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ABSTRACT 

Thisprojectproposesacooperativeclusteringprotocolbasedonthelowenergy adaptive 

clustering hierarchy (LEACH) approach to enhance the longevity of Energy Harvesting based 

WirelessSensorNetworks (EH-WSN).Intheproposedprotocol, toensurethatany energy 

consumption as associated with the role of the cluster head (CH) is shared between the nodes, 

the CHroleisalternatedbetweenthenodesusingdutycyclingasafunctionoftheirindividual energy 

harvesting capabilities. Furthermore, to maintain an energy neutral operation when not acting 

as a CH, the nodes adopt a data transmission duty cycle and any excess energy is investee din 

relaying other nodes’ packets. The optimal number of clusters in an EH-WSN is analyze din 

terms of energy consumption, latency and bandwidth utilization. To demonstrate the tangible 

performance and enhancements by adopting the proposed protocol over benchmark schemes in 

terms of throughput and lifetime, particularly under highly constrained energy conditions. 

I. INTRODUCTION 

Wireless Sensor Networks (WSNs) are expected to mesh a massive number of objects into what 

is called the Internet of Things (IoT) [1]. One of the main challenges associated with a wide 

deployment of WSNs is energy consumption as it is impractical to regularly replace the batteries 

of thousands of tiny network nodes. Therefore, extending the network lifetime is a major 

objective in WSN protocols [2]. Many energy conservation techniques including multi-hop, 

cooperative transmission and duty-cycling were proposed in the literature. Specifically, multi-

hop and data aggregation, implemented through clustering, can provide energy savings t 
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the network layer [3], whereas a periodic wake-up and sleep strategy at the MAC layer can 

extend the network lifetime for a certain QoS requirement as shown in [4]. Cooperative 

transmission at the physical layer utilizes the energy wasted  in broadcast transmission by 

creating multiple independent paths between a source and a destination node to improve the 

channel capacity [5]. Despite the improvements offered by these schemes, nodes eventually die 

after their energies have been exhausted. Recently, it was shown that WSN with energy 

harvesting (EH) capabilities, whereby nodes can harvest energy from the environment, such as 

solar and wind power, can sustain a perpetual lifetime [6]. Due to the random nature of such 

energy sources, current protocols designed for battery powered networks must be adapted to EH 

scenarios [7].  

In response, EH clustering protocols were proposed in [8], [9], [10], [11], [12] that extend 

the LEACH protocol [13], in which cluster heads (CH) aggregate and then forward data packets 

of their cluster members to the sink node. Unlike LEACH, which evenly distributes the CH role 

among the nodes, the aforementioned schemes elect CHs based on their residual energies and 

forecasted harvesting rates. For instance, in [9],  

 

 

a CH decision threshold termed the energy potential (EP) function is computed for each 

node in terms of its energy harvesting rate and current available energy as well as the potential 

functions of neighboring nodes. In [12], the optimal percentage of CHs is incorporated into a 

new CH threshold function that gets updated by the sink throughout the operation of the 

protocol. Specifically, a search algorithm is used by the sink to compare the current round’s 

average throughput against that in the last round then a regulation factor is updated accordingly. 

The above solutions do not guarantee a perpetual operation and require the exchange of 

information among nodes, which creates additional overheads. The protocol in [11] proposes 

cluster head groups (CHG), in which nodes take turns in becoming the CH to minimize the 

overheads of the CH selection process. In [8], Yang et: al: analyzed an optimal multi-hop 

clustering architecture to achieve a perpetual operation in EH-WSNs. Particularly, energy 

neutrality constraints were defined and used to obtain the minimum network data transmission 

cycle using convex optimization. Lastly, an EH aware routing protocol based on the gradient 

model is proposed in [14] for WSNs. Also, a CH selection scheme based on the  residual energy 
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of nodes and their relative positions is suggested. Then, a packet forwarding mechanism is 

presented, that balances the energy consumption among the EH nodes. Duty cycle based MAC 

protocols for EH networks were shown to maintain an Energy Neutral Operation (ENO), in 

which the consumed energy does not exceed the harvested energy over a given period [15]. An 

optimal duty cycle design is formulated in [16] as an optimization problem then solved using a 

low-complexity sub-optimal algorithm. An extensive analysis of different duty cycling strategies 

based on the battery state, harvesting rate, queue size and channel conditions was given by 

Niyato, et al: in [15]. Specifically, upper and lower thresholds were defined to determine the 

transitions between sleep and wake-up cycles. On the other hand, cooperative communication 

has been considered as a means to achieve spatial diversity gains in WSN, where installing 

multiple antennas on tiny nodes is infeasible. To this end, a number of researchers have 

investigated the problems of resource allocation and relay selection for battery powered networks 

[17] and EH networks [18] at the physical layer. Cooperation at the MAC layer was also shown 

to provide higher transmission rates and lower delays particularly in fading channels [19]. A 

contention based cooperative MAC protocol called CoopMAC [20] brings throughput 

enhancements and reduced delays in fading channels while remains compatible with the IEEE 

802.11 standard. Because relaying consumes additional energy, the protocol in [21] maximizes 

the network lifetime by assigning scores to nodes to evaluate their availability for relaying. 

Another protocol in [22] incorporates two relays per source node such that the total transmission 

time when using both relays is less than that of the direct link. Also, a cross layer protocol that  

leverages cooperation at the MAC and PHY layers is presented in [23]. Specifically, a source 

node broadcasts its coded data bits in the first half of a time-slot, which is overheard by a 

potential relay node. Scheduling based cooperative MAC protocols based on time division 

multiple access (TDMA) were also investigated in the literature. In [24], the nodes listen in 

timeslots, not allocated to themselves, to the transmission of the active node and the non-

acknowledgement (NACK) of the destination. Only, if a NACK is received and the active node’s 

packet was decoded correctly, the relay node will retransmit the packet in the next allocated time 

slot of the following TDMA frame. A different technique is proposed in [25], where mini-slots 

are used to reserve cooperative resources to avoid conflicts between sources, relays and 

destinations. Also, cooperation enabled clustering protocols were proposed in [26], [27] and [28]. 
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The protocol in [26] introduces cooperative cluster heads (CCH) that are selected to maximize 

the 

spatial diversity. Non-cluster members may become CCHs to participate in relaying the CH 

packet to the sink using a space time block code (STBC) technique. In [28], the lifetime of a 

battery power WSN is extended using an optimized clustering  algorithm that determines the 

optimal locations of CH nodes. EH nodes can then be used to relay the NCH packets to the 

CHs. 

II. EXISTING SYSTEM 

 

Existingsystem,developalowcomplexitycooperativediversityprotocolfor low energy 

adaptive clustering hierarchy (LEACH) based wireless sensor networks. A cross layer 

approach is used to obtain spatial diversity in the physical layer. In this work, simple 

modification in clustering algorithm of the LEACH protocol is proposed to exploit virtual 

multiple-input multiple-output (MIMO) based user cooperation. In lieu of selecting a 

single cluster-head at network layer, proposed Cluster-heads in each cluster obtain 

adversity order of Minong distance communication. Due to the broadcast nature of 

wireless transmission, cluster-heads are able to receive data from sensor nodes at the same 

time. This fact ensures the Synchronization required implementing a virtual MIMO based 

space time block code (STBC) in cluster-head to sink node transmission. An analytical 

method to evaluate the energy consumption based on BER curve is presented. Analysis 

and simulation results show that proposed cooperative LEACH protocol can save a huge a 

moon to energy over LEACH protocol with same data rate, bit error rate, delay and 

bandwidth thrquirements. Moreover, this proposal can achieve higher order diversity with 

improved spectral efficiency compared to other virtual MIMO based protocols. 

2.1 DISADVANTAGESOFEXISTINGSYSTEM 

Losses in data collection: 
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The Literature searchers not considered the data losses while optimizing the number of 

co operative nodes in each cluster more energy consumption and decrease network 

lifetime: 

The problem of resource allocation and relay selection for battery powered network 

is consumed additional energy. When additional energy consumed by resource 

allocation and relay affecting the life time of battery powered network 

. 

III. PROPOSEDWORK&ANALYSIS 

3.1PROPOSEDSYSTEM 

 

 

Duty cycling and cooperative transmission are combined into an ovelcross-layer 

design for EH-WSNs. Then ewprotocolnamed Energy-Harvesting and Cooperative 

LEACH (ECO-LEACH) modifies the LEACH technique by replacing its probabilistic CH 

selection process with a duty cyclebased one to efficiently regulate the frequency at which 

an ode undertakes the CH role. Besides the inherent duty cycling used by the TDMA 

scheduler in LEACH, another duty cycle is adopted here, by which the cluster members 

can skip certain allocated times lots to maintain an ENO state. Moreover, each node 

follows another duty cycle to select the TDMA frames in which it is available to act as a 

relay. To complete the protocol, a novel cooperative TDMA scheme is proposed where by 

a time-slot is split into two sub-slots. All potential relays listen to the active node 

‟transmission in the first sub-slot then the best relay transmits the received packet to the 

destination in the second sub-slot. The selection of the above duty cycles accounts for the 

node’s energy harvesting rate, packet arrival rate and the optimal percentage Of CHs in the 

network. Hence, a rigorous analyst is of the optimal CH percentage(OCHP)is given, which 

like in the case of LEACH, may not necessarily minimize the network energy 

consumption.   Instead, the optimal percentage is the one that minimizes the latency while 

simultaneously achieves the ENO state and bandwidth requirements. 
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3.1ADVANTAGES OFPROPOSEDSYSTEM 

• Reduce the energy consumption 

 

• Decrease losses in data collection 

 

• Increase network lifetime. 

IV. SYSTEM ARCHTECTURE  

A. Network Model 

 

The network topology, as shown in Fig. 1, consists of N = 100 stationary nodes randomly 

positioned in a square of dimension M = 50m and a sink node placed 125 meters away from the 

center of the square. These positions guarantee that all nodes can reach the sink when 

transmitting at the maximum power level Pmax tx . A log-normal shadowing radio model is 

assumed with its temporal variation obtained from 

real measurements available within the Castalia simulator. It is also assumed that the sink node 

transmits a short beacon at the beginning of the network operation so that each node can estimate 

its path loss to the sink and select the minimum required power level to reach the sink node, that 

is, Psink tx . 

Although node mobility is not considered in this work, the channel temporal variation created by 

the movement of surrounding  objects is considered. The channel is assumed to be reciprocal, 

and its instantaneous gain can be estimated from the received signal strength indicator (RSSI) 

value in the received packet. It is noteworthy that RSSI estimation has to be longer than the 

channel coherence time in order to estimate the pathloss. Also, note that the pathloss estimation 

may need to be recalculated at defined periods of several seconds to minutes as the nodes are 

assumed to be stationary. 
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B. Energy Model 

 

In this work, a solar energy source is assumed, which has an intensity Io that varies throughout 

the day but remains nearly constant within periods shorter than 30 minutes [16]. In addition, the 

average solar intensity _ Io over a given time horizon in the future may be forecasted using the 

exponentially weighted moving average prediction model (EMWA) in [33]. Despite being 

exposed to the same intensity at any given time, each node z has a different harvesting efficiency 

"z 2 [0; 1]. To create a more realistic scenario, it is assumed that shadows created by objects, 

such as clouds, may reduce the solar intensity by an opacity factor _z uniformly distributed 

between 0 and 1 [15]. The arrivals of shadows are modeled as a Poisson process with an inter-

arrival rate T being constant for all nodes. This rapid fluctuation in the harvesting rate caused by 

the shadows is important to demonstrate the effectiveness of the proposed protocol in 

maintaining the required CH percentage over shorter periods compared to LEACH. Therefore, 

the overall harvesting power of a node z becomes _z = _z&z"zIo, where &z is the solar cell area 

of node z. Thus, over a long period, the mean harvesting power of node z becomes __z = 

0:5&z"z _ Io. Finally, the average mean harvesting power of all nodes in the network denoted by 

__ = 0:5 _ &z _ "z _ Io 

is assumed to be common knowledge among all nodes in the network with _ &z and _ "z being 

the nodes average solar cell size and harvesting efficiency respectively. 

 

C. LEACH PROTOCOL 

The operation of LEACH, described in details in [13], consists of multiple rounds. Each round 

begins with a short setup phase followed by a long data transmission phase. During the setup 

phase of a round t, each node declares itself as a CH with a probability that maintains the CH 

percentage at _ after 1 _ rounds have passed. Once a node becomes a CH, it will never become a 

CH again until all other nodes have taken their turns. CHs then invite non-CH nodes to join their 

clusters by broadcasting invitation beacons. A non-CH (NCH) node joins a cluster based on the 

RSSI of the received beacon and selects its transmit power PCH tx such that the received power 

at the CH is just above the sensitivity of the receiver. Upon receiving join requests, a CH creates 
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then broadcasts a TDMA schedule to its cluster members. The data transmission phase (steady 

state) of a round consists of multiple TDMA frames. In each time slot of a TDMA frame, a 

single node (active node) sends its data packet to the CH at a time, while other nodes switch to 

sleep mode. In the last timeslot of a frame, the CH aggregates then transmits the received packets 

to the sink node at power Psink tx . This process repeats until the round is over. To eliminate 

possible collisions between clusters, each cluster randomly selects a unique channel 

(frequency/code) from a pool of available channel resources. Despite the performance gains over 

direct transmission, the uniform distribution of CHs does not consider the residual energy of 

each node. Hence, nodes that become CHs first will deplete their energies soon reducing network 

connectivity that in turn causes higher transmit power by the remaining nodes ultimately 

reducing the network lifetime. 

 

V. SCREEN SHOTOS 
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VI CONCLUSION 

A novel clustering protocol that incorporates duty cycling and cooperative transmission is 

proposed for energy harvesting WSNs. The duty cycle for the CH assignment that guarantees a 

targeted CH percentage was derived and its optimal value was investigated. An efficient DC that 

ensures a perpetual network operation was developed. Besides, a cross-layer cooperative 

transmission strategy was designed to enable nodes to relay undelivered packets from cluster 

members to CHs and also from CHs to the sink node. The results obtained using event driven 

simulations have demonstrated an enhanced network performance in terms of throughput and 

lifetime with respect to the conventional LEACH as well as a generic energy-aware LEACH in 

EH and conventional battery powered WSNs. 

 

 

 

 

VII.  FUTURE ENHANCEMENT 

 

As a future development, this protocol can be extended to include the node’s position and 

mobility in the duty cycle designs. In addition, hierarchical and multi-hop clustering can be 

integrated to support large network deployments such as the IoT . 
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