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Abstract 
In this paper, we propose a new routing protocol for wireless sensor networks. This protocol improves 

energy consumption of ML-LEACH by reducing the transmission distance of member node via Relay Node. 
Since clusters of each Layer in ML-LEACH are randomly formed, the distance, between member node and 
cluster head may be longer than specific distance, distance threshold value. To improve this, we propose the 
new routing protocol using 2-Hop transmission via Relay Node depending on the transmission distance of 
the member node.  
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1. Introduction 

Normally, Wireless sensor networks [1,2] consist of many wireless sensor nodes. Each node is usually 
distributed over remote area which is hard to access by people. Because of this it is difficult to recharge or 
replace the sensor nodes. Therefore, energy consumption is one of most important issue in wireless sensor 
networks. And many protocols had been proposed. First a representative protocol of wireless sensor 
networks is LEACH protocol. The LEACH elects cluster heads among all nodes using T(n) equation. And 
then, each cluster heads forms clusters with their member nodes. And LEACH transmits the data using single 
Hop [3] transmission between member node and its cluster head, cluster head and base station. But single 
hop transmission has a problem that if the distance between cluster head and base station is longer than a 
specific distance, , the energy consumption is rapidly increased. To improve this problem, ML-LEACH 
protocol had been proposed. ML-LEACH, Multi-Layered LEACH, protocol divides the sensor field into a 
few layers. And, ML-LEACH elects the cluster head in each Layer separately using T(n) equation. By 
dividing the sensor field and using both the single hop transmission and the multi hop transmission, 
ML-LEACH can reduce the distance between cluster head and base station. But, ML-LEACH didn’t 
consider the transmission distance between member node and its cluster head. Therefore, distance between 
member node and its cluster head may be longer than distance threshold value,	. And It occurs rapidly 
energy consumption of member node. In this paper, we reduce the transmission distance between member 
node and its cluster head via Relay Node to improve this. 
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2. Related Works 
2.1 LEACH 

LEACH (Low Energy Adaptive Clustering Hierarchy) is a representative routing protocol [4] for wireless 
sensor networks proposed by Wendi B. Heinzelman [5]. The cluster structure of LEACH is figure 1. 

 

 
Figure 1. LEACH 

LEACH is composed of a set-up phase and a steady-state. First, in the set-up phase, LEACH elects cluster 
heads among all nodes using stochastic threshold (1).  

 T(n) =  	 		 							if	n	ϵ	G														0															otherwise															                               (1) 

 

In this equation, T(n) is the threshold of an arbitrary node n, P is the cluster head election probability, and 
r is the current round. And G is the set of nodes that were not elected to the cluster head. We compared with 
random number between 0 and 1 and T(n). if the random number is smaller than T(n), we elect the Nth node 
as the cluster head. And then, each elected cluster head broadcast the Advertisement message. And no cluster 
head nodes that receive Advertisement message transmit the data including Join-REQ message to the closest 
cluster head to join cluster. Thus, each cluster head forms clusters with around nodes. After cluster is formed, 
the cluster head sends TDMA scheduling to the member nodes. Second, in the steady state, each cluster 
transmits the data from member nodes to a cluster head through the TDMA slot allocated from the cluster 
head. And then cluster head of each cluster transmits the data to the base station through the CDMA. We call 
this single-hop transmission between member node and cluster head, cluster head and base station. And this 
set-up phase and the steady state are called 1 round. The structure of the round is shown in Figure 2. 

 

 
Figure 2. Round structure of LEACH 
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LEACH can improve the energy consumption by clustering and using the single-hop transmission. But single 
hop transmission has a problem that the more transmission distance of cluster head is increased, the more 
energy consumption is rapidly increased.      

 
2.2 ML-LEACH 

 ML-LEACH (Multi-Hop-Layered LEACH) routing protocol [6, 7, 8] had been proposed to improve the 
disadvantage of LEACH. The cluster structure of ML-LEACH is figure 3. 

 

 

Figure 3. ML-LEACH 

ML-LEACH divides the sensor field into a few layers. And then, ML-LEACH elects the cluster heads in 
each Layer and each elected cluster head also forms clusters in each layer. In contrast to LEACH, 
ML-LEACH transmits the data using both single-hop transmission and multi-hop transmission. That is, all 
cluster head, except closest cluster head to base station, send the collected data to the next cluster head which 
is close to the base station. The closest cluster head send the received data and sensing data to the base 
station. This way can reduce the transmission distance, between cluster head and base station. But, 
ML-LEACH didn’t consider the transmission distance between member node and cluster head. Therefore, if 
this distance is longer than distance threshold value, , energy consumption could be rapidly increased. 

 
3. Propose of Algorithm 
3.1 Motivation 
Since clusters of ML-LEACH are randomly distributed in each Layer, distance, d, between member node 
and cluster head could be longer than distance threshold .the transmission structure of cluster is Figure 4. 

 
 

Figure 4. Transmission distance between member node and cluster head 
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If the distance, d is longer than , energy consumption of its member node is rapidly increased proportional 
to four squares of distance on a basis of radio model (Table 1). To improve this, we need to set, the 
transmission distance, d is shorter than . 
 

Table 1. Radio Model 
Order Radio Model Parameter Value 

Energy consumption of receiving (E) ℓ * E  
 

Energy consumption of transmitting (E) 
ℓ * E  + ℓ * ε  *  (d > ) 

ℓ * E  + ℓ * ε  *  (d ≤ ) 

Size of message(ℓ) bit 

Energy dissipation of transceiver (E ) 50 nJ/bit 
Free space model of Transmitter Amplifier (ε ) 10 pJ/bit/m 

Multi path model of Transmitter Amplifier	(ε ) 0.0013 Pj/bit/m 
Transmission distance(d) m 

 
3.2 Problem 

In simplified radio model, the distance threshold value,  is around 87m. If the transmitting or receiving 
distance is shorter than , we assume that there are no obstacles between transmitter and receiver and 
energy consumption in this range is proportional to the square of distance. But, if the transmitting or 
receiving distance is longer than , the energy consumption in this range is proportional to four squares of 
distance. It means that the energy consumption is rapidly increased in this range. 

 
3.3 Improvement 

If distance, d, between member node and cluster head is longer than distance threshold value, , we use 
the 2-hop transmission [9] via another member node, this is, Relay Node. The 2-hop transmission via Relay 
Node is Figure 5. 

 
Figure 5. 2-hop transmission via Relay node 

 
Relay Node must meet the conditions. First, Relay Node must be in the same cluster. Second, distance,  
between member node and Relay Node and distance,  between Relay Node and cluster head must be 
shorter than distance threshold value, . Third, the total energy consumption of 2-hop transmission must be 
smaller than that of direct transmission. 
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Relay-Node Conditions 
 

1. Relay Node must be in the same cluster. 
2. Receiving distance and transmission distance of Relay Node are must be shorter than distance 

threshold value, . (	,  <	) 
3. Direct transmission efficiency < 2-hop transmission efficiency. 

 
It’s easy to satisfy first condition and second condition. But, to meet third condition, we must induce 
minimal distance. We will call this distance,  . To find the minimal distance,  , we compare with total 
energy consumption of direct transmission and that of 2-hop transmission. Direct transmission and 2-hop 
transmission is figure 6. 
 
 

  
 

Figure 6. Direct transmission and 2-hop transmission 
 

Energy consumption of direct transmission 

 
= 2 ∗ ℓ ∗   + ℓ ∗  ∗  

 
 = 2 ∗ ℓ ∗   + ℓ ∗  ∗  
Equation (2) is the total energy consumption of direct transmission. From A node to C cluster head plus from 
B node to C cluster head. 
 
 4 ∗ ℓ ∗   + ℓ ∗  ∗  + 	ℓ ∗  ∗ 															                   (2) 
 

Energy consumption of 2-hop transmission 
 

 
 = 2 ∗ ℓ ∗   + ℓ ∗  ∗  

 
 = 4 ∗ ℓ ∗   + 2 ∗ ℓ ∗  ∗  
Equation (2) is the total energy consumption of 2-Hop transmission. From A node to B Relay Node plus 
from B Relay Node to C cluster head.   
 

A

C

B
Direct transmission
2-Hop transmission

A B

CB
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6 ∗ ℓ ∗   + 	ℓ ∗  ∗  + 	2 ∗ 	ℓ ∗  ∗ 	d										                   (3) 
 
If equation (2) is larger than equation (3), the energy efficiency of 2-hop transmission is more efficient than 
that of direct transmission. As a result, the minimal distance for 2-hop transmission is 104.412. On basis of 
this distance, D , we can decide which is better for energy efficiency. 
 
4. Simulation and Result 
4.1 Simulation 

This paper simulates the performance of the proposed protocol, simulating tool is MATLAB. And we use 
the first & second Radio Model as a wireless propagation. The conditions of the parameters of the simulation 
are shown in Tables 2. 

Table 2. Simulation parameter 
Simulation Parameter Value 

Number of Sensor Nodes (N) 100 
Cluster head election probability 0.1 

Sensor Field(M) 200 x 200, 400 x 400 
Position of Base Station 100 x 100, 200 x 200 

Number of layer 3 
Initial Energy (e) 0.5 J 

 
Sensor field sizes are 200 x 200 and 400 x 400. And the base station is placed in the center of each sensor 
field. The number of layer is set to three and the cluster head election probability of the sensor field is 0.1. 
When sensor field size is 400 x 400, the sensor field environments of two protocols are figure 7. 

 
Figure 7. Sensor field environment of ML-LEACH and proposed protocol 

 
ML-LEACH protocol is left. And proposed protocol is right. 
Figure 8 present the Average Transmission distance of all member nodes every round. 
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Figure 8. Transmission distance of member node per round 

 
The average distance of ML-LEACH is 280m and the average distance of proposed protocol is 50m until 
FND, First Node Dead Round. We make sure that the average transmission distance of member nodes in 
ML-LEACH is shorter than that of existing ML-LEACH.  
 
4.2 Result 

We compare with the network lifetime [10] of existing ML-LEACH and that of the proposed protocol in 
order to confirm the energy consumption efficiency of two protocols. Figure 9 present the network Lifetime 
of ML-LEACH and proposed protocols. 

 
Figure 9. Life time of ML-LEACH and proposed protocol 

 
We confirm that energy consumption is more efficient only when the distance, d of proposed protocol is 
longer than D . Therefore, we confirm the minimal distance of efficient 2-hop transmission is D (104.412). 
 

5. Conclusion 
In this paper, the proposed protocol reduces the average transmission distance of member nodes in 

ML-LEACH with Relay Node. Consequently, proposed protocol improves the energy consumption 
efficiency.  
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