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Abstract: Wireless Sensor Network are spatially distributed sensors intended to monitor different physiological conditions. 

Sensing and communicating data from one place to another consumes more energy, therefore the management of sensor energy 
is a very important factor. Energy utilization, synchronization, and a lifetime of the network are the main criteria in WSN. 

More energy is utilized by sensors that are distant from the base station. The gateway nodes are deployed to collect and relay 
information from nodes to the base station to resolve this problem. To decrease energy consumption, gateway nodes are 
deployed in the network. In this paper, a hybrid approach is used to increase the overall efficiency of the network in WSNs 
with time synchronization which increases the throughput of the network. The efficiency of proposed protocol based network 
has shown improvements in network lifetime, residual energy, data packets, and the throughput of the network. The 
performance of WSN of the proposed scheme is compared to other classical routing schemes and the proposed algorithm has 

proved its merit. 
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1. Introduction  

Today due to an increase in the demand for continuous monitoring of physiological changes of different 

environments has led to major developments and growth of micro-sensors. Previously few industries use wired 

sensors; implementation provides deployment of sensor nodes more viable than before. Previously, there has been 

a study regarding applications of WSN such as monitoring of environmental changes, the agricultural field, 

military surveillance, and home automation. Deep research on routing protocols efficiency is being done 

considering the power constraints in WSNs .Recently there has been more scope in the field of   WSNs and their 

applications because they are easy to deploy and are of low cost, have flexibility. Algorithms are used to solve the 

problem of power constraint without altering the standard. Local collaboration among sensors, suppression, data 

compression, redundant data, and avoidance of direct transmission too far distant sensors is of the major factors 

that influence algorithm designers to device unique distributed, scalable and energy-efficient solution for Wireless 

Sensor Networks. In common, the sensor nodes measure environmental conditions. The sensor node extracts some 

useful information by processing the raw sensor signals. The output of this processed signal is transmitted through 

direct communication or multi-hop communication with access points across other sensor nodes. In some 

situations, repeaters (RPs) are used for multi-hops, to support sensors installed outside the radio range. One of the 

components of the WSN is the base station which has more energy, computational, communication resources. 

Forwarding of data from wireless sensor network onto a server is done by the BS which acts as a gateway. has less 

energy consumption when compared to the communication subsystem. Figure 1 shows the arrangement of WSN. 

The energy required for transmitting one bit may consume as same as executing a few thousand instructions. 

Hence, communication must be traded for computation. In different environments, together with remote and 

hostile regions, where ad-hoc communications are a key element, WSNs are to be deployed in large numbers. For 

this reason, algorithms and protocols should concentrate on subsequent issues: 

Lifetime enhancement: Sensor nodes should be energy efficient and the consumption of energy of the device 

should be less due to the limited energy resources. The radio power supply when not in use should shut off  to 

conserve power of the node 

 Fault tolerance and Robustness. 

 Self-configuration. 
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Figure 1: Schematic of WSN 

Hierarchical routing algorithms are more efficient algorithms. In this, CHs are responsible for collecting the 

data and send it to GN and then the GN sends the information to the BS. If the members of the cluster are far, then 

there is wastage of energy. To solve this problem, the Centrality approach is used. In this method, the distance 

between every node to other nodes in the cluster is calculated using the Pythagoras theorem. The node which is 

equidistance to all other nodes along with high energy will be selected as the cluster head. This will reduce energy 

consumption. Error during communication can be reduced by using time synchronization in communication. This 

will reduce the packet collision during data transmission. In this paper, a new synchronization method considering 

a new broadcast sequence is used. This determines the order of the nodes that transmit timing information, this 

Eliminates collision.  Section II presents a summary of the existing systems. The framework of the proposed 

system is explained in Section III. The system is evaluated in Section IV based on simulation and implementation. 

The paper concludes with section V. 

2. Existing System 

In [2] network is divided into areas as per geographic locations based on clustering for Cluster Head selection 

and formation in WSNs. CH. After a few iterations, CH's energy level decreases due to more energy usage as it 

processes the data obtained before forwarding it to the Base Station (BS). It is also no longer worthy of being the 

head of a cluster. Thus, the formation of the cluster takes place when CH residual energy is below the threshold 

goes; hence cluster reformation is not that efficient comparatively. In [3] It aims to minimize energy consumption 

at the level of the sensor node and the level of the network in the WSN. Before the available transmission, and 

then, the lowest transmission power required for transmitting, the distance between the transmitter and the 

receiver is calculated, but here the neighbor status information is less. In protocol [14] balance energy 

consumption is implemented for Cluster Heads (CHs) by creating clusters in each round with an almost equal 

number of nodes. But this is may not be applicable in all conditions as the nodes are randomly distributed based 

on applications. For transmission of data to the base station majority of the energy of sensor nodes is used. Thus, 

there is a fast depletion of energy. In [15] only energy conservation is concentrated which is the modified form of 

LEACH delay is not considered as a major factor. 

 Hierarchical Protocols opens up several technological challenges and enormous implementation possibilities 

as sensor networks interconnect many other nodes when large networks are set up. Using multi-hop wireless 

communications, these wireless sensor networks communicate. Due to the limited computational resources and 

finite power available to each sensor node, standard ad hoc routing methods cannot be directly applied to the 

domain of sensor networks. Protocols for Routing. In [6] for wireless sensor networks are used to ensure stable 

multi-hop communication and to maintain routes on the network. It provides us with an idea on routing protocols 

for Wireless Sensor Networks and compares their relative strengths and limitations to provide better energy 

efficiency or increase wireless sensor networks. Routing in WSNs is generally, classified into 3 types depending 

on the network structure. Data-centric routing protocols are often referred to as the first routing protocol. In this, 

each sensor node works together to perform the task of sensing. In the second kind of routing is hierarchical 

routing, higher energy nodes are used to process and send information, and low energy nodes are used to perform 

the sensing in the closeness of the target. In the third category location based routing, the sensor node's area is 

addressed through its location. By sharing such information between neighbors, relative co-ordinates of 

neighboring nodes can be obtained. In the current method, there are some routing problems and design concerns. 

One should assume the uniform distribution of sensor nodes when developing routing protocols; otherwise, we 

should go for clustering. Production costs should also be lower and service quality should be high. 
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3. Material Method 

In the recent past, wireless sensor network has attracted substantial research attention as WSN’s are fast-

growing In hierarchical-based routing algorithms, Cluster Heads are in charge of compressing, forwarding and, 

gathering, data to the BS. Therefore, they play a major role. For the dissemination of all information to the 

members of that cluster. It is also critical that the clusters are developed for efficient WSN.CHs is also elected 

based on certain criteria. Thus efficiency, Network lifetime, and network stability of WSN are increased. In the 

Proposed algorithm, the sensor member senses the data and sends the data to the respective Cluster Heads. Cluster 

Head processes this data and sends it to the gateway node which in turn forwards to sink. Hence the efficiency of 

the CH increases which increases the network lifetime. 

 

Figure 2: Clustering in WSN 

Time synchronization is an elementary part of any network-oriented organization and system. In our 

proposed system grouping of sensor nodes is done called clustering. The transmitter's energy dissipated for 

the transmission of bit messages to a distance is provided by, 

If the distance between the nodes is less than the threshold distance then the following equation will be   

used 

Energy = ((ETX+EDA) (packet length) + Emp (packet length) (distance)
2
)    (1) 

If the distance is greater than the threshold then the following equation will be used 

Energy = ((ETX+EDA)(packetLength) + Efs ( packetLength)(distance)
4
)                         (2) 

The energy dissipated by a receiver to receive bit message is given by 

ER(k)=k(ERX)    (3) 

Threshold distance is given by 

r0 =  
Efs

Emp
     (4) 

Clustering is done to construct the appropriate topology of the network. The clustering-based network 

reduces the cost of the routing algorithm and the flooding broadcast. In this cluster-based routing approach, 

sensor nodes that are in a particular radio range are grouped which forms a cluster. Each group or cluster has 

one cluster head (CH). This CH collects all the data from sensor nodes in a cluster and it performs data 

fusion and sends it to the nearby gateway node. CH is selected based on the centrality approach. In this 

method distance of nodes between each other is determined; the node which is equidistance from the other 

node and the node having more energy is selected as CH. After CH selection aggregation of data is 

performed by removing redundant data. Data aggregation is the process of removing redundant data during 

transmission.  This will increases the lifetime of the network.   In our system base station (BS) is fixed. The 

same algorithm can also be applied to a movable base station.  During the data communication phase, the 

data packets are transmitted from CH to the gateway node and from the gateway node to BS. This process is 

called multi-hop communication. The proposed technique uses the receiver-to-receiver concept implemented 
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by the reference broadcast Synchronization which minimizes the time-critical path when compared to the 

sender-to-receiver method. The following assumptions are made for the proposed algorithm: 

 The nodes have equivalent initial energy and are left unattained after deployment.But limitations on 

energy, memory, and computation are not considered for Base Station The nodes can limit the power required for 

transmission to the distance. 

 Using wireless radio signal strength distance can be calculated. 

 Usually, one of the causes of node failure is energy depletion. 

 Sensor nodes are immobile. 

Clustering is a process of connecting nodes using a specific topology to perform certain tasks as per the 

requirements. For wireless sensor networks, the algorithm used finds a collection of distinguished nodes to create 

the required network topology. The next step after the deployment of the sensor nodes is grouping the sensors into 

the cluster. In the proposed algorithm, cluster formation is the same as that employed in the LEACH algorithm. At 

the beginning of each round, after grouping nodes into clusters, the cluster head (CH) is chosen. A threshold is set, 

up to which the proposed algorithm is used for the cluster head selection along with the centrality based approach. 

Data transmission is continuously monitored with energy updating after each round. The distance between one 

node and every other node is determined here, and the equidistant node is chosen as the head of the cluster.CH is 

selected based on certain criteria as mentioned below 

1) CH’s residual energy: The CH is selected based on the maximum amount of energy it has. 

2) The distance of the cluster head to the base station. The more distance from each other the more energy 

required for data transmission  

3) Depends on the number of nodes in the cluster that is in a cluster if there are more members data 

processing required is also more. 

In the Proposed Algorithm Agent gateway node approach is applied for the network. The Sensors are 

connected to corresponding CH and CH to nearby Gateway nodes.The Gateway nodes (GN) will be connected to 

the Base station (BS).Time Synchronization algorithm is applied between Sensors, CH, and GN. A reference node 

for time synchronization is selected for the first time.  Later Source Receiver synchronization is applied and 

Beacon messages are sent to the nodes. Based on the radio energy dissipation model, the energy  requirement of 

sensors are determined. The Routing of Data from nodes to CH, CH to GN, and the base station will be carried 

out. 

4. The Research Findings And Discussion 

The proposed system is simulated using MATLAB software. Here consider 100 nodes are distributed 

randomly along with gateway nodes. MATLAB Simulation is done considering the following parameters as 

shown in table 1.  The proposed algorithm results are compared with DR-LEACH , EPEGASIS , and Mod-

LEACH. Figure 4 shows the initial topology of the hierarchical approach. Figure 4 shows LEACH topology. 

Figure 5 shows the topology of the proposed system. In the proposed system gateway node along with time 

synchronization is applied. Figure 6 illustrates the network's residual energy which is applied with the proposed 

algorithm. Figure 7 shows the presence of dead sensors after around 1350 rounds. The number of dead nodes of 

other classical routing schemes is more compared to the proposed system. 

Table 1: Network Considerations 

Parameter Considerations 

Initial Energy of sensor 10J 

Energy consumed to transmit one bit 50nJ 

Number of bits per packet 6400 bits per packet 

Energy for Efs 10 pJ/bit/sq.m 

Energy for Emp 5 nJ/bit/signal 

Number of Sensor Nodes 100 
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Figure 4: Initial Topology of LEACH 

 

 

Figure 5: Proposed System 

Figure 8 shows the number of packets transmitted to the base station to rounds. Here also the improvement in 

the number of data packets to the base station is more in the proposed algorithm compared to other routing 

schemes. The is a considerable lifetime enhancement in the proposed system compared to other schemes as shown 

in Figure 9.Figure 10 shows the delay in transmitting the data to the base station the proposed system shows less 

delay compared to other routing schemes. The delay is reducing gradually as synchronization among the nodes 

improved. The throughput of the network using different routing schemes is shown in Figure 11.here also the 

proposed algorithm shows a considerable improvement. This illustrates that the proposed system is more efficient 

compared to the existing protocols which are considered for Comparision. Throughput is calculated using the 

formula given below, 

Throughput =[Sum (number of successful packets)*(average packet length)]/ (Time taken by each round)

            (5) 
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Figure 6: Comparision of Residual Energy of proposed system DR-LEACH, EPEGASIS, and Mod-LEACH 

 

Figure 7:Comparision of number of dead nodes of the proposed system with DR-LEACH, EPEGASIS, and 

Mod-LEACH 

 

Figure 8: Comparision of packet delivered by the proposed system with DR-LEACH, EPEGASIS, and Mod-

LEACH 
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Figure 9:Comparision of Network Lifetime of Proposed system with DR-LEACH, EPEGASIS, and Mod-

LEACH 

 

Figure 10: Comparision of delay by the proposed system with DR-LEACH, EPEGASIS, and Mod-LEACH 

 

Figure 11: Comparision of Throughput by the proposed system with DR-LEACH, EPEGASIS, and Mod-

LEACH 
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Here we are comparing our proposed system with leach protocol. Figure 9 indicates the presence of alive 

nodes after corresponding iterations. The number of dead sensors appears nearly around 1000 iteration as shown 

in Figure 10. Hence the network lifetime is improved and the residual energy after each round provides us the 

information about the amount of energy consumed as in figure 11. Hence there is an improvement in the lifetime 

of the network of our proposed system. 

5. Results 

Energy consumption by sensors is a major parameter for network lifetime in WSN. In hierarchical clustering 

methodology, the cluster head selection plays an important role. Power consumption is one of the main factors for 

network lifetime in the wireless sensor network. By alternating this cluster head within the individual clusters, 

power consumption can be optimized by considering whether the network is taken as a whole. The choice of the 

cluster head between the nodes of the wireless sensor is based on the method of centrality. The implementation of 

gateway nodes would also reduce the load on the cluster head, which in turn extends the lifetime of the network. 

The outcome of the proposed approach is an improvement in the network lifespan and the number of nodes that 

remain alive for the maximum period. An efficient technique that is required for reducing the energy consumption 

by the nodes in the wireless sensor network is discussed. Along with that time synchronization is achieved using 

reference broadcast synchronization. The implemented protocol shows an improvement in the lifetime network, 

more data packets are sent with less delay. The throughput of the network using the proposed system is more 

compared to classical routing schemes. Here the proposed system is compared with the DR-LEACH, EPEGASIS, 

and Mod-LEACH protocol and it proves that the proposed system is more efficient than DR-LEACH, EPEGASIS, 

and Mod-LEACH. 
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