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Abstract: The diagnosing of the heart abnormality can benefit
from the availability of analyzing techniques for the
electrocardiogram (ECG) signal. A system which is acquire ECG
signal and extract the heart activity features has been designed
and implemented in this paper. The implemented system includes
four stages, signal acquiring stage, signal conditioning stage,
transmission channe stage, and diagnosing stage. Three
electrodes are placed on the left and right arm and left leg of the
patient for acquiring ECG signal. The second stage is designed
for the purpose of amplifying and filtering the acquired weak
signal which is corrupted by noise from muscles and electrical
source. The extracted analog ECG signal is converted to the
digital signal in this stage also. In order to realize the
functionality of this stage, instrumentation amplifier, high pass
filter, notch filter, and low pass filter have been implemented to
extracting analog ECG. Arduino is configured in this stage for
converting the analog ECG signal into digital signal, it is also
acts as a gateway to transfer the digital ECG to the transmission
channel. Wireless transmission channel has been implemented
based on Xbee located at both channel sides. Finally, the core of
the diagnosing stage has been designed using Language VHDL
language and implemented using Spartan 3AN XC3S700 FPGA
Starter Kit board. The algorithm implemented in the diagnosing
stage concerned with the detecting of R- peaks in ECG signal.
According to a deviation in duration or amplitude of these peaks
from the standard values, the diagnosing stage indicates one type
of the heart abnormality which is appear at the LCD of FPGA.
Experimental tests have been performed for different cases and
show promising results toward precise diagnosis of heart
irregular activities.

Keywords: ECG Circuit; Arduino; ZigBee; UART; VHDL;
FPGA.

. INTRODUCTION

Electrocardiograph is the representation of the tetad

potential of the heart. Physicians record ECG galit
attaching small electrodes to the human body. Haeths ¢
muscle formed in a way that allows it to act asuanp for
blood. ECG is a semiepiodic repeating waveform th
represent the function of the heart, which acta generato
of bioelectric events [1]. The primary pacemaker tioé
heart is a group of cells which are known as -Atrial (SA
node) [1]. It is located in the posteriorrt of the right
atrium at the junction of the superior vena cavh The
function of the SA node is to initiate the heartiaty by
generating impulses at the normal rate of the hehith is
about 60100 beat per minute for adult at rest. The impi
generated by SA node contracts the atrial muscte this
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impulse spread through the atrial wall to the £
Ventricular (AV) node which is located at the lowgart
between the two atria. AV node ensures that thericks
contracted after the completi of the atria contraction. Tl
standard ECG waveform is shown in Fig

ST
05 il

Fig. 1 A Typical ECG Signa

From Fig.1, the first deflection is the P wave whieflects
depolarization of the atria. This is followed byetlQRS
complex which reflects depolarization of the vesiés anc
then the ST segment and T wave which reflect rejzaldon
of the ventriclesThe cause of the U we remains unclear
[2]. Table | shows the normal duration and amplitude
each part of ECG waveform.

Table I: Normal ECG Parameters

Phase Duration Amplitude
(Sec) (Volt)
P Wave 0.06-0.11 <0.25
PR Interval 0.12-0.20 -
PR Segment 0.08 -
QRS Complex <0.12 0.8-1.2
ST Segment 0.12 -
QT Interval 0.36-0.44 -
T Wave 0.16 <0.5

ECG signal feature extraction is the backbone eftbar

activity analysis. Therefore, detenn and analysis of this
signal has attracted the attention of many reseasciMost

of these researches focused on the analysis &@t date

obtained from database systems - [17]. Many of the

algorithms have been explored and proposes towa

signal extraction and analysis.
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These algorithms distributed between the adoptiotinoe

domain analysis of the ECG signal approach [4,830811, -

15, 16, 17] and time — frequency transform apprd&ct®, RA
7,9, 12, 13, 14]. In time domain approach, thduiess of ] 1

ECG is compared with normal signal from an ampétad - Leadl =

—
duration points of view which detect the type of RA g------------ e LA

i lise

abnormality. In time-frequency transform approach 7. Ve L
Discrete Wavelet Transform (DWT) has been empldped “d N\ f
Lead 1l \\ Mg :f Lead I
5 |
LY

removing high frequency noise [9,13] and detectthg
ECG features as well [3, 6, 7]. Least Mean Sq(akéS) [,

ECG
w lf Vector

and FIR filter are combined with time domain anelyer T @ Ll LL
denoising the ECG signal [12, 14]. '

II. ECG CIRCUIT DESIGN AND Fig .3: A 3-lead connection.
IMPLEMENTATION B. High Pass Filter

As stated in the literature, ECG signal is the eostone of 114 second element is HPF. the ECG signal passesgth
diagnosing heart activity. Unfortunately, ECG isw@ak jigh pass Filter to remove the base line wand&Cilter

electrical signal and suffers from distortion byffetient (capacitor C and resistor R) configuration (Fig2a)].
noise types. In order to accomplish the accuradgrtisis, a

readable and noise — free ECG signal is neededefihe, C
the circuit that is designed to extract the ECGaignust

. | .
ensure these requirements to achieve the removee noi I
effectively and protect the useful components of GEC
signals [18]. \in Vout
the following charts and sequence were developed: R
1. HPF was used to eliminate the base line wander.
2. notch filter was used to eliminate of power line ¢ e
noise [19]. ) _ Fig.4: High pass filter.
3. using LPF to remove noise of high frequency from th
signal. The cutoff frequency (fc) is 0.23 Hz and C wastegif.

4. Amplify the ECG signal using the instrumentation Therefore, the resistorF\;has the following value:
amplifier to increase the signal voltage level. R = _ — 680K 1
The required bandwidth for ECG signal(0.5Hz-30Haj f 2nfcC 2m(0-23)(1 x 107%) @
normal heart human, so the bandwidth of the cirbais
been chosen to be within this rang. Also, the ghiould be  C. Notch Filter
enough to make the signal observable howeverpiildmot o notch filter is used to eliminate the effect afwer line
be large enough to saturate the devices, so thigis®peak nerference [22] which operates at 50Hz. therefdhe

should occur. _ ~ cutoff frequency (f§ for this filter is 50 Hz.
Based on these constraints, scheme of the ECGItCiECU The twin T circuit is highly helpful as a notchtéit. The
shown in Fig.2 twin T provides a large degree of refusal at thetaie
High Tow £ Sl outout frequency. This notch filter can be helpful to remo

Electrode [—| pass |—| MO [ puge | |Instrumentation | =>E"*°TRT  unwanted signals on the certain frequency.
Filter Filter Filter Amplifier The response save by the filter consists of a levell of
attenuation away from the frequency of notch.

Fig. 2: scheme of ECG circuit. As signals move closer to the frequency of nothk, level

A. Electrodes of attenuation rises, giving the typical notchefilt
response. Theoretically, in the notch frequencylé¢vel of

Ereect:(l)rcsj; ezlgrr:sr: trlgnégicsf(;vzgcgr:;tlio::te' eltédtrs. attenuation which offer by the twin, T notch filterinfinite.
. [ ]. : With fc = 50 Hz andC = 0.1uF, the resistor value in this
contractions into electrical voltages. Attached esaV filter is:

electrodes to the patient’s skin leads to the nraagplof
ECG signal. In this paper two electrodes are camketo 1 1

the right and left arms, and the common electrosle i R = = —
connected to left leg as shown in Fig.3. The ebeldr 2nfC 2m(50)(1 x 107°)
produces an output voltage in the range of 2 — 3 mV

=31-7KQ )

The filter configuration with the real values isogim in
Fig.5. Where, R = R1 + R2 = R3 + R4, R/2 = R5 + R6,
C=C3=C4and2C=C1+C2
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The complete graph of ECG circuit is shown in Figrgl
Fig.9 shows the hardware implementation of this

Mo i MR

R1 R2 R3 R4
Vin A A A A
27kohm 4.7kohm 27kohm 4.7kohm
Cc1 c2
[
0.1uF 0.1uF
==
j Vout
RS
— 1kohm
R6
15kohm
c3 ca
| | l |1
[ 11
0.1uF 0.1uF

Fig . 5: Twin-T Notch Filter (with real component
values).

D. Low Pass Filter

The ECG signal is outgoing from notch filter semit ®o
LPF to minimize the high frequency distortion that
generated by muscle activity which falls in a rang€30-
2000Hz). The low pass filter [21] is shown in F&g.

23
— " NN l -
Vin C out
L 1 >

Fig.6: Low Pass Filter.
The cutoff frequency fc is 33.88 Hz and C was sd.ipuf.

Thus, the resistor R has a value of:

1 1
= = = 47K0
2nf.C  2m(33-88)(0-1x 10°6)

R (3)

E. Instrumentation Amplifier

Many picked waveform is very small in its ampdigy
therefore, the main challenge of this stage indude
amplifying the desired weak signal in the presesicroise
from electrical sources and other muscles.

Many medical applications can have used instruntienta
amplifiers to condition small signals in the presewnf large
common-mode voltages and DC potentials. Therefaee,
choose Analog instrumentation amplifier to maguaificn
the ECG voltage resulting from electrodes, whiclnishe
range of 2mV to 3mV. in this project we used op-ardg
to designed the instrumentation amplifier with powepply
of +12V to -12V and gain of 201. Instrumentationpdifrer
as illustrative in Fig.7, it consists of three apgss [23].

Fig.7: Instrumentation Amplifier.
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Fig .8: ECG Circuit.

Fig .9: implemented circuit.

I1. ADC MOUDLE

The Arduino that is used for this proposed systemonvert
ECG signal from analog to digital form and readapilata

by software programming sing integrated development

environment (IDE) program. Arduino UNO which is simo
in Fig.10 is a microcontroller based on ATMega32dcl

consists ofl4-digital pin entries, 16 MHz resonatdGB

linkage, reset push button, power jack, and d@hobl with
10bit used for analog to digital converter. Alsbe dinear
value from 0 to 1023 the interview OV to +5V regeay

[24].

The Arduino reads the analog input voltage (at inf0)

from the ECG circuit and converts it to digital for
thensends data to Spartan-3A/3AN FPGA Starter KirE

via XBees module (S2). Arduino UNO possesses the

necessary features to support the microcontrollgr
connecting it to the PC through USB cable with baaig
19,200[25].
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Fig.10: Arduino Uno.

The following code show the Arduino Software (IDEan
see Fig.11):

(=2 AnalogReadSerial | Arduino 1.6.1: EE
File Edit Sketch Tools Help

AnalogReadSerial §

/7 the setup routine runs cnce when you press reset:

void setup{) {
/¢ initialize serial communication at 19200 bits per second:
Serial.begin{19200);

1

// the loop routine runs over and over again forever:
void loop()

// read the input on analog pin 0:

int ecgValue = analogRea

/7 print cut the value you read:

Serial.println{ecgValue) :

delay(1000): /4 delay in between reads for stability
1

Fig.11: Arduino Uno Code
ECG signal which shows its output of the Ardl Serial
plotter in Fig.12.

I o | I___."'-—_ A

Fig.12: Output Signal from Arduino Uno.

IV. ZIGBEE

We choose wireless technology as a way to trandaté
and used the ZigBee Series 2[26] for this pury First of
all, there must be connection between the Arduimd the
ZigBee. The ZigBee shield was used here to cor

14 & Sciences Publication Pvt. Ltd.
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between them. For this research two ZigBee is @rpeto
transmission information and accepting informatitor
remote connection. First XBee module used as ATté&
(TX) which connect with the ArduinUno board via XBee
shield, While the second XBee module used as
Coordinator (RX) which Connect with USB adapter
connect it (at rx pin) with 6 pin Accessory Headatr V14
pin) in SpartarBAN FPGA starter ki

XCTU is a tool to configure ZigBee motes. after then
configure the Radio Frequencies which launches<e6&U
software beneath computer setting via make suréBthel
Rate in 19200.

Fig. 13 show the ZigBee (XB Pro S2) used for wireless
transfer data between sender and receiver. Al$® uised ir
implementing applications which need prolonged drg
life, low data rate, and safe networki

The data transfer rate is 250 Kbps for the purpdsending
a single signal from the

input device or any sensor. The electrocardiogre@Q)
signal was send to FPGA via wireless communica
Designation the baud rate to 19200 for setting
connections between FPGA device and serial cororex
Xilinx software will shav the result through LCD in FPG,

Fig.13: ZigBee/XBee Pro Series

V. IMPLMENTION HARDWARE

Xilinx ISE Design 14.5 is a software tool used &rfprm
the program on FPGA using Language (VHI in this
project, the Spartan3AN XC3S700 FPGA Starter Kiduriok
uses. after The FPGA receives the data from Adluia
ZigBee S2 by V14 pin (6 pin Accessory Header inrg&p-
3AN FPGA starter kit shown in Fig.1

6-pin
~— Accessery

Haader. 120

Vi4)

Fig.14: 6pin Accessory Header,J2(
UART receiving subsystem (can see in Fig.15) usdyd o
receivedata at V14 pin and set the sampling must be
19200x16 which equal |
307200 Ticks Per Second.
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rx x dout ——
aK S_tick rx_done_tick ——
receiver
tick
Buad rate D
generator

Fig.15: diagram of receiving subsystem for UAR1
The clock ratds 50 MHz for the system, So it requin

6
baud rate generator mod 163%) counter. Therefore

confirmation the cycle tick for one clock once Hi3 clocks
cycles [27]. after the data has been receivedecty; the
data is stored in RAM, which converts data from He:
decimal values for easy handling. Then Xilinx |Skaly<is

the ECG signal values and diagnosis most of therabal

activities of the heart.

The (V14) pin receive data and store in RAM whiebaive
data from XBee as hex and convert it to decimale:
Then, the Xilinx ISE analysis the ECG signal val@esl
diagnosis most of the abnormal activities of the théeEne
flow chart showed in Fig.17 represents the algoritfor

diagnosis the abnormal activitiehe Xilinx ISE calculate
the normal heart rate (calssically 60 to 100 bprmafoadult)

from the equation:
Heart Rate (in bpm) =222
R_R interval(in ms)
by measuring the time distance between success
waves with a beat -to-beat variation inrRRnterval28].

B RR Interval ?
T T
EN Y
Q S Q S

Fig.16: R-R interval.

Table Il shows the names of some abnormality
characteristics featuer for ECG signal.

Table 1l: Abnormal state of ECG signal

S.No. | Name of Abnormality Characteristic Features
1 Sinus Tachycardia Heart rate (R_R interval)=100bpm
2 Sinus Bradycardia Heart rate (R_R interval)<60bpm
3 Sinus Arrest A sudden absence of electrical activity of eycles
4 Sinus Arrhythmia Difference distance between R_R interval
5 Asystole No electrical activity

15
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Receive data from FigBes

Store data in FAM
As Hex values

¥

Set the number of samples

equal to 1024

!

Convert the Hex to Decimal
wvalues

!

Set the threshold for B
valus

!

Dinade all receive data into
part

!

Find the maximum valus
for each part

!

Compere the maximum
value for each part with the
threshold for K value

L)

IR
found

Yes

Initialize 3 counter to count the number of Display systale
values for R which indicates to the numbers of
cycles

i

measuring the time distance between successive
R waves to find R_R interval

!
s0000
calculate the heart rate (hpu}————

R R interval

Is heart rate
=6 bpm

Display Sinus Tachycardia

Is heart rate

=100 bpm

display Sinus Bradyeardia
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The results of simulating of normal ECG signal shnow in
Fig.19.

[fheart
rate=f0bpm
&==100bpm

Differencé
distance

between R R
interval

Yes

Fig.19: shownthe results of simulating of normal ECC

Mo signal.
Dizplay Sinus Arrhythmia

Table Il summarizes the FPGA resources used in
proposed systems.

If Sudden

absence of one of fes
two electrical Table IlI: Device Utilization Summary.
aetivity of cycle P
Logic Utilization Used Available Utilization Note(s)
DISP'.H} Smus AITE'.’:t Total Number Slice Registers 5,078 11,776 43%
NO INumber used as Flip Flops 5,075
Number used as Latches 3
‘ Display Nosmal ‘ Number of 4inpu LUTS 3,002 11,76 3%
Mumber of occupied Slices 4,423 5,888 75%
Number of Slices containing only related logic 4,429 4,429 100%
Number of Slices containing unrelated logic 0 4,429 0%
|: End ] Total Number of 4input LUTs 4,287 11,776 36%
INumber used as logic 3,902
. . . Number used as a route-thru 335
Fig.17: Flowchart of diagnosis system and calculate th T p - -
heart rate. o5 e 3
whenfinish from the downloading, FPGA displays res| :““"’”:E“Ff”f“: — — # b
on LCD and LED as shown in Fig.18. - :

The Fig.19 can show the result of six types of h
abnormality isdetected by using this proposed sys

=, i —

Fig.18: Spartan-3AN FPGA starter kit configuration.

VI. RESULT

The Xilinx ISE (14.5) will analysis the ECG signalues
and diagnosis most of heart irregular activitwhether
patient normal or abnormal.

The design implemented in hardware was tested i
data records obtained from the database maintairedhe -
Physio Bank website. In this project wased 16 x 2 LCD Fig.20c
and LED for displaying the results in the screentba
FPGA.
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Fig.20: Display result of six types of heart abnality on

LCD &LED. 17.

VII.

acquire the ECG signal. Preprocessing of ECG ipaed
in the designed analog circuit which consists atrimment
amplifier and filters for amplifying ECG and remayi

different types of noise from it. Arduino has baesed as a 21.
mediator which converts the analog signal into gitali 22

form and then sent data via XBee module (S2) astnéter
connect with Arduino via XBee shield to another XBe

module (S2) as receiver connect with Spartan 3ARKB.

XC3S700 FPGA Starter Kit Board via UART. An algbarit

been proposed. Extraction of the R Peak obtainelduared
to compare with the normal waves.

27.

REFERENCES

1. R. S. Khandpur, “Handbook of Biomedical Instruméota, Tata
McGraw-Hill publishing Company Limited, New Delh0@5.

2. A Stouffer, “Practical ECG Interpretation CluesHeart Disease in
Young Adults”, ISBN: 978-1-405-17928-7, 2009.

3. M. S. Nambakhsh et. al.,” FPGA-Core Defibrillatesing Wavelet-
Fuzzy ECG Arrhythmia Classification”, 2008 30 Annual
International IEEE EMBS Conference Vancouver, Bhi€olumbia,
Canada.

4. C. Ken, and L. Xiaoying,” A Zighee Based Mesh Netkvéor ECG
Monitoring System”, ¥ international conference dioinformatics
and Biomedical Engineering (iICBBE), 2010, Chendthina.

5. H.K.Chatterjee et. al., “An FPGA implementationreél-time QRS
detection”, 2011 ¥ International Conference on Computer &
Communication Technology (ICCCT), Allahabad, India.

6. C. G. Figueiredo, and T. Michael, “A vlsi archite for arrhythmia
detection and its implementation on fpga”, 2013 rBolnternational
Conference o€omputing, Communications and Networking
Technologies (ICCCNT), Tiruchengode, India.

7. EL M. El Hassan, and M. Karim, “An FPGA-Based Impkntation
of a Pre-Processing Stage for ECG Signal Analyssd¢) DWT”,
2014 Second World Conference on Complex Systems GBJC
Agadir, Morocco.

28.

17

10.
11.
12.
13.

14.

15.

Fig.20f 16.

CONCLUSION 18.

A diagnosis system has been designed and implethémte ;g

24.
for R Peak detection using Xilinx ISE software pagi has 5.

26.

ISSN: 2319-6378, Volume-4 Issue-12, July 2017

H.K. Chatterjee et. al., “Real time Electrocardagr wave peak
detection algorithm and its implementation on FPGA014
International Conference on Control, Instrumentati€nergy &
Communication(CIEC), Calcutta, India 2014.

Tongging Li et. al.,” The Real-Time R-wave DetentiBased on
FPGA”, 2014 7th International Conference on BioMedi
Engineering and  Informatics (BMEI 2014), Dali€hina.

Y. Liang et. al., “Field Programmable Gate Arrayplementation
Method of Electrocardiogram Signal Processing andlysis”, 2015
8th International Conference on BioMedical Engiimagr and
Informatics (BMEI 2015), Shenyang, China.

S. CHABCHOUB et. al.,” Biomedical monitoring systemsing
LabVIEW FPGA”, 2015 World Congress on Informatioachnology
and Computer Applications Congress (WCITCAjammamet
Tunisia.

Mr. P.C.Bhaskar, and Mr.A.M. Kasture,” Minimizatiai Base-Line
Drift Interference from ECG Signal Using FPGA Basidaptive
Filter”, 2015 International Conference on Comput@gmmunication
Control and Automation, Pune, India.

Bhavtosh et. al.,” High performance QRS Complex ebetr for
Wearable ECG systems using Multi Scaled Produch vidboth
Multiplier and Soft Threshold algorithm”, 2015 Imtational
Conference on Signal Processing and Communical@®d), Noida,
India.

Dheyaa Alhelal et. al., “FPGA-Based Denoising arehBDetection
of the ECG Signal”, 2015 IEEE Long Island Systegplications
and Technology Conference (LISAHarmingdaleNY, USA.

N. A. Abdul-Kadir et. al., “DSP ASIC Module Desigor Natural
Frequency of ECG Signal”’, 2015 IEEE Internationatcdits and
Systems Symposium(ICSyS), Langkawi, Malaysia.

N. Abdullah, and B. H. Abd, “A Simple FPGA Systeor ECG R-R
Interval Detection”, 2016 IEEE 11th Conference dmdustrial
Electronics and Applications (ICIEA), Hefei, China.

R. Joaquinito, and H. Sarmento, “A Wireless BiosigMeasurement
System using a SoC FPGA and Bluetooth Low Ener@016
International Conference on Consumer ElectroniasiBe

R. M. Y. Malkhasian,” PC-Based Multi-Channel ECG st&yn”,
M.Sc. thesis, University of Al-Nahrain, Iraq, 2005.

L. Thulasimani and M. Dhivya, “Removal of Power-giinterference
from Biomedical Signal using using Notch FilteRustralian Journal
of Basic and Applied Sciences, Pages: 161-165,) ®pbcial 2015.
A. Stouffer, “Practical ECG Interpretation CluesHeart Disease in
Young Adults”, O'Reily Media, 2009.

T. L. Floyd, “Electronic Device”, Pearson Educati@f08.

T. Luong et. al, “Removal of power line interfecen from
Electrocardiograph (ECG) using proposed adaptilter,fi Global
Journal of Computer Science and Technology, ISSN508L72
(online), ISSN 0975-4350 (print), Vol.15-C,2015.

D. A. Bell, “Operational amplifiers and linear 1Gs2nd Edition,
Oxford University Press, 1997.

B. Evans, “Beginning Arduino Programming”, Apre2611.

S. F. Barrett “Arduino Microcontroller Processing for Everyone”
Morgan & Claypool, 2010.

R. Faludi, “Building Wireless Sensor Networks”, @R/ Media,
2011.

P. P. Chu, “FPGA Prototyping by VHDL Examples”, Wit
Interscience, 2008.

R. X. Stroobandt, S. S. Barold and A. F. Sinna&&€G from Basics
to Essentials Step by Step”, John Wiley & Sons 6201

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.

Exploring Innovation



