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Abstract 

Optical networks have evolved to sustain the growing need 

for bandwidth in communication networks. This research 

work identifies a few popular Energy Efficient Clustering 

Protocols namely i. Leach, ii. Load Adaptive Sequence 

Arrangement-Fixed Minimal Transmission Time (LASA-

FMT) and iii. Internet Protocol/ Wavelength-Division 

Multiplex (IP-WDM) for analysis and studied thoroughly. 

From the experimental results, it was noticed that the 

Switch-On model is performing well in term of Routers/ 

Throughput but however it fails to achieve Throughput, 

Router Utilization and it is also consuming more Power. 

The LASA-FMT is outperforming in term of Throughput 

and the IP-WDM model is outperforming in terms of 

Router Utilization and Power Consumption, but however 

this model was incompetent to achieve Throughput. 

Keywords- Clustering; Energy Efficiency;, Ring Routing, 

Routing Technique, Wireless Sensor Network  

INTRODUCTION 

 In the last years we have seen a growing interest in 

optical networks in order to increase the capacity of 

communication networks. All optical networks are 

those that in which the path between the using nodes 

at the ends remains entirely optical from end to end. 

Such paths are termed lightpaths. Each lightpath may 

de optically amplified or have its wavelength altered 

along the way, but it’s a purely optical path. As the 

optoelectronics technology to build optical networks 

is gotten closer to functional and economic 

feasibility, more and more groups worldwide are 

studying them as a possible base upon which to build  

 

the networks of the future, both within the wide-area 

backbone and for metropolitan and local area 

distribution facilities. In light of the potential and 

recent advances, all optical networks are very often 

considered to be the main candidate for constituting 

the backbone that will carry global data traffic whose 

volume has been growing at impressive rates that are 

not expected to slow down in the near future. 

According to the physical technology employed, one 

can identify three generations of networks. Networks 

built before the emergence of optical fiber technology 

are the first generation networks (i.e. networks based 

on copper wire or radio). The second generation 

networks employ fibers in traditional architectures. 

The choice of fiber is due to its large bandwidth, low 

error rate, reliability, availability, and maintainability. 

Although some performance improvements can be 

achieved by employing fibers, the performance for 

this generation is limited by the maximum speed of 

electronics (a few Gbps) employed in switches and 

end-nodes. This phenomenon is called the electronics 

bottleneck. In order to satisfy the increasing 

bandwidth requirements of emerging applications, 

totally new approaches are employed to exploit vast 

bandwidth (approximately 30THz in the low loss 

region of single mode fiber in the neighborhood of 

1500nm) available in fibers. Therefore, the third 

generation networks are designed as all-optical to 

avoid the electronics bottleneck. That is, information 

is conveyed in the optical domain (without facing any 

electro-optical conversions) through the network until 

it reaches its final destination. The emergence of 

single mode fibers, all-optical wide-band amplifiers, 

optical couplers, tunable lasers (transmitters)/filters 

(receivers), optical add-drop multiplexers and all-

optical crossconnects5,6 make third generation 

networks a reality. 

RELATED WORK  

The limited power of the sensor nodes is considered 

the most important problem that faces the design of 

WSNs since recharging or replacing nodes’ batteries 

is usually infeasible. Due to its severe impact on the 

operational lifetime of the network, the energy 

consumption problem in WSNs was addressed by 

several research articles. Most of the effective 
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mechanisms proposed employ the hierarchical 

architecture due to its scalability and the efficient 

communication [11]. Also, the energy consumption 

in the sensor nodes has a great impact on the overall 

sensing coverage of the network. That is, when a 

sensor node consumes all its energy, it dies, creating 

a sensing coverage hole. Hence, extending the 

lifetime of the net- work and balancing the remaining 

energy of the sensor nodes enhances the sensing 

coverage area of whole net- work. 

LEACH is one of the most popular clustering algo- 

rithms designed for WSNs due to its effectiveness in 

re- ducing the energy consumption in the network 

and ex- tending its lifetime by balancing the 

remaining energy of the sensor nodes. The idea of the 

LEACH protocol is to organize the sensor nodes into 

local clusters, where each cluster has one CH that 

acts as a router to the BS [10]. This organization 

conserves energy because the trans-mission to the BS 

is done only by the CHs rather than all sensor nodes. 

CHs have the functionality of creating and 

manipulating a Time Division Multiple Access 

(TDMA) schedule, receiving data from non-cluster 

sensor nodes, aggregating, and sending the received 

data to the BS. The optimal number of CHs used is 

5% of the total number of sensor nodes. The CHs are 

changed periodically in a random fashion in order to 

balance the remaining energy of the nodes. 

LEACH PROTOCOL 

Low Energy Adaptive Clustering Hierarchy 

(LEACH) is the first hierarchical cluster-based 

routing protocol for wireless sensor network which 

partitions the nodes into clusters [4,5,15], in each 

cluster a dedicated node with extra privileges called 

Cluster Head (CH) is responsible for creating and 

manipulating a TDMA (Time division multiple 

access) schedule and sending aggregated data from 

nodes to the BS where these data is needed using 

CDMA (Code division multiple access). Remaining 

nodes are cluster members. This protocol is divided 

into rounds; each round consists of two phases: 

(i)Set-up Phase: 

Each node decides independent of other nodes if it 

will become a CH or not. This decision takes into 

account when the node served as a CH for the last 

time (the node that hasn't been a CH for long time is 

more likely to elect itself than nodes that have been a 

CH recently). In the following advertisement phase, 

the CHs inform their neighborhood with an 

advertisement packet that they become CHs. Non-CH 

nodes pick the advertisement packet with the 

strongest received signal strength. In the next cluster 

setup phase, the member nodes inform the CH that 

they become a member to that cluster with "join 

packet" contains their IDs using CSMA. After the 

cluster-setup sub phase, the CH knows the number of 

member nodes and their IDs. Based on all messages 

received within the cluster, the CH creates a TDMA 

schedule, pick a CSMA code randomly, and 

broadcast the TDMA table to cluster members. After 

that steady-state phase begins. 

 (ii) Steady-state phase:  

Data transmission begins; Nodes send their data 

during their allocated TDMA slot to the CH. This 

transmission uses a minimal amount of energy 

(chosen based on the received strength of the CH 

advertisement). The radio of each non-CH node can 

be turned off until the nodes allocated TDMA slot, 

thus minimizing energy dissipation in these nodes. 

When all the data has been received, the CH 

aggregate these data and send it to the BS. LEACH is 

able to perform local aggregation of data in each 

cluster to reduce the amount of data that transmitted 

to the base station.

 

          Figure LEACH protocol Architecture 

Although LEACH protocol acts in a good manner, it 

suffers from many drawbacks such like;  
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• CH selection is randomly, that does not take into 

account energy consumption.  

• It can't cover a large area.  

• CHs are not uniformly distributed; where CHs can 

be located at the edges of the cluster. 

LOAD ADAPTIVE SEQUENCE 

ARRANGEMENT (LASA) WITH 

FIXED MINIMAL TRANSMISSION 

TIME (FMT) 

The Load Adaptive Polling Sequence Arrangement 

(LASA) Scheme jointly working with Fixed Minimal 

Transmission Time (LASA-FMT) was proposed[2] 

by the author Yunxin Lv and et al [2,8,9,10]. An 

energy-efficient scheme termed as load adaptive 

sequence arrangement (LASA) is successfully 

introduced by the authors[2,11,12]. Based on 

changing the polling sequence of optical network 

units (ONUs) according to the traffic load, the 

scheme can successfully develop the energy 

efficiency of the passive optical access networks. The 

Flow chart of the LASA scheme that executed at 

Optical Line Terminal is shown at the Fig. 1 and the 

Flow chart of the LASA scheme that executed at 

Optical Network Units is shown at the .

Flow chart of the proposed LASA scheme executed  

at Optical Line Terminal 

The polling sequence arrangement is demonstrated 

by processing a label that is added in the gate/report 

message and allocating each ONU an uneven idle 

time rather. When the polling sequence is changed, 

the ONUs that have been allocated longer idle times 

could sleep much longer indeed. Theoretical analysis 

indicates that the polling sequence arrangement has a 

remarkable impact on the energy efficiency of the 

network. 

It can provide ONUs longer total sleeping time, and 

can also barely lengthen the average cycle time. 

Moreover, to optimize the energy consumption 

performance under a low-traffic scenario, the LASA 

scheme as jointly working with the fixed minimal 

transmission time (FMT) of the ONU scheme, which 

is called the LASA-FMT scheme, is further 

investigated in the research. By ensuring the minimal 

transmission time of an ONU, the LASA-FMT 

scheme further lengthens the total sleeping time of 

ONUs and improves the energy efficiency. 

 

Flow chart of the proposed LASA scheme executed  

at Optical Network Units 

When an energy-efficient scheme termed as load 

adaptive sequence arrangement (LASA) is 

introduced, based on changing the polling sequence 

of optical network units (ONUs) according to the 

traffic load, the scheme can improve the energy 

efficiency of passive optical access networks. The 

polling sequence arrangement is performed by means 



International Journal of Computer Application (2250-1797)  
                                    Volume 7– No.3, May – June 2017 

72 
 

of processing a label that is added in the gate/report 

message and allocating each ONU an uneven idle 

time. When the polling sequence is changed, the 

ONUs that have been allocated longer idle times 

could sleep much longer. Theoretical analysis 

indicates that the polling sequence arrangement has a 

significant effect on the energy efficiency of the 

network. 

It can provide ONUs longer total sleeping time, and 

barely lengthen the average cycle time. Moreover, to 

optimize the energy consumption performance under 

a low-traffic scenario, the LASA scheme jointly 

working with the fixed minimal transmission time 

(FMT) of the ONU scheme, which is called the 

LASA-FMT scheme, is further investigated. By 

ensuring the minimal transmission time of an ONU, 

the LASA-FMT scheme further extends the total 

sleeping time of ONUs and improves the energy 

efficiency. The performance on packet delay of both 

the LASA scheme and the LASA-FMT scheme is 

acceptable to support delay sensitive services, which 

shows the practical value of the two schemes in green 

network progress. 

 RESULTS AND DISCUSSION 

The performances of the three identified Energy 

Efficient Clustering Protocols namely i. Leach ii. 

Load Adaptive Sequence Arrangement-Fixed 

Minimal Transmission Time (LASA-FMT) and iii. 

Internet Protocol/Wavelength- Division-Multiplex 

(IP-WDM) were studied thoroughly and analyzed in 

terms of Router Utilization, Throughput and Power 

Consumption 

Models /  

Parameters  

Utilization  Throughput  Router/  

Throughput  

Power  

Consumption  

LEACH  FAIR  FAIR  BEST  FAIR  

LASA+MFT  GOOD  BEST  GOOD  GOOD  

IP/WDM  BEST  GOOD  FAIR  BEST  

 

 

A few parameters like Traffic Load, Packet Size, 

Inter-Frame Gap, Transmission Time, Bandwidth 

Usage, Packet Delay, Topology were considered to 

study the above mentioned Models. The Results were 

discussed and the experimental results of the above 

Clustering Protocols were shown at the Figures. the 

IP/WDM is performing well in term of Router 

Utilization. In other words as IP/WDM doesn’t have 

an efficient Queue Management Scheme, its 

Throughput is less than that of Leach and 

LASA+MFT Models. 

CONCLUSIONS  

 
This research work has implemented the three 

popular Energy Efficient Clustering Protocols i. 

Leach, ii. LASA-FMT and iii. IP-WDM and studied 

thoroughly. From the experimental results, it was 

noticed that the Leach model is performing well in 

term of Routers/ Throughput but however it fails to 

achieve Throughput, Router Utilization and it is also 

consuming more Power. The LASA-FMT is 

outperforming in term of Throughput, but however, it 

fails to achieve Power Consumption. The IP-WDM 

model is outperforming in terms of Router Utilization 

and Power Consumption, but however this model 

was incompetent to achieve Throughput. 
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