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Led to a Volvo Car Technology 
(Manufacturing) Award 2013
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Knowledge-Driven Optimization 2017
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One of the most important 
paradigmatic transitions 
characterizing Industry 5.0 
is the shift of focus from 
technology-driven 
progress to a thoroughly 
human-centric approach.



Multi-level, Multi-disciplinary & 
Many-objective 





Same Cycle Time but 23% 
reduction in Average Energy 
Consumption is possible

Robotic Cell Optimization
with and without layout parameters

Schmidt, B., Ng, A.H.C. and Seger, M. Integration of 
Realistic Simulation and Multi-objective Optimization for 
Energy-efficient Robot Cell. To be submitted to IEEE 
Transactions on Automation Systems Engineering.



Demo video by H. Smedberg, 18/2-2021



Bi-level, Ergonomic-Robotic (Human-Robot) 
Multi-Objective Load Balancing

Fu, S et al. (2026). Multi-disciplinary Optimization for Designing Human-Robot Collaborated Work-Cell for 
Low-Volume and High-Variant Production. Swedish Production Symposium 2026 (to appear).









A Gear Machining Line



Running SCORE with three 
objectives using an 
inFACTS simulation model 

Export MOO 
solution data to 
Mimer for 
clustering

Rule extraction on the 
preferred cluster using FPM



Final insight: 
• Improving 4 variables lead to 20% improve in productivity without the 

requirement of increasing energy consumption.
• Reducing energy by 2.5% to keep the current throughput is possible.
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Diaz, C. A. B., Aslam, T., & Ng, A.H.C. (2021). Optimizing Reconfigurable Manufacturing Systems for Fluctuating Production 
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Using Simulation Based Optimization and Deep Reinforcement Learning to Solve Ovens Scheduling Problem 
in Cutting Tool Manufacturing. To be submitted to Advanced Engineering Informatics.









LLM-interface to a Knowledge Graph that links data-model-optimization-knowledge-decision
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Ordinary decision support with MOO Resilience analysis with MOO

How about Resilience?

Readily analyzed with 
our existing KDO 
methodology and 
toolset.



• Our proposed VF-KDO approach has advanced to provide an innovative 
methodology that puts simulation, AI-based multi-objective optimization and 
knowledge extraction, visualization and storing for sustainable and resilient 
decision-making support into an integrated human-machine co-learning (HMCoL) 
framework. 

• We are developing an LLM-based interface to graph database for supporting 
HMCoL through linking data-model-optimization-knowledge-decision for 
enhancing transparency and traceability in supporting group decision making and 
learning.

• HMCoL in a multi-objective simulation-based optimization context is relatively 
new but will gain higher momentum when computing and AI are advancing in a 
lightning pace – e.g., quantum computing. 

Conclusions


