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ABSTRACT

Currently, several computer programs evaluate the ergonomics of products or mea-
sure the physical effort a person must make in a particular task, either at work, at home,
or as a mechanical or electronic machine user. However, these computer programs
are expensive and sometimes need to be installed with another program to run within
them. This article aims to define a simplified person model that can be used in different
computer programs pointed at the academic community and available with student
licenses. These models will simulate the mechanisms of the devices older adults, and
people with special needs use for their training or recovery, making it possible to calcu-
late the kinematics involved in using these appliances. This work also shows the type
of kinematic constraints that must be defined so that the simplified model of a person
can move. Each set of kinematic constraints will simulate a specific movement; the
more restrictions used, the better the representation of the natural movement of a per-
son. Subsequently, with the simplified person model, devices aimed at older adults
and people with special needs can be designed and evaluated, and used in various
computer programs with licenses for students. The methodology consists of initially
defining a first simplified model of a person, as essential as possible, to determine the
kinematic restrictions to simulate their movements. Then, a case study is used to eva-
luate the activities transmitted from an elliptical machine toward the person. Finally,
a kinematic inversion is carried out to analyze the movements transmitted from the
person to the elliptical machine. At the beginning of this work, a review of the leading
computer programs that evaluate a person’s ergonomics is made. Then the procedure
used to define the simplified person model with its kinematic constraints is shown.
Next, through the case study, movements transmitted from the person to the case
study and from the case study to the person are evaluated. In the end, the results are
presented, as well as future work and conclusions.
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INTRODUCTION

In recent decades, the population of older adults has increased; therefore,
the need to create adequate spaces outdoors (Wen et al., 2022) and speciali-
zed hospitals (Ries, 2022) for this group of people has also been increasing.
Recent research has identified that people with cognitive impairment require
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more assistance (Doroszkiewicz, 2022). On the other hand, it has been found
that using equipment to perform physical and mental activity helps rehabi-
litate elderly and special needs people (Xu and Luh, 2022). Knowing the
factors that influence musculoskeletal disorders among workers allows us
to prevent possible damage to the human body. Musculoskeletal disorders
have been detected in electronics manufacturing workers (Yang et al. 2023),
which have an impact on neck and shoulder problems, due to uncomfor-
table postures, repetitive tasks, or lifting heavy objects. Undoubtedly, the
use of devices that exercise the different parts of the human body help in
the treatment of pain (Otto and Wollesen, 2022) or strengthen the muscles,
helping the rehabilitation of patients. One of the most common problems
among the elderly is balance and mobility (Ismatullaev et al., 2022). For the
design of these exercise and rehabilitation devices, ergonomic factors that
justify their geometries and dimensions must be considered. Simulations of
user movement are used to test the designs. These simulations have been
studied from different points of view. One of them is through control the-
ories, using an unknown cost function, which depends on the type of tasks
and their sequences (Ishida et al. 2021); these methods are studied for the
movement of robots oriented to functions of the pick and place type. Other
control theories are focused on the simulation of walking robots and their
equilibrium states (Jatsun et al. 2021); these consider the center of mass and
the main joints of said robots. There are computational models based on
Joint Avatars (Hapuarachchi et al. 2023) that simulate the movements of
different parts of the human body, linking the effect produced by the union
of one member with another; the above refers to the fact that the move-
ment of one member is transmitted to another. Other simulation systems
are based on the collection of joint movement data (Ambika and Radhika,
2022); this information can be obtained using sensors. The data is stored and
analyzed and can later be reproduced to generate the simulations to design
rehabilitation devices for specific joints such as knee problems (Jacome et al.
2022). When speaking of physical products or workstation design, two rele-
vant human factors to look at are ergonomics and anthropometrics (Bridger,
R.S. et al. 2018), the former focusing on the physical comfort of the person
and the latter on the adaptation of the system to the user’s body dimensi-
ons. Both become even more relevant with the understanding that a bad
design can bring musculoskeletal injuries mid or long-term (Clark et al.,
2018). In contrast, a good design can improve safety and comfort (Zagloel
et al., 2015). A study by Dias et al. (2015) has shown that students often
overlook ergonomics and anthropometrics since they consider that aesthe-
tics and functionality are more relevant than minding about ergonomics and
anthropometry.

In this research work, a Simplified CAD model of a person in 2D is propo-
sed, which will be kinematically restricted to simulate a person’s movements.
This CAD model or mannequin can be used in software tool applications
aimed at the academic community to design rehabilitation equipment for
older adults and people with special needs.
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COMPUTER PROGRAMS THAT EVALUATE A PERSON’S
ERGONOMICS

Some software tool applications evaluate workers” workstations to advise
companies on improving physical working conditions and reducing possi-
ble effects on their workers. These software tool applications collect data
from employees about working conditions, type of activities, distances trave-
led, loads, noise and light levels, and the number of cycles they perform.
Afterward, they deliver recommendations to better serve these activities
and reduce possible physical effects on users. As examples of these sof-
tware tool applications, ErgoSuite and VelocityEHS are mentioned. Other
software tool applications require 3D modeling of the workstations and the
objects or tools used. There is the possibility of inserting a mannequin with
a specific worker’s anthropometric characteristics and the objects’ materi-
als and weight to be handled. Subsequently, the work cycles are defined.
Finally, the software tool application performs an ergonomics analysis and
delivers results regarding the evaluation of the workstations, as well as the
possible affectations that the worker could present after a certain number
of cycles; some of these could be wear on the joints or incorrect postures.
These software tool applications require specialized users, are more expen-
sive, and require more robust computing equipment. Examples include Jack
(Esqueda et al. 2020) software tool application from Siemens PLM and
CATIA (Mohammed et al. 2020) with its Ergonomics Design & Analysis
modules from Dassault Systemes. Many educational institutions use CAD
software tools to sensitize students in ergonomics and anthropometrics. For
example, (Baier et al. 2015) used NX to identify the optimal driver height and
weight for their race car, while (Gunther and Quintero-Duran, 2015) used
Tecnomatix Jack for posture analysis. Moreover, these tools might benefit
from specialized cameras like Microsoft Kinect but have certain limitations
related to the measurements and analysis that can be carried out, besides
the availability of software licenses. Even though this customized software
might cover a broader range of populations and dimension requirements than
regular CAD add-ins, students might not get access to it once they are in their
professional environment. Thus, it is essential to use software-agnostic custo-
mized tools. As shown in (Esqueda et al. 2020), standardizing assessments
and methodologies for the human factors improves the student’s learning
journey, and similarly, standardizing tools and making the students under-
stand the way to develop those tools might be more helpful for them in their
future professional activities.

METHODOLOGY: SIMPLIFIED CAD MODEL OF A PERSON

The methodology used consisted of defining a first model of a person, as
simplified as possible; this means that the kinematic restrictions of their
movements are also reduced and are easier to control (Morano et al., 2020).
It was also decided to work in 2D and only included the essential parts of
the human body, as shown in Figure 1. At this stage, it was established not to
involve the movements of the head and neck; since they are not necessary for



Simplified CAD Model of a Person for the Simulation of Their Movements 71

Moving handle

Upper arm

Trunk

Base frame
Upper leg

Lower leg

Foot

Figure 1: Simplified CAD model of a person and the case study: Elliptical machine.

the use of the case study, an elliptical machine. The second step of the meth-
odology was to define the kinematic constraints of the model or mannequin
of the person. All the joints of the limbs are of the revolute type. Only the
trunk will have a planar constraint. Subsequently, the kinematic constraints
between the dummy and the case study will be defined to specify how both
interact. The third step of the methodology consisted in defining the case
study, which was an elliptical machine (see Figure 1) since it is a device that
is used to exercise the quadriceps, hamstrings, glutes, and calves and is acti-
vated by movement of legs and arms; this allows forces to be transmitted
from the CAD model to the elliptical machine and vice versa.

It also permits us to define the kinematic constraints necessary to simulate
the movements of the different parts of the CAD model. Another advantage
of the case study is that the position of the trunk changes to the ground. It can
move or have a slight rotation towards the front or back; this enables us to
define a trajectory that the dummy should follow to use the elliptical trainer
correctly. The case study was defined with the least number of components
to simplify the modeling and to be able to identify its significant movements.
It consists of a base frame, moving handles, foot pedals, and a crank. All the
kinematic constraints of the elliptical machine are defined as revolute.

The methodology’s fourth step was assembling the dummy with the elli-
ptical machine. The selected view was the side view in 2D; this will allow us
to analyze the movements of the mannequin. Initially, the movement is gene-
rated by the elliptical machine and transmitted to the dummy. The soles of
the feet will be fixed to the foot pedals of the elliptical machine, as well as the
hands to the moving handles. Only the trunk will have a planar constraint,
and its center of gravity will coincide with a fixed point to the vertical midline
of the trunk. In this way, the mannequin will always remain upright. These
restrictions will be enough to simulate and visualize the dummy’s movement
and evaluate the activities transmitted from an elliptical machine toward the
person. Figure 2 shows different positions of the fixed point of the trunk
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Figure 2: Different positions of the fixed point of the trunk to the base frame.
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Figure 3: Different positions of the trunk to the base frame.

to the base frame; this would help define the dimensions and geometries of
future device designs to exercise or rehabilitate older adults and people with
special needs. Finally, the methodology’s fifth step consisted of creating a
kinematic inversion to analyze the movements transmitted from the person
to the elliptical machine. The dummy’s kinematic constraints are preserved
as revolute; what changes is the user’s position. The midline of the trunk now
has to have a slight angle of inclination of ten degrees to the front so that the
joints of the arms and legs do not lock or rotate in the opposite direction.
Figure 3 shows different positions of the trunk to the base frame, giving the
possibility of evaluating the movements transmitted to the elliptical machine.

The CAD model of the person and the elliptical machine was generated in
computer files with STP extensions, which makes it possible to use them in
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Figure 4: Some trajectories of the components of the elliptical machine and the dummy.

most software tool applications oriented to the academic community, to men-
tion a few examples: Autodesk Inventor, Autodesk Fusion 360, Solidworks,
CATIA, and NX. With the simulation of movements, it will be possible to
obtain limited positions or trajectories of specific points, which will help
design equipment to exercise and rehabilitate the elderly or people with spe-
cial needs. Figure 4, in red, shows the trajectories of the extreme points of
the foot pedals and the upper part of the moving handle, in black, the center
of the joints of the ankles, knees, elbows, and wrists.

CONCLUSION AND FUTURE WORK

Now that the CAD model of the person has been defined, each component
can be scaled to use some anthropometric dimension.

The kinematic restrictions have been defined to simulate the movement
transmitted by the person to the elliptical machine and vice versa.

The fixed point of the trunk could be released and allowed to generate a
specific trajectory; in this way, more complex simulations would be created
with the movement of the trunk.

The CAD model files have a STP extension, can be used in any CAD sof-
tware tool application pointed at the academic community, and are available
with student licenses.

This development can be used in the ergonomic analysis by taking the
classical assessments (REBA, RULA, etc.). Likewise, anthropometric analy-
sis can be carried out by adjusting the parameters associated with cer-
tain dimensions, allowing students to design components for specific body
dimensions.

The next step would be to define more joints in the human body, such
as the neck and head. With the above, more realistic simulations could be
generated.
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Another activity would be to analyze how the forces are transmitted from
the elliptical to the dummy and inversely from the dummy to the elliptical in
order to move it.

Later the same study could be generated but in 3D. This would allow
the trunk to have a lateral movement, transmitting it to other body parts
to obtain more complex simulations.
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