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Abstract
Article History: Objectives: The challenges that have been raised today, such as changes in population
Rec?lvei_ii 14/08/2022 structure, diverse workforce, mass production, and automation of production, indicate
Revised: 07/09/2022 the need to review production systems. Classical ergonomic solutions are no longer
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ePublished: 28/09/2022 suitable for carrying heavy loads and repetitive activities. By supporting workers to

reduce physical and mental stress, human-centered assistant applications (HCAAS)
should solve this problem. The technical problems of the exoskeleton have been
investigated in many scientific studies, but its effect on the human user has not been
paid much attention to. So, this study reviews the studies that have examined industrial
exoskeletons from the ergonomic point of view

Methods: Papers concerning exoskeleton in ergonomic studies are reviewed using
Scopus and PubMed databases. The selected papers were published in the reviewed
journals from 2014 to 2021. Books, conference papers, and reports are not included in
this study. In the present study, only official scientific journals in English are reviewed,
and the references obtained from the search are screened by the title and abstract. The
full text of the papers is checked if the abstract does not contain enough information.
Those papers that met the inclusion criteria are listed in this review.

Results: Studies on ergonomic industrial exoskeletons account for a small share of
studies on industrial exoskeletons. From 2012 to the time of conducting this study, 96
studies were found on industrial exoskeletons, of which 10.41% design or evaluate
industrial exoskeletons from an ergonomic point of view. This is very small compared
to the studies on exoskeleton conducted since 2012 and only about 0.4% of the studies.
Conclusion: The reviewed studies emphasize the facilitation of the successful use of
exoskeletons in occupational structures by considering at least three dimensions
(physical requirements, task performance, and usability), all of which can contribute to
determining the potential efficiency of exoskeletons in the work environment. Due to
the potential of this technology, more studies should be conducted in the future to cover
some of the identified challenges and compare the exoskeleton design methods under
more diverse and more realistic situations.
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Extended Abstract
Background and Obijective

Exoskeletons can be defined as a wearable
oexterior mechanical structure that enhances a person's
ability. Exoskeleton is divided into two categories:
"Active" and "Passive". The active exoskeleton
consists of one or more mechanical actors (actuators)
that increase human power and help the movement of
human joints. These actocitor can be electric motors,
hydraulic actocitor, pneumatic muscles or other types.
A fully passive system does not use any type of activity
and instead uses materials, springs or dampers capable
of storing energy collected by human movement and
using it to support body posture or movement if
needed. For example, a passive exoskeleton may store
energy when a person bends down and uses this stored
energy to support, maintain the position or time of
lifting the object and lifting. Since many scientific
studies have dealt with the technical problems of
exoskeletons, but the effect on human users has not
been paid much attention. In this study, we investigate
studies that have looked at industrial exoskeletons from
an ergonomic point of view, and instead of addressing
technical issues, we look at human factors and the
impact this tool can have on the user. The aim of this
study was to show little attention to human factors in
the design and use of this auxiliary tool and also to
suggest researchers to investigate the effect of
exoskeletons on health, safety, comfort and
performance of personnel in industrial units which is
one of the main goals of ergonomics science.

Materials and Methods

Probing of articles related to the use of Scopus and
PubMed databases has been conducted, selected articles
have been published in the journals, 2014 to 2021. Books,
conference papers and reports were not probed in this
study. This study is limited to official scientific
publications in English, the references obtained from this
search have been picked based on title and abstract. If the
abstract did not have enough information, the entire text
of the article was probed. Articles that met the selection
criteria were included in this study.

Inclusion criteria:

o Keywords in the title or abstract of the article.

e In the title or abstract or keywords of the article,
the presence of the word Ergonomics.

e In the title or abstract or keywords of the article
there is one of the words Exoskeleton, Wearable
Device, Assistive Device and Wearable Robot.

e An additional criterion is the application for
exoskeleton in the paper.

o All different types of exoskeleton, namely active
and passive, anthropomorphic or non-
anthropomorphic, exoskeleton for upper body, lower
body or whole body were considered.

e Only studies using ergonomics in the design or
evaluation of exoskeletons were selected.

Exclusion criteria: According to the purpose of this
study, which is to probe the exoskeletons used in the
industry, articles that dealt with applications outside of

industrial environments (e.g. rehabilitation, medicine,
remote operations, military and virtual reality)
were excluded.

Results

The initial search resulted in the identification of
81 articles. After deleting duplicate materials and
screening the titles, abstracts and full text of the studies
were reviewed, 10 articles that met the criteria for
deletion and inclusion were recorded in this study.
Studies on ergonomic industrial exoskeletons have a
small share of industrial exoskeleton studies. Since
2012, the number of studies in the field of industrial
exoskeletons is 96, of which 10.41 % (10 articles) are
related to studies designed or evaluated by ergonomic-
vision industrial exoskeletons. Almost half of the
exoskeletons studied in this study support overhead and
arm lifting, indicating the importance of overhead work
and the great impact this type of work has on the health of
the workforce. Shoulder musculoskeletal disorders are a
particular concern for health at work as it requires a long
recovery period. Only one of the exoskeletons examined
is active and the rest is passive, this can indicate that
passive exoskeletons are more acceptable in the industry
because they are lightweight, cheaper and simpler and are
accepted more by industry and workers.

Discussion

In this review article, we reviewed the studies that
probed industrial exoskeletons from an ergonomic point
of view. Most of these studies probe the design of
different exoskeletons in only one or more simulation
tasks. It is unclear whether the current results, for example
for other working heights, the directions of force, types/
masses of the instrument, or the duration of the task, can
be generalized. In particular, the results model can be
changed with more physical needs if you use a task. In
most of these studies, participants were young and healthy
and were not employed from the population. Therefore,
we should be cautious in extending the results to elderly,
injured or obese workers, and the participants were
novices to do things. Studies focused on the short-term
effects of exoskeleton, more research is needed to probe
the long-term effects of using such interventions. For
example, long-term use of exoskeletons can cause muscle
weakness in the body.

Conclusion

Studies, in order to facilitate the successful use of
exoskeletons in occupational structures, emphasize on at
least three dimensions (physical requirements, performance
in duty and usability) all of which can be effective in
determining the potential efficacy of exoskeletons in the
workplace. Different designs were tested in the studies and
resulted in different outputs in these dimensions, and of
course no specific designs were distinguished superior to
others in all available dimensions. However, due to the
evident potential of this technology, more research will be
needed in the future to cover some of the challenges
identified and compare exoskeleton design methods under
more diverse and realistic scenarios.

Please cite this article as follows: Vahedi A, Dianat I. Industrial Exoskeletons, Challenges and Suggestions in Ergonomic
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