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Abstract. Digital human modelling (DHM) is commonly utilised for vehicle 
and workplace design in the automotive industry. More rarely are the tools ap-
plied in the health care industry, albeit having similar objectives for cost-
efficiency and user-centred design processes. The paper illustrates how a DHM 
tool is modified and utilised to evaluate a bathing system design from caretak-
ers’ and caregivers’ ergonomics point of view. Anthropometry, joint range of 
motion, description and appearance of the manikin was customised to meet the 
requirements in a health care setting. Furthermore, a preferred bathing posture 
was defined. A suggested DHM working process scenario illustrates that DHM 
tools can be customised, applied and useful in health care product design. Ex-
cept technical customisations of the DHM tool, the development of a working 
process and work organisation around the tool is proposed for an effective and 
efficient use of digital human modelling. 

Keywords: Digital Human Modelling, Elderly, Ergonomics, Health Care, Hu-
man Factors. 

1   Introduction 

Digital human modelling (DHM) tools, such as Jack, V5 Human and Ramsis, have 
been introduced in industry to facilitate a proactive and efficient consideration of 
ergonomics in the design process. Most of the tools are used in the fields of automo-
tive engineering, aerospace engineering or industrial engineering and are applied in 
the design, modification, visualisation and analysis of human workplace layouts 
and/or human product interactions. Within the automotive industry, digital human 
modelling is commonly used in the vehicle design process for occupant packaging 
tasks, e.g. when analysing positions and adjustment ranges needed for primary con-
trols such as seat, pedals and steering-wheel in order to accommodate the driver popu-
lation of interest [1, 2] as well as in the virtual manufacturing process e.g. for analys-
ing manual access and biomechanical loads on assembly workers [1, 3]. 

There are reports stating that automotive industry may receive cost and time bene-
fits from using digital human modelling tools [1]. With equal objectives, the health 
care industry also strives towards cost-effective and user-centred design processes, 
and they have identified that their analysis questions often are similar to those in the 
automotive industry. For example, evaluating the position and adjustment range 
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needed for an adjustable bathtub footrest for a caretaker (resident/patient) sitting in 
the bath can be compared to the evaluation of primary controls in an automotive set-
ting. Similarly, the analysis of how the bathtub design affect the caregiver’s accessi-
bility and biomechanical load when performing care related tasks is as relevant to 
perform as how the vehicle design affect an vehicle assembler’s tasks. Accordingly, 
the health care company ArjoHuntleigh, representing the health care industry in this 
case, has shown interest to utilise digital human modelling tools in their design proc-
esses, with an intent to employ a DHM working process in a similar manner as used 
in the automotive industry. To meet this objective, it is regarded that major differ-
ences between the health care sector and the automotive sector, such as product type 
and the age and physical characteristics of the users, can be handled by customisation 
of the digital human modelling tools. 

The paper illustrates a scenario where a digital human modelling tool is applied in 
a bathing system design setting for the evaluation of the design from caretakers’ and 
caregivers’ ergonomics point of view. The method section describes how the digital 
human modelling tool was customised to meet the requirements of a company that 
develops health care products, and the result section illustrates a suggested DHM 
working process in the context of health care product design. 

2   Method 

The DHM tool Delmia V5 Human was used as a basis for conducting the customisa-
tions suggested to better fit the health care setting. In order to represent typical  
caretakers in the DHM tool, computer manikins that represent characteristics of the 
elderly were developed. The manikins’ anthropometrics and joint ranges of motion 
(ROM) were modified. Furthermore, a narrative description was assigned to the 
manikins and a more age corresponding appearances was applied. Finally, in the cus-
tomisation, the preferred bathtub posture was defined and implemented in the tool. 
The digital human modelling working and documentation process recommended by 
Hanson et al. [4] was utilised. 

2.1   Anthropometry 

The concept of a manikin family was utilised for both caregivers and caretakers, i.e. a 
limited set of computer manikins with different anthropometric proportions that are to 
represent the diversity in a population [5]. The manikin collection suggested by 
Speyer [6] was applied, where stature, proportion (ratio of the sitting height and 
length of the legs) and corpulence are used as key body dimensions. The other body 
dimensions are defined by the anthropometric functionality in the DHM tool itself, 
using existing correlation data to these three key dimensions. For caretakers, data for 
Elderly British Females in the age group 75+ was used [7]. For caregivers, data for 
Swedish adults was used [8]. This approach renders anthropometric data for 24 mani-
kins (Table 1). Since data for waist circumference was not available for the selected 
user group, weight was used to signify corpulence. This assumption is believed to be 
adequate due to the relatively high correlation between the two dimensions [9]. 
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Table 1. Key anthropometric data representing: Female (F), Male (M), Caretakers (CT) and 
Caregivers (CG) 

id # %-ile mm %-ile kg %-ile mm id # %-ile mm %-ile kg %-ile mm

FCT1 6,3 1447 15,1 49 2,5 732 MCT1 5,7 1573 60,2 77 9,7 825

FCT2 6,6 1449 48,2 61 10,9 756 MCT2 50,7 1685 47,6 73 52,5 875

FCT3 7,8 1454 99,4 92 12,8 759 MCT3 96,4 1810 8,5 58 76,0 898

FCT4 4,6 1437 94,2 80 29,8 779 MCT4 94,0 1793 35,7 70 89,7 918

FCT5 50,8 1546 43,4 60 53,0 800 MCT5 92,5 1785 95,1 93 88,0 915

FCT6 95,1 1651 38,0 58 91,2 842 MCT6 94,3 1795 81,6 85 98,8 954

id # %-ile mm %-ile kg %-ile mm id # %-ile mm %-ile kg %-ile mm

FCG1 6,3 1570 15,1 54 2,5 823 MCG1 5,7 1681 60,2 81 9,7 897

FCG2 6,6 1572 48,2 65 10,9 849 MCG2 50,7 1793 47,6 77 52,5 946

FCG3 7,8 1578 99,4 93 12,8 852 MCG3 96,4 1918 8,5 60 76,0 969

FCG4 4,6 1559 94,2 82 29,8 873 MCG4 94,0 1901 35,7 73 89,7 990

FCG5 50,8 1675 43,4 63 53,0 895 MCG5 92,5 1893 95,1 100 88,0 986

FCG6 95,1 1787 38,0 62 91,2 939 MCG6 94,3 1903 81,6 90 98,8 1025

Caregivers

Caretakers

Stature

Females Males

WeightStature Weight Sitting height Sitting height

 

2.2   Range of Motion 

In order to modify the caretaker manikins' joint ranges of motion (ROM) to more 
appropriately represent elderly people and the different mobility levels as defined in 
the Mobility Gallery developed at ArjoHuntleigh (described in section 2.3), ROM 
data for elderly, obtained from Older Adultdata [7], was entered in the DHM tool. 
Table 2 shows angular data for shoulder extension and flexion, as an example. As 
some residents, particularly Doris and Emma, have very little own activated mobility 
an additional "Supported" angular range was added, representing movements that may 
be achieved with the aid of a carer or an assisting product. The standard settings for 
caregiver manikins’ ROM data as defined in the DHM tool were utilised as this user 
group was considered having usual mobility. 

Table 2. Approach for defining range of motion data for caretakers 

Resident Gender
%-ile Angle %-ile Angle %-ile Angle %-ile Angle

Albert Male 50 38 60 41 50 160 60 163
Female 50 49 60 52 50 169 60 171

Barbara Male 20 29 30 32 20 151 30 154
Female 20 38 30 42 20 161 30 164

Carl Male 10 24 25 31 10 146 25 153
Female 10 32 25 40 10 157 25 163

Doris Male 5 20 15 27 5 142 15 149
Female 5 28 15 36 5 154 15 160

Emma Male 1 12 10 24 1 134 10 146
Female 1 19 10 32 1 148 10 157

ROM
Shoulder FlexionShoulder Extension

Supported ROM Supported
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2.3   DHM Personas 

As a complementary way to represent users' mobility capabilities, narrative descrip-
tions of characteristic "user types" in terms of functional mobility levels, and to a 
degree also in terms of personality, was applied on the computer manikins. This re-
sembles the general design methods user characters and personas [10, 11, 12], and 
more specifically the conceptual ideas by Högberg and Case [13] and Conradi and 
Alexander [14]. The health care company involved in this research has developed the 
Mobility Gallery, which is a communication tool basically structured according to 
five different levels of functional mobility [15]. In the gallery, residents are classified 
according to their degree of functional mobility, from the most mobile and independ-
ent to the most dependent and entirely bedridden resident. These five mobility levels 
are described and labelled using alphabetical names: Albert, Barbara, Carl, Doris and 
Emma. Each resident is described with different personal characteristics and back-
ground details and an illustration. Residents can represent a female or male regardless 
of their gender specific name. This approach has proven successful by supporting 
communication about product users' abilities and requirements, both within the com-
pany and with people outside the company. These descriptions are applied on the 
manikins as exemplified in Figure 1, conveying certain capacities and giving the 
manikins personality traits. 

The standard appearance of the manikin suits a caregiver, but differs quite largely 
to the look of a typical caretaker in this context. Hence, the caretaker manikins are 
given a more age-corresponding appearance, as an attempt to support understanding 
and empathy by the DHM tool user for the end users he or she is designing for. 

 

Fig. 1. Albert and Barbara as DHM personas 

2.4   Posture Prediction 

A number of photos, taken in side-view showing caretakers bathing, were used in 
order to roughly identify chosen bathing postures. A stick figure was drawn on the  
 



 Application of Human Modelling in Health Care Industry 525 

 

 

Fig. 2. Bathing postures 

picture to represent the human skeleton and joint angles were measured. Figure 2 
illustrates different bathing postures. 

3   Results – A DHM Health Care Scenario 

In order to illustrate the suggested approach of adapting and using DHM in a health 
care setting, this section demonstrates a fictive, but realistic design scenario. 

A project is initialised aimed at designing a new footrest to be integrated in a new 
bathtub design, complementing the health care company’s product portfolio. Attend-
ing the meeting are design engineers from the company and a DHM tool user. The 
project is structured and follows the human simulation process proposed and used in 
the automotive industry [4]. Their initial discussion starts with the design engineers 
describing the background: the new bathtub, the anthropometric trends, and their 
uncertainties about the appropriate footrest adjustment range as well as the high bio-
mechanical loads on the caregiver adjusting the footrest. The DHM tool user takes 
notes and fills in the blanks in the prepared human simulation process protocol. The 
protocol is linked to a database that all involved in the project have access to. After 
the discussion, the project group formulates following objective for the analysis: “To 
describe an appropriate bathtub footrest position and adjustment range for typical 
caretakers, as well as a confirmation that the footrest is easily manually adjusted by 
typical caregivers.” They all agree upon this formulation. The DHM tool user adds his 
name and contact data as responsible for the analysis, and one of the design engineers 
fills in her data, as the requester of the analysis. When all have a common picture of 
the aim, the desired output is discussed. The design engineers are interested in illus-
trating differences and similarities with the proposed adjustment range and the cur-
rent, both for their own bathtub and competitors’ design. 

The DHM tool user asks for national and company design standards to compare 
with. Plenty of standards and regulations exist within the health care industry. How-
ever, the designer is not sure if any is applicable on foot rest design, therefore design 
engineers ask the DHM user to utilise ergonomics evaluation methods integrated in 
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the DHM tool when analysing caregivers’ situation when adjusting the footrest. This 
request is added to the protocol to confirm the desire, and they agree that the analysis 
results shall be complemented with tables and pictures for illustrative purposes. Fi-
nally, the group discusses desired completion date. The agreed date, two weeks from 
today, is entered into the protocol. Having this information entered in the protocol 
concludes the first of three stages in the human simulation process. Before the DHM 
user leave, he gathers information required to perform the analysis properly, such as 
information about the targeted market segments and the physical environment as 
CAD geometry. 

The DHM tool user is now left alone and starts the analysis by searching the human 
simulation database on the intranet, hoping to find earlier similar studies to save time 
and gain from previous simulations. He uses keywords such as: bathtub, footrest posi-
tion. Unfortunately, he gets few hits and all relate to vehicle design. This is not surpris-
ing since DHM is a relatively new tool within the health care industry. He continues 
the work by reading the market analysis report. In the report he finds that the new 
bathtub is planned to be sold as a high quality brand product and is aimed for Swedish 
people living in elderly service apartments. With this in mind, he starts to search for 
updated anthropometric data for mid-age and elderly Swedish people. He finds data for 
Swedish mid-age adults, but for elderly he need to use British data due to the lack of 
appropriate data for a Swedish elderly population. He uses the manikin collection sug-
gested by Speyer [6] to represent anthropometric diversity. Based on this data he gen-
erates a set of totally 24 manikins, representing caretakers and caregivers (Table 1). In 
addition to these manikins, he creates manikins that are anthropometric replicas of the 
ones involved in development project (e.g. the design engineers). This to support dis-
cussions about the analysis results between the people involved in ordering and per-
forming the analysis. To more accurately simulate elderly, the DHM user adjusts the 
joint ranges of motion according the specification (Table 2). Three levels of mobility 
are relevant for this bathtub (Albert, Barbara and Carl), resulting in two extra sets of 
caretaker manikins. The other two mobility levels (Doris and Emma) are recommended 
to use other products due to their mobile capacity. The appearances of the caretakers 
are adjusted to the company standard according to the mobility level (Figure 1). The 
default appearance and joint ranges of motion in the DHM tool were used for the care-
givers. By using this approach, the DHM user has created a set of 48 manikins, in 
addition to the manikin replicas of the team members: 12 mid-aged caregiver manikins 
and 36 elderly caretaker manikins. In total representing the targeted users and stake-
holders in a multidimensional design problem. 

The next step is to load the CAD geometry and the DHM user imports the bathtub 
and competitors’ adjustable footrests from a USB memory stick. He tries to keep a 
minimal physical environmental description since exchange between computer sys-
tems still is quite time consuming and conversion errors sometimes occur, especially 
when using CAD and DHM systems from different suppliers. A simple description of 
the physical environment encourages the viewer of the illustrations to focus on the 
ergonomics issues, in terms of posture and accommodation. Also, it indicates that the 
analysis has been performed at an early design stage with relatively rough assump-
tions, and that design corrections are both possible and welcome if it improves the 
design. 
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The next step in the human simulation process is to define the tasks performed by 
the caretaker and the caregiver. The DHM user performs a basic task analysis and 
defines the tasks in bullet form as follows. 

Caretaker 
• Head above water surface 
• Back attached against bathtub backrest plane 
• Buttocks attached against bathtub bottom plane 

Caregiver 
• Feet attached to floor 
• Right hand supporting caretaker’s feet 
• Left hand attached to footrest adjustment control 
• Eye contact with caretaker 
 

With the manikins, the physical geometry environment and the tasks defined, the 
DHM user starts to manipulate the manikins. He uses the preferred bathing posture as 
starting point for caretakers. The manikin is moved to the bathtub and manikin joints 
are manipulated only when needed to fulfil task description. This is done for all 36 
manikins. He then uses the relaxed standing posture as a starting point for caregivers. 
The joint in the back, arms and neck are adjusted minimally to fulfil task criteria. 
After repeating this for the 12 caregiver manikins, a more detailed ergonomics analy-
sis can begin. 

 

Fig. 3. RULA analysis 

The DHM user generates plots of the position of the sole of the foot for each mani-
kin representing caretakers. As a benchmark, he inserts the adjustment range of the 
competitor product, and adds plots representing likely positions of the project group 
members. Joint comfort values for each manikin are automatically calculated by func-
tionality in the DHM tool. For caretakers, the DHM user generates reach envelopes 
and calculates RULA scores [16] (exemplified in Figure 3). All illustrations, tables 
and comments are stored in the database. 
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With this information accessible, the DHM user arranges a meeting with the design 
engineers at the health care company to deliver the results. When at the health care 
company, they gather around a bathtub and open the project database. In the database 
they study the positions of the foot sole of the potential users. One of the design engi-
neers enters the bathtub and they visually compare his preferred foot position with the 
positions suggested by the DHM tool. It seems to match quite well and the design 
engineer concludes that they will base the mock-up on the facts proposed by the 
DHM tool, which is a footrest that is less adjustable in length direction and more in 
height direction compared to competitors’ solution. 

One of the other design engineers imitates the caregiver, lifting his colleague’s legs 
and adjusts an imaginable footrest with a similar adjustment solution as the competi-
tors use. She admits that the posture feels a bit awkward and can understand the high 
physical loads on the caretaker. The design engineers come to insight that they have 
to rethink about the adjustment principle used, in order to minimise workload on 
caregivers. The project group enter all comments made at the meeting in the database. 
The design engineers thanks the DHM user for a good job and write their name and 
date in the approval section in the human simulation protocol, which closes the digital 
human simulation and visualization mission. 

4   Discussion 

The paper illustrates that digital human modelling tools can be customised, applied 
and useful in a health care design setting. In the theoretical scenario above, minor 
customisation to the DHM tool was made and it showed potential. However, more 
research, development and customisation of the tool are needed to fulfil health care 
industries’ requirements and desires. Areas for improvements are among others: 
 

Physical manikin properties. In the scenario, a pragmatic approach was used to con-
sider diversity of anthropometrics and joint ranges of motion, and to keep the number 
of representative manikins reasonably low. Robinette and Hudson [17] describe the 
complexity of considering anthropometric diversity, particularity for multidimen-
sional design problems, and Bittner [18] proposed the A-CADRE manikin family as 
an alternative solution to the manikin collection method used in the scenario. The 
approach suggested by Speyer [6] was in this case selected due to fewer numbers of 
manikins compared to A-CADRE. No methods were found for describing joint ranges 
of motion diversity in a similar manner. However, similar statistical methods as used 
for identifying anthropometric boundary manikins could possibly be utilised for joint 
ranges of motion variation. However, in this scenario a simpler method was used. A 
challenge is to develop a method where both anthropometric and range of motion 
diversity is considered. Such method may be of interest since both anthropometrics 
and joint ranges include great variation and effect human behaviour. 
 

Posture prediction. In the scenario, the preferred bathing posture was taken from 
studies of a limited number of pictures of subjects sitting in a bath tube without water. 
The vehicle industry has performed several studies of preferred postures, e.g. Krist 
[19] and Hanson [20]. A similar set-up could be used to find preferred bathtub  
postures filled with water. Furthermore, in the scenario, manual fine-tuning from 
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preferred posture was made to fulfil task criteria. In an industry setting, manual ma-
nipulation of joints is not a sustainable alternative. The fine-tuning work is time-
consuming, and the posture results may vary both within and between DHM tool 
users, as identified in a study by Lämkull et al. [21]. A process that automatically 
would find the preferred posture fulfilling the task criteria for each family member is 
desired. Such process would speed up the simulation process and make the DHM use 
more robust by leading to same results every time. 
 

Appearance. The appearance of the manikins influences subjects when they evaluate 
ergonomics from pictures [22]. Digital human modelling is today frequently used as a 
visualisation tool [23]. Therefore, manikin appearance is of major importance. In the 
scenario, manikin’s clothing, face and hair was colour customised. An improvement 
would be to be able to customise the shape and skin of the face, replicating the way it 
typically changes with age. Furthermore, personas for caregivers could be developed, 
e.g. a strong, mid aged persona that loves to talk and look after the elderly, and a slim, 
weak, young persona that rather prefer to take a smoke break than look after the eld-
erly. In the scenario, no customisation was made for caregivers. Standard appearance 
and range of motions etc. were used. However, to minimize subjective effects when 
evaluating human-product and human-workplace interaction, a combination of visu-
alisation and objective ergonomics assessment methods is recommended. 

Except technical customisations of the DHM tool, the development of a company 
specific working process and work organisation around the tool is proposed for an 
effective and efficient use of digital human modelling. These issues were not consid-
ered in the scenario, where a generic work process was used. The DHM use process is 
preferably seen as a natural part of the general design process used at the company; a 
design process that is upgraded with new ergonomics evaluation gates to emphasize 
for the organisation that DHM now is a standard tool for virtual ergonomics evalua-
tion in early design process phases. 
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