
Applied
BiomechanicsBiomechanics

Pascal Madeleine

http://www.hst.aau.dk/~pm/ab/ab.html

Formål
At give indsigt i Biomekanik i relation til design og 
konstruktion af apparater

Indhold
Newton mekanikNewton mekanik
Biomekaniske målemetoder
Antropometri
Idræt
Ergonomi
Modellering

AB

mm 5 Human factors and systems
Anthropometri

Applied Biomechanics

mm 7 Applications in Ergonomics
Concepts, cumulative disorders 

mm 8 Optimization in Ergonomics

Human factors
Antropometryp y

mm5
Pascal Madeleine AB

History
“Ergonomics”  

Ergos (greek) work….Nomos -study, science

Fitting the human operator to the machine 

Focus on manual work, design of toolsFocus on manual work, design of tools

So-called “Scientific Management” separate 
conception from execution 
- Time and motion studies, automation, 

- “Taylorism” -piece work, “one best way” - management in 
control

2nd World War - growth of “human factors”

Human factors and systems
“What a dumb way to design this; it is so hard 
to use! If they only had done this of that, using 

would be so much easier”

Human factors aims at guiding the application of
technology towards benefiting humanity.

Human factors/ergonomics/human engineering

http://www.iea.cc/

http://www.hfes.org/



Human factors and systems
Focus:
Human factors focuses on human beings and their

interactions with products, equipments,
procedures and environments.procedures and environments.

How the design of things influence people?

Objectives:
1) To enhance the effectiveness and efficiency

which with work and other activities are carried
out (convenience of use, reduce errors,…).

Human factors and systems
Objectives:
2) To enhance certain desirable human values

(safety, reduce fatigue/stress, job satisfaction,
quality of life…).quality of life…).

Approach:
Systematic application of relevant information

about human capabilities, limitations,
characteristics, behaviour and motivation to
design things and procedure.

Human factors and systems
Approach:

“Human factors discovers and applies 

Things, 
Environment ?

“Human factors discovers and applies 
information about human behaviour, abilities, 

limitations, and other characteristics to the 
design of tools, machines, systems, tasks, jobs 

and environment for productive, safe, 
comfortable, and effective human use” 

(Chapanis 1945)

Human factors and systems

Human factors is not just applying checklists and
guidelines.

Human factors is not using oneself as the modelHuman factors is not using oneself as the model
for designing things.

Human factors is not just common sense.

Human factors and systems
Academic speciality

Human factors and systems

Areas of work

Ola Kollin



System
The system is a central and fundamental concept.

“A system is an entity that exists to carry out some 
purpose” (Bailey 1982).

Human factors and systems

purpose” (Bailey 1982).

A system is composed of humans, machines that 
work together (interact) to accomplish some goal 
which they could not produce independently.

Human machine systems
Combination of one or more human beings and one 
or more physical components interacting to bring 
about, from a given inputs, some desired output.

Human factors and systems

Machine: any type of physical object, device, 
equipment, facility, thing use to carry out some 
activity.

Human machine systems

Human factors and systems
Manual systems
Consist of hand tools and other aids which are coupled by a 
human operator who controls the operation. Operators 
furnish physical energy is the power source.

Human factors and systems

Mechanical systems
Consist of well-integrated physical parts (i.e. various types 
of powered  machines tools). Operators play a control role.

Automatic systems
Consist of a fully automated system and perform all 
operational functions with little or no human intervention.

Systems are purposive

Goal

Systems can be hierarchical (notion of subsystems)

Human factors and systems

Systems can be hierarchical (notion of subsystems)

Systems operate in an environment

Component serve functions in systems and 
interact to achieve system goals

Human factors and systems

Systems, subsystems, and components have inputs 
and outputs



Human factors is essentially an empirical science

Experimentation and observation provide relevant 
information about human capabilities and behaviour 

Human factors research 
methodologies

information about human capabilities and behaviour 
to the design of objects, facilities, procedures and 
environment.

Research methodologies relevant for human factors.

Human factors involve frequently human beings as 
subjects.
Three categories:

- descriptive studies

Human factors research 
methodologies

- descriptive studies
- experimental research
- evaluation research

All kinds involve: choosing a research setting, 
selecting variables, choosing a sample of subjects, 
decision regarding data collection and analysis. 

Descriptive studies
Characterisation of a population (people) in terms of 
certain attributes
Exp: dimension of people bodies, hearing loss with 

Human factors research 
methodologies

Exp: dimension of people bodies, hearing loss with 
ages,…

Experimental Research
Test the effects of some variables on behaviour. 
Difference in performance
Exp: effect of seat belt on functional arm reach, …

Evaluation Research
Assess the effect of “something” (similar to 
experimental research)
The something is a system or a product.

Human factors research 
methodologies

The something is a system or a product.
Seeks to describe the performance and behaviour of 
the people using the system/product (cost benefit 
analysis). 
Exp: evaluation of software package for word 
processing, …

Field vs. laboratory studies
Descriptive studies: “real world”
Experimental research: Both are possible

- simulations to test some attributes

Human factors research 
methodologies

- simulations to test some attributes
Evaluation research:  “real world”

Exp: Flight simulator, Test of a computerized map in 
a car

Choosing a research setting

Selecting variables

Human factors research 
methodologies

Choosing subjects

Collecting data

Analysing data



Anthropometry
In our everyday experience we use all sorts of 
physical equipment and facilities which often 

are not suitable.

Today activity is more sedentary where sittingToday activity is more sedentary where sitting
and doing something often occur.

Anthropometry deals with the measurement of
dimension and other certain physical
characteristics of the body (volumes, center of
gravity, masses of body segment)

Anthropometry

Two types of body measurement: Static and
dynamic (functional)

Static dimensions

Anthropometry

Static dimensions
Consists of skeletal dimensions between center of
joints and of contour dimensions (head
circumference).
Body measurements are a function of age, sex and
ethnicity.

Anthropometry

Anthropometry

Winter 1991

Dynamic dimensions
These dimensions are taken under conditions in
which the body is engaged in some physical activity.

Anthropometry

Somatography



Translating static into dynamic dimensions (roughly
estimate)

Heights (stature, eye, shoulder, hip): Reduce by 3%
Elbow height: No change or increase by 5%

Anthropometry

Elbow height: No change or increase by 5%
(elevated work)
Knee, sitting: No change (except high heel shoe)
Forward and lateral reach: Decrease by 30%,
increase by 20% for extensive shoulder and trunk
motion

Kroemer 1989

Data have to be representative of the population. For
specific groups (females, children, football,
handicapped), specific data should be used.

Principles in the application of anthropometric data:

Use of anthropometry

Principles in the application of anthropometric data:
- Design for extremes individual
Designing for the maximum (doorways), minimum
(force required to operate control). In practise, use of
the 5th and 95th percentiles of the distribution

Principles in the application of anthropometric data:
- Design for adjustable range
Adjustments covering from 5th percentile female to
95th percentiles males of the relevant population
characteristic (sitting height) – Preferred design

Use of anthropometry

characteristic (sitting height) – Preferred design
mode
- Design for the average
“Average” individual does not exist. This can easily
lead to erroneous design. Should only be done after
careful consideration.

It gets more tricky when more than one dimension
should be taken into consideration – consider
relationship between dimensions.
Suggestions for the use of anthropometric data:

1. Determine body dimension important in the

Use of anthropometry

1. Determine body dimension important in the
design

2. Define the population to use equipments or
facilities

3. Determine the principle to be applied
(extreme, adjustable, average)

Suggestions for the use of anthropometric data:
4. When relevant, select the percentage of

population to be accommodated
5. Locate anthropometric tables appropriate

for the population and extract relevant values

Use of anthropometry

for the population and extract relevant values
6. Consider special factors (additional

clothing)
7. Build a full-scale mock-up of the equipment

or facility being designed and test it with
representative users

Many possible uses for
anthropometric data in
design. One of the most
important is the design
of work space or work space envelope (3D space).

Work space

of work space or work space envelope (3D space).

Two topics are related to this concept:
- out of reach requirements (prevent a person

from reaching something)
- clearance requirements (minimum space

needed to move/perform in a confined area)



Functional arm reach for the 5th of males and
females

Work space Work space
Strophosphere 
of range of 
hand 
movement

Work space envelopes
Work spaces envelopes consist of the 3D spaces that 
are a reasonably optimum for seated/standing 
person. Control devices should be within this space.

Work space

The reasonable limits are determined by functional
arm reach. In turn influenced by the direction of arm
reach, the nature of manual activity, apparel worn,
the presence of any constraint and personnel
variables.

Out of reach
requirements

Work space

Clearances

Work
space Horizontal work surface area:

normal and maximum area.

Design of work surfaces



Work surface area height:
Important factor.

Too low: back pain
Too high: neck-shoulder pain

Design of work surfaces Design of work

General principles for seated work surface:
1. If possible the work surface height should be 
adjustable to fit individuals dimensions and 
preferences
2. The working height should be at elbow level

Design of work surfaces

2. The working height should be at elbow level
3. The work surface should provide adequate 
clearance

Design of work surfaces

Component refer to any physical entity to be placed 
in a defined space.

Arrangement of components 
within a physical space

Principles of arranging components
Optimum location of a component (sensory 
capabilities, anthropometric and biomechanical 
characteristics)

Principles of arranging components
Importance principle: Important component in 
placed convenient locations.

Arrangement of components 
within a physical space

placed convenient locations.
Frequency of use principle: Frequently used 
components placed in convenient locations.
Functional principle: Grouping of components 
according to their functions.
Sequence of use principle: Arrange the components 
according to their sequences/patterns.



Importance of the principles for components 
arrangement

Arrangement of components 
within a physical space

Types of data for use in arranging components
Basic data about human beings (anthropometric, 
biomechanic, sensory, cognitive, psychomotor)

Methodologies for arranging 
components

biomechanic, sensory, cognitive, psychomotor)
Task analysis data
Environmental data (noise, light, vibration, 
temperature,...)

How not to do it
(Consultant, Engineer, Operators)

Gathering basic data (existing system)
Types of task data information on the use of the 
components individually and information on the 
relationships between the components

Methodologies for arranging 
components

relationships between the components
Information dealing with components 
individually (importance and frequency of use of 
each component) – use of a 5-point scale for rank 
ordering of components

“unimportant to extremely important”
“seldom used to frequently used”

Relationship between components
Three classes of links describing relationship 
between equipment to person and vice-versa: 
Communication links: visual, auditory (voice, non 

Methodologies for arranging 
components

Communication links: visual, auditory (voice, non 
voice), touch.

Control links: control (person to equipment).
Movement links: eye movement, manual movement, 

body movement.

How often?, what sequence?, Links importance

Graphic representation of link data
Adjacency layout diagram, spatial operational-
sequence diagrams  

Methodologies for arranging 
components

Arranging components by using link data
“Trial and error” – figuring out the best location for 
components

Adjacency layout diagram

Methodologies for arranging 
components

Adjacency layout diagram
Spatial operational-sequence diagrams  



Visual display
Normal line of sight 
15o below the horizon

General location of controls 
and displays within work space

Controls 
To be placed in front of the operator

Controls on panels 
To be placed in front
of the operator
Foot controls 

General location of controls 
and displays within work space

Foot controls 

Principle of sequence or function or grouped on the 
basis of function

Specific arrangement of 
controls and displays within 
work space

basis of function
Mirror-Image arrangement
Two identical control panels 

Specific arrangement of 
controls and displays within 
work space

Two identical control panels 

Lower bound constraints (physical space required)

Spacing of controls devices

1) Primary visual tasks
2) Primary controls linked to primary visual tasks

3) Control-display relationships
4) Arrangement of elements to be used in sequence

General guidelines in designing 
individual workplaces

4) Arrangement of elements to be used in sequence
5) Convenient location of elements that are used 

frequently
6) Consistency with other layouts within/with other 

system

Effectiveness, safety, comfort, physical well-being



Take home messages

Human factors and system

Human factors and research methodologies
Descriptive, Experimental and Evaluation studies Descriptive, Experimental and Evaluation studies 

Anthropometry, workplace design

Arrangement of components within a physical 
space


