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Guest Editorial on Emerging Technologies in
Consumer Power and Energy Management

MERGING technologies in consumer power and energy

management have become important as we adopt more
smart devices, IoT applications, and smart homes. The de-
velopment of consumer electronics and the eventual creation
of a more sustainable and energy-efficient future depend on
these technologies, which can function more efficiently, con-
sume less energy, and integrate with smart home ecosystems
more readily. Also, these technologies make our system more
efficient and sustainable along with less energy consumption
as well as reducing impact on the environment. Effectively,
energy management helps not only the consumer to save
money but also fights climate change by reducing the carbon
footprint of our electronics.

By integrating these energy management technologies into
consumer electronics, smart devices, Internet of Things apps,
and home automation systems will continue to evolve. This
special section will look at how these developments are
influencing the next generation of consumer electronics, which
is in line with IEEE Transaction on Consumer Electronics
journal main objective of furthering the field of consumer
electronics technology.

Research in this field is essential to drive innovation and
stay ahead of technological advances. This could be done
by looking into new ways of optimizing energy use, such
as smart power distribution, energy harvesting, and efficient
battery management to find those that make a difference. This
research also sets up standards and best practices to make
sure devices from different vendors can interwork smoothly
and securely. These emerging technologies mean more effi-
cient performing devices, supporting sustainability goals and
meeting the needs of a tech-savvy world toward an efficient
and sustainable future. This special section was thoughtfully
organized to address the pressing challenges outlined above,
aiming to bring together innovative research and practical
solutions from a diverse range of experts. In response to our
call for papers, we received an overwhelming 85 submissions
from researchers around the world. Following a rigorous peer-
review process focused on originality, technical depth, and rel-
evance to the theme, only 15 high-quality papers were selected
for publication. These accepted papers represent cutting-edge
advancements and valuable contributions to the field.

Reference [A1] explores the integration of Deep Reinforce-
ment Learning (DRL) and Model Predictive Control (MPC)
for optimizing thermal energy management in buildings. It
compares online DRL-MPC, which adapts in real time but
requires higher computation, with offline DRL-MPC, which is
less responsive but computationally efficient. To improve both,
Differential Evolution (DE) and Particle Swarm Optimization
(PSO) are used to fine-tune parameters. Results show online
DRL-MPC outperforms in cost savings, energy efficiency,

comfort, and overall performance despite greater computa-
tional demands. Reference [A2] addresses battery safety and
performance in electric vehicles by applying deep learning to
battery management systems. Convolutional Neural Networks
(CNNs) with PSO are used to predict failures like thermal
runaway, while Feedforward neural networks (FNNs) with
Bayesian Optimization enhance charging cycles and energy
use. Compared to rule-based systems, these models signif-
icantly improve accuracy and precision, underscoring deep
learning’s potential in safer, more efficient Electric Vehicle
(EV) batteries. Reference [A3] introduces a deep learning
framework as real-time Electrocardiogram Machine Learning
(ECG) classification toward low energy consumption. Using
Gated Recurrent Units (GRUs) optimized via modified PSO,
the model fine-tunes hyperparameters such as learning rate and
dropout rate. It outperforms traditional classifiers in accuracy,
latency, and energy use, making it ideal for real-time, battery-
powered Internet of Things (IoT) healthcare applications.
Reference [A4] proposes a smart energy management system
for pocket parks in smart cities to support elderly activity.
It uses Deep Q-Learning (DQL) to personalize activity rec-
ommendations based on health data while optimizing energy
use. Simulated Annealing (SA) fine-tunes system parameters
to reduce waste. The combination of DQL and SA enhances
both sustainability and health outcomes, supporting energy-
efficient urban aging solutions. Reference [A5] presents a
hybrid model including Recurrent Neural Network (RNN)
and Long Short-Term Memory (LSTM) framework PSO for
real-time cyber threat detection in smart cities. It targets
IoT-related cybersecurity challenges by analyzing sequential
network traffic data. The PSO-tuned model achieves 97.5%
accuracy and 96.8% recall, enhancing detection speed and
reliability. The study highlights machine learning’s role in
securing smart urban infrastructures.

Reference [A6] proposes a hybrid model combining Genera-
tive Adversarial Networks (GANSs) and Differential Evolution
(DE) to improve remote sensing data quality and optimize
renewable energy resource assessments. GANs enhance satel-
lite image resolution, while DE fine-tunes sensor settings and
enhancement algorithms. The approach significantly boosts
image quality and prediction accuracy, reducing costs and
enabling better site evaluations. Case studies demonstrate
its effectiveness for scalable, cost-efficient renewable energy
planning. Reference [A7] presents an Artificial Intelligence
(AI) based decision support system that uses Recurrent Neu-
ral Networks (RNNs) with Adam optimization to improve
energy efficiency in autonomous consumer electronics. The
framework processes real-time data to predict and adapt en-
ergy use in devices like smart thermostats and IoT light-
ing. Results show significant energy savings and improved



prediction accuracy over traditional methods. This approach
offers promising advances for reducing energy consumption
in smart devices. Reference [A8] proposes a hybrid energy
management approach for smart camera systems by combin-
ing CNNs for depth estimation, Stochastic Gradient Descent
(SGD) for model training, and a modified PSO algorithm with
crossover and mutation operators to reduce energy consump-
tion. The CNN generates accurate depth maps, SGD fine-
tunes the model, and the enhanced PSO optimizes camera
settings. Experiments on the KITTI (Karlsruhe Institute of
Technology and Toyota Technological Institute) and NYU
Depth V2 (New York University Depth Dataset Version 2)
datasets show significant energy savings with minimal loss
in depth accuracy, outperforming baseline methods. Reference
[A9] proposes a predictive maintenance framework combining
Variational Autoencoders (VAE) for anomaly detection and
PSO for model tuning in consumer electronics and intelligent
energy networks. The VAE learns latent system behaviors,
while PSO improves accuracy and efficiency. Results show
94% accuracy, 20% cost reduction, and a 5% false positive
rate. The approach outperforms traditional methods and is
scalable for real-time IoT and edge applications. Reference
[A10] proposes a hybrid Deep Reinforcement Learning (DRL)
and Genetic Algorithm (GA) approach to optimize energy
use and traffic flow in signal control systems. DRL adjusts
signals in real-time, while GA fine-tunes global schedules
for efficiency. Simulations show 15-25% energy savings and
notable reductions in congestion and delay, supporting smarter,
greener urban mobility.

Reference [All] introduces a novel framework combin-
ing GNNs, reinforcement learning (RL), and meta-learning
for predictive energy optimization in IoT-enabled consumer
electronics. Using Proximal Policy Optimization (PPO) based
RL and Model-Agnostic Meta-Learning (MAML) enhanced
Meta-GNNs, the model adapts to dynamic energy demands
and sparse data. Experiments show up to 25.2% energy
savings and over 92% accuracy, highlighting its efficiency
and adaptability for smart grids, industrial IoT, and connected
homes. Reference [A12] proposes a hybrid Deep Q-Network
(DQN) and Ant Colony Optimization (ACO) framework to
improve energy efficiency in computer vision systems. The
approach achieves 30% energy savings, 8.24% accuracy im-
provement, and 20% faster processing. It proves highly adapt-
able, benefiting energy-critical applications like autonomous
driving, surveillance, and mobile computing. Reference [A13]
This study presents an Al-based energy management system
for smart homes using Deep Deterministic Policy Gradient
(DDPG) combined with PSO. IoT sensor data guides adaptive
decision-making, while PSO fine-tunes DDPG hyperparam-
eters. Results show up to 25.2% energy savings over tra-
ditional methods, demonstrating improved efficiency without
compromising user comfort. Reference [A14] proposes an
Al-driven energy optimization framework for autonomous
vehicles, leveraging Autoencoders for data reduction and
Simulated Annealing (SA) for system optimization, alongside
5G and edge computing. The approach improves average
speed by 12.5%, boosts acceleration, and reduces system
downtime and error rates. Results highlight enhanced energy

efficiency and reliability, offering scalable potential for sus-
tainable transportation. Reference [A15] presents an Al and
Big Data Analytics framework for optimizing energy use
in IoT-enabled smart homes, using Variational Autoencoders
(VAESs) for feature extraction and Differential Evolution (DE)
for parameter optimization. The approach achieved a 40%
energy reduction and up to $300 in annual savings per
household, while boosting user satisfaction by 25%. Results
highlight improved energy distribution and user engagement,
demonstrating the framework’s effectiveness in sustainable
smart home management.
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