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Abstract. Simulation technologies arewidely used in industry as they enable effi-
cient creation, testing, and optimization of the design of products and production
systems in virtual worlds, rather than creating, testing, and optimizing prototypes
in the physical world. In an industrial production context, simulation of productiv-
ity and ergonomics helps companies to find and realize optimized solutions that
uphold profitability, output, quality, and worker well-being in their production
facilities. However, these two types of simulations are typically carried out using
separate software, used by different users, with different objectives. This easily
causes silo effects, leading to slow development processes and sub-optimal solu-
tions. This paper reports on research related to the realization of an optimization
framework that enables the concurrent optimization of aspects relating to both
ergonomics and productivity. The framework is meant to facilitate the inclusion
of Ergonomics 4.0 in the Industry 4.0 revolution.
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1 Problem Statement

Simulation technologies are widely used in industry because they enable efficient cre-
ation, testing, and optimization of the design of products and production systems in
virtual worlds, rather than creating, testing, and optimizing prototypes in the physical
world. This saves time and money and facilitates more thorough investigation of the
solution space. Thus, simulation is used to design workstations from a productivity per-
spective. Simulation is also used to assess ergonomics in the design of workstations by
using digital human modeling (DHM) software [1]. However, these two types of sim-
ulations are typically carried out using separate software, used by different users, with
different objectives. This can cause silo effects, leading to slow development processes
and sub-optimal solutions.
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Research has shown that productivity and ergonomics often go hand in hand [2],
since improving workers’ conditions often improves productivity [3, 4]. Sometimes,
however, productivity and ergonomics objectives may be in conflict. Companies need to
find and realize solutions in their production facilities that uphold profitability, output,
and quality, as well as worker well-being. Hence, companies need to consider both
productivity and ergonomics when using simulation tools to improve factories. Previous
studies have considered these aspects at the design level of a workstation [5]. However,
there is a lack of frameworks that can handle an overall perspective, treat productivity
and ergonomics within one tool, and assist production engineers and ergonomists to
find optimal solutions taking both ergonomics and productivity into account. This paper
reports on research related to the realization of an optimization framework that enables
the concurrent optimization of ergonomics and productivity. The framework is meant to
facilitate the inclusion of Ergonomics 4.0 in the Industry 4.0 revolution [6, 7].

2 Method

In information systems research, the design and creation methodology defines the steps
involved in developing and evaluating an artifact, which may be a construct, model,
method, instantiation, or framework [8]. In this paper, design and creation methodol-
ogy is applied to the development of a framework to enable concurrent optimization
of ergonomics and productivity using a simulation-based multi-objective optimization
approach.

3 Results

The proposed framework (Fig. 1) presents a workflow to perform optimizations using
DHM tools so that multi-objective simulation-based optimizations of ergonomics and
productivity can be carried out. Thisworkflowcanbe used bothwithmanual optimization
methods and automatic methods. The flow can be followed either by a user performing
design improvements manually or with the support of optimization algorithms. The
workflow of the framework can be divided into three parts: (1) problem definition and
creation of the optimization model, (2) optimization process, and (3) presentation and
selection of results.

3.1 Part 1 - Problem Definition and Creation of the Optimization Model

The first step in the workflow of the framework is to define the problem (Fig. 1). The
problem can be either a productivity issue, an ergonomics issue, or both, and it must be
capable of being represented in aDHMtool.After defining the problem, the requirements
of the expected result are defined so that ergonomics and productivity targets are defined
as well as the way to assess them and the conditions to end the optimization. These
targets have to be measurable in the simulation results of the DHM tool, such as results
from ergonomics evaluation methods and cycle times, and must represent the needs of
the engineers/ergonomists.
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Fig. 1. Proposed optimization framework for optimization using DHM tools.

The next step is to collect data to define the optimization and create the model in the
DHM tool. The optimization variables, constraints, and objectives of the ergonomics or
productivity factors are defined based on the collected data. The DHMmodel containing
the CAD environment, the human models, and the sequence of actions is then created.
The CAD environment is made up of different elements depending on the case. For
example, in an industrial case, the CAD environment can contain the factory layout, the
resources/tools needed for production, and the product. The human models are defined
so that diversity in the user group is represented. In the industrial case, this corresponds
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to representing diversity in the workforce. The action sequence represents the motions
of the simulation. In an industrial case, the action sequence represents the actions that
the workers perform to complete the tasks and other motions in the CAD environment,
such as the motions of conveyor belts and robots.

3.2 Part 2 - Optimization Process

Once the model has been created, an iterative process is started to perform the optimiza-
tion, following a circular generation-evaluation pattern. The simulation method defines
the different settings for the subsequent simulations, such as collision avoidance and
the motion generation solver (e.g., quasi-static or dynamic), and triggers the simulation
(Fig. 1). The simulation data is extracted, and the targets are assessed by using the pre-
viously defined requirements. These requirements could be related to productivity (e.g.,
cycle time and other production metrics) and/or ergonomics (e.g., criteria of ergonomics
evaluation methods). The assessed targets are input into the optimization method to cal-
culate the optimization objectives. In manual optimizations, the optimization method
and the requirements specification will define whether the optimization is finished; oth-
erwise, only the optimization method (the optimization algorithm) will determine the
end of the optimization. If the optimization has not met the requirements, the optimiza-
tion method provides new variable values that modify the simulation input, and further
iterations are run until the optimization is finished.

3.3 Part 3 - Presentation and Selection of Results

Once the optimization is finished, the results are presented (Fig. 1). The user then starts
an iterative process of selecting solutions using a decision support tool and checking
the solution results to evaluate whether the desired solution has been attained. The
optimization objectives are displayed in the decision support tool to help obtain a good
balance between ergonomics and productivity targets. Once a solution has been chosen,
the optimization process is finished, and a final solution is defined as the result of the
framework.

If no acceptable solution is available among the solutions, the findings need to be
reappraised. This can lead to modifications of the previous steps, such as changes in the
problem definition, requirements specification, data collection, optimization definition,
or the model definition.

4 Discussion

The presented framework allows multi-objective optimizations of ergonomics and pro-
ductivity using various DHM tools. The optimizations can be done by a user performing
design improvements manually, or they can be done automatically using optimization
algorithms. Using optimization algorithms to find optimized workstation designs allows
exploring the solution space by performing a strategic search through feasible solutions
without manually processing each of all possible configurations. However, results from
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the presented framework are sensitive to the accuracy of the virtual model. To obtain reli-
able results, the virtual model must appropriately represent the real world. Digitalization
of the real-world industry and the workers could improve the accuracy of the simulation
models. Such digitalization is one of the objectives of Industry 4.0 and Ergonomics 4.0.
The most mature digitalization level is a digital twin of the factory, including both the
environment and the workers. This digital twin could increase the accuracy of the results
by creating more accurate models using new technologies, for example, motion capture
systems could capture human motions and 3D scanning could capture the environment
[9, 10].
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