
  
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 channel 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 diagnosing stage has been designed using Language VHDL 
language and implemented using Spartan 3AN
Starter Kit board. The algorithm implemented in the diagnosing 
stage concerned with the detecting of R- peaks
According to a deviation in duration or amplitude o
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 h
irregular activities. 

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

I.  INTRODUCTION

 Electrocardiograph is the representation of the electrical 

potential of the heart. Physicians record ECG easily by 
attaching small electrodes to the human body. The heart is a 
muscle formed in a way that allows it to act as a pump for 
blood. ECG is a semi periodic repeating waveform that 
represent the function of the heart, which acts as a generator 
of bioelectric events [1]. The primary pacemaker of the 
heart is a group of cells which are known as Sino
node) [1]. It is located in the posterior pa
atrium at the junction of the superior vena cava [2]. The 
function of the SA node is to initiate the heart activity by 
generating impulses at the normal rate of the heart which is 
about 60-100 beat per minute for adult at rest. The impulses
generated by SA node contracts the atrial muscle and this 
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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 

paper. The implemented system includes 
four stages; signal acquiring stage, signal conditioning stage, 
transmission channel stage, and diagnosing stage. Three 
electrodes are placed on the left and right arm and left leg of the 

gnal. The second stage is designed 
for the purpose of amplifying and filtering the acquired weak 

corrupted by noise from muscles and electrical 
source.  The extracted analog ECG signal is converted to the 

In order to realize the 
functionality of this stage, instrumentation amplifier, high pass 
filter, notch filter, and low pass filter have been implemented to 

ECG. Arduino is configured in this stage for 
o 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 

ned using Language VHDL 
Spartan 3AN XC3S700 FPGA 

. The algorithm implemented in the diagnosing 
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 

ECG Circuit; Arduino; ZigBee; UART; VHDL; 

INTRODUCTION  

lectrocardiograph is the representation of the electrical 

potential of the heart. Physicians record ECG easily by 
attaching small electrodes to the human body. The heart is a 
muscle formed in a way that allows it to act as a pump for 

eriodic repeating waveform that 
represent the function of the heart, which acts as a generator 
of bioelectric events [1]. The primary pacemaker of the 
heart is a group of cells which are known as Sino-Atrial (SA 
node) [1]. It is located in the posterior part of the right 
atrium at the junction of the superior vena cava [2]. The 
function of the SA node is to initiate the heart activity by 
generating impulses at the normal rate of the heart which is 

100 beat per minute for adult at rest. The impulses 
generated by SA node contracts the atrial muscle and this 
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impulse spread through the atrial wall to the Atrio
Ventricular (AV) node which is located at the lower part 
between the two atria. AV node ensures that the ventricles 
contracted after the completion of the atria contraction. The 
standard ECG waveform is shown in Fig.1. 

Fig. 1 A Typical ECG Signal

From Fig.1, the first deflection is the P wave which reflects 
depolarization of the atria. This is followed by the QRS 
complex which reflects depolarization of the ventricles and 
then the ST segment and T wave which reflect repolarization 
of the ventricles. The cause of the U wa
[2]. Table I shows the normal duration and amplitude for 
each part of ECG waveform.  

Table I: Normal ECG Parameters

ECG signal feature extraction is the backbone of the heart 
activity analysis. Therefore, detectio
signal has attracted the attention of many researchers. Most 
of these researches focused on the analysis of the ECG data 
obtained from database systems [3] 
algorithms have been explored and proposes toward the 
signal extraction and analysis.  
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impulse spread through the atrial wall to the Atrio-
Ventricular (AV) node which is located at the lower part 
between the two atria. AV node ensures that the ventricles 

on of the atria contraction. The 
standard ECG waveform is shown in Fig.1.  

 

Fig. 1 A Typical ECG Signal 

From Fig.1, the first deflection is the P wave which reflects 
depolarization of the atria. This is followed by the QRS 
complex which reflects depolarization of the ventricles and 
then the ST segment and T wave which reflect repolarization 

. The cause of the U wave remains unclear 
shows the normal duration and amplitude for 

: Normal ECG Parameters

 
ECG signal feature extraction is the backbone of the heart 
activity analysis. Therefore, detection and analysis of this 
signal has attracted the attention of many researchers. Most 
of these researches focused on the analysis of the ECG data 
obtained from database systems [3] - [17]. Many of the 
algorithms have been explored and proposes toward the 
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These algorithms distributed between the adoption of time 
domain analysis of the ECG signal approach [4, 5, 8, 10, 11, 
15, 16, 17] and time – frequency transform approach [3, 6, 
7, 9, 12, 13, 14]. In time domain approach, the features of 
ECG is compared with normal signal from an amplitude and 
duration points of view which detect the type of 
abnormality.  In time-frequency transform approach, 
Discrete Wavelet Transform (DWT) has been employed for 
removing high frequency noise [9,13] and detecting the 
ECG features as well [3, 6, 7].  Least Mean Square (LMS) 
and FIR filter are combined with time domain analysis for 
denoising the ECG signal [12, 14].  

II.  ECG CIRCUIT  DESIGN AND  
IMPLEMENTATION 

As stated in the literature, ECG signal is the corner stone of 
diagnosing heart activity. Unfortunately, ECG is a weak 
electrical signal and suffers from distortion by different 
noise types. In order to accomplish the accurate diagnosis, a 
readable and noise – free ECG signal is needed. Therefore, 
the circuit that is designed to extract the ECG signal must 
ensure these requirements to achieve the remove noise 
effectively and protect the useful components of ECG 
signals [18]. 
the following   charts and sequence were developed: 

1. HPF was used to eliminate the base line wander. 
2. notch filter was used to eliminate of  power line 

noise [19]. 
3. using LPF to remove noise of high frequency from the 

signal. 
4. Amplify the ECG signal using the instrumentation 

amplifier to increase the signal voltage level. 

The required bandwidth for ECG signal(0.5Hz-30Hz) for 
normal heart human, so the bandwidth of the circuit has 
been chosen to be within this rang. Also, the gain should be 
enough to make the signal observable however, it should not 
be large enough to saturate the devices, so that no false peak 
should occur. 
Based on these constraints, scheme of the ECG circuit is 
shown in Fig.2 

 

Fig. 2: scheme of ECG circuit. 

A. Electrodes 

The first element in the ECG circuit is the electrodes. 
Electrode [20] is a transducer device that converts tissue 
contractions into electrical voltages. Attached several 
electrodes to the patient’s skin leads to the measuring of 
ECG signal. In this paper two electrodes are connected to 
the right and left arms, and the common electrode is 
connected to left leg as shown in Fig.3. The electrode 
produces an output voltage in the range of 2 – 3 mV. 

 

Fig .3: A 3-lead connection. 

B. High Pass Filter 

The second element is HPF, the ECG signal passes through 
High Pass Filter to remove the base line wander. a RC filter 
(capacitor C and resistor R) configuration (Fig.4) [21]. 

 

Fig.4: High pass filter. 

The cutoff frequency (fc) is 0.23 Hz and C was set to1µf. 
Therefore, the resistor R has the following value:  

� =
1

2����
=

1

2�(0 ∙ 23)(1 × 10��)
= 680��											(1) 

 

C. Notch Filter 

A notch filter is used to eliminate the effect of power line 
interference [22] which operates at 50Hz. therefore, the 
cutoff frequency (fc) for this filter is 50 Hz.  
The twin T circuit is highly helpful as a notch filter. The 
twin T provides a large degree of refusal at the certain 
frequency. This notch filter can be helpful to remove 
unwanted signals on the certain frequency. 
The response save by the filter consists of a low level of 
attenuation away from the frequency of notch. 
As signals move closer to the frequency of notch, the level 
of attenuation rises, giving the typical notch filter 
response. Theoretically, in the notch frequency the level of 
attenuation which offer by the twin, T notch filter is infinite. 
With fc = 50 Hz and C = 0.1µF, the resistor value in this 
filter is: 
 

� =
1

2����
=

1

2�(50)(1 × 10��)
= 31 ∙ 7��													(2) 

 
The filter configuration with the real values is shown in 

Fig.5. Where, R = R1 + R2 = R3 + R4, R/2 = R5 + R6,                     
C = C3 = C4 and 2C = C1 + C2                                                               
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Fig . 5: Twin-T Notch Filter (with real component 
values). 

D. Low Pass Filter 
The ECG signal is outgoing from notch filter sent out to 
LPF to minimize the high frequency distortion that is 
generated by muscle activity which falls in a range of (30-
2000Hz). The low pass filter [21] is shown in Fig. 6. 

 

Fig.6: Low Pass Filter. 
The cutoff frequency fc is 33.88 Hz and C was set to 0.1µf. 
Thus, the resistor R has a value of:  

� =
1

2����
=

1

2�(33 ∙ 88)(0 ∙ 1 × 10��)
= 47��								(3) 

 
E. Instrumentation Amplifier  

Many picked waveform   is very small in its amplitude, 
therefore, the main challenge of this stage includes  
amplifying the desired weak signal in the presence of noise 
from electrical sources and other muscles. 
Many medical applications can have used instrumentation 
amplifiers to condition small signals in the presence of large 
common-mode voltages and DC potentials. Therefore, we 
choose Analog instrumentation amplifier to magnification 
the ECG voltage resulting from electrodes, which is in the 
range of 2mV to 3mV. in this project we used op-amp 741 
to designed the instrumentation amplifier with power supply 
of +12V to -12V and gain of 201. Instrumentation amplifier 
as illustrative in Fig.7, it consists of three op-amps [23]. 

 
Fig.7: Instrumentation Amplifier. 

The complete graph of ECG circuit is shown in Fig.8 and 
Fig.9 shows the hardware implementation of this  

 

Fig .8: ECG Circuit. 

 

Fig .9: implemented circuit. 

III.  ADC  MOUDLE 

The Arduino that is used for this proposed system to convert 
ECG signal from analog to digital form and readability data 
by software programming sing integrated development 
environment (IDE) program. Arduino UNO which is shown 
in Fig.10 is a microcontroller based on ATMega328 which 
consists of14-digital pin entries, 16 MHz resonator, USB 
linkage, reset push button, power jack, and    6 channel with 
10bit used for analog to digital converter. Also, the linear 
value from 0 to 1023 the interview 0V to +5V respectively 
[24]. 
The Arduino reads the analog input voltage (at input A0) 
from the ECG circuit and converts it to digital form 
thensends data to Spartan-3A/3AN FPGA Starter Kit Board 
via XBees module (S2). Arduino UNO possesses the 
necessary features to support the microcontroller by 
connecting it to the PC through USB cable with baud rate 
19,200[25]. 
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Fig.10: Arduino Uno.

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

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

Fig.12: Output Signal from Arduino Uno.

IV.  ZIGBEE 

We choose wireless technology as a way to transmit data 
and used the ZigBee Series 2[26] for this purpose.
all, there must be connection between the Arduino and the 
ZigBee. The ZigBee shield was used here to connect 
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Fig.10: Arduino Uno. 

The following code show the Arduino Software (IDE) (can 

 
Code 

ECG signal which shows its output of the Arduino Serial   

 
Fig.12: Output Signal from Arduino Uno. 

We choose wireless technology as a way to transmit data 
and used the ZigBee Series 2[26] for this purpose. First of 
all, there must be connection between the Arduino and the 
ZigBee. The ZigBee shield was used here to connect 

between them.  For this research two ZigBee is expected to 
transmission information and accepting information for 
remote connection. First XBee module used as AT Router 
(TX) which connect with the Arduino 
shield, While the second XBee module used as AT 
Coordinator (RX) which Connect with USB adapter and 
connect it (at rx pin) with 6 pin Accessory Header (at V14 
pin) in Spartan-3AN FPGA starter kit.
XCTU is a tool to configure ZigBee modul
configure the Radio Frequencies which launches the XCTU 
software beneath computer setting via make sure the Baud 
Rate in 19200.  
Fig. 13 show the ZigBee (XBee
transfer data between sender and receiver. Also, it is used in 
implementing applications which need prolonged battery 
life, low data rate, and safe networking.
The data transfer rate is 250 Kbps for the purpose of sending 
a single signal from the 
input device or any sensor. The electrocardiogram (ECG) 
signal was send to FPGA via wireless communication. 
Designation the baud rate to 19200 for setting up 
connections between FPGA device and serial connections.
Xilinx software will show the result through LCD in FPGA. 

Fig.13: ZigBee/XBee Pro Series 2.

V. IMPLMENTION

Xilinx ISE Design 14.5 is a software tool used to perform 
the program on FPGA using Language (VHDL).
project, the Spartan3AN XC3S700 FPGA Starter Kit board 
uses.  after The FPGA receives the data from Arduino via 
ZigBee S2 by V14 pin (6 pin Accessory Header in Spartan
3AN FPGA starter kit shown in Fig.14. 

Fig.14: 6-pin Accessory Header,J20.
UART receiving subsystem (can see in Fig.15) used only to 
receive data at V14 pin and set the sampling rate
19200×16 which equal to 
307200 Ticks Per Second.  
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between them.  For this research two ZigBee is expected to 
transmission information and accepting information for 
remote connection. First XBee module used as AT Router 
(TX) which connect with the Arduino Uno board via XBee 
shield, While the second XBee module used as AT 
Coordinator (RX) which Connect with USB adapter and 
connect it (at rx pin) with 6 pin Accessory Header (at V14 

3AN FPGA starter kit. 
XCTU is a tool to configure ZigBee modules. after then 
configure the Radio Frequencies which launches the XCTU 
software beneath computer setting via make sure the Baud 

Fig. 13 show the ZigBee (XBee Pro S2) used for wireless 
transfer data between sender and receiver. Also, it is used in 
implementing applications which need prolonged battery 
life, low data rate, and safe networking. 
The data transfer rate is 250 Kbps for the purpose of sending 

input device or any sensor. The electrocardiogram (ECG) 
signal was send to FPGA via wireless communication. 
Designation the baud rate to 19200 for setting up 
connections between FPGA device and serial connections. 

w the result through LCD in FPGA.  

 

Fig.13: ZigBee/XBee Pro Series 2. 

IMPLMENTION  HARDWARE 

Xilinx ISE Design 14.5 is a software tool used to perform 
the program on FPGA using Language (VHDL). in this 
project, the Spartan3AN XC3S700 FPGA Starter Kit board 
uses.  after The FPGA receives the data from Arduino via 
ZigBee S2 by V14 pin (6 pin Accessory Header in Spartan-
3AN FPGA starter kit shown in Fig.14.  

 

pin Accessory Header,J20. 
UART receiving subsystem (can see in Fig.15) used only to 

data at V14 pin and set the sampling rate must be 
19200×16 which equal to 



Fig.15: diagram of receiving subsystem for UART.

 The clock rate is 50 MHz for the system, So it requires  

baud rate  generator  mod 163 (
��×���

������
) counter. Therefore, 

confirmation the cycle tick for one clock once all 163 clocks 
cycles [27].  after the data has been received correctly, the 
data is stored in RAM, which converts data from Hex to 
decimal values for easy handling. Then Xilinx ISE analys
the ECG signal values and diagnosis most of the abnormal 
activities of the heart. 
The (V14) pin receive data and store in RAM which receive 
data from XBee as hex and convert it to decimal value. 
Then, the Xilinx ISE analysis the ECG signal values and 
diagnosis most of the abnormal activities of the heart. The 
flow chart showed in Fig.17 represents the algorithm for 
diagnosis the abnormal activities. The Xilinx
the normal heart rate (calssically 60 to 100 bpm for an adult) 
from the equation: 

        Heart Rate (in bpm) =
 !,!!!

#_# %&'()*+,	%&

by measuring the time distance between successive R 
waves with a beat -to-beat variation in R-R interval[

Fig.16: R-R interval. 

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

Table II: Abnormal state of ECG signal.
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Fig.15: diagram of receiving subsystem for UART. 

is 50 MHz for the system, So it requires  

counter. Therefore, 

confirmation the cycle tick for one clock once all 163 clocks 
cycles [27].  after the data has been received correctly, the 
data is stored in RAM, which converts data from Hex to 
decimal values for easy handling. Then Xilinx ISE analysis 
the ECG signal values and diagnosis most of the abnormal 

The (V14) pin receive data and store in RAM which receive 
data from XBee as hex and convert it to decimal value. 
Then, the Xilinx ISE analysis the ECG signal values and 

agnosis most of the abnormal activities of the heart. The 
flow chart showed in Fig.17 represents the algorithm for 

The Xilinx ISE calculate 
the normal heart rate (calssically 60 to 100 bpm for an adult) 

%& -.
  

by measuring the time distance between successive R 
R interval[28]. 
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Fig.17: Flowchart of diagnosis system and calculate the 
heart rate. 

when finish from the downloading, FPGA displays results 
on LCD and LED as shown in Fig.18.  

Fig.18: Spartan-3AN FPGA starter kit

VI.  RESULT 

The Xilinx ISE (14.5) will analysis the ECG signal values 
and diagnosis most of heart irregular activities 
patient normal or abnormal.  
   The design implemented in hardware was tested using six 
data records obtained from the database maintained   at the 
Physio Bank website. In this project was 
and LED for displaying the results in the screen on the 
FPGA. 
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Flowchart of diagnosis system and calculate the 

finish from the downloading, FPGA displays results 

 

3AN FPGA starter kit  configuration. 

The Xilinx ISE (14.5) will analysis the ECG signal values 
and diagnosis most of heart irregular activities whether 

The design implemented in hardware was tested using six 
data records obtained from the database maintained   at the 

 used 16 x 2 LCD 
and LED for displaying the results in the screen on the 

The results of simulating of normal ECG signal can show in 
Fig.19. 

Fig.19: shown the results of simulating of normal ECG
signal.

Table III summarizes the FPGA resources used in the 
proposed systems. 

Table III: Device Utilization Summary.

The Fig.19 can show the result of six types of heart 
abnormality is detected by using this proposed system.
 

Fig.20a

Fig.20b

Fig.20c
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The results of simulating of normal ECG signal can show in 

 

the results of simulating of normal ECG 
signal. 

summarizes the FPGA resources used in the 

Table III: Device Utilization Summary. 

 

The Fig.19 can show the result of six types of heart 
detected by using this proposed system. 

 
Fig.20a 

 
Fig.20b 

 
Fig.20c 
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Fig.20d 

 

Fig.20e 

 

Fig.20f 

Fig.20: Display result of six types of heart abnormality on 
LCD &LED. 

VII.  CONCLUSION 

A diagnosis system has been designed and implemented to 
acquire the ECG signal. Preprocessing of ECG is performed 
in the designed analog circuit which consists of instrument 
amplifier and filters for amplifying ECG and removing 
different types of noise from it. Arduino has been used as a 
mediator which converts the analog signal into a digital 
form and then sent data via XBee module (S2) as transmitter 
connect with Arduino via XBee shield to another XBee 
module (S2) as receiver connect with Spartan 3AN 
XC3S700 FPGA Starter Kit Board via UART. An algorithm 
for R Peak detection using Xilinx ISE software package has 
been proposed. Extraction of the R Peak obtained and used 
to compare with the normal waves. 
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