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Abstract. Postural evaluations are becoming a priority in a world where occu-
pational diseases derivatives from ergonomic situations are progressively
common with serious consequences. This document proposes a semi-automatic
ergonomic evaluation system with Kinect V2, which use the RULA method. It
makes possible the discovery of conditions with postural risk and reduces errors
in the estimating the evaluators’ measurements due to lack of experience, exper-
tise and handling of measurement instruments. Reducing the ergonomic evalua-
tion time, compared to the direct postural evaluation method at a low cost. In a
controlled environment, 30 participants with homogeneous characteristics are
evaluated their postural work, using a direct method (goniometer) and a non-
invasive (Kinect V2) method, to then compared the statistically results using the
coefficient of correlation named Cohen’s Kappa and vagueness type A. The final
RULA scores issued by the direct method of postural evaluation and the proposed
system are correlated. The uncertainty results established in the angular meas-
urements on the arm, forearm, wrist, trunk and neck were respectively (+0.36°,
+0.22°, +0.59°, +0.27° and +0.28°). A Cohen’s Kappa correlation coefficient of
0.953 was obtained, which means an almost perfect correlation between the eval-
uations of both systems.

Keywords: Ergonomic evaluation - Kinect V2 - Non-invasive - Uncertainty

1 Introduction

Being ergonomics a multidisciplinary science that embraces principles of biology,
psychology, anatomy and physiology in order to adapt the work environment to the
capabilities and postural limitations of workers [1, 2], its objective is to prevent the
emergence of inflammatory and/or degenerative injuries to muscle, tendons, joints,
tissues and nerves known as musculoskeletal disorders (MSDs) caused or aggravated
by the work environment [3].
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The MSDs derived from work are the most common health problems in Europe [4],
among the most common risk factors causing them are physical and biomechanical
factors, organizational and psychosocial factors, and individual factors [5].

To evaluate the MSDs and the various components by which they occur, there are
several methods of ergonomic evaluation of indirect type (based on observation), direct,
self-reports [6] and semiautomatic [7]. Indirect assessment methods use data collected
through photos, videos and surveys by a professional who observes the activity to be
evaluated [8], but they have the disadvantage of variability in the data, it depends on the
experience and expertise of the evaluator (this is subjectivity) [9], on the other hand, has
advantages economic and requires simple tools [10].

Direct evaluation methods are those that provide the most accurate data [11, 12], but
are not frequently used because it requires equipment such as exoskeletons and elec-
tromagnetic sensor systems that are expensive and not applicable in the workplace
because those are invasive [13].

Self-reports collect data from workers’ journals, interviews, questionnaires and web
questionnaires. These methods are relatively inexpensive, applicable to many popula-
tions and easy to use. The problem is that workers’ perceptions of risk exposure are
vague and unreliable [14, 15].

Semi-automatic evaluation methods use 3D sensors and high-tech software are
increasingly being developed for these methods and there are more options on the market
[16, 17]. The advantages of these systems are accuracy of measurement, reduced eval-
uation time, non-invasive [18], multiple applicability, simple user interface and practical
reporting [19].

There are several methods of indirect postural evaluation. For upper extremities
assessment, Rapid Upper Limb Assessment (RULA) is commonly used, a method where
the postures of the body segments are observed and graded, increasing the score as the
postures are more deviated from the neutral position of the person, allowing the evalu-
ation of the postures adopted, the repetitiveness of movements and the force applied in
the static activity [20].

In practice, joint angles are estimated through video or captured images of people,
so the implementation of low-cost 3D sensors results in the semi-automation of obser-
vation methods [7, 16, 21].

When validating new semi-automatic postural evaluation systems, several studies
used goniometry as an established, proven and accurate method. In addition, statistical
methods are used in which the means of validated methods are related to the system to
be evaluated. The statistical methods used are the coefficient correlation called Cohen’s
Kappa and the coefficient correlation called intraclass [7, 22].

This study is focused on validating the data delivered by the semi-automatic system
called Ergonomic Evaluation System with the use of the Kinect V2 sensor (SEEK V2)
[23], which is applied in the postural evaluation of the manual cutting activity in mate-
rials for shoe manufacturing. The ergonomic postural method programmed in the
proposed system is RULA.

Within the industry at national level footwear manufacturing is the fastest growing,
for this reason this research is conducted in this sector based on an existing agreement,
so the results will be applied later to the same industry.
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The concordance of the results issued by the SEEK V2 system evaluations and the
direct evaluations applied with the RULA method are studied. The latter measures were
carried out with a direct evaluation. Assumptions are defined, HO: SEEK V2 RULA
final scores do not match the final scores made with direct measurement. H1: SEEK V2
RULA final scores are consistent with the final scores made with direct measurement.
In addition, the measurement uncertainty of the SEEK V2 is calculated taking as a
standard the angular measurements taken with the direct method.

2 Materials and Methods

2.1 Type of Research

The current study is experimental in nature as it is carried out under controlled conditions
of sensor data capture and measurement with the direct method; on a previously selected
population. A correlation study is also performed between both methods of postural
evaluation which calculated an uncertainty type A in the measurements.

2.2 Subjects of Study

The type of sampling is convenient because a homogeneous group was sought for the
validation of the proposed system, otherwise there could be biases in the statistical
analysis.

The participants studied are 30 university students, of which 26 are male and 4 are
female, 3 are left-handed and 27 are right-handed. Under the following demographic
characteristics, they are all mestizo, in an age range of 20 to 32 years, in a height range
of 1.51 to 1.81 meters and with an average body mass index of 23.91 kg/m”. All partic-
ipants gave their written consent to participate in this study. We excluded participants
with musculoskeletal problems so as not to generate biases in statistical analysis.

2.3 Environmental Conditions

The laboratory experiment was conducted on a single day in the morning in a large room
so that all participants would be subjected to the same temperature and light conditions
during the evaluation exercise.

2.4 Study Environment

The laboratory study consisted of a folding cutting table that should be in the center of
the room isolated from unnecessary objects, in an area of 2 m”. A cutting mold located
in the center of the table was used. The evaluators along with the direct measurement
tools and logs are kept away while the participant’s data is being captured by the sensor
within a set time.

To evaluate a left-handed or right-handed participant, the Kinect must be positioned
diagonally to their dominant hand due to the limited capture area of the sensor. For this
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study the Kinect has been positioned in the same places previously marked on the floor
of the room for data capture of left-handed or right-handed participants (see Fig. 1).

Fig. 1. Position of the sensor in the workspace.

2.5 Evaluation Procedure with SEEK V2

The SEEK V2 [20] is a system developed by the authors in previous investigations in
which the programming, sensor capture method and the results found are shown. To
capture the data through the Kinect, the depth camera is used as the main sensor. For
this reason, the system obtains the angles in different positions using mathematical
methods such as Euler angles and processing through the rotation matrix [21].

The Kinect is positioned at a height of 1.25 m and a distance of 1.5 m on the right
(or left) diagonal of the cutting table. In order to facilitate evaluations in industry and
other fields of study the SEEK V2 has the ability to evaluate in a range of 1 to 1.5 m in
height and in a range of 1 to 2 m in lateral distance. In this study, the sensor was placed
at the optimum system development distances for validation purposes.

There should be no objects or other people crossing between the Kinect and the
person being tested. The processing of the sensors with respect to the evaluation system
is an internal architecture where each participant generates information that the software
processes through a programming for calculation of angles and points for each end
evaluated (see Fig. 2).

Previous studies have found that Kinect’s detection points are severely out of phase
or cannot be located because clothing does not show the joints. The system proposed in
this work can find the joints in people with clothing because it detects a limb and in the
smaller segment where the skin is shown a point of union is located and takes it as a
reference to locate a point of intersection. The correct functioning of this has been vali-
dated in an adjacent study.

The evaluations with the SEEK V2 were carried out offline, in a controlled environ-
ment where data was recorded with the sensor and after the execution was analyzed with
the developed system. The objective is to obtain data a main study thrown by the direct
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Fig. 2. Sensor processing with evaluation system.

method which allows us to compare with the obtained within the system once already
evaluated.

2.6 Angular Measurement Procedure with the Direct Method

The angular values of flexion and abduction measured in the parts of the body (head,
trunk, arms and forearm) taken with a goniometer are based on the RULA methodology
[5, 24]. It should be indicated that the participants will carry out a task of marking the
contour of a mold to simulate the manual cutting activity.

The following standardized verbal instructions are given to the participants on how
to perform the manual cutting simulation activity, such as: seeking comfort to perform
the task, emphasizing the edge of the cutting mold, and remaining immobile when
listening to the evaluator’s signal. When the most repetitive posture is determined, the
participant must remain completely immobile, while measurements are taken using the
anthropometric measurement points as a basis (see Fig. 3).
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Anthropometric points
a) Center of the head

b) Acromion e,
c) Epicondyle ."t‘
d) Third metacarpal

e) Prominent vertebra (C7) )i
f) Iliaca Ridge g)*e

g) Sacral bone

Fig. 3. Anthropometric measuring points.

The direct evaluation of the angles is done by experienced evaluators. The instru-
ments used consist of the universal goniometer for angular joint measurements, a metric
tape to define reference axes in the body and a plumb line to define the neutral position.

Arm: The angle formed by the end to the axis of the trunk shall be measured (see
Fig. 4a).

()] (e)

Fig. 4. Sample data collection from participants.
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Forearm: The angle formed by the axis of the limb and the axis of the arm shall be
measured (see Fig. 4b).

Wrist: The angle of flexion or extension is measured from the neutral position (see
Fig. 4¢).

Neck: The angle formed by the axis line of the head and trunk shall be measured (see
Fig. 4d).

Trunk: The angle formed by the trunk and a vertical plane is measured (see Fig. 4e).

Participants were asked to wear clothes that fit their body, so methods will not be
affected by the type of clothing used. Figure 3 shows the measurements taken using the
direct method. Being the system able to evaluate a participant’s exact points with or
without appropriate work clothing.

2.7 Procedure for Statistical Analysis of Results

The absolute error is calculated from the measurements taken on the parts of the body
evaluated such as the arm, forearm, wrist, neck and trunk of each participant. The direct
method is considered as the standard measurement because it is the proven and validated
method and the SEEK V2 is considered as an approximate value because it is the method
whose uncertainty is to be estimated.

To calculate the expanded measurement uncertainty of the SEEK V2 with 95%
confidence, the absolute error results (1) previously found for each joint evaluated are
used. In addition, the typical uncertainty type A evaluation is used; the procedure
outlined in the GUM guide is followed for the evaluation of measurement data [25].

X Direct etnoa = Xseex v2| = Absolute Error 1)

It was applied the method of Bland-Atlman plots [26] of the measurement differences
between the angles emitted by the SEEK V2 and those taken using the direct method of
each part of the body evaluated are made using spreadsheets.

For the calculation of Cohen’s Kappa concordance coefficient, the SPSS Software
Version 23.0 (IBM Corporation, Chicago, IL, USA) is applied; the RULA final scores
are considered as categories (see Table 1), exposed in the generated reports by the SEEK
V2 and the scores reported by the direct method of postural evaluation, to interpret the
degree of agreement the Landis and Koch [27] scale is used.

Table 1. Final scores RULA

Final score | Level of performance

lo2 Acceptable risk activity can be maintained
304 More study needed; changes in activity may occur
506 Redesign and more homework research coming soon

7 Urgent intervention in the activity




3 Results

Reliability and Validity of Postural Evaluations

93

The angular values taken from the neck, trunk, arm, forearm, wrist, and neck joints using
the direct method and the reports issued by the SEEK V2 which is shown in Table 2.

Table 2. Angular values of the participants in each joint measured with direct method.

Participant number Trunk (°) Neck(®) Arm (°) Forearm (°) | Wrist(°)
S D S D S D S D S D

1 8 8 21 20 11 11 70 69 42 43
2 38 38 29 29 52 52 40 39 50 52
3 31 31 54 54 25 25 58 57 14 15
4 27 26 40 40 48 50 65 64 23 28
5 19 18 37 37 14 14 39 40 33 36
6 13 13 30 30 24 24 27 26 39 46
7 23 23 41 40 34 34 38 38 15 18
8 11 10 39 40 14 14 48 46 52 57
9 44 44 29 28 67 66 66 66 16 17
10 30 30 40 41 44 44 48 48 25 26
11 43 44 29 30 51 52 62 61 23 26
12 28 30 50 50 52 52 63 64 26 25
13 46 46 29 27 46 44 66 66 14 16
14 13 15 34 34 24 24 62 63 12 12
15 8 6 82 84 13 14 42 42 26 27
16 30 30 68 70 64 63 61 60 13 13
17 28 30 55 55 21 22 80 80 24 24
18 49 48 18 18 49 50 70 70 6 8
19 41 39 58 58 54 54 69 70 22 23
20 33 33 55 53 58 58 65 66 1 1
21 52 51 36 36 40 40 96 94 20 21
22 31 31 62 61 38 38 74 74 22 23
23 28 28 58 57 30 30 61 61 25 26
24 58 58 44 44 62 60 92 92 7 8
25 62 62 26 28 92 96 88 88 5 5
26 42 42 16 15 72 74 55 55 27 28
27 46 45 26 26 74 73 59 59 8 9
28 30 30 44 44 24 26 64 64 35 35
29 35 34 30 30 38 40 54 54 1 0
30 22 22 38 40 26 26 65 65 17 20

*S: Angle taken by the SEEK V2.

*D: Angle taken with the direct method.



94 C. Marifio et al.

In the Bland-Altman plots with Average Mean Differences (AMD) and 95% Limits
of Agreements (LOA), the joint measurements acquired by the SEEK V2 and by the
direct postural evaluation method for all parts of the body evaluated (see Fig. 5).
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Fig. 5. Bland Altman plots (a) comparison of angles between SEEK V2 and direct method on
the trunk, (b) comparison of angles between SEEK V2 and direct method on the neck, (c)
comparison of angles between SEEK V2 and direct method on the arm, (d) comparison of angles
between SEEK V2 and direct method on the forearm, (e) comparison of angles between SEEK
V2 and direct method on the wrist.

Bland-Altman diagrams revealed agreement in the AMD between the direct methods
and SEEK V2 on the trunk (—0.13°, LOA —1.77 to 2.04; see Fig. 5a), neck (0.33°, LOA
—2.06 to 2.12; see Fig. 5b), arm (0.30°, LOA —-2.12 to 2.72; see Fig. 5c), forearm
(—0.20°, LOA —1.78 to 1.38; see Fig. 5d) and wrist (1.50°, LOA —2.02 to 5.02; see
Fig. Se). It is observed that the LOA is small in all parts of the body, which implies that
there is not much variation between the measurements produced by both methods.
AMDs are close to zero, which means that similar results are produced in the angular
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measurements between the two methods. The variability of the data is consistent with
the fact that no measured value exceeds the limits of agreement in the neck, only 1
measured value exceeds the upper limit in the arm and wrist, 2 measured values exceed
the upper limit in the forearm and trunk. The data found are found on the trunk (6° to
62°), neck (15° to 84°), arm (11° to 96°), forearm (26° to 96°) and wrist (0° to 57°) (see
Table 2).

Table 3 shows the data of average, maximum variation and uncertainty

(X, S, + U), which has the SEEK V2 with respect to the measurements taken with the
direct method for each part of the body of the participants.

Table 3. Comparative statistical results of angular measurements.

Average X(°) | Maximum variation M(°) Expanded uncertainty U(°)
Arm 0.76 4 0.36
Forearm | 0.53 2 0.22
Wrist 1.63 7 0.59
Trunk | 0.60 2 0.27
Neck 0.70 2 0.28

The results of the angular measurements of the different parts of the body are: arm
X =0.76°, M =4°,U = +0.36°), forearm (X =0.53°, M =2°,U= +0.22°), wrist
X =1.63°, M =7°,U= +0.59°), trunk (X =0.60°, M =2°,U=+0.27°) and neck
(X =0.70°, M = 2°,U= +0.28°) (see Table 3). It is appreciated that the wrist is the joint
with the greatest variation in the data compared between the methods of postural eval-
uation, this is due to the fact that it is the most difficult joint to detect for the Kinect and
complex to measure with the direct method because of the movements required by the
task with which the data is corroborated, that is, it is the point of measurement of the
lowest reliability that the system gives, followed by the arm, although with greater
confidence. The other joints have a much smaller variation in results, which is believed
to be due to their shapes and sizes, which makes them easy to detect for the sensor and
to measure for the evaluators.

In Fig. 6 it shows the number of participants who obtained final RULA scores of 4
to 7 (see Table 1), comparing the SEEK V2 with the direct measurement method.

For the direct postural evaluation method and for the SEEK V2, five participants
obtained a RULA final score of 4, both methods found 5 participants in a RULA final
score of 5, the direct method found 13 participants in a RULA final score of 6, while the
SEEK V2 method found 7 participants in a RULA final score of 7, while the SEEK V2
method found 8 participants in a RULA final score of 7.

The final RULA scores in the direct and SEEK V2 methods are similar in both
evaluations, the existing variations are 1 point (see Fig. 6) and are due to the wide ranges
that are considered in the ergonomic method applied.

Cohen’s Kappa concordance coefficient with an alpha of 5% gives a result of 0.953,
according to the Landis and Koch scale [26] there is a very good degree of agreement
between the final RULA scores of the direct ergonomic evaluation method and those
issued by the SEEK V2.
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4 Discussion

In the literature consulted Manghisi et al. [7] presented a semiautomatic RULA evalu-
ation system with Kinect v2 and validated it by obtaining an almost perfect Kappa (0.84)
agreement between the system and an expert RULA evaluator. Additionally, it presented
a lower Kappa statistical agreement (0.34) when it compared to commercial software
based on Kinect v1, for 30 non-ergonomic positions. These postures were static and with
the frontal sensor to the person, the results found are consistent with this article in which
the Kappa coefficient (0.953) also has an almost perfect concordance between the
proposed system and the evaluations made by the direct method. The difference with
the present article, is the participants in this study perform diverse and complex move-
ments because they had to perform a thorough task of tracking the mold in which the
position of the wrist was difficult to detect for the Kinect and visually.

The angular measurements obtained from the evaluated joints of the body show an
expanded uncertainty of less than 0.5° except for the wrist which is 0.59° the highest
variation found. It is believed that this is due to the distance to which the Kinect should
be placed. It is difficult to determine the small movements that the wrist makes, this
distance is inevitable to evaluate all the necessary body parts. This agrees with the eval-
uation of the human body carried out by Alabbasi et al. [12] where it shows the Kinect
V2 is robust in capturing complex movements, but it is not perfect, as the complexity
of the movement increases the sensor capture errors increase too.

According to the RULA method and the different methods of ergonomic evaluation
based on joint measurements, a measurement of precision is not needed, but a meas-
urement that allows to determine between the ranges given by the method in whole
angular values and to qualify the joint in one or another risk score.

A future solution to achieve more precise result in the wrist studies would be to
implement a second Kinect, it should be exclusive for this articulation, this is a valid
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option because the sensor is only used to acquire angular data which is process by
programming the SEEK V2.

During the taking of direct joint measures, the wrist was the most complicated joint
to evaluate, for example: in Table 2 the data of participant number 6 is shown who
obtained values of 39° with the system and 46° with the direct method on the wrist. This
variation of 7°, influences by the distance exist from the Kinect to the person. Further-
more, it should be considered the perception of evaluators [28] also plays an important
role to have greater uncertainty in this articulation and not only due to sensor accuracy
problems.

As shown in Table 3, the remaining arm, forearm, trunk and neck joints are more
reliable in terms of angular measurements, this could be since when the participant uses
movements to perform the activity, the sensor is diagonally easy to grasp all these joints.

It is believed that the measurements have a strong reliability because the results of
the Bland-Altman diagrams revealed an AMD agreement closer to O in all cases, besides
the LOA values do not have an important amplitude, which provides confidence in the
results obtained.

The proposed system has the advantage of evaluating with the sensor on the side of
the person and with suitable garments as shown in Fig. 3, which is believed to be the
main contribution of the project, as the RULA method mentions, the best evaluation
plane is the sagittal [5] because it is where all the necessary articular measures are
captured. SEEK V2 presents a viable contribution and alternative for the industry. As
stated, it is intended to carry out future studies in footwear companies of the region under
real working conditions.

5 Conclusions

The semiautomatic system developed of ergonomic evaluation with Kinect V2, demon-
strates to be a non-invasive method which allows the worker to carry out their activities
in a natural way making the data more real and reliable. Furthermore, it’s allowing the
discovery of the ergonomic risk associated with the postures in a precision task, thus
decreasing the estimation errors of measurements taken by the evaluators with a direct
measurement. As well, it considerably reduces the time in the development of an ergo-
nomic evaluation.

The reliability of the SEEK V2 is evidenced by the angular values of the upper
extremities emitted by the system, contrasted with those taken with the direct postural
evaluation method, obtaining results of expanded uncertainty of 0.36° for the arm, 0.22°
for the forearm, 0.59° for the wrist, 0.27° for the trunk and 0.28° for the neck. The wrist
is the joint that shows the greatest variation but does not affect the results of the RULA
method. On the other hand, the forearm shows more accurate results.

The correlation between the evaluations RULA of the SEEK V2 and performed with
the direct method, provides a Cohen Kappa correlation coefficient of 0.953, which shows
under controlled conditions that the RULA final scores of the SEEK V2 are in perfect
agreement with a direct evaluation.
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In the future research, it is suggested to apply the system in real working conditions

to enhance it with the use of a new sensor centered on the wrist joint.
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