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Abstract: The comfort of a worker while performing any activity is extremely important. If that
activity extends beyond a person’s capacity to withstand physical and psychological stress, the worker
may suffer from both physical and mental ailments. Over time, if the stress persists, these conditions
can become chronic diseases and can even be the cause of workplace accidents. In this research, a
methodology was developed for the rapid assessment of ergonomic risks and for calculating the
level of ergonomic comfort in the workplace. This methodology uses artificial intelligence through
a specific algorithm and takes into account a number of factors that, when combined, can have
a significant impact on workers. To achieve a more accurate simulation of a work situation or
to evaluate an ongoing work situation, and to significantly correlate these parameters, we used
logarithmic calculation formulas. To streamline the process, we developed software that performs
these calculations, conducts a rapid assessment of ergonomic risks, estimates a comfort level, and
proposes possible measures to mitigate the risks and effects on workers. To assist in diagnosing
the work situation, we used a neural network with five neurons in the input layer, one hidden
layer, and two neurons in the output layer. As a result, most work situations, in any industrial field,
can be quickly analyzed and evaluated using this methodology. The use of this new analysis and
diagnosis tool, implemented through this new research technology, is beneficial for employers and
workers. Moreover, through further developments of this methodology, achieved by increasing the
number of relevant input parameters for ergonomics and integrating advanced artificial intelligence
systems, we aim to provide high precision in assessing ergonomic risk and calculating the level of

ergonomic comfort.

Keywords: ergonomics; artificial neural networks; risk assessment; occupational health analysis

1. Introduction

Ergonomics is a science that studies human well-being and the general performance
of the entire work system when performing any activity [1-3]. This means that ergonomics
takes into account how humans interact with the elements of the system, such as the
workspace [4-6], environmental characteristics such as the ambient temperature and light-
ing, and the positioning of tools and equipment [7-11] in relation to the position of the
worker. It also considers existing psychosocial relationships [12-15], with the objective
of ensuring that all these elements fit as well as possible with the characteristics and lim-
itations of the worker [16]. To achieve its objective, ergonomics applies principles from
various fields, such as engineering, anthropology, biomechanics, psychology, and industrial
design. The advantages of applying correct ergonomics include increased worker safety
and comfort, which lead to reduced fatigue and enhanced productivity [17,18]. In this
article, we present the RERA (Rapid Ergonomic Risk Assessment) methodology, which
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helps to quickly identify possible problems related to ergonomics during the performance
of any activity by taking into account a wide range of aspects with implications on the
comfort and efficiency of the worker in the activity, such as the way in which decisions are
made regarding how at least the minimum ergonomic conditions are satisfied. To make
this decision, RERA uses an artificial intelligence system based on a neural network that
has five inputs (posture index, duration/time index, and three parameters of the work
environment: noise and air quality, index of manipulated masses, and index psychosocial
states), a hidden layer, and two outputs that represent whether the working situation is
acceptable or not and whether remedial actions are required. Once the decision is made
(certain Al decisions require human validation), the implementation of the action plan can
proceed [19-23].

2. The Risk Assessment Methodology

The RERA methodology, in order to achieve its objectives related to workers” comfort
and productivity, analyzes each activity separately and takes into account the characteristics
and skills of the workers as well as the work environment and the actual workload. One of
the main aspects taken into account is the work environment. The characteristics of the
work environment in which the activity is carried out are very important because both the
comfort of the worker during the activity and productivity depend on them. Therefore,
these characteristics must be known before starting the activity itself in order to be able to
take appropriate protective measures.

The work environment requires knowledge of the following elements:

e  The work space—directly determines the physical (but also mental) comfort of the
worker in carrying out the activity. It must be determined if the working space is
sufficient, insufficient, or even tight.

e The ambient temperature—can be optimal, too low (cold), or too high (hot). The
optimal temperature depends heavily on the type of activity performed; for example,
for an activity where a great physical effort is made, the optimal temperature is lower
(e.g., below 18 °C), than that for an activity without significant physical demand,
where the optimum could be around 21 °C. Moreover, the optimal temperature, for
the same type of effort, can differ from individual to individual, even by 2—4 °C.

e  Lighting—is important for the worker’s safety, productivity, and the quality of the
work performed. Comfortable lighting means a light intensity sufficient for the visual
accuracy required to carry out the activity, but also appropriate positioning of the light
source(s), so that they do not “blind” the worker during the activity.

e High noise levels—can disturb the worker during activities, create discomfort or even
health problems, and reduce the worker’s attention to dangers, possibly even leading
to accidents.

e  Dust/vapors from the work environment—deteriorate the quality of the air, causing
great discomfort to the worker during the activity.

From an ergonomic point of view, the posture adopted by the worker during the
execution of the activity is very important and takes into account the following factors:
neck, shoulders, trunk, legs, and duration of the activity. During some activities, the neck
can be tilted, rotated, or in extension. The shoulders, arms, and hands can have different
positions during the activity, but the further they are from the neutral position, the greater
the effort exerted by the worker, a fact that can create significant discomfort if such a
posture is required for a long time. The trunk can be rotated, inclined, in extension, or in
different combinations of these. Considering the fact that the main forces act in the upper
part of the trunk, and the support point is in the lumbar area, according to the laws of
levers, the greater the distance between the support point and the applied force, the greater
the force exerted on the point of support is greater, and in the case of the human body,
if the demands are high, various ailments, some very serious, may appear at the level of
the spine. The legs, during the activity, can be in different positions, depending on the
type of activity carried out. The worker can stand, lean on one leg, sit, or even kneel for a
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while. The work may require high visual acuity and may require large manipulations of
masses. The duration of time in which the activity is performed is a determining parameter
in ergonomics, because if this duration is relatively long, corroborated with the rest of the
parameters, the worker feels more physical discomfort, possibly leading to pain and even
serious injuries. The psychosocial aspect is very important to consider, because the mental
state of the worker during the activity motivates or demotivates the worker. This could
mean that a generally easy activity seems difficult to the worker with an inappropriate
mental state, or, on the contrary, if the worker is in a good mental state, even a heavy
workload may seem easy. All these parameters, most of the time, during the activities,
act simultaneously, more or less, and their effect is cumulative. Therefore, they must be
correlated, but above all, normalized to be able to compare and relate them mathematically
with others. That is why, in the mathematical calculations, we used logarithmic scales to
normalize and compare the parameters related to the neck, trunk, and legs, but also those
related to the environment or duration of the activity, a.o.

For example, we combined parameters related to posture or work environment in
a single index for each category, which reflected a general measure of posture and work
environment. This index used logarithms to ensure that relative differences were more
important than absolute differences, according to Equations (1) to (5):

IEnvironment= €1 X In(Vys) + €2 x In(Vr)+ e3 x In(Vy)+ e4 x In(Vn)+ed x In(Vpss) (1)

Iposture = P1 x In(VpN) + p2 X In(Vps/a,/1) + p3 X In(Vpr) + p4 < In(Vpy) (2)
IworkTask = t1 X In(Vy) + 2 x In(Vyy) 3

Ipuration = d x In(Vp) (4)

Ipsychosocial = $ X In (Vs) ®)

where el, €2, €3, e4, €5, pl, p2, p3, p4, t1, t2, d, and s are weights that reflect the relative
importance of each parameter. These weights can be adjusted according to the specific
context of the ergonomic analysis that we perform.

Ln—natural logarithm;

Vws—work space;

Vr—ambient temperature;

Vi —ambient lighting;

VN—noise;

Vp,s—dust/vapor;

Vpn—neck posture;

Vps,a/g—posture for shoulder, arm, hand;

Vpr—trunk posture;

VpL—leg posture;

Vy—uvisual acuity necessary to perform the activity;

Vy—mass handling during the activity;

Vp—the duration of the activity;

Vs—the psychosocial impact felt by the worker during the activity (includes: the
worker’s comfort in performing the task, the relationship with superiors and colleagues,
their support, motivation, etc.).

We chose to use logarithms to normalize the values obtained because these data have
a large variation, and quite a few have extreme values within certain activities.

The choice to frame parameters related to working conditions and the environment
within specific intervals can be made by the evaluator, based on their observations and the
opinions of the workers being assessed. Workers’ perceptions of these conditions, in relation
to the tasks they perform, play a key role in this process. How a worker perceives their
work environment is an especially important factor in ergonomics and must be included as
an input to the neural network for accurate analysis.
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Decision Making with the Help of Artificial Intelligence

Because, in many practical situations, the problem arises of making the best possible
decision with a high degree of objectivity, based on a large amount of information that
often includes elements that are directly dependent on each other and generate at least
cumulative effects, we chose to use an artificial intelligence system, implemented through
a neural network (Artificial Neural Networks), to model and solve the problems related to
the ergonomic parameters and make the decision of if, based on these input elements, the
activity is appropriate or not from an ergonomic point of view.

Since we had 5 indices related to ergonomics, we created a neural network with
5 inputs, a hidden layer, and 2 outputs that represented the decision itself.

For this neural network, we used sigmoidal activation functions and implemented a
feedforward network, as shown in Figure 1.
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Figure 1. Screenshot from the ERGO RERA software application—AI V1.27.00.

The ERGO RERA-AI software application was developed with the help of the RAD
Studio 10.4 programming environment, using the Delphi programming language.

The sigmoid activation function was implemented by a function with a simple code of
the form:

function Sigmoid (x: Double): Double;

begin

Result: =1.0/(1.0 + Exp(-x));

end;

The neural network was properly trained on datasets from activities similar to those
evaluated in this production hall.

The steps taken in the RERA methodology are presented in Figure 2.

As can be seen in Figure 2, the activities that the workers perform are identified and
chosen. It is recommended that the risk assessment starts with those activities where the
workers already complain about ergonomic problems.

During the activity, it is observed if masses are handled, and the time required for the
execution of the activity is recorded.

Regarding the information about the work environment, it can be obtained either
through sensors (readings can be done either wirelessly or by reading directly to the sensor)
or through direct observation and recording in the evaluation form.
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Figure 2. The steps of the RERA methodology.

The worker’s posture is observed, and they are interrogated regarding how they
perceives the effort they are subjected to during the activity. All these data and information
are stored in the database.

The processing of the obtained data and the decisions can be made either by classical
algorithms or by using a neural network that is already trained for the situation.

Decisions can be: (1) acceptable situation—no additional actions are required; (2) ac-
ceptable situation—improvement measures will be taken; (3) unacceptable situation—work
will be stopped, and remedial measures will be taken until the situation becomes acceptable.

The action plan, as implemented in the ERGO RERA-AI V1.27.00 software application,
includes information about the actions that must be taken, about the resources necessary
for their implementation, about who should execute them, and how long they should be
taken. The neural network is trained to be able to propose appropriate actions for the
work situation.

3. Data Collection for RERA Methodology

The RERA methodology was used and tested on eight mechanics in a metalworking
workshop. For three days, the activities performed by these mechanics were analyzed.
Initially, 82 distinct activities that mechanics performed were highlighted, but follow-
ing an optimization analysis regarding the evaluation of ergonomic risks, 76 activities
were evaluated.

The parameters of the work environment were measured with the help of sensors and
entered into the database.

An activity with significant risks, both regarding ergonomics and safety, is burr re-
moval. This activity is quite frequent for the eight workers and makes ergonomic demands
of them both through the awkward or forced posture that they have to adopt and through
the duration of the activity, which very often exceeds 20 s for a single awkward posture.

At the same time, this activity generates many contaminants (smoke, sparks, hot
particles), high temperatures, and projected incandescent shrapnel. The activity is carried
out with an angle grinder that weighs about 4.8 kg, requiring both hands to grip, high grip
strength, and long-lasting postural demands, especially for the back, neck, and shoulders.

Table 1 shows the corresponding parameters for the “Burr removal using the (mo-
bile) angle grinder” activity, where L1 to L8 represent the eight evaluated workers. The
characteristics of the workers are presented in Table 2.
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Table 1. Corresponding parameters for the “Burr removal using the (mobile) angle grinder” activity.

Workers
Table Head
L1 L2 L3 L4 L5 L6 L7 L8
Work environment
Workspace 1 2 1 1 1 1 1 1
Temperature 2 2 2 2 3 2 3 2
Lighting 1 1 1 1 2 1 2 1
Noise 2 3 2 4 5 2 2 3
Dust/steam 2 2 2 2 5 2 3 2
Posture
Neck 2 3 3 2 3 2 3 3
Shoulders/arms/hands 2 2 2 2 2 2 2 2
Trunk 2 3 4 3 3 2 3 3
Legs 2 2 2 2 2 2 2 2
Work task

Visual request 1 1 1 1 1 1 1 1
Manipulated masses, transport 2 2 2 2 3 2 2 2
Work time (Duration) 3 3 3 2 3 2 2 3
Psychosocial status/relationships 2 3 2 2 3 2 3 3

where the numbers 1 to 5 represent the scores obtained from each worker for the parameters of the work
environment in which they carried out their activity and to which they were exposed. A lower score indicated a
more favorable outcome.

Table 2. Characteristics of workers.

. . Physical Condition [Good, Experience
Workers  Age [Years] Gender [M/F] Height [cm] Weight [Kg] Athletic, Weak] [Years]
L1 48 M 171 88 G 16
L2 36 M 164 80 G 11
L3 32 M 178 77 A 3
L4 51 F 167 74 G 8
L5 28 M 182 95 W 5
L6 31 F 162 71 G 3
L7 52 M 175 98 W 21
L8 51 M 168 87 G 17

Table 3 shows the characteristics of the workers. The height and weight of the workers
were measured with the workers wearing protective footwear, but without helmets, glasses,
gloves, or the warning vest.

Table 3. Optimal working surface height range.

. . Optimal Working Surface Height Range i
Workers Gender Height [cm]  Physical Condition - Compared with

min max 69.5cm
L1 1 171 1.00 71.95 81.95 A
L2 1 164 1.00 68.80 78.80 v
L3 1 178 1.10 82.61 93.61 A
L4 0.9 167 1.00 63.14 72.14 v
L5 1 182 0.70 53.83 60.83 v
L6 0.9 162 1.00 61.11 70.11 v
L7 1 175 0.70 51.63 58.63 v
L8 1 168 1.00 70.60 80.60 A

Legend: v/—the work surface is optimal, A—the work surface is too high, ¥—the work surface is too low.

In general, in a production hall, parameters such as temperature, lighting, noise, dust,
etc. have similar values for comparable activities. However, even within the same produc-
tion hall, quite often, there are situations where these parameters can differ significantly.
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For example, the lighting in certain areas may be insufficient, or the noise may be stronger
if the worker is near a noisier machine or near some activities that produce loud noises.
The ambient temperature may also vary significantly, especially near entrance doors that
frequently open, creating air currents.

For each activity, following the evaluation, it is determined whether the activity is
carried out safely or not, an aspect highlighted in the graph in Figure 3. In this determi-
nation, the length of time during which the activity is carried out is taken into account.
Time, the duration and frequency at which the worker is subjected to the identified efforts,
is a determining factor, because if the duration of exposure is short, then the worker is
not affected.

Moderaté risk

: Low risk

L1 L2 L3 L4 L5 L6 L7 L8
Figure 3. Ergonomic risk levels obtained from the workers (L1-L8) for the studied activity.

The height of the work plans where these activities were carried out varied between
177 cm and 24 cm, and the arithmetic mean weighted by the number of measurements was
about 69.5 cm.

To compare this average height with the characteristics of the workers (height and
gender), equation 6 was used:

Hgsy = (Hworker X F+ C) XS XxP (6)

where

Hspg—The optimal height of the work surface;

Hyorker—The height of the worker;

F—Adjustment factor depending on the type of activity. In this case, the activity
required force, so F = 0.45 was used;

C—Adjustment constant for the specific type of activity. C = &5 cm was used;

S—Adjustment factor for gender (S= 0.90 for women and S = 1.0 for men);

P—The physical condition of the worker (Good = 1, Athletic = 1.10, Weak = 0.70).

In this way, the table of optimal values (Table 3) for the working surface of the workers
was obtained depending on the height and gender of the worker and the time of the activity.
In the present case, the activity involved physical strength in the arms in particular.

The values of the parameters of the ergonomic risk factors presented in Table 1 are
represented graphically in Figure 4.
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Figure 4. A graphic representation of the values of the parameters of the ergonomic risk factors for
the polishing operation (deburring, smoothing) for each worker.

From the values represented, the parameters for the elements of the workers’ body
stand out, even specifically for certain workers, such as:

- The trunk—which, depending on the height of the worker and the height of the work
plane, is generally bent, rotated, and inclined;

- The work environment, in which certain elements often change quickly and significantly;

- Noise—which is generated at a high level by each worker’s work equipment;

- Smoke—generated by the metal processing itself and is in close proximity to the
worker who causes it.

During the activity, all of these parameters have cumulative effects on the workers.

The methodology allows, with the help of adjustable parameters, the evaluation of
a wide range of activities, and the software application greatly facilitates and eases the
adaptation of the RERA method to a concrete situation that needs to be evaluated.

4. Discussion

The RERA methodology can be applied in all fields of activity and in all activities where
workers already complain about problems related to ergonomics. It can also be used as a
simulation in designing jobs or planning activities. Using the software application ERGO
RERA-AI V1.27.00, quickly identify possible situations in which there are deficiencies on
the part of ergonomics. Considering that sensors can be present in the work area, results can
be obtained and decisions can be made in real time, so that measures can be taken as soon
as deficiencies start to appear. The RERA methodology offers results with high precision,
but it depends on the settings of some values of the weights for certain parameters, and this
in turn depends on the experience of the evaluation team members. For example, setting a
higher weighted value for posture than for environmental parameters indicates that the
team wants the importance of posture to be greater than that of environmental parameters
in the evaluation, a judgement that can be argued. However, the difference between the
two set values depends greatly on the specifics of the activity and the experience of the
members of the evaluation team during the evaluation period.

Furthermore, the data for each activity and for each worker are entered into a database
and represent inputs for the decision module based on artificial intelligence. The decisions
provided by the neural network were similar to the decisions established by the classical
methodology. The advantages of using the neural network, at this stage, are adaptability to
relatively similar situations in the assembly, but with some very different and important
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References

specific features compared with other situations. The neural network learned very well from
the feedback provided by the evaluation team, continuously improving its performance
and accuracy.

5. Conclusions

The proposed RERA ergonomic risk assessment methodology proved to be useful,
with a high degree of precision and coverage in many fields of activity, but in particular,
it proved to be effective in providing a proper diagnosis of the assessed situation using
artificial intelligence, a fact that contributes to easier appropriate identification of measures
to improve and remedy ergonomic risks. Unlike other established methods for evaluat-
ing ergonomic risks, RERA uses logarithmic calculation, normalizing the values of the
parameters for easier comparison, consequently increasing the accuracy of the method.
Future actions based on the application of this method will consist of direct and real-time
intervention in the work situation when certain parameters go out of the admissible area
and the workers may be affected. These interventions will consist mainly of light and
acoustic alerts, even going as far as safely stopping the working equipment. At the same
time, the automatic acquisition of data specific to workers’ characteristics (such as height,
temperature, and pulse) will be implemented, facilitating the recognition of what demands
are placed upon the worker in performing an activity.
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