
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 02, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 2820 

Energy Efficient Protocols for Wireless Sensor Network 

Varun Sen1 Shilpi Sharma2 
1Bhopal Institute of Technology and Research Bhopal 2BITS Bhopal

Abstract— Wireless sensor network (WSN) has emerged as 

one of the most promising technologies for the future. Several 

applications including military surveillance, scientific 

exploration, disaster prevention and monitoring, healthcare 

have been envisioned for them. The unique features of 

wireless sensor network give rise to new challenges in 

communication protocol, hardware and application design. 

Since nodes have limited energy supply, they are operated on 

low-duty-cycle. Nodes stay awake for a very small time 

between two long dormant periods. Low-duty-cycle flooding 

is a challenging problem for wireless sensor networks as 

every node has a random working schedule. Existing 

traditional flooding methods for always-awake networks 

cannot be used directly for wireless sensor networks. 

Opportunistic flooding is state-of-the-art flooding protocol 

for low-duty-cycle flooding in wireless sensor networks with 

asynchronous working schedule. In this work, three different 

protocols namely protocol X, protocol Y and protocol Z have 

been proposed for flooding in low-duty-cycle wireless sensor 

networks. Their performance is compared with opportunistic 

flooding protocol and the optimal bounds. It is observed that 

protocol Z outperforms all other protocols. Effects of link-

quality variations and node failures on the performance of the 

protocol Z are investigated. It is shown that link-quality 

variations as high as 20% have insignificant impact on 

flooding performance. To ensure high flooding coverage in 

the presence of node failures, modified protocol Z is 

proposed. Modified protocol Z ensures high flooding 

coverage while incurring a little more energy cost than 

protocol Z. 

Key words: Wireless Sensor Networks, Opportunistic 

Flooding 

I. INTRODUCTION 

A Wireless Sensor Network (WSN) is a network of sensors, 

spatially distributed in a region, which communicate the 

sensed information to a sink node through wireless links. The 

sink may further be connected to other networks, like internet, 

through a gateway. They co-operate and co-ordinate with 

each other to solve the problem. Fig. 1 shows a typical WSN 

in which information from the sensor field is transmitted to 

the remote user. A single node may not accomplish much on 

its own but when hundreds of them are distributed over a 

region, radical new technological possibilities emerge. A few 

applications including military surveillance, scientific 

exploration, disaster prevention and monitoring, healthcare 

have been envisaged for them. Fig. 2 shows taxonomy of 

wireless sensor network applications. WSN can be used for 

two types of applications: monitoring and tracking. As shown 

in the figure, the leading application domains include industry 

and agriculture, military and crime prevention, health, 

environment, urbanization and infrastructure. Unlike 

traditional wired systems, deployment costs are minimal for 

WSNs [3]. The network can be scaled very easily by adding 

more nodes to the network [4]. They can adapt to changing 

environmental conditions very easily by changing the 

network topology, which is not possible in the wired 

networks. There is strength in number for wireless sensor 

networks. By increasing the number of deployed nodes, WSN 

can cover as large area as desired and can perform wide range 

of applications [5]. 

The sensors in a wireless sensor network are devices 

equipped with sensors, a processor, memory, a radio 

interface, an A2D converter and a power supply. The sensors 

attached to the device can sense humidity, light, temperature, 

pressure etc. The processor performs data processing and 

other functions. Due to power and bandwidth constraints, 

sensors have lower sensing rates and limited computational 

power. Sensors use a short-range radio to communicate with 

each other. Since communication is the most energy-

intensive operation, efficient communication protocols must 

be used. Sensors may utilize power harvesting methods so 

 
Fig. 1: Wireless Sensor Network (WSN) 

That they can work unattended for many years. The 

requirements set by the new applications enabled by WSNs 

put several design constraints on them. The environment 

plays a vital role in determining the network size and 

topology. For instance, if it is difficult or infeasible to access 

the environment then ad-hoc deployment of sensors is 

preferred over pre-planned deployment. The number of nodes 

to be deployed also depends on the environment. An outdoor 

environment requires large number of nodes to cover the 

entire region whereas few nodes may suffice in an indoor 

environment. Since, sensors are very tiny devices, they have 

several resource constraints. They have limited amount of 

energy supply, low bandwidth, very short communication 

range and limited storage and processing capability in each 

node. The unique features of wireless sensor network give 

rise to new challenges in communication protocol, hardware 

and application design. These challenges must be addressed 

to realize the envisioned applications. This requires 

modifying traditional protocols used by ad-hoc networks or 

designing new effective protocols tailor-made for WSNs. 

Dynamic topologies and harsh environmental conditions may 

cause performance degradation and sensor node failures. To 

enable end-users to cope with varying connectivity and 

dynamic wireless-channel conditions, WSN must support 

adaptive communication protocols and network operation. 

The communication in WSN is unreliable due to error prone 

wireless medium with high bit error rates and variable-link 

capacity. The sensed data should be delivered to the sink node 

for the WSN to function properly. WSNs suffer from high bit-

error rates due to variable link quality. Also, nodes may fail 

to work properly due to various reasons like they might be 
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damaged, they may run out of energy supply or 

communication between two sensors can be permanently 

interrupted. This requires wireless sensor networks to be 

robust to harsh environmental conditions. Deploying 

additional nodes than required for the application can help 

reduce the effect of node failures. In such a scenario, sensor 

observations are highly correlated in the spatial domain. Data 

fusion and localized processing address the data redundancy. 

As a result, only necessary information is delivered to the sink 

and communication overhead is reduced. 

 
Fig. 2: Taxonomy of WSN Applications 

II. OPPORTUNISTIC FLOODING IN WSNS 

Opportunistic Flooding protocol has been designed for WSNs 

in which nodes have asynchronous working schedule. The 

network model is common for both the opportunistic flooding 

protocol and our proposed protocol. Next, we present the 

brief overview of its design. 

The flooding structure is a directed acyclic graph 

(DAG). This implies that packet can only be transmitted from 

nodes with smaller hop-count to the larger ones. Every 

directed edge has a link quality associated with it. A tree 

structure is derived from the DAG by retaining only the best 

link out of all the incoming links for a node. This is the 

energy-optimal-tree. Fig. 3 shows a typical flooding structure 

and the energy-optimal tree obtained. If flooding occurs 

across the energy-optimal tree, it will complete using 

minimum number of transmissions. However, such a flooding 

may result in longer flooding delay because parent of a node 

in DAG which is not present in energy-optimal-tree may 

receive the packet earlier than parent in the optimal tree. The 

idea is that the links in the DAG outside the optimal tree 

participate in flooding process if transmission across this link 

is expected to transmit the packet to the node successfully 

statistically earlier than the optimal parent. Flooding protocol 

is applied on top of the energy-optimal tree. The flooding 

structure changes dynamically depending on how the 

flooding process occurs. The opportunistic flooding protocol 

consists of following three major steps: 

A. Computation of PMF 

Because of unreliable links, the time at which the flooding 

packet reaches node is a random variable. The probability 

mass function (pmf) of this delay is first calculated for each 

node based upon the energy optimal tree. The pmf thus 

calculated guides the decision making process. From the pmf, 

each node computes its p-quintile delay based on p-value and 

shares it with all its parent nodes. 

B. Decision Making Process 

A parent outside the optimal tree makes a decision whether it 

should transmit the packet to its child or not. If it can transmit 

the packet statistically earlier then the optimal parent, it 

chooses to transmit the packet. This statistical threshold 

depends on the p-value. It would be higher for a larger p-value 

(e.g. 0.9). It can be set by the designer based on the 

application requirements. If it is important to conserve 

energy, a smaller value of p is chosen. If it is important to 

complete the flooding process in minimum time, a higher 

value of p is chosen. 

C. Decision Conflict Resolution 

When multiple node transmit the packet simultaneously, 

collision occurs and none of them succeeds. To avoid such a 

situation, link-quality-based backs off method is used where 

each node backs off for some time based on its link quality 

before transmitting. It is ensured that nodes in the sender set 

can hear each other to reduce redundant transmissions. 

 
Fig. 3: DAG-based Flooding Structure 

 
Fig. 4: Illustration of Opportunistic Flooding 

Fig. 4 shows the working of opportunistic flooding 

algorithm in a typical network. The original network is shown 

in (a). Some of the links are removed in (b) while reducing 

the sender set to avoid conflicts and redundant transmissions. 

Let links lBE and lBF lie outside the optimal tree. If the node B 

receives its packet early, it decides to transmit the packet to 

its children E and F. Resulting flooding structure is as shown 

in (c). On the other hand, if it receives the packet late, it aborts 

the transmission to its children resulting in flooding structure 

as shown in (d). Taking dynamic decisions, opportunistic 

flooding allows a packet to traverse along an 

opportunistically faster route. Late packets are not forwarded 

to save energy and reduce redundancy. 
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III. DESIGN OF PROPOSED PROTOCOLS 

In the following sections, three different protocols are 

proposed. In the first two sections, the concepts of energy and 

delay optimality are explained. Then, the process of decision 

conflict resolution, which is common to all the protocols, is 

explained. Then, decision making processes used by the 

proposed protocols are described one by one. 

A. Energy Optimality 

Since wireless sensor networks have very low-duty-cycle, it 

is highly improbable that two neighbors have identical 

working schedule. For instance, a node operating on 5% duty 

cycle will chose 1 out of every 20 time slots to be active. 

Since this slot is chosen randomly, there is only 5% chance 

that two neighbors will chose the same time slot to be active. 

Therefore, flooding in low-duty-cycle WSNs is realized 

essentially by a number of uncast. Usually, a node needs to 

forward a packet to its children one-by-one due to their 

deferent working schedules. 

When every node retains only the best link out of all 

its parent links, the tree structure thus obtained is the energy-

optimal tree. If only the parent with the best link transmits the 

packet, then flooding process needs minimum number of 

transmissions. However, flooding delay would be very high 

in such a scenario. 

B. Delay Optimality 

Flooding Delay is an important metric to evaluate the 

performance of the flooding design. Links outside the optimal 

tree should be adopted in the flooding process to reduce the 

flooding delay. A non-optimal parent might succeed to 

transmit the packet before the optimal parent. But, since it is 

not optimal, more transmissions are required, and the energy 

consumption of sensor nodes increases. Therefore, the 

energy-optimal tree results in long flooding delay whereas the 

delay-optimal flooding structure incurs more energy cost. 

The protocol Z, described in Sec. 4.6, improves the flooding 

process based on the energy-optimal tree. It establishes a 

balance between both. Designer can favor one over the other 

based on the application requirement. 

C. Decision Conflict Resolution 

When two or more nodes send the packet to the same node at 

the same time then hidden terminal problem happens. It’s 

more prevalent in low-duty-cycle WSNs because of a small-

time window for active communication. A solution to this 

problem is selecting a ‘reduced sender set’ for each node, 

such that all nodes from the set can receive packets from each 

other. Selection of node is determined by a link quality 

threshold lth. To form the reduced sender set, all the senders 

must have links with quality more than lth among each other. 

This process works in following way: A flooding packet can 

be received from nodes with smaller hop counts only. These 

nodes are sorted in descending order of their link quality. The 

best link quality sender is always selected in sender set. Other 

nodes are selected one by one. If current best hasn’t tested 

yet, then if link quality from this to all other already selected 

nodes are better than lth, then this node will be added to 

sender set. Otherwise, disable the link to this. 

Conflicts within the set will be removed after 

forming the reduced sender set. A link quality based back off 

scheme is used for resolving conflicts. This scheme avoids 

redundant transmission. This helps in saving energy. If 

multiple nodes have to send the same packet to the same node, 

then the back off first for some time. The node with best link 

quality in sender set starts first. When an ongoing 

transmission is detected by node then it aborts its 

transmission. The successful sender keeps occupying 

channels until the current tie slot to ensure successful 

transmission is detected by other nodes. This will make 

sending nodes to abort their transmission. 

D. Protocol X 

Parent node knows the quality of link to its child. When the 

parent has a packet to send to its child, it first compares the 

link’s quality with a threshold value. If it is more than or equal 

to threshold, parent chooses to transmit the packet. Threshold 

value is equal to µ − α, where µ is the average parent link 

quality of child. Parameter α (> 0) can be chosen by the 

designer. A higher α would reduce the threshold, thus making 

it easier for the parent link to satisfy the criteria for 

transmitting. In Fig. 4.1, µ for child E is 0.6. Links lBE and lCE 

satisfy the criteria. The link lAE is below the average value. 

But, by choosing a higher value of α, more than or equal to 

0.3, designer can reduce the threshold value which results in 

parent A transmitting as well. Next, the reasons why we felt 

the need for a better protocol are explained. Consider 

following two scenarios: first, µ1 = 0.9, p1 = 0.5, α1 = 0.4 and 

second, µ2 = 0.5, p2 = 0.1, α2 = 0.4 where µ1, µ2 are average 

link-qualities, p1, p2 are parent link-qualities and 

 
α1, α2 are deferent values of α chosen by the 

designer. In both the scenarios, parents will choose to 

transmit the packet. Expected number of transmissions for a 

link with quality 0.9, ETX0.9= 1.11. Whereas, ETX0.5= 2.0 

and ETX0.1= 10. In the first scenario, a link with expected 

number of transmissions exceeding by 0.89 chooses to 

transmit whereas in the second scenario, a link exceeding by 

8.0 choses to transmit. Both these decisions are taken for the 

same value of α. This is not acceptable as one of the decisions 

is allowing for a transmission that would result in far more 

redundant transmissions than the other one. 

E. Protocol Y 
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Table 1: Increase in probability for deferent possible values 

of lA and lB 

Let, a node have two parents A and B with link-

qualities lA = 0.8 and lB = 0.5. When the node becomes active, 

the parents may transmit the packet along these links. If only 

parent A transmits the packet, the node may receive it with a 

probability of 0.8 in this active slot. But, if both parent A and 

B decide to transmit the packet, the node has a probability of 

1 − (1 − 0.8) ∗ (1 − 0.5) = 0.9 to receive the packet 

successfully in its active slot. Therefore, including parent B 

increases the probability of success in the active slot by 0.1. 

The Table 1 shows the increase in probability for different 

values of link A and B where lA takes one of the value from 

column1 and lB takes one of the values from row 1. 

 
Fig. 6: Example Illustrating the Protocol Y 

Decision making criteria for this protocol is as 

follows. Let lA be equal to the average link quality of a node. 

If the link-quality of the link between parent and this node is 

more than or equal to lA, the parent decides to transmit the 

packet. Otherwise, the parent calculates the increase in 

probability where lB is the parent-child link quality. If the 

calculated increase is more than a threshold value α, then the 

parent decides to transmit the packet. In the Fig. 6, let 

threshold value be 0.2. The lBE and lCE are greater than or 

equal to average link quality 0.6. Therefore, they chose to 

transmit the packet. Link lAE is less than the average link 

quality. Therefore, it computes the increase in probability 

which come out to be 0.12. Since the calculated increase is 

less than the threshold value, parent A decides to not transmit 

the packet. On the other hand, if the threshold was chosen to 

be 0.1, then parent A would have decided to transmit the 

packet instead. 

Next, the reasons why we felt the need for a better 

protocol are explained. Let the threshold value be 0.2. 

Consider a node E that has two parent’s A and B with link 

qualities lAE = 0.9 and lBE = 0.6 respectively. The calculated 

increase in probability for parent B is 0.15 which is less than 

threshold. Therefore, parent B decides to not transmit the 

packet. Let us see the effect of introducing another parent C 

on the decision taken by parent B. For a very good link lCE, 

the average parent link quality of node E increases. As a 

result, the increase in probability by node B decreases. As the 

quality of link lCE decreases, the increase in probability by 

node B increases. For lCE < 0.3, link lBE goes above the 

average and hence always decides. to transmits. The parent B 

would be most inclined to transmit for lCE = 0. When the node 

E has only two parent’s A and B, it can be said to have an 

imaginary parent C with link-quality 0. Therefore, it should 

decide to transmit the packet, which it does not. This is not 

acceptable, and we must look for a better decision-making 

process. 

F. Protocol Z 

1) Expected Number of Transmissions for a Link 

The link quality ‘q’ of a link in the network gives the 

probability that a transmission along it would succeed. For 

example, a link quality of 0.8 implies that the transmission 

along this link wills succeed with a probability of 0.8. This 

means that on an average 8 out of every 10 packets are 

expected to be transmitted successfully using this link. 

Alternatively, the expected number of transmissions (ETX) 

before the first successful transmission for the link is given 

by 1/q. For the link with link quality 0.8, the ETX is 1.25. The 

Table2 shows ETX value of links with varying link quality 

from 0.1 to 0.9. 

Link-Quality ETX 

0.9 1.11 

0.8 1.25 

0.7 1.43 

0.6 1.67 

0.5 2.00 

0.4 2.50 

0.3 3.33 

0.2 5.00 

0.1 10.00 

Table 2: Link-Qualities & Their Corresponding ETX Values 

Decision Making Process 

Every node must receive the flooded packet. When 

a node becomes active, it can receive the packet from its 

parents who have already received it. Let, the parents who 

chose to transmit constitute ‘sender set’ for the node. For a 

bigger sender set, numbers of transmissions are higher but 

flooding delay is smaller. Flooding performance can be 

improved if the sender set is constructed in an optimal way. 

The proposed flooding protocol can be divided into two 

phases: an initial phase and a flooding phase. 

In the initial phase, link qualities are calculated and 

working schedule are shared between the neighbors. In 

addition, every node shares the ETX value of its most optimal 

parent, ETXopt with its all other parents. In the flooding phase, 

when a parent node gets its packet, it decides if it should send 

the packet to its child or not. To do so, it compares the ETX 

value of its own link with the child to ETXopt value of the 

child. If the difference is more than threshold 4ETXth value, 

it decides to abort the transmission. 4ETXth is a parameter that 

can be chosen by the designer. If a small value of 4ETXth is 

chosen, many parents would abort their transmissions. For 

4ETXth= 0, only the most optimal link will be used. As we 

increase the chosen value of 4ETXth, more number of parents 

chose to transmit the packet. In Fig. 4.3, B is the most optimal 

parent for node E with ETXBE =1.11. On the other hand, 

ETXAE =3.33 and ETXCE =1.67. Parent A and C exceed 

ETXopt by 2.22 and 0.56 respectively. If threshold 4ETXth is 

2.0, then parent A will not transmit the packet whereas parent 

B and C will transmit. 
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Fig. 7: Example Illustrating Protocol Z 

The Table 3 shows deference in the expected 

number of transmissions, 4ETX for all possible combinations 

of optimal and parent link quality. Column 1 contains optimal 

link quality. Row 1 contains various values of parent link-

quality. Parent link-quality can never be more than the 

optimal. To illustrate an example, let the optimal link quality 

be 0.8 and parent link quality be 0.5. Expected number of 

transmissions for optimal are 1.25 and for parent link are 2.0. 

The difference 4ETX therefore is 0.75 as can be seen from 

the table. If 4ETX for given pair of optimal and parent link, 

as seen from the table, is less than or equal to 4ETXth, the 

parent decides to transmit the packet. 
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Table 3: 4ETX for Different Possible Values of Optimal & 

Parent Links 

IV. SIMULATION STUDY, RESULTS & ANALYSIS 

This section evaluates the performance of our proposed 

protocols. First, we compare the performance of proposed 

protocols with opportunistic flooding algorithm. It is 

observed that protocol Z outperforms all other protocols. 

Therefore, in the subsequent sections we carry out a detailed 

analysis of protocol Z by varying system parameters. We also 

evaluate the effect of link quality variations and node failures 

on performance of the protocol. 

A. Simulation Setup 

In order to investigate the performance of various protocols, 

they were implemented using C++. The networks are 

randomly generated with number of nodes varying from 200 

to 1000. Link qualities are randomly assigned from 0.1 to 0.9. 

Unless specified otherwise, network consists of 600 nodes 

and lth=0.6. All nodes are assigned their active time slots 

randomly. There will be only one flooding process in 

progress at a time. The flooding delay is measured by total 

number of time slots. The simulation results are averaged 

over 5 deferent networks, each with 2000 flooding packets. 

B. Performance Comparison among Protocols 

In this subsection, we compare the performance of proposed 

protocols and opportunistic flooding protocol. As the 

designer varies a protocol’s parameter, number of 

transmissions used, and flooding delay achieved vary for the 

network. We plot flooding delay versus number of 

transmissions for each protocol as the protocol’s parameter is 

varied. 

V. CONCLUSION & FUTURE SCOPE 

In this work, protocols for low-duty-cycle flooding in 

wireless sensor networks were proposed. Protocol Z 

outperformed all other protocols including widely known 

opportunistic flooding protocol. The eff ect of link quality 

variations and node failures on the protocol Z were 

investigated. It was observed that link quality variations as 

high as 20% have insignificant impact on the performance of 

the protocol. To address the issue of reduced flooding 

coverage due to node failures, it was proposed that parents 

outside the sender set would wait for some pre-defined 

number of time slots before transmitting, instead of aborting 

their transmissions. Based on our study, future work can take 

following directions: 

1) Implementation of proposed protocols in a WSN 

deployment and verification of the simulated results. 

2) If a particular parent-child link is used very often, the 

energy supply of the parent would deplete very quickly. 

This can lead to node failure, which is not desirable. 

Therefore, it must be ensured that the energy 

consumption is distributed over the sensors. It can be 

done by taking energy supply of a node into 

consideration while calculating the link quality s.t. a 

node with lower energy supply would have a lower link 

quality. This would ensure that parent nodes with very 

low energy abort their transmissions. A mathematical 

model must be devised to achieve this. Calculation of 

link-quality can be treated as a separate block and hence 

will have no effect on working of the protocol. 

3) In the proposed protocol, the network parameter is fixed 

for the entire flooding process. We must try to build 

intelligence into the protocol such that the parameter’s 

value changes depending on how the flooding process 

goes. For instance, if a part of the network has been 

delayed, then the network parameter must change 

automatically to ensure that delay is reduced for the rest 

of the network. 

4) In some applications, only some nodes require very early 

packets. These nodes may be the cluster heads. Protocol 

must be modified before using in such scenarios, as it is 

not advisable to waste energy on delivering early packets 

to the nodes which can afford to get delayed packet. 
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