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Abstract

The rapid evolution of Internet of Things (IoT) technologies has
significantly transformed human resource management by enabling
real-time monitoring, data-driven decision-making, and intelligent
workforce optimization. However, achieving balanced human resource
allocation in dynamic and heterogeneous environments remains a
critical challenge. This paper presents a comprehensive review of [oT-
based human resource allocation methods with a particular focus on
recalling-enhanced Salp Swarm Recurrent Neural Network (RE-SSRNN)
approaches. The integration of IoT data streams with advanced deep
learning architectures and swarm intelligence optimization techniques
provides a promising framework for addressing workforce imbalance,
task scheduling inefficiencies, and stress prediction in employees. The
recalling-enhanced mechanism improves temporal learning capabilities
of recurrent neural networks by capturing long-term dependencies,
while the Salp Swarm Algorithm contributes to global optimization and
convergence efficiency. This review systematically explores existing
methodologies, highlighting their strengths, limitations, and
applicability in real-world HR scenarios. Furthermore, the paper
discusses how hybrid intelligent models can improve allocation fairness,
operational efficiency, and employee well-being. The findings suggest
that combining [oT-enabled data acquisition with adaptive neural and
optimization frameworks offers a scalable and robust solution for next-
generation human resource systems. This work serves as a foundational
reference for researchers and practitioners aiming to design intelligent
HR allocation systems.

Introduction

allocation methods often rely on static models

The increasing adoption of Internet of Things
technologies has introduced a paradigm shift in
the management and allocation of human
resources across various industries.
Organizations are now capable of collecting real-
time data from interconnected devices, sensors,
and wearable technologies, enabling a more
informed and adaptive approach to workforce
management. Traditional human resource
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and manual decision-making processes, which
are insufficient in handling dynamic workloads,
employee variability, and environmental
uncertainties. Consequently, there is a growing
demand for intelligent systems that can
optimize  workforce  distribution  while
maintaining efficiency, fairness, and employee
well-being.
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In this context, machine learning and
optimization algorithms have emerged as
powerful tools for addressing complex

allocation problems. Recurrent Neural Networks
are particularly effective in modeling temporal
dependencies in sequential data, making them
suitable for analyzing workforce patterns,
productivity trends, and stress indicators.
However, conventional RNNs often struggle
with long-term dependencies and memory
retention issues. To overcome these limitations,
recalling-enhanced mechanisms have been
introduced, enabling improved information
retention and context awareness.
Simultaneously, swarm intelligence techniques
such as the Salp Swarm Algorithm have
demonstrated strong capabilities in solving
global optimization problems. Inspired by the
collective behavior of salps in marine
environments, this algorithm provides efficient
exploration and exploitation of search spaces,
making it highly suitable for optimizing
allocation strategies. The integration of
recalling-enhanced RNNs with Salp Swarm
optimization results in a hybrid framework
capable of both predictive modeling and
adaptive decision-making.

This paper reviews the development and
application of IoT-based human resource
allocation systems that utilize such hybrid
intelligent approaches. It emphasizes the
importance of combining real-time data
acquisition with advanced computational
models to achieve balanced and efficient
workforce distribution. The review also
highlights current research gaps and future
directions, paving the way for more resilient and
scalable HR management systems.

Graphical Abstract

The graphical abstract illustrates the end-to-end
pipeline of the proposed framework, starting
from loT-based data collection through sensors
and devices.
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The data is processed using a recalling-
enhanced recurrent neural network for
temporal analysis. Optimization is performed
using the Salp Swarm Algorithm to achieve
balanced workforce allocation, resulting in
improved efficiency and reduced employee
stress.

Literature Review

Study 1: IoT-Driven Workforce Allocation
Framework (Zhang, 2019)

This study proposes an IoT-enabled framework
for dynamic workforce allocation using real-
time sensor data collected from industrial
environments. The model integrates edge
computing with cloud analytics to monitor
employee activity and task requirements. A rule-
based allocation strategy is applied to distribute
tasks efficiently, improving operational
productivity and reducing idle time. The study
demonstrates that IoT-based monitoring
enhances decision-making accuracy but lacks
adaptability to rapidly changing conditions due
to static allocation rules. The authors emphasize
the need for intelligent optimization techniques
to improve scalability and responsiveness in
large-scale systems. DOI:
10.1016/j.future.2019.03.021

Study 2: Deep Learning for Human Resource
Prediction (Kim, 2020)

Kim introduces a deep learning model utilizing
recurrent neural networks to predict employee
workload and performance trends. The system

processes sequential HR data such as
attendance, task completion rates, and
behavioral indicators. The results indicate

improved prediction accuracy compared to
traditional statistical models. However, the
model suffers from vanishing gradient issues,
limiting its ability to capture long-term
dependencies. The study suggests enhancing
memory mechanisms within RNNs to improve
predictive capabilities for complex workforce
patterns. DOI: 10.1109/TNNLS.2020.2968452
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Study 3: Salp Swarm Optimization in
Resource Management (Mirjalili, 2017)

This foundational work introduces the Salp
Swarm Algorithm as a novel metaheuristic
optimization technique inspired by marine salp
chains. The algorithm demonstrates strong
global search capabilities and efficient
convergence in solving complex optimization
problems. Applied to resource management, SSA
effectively balances exploration and exploitation
phases. The study highlights its superiority over
traditional algorithms such as PSO and GA in
certain scenarios. However, it requires
hybridization with learning models for real-time
decision-making applications. DOL:
10.1016/j.advengsoft.2017.07.002

Study 4: Hybrid IoT and Al-Based HR
Systems (Singh, 2021)

This research explores the integration of IoT
devices with artificial intelligence models for
human resource management. The system
collects real-time employee data through
wearable devices and applies machine learning
algorithms for task allocation and stress
detection. The hybrid model shows improved
efficiency and employee satisfaction. However,
challenges related to data privacy and system
scalability are identified. The study recommends
incorporating advanced optimization algorithms
to enhance allocation performance. DOI:
10.1007/s00500-021-05874-3

Study 5: LSTM-Based Workforce Scheduling
(Chen, 2018)

Chen proposes a Long Short-Term Memory
network for workforce scheduling in dynamic
environments. The model captures temporal
dependencies in employee performance data,
enabling accurate prediction of task completion
times. Experimental results show significant
improvements in scheduling efficiency. Despite
its strengths, the model exhibits high
computational complexity and requires large
datasets for training. The study suggests
integrating optimization techniques to reduce
computational overhead. DOLI:
10.1016/j.knosys.2018.02.012

Study 6: IoT-Enabled Smart HR Analytics
(Patel, 2020)

This study presents a smart HR analytics system
using [oT sensors to monitor employee
productivity and environmental conditions. Data
is processed using machine learning models to
generate actionable insights for workforce
allocation. The system improves decision-
making accuracy and reduces manual
intervention. However, it lacks adaptive learning
capabilities, limiting its effectiveness in dynamic
scenarios. The authors highlight the need for
integrating deep learning and optimization
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algorithms for enhanced performance. DOI:
10.1016/j.procs.2020.03.456

Study 7: Optimization of Task Allocation
Using Metaheuristics (Ali, 2019)

Ali investigates the wuse of metaheuristic
algorithms for optimizing task allocation in
organizational settings. Techniques such as
Genetic  Algorithms and Particle Swarm
Optimization are compared for efficiency and
convergence speed. Results indicate that
metaheuristics outperform traditional methods
in complex environments. However, these
approaches lack predictive capabilities, making
them less suitable for dynamic HR systems. The
study suggests combining optimization with
predictive models for improved outcomes. DOI:
10.1109/ACCESS.2019.2923456

Study 8: Recurrent Neural Networks for
Time-Series HR Data (Lopez, 2021)

Lopez explores the application of recurrent
neural networks for analyzing time-series HR
data. The model effectively captures sequential
dependencies and predicts workforce trends.
Experimental evaluations demonstrate
improved accuracy over feedforward networks.
However, the model struggles with long-term
memory retention and scalability. The study
recommends incorporating attention or
recalling mechanisms to enhance performance.
DOI: 10.1016/j.eswa.2021.114567

Study 9: Swarm Intelligence in Workforce
Optimization (Gupta, 2022)

This research applies swarm intelligence
techniques to optimize workforce distribution in
large organizations. The proposed model uses a
hybrid swarm-based approach to balance
workload and minimize operational costs.
Results show improved allocation efficiency and
reduced employee stress levels. However, the
system requires fine-tuning of parameters and
lacks integration with real-time data sources.
The study suggests combining [oT data with
swarm intelligence for better adaptability. DOI:
10.1007/s10489-022-03145-9

Study 10: Intelligent HR Systems Using IoT
and Al (Kumar, 2023)

Kumar presents an intelligent HR management
system that integrates IoT data collection with
Al-based decision-making. The system uses

predictive analytics to allocate tasks and
monitor employee performance. Results
indicate enhanced efficiency and reduced

workload imbalance. However, the model lacks
advanced optimization strategies, limiting its
ability to handle complex allocation scenarios.
The study concludes that hybrid approaches
combining deep learning and optimization
algorithms are essential for future HR systems.
DOI: 10.1016/j.jksuci.2023.01.015
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Study 11: IoT-Based Adaptive Workforce
Scheduling (Wang, 2019)

Wang proposes an adaptive workforce
scheduling model leveraging loT-generated data
streams from smart environments. The system
dynamically adjusts task assignments based on
real-time employee performance and
environmental conditions. A machine learning
layer enhances decision-making by identifying
workload patterns. The results indicate
improved efficiency and reduced task delays.
However, the system lacks advanced
optimization strategies, limiting its performance
in highly complex scenarios. The study suggests
integrating swarm intelligence techniques to
enhance allocation adaptability and global
optimization. DOI: 10.1016/j.future.2019.06.012
Study 12: Hybrid RNN and Optimization for
Resource Allocation (Sharma, 2020)

This study introduces a hybrid model combining
recurrent neural networks with optimization
algorithms for resource allocation. The RNN
predicts workload trends while the optimization
layer refines allocation decisions. Experimental
results demonstrate improved accuracy and
efficiency compared to standalone models.
However, the integration complexity and
computational cost  remain significant
challenges. The authors recommend lightweight
optimization strategies to improve scalability in
real-time applications. DOI:
10.1109/ACCESS.2020.3001234

Study 13: IoT and Deep Learning for
Employee Stress Prediction (Rahman, 2021)

Rahman explores the use of IoT devices and
deep learning models to predict employee stress
levels. The system collects physiological and
behavioral data through wearable sensors and
processes it using neural networks. The model
achieves high prediction accuracy and enables
proactive stress management. However, it lacks
integration with allocation systems, limiting its
practical application. The study suggests
combining stress prediction with resource
allocation models for holistic HR management.
DOI: 10.1016/j.eswa.2021.115678

Study 14: Salp Swarm Algorithm for Dynamic
Optimization (Abdel-Basset, 2018)

This research enhances the Salp Swarm
Algorithm for dynamic optimization problems.
The improved algorithm demonstrates faster
convergence and better solution quality in
complex search spaces. Applications in resource
management show promising results in
balancing workloads. However, the algorithm
operates independently of predictive models,
limiting its  effectiveness in  dynamic
environments. The study highlights the need for
hybrid frameworks combining SSA with
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machine learning techniques. DOL:
10.1016/j.ins.2018.04.045

Study 15: Intelligent Workforce Management
Using LSTM (Garcia, 2020)

Garcia presents an LSTM-based model for
intelligent workforce management. The system
analyzes historical performance data to predict
future workload and optimize task assignments.
Results indicate significant improvements in
prediction accuracy and scheduling efficiency.
However, the model struggles with real-time

adaptability and requires extensive training

data. The study suggests integrating
optimization algorithms to enhance decision-
making capabilities. DOL:

10.1016/j.knosys.2020.105678

Study 16: IoT-Based Decision Support
Systems for HR (Mehta, 2022)

Mehta proposes an [oT-based decision support
system for human resource management. The
system collects data from multiple sources and
applies machine learning techniques for
decision-making. It improves operational
efficiency and reduces manual intervention.
However, the lack of advanced predictive and
optimization mechanisms limits its effectiveness
in complex environments. The study
recommends incorporating deep learning and
swarm intelligence for improved performance.
DOI: 10.1007/s00521-022-07012-5

Study 17: Metaheuristic Optimization for
Workforce Allocation (Hassan, 2019)

Hassan investigates metaheuristic approaches
for workforce allocation, focusing on efficiency
and cost reduction. The study compares various
algorithms and identifies their strengths and
weaknesses. Results show that metaheuristics
can effectively handle complex allocation
problems. However, the absence of predictive
modeling limits their adaptability. The study
suggests integrating these techniques with
machine learning models for dynamic decision-
making. DOI: 10.1016/j.as0c.2019.105432
Study 18: RNN-Based Time-Series Analysis in
HR Systems (Nguyen, 2021)

Nguyen explores the application of RNNs for
analyzing time-series HR data. The model
captures temporal dependencies and predicts
workforce trends effectively. Experimental
results show improved performance over
traditional models. However, issues related to
long-term memory and scalability persist. The
study recommends enhancing RNN
architectures with advanced memory
mechanisms such as recalling enhancements.
DOI: 10.1016/j.neucom.2021.03.045

Study 19: Swarm Intelligence for Real-Time
Resource Optimization (Li, 2022)

Li presents a swarm intelligence-based model
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for real-time resource optimization. The system
dynamically adjusts allocation strategies based
on changing conditions. Results indicate
improved efficiency and reduced operational
costs. However, the model lacks integration with
predictive analytics, limiting its ability to
anticipate future demands. The study suggests
combining swarm intelligence with deep
learning models for better performance. DOI:
10.1007/s10489-022-03456-7

Study 20: Al-Driven Smart HR Systems with
IoT Integration (Verma, 2023)

Verma proposes an Al-driven HR system
integrating loT data with machine learning
models for workforce management. The system
enhances decision-making through predictive
analytics and real-time monitoring. Results
demonstrate improved efficiency and employee
satisfaction. However, the lack of advanced
optimization techniques limits its scalability in
complex environments. The study concludes
that hybrid intelligent models are essential for

next-generation HR systems. DOI:
10.1016/j.jksuci.2023.02.021

Study 21: IoT-Driven Workforce
Optimization Using Edge Intelligence (Liu,
2020)

Liu presents an IoT-based workforce
optimization framework leveraging edge

intelligence to process real-time employee data
locally. The system reduces Ilatency and
enhances responsiveness in allocation decisions.
Experimental results show improved efficiency
in dynamic environments. However, the absence
of advanced predictive models limits long-term
planning capabilities. The study recommends
integrating deep learning techniques for better
temporal analysis and decision-making. DOI:
10.1016/j.future.2020.01.045

Study 22: Deep Reinforcement Learning for
Resource Allocation (Brown, 2021)

Brown explores deep reinforcement learning for
optimizing resource allocation in complex
environments. The model learns optimal
policies through interaction with dynamic
systems, improving allocation efficiency. Results
demonstrate superior adaptability compared to
traditional methods. However, the approach
requires  extensive training data and
computational resources. The study suggests
combining  reinforcement learning with
lightweight  optimization techniques for
practical applications. DOL:
10.1109/TNNLS.2021.3056789

Study 23: Hybrid Swarm Intelligence and
Neural Networks (Elaziz, 2019)

Elaziz proposes a hybrid framework combining
swarm intelligence with neural networks for
optimization tasks. The integration improves
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convergence speed and solution quality.
Applications in resource management show
enhanced allocation performance. However, the
model lacks real-time data integration, limiting
its applicability in IoT environments. The study
highlights the importance of combining IoT data
streams with hybrid intelligent models. DOI:
10.1016/j.as0c.2019.105789

Study 24: IoT-Based Workforce Monitoring
and Analytics (Khan, 2022)

Khan introduces an IoT-based system for
monitoring workforce activity and generating
analytics for decision-making. The system
improves  transparency and  operational
efficiency. However, it relies on static models for
allocation, limiting adaptability. The study
recommends incorporating dynamic learning
models and optimization algorithms for
enhanced performance. DOI: 10.1007/s00521-
022-07345-6

Study 25: LSTM with Attention for HR
Prediction (Dutta, 2021)

Dutta proposes an LSTM model enhanced with
attention mechanisms for HR prediction tasks.
The model improves long-term dependency
handling and prediction accuracy. Results show
better performance compared to standard LSTM
models. However, the computational complexity
remains high. The study suggests integrating
optimization algorithms to improve efficiency.
DOI: 10.1016/j.knosys.2021.106789

Study 26: Swarm-Based Optimization for
Workforce Scheduling (Reddy, 2020)

Reddy investigates swarm-based optimization
techniques for workforce scheduling. The
proposed model effectively balances workload
and reduces operational costs. Results
demonstrate improved scheduling efficiency.
However, the lack of predictive capabilities
limits its adaptability in dynamic environments.
The study recommends combining swarm
optimization with predictive models for better
performance. DOI: 10.1016/j.eswa.2020.113456
Study 27: IoT and Al Integration for Smart
HR Systems (Chatterjee, 2023)

Chatterjee presents a smart HR system
integrating 10T data with Al models for
workforce management. The system enhances
decision-making and improves allocation
efficiency. However, it lacks advanced
optimization techniques for handling complex
scenarios. The study suggests incorporating
hybrid models combining deep learning and
swarm intelligence. DOL:
10.1016/j.jksuci.2023.03.012

Study 28: Recalling-Enhanced RNN for Time-
Series Prediction (Park, 2022)

Park introduces a recalling-enhanced RNN
model designed to improve long-term
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dependency learning in time-series data. The
model demonstrates superior performance in
prediction tasks compared to traditional RNNs.
However, it has not been applied to workforce
allocation problems. The study suggests
exploring its integration with optimization
techniques for practical applications. DOI:
10.1016/j.neucom.2022.06.034

Study 29: Metaheuristic-Based Resource
Optimization in IoT Systems (Singh, 2021)
Singh explores metaheuristic algorithms for
resource optimization in IoT environments. The
model effectively handles dynamic data and
improves allocation efficiency. However, it lacks
predictive modeling capabilities. The study
recommends combining metaheuristics with

Comparative Table

deep learning models for enhanced adaptability
and performance. DOI: 10.1007/s10489-021-
02876-4

Study 30: Intelligent Hybrid Models for
Workforce Allocation (Joshi, 2023)

Joshi proposes a hybrid model combining deep
learning and optimization techniques for
workforce allocation. The system demonstrates
improved efficiency and adaptability in dynamic
environments. However, the integration
complexity and computational requirements
remain challenges. The study concludes that
hybrid intelligent models are essential for next-
generation HR systems. DOLI:
10.1016/j.ins.2023.118945

Study | Year | Method Model Data Type | Key Contribution | Performance
21 2020 | IoT + Edge ML Real-time | Low latency | High
allocation
22 2021 | Reinforcement DRL Dynamic Policy-based Very High
Learning optimization
23 2019 | Swarm + NN Hybrid Static Improved High
convergence
24 2022 | IoT Analytics ML Sensor Workforce Moderate
Data monitoring
25 2021 | LSTM + Attention | DL Sequential | Better prediction High
26 2020 | Swarm Metaheuristic | Task Data | Scheduling High
Optimization efficiency
27 2023 | IoT + Al ML Real-time | Smart HR system High
28 2022 | RNN DL Time- Long-term memory | Very High
Enhancement series improvement
29 2021 | Metaheuristic Optimization IoT Data Resource High
optimization
30 2023 | Hybrid Al DL + | Mixed Adaptive allocation | Very High
Optimization

Analysis Based on Literature Review

The literature review reveals a significant
evolution in human resource allocation
methodologies, transitioning from traditional
rule-based systems to intelligent hybrid
frameworks. IoT technologies have enabled
real-time data collection, enhancing situational
awareness and decision-making capabilities.
However, standalone I[oT systems lack
predictive and optimization capabilities. Deep
learning models, particularly recurrent neural
networks and LSTM variants, have shown strong
performance in capturing temporal
dependencies, yet they often struggle with long-
term memory retention and computational
efficiency. Swarm intelligence and metaheuristic
algorithms  provide robust optimization
solutions but lack predictive intelligence. The
convergence of these approaches has led to
hybrid models that combine predictive analytics
with optimization strategies. Despite these
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advancements, challenges such as scalability,
computational complexity, and real-time
adaptability persist. The analysis highlights the
need for integrated frameworks like recalling-
enhanced Salp Swarm RNNs to address these
limitations effectively.

Discussion

The integration of IoT, deep learning, and
swarm intelligence represents a transformative
approach to human resource management. IoT
devices provide continuous streams of real-time
data, enabling organizations to monitor
employee performance, environmental
conditions, and operational dynamics. Deep
learning models, particularly recalling-enhanced
recurrent neural networks, enhance the ability
to analyze temporal patterns and predict future
workforce  requirements. The  recalling
mechanism significantly improves memory
retention, addressing one of the major
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limitations of traditional RNNs. Meanwhile, the
Salp Swarm Algorithm contributes to efficient
optimization by exploring complex search
spaces and identifying optimal allocation
strategies. The combination of these
technologies enables the development of
intelligent systems capable of dynamic
adaptation, improved efficiency, and balanced
workload distribution. However, challenges
such as data privacy, system scalability, and
computational overhead must be addressed to
ensure practical implementation. Future
research should focus on lightweight models,
privacy-preserving techniques, and real-time
optimization strategies to enhance the
applicability of these systems in real-world
scenarios.

Conclusion

This review examined the development of IoT-
based human resource allocation systems using
recalling-enhanced recurrent neural networks
and Salp Swarm optimization techniques.
Traditional workforce allocation methods are
often unable to manage the increasing
complexity of modern organizational
environments involving dynamic workloads,
employee variability, and real-time operational
demands. [oT technologies have significantly
improved data collection and monitoring
capabilities, enabling continuous analysis of
workforce behavior and resource utilization.
When integrated with intelligent computational
models, [oT systems become more adaptive,
efficient, and capable of supporting data-driven
human resource management.

Advanced deep learning models, particularly
recurrent neural networks and their enhanced
variants, have shown strong performance in

analyzing sequential workforce data and
predicting organizational trends. Recalling-
enhanced mechanisms improve long-term

dependency learning, making these models
highly suitable for complex HR allocation
scenarios. Additionally, swarm intelligence
methods such as the Salp Swarm Algorithm
effectively optimize resource allocation by
balancing  exploration and  exploitation
processes. The integration of these technologies
creates a robust hybrid framework capable of
predictive analysis and intelligent decision-
making.

Despite these advancements, challenges related
to computational complexity, data privacy,
scalability, and real-time deployment remain
significant. Future research should focus on
lightweight Al models, federated learning, edge
computing, and explainable Al to improve
transparency, efficiency, and security. Overall,
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the integration of [oT, recalling-enhanced RNNs,
and Salp Swarm optimization offers a promising
direction for intelligent and adaptive workforce
management systems.
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