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Since the first appearance of hand-tools, artisans and engineers
spent their efforts in order to make hand-work as comfortable as
possible. In the second half of twentieth-century, industrialists’
consciousness raising about ergonomics and safety criteria made the
preventive evaluation of ergonomics/comfort working conditions a
must of product/process design. Nowadays, designers and engineers
knows that a comfortable and ergonomics work-place can sensibly
improve the global performance of an operator and can also reduce
the risk of muscle-skeletal diseases and the consequent absence periods
and/or insurance issues; nevertheless this knowledge is not always easy
to be applied because of its costs both in economics then in Time To
Market (TTM) increase terms.
New VP (Virtual Prototyping) techniques and their development
and diffusion in industrial environments make possible, since 1990,
designing and redesigning of work-place in virtual environment; DHM
(Digital Human Modelling) technique allow to virtually evaluate the
interaction between humans and the main commands/hand tools of
machine/workplace. Those devices, together with ergonomics and
comfort evaluation models, may allow the preventive evaluation
of Human Machine Interfaces (HMI) both in terms of comfort/
ergonomics while processing a product than in terms of comfort/
ergonomics while using the product.

State of the Art of HMI Evaluation
In HMI design several parameters have to be correctly evaluated
in order to guarantee a good level of safety and well-being of users
(humans) and to avoid health problems like muscular-skeletal diseases
[1,2]. ISO Standards give us a good reference on Ergonomics and
Comfort: ISO 11228 regulation deals with several parameters for
evaluating Postural Ergonomics in manual loads’ push/pull, in manual
loads’ lifting and carrying and in repetitive actions; those parameters
can be synthesized in a “Postural Load Index” that represents the
Ergonomics level of examined posture [3,4].
Nevertheless, in practical ergonomic evaluation, each user gives a
different feedback about the perceived well-being for the same posture,
also if all criteria of ISO Standards are satisfied. Bibliographic references
suggest many different methods to make ergonomic evaluation;
the most used and known ones are Rapid Upper Limb Assessment
(RULA [5]), Rapid Entire Body Assessment (REBA [6]) and Loading
of the Upper Body Assessment (LUBA [7]). All those methods go by
measurement of anthropometric parameters.
In last ten years ergonomic evaluations seem to be not sufficient
for assuring a good level of well-being and whole safety of workers
and users, so that researchers concentrates their efforts on the study
of comfort evaluation. When all ergonomic parameters are measured
and when they can be considered in a safe range, we can start to study
the comfort perception while using a product or while working in a
workplace.
Making a simple search, it’s possible to find more than 100.000
scientific papers dealing with comfort and discomfort; most of
these speak about relationship between environmental factors (like
temperature, humidity, applied forces etc.) that can affect the perceived
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comfort/discomfort [8]. Several papers follow the assumption that there
is a relationship between self-reported discomfort and musculoskeletal
injuries and that those injuries affect the perceived comfort [9,10];
however, the theories relating comfort to products and product design
characteristics are rather underdeveloped [2]; the few papers explaining
the concept of comfort are Helander and Zhang [11], De Looze et
al.[12], Moes [1] and Kuijt-Evers et al. [13]. A literature overview
allows us to identify five main topics about the relationship between
subjective perception of comfort/discomfort feeling and product/
process/interaction/environment/users’ factors:
1) Sensory input [14,15].
2) Activities during the measurement that influence comfort [16,17].
3) Different body regions [18,19].
4) Effect of contour of the product for the comfort experience [4,20,21].
5) Physical loading [10,22,23].
On these bases in [13] is given an interesting schematization of
the mechanism of comfort/discomfort perception that comes from the
following Moes’ [1] model represented in Figure1.
In this model five phases in the process before discomfort is
experienced are represented: (I) – interaction, (E) - effect in the
internal body, (P) – perceived effects, (A) - appreciation of the effects
and - discomfort (D). Moes (2005) also describes that this process is
dependent on the person, the seat, the purpose and why the seat is
used. Moes says that if a person uses a seat with a specific purpose,
the interaction (I) arises. For example, this interaction can consist of
the pressure distribution of the contact area between the subject and
seat. An interaction results in internal body effects (E), such as tissue
deformation or the compression of nerves and blood vessels. These
effects can be perceived (P) and interpreted, for instance as pain. The
next phase is the appreciation (A) of the perception. If these factors are
not appreciated, it can lead to feelings of discomfort (D). This model
has been modified by Vink and Hallbeck [2] in the following Figure 2.
The interaction (I) with an environment is caused by the contact
(could also be a non-physical contact, like a signal in the study of De
Korte et al. [14]) between the human and the product and its usage. This
can result in internal human body effects (H), such as tactile sensations,
body posture change and muscle activation. The perceived effects (P)
are influenced by the human body effects, but also by expectations (E).
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Figure 3: Simplified comfort perception scheme.

These are interpreted as comfortable (C) or you feel nothing (N) or it
can lead to feelings of discomfort (D). In this model the internal body
effects and the perceived effects plays a fundamental role in the comfort/
discomfort perception/evaluation and the definition of Maximum
Level of Comfort (MLC) positions in human postures seems to be one
of the most important tasks in this kind of comfort evaluation model
[3,24-26] especially if based on measurement of the angular Range of
Motion (ROM) of each joint.

A Simplified Comfort Model: Importance of Postural
Comfort on Global Comfort Perception
A simplified model that seems to work well with the Vink-Hallbeck
one can be easily explained in the Figure n.3 in which three main
comfort aspects can be identified.
Efforts of researchers are now concentrated in developing a
good Fusion Rule for information coming from objective/subjective
measurements of three main components of comfort perception. The
fourth one, environmental/social comfort, has not been taken into
account because it is not strictly related to HMI studies and because it
can be easily checked in experimental set-up.
The other great efforts are made in objectivising all measurements
for virtual prototyping the whole perception in HMI. The most analyzed
of three “kinds of comfort” is obviously the postural comfort because it
seems to mainly affect the whole comfort and it is the most difficult to be
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measured without altering the comfort perception. Low-invasive and
cheap methods for human-joints measurements (i.e. photogrammetry)
and definition of comfort-functions having, as input, only joints’ angles
seem to be the new frontier of international studies.
Postural comfort level is very hard to detect and measure because
it’s affected by individual judgments that can be analyzed using
quantitative/qualitative methods. Several approaches have been used
by researchers in order to objectivise postural comfort performances
but a lot of work has still to be done. Some recent works studies the
effect of Rest Positions on perceived comfort of upper limbs [26], also
developing a comfort-rate method based on posture analysis [27].
Another work by the same author deepens the relation between global
comfort and postural comfort in controlled physiologic conditions [28].

Conclusions
In industrial work-place redesign and in new plant-layout and
work place design a good approach in HMI evaluation in terms of
ergonomics and comfort may improve workers’ safety and comfort
and, consequently, improve productivity and lower healthy problems
(both in terms of lost of working-days than in terms of insurance costs).
The best way to implement this kind of approach is to spread over the
ergonomics/comfort knowledge in working environments and develop
methods to evaluate ergonomics/comfort of HMI in the early phase
of design/redesign of a work-place. The same approach can be used to
improve ergonomics/comfort of products in order to improve quality
and make products more attractive on market.
According with comfort-scheme in Figure 3, researchers have
to create/improve methods for evaluating comfort performances of
product/process and to insert those evaluations in product/process
development cycle. Also experimental devices are needed for improving
methods and for making numerical/experimental correlations. The
accuracy and the easiness are the most important characteristics that
those methods/devices may have; the integration of those evaluation
methods in a DHM software for ergonomic/comfort application can
strongly enhance the product/process prototyping in CAD/CAE
environment and can give to designers a powerful instruments to
preventively evaluate the comfort level of a HMI.
Future developments of this research can be found in the following
three lines of research:
For Postural Comfort evaluation, researchers have to develop
methods that can take into account:
- Significance of rest posture and of human joints’ neutral position;
- Gravitational effect;
- Arms support (like headrest, armrest or other rest surfaces);
- Postural equilibrium (weight distribution and operative spatial
conditions);
- Handhold type;
- Repetitive actions’ frequency;
- Posture-keeping time;
- Muscular fatigue.
It’s also needed a cheap and easy method to measures human
joints’ angles both in static then in dynamic postures.
For Cognitive Comfort Evaluation, it is necessary to improve:
- Devices to evaluate HMI tactile interaction without altering it
during measurement operation;
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- Devices/methods to evaluate HMI visual interaction during
operation-time
- Methods for allowing users/workers to describe and analyze
their own sensations during operation/use time without affecting their
perception.
- A method to integrate the other three senses in the evaluation
(hearing, taste and olfaction).
For Physiologic Comfort evaluation more studies are required
about:
- Devices to measure HMI temperature without altering it during
measurement operation;
- Devices to measure HMI pressure without altering it during
measurement operation;
- Devices to measure HMI transpiration (water-vapour migration)
without altering it during measurement operation;
- A method to correlate the previously described parameters each
other;
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