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ABSTRACT

Digital  human  modelling  (DHM)  tools  are  useful  when  evaluating  human-machine  interaction  as  they  enable
consideration  of  anthropometric  diversity  by  facilitating  the  creation  of  human models,  so called  manikins,  of
different sizes and proportions. This paper presents the design of a module, as part of a DHM tool, made to enable a
more  holistic  approach  when  defining  manikin  characteristics.  The  module  is  created  based  on  previous  user
interviews  and  literature  studies  on  the  use  of  DHM  systems  and  advanced  mathematical  methods  for
anthropometric diversity consideration. The module is aimed to support and guide non-expert users while at the
same time support effective use and provide appropriate functionality also for expert users. The module acts as a
digital  guide  and  supports  standardised  working  procedures  when  creating  manikins  to  be  used  in  subsequent
ergonomics simulations and analyses, and shows a strong visual connection between user interface choices and their
response. 
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INTRODUCTION

Digital  human  modelling  (DHM)  tools  are  useful  when  evaluating  human-machine  interaction  as  they  enable
consideration of anthropometric  diversity by creating human models,  so called manikins,  of different  sizes  and
proportions . Industry practice has previously been based on the utilization of rough approaches when considering
anthropometric diversity . Even today, ergonomics evaluations and analyses are at times done with few manikins
because of the time consuming process of creating and performing analyses for each manikin . Because of the fact
that humans vary a lot in sizes and shapes, there is considerable uncertainty whether the expected proportion of the
target population is covered by the analyses being performed . Hence it is important to support users of DHM tools
when they are using these tools and trying to consider human diversity at the same time.
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 suggest  a  guide and documentation system to support  DHM applications  by guiding the  simulation tool  user
through an established process which documents, stores and keeps track of ongoing and previous analyses, and
facilitates the reuse of studies. Guidelines for the consideration of anthropometric diversity and for how to select
relevant test cases, e.g. manikins for virtual simulation and evaluation, have been presented by  and  in the form of
flowcharts where the type of manikins depends on the design problem at hand. The objective of these approaches is
to facilitate guidance through an appropriate process of handling issues related to anthropometric diversity.  

Future technological and organizational trends and demands of DHM tools is presented in  through the results of a
survey using the Delphi technique. In this survey, 44 experts answered questions and assessed statements regarding
upcoming trends in “Digital Ergonomics”.  Results from the survey show that, among other things, functionality
connected to providing sufficient mapping of anthropometric and biomechanical variance, and increased software
usability to support software use for novices, was deemed important and state-of-the-art between 2015 and 2020.
Software support for  virtually designing and evaluating products and processes for different regions of the world
was deemed important and state-of-the-art between 2020 and 2025. Important and state-of-the-art after 2025 was
considered to be holistic tools that allows for cognitive, anthropometric and biomechanical evaluation of products
and work processes.  Challenges and deficits using DHM tools was,  among other things,  considered to be  high
software complexity, in some cases unknown validity and a lack of standard for models and file formats.

To address these current problems and future challenges the DHM tool IMMA (Intelligently Moving Manikins) was
introduced in 2010 as  a  DHM tool  that  uses  advanced  path planning techniques to generate  collision free  and
biomechanically acceptable motions for digital human models (as well as parts) in complex assembly situations. The
aim of IMMA is to develop a non-expert tool with high usability, where the tool supports the user to consider human
diversity, to easily instruct the manikin to perform tasks and functionality to perform time-dependent ergonomics
evaluations to control and assess complete motions . This paper presents the design of a module, as part of the
IMMA DHM tool, made to enable a more holistic approach when defining manikin characteristics. An aim of the
work is to include all necessary functionality but at the same time maintain a high usability of the interface and
software tool. The module is aimed to support and guide non-expert users while at the same time support effective
use and appropriate functionality also for expert users.

Figure 1. Flowchart depicting the anthropometric module and work process

METHODS

The module and its user interface is created based on previous user interviews and literature studies of the use of
DHM systems  and advanced  mathematical  methods for  anthropometric  diversity consideration  .  Based on the
results from these studies, a module and work process has been described which would facilitate a more supportive
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way  of  working  with  anthropometric  diversity  in  DHM systems  (Figure  1).  Most  of  the  functionality  of  the
anthropometric module in Figure 1 was implemented in early versions of IMMA, operated by a basic user interface .
Initial evaluations by users, and development of new functionality, confirmed needs for further development of the
module and its user interface to achieve intended usability. In addition to added features of the anthropometric
module, the structure of the updated interface is based on the five states of the ergonomic design process presented
by :

State 1: Statement of the design problem

State 2: Defining the target population

State 3: Anthropometric databases

State 4: Representing body size variability using cases

State 5: Transitioning cases to products

The module’s user interface is divided into different sections where each section is intended to match a state in the
ergonomic design process. To achieve the intended usability the different functions are structured throughout the
interface in the same order as they would typically be used in an analysis. Mathematical and statistical methods
connected to each state have been developed or adapted from literature. Design of products and workplaces are often
aimed at an international target group and therefore functionality for assessing several populations simultaneously is
incorporated by combining mean, standard deviation and correlation data from different populations . To increase
flexibility when selecting anthropometric key measurements  a conditional regression model  is implemented. A
conditional  linear  regression  model  has  the  advantage  that  any  measurement  can  be  used  as  independent  key
measurement which gives the possibility to only include measurements that have a direct connection to the design
problem. To be able to address multi-dimensional design problems, where many body measurements are of interest
to include in the analysis, functionality that facilitates the creation of a group of manikins is implemented . This
functionality creates a confidence region, in the shape of a multidimensional hyper-ellipsoid, based on the selected
anthropometric  key  measurements.  Functionality  for  using  principal  component  analysis  (PCA)  to  reduce  the
dimensionality of the confidence region and thus limit the number of manikins is also implemented. Functionality
for selecting different types of cases on the surface of the confidence region is also added . The methods have been
implemented into the user interface by keeping cognition and usability principles, guidelines and heuristics in mind
and by discussing with a usability expert. Ideas and good examples have been adapted from existing software, web
sites and literature.

RESULTS

The resulting user interface is divided into three sections that match state 2, 3 and 4 in the ergonomic design process
(Figure 2). State 1 of the ergonomic design process,  statement of the design problem,  is assumed to have been
performed at an early stage of the design process before the use of DHM tool is applied and is therefore not included
in the user interface. State 5 of the ergonomic design process,  transitioning cases to products, is considered to be
performed during the actual simulation and through following ergonomics analysis. Thus, the main areas of the user
interface are:

 Defining target population

 Measurement selection

 Case selection & options
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Figure 2. The graphical user interface of the anthropometric module
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Defining the target population is done by selecting different population datasets and age groups and proportion of
each dataset. Based on the selected datasets and the proportion of each data set, new data for a synthetic population
is generated. It is also possible to save and load specific target population setups. Selection of anthropometric key
measurements, used to determine the size of each manikin, can be done in two ways, either by selecting check boxes
via a graphical  interface or directly from a list of measurements.  The two check boxes connected to a specific
measurement are checked regardless if the graphical interface or the list is clicked. The third section is concerned
with additional options such as case selection, size of confidence region and use of principal component analysis
(PCA). The user gets immediate feedback on how many manikins that will be created at the bottom of this section,
dependent on selected choices. The first choice for the user is to select whether female and/or male manikins should
be created. The following case selection is done by specifying which type of cases that should be created. Boundary
cases are defined on the surface of the calculated multidimensional confidence region; Axis cases can be found on
the ends of the axes of the hyper-ellipsoid and Box cases are found on the edges of a hyper-cuboid that spans the
biggest volume inside of the hyper-ellipsoid. It is also possible to select an average centre case with mean values for
each selected anthropometric key measurement or to include a selected number of randomised cases based on a
normal distribution. The next step is to set the confidence level, which is used to scale the multi-dimensional hyper-
ellipsoid. The hyper-ellipsoid is scaled so that the surface encapsulates a percentage of the data corresponding to the
selected confidence level. The number of manikins depends on the dimensionality of the confidence region, i.e. the
number of selected anthropometric key measurement, as well as the selected choices in the sex and case selection
(Table  1).  The number  of  manikins  can quickly become large  and  difficult  to  process,  even  for  an automated
simulation  process  as  the  one  used  in  the  IMMA  DHM  tool.  Therefore  PCA  is  useful  as  it  reduces  the
dimensionality but still explains as much as possible of the variation of the original data based on the number of
included principal components (PC). In the interface it is possible to set the number of PCs either by their specific
number or the  desired  cumulative percentage of the variation that the remaining PCs should contribute with. The
PCs can also be limited by discarding all PCs that are smaller than a specific cut-off value.

Table 1. Number of manikins dependent on the number of dimensions for axis, box and centre cases

Number of 
dimensions (p)

1 2 3 4 5 6 7 8 9 10

Axis cases (n=p∙2) 2 4 6 8 10 12 14 16 18 20

Box cases (n=2p) 2* 4 8 16 32 64 128 256 512 1024

Centre case (n=1) 1 1 1 1 1 1 1 1 1 1

Total number of 
manikins:

5 9 15 25 43 77 143 273 531 1045

* For 1 dimension the axis and box cases will coincide

DISCUSSION & CONCLUSIONS

The  resulting  anthropometric  module  includes  functionality  argued  to  be  appropriate  for  the  consideration  of
anthropometric diversity in a DHM tool, and the user interface supports a structured work process and shows a
strong visual connection between interface choices and their response. The user interface is based on anthropometric
design guidelines and includes known methods found in literature. In addition, new methods have been developed
and implemented that supports the user when creating manikins for ergonomics simulations and evaluation. An aim
and a challenge of the work has been to include all necessary functionality but at the same time maintain a high
usability of the interface without creating clutter and information overload for the users. One of the main advantages
of the interface is the possibility to include necessary factors or measurements that can have an effect on the human-
machine interaction and at the same time limit the number of human models to facilitate time efficient simulation
procedures. Some of the trends and demands of DHM tools presented in  are met or regarded by the module, e.g. the
module provides sufficient mapping of anthropometric and biomechanical variance as it is possible to create a group
of manikins that represents the anthropometric variation within the targeted population. The module should also
have an increased software usability to support software use for novices  thanks to the clear structure and possibility
to explore the user interface by having all necessary functionality visible and possible to select or deselect at any
time . The importance, presented in , of being able to  virtually design and evaluate products and processes for
different regions of the world is also regarded through the module as it is possible to mix and combine population
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data of different groups into a new synthetic population.

Still, added and improved functionality would further increase the usability of the developed module. In the creation
of the user interface of the module focus have been to support the creation of a group of manikins used in an
automated  simulation  process.  Yet,  functionality  for  creating  a  single  manikin,  based  on  anthropometric
measurements from a specific individual, will also be added. Other functionality that could be added in the module
is for example the possibility to alter appearance, to add equipment to the manikins and the possibility to preview
the manikins that would be created according to the current selection of options. This preview function could be
done  by  displaying  what   call  humanoid  glyphs  that  show the  size  and  proportion  of  each  manikin.  Existing
functionality in the module can also be improved to increase usability. It could, for example, be easier to select
anthropometric measurements, which will be important if other types of anthropometric measurements beside body
size variables are to be considered,  e.g.  strength and range-of-motion variables.  The somewhat difficult task of
selecting principal components to maintain when using PCA could be improved by visualising the options through a
chart  that shows how much of the variance that each PC describe.  Still,  additional improvements are necessary
before we can have what  describes as a holistic tool that allows for cognitive, anthropometric and biomechanical
evaluation of products and work processes. Other demands such as high software complexity, unknown validity and
a lack of standards for models and file formats are challenges that need to be addressed. We believe this would be
supported by more transparency among companies and researchers involved in the development of DHM systems. 

The module and its user interface are not yet completely finished and have not gone through formal user testing. The
interface has been designed through analysis of user needs and the utilization of interface design guidelines but will
need to go through user testing with different types of users such as simulation experts, industry non-expert users
and university  students.  The results  from these  tests  will  show the validity  of  the design choices  and  indicate
possible improvement areas. The objective of the user test iteration is that the final module and its user interface will
offer high usability related to the consideration of anthropometric diversity and contribute to an enhanced accuracy
in meeting desired levels of accommodation when using DHM tools for the design of products and workplaces. 
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