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Abstract-Patient monitoring is an important issue in the medical
field, requiring planning, effort, and time. One of the challenges
that physicians, nurses, paramedics, and emergency medical
technicians face is the shortage of specialized medical equipment
and staff with the ability to measure, display, store, and transmit
the vital signs of patients for remote diagnosis under critical
conditions. Therefore, and based on our evaluation for such
needs, our main research objective was to develop a new system
to enable these professionals to perform such monitoring
functions with a higher level of safety, performance, and time
effectiveness with reduced cost. An advanced, integrated,
effortless, and portable system was developed, which is capable to
measure, monitor, display, store, and transmit data related to the
Electrocardiography (ECG) signal along with its derivatives,
such as the heart rate using a hybrid system that combines
hardware and software.
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1. INTRODUCTION

Electrocardiography (ECG) [1] is an interpretation of the
electrical activity of the heart, detected by electrodes attached
to the surface of the skin and recorded by a device, external to
the body. Detection is conducted in the form of tiny rises and
falls in the voltage between two electrodes placed at the sides
of the heart. The display looks like a wavy line either on a
screen or on paper. The electrodes are standardly applied on the
four extremities and the chest surface. The display indicates the
overall thythm of the heart and weaknesses in different parts of
the heart. The ECG device detects and amplifies the small
electrical changes on the skin that are caused when the heart
muscle depolarizes during each heartbeat. It provides
information on the condition and performance of the heart.
ECG is one of the vital signs monitored in many medical and
intensive care procedures. Any deviation from the normal in a
particular electrocardiogram is indicative of a possible heart
disorder. Any ECG instrument is provided with an alert
mechanism that warns the medical staff of any abnormal
changes detected in the cardiac function. ECG equipment has
been developed over the years [2]. Digital hardware
programmable logic was used to develop an ECG system in
late '60s [3] and computer based ECG systems came into use in
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many hospitals [4, 5]. Wireless and digital technologies have
been used to develop ECG home monitoring and telehealth
systems [6-8]. To reduce size and cost, embedded technology
has been used in portable medical systems [9-11].

Cardiovascular Diseases (CVDs) are one of the leading
mortality causes accounting for 31% of deaths worldwide [12].
In Saudi Arabia and in the Gulf Countries, CVDs are becoming
a major health concern as being contributing to more than 45%
of total deaths [13]. This percentage increases in rural areas
where the healthcare is provided in primary health centers with
shortage of specialized medical equipment and staff. The most
affected people with CVD are elderly and adults with low
income. Patients of CVDs need emergency care as soon as they
occur.

Our case study is the Hail region in the north of Saudi
Arabia, having a high number of rural villages (59). The goal
of our research, based on our evaluation of the needs of the
Primary Health Centers (PHCs), is to develop a new system
with the required features to enable healthcare professionals to
perform monitoring functions with higher safety, performance,
and time effectiveness with reduced cost using embedded
technology and advanced signal processing that can be used
remotely via the Virtual Instrumentation (VI) technology. This
system should also overcome the lack of expert physicians in
rural regions or some urban clinics or health centers, who can
be consulted remotely in real-time if needed. The proposed
dedicated new system consists of a low cost computer, with a
developed portable device connected via Ethernet, and
dedicated developed software (National Instruments Inc.). The
Graphical User Interface (GUI) - VI system has been designed
for easy measurement and analysis. In addition, it provides a
user-friendly interface and the ability for advanced analysis of
the acquired ECG signals using advanced signal processing
techniques in time and frequency domains to help accurately
diagnose such events at early stages without the need for
consultation except from very critical situations.

The proposed integrated, effortless, and portable system
measures, monitors, displays, stores, and transmits data related
to the ECG signal along with its derivatives. The system is
planned to have the capability to easily process, control, and
send the resulted signal through the Ethernet technology.
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II.  SYSTEM DEVELOPMENT

A. Hardware

The block diagram shown in Figure 1 consists of four
stages: pre-amplification (surge arrester and low pass filter),
amplification (ECG amplifier), controlling (uc, EEPROM, and
JTAG), and Interfacing (USB to RS232 converter, Serial to
Ethernet convertor, power adaptor and power modules).
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Fig. 1. System block diagram.

The elements of the system are:

e Surge arrester: It consists of a resistor and a gas discharge
tube. It is used to prevent the circuit from high level
defibrillation voltage (6000V) by reducing it into nearly
120V.

e Electro Magnetic Interference (EMI) Filter: It is built inside
the ECG amplifier.

e Low Pass Filter: It is used to filter the weakly resulted ECG
signal to become suited to processing, conditioning, and
displaying. The ECG amplifier has 10 input leads: LL, RL,
RA, LA, V1,V2,V3,V4, V5, and V6 with 3 power pens of
—2.5V, 2.5V analog voltage, and 3.3V digital voltage.

e Serial Peripheral Interface (SPI): It is a protocol that allows
bidirectional communication between the ECG amplifier
and the microcontroller.

e Microcontroller (pc): It is used to represent the controlling
stage after the end of the previous pre-amplification and
amplification stages. The microcontroller is programmed in
C language. The microcontroller will convert the RS232
serial interface into the SP1I.

e JTAG: It is linked with a bidirectional linker with the pc
and it is represented by a connector for the purpose of pc
programming.

e Electrical Erased Programmable Read Only Memory
(EEPROM): It is used for the temporary storage of data
before receiving a server request of transmitting these data
by the pc. It has a bidirectional linking with the pic because
it is available for both writing and reading, even though it is
called Read Only Memory (ROM).

e Digital Isolator: It is represented by a small power
transformer and it is used for the isolation of the
transmitting and receiving buses between the computer
interface region and the patient interface region.

e Power Module Isolated: It consists of power regulators
distributed through two stages, the first stage converts the
5VD power module output into 5V and -5V output while
the second stage converts the 5V primary output into 2.5V
and 3.3VD secondary output and the —5V primary output
into —2.5V secondary output.

e Transmit (TX) Switch: It is used to switch between the
input from Ethernet and the input from the USB controller
(Figure 2).
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Fig. 2. The TX Switch.

e USB to RS232 Converter: It is used to convert the USB bus
into the RS232 serial interface bus that is connected to the
digital isolator.

e Power Module: It is one of the two input voltage sources. It
converts the 6V input from the adapter into 5V and 3.3V
(digital voltage). It is actually a low power transformer.

e Serial to Ethernet converter: It is used to convert the signal
bus (RS232) which comes from the power module into
Ethernet signal.

Our system has the ability to choose between two
alternative input sources, the electrical adaptor and the USB
adaptor. We can classify the components of our system into
two classes: Isolated part components (patient-side
components) and Non-Isolated part components (computer-side
components). It is a high-safe system because it offers a safe
protection to the patient by using a main digital isolator that
separates the Non-Isolated from the Isolated parts. It also offers
circuit protection from the high defibrillation voltage (6000V)
by reducing it into a much lower voltage (120V) by using the
surge arrester.

B. Software

To control the developed hardware, a graphical program
has been developed in LabVIEW [14]. The Graphical User
Interface (GUI) is termed as Virtual Instrument (VI) because its
appearance and operation imitates physical instruments.
LabVIEW contains a comprehensive set of tools for acquiring,
analyzing, displaying, and storing data. LabVIEW is used to
communicate with hardware for data acquisition via ports such
as GPIB, RS232 and RS485. The front panel in Figure 3 shows
9 leads of normal ECG signals while the front panel in Figure 4
shows normal ECG with a red indicator detecting that the V1
lead is off. Heart rate derivation from the ECG is conducted as
shown in the block diagram in Figure 5.
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Fig. 4.

Normal ECG with a red indicator alerting that the V1 lead is off.

Heart Rate:

bz

-1

£CG PATIENT RECORD

o

ECG PATIENT RECORD.

5]

Fig. 5. VIblock diagram.

Wavelet-based peak detection is applied. The peaks in an
ECG signal indicate the rhythm of the heart. Typically, one
lead of an ECG signal (such as lead II) consists of 5 peaks and
valleys. The first positive deflection is referred to as the P
wave. The duration between the Q and S waves is called the
QRS duration and indicates the ventricular condition. The
peaks in ECG signals usually are corrupted by environment
noise and cannot be detected properly by traditional curving-
fitting methods. The wavelet-based peak detection method is
naturally immune to noise and can detect both sharp and mild
peaks/valleys accurately. The wavelet-based method also is less
affected by trends in the signal. This item uses the WA Multi-
scale Peak Detection VI to detect the peaks in an ECG signal

and computes the QRS duration as shown in the block diagram
in Figure 6.
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Fig. 6. ECG QRST complex detection block diagram.

III.  RESULTS AND DISCUSSION

To test the developed system we did various tests using a
patient simulator for normal (Figure 7) and abnormal cases
(Figures 8-10).

A. Normal Case
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Fig. 7.

Normal ECG signal.

B. Abnormal Cases

1) Tachycardia

The heart rate is controlled by electrical signals sent across
heart tissues. Tachycardia [15] occurs when an abnormality in
the heart produces rapid electrical signals. In some cases,
tachycardia may cause no symptoms or complications.
However, tachycardias can seriously disrupt normal heart
function, increase the risk of stroke, or cause sudden cardiac
arrest or death. Treatments may help control a rapid heartbeat
or manage diseases contributing to tachycardia. A healthy adult
heart normally beats 60 to 100 times a minute when a person is
at rest. If you have tachycardia the rate in the upper chambers
or lower chambers of the heart, or both, are increased
significantly as shown in Figure 8.

2) Atrial Flutter

Atrial Flutter (AFL) [15] is an abnormal heart rhythm that
occurs in the atria of the heart. When it first occurs, it is usually
associated with a fast heart rate or tachycardia (beats over 100
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per minute), and falls into the category of supra-ventricular
tachycardia's as shown in Figure 9.

i)

s

Atrial flutter.

Fig. 9.

While this rhythm occurs most often in individuals with
CVDs such as hypertension, coronary artery disease, and
cardiomyopathy, it may occur spontaneously in people with
otherwise normal hearts. It is typically not a stable rhythm, and
frequently degenerates into Atrial fibrillation. Rarely, it persists
for months to years. Atrial flutter is usually well tolerated
initially (a high heart rate is for most people just a normal
response to exercise), however, people with other underlying
heart diseases or poor exercise tolerance may rapidly develop
symptoms, which can include shortness of breath, chest pains,
lightheadedness or dizziness, nausea and, in some patients,
nervousness and feelings of impending doom. Prolonged fast
flutter may lead to decompensation with loss of normal heart
function (heart failure). This may manifest as effort intolerance
(exertional breathlessness), nocturnal breathlessness, or
swelling of the legs or abdomen.

3) Ventricular Fibrillation

Ventricular Fibrillation (V-fib or VF) [15] is a condition in
which there is uncoordinated contraction of the cardiac muscle
of the ventricles in the heart, making them quiver rather than
contract properly as shown in Figure 10. Ventricular fibrillation
is a medical emergency and the most commonly identified

arrhythmia in cardiac arrest patients. While there is activity, it
is undetectable by palpation (feeling) at major pulse points of
the carotid and femoral arteries especially by the layperson.
Such an arrhythmia is only confirmed by ECG. VF is a medical
emergency that requires prompt basic life support interventions
because should the arrhythmia continue for more than a few
seconds, it will likely degenerate further into a systole ("flat
line"). The condition results in cardiogenic shock, cessation of
effective blood circulation, and Sudden Cardiac Death (SCD)
will result in a matter of minutes.

Fig. 10.  Ventricular fibrillation.

C. The Realized System

The main designed and developed Embedded Isolated ECG
system board with size of 75mmXx75mm is shown in Figure 11.

Fig. 11.  The developed main embedded isolated ECG system board.

IV. CONCLUSION

The developed ECG system development stages consist of
designing the board, creating the layout, fabricating the printed
circuit board, and assembling the components, in order to get
the final system. The developed system has the capability to
acquire different ECG signals from different sites on the body,
protect the patient at this side, amplify the acquired signal,
control it, transfer it from an isolated safely system's part
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(patient-end part) to a non-isolated one (computer-end part)
with perfect isolation. A GUI was built for displaying the
acquired signals using the LabVIEW program with the
properties of displaying 9 ECG leads simultaneously or any
selected specific lead and storing and transferring them through
the Ethernet. The presence of physicians, nurses, and
paramedics in the PHCs and private clinics ensures the
developed system to be of low cost, small, portable, safe,
biocompatible, effective, precise, simple, and durable. The
system will be applied and validated in future work after Saudi
Food and Drug Authority approval.

ACKNOWLEDGEMENT

The author would like to thank the University of Hail,
Kingdom of Saudi Arabia.

REFERENCES

[1] P. Kligfield et al, "Recommendations for the standardization and
interpretation of the electrocardiogram: part I: The electrocardiogram
and its technology: a scientific statement from the American Heart
Association Electrocardiography and Arrhythmias Committee, Council
on Clinical Cardiology; the American College of Cardiology
Foundation; and the Heart Rhythm Society: endorsed by the
International Society for Computerized Electrocardiology," Circulation,
vol. 115, no. 10, pp. 1306-1324, Mar. 2007, https://doi.org/10.1161/
CIRCULATIONAHA.106.180200.

[2] W. Einthoven, "The string galvanometer and the human
electrocardiogram," in KNAW, Proceedings, Amsterdam , Netherlands,
1904, vol. 6, pp. 107-115.

[3] A. Rosado, M. Bataller, J. F. Guerrero, J. Calpe, J. V. Francés, and J. R.
Magdalena, "High performance hardware correlation coefficient
assessment  using programmable logic for ECG  signals,"
Microprocessors and Microsystems, vol. 27, no. 1, pp. 33-39, Feb.
2003, https://doi.org/10.1016/S0141-9331(02)00083-2.

[4] A. C. Zoric and S. S. Ilic, "PC-Based System For Electrocardiography
And Data Acquisition," in % SIKS 2005 - 2005 uth International
Conference on Telecommunication in ModernSatellite, Cable and
Broadcasting Services, Nis, Serbia, Sep. 2005, vol. 2, pp. 619-622,
https://doi.org/10.1109/Te SKS.2005.1572189.

[5] A.Josko and R. J. Rak, "Effective simulation of signals for testing ECG
analyzer," IEEE Transactions on Instrumentation and Measurement, vol.
54, no. 3, pp. 1019-1024, Jun. 2005, https://doi.org/10.1109/TIM.2005.
847350.

[6] S. Korsakas et al., "The mobile ECG and motion activity monitoring
system for home care patients," in 2006 Computers in Cardiology, The
Mobile ECG and Motion Activity Monitoring System for Home Care
Patient, Sep. 2006, pp. 833-836.

[7] F. Bagheri, N. Ghafarnia, and F. Bahrami, "Electrocardiogram (ECG)
Signal Modeling and Noise Reduction Using Hopfield Neural
Networks," Engineering, Technology & Applied Science Research, vol.
3, no. 1, pp. 345-348, Feb. 2013, https://doi.org/10.48084/etasr.243.

[8] K. H. Hii, V. Narayanamurthy, and F. Samsuri, "ECG Noise Reduction
with the Use of the Ant Lion Optimizer Algorithm," Engineering,
Technology & Applied Science Research, vol. 9, no. 4, pp. 4525-4529,
Aug. 2019, https://doi.org/10.48084/etasr.2766.

[9] S. Kara, S. Kemaloglu, and $. Kirbas, "Low-Cost Compact ECG With

Graphic LCD and Phonocardiogram System Design," Journal of

Medical Systems, vol. 30, no. 3, pp. 205-209, Jun. 2006, https://doi.org/
10.1007/s10916-005-7989-6.

[10] A.S. AlMejrad, "A Single Supply Standard 8051 Microcontroller Based
Medical K-grade Isolation ECG Module with Graphics LCD," in 2012
Second International Conference on Intelligent System Design and
Engineering Application, Sanya, China, Jan. 2012, pp. 1184-1187,
https://doi.org/10.1109/ISdea.2012.584.

[11] A. S. AlMejrad, "Design of an intelligent system for speech monitoring
and treatment of low and excessive vocal intensity," Artificial Life and

Robotics, vol. 15, no. 3, pp. 320-324, Sep. 2010, https://doi.org/10.1007/
$10015-010-0816-5.

[12] "Cardiovascular diseases (CVDs)," WHO, May 2017. https://www.
who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
(accessed Apr. 20, 2021).

[13] N. Aljefree and F. Ahmed, "Prevalence of Cardiovascular Disease and
Associated Risk Factors among Adult Population in the Gulf Region: A
Systematic Review," Advances in Public Health, vol. 2015, Jan. 2015,
Art. no. 235101, https://doi.org/10.1155/2015/235101.

[14] G. W. Johnson, Labview Graphical Programming: Practical
Applications in Instrumentation and Control/Book and Disk. New York,
NY, USA: Mcgraw-Hill, 1994.

[15] B.S. M. MACC and T. K. MD, Chou’s Electrocardiography in Clinical
Practice: Adult and Pediatric, 6th edition. Philadelphia, PA, USA:
Saunders, 2008.

AUTHORS PROFILE

Ali S. AlMejrad received the B.Sc. with 1* honor in Electrical Engineering
from King Saud University, Saudi Arabia, M.Sc. in Bioengineering from
Strathclyde University, UK in 1987 and 1990 respectively and the Ph.D. in
Medical Engineering from the University of Edinburgh, UK, in 1996. He is
currently an Associate Professor of Medical Engineering and Instrumentation
in Clinical Laboratory Sciences at the College of Applied Medical Sciences,
University of Hail, Saudi Arabia. His research interests include the
Development of Biomedical Instrumentation and Intelligent Systems for
Health Care using advanced Technologies. He is a member of IEEE and IPEM

www.etasr.com

AlMerjad: Development of an Ethernet-based Portable Embedded Isolated ECG System



