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1. INTRODUCTION

Population and medical expenses are increasing, health care has become the issue of the age for
every world specialized in the field required, patients' heart pacemaker is increasing and need to follow-up
continuous and the lowest possible costs. Because of the large number of patients with pacemakers and the
need to follow them continuously, ECG has been applied before implantation and after implantation,
the patient is usually associated with 12 electrodes and then combines electrocardiogram which is good in the
short term not to enter Hospital for a long period of time, increasing the burden on hospitals. a portable ECG
system that helps these patients after implantation of a pacemaker has been discovered and can be returned to
his home to follow up with the doctor without going to hospital [1-2].

A fact that the patient with a pacemaker needs to be followed periodically by the doctor after
implanting the device. So when the doctor is in another place and can not reach the pataient for some reason
or the high cost of hospital for the patient to stay, this device can make a sulotion [3-4].

The paper presents a wireless system after implantation based on the ECG and Internet Objects
(10T). Based on this system, we design a surveillance system that enables the patient to wear and transfer
information directly to Internet objects (I0T) using Wi-Fi, compared to other ways such as Bluetooth,
Zigbee. Wi-Fi can send more data and provide a cloud (www.Thinger.com) Can be moved anywhere in the
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world. To obtain real-time ECG data without delay for users, this is done by the HTTP server in the Internet
Object Cloud (10T) [5-6], it is free and easy to connect to a Wi-Fi network and in strict confidentiality
[6-7]. The system is show in Figure 1.

Figure 1. A wireless system with ECG sensor

This paper is arranged for several sections; first section displays the proposed method of IOT and
portable monitoring system. Another section is applied to the system with the practical model,
which includes Internet cloud and the website (www.Thinger.com) that used to transfer data, in the end a real
examination of a patient that puts a pacemaker, in order to see if the doctor has received the required reading
in real time.

2. THE PROPOSED METHOD OF IOT AND PORTABLE MONITORING SYSTEM

The Construction of the 10T and Portable Monitoring System is show in Figure 2 [8-9]. The starting
point of the system that is responsible for collecting data from the surface of the human body and transferring
it to the cloud (website) through Wi-Fi. It can record the data for hours that may reach the day. This data is
processed through several stages of amplification and filtering, as well as using a specific wireless protocol
that consumed a medium energy [10-11].

The interface that is responsible for displaying the data through which a doctor will read the ECG
which he will open with any device and thus using the website (www.Thinger.com) is designed to be an
accessible tool. It is also free and the user can log into the cloud to obtain real-time visual data. Web pages
are more flexible in terms of maintenance and development as well as their ease of presence on the laptop
and smart phones as soon as the Internet is available [12-13].
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Figure 2. The proposed method 10T and portable monitoring system [5]
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After making the proposed device we connect the device with the site using the method used in the
site by installing three points of connection located on the site as shown in the Figure 3 and Figure 4.
Also the three points written in the programming code that used in the controller.

a2 7 mrsise

& thinger.io

Add Device

Device details

Device Type

Thinger.io Device v

Device Id

Device description

Generate Random Credentia

Figure 3. The three points connect the device with controller

Thinger_ESF32
Binclude <ThingerESP3z.h>
USERNAME "mr515"

DEVICE ID "ECG1™
DEVICE CREDENTIAL "13153ej9HT73H™

#define 5S5ID "iFhone hassnaa™
#define S5ID PASSWORD ™123456787

ThingerESP32 thing (USERWNAME, DEVICE_ID, DEVICE_CREDENTIAL);

wold setup() {
//pinMode (35, OUTPBUT);

thing.add_wifi(S5ID, SSID_PASSWORD);

S digital pin control example (i.e. turning on/off a light, & relay, configuring a parameter, etc)
//thing["led™] << digitalPin(35);

/f resource output example (i.e. reading a sensor value)

thing["temperature™] >> [](pson & ocut) {
out = analogRead(36);
1:
ff more details at http:/sdocs.thinger.io/arduinc

B s TR et L |

Figure 4. The three points written in the code

3. MODEL OF THE SYSTEM AND COMPONENTS

According to the structure written in the second Section 2, monitoring system based on ECG Sensor,
cloud computing and the Web. The monitor system shows the ECG node that collects data from the surface
of the human body by installing it in a well-known way and then sends it to the Web via Wi-Fi. As shown
in Figure 5.
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Figure 5. The monitor system

3.1. Components of the Monitor System
3.1.1 ECG Sensor

With the help of the EC8232 ECG sensor, ECG data is collected from the surface of the body, which
consists of dry electrodes the signal passes through the AD8283 band pass filter for remove the unwanted
frequency that is outside the calculated frequency range of the signal (0.5 Hz and 100 Hz), and then its
amplified by the operational amplifier. Finally, ECG were collected are from (0 V to 3.3V) [14-15].

3.1.2 Controller

Is the basis that controls the ECG control node, we use a special unit to process the collected ECG
signal and send it to a Wi-Fi, module it use the ESP32 chip that designed for Internet-of-Things (lIoT)
applications and wearable sensors. It has been chosen because it features the modern properties of low-
energy chips, such as a different energy pattern, high efficiency gates around the clock, and power scaling
and other features. It has been chosen because it features the modern properties of low-energy chips such as a
different energy pattern, high-efficiency gates around the clock, and power scaling and other features. ESP30
is periodically updated and according to the specific situation. For example, a low cycle is used to reduce the
amount of energy spent by the chip. The output can be adjusted to the power amplifier, thus helping the
development in communications, power consumption and data rate. The main chip consists of four actions,
sampling, ADC, storage samples, and packages. At first, the analog ECG signal is numbered and samples are
taken and transferred through the ADC. These ECG samples are then stored temporarily in the buffer before
filling in the desired format. Finally, the data is transferred to Wi-Fi, This controller has a 2.4 GHz Wi-Fi
network, a 32-bit dual-core chip with 600 DMIPS, a toolkit, API, components and workflow for applications
using Windows, Linux and Mac OS, the Specifications of ESP32 shown in Figure 6 [16-17].

Specifications

Operating Voltage 22V to 3.6V
GPIO 36 ports

ADC 14 ports

DAC 2 ports

Flash memory 16 Mbyte
SRAM 250 Kbyte
Clock Speed Up to 240 MHZ
Wi-Fi 2.4 GHz

Sleep Current 25uA

Figure 6. Specifications of controller (ESP32) [10]

3.1.3 Website

Thinger (https://console.thinger.io) the best Platform with scalability, speed, security and easy
coding all this to manage your 10T that gives a cloud service designed to allow Receive data from sensor to
be showed on the internet and be viewed in real-time and any place in world. This website has a very
important feature is that anyone can handle it with the ability to register on the accounts for free to start the
Internet of thing (loT) project in minutes. Easily con Figureure the board by connected between the chip
esp32 and the web by define the Username, Device ID and Device CREDENTIAL these written in the code
of the chip. As shown in Figure 7 [18].
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Figure 7. Example of conFigureuration with free register account

3.1.4 Micro SD Module

The micro SD card moduleit is a chip that can easy to add data from the sensor after record the data
to save it with Microsoft Excel Worksheet to read by a doctor. The operating voltage of any standard micro
SD Cards is 3.3V [19].

Rechargeable 3.7 V Lithium Batteries

Full Charge Output Voltage: 4.2V - 3.7V with Connector Genuine JST and Includes over-charge,
over-use, and short circuit protection [20].

4. RESULTS AND ANALYSIS

This section is divided into two subsections: the experiment receiving the signal on the normal
patient and the patient who has the pacemaker and the second section the signal analyzer received for the
patient who has a pacemaker and calculate the heart rate.

4.1. The Experiment Receiving the Signal

Three electrodes--lead placed on the surface of the body of patient body to capture the signal of the
ECG In order to get the best single of the ECG, the electrodes must place in a triangle around the heart as
shown in in Figure 8 [21].

The single that record from the proposed system is show in Figure 9 is for normal patient and the
second one for patient that has pacemaker as showen in Figure 10.

Figure 8. The placement of electrodes
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Figure 10. The single for patient has pacemaker

4.2. Analysis
4.2.1 Mathematical Equations of the Theoretical Method

The interval of these R waves is usually used to know the heart rate. There is many ways to measure
the heart rate through the ECG single. The data collected from the regular volunteer to take the heart rate
where the patient in place 1(website in Browser A) and the doctor in place 2 (website in Browser B),
the doctor must know if the rhythms is regular or irregular [22-23].
Both cases there are special accounts which are as follows:
Case. 1 (if the rhythm regular)
The distance between each R wave and anther is equal. We used by calculate the number of big square
between R1 and R2 which is divided for five small square:
1 big square = five small square
We have as shown in Figure 11(a)
2 big square and 2 half big square =2*5+2+2=14 the number of small square

Smart monitor of pacemaker patient by using iot cloud in real time (Jameel Kadhim Abed)
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Then we use the equation:-

Heart rate =1500/number of small square

=1500/14

=107 in 60sec

Case. 2 (if the rhythm irregular)

The distance between each R wave and anther is unequal.
We used by calculate the number of R waves through

15 big squares and multiplying it by 20 like in the Figure 11(b)
Heart rate =number of R wave in 15 big square*20
=5*20

=100 in 60sec

l; « m o & . ° -0 X
“ C 5048 thenge %) ¢

& thinger.io

Figure 11. (a) case.1

Figure 11. (b) Case. 2

4.2.2 Practical Method

The trials were conducted by 10 patients to confirm the measured value of the male and female heart
rate between the ages of 20 and 30 years. Their weights were between 60 and 90 and patients had to sleep or
sit without moving. An electronic pressure measuring device was used to measure the heart rate and then use
the system The proposal for each reading is similar and according to the written table. The summary results,
shown in Table 1 and Figure 12 first patient with heart beat [24-26].
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Table 1. The Result of Heart Rate Measurement Comparing between Proposed System and Digital Blood

Pressure
Patient Tester ~ Heart Rate from Digital Blood Pressure Monitor ~ Heart Rate from proposed system
1 69 76
2 72 73
3 87 81
4 93 85
5 82 84
6 87 80
7 69 72
8 56 65
9 75 71
10 80 84

patient number 1

76.00

Figure 12. First patient with heart beat

5. CONCLUSION

Designed and implemented a system based on advanced Internet technologies for an ECG
monitoring. The ECG System construction was initially introduced. The ECG sensor is displayed and
compared with different way of transport, including Wi-Fi, Bluetooth, and Zighee networks. Based on the
proposed construction, Through ECG node with three electrodes that can be worn, ECG signals can be
collected real-time and transport to anywhere in world. The collected ECG signal was sent to the Internet of
things by Wi-Fi, which uploading data for the wanted coverage areas. It is an independent tool for the patient
and is a very useful tool for the doctor using the two methods presented in the paper to know the heart rate,
which shows whether the patient has any increase or decrease in heart rate and can take this system with him
anywhere with the availability of Wi-Fi through An operating system for browser users and access to ECG
data, provides a web-based graphical user interface. In the future, studies need further development of ECG
monitoring. Such as the need to improve the accuracy of the ECG signal and provide sensors that will help
more patient observation. This will help in the long term with the easiest and least expensive way to present
problems in healthcare.
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