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According to statistics from the Mexican Institute of Social Security, from 2010 to 2019,
the number of work accidents in relation to musculoskeletal disorders has been increasing,
starting at 573 in 2010 to 6,297 in 2019. Mexico has an official standard as NOM-036-1STPS-2017: Ergonomic risk factors at work-Identification, analysis, prevention and control.
This work seeks to support to establish an analytical measurement to obtain human pose
estimation and its angles in working conditions, and to be evidence for actions to comply
with the mentioned standard. For posture analysis, the real-time human pose estimation
neural network artificial intelligence algorithm of the TensorFlow platform is applied. A
computer user interface was implemented, where the data obtained are stored and presented
in tables and graphs, in an interactive way it allows to change the reference angle and
perform the analysis according to the standards.
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Introduction
In 2015 the World Health Organization (WHO) World Labor
Organization (UNWTO)1 and the International Labor Office (ILO),
established the need to develop a culture of prevention at work
throughout the world. That same year, Kka Takala director of the ILO
Safework program, commented that “The most common occupational
diseases are cancer attributable to exposure to dangerous substances,
musculoskeletal diseases, respiratory diseases“.2-4 According to

statistics from the Mexican Institute of Social Security (IMSS),
from 2010 to 2019,5 the number of work accidents in relation to
musculoskeletal disorders has been increasing, starting at 573 in 2010
to 6,297 in 2019. Mexico has an official standard as NOM-036-1STPS-2017, ergonomic risk factors at work-Identification, analysis,
prevention and control. Figure 1, shows the practically exponential
growth from 2010 to 2019 of musculoskeletal disorders work
associates, according to IMSS data.

Figure 1 Practically exponential growth from 2010 to 2019 of musculoskeletal disorders work associates, according to Mexican institute of social security data.

The musculoskeletal disorders analysis over workers is a
problem studied and analyzed from various perspectives, for example
analyzing the different pain scales presented during repretentive
activities.6 Studies establish that inadequate postures adopted by an
operator at work are among the most important risk factors in workrelated musculoskeletal disorders.7 To facilitate a prolonged work life,
a balance between work activities and human capabilities must be
found, especially for manufacturing workers.8 Various organizations
around the world establish guidelines to regulate and follow up on
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musculoskeletal disorders. As mentioned, world organizations such as
WHO.9 In the European Union, the European Agency for Safety and
Health at Work, establishes a set of practical tools and guidance on
musculoskeletal disorders,10 in the USA, the Occupational Safety and
Health Administration, in its ergonomic section, details this situation
and how companies and workers must deal with it.11 In Mexico, the
body that establishes the guidelines on occupational health is the
“ Secretaría del Trabajo y Previsión Social “ or Ministry of Labor
and Social Security12 and the IMSS, established in the standard
96
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PROY-NOM-036-1-STPS -2017, ergonomic risk factors at work:
Identification, analysis, prevention and control of manual handling of
loads, by means of which the provisions to be adopted in the work
centers are established, in order to prevent health risks of workers,
particularly in Mexico studies on musculoskeletal disorders, studies
have been made regarding the risk of back injury in a workplace due
to manual handling of loads.13 Regarding the consequence of the
muscular overload in work activities due to posture,14 they found that
the effort and repetitive movements with defined intensity, frequency
and duration, explain the discomfort in the dynamic work of the
upper limbs. An extensive study on the diseases and injuries of the
musculoskeletal system is presented and establish a classification and
prevention of musculoskeletal disorders.15 To obtain video of people
in work activities, and to be a useful source for ergonomic studies
and obtain human pose detection, various devices can be used, such
as the use of the Kinect,16–18 conventional digital cameras and even
web cameras.19–22. Artificial intelligence (AI) techniques and video
processing prove to be useful to obtain human postures in work
activities.23–25 For the estimation of human posture. For the estimation
of human posture, applying machine learning forming a neural
network in TensorFlow tecnlogy, where is used an image or a video
by estimating the spatial locations of key body joints: nose, left Eye,
right Eye, left Ear, right Ear, left Shoulder, right Shoulder, left Elbow,
right Elbow, left Wrist, right Wrist, left Hip, right Hip, left Knee, right
Knee, left Ankle, right Ankle.26 allows to obtain useful angles and
references that can be interpreted for various uses. Applications of
pose estimation and data collection during human-robot interaction,
sports, rehabilitation have been reported.27,28
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frames, the “PoseNet” algorithm generates a data matrix, having the
columns as the positions x, y, and in the rows the elements that are
identified, these being: nose, left Eye, right Eye, left Ear, right Ear,
left Shoulder, right Shoulder, left Elbow, right Elbow, left Wrist, right
Wrist, left Hip, right Hip, left Knee, right Knee, left Ankle, right Ankle.
From the generated matrix, those corresponding to left Shoulder, right
Shoulder, left Hip, right Hip, left Knee, right Knee are obtained, with
these a secondary table is generated, which is the one used to calculate
the angle of interest. Once the estimation of the corresponding angles
has been made to the joints of interest, knee, hip and shoulder in order
to form a vertex that allows calculating the inclination of the person,
Figure 2. shows the angles, considering a person standing at 180°
and with an inclination of 150°. To calculate the angle of interest,
the angle theorem between two lines was applied, where the tuple
a (x1, y1) of one end of a first line, the tuple b (x2, y2) of the point
where the two touch lines and that forms the angle, the tuple c (x3,
y3) of the point of the end of the second line. Considering the points,
formula (1) is applied to obtain the angle. When the person standing
is completely straight, a 180° angle is detected, while as he leans, the
angle decreases.

Materials and methods
Video processing
Videos for data processing and obtaining are recorded in the work
environment while carrying out its productive activity. Visual aids
were developed on how to take the videos for users, considering the
documentation of the standard, in this guide it is defined that the video
can be taken with conventional digital cameras and even mobile phone
or webcam cameras, where the shot must be made where the movement
to be analyzed is observed, use a tripod to avoid unwanted movements
in the video and with lighting of normal operating conditions, daylight
or artificial and with a resolution of 640x 480 pixels of the video,
in necessary cases, a video test was requested to guide him in the
most appropriate implementation. The most suitable environment for
taking the video and measuring work activities is the real workplace,
that is, in an industrial environment. It is important to consider that
this scenario has a high probability of presenting various elements
or objects that are considered noise or distractors with respect to the
object of interest, in this case the human body and its movements, that
is, there may be other people doing other activities or even moving
machinery. The pose estimation model automatically discriminates
the noise elements, leaving only the human figures, key to clarify that
the neural network model is already prepared for that, being highly
efficient to identify the human form. In order for the processing to be
carried out only for the purpose of interest, to be more efficient and
to reduce the processing time, regions within the video are defined,
specifying their coordinates from position [0,0] which is the upper left
corner, for example a region of [300,200] [370,250], which could be
considered near the center of the video.

Data acquisition
The video processing allows to obtain a set of data, in particular
on the x, y position of shoulders, hips, knees, within each of the video

Figure 2 Shows the angles, considering a person standing at 180° and with
an inclination of 150°.

angle = degrees [ atan(c[y3]-b[y2] , c[x3]-b[x2]) - atan(a[y1]-b[y2] ,
a[x1]-b[x2]) ]
(1)
where atan is the arc tangent of y/x, in radians. x’s and y´s are the
coordinates of a point (x,y), degrees converts an angle from radians to
degrees and angle the calculated angle data. Just obtaining the angle,
a secondary matrix is generated to store the data, grouped in the tuple
(number of frames, degrees, threshold).

Data visualization
An interface was designed where the numerical results obtained
from the processing, video analysis and data obtained are shown. In
this interface, a results table is presented, where the frames where the
action was presented, the activity that is being analyzed, is presented;
Example torso torso and flexion, this table allows you to make filters,
which generate representative graphs of the analyzed action. This
interface allows you to view the original video, the video with the
general frame and only the musculoskeletal frame. According to
the changes that the user applies to the filter, the interface identifies
the positions in green traffic light, which means activity position
performed correctly (No restriction), a yellow traffic light significant to
activity position to review (restricted) and a traffic light red prohibited
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activity posture (severely restricted). Finally, in this interface you can
also view the original video, the postures frame processed video and
Musculoskeletal frame video.

Results
Video acquisition
An example of the video capture guide is shown in Figure 3, in
which the type of element of the shot to be analyzed is defined, the
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image shows the sections: Torsion and lateral flexion of the toso
“Torsión y flexión lateral del toso” and Region vertical lift “Region
de levantamiento vertical ”, each of its stages are presented in images
represented by mannequins and a brief explanation of the section. And
it is specified with a “YES” for the correct video taking and a “NO”
the incorrect way of taking the video, depending on the position of
the worker, corresponding to the side or front respectively of these
guides Figure 4.

Figure 3 Example of the video capture guide, A) “Torsion and lateral flexion of the toso”, B) “Region vertical lift”.

Figure 4 Shows an example of a frame for three videos A) original video, B) original video with musculoskeletal frame, C) only musculoskeletal frame.

Data acquisition
Once the videos are obtained, they are processed and two additional
ones are generated, the first where the musculoskeletal frame is added
to the original video and a second with only the musculoskeletal
frame, these are in mp4 format. Already having you three videos,
these are stored and their references are placed to be able to show
them online for consultation by users. Figure 3 shows an example of a
frame for these three videos, a) original video, b) original video with
musculoskeletal frame and c) only musculoskeletal frame. In Table 1,
the number of processed video frames of the total of those that make
up the recording is shown in the first column. The second column
indicates the degrees of inclination of the back, where 180° means that
the person standing is completely straight, while when the person is
bending, this value begins to decrease. The higher the incline, the lower

the value in degrees in the second column and therefore the greater the
risk to back health. In order to determine moments of greatest risk,
a threshold was established to classify low and high risk positions.
Since the NOM-036 standard does not indicate a specific risk value,
a threshold of 150° was established for this study. In the third column
of the table, the positions of low occupational risk that correspond to
the values that exceed the mentioned threshold are indicated with “0”,
while those that are below said threshold are indicated with a value
of “1” and therefore They are of greater risk, referenced to the 150°
angle mentioned, which can be modified by the user. It is important
to consider that, since the degrees of each video frame are kept in the
database, it is possible to recalculate the third column based on the
criteria established to determine the degree of inclination necessary to
consider a posture as risky.
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Table 1 Where first column, information about number of processed video frames, second column indicates the degrees of inclination and third column
indicated with “0”, low occupational risk, “1” indicated with greater risk, referenced to one 150° angle
Picture of video

Degrees

Less than threshold

1

178

0

2

165

0

3

121

1

4

137

1

5

135

1

6

121

1

7

110

1

8

106

1

9

95

1

10

93

1

11

80

1

12

81

1

Data visualization
The interface developed, on web platform, consists of 4 sections,
Figure 5. In the first section “ Apartado”, a diagram is presented
relative to the particular section of the standard that is being analyzed,
and written guidance information. In the second section “Videos”,
there is a group of buttons that allow you to see three videos, the
original video, a video processed with Musculoskeletal frame, and
the third of the musculoskeletal frame. The data section “Datos”

shows a table with the data, consisting of the different angles obtained
from the video processing, the user being able to order by record,
minute video frame or event according to the standard 1 for a risk-free
situation and 0 for a risky situation. Finally, the graphics “Grafica”
section shows 2 graphics, in the first inclination degrees “Grados de
inclinación”, it shows the degrees presented during the duration of the
video, showing in this example, pronounced falls below 100 degrees,
in a second graphic time that exceeds maximum inclination “ Tiempo
que supera inclinación máxima”, where the blank spaces of the graph.

Figure 5 The interface developed, on Web platform, consists of 4 sections, the first section “ Apartado”, a diagram of the standard that is being analyzed, in the
second section “Videos”, that allow you to see the three video. Table with the data, consisting of the different angles obtained “Datos” section and 2 graphics,
Inclination degrees and time that exceeds maximum inclination.

Conclusion
The NOM-036-1-STPS-2018 standard is quite extensive and
most of it has been done in a traditional way, that is, taking a video,
taking pictures, measuring angles on them and recording the data
on sheets of paper or better of the cases in templates in Excel. Our
proposal implements emerging technologies, to achieve a more

precise quantitative analysis, store the data and interact with them in
such a way that they can review the parameters and gradually adjust
the critical angle data, for these in an interface prepared for it. In an
innovative way, applying AI techniques to postures and identification
of movement and artificial generation Musculoskeletal frame to detect
inappropriate postures, at risk and adequate in regulations requested
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by countries, in work activity situations, such as the Mexican standard
NOM-036-1 -STPS-2018. Work continues and related future work,
templates are being implemented for the automatic generation of
reports that the standard marks and to present useful documentary
evidence for companies and auditors. In addition to exploring the
possibility of analysis for more than one person per video.
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