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Control System Validation Explained 

As companies continue adopting technology to increase efficiency and automate complex operational 
processes, external factors exert pressure on capital and operational budgets.  External factors squeeze 
profit margins, making operational excellence more vital than ever. This paper will explore the role of 
control system validation in ensuring automation technology delivers improvements in efficiency, 
reliability, and the cost of ownership. 

If your business uses industrial automation technology, you’ll benefit from adopting system validation processes.  
A comprehensive understanding of control systems validation is crucial to any engineer working on projects to 
implement this technology.  For leaders and managers, knowledge of this process will enable you to maximise the 
value automation projects bring to your business.  

System validation requires investment, so businesses confront common pitfalls. Among these hazards are 
delayed validation, inadequate inclusion of stakeholders, and poor planning. Such blunders can lead to systems 
failing to meet user requirements, subpar performance, and unanticipated operational hazards. This whitepaper 
equips readers with the skills necessary to navigate these obstacles effectively. It teaches them to construct a 
robust validation strategy, align stakeholders, and orchestrate  adequate verification and validation processes. By 
understanding the nuances of automation system validation, readers can optimise system performance, reduce 
risks, and increase stakeholder confidence. 

Adopting the suggested insights presented here will leave you better equipped to navigate the complex 
landscape of automation system validation, thereby assuring the success and re silience of your business 
operations in an increasingly automated world.  

 

Key Takeaways 

• Role of system validation in enhancing dependability, productivity, and safety 

• Difference between validation and verification 

• How stakeholder engagement ensures system validation aligns with user requirements 

• Avoiding common pitfalls, such as delayed initiation and exclusion of key stakeholders 

• Best practices for system testing, documentation, and ongoing maintenance  
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1. Introduction 

Businesses rely increasingly on control and automation technology. As system complexity grows, ensuring 
technology does everything we intended and is performing as required becomes crucial. So does our ability 
to understand how and why equipment functions the way it does, allowing us to maintain, modify and 
improve it as requirements change. 

System validation is the process of documenting and testing technology, to make sure it operates as intended 
in terms of functionality and performance. The documentation generated  allows the system to deliver maximum 
value to users who know what it is capable of. Inadequate validation can lead to various issues, including: 

• Deviation from user-specific requirements 

• Suboptimal system performance 

• Reduced system reliability 

• Compromised safety and security 

In this paper we will explain the significance of validation. In highlighting common mistakes companies make 
and pointing to best practice hopefully you ’l l finish reading inspired and equipped to validate control systems. 

 

2. What is Validation? 

Validation is a systematic process which – if followed – guarantees a system's adherence to requirements and 
intended performance. It methodically documents user requirements and establishes comprehensive traceability 
between these requirements and the final system implementation. For industrial control and automation systems, 
this process follows the ‘Computer System Validation ’ philosophy. 

Ensuring the automation system meets specified requirements is 
pivotal in guaranteeing its fitness for purpose and alignment with 
user needs 

Breaking down validation to its elemental components reveals a straightforward approach:  

• Clearly define the intended functionality with accurate and unambiguous documentation. 

• Construct the system hardware and software in strict adherence to specifications. 

• Substantiate the system functions precisely as specified through meticulous testing. 

Typically, the validation process is categorised into three core areas: 

• Installation Qualification - Ensuring the installed system meets the specified requirements. 

• Operational Qualification - Verifying the system functions as intended under normal and abnormal fault 
conditions. 

• Performance Qualification - Validating the automation system yields a product in line with the end user's 
specifications, emphasising final product quality and consistency over operational functionality. 
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Validation is instrumental in affirming the system's intended 
performance, fostering reliability, accuracy, and consistency. 

The validation process typically includes the following steps: 

1. Defining Requirements: The initial phase involves establishing the requirements the automation 
system must meet, including functional, performance, and safety aspects. This is typically documented 
in a User Requirements Specification, produced either by the end-users or a third-party representative. 

2. Creating a Validation Plan: With requirements in place, the next step is formulating the validation 
plan. This plan outlines the scope, methods, and expected outcomes of the validation, encompassing 
Installation Qualification, Operational Qualification, and Performance Qualification. 

3. Executing Validation Plan:  This phase involves rigorous testing of the automation system to ensure 
it aligns with the established requirements.  

4. Analysing Results: Post-execution, results are scrutinised, identifying discrepancies and proposing 
enhancement recommendations. 

5. Documenting Results: Comprehensive documentation of the validation process aids in monitoring 
progress and addressing potential issues in the future . 

By identifying and rectifying issues early on, validation plays a 
critical role in risk reduction associated with the automation 
system. 

2.1. Verification vs. Validation 

Verification and validation are two important concepts in engineering. Unfortunately , they are often confused 
with one another. 

Verification is the process of ensuring a system meets its specifications. This tests the system has been 
implemented correctly and meets all documented requirements. 

Validation is the process of ensuring a system delivers on project objectives. This typically means i t meets the 
needs of its intended user. This tests the system is usable and meets stakeholder expectations. 

In other words, verification checks a system does what it was designed to do. Validation checks the design fulfils 
user needs. 

The practical difference between verification and validation is the focus of the process. Verification focuses on 
the implementation of the automation system, while validation focuses on the usability and functionality of the 
automation system. 

Project engineering teams usually undertake verification. Validation is typically performed by system users or a 
third party. 
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This table summarises key differences between verification and validation:  

Verification Validation 

Ensures system meets specifications Ensures system meets needs of users 

Focused on implementation of the system design Focused on system usability and functionality  

Typically performed by the project team Typically performed by users or a third-party 

 
Verification ensures the automation system is implemented correctly, while validation ensures the automation 

system is usable and meets users' needs. By performing both verification and validation, you can be confident 
your automation system is of high quality and meets the needs of its users. 

 

2.2. Relationship with the V-model 

The V-model serves as a visual representation of the validation process for computer systems, illustrating the 
interconnectedness of different phases. It comprises of three main sections: design, build, and test. The build 
section is a relatively small component which sits at the bottom of the ‘V’. The design process leads up to it, from 
requirements capture to module/unit design. Following the build the test process features stages which align too 
design stages, allowing a modular and phased approach to overall system validation. User requirements phase, 
followed by the design phase. 

 

Figure 1 – V-model process guide for control and automation projects 

In addition to the activities described in the diagram above , a Traceability Matrix is produced. The traceability 
matrix is a document cross-referencing all the user requirements through the relevant design and test documents. 
The traceability matrix is used throughout the validation process to ensure all user requi rements have been fully 
implemented in the design, build and test phases.  
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The V-model is a helpful tool for validating automation systems. It visually represents the validation process and 
helps ensure all the necessary steps are taken.  

 

3. Costs and Benefits 

The cost of effective validation can vary depending on the size and complexity of the automation system. 
However, it is important to remember the cost of validation is an investment in the future success of the automation 
system. A well-validated automation system is more likely to be reliable, efficient, and secure. This can lead to 
significant savings in time, money, and resources.  

The cost of validation can be broken down into two categories: 

1. Initial Cost 

2. Ongoing Commitments 

The benefits of effective validation can outweigh the cost in many cases. For example, a well -validated 
automation system can: 

• Reduce the number of defects in the automation system. 

• Enhance the system's reliability. 

• Augment the system's efficiency. 

• Reduce the risk of problems with the automation system. 

• Provide comprehensive documentation needed for future changes . 

 

3.1. Initial cost 

Initial validation costs can be significant, especially for large and complex automation systems. Creating test 
cases can be expensive, as it requires time and expertise to identify all possible scenarios the automation system 
should be tested. The cost of executing test cases can also be high, as it can require significant resources to run 
the tests on all the different platforms and environments the automation system is expected to run on. The cost of 
analysing test results can also be high, as it requires time and expertise  to identify and understand the results of 
the tests.  

A point to note here is ‘don’t start from scratch’. Several templates are available regarding the documentation 
needed to validate an automation system. One of the best resources is the Good Automated Manufacturing Guide 
published by the International Society of Pharmaceutical Engineering.  

 

3.2. Ongoing Commitments 

The ongoing validation cost is often lower than the initial cost, but it is still important to budget for it. The cost 
of maintaining test cases can be high, as it requires time and effort to keep them up to date as the automation 
system changes. The cost of executing test cases as the automation system changes can also be high, as it 
requires time and resources to run the tests on the new versions of the automation system. The cost of analysing 
test results can also be high, as it requires time and expertise to identify and understand the results of the tests.  
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3.3. Benefits 

Effective validation yields many benefits, underscoring its critical role in system development and maintenance .  

Initial benefits, realised during project execution, include ensuring supplied control systems meet project and 
business objectives, managing change, and providing a framework for project management.   

During the system's operation, benefits continue to be realised in reduced maintenance costs, third parties can 
be given access to documentation and so don’t need to undertake system audits, and modifications and upgrades 
can be planned without interrupting production. 

The following table lists some key benefits. 

Benefit Value 

Facilitates future modifications A thoroughly validated system offers a comprehensive documentation 
framework, easing the process of future modifications and updates. 

Reduces Mean Time To Repair  Well-documented systems streamline fault tracing, leading to a reduction in 
Mean Time To Repair and minimising downtime. 

Enhances system quality Validation serves as a mechanism for identifying and rectifying defects within 
the automation system, thereby elevating its overall quality and performance. 

Fosters user confidence Users are more inclined to trust and rely on an automation system which has 
undergone thorough validation, instilling confidence in its reliability and 
efficacy. 

Ensures regulatory compliance In specific industries, validation may be a mandatory prerequisite to meet 
regulatory standards. For instance, the FDA mandates validation for medical 
devices prior to market release. 

 

 

4. Stakeholders 

Early identification and involvement of stakeholders is paramount to the validation process. A proactive approach 
ensures a successful validation process and guarantees the resulting system aligns with the needs and aspirations 
of all interested parties. 

Stakeholders in control system validation are people with a vested interest in the technology's success. They 
include:  

• Project Managers 

• System Engineers 

• Automation Developers 

• Quality Assurance Engineers 

• End Users 

• Senior Management Team 
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5. Avoiding Pitfalls 

There are many common mistakes companies make when validating their automation systems. The table below 
outlines some validation mistakes and their consequences.  

Mistake Consequence 

Validating too late Identifying and rectifying problems later in the project execution process is both costly and 
can lead to quality issues as compromises are made to accommodate changes  

Excluding key 
stakeholders 

The requirements capture process is not comprehensive, leading to new requirements 
being “discovered” late in the day – see above 

Poor planning Poor management has a huge impact on project success, ideally, the project team will be 
trained and have experience in system validation  

Using non-standard 
methodology 

Inconsistency and lack of repeatability in the validation process impact not only project 
delivery but also the lifecycle benefits of system validation 

 
Avoiding these common pitfalls is crucial for a successful validation process. By addressing these issues 

proactively, companies can ensure your industrial control and automation systems meet quality, reliability, and 
performance standards. 

 

6. Best Practices 

There are many best practices for validating automation systems. Some of the most important are outlined below. 

Best Practices  Practice Rationale 

Diverse Environment Testing Test the automation system across a 
spectrum of environments, 
encompassing various operating 
systems, hardware setups, and 
datasets. 

This ensures the automation system 
performs reliably across different 
scenarios and environments. 

Comprehensive Data Testing Thoroughly test the automation system 
using a wide range of data, including 
both standard and unconventional 
datasets. 

This validates the system's ability to 
handle diverse inputs, enhancing its 
robustness and adaptability  

Sustained Performance Testing Conduct periodic tests to confirm the 
automation system maintains its 
expected performance over time. 

This is particularly critical for systems 
deployed in mission-critical 
applications, ensuring they remain 
reliable and consistent. 

Checklist Utilisation Employ a detailed checklist as a guiding 
tool to ensure all necessary steps are 
executed during the validation process. 

A checklist provides a structured 
approach, minimising the risk of 
overlooking vital validation tasks. 
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Best Practices  Practice Rationale 

Thorough Documentation Document all results obtained during 
the validation process. 

Comprehensive documentation serves 
as a crucial reference point, enabling 
the tracking of validation progress and 
identifying potential issues for future 
resolution. 

Recommendations for 
Enhancement 

Derive actionable recommendations for 
system improvement because of the 
validation process. 

Implementing these recommendations 
enhances the current automation 
system and serves as a proactive 
measure to prevent future issues. 

 

Companies can improve their automation systems' quality, reliability, and performance by adhering to best 
practices. This ensures these systems operate optimally across various environments and datasets, even in critical 
applications. Furthermore, the systematic approach provided by these practices facilitates thorough validation and 
sets the stage for continuous improvement. 

 

7. Conclusion 

In this whitepaper, we've explained the control system validation process at a high level, illuminating its critical 
role in ensuring the success and reliability of automation systems.  

Effective validation represents a strategic investment in the future performance of your automation ecosystem. 
By adhering to best practices, engaging key stakeholders, and avoiding common pitfalls , companies can reduce 
ownership costs and maintain their systems' performance throughout their lifecycle. 

The value of validation extends beyond compliance. It equips organisations with the resilience and adaptability 
needed to navigate an ever-evolving technological landscape. Well -documented systems expedite troubleshooting 
and instil confidence in users, fostering a culture of trust and reliability. 

If you‘d like help or advice regarding the process described, please contact us for a no pressure, no-obligation 
discussion.  
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