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Abstract: Automated drug inventory control and
distribution systems play a crucial role in the
healthcare industry by enhancing efficiency, reducing
errors, and ensuring the availability of essential
medicines. The integration of artificial intelligence (Al)
has revolutionized pharmaceutical supply chains,
improving accuracy and security. This paper reviews
the advancements in automated drug inventory
management, discussing key methodologies, current
challenges, and future research directions in this
domain.
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1. Introduction: Automated drug inventory control
is a critical aspect of modern healthcare logistics,
ensuring that pharmaceutical products are
available when needed while minimizing waste
and preventing stockouts. Traditional inventory
management systems are prone to human errors,
delays, and inefficiencies, which can have severe
consequences for patient care. The adoption of Al-
driven predictive analytics enhances transparency,
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efficiency, and reliability in pharmaceutical supply
chains. This review explores recent advancements,
highlighting key technologies, methodologies, and
challenges in implementing automated drug
inventory systems.
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2. Literature Survey

[1] Essila, J. C. (2023). Strategies to reduce inventory
costs in the healthcare supply chain. Benchmarking:
An International Journal. This study examines empir-
ically proven methods to improve efficiency and cost
management in healthcare inventory systems. The re-
search identifies approaches healthcare facilities can
adopt to streamline inventory management, reduce
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waste, and lower operational costs, contributing to bet-
ter resource utilization and operational resilience.

[2] George, S. (2023). The effect of inventory control
on pharmaceutical supply chain performance in hospi-
tal pharmacies in Bahrain. SAGE Journals. This re-
search investigates the impact of inventory manage-
ment practices on hospital pharmacy supply chains us-
ing a Structural Equation Modeling approach. Find-
ings indicate that effective inventory management sig-
nificantly enhances operational efficiency, reduces
stockouts, and ensures timely availability of essential
drugs.

[3] Padmavathi, U. (2022). Addressing counterfeiting
and inventory management in the pharmaceutical sup-
ply chain through blockchain technology. IJCSE. This
study explores the application of Blockchain 2.0 in
tracking drug movement within the supply chain, em-
phasizing transparency, security, and reliability. The
proposed blockchain system enhances inventory accu-
racy and helps prevent counterfeit drugs, ensuring reg-
ulatory compliance and streamlined supply chain op-
erations.

[4] Jebbor, S. (2023). Automated inventory and re-
plenishment systems for hospital supply chains. This
research discusses the development of a fully auto-
mated and integrated system to manage inventory in
hospitals. The study highlights how automation can re-
duce human error, increase accuracy, and improve the
responsiveness of hospital supply chains, leading to
optimized drug availability and reduced stockouts.

3. Domain: Al-based drug inventory management in-
tegrates artificial intelligence, data analytics, and
healthcare logistics to ensure efficient pharmaceutical
distribution. By leveraging machine learning, hospitals
and pharmacies can optimize stock levels, reduce
waste, and improve drug availability. Al algorithms
process historical sales data, patient demand trends,
and prescription patterns to make real-time inventory
adjustments, preventing overstocking and stockouts.
The technology also aids in risk assessment by

identifying potential supply chain disruptions and en-
suring emergency preparedness. Al-driven automation
minimizes manual errors in drug tracking, enhances
procurement efficiency, and streamlines distribution
workflows. The integration of real-time data pro-
cessing allows healthcare providers to monitor expira-
tion dates, detect demand fluctuations, and predict fu-
ture inventory requirements with high accuracy.
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4. Al in Drug Inventory Control: Al-driven
analytics assist in demand forecasting and inventory
optimization, reducing the risk of overstocking or

stockouts. Al-based software solutions facilitate
automated inventory tracking, real-time stock
monitoring, and decision-making support for

healthcare providers. These systems integrate with
existing pharmacy and hospital management software,
ensuring seamless workflow automation and reducing
human errors in drug distribution.

5. Traditional Supply Chain Systems :

Earlier systems relied on manual data entry and rule-
based alerts, leading to inefficiencies such as delayed
procurement and high wastage. Traditional approaches
used rule-based decision trees with static rules and
threshold-based triggers, resulting in rigid decision-
making and limited adaptability to dynamic conditions.
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6. Al-Driven  Modern  Systems:  Recent
advancements leverage predictive analytics for

demand forecasting, as seen in applications like
Amazon's Healthcare Division, and reinforcement
learning for optimized resource allocation,
exemplified by Google Health logistics. Modern
systems utilize Long Short-Term Memory (LSTM)
networks to improve the accuracy of demand
forecasting, while Multi-Agent Reinforcement
Learning (MARL) enhances real-time procurement,
logistics, and redistribution, making operations more
adaptive and efficient.

7. Methodology: The methodology for Al-driven drug
inventory control involves several key stages,
beginning with data acquisition, where Al-powered
software collects and processes inventory data from
various sources, including sales records, prescriptions,
and patient demand trends. Preprocessing techniques
such as data cleaning, normalization, and anomaly
detection enhance data accuracy and consistency
across the system.

Feature extraction involves identifying crucial
inventory attributes such as expiration dates, stock
levels, and demand patterns. These extracted features
are fed into Al models that utilize predictive analytics
to forecast demand, optimize procurement schedules,
and prevent stockouts or overstocking. Al-driven
decision support systems further assist administrators
by providing actionable insights, ensuring efficient
inventory allocation.

Once the Al system generates recommendations, it
seamlessly integrates with existing pharmacy and
hospital management software, automating stock
adjustments and reordering processes in real time.
Feedback mechanisms, such as automated alerts and
reports, continuously refine Al predictions, ensuring
improved accuracy and responsiveness over time.

This structured approach optimizes inventory control,
minimizes waste, and enhances the overall efficiency
of pharmaceutical distribution.
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8. Performance Comparison :
Formula Used for Calculations:

Expired Drug Reduction (%):

Reduction = ((Old Expired % - New Expired %) / Old
Expired %) * 100

Order Fulfillment Accuracy (%):
Accuracy = (Successful Orders / Total Orders) * 100
Cost Savings (%0):

Savings = ((Old Cost - New Cost) / Old Cost) * 100

9. Challenges and Future Directions: Despite
advancements in  Al-driven drug inventory
management, several challenges persist. High
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implementation costs and integration difficulties with
legacy systems pose significant barriers to adoption.
Data security concerns, particularly in protecting
sensitive pharmaceutical and patient records, remain
critical issues.

Future advancements should focus on enhancing Al
algorithms to improve predictive analytics and
inventory optimization further. Developing cost-
effective, scalable Al solutions will enable wider
adoption across healthcare facilities. Additionally,
refining software integration strategies will help
bridge the gap between traditional and Al-enhanced
inventory systems. By addressing these challenges,
Al-driven automation can ensure more efficient,
secure, and reliable pharmaceutical supply chains in
the future.

10.Conclusion: Automating drug inventory control
and distribution enhances efficiency, reduces errors,
and improves healthcare outcomes. Al has revolution-
ized pharmaceutical logistics, providing predictive an-
alytics and secure data management. Despite chal-
lenges, continued advancements in automation tech-
nologies will drive the future of drug inventory man-
agement, ensuring optimized supply chains and better
patient care.
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