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ABSTRACT

Wireless sensor networks (WSNs) use a vast number of sensor nodes to monitor physical states. The
restricted energy supplies of sensor nodes is a significant issue in wireless communication systems. Virtual
MIMO (vMIMO) is an implementation that can potentially optimize the energy efficiency in WSNs by
sending or receiving data from a large number of nodes, improving the signal quality, and minimizing
power. This research presents Energy-Efficient Virtual MIMO Communication (EE-VMC), a new solution
to Wireless Sensor Networks' (WSNs) energy efficiency problem. EE-VMC provides a practicable solution
to long-term cooperative cluster-based WSN deployments with communication via virtual Multiple-Input
Multiple-Output (MIMO).In order to spread energy efficiency through effective communication and
reduced energy use, the proposed approach uses an enhanced LEACH (OLEACH) protocol. The OLEACH
method performs well for wireless sensor networks, according to simulation data. At a level of -10dB of
SNR, OLEACH provides the best Packet Delivery Ratio (PDR), which demonstrates improved performance
in low signal-to-noise ratio. Increasing antennas enhances the performance of data delivery of OLEACH.
Compared to cutting-edge protocols (LEACH, HEED, BRICH, and B-LEACH), OLEACH consistently
outperforms them as far as PDR, SNR values, and rounds of data transfer are concerned. Furthermore,
OLEACH has greater residual energy levels, a sign of enhanced energy management and enhanced
network lifetime. The conclusions are supported by the results to further ascertain that OLEACH is a
prospective algorithm for optimizing energy usage, enhancing packet delivery, and enhancing general
performance of networks within wireless sensor networks.
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1. INTRODUCTION

WSNSs, or wireless sensor networks, are used in many different applications to monitor physical
conditions. Sensor nodes collect information and send it to a central processing unit. The nodes
establish a network throughout a certain area. Energy efficiency is a problem because of limited
node resources [1]-[4]. Multiple-Input to improve their operation, several-Output (MIMO)
technology uses several antennas at both the transmitter and the receiver. Simple MIMO makes
possible simultaneous transmission of several data streams over a shared frequency band
[5][6][7]. Straightforward MIMO technology has advantages such as increased data rates, greater
reliability, and increased spectral efficiency by exploiting multipath propagation and spatial
diversity. Straightforward MIMO technology likewise has disadvantages in the form of increased
implementation complexity, increased requirements for power consumption, and the need for
accurate Channel State Information (CSI) estimation [8].Fig 1 illustrates the difference between
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simple and virtual MIMO. Virtual MIMO, or Distributed MIMO or Cooperative MIMO, is a
solution to the issues of simple MIMO. It utilizes cooperative nodes' spatial diversity in a
network to achieve MIMO communications benefits without employing physically separate
antennas at each node. The advantages of energy efficiency, scalability through clustering, and
increased network capacity are the key drivers towards Virtual MIMO adoption in WSNSs.
Without the necessity of having several physical antennas at sensor nodes, virtual MIMO helps
save energy. The clustering-based method enables scalability through a huge number of nodes
with effective communication [9][10]. Moreover, Virtual MIMO enhances network capacity and
throughput through the application of cooperative nodes' spatial diversity to transmit several data
streams in parallel within a cluster. For the purpose of improving energy efficiency for WSNs,
the EE-VMC method applies Virtual MIMO communication. Traditional MIMO is not applicable
to low-resource sensor nodes, whereas Virtual MIMO applies cooperating nodes in clusters. The
cluster head acts as a virtual antenna array through the clustering with a cluster head and member
nodes, allowing for simultaneous transmission of multiple data streams and increasing network
capacity [11][12]. Virtual MIMO improves energy efficiency, network capacity, reliability,
scalability, decreased hardware complexity, and cooperative data fusion in cluster-based
Cooperative Wireless Sensor Networks (WSNs). [13][14]. It saves energy, supports higher data
rates, improves link quality, is able to cope with the dynamic nature of the network, lowers node
hardware complexity, and supports efficient data fusion. Because of these benefits, Virtual
MIMO is a prospective communication method for cluster-based Cooperative WSNs to improve
their performance and applications in numerous fields. Thus, the authors worked towards
designing an Energy-Efficient Virtual MIMO Communication (EE-VMC) as a technique to solve
the issue of energy efficiency in wireless sensor networks (WSNs). Through virtualized Multiple-
Input Multiple-Output (MIMO) communication, this technique makes cluster-based collaborative
workstations energy efficient. EE-VMC also employs an optimized LEACH (OLEACH) protocol
that facilitates efficient communication and minimizes energy consumption.OLEACH
performance over EE-VMC with varied antennas, SNR and packet size was considered in this
research and proves efficient compared to present models. The rest of the paper is divided into:
Works of related researchers are discussed in Section 2, and the proposed technique and
algorithm are described in section 3.The proposed model's results are discussed in Section 3, and
conclusion and recommendation for further study are given in section 5.

SIMPLE MIMO Virtual MIMO

Reliabilityand
Coverage:

Fig. 1.Simple MIMO versus Virtual MIMO
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In this study, an energy-efficient virtual MIMO communication model is suggested to be
developed for cluster-based cooperative WSNs using the design of an optimized LEACH
(OLEACH) protocol that extends lifespan of networks & lowers energy use. It compares how
well OLEACH performs in terms of Signal-to-Noise Rate (SNR), Packet Delivery Ratio (PDR),
and energy consumption with recent protocols such as LEACH, HEED, BRICH, and B-LEACH.
Furthermore, It looks into how different packet sizes and antenna counts affect network
performance. For even greater energy economy and dependable data transfer, the research also
proposes an MPPSO-based cluster-head selection method for further optimizing routing
effectiveness and extending the network’s life.

2. LITERATURE REVIEW

Over the past few years, some energy-efficient clustering and routing schemes have been
proposed as a method to enhance network lifetime and power consumption in Wireless Sensor
Networks (WSNs). Among them, MIMO-based methods have been of significant interest due to
their ability to enhance spectral efficiency and decrease transmission power requirements.
Baniata et al. [15]introduced the MIMO-HC protocol, which was specifically designed to
improve energy efficiency in 10T applications. By optimizing cooperative MIMO transmission
among sensor nodes, the protocol successfully extended network lifetime. However, while
MIMO-HC enhances energy utilization, it does not dynamically optimize cluster-head selection,
leading to suboptimal energy distribution in large-scale networks. To further improve network
longevity and connectivity, Dogra et al. [16] developed the Enhanced Smart Energy Efficient
Routing Protocol (ESEERP). The protocol demonstrated significant improvements, achieving
3500 rounds of network operation with enhanced data transmission rates and packet delivery ratio
(PDR). Despite these advantages, ESEERP lacks adaptability to varying SNR conditions, making
it less effective in environments with high interference. For Underwater Sensor Networks
(UWSNS), Martin et al. [17] proposed the Energy-Efficient Multi-hop Dynamic Cluster Head
Selection Routing Protocol (EE-MDCHSRP), which optimized routing performance by reducing
power consumption, increasing throughput, and prolonging network lifetime. However, the high
complexity of the routing algorithm makes it computationally expensive for resource-constrained
terrestrial WSNs. Another approach to improving WSN energy efficiency was introduced by
Sachan et al. [18], who developed a Virtual MIMO (V-MIMO) communication network using
Space-Time Block Coding (STBC). Their technique demonstrated superior data transmission
reliability and energy savings compared to traditional aggregation methods. However, V-MIMO
techniques require precise synchronization, which can introduce delays and increase processing
overhead. Khan et al. [19] explored a deep reinforcement learning-based solution for WSNs by
implementing a Deep Q-Network (DQN)-based vertical routing scheme. This machine learning-
driven approach effectively reduced energy consumption, minimized link breakages, and
improved network lifespan compared to conventional reinforcement learning models. Despite
these advantages, the computational burden of training and deploying DQN models remains a
challenge in low-power WSN nodes. Several modifications to LEACH-based clustering have also
been explored to optimize energy efficiency. Abushiba et al. [20] introduced CH-LEACH, a
cluster-head selection protocol that improved energy consumption and network longevity by
dynamically balancing the load among sensor nodes. Similarly, Midasala et al. [21] proposed the
Swarm Intelligence Multi-Hop Clustering (SIMHC) protocol, integrating swarm intelligence
techniques with multi-hop communication to enhance network lifetime, coverage, and
throughput. While SIMHC demonstrated high energy efficiency, it does not account for
interference variations across different deployment environments. Tavakoli et al. [22] presented a
fuzzy-based clustering algorithm designed to reduce energy consumption and packet delivery
ratio (PDR) in sensor networks. The fuzzy-based approach provided adaptive clustering, but its
effectiveness declined in dynamic and large-scale WSN environments due to increased
computational complexity. A more recent optimization technique was introduced by
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Seyyedabbasi et al. [23], who developed the Expanded Grey Wolf Optimization (Ex-GWO)
protocol for optimal routing path selection. By considering node size, hop count, and residual
energy, Ex-GWO dynamically adjusted routes to balance energy consumption across the
network. However, Ex-GWO lacks adaptability to real-time changes in network topology,
making it less efficient in high-mobility scenarios. In an effort to further enhance LEACH-based
clustering, Abdulaal et al. [24] presented NM-LEACH, a modified version of LEACH that
incorporates energy as a weight factor in the cluster-head selection process. NM-LEACH
effectively addresses network imbalances by prioritizing energy-efficient nodes, but its fixed
thresholding approach limits adaptability in heterogeneous WSNSs. These findings emphasize how
crucial it is to create energy-efficient practices. to extend network lifespan, optimize packet
delivery, and enhance overall performance in WSNs. A key challenge remains in balancing
energy utilization, data throughput, and network longevity while maintaining efficient
communication in scalable and dynamic environments. Existing approaches either suffer from
static clustering mechanisms, inefficient routing strategies, or high computational overhead,
necessitating a more adaptive, scalable, and energy-efficient solution. The OLEACH protocol
proposed in this study addresses these gaps by leveraging Virtual MIMO communication
alongside an optimized LEACH framework. Unlike existing methods, OLEACH integrates a
Multi-Population Applying Particle Swarm Optimization (MPPSO) for the selection of cluster
head process, making the energy consumption balanced and extending the life of the network.
Dynamically accommodating changes in network topology and fluctuating SNR conditions,
OLEACH offers a more scalable and stable solution for wireless sensor network communication
with reduced energy consumption. The OLEACH (Optimized LEACH for Virtual MIMO
Communication) protocol was chosen as the proposed algorithm because it can address major
limitations of current clustering-based WSN protocols and maintain energy efficiency,
scalability, and robustness. The conventional approaches like LEACH, HEED, BRICH, and B-
LEACH are random or heuristic-based cluster-head selection, and they lead to unequal energy
consumption and reduced network lifetime.OLEACH is able to mitigate this drawback using
Multi-Population Particle Swarm Optimization (MPPSO) to optimize the selection of cluster-
heads based on energy, node position, and network to achieve fair utilization of energy and
increased network duration. OLEACH also guarantees improved data reliability during
transmission by employing Virtual MIMO communication to achieve maximum spectral
efficiency with a reduced power utilization. Compared to conventional protocols with poor
performance under low SNR environments, OLEACH maintains a high Packet Delivery Ratio
(PDR), even under an SNR of -10 dB, thus being more reliable in real WSN applications. In
addition, OLEACH adapts dynamically to changes in network size and topology, providing
improved scalability over fixed clustering methods. By combining energy-aware routing,
adaptive cluster formation, and data transmission optimization, OLEACH presents a complete
and efficient solution for energy-efficient, long-lasting, and high-performance WSNs.

3. METHOD USED

In a cooperative virtual MIMO the communication network is grouped together as clusters where
it aggregates the data from other sensor nodes. The fused data is then broadcast to cooperative
nodes, who send it to a sink node through many hops. The system assumes sensor nodes that are
stable and time-synchronized, with the sink node having numerous antennas for cooperative
receiving. The analysis disregards baseband signal processing energy consumption and assumes
good SNR for efficient communication.The proposed network consists of randomly distributed
nodes organized into clusters for efficient communication. Each cluster includes co-operative
cluster-heads (CH), and multiple sensor nodes (SNs). The transmission within a cluster, from
SNs to CHs, is referred to as local transmission, while the transmission from CHs to the sink
node is termed as long-haul transmission. Here, the channel propagation model is taken into
account for both multipath fading and open space. that is dependent on distance between receiver
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and transmitter. In condition of local communication, they are close to each other whereas they
are far apart in long-haul transmission. The entire communication model is assumed to be
effected by additive white Gaussian noise (AWGN) [25]. Then, the received signal at
Jjennodefrom i, node with n signals are mathematically represented as:

Ti,j (local) () = Tij(local)s(n) +1; (n) (1)

Where, n;(n) is AWGN samples at terminal j, 7;;ocar) = dl-‘j2 with d;; is the distance between
node i and j, and s(n)is the transmitted signal. Whereas in long-haul transmission, the
communication model is also effected by Rayleigh fading, as nodes are far apart. Then in such
communication, the received signal is represented as:

Tij (tocat) M) = Tijocanyhijs(m) +nj(n) 2)
Where, fading coefficient is termed ash;; among nodes such as nodei and node j and 7;ocar) =
dij* .

3.1. Virtual MIMO Routing Algorithm

In each cycle of data transmission, the LEACH protocol [26], which serves as a model in this
work, selects cluster head nodes. A probabilistic mechanism underpins the selection procedure.
The LEACH protocol determines the likelihood of the ith node being elected as a cluster head
node in the 7y, round as follows:

n

P@) ={(N —n[r mod (N /D)
0 otherwise

if ieG 3)

Where, set of nodes is represented asGthat doesn’t contain the cluster heads in roundr mod (N/
n). After selection of n CH nodes, the message is broadcasted for invitation to other nodes to join
their respective cluster. The nodes select cluster head according to the signal strength i.e., nearby
CH. Then information such as node ID, remaining energy, and the distance are communicated to
their respective cluster head. This process is continued untiltheN—n sensor nodes (remaining
nodes) are selected in their respective cluster heads. This results the creation of n clusters. After
cluster formation, they prepare a routing table to find the best and optimal route for data
transmission. They work towards finding the optimal path to the sink node, ensuring efficient
communication. This step involves ongoing optimization and adjustment by the cluster head
nodes until they determine the best route to relay data to the sink node. In LEACH based
cooperative virtual MIMO (presented in fig 2), the entire algorithm is divided in two phases:
setup and steady state. During setup, cluster heads are selected based on a random number and a
threshold calculation. In the steady state phase, data is transmitted to the base station. The
threshold is evaluated as:

T(n) = —FF—— if n¢G
" (1—p<rmod(%)>) " (4)

Where Gis number of nodes competing for CH. p is the probability of becoming CH at round r.
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Fig 2. Flowchart of LEACH Protocol

The LEACH algorithm has a drawback where cluster heads are selected randomly, which may
not result in the most energy-efficient nodes for data transmission. To address this limitation, a
virtual MIMO routing algorithm is proposed as a solution. This algorithm aims to overcome the
shortcomings of LEACH by optimizing the selection of cluster heads for efficient data
transmission to the sink node, thereby improving energy savings in the network. Therefore, in
this paper, energy-efficiency of the WSN network is enhanced with optimal LEACH protocol
with virtual Multiple-Input Multiple-Output (MIMO) routing algorithm. The optimal LEACH
protocol is designed using nature-inspired algorithm i.e.,“multi-population Particle Swarm
Optimizer (MPPSQ)”. The Multi-population Particle Swarm Optimizer (MPPSO) is an algorithm
that combines different exploring methods in Particle Swarm Optimization (PSO) into a single
algorithm.Here head node is selected on the basis of MPPSO. The core idea of MPPSO is to
assign best particles using successful exploration method in order to take advantage of their
diverse features and allocate more computing resources to enhance efficiency. MPPSO divides
the population into different sub-population and one reward population. Each sib-population have
small number of particles with their respective velocities. For sub-population is selected on the
basis three different algorithms such as LDWPSO, UPSO, and CLPSO [27]. The MPPSO is
repeated for number of learning rounds and at the end of each round an optimal population is
selected. Here each sub-population contains m particles and optimal population contains n
particles. The particles in optimal population termed as POP,with respect toPOP;,,;,, wherein
sub € LDWPSO, UPSO, and CLPSO, Evaluated as:

Ngyp = [N * 4] 3)

The selection criteria of POP, by using POP;,;, is evaluated on the parameter such as S¢ iteria
evaluated as:
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4
Scriteria = N — Z Nsup ( )
sub=1,2,3
Fitness of POP;,,;, is evaluated as:

fltsub fltsub + f(pbeSt ) f(x ) S POPsub (5)

Among the best fit population POP, is selected as:

POP, max ([ fitsup ]) (6)

arg(sub—123 N * N,

Particles in POP;,;is assigned toPOP,and their velocities are updated according to increased
iteration k. MPPSO improves search effectiveness with POP, as each population can focus on
different regions of the search space, increasing the likelihood of finding global and local optima
together. This boosts exploration and exploitation, leading to better solution discovery.In
dynamic optimization algorithms, achieving a balance between exploration and exploitation is
crucial. Emphasizing exploration too much leads to random search, while focusing too heavily on
exploitation results in local search. In addition, the robustness of parameter settings of the
algorithm over problems is crucial. This work presents a novel algorithm named Multi-population
PSO, which will try to find a proper trade-off between exploration and exploitation as shown in

fig 3.
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Fig 3.Flowchart of OLEACH Protocol
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The suggested OLEACH protocol has some advantages over conventional clustering and routing
protocols in WSNs:

e Enhanced Energy Efficiency: OLEACH departs from traditional LEACH, HEED,
BRICH, and B-LEACH whose cluster-head choice is made in a random or heuristic
fashion. OLEACH uses a Multi-Population Particle Swarm Optimization (MPPSO)
algorithm. With it, the best energy and position parameters will determine the choice of
cluster-heads, and so reduce energy overall consumption while improving network life
expectancy.
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e Enhanced Packet Delivery Ratio (PDR): The extended LEACH protocol improves data
transmit reliability in WSNs. Simulation results state that OLEACH provides maximum
PDR (98%) over LEACH, HEED, and BRICH, ensuring much more reliable data
communication even for different network situations.

e Higher Network Scalability: In contrast to the traditional MIMO and Virtual MIMO
methods that are computationally costly on fixed equipment or rely on centralized
processing, OLEACH scales dynamically according to the nodes, thereby achieving
scalability without overwhelming computational expenses.

e Optimized Cluster Head Selection: Traditional clustering protocols often select cluster
heads randomly or by local heuristics, leading to uneven energy distribution. OLEACH's
MPPSO-based selection approach judiciously balances the energy load on nodes,
preventing premature energy depletion of key nodes and enhancing network longevity.

e Improved Performance Under Varying SNR Environments: Current protocols exhibit a
decrease in performance at low SNR values. OLEACH, on the other hand, is built to
deliver packets consistently even under poor SNR environments (e.g., -10 dB), thus
proving to be more reliable in practical deployment environments.

e Network Failures Robustness: In OLEACH, the Virtual MIMO approach of cooperative
operations guarantees that a communication path has backups, so the effect of node
failure is less compared to existing clustering algorithms.

3.2. Cooperative Nodes Selection

Among the set of cluster head nodes some nodes are considered as cooperative nodes that
construct a virtual MIMOcommunication system. The selection of co-operative node is
determined on certain factors, such as:

Erem (1)
max —din<d; <d 5
nodeiecluster  d; min t max 2

The selection criteria for cooperative nodes in the virtual MIMO system are based on the
remaining energy of the nodes E,.,, (i) and the distance between the cooperative node and the
cluster head node is represented as d;. There are also lower d,,;, and upper d,, 4 distance limits
specified. After identification of co-operative nodes according to selection criteria in virtual
MIMO communication mode. Selection criteria is based on Space Time Block Code (STBC)
scheme and according to their 1D their roles are assigned. Finally fortransmission, Time Division
Multiple Access (TDMA) slots are allotted in the virtual MIMO system.

3.3. Data Transmission

In data transmission phase, the cluster head node broadcasts message to sensor nodes. Then,
sensor nodes transmit their respective data to cluster head nodes within their allotted time-stamp
slots. Then after transmission, the sensor node enters into sleep mode to conserve energy.Then at
cluster head node, data aggregation or data fusion is performed to reduce data redundancy as well
as save energy. Then they broadcast the data to the cooperative nodes. In final stage, the co-
operative node creates a virtual antenna array after receiving data from CHs and transmit
according to TDMA technique [28].This allows for improved signal processing and transmission
efficiency in the network. Therefore, the efficiency of the communication model was improvised
by using the OLEACH algorithm which is described as in above section.
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4. RESULT AND DISCUSSION

The proposed optimized-LEACH (OLEACH) algorithm was analyzed in this section using
MATLAB [29] for experimental simulation. The simulation was conducted in a Virtual MIMO
environment [30] with variable sensor nodes deployed. Simulation setup is presented in table 1.

Table 1. Simulation Parameter

Parameters Values

Sensor Nodes 100

Initial Energy of network 10J

Number of Antennas 4-12
Energy Dissipation while transmitting bits 0.1nJ/bits
Energy Dissipation while receiving bits 0.1 nJ/bits
Packet size 1000-4000

SNR -20dB to 20dB

The following performance parameters are used to evaluate the result:

Remaining Energy: It refers to the difference between total energy and consumed energy. It is
evaluated as:

Remainingenergy (1)
= (Total Energy — Energy consumed during transmissionn
— bit data packets)

Packet Delivery Ratio: PDR is an important performance metric in the Virtual MIMO WSN
environment, determining the reliability and efficiency of data transmission. PDR in WSN refers
to the proportion of data packets that are successfully transmitted to the network's intended
destination node.

No.of packets received 2
PDR = fp 100 @)

= %
Total packets transmitted

Optimized LEACH (OLEACH) was proposed and some of the already existing cluster protocols
such as LEACH, HEED, BRICH, and B-LEACH were implemented. Because LEACH is a most
widely applied algorithm in wireless sensor networks (WSNSs) with emphasis on data acquiring
capacity and network lifetime [31]. It is motivated by hierarchical clustering method where local
clusters are created by sensor nodes and each cluster has a cluster head (CH) which collects data
and aggregates them. Another WSN clustering method utilized to minimize energy consumption
is HEED.It adapts cluster heads dynamically based on parameters like remaining energy and cost
of communication. BRICH is also a hierarchical clustering protocol involving bottom-up and top-
down techniques for cluster head selection. It breaks down data points into small clusters and
then aggregates similar groupings in order to create a hierarchy. It uses density-based approaches
to strike a compromise between cluster quality and computing efficiency. B-LEACH is a LEACH
protocol enhancement built primarily for energy-efficient routing in WSNSs. It prolongs network
life by regulating energy usage among cluster heads. This is accomplished by selecting cluster
heads based on residual energy and spreading cluster head roles evenly among the nodes. The
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Optimized LEACH (OLEACH) method was presented as an improvement to the original
LEACH algorithm, with the goal of further optimizing energy consumption and improving
network performance. Below results analysis was performed with respect to varying SNR and
varying antennas.Fig 4 shows the performance of OLEACH with Varying SNR [32]. For SNR -
10dB the PDR is maximum. The next is remaining energy with varying SNR is presented, it is
shown that the remaining energy was approx. 8J for 1000 rounds and it is almost same for signal
to noise ratio - 10 to 10db. Fig 5 shows the OLEACH performance from different antenna which
is 4, 8 and 12. The PDR increases with increasing antennas. Fig 6 shows the OLEACH
performance from varying packet size which is 1000-4000. The PDR decreases with increasing
packet size. Fig 7 shows the packet delivery ratio with SNR varied from -10 dB to 10dB
comparing LEACH, HEED, BRICH, B-LEACH and OLEACH algorithm. Number of data
transmission rounds varied from 0 to 1000. It is clearly visible that O-LEACH has better
performance when compared to other state-of-art protocols. Fig 8 shows the remaining energy
comparison with varying number of rounds with different SNR values and compared with
existing state-of-art models such as LEECH, HEED, BRICH, B-LEACH and OLEACH
algorithm. For O-LEACH remaining energy was higher as compared to other state-of-art models
while comparing it with other techniques.
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To further validate the accuracy of OLEACH, we compared its performance against other state-
of-the-art protocols, including LEACH, HEED, BRICH, B-LEACH, Ex-GWO, ESEERP, and
SIMHC. Table 2 provides a comparative analysis of these methods in terms of Packet Delivery
Ratio (PDR) and energy efficiency. Our findings indicate that OLEACH achieves the highest
PDR (98%) and energy efficiency (99%), outperforming existing methods. In particular, Ex-
GWO attains 85% PDR, whereas ESEERP and SIMHC attain 96% and 95% respectively.
OLEACH's enhanced accuracy can be explained by its cluster head selection optimized for better
performance and energy-efficient routing, which largely minimize energy consumption while
ensuring network reliability.
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Table 2. Comparative State-of-Art

Protocol PDR (%) Energy Key Features
Efficiency (%)
Ex-GWO 85% 90% Uses Grey Wolf Optimization for energy-efficient
routing
ESEERP 96% - Enhances energy-efficient routing in 10T-based
WSNs
SIMHC - 95% Integrates Swarm Intelligence for efficient data
transmission
LEACH 82% 85% Standard clustering-based routing protocol
HEED 88% 87% Adaptive clustering-based routing protocol
BRICH 90% 89% Hierarchical clustering protocol for energy
efficiency
B-LEACH 92% 91% An improved LEACH variant focusing on
balanced energy consumption
OLEACH 98% 99% MPPSO-based cluster head selection for optimal
(Proposed) energy utilization

5. CONCLUSION

Via an Energy-Efficient Virtual MIMO Communication (EE-VMC) strategy of cluster-based
cooperative WSNs with a base on optimal LEACH (OLEACH), this current work handles the
matter of energy-saving in wireless sensor field (WSNSs). If implemented through communication
utilizing virtual multiple-input multiple-output (MIMO), the protocol of OLEACH is able to save
immense amount of energy and provide even greater network efficiency. Simulation outcomes
reveal that OLEACH attains a 98% Packet Delivery Ratio (PDR), outperforming LEACH (82%),
HEED (88%), BRICH (90%), and B-LEACH (92%), with 99% energy efficiency, one of the best
energy management approaches for WSNs. OLEACH is also efficient under low SNR values (-
10 dB) and has better data transmission ability with more antennas (4 to 12). Its capability of
supporting greater residual energy levels increases network duration and enforces more efficient
usage of resources. These results confirm that OLEACH is a scalable and robust solution for
energy-efficient WSN deployments, with potential applications in large-scale wireless networks.
Future research should focus on integrating energy harvesting technigues, optimizing power
management strategies, enhancing security mechanisms, and incorporating Al-based adaptive
routing for improved real-time cluster head selection. Addressing these areas will further
strengthen the role of Virtual MIMO and OLEACH in building sustainable, secure, and high-
performance wireless sensor networks.

ABBREVIATIONS

WSNs Wireless Sensor Networks

MIMO Multiple-Input Multiple-Output

vMIMO Virtual Multiple-Input Multiple-Output
Csl Channel State Information

EE-VMC Energy-Efficient Virtual MIMO Communication
DQN Deep Q-network

UWSNSs Underwater Sensor Networks

Ex-GWO Expanded Grey Wolf

QoS Quality of Service

AWGN Additive White Gaussian Noise

MPPSO Multi-population Particle Swarm Optimizer
TDMA Time Division Multiple Access

PDR Packet Delivery Ratio
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SNR Signal to Noise Ratio
CH Cluster Head

SNs Sensor Nodes

STBC Space Time Block Code
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