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ABSTRACT

Production development can conflict with production
ergonomics and management of environmental impacts. In
this paper, we describe how ergonomics can be assessed in
production system design by means of a joint simulation
tool. The tool enables ergonomics and environmental
impacts assessment in conjunction with production process
development. The ergonomics sub-tool is based on a
digital human model, which has been improved by
introducing an updated data measurement system and
neural network processing and inference functionality. The
results will extend the new simulation modelling
capabilities of the existing digital human model by
increasing the motion prediction accuracy and providing
freedom to model a multitude of task-related motions in a
realistic way.

1 INTRODUCTION

Manual work and automation are the complementary
elements in modern production systems. The increasing
customization and shortening product lifecycle have led to
smaller batch sizes and more product variants. The
intelligence and adaptability of human workers make them
the most flexible part of the production process. In this
context, it is desirable to combine a human’s flexibility
with the accuracy, speed and force of the machine.

However, if ergonomics are neglected, the industrial
conditions can expose the worker to excessive mental and
physical stress. Manual work requires the worker to
manage several different factors at the same time. Such
factors can relate to safety, task and the working
environment. (see e.g. Helin et al. 2007, Oedewald and
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Reiman 2007). To harmonize the functions and task
allocation between the human and the machine, various
approaches, such as participatory design, can be applied
(Vink et al. 1995, Vink et al. 2006, Rivilis et al. 2007).

In general, the required and feasible working postures,
working locations, and working manoeuvres should be
synchronized using simulation or analytical assessment.
Besides physical matters, the organisational and cognitive
loads have to be taken into account (Hollnagel and Woods
1999, Vicente 1999, Bisantz et al. 2003).

The static muscle stress and psychosocial load can be
reduced by optimizing biomechanical and mental load, and
taking into account workers’ feedback (Wilson 1995,
Westgaard and Winkel 1997). Therefore ergonomics
should be included in to production process and equipment
design (Laine et al. 2007, Malm et al. 2008).

When designing the production system, the human
element becomes the most difficult part to model and
simulate due to its inherent uncertainties and variations.
Human performance modelling is one key subject in the
analysis of level of automation. Siebers (2004, 2006)
presents ideas on how to combine human performance
modelling with discrete event simulation. It is important to
understand human performance variation, because humans,
unlike machines, cannot be modeled with an entirely
deterministic logic.

In the Finnish-Swedish project SIMTER, we are
developing an integrated simulation tool helping to
maximize production efficiency and to balance manual and
automated work subject to ergonomics constraints. The
tool examines ergonomics and safety as a part of
production process optimization. In this process, we
employ a digital human model (DHM) “OSKU” (see Helin
et al. 2007), a digital human model developed for
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participatory production design which relies on a database
of measured and recorded real human motions. This paper
presents our efforts in improving OSKU and extending it
to be a part of a production system design tool.

2  BACKGROUND

Developing ergonomics in early stages of production
system design is increasingly recognized as an essential
step towards achieving healthy and sustainable production
systems. According to Laitila (2005), the capacity of
digital human modeling (DHM) to assess ergonomics has
increased significantly in recent years. As a result, DHM
tools are increasingly used to identify and steer clear of
potentially harmful working postures, forces and durations
which can lead to work-related musculoskeletal disorders -
these in turn can result in company costs for worker
replacement, compensation and rehabilitation (Kuorinka
and Forcier 1995). Also, recent research by Falck (2007)
demonstrates a relationship between poor ergonomics and
reduced product quality, and emphasizes an imperative
need for a holistic approach to ergonomics development.
Subsequently, ergonomics development in parallel to other
aspects of production planning can lead to economical
gains for companies in terms of more efficient task
allocation, reduced costs for staff turnover or sick-leave
absenteeism (e.g. Munck-Ulfsfalt et al. 2003), and
prevention of potential reduced-quality production caused
by poor workplace ergonomics (Falck 2007). This is the
rationale for developing the SIMTER tool.

In analyzing and developing production ergonomics, a
number of analysis methods can be applied. Such methods
are, for example, task analysis (Hackos and Redish 1998,
Stanton 2006), cognitive work analysis (Vicente 1999),
contextual design (Beyer and Holzblatt 1999), usability
testing (Nielsen 1993), heuristic usability evaluations
(Nielsen 1993), ergonomics analyses (Karhu, Kansi, and
Kuorinka 1977), and participatory design (Muller and
Kuhn 1993). In the SIMTER tool, cognitive ergonomics
could be included using e.g. task analysis, link analysis,
check lists, questionnaires or visual/aural simulations
(Hollnagel and Woods1999, Vicente 1999, Stanton 2006).

The SIMTER tool will allow the production engineer
to gain insight into the ergonomic impact of the production
system by means of human simulation within the
production model. It is known that both physical and
cognitive aspects of ergonomics affect the humans’ ability
to perform the job correctly and efficiently, while
maintaining health and safety. But within this area, the
primary focus of the SIMTER tool is physical ergonomics.
The tool is planned to be able to measure task duration and
to compare results with ergonomics indexes (e.g. NIOSH
WPG 1981, Waters et al. 1993, Snook and Ciriello 1991,
Liberty Mutual 2007, OSHA 2006, Garg, Chaffin, and
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Herrin 1978). It will also enable reach, field of view and
other physical factors analyses, including occupational
hygiene factors such as temperature, noise and lighting.
The possibilities of covering these aspects are plausible,
and many of these aspects have already been implemented
in the OSKU tool (Helin et al. 2007). The tool, featuring
basic human simulation, is the starting point for SIMTER’s
ergonomics dimension.

The development process of OSKU proceeded as
described below. First, we improve the way the database is
recorded to combine information on anthropometric
parameters of the human and the associated motions (joint
values) for a multitude of tasks. Second, we increase the
resolution of motion capture, so that the database can use
either fixed points or free points in space. Third, we
implement interpolation between recorded points with non-
linear data-based mapping algorithms, e.g. Adaptive-
Network-Based Fuzzy Inference System (ANFIS). Fourth,
we enable analysis and application combined motions of
upper limbs, head, neck, and torso. This allows realistic
reach and field of view analyses.

The SIMTER ergonomics sub-tool gives a realistic
image of modelling a human task as the tool is based on
real human motions taking into account anthropometric
variations. These directions, which are in line with other
research groups’ work (e.g. Chaffin 2007, Broberg 2007),
create the basis for simulating ergonomics the context of
production design jointly with other production process
parameters.

A joint simulation system supports the “Design for
All” (DfA) principle that merges usability, accessibility,
liberty, and barrier-freeness of environments, products and
services to achieve sustainable and robust solutions (Saito
2006). Most system designers and engineers have to
consider ergonomics from early steps in the product
development process (Broberg 2007). Digital human
models have to be implemented early to support engineers
in their daily development work (Kaasinen and Norros
2007, Chaffin 2007, Nieminen 2004, Maittd 2007, Helin et
al. 2007).

Several common and validated methods for evaluating
the ergonomics of working postures are employed in
OSKU and will be inherited in the SIMTER tool. Such
methods include RULA (McAtamney and Corlett 1991),
OWAS (Karhu, Kansi, and Kuorinka 1977), and
ERGOKAN (Maéittd 1994). RULA (Rapid Upper Limb
Assessment) is a survey method for investigating
biomechanical and postural loading on the upper body,
with particular attention to neck, trunk and upper limbs.
OWAS (Ovako Working Posture Analysing System)
identifies and evaluates potentially harmful working
postures using a scoring system. It can reveal the frequency
and relative proportion of time spent in potentially harmful
postures. Finally, ERGOKAN combines RULA and
OWAS.
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3 METHODS

For the ergonomics sub-tool development, we apply
two main methods. First, we gather background
information from literature and interviews at partner
companies in Finland and Sweden (see Lind et al. 2008).
The industrial partner companies represent machine
building, automotive and chemical industries.

Second, we have continued the work with OSKU
(Helin et al. 2007) by improving the data collection,
processing, and inference techniques. The primary aim of
the OSKU tool is to develop a digital human model that
enables ergonomics assessment in industrial environments
and tasks. The improvement is achieved by applying neural
networks for filtering raw data, motion spatial and
temporal non-linear interpolation, and statistical interval
estimation of motion trajectory and duration. The
measurements are to be conducted using motion tracking
system, where the sensors will be attached to hands, head
and the sitting point. The recorded movements will include
upper limb tracks from the sitting and standing positions.
The motion data is utilized to train and validate the neural
network. The purpose of the network is to predict
humanlike motions for arbitrary starting and ending points
without relying on a fixed-grid motion database. Utilising
the new motion prediction extends the simulation
modelling capabilities of the OSKU tool by extending the
motion prediction accuracy and giving freedom to model
all task-related motions in a realistic way. Moreover, the
posture, link and task analyses will be calculated according
to these motions.

4 RESULTS

The interview results indicated that the companies
perceived problems due to challenging work tasks, such as
welding in confined spaces. To improve production, jointly
with ergonomics improvement, a digital human model can
be applied to simulate and optimize the work sequence and
techniques.

The hardware and software for data collection has
been improved by employing Virtools software (see
http://www.virtools.com/) allowing flexible data collection
in a variety of usage scenarios: pick-and-place, welding,
light assembly and office work. For the measurements, we
designed a data glove to increase the precision of motion
duration measurements and to automate the data collection
process. Thus, the subject can perform measurements
without an assistant. As the motion tracking system bases
on magnetic field, the measurement were carried using all
wooden custom-made furniture to prevent electromagnetic
interference shown in Figure 1.
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Figure 1: An example of motion data collection.

The network has been prototyped in Matlab
(http://www.mathworks.com) neural network toolbox and
it is now complete to process 3D data for six sensors
(filtering and interpolating in 18 dimensions). The data
collection for the network training and validation is being
carried out. The parameters of the trained and validated
network will be used on Visual Components platform,
merging motion visualization, production simulation and
ergonomics analyses. An example of motions predicted
with the network is shown in Figure 2.
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Figure 2: An example of motion prediction.

The dotted line represents the noisy validation data,
whereas the solid line indicates the predicted interpolated
motion. The discrepancy between the two is about 1-2
centimeters, which is even more precise than the motion
tracking system’s precision (5-7 centimeters) due to
averaging over an ensemble of trajectories. An example of
applying the OSKU tool into production simulation case is
shown in Figure 3.
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Figure 3: An example of OSKU tool apblied ~into

production simulation case; a given task to check, do
assembly and follow near by machine’s operations.

As a result from improvements in OSKU, the
ergonomics sub-tool enables accurate simulation of human
motions and the cycle times in a preferred set of tasks for
which the network is trained.

5  DISCUSSION AND CONCLUSIONS

The SIMTER tool aims to integrate three
complementary dimensions of production system design:
ergonomics, environmental impacts, and level of
automation. When integrating the sub-tools, the biggest
issue is identifying the set of shared wvariables and
compatible performance metrics. In comparison to
production optimization and environmental impact, as well
as ergonomics and production optimization, which are easy
to link and quantify, the relation between environmental
impacts and ergonomics are more elusive and hard to
quantify. The difficulty comes from, for example,
incompatible metrics (ethical issues are difficult to express
in monetary terms) and differences in time scales (short-
and long terms costs and effects). The connection between
ergonomics and environmental impacts is an open,
fundamental question.

Along with the refinement of sub-tools, part of the
future work will be showing feasibility and value of the
integrated tool in practice. The integrated SIMTER tool
will be developed to enable even more detailed and
balanced analyses of production systems in compliance
with the sustainable development paradigm (see also
Heilala et al. 2008/submitted).

This paper has described the ongoing work of
developing an integrated simulation tool, where
ergonomics simulation is considered an essential part of
production process development. The results indicate that
there is a demand for this kind of joint simulation tool.

1971

Moreover, the implementation work has indicated that such
integration of sub-tools is technically feasible.
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