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Quality Management System
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General Performance and Safety Requirements
STED Summary of Technical Documentation

New Approach Notified and Designated Organizations
Clinical Evaluation Report

Food and Drug Administration
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LIMS Laboratory Information Management Systems
Electronic Lab Notebooks
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Abstract

Laboratories require precision, efficiency and compliance with stringent
requlations. However, traditional methods for managing laboratory devices,
scheduling resources and minimizing errors are often inefficient and
error-prone. Agentic Al, an advanced form of Al capable of autonomous
decision-making and real-time adaptation, provides an innovative solution.
This paper explores how Agentic Al enhances device utilization, resource
allocation and error prevention in laboratories backed by case studies,
implementation strategies and data-driven insights.

Introduction

The objective of this paper is to explore the challenges faced in laboratories
and provide a solution to overcome them. The aim is to analyze the current
challenges and risks. Even Digital Solution Labs are facing challenges in
managing their resources and mapping them efficiently. The mapping and
scheduling processes are increasingly complex as new constraints
emerge.lt's hard to manage the changes programmatically.

Agentic Al offers a solution by enhancing autonomous decision-making
and optimizing resource management. It integrates experimental resources
and scientific laboratory management systems to standardize resource
management, optimize allocation, improve resource sharing and predictive
analytics and optimize workflow. Automated digital solutions facilitate
error-free handling of large datasets.

These improvements enable faster decision-making and better outcomes
for laboratory processes, including strategic, operational and support
activities. The system can seamlessly integrate with external Laboratory
Information Management Systems (LIMS) or Electronic Laboratory
Notebooks (ELN), allowing for monitoring, tracking, analysis, reporting and
data exchange. It also ensures compliance with requlatory requirements,
auditability, device resource management and scheduled maintenance.
Identifying critical points in laboratory processes helps prioritize control
measures and select preventive or corrective actions for better workflow
and risk management.

Background and business
challenges

Overview of Laboratory Management System (LMS)

A LMS is an internally designed software-based solution supporting and
streamlining laboratory operations. It encompasses various features to
manage workflows, data tracking and resource allocation.
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Overview of Agentic Al

Agentic Al is an autonomous system that works independently to achieve
a goal. It can have complex workflows and interact with external tools to
achieve its objectives.

Al agents consist of several critical components that work together to
facilitate their functionality, such as perception, reasoning and action.

Agentic Al integrates seamlessly with

« LIMS

« ELN

* Robotic Process Automation (RPA)
* loT-enabled laboratory equipment

Major key challenges faced in a laboratory

+ Breakdown and downtime: Equipment breakdowns disrupt operations,
cause improper care and cause workflow issues

 Impact of equipment downtime: Reduced productivity, delayed tests
and potential revenue loss.

+ Compromised accuracy: Poor maintenance leads to inaccurate results
and incorrect diagnoses

« Safety hazards: Malfunctioning equipment poses risks and requires
preventive maintenance

* Increased costs: Frequent repairs and hidden costs from outsourcing
tests

Applications of Agentic Al

Several pharmaceutical companies have successfully implemented
Agentic Al to enhance laboratory operations. For example, a leading global
pharmaceutical company automated its patient support program helpline
with Agentic Al, reducing manual intervention by 30% and increasing
patient satisfaction by 20%. Al-driven laboratory robotics have also been
used for tasks like sample preparation and analysis, resulting in higher
throughput and fewer errors.

Market reference case studies

« Data analysis and reporting: Al-powered data analysis, such as IBM
Watson Health, uses machine learning to analyze vast datasets,
generating reports 20% faster and improving accuracy in diagnosing
rare diseases. A survey showed that 78% of clinical laboratories
experienced significant data accuracy improvements with Al-driven
analytics tools

« Automated sample processing: Al-powered robotic systems automate
sample processing tasks, reducing errors and increasing efficiency.
Robotic arms with advanced machine vision can handle thousands of
samples per hour. A 2023 study found a 30% reduction in processing



errors and a 40% increase in throughput in labs using these systems. The
global laboratory automation market is expected to grow at a CAGR of
8.3% from 2023 to 2030, indicating a growing reliance on automation
technologies

Solution

HCLTech Lab of the Future (LMS) can significantly enhance processes and
optimization by implementing Agentic Al. By leveraging advanced Al
capabilities, Agentic Al offers a comprehensive solution that addresses the
complexities of resource management, data handling and workflow
automation within laboratory environments. Additionally, Agentic Al
accommodates complex changes with minimal effort, allowing developers
to manage updates and reduce the time to market programmatically.

Potential challenges in Al adoption

* Integration complexity - Al must align with legacy systems
* Requlatory hurdles - Compliance with the Food and Drug
Administration (FDA), European Medicines Agency (EMA) and Good

Manufacturing Practices (GMA) is crucial
» Cybersecurity risks - Protecting sensitive lab data from breaches

Proposed solution

Adopt modular Al tools that work with existing infrastructure
» Ensure transparent Al decision-making for requlatory acceptance
» Implementing Al cybersecurity protocols (e.g., encrypted data storage)

Multi-module Al agents collaborate and orchestrate together for
better-optimized results

Example of multi-Al agent with orchestration
approach

Equipment-1 Equipment-N Instrument-1 Instrument-N

Equipment Instrument
Management Management
Agent Agent Sterzochl
q Storage - N
Device-1
[ Device
Management Orchestration Storage
bevicen Agent Management
evice Multi Al Agent Agent
Manager Agent
External
systems like
LIMS, ELN, etc.
Other
Management
Lab Management System Agent
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Strategic approach
1. Assessment and Al readiness

+ ldentify bottlenecks in lab processes
 Evaluate existing LIMS and automation tools

2. Smart scheduling, smart optimization and smart booking

» Break down and tear down of lab instruments and equipment are
smartly scheduled for maintenance and calibration

* Instruments are allocated or reallocated for smart booking for the
experiment

3. Al integration and testing

* Implement Al-powered scheduling and inventory tracking
» Use pilot projects before full deployment

4. Regulatory compliance and data security

» Ensure Al meets FDA, EMA and GMP standards
» Implement blockchain for data integrity

5. Workforce training and adoption

+ Train personnel on Al-driven workflows
» Create an Al governance framework

HCLTech POV on Lab of the Future (LMS)

Lab Management System User Management

Location Management
Data Management

Lab Space Management

Sample Management
Inventory Management

Workflow Management

Scheduled i
EqUipmentiManagement M(;isteungnce Experiment Management

Instrument Management . Dashboard and Report
Utilization Management
Management Managed

Utilities Management

b -
Agen%’ic Al Training Staff Management
Storage Management Calibration
Management Regulatory Compliance
Sample Management Management
Expiration or
Other Assets Management Re?)lacement Support and Ticketing

Maintenance Management

Sustainability Management
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Benefits

Optimizing device utilization

Efficient use of laboratory devices is essential for productivity and
minimizing downtime. Al-driven systems enhance this by:

+ Real-time monitoring: Tracking device usage, analyzing trends,
optimizing scheduling, identifying underutilized equipment and
balancing workloads

+ Predictive maintenance: Predicting potential failures and adjusting
maintenance schedules to prevent breakdowns

+ Smart scheduling: Integrating with LIMS to schedule experiments based
on device availability, minimizing waiting times and improving efficiency

Resource management

Managing resources in pharmaceutical laboratories is complex. Al helps by:

+ Automated inventory management: Tracks real-time usage of reagents
and chemicals and automatically reorders materials to prevent delays
 Personnel scheduling and optimization: Analyses workloads and assigns

tasks based on expertise and availability, reducing bottlenecks
» Smart resource allocation: Optimizes laboratory space and dynamically
adjusts layouts based on usage patterns to maximize efficiency

Error reduction

Human errors in laboratories can cause data integrity issues and increased
costs. Al helps by:

» Automated data entry and validation: Capturing and verifying real-time
data to eliminate human errors

» Standardized experimental protocols: Enforcing strict adherence to
laboratory SOPs

» Al-powered anomaly detection: Identifying data irreqularities and
flagging potential issues before experiments fail

While the benefits of Agentic Al are substantial, implementing these
systems requires careful consideration, such as ensuring data security,
compliance with requlatory standards and management of the cultural
shift towards increased automation. It is essential to involve stakeholders
from various departments, including IT, compliance and laboratory
personnel, to ensure a smooth transition.
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Conclusion

HCLTech Lab of the Future (LMS) will efficiently revolutionize laboratories
by optimizing device utilization, managing resources efficiently and
reducing human errors. By integrating predictive analytics, automated
scheduling and Al-driven quality control, labs can enhance efficiency,
ensure regulatory compliance and cut costs.

Early adopters of Agentic Al will gain a competitive advantage by
improving laboratory throughput, minimizing waste and accelerating drug
development.
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