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Abstract 

A health monitoring system that attached sensor on the human body is part of a 
wireless body area network (WBAN) which governed by IEEE 802.15.6 
standard. Nowadays, most people lack time to perform regular monitoring of 
their health, including checking the heartbeats. To answer this challenge, an 
alternative monitoring system capable of observing heartbeats condition in real-
time will be useful, particularly if the system could be monitored remotely and 
accessed by multiple persons. This research proposed a heartbeats detection 
system (HEBEDES) using a pulse sensor in a wireless body area network 
(WBAN) on hybrid monitoring system for a real-time. The hybrid monitoring 
system design used three ways access: using smartphones via Bluetooth, short 
message service (SMS), and the internet, all could be accessed anytime and 
anywhere simultaneously. Six subjects with various physical activities were 
tested. The accuracy of HEBEDES employed in this research was confirmed by 
both stethoscope and oxy meters measurements, with an error rate <2% and value 
difference of 0.02%.  
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1.  Introduction 
With the increasing productivity, nowadays people are lacking time to monitor their 
health, including simply checking their heartbeats. Checking heart health is very 
important to find out a person's health condition, especially heartbeats. To monitor 
human heartbeats, Yang et al. [1] presented a method for extracting foetal heart rate 
by combining adaptive and noise cancellation approach. To increase its accuracy, 
they utilized a doppler monitor and its clinical trial has been performed on pregnant 
women. Park et al. [2] have developed patient heartbeats monitoring system to 
provide information for their therapist, whenever necessary. Research by Rotariu 
et al. [3] examined remote blood pressure monitoring, it was wireless and was able 
to send information on blood pressure and heartbeats. The abovementioned systems 
are suitable for long term monitoring, particularly at the diagnostic phase. 
However, they are only applicable for partial system consideration.  

In the field of smart sensory utilization, there has been a number of studies. 
Wang et al. [4] conducted research on the use of smart sensor to record body sound. 
They used active energy transmission, such as X-ray detection and ultrasonic 
monitoring, as to avoid damage to the human body. Hui [5] has proposed a 
stochastic resonance method for processing wireless sensor networks data and for 
continuous monitoring of cardiac status, adopting an intelligent sensor networks 
system. Another study by Alshorman et al. [6] employed a wireless pulse oxy meter 
to obtain oxygen saturation level and heart rate of patients, and the measurements 
were sent to corresponding hospital. Rotariu and Manta [7] also conducted 
observation on oxygen saturation using wireless networks. The system provided 
continuous patient monitoring as a part of diagnostic procedure, in which saturation 
level of oxygen and heartbeats were measured using oxy meter and sent to central 
data centre via wireless networks. Roham et al. [8] employed mobile system and 
wireless network for observing foetal heartbeats contraction conditions. However, 
Monitoring of wireless networks and the mobile system for short range radios.  

A research by Zulkifli et al. [9] observed using Xbee module for Garmin heart 
rate based on the wireless sensor network. Hodge et al. [10] proposed a revolution 
for the health sector, focusing on quick assistance method to promote better 
recovery using advanced technology. Remote monitoring using microcontroller 
devices and laptop have also been published by Izneid et al. [11]. The method 
consisted of several phases to perform procedures, such as pulse and signal 
extraction. In the case of elderly in homecare, a personal emergency response using 
wireless networks and remote monitors were presented by Larkai and Wu [12]. 
Jang et al. [13] studied about technology ring sensor. The sensor device will attach 
to the finger in 24 hours period, and the system can monitor heartbeats conditions 
as long as the sensor still sticks to the finger.  

Virtual reality application that is performed in various assisted such as 
augmented, gaming, and the computer has been presented by Jovanov et al. [14]. 
The combination of two WPAN can perform packet translation will become 
efficient between network stacks. The system will give access to use a router, and 
each sensor accessed directly from anyplace also has been proposed by Catapang 
et al. [15]. Ramesh and Giriraja [16] presented which sensors are attached to 
people; meanwhile, the region is separated into clusters. The sensors hope the 
system can be operated in both ADHOC and GSM regions. Liu et al. [17] proposed 
hybrid networks that are used for the monitoring system. The remote pulse system 
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is used as a fundamental sensor to integrate the system with exploiting Zigbee and 
LAN, respectively. An analytical power consumption model that is used the 
CSMA/CA algorithm for beacon-enabled has been proposed by Cheng and Huang 
[18]. However, all of the abovementioned systems about the sensor partially system 
and they were no method hybrid that can be accessed simultaneously in several 
devices monitor. Hamidah et al. [19] presented detection using a signal envelope 
based on Shannon.  The method can be divided heart sound, and extra sound to 
process distinguishes signal's characteristic. However, the proposed only display 
outcome for peak detection graphically.  

Tateno et al. [20] have proposed a method to analyse the correlation between 
drowsiness and heart rate data. Respiratory rate is calculated based on heartbeats rate 
data. However, the accuracy system will need to be improved as well, as the 
monitoring system still has not appeared yet. Malheiros et al. [21] have presented 
about accelerometer and gyroscope sensors. The method tried to collect information 
based on the sensor and then send data to the cloud. However, information data only 
platform android application. Ying et al. [22] have studied about ECG detection. The 
method will realize segmentation and positioning based on LabVIEW and Matlab 
programming. However, display data only use a single monitor that is LabVIEW. 
Kurylo and Varyshchuk [23] have proposed long term and non-contact monitoring. 
The method used web cameras as devices to analyse image data. The distance factor 
that was emphasized for consideration. However, the display only uses a regular 
video camera. Tartan and Ciflikli [24] have presented an android application for 
geolocation, which uses an alarm to inform the emergency. Nosrati and Tavassolian 
[25] have demonstrated about heartbeat using a processing technique based on the 
doppler radar's method. Data was taken from the chest wall of the human body. The 
system can apply with a distance of 1 meter from the object. Vithiya et al. [26] have 
studied sensors that are used around the soldier to avoid accidents. The sensors were 
attached to each soldier, and the system observed and tracking the situation in battle 
as well as health condition. Monitoring of their health and all data were sent to central 
base system using internet of things. Yang et al. [27] have presented a method called 
the ASNC approach. This method is used to calculate heartbeats waveform using 
sensor accelerometer and gyroscope, respectively. Chandra et al. [28] have published 
about heartbeats detector based on the CNN method. The system can detect multiple 
signals from the heartbeats location, even on the clinical condition. However, the 
technique still has not combined yet as a full system. 

This research proposed a real-time heartbeats detection system (HEBEDES) using 
a pulse sensor connected to wireless body area networks for a hybrid monitoring 
system, called HEBEDES. HEBEDES is expected to effectively monitor the human 
heartbeats in real-time and sent through several ways, such as via Bluetooth 
smartphones, short message service (SMS), and the internet. The performance of 
HEBEDES was tested for six human subjects with various physical activities, and the 
results were compared to manual measurements using stethoscope and oxy meter. 

2. HEBEDES 

2.1.  System design 
The HEBEDES system used in this study consisted of a DC power supply, Arduino, 
Bluetooth (BT), an Android smartphone, Sim 800L, ESP8266, internet networks, 
and the clients. Data and information collected by the monitoring system were sent 
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to smartphones, short message service (SMS), and the internet. All of those data 
and information could be displayed on the client-side. For Bluetooth application, 
data were collected by a HC-06 module connected to a smartphone, in which an 
Android APK heartbeats application program was installed. For SMS application, 
results from sensor readings were saved to heartrate APK database. A SMS 
gateway module Sim 800L type was used to send the data, directed to client phone 
number. For internet application, data transmission was done using ESP8266 IoT 
module, connected to internet network access via Thingspeak. Average heartbeats 
sensor readings were sent to the web and the client could see the results online. 
These three applications were available simultaneously, so clients could choose 
their preference. 

Figure 1 is a complete description of HEBEDES. Pulse sensor recorded data from 
the patient’s finger, then Arduino Mega 2560 processed the data. Subsequently, 
processed data were sent through ESP 8266, Bluetooth, and Sim 800L.  

 
Fig. 1. Diagram block for HEBEDES. 

2.2. Hardware  
In HEBEDES system used suitable hardware for hybrid monitoring system, all of 
results from processed data can be accessed on smartphones via Bluetooth, SMS, 
and internet, respectively. For more detail, hardware can be seen in Fig. 2.  

 
Fig. 2. Hardware for HEBEDES. 
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Figure 3 shows the algorithm for the HEBEDES system as follows: first, a pulse 
sensor is connected to Arduino as input. Then, HEBEDES will perform connection 
checking with Bluetooth (BT) and the internet. If there is no connection, HEBEDES 
will repeat the initializing process. When connection is established successfully, 
HEBEDES will read heartbeats data from the pulse sensor. Next, HEBEDES will 
send the data simultaneously via Bluetooth, the internet, and SMS for display.  

To confirm data measurement, separate measurements were performed using 
stethoscope and oxy meter. To calculate measurements difference, the following 
formula was used: 

𝐸𝐸𝑆𝑆 (%)  = ( 𝑁𝑁𝑃𝑃𝑃𝑃 − 𝑁𝑁𝑆𝑆 
𝑁𝑁𝑃𝑃𝑃𝑃

 ) (100%)                (1) 

is the error rate stethoscope in percentage, NPS and NS were measurement from 
pulse sensor and stethoscope, respectively.  

EO is error rate oxy meter in percentage, NPS and NO were measurement from 
pulse sensor and oxy meter, respectively.  

𝐸𝐸𝑂𝑂 (%)  = ( 𝑁𝑁𝑃𝑃𝑃𝑃 − 𝑁𝑁𝑂𝑂 
𝑁𝑁𝑃𝑃𝑃𝑃

) (100%)                 (2) 

DE is different error rate between manual stethoscope and oxy meter in percentage, ES 
and EO were calculation from error rate stethoscope and error rate oxy meter, respectively. 

𝐷𝐷𝐸𝐸 (%)  =  𝐸𝐸𝑆𝑆  −  𝐸𝐸𝑂𝑂                                (3) 

 
Fig. 3. Flowchart of HEBEDES. 
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3.  Results  

3.1. Bluetooth connection test 
Bluetooth technology is short-range communication technology that can be used 
for connecting portable or fixed sensor devices governed by IEEE 802.15.1 [29]. 

Bluetooth connection tests were performed for different range (in meters) 
following these steps: data collection from pulse sensor, data processing and 
delivery via Bluetooth HC-06, data display and notification in smartphones. 
Successfully sent data were recorded as “on”, while failed deliveries were denoted 
as “off”. The results are summarized in Table 1. 

Based on the connection test, heartbeats data were successfully received to 10-
meter range, complying to IEEE 802.15.1 specification.  

Table 1. Bluetooth connection test results. 

Range (m) 
Data from the 
pulse sensor 

(BPM) 

Data received 
in smartphone 

(BPM) 
Condition 

1 88 88 on 
2   90 90 on 
3  91 91 on 
4  89 89 on 
5   90 90 on 
6   85 85 on 
7   87 87 on 
8   88 88 on 
9   90 90 on 
10   85 85 on 

3.2. Sample A, female, 20-years old, relaxed condition after sleeping  
In this study, HEBEDES were performed on six subjects in various physical 
condition. Physical data were obtained using a pulse sensor and sent to smartphones 
via Bluetooth, SMS, and internet. To validate data from HEBEDES measurement, 
they were compared with manual measurements using stethoscope and oxy meter 
device. Error rate was then calculated from difference of HEBEDES measurement 
and manual measurements. Total data for six subjects were 600, while for each 
object was taken 100 times. The samples were denoted as: A (Female, 20 years 
old), E (Male, 24 years old), F (Female, 37 years old), C (Male, 25 years old), D 
(Male, 29 years old), and X (Male, 70 years old). 

Figure 4 shows testing performance on Sample A. From HEBEDES 
measurement, average heartbeats of Sample A were 80 beats per minute (BPM), 
categorized as good. When compared to manual measurements, error rate ES was 
1.26% with stethoscope and EO was 1,08% with oxy meter. The average error rate 
of both (DE) was only 0.18%.  
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Fig. 4. Testing results on Sample A. 

3.3. Sample E, male, 24 years-old, sitting condition 
Figure 5 displays testing result on 24 years-old, male, in a relaxed sitting condition. 
Average heartbeats of the subject were 85 BPM (good health). Comparison of 
HEBEDES measurement with manual measurements produced an error rate ES of 
1.20% with stethoscope and EO of 1.11% with oxy meter. Average error rate DE 
was only 0.09%. Sensor reading data were successfully transferred via Bluetooth, 
the internet, and SMS to the client. 

 

Fig. 5. Testing results of Sample E. 

3.4. Sample F, female, 37 years-old, sitting condition 
Testing results for Sample F are shown in Fig. 6. Data reading of the client's 
heartbeats was categorized as good health, with an average reading rate of 76 BPM. 
When measured manually, it showed an error rate ES of 0.58% with stethoscope and 
EO of 0.62% with oxy meter. The average error rate DE for both was only 0.04%.  
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Fig. 6. Testing results of Sample F. 

3.5. Sample C, male, 25 years-old, after playing badminton 
Sample C was a male undergoing physical activity, namely playing badminton. 
HEBEDES measurement was performed after the subject finished the activity, and 
it showed an average heartbeat of 105 BPM (moderate activity), it can be shown in 
Fig. 7. Comparison of HEBEDES measurement with manual measurements yielded 
an error rate ES of 1.14% with stethoscope and EO of 1.2% with oxy meter. Average 
error rate DE was only 0.06%. The status of sensor readings was properly delivered 
via Bluetooth, the internet, and SMS to the client. 

 
Fig. 7. Testing results of Sample C. 

3.6. Sample D, male, 29 years-old, after jogging 
Figure 8 illustrates testing results on Sample D. The subject went jogging and 
testing was performed right afterwards. Reading rate of subject’s heartbeats was 
categorized as moderate activity (an average of 110 BPM). When compared to 
manual measurements, the error rate ES was 1.16% with stethoscope and EO was 
1.4% with oxy meter, with averaging DE of only 0.24%.  
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Fig. 8. Testing results of Sample D. 

3.7. Sample X, male, 70 years-old, after performing jumping jack 
Testing results for Sample X are presented in Fig. 9. The subject performed 
jumping jack and the measurements were conducted after he finished the activity. 
Data reading of the client's heartbeats was categorized as a fat-burning activity, 
averaging 100 BPM. Comparison of HEBEDES measurement to manual 
measurements yielded an error rate ES of 1.2% with stethoscope and EO of 1.25% 
with oxy meter, with average error rate DE of 0.05%. 

 
Fig. 9. Testing result of Sample X. 

3.8. Analysis of all samples 
To confirm HEBEDES measurement, the results were compared to manual 
measurements. Figure 10 displays data comparison of HEBEDES, stethoscope 
measurement, and oxy meter measurement. It confirms matching measurements 
data with an average error of 1.09% and 1.11% for ES and EO, respectively. The 
value of DE was also very small (0.02%), showing excellent match. With these 
comparisons, HEBEDES was proven accurate in measuring physical attributes of 
the subjects. These results showed good matching between pulse sensor, manual 
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stethoscope, and oxy meter. Also, reading data were successfully transferred via 
Bluetooth, the internet, and SMS to the client. 

 
Fig. 10. Testing results for all samples. 

4.  Conclusions 
This research proposed a real-time heartbeats detection system (HEBEDES) using 
a pulse sensor connected to wireless body area networks for a hybrid monitoring 
system. The data were sent to clients and accessed smartphone (via Bluetooth), 
short message service (SMS), and the internet. HEBEDES system in this study was 
tested on six subjects and the data were compared to manual measurements using 
stethoscope and oxy meter. The results show that HEBEDES measurements were 
in good match with manual measurements, with error rate smaller than 2% and 
different both was only 0.02%. 
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Nomenclatures 
 
A Sample A, female, 20-years old, relaxed condition after sleeping 
C Sample C, male, 25 years-old, after playing badminton 
D Sample D, male, 29 years-old, after jogging activity 
DE Different error rate between manual stethoscope and oxy meter in 

percentage 
E Sample E, male, 24 years-old, sitting condition 
ES The error rate stethoscope in percentage 
EO The error rate oxy meter in percentage 
F Sample F, female, 37 years-old, sitting condition 
NPS Measurement from pulse sensor 
NS Measurement from stethoscope 
NO Measurement from oxy meter 
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X Sample X, male, 70 years-old, after performing jumping jack 
 
Abbreviations 

BPM Beat Per Minute 
BT Bluetooth 
DC Direct Current 
ECG Electrocardiogram 
GSM Global System for Mobile 
HEBEDES Heartbeats detection system 
SMS Short Message Service 
WBAN Wireless Body Area Network 
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