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Abstract: 

WSNs (Wireless Sensor Networks) play a pivotal role in various applications. However, the inherent constraints of 

sensor nodes, particularly limited energy resources, pose significant challenges to the overall performance and 

longevity of WSNs. This research explores innovative pathways towards sustainability in WSNs by introducing 

advanced routing-based energy optimization techniques. This research begins with a comprehensive analysis of the 

existing challenges in WSNs, emphasizing the critical importance of energy efficiency for prolonged network 

lifetime. Novel routing strategies are proposed to enhance performance and extend the operational lifetime of sensor 

networks, leveraging this considerate. These strategies incorporate intelligent energy-aware algorithms and protocols 

that dynamically adapt to the network conditions. The exploration explores the design and execution of the proposed 

routing-based energy optimization techniques, providing a detailed examination of their impact on network 

performance metrics such as latency, throughput, and reliability. Simulation results validate the efficiency of the 

introduced strategies. Furthermore, the study explores the implications of these advancements in diverse application 

scenarios, including environmental monitoring, healthcare, and smart cities. The potential for sustainable and 

resilient WSNs is discussed, highlighting the broader significance of the proposed routing-based energy 

optimization techniques in addressing the evolving demands of contemporary sensor network applications. Finally, 

this research presents a significant step forward in the pursuit of sustainable WSNs. The proposed routing-based 

energy optimization techniques offer a promising way for enhancing the performance and extending the lifetime of 

WSNs, thereby contributing to the realization of efficient and permanent solutions for a wide range of applications. 

Keywords: Advanced Routing-Based Energy Optimization Techniques, Energy Efficiency, Prolonged Network Lifetime, Energy-

Aware Algorithms, Latency, Limited Energy Resources, Network Performance Metrics, Operational Lifetime of Sensor Nodes, 

Reliability, Sustainability, Throughput, Wireless Sensor Networks (WSNs). 

1. Introduction: 

In recent years, the proliferation of Wireless Sensor Networks (WSNs) has significantly 

contributed to advancements in numerous fields, comprising environmental observing, 

healthcare, agriculture, and industrial computerization. Nevertheless, the limited energy 

resources of sensor nodes remain a critical challenge, impacting the overall performance and 

longevity of WSNs. Efficient energy management is imperative to address this challenge and 

unlock the full potential of WSNs for sustainable and long-term deployment [1]. 

This paper explores the promising avenues of routing-based energy optimization techniques to 

enhance the performance and extend the lifetime of WSNs. By strategically optimizing the 

energy consumption of sensor nodes through intelligent routing protocols, we aim to mitigate the 
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adverse effects of energy depletion, ensuring the reliability and sustainability of WSNs in diverse 

applications [2]. 

Background: 

▪ Briefly discuss the rapid growth and widespread applications of WSNs 

[3]. 

▪ Highlight the significance of energy constraints in sensor nodes and its 

impact on network performance and longevity [4]. 

▪ Introduce the need for sustainable solutions to address energy challenges 

in WSNs [5]. 

Motivation: 

✓ Emphasize the importance of sustainable WSNs for continued 

advancements in data collection, monitoring, and automation [6]. 

✓ Discuss the potential economic and societal benefits of prolonging the 

lifetime of WSNs through energy optimization techniques [7]. 

✓ Present the ecological motivation for reducing the environmental footprint 

of WSNs [8]. 

Challenges: 

✓ Identify key challenges associated with energy consumption in WSNs, 

such as limited battery capacity, irregular node deployment, and dynamic 

network conditions [3]. 

✓ Discuss the implications of these challenges on network reliability, data 

accuracy, and overall system performance [9]. 

Objectives of the Study: 

❖ Clearly outline the goals and objectives of the paper, focusing on the development and 

evaluation of routing-based energy optimization techniques. 

❖ Emphasize the intention to enhance WSN performance, extend network lifetime, and 

contribute to sustainable deployment practices. 

Scope and Significance: 

❖ Define the scope of the study, specifying the targeted routing-based energy optimization 

techniques. 

❖ Discuss the broader significance of the research, including potential applications and the 

impact on various industries. 

Organization of the Paper: 

Provide a brief overview of the structure of the paper, outlining the main sections and their 

respective contributions. 
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Mention the key methodologies, techniques, and case studies that will be discussed in subsequent 

sections. 

By exploring and implementing routing-based energy optimization techniques, this study aims to 

pave the way for sustainable and resilient WSNs, ensuring their continued effectiveness in 

diverse environments. Through the systematic evaluation of these techniques, we anticipate 

uncovering practical solutions that not only enhance performance but also extend the operational 

lifetime of wireless sensor networks. 

2. Literature Review: 

2.1 Overview of Wireless Sensor Networks (WSNs): 

This literature survey serves as a foundation for the subsequent sections, providing a 

comprehensive understanding of the current landscape of routing-based energy optimization 

techniques in WSNs. The synthesis of existing knowledge sets the stage for the presentation of 

novel contributions, ultimately contributing to the development of more sustainable and efficient 

Wireless Sensor Networks. 

2.2 Brief Literature Review: 

The most important factor for the development of WSN routing protocol is energy efficiency, 

which has a straight impact on the network's lifetime. Lot of work has done to achieve it in 

WSNs. Several surveys are around to develop routing protocols with energy efficiency. Some of 

those routing protocols are presented below [10]. A survey done on routing protocols for WSNs 

is discussed in which classifies the routing protocols into three categories according to the 

structure of the network: Flat, location-based and hierarchical infrastructure. These protocols are 

further classified into query-based, multipath- based, QoS (Quality of service) based and 

negotiation-based routing techniques according to protocol operations. Thus, the survey 

describes the limited supply of energy, computing power and bandwidth of the wireless sensor 

nodes along with the advantages and disadvantages of each routing protocol. In this work, we 

compare energy-efficient routing protocols comprehensively focusing on energy efficiency 

issues to help the researchers on their work [11]. 

A few routing protocols were discussed in a survey for WSNs and classified into hierarchical, 

data-centric and location-based protocols. The two considered primary energy metrics are: 

Minimizing the total power consumption of all the nodes during transmission in the multicast 

session. Maximizing the time of operation until the battery of the first node is depleted. Though, 

a good number of surveys for WSNs and their routing algorithms are provided in the reference. 

Our work gives an analytic survey over the energy-efficient WSN routing protocols. It focuses 

on an energy-efficient WSN routing protocol to aid the readers in choosing the most appropriate 

energy-efficient routing protocol for wireless sensor networks. We also discussed the strength 

and weaknesses of each protocol and compared each of them with some metrics such as 

Mobility, Scalability, Power usage, Route metric, robustness, QoS Support, and periodic 

message type. Many researchers raise the issue of energy efficiency in WSN by designing 

different routing protocols to elaborate the lifetime [12].  
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In some previous protocols like Flooding, each node broadcast its control packet and data 

packets that it has received from other nearest nodes, and until and unless the destination reaches 

repeating of this process is done several times. Network protocol design should be scalable to 

different sized networks. Because of which the general problems like, Overlap and Implosion 

occurs. Due to the small or tiny size of the node, it can easily minimize the required power for 

getting energy efficiency and it automatically reduces the value of sensor nodes. In-network 

protocol designing when density and topology changes, the sensor node should be adaptive to 

such changes immediately. Furthermore, WSN consists of several nodes; by reducing each node 

cost it can easily reduce the whole network's cost. In literature, several energy- efficient 

protocols based on the cluster with different metrics considered in route selection were designed 

based on the present energy status of the particular node [13]. 

Routing is nothing but selecting an efficient (Energy) path to process and transport the 

information in the network, or over several networks. In the case of WSN, routing should be 

handled carefully because it is a very important task. This routing mechanism is necessary for 

transmitting the data information link between the sensor nodes and the destination, to organize 

proper communication between them. This mechanism will decrease the network lifetime with 

increased power utilization of the sensor nodes. So, to reduce power consumption and to 

elaborate the network lifetime various routing protocols have been developed till now. The 

categorization of various routing protocols can be done depends on the mode of functioning, the 

participation of nodes, the structure of the network and the clustering of protocols. Furthermore, 

the various problems in these techniques are efficient energy, deployment of nodes, coverage 

area, scalability, connectivity, and the security [14]. 

 
Figure 1: Different routing paths in WSN 

In this organization of nodes, the intermediate nodes are routers that are also called gateways, 

network hardware devices, firewalls, or switches. This action normally maintains data 

information of the path to several network base and forwarding based on the routing tables. The 

routing schemes used in WSN messages are classified into four categories i.e. Network structure 

scheme, Communication model scheme, Reliable routing schemes, and topology-based routing 

schemes. Simultaneously, in many routing protocols, non-uniform energy consumption and the 

unbalancing of load are the major issues that result in the partitioning of a network [15]. 

https://en.wikipedia.org/wiki/Router_(computing)
https://en.wikipedia.org/wiki/Gateway_(telecommunications)
https://en.wikipedia.org/wiki/Network_hardware
https://en.wikipedia.org/wiki/Firewall_(computing)
https://en.wikipedia.org/wiki/Network_switch
https://en.wikipedia.org/wiki/Routing_table
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Furthermore, the consumption of energy and the lifetime of the network will be affected by the 

reduced packet delivery ratio. Especially in the case of WSN, the routing mechanism should be 

handled carefully because it is a very important task. It is necessary for transmitting the data 

information link between the sensor nodes and the destination, to organize proper 

communication between them. This mechanism will decrease the network lifetime with 

increased power utilization of the wireless nodes. So, to reduce the consumption of energy and to 

elaborate the lifetime of the network various routing protocols have been developed. The 

categorization of various routing protocols can be done based on the mode of functioning, the 

participation of nodes, the structure of the network and the clustering of protocols. The figure 

below shows different routing protocols with efficient-energy related to WSN [16]. 

Figure 2: Routing Protocols with Efficient Energy in WSN 

2.4 Extended Network Lifespan: 

Energy optimization techniques can prolong the operational lifespan of network equipment and 

reduce maintenance costs, ensuring the long-term sustainability of WSN infrastructure [17]. 

2.5 Scalability:  

These strategies can also make Wireless networks more scalable, allowing them to accommodate 

the increasing number of connected devices and emerging applications [18]. 
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2.6 Improved Quality of Service (QoS):  

Effective routing and clustering can lead to better QoS for end-users, ensuring that they have a 

seamless experience when using WSNs services [19]. 

2.7 Enhanced Performance:  

Optimized routing and clustering strategies can ensure that data reaches its destination quickly 

and reliably, meeting the stringent performance requirements of WSNs applications [20]. 

The below figure will give the basic structure for WSN based-IoT networks. 

 
Figure 3: Basic Structure of WSNs Based-IoT Network 

3 PROPOSED WORK: 

The proposed protocol is designed to select the neighbor nodes, which were supposed not to drop 

the data packets due to any constraint it may either be energy or buffer. To elaborate on the 

network lifetime and performance, multiple matters were combined in a distinct procedure for 

calculating the routing pathway among the transmission bodies. At all intervals of time, every 

node desires to estimate its position concerning energy, in the wireless network. Furthermore, 

this work computes proactively as, the utmost amount of data information packet it can operate 

(accept, process, and broadcast) within the existing amount of power [21]. Additionally, within 

the wireless net, every node must need to analyze its stack management condition. Furthermore, 

in this exertion, it is also reactively computed depending on a predefined threshold value, as the 

available queue at the node buffer is less than or larger than the threshold value. To eliminate a 

node to turns out to be a bottleneck intermediate node two factors are used thereby mitigating the 

loss of the packet [22].  



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319   1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal Volume 12, Iss  01, 2023 

 

3421 
 

The drop in the information packet due to node constraint 'energy' can be mitigated by an 

intermediary node and can be overwhelmed through multi-objective optimization progression. 

To facilitate the capability of the node to optimize the utmost packets and can be handled using 

an intermediary node within its limits of existing residual energy. Let's assume that, an 

intermediary node outfitted through a battery capability of (E) joules, also it can process the 

utmost number ′n′ of data packets within its present power limits [23]. 

3.1 Multi-objective development: 

1. Node power: Necessary power to course the data packet 
Let us think, for processing an individual data packet; the power consumed by an intermediary 

node is ′𝑃1′ and it is measured through equation 1. 

(𝑃1) = 𝐸𝑟 (𝑃1) + 𝐸𝑝 (𝑃1) + 𝐸𝑡 (𝑃1)……………………………. (1) 

Where, 

𝐸 (𝑃1) = 𝑒𝑛𝑒𝑟𝑔𝑦𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑡𝑜𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑡ℎ𝑒𝑝𝑎𝑐𝑘𝑒𝑡′𝑃1′ 
𝐸 (𝑃1) = 𝑒𝑛𝑒𝑟𝑔𝑦𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑡𝑜𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑡ℎ𝑒𝑝𝑎𝑐𝑘𝑒𝑡′𝑃1′ 
𝐸 (𝑃1) = 𝑒𝑛𝑒𝑟𝑔𝑦𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑡𝑜𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡ℎ𝑒𝑝𝑎𝑐𝑘𝑒𝑡′𝑃1′ 

Now, after dealing out ′𝑃1′ data packet the residual power of the node is specified by equation 2. 

(R𝑒𝑠𝑖𝑑𝑢𝑎𝑙 Energy) = 𝐸 – 𝐸 (𝑃1)……………………………. (2) 

After processing the data packets, the residual power of the node is given by a multi-dimensional 

(two) array, as given below. 

[𝑃𝑖, 𝐸 (𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙) ]…………………………………………….(3) 

In the above equation, 𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑝𝑎𝑐𝑘𝑒𝑡𝑠 
(R𝑒𝑠𝑖𝑑𝑢𝑎𝑙 Energy) = Remaining E𝑛𝑒𝑟𝑔𝑦 of 𝑡ℎ𝑒 Node 

Calculating the capacity to optimize the utmost packet that can be processed through an 

intermediary node within its existing power is specified in equation 4. 

𝐾[𝑃𝑖 , (𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙) 𝐸] = Max (𝐾[𝑃𝑖− 1 , (𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙)𝐸] ,  𝐾𝑖  +  𝐾 [𝑃𝑖− 1 , (𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙)𝐸]) … (4) 

∀  1 ≤ 𝑃𝑖𝑛 

𝑎𝑛𝑑 

0 ≤ (𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙) ≤ 𝐸 

Here, ‘K’ is two dimensional constant, [𝑃𝑖, (𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙)], provides the ability to optimize the 

utmost packets which can be processed by the intermediary node within its residual energy. 
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4 Proposed Methodology: 

4.1 Proposed Routing Protocol: 

The proposed protocol is an extension of the existing energy-efficient routing protocol designed 

for a wireless network, i.e., LEACH. The brief discussion about the LEACH protocol is 

explained as follows, and further, the proposed model is explained [24]. 

The routing protocols used in wireless networks are cluster-based. The main intention behind it 

is, to select the top-quality wireless nodes randomly as a cluster head. Further, these selected 

nodes are used as the router to the destination node. The cluster head node's choice is done based 

on the node's residual energy in that particular period [25]. The formula for finding the threshold 

value of energy for selecting the cluster head is given by 𝑇(𝑛), it can be determined by the 

following formula, 

 

Where, 𝑝 = 𝑛𝑒𝑒𝑑𝑒𝑑 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑜𝑤𝑒𝑟 𝑡𝑜 𝑏𝑒𝑐𝑜𝑚𝑒 𝑎 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 ℎ𝑒𝑎𝑑, 𝑟 = 𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 𝑟𝑜𝑢𝑡,  

𝐺 = Number of wireless nodules.  

Once cluster formations are done, then, the head nodes create a TDMA schedule. This will issue 

a notice to every node when it can pass on the data packet to the head of the particular cluster. 

Finally, the heads of the particular cluster gather data packets and transmit them to the 

destination node [26]. 

For communicating with the intermediate wireless nodes in the network, the model used is 

RWMM. Thus, the mobile nodes stay at a particular place near the existing intermediate node for 

some time interval to communicate and, afterward change their location by using the RWMM 

model. After that time interval, the node changes the position to other intermediate nodes based 

on the status of the node. Initially, the sink selects the intermediate node randomly moves closer 

toward it, and communicates through it. Then, the sink node selects the new intermediate node 

for communication and moves toward it according to the RWMM model theory [27]. 

4.2 Energy-Load Aware Routing Protocol for 5G Networks: 

4.2.1 Network Model: 

We are assuming that the wireless nodes were dispersed with one movable destination node in 

the sensor field. Every sensor node has constrained recourses such as energy and buffer and they 

are static and cannot move after the deployment. While the movable sink node has unconstrained 

energy and an adequate buffer for communication. The wireless nodes identify their position 
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through GPS. In this scenario, the initial location of the movable destination node is not 

considered [28]. 

4.3 Energy and Load Awareness: 

The proposed protocol aims to decide the neighbor nodule to a mobile destination based on its 

buffer and energy status. So, the intermediate node should not drop the data packets and should 

not exhaust. At this stage, we are considering two parameters in the single process for calculating 

the routing path between the communication nodes. Primarily, the Cluster head must compute 

the status regarding energy and buffer (load). In this proactive computation is done to get the 

utmost number of data packets the head can process within its accessible power. Secondarily, 

each wireless node has to calculate its load position in the network. In this, reactive computation 

is done to find out the accessible queue at the node buffer, in fewer or greater, as per the 

predefined threshold rate. These factors were used to reduce the data packet loss and keep a 

wireless node from becoming a bottleneck intermediate node. 

Let’s us assume that, the power consumed for processing one data packet by an intermediate 

node is ′𝑃1′. The total energy used by an intermediate wireless node is computed by, equation 9. 

(𝑃1) = 𝐸𝑟 (𝑃1) + 𝐸𝑝 (𝑃1) + 𝐸𝑡 (𝑃1)……………………………. (9) 

Where, 

𝐸𝑟 (𝑃1) = E𝑛𝑒𝑟𝑔𝑦 R𝑒𝑞𝑢𝑖𝑟𝑒d t𝑜 R𝑒𝑐𝑒𝑖𝑣𝑒 𝑡ℎ𝑒 P𝑎𝑐𝑘𝑒𝑡 ′𝑃1′ 

𝐸𝑝 (𝑃1) = E𝑛𝑒𝑟𝑔𝑦 R𝑒𝑞𝑢𝑖𝑟𝑒 𝑡𝑜 P𝑟𝑜𝑐𝑒𝑠𝑠 𝑡ℎ𝑒 P𝑎𝑐𝑘𝑒𝑡 ′𝑃1′ 

𝐸𝑡 (𝑃1) = 𝑒𝑛𝑒𝑟𝑔𝑦 R𝑒𝑞𝑢𝑖𝑟𝑒 𝑡𝑜 T𝑟𝑎𝑛𝑠𝑚𝑖𝑡 𝑡ℎ𝑒 P𝑎𝑐𝑘𝑒𝑡 ′𝑃1′ 

Furthermore, the residual energy of the wireless node after dealing with the packet 

′𝑃1′ is shown in the equation 10. 

(𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙) = 𝐸 − (𝑃1) 𝐸……………………………. (10) 

Finally, the capability of the intermediate node, to optimize maximum data packets can be 

processed in its existing energy and it can be achieved by entries of the arrays (two-dimensional), 

which are shown under. 

[𝑃𝑖, (𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙) ]…………………………….(11) 

Where, 𝑖 = 1, 2, … . N𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 P𝑎𝑐𝑘𝑒𝑡𝑠 

𝐸 (𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙) = 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 E𝑛𝑟𝑔𝑦 R𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 N𝑜𝑑𝑒 𝑡𝑜 P𝑟𝑜𝑐𝑒𝑠𝑠 𝑡ℎ𝑒 P𝑎𝑐𝑘𝑒𝑡 

Also, the calculation of the capability to optimize the utmost data packets can be processed by 

the intermediary wireless node within its present power status, which is shown under the below 

consideration. 
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∀  1 ≤ 𝑃𝑖𝑛 

𝑎𝑛𝑑 

0  ≤ 𝐸(𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙) ≤ 𝐸 

Where, [𝑃𝑖, 𝐸 (𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙)], provides the capability of the intermediary wireless node to optimize 

maximum packets and process them within its available power. 

4.4 Performance in Dynamic Environment: 

The following performance metrics were considered to calculate the performance, 

I. Throughput: A performance metric of the network to analyze how many 

data packets are transmitted in a particular amount of time from source to 

destination [29]. 

II. Delay: Delay is a very important metric in the wireless network to measure 

how much is taken by the data packets to receive at the sink node transmitted 

from the base node [30]. 

III. Overhead: The overhead can be defined as, the relation between the number 

of control (path finding & route maintaining) packets to authentic 

information data packets transmitted within the wireless network [31]. 

The network simulation parameters were made known in the table below 

Table 1: Simulation parameters 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For calculating the performance of the proposed routing protocol, Network Simulator (version 

NS2.34) is used. The outcomes were compared with the present routing protocols. This simulator 

evaluates the performances of different metrics like routing overhead, time delay, as well as the 

Sr. 
No. 

Network Parameters Values 

1 Time for Simulation 1000 seconds 

2 Nodes used (Number) 10-100 units 

3 Nature of Link Layer Logical Link (LL) 

4 IEEE Standard for MAC Protocol 802.11 

5 Type of Communication (Radio) Two-Ray Ground 

6 Queue Style Drop-Tail Priority Style 

7 The protocol used for Routing Proposed 

8 Traffic Methodology CBR 

9 Specified Area of the Network 1500m x 1500m 

10 Type of Mobility Random Way Point Mobility 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319   1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal Volume 12, Iss  01, 2023 

 

3425 
 

throughput of the wireless network. In the simulation part, the time for simulation is assumed as 

1000s with different three scenarios with different performances. Furthermore, for verification of 

the results, the assumptions are made that there is an uneven quantity of nodes with the mobility 

model of Random waypoint mobility. The source power for every node is assumed as of 10j and 

the period of 20 m/s is assumed as pause time. The radio range for communication is fixed at 

250m and the MAC IEEE 802.11 is considered with a data rate card of 2 Mbps. While talking 

about the transmitting and receiving power, these are kept as 300mW (receiving power) and 

transmission power is 600mW. Finally, the packet size is considered in bytes of 512 values, and 

the traffic in the network is considered as CBR. 

Figure 5: Delay Comparison 

Figure 6: Throughput Comparison 

All the above results show that the projected work outperforms in terms of network lifetime 

enhancement, network delay minimization, and throughput. Additionally, it mitigates the loss of 

data information packets by extending the energy efficiency of the wireless network. 
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4.5 5. Conclusions & Future Scope of the Work: 

5.1 Conclusion: 

The proposed work has explored and analyzed various routing-based energy optimization 

techniques aimed at enhancing the performance and extending the lifetime of WSNs. The ever-

growing demand for efficient and sustainable solutions in the field of sensor networks has 

prompted researchers to investigate innovative approaches to mitigate the energy constraints 

inherent in these networks. Through a comprehensive review of the literature, it is evident that 

routing strategies play a pivotal role in determining the overall energy consumption and, 

consequently, the operational lifespan of WSNs. Techniques such as Energy-Efficient Routing 

Protocols, Cluster-based Routing, and Machine Learning-based Routing have been scrutinized in 

terms of their efficacy in optimizing energy usage, improving network performance, and 

prolonging sensor node lifetimes. 

The findings indicate that a holistic approach to energy optimization, considering both proactive 

and reactive strategies, is essential for achieving sustainable WSNs. Furthermore, the integration 

of emerging technologies, such as the Internet of Things (IoT) and machine learning algorithms, 

demonstrates promising avenues for future research and development in the realm of WSNs. 

5.2 Future Scope: 

As we navigate towards a future where WSNs are integral to various applications, including 

environmental monitoring, smart cities, and healthcare, the significance of sustainable and 

energy-efficient designs cannot be overstated. The insights presented in this paper contribute to 

the ongoing discourse on the development of WSNs that not only meet the demands of today but 

also pave the way for a greener and more sustainable tomorrow. The exploration of routing-

based energy optimization techniques provides valuable insights for researchers, practitioners, 

and policymakers alike, as they collaborate to address the challenges associated with energy 

consumption in WSNs. By adopting and further refining these strategies, we can work towards 

achieving a harmonious balance between performance enhancement and the extension of the 

operational lifetime of wireless sensor networks, thereby fostering a more sustainable and 

resilient technological landscape. 

Author contributions: 

Conceptualization, SA, AKL, and GSSR; methodology, SA; software, SA, AKL; validation, SA, SA 

and GSSR; formal analysis, SA; investigation, GSSR; resources, SA; data curation, SA; writing—original 

draft preparation, GSSR, AKL and SA; writing—review and editing, SA; visualization, GSSR; 

supervision, SA; project administration, SA; funding acquisition, GSSR. All authors have read and agreed 

to the published version of the manuscript. 

 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319   1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal Volume 12, Iss  01, 2023 

 

3427 
 

Conflict of interest: 

The authors declare no conflict of interest. 

 

References: 

1. Lodhi, Amairullah Khan, M. S. S. Rukmini, Syed Abdulsattar, and Shaikh Zeba Tabassum. 

"Performance improvement in wireless sensor networks by removing the packet drop from the 

node buffer." Materials Today: Proceedings 26 (2020): 2226-2230. 

2. Lodhi, Amairullah Khan, and Syed Abdul Sattar. "Cluster head selection by the optimized ability 

to restrict packet drop in wireless sensor networks." In Soft Computing in Data Analytics, pp. 453-

461. Springer, Singapore, 2019. 

3. Amutha, J., Sandeep Sharma, and Jaiprakash Nagar. "WSN strategies based on sensors, 

deployment, sensing models, coverage and energy efficiency: Review, approaches and open 

issues." Wireless Personal Communications 111 (2020): 1089-1115. 

4. Yetgin, Halil, Kent Tsz Kan Cheung, Mohammed El-Hajjar, and Lajos Hanzo Hanzo. "A survey of 

network lifetime maximization techniques in wireless sensor networks." IEEE Communications 

Surveys & Tutorials 19, no. 2 (2017): 828-854. 

5. Boukerche, Azzedine, Qiyue Wu, and Peng Sun. "Efficient green protocols for sustainable 

wireless sensor networks." IEEE Transactions on Sustainable Computing 5, no. 1 (2019): 61-80. 

6. Popescu, Dan, Florin Stoican, Grigore Stamatescu, Loretta Ichim, and Cristian Dragana. 

"Advanced UAV–WSN system for intelligent monitoring in precision agriculture." Sensors 20, no. 

3 (2020): 817. 

7. Al Aghbari, Zaher, Ahmed M. Khedr, Walid Osamy, Ifra Arif, and Dharma P. Agrawal. "Routing in 

wireless sensor networks using optimization techniques: A survey." Wireless Personal 

Communications 111 (2020): 2407-2434. 

8. Lodhi, Amairullah K., M. Santhi S. Rukmini, and Syed Abdulsattar. "Energy-efficient routing 

protocol for network life enhancement in wireless sensor networks." Recent Advances in 

Computer Science and Communications (Formerly: Recent Patents on Computer Science) 14, 

no. 3 (2021): 864-873.  

9. Refaat, Shady S., Amira Mohamed, and Haitham Abu-Rub. "Big data impact on stability and 

reliability improvement of smart grid." In 2017 IEEE International Conference on Big Data (Big 

Data), pp. 1975-1982. IEEE, 2017. 

10. Lodhi, Amairullah Khan, M. S. S. Rukmini, and Syed Abdulsattar. "Energy-efficient routing 

protocol based on mobile sink node in wireless sensor networks." International Journal of 

Innovative Technology and Exploring Engineering (IJITEE) ISSN (2019): 2278-3075. 

11. Kardi, A., R. Zagrouba, and M. Alqahtani. "A taxonomy of routing protocols in Wireless Sensor 

Networks." International Journal of Computer and Information Engineering 12, no. 10 (2018): 

852-858. 

12. Lodhi, Amairullah Khan, M. S. S. Rukmini, and S. Abdulsattar. "Energy-efficient routing protocol 

for node lifetime enhancement in wireless sensor networks." Int J Adv Trends Comput Sci Eng 8, 

no. 1.3 (2019): 24-28.  

13. Rukmini, M. S. S., and Amairullah Khan Lodhi. "Network lifetime enhancement in WSN using 

energy and buffer residual status with efficient mobile sink location placement." Solid State 

Technology 63, no. 4 (2020): 1329-1345. 

14. Tabassum, Shaikh Zeba, Amairullah Khan Lodhi, M. S. S. Rukmini, and Syed Abdulsattar. 

"Lifetime and performance enhancement in WSN by energy-buffer residual status of nodes and 

the multiple mobile sink." TEST Engineering and Management 82 (2020): 3835-3845. 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319   1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal Volume 12, Iss  01, 2023 

 

3428 
 

15. Mohammad, Arshad Ahmad Khan, Amairullah Khan Lodhi, Abdul Bari, And Mohammed Ali 

Hussain. "Efficient Mobile Sink Location Placement By Residual Status In Wsn To Enhance The 

Network Lifetime" Journal of Engineering Science and Technology 16, no. 6 (2021): 4779-4790. 

16. Lodhi, Amairullah Khan, M. S. S. Rukmini, and Syed Abdulsattar. "Efficient energy routing 

protocol based on energy & buffer residual status (EBRS) for wireless sensor 

networks." International Journal of Engineering and Advanced Technology (IJEAT) ISSN: 2249-

8958. 

17. Adil, Muhammad, Rahim Khan, Jehad Ali, Byeong-Hee Roh, Qui Thanh Hoai Ta, and 

Mohammed Amin Almaiah. "An energy proficient load balancing routing scheme for wireless 

sensor networks to maximize their lifespan in an operational environment." IEEE Access 8 

(2020): 163209-163224. 

18. Agiwal, Mamta, Abhishek Roy, and Navrati Saxena. "Next generation 5G wireless networks: A 

comprehensive survey." IEEE communications surveys & tutorials 18, no. 3 (2016): 1617-1655. 

19. Gong, Jianhu. "Quality of service improvement in iot over fiber-wireless networks using an 

efficient routing method based on a cuckoo search algorithm." Wireless Personal 

Communications 126, no. 3 (2022): 2321-2346. 

20. Sahoo, Biswa Mohan, Hari Mohan Pandey, and Tarachand Amgoth. "GAPSO-H: A hybrid 

approach towards optimizing the cluster based routing in wireless sensor network." Swarm and 

Evolutionary Computation 60 (2021): 100772. 

21. Lodhi, Amairullah Khan, Mazher Khan, Mohammed Abdul Matheen, Shaikh Ayaz Pasha, and 

Shaikh Zeba Tabassum. "Energy-Aware Architecture of Reactive Routing in WSNs Based on the 

Existing Intermediate Node State: An Extension to EBRS Method." In 2021 International 

Conference on Emerging Smart Computing and Informatics (ESCI), pp. 683-687. IEEE, 2021. 

22. Syed Abdulsattar Mazher Khan, Amairullah Khan Lodhi, Sayyad Ajij, M.S.S Rukmini “A Feasible 

Model for a Smart Transportation System using a Vehicular Ad-Hoc Network” Publication date, 

2020/4/7, Journal, TEST Engineering & Management, Volume: 83, Issue March-April 2020, 

Pages 7341-7348, Publisher, The Mattingley Publishing Co., Inc. 

23. Rukmini, M. S. S., and Amairullah Khan Lodhi. "Network lifetime enhancement in WSN using 

energy and buffer residual status with efficient mobile sink location placement." Solid State 

Technology 63, no. 4 (2020): 1329-1345. 

24. Liu, Yang, Qiong Wu, Ting Zhao, Yong Tie, Fengshan Bai, and Minglu Jin. "An improved energy-

efficient routing protocol for wireless sensor networks." Sensors 19, no. 20 (2019): 4579. 

25. Guillén Pérez, Antonio. "Contribution to enhancing the cognitive capability of intelligent 

transportation systems using artificial intelligence." (2022). 

26. Lodhi, A.K., Rukmini, M.S.S., Abdulsattar, S., Tabassum, S.Z. (2021),"Lifetime Enhancement 

Based on Energy and Buffer Residual Status of Intermediate Node in Wireless Sensor Networks" 

In Komanapalli, V.L.N., Sivakumaran, N., Hampannavar, S. (eds) Advances in Automation, Signal 

Processing, Instrumentation, and Control. i-CASIC 2020. Lecture Notes in Electrical Engineering, 

vol 700. Springer, Singapore. https://doi.org/10.1007/978-981-15-8221-9_257. 

27. Shaikh Zeba Tabassum Amairullah Khan Lodhi, M S S Rukmini, Syed Abdulsattar “Design 

Technique for Head Selection in WSNs to Enhance the Network Performance Based on Nodes 

Residual Status: an Extension to EBRS Method” Publication date, 2020, Journal, International 

Journal of Advanced Science and Technology (IJAST), Volume: 29, Issue: 5, Pages: 3562-3575, 

Publisher, ELSEVIER. 

28. Basagni, Stefano, Alessio Carosi, Chiara Petrioli, and Azzedine Boukerche. "Mobility in Wireless 

Sensor Networks." (2008): 267-305. 

https://doi.org/10.1007/978-981-15-8221-9_257


IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319   1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal Volume 12, Iss  01, 2023 

 

3429 
 

29. Carneiro, Gustavo, Pedro Fortuna, and Manuel Ricardo. "Flowmonitor: a network monitoring 

framework for the network simulator 3 (ns-3)." In Proceedings of the Fourth International ICST 

Conference on Performance Evaluation Methodologies and Tools, pp. 1-10. 2009. 

30. Maurya, Sonam, Vinod Kumar Jain, and Debanjan Roy Chowdhury. "Delay aware energy 

efficient reliable routing for data transmission in heterogeneous mobile sink wireless sensor 

network." Journal of Network and Computer Applications 144 (2019): 118-137. 

31. Popa, Lucian, Costin Raiciu, Ion Stoica, and David S. Rosenblum. "Reducing congestion effects 

in wireless networks by multipath routing." In Proceedings of the 2006 IEEE international 

conference on network protocols, pp. 96-105. IEEE, 2006. 


