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Abstract 

Wireless multi-hop communication is essential for deploying networks, nodes, and 

sensors in real-time applications. Multi-hop communication occurs whenever sensor 

nodes have limited communication range and the number of sensor nodes in the 

network is very large. Deployment efficiency indicates whether the node location is 

suitable for clustering. When a position becomes unsuitable for deploying nodes, the 

particle swarm optimization algorithm gives statistics on improved deployment 

position. Select the appropriate node positions, installation of nodes, configure the 

nodes are derived for the network deployment. Using medium access control (MAC) 

protocols, the sensor is used to transmit the data without collision avoidance within 

those sensor nodes. High positioning of a chosen node with deployment attributes 

performs similarly to a designed packet network. Hence, to enlarge the designated the 

network performance, overall effect of performance degradation gets diminished. The 

purpose of this research is to attain improved network performance with multiple 

sensor distribution and improve node positioning in multi-hop WSNs. Particle swarm 

optimization (PSO) is determined for a multidimensional vector space of networks 

with minimum and maximum functional states. Simulation results show that the 

proposed algorithm effectively mitigates multi-hop wireless communication and 

significantly improves sensor deployment.  

Keywords: Multi-Hop WSN, Medium Access Control (MAC) Protocols, Particle 
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1. Introduction 

When the large number of nodes is deployed, the WSN does not assign the actual 

identifiers for each node, as it is difficult to handle large computation nodes. Network 



processing requires basic locality in the data, and the node queries are also queried 

according to the context. To solve the routing problem, multiple strategies are used to 

find feasible solutions. To process real-time monitoring, gathering, sensing, and 

monitoring of that object information, the multi-hop network system performs as a 

sensor network to cover those areas. These areas are based on various applications that 

use multihop relay to transmit object information through the user terminal. Such 

stationary nodes compose various WSN applications. The relatively low rates with 

data routing and a central base station using nodes that travel from source to 

destination The traffic gets relayed according to the transfer of data from source to 

destination using those intermediate nodes, which create those multihop routes.  

A multi-hop wireless network considers those collections of devices that use radio 

transceivers and consist of physical and MAC protocols that configure the data. These 

provide the forward functionality to enable single-hop and multi-hop communications. 

However, those simple hosts' communication using the access point in the IEEE 

802.11 standard protocol does not easily perform the multi-hop network. These multi-

hop wireless networks use the central access point, which does not provide that 

forward efficiency functionality.  

Each node transmits to that limited number of nodes directly using energy-efficient 

wireless sensor networks. The network coverage area is comparatively larger when 

using radio range than when using multi-hop routing for single nodes. Multi-hop 

communication is used to reduce energy consumption while increasing network 

lifetime. When a network packet is sent from source to destination via multiple 

networking devices, the signals tend to arrive at the destination. Each sensor is 

gathered from those that travel from one end to the other. Sensor readings are 

collected and retransmitted to other sensors using the sink node, which has the 

capability to communicate when the user reaches the destination.  

To avoid these, deploy multi-hop wireless networks via cables, which is a cost-

effective method. In this network, the nodes are used to communicate with each other 

through the wireless channel medium, which does not require any infrastructure or any 

centralised hub to control. These multi-hop relays focus on increasing the throughput 

ratio and providing the necessary control over the large physical medium. Nodes rely 



on each other by cooperating with each other, which relies on intermediate relay 

nodes. Because nodes have limited resources, their transmission range may be 

limited. Mechanically, the minimum and maximum values of a given function are used 

to approximate the optimization. These approximate solutions identify and find those 

impossible states of numeric maximisation and minimization issues using artificial 

intelligence in WSN. Particle swarm optimization uses multidimensional vector space, 

which finds the maximum and minimum range of functionality. 

The movement of each part is initially iterated with an increase in strategy, which 

gradually reduces with each iteration. Memory allocation with computational 

resources with good result performance and implementation for individual sensor 

nodes are required for the optimization methodology. Specifically for deployment on a 

single sensor network, an optimization strategy that produces successful outcomes 

while consuming less processing and memory power is preferred. If the nodes are 

designed properly, the overall power consumed for end-to-end communication across 

such a network could be greatly decreased. WSN deployment determines the 

positioning of sensor nodes with coverage, desired connectivity, and other energy-

efficient methods that achieve those few nodes.  

WSN is based on optimization issues that can be handled by particle swarm 

optimization (PSO), which is simple, easy to use, computationally insufficiently 

stable, and of high quality. The massive computational power provided by analytical 

optimization techniques exponentially increases population size. a method of 

evolutionary computing that is frequently applied to continuously nonlinear 

optimization problems. Through understanding of its encounters and those of its 

neighbours, individual particles in the PSO modify their positions. Upon completion 

of the initial network domain, this will determine where the WSN node should be 

placed.  

Every node, mostly in WSN, does have a communication distance that specifies the 

space that can accommodate more nodes. The objective of this research is to optimise 

coverage for a particular sensor size by deploying sensor nodes in wireless sensing 

networks utilising PSO. Every sensor has a detection range, and by combining certain 

sensors to form WSNs, it could recognise a wider region. This suggested technique 



may be carried out by the cluster members, who can also coordinate the one-time 

relocation of nodes with WSN sensors to the required locations. Despite the fact that 

this approach offers the best deployment places, the sensor model needs to be 

improved. The aim of this effort is to raise the sensor coverage ratio and also improve 

sensor deployment. 

2. Literature Review 

The fast adoption of wireless networks (WSNs) and the incorporation of IoT 

technologies were described by Sadeq [1]. Several approaches use a limited approach 

to addressing this issue. The key performance variables that must be improved are 

presented, along with various strategies and methods for doing so. To give more 

information on utilising these strategies and techniques to fix stability issues, a 

comparative assessment is presented. The achievement of WSN advancement is 

influenced by a number of factors, especially advancements in medium access control 

(MAC) procedures. For such procedures, numerous factors must be taken into account, 

including reduced energy, effectiveness, expandability for a large number of nodes, 

and cluster analysis insights. In addition to their fundamental duty of detecting, Tam 

[2]'s research on wireless sensor networks describes how sensors aggregate data 

among their nearest neighbours and send it to the ground station. We get improved 

outcomes over conventional techniques because this technique makes use of a unique 

operational technique for edge tree modelling that allows the unification of 

metaheuristic algorithms across occurrences. For the best data gathering structures, 

approximate techniques for larger instances are required. 

Mittal [3] asserts that WSN must make use of the routing protocol to provide sequence 

data between occurrence zones to sink through low-cost links. This proposed approach 

greatly surpasses current policies and procedures in terms of energy, scheme lifespan, 

and stabilisation time, according to research and simulation findings. Nevertheless, in 

clustering protocols, each cluster head is also responsible for coordinating a number of 

events that take place only within clusters. In order to achieve the lowest connectivity 

costs for task scheduling among various cluster heads and resource minimization, 

multi-hop communication among cluster heads and access points is used. Hence, a 

crucial component for the long-term operation of WSN is the right identification of 



cluster heads and subsequent task scheduling using effective routing protocols. 

Wireless sensors (WSNs) were widely used for purposes including monitoring and 

tracking in distant areas, according to Kalpna's [4] research. The primary objective of 

this research is to examine hierarchical routing strategies in order to increase network 

lifespan and power efficiency. This study has provided researchers with specific 

advice on how to create network algorithms. The topology of the network and 

dispersed nature of WSNs present a significant barrier for developing energy-efficient 

methods for handling data incident forwarding. In this research, hierarchical energy-

efficient networking algorithms based on traditional and swarm-intelligent methods 

are discussed. Cluster-based architecture is preferred in WSNS, according to Elhoseny 

[5,] because it consumes less energy. This short network lifespan is a significant 

problem in multi-hop clustering contexts, but these techniques increase performance 

inside a single-hop clustering conceptual model. The complex process of choosing 

cluster heads has a significant impact on the network's performance. Both in multi-hop 

and single-hop clustering architectures, the innovative clustering approach utilised in 

this study is predicated on a genetic algorithm. 

 Das [6] provides the study wherein multiple sink node deployment methodologies are 

provided for optimal load balancing, in which the networks are divided into a variety 

of subsets or clustered around certain sinks to collect information. This research aims 

to improve the network lifespan and minimise transmission latency. The size of the 

clusters as well as the clustered dimension are both optimised in this work using 

unique theoretical multi-sink graphs. According to D. R. D [7], analysed the issue of 

placing k sink node optimally in a wireless sensor to minimize the average number of 

hops among detectors as well as the closest sink. Each sensor location is located using 

a known set of values, and those clusters are optimally partitioned with sink nodes. In 

a multi-hop WSN, a sensor node spends most of its energy relaying data packets, so 

energy reduction is one of the major issues in the design of WSN for increasing the 

lifetime of networks. These distances can be reduced effectively by deploying multiple 

sinks instead of one and having every sensor communicate with its closest sink.  

In [8], In order to determine the sensor network placements depending on routing path, 

dispersion, and groundwater level, the system employs Particle Swarm Optimization 



(PSO). In order to examine the network coverage in relation to communication range, 

amount of node, and level, the system is modelled in various submerged 

circumstances. These studies suggest a method for an acoustic sensor network-based 

optimization architecture that aims to encompass the monitored region optimally with 

the fewest possible sink nodes. 

3. Methodology 

WSN 

The WSN network is made up of sensors as well as a clustering sensor node that 

serves as an access point and gathers information from all sensors and communicates 

orders to devices. The overall effectiveness of WSNs is significantly affected by 

distribution. The utilisation of several sensor networks in a mobile ad hoc network 

reduces dependability and sustainability issues. The main objective is to increase the 

total coverage rate with each target destination obtained. To detect, manage, and 

accomplish set objectives in an external environment, wireless sensors are being used. 

A sensor node is in charge of gathering information from the real environment through 

hierarchical clustering, database correlations, and the integration of data from those 

other sensors with its own data due to all of these characteristics, elements, and 

improvements. Relay devices are used with incoming data, making many hops from 

the source towards the sink to combat such small distances. 

 



Figure 1: WSN Architecture 

The network must reconfigure itself frequently enough to function well under agility. 

To set up the network in a resilient manner, the scaling and durability minimization 

goals must be met in a dispersed manner. Data is combined to create a compressed 

version, and nodes use the data of nodes farther from the sink to act as intermediaries 

between the source and sink. This function is centrally managed to collect data before 

determining where and how the information will be transmitted. This function is 

evaluated at different positions, and the approximate values are much more accurate 

when using multiple sensors. This is relevant whenever WSNs implement redundant 

data so that multiple nodes can transmit the same event. Collecting the activity of the 

components of a sensor node can be complex and will vary depending on the 

application. Ensuring correct information, including addresses or routing table entries, 

is critical to scalability. A methodology of resilience is challenging and heavily 

dependent on failure predictions, including both node and communication networks. 

The sensor node must provide enough data within its own packet, including a port and 

IP address. Each request is transformed by the gateways into appropriate internal 

sensing network exchanges. The endpoints in WSN applications ought to be available 

in standard applications. This sink is often expected to be located inside or quite 

adjacent to the sensing field, as in the majority of channel assignment cases, making it 

a component of the multi-hop connection in obtaining the sensor information. 

 Multi-Hop Networks 

In order for the information to reach its destination, an intermediate sensor must 

choose an adjacent sensor node to send the data to. Such sensor networks could 

seamlessly interact with each other and send the collected data to customers via 

ground stations. Each particular source is routed to a particular route, mostly in a 

simple, multi-hop, exponentially growing network with the help of a large number of 

relay nodes that can collect the energy and information obtained in previous relay 

transmissions. In terms of transport, MAC (Media Access Control) protocols are 

capable of rapid evolution in three dimensions on a packet-by-packet basis. In radio 

channels, multi-hop networking is a form of communication in which the network's 

coverage area is greater than the radio transmission range of a particular node. WSN 



uses a broadcast communication approach, but traditional wireless networks use point-

to-point communication. A unique characteristic of WSN is that data collected by 

adjacent nodes and some consecutive readings sensed by sensors are highly correlated, 

which presents an opportunity to develop efficient protocols. It uses an independent 

message-receiving opportunity to automatically select the next step from the wait 

button after the transfer. The intermediate node will receive the packets provided by 

the transmitter because wireless transmission is broadcast-based. These received signal 

is transmitted by the closest node, while the batch transmits within it. 

 

Figure 2: Proposed Architecture Diagram 

Particle Swarm Optimization 

Problems are optimised using a computational technique known as particle swarm 

optimization (PSO) by iteratively trying to improve the optimization technique with 

respect to a particular performance metric. The main advantage of PSO is that only 

minimal functionality needs to be adjusted. PSO finds the optimal solution over the 

whole particle, but somehow it is very slow to match the optimal solution in high-

dimensional parameter space. Additionally, PSO uses a swarming phase. This allows 

an extensive simultaneous search for the optimal solution to the optimised objective 

function.  



PSO meets proximity and efficiency specifications because particles can adjust their 

position and velocity in response to environmental changes. Each iteration uses 

information from the previous iteration to adjust the mobility of each dimension. This 

information is used to calculate new positions for the particles. Throughout the PSO, 

particles change their movement modes to adapt to changes in the environment, but 

can maintain steady motion. The PSO approach is often suitable for the category of 

extended optimization algorithms that do not require complete information. Particles 

are autonomous agents that can explore complex problems using their own experience 

and the collective experience of their peers within the PSO algorithm. 

4. Construction 

Data Processing 

The data transformation consolidates the sensor data streams through the source nodes, 

which travel to the end node. The system is designed to transfer data from two or more 

access points through those system controls. When data is streamed through the source 

and destination nodes, it arrives at the sink node. The exchange of data between two or 

more network-connected devices by data communication These sensors are capable of 

transmitting and receiving data through a medium. Data extraction extracts data in a 

different way, recognising and processing transmissions that occur in the network 

node. Sensor nodes collect sensor data, which is then sent via multihop 

communication to the sink node. Such devices easily communicate, which has 

different effects depending on how they act together. 

Multihop Communication in Networks 

In wireless channels, nodes communicate among each other, which does not require a 

common infrastructure in radio cognitive networks. Network coverage is 

comparatively higher than the radio range of single communication nodes using multi-

hop routing in radio networks. Multi-hop communication is preferred in networks to 

reduce energy consumption and extend lifetime validity. Multi-hop communication is 

optimised for cost-effectiveness by deploying the state of energy reduction usage. 

Through the gateway, WSN communicates using the local area network, which 

transmits over a short distance. To optimise those communications within the network, 



multihop communication is utilized. Multi-hop communication is connected through 

distant nodes as it does not have a centralised system to monitor or control the 

functions of the network. The intermediate nodes forward those message packets as 

they are not directly connected to the source and destination. Mobile nodes collect 

multi-hop networks in the wireless medium.  

Sensor Deployment in Networks 

The WSN function process extracts data and transmits it to a remote location. The 

large number of sensor nodes easily deploys those monitoring areas, which require the 

minimum number of nodes to maintain full coverage and network connectivity. When 

nodes are deployed at random, they experience adverse environmental conditions. The 

two adjacent wireless sensor nodes are comparatively smaller than maximum 

communication, which ensures the transmission of WSN where the base station 

receives the node. Randomly deployed network nodes forward those network packets 

to another node. These wireless sensor networks gather all that information, which is 

then used to deploy those strategies by maximising the space coverage of the overall 

environment within the sensor node. 

5. Experimental Results 

Sensor Deploying Constraints 

One of the main constraints in WSN leads to sensor deployment. These deployment 

issues have a direct impact on sensor mobility, which has a limited range. Intrinsic 

properties of WSN lead to connectivity, cost efficiency, and even the location of 

devices to deploy those types with a large number of sensors. According to constraint 

networks, each variable validates with others with a large number of nodes, which 

deploys the monitoring. A minimum number of nodes is required to maintain coverage 

and connectivity for deployment.  PSO, which is made up of a swarm of particles, 

generally mimics the behaviour of flocks of birds. The dimension space regulates its 

direction with its neighbors, which solves the non-linear stochastic problem. The 

fitness of each particle depends upon its position, which lowers the cost. Using the 

PSO algorithm, the sensor deployment constraints are maintained as follows: 

 Initializing the number of swarm particles 



 Repeating the process  

 Every swarm particle is a uniformly distributed particle. 

 For solving stochiometric optimization, calculate the fitness value is better 

than Pid # fitness value. 

 Setting those present values # actual values accordingly 

 Calculate the particle's positions and update its velocity. 

 Find minimum and maximum iterations to cover the swarm intelligence 

approach. 

In multi-hop communication nodes communicate distinct and unknown nodes to 

deploy those sensors constraints. Both those unknown and known nodes are used to 

determine the multi-hop communication to identify whether network is distributed 

uniformly without less network coverage which reduces the overall performance of 

sensors. Using the maximum and minimum iterations, the cluster head size is 

prominently increased and decreased gradually. 

 

Figure 3: Correlation Graph using Network Distribution in WSN 

6. Conclusion 

PSO is a stochastic optimization technique that employs intelligent and moving 

swarms. These are parallelized as concurrent processing, which is generally insensitive 

to scaling those different variables. In general, PSO carries both local and global 

searches simultaneously; therefore, the PSO algorithm gives better performance than 

the genetic algorithm. PSO plays a major role in developing the efficiency and 
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performance of the algorithm. Parameter selection is handled in PSO, where it 

achieves this through flying particles along with trajectory, which gives better 

performance. These proposed algorithms effectively implement and provide multi-hop 

wireless communication, which can significantly develop sensor deployment. The goal 

of this research is to enhance node location in multi-hop WSNs and network efficiency 

using various sensor distributions. This particle swarm optimization technique 

provides data on optimal deployment positions whenever a position becomes 

unfavourable for distributing nodes. Multi-hop relays put a significant amount of effort 

into boosting throughput and giving users constant quality over the large physical 

medium. 
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