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Abstract— Wireless sensor networks (WSNs) are com-posed of small battery-powered devices with limited energy 
resources which are called wireless sensor nodes. Once the sensor node is deployed, the battery of the wireless 
sensor node cannot be charged. Clustering algorithms are one of the main techniques used to minimize the 
energy consumption of sensor nodes in wire-less sensor networks. However, how to choose a cluster head in a 

clustering algorithm is a major challenge. In this work, we studied the expected transmission count for wireless 
sensor networks and Modified geographical energy-aware routing protocol. We divide the wireless sensor node 
into four logical regions based on the location area in the sensing field. We installed a gateway node at the center 
of the sensing field and installed a base station away from the sensing field. If the distance of the wireless sensor 
node from the gateway or base station is less than a predetermined distance threshold, the wireless sensor node 
communicates directly. The remaining two areas are far from the gateway or base station, and choose the cluster 

head independent of each area. These cluster heads are selected based on the same probability as LEACH, 
remaining energy and expected transmission counts (ETX). We compare the performance of our proposed 
protocol with the Modified geographical energy-aware routing protocol for wireless sensor networks. 
Performance analysis and comparison of statistical results show that our proposed protocol performs well in 
terms of throughput, packet transmission rate, energy consumption, and network lifetime by considering 
Residual energy and ETX while selecting Cluster Head (CH). 
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I. Introduction  
WIRELESS sensor networks (WSNs) are special types of ad hoc networks. WSNs are usually com-posed of many inexpensive wireless 

sensor nodes. The main function of the wireless sensor network is to perceive the physical world such as temperature, humidity, 

sound, fire and so on. Therefore, collecting, processing and forwarding data sensed by wireless sensor networks are very 

important tasks of wireless sensor networks. The architecture of WSN has different transceivers and interfaces to create 

connection and communicate among the sensor nodes. Each sensor node of wireless sensor network is composed of different 

types of modules as shown in Fig 1, i.e., a sensing unit, a processing unit, Communication unit, power unit, etc. [4], [5]. The 

sensing unit is integrated with different measurement of condition of the environment such as pressure, temperature, fire, 

vibration and so on. After the information is collected send data to the processing unit for further processing and 

interpreting by converting the digital to analog signal and analog signal to digital and finally send to the controller of 

processing unit. According to the authors in [6], the processing unit has two major functions of operating task and 

controlling the other parts of the sensor node. The performance of the processing unit depends on the factors speed, data 

rate, memory, and service loaded. These all factors are evaluated with energy utilization of the processor of the sensor. In 

communication unit the collected data is interchange between the source and destination of the sensor network. During 

the communication of the network the sensor nodes have different state to have various usage of energy. Power unit is 

the source of energy and used to calculate how much is energy used to accomplish the task. According to article [7], [8] 

the amount of energy consumption is distributed among three components such as processing, sensing and 

communication units of the sensor network. Considering the energy consumption of those parts communication unit has 

the highest percentage, since transmission and reception of the node consumed more. Power generator is the external 

source of the power for the battery sensor. 

 

 
 

Fig. 1 Architecture of wireless sensor node [5] 

 

 Fig 1, illustrated that the architecture of sensor nodes and flow of information among the different architectural 

components. Location finding system is a device that used by the sensor network to find the location of node, sinks and 

target object in the environment. Sensor nodes may use GPS and other localization algorithm applied on the sensor 

networks. Transceiver is the combination of transmitter and receiver of the sensor nodes. This device performs 

transmission and reception at the same time on the wireless sensor nodes [2].  
The energy efficient clustering and routing protocols are the challenging research issues in wireless sensor net-works 

due to low battery life, computational overhead, self-organization and limited transmission range of sensor nodes. The 

authors in [18] propose MOD-GEAR protocol by considering residual energy to select CH. But they did not consider the 

link quality metrics. Due to this, there is low packet delivery ratio and throughput. 
 
 

II. Literature Review 
 

There are many researches that have been done on energy aware routing protocol for wireless sensor networks. When 

using the static sink sensor nodes with long distance communication, consumes more energy. Especially sensor nodes 

that are vicinity to the base station that has to be forwarded the collected data to the base station on the behalf of the 

sensor nodes far apart of the sink node. There for the traffic overhead is happened and more energy is consumed on 

closet rely nodes of the sink node. This leads to hot spot problem; it is a kind of problem where number nodes send traffic 

to the sink node so the nearest node consumes more energy. So that the node is failed, and as a result the network is 

also disconnected and isolated from the entire network. To solve the problems researchers has been conducted and 

introduced the clustering mechanism for wireless sensor network to minimize the energy consumption and increase the 
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life time of the network. The authors in [9] proposed LEACH for cluster based data aggregation routing in WSNs. Cluster 

formation is random, adaptive and self-clustering. The algorithm defines two rounds. First, set-up phase the period that 

includes and performs cluster formation, and CH selection. Second, steady state phase or reliable state phases which 

occurs information trans-mission. Nodes must send data within their particular time slot; perfect synchronization is 

essential which is not always possible. The size of the network is generally to be limited for the reason that algorithm 

assumes every node can communicate to BS or the CH directly. To transmit data, it needs more energy. Generally, this 

algorithm is not well suitable for large network. Energy conservation is achieved by reducing the number of control packets 

required for route establishment. 

In articles [10], [11], [12], [13] they use clustering and data aggregation to minimize the energy consumption and reduce 

the redundancy of data; that is transmitted from sensor node to the cluster head and from the cluster head to the base 

station. And also, they use energy aware routing to minimize energy consumption, delay, and bandwidth consumption by 

finding the optimal path. Even though they use different mechanisms to minimize energy consumption, delay, bandwidth 

consumption still there is energy consumption, delay, and bandwidth consumption in routing establishment and in data 

transmission from source node to destination or base station.  
Q. Nadeem et al. in [17] proposes new routing protocol Gateway-Based Energy-Aware Multi-Hop Routing Protocol (M-

GEAR).In order to minimize or reduce the energy consumption of the sensor nodes, the network divides into four logical 

areas. The nodes of the first area communicate directly with the base station. The nodes in the second zone communicate 

directly with the gateway node. Nodes in the other two regions use their cluster-based hierarchy to transmit their sensed 

data. In these two regions, the cluster heads are independently selected. At the beginning of a round, all nodes in both 

regions have the same opportunity to become cluster heads because their energy levels are equal. The cluster head is 

responsible for managing the sensor nodes of the group members and aggregating the data received from the sensor 

nodes in the area and forwarding them to the gateway node. To avoid conflicts, the cluster head issues a time division 

multiple access (TDMA) schedule for all member nodes in the area. The gateway node publishes a TDMA schedule for 

cluster heads and sensor nodes that communicate directly with the gateway. Gateway nodes assist in defining the cluster 

and cluster head nodes. The base station or sink node issues a TDMA schedule for the sensor nodes and cluster heads 

directly transmitted to it. But there is still the problem of selecting cluster head with low remaining energy and low link 

quality.  
R. Z. Ahmed et al. in [10] proposes Energy aware routing protocol in wireless sensor network for pest detection 

(ERWPD). This is a homogeneous cluster based energy-aware routing protocol. It is an energy-aware routing 

protocol in WSN for pest detection in coffee plantations. In this routing protocol, the sink node and sensor nodes are 

statically deployed in the sensing area, which means that the sensor deployment is a fixed topology. Cluster 
members in the selection network use the concept of inner and outer band. The placement of cluster heads and 

cluster members or neighbor nodes is single-hop or inner-band and double-hop or outer-band. Different sensor 

nodes can sense at the same or different locations in the network at the same time. In order to minimize the 
redundancy of the data cluster head uses Kolmogorov’s zero-one-law. But there is hot spot problem because of 

Multi-hop transmission from source node to destination nodes.  
P. K. Singh et al. in [18] proposes Modified Geographical Energy-Aware Routing Protocol. In order to minimize or reduce the 

energy consumption of the sensor nodes, the network divides into four logical areas. The nodes of the first area communicate 

directly with the base station. The nodes in the second zone communicate directly with the gateway node. Nodes in the other two 

regions use their cluster-based hierarchy to transmit their sensed data. In these two regions, the cluster heads are independently 

elected. At the beginning of a round, all nodes in both regions have the same opportunity to become cluster heads because their 

energy levels are equal. After the first cluster head is selected based on the remaining energy of the sensor node and the 

probability p of the LEACH routing protocol. The cluster head is responsible for managing the sensor nodes of the group 

members and aggregating the data received from the sensor nodes in the area and forwarding them to the gateway node. 

To avoid conflicts, the cluster head issues a time division multiple access (TDMA) schedule for all member nodes in the 

area. The gateway node publishes a TDMA schedule for cluster heads and sensor nodes that communicate directly with 

the gateway. Gateway nodes assist in defining the cluster and cluster head nodes. The base station or sink node issues a 

TDMA schedule for the sensor nodes and cluster heads directly transmitted to it. While selecting cluster head they 

consider energy and probability but they didn’t consider link quality metrics of the node.  
A. M. Bongale et al. [16] proposes new routing algorithm energy influenced probability based LEACH (EiP-LEACH) which 

is improved or enhanced version of leach protocol. In EiP-LEACH protocol sensor nodes are homogeneous in nature 

which means all the sensor nodes have the same initial energy, buffer capacity or memory, identical sensing and 

communication capability or range but their energy is limited. Base station or sink is deployed far away from the sensor 

nodes and the sensor nodes can communicate directly to the base station or sink node. The model operates in round 

similar with leach routing protocol [19] and involves two phases. The first phase is steady phase in this phase it forms a 

cluster and elects cluster head by using probability and considering remaining energy of the nodes. The cluster head is 

responsible to receive data from the sensor nodes that are the members of the cluster. It also aggregates the data 
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received from the sensor nodes in the cluster. The second phase is data transmission phase which performs data 

transmission from sensor node to cluster head or base station by predetermining Time division Multiple Access (TDMA) 

scheduling. In this phase the cluster head that is elected in the first phase after aggregating the data which is received 

from the cluster member transmits to the base station or sink node. But there is hot spot problem. According to the articles 

in [14], [15] Using only hop count without considering the link quality can lead to low network performances in terms of 

throughput and packet delivery rate in the networks. 

 

 

III. Network Model 
 

In this section, we discuss the general architecture of wireless sensor networks and the design of Enhanced 

Geographical Energy -aware routing protocols for wireless sensor networks. The main goal of ETX in our model is 

to choose the best cluster head with high throughput. ETX estimator is the best metric in static wireless networks 

[20]. Assumptions:  
• The BS is deployed far away from the sensing network field area 

• Base station is stationary after deployment 

• Sensor nodes are uniformly distributed in the network 
• Sensor nodes are stationary after deployment  
• The sensing area is divided into four region  
• All sensor nodes are homogeneous sensor nodes and has same sensing capabilities  
• All sensor nodes have the same energy at the starting point  
• A gateway node is deployed at the center of the network field area 

• Gateway node is stationary after deployment 
 

• Gateway node is rechargeable  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 2. Network model for the proposed system 

 

We use the model which is first order radio model as used in [19], [18], [17]. The first order radio model 

represents the energy dissipation of all the sensor nodes for data aggregation, reception and transmission of data or 

packet. The energy consumed to send data of k bit packet over a distance d from a node to a cluster head or a base 

station is calculated according to equation (1) 
 

ET x(k, d) = Eelec  k + Efs ∗ k ∗ d
2 

, d < do (1) 

 Eelec ∗
∗
k + Emp ∗ k ∗ d

4 
, d ≥ do  

To receive a data packet of k bits to a distance d the required energy is equation (2) 
 

ERx(k) = Eelec ∗ k (2) 
 
Where Eelec represent the energy consumed to transmit or receive (Electronics Energy) K bit message, K is the bit 

amount of sensing information. 
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IV. Proposed Protocol 
 

This section presents the detail of our proposed protocol. For our proposed protocol which is E-GEAR, to calculate 

TH(n) we use as mentioned in equation (3) [18].  
 

 

Where p is the desired percentage of cluster head, r is current round, G= set of node not selected as cluster head in 

current round, Eni is remaining energy of node in current round, Einitial is initial energy of node, In current round. Once the 

CH have been chosen in each region CH broadcast an advertisement message to all nodes by using CSMA-MAC 

protocol. After receiving advertisement packet, each node transmits an acknowledgment message to the nearest CH 

using CSMA-MAC and joins that as member of the cluster. In wireless sensor network communication between sensor 

nodes is the most energy consuming process, ETX allows to reduce the energy consumed at each node [21]. According to 

the authors in [22] ETX is calculated based on packet loss rate collected from MAC layer. It is the predicted value of data 

transmissions that deliver a packet successfully over a wireless link. The calculation is based on the probability that the 

packets are successfully transmitted between sender and receiver in a bidirectional manner or in both directions. Forward 

delivery ratio or df is the probability that a packet is received successfully at the receiver side. Reverse delivery ratio or dr 

is the probability that a packet is received successfully at the sender side is called. Reverse delivery ratio is calculated 

based on reception of ACK packets that receiver sends to sender to acknowledge that a packet was successfully 

received. The probability that a packet is sent to receiver and receivers acknowledgment is received by sender is df * dr. 

to calculate ETX we use the following equation as they use in [24] 

 

 

                     
ET X = 

 

(4) 

1 

______________ 

(1 − pf) ∗ (1 − pr) 
 

 

Where pf is the probability of packet lost in forward direction, pr is the probability of packet lost in reverse direction. 
 

V. Simulation and Result 
 

To compare with the existing protocol we use the following simulation parameters as they use in [18]. 
 

TABLE I  
Simulation Parameters for proposed system 

 
Parameters Value 
R 3000 
N 100 
P 0.1 
Eo 0.5 joule 
Efs 10*0.000000000001 joules 
Etx 50*0.000000000001 joules 
Erx 50*0.000000000001 joules 
EDA 5*0.000000000001 joules 

 

 

A. Performance Evaluation 
 

The performance of proposed protocol is compared with existing protocol Modified Geographical energy-aware 

routing protocol in wireless sensor network. 

 
B. Simulation setting 
 

We simulate the proposed protocol in MATLAB 2017a. By considering 100 nodes randomly distributed network in 100m 

by 100m field. A gateway node is deployed in middle of the field. Base station is deployed far away from the field at 

(50m, 120m). After deployment all sensor nodes and both are base station and Gateway are immobile. 
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C. simulation parameters and result 
 

In this thesis we use mainly the following performance parameters are evaluated which are given below.  
Network Lifetime: It is the amount of time until the Last node of network runs out of energy. According to Fig 3, 

in 3000 round the graph shows in the first one thousand rounds they have the same alive nodes. After 1000 

rounds the numbers of alive nodes are decreased in the MOD-GEAR Protocol than the proposed work. In both 

MOD-GEAR protocol and proposed protocol until the round becomes 2500 there are alive nodes. There for the 

proposed work has high performance. 
  

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Fig. 3. Comparison of number of Alive nodes MOD-GEAR and PROPOSED 

  
• Throughput: The throughput is calculated from the ratio of total packets received divided by total time of 

simulation equation (9) [25]. 
 

throughput = 
 Total received packets 

(5)  

Simulation time      
According to fig 4, in 3000 round the graph shows the number of packets to base station in the proposed work is 

increased by 37.57% than the MOD-GEAR Protocol. There for the proposed work has high performance than MOD-

GEAR Protocol.  
• Residual Energy: It is battery energy of network to analyze the network energy consumption in each round. Initially all 

wireless sensor nodes has the same energy capacity. After the first round the energy of each node is varied because they 

consume different types of energy for different types of purposes. Based on the above graph in Fig 5, the energy 

consumption of the network is increased in the MOD-GEAR Protocol than the proposed work. In both MOD-GEAR protocol 

and our proposed work the remaining energy the network becomes zero at 2500 rounds. Because all nodes which 

communicates directly to the Gateway node and base station has no effect while the two regions selects 

cluster head. There for the proposed work has high performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. comparison of average throughput MOD-GEAR and PROPOSED delivery ratio the proposed work has higher than 

Modified Geographical Energy-Aware Routing Protocol. 
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VI. CONCLUSION and FUTURE WORK 
 

An energy efficient and high throughput geographical routing protocol to minimize the energy consumption of sensor 

network by using gateway node and approach of cluster head selection based on probability, ETX, and residual energy of 

nodes has been shown. In this thesis the network is divided into four logical regions. In which two regions use direct 

communication and rest two regions use clustering hierarchy. This shows the better distribution of sensor nodes in 

network. We implement and evaluate our system (Improved Modified energy aware Routing protocol for wireless sensor 

networks) using MATLAB tool. Our proposed work shows the better performance as compared to modified geographical 

energy aware routing protocol in terms of residual energy, packets to base station, packet delivery ratio, throughput, first 

dead nod, and last dead node. Our proposed work is only for homogeneous wireless sensor network which means all the 

sensor nodes have the same initial energy, memory capacity and sensing range. In future we will investigate this system 

to be used for heterogeneous wireless sensor network. Secondly, since our work uses ETX link metric in future we will 

study and investigate more link quality metrics which can improve high throughput. Lastly but not least, different types of 

optimization algorithms will be incorporated while selecting Cluster Head nodes. 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

Fig. 5. comparison of residual energy MOD-GEAR and PROPOSED 
 

 
TABLE II 

Simulation comparison result for MOD-GEAR and Proposed. 
 

Operation MOD-GEAR Proposed 
First node dead in cluster one 1121 1355 

First node dead in cluster two 1167 1356 

First node dead in cluster dir-BS 1555 1555 

First node dead in cluster dir-GW 2188 2188 

Packet delivery ratio 0.6993 0.7026 

All dead in cluster one 1581 1839 

All dead in cluster two 1526 1785 

All dead in cluster dir-BS 2302 2302 

All dead in cluster dir-GW 2500 2500 

 

According to Table II the comparisons of the proposed work with Modified Geographical Energy-Aware Routing 

Protocol. When the initial energy of each node is 0.5 joule in 3000 rounds the proposed work has high network life time 

(first dead node in cluster one and cluster two, last dead node in cluster one and cluster two than the Modified 

Geographical Energy-Aware Routing Protocol and also in terms of the packets to base station and packet. 
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