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Abstract 

A wireless sensor network is a wireless network consisting of a 
base station and multiple sensor nodes. Sensor nodes are generally 
energy-limited and hardly rechargeable in wireless sensor network. 
Therefore, prolonging wireless sensor network lifetime is a 
significant problem. There are some energy-efficient hierarchical 
routing protocols designed especially for wireless sensor networks, 
such as low energy adaptive clustering hierarchal (LEACH). In 
this paper, we propose an improvement on the LEACH routing 
protocol to reduce energy consumption and prolong network 
lifetime. We have to configure the cluster, taking into 
consideration the number of cluster utilizes, a technique for 
determining the optimal cluster. The simulation results show that 
the proposed algorithm is much better than the existing LEACH 
algorithm in terms of conservation of energy and prolonged 
lifetime of wireless sensor networks. 
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I. Introduction 

Applications of wireless sensor networks are widely used as the 
development of wireless communication technologies, low-power RF 
technology and development of sensor technology. A wireless sensor 
network is applicable technique at various applications such as health, 
environmental and disaster monitoring, military, home network, factory 
management to collect data of the surrounding environment [1]. 

A wireless sensor network is composed of a sensor node placed on a 
sensor field and a sink node connecting to external network. Sensor nodes are 
distributed sporadically in the sensor field and each sensor node monitors the 
ambient condition to collect data which be transmitted to the sink node 
through the wireless network. The biggest problem in the wireless sensor 
network is the limited energy resource of the sensor node. Designing an 
energy-efficient protocol is an important issue in order to overcome the 
problem. 

Routing protocol in wireless sensor network is suggested for developing 
energy-efficiency of sensor nodes [3]. Data-oriented flat-node routing simply 
composes the routing path and nodes divided in Cluster units if all nodes 
have the same computing and data transfer capability. The selected cluster 
head is collected data sending to sink nodes based on the cluster. There are 
two techniques, namely, Hierarchical based clustering routing for Energy 
Efficiency and location based routing though location information of sensor 
nodes. 

Data-centric routing structure is made in the data transmission path 
individually for the dispersed nodes transmitting data to sink node and path 
node to sink node. Energy consumption for each of the nodes of the path is 
produced and if the network structure is getting larger, collision can be occur 
by transmitting the duplicated data from each node. Therefore increase in 
energy consumption can occur. The proposed protocol, which is based on a 
hierarchical clustering method reduces the energy consumption and increases 
the network lifetime. 

Clustering routing [3] is grouping of the sensor nodes in an arbitrary size 
which is distributed in a wireless sensor network and configuring the cluster 
then a particular node in the cluster is selected as the cluster head. Elected 
cluster head is a technique that sends data to the sink node to collect data 
within a cluster neighboring sensor nodes and communication. Low Energy 
Adaptive Clustering Hierarchal (LEACH) [2] is clustering algorithm for 
wireless sensor networks which is a simple, well-known as the energy 



Improved LEACH Protocol Using the Cluster Optimization … 95 

efficiency, LEACH method thereby splits the sensor nodes randomly placed 
throughout the network to the cluster. The runtime behavior of the network is 
divided into rounds. The nodes in the cluster in each round are selected as the 
cluster head in a predetermined probability value. Every sensor node has 
even chance to become a cluster head. The even energy consumption for the 
entire sensor node in the network has the advantage of extending the life of 
the entire network. 

II. Related Work 

 Wireless sensor network routing protocols can be classified as flat-based 
routing, hierarchical routing-based, location based routing and the structure 
of these characteristics are as follows: 

(a) Flat-based routing 

Flat-based routing is a data-centric routing protocol structure of a multi-
hop routing. Each node connected to the network can perform the equivalent 
role, sensing events between nodes and transmitting data to the sink node 
through cooperation with neighboring nodes. The nodes present within the 
region wait for being transmitted. Data after sink nodes are questioning about 
particular area therefore this is called as data-centric. Unnecessary energy 
consumption is generated because duplicated data occurs. Representative 
routing protocols are such as Direct Diffusion (DD) [4], SPIN [5]. 

(b) Hierarchical routing-based 

In general, a cluster is created among the nodes by clustering. Then a 
cluster head is selected from among the nodes to collect data from nodes in 
the cluster members and merged information is transmitted to the sink nodes. 
The redundant information occurs between neighboring nodes in a wireless 
sensor network and the cluster heads are merged with the redundancy data 
transmission to the sink node. Ineffective transitions take place due to the 
cluster head in the query requested by configuring clustering. Such 
exemplary protocols are LEACH (Low Energy Adaptive Clustering 
Hierarchy), HEED [7], TEEN [8], and PEGASIS [6]. 

(c) LEACH protocol overview 

LEACH Protocol is represents routing protocol based hierarchical and it 
is formed in a two-step. First of all, a cluster head is selected during the 
cluster forming step. Each cluster head is selected by the nodes. When 
probability value of the formula (l) gives certain value, a cluster head would 
be selected. Cluster head selection shall be made in each round and check 
whether a cluster head is selected. Selected cluster head broadcasts the 
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advertising message to the node members present in the cluster. Member 
nodes, which receive the advertisement message, choose the cluster and send 
the join messages to the cluster that becomes a member of the cluster. Cluster 
heads are assigned the scheduling of a data transmission time in the member 
nodes TDMA (Time Division Multiple Access) method, and inform it to the 
member nodes. Next, a member of the cluster nodes, which have scheduling 
set in the cluster forming step, transmits data to the cluster head during the 
cluster stabilization step. 

LEACH algorithm considers the energy efficiency of the wireless sensor 
network by equalizing the energy consumption between nodes to maximize 
network lifetime. The probability function of the cluster head is as follows: 
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where i is the node identifier, t is the time, N is the total number of nodes in 
the network, k is the number of cluster heads, r denotes a round. )(tCi  is 
during the last r mod kN  round, if it was a cluster head then it will be 0, if 
not then it will be 1. In other words, all nodes are performing as a cluster 
head and thereafter will serve as a member node. In general, LEACH routing 
does not consider the state of neighboring nodes; disproportionate cluster can 
be configured. Disproportionate energy consumption is caused by the 
number of sensor nodes in the cluster.  

III. The Proposed Clustering Algorithm 

For an existing algorithm, LEACH and HEED do not consider number of 
sensor nodes within a cluster and use the pre-defined cluster. Therefore, a 
cluster is not balanced. In addition, according to the energy consumption 
model of a wireless sensor network from the research, length of the message 
and distance of transmission affect the energy consumption of the network. 
Data collected from the sensor nodes is merged by cluster heads in the cluster. 
Since the data to be transmitted to the sink node is the combined data of the 
data collected from the sensor nodes within a cluster, the length of the data is 
also affected by the number of sensor nodes. 
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where l is the data bit for transmission, d represents the transmission distance. 
elecE  is consumed energy per bit in circuit. According to the transmission 

distance d it is divided into free-space model and a multi-path model. In 
addition for transferring 1 bit energy, fsε  is required energy to amplify the 

signal to the transmission range )( 2d . In free space model and mpε  is the 

energy needed to amplify the signals on the transmission distance )( 4d  in a 
multi-path model. Equation (3) shows the energy required receiving l bit. 

In this paper, the optimal cluster is established according to the cluster 
size, the sync position, the number of sensor nodes in a cluster in the network 
and cluster head is selected using cluster head selection method of HEED. 

(a) The appropriate number of clusters 

The selection of cluster head was proposed as optional probability of a 
cluster head by all the sensors in the sensor network, or energy remaining for 
each node or data transfer capability. The whole network energy is inefficient 
because of the distance between sensor node and the cluster head, the distance 
between a cluster head and the sink node and different amount of transferred 
data.  

In this paper, the overall energy efficiency of the network is improved 
according to appropriate size of sensor field and structure of node by selection 
of the best number of clusters [11]. Appropriate number of clusters is selected 
by considering location of sink, size of sensor field and the number of nodes. 

       ,nKopt =                                               (4) 
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Equation (4) shows obtaining the optimum number of cluster when the 
sink location is in the center position of the sensor field. And equation (5) 
shows obtaining optimum number of clusters when the sink location is on the 
outskirts. The symbols n, M and B represent the total number of sensor nodes, 
the size of one side of the sensor field size and the distance between center 
and outskirt sink of the sensor field, respectively. 

If a part of the sensor nodes is congested forming clusters, then the 
consumed energy of the cluster head would be unbalanced when the sensor 
nodes are randomly distributed in the network. In other words, unbalanced 
energy consumption of sensor nodes affects the life of the network. A new 
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cluster head is selected by splitting the single cluster into two clusters to form 
a balance when the number of sensor nodes in the cluster is higher than 
threshold value M given by 
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Equation (6) is used to create the appropriate cluster for the entire 
network, and place the ideal sensor nodes within the cluster. 

(b) Structure of clusters 

The goal is to design an energy efficient network by applying the 
technique of LEACH cluster to determine the optimum division techniques 
[11], configuration of a balanced cluster and placing suitable sensor nodes 
within the cluster by reducing the energy consumption of the sensor node.  

Data loss or energy consumption as a disconnection of the path could be 
caused by increased cluster head during a round without considering the 
residual energy of the sensor node in LEACH scheme. In this paper, it is 
assumed that the sink is fixed in a particular position. HEED method selects a 
cluster head only by their energy without the remaining amount of energy of 
all the nodes. 

      .
maxE

ECCH residual
probprob =                                  (7) 

probCH  is the proportion of the cluster head occupied within the entire 

network, maxE  is the initial energy of the node i, and residualE  is the residual 
energy of the node i. Cluster head is multiplied by the energy ratio and the 
percentage of the cluster head. The cluster head is selected when the probCH  
value of nodes increases the probability of two-fold value until the first one 
has one or more values. However, the lowest value of AMRP (average 
minimum reachability power) nodes is selected as a cluster head when 

probCH  value of nodes is the same. 

IV. Result and Analysis of Simulation  

In this paper, MATLAB is used for simulation in analyzing the 
performance of the existing clustering method and proposed algorithm. Table 
1 shows the parameters given to the energy model for the simulation. Network 
simulation was configured for distribution to an arbitrary sensor node in the 
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coordinate space of the 100100 ×  square randomly and sink node is placed at 
the position of coordinates .)0,0( == yx  Mobility of the nodes and 
additional nodes are not considered. The initial energy of all the nodes is 
assumed to be the same. The sink knows the information of all the sensor 
nodes distributed in the network in advance, and all sensor nodes know their 
remaining energy. It has the same (Homogeneous) starting characteristics 
under the same conditions and the energy of all the sensor nodes assumes a 
periodic data transfer until the depletion.  

Table 1. Simulation energy model 

Initial simulation settings First order Radio model settings 
Parameters Value Parameters Value 

Number of Sensor Nodes 100 elecE  50 nJ/bit 

Size of Network 100100×  fsε  10 pJ/bit/m2 

Location of Sink Node 00×  mpε  0.0013 pJ/bit/m4 

Initial energy of Node 
J25.0~2.0

 DAE  5 nJ/bit/signal 

probCH  0.05   

Size of data packet 4,000 bit   

Simulation is performed in different environments for obtaining a more 
accurate result depending on a variety of network environments, such as the 
distance between the sensor nodes and distribution. The entire network 
lifetime is focused and analyzed by survived sensor nodes and energy 
consumption depending on the performance evaluation. 

Figure 1 shows the number of live nodes in the graph at the time by 
setting 100 nodes. Survived living number of nodes during time is more 
when the proposed algorithm in this paper is used compared to LEACH 
technique. 

Figure 2 shows the remaining energy of sensor nodes depending on the 
increase in time when the number of nodes is set at 100. The proposed 
algorithm consumes less energy than LEACH techniques and the time that all 
of the energy is depleted in the network can be seen to be much longer. 
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Figure 1. The number of nodes 
alive. 

Figure 2. Residual energy. 

V. Conclusion  

In this paper, the problem of typical algorithm LEACH in cluster-based 
wireless sensor network is analyzed. In order to maximize the energy of the 
network, the technique was used to determine the optimal number of clusters 
by considering the location of sink and size of the cluster. The performance 
of the proposed algorithm was compared with LEACH through simulations. 
The simulation results show excellent survival rate of sensor nodes over time, 
energy efficiency of sensor nodes, less consumption of remaining energy and 
increase in the entire network lifetime by proposed algorithm. 

References 

 [1] Sapna Choudhary and Sandeep Sharma, A survey of LEACH protocol and its 
modified versions in wireless sensor network, International Journal of Advanced 
Research in Computer Science and Software Engineering 4 (2014), 850-853. 

 [2] W. R. Heinzelman, A. Chandrakasan and H. Balakrishnan, Energy-efficient 
communication protocol for wireless microsensor networks, Proceedings of the 
33rd Annual Hawaii International Conference on System Sciences 2 (2000), 10 pp. 

 [3] T. van Dam and K. Langendoen, An adaptive energy-efficient MAC protocol for 
wireless sensor networks, Proceedings of the 1st ACM Conference on Embedded 
Networked Sensor Systems, 2003, pp. 171-180. 

 [4] C. Intanagonwiwat, R. Govindan, D. Estfin and J. Heidemann, Directed diffusion 
for wireless sensor networking, IEEE/ACM Transactions on Networking 11(1) 
(2003), 2-16. 

 [5] J. Kulik, W. Heinzelman and H. Balakrishnan, Negotiation-based protocols for 
disseminating information in wireless sensor networks, Wireless Networks 8 
(2002), 169-185. 

 [6] S. Lindsey and C. S. Raghavendra, PEGASIS: Power-efficient gathering in sensor 
information systems, IEEE Aerospace Conference Proceedings 3 (2002), 3-1125-3-
1130. 



Improved LEACH Protocol Using the Cluster Optimization … 101 

 [7] O. Younis and S. Fahmy, HEED: a hybrid, energy efficient, distributed clustering 
approach for ad-hoc sensor networks, IEEE Transactions on Mobile Computing 3 
(2004), 366-379. 

 [8] A. Manjeshwar and D. P. Agrawal, TEEN: a routing protocol for enhanced 
efficiency in wireless sensor networks, Proceedings of the 15th International 
Parallel and Distributed Processing Symposium, 2001, pp. 2009-2015. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


