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Abstract. Nowadays companies have to face a competitive market that requires
small volumes with a high level of customisations. In this context, assembly quality
and timeliness is crucial. To guarantee flexibility and personalization, manual
operations still have a crucial role for a lot of manufacturing sectors, so that workers'
conditions and ergonomics are important factors to achieve a better product quality
and overall cost reduction. Ergonomics evaluation in manufacturing is a challenging
and expensive activity that requires a transdisciplinary approach, to merge technical
and social sciences to finally have a consolidated and reliable evaluation. This paper
compared two digital human simulations tools offered by Siemens Tecnomatix: Jack
and Process Simulate. They were applied on the same industrial case study,
concerning the hood assembly of an agricultural machine, comparing results on
ergonomics reports and usage time. Results confirmed the advantage of adopting a
digital approach to predict the human effort and ergonomic risk related to a series
of tasks. At the same time, they showed the major strengths and weaknesses of the
two analysed tools and defined how they can be successfully adopted by companies.
The paper finally provided guidelines to drive companies in choosing the best tool
according to their needs.

Keywords. digital manufacturing, digital human simulations, transdisciplinary
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Introduction

In the new industrial 4.0 and digital era, a fundamental role is played by factory
ergonomics for the optimization of working conditions [1]; safeguarding the health of
operators has become an increasingly crucial issue for most companies whose production
process is based on manual production and assembly activities [2]. Generally, ergonomic
assessment requires a great effort in terms of time and costs and a certain level of
expertise during the analysis. Moreover, in traditional approaches, ergonomic analysis
is carried out at the shop-floor, when the plant is already created and changes to
workstations are challenging and expensive [3]. Consequently, an urgent need for
companies is to improve and speed up the ergonomic analysis carried out on plants and
production lines [4].
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Assembly is still one of those activities in smart factories carried out by humans,
especially to satisfy production flexibility and personalization on small batches.
Assembly lines of manufacturing industries are very complex to design, because
production processes are affected by several variables, such as technological,
environmental, logistics and ergonomics. In particular, ergonomic assessments are often
barely considered during the design phase, due to the complexity; this implies the need
to correct the design later when ergonomic issues occur during the production phase,
with high-cost of redesign [5]. Moreover, the extreme pressure for companies to achieve
their businesses to be competitive in their markets could have a negative impact on the
workers’ mental workload and well-being. In the manufacturing sector, the effective
implementation of ergonomics aspects in processes has been proven to decrease costs
related to musculoskeletal disorders (MSD), extratime hours, medical care or fines for
risk-events [6]. In addition, according to the literature, harmful ergonomic risk factors
affect not only human well-being on work but also human performance, decreasing the
product quality. For this reason, companies should be convinced that incorporation of an
ergonomic approach in the production system would be profitable in the short and long
term [7].

Digitization is one of the main pillars of the Industry 4.0 revolution; digital tools
can support the simulation of industrial processes in order to optimize the production
process and to enhance workers’ conditions [8]. Transdisciplinary engineering (TE)
methods can be successfully applied to solve complex problems linked to Digital
Manufacturing (DM) [9]. To include people in the production process, DM tools help
engineers and technicians to predict critical working conditions, bridging the gap
between technical and social sciences [10]. The aim of this paper is to critically compare
two of the most used Digital Human Simulation (DHS) software toolkits, Jack and
Process Simulate (PS), in order to drive companies in the adoption of these tools in an
effective way, through performance indicators.

1. Research background

Nowadays companies have to adopt digitization to be in line with market trends; this fact
can highly benefit also ergonomics, moving from a corrective to a predictive approach
[11]. In detail, the available digital tools include sophisticated digital human models,
regional anthropometric databases, and the latest ergonomic methods. Digital
simulations are used to analyze humans' working conditions in different contexts, from
driving to manufacturing, supporting the evaluation of the user comfort and the
workstation designs to assure the proper ergonomic conditions for the workers.
Nevertheless, these human simulations are generally carried out by human factors
engineers or ergonomists, using dedicated tools, whereas the production simulations are
carried out by production engineers [12]. Diversely, a real benefit could be achieved by
merging these two activities. Indeed, the adoption of virtual mannequins into process
simulation can help designers and engineering to consider the human factors from the
early design phases, to produce more human-centered vehicles, equipment, assembly
lines, manufacturing plants, interfaces, and interactive systems in general [13]. The
scientific literature shows numerous examples of successful applications of DHS in the
manufacturing context, under the name of DHS systems [14-16]. In particular, DHS are
widespread for assembly task evaluation, in which a knowledge-based decision support
tool could facilitate the optimization of workflow [17], from a human-centered
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perspective. A preventive ergonomic approach is useful to drastically reduce time-to-
market of manufactured products, and consequently their costs. Indeed, 70 to 80 percent
of the life-cycle costs of a product are determined by decisions taken by designers during
the early stages of the design process. Therefore it is important to apply ergonomic
assessment as early and as accurately as possible [18].

For these purposes, several ergonomic analysis methods and techniques have
been recently developed within the DHS softwares, to support engineers. Two DHS
softwares have been identified, Jack and PS by Siemens, to be compared for industrial
applications. Jack is a specific module dedicated to comfort analysis; it is probably one
of the most popular and currently used DHS software as demonstrated also by Miihlstedt
[19]. On the contrary, PS is integrated in the Siemens PLM offer and allows starting from
the production digital scenario and implementing one or more workstations. Each
software has its strengths and weaknesses. Therefore it is not only important to take the
analysis with these softwares, but also to be able to interpret and apply their outputs [20].

2.  The approach for system comparison

A transdisciplinary approach starts from a real-world problem and connects complex and
interdependent social and engineering issues [21]: DHS is a key technology that allows
human factors to be addressed during both the digitalized product design and production-
planning phases. The proposed approach aims to compare the above-mentioned DHS
softwares in order to recognize advantages and weaknesses in a real case study. Both of
them allow the creation of process simulations and ergonomic analysis, improving
decision-making capacity of engineers and production planners as required by a
transdisciplinary approach [21]. The comparison could be useful for companies to
identify the best solution that fits their needs, in order to solve ergonomic issues. The
study has been developed in collaboration with a tractor manufacturer, focusing on the
real activities carried out by workers on the production plant.

2.1. Comparison methodology

The proposed methodology was conceived in order to give a holistic evaluation of the
two systems under evaluation. For this purpose, a set of performance indicators has been
defined in order to evaluate both qualitative and quantitative aspects and to finally
generate the overall ergonomic report. The proposed comparison is based on subjective
and objective indicators as described in Table 1. The first section describes the selected
indicators adopted for subjective assessment, as expressed by the experts involved in the
study. The second and third section list two classes of objective indicators, respectively
about time performance and ergonomic assessment by a set of selected metrics.
Subjective indicators consider the effort to digitize the assembly task sequence, to carry
out the simulation until the analysis of the ergonomics results. The evaluation was carried
out by experts using the 5-point Likert scale taking into account a set of software features
in order to give a qualitative performance assessment. In particular, the identified
indicators are measured considering:

e Easiness of scene creation: ease of importing virtual models in the scene;

e Easiness of scene navigation: usability of scene navigation commands;

e Fasiness of object manipulation: simplicity of moving parts in the virtual scene;
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e FEasiness of joint manipulation: straightforwardness in positioning the virtual
mannequin in a realistic way.

Objective indicators refer to time performance and accuracy of the ergonomic
assessment. About time performance, indicators consider the time to accomplish the
main tasks:

Scene creation;

Simulation implementation;
Ergonomic report creation;
Ergonomic analysis.

Accuracy of the ergonomic assessment is evaluated considering the score obtained
using internationally-recognized ergonomic methods, suitable to assess the risk to
develop muskulo-skeletal disorders, according to the specific analysis to be performed.
The selected indicators are as follows:

e Ovako Working posture Analysing System (OWAS): it is a concise system for
postural assessment that provides an holistic evaluation of workers physical
effort. Each posture is designated by a 4-digit code that depends on the
classification of the current posture with respect to four predefined levels of
danger. It takes into account the postures assumed by the worker and evaluates
each posture according to the position of the back, arms, legs, and to the weight
lifted;

e Rapid Upper-Limb Assessment (RULA): this method uses a checklist in which
each body part is carefully evaluated, according to a set of predefined limit
positions. It evaluates the overall comfort of a working posture analyzing the
position of the trunk, neck, legs, wrist, upper and lower limbs as well as the
presence of loads. A general score is assigned to each posture, which indicates
the necessity of changing the workstation layout, in order to reduce the risk of
potential physical disorders to the operator;

e FErgonomic Assessment Work-Sheet (EAWS): it is a tool for the holistic
evaluation of physical workloads, based on standardised process languages such
as Methods-Time Measurement (MTM) and Universal Analyzing System
(UAS). EAWS focuses especially on existing CEN and ISO standards,
evaluating working postures, action forces, manual materials handling and
repetitive loads of the upper limbs. It evaluates the physical effort with three
zones (traffic light scheme) rating system;

e Cumulative low Back Loading (CBL): this tool evaluates the spinal forces
acting on a workers’s lower back, under any posture and loading condition. It
calculates the low back compression, anterior/posterior shear and lateral shear
at L4/LS vertebral joint and shows if loads exceed NIOSH threshold limit values
or expose workers to an increased risk of low back injury forces.

Ergonomic indicators’ scores extracted from the two softwares can be also

compared with a video-based ergonomic analysis carried out by experts or by specific,
dedicated software tools (e.g. motion capture systems).

3.  The industrial case study

The industrial case study is based on the assembly process design of a medium-sized
tractor hood. In the company, this type of process is accomplished by a completely
manual procedure. The use of DHS was useful to design the process taking advantage of
the digital support. Both tools were used and compared according to the proposed
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methodology. After that, the assembly line was really implemented and real workers
were video-recorded to carry out the traditional, video-based ergonomic analysis by
experts. Four experts were involved in the study; they judged the tool usage by the
proposed methodology and carried out a video-based traditional analysis for the
evaluation of the ergonomic indicators.

Table 1. Comparative indicators.

Indicators Unit of measurement

Easiness of scene creation 1-5 Likert scale

Subjective -
Easiness of scene navigation 1-5 Likert scale
Easiness of object manipulation 1-5 Likert scale
Easiness of joint manipulation 1-5 Likert scale
Time Time for scene creation Hours
performance Time for simulation implementation Hours
Time for ergonomic report creation Hours
Time for ergonomic report analysis Hours
Accuracy of OWAS Level of risk (green, yellow, red)
::l:gonomic RULA 1-15 scale
assessment EAWS Level of risk (0-25, 26-50, >50)
CBL kNs
3.1 Case study description

The case study was originally analyzed together with the company engineering team,
which highlighted the necessity to design the assembly sequence by acting both on the
product and the workstation, due to the possible operator’s difficulties in reaching some
parts and viewing the hood fixing points. Figure 1 shows the digitization of the
workstation as originally designed by the company.

Figure 1. Digitization of the workstation as originally designed.
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The as-is task sequence of the hood assembly, as considered in this study, is made-
up of 10 steps and described in Table 2.

Table 2. Use case tasks.

Ne° of task Task description
1. Pick up the hood from the conveyor with a hoist
2. Lower the hood with the hoist onto the tractor body
3. Guide the hood with hands to center the four threaded pins in the holes of the hood support
bracket
4. Pick up n.2 bolts from the box storage
5. Start the bolts manually
6. Pick up n.2 nuts from the box storage
7. Start the nuts manually
8. Pick up electric screwdriver from the trolley
9. Tighten the nuts with the electric screwdriver
10. Place the electric screwdriver on the trolley

Moreover, precise indications were submitted regarding boundary conditions such
as the maximum hood’s opening angle (50°), the hood positioning direction (the hood
must be collected from the right side of the tractor body) and the number of operators
(one operator per side). In order to correctly implement the simulation, objects” weights
need to be simulated to properly evaluate the physical effort of operators. The weights
of the parts to be handled are: the tractor hood (50 kg), the two nuts (0,03 kg), the 2
screws (0,04 kg) and the electric screwdriver (4 kg). In addition, a report about loads
(forces and momentums) that workers have to apply during the assembly was reported
by the engineering team.

3.2. Case study simulation

The case study was virtually recreated in the two simulation environments, as shown in
Figure 2. Regarding Jack, the simulation was implemented with the use of the Task
Simulation Builder (TSB) plugin, in which the user could define the workers’ tasks step
by step. Similarly, the worker task sequence was created in PS using the same pattern
included in the main software.

7

Figure 2. Simulation of a worker in Jack (left) and PS (right) environment.
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4.  Results from the comparative study
4.1. Subjective evaluation

Results from the subjective evaluation are reported in Figure 3 as average scores on the
four experts involved, using the 5-point Likert scale. Regarding the scene creation, the
operations to load 3D CAD models or create the mannequins do not require particular
skills, so this highlights that Jack is more intuitive and easy to use compared to PS. On
the contrary, the latter seems to be more direct about scene navigation, as shown in Figure
3, because Jack requires a combination of keyboard and mouse commands to rotate and
zoom the virtual environment. Furthermore, the object manipulation is more accurate
and straightforward on PS than Jack. Instead, the manikin joint manipulation is very
similar on the two softwares and there is not particular criticality.

5

Scene creation Scene navigation  Object manipulation Joint manipulation

Jack Process Simulate

Figure 3 . Subjective assessment.

4.2. Objective evaluation

Objective evaluation included the analysis of time performance and the accuracy of the
ergonomic assessment. About time performance, Table 3 synthesizes the comparison
between Jack and PS, as average values obtained by all experts. Results demonstrated
that analysis in Jack is more effective for scene creation (-33% on average), but it is
globally more time consuming (+70% on average), mainly due to the higher time
requested to create the ergonomic reports and their analysis. In both cases, the simulation
implementation time is comparable between the two softwares. As far as the accuracy of
the ergonomic assessment, the scores extracted from the two softwares analysis on the
whole task sequence and the video-based ergonomic analysis by experts were compared.
In the interest of brevity, values indicated in Table 4 take into account the overall scores
on the entire process. For OWAS and RULA, the average score on the entire sequence
was considered.
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Table 3. Comparison on time performance indicators.

Tasks Jack (h) PS (h)
Scene creation 2 3
Simulation implementation 6 6
Creation of ergonomic reports 10 3
Ergonomic report analysis 8 3
Total 26 15

Table 4. Comparison on accuracy of ergonomic assessment (*average values of the entire task sequence)

Ergonomic Index On field assessment Jack PS
OWAS* yellow risk yellow risk yellow risk
RULA* 4.8 4,7 4,5
EAWS 37,3 43,0 35,1
CBL [kNs] 42144 3958,3 4365,9

From these results, we can state that:

- OWAS comparison does not highlight any significant differences in terms of
risk level between Jack, PS and expert video-based ergonomic analysis,
considering the average score during the entire simulation. Some minimal
differences in the score of the single postures are revealed. The application on
the use case spotted an issue in PS that badly evaluated the task in which
operators apply forces.

- RULA comparison demonstrated a good match by scores obtained by Jack, PS
and expert video-based ergonomic analysis as well. Only notable difference is
the risk band associated with the Apply Force task that is part of the nut
tightening phase; in fact, PS underestimate the risk respect Jack in this kind of
tasks;

- EAWS comparison underlined that PS is a more reliable tool for this
calculation, providing an overall score closer to the experts evaluation. This
could be due to the fact that this index is automatically calculated only in PS
software but not in Jack, where is required a post processing of data postures in
an external dedicated excel checklist;

- Finally, the CBL comparison observed that the cumulative compression value
on L4/L5 (considered in a shift of 8 working hours) from Jack and PS
simulations have given approximately the same results, that were far below the
NIOSH limit. We could say that Jack mildly underestimates the risk, but we did
not measure this risk on the field.

To sum up, the main strengths of both systems are listed in Table 5, to help companies
to choose the system that better satisfies their needs.
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Table 5. Points of strengths of Jack and PS.

Software Points of strengths
easier and faster scene creation

Jack
more reliable results on apply force tasks in OWAS an RULA evaluation
more intuitive object manipulation and scene navigation

PS faster creation and analysis of ergonomic assessment report

automatic and more accurate EAWS evaluation

5. Conclusions

The paper investigated the application of DHS in manufacturing tasks to support the
design of human-centric workstations, considering two software toolkits, Jack and
Process Simulate from Siemens. In particular, the paper proposed a methodology to
compare any type of DHS softwares, defining a set of subjective and objective indicators.
Ergonomic problems investigated by different analysis tools benefit from a
transdisciplinary approach that merges the engineering point of view with the social
sphere, considering the well-being of the operators [22][23]. The aim of the research is
to guide companies in the selection of the most suitable software that fits their needs,
encouraging the application of transdisciplinary tools. The comparison study
demonstrated that Jack is probably the best choice to optimize the scene creation effort
and ease of use, and to execute formative analysis on brief, static postures. Moreover,
Jack makes us obtain more reliable results in case of huge force applications. On the
contrary, PS allows an easier object manipulation and virtual scene navigation compared
to Jack. Furthermore, PS is more suitable to carry out an overall ergonomic evaluation
considering an entire process, providing a more detailed ergonomic report and allowing
to save time during the ergonomic analysis itself. In particular, the EAWS evaluation in
PS is immediate, using a dedicated plugin, that provides accurate results. In brief, Jack
could be effectively used for quick static posture evaluation, instead PS is advisable for
ergonomic studies with dynamic simulation.

The main limitations of the study are due to the limited number and complexity
of the simulated tasks of the case study. For this reason, the comparison could be
extended to other application fields, including both assembly and maintenance
operations.
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