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Abstract

Exhaustion or extreme of fatigue is the highest condition of body performance during exercise. This state presents an optimum energy
to execute by an athlete before their level of fitness reduced and required the recovery process. The purpose of this study is to monitor and
predict an exhaustion threshold from three physiological systems; respiratory, cardiovascular and muscular by using artificial neural network. A
developed wearable device to measure those parameters is needed for the data collection in fatigue experiment protocol. Then, it was separated
into its category and filtering that signal to remove all unwanted noise in the database. Statistical feature extraction was executed for divided into
five levels of exhaustion to implement supervised machine learning method. A mathematical model for prediction was developed in artificial
neural network based on the data obtained from the exhaustion threshold. This model can facilitate the coach and athlete to monitor their level
of exhaustion as well as prevent from the severe injury due to over exercise.
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Introduction

Movements in sports are the main criteria of the physical
exercise, and it is a combination of muscle contraction and the
human skeleton which reflected in musculoskeletal systems.
However, the most affected movements were muscle activation
due to aerobic exercise such as walking; jumping and running
required a repetitive motion. Muscle contraction during aerobic
exercise is related to the oxygen consumption in order to endure
the repetition of movement in a period of time. Therefore, it
depends on the demand and supply by the muscle and oxygen
respectively. Based on the blood circulation in the systemic and
pulmonary system, oxygen (02) was exchanged with carbon
dioxide (CO2) attwo places; in the respiratory system by alveolus
membrane tissue [1] and bundle of muscle tissue. These organs
were functioned to ensure that volume of oxygen capacity in the
physiological is equal to remain the balance condition. Fatigue
is a maximum condition of exercise when the level of oxygen
was decreased while the lactic acid produced greater. This lactic

acid production will reduce the ability of muscle to contract as
performing the physical exercise [2].

Monitoring the level of fatigue by focused to the muscle
contraction based on the oxygen consumption not represent
the whole physiological activity during aerobic exercise. It is
significant to consider another system into account for the
measurement such as respiratory and cardiovascular systems.
Hence, there are some previous researchers were associated
fatigue or exercise to the heart rate variability [3,4], blood
pressure [5], respiratory rate [6], electromyogram [7,8], and
mechanomyogram [9]. On the other hand, there has been in
recent years, an increasing amount of literature on detecting
fatigue by using the EMG monitoring with signal processing
analysis [10-13], computer control [14] and statistical [15].
However, in terms of oxygen circulation to supply to working
muscle, the other physiological systems such as respiratory
and cardiovascular or called as cardio respiratory systems are

J Phy Fit Treatment & Sportsl 3(5): JPFMTS.MS.ID.555624 (2018)


http://dx.doi.org/10.19080/JPFMTS.2018.03.555624

http://juniperpublishers.com
https://juniperpublishers.com/jpfmts

Journal of Physical Fitness, Medicine & Treatment in Sports

corresponded to the physical exercise [16]. Therefore, physical
exhaustion is not exclusively due to weakness of muscle, but
it can be affected to the other parameters as well. Additional
consideration of parameters into account will help to investigated
exhaustion in wide angle of views and details.

Traditionally, the physical exhaustion is related to the
muscle fatigue. However, combination of input parameters or
data fusion in identified exhaustion is lacking in the previous
research due to enlarging its uncertainty. Therefore, this
proposed study objectively to predict an exhaustion level by
reducing its uncertainty through the machine learning method.
This approach was hypothesized that exhaustion is reflected in
the blood or oxygen circulation rate during aerobic exercise. By
using machine learning method, it will predict accurately the
level of exhaustion based on the threshold. Consequently, this
approach beneficial to the athlete and coach to monitoring their
level of exhaustion and prevent from the maximum condition
that can be led to severe injury.

Research Framework

Overall structure of this proposed study was designed
in the Figure 1 including the theory and procedure that will
be conducted to accomplish the objective. It illustrates the
parameters involved in monitoring fatigue based on selected
physiological measurement using the wearable device. Three
parameters identified as a main contribution in this study, which
is respiratory rate (RR), heart rate (HR) and electromyogram
(EMG). It also represents for the three physiological systems
considered indicates oxygen
consumption by the muscle contraction. A wearable device of
each measurement was developed to monitor and detect fatigue
by providing an alarm to warn the user during performing an
exercise. There are five (5) indicators that differ from their level

in blood circulation, which

of fatigue initiated with status very light and end to the maximum
intensity. Since the fatigue level of each person varies due to
human uncertainty, a set of data during fatigue as a threshold
is needed to categorize based on control group criteria such as
BM], ages, and sports.
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Figure 1: Parameters involved in each organ to determine the fatigue level.
J

By using the machine learning method, it could be a good
way to predict the level of fatigue in supervised approach.
This technique is believed to be an objectively assessment by
mathematical model to the response promptly and reduce the
time consumption. It was proved when applied for localized
muscle fatigue [7], hand grasp movements [17], predict sudden
cardiac death based on heart rate variability [18], and estimating
upper extremity movements [19].

On the other hand, wearable device functioned to evaluating
exhaustion by those selected parameters in analyzing data
collection. Therefore, Figure 2 indicates the schematic diagram
for the data analysis processes in predicting exhaustion zones
in real-time monitoring. It has three stages; 1) pre- processing,
2) post-processing and 3) displaying exhaustion zones. In pre-
processing stage, three signals from three different signals

were measured, which are respiratory rate, heart rate, and
electromyogram. The raw signals filtered and removed the
artefacts that interrupting the real signals by using signal
processing method. These measurements were then collected
and stored in the temporary database prior to move to the
next stage for analysis. In this level as well, the databases were
kept in a statistical formatting in order to make it easier for the
feature extraction procedure. Next stage is the post-processing
procedure for the analysis using the machine learning method
which is artificial neural network (ANN). There is another
approach that can be used such as support vector machine (SVM)
and Multilinear Regression (MR) to predict and accomplished
this purpose, but it was just about the result’s accuracy. Finally,
the results from the machine learning method will present the
prediction of the exhaustion level by indicating based on status
of zones range over sequence from very light to the maximum.
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Figure 2: Data analysis process for the machine learning method.
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In addition, this method for developing an algorithm was
translated into the mathematical model that can be integrated
with the current wearable device for the real-time monitoring
assessment. For the future recommendation, this device will
be upgraded with the intelligent user interface mechanism to
be incorporated with the Android apps on the smart phone.
Furthermore, visual tools were contained for the output alarm
to alert the user such as color of LED and tone of the buzzer.
All of these implements will enhance the wearable device to the
smart operating function.

Conclusion

This study is promising to monitor and predict an exhaustion
threshold by using the wearable device incorporating machine
learning method. The problem of the vigorous movements
among the athlete or sports can be solved by implemented this
algorithm in terms of signal processing. Meanwhile, this small
size of device attached to the body tightly will not bothering
their movement on the field.

Acknowledgement

The Authors would like to acknowledge Universiti Teknologi
Malaysia (UTM) as supported funding under the Research
University Grant, Tier 2 (Q.J130000.2645.13]73). Also to
Ministry of Higher-Education Malaysia for sponsoring the PhD
study in UTM.

References

1. S Eriksson, S Isaksson (2015) Design and development of a medical
device for diagnosis of COPD. Lund University, Sweden, UK.

2. H Hassanlouei, L Arendt-Nielsen, UG Kersting, D Falla (2012) Effect of
exercise-induced fatigue on postural control of the knee. ] Electromyogr
Kinesiol 22(3): 342-347.

3. R Bellenger, RL Thomson, PRC Howe, L Karavirta, ]D Buckley (2016)
Monitoring athletic training status using the maximal rate of heart rate
increase. ] Sci Med Sport 19(1): 590-595.

4. T Leti, VA Bricout (2013) Interest of analyses of heart rate variability
in the prevention of fatigue states in senior runners. Auton Neurosci
Basic Clin 173(1-2): 14-21.

5. H Itoh, R Ajisaka, A Koike, S Makita, K Omiya, et al. (2013) Heart rate
and blood pressure response to ramp exercise and exercise capacity in
relation to age, gender, and mode of exercise in a healthy population. ]

Cardiol 61(1): 71-78.

6. CJ Ade, RM Broxterman, T] Barstow (2013) Effects of body posture and
exercise training on cardiorespiratory responses to exercise. Respir
Physiol Neurobiol 188(1): 39-48.

7. MR Al-Mulla, F Sepulveda, M Colley (2012) sEMG techniques to detect
and predict localised muscle fatigue. EMG Methods Eval Muscle Nerve
Funct pp. 1-532.

8. Z Ahmad, MN Jamaludin, AH Omar (2018) Development of Wearable
Electromyogram for the Physical Fatigue Detection During Aerobic
Activity. Movement Heal Exerc 7(1): 15-25.

9. S Okkesim, K Coskun (2016) Features for muscle fatigue computed
from electromyogram and mechanomyogram: A new one. Proc Inst
Mech Eng Part H ] Eng Med 230(12): 1096-1105.

10. PA Karthick, S Ramakrishnan (2016) Surface electromyography based
muscle fatigue progression analysis using modified B distribution
time-frequency features. Biomed Signal Process Control 26: 42-51.

11.M Gonzalez-Izal, A Malanda, E Gorostiaga, M Izquierdo (2012)
Electromyographic models to assess muscle fatigue. ] Electromyogr
Kinesiol 22(4): 501-512.

12. MR Al-Mulla, F Sepulveda, M Colley (2011) An autonomous wearable
system for predicting and detecting localised muscle fatigue. Sensors
11(2): 1542-1557.

13. M Asefi, S Moghimi, H Kalani, A Moghimi (2016) Dynamic modeling of
SEMG-force relation in the presence of muscle fatigue during isometric
contractions. Biomed Signal Process Control 28: 41-49.

14. AG Barszap, IM Skavhaug, SS Joshi (2016) Effects of muscle fatigue on
the usability of a myoelectric human-computer interface. Hum Mov Sci
49: 225-238.

15. FA Barbieri, PCR Dos Santos, R Vitorio, JH Van Dieén, LTB Gobbi (2013)
Effect of muscle fatigue and physical activity level in motor control of
the gait of young adults. Gait Posture 38(4): 702-707.

16.A Oppewal, TIM Hilgenkamp, R Van Wijck, HM Evenhuis (2013)
Cardiorespiratory fitness in individuals with intellectual disabilities: A
review. Res Dev Disabil 34(10): 3301-3316.

17.M Gandolla, S Ferrante, G Ferrigno, D Baldassini, F Molteni, et al.
(2016) Artificial neural network EMG classifier for functional hand
grasp movements prediction. ] Int Med Res 45(6): 1831-1847.

18. H Fujita, UR Acharya, VK Sudarshan, DN Ghista, SV Sree, et al. (2016)
Sudden cardiac death (SCD) prediction based on nonlinear heart rate
variability features and SCD index. Appl Soft Comput ] 43: 510-519.

19.ZG Xiao, C Menon (2017) Performance of Forearm FMG and sEMG for
Estimating Elbow, Forearm and Wrist Positions. ] Bionic Eng 14(2):
284-295.

How to cite this article: Zulkifli Ahmad, Najeb Jamaludin, Abdul Hafidz Omar. Monitoring and Prediction of Exhaustion Threshold during Aerobic Exercise
Based on Physiological System using Artificial Neural Network. J Phy Fit Treatment & Sports. 2018; 3(5): 555624. DOI: 10.19080/JPFMTS.2018.03.555624.


http://dx.doi.org/10.19080/JPFMTS.2018.03.555624

https://lup.lub.lu.se/student-papers/search/publication/7456092
https://lup.lub.lu.se/student-papers/search/publication/7456092
https://www.ncbi.nlm.nih.gov/pubmed/22366254'
https://www.ncbi.nlm.nih.gov/pubmed/22366254'
https://www.ncbi.nlm.nih.gov/pubmed/22366254'
https://www.ncbi.nlm.nih.gov/pubmed/26209427
https://www.ncbi.nlm.nih.gov/pubmed/26209427
https://www.ncbi.nlm.nih.gov/pubmed/26209427
https://www.sciencedirect.com/science/article/pii/S1566070212001750
https://www.sciencedirect.com/science/article/pii/S1566070212001750
https://www.sciencedirect.com/science/article/pii/S1566070212001750
https://www.ncbi.nlm.nih.gov/pubmed/23182944
https://www.ncbi.nlm.nih.gov/pubmed/23182944
https://www.ncbi.nlm.nih.gov/pubmed/23182944
https://www.ncbi.nlm.nih.gov/pubmed/23182944
https://www.ncbi.nlm.nih.gov/pubmed/23665051
https://www.ncbi.nlm.nih.gov/pubmed/23665051
https://www.ncbi.nlm.nih.gov/pubmed/23665051
https://www.intechopen.com/books/emg-methods-for-evaluating-muscle-and-nerve-function/semg-techniques-to-detect-and-predict-localised-muscle-fatigue
https://www.intechopen.com/books/emg-methods-for-evaluating-muscle-and-nerve-function/semg-techniques-to-detect-and-predict-localised-muscle-fatigue
https://www.intechopen.com/books/emg-methods-for-evaluating-muscle-and-nerve-function/semg-techniques-to-detect-and-predict-localised-muscle-fatigue
http://mohejournal.com/index.php/mohe/article/view/MoHE%20Vol7%281%29_2
http://mohejournal.com/index.php/mohe/article/view/MoHE%20Vol7%281%29_2
http://mohejournal.com/index.php/mohe/article/view/MoHE%20Vol7%281%29_2
https://www.ncbi.nlm.nih.gov/pubmed/27821615
https://www.ncbi.nlm.nih.gov/pubmed/27821615
https://www.ncbi.nlm.nih.gov/pubmed/27821615
https://www.sciencedirect.com/science/article/pii/S1746809415002050
https://www.sciencedirect.com/science/article/pii/S1746809415002050
https://www.sciencedirect.com/science/article/pii/S1746809415002050
https://www.ncbi.nlm.nih.gov/pubmed/22440555
https://www.ncbi.nlm.nih.gov/pubmed/22440555
https://www.ncbi.nlm.nih.gov/pubmed/22440555
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3274008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3274008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3274008/
https://www.sciencedirect.com/science/article/pii/S1746809416300349
https://www.sciencedirect.com/science/article/pii/S1746809416300349
https://www.sciencedirect.com/science/article/pii/S1746809416300349
https://www.ncbi.nlm.nih.gov/pubmed/27455381
https://www.ncbi.nlm.nih.gov/pubmed/27455381
https://www.ncbi.nlm.nih.gov/pubmed/27455381
https://www.ncbi.nlm.nih.gov/pubmed/23557595
https://www.ncbi.nlm.nih.gov/pubmed/23557595
https://www.ncbi.nlm.nih.gov/pubmed/23557595
https://www.ncbi.nlm.nih.gov/pubmed/23892875
https://www.ncbi.nlm.nih.gov/pubmed/23892875
https://www.ncbi.nlm.nih.gov/pubmed/23892875
https://www.ncbi.nlm.nih.gov/pubmed/27677300
https://www.ncbi.nlm.nih.gov/pubmed/27677300
https://www.ncbi.nlm.nih.gov/pubmed/27677300
https://www.sciencedirect.com/science/article/pii/S1568494616301016
https://www.sciencedirect.com/science/article/pii/S1568494616301016
https://www.sciencedirect.com/science/article/pii/S1568494616301016
https://www.sciencedirect.com/science/article/pii/S1672652917300094
https://www.sciencedirect.com/science/article/pii/S1672652917300094
https://www.sciencedirect.com/science/article/pii/S1672652917300094

Journal of Physical Fitness, Medicine & Treatment in Sports

This workis licensed under Creative Your next submission with Juniper Publishers
Commons Attribution 4.0 License
DOI: 10.19080/JPFMTS.2018.03.555624 will reach you the below assets

¢ Quality Editorial service

¢ Swift Peer Review
¢ Reprints availability
e E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

m How to cite this article: Zulkifli Ahmad, Najeb Jamaludin, Abdul Hafidz Omar. Monitoring and Prediction of Exhaustion Threshold during Aerobic Exercise
Based on Physiological System using Artificial Neural Network. J Phy Fit Treatment & Sports. 2018; 3(5): 555624. DOI: 10.19080/JPFMTS.2018.03.555624.


http://dx.doi.org/10.19080/JPFMTS.2018.03.555624

https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/JPFMTS.2018.03.555624


	Monitoring and Prediction of Exhaustion Threshold during Aerobic Exercise Based on Physiological Sys
	Abstract
	Keywords
	Abbreviations
	Introduction
	Research Framework
	Conclusion
	Acknowledgement
	References
	Figure 1
	Figure 2

