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Abstract. In 2008 the Association of German Engineers (VDI) published the first part of the VDI 4499 guideline for methods 
and tools for the digital factory. Part 1 of this guideline deals with the fundamentals of the system and will be expanded by the 
addition of further parts on specific topics within the digital factory. Soon to be published is Part 4 which covers human mod-
els as tools of the digital factory. It describes the state of the art of current digital human models with regards to the methods 
and procedures implemented in German speaking countries. The structure of this part of the guideline is based on the different 
sections of engineering mechanics and outlines the opportunities for ergonomic assessments and the evaluation of work sys-
tems. During the writing of the guideline, the restrictions of the existing procedures also became evident thus showing the 
requirement for further development of such procedures. This is illustrated in this paper using examples from commercial 
software systems.  
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1. Human models in the digital factory 

Digital human models are already an essential tool 
in the planning of new production plants. These mod-
els serve to represent defined groups of people with 
the highest level of anthropometrical precision as 
well as to assess and evaluate future work processes 
and systems for a prospective work design. The 
objective is to forecast future stress and strain on 
manpower and the risks on occupational health and 
safety in order to determine remedial measures in a 
suitable timeframe and to present ways to facilitate 
the work. There are various levels of detail, from the 
visualisation of complete macro work systems to 
ergonomic assessments and time management eval-
uations of individual micro work systems (Figure 1).  

Commercial software systems available for digital 
factory planning utilise a joint data basis for the 
development and production of a future product 
including all the production processes and systems. 
Moreover, commercial software systems deliver the 
data for designing the production processes and sys-
tems within the product life cycle. As well as the 

commercially available solutions there are also scien-
tific procedures which have been developed specifi-
cally for certain types of visualisation and assessment,  

 

 
Fig. 1: Levels of detail in work systems planning using digital 
human models (Software graphics: Dassault Systèmes 2004) 

 
but which have not been integrated into the more 
extensive tools for digital factory planning. 

Since the beginning of 2007 a working group of 
the Association of German Engineers (VDI) has been 
collaborating on a new part of the guideline which is 
aimed at detailing the current status of human model-
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ling procedures available within the digital factory 
tools. The group intends to document the results 
within VDI Guideline 4499 "Digitale Fabrik" (Digital 
factory) and to publish them in Part 4 of this guide-
line titled "Abbildung des Menschen in der Digitalen 
Fabrik" (Representation of human resources in the 
digital factory) [40]. In 2008 the VDI published Part 
1 of this guideline under the title "Grundlagen" 
(Fundamentals) [39], which outlines both the defini-
tions and the application field of digital factory tools.  

The new part of this guideline will focus on the 
aspects of anthropometrics and occupational physiol-
ogy of human models, which result from a specific 
future job or task. The scope of application is process 
ergonomics, specifically within assembly areas. 
Therefore, applications for product ergonomics, 
specifically vehicle ergonomics, will not be detailed 
in this paper although many new developments origi-
nate from within this area. Additional aspects such as 
the assessment and evaluation of environmental 
influences on the work system will probably be dis-
cussed in a separate part at a later date. 

The human modelling procedures discussed within 
this part of the guideline focus mainly on geometric 
human modelling. Some procedures enable the 
animation of the human model which can display 
work processes ranging from some seconds to a few 
minutes. Personnel-based simulation procedures, as 
outlined in the VDI Guideline 3633, Part 6 [38], are 
concerned with longer periods of time from some 
minutes to a few months. These particular procedures 
do not offer three-dimensional human models but 
focus on business graphs, illustrations of Gantt charts 
and waiting queues etc. 

 

2. Analysing and assessing human models 

Using a more engineering-based approach, the 
new guidelines cover the functionalities of human 
modelling procedures available within German-
speaking countries by focusing on engineering 
mechanics. From this perspective the anthropometric 
aspects of human modelling can be divided into 
geometry and kinetics. The aspect of occupational 
physiology can be divided into statistics and dynam-
ics (Figure 2).  

 
Fig. 2: Areas of engineering mechanics and ergonomic workplace 
design (following [47], p. 110) 

 

2.1. Geometry 

The purpose of a geometrical analysis conducted 
as part of a prospective work place design is to show 
the interaction between objects within the work sys-
tem, and the digital representative of a group of peo-
ple to which a specific job or role is be assigned. 
When using the digital factory tools, the work object 
is usually a CAD model, however many of the data-
bases include information which is not required for 
the digital design of a work system. It is for this rea-
son, that data reduction methods are necessary to 
reduce the amount of computing required. Data 
reduction methods are also required for modelling 
both the work place and the working area. Very often 
simplified model data of equipment and furniture is 
sufficient. This can be stored in catalogues where 
data can be parameterised, if required. 

Geometric human modelling focuses on presenting 
the dimensions and angle positions of human limbs 
as realistically as possible. Digital human models 
which are used for vehicle ergonomics are very accu-
rate and demonstrate these aspects clearly (e.g. see [4, 
15]). Figure 3 shows an example for human spine 
modelling as well as the specification of seat refer-
ence points which are required mainly for ergonomic 
vehicle interior design. 

Presenting both human models and the required 
equipment and furniture in the work area is a method 
which is highly suited to demonstrating the future 
design of a work system (Figure 4). This will lead to 
easier discussions with stakeholders that may be less 
familiar with two-dimensional layout plans. However, 
collisions between the human models and furniture 
and work-related items can only be demonstrated 

G. Zülch / Features and Limitations of Digital Human Models2254



visually and then solved through restructuring the 
work system. Such collisions may not yet be recog-
nised or solved with software calculations. 

 

 
Fig. 3: Spine and seat reference points modelled with CharAT 
Ergonomics [42] 

 
 

 
Fig. 4: Visualisation of an assembly system (Software graphics: 
Dassault Systemes) 

 
Human models usually represent the 5th, 50th and 

95th percentile for male and female distributions. 
Differing ethnic groups can often be represented as 
well. Some procedures also allow for the illustration 
of specific somatotypes or even individual persons. 
However, the calculation of spatial deformations of 
the body due to surface pressure and motion is still in 
its initial stages (see [24]). 

In addition to the dimension and the angle of limbs, 
the operating space of the human body can be repre-
sented in the digital models, specifically the required 
radius for grasping items and the field of view. These 

illustrations are typically based on simplified geome-
tries, which are sufficient for a primary assessment 
(see [12]). 

The illustration of human joints poses a specific 
challenge. Although simplified modelling of the 
spine based upon the assumption of a fictitious neck- 
chest- or lumbar joint is seen as outdated, human 
joints are generally approximated by using simple 
hinge joints.  

The anatomically accurate modeling as a spatial 
track joints is still in its preliminary research phase [9, 
23]. The same applies to the modelling of reach 
envelopes or the field view. Often research focuses 
on accessibility and visibility; it is only recently that 
questions regarding comfort have been investigated 
as part of research projects [14, 18]. It is within this 
context that research will have to clarify whether the 
assumed neutral body posture taken from aerospace 
research and detailed in NASA-Standard 3000 [25, p. 
3-57]) can be regarded as a comfortable position at 
normal gravitational forces. 

 

2.2. Kinematics 

The presentation of the required radius for grasp-
ing and the field of view leads to the kinematic 
analysis. In addition to dimensions and angles within 
the human body's range of motion, the kinematic 
analysis covers both velocity and acceleration of the 
limbs as well as eye movement in the forms of sac-
cades and eye fixations.  

When generating motion through human joint 
chains, it must be clarified whether the angle change 
should be reduced in total for all joints or in the 
maximum value of one individual joint (see inverse 
kinematics, e.g. [45], pp. 155).  

Usually pre-determined time systems are used for 
the time evaluation of motion; the MTM methodol-
ogy [11, 20] is used almost exclusively for this pur-
pose at each of the varying levels of detail. Figure 5 
shows the Gantt chart for handling a work object. 

Various research projects (e.g. [21]) have shown 
that the required time to reach an object is not only 
dependent on the distance (and the conditions for 
reaching) but also on both the starting point, and the 
end point of the motion in relation to the respective 
horizontal body plane. The number of assumed cases 
of mobility restrictions should be increased, specifi-
cally with regards to the use of personal protective 
clothing and their impact on mobility restrictions. 
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Fig. 5: Gantt chart and visualisation of handling a work object [31] 

 
Procedures using pre-determined time systems are 

usually based on the use of experienced persons with 
normal skills. This however requires further clarifica-
tion. It should be investigated whether gender-spe-
cific differences must also be considered (e.g. for 
fine motor movements). Recently and as part of 
demographic change, the question of age-specific 
differences in motion times has emerged. This ques-
tion also requires further research work. 

2.3. Statics 

In addition to the anthropometric study, it is essen-
tial to evaluate human models from the perspective 
of occupational physiology. Existing human model-
ling procedures are usually limited to the analysis of 
static posture and static work. The neutral body pos-
ture excluding the effect of external forces can be 
evaluated and assessed using either the Finish OWAS 
method [37], the American NIOSH method [43] or 
the NASA standard STD 3000 [25]. The first two 
methods mentioned have been used in the "Process 
Simulate" procedure [29, 31], the latter method has 
been used in the IDO:ErgonomiX procedure [16]. All 
three methods also consider external factors thus 
allowing for assessment of both static posture and 
static work.  

Figure 6 shows an example of a static work assess-
ment with the Process Simulate procedure [31]. 
When using this procedure, the user has to identify 
the critical situation of load handling which usually 
occurs when commencing or completing a work 
operation. The assessment can be performed using 
either the American methods NIOSH [43] and 3D 
SSPP [8] or the British method RULA [22]. 

 

 
Fig. 6: Posture analysis using the 3D SSPP method [7, 8, 31] 

 
The VDI method which is often been used for 

assessments in Germany [5, pp. 223; 28, pp. 70; 41, 
pp. 48] is available in the EKIDES procedure [19]; 
assessment according to the NIOSH method [43] is 
also available. The Load Calculator for Lifting and 
Carrying (HuT; [2]) offers calculations following the  
the German Standard DIN EN 1005-4 [10] , the Key 
Indicator Method (LM; [35]) and the NIOSH method 
as well. These methods can be used to specify the 
admissible upper load limits but they use different 
influencing variables. The NIOSH method only 
focuses on the load resulting from a specific task 
while the VDI method also considers personnel fac-
tors. As a consequence, these procedures may deliver 
differing results. The Key Indicator Method, pub-
lished by the German Federal Agency of Occupa-
tional Safety and Health (BAuA) in an online form 
[3], can also lead to different results in its final 
assessment (Figure 7; see also [47]).  

Neither the VDI method nor the LM method have 
been integrated into the available tools of the digital 
factory, they can only be used as individual tools thus 
meaning that data needs be entered separately. It can 
be seen that Anglo-American assessment methods 
are dominant in international commercial human-
modelling procedures whereas procedures developed 
in Germany are usually not integrated into the soft-
ware systems for digital factory planning. 

The tools available in the digital factory are not 
capable of calculating collisions between the human 
body and other objects. It is for this reason that the 
static balance can only be assessed from a visual 
point of view. This applies specifically to support-
points, where the human body or parts thereof rest on 
objects of the work system. 
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Fig. 7: Assessment of the same load-lifting situation with different 
methods using the Load Calculator HuT (Software graphics: 
ASER [2]) 

2.4. Dynamics 

The methods according to VDI, NIOSH and 
BAuA consider the frequency of load handling in 
their assessment and are thus leading to a dynamic 
analysis of work processes. However, only the load 
handling phases of the job is included in the evalua-
tion and assessment while all other work operations 
that occur during work hours are not considered.  

To assess dynamic work, in addition, the meta-
bolic energy consumption can be analysed. This 
method goes back to Spitzer et al. [34] and is avail-
able in the ergonomic analysis procedure EKIDIS 
[19]. The human model JACK in the "Process Simu-
late" procedure Fout! Verwijzingsbron niet 
gevonden. uses an American method [13] to analyse 
the metabolic energy consumption, or to be more 
correct, it uses the EEPP software (Energy 
Expenditure Prediction Program [7]) based on this 
method. This procedure also includes a method for 
calculating the recovery time which is based on the 
research work by Rohmert ([24]; see also [26], pp. 
136). 

Apart from these well-known procedures for a 
global assessment of dynamic muscular activity, 
dynamic analysis for human modelling is in its 
infancy (see [45] for the theory behind it). There are 
procedures available from the field of biomechanics 
but they are not integrated into the procedures of the 
digital factory. These procedures include for example 
the German procedure DYNAMICUS [17] and the 
Danish procedure AnyBody [1]. Figure 8 shows an 
anatomical human model for operating a pedal. The 
analysis shows the resulting muscle activity in rela-
tion to the seating position and the spring-stiffness of 
the pedal.  

 

 

 
Fig. 8: Leg forces acting on a pedal (Software graphics: Anybody 
[1]) 

 
Further impetus for dynamic analysis can be 

expected from the field of multi-body mechanics. 
Essential research is currently being conducted on 
developing humanoid robots. It investigates the ques-
tion of how human limb motion or the motion of 
limb chains can be animated based on the end point 
of the motion and considering the posture, orientation 
and mass of human limbs. If these motions was 
investigated and clarified, the patterns could be trans-
ferred to the movements of humanoid robots. Cur-
rently it is still unclear, however, whether the deflec-
tion of human joints should be minimised in their 
average value or maximum value or whether the ini-
tial change rate of acceleration (i.e. the jerk) is essen-
tial and should thus be generated (MKD-Tools; [32, 
36]. 

 

3. Limitations and future developments 

The explanations outlined in this paper were not 
only intended to reflect the current state of the art of 
human modelling within the digital factory. It was 
also intended that they show the limitations of cur-
rent human modelling procedures and thus the 
requirements for further development (see [33]). In 
addition to the aspects mentioned, any further 
development should focus on the options for collision 
recognition, collision avoidance and the calculation 
of static balance conditions as well as end point 
motion generation from the perspective of human 
kinematics and dynamics. These last requirements go 
beyond the virtualisation of motion paths that are 
tracked with motography (e.g. [18, 30]).  

One of the main challenges is that the dominating 
position of internationally available commercial 
procedures within the digital factory can lead to a 
situation where evaluation and assessment methods 
developed in Germany are not being integrated in the 
digital factory. In order to ensure the integration of 
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such methods, the requirements for these methods 
must be clarified, so they can be integrated into the 
model environment of commercial procedures. 

Another aspect which is usually neglected is the 
consideration of environmental effects in the evalua-
tion and assessment of digital work systems [46]. 
Stress and strain models should not only be restricted 
to the work task, they should also consider the work 
environment. The tools available in the digital fac-
tory currently do not offer such an approach. It is for 
this reason that an additional part of the VDI 4499 
guideline documenting the current state of the art and 
outlining ideas for further development is urgently 
required. 
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