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Project overview
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Formalization

Implicit knowledge Explicit knowledge

Real world scenarios Formalisation and Methodology
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Formalization
ADAPT - A decision-model-based Approach for Modeling
Collaborative Assembly and Manufacturing Tasks

https://doi.org/10.3217/978-3-85125-663-5-14
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Formalization
A Workflow consists of:

• Actions
• What has to be done

• Decisions
• According to environment

• Assets
• Resources allocated to Actions

• Relationships
• How everything is connected
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Formalization
Workflows derived from real world use case
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Formalization
Supported by a variety of software products
• Workflow Modeler (WORM)
• Runtime
• Visualization

https://sar.fh-ooe.at/index.php/de/downloads
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Optimization of Workflows

Productivity

OptimizationOptimization

Ergonomics

Error rate

Utilization Line speed

Safety

Real world 
demands

Real-world
constraints/
restrictions
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Optimization of Workflows (Ergonomics)

Done by human
Done by robot

Take the speaker 
from the cart Insert it correctly Take the 

screwdriver Fix 4 screws

Workflow (Human only)

2 Penalty3 Penalty 1 Penalty 2 Penalty+ + + = 8 Penalty

Take the speaker 
from the cart Insert it correctly Take the 

screwdriver Fix 4 screws

Workflow (Cobot utilization)

2 Penalty3 Penalty 1 Penalty 2 Penalty+ + = 4 Penalty
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Optimization of Workflows (Makespan)

Done by human

Take the speaker 
from the cart Insert it correctly Take the 

screwdriver Fix 4 screws

Done by robot

Take the speaker 
from the cart Insert it correctly Take the 

screwdriver Fix 4 screws

Workflow (Human only)

Workflow (Cobot utilization)

7 seconds10 seconds 5 seconds 10 seconds+ + + = 32 seconds

7 seconds20 seconds 10 seconds 10 seconds+ + = 47 seconds
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Optimization of Workflows (Multi-objective)

Done by human

Take the speaker 
from the cart Insert it correctly Take the 

screwdriver Fix 4 screws

Done by robot

Workflow (Human only)

Ergonomics: 8 Penalty Makespan: 32 seconds
Criteria C: x1 units Criteria D: y1 units
…

Ergonomy: 4 Penalty Makespan: 47 seconds
Criteria C: x2 units Criteria D: y2 units
…

Take the speaker 
from the cart Insert it correctly Take the 

screwdriver Fix 4 screws

Workflow (Cobot utilization)
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Problem
• Multiple, sometimes rivalling optimization criteria

• Requiring additional meta-information about workflow

• Depended on scenario/use-case
• And of course the available elements (cobot/adaptive workstation, …)

• Requires both domain expert and optimization expert knowledge

• Requirements will change over time
• New/changing optimization criteria

• Currently no optimization framework/approach for ADAPT exists
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Solution approach

DOI: 10.1007/978-3-319-01436-4_10
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Solution approach
1. Define new optimization problem

2. Utilize available multi-objective algorithms
• NSGA-II / NSGA-III

3. Exploit MultiEncoding
• Allows employing different encodings (BinaryVector, Permutation, …)

DOI: 10.1007/978-3-319-01436-4_10
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Solution workflow
1. Load workflow (including meta model)
2. Enumerate action nodes
3. Append meta-information

1. Meta workflow adaptations
2. Append meta-information in workflow properties

4. Initialize multi-objective optimization 
algorithm with MultiEncoding

5. Let the metaheuristic guide the search process
1. Utilizing a predefined set of Manipulations
2. Calculate an arbitrary number of fitness functions
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Solution – A quick glance at the code
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Examples – I (Cobot utilization)
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Examples – I (Cobot utilization)
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Examples – I (Cobot utilization)
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Examples – I (Cobot utilization)

21



Summary
• Created use-case agnostic framework for multi-criteria optimization 

of ADAPT workflows by utilizing HeuristicLab
• Designed as new HeuristicLab plugin
• Enables utilization of existing multi-objective optimization algorithms
• Allows different encodings
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