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Abstract

Wireless sensor network consists of large number of sensor nodes and a sink which is

regarded as Base station. Sensor nodes work on batteries which are difficult to recharge in

harsh environments. Thus, each sensor node has limited energy and memory. If all sensor

nodes send an aggregated data to the sink separately then energy of nodes reduce very fast.

In this report, different methods are proposed to increase the life time of network. Sensor

nodes are deployed randomly and uniformly by making clusters whereas Sink node is located

at fixed location(25,150) in case of tier based energy efficient protocol. In uniform and random

deployment, sensor nodes are divided into three different areas based on the distance from sink,

commonly known as tires. Homogeneous energy is given to each node and minimum spanning

tree is generated. After that a head node is chosen from each tier based on the maximum energy

that can send sensed, aggregated data to the sink.In multipath routing algorithm multiple shorest

path is selected by the greedy approach and by use the concept of fuzzy logic the more efficient

and reliable path is consider for sending the data to the base station.The result shows that the

MPRA is three times better than the single path routing algorithm. Because of energy being

a scarce resource simulation results focus on energy comparing between the routing methods.

The simulations are implemented in Python language.
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Chapter 1
Introduction

1.1 Introduction

Wireless sensor network is a combination of many small sensor nodes also called motes with

each mote having a capability of sensing and forwarding the data to the other motes (devices)

using radio frequency. Each sensor node monitors the network and sends the collected data to

the sink (Base station). Sensor node sends processed information to the sink either by direct

transmission or by using the multi-hop transmission. In multi-hop routing each sensor node

sends the fused and aggregated data by other sensor nodes to the base station. The range of

these sensor nodes is very small and therefore can not send data to the base station directly.

Most of the time sensor nodes are placed in an inacessible area where it is not possible to

provide some power supply to these sensor nodes. The most common sensor node is zigbee

(IEEE802.15.4) standard, it works in both mesh topology and point to point technology. Zigbee

operates on full function device mode and reduce function device mode. Power is the most

critical issue in sensor nodes. Sensor-MAC protocol is used for saving the energy of sensor

nodes by sending start and stop becan packets which help to change the state of sensor node

from active to sleep and vice-versa. Routing in sensor network from source to sink node is

done at network layer. The routing protocol provides an efficient solution by using clustering

technique.

1.1.1 Components of Wireless Sensor Network

Wireless sensor network is combination of sensor nodes and a base station. Base stations have

unlimited resoures where as sensor nodes are deployed in a particular sensing field and have

limited resources. The major components of wireless sensor network are shown in figure 1.1:

Figure 1.1: Components of WSNs
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• Sensor nodes: Sensor nodes are the brain of the WSNs which are used to detect any

event that occurs in a particular sensing field. Sensor nodes have a responsibility to

collect data and perform routing.

• Sensing Field: Sensing field is an area in which sensor nodes are deployed.

• Analog To Digital Converter: Sensor nodes detect events by sensing the physical

environment such as temperature, pressure and these quantities are analog in nature. So

analog to digital converter is used to convert the data in digital form.

• Transmitter: Transmitter is a device through which it sends the data to the other sensor

nodes or sink.

• Receiver: Receiver is used to receive the data from the neighboring nodes or from sink.

1.1.2 Classification of Sensors

Sensor can also be classified aspects like technological issues, detection means, their output

signals, sensor materials and field of application. Although classification is decided as per need

of an application but in general it can be categorized into following categories.

• Active Sensors

Active sensors stimulate the environment in order to do the measurements. For example

seismic sensors, laser scanners, infrared sensors, sonars and so on.

• Passive Sensors

These sensors can sense the sensing area without disturbing the environment. Examples

of these sensors are: thermometers, humidity sensors, light sensors and pressure sensors

etc.

• Narrow Beam Sensors (Passive)

This is the type of passive sensors which require a clear direction in order to measure the

environment e.g. camera and ultrasonic sensors.

1.1.3 Protocol Stack

The TCP/IP stack is widely used for wireless sensor network as shown in figure below. The

protocol stack consists of different layers. By using these layers, communication can take place

between source and the base station. The stack performs the routing technique by estimating
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the best path. It aggregates the data at network layer and makes the sensor network more energy

efficient. The different layers of protocol stack are physical layer, data link layer, network layer,

Transport layer, application layer, mobility manager,task management, mobility management.

The figure 1.2 represents the protocol stack for WSNs.

Figure 1.2: Protocol stack for WSNs

The physical layer is responsible for generating a fixed ratio frequency signal, signal mod-

ulation and detection, encryption of data, performing transmission and receiving of signals.

The data link layer supports node to node connection and is responsible for accessing a

channel efficiently. Flow error and flow control techniques are used to recover the dataat this

layer . It Fragment the data into number of frames. The mac layer is also responsible for

making the network energy efficient.

The network layer is responsible for routing the packet over the network by finding a best

and more efficient path.The transport layer is responsible for maintaining the flow of data when

accessed through internet.

The application layer is user friendly layer responsible for showing all the data in human

readable format. The protocol stack starts with application layer and forwards the data down

to the next lower layers. Task manager and mobility manager are responsible for checking the

mobile nodes and nodes responsible for forwarding and receiving of data from source node to

sink. The protocol stack should meet the limitations like channel bandwidth, limited energy,

wave propagation etc for wireless sensor network.

1.1.4 WSNs Challenges

In the following, we summarize some of the challenges and design issues associated with Wire-

less Sensor Networks:

• Deployment of Nodes: In wireless sensor network the deployment of sensor nodes ef-

fect the quality of service in routing. The nodes can be placed either using uniform or
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randomized manner. In uniform method, nodes are kept at fixed location or with respect

to fixed location whereas in random deployment the nodes are scattered in a particular

area. The routing can take place by using direct throwing or by using multi-hop manner.

• Energy Consumption: Sensor nodes can not have large capacity batteries. The sensor

network sends and route the data. So, sensing consumes negligible amount of energy and

they use small amount of energy for computation and transmitting the data in environ-

ment. Their energy consumption decides number of rounds they are going to complete.

Thus the lifetime of sensor nodes totally depend upon the battery. Nodes become dead

when they do not have sufficient energy and these sensor nodes change the topology of

the network and routing takes place by using different paths. The energy used in network

can be either homogeneous or heterogeneous. In most of the studies the researchers use

homogeneous energy for a network.

• Fault Tolerance: Due to the lack of battery power some sensor nodes may fail. If some

sensor nodes come in non working state then it should not affect the overall task of the

network. Algorithm should be robust to overcome a bigger issue in case more than certain

number of nodes fail by forming new links and adjusting the transmitting and receiving

power used for relaying messages.

• Scalability: Sensor nodes are deployed in a sensing field in huge quantity(hundred or

thousands). The routing schemes used for message communication should be able to

work with all sensor nodes. The sensor nodes should be scalable enough to respond to

any query. When transmission occurs some sensor nodes take part in routing and other

should be in sleeping mode.

• Network Dynamics: Most of the times the sensor nodes are stationary but mobility

of both base station and sensor nodes is necessary in lot of applications. The sensing

techniques are static and dynamic. The applications such as tracking or detecting needs

dynamics sensing, where as application like forest fire prevention needs static sensing.

• Coverage and Connectivity: Wireless sensor network is basically personal area net-

work but the range of sensor nodes is very low about 10 meters. Sensor nodes should

be strongly connected for proper linking between them as each node can cover limited

amount of area in a particular field. So,coverage and connectivity are an important factor

in wireless sensor network.
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• Data Aggregation: Data Aggregation is a technique in which the number of transmission

of similar messages reduce and multiple messages are fused together. Many sensor nodes

send the same packet to the collector node, by using the data fusion technique. These

multiple packets or messages are handled by the collector nodes and efficient routing is

done by removing duplicate packets.

1.1.5 Routing for Wireless Sensor Network

The wireless sensor nodes are deployed in harsh environment.So many protocol have been

proposed for the routing of packet in wireless sensor network. The algorithm used for routing

basically depends on the type of application. The routing protocols are classified into different

categories.

• Single path routing.

• Multipath routing.

1.1.6 Single Path Routing in WSNs

Routing in wireless sensor network is different from the existing networks due to the infrastruc-

tural variation and link unreliable problem. The routing protocol for wireless sensor network

has strict energy saving requirements. The main purpose of routing protocol is to perform an

end to end packets delivery based on the topology or position addressing. If the addressing

is host based is called topological addressing and if a unique identification is chosen than the

addressing is position based. The sensor node can deliver the data requested by the user query

back to the base station. The single path routing protocol for wireless sensor network in which

only one instance of packet are sent at any time. The resources used by single path routing

protocol algorithm used are less than the resources used by the multipath or partial flooding

routing. The delivery of data is a primary goal of single path and partial flooding routing pro-

tocol. One of the main problem is channel access problem and this algorithm gurantees to

access the channel efficiently by the user to increase the throughput of network. The routing

algorithm used the concept of memorization of past traffic to increase the reliability of network.

The single path routing is futhur divided into different categories.

• Energy Efficient Routing: The power use for computation has increased in present days

but battery lifetime has not increased considerably. For adjusting the signal strength large

amount of energy is consumed. The energy efficient routing protocol is used to reduce

the energy consumption problem both in channel activation and data transfer.
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• Planner Graph Routing: The problem arise if the neighbors are not closer to the target

and the packets are dropped by the used path. In this situation a data recovery scheme is

used to recover the data. It resends the data and provide end to end delivery of packets.

The use of planner graph routing increase the efficiency of network.

1.1.7 Multipath Routing in WSNs

Wireless sensor networks are used in various applications due to their ease of deployment.

WSN is a collection of sensor nodes which are limited in their computational capability and

battery powers. Constraints on sensors impose many challenges in designing an efficient com-

munication protocol for wireless sensor network. Most of protocols follow single path routing

strategy but it doesnt consider the effect of different traffic load intensities. Although it is

computationally cheap but its limited capacity decreases network throughput. Moreover this

approach is less flexible and link failure can affect system efficiency. This makes this field

important for research purpose. Thus single path routing cannot achieve high performance as

per application. In the past decade multipath routing has been widely used due to its fault

tolerant and reliable nature. Main issue is which method is used to send data from target to

sink. Multipath routing protocol discovers a path by including several components to construct

multiple paths over which network traffic is distributed. Multi hop data transmission technique

is used for packet forwarding as they work in constrained range. This decision is made on

basis of different parameters. Path disjointedness is a main parameter considered by almost all

routing algorithms for discovering path. They are categorized as node-disjoint, link-disjoint, or

partially disjoint paths.

The amount of path disjointedness is a basic criteria but considering it solely doesnt solve

the purpose of constructing high quality paths. Therefore to address an issue of time-varying

properties of radio communications and resource limitations of sensors various types of costs

are also considered based on an application. Cost function calculates data transmission cost

based on various properties of sensors and links. Considering all the factors result into multiple

paths possible. But adequate number of paths is selected for transmission purpose. Path selec-

tion varies from protocol to protocol. One can select an optimal path out of multiple options

and keep others as backup paths for maintaining robustness of system or can use multiple paths

concurrently for reliable delivery. Next step is to distribute network traffic over selected paths.

This depends on need of application. If reliable system is required, then data is transmitted

through several paths even if it adds redundancy. But if issues like delay and lifetime are fo-

cused, then efficient load balancing technique is used. But all this consumes power and energy
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scarcity is main issue. So, path maintenance is required to reduce performance degradation.

For this path is rediscovered. But rediscovering a path after breakdown of all the active paths

decreases the network performance considerably. So, it is generally followed when an active

path is down or certain numbers of active paths get down.Taxonomy of the existing multipath

routing protocols in wireless sensor networks. It improves network quality under heavy traffic

conditions and other constraints. This protocol is used in varied applications but performance

gain depends on generation of sufficient number of quality paths by proposed protocol. The

classification of multi path routing is shown in figure 1.3.

Figure 1.3: Multipath routing in WSNs
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Chapter 2
Literature Review

Direct transmission is a basic approach for data relay in which each sensor node sends the data

individually to the base station. Base Station is located at fixed location, far away from the

sensor field which increases the transmission cost and decreases the lifetime of network. In

2000, LEACH[1] was proposed as a clustering based routing protocol that used randomized

rotation of cluster i.e. instead of direct transmission, cluster heads were selected from each

cluster which relay the data to the base station using radio frequency. Energy is distributed

homogeneously to all the sensor nodes in this protocol. LEACH[1] is 8 times better than

direct transmission. The cost of transmission from source to base station is very high due to

sensor nodes low battery. So, the automated method of data fusion and data aggregation are

used[18].LEACH protocol shows that the nodes is select for head of cluster is not more than 5

percent of the total sensor nodes. Leach node consider the head node can be centralized or is

semi centralized.

Figure 2.1: Cluster formation

O-leach stands for optimal leach is an energy efficient communication protocol for hybrid

sensor network. For enhancing the power of leach protocol this protocol use the time length

parameter. The filter replenishment mechanism is used to increase the efficiency and through-

put of network.The gauss function is used to improve the data precision decision and maintain

the stability of network.

In 2002, Lindsey et al.[2] proposed a protocol named PEGSIS that improved the life time of

network using chain like structure of nodes which was formed by following greedy method. In

this approach base station was considered far away from all the sensor nodes which communi-

cated to its neighbor nodes and reduced the amount of energy spent per round. The data fusion

is applied at every node except the last node. Tan et al. [3] presented an efficient algorithm
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known as PEDAP in which the concept of minimum spanning tree was used. The simulation

results showed that this was a better approach as compared to LEACH,PEGSIS. The sensor

nodes and sink were stationary which used homogeneous energy in network. In PEDAP[3]

all the computations were done by the base station that resulted in a lot of overhead for base

station. Aggarwal et al.[4] presented a TEEN protocol that increased the number of rounds by

changing the threshold value which was totally dependent on the type of application. The nodes

sensed the analog signals and continued to sense the environment till their threshold value is

greater than hard threshold value (hard threshold value is a value below which the sensor node

can not take part in relaying packet, only senses the environment and sends the data to the

relay node). These nodes further sent the data to other nods whoose value was greater than

soft threshold value (soft threshold value is a value below which the sensor node take part in

relaying the packet and send the data to the base station though other relay nodes). Data was

sent by using time count and if time count exceeds then data could be re-transmitted.

In 2005 a reliable and energy efficient data delivery in cluster was proposed by Jung et

al.[5]. This technology used unicast based forwarding technique, forward using interleaving

path and REEF based routing. This one was more reliable as compared to existing cluster

based sensor network.

In 2007, Rajiullah et al.[24] proposed an energy-aware deterministic clustering periodical

gathering protocol which showed more energy efficiency when nodes are combined to form

cluster and each cluster head energy fall below a threshold energy. Protocol started with cluster

formation phase. In this phase cluster head was selected for each cluster and after the cluster

setup phase the protocol was divided into rounds. No new cluster head was elected at beginning,

rather it was selected when energy reached to a specific threshold energy. It considered a major

factor that a node can become cluster head multiple times.

In 2008 time based cluster heads were chosen but not on the basis of random number as in

regular models and this factor increased the lifetime of a network[6]. Each sensor node sent

an advertisement message to the others nodes and in this message a counter value was sent,

if time expires or the node which received the message had counter value less than remaining

nodes then that node will be elected as a cluster head. Rest of the process was same as in

case of leach. In 2008, Paula et al.[30] proposed a blind flooding energy efficient protocol. In

wireless sensor network most of the protocols broadcast their messages like control message

to control the topology of the network. This protocol improved the broadcasting in wireless

sensor network upto some extent only. Dynamic power management and schedulate switching
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modes(DPM-SSM) technique were used in blind flooding protocol for improving the battery

capacity recovery effects.

Three tier based model[7] was proposed for increasing the life time of network according to

which the sensor nodes which are very far away from the base station can reduce large amount

of energy as compared to the nodes closer to the base station. These tiers were based on the

distance from base station. The nodes, closer to the base station were placed in one tier and

farther ones were placed in another tier. The higher tier nodes send the data to the lower tier

nodes, lower tier nodes sent it to further lower ones by collecting the aggregated data and this

process goes on till it reaches to lowest one which finally sends it to the base station. Simulation

results reveal its quality of being so close to optimal solution on comparing with LEACH and

PEGSIS.

In 2008, Huang and Fang[43] proposed a multi constraint quality of service routing pro-

tocol for wireless sensor network. The idea was to increase the reliability of the network and

also find the best route path among all the paths that could send the data from source sensor

nodes towards the base station. In 2009 new technique[8] was proposed by using relay nodes

which were placed randomly with the sensor nodes in a particular field. These relay nodes

chose a cluster head and relay the traffic towards base station. The simulation results showed

improvement of 6%-30% as compared to LEACH[1] protocol. If the relay node got dead, even

then existing network operated and it worked till the last node survived by reforming cluster

again and again on need. The position of relay nodes in a sensor field was a big overhead. The

Hybrid LEACH reduced this problem upto some extent.

In 2009 Yonlan et al.[23] proposed an energy balanced clustering routing protocol in wire-

less sensor networks(EBC) that selected the cluster head in a distributed manner. The signal

intensity was used to calculate the distance between nodes of same cluster and those nodes

whose energy was greater than the threshold energy was chosen as a cluster head and commu-

nication began with base station. The EBC protocol was divided into rounds.Each round was

further divided into two stages one was establishment stage and second was stable stage. The

establishment stage was used to deploy clusters in a network whereas the stable stage depended

upon the number of cycles of communications. In each cycle the cluster nodes sent the packet

to the cluster head, when cluster head collects the packet it fused the packets and forwarded the

packet to the base station.

Alan et al.[27] proposed an energy aware Qos provisioning for wireless sensor network. An

algorithm was proposed for increasing the lifetime of network and to achieve a desire quality
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of service, an energy retransmission mechanism was proposed. This increased the reliability of

the network and kept the delay with in delay boundaries. A multi path routing in a single base

station had some problems. All the cluster heads sent their data to the base station using single

path or multi path routing. Any path did not interfare with any other routing paths and data was

sent towards the destination by proper load balancing.

Hao and cia[25] proposed an energy efficient routing protocol for large scale wireless sen-

sor network which was basically an AODV base protocol with routing identification and RREF

packet capturing (AODV-RIRC).The source did not find a new route due to presence of route

identification and after capturing the RREF packet nodes made the best route towards the des-

tination silently. In AODV when RREQ packet arrived at the destination some packets are sent

back towards to the previous nodes. In order to solve the problem a different address is used

for them. The whole idea is to used same sink id but different addresses for differentiating the

base station.

In 2009, Songzhu and Su wu[36] proposed an ant colony based multi path energy efficient

protocol for wireless sensor network. Each node contained an ant and was deployed randomly

in a specific area and every ant contained a list of paths and list of tabs to record the node on

the network where the ant visited. By using a greedy approach a tour was build by ants such

as state transactions rule. Each ant modifies the value of pheromone if using the same path. In

initialization phase ants were placed on different source nodes. In path selection phase each ant

find the best path from source to destination and data can transmitted to the base station.

Hang and Yang[37] proposed an rumor routing energy aware protocol for wireless sensor

network EMBBR. It was a probabilistic technique that used to find the best suitable path by

using two major parameters- the residual energy and energy usage by the neighbors. This

protocol used two type of agents one was forward agent and other was backward agent. An

agent was a query message that was sent over the network to find the path from source to sink.

Forward agent found the information of the path and search for the multi path route from source

to the sink. Backward agent moved in reverse direction and stored all the information regarding

path in the routing table and give information to source node.

BinFu et al.[44] proposed a non interfering multi path geographic routing protocol for wire-

less sensor network. The key idea was to solve the issue of interfering multi path in wireless

sensor network and proposed a non interfering protocol for sensor network too. Abdur and

Choong[35] proposed analysis of energy tax for multi path routing in wireless sensor network.

In this protocol an energy tax analysis was done by using analytical model. The total amount of
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energy used in one unit time was computed by checking two main factors route establishment

and data forward to their destination. Most of the energy was consumed when performing sens-

ing task, processing raw data, transmission and receiving of packets. Each node has four states

transmitted, received, sleep and listen. The node remained in sleep mode when transmission

and receiving operations go on. If the event was detected then node changed its state from

sleep to active state. An ARQ ACK mechanism was used for retransmission and maximum

ARQ value was fixed.The routing table stores the next best hop that can be used for discovery

routing paths.

Krishna and Murthy[42] proposed a meshed multi path routing protocol for wireless mesh

network. In this protocol the nodes were tagged with ID and multi path searching took the

benefits of these ID .This protocol used the triggered level in which the nodes were deployed

randomly in a specific area around the base station. In this case initially the base station sent

the packet with low signal power and after that it increased its signal power and again packet

was sent by using different ID levels. For discovering the packet each node sent the discovery

packet to the other nodes and only those nodes accept the packet whose ID is less than or equal

to the sender node’s. After that the best path was chosen and data was sent to the external

network.

HaiBo and Wenyu proposed a distributed power control algorithm with multi quality of

service constraints for wireless sensor network[48]. MQDPC is a totally distributed algorithm

in which a quality of service parameters are calculated by the node remaining residual energy,

end to end delay and link reliablity. The MQDPC algorithm is very efficient for large scale

wireless sensor network. The simulations shows the optimal results as compared with existing

algorithm. This protocol use the minimum spanning tree to find the best path and send the data

to the base station.

In 2010 a framework was proposed for optimal sensor redeployment approach [9] in which

the network field was divided into two parts, first part was grid and the second part was the

gaps between the grid and illustrated the optimal solution for redeployment problem. In 2010,

Soni chaurasia et al.[32] proposed an energy efficiency protocol for providing Qos for wireless

sensor network. This protocol solved the problems of event capturing and real time data transfer

and increase the lifetime of network.

Marjan et al.[33] proposed a low interface energy efficient protocol for improving Qos in

event driven wireless sensor network . The key focus of the algorithm was on to improve

the packet delivery ratio, lifetime and latency of the network by using minimal interference
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and node disjoint path from source node to the destination node. This protocol also use load

balancing scheme to distribute the traffic of the network into multiple paths. The lifetime of the

network is 1.5 more efficient as compared with single path routing. It was a multi path based

algorithm for solving the problem of event driven application. The algorithm was divided

into two phases- one was initialization and second was route discovery. In initialization phase

each sensor node obtained the information of routing from its closest node, for controlling the

network each node sent the control packets and record was maintained for successfully received

packets from its closest node and made a routing table which was useful for selecting a path. In

route discovery and establishment phase when an event was triggered sensor node collected the

data and sent it towards the base station. To select a route a node sent a route request packet to

the base station and find the best next hop for transmission of packets. A unique identification

number was given to each sensor node and each node had a track of id for which packet was sent

and route reply packet was sent back to the source node and a part of the route was established.

In this way whole path was discovered and then source node communicated the packets to the

base station.

Xaio et al.[34] proposed an efficient multi path routing protocol for wireless sensor network

EBMER. The algorithm used remaining residual energy and link quality to find the next best

hop and routing paths.The routing tables stored all the path form source node to the destina-

tion node, when one of the path failed to transmit the data another path was used to fulfill the

task. EBMER protocol decreased latency time by 51 percent and 21 percent as compared with

AOMOV and REAL protocols respectively. Each node had a link quality where high link qual-

ity means a node have low error rate and low probability of retransmission. Acknowledgment

mechanism was used to ensure that packet was received or not. Retransmission reduced the

efficiency of the network so choosing a low link quality hop increased the lifetime of network

by consuming minimum energy. This protocol used cluster approach and each cluster head

collected the fused data and sent it to the based station.

Bashir and Ben[45] proposed a RELAX protocol for energy efficiency in wireless sensor

network. This protocol used the relaxation phenomenon to save the energy of batteries and

increase the lifetime of batteries. This protocol was also able to recover the batteries from the

lost power. By using the signal to noise ratio it predicted the best suitable hop during path

establishment.

In 2011 Shin and Shin[10] proposed an algorithm known as CREEC(Chain Routing with

Even Energy Consumption) in which both direct throwing and hop to hop routing techniques
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were used. The base station calculated and stored the energy used at each round. The base sta-

tion calculated the path and the throwing energy for each sensor node and then communicated

the information by using becan packets to the sensor node. The sensor node sent the fused data

to the neighbor node in a particular chain and at last the data was collected by throwing sensor

node which forwarded it to the base station.

Nazir et al.[26] proposed a quality of services aware energy efficiency routing protocol for

wireless sensor network(QEER) for clustering the nodes in network. A combination of fixed

position base station and mobile base station was used for data fusion. The static base station

sent the delay sensitivity message where as mobile base station sent the delay message. So, in

this way protocol took less end to end delay and increased the performance of network. The

protocol was divided into two phases one was setup phase and second was steady phase. At

an initial stage each node calculated its location and its remaining energy and clustered was

formed. In steady phase protocol performed the actual fusion process and forwarded the data

to the cluster head or super node. The presence of mobile sink increased the end to end delay

as cluster head had to wait for mobile node for longer time and the movement of cycle was

according to the fixed position system.

Dubal and Achala [39] proposed a new approach called balanced scheme in which trans-

mission of packet was done by the use of multiple path. Each source node selected one of the

path by using weight factor and sent the data to the base station. If the current path had remain-

ing energy less than threshold energy than one of the best path was chosen from the backup

paths and data was transmitted to the destination. Moud et al.[41] proposed an energy efficient

load balancing metrics by using diversity routing protocol for wireless sensor network. The

goal of the protocol was to use the energy effectively over the network and also increased the

lifetime of network. In addition protocol also focused on the residual energy of the nodes so

that the critical nodes were avoided. This protocol showed the improvement upto 20 percent.

Energy efficiency was a critical issue in wireless sensor network. Instead of sending data to the

base station directly, sensor nodes used the multi hop communication. So, the limited amount

of energy was reduced by sending or receiving the data to the base station. This protocol also

helped to reduce the energy consumption by avoiding the bad links and made the network more

reliable.

In 2012 an energy efficient extended ELEACH [11] was proposed. In this technique the

clusters are formed and each cluster head forwards data to the master cluster nodes, that further

sends it to the base station. In 2012 reforming cluster using C-LEACH[12, 13] was proposed.
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LEACH protocol was divided into two phases setup phase and steady state. In setup phase

clusters were formed and their heads were chosen. In steady phase the actual transmission of

aggregated data took place. Every node chose a random value between 0 and 1, node with ran-

dom value less than 1 becomes the cluster head and relays the traffic. By using equal clustering

technique, equal number of nodes are placed in each cluster. The proposed algorithm uses two

thresholds maximum threshold and minimum threshold. If the value of cluster node is greater

than maximum threshold, then nodes with minimum threshold value can take part in clustering

and rest are discarded. If the value is less than maximum threshold then all nodes of a network

take part in clustering.

MSMTP[14] was a multi-hop routing protocol in which, a radio dissipated 50 nJ/bit en-

ergy wa used to run the transmitter for sending or for receiving the packet. The transmitter

amplification energy 100pJ/bit/m2 was used for data amplification. This technique used the

concept of tires which were formed based on distance of nodes from base station. Nodes which

were closer to the base station were placed in first tier, nodes with average distance from base

station are placed in second tier and nodes which were far away from the base station were

placed in third tier. By using the kruskal algorithm the minimum spanning tree was generated

for the whole network. The head nodes were chosen on the basis of maximum energy from

each tier. Firstly the first tier head node send the data to the base station and after that the sec-

ond tier head-node transmitted the data to the base station and the process was repeated till all

nodes are not dead. These head nodes send the data until threshold energy was achieved, after

that the whole network went into saturation period. And to make it active, threshold energy

was reduced by half and whole process was repeated again till dead energy was reached. If

the threshold energy was less than dead energy the whole network became dead. Simulation

showed optimal result for increase in lifetime.

CELL-LEACH[15] protocol divided the sensing field into the small size cells. Nearly seven

to eight cell make a cluster where cluster head was chosen for each one which stored the

information of other clusters in the table. The table was updated by each cluster head which

helped in finding the shortest path to transmit information to the base station.

Sayyed ana Naderi[31] proposed an energy efficiency real time routing protocol for wireless

sensor network(EERT),which used modular approach to send the packet towards the destina-

tion. It focused on both energy transmission cost and remaining energy of router by using a

shortest path in order to increase the lifetime of network. EERT protocol used a new policy

called re-routing policy which allowed the packets of specific class to be routed with real time
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class through neighbor nodes. Real time protocol was totally dependent on the application and

used the packet velocity parameter that had an advantage of not requiring any synchroniza-

tion between nodes. In order to achieve uniform distribution of traffic same path was used to

forward the packets and increasing the latency of network.

In 2012, Dehnavi et al.[28] proposed an energy efficient and Qos based multiple Hierar-

chical routing protocol in wireless sensor network(EQMN). The protocol satisfied the quality

of service requirements with minimal energy requirements and hierarchical methods. By us-

ing multiple constraints such as energy, remaining buffer size, signal to noise and distance to

the base station protocol elected the cluster heads and route discovery. A multipath approach

was used to find the best path and performed better load balancing that consumed energy uni-

formly throughout the network. The operation of the protocol was divided into rounds. Each

round started with cluster formation and elected cluster heads in each cluster. In route discov-

ery phase multiple path was detected between cluster heads and relayed the aggregated data

towards the base station. Secure-LEACH[16] was proposed to increase the security of cluster

head in a sensor field. The pairwise key mechanism was used for generating the keys between

between cluster nodes and cluster heads. The key idea behind this technique was to generate

large number of key pools at the time of deployment. The unique key was assigned to each

node randomly and each sensor node shared the pairwise key with the base station. In this

technique the sensor field was divided into different square fields and each square field sensor

nodes were deployed randomly and key was assigned to each sensor node from the key pool.

Ali et al.[21] proposed a simulation based evaluation of MANET routing protocol for static

wireless sensor network. The performance was analyzed by studying the simulation results of

AODV, DSR and DSDV routing protocols on wireless sensor network using Ns-2 simulator in

static environment. The performance result focused on network density, size of network, end

to end delay, delivery fraction and routing overheads. Nirmala et al.[29] proposed an energy

efficient and enhanced QoS aware MAC protocol in wireless sensor network. IEEE 802.11

protocol worked on DCF (Distributed coordinate function) mode.In DCF mode the coordinator

only sent the active nodes to the sensor to minimize the energy consumption.

Poonguzhali[22] proposed an energy efficient realization of clustering path routing protocol

in wireless sensor network(CPHRP) and solved the problem of coverage rate and effective

network lifetime of wireless sensor network. CPHRP had coverage rate of 90 percentage in

network lifetime. The objective of CPHRP was to minimize the total transmission power used

for aggregation of data over the network and also balancing the load among the nodes for
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increasing the lifetime of network. To enable load balance in a network, the cluster head node

sent the packet to the inner cluster head node before sending it to the destination. This helped

to figure out whether packet was forwarded to outer cluster by itself or inner cluster nodes.

Omar et al.[40] proposed a grid based multi path routing protocol with congestion avoid-

ance for wireless sensor network.The idea behind it was division of sensor field into different

number of grids. One of the node in each grid was master node that could collect the data from

the other grid nodes and was also responsible for sending the data to the member nodes. Mas-

ter grid nodes were connected to the multi path and these paths were stored in routing tables.

A congestion control mechanism was used in order to solve the problem of congestion areas.

This protocol saved energy up to 19.5 percent. In this algorithm there were two type of grids

used. One was boundary grid that provided single path towards the base station and other was

non boundary grid which contained multiple path towards the sink. In grid formation phase a

global positioning system was used to find the position of each node in a particular grid. After

grid formation the sink or base station sent the message to the master node to discover the path

from source to destination.

Shreef and zhu[47] proposed an effective stochastic energy efficient model for wireless sen-

sor network. In this protocol a petri net model was used to increase the life cycle of network

and provided a complex interaction between process and communication components of wire-

less sensor network. The petri net model showed optimal results as compared to Markov chain

model. The petri model was very easy to implement in comparison to Markov model. The

CPU used a Markov and petri net model by using Poisson process with mean rate λ and service

time 1
µ

. By using these time constraints the efficiency of CPU was increased in wireless sensor

network.

In 2013, Chanik and Inderjit[38] proposed a fault tolerant energy efficient routing protocol

for wireless sensor network.Backup paths were used if the current path was not able to transmit

the data over the network. In this approach the data packets were sent to its neighbor and

checking was performed for received data with its own sensed data packet. If the data packet

was found same then neighbor node was not supposed to forward the data to the next node. If

the data packets are different then it send the data to sink via other sensor nodes using shortest

path. In 2013 Mohapatra, and Gibson[17] proposed an algorithm for deployment of sensor

nodes under water and reduced the cost of network. In this technique sensor node were placed

on the ocean floor. They sensed, collected and relayed the data to the base station. This method

used joint policies to reduce the deployment cost and increased the lifetime of network using
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minimum energy consumption.

Zahra et al.[19] proposed a reliable and energy efficient chain cluster based routing protocol

for wireless sensor network.The REC protocols aimed to make the network more reliable by

placing the cluster head(CH) in their proper positions and also computed the size and shapes of

clusters without use of any error control approaches.The base station computed the location of

other sensor nodes during deployment and divided the network into number of clusters based

on the location of y axis and clusters were further arranged in a chain like structure. As base

station handled each cluster independently. The whole logic was divided into two parts one

was cluster head selection and second is cluster chain formation.

Awlan and Aggarwal proposed a multi objective quality of service for wireless sensor wire-

less sensor network[46] . In this paper ahop by hop mechanism was used to provide multi

objective quality of service to the client. The metrics parameter were reliability, delay, energy,

distance from sink and path based parameter. The simulation showed the optimal results by

choosing an optimal path and transmitting the data to the base station. This protocol was to-

tally based on the multi path selection process. This protocol provided many energy efficient

solution to increase the life cycle of network. The concept of cost function used in this protocol

and parameters were divided into different number of classes. By using this cost function an

optimal paths from source to base station were stored in routing table. By using these path data

was sent to the base station.

In 2013 Saima et al.[20] proposed an opportunistic protocol for routing called OFETR(optimal

forward based on energy and trust, for routing). This protocol solved various issues like select-

ing and prioritizing forwarder list based on energy and trust value. OFETR used threshold

value and thrust value to calculate the best routing path and then reduced the energy by sending

the packet to the destination using multi hop routing mode. It was a location based protocol for

routing and used the location to find the proper or best routing path towards the base station.

OFETR also used the trust value to find the best next node. This protocol also focused on

reducing the minimal energy for increasing the lifetime of network.
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Chapter 3
Problem Statement

3.1 Problem Statement

Problem is to design an energy efficient approach for sensor nodes communication. The main

consideration is WSNs where nodes are scattered randomly, uniformly over the network. The

location of the base node is fixed and have an unlimited power source. The sensor nodes

communicate directly with each other and can also correspond with base station. The sensor

nodes fuse the packets received from the network and produce one packet as a result. To

overcome the energy problem different schemes were implemented in which the relay node

delivers the data collected from the other sensor nodes to the base station, which increases the

number of rounds and over all life time of the network. The lifetime of network is defined as

the number of rounds completed till the particular node has sufficient energy. But term lifetime

of network is not cleared until what type of service provided by sensor node is not known. In

real time the quality of the system is decreased when the first node in the network does not

have sufficient amount of energy and becomes dead. In first technique, a minimum spanning

tree is created after every round and head node is selected from each tier then head node sends

the data to the base station for a particular threshold energy. If the threshold energy is less

than or equal to dead energy the node is removed from the network field. In second technique

minimum spanning tree is constructed considering multiple parameters which will generate

multiple paths from source to sink. Out of multiple paths stored in routing table, an optimal

path is selected and others are maintained as back up. In third technique the relay nodes are

deployed randomly with sensor node and the energy of relay node is greater than the sensor

nodes. The relay node is a cluster head that send the data to base station through other relay

nodes. Thus the thesis proposes both tier based and multi path based approaches for increasing

the lifetime of wireless sensor network.

The problem is defined as ”Energy Efficient protocol for Wireless Sensor Network”.

3.2 System Model

The system model is divided into different components as shown under. It deals with sensor

nodes, environments, energy consumption and different notations.

• BS: The base station consists of powerful central processing unit, a memory unit, small

memory used for storing the data and an unlimited power source. It collects all the
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aggregated data from the sensor field and sends to the external network. The base station

is connected to other networks such as Internet etc.

• Sensor Nodes: Each node contains many sensors to sense the different parameters in

the environment, receiver is used to receive data from neighboring nodes and transmitter

is used to send the data to the other nodes. Sensor nodes sense the analog signal from the

environment and use analog to digital converter to convert the data in digital form and

with help of transmitter it performs its job of transmission.

• Node Energy: Every node contains the homogeneous or heterogeneous initial energy

level E0. After every transmission, certain amount of energy is reduced. The nodes which

contain insufficient energy for sending and receiving should be completely removed from

the network and new minimum spanning tree is generated by using prims algorithm after

the round is complete. In mostly cases the heterogeneous energy is divided into two

parts, one is for sensor nodes and other for relaying nodes.

• WSNs: It consists of N number of sensor nodes which are stationary and a fixed base

station BS. The sensor nodes are scattered randomly or uniformly in a fixed size sensing

field. The base station is far away from the sensing field. The sensor nodes sense the

environment and transmits the data to base station though multiple sensor nodes also

known as relay nodes.

• Fusion: The k bit packet is generated by all the sensor nodes and is sent to the neighbor

node to relay the packet for base station. All the relaying nodes compress the k bit packet

and send it to the base station. Many sensor nodes send the same packet to the collector

node by using the data fusion technique. So, the redundancy is removed.

3.3 Network Model

The network model for proposed algorithms is formed by deploying 100 sensor nodes randomly

and uniformly over the network of area 50 ∗ 50m2. Each node in the network has the capability

to transmit data to the other sensor nodes and directly to base station. In network model a

tier based, single path and multi path routing based techniques are proposed in which tiers

and minimum spanning tree are made based on the distance from the base station. Each tier

or cluster contains a unique identification called tier-id or cluster-id. In tiring technique a

minimum spanning tree is generated by using prims algorithm and the head node from tier is

chosen that can send the data to the base station directly. In clustering the clusters are formed
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and cluster head is chosen which is a high energy node that relays data to the base station. In

single and multi tier based routing approach use fuzzy cardinality priority function to select the

efficient path from the list of path and then send the data to the base station. The figure 3.1 and

figure 3.2 shows the random and uniform deployment of sensor nodes in a rectangular sensing

field.

Figure 3.1: Uniform deployment of sensor nodes

Figure 3.2: Random deployment of sensor nodes

In single path routing algorithm a fuzzy cardinality priority function is used to find the

best neighbour hop from source to sink but in multi path routing algorithm (MPRA) he greedy

approach is used to store all the paths in a routing table and fuzzy cardinality priority function is

used to find the optimal path among all the paths stored in a routing table. During deployment

phase the 100 nodes are deployed randomly in an area of 100*100m2 and range of each sensor

node is 20 meter. The delay constraints used in MPRA are application specific. If the available

path is not able to transmit the data next optimal path is used to transmit the data to the base

station.
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The network design for single path routing algorithm and multi path routing algorithm

consists of weighted connected graph G=(V,E) where V denotes the number of nodes in a

network i.e V: {s1, s2, ..., sn} and E represents the number of link i.e E: {ui, uj|(ui, uj)εV }.

The link (ui, uj) represents that there is a connection from node ui to node uj and works in full

duplex mode. The d(ui, uj) represents the distance or Range between from node i to node j.

The following equation shows whether two nodes are connected or not.

Ri,j =

1, if d(ui, uj) 6 R .

0, otherwise.
(1)

Where R is the range of the node i to j and j to i and d is the distance of node i to node j.

3.4 Radio Model

The radio frequency model used for proposed techniques is same as discussed in LEACH. In

this model the radio dissipates energy Eelect = 50nJ/bit which is used to run the circuitry of

transmitter and receiver. Eamp = 100pJ/bit/m2 is used for the amplification of the signal. The

size of the data packet is 2000 bit. The energy is used for sensing, data fusion and reconfigu-

ration of minimum spanning tree is ignored. Cost of transmission and receiving for a k-bit size

packet in d distance are calculated by logic given below.

• Transmitting Energy (Etr(k, d)):

Etr(k, d) = Eelect ∗ (k) + Eamp(k, d). (2)

The transmission energy is used to send the data within a network.

Etr(k, d) = k ∗ Eelect + k ∗ Eamp ∗ d2. (3)

The transmission energy is used to send the data to a base station.

Etr(k, d) = k ∗ Eelect + k ∗ Eamp ∗ d4. (4)

• Receiving Energy (ERx(k)):

ERx(k) = E(Rx−elect) ∗ (k). (5)
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ERx(k) = Eelect ∗ k. (6)

where k represents the number of bits packet send during transmission and d represents

distance between two sensor nodes. Radio model is based on an assumption that the radio

channel is symmetric in nature i.e. amount of energy required to send k-bit packet from sensor

node A to node B is same as energy required to send the packet back from node B to node A for

given signal to noise ratio. All the sensor nodes sensing the environment at a fixed rate always

have data to send to the end users. Receiving the data from network is a very costly operation,

therefore there is a need of optimizing the amount of energy required in communication. If

the nodes are deployed densely, the quality of the network is not reduce by much amount even

if some of the sensor nodes die because there are many neighbour nodes that can relay the

data of dead nodes. The neighbor nodes shape the traffic with the help of relay nodes and

deliver the packet to its destination. The quality of network is decreased when half or more

than half sensor nodes gets dead. When the last node is dead the whole network is consider to

be dead. Threshold energy used is a key point behind all logic, which is a minimum amount of

energy and below which sensor nodes in network are not capable to relay the traffic. The dead

energy is minimum energy level with which node becomes useless as it can not perform in any

transmission and is thrown out of the network.

3.5 Node Structure

The node information contains location of nodes, tier-id and energy required to transmitted the

data to base station which is shown in figure 3.3. In cluster the nodes contains cluster-id instead

of tier-id, unique identification, initial energy, dead energy, position of the node and distance

In our proposed techniques the network is partitioned into different tires based on the distance

from the base station. The algorithm assigns an identification known as tier-id to each sensor

node during the setup stage to classify them from other clusters. The sensor nodes having same

tier-id are placed in a same tier. The sensor nodes in one tier have approximately the same

distance from the base station and have same energy to communicate with base station. The

nodes which are closer to base station have a lower tier-id. The nodes having a lower tier-id

are called upper tier nodes and the nodes having a higher tier-id are called down tier nodes and

data from the lower tier nodes move towards upper tier nodes, upper tier nodes send it to further

upper ones by collecting the aggregated data and this process goes on till it reaches to top one

which finally sends it to the base station. The figure 3.3 represents the field information of each
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node.

Figure 3.3: Node structure

where NODE ID is a unique identification of sensor node such as mac or ip address of any

network device, (X Y) are the co-ordinates of the node that define the position of the sensor

node, ENERGY THRESHOLD is the minimum amount of energy below which the sensor node

can not transmit the data. The threshold energy is always reduced to half by the base station

on achieving saturation point. The sensor node contains homogeneous energy but in case of

clusters two different energy values are used i.e sensor node energy and relay node energy.

INITIAL ENERGY represent the initial energy of node either homogeneous or heterogeneous.

The filed DISTANCE FROM BS is a distance of node from the base station. TRANSMISSION

ENERGY is the cost that is used to transmit the data to the base station. In multi path routing

algorithm and single path routing algorithm the value of tier id field is zero because these

algorithm do not use any concept of tiers but instead of tires a delay parameter field is added

in node structure. The value of hop count is considering during path selection process. The

best paths are selected on the basis of fuzzy cardinal priority ranking function applied which

generated a cost value according to parameters such as transmission energy, delay and hop

count used. All the paths are stored in routing table and every time a optimal path is used to

send the data to the base station.

3.6 Performance Metrics

SPRA and MPRA uses multi objective QoS parameter to increase the lifetime of network are

shown below

• Energy Consumption: The energy consumed for relaying a data towards the base station

by using a single path can be expressed as

Erpaths = Σhops
i Eci (7)

Where Erpaths is the average energy consumed by a single path and Ec is the energy

consumption of single hop. hops represents the number of hops in a single path. Ec can

be expressed as
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Ec = Etx + Erx (8)

Where Etx is the energy that is used to send the data to its neighbour node and Erx is

the amount of energy for receiving the data from its neighbour.

The end to end energy consumed by all the paths used can be written as

Eend = Σnp
p=1Erpaths (9)

Where np is the total number of paths in a list andErpaths ia a energy consumed by single

path.

• Delay: The time required to send and receive the data packet from source sensor node

to sink is called delay. The delay between two neighbor nodes is donated by Dlink. The

delay for a given path Drpaths is the sum of all the delay of link in a path.

Drpaths = Σ
hopp
i=1 Drlink (10)

So, end to end delay can be calculated by using the expression

Dend = max(i<p6np)Drpaths (11)

Where np is the total number of paths in a path list and Drpaths represents the delay of

single path.

• Data Delivery Ratio: The probability of transmission of packet successfully or unsuc-

cessfully can be expressed in terms of Data delivery ratio. It is defined as the ratio of

number of packets generated by source to the number of packets received by the destina-

tion. If the total packet PKtotals are send by the source node and the number of packets

are received by sink are PKrecvs then the data delivery ratio can be written as

DDR =
PKtotals

PKrecvs

(12)
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Chapter 4
Single Path Routing in WSNs

4.1 Tier Based Energy Efficient Protocol

In tier based energy efficient protocol the sensor nodes are deployed randomly in a sensing

field and network is divided into three tiers depending upon node’s distance from the base

station. The sensor nodes are placed in different tiers according to their distance from the base

station . The node which are very close to the base station are placed in Tier1 and nodes which

cover mediate distance are placed in Tier2 and nodes which are very far away from the base

station are placed in Tier3 respectively.In this architecture the minimum spanning tree of the

graph is generated to show connection of all sensor nodes. Every sensor node has energy, used

for communication in network. The highest energy node is elected as head node which will

transmit the data to the base station. The least and largest possible distances d1 and d2 are

calculated respectively. Least possible distance is distance of base station from middle of a side

which is closer to it and largest distance is estimation between base station and the corner of

the network which is on the opposite side of base station. Difference between these distances

is calculated and is used for determining tiers based on given formula.

• Tier1 = range is between d and d1 + diff
3

• Tier2= range is between d1 + diff
3

and d1 + 2 ∗ diff
3

• Tier3= range is between d1 + 2 ∗ diff
3

and d2

These three tiers follow top tier shifting approach in which each tier’s nodes continuously

send data to base station till there energy does not become less than current threshold value.

When energy of nodes of a tier becomes less than threshold value then the nodes of next upper

tier start transmitting data to base station. When the uppermost tier nodes energy goes below

the threshold value then a new threshold value is defined. This whole procedure is repeated

again and again till new defined threshold is less than the dead energy,and when this stage is

achieved, all nodes of the network goes down and whole network environment is assumed to

be dead.

The figure 4.1 shows the number of sensor nodes are placed randomly in a rectangular plane

and the solid dark lines represents the number of tiers in this plane. There are three tires in this

sensing field. The nodes which are closest to the base station are placed in Tier1 and which

26



Figure 4.1: Head node from Tier1 send data to BS using random deployment

are far away from the Base station are place in Tier3. By using prims technique a minimum

spanning tree is generated and head node is selected on the basis of maximum remaining energy

and this node send the data to the base station.

Figure 4.2: Head node from Tier1 send data to BS using uniform deployment

The figure 4.2 shows the uniform deployment of nodes in a sensing field . In this technique

three tires are made based on the distance of fixed position base station located at (25,150). The

base station is located outside the sensing field and have an unlimited power resources. Every

tier head node first compares its energy to the threshold energy and start communicating data

from source node to BS using minimum spanning tree. The base station is further responsible
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for sending the data to the external network. The Algorithm 1 shows the step by step procedure

for TBEEP.

Algorithm 1: TBEEP

1 Algorithm TBEEP(Source Node)

2 Nodes are placed in a specified or decided area in a uniform/Random manner and

each node is initialized with some initial energy. Then these nodes are classified in

the form of tiers on the basis of distance from the base station.

3 MST is generated by using prims algorithm.

4 A node is selected having highest energy in tier 1 as head node. If its energy is

greater than the required transmission energy then it can transmit the data to base

station .

5 On transmitting data to base station, some energy value is reduced for head node and

when its energy goes below dead energy then that node is discarded.

6 Now another node is chosen from tier 1 on the basis of condition described in step 4.

Continue nodes selection process is repeated from tier 1 till there is no such node left

in tier 1 whose energy is greater than threshold energy.

7 A node having energy greater than transmission energy is selected from next tier and

data is relayed to base station from that node.

8 Nodes selection process and going to next tier is repeated till tier id gets equals to 4.

9 At this stage a new threshold value is defined which is half of the previous one and

tier id is set to 1.

10 Now again tier 1 will be executed and this whole process is repeated till threshold

energy goes below dead energy which will take the whole network down.

4.2 Experiment Results

Simulation is performed on 100 nodes deployed randomly and uniformly in a sensing field of

area 50∗50m2, taking 0.5 J/node as initial energy in this area and base station is fixed at location

(25,150) in case of Tier based energy efficient protocol(TBEEP)and examine the rounds in

which nodes are dead. Once the node is dead it is removed from the simulation environment.

The proposed three techniques show the better and close to optimal solution as compared to

LEACH. The tables 4.1 show the comparison results among three different techniques.
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Table 4.1: Lifetime of TBEEP with initial energy 0.5J/node

DEAD NODE RANDOM UNIFORM LEACH

1 1204 2391 803

2 1204 2393 812

3 1204 2397 821

4 1204 2398 830

5 1204 2398 839

6 1204 2398 848

7 1611 2398 857

8 1611 2399 866

9 1819 2400 875

10 1819 2402 884

11 1819 2402 893

12 1820 2402 902

13 1827 2402 911

14 1948 2403 920

15 2008 2403 929

16 2009 2405 938

17 2021 2405 947

18 2023 2405 954

19 2067 2411 962

20 2088 2411 964

21 2090 2434 966

22 2092 2434 968

23 2111 2434 970

24 2113 2434 972

25 2113 2434 974

26 2117 2434 976

27 2118 2434 978

28 2119 2434 980

29 2121 2434 982

30 2122 2434 984

Continued on next page

29



Table 4.1 – Lifetime of TBEEP with initial energy 0.5J/node

DEAD NODE RANDOM UNIFORM LEACH

31 2123 2434 986

32 2124 2434 988

33 2124 2434 990

34 2127 2434 992

35 2127 2434 994

36 2141 2434 996

37 2142 2434 998

38 2143 2434 1004

39 2144 2434 1008

40 2150 2434 1012

41 2155 2434 1014

42 2156 2434 1018

43 2156 2434 1020

44 2160 2434 1024

45 2173 2434 1026

46 2198 2434 1028

47 2220 2434 1030

48 2220 2434 1034

49 2220 2434 1036

50 2220 2434 1040

51 2220 2434 1044

52 2220 2434 1048

53 2221 2435 1052

54 2223 2447 1056

55 2227 2449 1060

56 2227 2449 1064

57 2228 2450 1068

58 2229 2450 1072

59 2229 2450 1076

60 2229 2451 1080

61 2230 2451 1084

Continued on next page
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Table 4.1 – Lifetime of TBEEP with initial energy 0.5J/node

DEAD NODE RANDOM UNIFORM LEACH

62 2230 2451 1088

63 2230 2460 1092

64 2232 2467 1096

65 2232 2685 1100

66 2233 2697 1104

67 2233 2701 1108

68 2234 2702 1112

69 2236 2703 1116

70 2236 2704 1120

71 2239 2704 1124

72 2239 2708 1128

73 2241 2714 1132

74 2246 2731 1136

75 2258 2924 1140

76 2299 2936 1144

77 2299 2940 1148

78 2299 2960 1152

79 2299 2962 1156

80 2299 2962 1160

81 2299 2962 1164

82 2299 2962 1168

83 2299 2962 1172

84 2299 2962 1176

85 2299 2962 1180

86 2299 2962 1184

87 2299 2962 1188

88 2299 2962 1192

89 2299 2962 1196

90 2299 2962 1200

91 2299 2962 1201

92 2299 2962 1201

Continued on next page
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Table 4.1 – Lifetime of TBEEP with initial energy 0.5J/node

DEAD NODE RANDOM UNIFORM LEACH

93 2299 2962 1201

94 2299 2962 1202

95 2299 2962 1202

96 2299 2962 1204

97 2299 2962 1204

98 2299 2962 1205

99 2299 2962 1206

100 2299 2962 1208

The table 4.1 shows the lifetime of network for proposed protocol TBEEP in both random

and uniform deployment. The initial energy of each sensor node is 0.5 joule. The proposed

technique shows the better results in contrast to the existing technique. In TBEEP the network

is deployed by using random and uniform deployment techniques. In random deployment first

node dead at 1204 and last node at 2299 round but in uniform deployment the first node dead at

2391 and network is dead at 2962 round. In case of LEACH protocol first node dead at round

803 and last node at 1208 round. The table 4.2 shows the inputs parameters for transmission of

2000 bits message over the network.

Table 4.2: Input requirements
1 Initial Energy 5 joule
2 Packet size 2000 bits
3 Et 5 nj/bit
4 Eamp 100 pj/bit/m2

5 Number of nodes 100
6 Area 50*50 m2

7 Dead Energy 0.002 joule
8 Threshold Energy 0.256 joule
9 Position Of BS (50,100)

The table 4.3 results are simulated on a network comprising of 100 nodes scattered in the

area of 50m ∗ 50m in which all the nodes are having initial energy 0.5 joule and base station

is located at (25,150) which is far away even from the nearest node. A node is considered

to be dead when its remaining energy reaches to dead energy which is 0.002 joule. Initially

threshold energy is defined to be 0.256J which becomes half of its previous value when the

threshold energy is same on each tier.
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Table 4.3: Transmission cost of packets when 1%, 20%, 50%, 100% nodes die.

Energy
J/Node

Protocol 1.00% 20.00% 50.00% 100.00%

0.25 RANDOM 620 834 1083 1180
0.25 UNIFORM 601 1013 1103 1156
0.25 LEACH 402 480 523 635
0.5 RANDOM 1204 2067 2220 2299
0.5 UNIFORM 2391 2411 2434 2962
0.5 LEACH 803 962 1036 1208
1 RANDOM 3217 3349 4591 4781
1 UNIFORM 2409 3935 4574 4677
1 LEACH 1610 1921 2055 2351

The figure 4.3 includes results of proposed work, giving details for the round number cor-

responding to which a node dies.

Figure 4.3: Round number corresponding to which a node dies

The figure 4.4 depicts compared analysis of percentages of nodes died and the number of rounds

they survived for all techniques. This results the round in which the 1%, 20%, 50% and 100%

nodes are dead.

Figure 4.4: Results for a 50m*50m network with initial energy 0.5J/node
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4.3 Single Path Routing Algorithm

The single path routing algorithm use only a single path for communication. The idea behind to

identify the optimal path from the sensing field by the use of fuzzy cardinal priority ranking as

described in algorithm 3 and this path is used for sent the data to the base station. This process

is repeat again and again either the data is sent to the destination or the packet is dropped. The

figure shows the optimal path identification process by using single path routing algorithm.

Figure 4.5: Single path routing algorithm

The list of the hops that are directly connected to source node are obtained and we have

to find out the optimal hop suitable for data transmission. The objective of algorithm is to

calculate the total energy and maximum delay . To find out the total energy consumed by each

hop to transmit the data we have to calculate the transmission energy of each node by using

radio model as described in section 3. The total delay of a hop is maximum delay introduced

by each link . The mathematical representations of the above are as follows.

Erhops = ETX (13)

DrHops = Drlink (14)

Where ETX is the transmission energy and DrHops is the delay of hop. After getting this

data we have to calculate maximum energy and minimum energy and maximum delay and min-

imum. This is done by performing comparison between all the hops. By using these parameters

we can get the membership sets whose range is between 0 and 1. These membership sets are

used to calculate β factor. For this purpose the formulae used are shown below.

µ1 =
Emaxhop − Ek

Emaxhop − Eminhop

(15)

µ2 =
Dmaxhop −Dk

Dmaxhop −Dminhop

(16)
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Where

k: hop number

E: Energy of kth hop

D: Delay of kth hop

The problem is to find out the best hop among the hops, with low transmission energy and

minimum delay . Therefore multi objective parameters are used by the fuzzy cardinal priority

ranking algorithm to find optimal hop.

4.3.1 Optimal Hop

Two membership sets of all hops are obtained. After calculating the cost function value for each

hop a set of optimal values are obtained. For the communication purpose one optional hop is

selected from the set and is called as best optimal hop. This done by using the membership

function βk, which provides the cardinal priority ranking of each hop. The hop for which the

value of βk factor is maximum is considered as the optimal hop. The βk can be calculated by

using the expression below.

βk =

∑Mobj
j=1 ρlj∑Mobj

j=1

∑K
l=1 ρ

l
j

(17)

Where Mobj is the number of multiple objective used in communication and k represent

the number of hops in the list. This process is repeat again and again till the optimal path is

identified for communication.

Algorithm 2: SPRA
1 Algorithm SPRA(Source Node)
2 Deploy nodes in a specified or decided sensing field in a random manner and

initialize each node with some amount of initialize energy.
3 Delay of particular link is distributed randomly in a network.
4 Assign a unique identification number to each node in a network.
5 Apply the Fuzzy Cardinal Priority Ranking as described in Algorithm 3 to find the

optimal neighbour node for communication and repeat this process till it reaches the
destination .

6 After identifying the optimal path send the data to BS .
7 Deprive the energy consumed by the path to transfer the packets. If the available or

remaining energy of the nodes is lesser than the dead energy then remove all the
dead nodes from the network.

8 If the current path is not able to transmit the data then packet is dropped by receiver.
9 Repeat this process untill the threshold energy is not equal to the dead energy and

network is considered to be dead.
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The following algorithm is used to find optimal path for communication are shown below.

Algorithm 3: Fuzzy Cardinal Priority Ranking for Finding Best Hop
1 Algorithm fuzzy logic(Neighbour list)

/* Neighbour List is actually list of list in the form
[(a,b,2,4,1) (b,c,3,6,1)] */

2 initialization
3 Total Neighbour Energy Cost← 0
4 Total Neighbour Delay Cost← 0
5 for i← 0 to length(Neighbour List) do
6 Total Energy(i)←Sum of energy of each hop of Neighbour List
7 Total Delay(i)←Sum of delay of each hop of Neighbour List
8 end
9 Total Energy and Total Delay lists will be obtained

10 Emax← maximum of Total Energy
11 Emin← minimum of Total Energy
12 Dmax← maximum of Total Delay
13 Dmin← minimum of Total Delay
14 for i← 0 to length(Neighbour List) do
15 Fuzzy Energy Cost(i)← (Emax − i) / (Emax - Emin)
16 Fuzzy Delay Cost(i)← (Dmax − i) / (Dmax - Dmin)
17 Total Fuzzy Energy Cost=Total Fuzzy Energy Cost(i)+Fuzzy Energy Cost(i)
18 Total Fuzzy Delay Cost=Total Fuzzy Delay Cost(i)+Fuzzy Delay Cost(i)
19 end
20 This will give cost list according to all two parameters in range of 0 to 1
21 Sum← Total Fuzzy Energy Cost+Total Fuzzy Delay Cost
22 for j ← 0 to length(FuzzyEnergyCost) do
23 β factor list(j)← FuzzyEnergyCost(j) + FuzzyDelayCost(j) / sum
24 end
25 βmax← maximum in β factor list
26 return path with value βmax
/* maximum value of beta max gives first optimal path. */
/* second maximum value gives next optimal path(second).

*/
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Chapter 5
Multipath Routing in WSNs

5.1 Multi Path Routing Algorithm

The first part of this algorithm is shown in figure 5.1. The nodes are deployed randomly in

a fixed size sensing field. When the event is triggered the sensor nodes sense the analog data

and by the use of ADC converted into digital data. In MPRA protocol initial energy, delay

and hop number are distributed randomly over the network. Multiple minimum spanning trees

are generated from source sensor node to the BS and stored in a routing table. By using Fuzzy

Cardinal Priority ranking algorithm the optimal path is chosen and data is sent to base station. If

the current path is not able to send the data the next optimal path is chosen from the routing table

by using Fuzzy Cardinal Priority ranking algorithm and tries again. This process is repeated

again and again either the data is sent to the destination or all the paths are exhausted. The

packets are dropped if all the path are exhausted.The figure 5.1 shows number of node which

are in range of source node in a circle. The source node find all the possible paths through

which it can communicate to sink. The sink are represented by the wireless tower which act as

a base station with unlimited power. The base station is connected to the external network or

end user for transmitted the packets to the end users.

Figure 5.1: Multi path routing algorithm

After getting the table of these paths we have to find out the optimal path suitable for data

transmission. The proposed algorithm calculate the total energy, maximum delay and the hop

count of each path. To find out the total energy of a path we have to add the energies of all the

nodes involved in a path. The total delay of a path is identified by adding the delay introduced

by each link between two hops while the hop counts are the number of nodes involved in a

37



particular path. The mathematical representations of the above are as follows.

Erpaths = Σhops
i Eci (18)

Drpaths = Σ
hopp
i=1 Drlink (19)

HCpaths = Σ
hopp
i=1 hopn (20)

where Erpaths is the amount of energy consumed during transmission of data, Drpaths is the to-

tal delay during communication andHCpaths represents the number of hops in communication.

After getting this data we have to calculate maximum energy and minimum energy, maximum

delay and minimum delay and maximum hop count and minimum hop count. This is done

by performing comparison between all the paths. By using these parameters we can get the

membership sets whose range is between 0 and 1. These membership sets are used to calculate

β factor. For this purpose the formulae used are shown below.

µ1 =
Emax − Ek

Emax − Emin
(21)

µ2 =
Dmax −Dk

Dmax −Dmin

(22)

µ3 =
Hmax −Hk

Hmax −Hmin

(23)

Where

k: Path number

E: Energy of kth path

D: Delay of kth path

H: Hop count of kth path

The problem is to find out the best path among the paths, with low transmission energy, min-

imum delay and less number of hops. Therefore multi objective parameters are used by the

fuzzy cardinal priority ranking algorithm to find optimal path.

5.1.1 Optimal Path

After calculating the cost function value for each path a set of optimal values are obtained. For

the communication purpose one optional path is selected from the set and is called as best opti-

mal path. This done by using the membership function βk, which provides the cardinal priority

ranking of each path. The path for which the value of βk factor is maximum is considered as
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the optimal path. The βk can be calculated by using the expression below.

βk =

∑Mobj
j=1 ρlj∑Mobj

j=1

∑K
l=1 ρ

l
j

(24)

Where Mobj is the number of multiple objective used in communication and k represent

the number of paths in each list. The fallowing algorithms show step by step procedure for

communication.

Algorithm 4: MPRA
1 Algorithm MPRA(Source Node)
2 Deploy nodes in a specified or decided sensing field in a random manner and

initialize each node with some amount of initialize energy.
3 Delay of particular link is distributed randomly in a network.
4 Assign a unique identification number to each node in a network.
5 By the use of greedy approach find the multiple optimal or best paths from source

node towards base station(BS) and stored in a routing table.
6 Follow algorithm 5 by using fuzzy logic to find the best optimal path by using the

parameters transmission energy, remaining energy, hop count and delay.
7 If the optimal path is obtained in a result go to step 9. If the resultant is not an

optimal path then go to step 8.
8 If the routing table do not have any path from source node to the base station then

packet dropped go to step 11.
9 Now the transmission of data take place through this path and this process will

consume the energy (as specified in radio model) and increase the packet received
variable by 1 go to step 11. If the remaining energy of any node is less than the
transmission energy and receiving energy then the node is consider to be dead node
and the current path is not used for communication and go to step 10.

10 Now choose a next optimal path from the routing table and apply step 7.
11 The process repeat untill the energy of node is not equal to dead energy which will

take the whole network down.
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The following algorithm shows the procedure for find best path among the path list using

Fuzzy Cardinal Priority Ranking algorithm.

Algorithm 5: Fuzzy Cardinal Priority Ranking
1 Algorithm fuzzy logic(Path list)

/* Paths List is actually list of list in the form
[(a,b,2,4,1) (b,c,3,6,1)] */

2 initialization
3 Total Fuzzy Energy Cost← 0
4 Total Fuzzy Delay Cost← 0
5 Total Fuzzy Hop count Cost← 0
6 for i← 0 to length(Paths List) do
7 Total Energy(i)←Sum of energy of each sub path of path
8 Total Delay(i)←Sum of delay of each sub path of path
9 Total Hop count(i)←Sum of hop counts of each sub path of path

10 end
11 Total Energy, Total Delay, Total Hop count lists will be obtained
12 Emax← maximum of Total Energy
13 Emin← minimum of Total Energy
14 Dmax← maximum of Total Delay
15 Dmin← minimum of Total Delay
16 Hmax← maximum of Total Hop count
17 Hmin← minimum of Total Hop count
18 for i← 0 to length(Paths List) do
19 Fuzzy Energy Cost(i)← (Emax − i) / (Emax - Emin)
20 Fuzzy Delay Cost(i)← (Dmax − i) / (Dmax - Dmin)
21 Fuzzy Hop count Cost(i)← (Hmax − i) / (Hmax - Hmin)
22 Total Fuzzy Energy Cost=Total Fuzzy Energy Cost(i)+Fuzzy Energy Cost(i)
23 Total Fuzzy Delay Cost=Total Fuzzy Delay Cost(i)+Fuzzy Delay Cost(i)
24 Total Fuzzy Hop count Cost=Total Fuzzy Hop count Cost(i)+Fuzzy Hop count

Cost(i)
25 end
26 This will give cost list according to all three parameters in range of 0 to 1
27 Sum← Total Fuzzy Energy Cost+Total Fuzzy Delay Cost+Total Fuzzy Hop count

Cost
28 for j ← 0 to length(FuzzyEnergyCost) do
29 β factor list(j)←

FuzzyEnergyCost(j) + FuzzyDelayCost(j) + FuzzyHopcountCost(j) /
sum

30 end
31 βmax← maximum in β factor list
32 return path with value βmax
/* maximum value of beta max gives first optimal path. */
/* second maximum value gives next optimal path(second).

*/
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5.2 Experiment Results

Simulation is performed on 100 sensor nodes are scattered randomly in an area of 100*100

m2.The MPRA is compared with SPRA (single path routing algorithm) and MPRA shows

better results.The range of each sensor node is 20 meter and the position of base station is

(90,90). During initialization phase the energy of each node is 0.5 joule and delay is distributed

randomly in a range of [1,10]ms. The delay is regarded as application specific. The table 5.1

shows the life time of network using MPRA and SPRA algorithm.

Table 5.1: SPRA and MPRA lifetime

DEAD NODE SPRA MPRA

1 1138 3912

2 1148 4434

3 1158 4751

4 1168 5237

5 1178 5518

6 1188 5749

7 1198 5982

8 1208 6027

9 1218 6285

10 1228 6488

11 1238 6513

12 1248 6600

13 1258 6655

14 1268 6656

15 1278 6657

16 1288 6658

17 1290 6659

18 1309 6660

19 1319 6661

20 1328 6662

21 1338 6663

22 1359 6664

23 1368 6665

Continued on next page
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Table 5.1 – SPRA and MPRA lifetime

DEAD NODE SPRA MPRA

24 1368 6666

25 1377 6667

26 1383 6668

27 1399 6669

28 1407 6670

29 1410 6671

30 1428 6672

31 1438 6673

32 1448 6674

33 1458 6675

34 1468 6676

35 1478 6677

36 1488 6678

37 1499 6679

38 1507 6680

39 1518 6681

40 1518 6682

41 1536 6683

42 1548 6684

43 1558 6685

44 1567 6686

45 1577 6687

46 1585 6688

47 1597 6689

48 1608 6692

49 1610 6694

50 1628 6695

51 1628 6696

52 1638 6697

53 1648 6698

54 1650 6699

Continued on next page
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Table 5.1 – SPRA and MPRA lifetime

DEAD NODE SPRA MPRA

55 1668 6700

56 1678 6701

57 1688 6702

58 1699 6703

59 1705 6704

60 1718 6705

61 1728 6706

62 1738 6707

63 1748 6708

64 1758 6709

65 1768 6710

66 1778 6712

67 1788 6713

68 1799 6714

69 1805 6715

70 1818 6726

71 1829 6737

72 1839 6749

73 1848 6750

74 1858 6761

75 1868 6773

76 1878 6784

77 1888 6795

78 1898 6817

79 1908 6830

80 1919 6841

81 1929 6852

82 1939 6863

83 1948 6875

84 1957 6886

85 1966 6897

Continued on next page
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Table 5.1 – SPRA and MPRA lifetime

DEAD NODE SPRA MPRA

86 1977 6900

87 1988 6911

88 1999 6923

89 2000 6937

90 2002 6949

91 2004 6952

92 2006 6963

93 2008 6975

94 2010 6986

95 2011 6990

96 2012 7001

97 2013 7004

98 2014 7008

99 2015 7009

100 2015 7010

The following figure 5.2 and 5.3 shows the life cycle of MPRA and SPRA protocol.The

x-axis represent the number of nodes and the y-axis represent the lifetime of network.

Figure 5.2: Single path routing algorithm lifetime
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Figure 5.3: Multipath routing algorithm lifetime

The diagram 5.4 shows the percentage of dead nodes in a network when SPRA and MPRA

routing algorithm are used. The x axis shows the percentage of nodes dead and y axis shows

the life time of network.

Figure 5.4: Comparison of transmission cost of packet vs percentage of node dead

The energy used for transmitting the packet is a combination of energy used to start the

circuitry i.e Eelect and the energy used for amplification denoted by Eamp. The energy used by

Eelect is 50 nj/node and for amplification is 100 pj/m2. The transmission energy and delay are

distributed randomly all over the network links.

The energy consumed for transmitting a data from source to the based is calculated by using

the formula as shown in section 3. The graph shows the comparison of single path routing

protocol and Multi path routing algorithm average energy consumption. The x-axis shows the

number of packet send by both the protocols and y-axis shows the average energy consumption.

The value of delay constraint is 20ms. The initial energy of each sensor node is 0.5 joule .The

range of the network is 20 m. The position of sink node is (90,90).
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Figure 5.5: Average energy consumption

The figure 5.5 shows that the if the number of packet send by sensors nodes are increased

the average energy consumption is increased linearly in case of single path routing algorithm.

But in case of Multi path routing algorithm the results are better than the SPRA. In contrast to

SPRA the energy used to transmit the data towards the base station is less in MPRA.

The reliability of network depends on the successful transmission of data. If the nodes

send certain amount of data and the sink receives all the packets then the data delivery ratio

probability is 1. The data delivery ratio is the amount of data received by the receiver. The

energy for transmission is 100 pj/m2 and 50 nj/node. The position of sink node is fixed at

90,90 coordinate. The range of the network is 20 meter. The figure 5.6 show the amount of

data delivery ratio probability while considering the delay constraint. The delay parameter is

application specific. The x-axis represent the application specific delay and y axis shows the

data delivery ratio.

Figure 5.6: DDR Probability

The above figure represents the data delivery ratio probability and results near to optimal in
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case of MPRA. The graph shows the range of delay constraint in range of 10 to 50 microsecond.

The delay is application specific parameter which is used by the user according to their appli-

cation requirement. The data delivery ratio in case of SMPA is not more than 0.6 but in case

of multi path routing algorithm the value reaches upto 0.9. If the value of delay constraint are

limited by application then the DDR ratio dropped but if the delay constraint value is increased

the data delivery ratio probability is also increased.

Figure 5.7: Packet loss probability

The packet loss probability is the amount of packet that are dropped by the receiver during

the transmission. The graph is shown between the range of nodes and the packet loss proba-

bility. The base station is fixed at 90,90 and initial energy of sensor node is 0.5 nj/node. The

energy used for transmitting the packet is a combination of energy used to start the circuitry

i.e Eelect and the energy used for amplification denoted by Eamp. The energy used by Eelect

is 50 nj/node and for amplification is 100 pj/m2. The above graph shows that the packet loss

probability in case of multi path routing algorithm which reaches near to Zero but in case of

SPMA it do not show any optimal results. The x-axis represents the range of node and y-axis

shows the packet loss probability. The range of node is considered between 0 to 50 meters.

The above graph shows that if the range of node is between 0 to 10 meter then the probability

of packet loss is high but when the range of node is increased up to 50 meters the probability

of packet loss ratio gets reduce in both the protocols. The MPRA shows the better result in

comparison to SPRA.
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Chapter 6
Conclusion and Future Scope

In this work, three techniques are TBEEP, SPRA and MPRA are proposed and compared

with an existing LEACH protocol. The simulation results show that the algorithms perform

near to optimal. In Multi path routing algorithm a back up path is used when available path

is not able to forward the packet to the base station. The energy consumption for both the

schemes is less in comparison to LEACH. These proposed algorithms increase the lifetime of

the network by increasing the number of rounds. In each round the minimum spanning tree

is generated and tries to balance the load properly in network. In this present work the nodes

contain homogeneous energy which are deployed randomly and uniformly in the network and

remain static through out the routing scheme. As a future reference one can think of network

incorporate mobility and using heterogeneous energy. In future we can make network more

reliable by data storage capability, because in these algorithms if receiver node died before

accepting data from sender all data will be lost. we can stop this limitation by storing data at

sender before transferring to neighbor node.
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