network is the time elapsed until half of the nodes or some
specified portion of the nodes die. In general terms, the time in rounds where the last node depletes all of its energy
defines the lifetime of the overall sensor network. Taking these different possible requirements under consideration, our
work provides a proper timing of all deaths for all algorithms in detail as well as chooses the shortest possible path for
communication with better memory management scheme and leaves the decision which one to choose to system
designers.

Indexing terms/Keywords
MSCTZ, Clustering of Tiers.
Academic Discipline

Computer Science and Engineering

SUBJECT CLASSIFICATION

Energy Efficient Routing Technique for Wireless Sensor Networks.

TYPE (METHOD/APPROACH)

Survey, Algorithm Implementation in C++.

Council for Innovative Research

Peer Review Research Publishing System

Journal: INTERNATIONAL JOURNAL OF COMPUTERS & TECHNOLOGY
Vol 12, No. 6

editor@cirworld.com

www.cirworld.com, www.ijctonline.com

3712 |Page February 21, 2014


mailto:er.wajidali@gmail.com
http://member.cirworld.com/
http://www.cirworld.com/
http://www.ijctonline.com/

” ISSN 2277-3061

INTRODUCTION

A wide variety of expensive and inexpensive sensors are available those are capable of computational task and wireless
communication .we are concerned about the inexpensive sensor. A sensor network is basically consists of sensors that
will collect useful information from environment depending on the application. Mainly there are two types of sensor
network i.e., Micro sensor and macros nor. Micro sensor network consist of many spatially distributed sensors, which are
used to monitor various kinds of ambient conditions like temperature, humidity, etc. and then transform them in to electric
signal. A sensor is equipped with a radio transceiver, an energy source, a small microcontroller, and a battery which
cannot be replaced if sensor is established once. Usually sensors are physically small and inexpensive. Small sensors are
not as reliable as more expensive macro sensors, but small size and small cost of an individual sensor, allow production
and deployment in large numbers. A wireless sensor network contains hundreds or thousands of these sensor devices
that have ability to communicate either directly to the Base Station (BS) or among each other [4]. The nodes in WSNs are
usually battery operated sensing devices with limited energy resources.

The main constraint of sensor nodes is very low finite battery energy which limits the lifetime and quality of network,
because of this fact the protocols must be designed in a way to efficiently utilize the energy of nodes to prolong the lifetime
of the network [4]. Since wireless communication consume significant amount of battery power, sensor nodes should
spend as little energy as possible when receiving and transmitting data. Network lifetime can be increased by reducing
bandwidth consumption by using local collaboration among nodes & tolerate node failures[1].The data generated by nodes
in sensor network is too much for end user to process so methods are required to combine them into a small set of
meaningful information.

A simple way is data aggregation (sum, average, min, max, count) from different nods and a more elegant approach is
data fusion which can be defined as combination of several unreliable data measurements to produce a more accurate
signal by enhancing the common signal & reducing uncorrelated noise. The classification performed on the aggregated
data might be performed by human operator or manually.

Routing in WSNs is very challenging due to the specific characteristics that distinguish WSNs from other wireless
networks such as wireless ad hoc networks or cellular networks. Many new algorithms have been proposed, taking into
consideration the inherent features of WSNs along with the application and architecture requirements.

The proposed approach named as Minimum Spanning based clustering Tier Techniqgue (MSCT2) is based on multi hop
data transmission nodes to those neighbor nodes which are connected to it in minimum spanning tree (MST) structure for
all the nodes of the network and then a node of Highest energy among highest rank tier will transmit the whole network
aggregated data to base Station, we keep on repeating this procedure.

In wireless ad hoc and sensor networks, nodes working only with battery power will die after battery exhaustion. This
means that the network has a limited lifetime. One of the main challenges facing the network designers in wireless ad hoc
and sensor networks is to maximize the network lifetime. Our work is centered on energy efficient techniques that will
prolong network lifetime. Several classes of energy efficient techniques exist. Among them topology control assumes that
the MAC layer is able to tune the transmission power of the node. In this work, we do not make such an assumption: the
sender always transmits with the maximum transmission power. In the following, we focus on the three other energy
efficient classes: energy efficient routing, node activity scheduling and optimization of the volume of data transferred. The
specificities of the wireless ad hoc and sensor networks make difficult the design of communication protocols and in
particular energy efficient ones. They also lead to favor simple techniques: protocols should induce a low overhead, have
minimal memory and computation requirements, etc.

BACKGROUND

The earliest and simple approach was direct transmission in which each sensor node will sense & transmit its data to BS
individually. Since base station is located far away from sensor nodes resulting higher transmission cost. Because of this
high cost transmission the energy of nodes drain off faster and thus having short system lifetime. In order to solve the
problem, clustering based protocols were proposed where a cluster is a group of sensor nodes, with a head node
managing all other member nodes. The heads are responsible for coordinating member nodes, gathering data within the
clusters, aggregating data and forwarding the aggregated data to the base station.

LEACH [1] is a cluster-based, distributed, autonomous protocol. The algorithm randomly chooses a portion of the sensor
nodes as cluster heads, and lets the remaining sensor nodes choose their nearest heads to join. The cluster member’s
data is transmitted to the head, where the data is aggregated and further forwarded to the base station. The LEACH
algorithm reduces the number of nodes that directly communicate with the base station. It also reduces the size of data
being transmitted to the base station. Thus, LEACH greatly saves communication energy.

Since the protocol randomly chooses cluster heads in each round, the energy consumption is theoretically evenly
distributed among all sensor nodes.

TEEN [10] adopts a similar clustering mechanism as LEACH does. It sets two thresholds, a soft threshold and a hard
threshold, during the data collecting stage to further reduce communication traffic.

In the PEGASIS protocol [2], a cluster is a chain based on geographical location. The PEGASIS protocol constructs all
sensor nodes into a chain with the shortest length. Sensor nodes only communicate with their adjacent nodes so that they
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can send data at the lowest power level. In each round, the system randomly chooses a sensor node as the cluster
head to communicate with the base station. Therefore, communication traffic is reduced.

The PEDAP protocol [3] further extended the PEGASIS protocol. In the PEDAP protocol, all sensor nodes are constructed
into a minimum spanning tree. PEDAP assumes that the base station knows the location information of all sensor nodes,
and the base station can predict the remaining energy of any node based on some energy dissipation model. After certain
rounds, the base station removes dead sensor nodes and re-computes routing information for the network. In the setup
stage, all sensor nodes only need to receive the routing information broadcasted by the base station. Thus, the PEDAP
consumes less energy than the LEACH and PEGASIS protocols in the setup stage.

The Multi-tier Trace-back Protocol (MTP) [4] is an extension to the PEGASIS and PEDAP protocols. Under the MTP
protocol, each sensor node calculates its distance to the base station by evaluating the signal strength from the base
station. Then, the sensor nodes are partitioned into several tiers based on their distances to the base station. Data is
forwarded to adjacent tier nodes that are closer to the base station, which is similar to the PEDAP protocol. Eventually, the
MTP protocol chooses a node that is closest to the base station to communicate with the base Station, using a mechanism
similar to the PEGASIS.

In MSMTP [12] protocol all nodes of the network will transmit the sensed information or aggregated data to their neighbor
which are connected in MST structure by multi hop communication. Whole network is divided into three tiers as described
in [12]. A node of tier1 having highest energy will transmit network’s fused data to base station, and similarly a node of
highest energy from lowest possible tier id is selected to transmit data to base station & in this way load is evenly
distributed to all nodes of the sensor network. Our MSCT?2 is also based on [12,13] with the improvement of having
clusters in the Tiers. This improvement will increase the battery lifetime because work overhead on nodes are less now.
MSCT?2 also using the concept of Multihop relay.

THE SYSTEM MODEL
Network Model

The protocol assumes that 100 sensor nodes are distributed randomly in the network area of diameter 100m. In addition to
data aggregation, each node of the network has the capability to transmit data to other sensor nodes as well as to BS. The
aim is to transmit the aggregated data to base station with minimum loss of energy which in fact increase system life time
in terms of rounds. In this work we consider sensor network environment where:

» Each node periodically senses its nearby environment & likes to send this data to BS.
» Base Station is placed at a fix location.

» Sensor nodes are homogeneous & energy constrained.

» Sensor nodes are dynamic & are uniquely identified time to time.

+ Data fusion & aggregation is used to reduce the size of message in the network. We assume that combining n packets of
size k results in one packet of size k instead of size nk.

Energy consumption model
Here in this model, the first component reflects the energy consumed by the radio.

The second component presents the energy consumed by the amplifier and depends on the distance between the
transmitter and the receiver.

Etransmit = C1(size) + C2(size; d) = C1 size + C2 size d
=5ize(C1+C2 d); eoeeieeiieeeieeeeeeean Q)
Where : C1: Energy consumed by the radio of the transmitter to transmit a bit,
C2: Energy consumed by the amplifier to send a bit at a distance of 1 meter,
size: Packet size,
d: Distance between the transmitter and the receiver,
and 0 < a < 6 values of 2 or 4 are the most frequently used.

Many works about topology control focus on the component proportional to the distance. Equation 1 becomes, when
uniformed by the size of the transmitted packet:

Etransmit = C1 + C2. da

This formula points out the relation between energy consumption and distance. This relation is used intopology control to
optimize energy consumption by tuning the transmission power taking in to account the distance between the transmitter
and the receiver.

3714 |Page February 21, 2014



” ISSN 2277-3061

Many other works suppose that the transmissions is done at the maximum power. In other words, the transmitter
uses the transmission power such that any receiver at a distance equal to the transmission rage correctly receives the
message. Consequently, we can consider the quantity (C1 + C2.da) as a

constant named C. Hence, the energy dissipated in a transmission by a transmitter is :
Etransmit =Csize where size denotes the packet size in bits.

In our work, we will assume accordingly.

Problem Statement

In this work, our main focus is WSN (wireless sensor networks). The static sensors are randomly selected and the base
station has their information all a priori. Basically, the sensors are in direct communication range of each other and can
transmit to and receive from the base station. The nodes periodically sense the environment and have always data to
send in each round of communication. The nodes fuse/ aggregate the data they receive from the others with their own
data, and produce only one packet regardless of how many packets they receive. The problem is to find a routing scheme
or an efficient protocol to deliver data packets collected from sensor nodes to the base station. It maximizes the lifetime of
the sensor network under the system model given above. However, the definition of quality of service of the sensor
network provides is not specified. Secondly, where the nodes are densely deployed, the quality of the system is affected
as soon as a significant amount of nodes die, since adjacent nodes record identical or related data. In this case, the
lifetime of the network is the time elapsed until half of the nodes or some specified portion of the nodes die. In general
terms, the time in rounds where the last node depletes all of its energy defines the lifetime of the overall sensor network.
Taking these different possible requirements under consideration, our work provides a proper timing of all deaths for all
algorithms in detail as well as chooses the shortest possible path for communication with better memory management
scheme and leaves the decision which one to choose to system designers.

Sensor Node Information

MSCT? protocol initially partitions all sensor nodes into different tiers, in according to the distance towards the
base station. The system assigns a tier ID to each node during the initialization stage. Those sensor nodes
having the same tier ID are treated to be in the same tier. They approximately have the same distance towards the
base station, and they consume approximately the same energy to communicate with the base station. Nodes
closer to the base station are assigned lower tier IDs. Section IV-A describes the details how tier ID are assigned.
But due to dynamically arranged wireless sensor nodes after every transaction or sending data units initialization
process executes. This process continuous until all nodes dead.

For a sensor node in the proposed system, adjacent nodes with lower tier IDs are called its upper tier nodes (closer to the
base station), while adjacent nodes with higher tier IDs are called down tier nodes (farther off the base station), nodes with
the same tier ID are called peer nodes (approximately the same distance to the base station). Data trace-back will forward
a node’s data to its upper tier nodes, where the data is aggregated and further forwarded to even upper nodes. Basic
information of a sensor node includes location of node, node ID, tier ID, energy contained by that node, energy threshold
defined, distance of node from base station & energy required by the node to transmit data to BS, which is represented in
the figure 1.

X |Y Tier_id Cluster_id | Node_id Energy | Threshold | Distance | Transmission
energy

Fig 1: Structure of the node

Where X, Y represents the location of the node in the network, node ID is globally assigned and is unique; the tier ID
represents the distance towards the base station, and it is determined during the system initialization; energy of node
records current remaining energy of the node; Cluster_id represents cluster name in which node resides; the energy
threshold is used to decide whether or not the node has enough energy to communicate with the base station, distance
contains distance of node from base station, and transmission energy contains amount of energy required to transmit data
to BS. Some factors like location of node, node ID and the tier ID, distance, transmission energy are static, remains
unchanged during the lifetime of the sensor node. The remaining energy will change during its lifetime. The energy
threshold is dynamically set by the base station, which is least energy required by a node to transmit data to BS and is
redefined time to time and is half of its previous value.

PROTOCOL DESCRIPTION

Tier Partitioning

The system partition the whole network into three tiers based on the distance from the base station. The least possible
distance d1 (from middle of that side which is towards base station) & largest distance d2 (from that corner of the network
which is on other side of base station) is calculated, and after their difference is calculated as:

Diff= largest distance — least distance
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Now the nodes are assigned tier id based on their distance from base station as: X Y Tier_id Node_id Energy Threshold
Distance Transmission energy

For Tier 1, distance is in range d1 & d1+diff/3

For Tier 2, distance is in range d1+diff/3 & d1+2*diff/3

For Tier 3, distance is in range d1+2*diff/3 & d2Subsubsections

The heading for subsubsections should be in Arial11-point italic with initial letters capitalized.
Data Transmission to BS

In this protocol, each sensor node forwards its sensed, aggregated data to that neighbor node which is connected to
according to Minimum Spanning Tree. Then a node of top most rank will transmit the aggregated data of all nodes of the
network to the base station as shown in figure 2 below:

- S o
Data transmission from
- -~ Tier to base station
- )
- -\®
) ® Base Station
(3
[
J -
=] ]

Fig 2. Proposed Architecture when transmission is through tierl node

Nodes of tierl continues to transmit aggregated data to base station until all nodes of tierl have energy greater than
defined threshold level, when all nodes of tierl have energy below threshold energy then nodes of tier2 will transmit data
to base station and same procedure will be shifted to nodes of tier3. This procedure is known as TOP TIER SHIFTING.

When all nodes of tier3 have energy below threshold energy then a new threshold is defined. This procedure is continued
until threshold goes below dead energy, at that moment all nodes of network are dead so the network is assumed to be
dead.

Proposed Algorithm

i. Distribute energy in network area keeping track of their location used to assign tier-id to them with a node closest to
BS in tierl and farthest in tier3, assign initial energy to them & calculate energy required to transmit data to BS and to
nodes within network.

ii. All sensor nodes are connected in minimum spanning tree to communicate data within network.

iii. Select a Head node among tierl of highest energy which will transmit network aggregated data to BS, having
energy more than transmission energy.

1. Nodes of a particular Tier are also divided into Clusters.

2. One Cluster head is chosen from each cluster.

3. Nodes of Clusters have to send data to the Cluster head.

4. Clusters head send all fused data to the neighbor Cluster head.

iv. As concern with the Tiers working. Each Tier is having a Tier representative whose working is to send the collected
data to the neighbor Tier.

v. Tier head send the collected data to the base station.

vi. We are also using the concept of node activity scheduling using Multipoint relay. As long as nodes are having data
to send nodes are on. Otherwise nodes are switched off.

vii. Data collected is transferred from one cluster head to another in Top to bottom and left to right.

viii. Transmit data to BS and deduct energy of Head node, if energy of node is below dead energy then discard that
node from network area.

ix. If no node is available in tierl having energy more than transmission energy then increment tier id byl and chose a
node from tier2 to transmit data to BS.
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X. Repeat the procedure to transmit data to BS by incrementing tier-id till and when it reaches to 4 a new
threshold is defined and tier-id is set tol.

xi. This new threshold is defined to the level until it goes beyond dead energy of a node, after this value network is
considered to be dead.

Observations: 1. By doing this nodes energy is saved .
2. Each time data is transferred new spanning tree is formed.

3. By this arrangement data travel at less nodes

RESULTS

In order to evaluate the performance of MSCT2 , we will simulated it on 100 node network. The simulations will done in
c++. The BS is located at (0,-100) in a field of diameter 200m. We will run the simulation to determine the round in which
every node is died. Parameters using will be same as that of [3]. Once a node dies it is considered dead for the rest of
simulation, and our results expected to show much better system stable lifetime (period when all nodes of network are
alive) because it balances energy dissipation among sensor nodes by using all nodes as cluster head with equal priority
(highest energy node will serve as head node) thus maximizing stable life time & achieves better results.

REFERENCES

[1] Bowman, M., Debray, S. K., and Peterson, L. L. 1993. Reasoning about naming systems. . [1] W. R. Heinzelman, A.
Chandrakasan, and H. Balakrishnan,“Energyefficient communication protocol for wireless microsensor networks,” in
33rd Annual Hawaii International Conference on System Sciences,2000, pp. 3005 — 3014.

[2] S.Lindsey and C. S. Raghavendra, “Pegasis: Power-efficient gathering in sensor information systems,” in IEEE
Aerospace Conference, March 2002, 924-955.

[3] HO. Tan, “Power efficient data gathering and aggregation in wireless sensor networks,” SIGMOD Record, 2003,
32(4): 66 -71

[4] Xin Liu, Quanyu Wang and Xuliang Jin, “An Energy-efficient Routing Protocol for Wireless Sensor Networks”,
Proceedings of the 7th World Congress on Intelligent Control and Automation June 25 - 27, 2008, Chongging, China,
page 1728-1733.

[5] D. Estrin, R. Govindan, J. Heidemann, and Satish Kumar. Next Century Challenges: Scalable Coordination in Sensor
Networks. In Proceedings of Mobicom’ 99, 1999.

[6] J. Kulik, W. Rabiner, and H. Balakrishnan. Adaptive Protocols for Information Dissemination in Wireless Sensor
Networks. In Proceedings of Mobicom’ 99, 1999.

[7] W. Mangione-Smith and P.S. Ghang. A Low Power Medium Access Control Protocol for Portable Multi- Media
Systems. In Proceedings 3rd Intl. Workshop on Mobile Multimedia Communications. Princeton, NJ, Sept. 25-27,
1996.

[8] K. M. Sivalingam, M. B. Srivastava and P. Agrawal. Low Power Link and Access Protocols for Wireless Multimedia
Networks. In Proceedings |IEEE Vehicular Technology Conference VTC'97, May 1997.

[9] M. Stemm, P. Gauthier, D. Harada and R. Katz. Reducing Power Consumption of Network Interfaces in Hand-Held
Devices. In Proceedings 3rd Intl. Workshop on Mobile Multimedia Communications, Sept. 25-27, 1996, Princeton, NJ.

[10] T. S. Rappaport. Wireless Communications. Prentice-Hall, 1996.
[11] R. Steele. Mobile Radio Communications. Pentech Press, London, 1992.
[12] K.Gulista, B.Gaurav,’Minimum Spanning Tree based Routing Stretegyfo Homogeneous WSN”, IJICCSA, Vol1, 2011.

[13] A.Waijid, Rakesh K.Yadav, K.Gulista, “An Energy Efficient Routing Stretegy for Dynamically Arranged Wireless
SensorNetworks”, IJCIS, Vol 6. No. 4 , 2013.

3717 |Page February 21, 2014



)

Author’ biography

3718 |Page

ISSN 2277-3061

Wajid Ali born in moradabad in India, on May, 10, 1985. He completed his
B.Tech.

from AIT, Bangalore in 2009. He completed Post Graduation (M. Tech. IT) from
KSOU, Mysore in 2011 and M.Tech in CSE from IFTM University. He worked as
Lecture in the Department of Computer Science and Engineering at Hindustan
Institute of Management and Technology, Ambala, Haryana(lndia) from August
2010 to August 2012. Presently he is working as Assistant Professor at
Landmark Technical Campus.

Gulista Khan born in India, on September, 30, 1985. She completed his
B.Tech. from

Shri Krishan Institute of Engineering And Technology, Kurukshetra in 2006. She
completed Post Graduation (M. Tech.) from MMEC,Mullana University in 2009.
She

worked for as Lecturer in Haryana Engineering College,Jagadhri, Haryana
(India) from February 2007 to June 2011. Presently she is working as Assistant
Professor in Collese of engineering of Teerthanker Mahaveer University,
Moradabad, india.

Vaibhav Sharma born in India, on May 13, 1987. He completed his B.Tech.
from

GNIT, Greater Noida in 2009. He completed his Post Graduation (M. Tech.)
from Jaypee Institute of Information Technology University, Noida in 2011. He is
working as Assistant Professor in Collese of engineering of Teerthanker
Mahaveer University, Moradabad, india.

February 21, 2014



