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Abstract 
 
The performance condition of an athlete must always be maintained, 
one way to maintain that performance is by training. Each individual 
has different abilities and physiological responses in receiving the 
portion of the exercise. Physical exercise that exceeds the body's 
ability can worsen the condition of the athlete itself which can result 
in excessive fatigue (overtraining) or can even result in injury. 
Therefore a system is needed to monitor the condition of the 
physiological response when given the intensity of the training load 
so that the portion of the training provided provides positive benefits 
for the athlete. This system was developed using an oximetry sensor, 
microcontroller and wifi module ESP8266.  This system is used to 
collect heart rate and oxygen saturation data, then with the existing 
formula the heart rate value is converted to a CVL (Cardiovascular 
Load) value to determine the level of fatigue in athletes when given 
the intensity of the training load. By using a web-based application, 
measurement data is displayed in realtime to make it easier to see 
the results of monitoring. From the experimental results the system 
can monitor changes in the physiological condition of the athlete 
when given the intensity of the training load. Finally, the developed 
system can collect athlete's physiological data, and can store the data 
in a database and display it in a web application. 
Keywords: monitoring, heart rate, oxygen saturation, CVL, 
overtraining. 

  
 
1. INTRODUCTION 
 Athlete’s achievement is influenced by the training that is always done 
consistently and continuously. Training is the main way for keeping and 
increasing the athlete’s performance. By doing training consistently and 
continuously, it hopes that the fitness Condition off the athlete can be kept, so 
the athlete can reach their best performance when they are on the match. 
Cardiovascular Fitness is one of the sign for the healthiness that can be used 
in all age and gender. without including healthiness condition notes that 
has been taken before [1]. The cardiovascular durability directs about the 
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ability of the lungs and heart for pumping the oxygen inside the blood trough 
all muscles as long as people doing physical activities continuously. With 
oxygen supplies and circulations to all parts of the body equally, cells will 
work very well and produces energy.  

The performance of the athlete's physical condition in responding to 
the portion of the exercise can be assessed by the difference in the negative 
results of the training, fatigue and the positive results of the training, namely 
fitness. The ideal training menu is by giving the proper training load to reach 
maximal performance [2]. Monitoring training load is very important to 
improve performance, maintain fitness and prevent overtraining, which is a 
condition where a person who is given training experiences excessive fatigue. 
Monitoring during training is needed to determine a person's physiological 
response to the burden of training provided [3], with effective monitoring 
can provide important feedback to help in planning and training 
speriodization, optimizing physical conditions, and avoiding more serious 
injuries [4, 5]. 

Changes in the autonomic nervous system (ANS) can be used to 
conclude the status of training. ANS has correlation with physiologic system 
inside the body, valuing responses about the changes of physiologic condition 
shows the ability of adapting with the exercise load given. Heart rate can be 
used as the indicator status of training as the result of the measurement non-
invasive from ANS performances [6]. Heart rate is the indicator that has 
direct responses to the condition that is happened in cardiovascular, so it can 
be used for knowing the athlete’s responses and adaptations to the training 
and loads given. By knowing the body’s responses to the loads given, the 
trainer can choose the proper training menu with athlete’s physics capacity. 
So the training that is given do not give excessive fatigue and keep the fitness.  
[7]. The increasing of heart rate as long as physical activity can be defined as 
the increase of metabolism that produce of energy as the result of chemical 
reaction inside the body [8]. At the time of exercise muscle activity will 
increase, this is what causes an increase in heat production in the body as a 
result of the lack of metabolic efficiency in providing energy for muscle 
strength [9]. Many devices to measure the condition of the user's heart rate 
during exercise, the equipment will record the condition of the user's 
heartbeat, but the available equipment does not monitor the cardiovascular 
load experienced during exercise. Monitoring cardiovascular conditions is 
very likely to be needed to maintain the condition while exercising does not 
exceed body limits, so the risk of injury can be avoided. 

At this time monitoring on athletes is still manual with writing on paper, 
and there is no database as a place to store physiological data from training 
results. Monitoring existing physiological conditions is limited to recording, 
without knowing at what level physiological conditions are experienced and 
there is no equipment to monitor the level of cardiovascular burden that 
occurs when training is given. In this study, we propose a web-based 
platform for real-time monitoring of physiological responses of athletes 
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when given physical load during training and provide information about the 
physiological level experienced with the aim of avoiding excessive exercise 
and serious injury. Physiological conditions that are monitored are heart rate 
and oxygen saturation, then also monitor the level of CVL (Cardiovascular 
Load) conditions to determine the training load on the body and the level of 
fatigue experienced. By monitoring physiological conditions and the training 
load experienced during training, it is hoped that athletes do not experience 
excessive fatigue and fitness can be maintained. The sensor used in this study 
is the MAX30100 pulse oximetry sensor which detects the heart rate and 
oxygen saturation, then the heart rate when given training load is converted 
into an existing formula into a CVL value to determine the level of fatigue. 
Then monitoring data is displayed on the monitoring website and monitoring 
data is stored in a database. 
 
2. RELATED WORKS 

There are several studies that have been done before, in terms of 
monitoring the health and physiological conditions of a person. Zulkifli et al. 
[10] proposed research for monitoring heart rate used for various sports. 
Zulkifli proposed monitoring heart rate using the Garmin Heart Rate. Sending 
sensor data using the Xbee module is applied in this study and by using the 
wirelees mesh network topology it is possible to monitor the condition of 
several athletes simultaneously. The monitoring results sent to the 
coordinator of several different Garmin Heart Rate will then be displayed 
using LabView software. 

Malhi et al. [11] proposed the design and development of non-invasive 
devices that are used for monitoring physiological parameters using 
transmission media in the form of Zigbee modules. This system is used to 
monitor physiological parameters in the form of heart rate and temperature 
in humans. The device developed is intended for parents who usually live 
alone at home, where those with weak conditions have a high risk of injury 
from a fall or stroke. This device uses a heart rate sensor, skin temperature 
and impact sensors to detect falls. The proposed device consists of a strap 
attached to the wrist and a device that resembles a ring attached to a finger, 
which allows the sensor to be mounted on the device used. An important 
aspect of this research is miniaturization, so that the system does not 
interfere with users when doing activities. 

Garcia et al. [12] proposed health monitoring using multiple sensors. 
Garcia, proposed research to provide and evaluate systems that can facilitate 
communication between medical professionals / coaches and patients / 
athletes. The system architecture is based on distributed system components, 
where a person's physiological data is collected by several sensors, then the 
System-on-Chip platform in the form of Raspberry Pi combines information 
that has been distributed and makes the standardization process, then this 
data is sent to the Cloud for processing. This research also configures a cloud-
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based system, called ThingSpeak, to collect information from various sensors 
into one system, which is connected to the Internet.  

Ovadia et al. [13] proposed the measurement of oxygen saturation 
conditions using pulse oximetry sensors in humans. The purpose of this 
research is to develop pulse oximetry which can be used for home care, with 
due regard to the aspects of cheap, portable, easy to use and without using 
cables. The results of the sensor measurement will then be sent using a 
Bluetooth connection to the smartphone application. So that the 
measurement results are easily understood by the user, the measurement 
results are presented to the user with a Graphic User Interface on the 
smartphone in a form resembling traffic light. Where if the red light is on 
then in critical condition, then for the green light indicates normal conditions, 
and the yellow light indicates the level of oxygen saturation in the moderate 
condition.   

Ahmed et al. [14] proposed about monitoring important physiological 
parameters in humans. The purpose of this study is to monitor physiological 
conventions of patients based on the Internet of Things. So that by utilizing 
the technology of the Internet of Things is expected to make it easier for 
medical officers in physiological monitoring of patients. In this study the 
physiological parameters monitored are heart rate and body temperature. 
With a graphical user interface (GUI) in the form of an application on Android 
allows patients and doctors to access information about the physiological 
parameters of the body remotely. 

Chen et al. [15] proposed equipment that could be used to detect heat 
stroke. The proposed system consists of a heart rate sensor, a body 
temperature sensor, and a humidity sensor to determine the condition of the 
surrounding environment. Then using the LoRa transmission media, the 
reading data will be sent to the server, for further analysis. The purpose of 
this system is to provide early warning of heat stroke conditions to users 
when exercising in a hot environment. 

The idea consists of using sensors that are cheap, miniaturezed and can 
be used without disturbing the user with real-time feedback to the user 
through a web-based platform. The usage of human physiologic data is used 
to detect the responses and body adaptation ability in doing 
activities/exercise. In this research, the researcher used basic architecture in 
monitoring physiologic conditions; heart beat and oxygen saturation by non-
invasive. 

 
3. ORIGINALITY 

Technology to monitor health conditions is developing rapidly at this 
time. In previous research [11,12,14,16], they applied technology to 
determine a person's physiological condition where the physiological 
conditions measured were heart rate, temperature, and oxygen saturation. 
However, please note that in sports it is not only the heart rate at the time of 
the activity that needs to be used as a reference but, resting heart rate and 
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maximum heart rate can be used as a reference to determine the condition of 
one's body. It is also important to note when giving training to athletes is the 
burden in accordance with the athlete's body condition itself [16]. CVL is also 
an important aspect that needs to be considered when giving training load to 
athletes. CVL can be used as a marker of athlete's physiological response to 
the training load provided [17].  

Contribution from this study, we implemented real hardware using 
pulse oximetry sensors to detect heart rate, oxygen saturation and to 
determine the level of physical load or fatigue experienced during exercise. 
So that the next training scheduling can be done, and the most important 
thing is not overtraining and excessive fatigue. To get the level of physical 
burden or fatigue experienced during exercise, we use the CVL formula 
approach. Where in addition to paying attention to the heart rate during the 
activity, CVL calculation also pay attention to the resting heart rate and 
maximum heart rate according to the age of the athlete. We also provide a 
system for monitoring physiological conditions in real-time, through website-
based applications and applications that make it possible to monitor several 
athletes simultaneously. The reason why the website application was chosen 
is so that it can be accessed using either a smartphone or using a laptop 
(computer).  

 
4. SYSTEM DESIGN 

This section discusses the system design of equipment for monitoring 
the physiological condition of cardiovascular load when given a training load. 
The system design proposed in this study was designed by applying the 
Internet of Things technology. Where the system is built consisting of 
hardware, internet, software and storage that is on the cloud server. This 
hardware integrates several modules consisting of sensors, microcontrollers 
and wireless communication modules ESP8266. The sensors used in this 
study are pulse oximetry sensors that are used to detect heart rate and 
oxygen saturation in the blood, microcontroller as a signal processing sensor 
and a wifi module as a tool for sending data through wireless media. While 
the software consists of a rest API, a website for monitoring, with MongoDB 
database storage media that are all stored on the cloud server. For sending 
data from hardware to the web server through the media wirelles and the 
internet is done using the MQTT broker protocol. Data readings from the 
oximetry sensor in the form of heart rate and oxygen saturation signals are 
processed by a microcontroller to get analogue value data from the heartbeat 
and oxygen saturation, then using the ESP8266 wireless module the data 
collected by the microcontroller is sent via the internet to the MQTT broker. 
From MQTT broker the data is forwarded to the web server to display the 
value of the data on the web in realtime and the reading of the data is stored 
in the MongoDB database. Details of the proposed system design can be seen 
in Figure 1. 
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Figure 1. Monitoring system design 
 
4.1 Hardware System for Acquisition Data 

Acquisition Device is used to acquire data on individuals. The hardware 
in this study uses an oximetry sensor with the MAX-30100 type, this sensor 
has two variable outputs, namely heart rate and oxygen saturation. As a 
device for processing the input signal from the sensor used arduino nano 
microcontroller where the task is to change the digital signal from the sensor 
into an analog value so that it is easy to transmit data. Furthermore, the device 
for sending data from our microcontroller processing uses the ESP-8266 
wireless module. In detail, the relationship between devices / modules in a 
series of hardware devices for sensing and processing data is shown in Figure 
2. 

 
Figure 2. Hardware sensor design 
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Figure 3. Flowchart sensor data acquisition and data transmission through 
mqtt broker 

 
Figure 3 shows the flow of the data acquisition process on hardware 

installed on an individual. The hardware device must be connected to a WiFi 
network so you can connect with the MQTT broker. When the hardware 
device is connected to the wifi network, the sensor initializes the reading of 
the data. If the MQTT broker receives a subscription topic message with a 
value of 1, it means the broker is requesting data from the device so the 
device will send data to the broker. However, if the broker receives a 
subscription topic message with a value of 0, it means the broker will stop 
the process of sending data from the device to the MQTT broker. 
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4.2 Physiological Signs 
 Every individual has some physiologic mark that can be measured, 
physiologic condition can change when the body responses to the physical 
activity that is done like doing sport exercise. Every individual has different 
responses to their own body, those are depending on the ability to adapt with 
external stimulation factors. By using a wireless sensor network (WSN) 
application, it allows sensor devices to be used or implanted into the human 
body so that they can be monitored remotely [18]. The sensor technology has 
been developed and get some advantages as the device to measure physical 
activity and physiologic responses to the change of vital physiologic signs 
when doing exercise [19]. Generally, there are five vital signs that are usually 
used in the professional medical field; those are heart beats, body 
temperature, blood pressure, respiration rate and the amount of oxygen 
inside the blood [20]. In the other side, Dias in [21] divides physiologic vital 
signs into two main field, those are medical field and the activities on the 
table 1. 
 

Table 1. Physiological Signs 
 

Physiological Signs 
 

Medical 

Body temperature 
Blood Pressure 

Respiration 
Glucose 

Activity 
Heart Rate 

Oxygen saturation 
Electrocardiogram 

 
Sport has close relationship with cardiovascular system of the body, 

physiologic signs that influence cardiovascular system are systolic pressure, 
diastolic pressure, heart rate and blood oxygen like on [22]. Based on the 
literature about physiological that has been told before, so we took two signs, 
physiologic heart and oxygen saturation which we assumed corresponding 
with activities and cardiovascular system. 
 
4.3 Heart Rate 

The heart is the most vital organ for the body. Heart rate pressure is 
influenced by age, physical activities such as exercise, air temperature, 
emotional level, weight and consumption of certain drugs. Heart rate is one of 
the physical aspects that can affect an athlete. Heart rate is one of the vital 
signs that can be used to detect an individual's condition if in an abnormal 
condition [23]. 

Heart rate is very suitable for athletes to know the condition of the 
heartbeat during exercise whether it is lacking, sufficient, or excessive 
exercise. Adults who are in good health and are not active or in normal 
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resting conditions, the heart rate or pulse is around 60-100 minutes per 
minute. Heart rate targets are expressed as the range of maximum heart rate 
percentages that are safe to reach during exercise. The target heart rate of 
exercise ranges from 50-85 percent of the maximum heart rate, which is 
usually calculated as the number 220 minus a person's age [24]. 
Classification of heart rate when working can be seen in table 2.  

 
Table 2. Classification of working heart rate[25] 

Heart Rate Work(bpm) 
Sitting/Very Light 60-70 

Light 70-100 
Moderate 100-125 

Heavy 125-150 
Very Heavy 150-175 

Extremely Heavy >175 
 
Table 2 shows the classification of heart rate values when given a 

training load. Heart rate in this study was classified into 6 levels, the lowest 
individual level was 60 bpm and the highest level was more than 175 bpm. 
From the value of the heart rate obtained during exercise, it can be said that 
the higher the heart rate when given a training load means the organs in the 
individual work harder. 

 
4.4 Oxygen Saturation 

Oxygen saturation is the presentation of hemoglobin that binds to 
oxygen in the arteries. Oximeters provide rapid and noninvasive 
measurement and monitoring techniques to estimate peripheral oxygen 
saturation (SpO2) hemoglobin, and provide a measure of cardio-respiration 
function. The use of pulse oximetry also establishes the effectiveness of 
medical interventions through identified improvements at baseline SpO2 
levels and can quickly detect hypoxemia (ie, inadequate amounts of oxygen in 
the arteries). When healthy people are at rest, the normal condition of SpO2 
is above 95%. However, during high-intensity exercise with maximal oxygen 
uptake, in certain individuals the value of SpO2 cannot be maintained under 
normal conditions, dropping below 95%, which leads to arterial hypoxemia 
[26]. When oxygen is lacking, the heart rate in athletes may increase to 
maintain a sufficient supply of oxygen in the body, both at rest and during 
exercise.  

 
Table 3. Oxygen Saturation Range[26] 

SpO2 Range(%) 
Low 70-90 

Medium 91-94 
High 95-100 
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Table 3 shows the classification of oxygen saturation values in the 
blood, oxygen saturation conditions are divided into 3 categories low, 
medium, high. Individuals when exercising oxygen saturation conditions at 
high levels, it can be said to be in good condition. Mean while, if the oxygen 
saturation condition is at a low level, then the individual must immediately 
get medical help. 

 
4.5 Cardiovascular Load 

Monitoring training loads and match is very important to improve 
performance and prevent injury. An athlete's performance in responding to 
training can be estimated from the difference between negative function 
(fatigue) and positive function (fitness) [7]. Assessment of physical workload 
can be done based on an increase in work pulse compared to the maximum 
pulse due to cardiovascular load [9]. Cardio is a term related to the heart and 
blood vessels which is an important matter for a blood flow in the body. 
Cardio words itself is short for Cardiovascular Load is an estimation to 
determine the classification of workload based on the increase in pulse rate 
of work compared to the pulse rate maximum. In determining the 
classification of workloads based on the increase in work pulse compared to 
the maximum pulse rate, cardiovascular load (cardiovascular =%CVL) can be 
calculated based on the formula below [27]: 
 

%CVL =                    (1) 

 
 
Note : HRwork : Work  Heart Rate  
  HRrest  : Resting Heart Rate     

HRmax : Maximum Heart Rate  
Table 4. % CVL classification [27] 

% CVL Classification 
<30% No Fatigue 

30% s/d 60% need for improvement (Fatigue Level 1) 
60% s/d 80% work in no time (Fatigue Level 2) 

80% s/d 100% urgent action is required (Fatigue Level 3) 
>100% no activity allowed 

 
Table 4 shows the classification of conditions of cardiovascular 

workload while exercising. Cardiovascular load conditions are divided into 5 
levels, where the higher the percentage of cardiovascular values in an 
individual when given a training load then the individual is in a state of 
exhaustion and the exercise program must be stopped to avoid injury. 

 
4.6 Monitoring System 

Web-based monitoring was chosen in this study, because with a web-
based application the application can be seen on a smartphone or on a 
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computer. The measurement data on the hardware device will be sent will be 
uploaded via the wifi network using the ESP8266 wifi module. MQTT broker 
protocol is used in sending measurement data, because the MQTT broker 
protocol allows two processes to run together without interdependence, 
namely the process of monitoring realtime data and the process of storing 
data on the MongoDB database. The interface of monitoring real-time 
physiological conditions of athletes can be seen in figure 4. 
 

 
Figure 4. Realtime monitoring interface 

 

 
 

Figure 5. Flowchart process of sending monitoring data 
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Figure 5 shows the process of sending data from the sensor to the 
MQTT broker. The device will send the measurement data when the user 
requests the data to the MQTT broker by sending a subcribe topic message to 
MQTT broker. When the data has been successfully sent, then the 
measurement data will then be displayed on the website in the form of a 
monitoring data graph, and the data will also be stored in the MongoDB 
database. 
 
5. EXPERIMENT AND ANALYSIS 

The main goal of this research is to design a device that can be used 
automatically and directly monitoring physiologic condition of the user by 
applying biosensor, and then transmitting the data to the controller and 
counting the estimation of load  cardiovascular level that is experienced. 
After that, it shows the data result of the measurement in the web application 
as the information to the user. 

To find out how the system developed works, we conducted 
experiments on a treadmill to monitor runners' physiological conditions. 
Experiments on the study used 6 volunteers to use hardware on their arms 
and then run on the treadmill. Hardware installation on the trial participant's 
arm is shown in Figure 6. The trial participants have different physical 
conditions, we see information on the physical condition of each participant, 
namely age, BMI (Body Mass Index), Heart Rate Rest, Heart Rate Max. The 
physical conditions of each participant in the experiment are shown in table 
5. 

Table 5 shows the physical condition of the volunteers who conducted 
the experiment, the physical conditions that were considered in each 
individual were age, weight, height, resting heart rate, maximum heart rate, 
and warming up treatment when before conducting the experiment. The 
physical condition of the volunteers is very important to know the 
characteristics of CVL experienced by volunteers in the experiment. 

 
Table 5. Physical Condition of Volunteers 

User User 1 User 2 User 3 User 4 User 5 User 6 
Age(years) 29 19 28 19 32 27 

BMI(Height/
Weight) 

175/58 173/59 174/88 170/53 160/62 160/50 

HR 
Rest(bpm) 66 96 74 64 81 76 

HR 
Maks(bpm) 191 201 192 201 187 193 

Note 
Warming 

Up 

Without 
Warming 

Up 

Without 
Warming 

Up 

Warming 
Up 

Without 
Warming 

Up 

Without 
Warming 

Up 
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Figure 6. Installation of hardware on the user 

 
Participants do running exercises on the treadmill for 7 minutes divided 

into 2 weight intensities. The test is divided into two training intensities, 
namely running at a treadmill speed of 2 km / h for 2 minutes and treadmill 
speed of 8 km / h for 5 minutes. In this study changes in speed are used to 
determine the effect of the intensity of the given training load. With the 
increase in the intensity of the training load given, there will be 
inconvenience conditions felt by each individual, but this discomfort will vary 
in each participant according to their respective fitness conditions. The 
discomfort felt by the participants was related to the condition of the 
heartbeat, oxygen saturation and Cardiovascular Load experienced by each 
participant. The main objective of this study is to monitor the condition of 
Cardiovascular Load experienced by participants when given a training load. 
With monitoring of Cardiovascular Load conditions, it is expected to know 
the level of fatigue and physiological conditions of the participants, so that 
injury due to exercise overload or overtraining can be avoided. The 
physiological condition of the participant will be read by the biosensor on the 
available hardware then the data is transmitted to be displayed on the 
website to determine the level of physiological conditions of the heartbeat, 
oxygen saturation and cardiovascular load experienced by the participant. 
The results of sending sensor reading data on the web application interface 
in realtime are shown in Figure 7. 

 



Volume 8, No. 1, June 2020 

EMITTER International Journal of Engineering Technology, ISSN: 2443-1168 

191 

 
Figure 7. Realtime Monitoring During Exercise 

 
Data on the results of monitoring the condition of the fiological 

response from 6 participants in an experiment with a treadmill speed of 2 
km/h are shown in Figure 8,9,10. From the results of the first experiment, 
Figure 8 shows a maximum HRwork of user-1 at 84 bpm, user-2 at 125 bpm, 
user-3 at 99 bpm, user-4 at 80 bpm, user-5 at 113 bpm and for user-6 at 103 
bpm. If seen from the limits of the values in table 2, it can be seen that when 
given treatment on a treadmill with a speed of 2 km/h, for user-1, user-3 and 
user-4 belong to the Light category while for user-2, user -5 and user -6 
belong to the Moderate category. 

Figure 9 shows the oxygen saturation conditions in each user when 
treated in the first experiment. Figure 9 shows the oxygen saturation 
conditions for user-1 at 96 (%), user-2 at 97 (%), user-3 at 96-97 (%), user-4 
at 97 (%), user-5 at 97 (%), while user-6 is 96 (%). Then the oxygen 
saturation value in four users is in the range of values of 95-100 (%) or can 
be said to be in a High (Good) condition. 

Figure 10 shows the user's CVL condition when given the first try. Figure 
10 shows that the highest CVL value for user-1 is 14%, for user-2 26.92%, for 
user-3 29.50%, for user 4 11.67 %, for user-5 30,84% and user-6 at the value 
of 23.07%. Based on table 4, the CVL values of users 1,2,3,4 and 6 are in the 
range of less than 30% so they can be categorized at the No Fatigue level. 
Then for CVL condition on user 5 is at Fatigue Level 1. 
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Figure 8. Heart Rate Work ( Treadmill 2 km/h) 

 

 

Figure 9. Oxygen Saturation ( Treadmill 2 km/h) 
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Figure 10. CVL ( Treadmill 2 km/h) 
 
Figures 11, 12, 13 are user results when given a second load treatment 

with a treadmill speed of 8 km/h. Figure 11 shows the HRwork condition of 
all users when given a training load. Figure 11 shows the maximum HRwork 
experienced by user-1 is 132 bpm, so user-1 is included in the Heavy 
category. User-2 HRwork is 170 bpm and User-3 HRwork is 158, so user-2 
and user-3 heart rates are included in the Very Heavy category. Then for 
user-4 at a value of 130 bpm, user-4 is in the Heavy category. While HRwork 
for user-5 is 174 bpm and user-6 is 156 bpm, so user-5 and user-6 are in the 
Very Heavy category. 

Figure 12 shows the user's oxygen saturation condition when given a 
training load with a treadmill speed of 8 km/hour. Figure 12 shows the 
oxygen saturation value in 6 users is at a fluctuating value with the lowest 
value from 95 to the highest 98 for all three users. But even though the oxygen 
saturation value of four users fluctuates, the oxygen saturation value of four 
users is included in the High category or can be said to be in good condition. 
This fluctuating condition can be caused by the respiratory conditions of 
volunteers who have been breathing a lot so that oxygen uptake is less than 
optimal and irregular. 

 Figure 13 shows the Cardiovascular Load value experienced by users 
with a treadmill speed of 8km/h. Figure 13 shows the value of cardiovascular 
load experienced by user-1 is at a value of 52%, in other words the value of 
cardiovascular load for user-1 is included in the category of Fatigue Level 1. 
Then for user-2 the cardiovascular load experienced is at 68%, while for user-
3 cardiovascular load is 72%. Then the cardiovascular values of user-2 and 
user-3 fall into the Fatigue Level 2 category. While the cardiovascular burden 
experienced by user-4 is at a value of 49%, in other words the cardiovascular 
burden value for user-4 falls into the Fatigue Level Category 1. Furthermore 
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for user-5 the CVL condition is at 93.04% and user-6 is at a value of 80.82%, 
then user-5 and user 6 fall into the Fatigue Level 3 category. 

 

 
Figure 11. Heart Rate Work ( Treadmill 8 km/h) 

 

 
Figure 12. Oxygen Saturation ( Treadmill 8 km/h) 
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Figure 13. CVL ( Treadmill 8 km/h) 

 
5.1 Heart Rate dan Saturasi Oksigen 

To know the effectiveness of the sensors we used in this research with 
Pulse Oximeter (Figure 14) healthiness product that available on the 
commercial to measure the condition of heart beat and oxygen saturation. 
The results of comparison for heart rate show that the error obtained is less 
than 1 bpm, so it can be confirmed that the sensor we use can be used to 
measure heart rate. The measurement of heart beat on the sensors that we 
used is compared with Pulse Oximetry shows in table 6. 

 

 
Figure 14. Comparison with Pulse Oximetry 
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Table 6. Comparison between heart rates measured with max30100 and 
Pulse Oximetry 

Test number Sensor max 30100 Pulse oximetry Error 
1 101 101 0 
2 94 93 1 
3 103 102 1 
4 95 95 0 
5 96 95 1 
6 98 98 0 
7 91 91 0 

Average   0,42 
 
Then the oxygen saturation in the blood, the comparison of the sensors 

we use with Pulse Oximetry shows below an average error of 0.14. Thus the 
device we use can be used to measure oxygen saturation, the comparison 
error table is shown in table 7. 

 
Table 7. Comparison between oxygen saturation measured with 

max30100 and Pulse Oximetry 
Test number Sensor max 30100 Pulse oximetry Error 

1 96 96 0 
2 97 97 0 
3 97 96 1 
4 96 96 0 
5 96 96 0 
6 98 98 0 
7 97 97 0 

Average   0.14 
 

6. CONCLUSION 
For an athlete fitness is an important thing that must be maintained at 

all times, so that they are always ready to face a race or match. Good and 
proper exercise will maintain the fitness condition of an athlete, but 
excessive exercise will cause athletes in a condition of overtraining or 
excessive fatigue or even injury. In this study proposes an application for 
monitoring the condition of the training load experienced by the athlete's 
body which is manifested in the value of the Cardiovascular Load. We use an 
oximetry sensor to monitor physiological information from athletes, through 
a microcontroller data collected from heart rate monitoring and oxygen 
saturation. Data is sent to a web-based application to be displayed in realtime 
and calculated the level of physiological conditions experienced by athletes 
when training. With this application allows exercises given in accordance 
with the conditions of each athlete so that fitness can be maintained. From 
the experimental results, the developed application can monitor the 
physiological condition trends of runners when given the intensity of the 
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exercise, and the applications developed can provide information on the 
physiological level experienced by runners. 

For example, what happens to users 2 and 4, they have almost the same 
physical condition characteristics. But when they are given the same training 
load, the body's response and the level of training load felt by user-1 and 
user-2 are different. So when given a training load, user-1 is in the Fatigue 
Level 1 category and user-2 is in the Fatigue Level 2 category. 

From this study, it can be seen that the sensors we use can measure 
heart rate and oxygen saturation with errors for each of them at the values of 
0.42 and 0.14. For further work, the addition of sensors to obtain other 
physiological information can be done to get more maximum results, for 
example the addition of sweat sensors to determine the level of dehydration 
might be able to add information on runner conditions. In this work only 
monitoring to determine the level of physiological conditions experienced by 
runners. Addition of exercise recommendations that must be done to 
maintain fitness may be added to further work.  
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