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Abstract: Wireless network consists of distributed sensor nodes to monitor the physical conditions and
establish the traffic system. Every node in WSN sends and receives the packet, resulting in wastage of
bandwidth.However, bandwidth effective sensor node is not effective in improving the energy-saving protocol in
wireless sensor network. The wake-up process with high energy consumption leads to maximal overhead count
on packet transmission channel. To reduce the energy consumption in wireless sensor network, Energy Efficient
Traffic Routing based on the Point Synchronization Fitness Functioning (EETR-PSFF)mechanism is proposed
in this paper.At first, Energy Efficient Traffic Routing enables the sensor nodes to sleep for specified durations
in an inactive condition in the sensor network to increase the bandwidth utility rate. Next, Active Allocation of
the traffic swap slots offers lesser energy consumption on the medium access control channels with heavy loads
to increase the overall packet transmission precision accuracy.The final part of our proposed work uses traffic
swap slots employedwith Point (i.e.,) node Synchronization Fitness Function which obtain significant energy
savings on the wake-up process. PSF function sums up all the coverage values in sensor network and divides it
by the product rule. The product rule takes place on the number of sources nodes in the heterogeneous WSN to
reduce the energy rate on wake-up process. At the same time the sleep mode in EETR-PSFF mechanism
improves the bandwidth efficiently. Experiment is conducted on the factors such as average energy consumption
rate on wake up process, bandwidth utility rate, and overall packet transmission precision accuracy.

Keywords: Fitness Functioning, Traffic Routing, Synchronization, Energy, Wake-up Process, Active
Allocation, Product Rule, Sleep Node, Packet Transmission.

. Introduction

The wireless sensor network has been applied in several applications ranging from Surveillance,
Radiology to applications specific to. With the limited capacity of sensor node in the sensor network, several
design challenges remain unaddressed. Wireless Sensor Network (WSN) becomes highly challenging while
monitoring the physical conditions as well improvement on working with energy saving protocol.

Energy Saving in WSN (ES-WSN) [1] evaluated the distance between the transmitter and the receiver
and also ensured sleep mode in order to save energy during normal operational conditions. In addition, the
energy consumption for the entire network was evaluated using periodic sleep and wake up scheme. However,
the developed energy-saving protocol failed in generalizing the energy resources on wake-up processes. A
quorum based energy efficient protocol presented in [2] called as Queen-MAC with the objective of keeping the
transmission latency low with the aid of grid and e-torus. With this an adaptive energy efficient routing protocol
was designed based on light weight channel assignment and dygrid quorum system, but with low overhead. But,
the wake-up process with high energy consumption results in maximal overhead count on packet transmission
channel.

Wireless sensor networks with battery powered sensor devices are highly prone to susceptible attack
due to ineffective routing pose a great problem in sensor network. In [3], a Redundant Radix-based Approach
(RRA) was designed to ensure high energy efficient technique for data transmission. A distributed and energy
efficient sleep scheduling mechanism was designed in [4] to improve the network lifetime by maintaining
connectivity and coverage with the aid of probabilistic method. Another energy efficient method designed in [5]
for target tracking not only provided high accuracy but also ensured fault tolerance with the increase in the
scalability of the network. Exponential Weighted Moving Average (EWMA) [6] was designed to minimize the
overhead and increase the packet delivery ratio.

Energy detection in cognitive radio networks with the aid of cooperative spectrum was studied by
many researchers. In [7], two fusion strategies were used called as data fusion and decision fusion to improve
the detection performance. Hierarchical hashing based protocols introduced in [8] provided an insight into
improving the query success rate of the nodes using location updates. Friendship based routing in [9] was
designed with the objective of providing connectivity between nodes in Delay Tolerant Networks (DTN).
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Another algorithm based on multi period spraying was designed in [10] to improve the message delivery.

However, with the raising changes in topology, message delivery significantly gets affected.

In this paper, we design an Energy Efficient Traffic Routing based on the Point Synchronization

Fitness Functioning (EETR-PSFF) mechanism. The contributions of EETR-PSFF mechanism include the

following:

e To reduce the energy consumption in wireless sensor network using an Energy Efficient Traffic Routing
based on the Point Synchronization Fitness Functioning (EETR-PSFF) mechanism.

e To improve the energy efficiency of sensor nodes and bandwidth utility rate in the network by enabling
sensor nodes to sleep for specified durations in an inactive condition for Energy Efficient Traffic Routing in
the sensor network.

e To increase the overall packet transmission precision accuracy on the medium access control channels with
heavy loads by performing Active Allocation of traffic swap slots.

e To reduce the average energy consumption rate on wake-up process with the help of Point (i.e.,) node
Synchronization Fitness Function that sums up all the coverage values in sensor network and divides it by
the product rule.

The rest of the paper organized as follows. In Section 2, a summary of different energy efficient routing
protocols are explained. In Section 3, the proposed mechanism with the help of neat architecture diagram is
described. In Section 4, simulation environment is provided with detailed analysis of results explained in
Section 5. In Section 6, conclusion is included.

Il.  Related Works

Packet size has a greater influence in determining the energy consumption of a communication link.
Long packet size increases the possibility of packet error whereas short packet size results in minimizing the
efficiency of the system drastically. As a result, an optimum packet size should be selected to reduce the
consumption of energy. Differential Phase Shift Keying (DPSK) and Differential Pulse Position Modulation
introduced in [11] to address the issues related to packet size. Energy Efficient Level Based Clustering Protocol
[12] not only minimized the energy consumption but also improved the network lifetime by introducing inter
cluster and energy model. Low Energy Adaptive Reliable Routing (LEARR) [13] provided energy efficient
routing mechanism to improve the system network lifetime. Multipath routing on the basis of on demand and
information obtained through multi hop was designed in [14] to improve the data forwarding.

Under Water Wireless Sensor Network is yet another topic receiving greater attention with the increase
in the number of sensor nodes. Energy efficient depth based routing protocol [15] was designed with the
objective of improving the packet forwarding process. Another cluster based routing protocol was presented in
[16] with the purview of improving the network lifetime in a significant manner. A new cluster routing
algorithm to reduce the energy consumption in [17] was addressed to increase the network lifetime and reduce
the energy consumption with the aid of center gravity and threshold. Quadrature Leach (Q-LEACH) [18] was
designed for homogeneous network for enhancing the stability period and increasing the network lifetime based
on cluster functionality. With the objective of improving the throughput, in [19] and with the aid of online and
offline algorithm stochastic optimization technique was applied to achieve the same. Though throughput was
increased but at the cost of energy consumption.

This paper presents an Energy Efficient Traffic Routing based on the Point Synchronization Fitness
Functioning (EETR-PSFF) mechanism that not only provides an energy efficient traffic routing protocol but
Point (i.e.,) node Synchronization Fitness Function, which reduces the average energy consumption rate and
increase the overall packet transmission precision accuracy. EETR-PSFF utilizes traffic swap slots for effective
switch over between active state and idle mode that provide an efficient traffic while providing concurrent
packet transmissions in sensor network.

I11.  Energy Efficient Traffic Routing Based On The Point Synchronization Fitness Functioning
Mechanism

Energy-saving on the wake-up process in heterogeneous wireless sensor network is the main objective

to be achieved in this work.Energy efficiency is the most significant consideration while designing

heterogeneouswireless sensor network nodes with minimal overhead count.Initially traffic routing is established

to transfer packet from source to destination. Wireless Sensor Networks (WSN) with EETR-PSFF mechanism

provides a significant capability to autonomously monitor the energy consumption and bandwidth utilization
activities on traffic network.
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Figure 1 shows the energy scheduling based on wake-up process. The energy saving on Wake-up
process is the main proposal work to be achieved in this paper. The source node sends the packet to the
destination end through intermediate nodes. At the start process (i.e., source to intermediate node transfer) the
wake-up process is carried out. In this process, wireless sensor network multipath routing performs the active
listening operation to measure the energy rate in EETR-PSFF mechanism. Energy rate is effectively measured in
the traffic routing using the Point (i.e.,) node Synchronization Fitness Function.The architecture diagram of
EETR-PSFF mechanism is shown in Figure 2.
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Figure 2Architecture Diagram of EETR-PSFF mechanism

The above architecture diagram in Figure 2 clearly demonstrates the Energy Efficient Traffic Routing
based on the Point Synchronization Fitness Functioning (EETR-PSFF) mechanism to minimize the overhead
rate and energy consumption on packet transmission. The ‘n” packet transmission in multi-path routing actively
develops the Point Synchronization Fitness Function. The energy cost is also decreased on using this fitness
function in EETR-PSFF mechanism.

Medium Access Energy Control protocol is the best way to synchronize the network traffic with Active
Allocation procedure. The transmission begins with the predetermined timeslots and wake-up process is
maintained on network-traffic system. Once the heterogeneous sensor network completes the particular cycle of
time for specific packet transmission, the energy consumption rate can be easily identified. The protocol also
ensures that all nodes serve‘n’ packet transmission with equal number of packet transmission time. The sleep
mode is activated whenever the nodes are not in transmission condition. Therefore, the bandwidth utilization is
maintained in the proposedmechanism.

1.1 Energy Efficient Traffic Routing

The control policy is employed as initial step in the design of EETR-PSFF mechanism to reduce the
energy consumption in the sensor network while developing an efficient traffic system.EETR-PSFF mechanism
requires an equivalent domain to evaluate the energy rate.The user packet transfer is the ability to recognize the
environment and develop an efficient traffic multipath routing system. Sensor node determines the active
allocation of the packets through selected route path. The active allocation with the measure of energy
consumption on wake-up process is also performed in the forthcoming sections.

1.2 Active Allocation of EETR-PSFF mechanism

Once the energy efficient traffic routing is obtained the second step in the design of EETR-PSFF
mechanism is the Active Allocation of traffic free swap slots on the network. The objective of Active Allocation
is to measure the energy and minimize it by performing sleep mode procedure even on varying (i.e., uneven)
packet size. This reduces the idle listening of the nodes in heterogeneous sensor network. The awaken node are
periodically communicated with the neighbors with effective waking up process and acknowledgement process.
The active allocation is performed with reliable transmission of packets from source to destination in
heterogeneous sensor network.
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1.2.1  Medium Access Energy Control Channel

The medium access energy control channel in EETR-PSFF mechanism is constructed whenever there
occurs’ burst of uneven length of packet size. During this packet transfer, the packet is stored in the temporary
buffer and until then the time frame is turned to idle state. The time frame helps to make the packet transmission
with minimal energy rate. The active time for packet transmission is evaluated to identify the energy rate

Active Time (AT) =
Frem [Start Time of node point ]To [End time of node point] —

Waiting Time Slot (1)

The Active Time (AT) is the time taken to transfer the packet from one end of the node to another end
(i.e., can be any intermediate node or destination node). The waiting time slot for the frame based active
allotment is not measured, as it is in idle condition. The active time in EETR-PSFF is widely used to measure
the energy rate in heterogeneous WSN. Active time ends when there is no active event is carried out (i.e., packet
transmission carried out from source to destination.) At the time of heavy load of the packet, the EETR-PSFF
mechanism performs active allocation continuously to reduce the overhead rate.

Normal Packet Active State Active State
Transmission

‘ Active State

Medium Access

Energy Control

Sleep Mode Sleep Mode Sleep Mode

Figure 3 Medium Access Energy Control using Active Time

Figure 3 Medium Access Energy Control using Active Time
Figure 3 illustrates the medium access energy control using active time for packet transmission from
source to destination end. The medium access energy control protocol works with the active state and sleep
mode in EETR-PSFF mechanism. The active state is the procedural time of the packet transmission through the
sensor nodes in heterogeneousnetwork whereas the sleep mode is the idle state. This traffic swap slots offer
lesser energy consumption.

1.3 Point Synchronization Fitness Function

After the successful completion of medium access energy control, the final step in the design of EETR-
PSFF mechanism is the application of Point Synchronization Fitness Function. The Point Synchronization based
Fitness Function obtain significant energy saving on wake-up process in heterogeneous network. Using EETR-
PSFF mechanism each transmission takes certain position in network with the coordinate points for easy
transmission at the waking up state (i.e., source node to next node transmission state) in the heterogeneous
multi-path transmission. The source is allocated with fixed synchronized positions, where the packets move
from one planar area to another within boundaries to reach the destination end. The packet send off function in
EETR-PSFF mechanism is formularized as,

G=x0)2+(y-y0)?
(X‘X°)2+(y_y°)2+k(1—p)e%

fp xy) - fp (X0, ¥0) = ke pR1 @)

The fitness function for the synchronized points (i.e., nodes) for packet transmission is represented in
(2). The packet function denoted asf, with respect from (x, y) coordinate node points to the (x,,y,) node points
(i.e., to next intermediate nodes) is measured with k being the amplitude factor measured for u weight of
packets. The weight of packetsindicates the wide region of density ‘R1’ on the wake-up process. Specific extent
of packet transfer is denoted bypin EETR-PSFF mechanism. The current position of packet is correctly denoted
by x4, ypand all these function are summed up to measure the energy rate.

S(fp) - Overall (x,y) (3)

The summing up of packet function ‘S(fp)’ procedure is employed with this Point Synchronization
fitness function to identify the overall energy consumption rate for particular packet transfer in proposed
work.fis the fitness function of the particular packet transmission in sensor network. The overall ‘x” and ‘y’
coordinates of all intermediate nodes are identified and computed to get the sum up process.PSF function sums
up all the intermediate node transfer values in sensor network and divides by the product rule. The product rule

DOI: 10.9790/0661-17440109 www.iosrjournals.org 4 | Page



An Energy Efficient Traffic Routing On Wake-Up Process in Wireless Sensor Network

is applicable to identify the energy taken on the wake-up process for different size of packets in heterogeneous
WSN. The algorithmic step description of Point Synchronization based Fitness Function is described as,

Algorithm PSFF ()

Input:Heterogeneous Network with sensor nodes{SN; = SNy, SN,, ...,SN,},i,n, m, Packets{Pj = Pl,PZ,..,Pm},
coordinate node points{x,, y,}, intermediate points{x,, y,}, Packet Size {PS, = PS;,PS,,..,PS,}

Output: Energy saving on wake-up process of nodes for packet transmission on multipath route

Step 1:For each sensor nodes SN;

Step 2: For each packet Pand packet size PSy

Step 3: Construct traffic route path

Step 4: Construct route node for packet transfer ‘P from {x,,y,} to destination with different count of {x, y,}
Step 5: Perform active allocation with varying packet size

Step 6: Identify the active and sleep state condition using (2)

Step7: Fitness function are summed up with S(fp)using 3)

Step 8:Product Rule is employed to identify the energy rate on different size of packet load

Step 9: end for

Step 10: end for

Return PSFF ()

Step wise description provides the clear view of the proposed work which reduces energy consumption
and overhead rate on node waking up process. The point synchronized factor is widely used to minimize the
energy rate on heterogeneous sensor network. Product rule is clearly employed to measure the energy rate count
factor.

f,(1,23....n) = £,(1) *£,(2) *f,(3) ...+ f,(n)  (4)

Product rule in (4) is the constant multiple rule for the particular packet from the source todestination
end to accurately measure the energy rate.The product takes place on the number of node points in the
heterogeneous WSN which is in the active state while transmitting a specific packet.

IV.  Experimental Evaluation

Energy Efficient Traffic Routing based on the Point Synchronization Fitness Functioning (EETR-
PSFF) mechanism performs the experimental evaluation on NS2 simulator. In the simulations, 60 sensor nodes
are constructed in sensor network environment. The sensor nodes use the DSDV routing protocol to perform the
experiment on the randomly moving objects. The RWM uses typical number of sensor nodes for scheduling the
nodes. The chosen location with an arbitrarily selected speed contains a predefined quantity and rate count. In
the Random Way Point (RWM) model, each sensor node moves to an irregularly chosen location and random
distributional energy effective node traffic occurrence rate is also measured.

The movement of all nodes generated over a 1000m x 1000m sensor field. The nodes moves at the
random speed of 4 m/s and an average pause of 0.01s. Energy Efficient TrafficRouting based on the Point
Synchronization Fitness Functioning (EETR-PSFF) mechanism are compared againstthe existing Energy Saving
in WSN (ES-WSN) [1] and Quorum-based energy-efficient medium access control protocol (Queen-MAC)
[2].Experiment is conducted on the factors such as average energy consumption rate on wake up process,
bandwidth utility rate, and overall packet transmission precision accuracy.

In table 1 we evaluate the performance of average energy consumption rate on wake-up process using
the EETR-PSFF mechanism. The number of sensor nodes used in this experiment ranges from 10 to 60 nodes
taken into consideration for experimental purpose. The average energy consumption rate on wake-up process
using EETR-PSFF mechanism is the amount of energy consumed to perform the wake-up process by the sensor
nodes in the sensor network.

ECavg = Zg,o,i =1{Xa'Ya} + {XOJ YO} * SNi (5)

In (5) {x,,y.}is the coordinate node point, SN; is the number of sensor nodes in the network that varies
according to the network size and {x,,y,} is the intermediate node points in the network. In order to maximize
the bandwidth utility rate, an Energy Efficient Traffic Routing is presented that efficiently allocates the user
frames based on the status of the sensor nodes, whether they are active or inactive. In the experimental setup, the
frames considered ranges from 5 to 30. The results of 6 different frames for experimental setup are listed in
table 2.

As listed in table 2, EETR-PSFF mechanism measures the amount of bandwidth utility rate while
providing user frames in sensor network which is measured in terms of kilo bits per second (Kb/s). The
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bandwidth utility rate using our approach EETR-PSFF mechanism offer comparable bandwidth values than the
state-of-the-art methods.

The bandwidth utility rate of EETR-PSFF mechanisms is the amount of frames sent by sensor node in
the network during the simulation time or time frame. This metric bandwidth utility rate varies along the length
of network calculated according to the network density. It is measured in terms of bits per second or bps. This
bandwidth utility rate is calculated by formula
BUR = (Frames ¢— Frames ¢) (6)

Time Frame

In (6),Frames; refers to the amount of frames being transmitted whereas Frames, is the frames error
over time frame. In table 3 we show the analysis of overall packet transmission precision accuracy with respect
to number of number of packets transmitted being ranging between 10 and 60 that measures the amount of
precision accuracy in sensor network measured in terms of percentage (%).The overall packet transmission
precision accuracy is the percentage of ratio between the packets received to the packet transmitted. It is
measured in terms of percentage (%).

PA, = E—?j* 100 @)

In (7), PR;refers to the amount of packets received and PT;the amount of packets transmitted.

V.  Simulation Results

To validate the efficiency and theoretical advantages of the proposed Energy Efficient Traffic Routing
based on the Point Synchronization Fitness Functioning (EETR-PSFF) mechanism with Energy Saving in WSN
(ES-WSN) [1] and Quorum-based energy-efficient medium access control protocol (Queen-MAC) [2],
simulation results under NS2 are presented. The parameters of the EETR-PSFF mechanism are chosen as
provided in the experiment section.

To better understand the effectiveness of the proposed EETR-PSFF mechanism, extensive experimental
results are reported in table 1.

Table 1 Tabulation for Average energy consumption rate on wake-up

No. of Sensor Nodes Average energy consumption rate on wake-up (J)
EETR-PSFF ES-WSN Queen-MAC
10 28 33 41
20 31 36 44
30 35 41 49
40 32 37 45
50 40 45 53
60 38 43 51

NS2 simulator is used to measure and experiment the factors by analyzing the percentage of result with
the help of table and graph values. Results are presented for different number of sensor nodes considering the
average energy consumption rate on wake-up. The results reported here confirm that with the increase in the
number of sensor nodes, the average energy consumption rate also gets increased. Finally, the value of user
acceptance ratio gets saturated when the number of sensor nodes ranges from 40 — 50.

_ 60

= 50
EE = 40 ——EETR-
5= 30 PSFF
w2 2 3 :
g4 < ——ES-WSN
FEg 10
5 ZF 0 0

= ueen-

b 10 30 50 MAC

No. of Sensor Nodes

Figure 4 Effects of average energy consumption rate with respect to varied sensor nodes

Figure 4 shows the average energy consumption rate based on the number of sensor nodes in sensor
network considered for experimental purpose. Our proposed PSFF algorithm performs relatively well when
compared to two other methods ES-WSN [1] and Queen-MAC [2]. This is because using Point (i.e.,) node
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Synchronization Fitness Function, that sums up all the coverage values in sensor network and divides it by the
product rule helps in reducing the average energy consumption rate of EETR-PSFF mechanism by 12 — 17 %
compared to ES-WSN. Besides, the summing up of packet function using PSFF add up the entire values of
intermediate node transfer in sensor network and dividing it by the product rule minimizes the average energy
consumption rate using EETR-PSFF mechanism by 32 — 46 % compared to Queen-MAC.

Table 2 Tabulation for Bandwidth utility rate

No. of Bandwidth utility rate (Kb/s)
Frames EETR-PSFF ES-WSN Queen-MAC
5 45 39 31
10 59 53 45
15 65 59 51
20 71 65 57
25 78 72 64
30 84 78 71

The targeting results of bandwidth utility rate using EETR-PSFF mechanism with two state-of-the-art
methods [1], [2] in figure 5 is presented for visual comparison based on the number of frames sent by the sensor
node to the destination node in the sensor network.

From figure 5, it is evident that the bandwidth utility rate is improved using the proposed EETR-PSFF
mechanism.

@ 100
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= __ 60

= n

E _@ 40 —o—EETR-PSFF

O ~ B

.% 20 —i—ES-WSN

§ 0 Queen-MAC
51015202530
No. of Frames

Figure 5 Effects of bandwidth utility rate with respect to varied frames

Our method differs from the ES-WSN [1] and Queen-MAC [2] in that we have incorporated the for
Energy Efficient Traffic Routing in sensor network that develops an efficient multipath tracking system and
therefore increase the bandwidth utility rate by 7 — 13 % compared to ES-WSN. In addition, the active
allocation with the measure of energy consumption on wake-up process helps in increasing the bandwidth utility
rate by 15 — 31 % compared to Queen-MAC whereas in the existing system though bandwidth efficiency is
improved but compromising the energy-saving protocol in wireless sensor network.

Table 3 Tabulation for Overall packet transmission precision accuracy

No. of Packets transmitted Overall packet transmission precision accuracy (%)
EETR-PSFF ES-WSN Queen-MAC
10 68.35 61.32 53.29
20 71.45 64.42 59.39
30 75.82 68.79 62.76
40 69.35 62.32 54.29
50 77.89 71.86 65.83
60 82.35 74.32 68.29

Figure 6 presents the variation of overall packet transmission precision accuracy of EETR-PSFF
mechanism over different number of packets transmitted in sensor network.
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Figure 6 Effects of overall packet transmission precision accuracy with respect to varied packets

All the results provided in figure 6 confirm that the proposed EETR-PSFF mechanism significantly
outperforms the other two methods, ES-WSN [1] and Queen-MAC [2]. The better performance of EETR-PSFF
mechanism is achieved due to the fact that with the application of Active Allocation of traffic swap slots in
EETR-PSFF, it converges to more than one intermediate node or directly to the destination node, resulting in
effective packet transmission accuracy for operational purpose on sensor network with an improvement of 7 —
10 % compared to ES-WSN [1]. Also in EETR-PSFF mechanism, the active time for packet transmission helps
in reducing the overhead rate, thereby increasing the packet transmission accuracy that represents the average
rate of successful packets being transmitted in sensor network by 15 — 22 % compared to Queen-MAC.

VI.  Conclusion

In this paper, Energy Efficient Traffic Routing based on the Point Synchronization Fitness Functioning
(EETR-PSFF) mechanism is provided for sensor network. This mechanism avoids the computationally
expensive energy consumption problem in sensor network. As the mechanism uses Energy Efficient Traffic
Routing approach in sensor network, it increases the bandwidth utility rate in the network by enabling sensor
nodes to sleep for specified durations in an inactive condition. As a result, the proposed PSFF algorithm
achieves high rate of packet transmission reducing the energy consumption by providing an active time for
efficient packet transfer between source nodes to the destination nodes. By applying the medium access energy
control channel in EETR-PSFF mechanism in the sensor network, overcomes the maximal overhead count on
packet transmission channel to improve the bandwidth utility rate. Different sensor nodes with varied packet and
frame sizes on sensor network using EETR-PSFF mechanism carefully analyzes the idle and wake-up state on
sensor network to improve the overall packet transmission precision accuracy. A series of simulation results are
performed to test the average energy consumption rate on wake-up process, bandwidth utility rate and overall
packet transmission precision accuracy to measure the effectiveness of EETR-PSFF mechanism.
Experimentsconducted on varied simulation runs shows improvement over the state-of-the-art methods.
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