
 

Horizon Europe Project MODAPTO 

HORIZON-CL4-2022-TWIN-TRANSITION-01-03 

 

 Page | 1  

 

 

MODAPTO [101091996]: Modular Manufacturing and 

Distributed Control via Interoperable Digital Twins 

 

 

  

 

 

 

 

 

 

2.2.2. Selecting the best 

sequence 
2025-08-11 

 

 

 



 

MODAPTO - 101091996  

HORIZON-CL4-2022-TWIN-TRANSITION-01-03  

 

  

2.2.2. Selecting the best sequence                                                         Page | 2 

 

 

Selecting the best sequence for logistics operations requires a structured decision-making 

process that balances quantitative performance metrics with qualitative considerations. This 

selection process transforms the evaluation results into actionable decisions that guide 

implementation and operation. This topic explores methodologies, criteria, and frameworks 

for selecting optimal logistics sequences within modular manufacturing environments and 

the MODAPTO framework. 

Decision Frameworks for Sequence Selection 

Several decision frameworks can support the selection of optimal logistics sequences: 

1. Multi-Criteria Decision Analysis (MCDA): 

o Structures the decision problem with multiple criteria 

o Assigns weights to criteria based on relative importance 

o Calculates aggregate scores for each sequence option 

o Identifies the sequence with the highest overall score 

o Supports sensitivity analysis for weight adjustments 

2. Analytical Hierarchy Process (AHP): 

o Organizes decision criteria in a hierarchical structure 

o Uses pairwise comparisons to establish priorities 

o Calculates consistency ratios to validate judgments 

o Derives priority weights for decision criteria 

o Aggregates weighted scores for each sequence option 

3. Pareto Optimization: 

o Identifies non-dominated solutions (Pareto frontier) 

o Focuses on trade-offs between competing objectives 

o Eliminates clearly inferior options from consideration 

o Presents decision-makers with efficient alternatives 

o Supports visual representation of performance trade-offs 

4. Cost-Benefit Analysis: 

o Quantifies costs associated with each sequence option 

o Estimates benefits in monetary or equivalent terms 

o Calculates return on investment or payback period 

o Compares net present value across alternatives 

o Incorporates risk assessment and sensitivity analysis 

5. Decision Trees and Influence Diagrams: 

o Structures the decision problem with uncertain outcomes 

o Incorporates probabilities of different scenarios 

o Calculates expected values for each sequence option 

o Supports risk analysis and uncertainty management 

o Identifies robust sequences across different scenarios 

These frameworks provide structured approaches to sequence selection that incorporate 

both quantitative performance metrics and qualitative considerations, leading to well-

informed decisions aligned with organizational objectives. 

Key Factors in Sequence Selection 
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When selecting the best logistics sequence, several key factors should be considered: 

1. Performance Metrics: 

o Primary metrics such as cycle time, throughput, and cost 

o Secondary metrics including resource utilization and energy consumption 

o Reliability metrics such as variability and robustness 

o Quality metrics related to error rates and defects 

o Sustainability metrics including energy usage and emissions 

2. Operational Considerations: 

o Ease of implementation and integration with existing systems 

o Training requirements for operators and supervisors 

o Maintenance and support requirements 

o Scalability to handle volume fluctuations 

o Flexibility to accommodate product variations 

3. Strategic Alignment: 

o Consistency with organizational goals and priorities 

o Support for future growth and expansion plans 

o Alignment with technology roadmap and investments 

o Compatibility with customer requirements and expectations 

o Contribution to competitive advantage and differentiation 

4. Risk Factors: 

o Vulnerability to disruptions and failures 

o Sensitivity to parameter changes and variations 

o Implementation risks and potential challenges 

o Operational risks during steady-state execution 

o Financial risks related to investments and returns 

5. Constraint Satisfaction: 

o Compliance with regulatory requirements and standards 

o Adherence to safety guidelines and protocols 

o Respect for physical and technical limitations 

o Consideration of budget and resource constraints 

o Alignment with schedule and timeline requirements 

By systematically considering these factors, organizations can select sequences that not only 

perform well under ideal conditions but also remain effective and practical in real-world 

operating environments. 

Decision-Making Process 

The selection of the best logistics sequence typically follows a structured process: 

1. Preliminary Screening: 

o Review evaluation results for all candidate sequences 

o Eliminate options that fail to meet minimum requirements 

o Identify a shortlist of viable alternatives for detailed consideration 

o Verify completeness and accuracy of evaluation data 

2. Criteria Weighting: 

o Engage stakeholders to define relative importance of criteria 
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o Apply appropriate weighting methodology (direct, pairwise, etc.) 

o Validate consistency and reasonableness of weights 

o Document rationale for weighting decisions 

3. Performance Aggregation: 

o Apply selected decision framework to evaluation results 

o Calculate aggregate performance scores for each alternative 

o Generate rankings based on overall performance 

o Identify strengths and weaknesses of top contenders 

4. Sensitivity Analysis: 

o Test robustness of rankings to weight adjustments 

o Evaluate performance under different scenarios 

o Identify critical parameters that influence rankings 

o Assess vulnerability to estimation errors or biases 

5. Trade-off Analysis: 

o Examine performance trade-offs between leading alternatives 

o Identify key differentiators and decisive factors 

o Consider qualitative aspects not captured in quantitative metrics 

o Assess alignment with strategic priorities and constraints 

6. Final Selection: 

o Make formal selection decision based on comprehensive analysis 

o Document rationale and supporting evidence for the decision 

o Communicate selection to relevant stakeholders 

o Define implementation plan and performance targets 

7. Post-Implementation Review: 

o Monitor actual performance after implementation 

o Compare realized results with expected performance 

o Identify improvement opportunities and lessons learned 

o Update selection criteria and methodology for future decisions 

This structured process ensures that sequence selection is based on thorough analysis and 

consideration of all relevant factors, leading to well-informed decisions that balance 

performance, practicality, and strategic alignment. 

Case Study: Selecting Optimal Pick-and-Place Sequences 

The selection of optimal pick-and-place sequences for robotic operations in modular 

manufacturing provides a practical example of the sequence selection process. In this 

context, the MODAPTO simulation framework supports the evaluation of different sequences 

under various configurations, helping to identify the best approach for specific production 

requirements. 

The selection process typically involves: 

1. Simulation Scenario Definition: 

o Define the Kit Holder (KH) sequences to be fulfilled 

o Specify the Gravity Rack (GR) configuration options 

o Determine the simulation modes to be evaluated 

o Establish baseline performance metrics 
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2. Simulation Execution: 

o Run simulations for each combination of KH sequence and GR configuration 

o Calculate total execution time and other performance metrics 

o Identify bottlenecks and constraints in each scenario 

o Generate detailed movement logs for analysis 

3. Performance Comparison: 

o Compare execution times across different sequences and configurations 

o Calculate improvement percentages relative to baseline 

o Identify optimal GR configurations for specific KH sequences 

o Evaluate the impact of reconfiguration on performance 

4. Selection Decision: 

o Choose the sequence and configuration with the best overall performance 

o Consider implementation requirements and constraints 

o Evaluate robustness to variations in production requirements 

o Assess long-term viability and adaptability 

5. Implementation Planning: 

o Define steps for implementing the selected sequence 

o Establish monitoring procedures for performance verification 

o Identify potential adjustments based on operational feedback 

o Define triggers for sequence re-evaluation 

This structured approach to sequence selection ensures that robotic operations are 

optimized for efficiency, throughput, and adaptability, supporting the broader objectives of 

modular manufacturing within the MODAPTO framework. 

Balancing Competing Objectives 

A common challenge in sequence selection is balancing competing objectives, such as: 

1. Efficiency vs. Flexibility: 

o Highly optimized sequences may be efficient but less adaptable to changes 

o More flexible sequences may sacrifice some efficiency for adaptability 

o Balance depends on expected frequency and magnitude of changes 

o Decision should consider long-term operational strategy 

2. Speed vs. Reliability: 

o Faster sequences may increase risk of errors or failures 

o More reliable sequences may require additional verification steps 

o Optimal balance depends on quality requirements and cost of errors 

o Risk assessment should inform appropriate trade-offs 

3. Utilization vs. Responsiveness: 

o High resource utilization may reduce responsiveness to changes 

o More responsive systems may require resource buffers or reserves 

o Balance depends on demand patterns and service level requirements 

o Variability analysis should guide appropriate resource allocation 

4. Complexity vs. Maintainability: 

o Sophisticated sequences may offer better performance but increased 

complexity 

o Simpler sequences may be easier to implement and maintain 
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o Balance depends on available expertise and support resources 

o Implementation and operational context should inform complexity decisions 

5. Short-term vs. Long-term Optimization: 

o Immediate performance gains may conflict with strategic flexibility 

o Short-term focus may overlook future requirements and changes 

o Balance depends on business strategy and planning horizon 

o Technology roadmap should inform appropriate time perspective 

These trade-offs highlight the need for a comprehensive decision framework that considers 

multiple dimensions of performance and aligns sequence selection with broader 

organizational objectives and constraints. 

Sequence Selection in Modular Manufacturing 

In modular manufacturing environments, sequence selection must account for the unique 

characteristics of reconfigurable systems: 

1. Module Independence: 

o Select sequences that minimize dependencies between modules 

o Prioritize encapsulation of operations within modules 

o Enable independent operation and reconfiguration of modules 

o Support plug-and-play integration of new or modified modules 

2. Interface Standardization: 

o Select sequences that respect standardized module interfaces 

o Ensure compatibility with interface protocols and standards 

o Maintain consistent handoff procedures between modules 

o Support interoperability across different module types 

3. Reconfiguration Support: 

o Prioritize sequences that facilitate easy reconfiguration 

o Consider transition sequences during reconfiguration 

o Evaluate adaptation requirements for different configurations 

o Support graceful degradation during partial reconfigurations 

4. Distributed Control Integration: 

o Select sequences compatible with distributed control architecture 

o Consider communication requirements between control nodes 

o Evaluate coordination mechanisms for sequence execution 

o Support autonomous operation within defined boundaries 

5. Digital Twin Alignment: 

o Choose sequences that integrate effectively with Digital Twins 

o Ensure visibility and transparency of sequence execution 

o Support real-time monitoring and performance tracking 

o Enable virtual verification before physical implementation 

Process twins in digital manufacturing focus on driving efficiency and productivity across 

operations, enabling manufacturers to replicate process machines, assets, and resources to 

simulate, analyze and optimize procedures and workflows. The outcomes include 

streamlined production lines that drive more productivity and efficiency while reducing 

waste. Factory or plant twins provide holistic digital replicas of entire manufacturing plants 
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that integrate various data sources and systems across the facility. They can model a 

manufacturing environment’s physical layout, machinery, workflows, energy systems, and 

even human interactions, providing a 360-degree view of operations that makes it easier to 

analyze and optimize processes. 

By considering these specific requirements of modular manufacturing, organizations can 

select sequences that not only optimize current operations but also support the flexibility 

and adaptability that define these advanced production systems. 

Continuous Improvement of Sequence Selection 

Sequence selection should not be viewed as a one-time decision but as part of a continuous 

improvement process: 

1. Performance Monitoring: 

o Track actual performance of implemented sequences 

o Compare realized results with expected performance 

o Identify gaps and deviation patterns 

o Collect operational feedback from users and stakeholders 

2. Periodic Re-evaluation: 

o Establish triggers for sequence re-evaluation 

o Incorporate new constraints or requirements as they emerge 

o Consider technological advancements and new capabilities 

o Reassess priorities and weighting as business needs evolve 

3. Learning and Knowledge Management: 

o Document selection decisions and rationale 

o Capture lessons learned from implementation and operation 

o Build institutional knowledge about sequence performance 

o Share insights across different production areas and facilities 

4. Methodology Refinement: 

o Improve evaluation techniques based on experience 

o Refine decision frameworks and criteria definitions 

o Enhance simulation models with more accurate parameters 

o Develop more sophisticated analysis and visualization tools 

5. Benchmarking and Best Practices: 

o Compare sequence performance against industry benchmarks 

o Identify and adopt best practices from other organizations 

o Participate in knowledge-sharing networks and communities 

o Stay current with research and innovation in sequence optimization 

Route planning and site logistics are both positively influenced by digital twin modeling. 

Simulating transportation routes helps find the most efficient way to get materials to 

destinations in a timely and cost-effective manner. Furthermore, when using digital twin 

modeling to plan the placement of modular components, factors like crane access and 

utilities can be considered beforehand, ensuring a smoother installation process. 

This continuous improvement approach ensures that sequence selection remains aligned 

with evolving business needs, technological capabilities, and operational realities, 
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supporting ongoing optimization of logistics operations in modular manufacturing 

environments. 
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