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Abstract— Energy conservation of the sensor nodes is an 

important issue considered in the design of Wireless Sensor 

Network (WSN). So to extend the network lifetime several 

clustering approaches are used. Most of this clustering 

approaches facing hot spot problem. It is one of the key issues 

caused by the fact that the sensor nodes closer to the base station 

drain their energy quickly than other nodes as data of the entire 

network is forwarded to BS through them. In this paper, we are 

proposing an uneven multi-level grid clustering routing method 

to overcome the hot spot problem and to extend the network life 

time. Here this protocol divides the network into variable 

number of uneven grids based on the average energy level. At 

each period of time interval BS checks the average energy and 

sets the level of gridding. This method tries to set suitable 

number of grids based on current energy of network. It also 

guarantees suitable number of intermediary nodes to transmit 

the data to final destination; thereby reducing energy loss due to 

direct communication.  The proposed protocol provides better 

solution to sudden energy hole creation and thereby improve 

network longevity. 
 

Keywords— Uneven-Gridding, Energy Efficiency, Energy Hole, 

Network Lifetime, Clustering 

 

I.  INTRODUCTION  
Wireless sensor networks became most rapidly 

emerging technologies in the research area which consists of 

low cost, small sized nodes with limited battery power. 

Developments in electronics and communication paved the 

way for drastic growth in this field [1]. Sensor nodes deployed 

in an area can be used for healthcare monitoring, structural 

analysis, natural calamities detection (earth quakes, tsunami 

detection etc.), war field surveillance, traffic monitoring etc 

[2]. The major issue related to sensor network is the energy 

conservation. It is infeasible to replace the battery once 

deployed. It affects the total working of network and we can’t 

achieve the expected outcome, for which we had set up that 

network. Our aim is to maximize the battery life of each 

individual node and thereby increasing network lifetime.  

Major functions carried out in the network are: 

sensing, storing, communication and transmission. Among 

these steps, communication takes large amount of battery 

power. That is our major concern is to save the battery power. 

For this we have to reduce the communication overhead. 

Researchers are doing several experiments on this domain to 

mitigate the unnecessary communication and to increase the 

lifespan. There are several cases in which energy is wasted 

unnecessarily (eg: redundant broadcast of data) [3]. Such 

situations must be avoided and handled properly for smooth 

functioning of network.  

Routing is the process of transmitting the collected 

data from each sensor nodes to the BS. There are several 

approaches to route the packet to the destination. Hierarchical, 

flat based and location based routing protocols are major 

classification among them. Hierarchical routing protocols [4] 

are commonly used in most of the application as this method 

avoids the direct communication to BS. Here the entire 

network area is dived in to several clusters. For each cluster a 

CH will be selected which is responsible to hand over the 

sensed data from each cluster to the BS. Sensor nodes send 

their sensed data to corresponding CH during its allotted time 

slot. After collecting and aggregating the received data, it is 

the responsibility of CH to route the packet to BS where it get 

processed. The question is how effectively and efficiently this 

packet should rout. Many routing algorithms are put forward 

by many authors.  

Several applications require continues monitoring 

and sensing of data for a time period. In that case, it is not 

possible to recharge the battery periodically. What we can do 

is to maximize the battery life by suitably designing and 

developing routing mechanisms. Here we are trying to propose 

a new routing methodology which considers nodes energy 

level and network lifetime. In our paper, we divide the entire 

network in to several numbers of grids. This is determined 

based on the current average energy of nodes in the network. 

We then compare this value with a threshold; here we are 

comparing it with a factor of initial average energy and 

decides which level of gridding can be fixed. Based on the 

energy, the level of gridding varies that selects suitable 

number of grids for communication. Cluster head (CH) is 

selected for each grid to collect and forward data. The method 

support multihop communication which selects nearest node 

to pass the collected data to BS. As the energy decreases, the 

number of grids and intermediary nodes for communication 

increases. This helps to save the remaining energy by selecting 

most nearer nodes to relay packet. Distance between sender 

and receiver should get reduced in this approach. 
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This paper is maintained as follows: Section II gives 

an overview of routing protocols so far developed, Section III 

illustrates system model, Section IV presents the proposed 

energy efficient routing protocol, and thereby conclusion with 

future enhancements in Section V. 

 

II. RELATED WORK  

LEACH [5] proposed by W.Heinzelan et al. was the 

first clustering based routing protocol in which CHs are 

selected randomly.  It doesn’t guarantees uniform distribution 

of CHs and supports only single hop communication. Energy 

is not a factor in this approach where each node has equal 

probability to become CH. Once CH are selected, sensor 

nodes forwards the data to their head from which it is directly 

transmitted to the BS. Here nodes having lower energy may 

get selected as CH which will result is energy hole creation. 

Another improved version of LEACH is LEACH-C [6] in 

which BS decides which node to be act as CH. For this, every 

node will send its information including node id, energy and 

location. BS picks up some nodes as CHs after analyzing the 

energy level. Those nodes having energy greater than average 

network energy is selected as CH.  

LEACH-M [7] suggested by D.S. Kim, et al. put 

forwards LEACH based protocol extended with node 

mobility. But this method suffers high packet loss as the node 

keeps moving before selecting a new CH. A multi-hop 

LEACH [8] was proposed by Biradar et al. where an optimal 

multi-hop tree was created by connecting the selected CHs and 

BS. Data will be routed to the BS through the branches of tree 

which provides a feasible path. Farooq et al. [9] explains MR-

LEACH in which the entire network is divided into several 

layers and for each layer a CH is selected. CH at the lower 

layer relay the packet to the CH at the higher layer to make the 

data reaches at destination.  

Mehdi Tarhani et al. illustrated SEECH [10] protocol 

which organizes the network into three layers consisting of  

relay nodes,  normal nodes and CHs. This method selects a 

relay node to transmit the data from CH to BS rather than 

through intermediary CHs. The paper introduces a new idea to 

reduce the overhead of CH, but causes an additional overhead 

to maintain and elect relay nodes. An extra energy and 

communication cost is introduced in HEED [11], which 

suffers high message overhead and complexity. 

W. Mardini et al. put forward R-HEED [12] which 

mentions reformation of clusters based on some rules. Each 

cluster will be retained until it gets a reformation message; 

only CHs get rotated. Energy is not a parameter for CH 

selection. V-LEACH [13] elects a vice-CH which takes the 

role of CH when it is out of energy. It doesn’t open an eye 

towards a solution in case of V-CH death. PEGASIS [14] 

suggested by S.Lindsey takes too much time for constructing 

chain to transfer the collected data from leader node to BS.  

EEM-LEACH [15] proposed by Ashlyn describes a 

routing protocol where nodes closer to BS communicate 

directly without involving to any cluster. Nodes in TEEN [16] 

suggested by A.Manjeshwar, et al. will reports data to the BS 

only when the sensed attribute reaches the threshold. But it is 

not reliable for periodic data collection. A solution to this 

problem is APTEEN [17] which can be used in any situation, 

either proactive or reactive conditions. Jung introduced CCS 

[18] that integrates clustering with PEGASIS approach. Here 

within each cluster a chain is formed and passes the data to the 

BS via leader nodes. The main disadvantage is that leader 

nodes are not selected based on residual energy. It causes 

uneven and unbalanced distribution of nodes. 

 DHAC [19] maintains a resemblance matrix based on 

the information received from the neighboring nodes. It only 

requires single hop data for forming clusters. Method faces an 

overhead to maintain this matrix. TL-LEACH proposed by 

Loscrì et al. [20] generates a two-level tress structure with 

primary and secondary CHs. It tries to reduce the drawbacks 

of single hop communication. EECS suggested by Ye et al. 

[21] needs a complete image of the network for implementing 

an energy efficient routing. BCDCP [22] is not suitable for 

larger communication as it supports only single hop data 

transmission. Protocols mentioned in papers [8], [23] improve 

the network lifetime as compared with single-hop 

transmission, but doesn’t gave a solution to hot-spot problem. 

 LPGCRA [24] proposed by Liu et al. addresses the 

hot spot problem suffer a major drawback that individual 

nodes consume more energy if the elected CH is far away. 

Grid based protocol GBR [25] suggested by Amrutha et al. 

elects nodes closer to the BS as CH. So, member nodes drain 

their energy at a very short time.   

In our proposed paper, we are trying to suggest a new 

routing method which considers energy conservation of 

individual nodes. For this we combine grid based and cluster 

based approach to implement an energy efficient network 

design. It selects varying number of grids and level of grids in 

each round based on the residual network energy. Not only the 

gridding, but also CH is selected based on energy. The method 

guarantees less transmission power needed for communication 

between nodes and a solution to the hot-spot problem. 

 

III. SYSTEM MODEL 

In our proposed system model, sensor nodes N= {N1, 

N2 ,N3……..Nn} are randomly deployed in a large sensing area 

where each Ni denotes i-th sensor node. Assumptions those we 

taken to consider while designing the new approach:  

 Nodes are of same type (homogeneous) with equal 

processing and storage capacity. 

 Each node has unique Id and has same initial energy. 

 Base Station (BS) is placed outside the deployment 

area and is static. 

 BS has knowledge on nodes Id, location and energy. 

 Once nodes are deployed, they are fixed and can 

adjust their transmission power based on the distance 

to the receiver. 

 BS is mounted with unlimited processing, 

computational and storage capability. 

 

IV. ENERGY EFFICIENT MULTILEVEL UNEVEN 

GRID BASED CLUSTERING PROTOCOL 

Our proposed method suggests a new approach to 

improve the lifetime of WSN which divides the entire network 

area in to several levels of grids. We suggest different level of 
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gridding based on average energy of network. The method 

also incorporates clustering technique to collect and transfer 

the data to the BS. Hence we put forward an integrated 

gridding and clustering approach to mitigate the energy 

consumption and thereby increasing the network longevity. 

Features of this approach: 

 Guarantees uniform distribution cluster heads in each 

level of gridding. 

 Method uses centralized approach where BS decides level 

of gridding and CH. 

 Energy is taken as a parameter to decide level of gridding. 

 Reduces the energy required by each node to send data to 

the BS by choosing sufficient number of intermediary 

nodes.  

 Tries to provides a better solution to energy hole creation. 

 Not only level of gridding, but also CHs are selected 

based on distance and energy. 

 Guarantees that each node will be under one grid and one 

CH at a time. 

Steps to be carried out: 

a) Decide level of gridding and partition the network 

b) Select CH for each grid thus formed 

c) Collect the data from nodes and transmit to BS. 

Our paper mainly focused on the first step; that is 

how to determine the level of gridding and partition the 

network. In the proposed method, we divide the network area 

into horizontal levels of varying width based on the distance 

from the base station. It forms rectangular shaped grids of 

unequal size. For this we compare the current average energy 

with that of initial average energy. We can determine the level 

of gridding based on the deployment area. Here we are 

assuming four level gridding. 

 After a certain period of time, the base station checks 

the current average energy of the network. It is then compared 

with threshold value (a factor of initial average energy); 

whether it is above threshold or below threshold or in between 

threshold and decides level of gridding. So, here we are taking 

current average energy as a parameter for uneven grid 

clustering, hence the size of the grid is based on the current 

average energy of the network.  

 
 

 

 

 

 

 

   Algorithm1: Uneven_Gridclustering 

   Input: X, Y co-ordinate of region, node id and location. 

   Output: Grid formation.  

 

1. Initialize y=0,Ng=0,i=0 

2. Set width for partitioning x-axis as Wx 

3. while(y<Y) 

4.           Initialize x=0 

5.           Wg =Wx - y*r 

/*r denotes reduction rate*/ 

6.           while(x<X) 

7.                 x=x+Wx 

8.                 i=i+1 

9.                 Assign grid Id (Gid). 

10.           if(y+Wg >Y) 

11.                 y=Y 

12.           else 

13.                 y=y+Wg 

14.   Ng=i 
 

 

In this work, a four level virtual grid formation is 

presented. The first level had shown in Fig 1, when the 

average energy of the network is greater than three-fourth of 

the initial average energy of the network.  

 

Fig 1.  First level gridding 
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Fig 2.  Second level gridding 

In the second level shown in Fig 2, when the average 

energy of the network is between three-fourth and two-fourth 

of the initial energy. The third level is taken when the average 

energy of the network is between two-fourth and one-fourth of 

the initial energy, as show in Fig 3. Finally, the fourth level 

when the average energy of the network is less than one-fourth 

of the initial energy, as shown in Fig 4. 

 

Fig 3.  Third level gridding 

 

Fig 4.  Fourth level gridding 

 After deciding the level of gridding, next step is to 

form CH for each grid. Here, we are using a simple method to 

determine CH. 

   

Algorithm2: CH_Selection 

  Input: Node id and energy of each grid 

  Output: CH for each grid 

1. Repeat the following steps for each Gid 

2.        Calculate average energy(Eavg) 

3.            for each nodes in Gid 

4.                      if(E(Ni)>Eavg)  

5.                       CH=Ni 

 

Here CH is selected based on energy comparison. 

Those nodes having higher energy in each grid will be 

selected as CH. Once cluster head is selected, it advertise that 

information to nearby nodes. On receiving this information, 

nodes nearer to the CH will send a join message and become a 

member under that CH. All the sensed data under each grid 

will be passed to that corresponding CH. After aggregating, 

each CH will forward collected data to BS. 

The method supports short distance communication 

which ensures less traffic to the nodes nearer to BS. Since the 

method purely based on energy, there is no chance for a node 

to get died quickly. We reduce the distance of communication 

by suitably selecting level of gridding. Since the number of 

intermediary nodes gets increased as the energy level 

decreases, the transmission power required by each individual 

node can be drastically reduced as the distance between nodes 

is very low.  Fig 5 shows working of proposed model. 
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Fig 5.  Flow chart 

 

BS assigns a TDMA timeslot for each grid so that 

nodes under each grid will send data to their corresponding 

CH in its allotted time slot. CH aggregates the data received 

and transmit to BS via other intermediary CHs. CHs nearer to 

sender CHs are selected as relay nodes. Energy loss due to 

direct transmission can be avoided by this method. It 

guarantees sufficient number of intermediary CHs to forward 

the data towards BS. After a specific time period, BS again 

checks the average energy of the network and process 

continues.  
 

V. CONCLUSION AND FUTURE WORKS 

Wireless sensor network used in wide variety of 

application is limited with battery power. The most 

challenging problem faced by researchers is to design and 

develop a suitable routing algorithm to save energy. Most of 

the papers suggest clustering approach where a CH is selected 

to collect and forward the data to BS. 

Here we are proposing a method which provides 

multiple level (multilevel) gridding which ensures lower 

energy consumption. The paper illustrates four level virtual 

grid formations which is done based on the average network 

energy. We are comparing the current average network energy 

with that of a factor of initial average energy of nodes and 

select a suitable grid level. Then for each grid, CH is selected 

based on residual energy. This approach provides uniform 

distribution of CHs and supports multi-hop communication. It 

minimizes the hot-spot problem by reducing the traffic. The 

protocol saves individual battery power of nodes by ensuring 

short distance communication. Here BS determines level of 

gridding and CH selection which significantly reduces the 

energy of nodes. The protocol utilizes the BS’s energy to 

maximum extent thereby increasing network longevity.   

 

As future work, we can consider node density and 

transmission range of the nodes for the grid cluster formation.  
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