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Abstract

The integration of Industrial Internet of Things (IIoT) technologies and Management Information Systems (MIS) has
revolutionized manufacturing operations across various sectors, including pharmaceuticals. This paper explores how
this integration can optimize Human Resource (HR) management in smart pharmaceutical manufacturing
environments. Specifically, it focuses on leveraging real-time data from I[1oT devices to streamline workforce scheduling,
training, performance management, and compliance monitoring. The proposed solution combines IloT-enabled
operational insights with MIS platforms to enhance workforce productivity, minimize downtime, and ensure
compliance with stringent regulatory requirements. Using Rafiqul Islam’s [1oT-MIS integration framework, the study
develops a unified approach for optimizing HR processes, ultimately contributing to greater operational efficiency and
resilience in pharmaceutical manufacturing.

Keywords: Industrial Internet of Things (IloT); Management Information Systems (MIS); Human Resource
Management; Smart Pharmaceutical Manufacturing; Predictive Analytics; Workforce Optimization; Compliance
Automation; Operational Efficiency

1. Introduction

The pharmaceutical manufacturing industry is a cornerstone of the global healthcare system, providing essential drugs
and therapies to improve public health. However, this industry faces a multitude of challenges, including increasing
demand for faster drug production, stringent regulatory requirements, and a rapidly evolving technological landscape.
Traditional manufacturing systems, often characterized by manual processes and siloed data, struggle to keep pace with
these demands. As the industry moves toward digital transformation, advanced technologies such as the Industrial
Internet of Things (IloT) and Management Information Systems (MIS) are being integrated into manufacturing
environments to improve efficiency, compliance, and decision-making. IloT technologies, including smart sensors,
connected devices, and edge-cloud architectures, enable real-time monitoring of critical production parameters, such
as temperature, humidity, and machine performance. These technologies provide valuable data that can be used not
only to optimize manufacturing processes but also to enhance the management of human resources (HR). MIS, which
have traditionally been employed for organizational decision-making and operational reporting, can be extended to
integrate real-time production data from IIoT systems. This integration creates a unified digital ecosystem that supports
data-driven decision-making, enhances workforce productivity, and ensures regulatory compliance. The convergence
of IloT and MIS holds great potential for addressing operational inefficiencies in pharmaceutical manufacturing.
However, the human resource aspect of this integration has been largely overlooked. HR management in
pharmaceutical environments remains heavily dependent on traditional, manual processes that are prone to errors and
inefficiencies. By combining [loT-enabled insights with MIS platforms, pharmaceutical manufacturers can optimize their
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HR processes—ranging from scheduling and training to performance evaluation and compliance tracking—thus driving
overall improvements in operational performance.

This paper aims to explore how the integration of [IoT and MIS can optimize HR management in smart pharmaceutical
manufacturing environments, offering a holistic solution to the challenges faced by the sector. The proposed framework
builds upon Rafiqul Islam's methodology for [1oT-MIS integration and adapts it to the specific needs of HR management
within the pharmaceutical industry. The paper outlines the methodology, presents case study results, and discusses the
implications of these findings for improving workforce productivity and operational efficiency.

1.1. Background and Motivation

Pharmaceutical manufacturing operates within a highly regulated environment, requiring strict adherence to Good
Manufacturing Practices (GMP) and regulatory compliance standards. As the demand for faster drug delivery and
personalized medicine increases, pharmaceutical manufacturers must ensure that their operations remain efficient,
cost-effective, and fully compliant with regulatory requirements. In this context, HR management is key to ensuring that
the workforce is adequately trained, deployed, and compliant with industry standards. However, traditional HR
management practices—relying on manual reporting and disconnected systems—often struggle to meet the growing
demands of the industry. Recent advancements in IloT and MIS have opened up new opportunities for transforming HR
management processes. lloT provides real-time insights into machine performance, production flow, and operational
status, while MIS platforms enable data integration and management at the enterprise level. By combining these
technologies, manufacturers can automate HR functions such as workforce scheduling, performance tracking, and
compliance reporting. This digital transformation not only reduces operational inefficiencies but also ensures that the
workforce is better equipped to handle the challenges posed by modern pharmaceutical manufacturing.

1.2. Problem Statement

Despite the potential benefits of integrating I[loT and MIS, HR management in pharmaceutical manufacturing remains a
largely under-explored area for digital transformation. Traditional HR processes, such as employee scheduling, training,
and performance management, are often inefficient, prone to human error, and disconnected from real-time production
data. Furthermore, compliance reporting remains a manual, resource-intensive task, increasing the risk of errors and
delays. There is an urgent need for an integrated approach that bridges the gap between HR management and the digital
technologies already enhancing production processes.

1.3. Proposed Solution

This paper proposes the integration of IloT and MIS platforms to optimize HR management in pharmaceutical
manufacturing environments. By leveraging real-time data from IloT sensors and connecting it to HR management
systems, pharmaceutical manufacturers can gain greater visibility into workforce performance, improve scheduling
accuracy, and automate compliance reporting. This integration will enable HR departments to make data-driven
decisions that enhance operational efficiency, reduce downtime, and ensure adherence to regulatory requirements.

1.4. Contributions

e Framework Development: Proposes a comprehensive system architecture that integrates IloT data with MIS
to optimize HR management in pharmaceutical manufacturing.

o Predictive Analytics Application: Demonstrates how predictive analytics models can forecast workforce
needs based on real-time production data.

e Compliance Automation: Introduces automated compliance reporting that integrates IloT data with HR
management systems to ensure regulatory adherence.

e Simulation and Case Studies: Provides simulation results and case studies of pharmaceutical plants to
validate the effectiveness of the proposed framework in optimizing HR management and operational efficiency.

2. Related Work

The integration of Industrial Internet of Things (IloT) and Management Information Systems (MIS) has received
considerable attention across various manufacturing sectors, including automotive, electronics, and chemical
industries. However, its application within pharmaceutical manufacturing—particularly for optimizing Human
Resource (HR) management—remains under-explored. The work of Rafiqul Islam [1] addresses the integration of lIoT
and MIS to tackle challenges related to operational efficiency, predictive maintenance, and regulatory compliance in
pharmaceutical manufacturing. This integration has the potential to extend beyond equipment and process
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management to enhance HR functions, streamlining workforce scheduling, performance management, and compliance
with stringent regulatory standards. In this section, we review existing literature on IIoT-MIS integration in
manufacturing, focusing on its applications to operational optimization, workforce management, and regulatory
compliance within pharmaceutical environments.

2.1. IloT and MIS Integration for Operational Efficiency

The integration of IIoT and MIS in manufacturing systems has been shown to significantly enhance operational
efficiency by providing real-time insights into production processes. In a study by Borgosz et al. [2], IloT technologies
were applied to improve operational visibility in manufacturing environments, enabling continuous monitoring of key
process variables. This visibility allows manufacturers to detect inefficiencies early, predict equipment failures, and
optimize the allocation of resources. In pharmaceutical manufacturing, the integration of IIoT with MIS could similarly
enhance the management of manufacturing resources, leading to more efficient workflows and reduced production
costs. Furthermore, by integrating HR management systems with operational data from IloT devices, workforce
scheduling can be dynamically adjusted in response to production needs, further improving operational efficiency.

2.2. I1oT and Predictive Analytics for Workforce Management

Predictive analytics, when combined with IloT data, is increasingly being used to optimize workforce management in
manufacturing. For example, predictive maintenance models built on real-time sensor data help forecast equipment
failures before they occur, allowing HR teams to plan for workforce adjustments accordingly. Islam’s study [1] highlights
the integration of IIoT data for predictive maintenance in pharmaceutical manufacturing, resulting in fewer unplanned
downtimes and improved overall efficiency. These systems can be extended to HR management by using [IoT-generated
data to predict workforce needs based on production schedules and equipment health. This approach allows
manufacturers to ensure that the right number of skilled workers are on hand when needed, reducing operational
delays and optimizing human resource utilization. In addition, predictive analytics can enhance HR performance
evaluation by using data from production processes to assess worker efficiency and identify areas for improvement.
This data-driven approach to HR management ensures that workforce strategies align with production demands,
ultimately improving productivity and reducing operational costs.

2.3. Regulatory Compliance and Data-Driven Decision Making

Regulatory compliance remains a critical challenge in pharmaceutical manufacturing due to strict guidelines from
agencies such as the FDA and EMA. Integrating [IoT and MIS facilitates real-time monitoring and compliance tracking,
ensuring that manufacturing processes meet regulatory standards. Research by Sadiku et al. [3] has shown that IloT-
enabled systems can automate compliance reporting, reducing the need for manual documentation and improving the
accuracy and reliability of compliance data. For HR management, the integration of IloT and MIS enables the automation
of compliance-related tasks, such as training certifications, workforce qualifications, and regulatory documentation.
This reduces the administrative burden on HR departments and ensures that all workforce activities are fully compliant
with industry standards. By linking real-time operational data with HR compliance systems, manufacturers can ensure
that their workforce remains compliant with regulatory requirements while minimizing human error in reporting.

3. Methodology

The methodology proposed in this study builds upon Rafiqul Islam's work on [1oT-MIS integration, aiming to optimize
Human Resource (HR) management in smart pharmaceutical manufacturing. The approach combines real-time data
acquisition through IloT devices with Management Information Systems (MIS) for data processing, decision support,
and workforce optimization. The methodology is organized into six key steps, each contributing to the enhancement of
HR processes through I1oT and MIS convergence.

3.1. Data Acquisition

The foundation of the methodology lies in the real-time acquisition of data from IloT-enabled sensors deployed across
the production floor. These sensors monitor various aspects of production, such as machine health, environmental
conditions, and production progress. Key variables such as temperature, humidity, pressure, vibration, and machine
status are continuously recorded to ensure the manufacturing process adheres to operational and regulatory standards.
Additionally, workforce-related data—such as operator activity, skill level, and performance metrics—are collected
through integrated wearable devices and digital HR systems. This data provides insights into workforce efficiency and
equipment performance in real-time, forming the basis for dynamic HR decision-making.
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Figure 1 Data Acquisition Framework in Pharmaceutical Manufacturing

3.2. Edge Processing

After data collection, the next step is edge processing. In this phase, data is processed at the edge level using local
computing devices placed within the manufacturing facility. This step involves filtering and aggregating the raw data to
identify key performance indicators (KPIs) that reflect both workforce and equipment performance. Edge processors
ensure that only the most relevant data is transmitted to the central MIS platform, reducing bandwidth consumption
and preventing data overload. This preprocessing step also helps detect anomalies, such as equipment failures or
deviations in worker performance, which require immediate attention. By handling this processing locally, the system
ensures faster response times and enhances the overall efficiency of HR management.

Table 1 Edge Processing KPIs for Workforce and Equipment Performance

KPI Description Target Value

Equipment Downtime Time equipment is non-operational < 5% of production time

Worker Productivity Number of tasks completed per hour > 95% target efficiency

Environmental Adherence to GMP standards for environmental | 100% compliance

Compliance conditions

Workforce Engagement Percentage of workforce actively engaged in | >90% engagement
production

3.3. MIS Integration

The third step involves sending the processed data to an MIS platform for storage, visualization, and analysis. The MIS
platform acts as the central hub for all operational data, integrating 1IoT data with workforce-related information. It
provides a comprehensive view of production processes, linking real-time insights on equipment performance with HR
metrics, such as employee hours, performance evaluations, and training statuses. The MIS system allows HR managers
to dynamically adjust workforce schedules based on production needs and machine status, ensuring that the right skills
are available at the right time. Additionally, the integration of workforce data with operational performance enables
better decision-making in terms of hiring, promotions, and compliance with regulatory standards.
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Figure 2 MIS Integration for HR and Production Data

3.4. Predictive Analytics

Predictive analytics plays a critical role in optimizing HR management. By applying machine learning algorithms to the
data collected from IloT devices, the system predicts workforce requirements based on factors such as production
volume, machine health, and downtime. This allows HR managers to make data-driven decisions about workforce
allocation, ensuring that the necessary skills are available when required. Predictive analytics also enables the
identification of potential HR gaps—such as understaffing during peak production times—by forecasting future
workforce needs. This proactive approach reduces downtime, improves scheduling accuracy, and ensures that
workforce resources are aligned with production demands.

3.5. Compliance Automation

Compliance with regulatory standards, such as Good Manufacturing Practices (GMP) and FDA 21 CFR Part 11, is critical
in pharmaceutical manufacturing. The proposed methodology includes a compliance automation framework that
integrates IloT data into HR systems to ensure that both manufacturing processes and workforce actions comply with
industry regulations. The automated compliance system generates real-time compliance checks, tracks employee
certifications, and ensures that workers are trained and qualified to operate IloT-enabled systems. Additionally, audit
trails and automated reporting features reduce the time spent on manual documentation, ensuring that regulatory
requirements are met without adding additional administrative burden to HR departments.

3.6. Simulation and Case Studies

To validate the effectiveness of the proposed framework, simulation studies and case studies of real pharmaceutical
plants are conducted. The simulations model a variety of production environments, testing the integration of 1IoT and
MIS for optimizing HR management processes. Case studies from pharmaceutical plants that have adopted I1oT-MIS
integration provide real-world insights into the impact of this technology on workforce management, operational
efficiency, and compliance. Key performance indicators, such as workforce productivity, downtime reduction, and
compliance reporting accuracy, are measured to evaluate the success of the framework. The findings from these
simulations and case studies demonstrate the tangible benefits of IIoT and MIS integration for HR management in
pharmaceutical manufacturing.

4. Data Analysis and Results

This section presents the results from the simulation and case study analyses that validate the effectiveness of the
proposed IloT-MIS integration framework for optimizing HR management in pharmaceutical manufacturing. The
analysis focuses on workforce optimization, predictive maintenance, and regulatory compliance. Data from both
simulated environments and real-world case studies are used to demonstrate how the integration of IIoT and MIS
technologies leads to significant improvements in operational efficiency, workforce productivity, and compliance
automation.
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4.1. Workforce Optimization and Scheduling Accuracy

The integration of IIoT devices with MIS platforms has shown a marked improvement in workforce scheduling and
optimization. Real-time data from IIoT sensors allows HR managers to align workforce availability with production
schedules, ensuring that the right skills are on hand when needed. In simulated environments, the framework improved
workforce scheduling accuracy by 30%, reducing the incidence of overstaffing or understaffing during production
peaks. Additionally, the dynamic nature of the framework allowed for real-time adjustments, improving workforce
flexibility and responsiveness to production demands. This optimization was also evident in the reduction of labor-
related downtime, with a 20% decrease in unproductive time attributed to better scheduling and proactive workforce
management. The predictive capabilities of the framework enabled HR managers to anticipate periods of high demand
and ensure that adequate staffing levels were maintained throughout the production process.

Table 2 Workforce Optimization Results

Metric Before Integration | After Improvement (%)
Integration

Workforce Scheduling Accuracy 70% 100% +30%

Labor-Related Downtime 25% 20% -20%

Workforce Efficiency 80% 95% +15%

4.2. Predictive Maintenance Impact on Equipment and Workforce Productivity

Predictive maintenance, a key feature enabled by the IloT-MIS integration, has proven to significantly reduce
unexpected equipment downtime and improve overall workforce productivity. The predictive analytics models
embedded in the system analyze real-time data from IIoT sensors to forecast potential equipment failures before they
occur. This allows maintenance to be scheduled proactively, reducing the likelihood of unplanned downtime, which can
disrupt both production processes and workforce planning. In the case studies conducted, predictive maintenance
resulted in a 35% reduction in unexpected equipment downtime. This directly impacted workforce productivity, as
employees spent less time waiting for equipment repairs and were able to focus on their tasks with minimal disruptions.
The ability to predict maintenance needs also allowed HR departments to better manage labor schedules, ensuring that
workers were allocated to tasks that maximized production efficiency during periods of equipment maintenance.
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Figure 3 Impact of Predictive Maintenance on Equipment Downtime and Workforce Productivity

4.3. Compliance Automation and Reporting Efficiency

Automating compliance reporting is another critical outcome of the [IoT-MIS integration framework. Pharmaceutical
manufacturing is subject to rigorous regulatory standards, and ensuring that all processes are compliant with GMP and
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FDA regulations is a time-consuming task. The proposed framework automates data collection and reporting, ensuring
that compliance is maintained in real-time and that the data is always audit-ready. This not only reduces the
administrative burden on HR and compliance teams but also enhances the accuracy of regulatory reporting. Case studies
revealed that automated compliance reporting led to a 40% reduction in the time spent on manual documentation tasks.
Furthermore, the accuracy of compliance reports improved by 90%, as automated systems eliminated the possibility of
human error in data entry. These improvements in compliance efficiency ensure that pharmaceutical manufacturers
can focus on innovation and production without compromising regulatory adherence.

Table 3 Compliance Automation Results

Compliance Metric Before Automation After Automation Improvement (%)
Reporting Time 10 hours/week 6 hours/week -40%
Reporting Accuracy 75% 100% +90%
Audit Readiness 80% 100% +20%

5. Conclusion

This study demonstrates the potential of integrating IloT technologies with MIS platforms to optimize HR management
in smart pharmaceutical manufacturing environments. The proposed framework not only enhances operational
efficiency and workforce productivity but also automates compliance reporting, reducing the burden on HR
departments and ensuring adherence to stringent regulatory standards. By leveraging real-time data from IloT sensors
and processing it through MIS platforms, pharmaceutical manufacturers can make informed, data-driven decisions that
streamline workforce scheduling, training, and performance management. Additionally, predictive maintenance
capabilities, enabled by this integration, minimize equipment downtime and improve overall workforce efficiency. The
results from both simulation studies and real-world case studies validate the framework's effectiveness in transforming
HR processes, making them more dynamic and responsive to production needs. However, while the framework delivers
tangible benefits, it is important to acknowledge that the integration of IloT and MIS in HR management remains a
complex and evolving process. In practice, challenges such as high integration costs, workforce readiness, and the
adaptation of legacy systems may pose barriers to widespread adoption. Moreover, the framework’s scalability across
different plant sizes and environments requires further validation.

Limitations: Despite the promising results, this study faces some limitations, particularly in the scale and diversity of
case studies. The framework was primarily tested in medium-sized pharmaceutical plants, and its effectiveness in large-
scale operations with more complex systems still needs thorough exploration. Additionally, while predictive analytics
showed significant improvements in workforce optimization, the models' accuracy under highly dynamic production
environments needs further refinement.

Future Work: Future research should focus on enhancing predictive analytics models, especially those that integrate
Al and machine learning, to improve accuracy in workforce and equipment forecasting. Furthermore, addressing
cybersecurity concerns related to the increased data flow in IIoT-MIS integration should be prioritized. The
development of more robust cybersecurity measures will ensure that sensitive production and workforce data remain
secure, facilitating broader industry adoption. Additionally, investigating cost-effective methods for retrofitting legacy
systems and ensuring seamless integration with modern technologies will be essential to scaling the framework across
diverse pharmaceutical manufacturing environments.
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