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Abstract:  Adopting an ergonomic position during lifting loads in sports or work activities allows for 

reducing the negative impact produced by the wrong knee position during the development of different 

tasks. Movements in an erroneous way can cause muscle illness and lumbar injuries. The present electronic 

system acquires the data of the Smith bar and the position by means of accelerometer sensors. Using this 

system is implemented an intelligent device that allows recognizing if the activity/task is performed properly 

and gives the person feedback for improving the movement. As a result, after applying algorithms of 

machine learning to the system, it is determined also that more than 80% of workers are adopting 

dangerous positions during the tasks of lifting loads. 
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1. INTRODUCTION 
 

The ergonomics is the interdisciplinary 
science focused on studying the physical 
limitations and abilities of the persons for each 
activity. In different environments where 
muscular work is required, in this sense 
ergonomics is the main part of assure the safer 
[1]. Altogether with biomechanics, these 
sciences studied the locomotion system of 
workers, which allows us to represent the 
musculoskeletal human system and to set up the 
training techniques for experts in work task 
activities [2]. The work weight lift activities and 
the squats sports have the same ergonomic 
postures to realise it properly as shown in Figure 
1, relating the industrial and sports activities is 
possible to analyse different training techniques 
for muscles conditioning in high-performance 
sports [3]. The training techniques try to get the 
effectiveness in the expression of physical 
abilities for activities, for this reason, the 
principal objective of the biomechanical 
analysis collect data on specific technical details 
and gestures to find out possible failures in the 
execution of work activities related to lifting 
boxes or sport squats [4, 5]. 

 

Fig. 1. (a) Ergonomic Industrial postures for lifting loads. 
(b) Ergonomic postures for squats. 

 

 
Fig. 2. Femorotibial angle evaluation 
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In sports training exist some preferred 
exercises to strengthen the muscles in the legs 
one of them are the squats because allow 
improve the condition of the quadriceps and 
hamstrings. The muscles are activated when the 
knee is flexed from 90 to 100 degrees (angle 
formed between the femur and the tibia) [6]. In 
the case of work lift activities and the squat, if it 
is performed excessively, it will tendonitis or 
muscle strain, affecting the knee support. As 
result, it causes an illness known as sprains 

The biomechanical model gives the mobility 
range of the knee shown in Fig 2 it permits 
identified wrong positions or techniques to 
reduce to be prone to suffering problems such 
ligaments or muscles distensions [7–9]. The 
proper posture support of feet should be spread 
in relation to the width of the shoulders and 
fingers facing forward to assure the correct 
biomechanical execution [10]. Besides, the 
movements of the knees must keep the direction 
tiptoe without exceeding it to forewarn internal 
rotation [11, 12]. In this context, the necessary 
steps for a good technique for the activity are (i) 
The head should always be level and never 
leaned forward or face the wrong way, (ii) Knees 
must be level and stretch out to shoulder level 
and (iii) With the legs straight as well as the 
abdominal tension, the lower back must fall 
down simultaneously [10]. 

Substantiated on the previous statements 
there are available biomechanical tools to 
simulate and get data on the body position from 
sensors to analyse these data through electronic 
devices and represent it in graphical data. This 
process is called embedded system (ES), it has 
variable applications due to its small size. The 
ES could be used in wearables textiles to collect 
biomechanical data to monitor the body of 
people. Intelligent textiles nowadays are used 
mostly by sportsmen to measure performance 
and collect data from the body to reduce injury 
possibilities [13–15]. Furthermore, machine 
learning techniques have the capacity to 
recognize forms, physical parameters to 
determine a specific class or group to try to find 
a solution task [16–18]. 

The main problem in the use of ES is the 
capacity of computational resources, which in 
that sense is needed a compulsory analysis of the 
data and classifies the most significant collected 

data from sensors to reduce memory usage and 
care for the battery life [19]. After managing the 
received data, the next step concerned the 
visualization to represent graphically and give 
users the possibility to analyse it [20, 21]. 

The present system works in the following 
way. An electronic embedded system for 
processing data from sensors and represents the 
biomechanics of the knee during the activities. 
In the next step, the results of the system are 
presented on the computer for evaluation and 
training of people whit sonorous feedback to 
improve the performed task. 
The rest of this work is structured as follows: 
Section 2 presents Related works. Section 3 
shows, the design of the system and its 
functioning. Section 4 indicates data analysis 
and the results. Section 5 presents the 
conclusions. Finally, Section 6 
Acknowledgment and future work 
 
2. RELATED WORKS 
 

In order to amelioration some works were 
made, in chronological form, they are presented 
to the most relevant in the different years: 

In 2011, Eitner, J D [22] ; presents a 
"Kinematic and Kinetic Analysis of the Squat 
with and Without Knee Wraps" where is 
concluded the use of knee wraps has not 
influenced in squat performs. 

In 2014, S. A. Horan [23] presents, "Lower-
limb kinematics of single-leg squat performance 
in young adults" to explain the correct 
performance of squats. Then during 2016 A. 
Raısanen [24] presents, "Single-Leg Squat as a 
Tool to Evaluate Young Athletes" for evaluating 
the good or bad performance of squats. 

In 2020, MegumiOta presents [25], 
"Verification of reliability and validity of 
motion analysis systems during bilateral squat 
using human pose tracking algorithm" using 
images  during bilateral squat recorded with 
digital video camera, and the joint angles were 
measured. 

Given the works cited above, the systems are 
focused on obtaining data from recorder images 
and evaluating in the future without feedback 
from the person who is making the activity. In 
this sense, the proposed system implements an 
ES in charge to evaluate in real-time with the 
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capacity to give a sonorous alarm to inform the 
user of the incorrect postural position of the 
Knee during the task. 
 
3. MATERIALS AND METHODS 
 

This section presents on one hand the 
embedded system design. On the other hand, it 
shows the implementation and training for 
workers. 
 
3.1 Embedded System Design 

The complete electronic system is structured 
based on IEEE 29148 standard [26] which 
specified the necessary requirements for a 
correct function and training system Table 1 
shows the functionality and user requirements.  

The requirements give the functioning 
process to develop the correct measure task by 
the device [27, 28], Figure 3 indicates the 
process flow: it starts when the worker makes 
the exercise, then filtering the data by an 
electronic system and its training is done by 
machine learning to reduce the received data 
from sensors, after the filtering process the 
measured data is sent by wireless to a computer 
for a graphical representation and evaluation by 
experts, at the same time if the ES determined a 
wrong position of the knee sent a sonorous alarm 
to the person who is doing the exercise for 
correction of the position. 

Based on the biomechanical theoretical 
statements for the knee [29, 30] during the 
system training and under biomechanical 
experts the ES was trained and calibrated for a 
correct response while the measures are taken 
from the angles and knee position to determine 
the possible dangerous positions, after the 
training step the system learned by artificial 
intelligence the necessary data for future 
response. 
 
3.2 Implementation and training for workers. 

The implemented system fulfilled the 
requirements of standards and users following 
the designed and proven systematic steps to 
determine the correct posture [31, 32]. The 
system harvests the data from the sensor at the 
Knee to know if the knee exceeds tiptoe to 
determine if exists any deviation during the 
activities the postures are shown in Figure 4. 

 
 

Table 1 

System Requirements 

 
 

 
Fig. 3. Embedded System Functioning. 

 

 
Fig. 4. Embedded System Functioning. 

 

High Medium Low

SHr1
Ease of
system use

X SHr3

SHr2
Error bad
posture 
system alarm

X SHr6

SHr3

The system
must has a
visualization 
interface

X SHr1

SHr4
The data
analysis must
be in real time

X SHr8

SHr5
The system
must has a
light weight

X SHr1

SHr6

The system
must measure
the knee
angle

X SHr2

SHr7

The system
must measure
deviation 
angle

X SHr1

SHr8

The load
computationa
l must be less
as possible

X SHr4

System Requirements (SHr)

# Requirements
Priority

Relationship
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The data is classified into five different 
causes to determine the knee position and 
determine the need for the alarm to correct the 
posture persons[33–35].  

The first measure is the femorotibial angle 
shown in part b) of Figure 4, for the proposed is 
used of a flexible resistive sensor that allows 
determining the knee angle using equation 1 and 
then interpolating the angle data by the datasheet 
of the sensor, the ES assign the value 5 at the end 
of the data transmission to identify it. 

 

���� = ���
�	

�	
��

       (1) 

Where: 
����= Resultant voltage 
���= Initial voltage 
���=Internal circuit resistors. 
 

Through the 3D sensor, the knee position is 
determined by the different postures, in part a) 
of Figure 4 shows the correct knee position when 
the sensor receives the data in this range, the ES 
assign the value 1 at the end of the data 
transmission to identify it. In addition, the ES 
assign the value 2 for data from abduction and 3 
to these data from adduction shown in part c) of 
Figure 4.  

Finally, the ES assign the value 4 to data 
indicating the knee surpassed the tiptoe shown 
in part a) of Figure 4, in all wrong positions, the 
sonorous alarm turns on to indicate the person 
the need to correct the ergonomic position. 
 
 
4. RESULTS 
 

The data analysis results, including the 
system execution evaluations, are presented in 
this part, these data were collected father the 
calibration phase [36].  

Table 2 shows the analysed data received and 
processed by ES according to a test with 385 
participants where each one performed 5 
attempts with the purpose to collect data. 

The distribution data presented in Figure 5 
show the attempts where the workers have a 
good ergonomic posture where the system 
classifies these data with the value 1 at the end 
of the transmission data line. 

 

Table 2 

Statistical data of the test.

 
 

 
Fig. 5. Data distribution of the correct posture. 

 

 
Fig. 6. Data distribution of the abduction failure posture. 

 

 
Fig. 7. Data distribution of the adduction failure posture 

 
The distribution data presented in Figure 6 

show the attempts where the workers have 
abduction failure posture where the system 

INDEX MIN MAX MEAN SD RANGE

1 52,09 86,3 74,28 7,7367603 34,21

2 68,58 84,32 74,2226733 7,59470829 15,74

3 -33,6 -8,08 -11,5725686 5,97991188 25,52

4 -10,06 89,57 68,4706948 14,2738388 99,63

5 -27 137 73,5248756 36,9025897 164
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classifies these data with the value 2 at the end 
of the transmission data line. 
 

 
Fig. 8. Data distribution of the knee surpasses tiptoe. 

 

 
Fig. 9. Data distribution of the femorotibial angle failure 

posture. 
 

The distribution data presented in Figure 7 
show the attempts where the workers have 
adduction failure posture where the system 
classifies these data with the value 3 at the end 
of the transmission data line.  

The distribution data presented in Figure 8 
show the attempts where the workers have knee 
surpasses tiptoe, where the system classifies 
these data with the value 4 at the end of the 
transmission data line. The distribution data 
presented in Figure 9 show the attempts where 
the workers have femorotibial angle failure 
posture. where the system classifies these data 
with the value 9 at the end of the transmission 
data line. 
 
5. CONCLUSION 
 

Nowadays the principal concern in the 
industry is to save resources and keep safe the 

workers to increase their incomes [37, 38], in 
this sense detecting the possible causes of a 
future illness or possible failure in the 
ergonomic position during the task is the best 
way to achieve the objective, whit this objective 
in mind previous works tried to analyse the 
behaviour worker based on the observation [39], 
and the identification of the work risk for 
activities in case of lifting loads [40-42]. 

This paper is substantiated by previous 
studies for demonstrating the viability of lifting 
loads detection using wearable sensors, based on 
automation advances after being processed the 
database is determined that 19,6% of workers 
keep a correct ergonomic posture during the 
activities as is shown in the Figure 10. In the case 
of the non-correctly ergonomic position, the 
workers receive a sonorous alarm indicating the 
need to improve the posture to change the 
behaviour of the person during the task, these 
cases represent 80.4% of the data sensed, in 
addition, this value is divided in for different 
cases according to the different failure be 
represented in computer and help to ergonomic 
managers indicate the failure, like it is shown in 
Figure 11. 

 
Fig. 10. Percentage representation of the collected data. 

 

 
Fig. 11. Data visualization. 

In future work, an analysis-oriented artificial 
vision identification and recognition of the 
posture to develop the same activity and a 
comparison of the results of knee positions to 
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orient the workers and improve the posture 
during the industrial activities could be 
proposed. On the other hand, this device could 
be applied and adapted to measure and recognise 
the hand and wrist position to avoid non-
adequate ergonomic postures in the industrial 
task during the activities involving hand tools 
uses. 
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Sistem inteligent pentru analiza poziției ergonomice a genunchilor în timpul ridicărilor 

 
Rezumat: Adoptarea unei poziții ergonomice în timpul ridicării sarcinilor în activități sportive sau de muncă permite 
reducerea impactului negativ produs de poziția greșită a genunchiului în timpul desfășurării diferitelor sarcini. Mișcările 
incorecte pot provoca afecțiuni musculare și leziuni lombare. Actualul sistem electronic achiziționează datele barei Smith 
și poziția prin intermediul senzorilor accelerometrului. Folosind acest sistem este implementat un dispozitiv inteligent 
care permite evaluarea efectuării corecte a activității/sarcinii și oferă persoanei feedback pentru îmbunătățirea mișcării. 
Ca urmare, după aplicarea algoritmilor de învățare automată în sistem, s-a determinat, de asemenea, că peste 80% dintre 
lucrători adoptă poziții periculoase (vicioase) în timpul sarcinilor de ridicare a sarcinilor. 
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