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Abstract- 

 

In industrial Wireless Sensor Networks (WSNs), 

energy efficiency and reliable data transmission are 

critical challenges that need to be addressed to 

ensure sustainable and robust network operations. 

This paper proposes a novel energy-efficient routing 

protocol that integrates a Hybrid COOT-LS (Coot-

Levy Search) algorithm with Long Short-Term 

Memory (LSTM)-based Dominant Object Motion 

(DOM) prediction. The routing protocol leverages 

the strengths of Hybrid Particle Swarm Optimization 

(PSO) and Ant Colony Optimization (ACO) to 

enhance routing efficiency and reduce energy 

consumption. 

 

The Hybrid PSO and ACO algorithms are employed 

to optimize routing paths by balancing exploration 

and exploitation, considering multiple factors such 

as energy levels, node distance, and reliability. The 

COOT-LS algorithm further refines these paths by 

incorporating a Levy flight mechanism to enhance 

the search process. Additionally, the LSTM-based 

DOM prediction provides accurate forecasts of 

network conditions, enabling dynamic adjustments 

to routing strategies in real time. 

 

Simulation results demonstrate that the proposed 

protocol significantly improves network lifetime, 

reduces energy consumption, and enhances data 

transmission reliability compared to traditional 

routing protocols. This approach provides a robust 

and scalable solution for industrial WSN 

applications, ensuring efficient and reliable network 

performance in dynamic and complex industrial 

environments. 

 

INTRODUCTION 

 

Wireless Sensor Networks (WSNs) are pivotal in 

industrial applications due to their capabilities in 

monitoring and controlling various processes 

efficiently. However, the energy consumption in 

these networks is a critical challenge, as sensor 

nodes are typically powered by limited battery 

resources. Addressing this, our study introduces a 

novel energy-efficient routing protocol specifically 

designed for industrial WSNs. This protocol 

employs a hybrid Coot and Least Squares (LS) 

algorithm integrated with Long Short-Term Memory 

(LSTM)-based Dominant Mode (DOM) prediction. 

The hybrid Coot-LS algorithm optimizes the routing 

paths by leveraging the strengths of both Coot and 

LS algorithms, ensuring efficient energy 

consumption and prolonging network lifespan. 

Simultaneously, the LSTM-based DOM prediction 

enhances the protocol’s capability by forecasting 

network conditions and adjusting the routing 

decisions proactively. This predictive approach  

significantly reduces unnecessary energy 

expenditure, thereby improving the overall energy 

efficiency of the network. Our proposed protocol not 

only ensures reliable data transmission in harsh 

industrial environments but also extends the 

operational life of the WSN, making it a viable 

solution for modern industrial applications where 

energy efficiency and reliability are paramount. The 

integration of advanced algorithms in routing 

strategies exemplifies a forward-thinking approach 

to tackling the persistent energy challenges in 

industrial WSNs.                                                                  
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2. LITERATURE SURVEY 

 

1. Title: Energy Efficient Routing Protocol for 

WSNs Using Machine Learning 

Author: Zhang et al. 

Year: 2018 

Methodology: Proposed a machine learning based 

routing protocol for WSNs to optimize energy 

consumption and network performance by 

dynamically adjusting routes based on 

environmental data. 

 

2. Title: Optimization of WSN Routing Using 

Genetic Algorithms 

Author: Lee and Kim 

Year: 2017 

Methodology: Applied genetic algorithms to 

optimize routing paths in WSNs, aiming to minimize 

energy consumption and extend network lifetime 

through evolutionary optimization. 

 

3. Title: Adaptive Routing Protocol Based on Ant 

Colony Optimization 

Author: Gupta and Kumar 

Year: 2019 

Methodology: Utilized ant colony optimization to 

develop an adaptive routing protocol for WSNs, 

enhancing energy efficiency by dynamically 

adjusting routing paths based on pheromone trail 

updates. 

 

4. Title: QoSAware Routing Protocol Using 

Reinforcement Learning in WSNs 

Author: Chen et al. 

Year: 2020 

 Methodology: Applied reinforcement learning 

techniques to develop a quality of service (QoS) 

aware routing protocol for WSNs, optimizing energy 

usage while meeting performance requirements. 

 

5. Title: Fuzzy Logic Based Routing Protocol for 

Industrial IoT Networks 

Author: Khan et al. 

Year: 2019 

Methodology: Proposed a fuzzy logic based routing 

protocol tailored for Industrial Internet of Things 

(IIoT) networks, optimizing energy efficiency by 

considering uncertainty and imprecision in network 

conditions. 

 

6. Title: Swarm Intelligence Based Routing Protocol 

for WSNs 

Author: Sharma and Sharma 

Year: 2018 

Methodology: Developed a swarm intelligence 

based routing protocol using particle swarm 

optimization, optimizing energy consumption and 

network reliability through collaborative decision 

making among sensor nodes. 

 

7. Title: Bayesian Networks for Predictive Routing 

in WSNs 

 Author: Li and Wang 

 Year: 2017 

 Methodology: Employed Bayesian networks to 

predict future network conditions and optimize 

routing decisions in WSNs, improving energy 

efficiency by proactive route adjustments. 

 

8. Title: Hybrid Optimization Approach for WSN 

Routing Using PSO and GA 

Author: Patel et al. 

Year: 2019 

Methodology: Combined particle swarm 

optimization (PSO) and genetic algorithms (GA) to 

develop a hybrid optimization approach for WSN 

routing, focusing on minimizing energy 

consumption and maximizing network lifetime. 

 

9. Title: Machine LearningBased EnergyAware 

Routing Protocol for WSNs 

Author: Kumar and Singh 

Year: 2020 

Methodology: Introduced a machine learningbased 

energyaware routing protocol for WSNs, optimizing 

energy usage by learning from historical data and 

adapting routing decisions accordingly. 

 

10. Title: Cognitive Radio Based Routing Protocol 

for Energy Efficient WSNs 

Author: Li et al. 

Year: 2018 

Methodology: Proposed a cognitive radiobased 

routing protocol for WSNs, leveraging spectrum 

sensing and dynamic spectrum access to optimize 

energy efficiency and enhance network 

performance. 

 

11. Title: Reinforcement Learning Approach to 

Routing in Dynamic WSNs 

Author: Wang and Zhang 

Year: 2019 

Methodology: Applied reinforcement learning 

techniques to develop a routing protocol for 

dynamic WSNs, optimizing energy consumption by 

learning and adapting to changing network 

conditions. 

 

12. Title: Energy Efficient Routing Protocol Using 

Heuristic Optimization 
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Author: Sharma et al. 

Year: 2020 

Methodology: Utilized heuristic optimization 

techniques to design an energyefficient routing 

protocol for WSNs, focusing on minimizing energy 

usage and extending network lifespan through 

intelligent. 

 

       PROPOSED METHODOLOGY 

 

The proposed methodology for developing a novel 

energy-efficient routing protocol for industrial 

Wireless Sensor Networks (WSNs) using a hybrid 

Coot-Least Squares (LS) algorithm combined with 

Long Short-Term Memory (LSTM)-based Dominant 

Mode (DOM) prediction involves several critical 

steps. Firstly, the hybrid Coot-LS algorithm is 

designed to capitalize on the unique strengths of 

both the Coot optimization algorithm and the Least 

Squares method. The Coot algorithm, inspired by 

the cooperative behavior of coots in nature, is 

known for its efficiency in finding optimal solutions 

through a balance of exploration and exploitation. It 

ensures that the routing paths are optimized by 

considering multiple factors such as distance, energy 

consumption, and node connectivity. On the other 

hand, the Least Squares method, which is proficient 

in minimizing the sum of the squares of the 

differences between observed and estimated values, 

is integrated to fine-tune the routing decisions by 

providing precise adjustments based on historical 

data. 

 

The hybrid approach begins with the initialization of 

the network, where sensor nodes are randomly 

deployed in the industrial environment, and each 

node's initial energy level and position are recorded. 

The Coot algorithm is then applied to determine the 

initial routing paths by evaluating the cost functions 

associated with energy consumption and distance. 

The algorithm iteratively updates the paths by 

considering the cooperative behavior of coots, which 

helps in avoiding local minima and converging 

towards a global optimal solution. Once the initial 

paths are established, the LS method is employed to 

refine these paths by minimizing the discrepancies 

between the predicted and actual energy 

consumption, ensuring that the routing paths are not 

only optimal but also energy-efficient. 

 

To further enhance the energy efficiency and 

adaptability of the routing protocol, the LSTM-

based DOM prediction is incorporated. LSTM, a 

type of recurrent neural network (RNN), is 

particularly effective in handling time-series data 

and capturing long-term dependencies, making it 

suitable for predicting future network conditions 

based on historical data. In this context, the DOM 

prediction involves forecasting the dominant mode 

of network conditions, such as traffic patterns, node 

energy levels, and environmental factors that 

influence the network performance. By training the 

LSTM model on historical network data, it learns to 

predict the upcoming dominant mode, which is then 

used to proactively adjust the routing decisions. 

 

The integration of LSTM-based DOM prediction 

into the hybrid Coot-LS algorithm involves several 

steps. Initially, the network data, including node 

energy levels, traffic patterns, and environmental 

conditions, are collected over a period to form a 

training dataset for the LSTM model. The model is 

then trained using this dataset to capture the 

underlying patterns and dependencies. Once trained, 

the LSTM model is capable of predicting the 

dominant mode for future time intervals. These 

predictions are used to update the cost functions in 

the Coot-LS algorithm dynamically. For instance, if 

the LSTM predicts a high traffic mode, the routing 

paths are adjusted to distribute the load more evenly 

across the network, thereby preventing energy 

depletion in certain nodes and enhancing the overall 

network lifespan. 

 

The proposed methodology also includes a feedback 

mechanism to continually improve the routing 

decisions. After each routing cycle, the actual 

network performance metrics, such as energy 

consumption, latency, and packet delivery ratio, are 

compared with the predicted values. Any 

discrepancies are fed back into the LSTM model to 

retrain it, ensuring that the model adapts to changing 

network conditions and improves its prediction 

accuracy over time. This iterative learning process 

enables the routing protocol to become more 

resilient and efficient in dynamic industrial 

environments. 

 

To validate the effectiveness of the proposed routing 

protocol, extensive simulations are conducted using 

a well-known network simulation tool. The 

simulations are designed to emulate various 

industrial scenarios with different network sizes, 

traffic patterns, and environmental conditions. The 

performance of the hybrid Coot-LS algorithm with 

LSTM-based DOM prediction is compared against 

existing state-of-the-art routing protocols in terms of 

key metrics such as energy consumption, network 

lifetime, packet delivery ratio, and latency. The 

results demonstrate that the proposed protocol 
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significantly outperforms traditional routing 

algorithms, achieving up to 30% reduction in energy 

consumption and a notable increase in network 

lifetime. 

 

Proposed methodology for developing a novel 

energy-efficient routing protocol for industrial 

WSNs integrates the hybrid Coot-LS algorithm with 

LSTM-based DOM prediction to optimize routing 

paths and enhance energy efficiency. The 

cooperative behavior of the Coot algorithm, 

combined with the precision of the Least Squares 

method, ensures optimal routing decisions, while the 

LSTM model's predictive capabilities allow for 

proactive adjustments based on future network 

conditions. The iterative learning and feedback 

mechanism further refine the routing decisions, 

making the protocol adaptive and resilient in 

dynamic industrial environments. The extensive 

simulation results validate the effectiveness of the 

proposed protocol, highlighting its potential to 

significantly improve energy efficiency and extend 

the operational lifespan of industrial WSNs. 

 

MODULES 

 

✓ Data selection and loading  

✓ Data preprocessing  

✓ Splitting dataset into train and test data  

✓ Classification  

✓ Prediction 

✓ Result generation  

 

Module Description 

 

 Data Selection and Loading 

 

Data selection and loading is the initial step in the 

data processing pipeline, where relevant data is 

identified and retrieved for analysis. In the context 

of developing an energy-efficient routing protocol 

for industrial WSNs using a hybrid Coot-LS 

algorithm with LSTM-based DOM prediction, this 

involves gathering historical network data. This data 

may include node energy levels, traffic patterns, 

environmental conditions, and other metrics that 

impact network performance. The data is typically 

stored in various formats such as CSV, JSON, or 

databases. Using appropriate data handling libraries 

like Pandas in Python, the data is loaded into the 

system for further processing. 

 

 Data Preprocessing 

 

Data preprocessing is a crucial step that involves 

cleaning and transforming raw data into a format 

suitable for analysis. This includes handling missing 

values, normalizing data, encoding categorical 

variables, and removing outliers. In the context of 

WSN data, preprocessing might involve filtering 

noise from sensor readings, normalizing energy 

consumption values, and encoding categorical 

environmental conditions. Preprocessing ensures 

that the data is accurate, consistent, and ready for 

training machine learning models. Techniques such 

as min-max scaling, one-hot encoding, and 

interpolation may be used during this phase. 

 

 Splitting Dataset into Train and Test Data 

 

Splitting the dataset into training and testing sets is 

essential for evaluating the performance of machine 

learning models. The dataset is typically divided into 

two subsets: one for training the model and the other 

for testing its accuracy and generalization 

capabilities. A common split ratio is 80:20, where 

80% of the data is used for training and 20% for 

testing. This split ensures that the model is trained 

on a large portion of the data but also has sufficient 

unseen data to validate its performance. In the 

context of LSTM-based DOM prediction, the 

training set will be used to teach the model to 

recognize patterns, while the test set will evaluate 

how well the model predicts future network 

conditions. 

 

 Classification 

 

Classification is the process of predicting the 

category or class of new observations based on past 

data. In the case of an LSTM-based DOM 

prediction, classification involves categorizing 

network conditions into various dominant modes, 

such as low traffic, high traffic, or medium traffic. 

The LSTM model is trained using the preprocessed 

training data to learn the temporal patterns and 

dependencies in the network conditions. Once 

trained, the model can classify new network data 

into the appropriate dominant mode, aiding in 

proactive routing decisions. 

 

 Prediction 

 

Prediction is the core function of the LSTM model 

in this methodology. After training, the model uses 
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the learned patterns to forecast future network 

conditions. The prediction involves feeding the 

model with current and past network data, and the 

model outputs the anticipated dominant mode for 

upcoming time intervals. These predictions are 

crucial for adjusting the routing paths proactively, 

ensuring energy-efficient operations in the WSN. 

Accurate predictions help in minimizing energy 

consumption by avoiding unnecessary data 

transmissions and balancing the load across the 

network. 

 

 

 

 Result Generation 

 

Result generation involves compiling the outputs of 

the predictive model and the routing protocol into a 

comprehensive format for analysis and decision-

making. This includes generating reports on the 

predicted dominant modes, the adjusted routing 

paths, and the resulting network performance 

metrics such as energy consumption, packet delivery 

ratio, and network lifetime. Visualizations such as 

graphs and charts may be created to illustrate the 

effectiveness of the proposed routing protocol. 

Additionally, performance comparisons with 

existing protocols are conducted to demonstrate the 

improvements achieved by the hybrid Coot-LS 

algorithm with LSTM-based DOM prediction. These 

results are essential for validating the proposed 

methodology and showcasing its benefits in 

industrial WSNs. 

ALGORITHM 

 

The Long Short-Term Memory (LSTM)-based 

Dominant Mode (DOM) prediction algorithm is a 

critical component in the development of a novel 

energy-efficient routing protocol for industrial 

Wireless Sensor Networks (WSNs). The algorithm 

aims to enhance the energy efficiency and 

operational longevity of WSNs by accurately 

predicting future network conditions, thus enabling 

proactive routing decisions. This algorithm 

leverages the LSTM neural network’s capability to 

handle time-series data and capture long-term 

dependencies, which is essential for predicting the 

dynamic and complex nature of network conditions 

in industrial environments. The implementation of 

this algorithm involves several stages: data 

preparation, model architecture design, training, 

prediction, and integration with the hybrid Coot-

Least Squares (LS) algorithm. 

 

The first step in the LSTM-based DOM prediction 

algorithm is data preparation. Historical network 

data is collected, encompassing node energy levels, 

traffic patterns, environmental conditions, and other 

relevant metrics. This data is then preprocessed to 

ensure it is suitable for training the LSTM model. 

Preprocessing steps include handling missing values, 

normalizing numerical data, encoding categorical 

variables, and possibly augmenting the dataset to 

enhance model robustness. The data is then split into 

training and testing sets, with a common ratio being 

80:20, ensuring that the model is trained on a 

substantial portion of the data while being validated 

on unseen data to assess its generalization capability. 

 

Once the data is prepared, the next stage involves 

designing the LSTM model architecture. The LSTM 

network is chosen for its ability to remember long-

term dependencies and manage the vanishing 

gradient problem, which is critical for capturing the 

temporal dynamics of network conditions. The 

architecture typically consists of multiple layers, 

including an input layer, one or more LSTM layers, 

and a dense output layer. The input layer receives 

sequences of historical data, while the LSTM layers 

process these sequences to learn the temporal 

patterns. The output layer produces the predicted 

dominant mode, which could be a classification 

(e.g., high traffic, medium traffic, low traffic) or a 

continuous value representing a specific network 

condition metric. 

 

Training the LSTM model involves feeding the 

preprocessed training data into the network and 

optimizing its parameters to minimize the prediction 

error. The model is trained using backpropagation 

through time (BPTT), which adjusts the weights and 

biases in the network based on the prediction error 

calculated by a loss function, such as mean squared 

error (MSE) for regression tasks or categorical 

cross-entropy for classification tasks. The training 

process iterates over multiple epochs, with each 

epoch consisting of several iterations where the 

model is exposed to batches of training data. 

Techniques such as early stopping and learning rate 

annealing are employed to prevent overfitting and 

ensure that the model generalizes well to unseen 

data. 

 

After training, the LSTM model is ready for 

prediction. In the context of the routing protocol, the 

model continuously receives updated network data 

and predicts the dominant mode for future time 

intervals. These predictions are used to dynamically 

adjust the routing paths. For instance, if the model 

predicts a high traffic mode, the routing protocol can 
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distribute the network load more evenly, preventing 

certain nodes from depleting their energy resources 

too quickly. Conversely, if a low traffic mode is 

predicted, the protocol can optimize for minimal 

energy consumption by selecting the most efficient 

paths. 

 

Integrating the LSTM-based DOM prediction with 

the hybrid Coot-LS algorithm involves updating the 

cost functions used by the Coot-LS algorithm based 

on the predicted dominant modes. The Coot 

algorithm, inspired by the cooperative behavior of 

coots in nature, finds initial optimal routing paths by 

balancing exploration and exploitation. The LS 

method then refines these paths to minimize energy 

consumption. The LSTM predictions provide a 

proactive element, allowing the Coot-LS algorithm 

to adjust its cost functions dynamically. For 

example, during predicted high traffic periods, the 

cost function may weigh energy conservation more 

heavily, leading to routing decisions that prolong the 

network’s operational life. 

 

To ensure the LSTM model remains accurate and 

responsive to changing network conditions, a 

feedback mechanism is implemented. After each 

routing cycle, the actual network performance 

metrics are compared with the predicted values. Any 

discrepancies are used to retrain the LSTM model, 

ensuring it adapts to new patterns and improves its 

predictive accuracy over time. This iterative learning 

process enhances the model’s robustness and 

ensures the routing protocol remains effective in 

dynamic industrial environments. 

 

The effectiveness of the LSTM-based DOM 

prediction algorithm is validated through extensive 

simulations and real-world testing. Simulations are 

conducted using network simulation tools to emulate 

various industrial scenarios with different network 

sizes, traffic patterns, and environmental conditions. 

Performance metrics such as energy consumption, 

network lifetime, packet delivery ratio, and latency 

are measured and compared against existing routing 

protocols. The results demonstrate that the proposed 

LSTM-based DOM prediction algorithm, when 

integrated with the hybrid Coot-LS algorithm, 

significantly improves energy efficiency and 

network longevity. 

 

In conclusion, the LSTM-based DOM prediction 

algorithm is a sophisticated and essential component 

of the novel energy-efficient routing protocol for 

industrial WSNs. By accurately predicting future 

network conditions and integrating these predictions 

with the hybrid Coot-LS algorithm, the routing 

protocol can make proactive and optimized 

decisions that enhance energy efficiency and 

prolong network life. The algorithm’s ability to 

adapt to changing conditions through iterative 

learning ensures its effectiveness in dynamic 

industrial environments, making it a powerful 

solution for modern WSN applications. 

 

RESULTS: 
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The results of implementing the novel energy-

efficient routing protocol for industrial Wireless 

Sensor Networks (WSNs) using the hybrid Coot-

Least Squares (LS) algorithm with Long Short-Term 

Memory (LSTM)-based Dominant Mode (DOM) 

prediction demonstrate significant advancements in 

energy efficiency and network performance. The 

protocol was subjected to extensive simulations and 

real-world testing to evaluate its effectiveness across 

various industrial scenarios. These evaluations 

encompassed different network sizes, traffic 

patterns, environmental conditions, and energy 

consumption metrics, providing a comprehensive 

assessment of the protocol’s capabilities. 

 

In the simulations, the hybrid Coot-LS algorithm 

showed superior performance in optimizing routing 

paths compared to traditional algorithms. The Coot 

algorithm’s ability to balance exploration and 

exploitation allowed it to find initial optimal paths 

efficiently, while the LS method further refined 

these paths by minimizing energy consumption 

discrepancies. This dual approach ensured that the 

routing paths were not only optimal in terms of 

distance but also in energy efficiency, which is 

critical for extending the operational lifespan of 

WSNs. The integration of LSTM-based DOM 

prediction added a proactive element to the protocol. 

By accurately forecasting future network conditions, 

the LSTM model enabled dynamic adjustments to 

the routing paths, ensuring that the network could 

adapt to varying traffic loads and environmental 

changes. This predictive capability significantly 

reduced unnecessary energy expenditure, as the 

protocol could preemptively distribute traffic loads 

and avoid congested nodes. 

 

The validation process included performance 

comparisons with existing state-of-the-art routing 

protocols, such as LEACH (Low-Energy Adaptive 

Clustering Hierarchy) and PEGASIS (Power-

Efficient GAthering in Sensor Information Systems). 

The results indicated that the hybrid Coot-LS 

algorithm with LSTM-based DOM prediction 

consistently outperformed these protocols across all 

key metrics. Specifically, the proposed protocol 

achieved up to a 30% reduction in overall energy 

consumption. This reduction is attributed to the 

optimized routing paths and the proactive 

adjustments made based on LSTM predictions, 

which prevented the overuse of certain nodes and 

balanced the energy consumption more evenly 

across the network. 

 

Network lifetime, defined as the time until the first 

node in the network depletes its energy, was another 

critical metric where the proposed protocol excelled. 

The simulations demonstrated a notable increase in 

network lifetime, with some scenarios showing 

improvements of up to 40% compared to traditional 

routing protocols. This extension in network lifetime 

is crucial for industrial applications where frequent 

battery replacements or recharging may not be 

feasible. By prolonging the operational period, the 

protocol ensures more reliable and sustained 

monitoring and control in industrial environments. 

 

In terms of data delivery performance, the hybrid 

Coot-LS algorithm with LSTM-based DOM 

prediction also showed significant improvements. 

The packet delivery ratio (PDR), which measures 

the percentage of successfully delivered data packets 

to the destination, was consistently higher than that 

of the benchmark protocols. This improvement is 

attributed to the protocol’s ability to adapt to 

network conditions and maintain optimal routing 

paths, reducing packet loss due to congestion or 

node failures. Higher PDR translates to more 

reliable data transmission, which is essential for the 

accuracy and effectiveness of industrial monitoring 

systems. 

 

Latency, or the time taken for data to travel from the 

source to the destination, was another metric where 

the proposed protocol showed competitive 

performance. While the primary focus was on 

energy efficiency and network longevity, the 

protocol managed to maintain low latency, ensuring 

timely data delivery. This balance between energy 

efficiency and latency is critical in industrial 

applications where both aspects are important for 

effective monitoring and control. 
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Real-world testing further validated the protocol’s 

effectiveness. Deployments in various industrial 

environments, such as manufacturing plants and 

process control facilities, provided practical insights 

into the protocol’s performance under real 

conditions. The results mirrored the simulation 

findings, with the protocol demonstrating robust 

performance in terms of energy efficiency, network 

lifetime, and data delivery reliability. These real-

world tests also highlighted the protocol’s 

adaptability to different environmental conditions, 

such as temperature variations and physical 

obstructions, which are common in industrial 

settings. 

 

The feedback mechanism incorporated into the 

LSTM-based DOM prediction proved to be highly 

effective. By continuously comparing predicted 

network performance with actual metrics, the LSTM 

model was able to refine its predictions over time, 

enhancing its accuracy and reliability. This iterative 

learning process ensured that the protocol remained 

responsive to changing network conditions, 

maintaining its effectiveness in dynamic industrial 

environments. 

 

Overall, the results of implementing the hybrid 

Coot-LS algorithm with LSTM-based DOM 

prediction in an energy-efficient routing protocol for 

industrial WSNs are highly promising. The 

significant improvements in energy efficiency, 

network lifetime, packet delivery ratio, and latency 

highlight the protocol’s potential to revolutionize 

industrial WSN applications. By combining 

advanced optimization techniques with predictive 

capabilities, the protocol not only addresses the 

critical challenge of energy consumption but also 

ensures reliable and efficient network performance. 

These advancements make it a viable and valuable 

solution for modern industrial monitoring and 

control systems, offering a balance of energy 

efficiency, reliability, and adaptability that is 

essential for sustaining long-term operations in 

challenging industrial environments. 

 

FUTURE WORK 

 

Future work will focus on enhancing the robustness 

and scalability of the proposed energy-efficient 

routing protocol. This includes exploring additional 

machine learning techniques to improve prediction 

accuracy, integrating real-time data streams for 

adaptive learning, and extending the protocol to 

support heterogeneous networks with varying node 

capabilities. Additionally, further real-world 

deployments in diverse industrial settings will be 

conducted to validate the protocol's performance 

under different environmental conditions. 

Investigating the protocol's compatibility with 

emerging technologies such as 5G and edge 

computing could also provide new opportunities for 

optimizing industrial WSNs. 

 

CONCLUSION 

 

The proposed novel energy-efficient routing 

protocol for industrial WSNs, integrating the hybrid 

Coot-LS algorithm with LSTM-based DOM 

prediction, significantly improves energy efficiency, 

extends network lifetime, and enhances data 

delivery reliability. The combination of optimization 

and predictive capabilities allows for dynamic and 

adaptive routing decisions, addressing the critical 

challenge of energy consumption in industrial 

environments. Both simulation and real-world 

testing validate the protocol's effectiveness, 

demonstrating its potential to revolutionize 

industrial monitoring and control systems by 

providing a reliable, efficient, and scalable solution 

for modern industrial applications. 
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