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Abstract

Mobile Wireless Sensor Networks (MWSNs) are vital for modern
applications such as environmental monitoring, healthcare, smart
cities, and industrial automation. However, their characteristics—node
mobility, limited energy, dynamic topology, and latency constraints—
make designing efficient routing protocols challenging. Achieving both
energy efficiency and low delay is crucial, as it directly affects network
lifetime and performance. Traditional routing methods, including
clustering, shortest-path, and metaheuristic approaches, improve
certain aspects like energy consumption but often fail to adapt to
dynamic conditions and typically address only one objective at a time.
Recent advances in artificial intelligence and deep learning have
introduced more effective solutions for intelligent routing. Causal
dilated convolutional neural networks (CDCNNSs) can capture temporal
dependencies and predict mobility patterns, enabling proactive routing
decisions that reduce delay and energy usage. Integrating mobility
prediction further enhances performance by minimizing packet loss
and improving resource utilization. Al-driven frameworks combining
machine learning and optimization techniques have demonstrated
superior efficiency compared to traditional methods. This survey
reviews recent developments, highlighting advancements, comparing
techniques, and identifying challenges such as computational
complexity, scalability, and real-time implementation.

Introduction

One of the most critical challenges in MWSNs is

Wireless Sensor Networks (WSNs) consist of a
large number of small, low-power sensor nodes
deployed to monitor environmental conditions,
collect data, and transmit information to a central
base station. With the evolution of
communication technologies, WSNs have
expanded into Mobile Wireless Sensor Networks
(MWSNs), where nodes or sink nodes are mobile.
This mobility introduces new challenges in
network design, particularly in routing, energy
management, and delay optimization.

© 2025 The Authors. Published by MRI INDIA.

energy efficiency. Sensor nodes are typically
battery-powered, and replacing or recharging
batteries is often impractical, especially in
remote or hazardous environments. Therefore,
minimizing energy consumption is essential for
extending network lifetime. Energy-efficient

routing protocols aim to optimize data
transmission paths, reduce redundant
communication, and balance energy

consumption across nodes. Studies have shown
that energy-efficient routing is fundamental to
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improving network performance and longevity
in WSN environments.

Another major challenge is delay-sensitive
routing. Many applications, such as healthcare
monitoring and disaster management, require
real-time data transmission with minimal
latency. However, mobility in sensor networks
causes frequent topology changes, leading to
unstable routes and increased delays. Traditional
routing protocols often fail to handle such
dynamic conditions effectively, resulting in
packet loss and increased transmission delays.
To address these issues, researchers have
proposed various routing techniques, including
clustering-based routing, geographic routing,
and optimization-based approaches. For
example, clustering algorithms combined with
swarm intelligence techniques have been used to
reduce energy consumption and optimize
routing paths in mobile WSNs. Similarly, delay-
sensitive routing frameworks using predictive
models such as K-nearest neighbours have been
developed to improve routing efficiency and
reduce latency.

However, these traditional approaches have
limitations in handling highly dynamic
environments. They often rely on static
assumptions or require frequent route updates,
which increase computational overhead and
energy consumption. To overcome these
limitations, recent research has focused on
machine learning and deep learning-based
routing frameworks.

Deep learning models, particularly convolutional
neural networks (CNNs), have shown strong
capabilities in analysing complex data patterns.
Among these, causal dilated CNNs are
particularly suitable for time-series analysis, as
they can capture long-term dependencies
without increasing computational complexity
significantly. These models enable accurate
prediction of node mobility patterns, traffic flow,
and network conditions, allowing for proactive
routing decisions.

Furthermore, integrating mobility prediction
with routing algorithms significantly improves
network performance. Predictive models can
anticipate node movement and adjust routing
paths accordingly, reducing packet loss and
transmission delays. Advanced deep learning-
based routing frameworks have demonstrated
improved stability, energy efficiency, and delay
performance in mobile WSNs.

Despite these advancements, several challenges
remain. Deep learning models require significant
computational resources and training data,
which may not be feasible for resource-
constrained sensor nodes. Additionally, ensuring
scalability and real-time decision-making in

large-scale networks remains an open research
problem.

This survey aims to provide a comprehensive
overview of recent advancements in energy-
efficient and delay-sensitive routing in mobile
WSNs, with a focus on causal dilated CNN-based
architectures and mobility prediction
techniques.

Literature Review

Samara et al. (2020) conducted a survey on
energy-efficient routing algorithms in wireless
sensor networks, highlighting the importance of
minimizing energy consumption to extend
network lifetime. The study emphasized that
energy-aware routing is critical due to limited
battery capacity of sensor nodes.

Moussa et al. (2022) proposed a hybrid routing
protocol (EHRP) that balances energy
consumption and delay in mobile WSNs. The
model integrates multi-hop and single-hop
routing strategies to reduce latency and improve
packet delivery ratio.

Yao etal. (2023) introduced a game theory-based
multi-hop routing protocol to improve network
lifetime and energy efficiency. The approach uses
clustering and coverage optimization techniques
to balance energy consumption across nodes.
Wang et al. (2024) developed an energy-efficient
geographic routing protocol with node
collaborative scheduling, which reduces energy
consumption and improves packet delivery rates
while minimizing network delay.

Priyadarshi et al. (2025) proposed an Al-driven
routing framework combining reinforcement
learning, genetic algorithms, and particle swarm
optimization, enabling adaptive and energy-
aware routing decisions in dynamic WSN
environments.

Zhang et al. (2020) proposed a mobility-aware
routing protocol for mobile wireless sensor
networks, focusing on predicting node
movement to improve routing stability. The
model utilized historical location data and
probabilistic prediction techniques to estimate
future node positions. By incorporating mobility
prediction into routing decisions, the protocol
significantly reduced packet loss and improved
network reliability. The study demonstrated that
mobility-aware routing is essential for
maintaining stable communication in dynamic
WSN environments.

Kumar and Singh (2021) introduced a delay-
sensitive energy-efficient routing protocol (DS-
EERP) designed to minimize latency while
conserving energy in wireless sensor networks.
The protocol employed a priority-based
scheduling mechanism to ensure that time-
critical data packets are transmitted with



Multidisciplinary Journal of Research in Engineering and Technology

minimal delay. Simulation results showed that
the proposed method improved packet delivery
ratio and reduced end-to-end delay compared
with conventional routing protocols. However,
the approach required frequent updates, which
increased computational overhead.

Rahman et al. (2021) developed a machine
learning-based routing framework for WSNs that
utilizes decision tree algorithms to select optimal
routing paths. The model considers parameters
such as node energy levels, distance, and traffic
load to make routing decisions. The results
indicated  that machine learning-based
approaches can significantly improve routing
efficiency and energy utilization. The authors
suggested that integrating deep learning models
could further enhance prediction accuracy in
dynamic environments.

Singh et al. (2022) proposed a clustering-based
energy-efficient routing protocol that uses
swarm intelligence techniques for cluster head
selection. The model optimizes energy
consumption by distributing communication
load among nodes and reducing redundant
transmissions. Experimental results
demonstrated improved network lifetime and
reduced energy consumption. However, the
clustering process introduces additional
overhead, which may impact performance in
highly dynamic networks.

Lietal. (2022) introduced a deep learning-based
routing model using convolutional neural
networks (CNNs) to predict optimal routing
paths in wireless sensor networks. The model
analyses network conditions and traffic patterns
to make routing decisions. The study showed that
CNN-based routing significantly improves
performance metrics such as delay, throughput,
and energy efficiency. The authors highlighted
that deep learning models can effectively handle
complex routing scenarios in mobile WSNs.

Chen et al. (2020) proposed a deep
reinforcement learning-based routing protocol
for mobile wireless sensor networks, focusing on
adaptive decision-making in dynamic
environments. The model learns optimal routing
strategies by interacting with the network and
continuously updating its policies based on
feedback such as energy consumption and delay.
The results showed significant improvements in
packet delivery ratio and reduced latency
compared with traditional routing approaches.
However, the study highlighted the challenge of
high computational complexity in training
reinforcement learning models.

Gupta and Sharma (2021) developed a hybrid
optimization-based routing protocol that
combines genetic algorithms and particle swarm
optimization for energy-efficient routing in

WSNs. The model aims to balance energy
consumption among nodes while minimizing
transmission  delay.  Simulation  results
demonstrated improved network lifetime and
reduced energy consumption. Despite its
effectiveness, the hybrid approach required
increased computational resources, making it
less suitable for real-time applications in
resource-constrained environments.

Almalki et al. (2022) introduced a delay-aware
routing protocol with mobility prediction using
machine learning techniques. The model predicts
node mobility patterns and adjusts routing paths
proactively to minimize delay and avoid link
failures. The study showed improved routing
stability and reduced packet loss, highlighting the
importance of predictive models in dynamic WSN
environments.

Khan et al. (2022) proposed a causal dilated
convolutional neural network (CDCNN)-based
routing framework for mobile WSNs. The model
captures temporal dependencies in node
mobility and traffic patterns, enabling accurate
prediction of future network states. The results
demonstrated that CDCNN-based routing
significantly reduces delay and improves energy
efficiency compared with conventional CNN-
based models. This study emphasized the
effectiveness of dilated convolution in handling
long-term dependencies in time-series data.
Patel et al. (2023) presented a lightweight deep
learning-based routing protocol designed for
resource-constrained WSN environments. The
model reduces computational overhead while
maintaining high prediction accuracy for routing
decisions. Experimental results indicated
improved energy efficiency and reduced latency,
making it suitable for real-time applications. The
authors suggested that combining lightweight
models with attention mechanisms could further
enhance performance.

Liu et al. (2020) proposed an energy-aware
routing protocol wusing fuzzy logic and
optimization techniques to improve decision-
making in wireless sensor networks. The model
considers parameters such as residual energy,
distance, and node density to select optimal
routing paths. Results showed improved energy
efficiency and extended network lifetime.
However, the approach lacked predictive
capabilities, limiting its performance in highly
dynamic mobile environments.

Verma and Sood (2021) introduced a QoS-aware
routing protocol for delay-sensitive applications
in WSNs, focusing on minimizing end-to-end
delay while maintaining energy efficiency. The
proposed model incorporates priority-based
packet handling and adaptive routing
mechanisms. Simulation results demonstrated
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improved performance in real-time applications,
although the protocol required frequent updates,
increasing computational overhead.

Hassan et al. (2021) developed a mobility-aware
clustering-based routing protocol, which
dynamically adjusts cluster formation based on
node movement patterns. The approach
improves routing stability and reduces
communication overhead in mobile WSNs. The
study highlighted that incorporating mobility
awareness into clustering mechanisms enhances
network performance and reduces packet loss.
Zhou et al. (2022) proposed a deep learning-
based mobility prediction model using recurrent
neural networks (RNNs) to improve routing
efficiency in mobile WSNs. The model predicts
future node positions and adjusts routing paths
accordingly. Experimental results showed
significant improvements in delay reduction and
packet delivery ratio, demonstrating the
effectiveness of predictive models in dynamic
networks.

Reddy et al. (2023) introduced a hybrid routing
framework combining CNN and reinforcement
learning techniques for energy-efficient and
delay-sensitive routing. The model leverages
CNN for feature extraction and reinforcement
learning for adaptive decision-making. The
results indicated improved network
performance, reduced energy consumption, and
enhanced routing reliability. The study
emphasized the importance of hybrid Al models
in optimizing routing in mobile WSNs.

Sharma et al. (2020) proposed an energy-
efficient routing protocol based on adaptive
clustering techniques for wireless sensor
networks. The model dynamically selects cluster
heads based on residual energy and node
proximity, reducing communication overhead
and balancing energy consumption across the
network. Experimental results showed improved
network lifetime and reduced energy depletion
compared with traditional clustering
approaches. However, the protocol did not
incorporate mobility prediction, which limits its
performance in highly dynamic mobile
environments.

Ali et al. (2021) introduced a delay-sensitive
routing framework using fuzzy logic and
optimization techniques. The model prioritizes
time-critical data packets and selects routing
paths based on delay constraints and energy
availability. The results demonstrated reduced
end-to-end delay and improved packet delivery
ratio. The study highlighted that integrating
intelligent decision-making mechanisms
enhances routing efficiency in delay-sensitive
applications.

Nguyen et al. (2022) developed a mobility
prediction-based routing protocol using Long
Short-Term Memory (LSTM) networks. The
model predicts future node positions and adjusts
routing paths proactively to avoid link failures
and reduce packet loss. Simulation results
showed significant improvements in routing
stability, reduced delay, and enhanced network
performance. The authors emphasized the
importance of deep learning models in handling
dynamic network conditions.

Kumar et al. (2022) proposed a hybrid energy-
efficient routing algorithm combining ant colony
optimization and machine learning techniques.
The model optimizes routing paths by
considering both energy consumption and delay
constraints. The results indicated improved
performance in terms of energy efficiency and
routing reliability. However, the hybrid approach
increases computational complexity, which may
affect scalability in large networks.

Patel et al. (2023) introduced a lightweight CNN-
based routing model for energy-efficient
communication in mobile WSNs. The model
reduces computational overhead  while
maintaining high accuracy in routing decisions.
Experimental evaluations showed improvements
in delay reduction, energy consumption, and
overall network performance. The study
suggested that integrating attention mechanisms
with lightweight models could further enhance
routing efficiency.

Singh et al. (2020) proposed a reinforcement
learning-based routing protocol for mobile
wireless sensor networks, focusing on adaptive
decision-making under dynamic network
conditions. The model learns optimal routing
paths by continuously interacting with the
environment and updating its policies based on
reward mechanisms such as energy efficiency
and delay minimization. Results demonstrated
improved routing adaptability and reduced
packet loss. However, the training process
required significant computational resources,
which may limit real-time deployment.

Zhang et al. (2021) introduced a causal dilated
convolutional neural network (CDCNN)-based
mobility  prediction model for routing
optimization in WSNs. The model captures long-
range temporal dependencies in node movement
patterns, enabling accurate prediction of future
positions. This predictive capability significantly
improves routing stability and reduces delay. The
study highlighted that CDCNN models
outperform traditional CNN and RNN-based
approaches in time-series prediction tasks.

Khan et al. (2022) developed a hybrid deep
learning routing framework combining CNN and
attention mechanisms for energy-efficient and
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delay-sensitive communication. The model
selectively focuses on relevant features such as
node energy, distance, and traffic load, improving
decision-making accuracy. Experimental results
showed reduced energy consumption and
improved packet delivery ratio, demonstrating
the effectiveness of attention-based
architectures.

Rao et al. (2023) proposed a multi-objective
optimization-based routing protocol that
simultaneously considers energy efficiency,
delay minimization, and network reliability. The
model uses evolutionary  optimization
techniques to identify optimal routing paths in
dynamic environments. The results indicated

improved performance across multiple metrics,

although the approach requires high
computational overhead for large-scale
networks.

Yadav et al. (2023) introduced an Al-driven
anomaly detection and secure routing
framework for mobile WSNs. The model

integrates machine learning-based anomaly
detection with routing decisions to ensure secure
and reliable communication. The results
demonstrated improved network security and
reduced risk of malicious attacks. The study
emphasized the importance of integrating
security mechanisms into routing frameworks
for next-generation wireless sensor networks.

Comparative Table

No | Author & Year | Technique / | Focus Area Key Key Findings
Model Parameters
1 Samara et al, | Energy-efficient Energy Energy, Highlighted importance
2020 Routing Survey Efficiency Lifetime of energy-aware
routing
2 Moussa et al, | Hybrid  Routing | Energy & Delay | Delay, PDR Improved latency and
2022 Protocol (EHRP) delivery ratio
3 | Yaoetal, 2023 | Game Theory- | Energy Coverage, Balanced energy
based Routing Optimization Lifetime consumption
4 | Wang et al, | Geographic Energy & Delay | Latency, Improved packet
2024 Routing Energy delivery
5 | Priyadarshi et | Al + RL + GA + PSO | Intelligent Adaptability | Adaptive routing
al,, 2025 Routing improvement
6 | Zhang et al, | Mobility Mobility-aware | Stability Reduced packet loss
2020 Prediction Model Routing
7 Kumar & | DS-EERP Protocol | Delay-sensitive | Delay, Energy | Reduced latency
Singh, 2021 Routing
8 | Rahman et al, | ML-based Routing | Intelligent Accuracy Improved routing
2021 Routing decisions
9 Singh et al, | Clustering + | Energy Lifetime Increased network
2022 Swarm Efficiency lifetime
Intelligence
10 | Lietal, 2022 CNN-based Deep Learning | Delay, Improved performance
Routing Routing Throughput
11 | Chen et al, | DRL-based Adaptive Reward, Improved adaptability
2020 Routing Routing Energy
12 | Gupta & | GA + PSO Hybrid Energy Energy, Delay | Improved network
Sharma, 2021 Optimization lifetime
13 | Almalki et al, | Mobility Delay Packet Loss Improved stability
2022 Prediction ML Reduction
14 | Khan et al, | CDCNN Routing Deep Learning | Delay, Energy | Reduced delay
2022 Routing significantly
15 | Patel et al, | Lightweight DL | Efficient Overhead Reduced computation
2023 Model Routing
16 | Liuetal, 2020 | Fuzzy Logic | Energy Distance, Improved decision
Routing Optimization Energy accuracy
17 | Verma & Sood, | QoS-aware Delay-sensitive | QoS, Latency | Improved real-time
2021 Routing Routing performance
18 | Hassan et al, | Mobility-aware Stable Routing | Mobility Reduced packet loss
2021 Clustering
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19 | Zhou et al, | RNN-based Mobility Delay Improved routing
2022 Prediction Prediction efficiency

20 | Reddy et al, | CNN + RL Hybrid Intelligent Energy, Delay | Improved performance
2023 Routing

21 | Sharma et al, | Adaptive Energy Lifetime Balanced energy use
2020 Clustering Efficiency

22 | Alietal, 2021 | Fuzzy Delay | Delay-sensitive | Delay, QoS Reduced delay

Routing Routing

23 | Nguyen et al, | LSTM Prediction | Mobility Stability Improved routing
2022 Model Prediction accuracy

24 | Kumar et al, | ACO + ML Hybrid | Energy Delay Improved efficiency
2022 Optimization

25 | Patel et al, | Lightweight CNN Efficient Energy Reduced overhead
2023 Routing

26 | Singh et al, | RL-based Routing | Adaptive Energy Improved adaptability
2020 Routing

27 | Zhang et al, | CDCNN Mobility | Mobility Accuracy High prediction
2021 Model Prediction accuracy

28 | Khan et al, | CNN + Attention Deep Learning | Energy Improved efficiency
2022 Routing

29 | Raoetal, 2023 | Multi-objective Routing Delay, Energy | Balanced performance

Optimization Optimization

30 | Yadav et al, | Al Security | Secure Routing | Security Improved reliability

2023 Routing
Conclusion To address these limitations, recent research has

Mobile Wireless Sensor Networks (MWSNs) have
gained significant attention due to their wide
range of applications in areas such as
environmental monitoring, healthcare, military
operations, and smart city infrastructures.
However, the dynamic nature of these networks,
combined with constraints such as limited
energy resources, node mobility, and latency
requirements, makes routing a highly complex
problem. This survey has presented a
comprehensive analysis of recent methods and
architectures for energy-efficient and delay-
sensitive routing in mobile WSNs, with a
particular focus on advanced approaches based
on causal dilated convolutional neural networks
(CDCNNSs) and mobility prediction techniques.
The review of 30 studies published between
2020 and 2023 demonstrates that traditional
routing protocols, including clustering-based,
heuristic, and metaheuristic approaches, have
provided a strong foundation for energy-efficient
routing in WSNs. Techniques such as genetic
algorithms, particle swarm optimization, and ant
colony optimization have shown improvements
in network lifetime and load balancing. However,
these methods often lack adaptability to dynamic
network conditions and are limited in their
ability to predict future states of the network. As
a result, they may lead to inefficient routing
decisions, increased delay, and higher energy
consumption in mobile environments.

increasingly focused on machine learning and
deep learning-based routing frameworks.
Predictive models such as decision trees, LSTM
networks, and reinforcement learning
algorithms have enabled intelligent routing
decisions by analysing historical data and
predicting future network conditions. These
approaches significantly improve routing
efficiency, reduce packet loss, and enhance
network stability. Among these, reinforcement
learning-based models have shown strong
adaptability, as they continuously learn from the
environment and optimize routing policies over
time.

A key contribution highlighted in this survey is
the emergence of causal dilated convolutional
neural networks (CDCNNs) for routing
optimization. CDCNNs are particularly effective
in capturing long-term temporal dependencies in
time-series data, making them well-suited for
mobility prediction in MWSNs. By accurately
predicting node movement and network
conditions, CDCNN-based routing frameworks
enable proactive decision-making, reducing
delay and improving energy efficiency.
Furthermore, hybrid architectures combining
CNNs, attention mechanisms, and reinforcement
learning have demonstrated superior
performance by integrating feature extraction,
prediction, and adaptive decision-making
capabilities.
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Another important aspect addressed in this
survey is delay-sensitive routing, which is critical
for real-time applications. Many of the reviewed
studies proposed priority-based and QoS-aware
routing mechanisms to minimize latency.
Integrating mobility prediction with routing
protocols has been shown to significantly reduce
end-to-end delay and improve packet delivery
ratio. Additionally, the incorporation of security
mechanisms, such as Al-driven anomaly
detection, enhances the reliability and
robustness of routing frameworks in the
presence of potential threats.

Despite these advancements, several challenges
remain. Deep learning models often require
significant computational resources and large
datasets, which may not be feasible for
deployment on resource-constrained sensor
nodes. Scalability is another concern, particularly
in large-scale networks with high node mobility.
Moreover, achieving real-time decision-making
while maintaining energy efficiency remains a
challenging task.

In conclusion, this survey highlights that hybrid
intelligent routing frameworks combining deep
learning, mobility prediction, and optimization
techniques represent a promising direction for
future research in mobile WSNs. Causal dilated
convolutional neural networks, in particular,
offer significant advantages in capturing
temporal dependencies and enabling proactive
routing decisions. Future work should focus on
developing lightweight, scalable, and energy-
efficient models that can be deployed in real-time
environments. Additionally, integrating security,
adaptability, and multi-objective optimization
will be essential for designing next-generation
routing protocols capable of meeting the
demands of modern wireless sensor networks.
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