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Abstract—LEACH protocol is considered the best in the 

WSN protocols in extending the network lifetime and 

reduces energy loss, but LEACH suffers from the 

problem of the correct distribution of the nodes 

correlation with CHs. In this paper, we propose an 

improved protocol called LEACH-Z(LEACH zones), this 

protocol improves the distribution of clusters by making 

the clusters near the base station(BS)  large(greater 

number of nodes) and the clusters are far from BS 

small(lesser number of nodes), where divides the network 

area to parts(zones), be part of a larger when close to the 

BS in addition to preventing the election of CHs in the 

region far from the BS and thus conserve energy this 

means that the nodes will remain alive as long as possible, 

this makes nodes gather more information. The results 

proved that the LEACH-Z is better than the original 

LEACH and more optimizations to reduce energy 

consumption. 

 
Index Terms—LEACH-Z, LEACH, WSN, zone, routing, 

base station, lifetime network. 

 

I.  INTRODUCTION 

The wireless sensor networks are becoming 

widespread, and the newly WSN are used in a broad 

range of applications such as military applications, health, 

household, environmental control, security [1], and other 

applications. WSNs usually contain thousands or 

hundreds of thousands of sensors. Sensor network placed 

in these applications in two ways:  

 
- Random design (such as the distribution of sensors 

by helicopter)  

- Fixed design (such as the distribution of sensors in 

the office to alert the fire) 

 
Information will be grouped by sensors and is sent to 

the BS. 

In wireless sensor networks relate wirelessly. Each 

sensor consists of a microcontroller, sensor unit, storage 

unit, radio transceiver unit and power [2]. The purpose of 

these nodes is to monitor environmental conditions such 

as temperature, light, sound, objects movement, 

vibrations [1] or other. The possible deployment of the 

sensor networks in places that cannot arrive humans 

under very difficult environmental conditions such as 

high alpine environments or earthquakes. With the 

development of wireless sensor networks have emerged 

many routing protocols, which can be divided into: 

 

- Plane routing protocols (such as DD and SAR and 

SPIN [3] and Romor Routing etc.)  

- Level routing protocols (such as LEACH and 

PAGASIS and TEEN etc. [1]) 

 

In wireless sensor networks, nodes energy is used to 

transfer and receive data. The balancing energy 

consumption of nodes and prolong the lifetime of the 

network depends on the routing algorithm [4] (good or 

bad). Therefore good routing algorithm must balance 

energy consumption to extend the network lifetime 

without increasing the complexity of calculation [3]. The 

nodes energy is a fundamental restriction in WSNs, 

Therefore, to resolve the problem of energy consumption 

in WSN, there are efficient routing protocols proposed 

and used such as LEACH, PAMAS and HEED [1]. The 

main objective of routing protocols is to find 

improvements in energy efficiency and reliable transport 

of data to the base station. 

Among the many routing protocols, LEACH is one of 

the first and major improvements on reviews clustering; 

several clustering algorithms are based on the architecture 

and the idea of LEACH. LEACH protocol is one of the 

most popular hierarchical routing protocols for wireless 

sensor networks [1]. The idea is to form clusters of nodes 

sensing depending on the strength of the received signal 

and the use of CHs (cluster heads) as routers to the sink 

(base station) [5]. LEACH divides the entire network into 

several clusters, and the time of implementation of the 

network is divided into several rounds. At each round, 

cluster head is selected randomly in LEACH. LEACH 

protocol is more mature in solving the energy balance, 

but it still contains defects such as network survival time 

and others. In this paper provided us with a more efficient 
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solution than the original LEACH protocol in energy 

consumption by dividing the network area into zones. 

But before clarifying in details the proposed protocol 

let`s take a look to the previous studies 

There are many papers focused on the energy 

consumption and routing in sensor networks. Here are 

some of the previous papers related to our work are as 

follows: 

F. Xiangning and S. Yellin proposed research study 

LEACH protocol, by improving the method of selecting 

the cluster head and make the nodes which have more 

energy to be CH in the next round. They also used the 

communication mode of single hop to multi hop between 

CH and BS [5].Z. PENG and X. Li proposed selection 

algorithm of cluster-head through the change round time 

by sensor network status. Sensor network energy 

consumption has become few and thus the lifetime of the 

network has become long [6]. W. Xiaoping, L. Hong and 

L. Zhang proposed an improved routing algorithm 

depends on the LEACH protocol, which includes cluster-

head selecting, multi-hop routing and building of its path. 

Improved routing algorithm provided a high-energy and 

helped extend the network lifetime [7]. W. Jun, Z. Xin et 

al proposed a new routing algorithm called LEACH-SC 

(LEACH-selective cluster), this method includes the node 

connected with the CH which is closer to the center point 

between the node and BS [8]. In this paper, we used a 

different method to get a correct and accurate routing and 

to extend in the lifetime of sensor network, the results 

have been positive and good and that will explain later. 

The rest of this paper is organized as follows: section 

two describes the LEACH protocol in details and shows 

its algorithm and defects of LEACH protocol, section 

three presents LEACH-Z( its description,  its algorithm 

and the analyzing for it), finally section four discuss the 

conclusion. 

 

II.  LEACH PROTOCOL 

LEACH (Lower Energy Adaptive Clustering Hierarchy) 

protocol is a routing protocol proposed by Wendi B. 

Heinzelman, et al [9]. It is the first hierarchical routing 

protocol in Wireless Sensor network. In this protocol the 

nodes are divided into only two types of categories; 

normal sensor nodes and cluster heads. At first the 

normal sensor nodes are grouped together and form 

clusters and among all the sensor nodes in a cluster one 

node are chosen as a cluster head node. 

A- LEACH Protocol Algorithm 

The operation of LEACH is broken up into rounds as 

in fig.1, where each round begins with a set-up phase, 

when the clusters are organized, followed by a steady-

state phase, when data transfers to the base station occur 

[5] [6]. 

 

 

 

 
 

 
 

 

 
 

 
 

 

 

Fig 1: Time line showing operation of LEACH 

- Set-up phase 

In the set-up phase when the clusters are organized, the 

LEACH sets a threshold value T(n) first, and then sensor 

node i generates a random number between 0 and 1 

automatically by distributed computing .If the random 

number < T(n), the node will become the cluster-head of 

the current round r, and common nodes join in the nearest 

cluster. After a period of data transmission, the network 

starts cluster reconstruction of the new round [10]. 

 

- Steady-state phase 

The steady-state phase duration is usually much longer 

than set-up phase duration. However, the first phase is 

more important, in which sensor nodes are allowed to 

elect themselves as cluster-heads randomly, and then 

divided into clusters [6]. Each node that becomes the 

cluster head (CH) will create a TDMA (Time division 

multiple access) schedule for the sensor nodes within the 

cluster. That allows the radio components of each non-

CH node to be turned off all times except during their 

transmit time fig.2 shows the cluster formation algorithm 

of LEACH. [11]. 

Threshold T(n) is determined by the following[3][10] 

[12]: 
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Where [8], 

 

n = given number of nodes. 

p = the priori probability (e.g. =0.05) of a node being 

elected as a cluster-head. 

r = a random number between 0 and 1 that is selected by 

a sensor node. If this random number is less than the 

threshold value T (n), then the respective node 

becomes the cluster-head. 

G = the set of nodes that were not accepted as cluster 

head in the last “1/p” events. 

 

Elected cluster head node broadcasts a message about 

the first node cluster to the entire network [13] [14]. The 

rest nodes of the network decide to join which cluster 

according to signal strength of the received information, 

and notify the corresponding cluster head node, 

completing the establishment of the cluster [10]. The 

cluster heads combine and compress the data and forward 
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it to the base station [15], therefore it extends the life 

span of major nodes. 

 

 

 

Fig 2: Cluster formation of LEACH protocol 

 

B- LEACH Defects 

LEACH protocol is best protocols in wireless sensor 

networks to address energy consumption, but contains a 

number of flaws are as follows:  

 

1. Because that node associated with the CH closest, 

in some cases, not the closest is the best because 

of the CH be far from the BS.  

2. If CH was selected at the farthest point of the area 

of the network (100 * 100 m2), which will be very 

far from the BS, and thus an increase in energy 

consumption. 

 

III.  LEACH-Z PROTOCOL 

Set of features we added to the original LEACH 

protocol to be the result LEACH-Z protocol, these 

features increased energy efficiency. LEACH-Z 

addresses the problems in the original protocol, these 

problems are the long distance between CH and BS, and 

the nodes die quickly in rounds and shortness of network 

lifetime. In the following subsections will explain in 

detail the LEACH-Z protocol: 

A- Description of LEACH-Z  

In this section, we will explain the features that we 

added to the original LEACH protocol,  

The first thing that has been made was to divide the 

whole area that the sensors exist in it into four partitions 

(near, mid, far, and very far); the node pointed as NEAR, 

MID, FAR, or VERY FAR according to their distance 

from the B.S., then a small area (5 meters) from (0-5) 

allocated and prevented the selection of C.H. in that area; 

the purpose of that is because that area is so far from the 

B.S. and fig.3 will clarify that. 
 

 

Fig 3: The division of the whole area in to four parts
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Also the "attachment process" has been controlled so. 

What is the meaning of controlling the attachment 

process?  

After the division of the whole area into four parts; 

what happened to control the attachment process was as 

follow: 

 

- The number of the nodes in each part has been 

counted 

- The number of the C.H.s in each part counted too 

- The attachment between the nodes and their C.H.s 

has been allocated in the same area; 

 

For example, if the node belongs to the nearest part so 

its C.H. must be from its part too must be from the 

nearest part also; and so on; maybe someone will ask why 

has been restricted the attachment in the same part? 

The answer so easily is to decrease the consumption of 

the power that the original LEACH protocol suffering 

from when the node and its C.H. so far from each other. 

As denoted above the attachment happened only 

between the C.H and the node which belong to the same 

area, but with conditions; so what are those conditions? 
 

1. When there is more than one C.Hs in the same part; 

so what has been made was counting the distance 

between the node and that C.Hs, if those distances 

have been found so close to each other; so in this 

case the node will attach to the closest C.H. to the 

B.S...  

2. But if the distances between a node and that C.Hs 

have been found not so close to each other; then 

the node will attach to the closest one to it. 

3. In this case that rule 'the rule of attachment from 

the same part' will be broken; because sometimes 

after so many rounds, maybe will find a particular 

part with no C.H. so in this case its allowed to the 

nodes to attaching to the nearest C.H. from the 

above part from that node part. 

 

And the scenarios in fig.4 will clarify all those cases: 

 

 

Fig 4 A: the case that the C.H so close from the node 

 

Fig 4 B: the case of no C.H. in a particular part 

 

Fig 4 C: the case of more than one C.H in one part but far from each 
other 

as clear from fig.4:A that both of the C.H.s are so close to 

the node so in this case the node will attach to the C.H 

which closest to the B.S; so the node will attach to C.H.1 

the nearest to the B.S. 

While in B. as clear the lower part with no C.H. so in 

this case the rule will be broken and made the nodes 

attaching to the closest C.H. to them from the upper part. 

In C the distances between the nodes and the C.H.s are 

not so close to each other so in this case every node will 

attach to closest C.H. to it. 

B- LEACH-Z Algorithm 

In this section, the algorithm LEACH-Z will be illustrated 

by the flow chart in fig.5. 
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Fig 5: the process of the nodes and C.Hs attachment 

 

The LEACH-Z algorithm led to an increase in network 

lifetime and reduces energy consumption, and therefore 

that the LEACH-Z protocol is more efficient than the 

original protocol. In the next section the simulation 

results of the two protocols will be explained in detail. 

C- Results analyzing of LEACH-Z 

Before getting involve in the results we must point to 

the fact that, this analyzing is based on a 1000 

implementation for both the original protocol and the 

improved protocol, and the parameters that we used in the 

program implementation was as follow (table 1): 

 

 

 

Table 1: Simulation parameters 

Parameter Values 

No. of Nodes 100 

Simulation area 100×100 m2  

Base station location (50,170) 

Node energy 0.5J 

Rounds 800 

Size of Packet 6400 byte 

Meta-data 200 byte 
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So after the implementation has been found that the 

improved protocol more efficient in several aspects these 

aspects are: 

 

- The number of rounds.  

- The first node dies. 

- The number of nodes remaining in 500 rounds, the 

number of nodes remaining in 700 Rounds  

- And the number of nodes remaining final (an 

increase in the lifetime network). 

 

But have been noticed that the results of the original 

protocol possible to be better than the improved protocol 

in a few cases. One of those cases is the death of the first 

node; some times in the original protocol is better than 

the improved protocol based on this method so we found 

a reason for that; 

Because we allocated the attachment between the 

nodes and the C.H.s in the same parts; so maybe 

sometimes the distance between a particular node and the 

C.H from a previous part to that node part will be closest 

to that node more than any other C.H. in its own part; as 

that shown in fig.6: 

 

 

Fig 6 A: Improved protocol 

 

Fig 6 B: Original protocol 

If its constrained on both the (red nodes) in fig.6 A and 

B, its can see in the improved protocol that the distance 

between the red node in the last part and the blue C.H in 

the previous part nearest than the distance between that 

node and the C.H. from the same part that this node 

belong to; and because we allocated the attachment in the 

same part then it will attach to that C.H which exist in its 

own part. 

While if a look has been taken to the original protocol 

will see, that node attaching to the blue C.H. "the nearest 

one"; so in this case that red node in the original protocol 

will waste power lesser than in the improve one. 

That was the reason that sometimes the original 

protocol better than the improved one. 

Has been found that the overall results of the improved 

LEACH protocol is more efficient and better performance 

and more perfect when node opt for CH appropriate and 

is therefore best to reduce the power consumption (i.e., an 

increase in network lifetime) of the original protocol.as 

shown in fig.7 which shows the efficiency of the 

improved protocol in the aspects of first dead node, the 

remaining node, number of dead node in the round 

500(the middle of the whole 1000 experiments), and the 

number of dead nodes in round 700. 

 

Fig 7 comparisons between original and improved protocols 

IV.  CONCLUSION 

As the main task of LEACH protocol is to reduce the 

power loss, so we proposed LEACH-Z protocol, 

LEACH-Z to enhance LEACH protocol from those 

problem that this protocol suffering from which cause 

wasting the power as denoted in a previous section, our 

proposed protocol has been proved its efficiency in 

enhancing the original protocol in the aspects of, first 

dead node, increasing the remaining node after each 

round, decreasing the acceleration in the death of the 

nodes, and help in minimizing the wasted power as we 

saw that in the section (Results analyzing of LEACH-Z), 
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which led at the end to enable the sensors to collect more 

information than the original LEACH can do, which is 

the main purpose of using the WSNs. 
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