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Abstract: Electrocardiography (ECG) is a widely accepted approach for monitoring of cardiac activity and
clinical diagnosis of heart disease.Nevertheless, the accurate ECG interpretation is essentially required in order
to evaluate the valuable information inside the ECG signal. Theconventional technique of visual analysis to
inspect the ECG signals by doctors or physicians are not effective and time consuming. This paper outlines the
integration of wireless communication in medicalapplications for home healthcare. Awireless system that
provides the possibility of ECG signal transmission from a patient detection circuit via an RF data link. This
portable ECG will monitor the patients with 3 leads which will adequate to record the bioelectric potential given
off by the heart that reach the surface of the skin. Then an electronic circuit will amplifies this data signals and
filterit to enhance the signal/noise ratio. This information will be saved in a database and the signal is then sent
through  wireless  communication  to  a  monitoring  system,  where  the  datais to be analyzed by the doctor.
The amplified and filtered ECG signal is sampled 360 times per second and the A/D conversion is performed by
a PIC16F877 microcontroller. The major contribution of the final proposed system is that it detects processes
and sends patients ECG data over a wireless RF link to a maximum distance of 200 m. Transmitted ECG data with
different numbers of samples were received, decoded by means of another PIC microcontroller.
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INTRODUCTION wireless systems have been made. With the growth of the

The Electrocardiogram (ECG) is a graphical home medication equipment to be developed.Many
representation ofthe electrical activity of the heart and is researches have been done to make these medical
obtained  by  connectingspecially  designed  electrodes equipments portable, userfriendly and safe for using
to the surface of the body [1]. Ithas been in use as a outside of the hospital and with the incorporation of
diagnostic tool for over a century and isextremely helpful wireless technology, it is possible to send the results to
in identifying cardiac disorders non-invasively. The be viewed by the doctors without wasting travelling cost
detection of cardiac diseases using ECG has benefited and time. There is evidence that the number of people in
from theadvent of the computer and algorithms for this world who are facing heart attack had increased due
machine  identificationof  these  cardiac  disorders. In to imbalanced diet [3]. To those who are suffering from
1906 Einthoven  [7],  invented  a  new dimension by heart problem may have risk of getting an attack at any
introducing  the concept of vectors to represent the ECG time especially at home without any supervision. In this
voltages. He is also thefirst individual to standardize the paper, the number of leads reduced to 3 and will be
electrode locations for collectingECG signals as Right transmitting the results via RF which makes the ECG
Arm  (RA), Left Arm (LA) and Left Leg (LL) and these signals can be viewed by the physician through wireless.
locations are known after him as the standard leads Health issues have become the main concern in this
ofEinthoven or limb leads [2]. Different types of studies advanced era but the time-constraint restricts the current
such as reducing the number ofleads and incorporating to generation  people  to  visit  the  hospital for regular check

wireless technology, it is possible for advancement of
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up. These lead to increase in demand for home based The heart is composed of four chambers; two atriums
medical care that can be easily usedwithout spending and two ventricles. The right atrium receives blood
ample  time  waiting  for  their  turn  to have physical returning to the heart from the whole body. That blood
check-up in medical centers. The objective of wireless passes through the right ventricle and is pumped to the
ECG is portable and can be easilyoperated by the users. lungs where it is oxygenated and goes back to the heart

Background the left ventricle and is pumped again to be distributed to
Electro Cardiogram (ECG): An electrocardiogram (ECG) the entire body through the arteries. There are 6 event
is a medical test that detects cardiac (heart) abnormalities occurs  in  the  heart  depending  on each heart beat.
by  measuring  the electrical activity generated by the Those events will conclude us the behavior and part of
heart as it contracts. The machine that records the the generated signal. It is also known as ORS complex.
patient’s ECG is called an electrocardiograph. The
electrocardiograph records the electrical activity of the 6 eventsoccur in the heart depending on heart beat:
heart muscle and displays this data as a trace on a screen
or on paper. This data is then interpreted by a medical Atrium begins to depolarize.
practitioner. ECGs from normal, healthy hearts have a Atrium depolarizes.
characteristic shape. Any irregularity in the heart rhythm Ventricles begin to depolarize at apex. Atrium re
or damage to the heart muscle can change the electrical polarizes.
activity of the heart so that the shape of the ECG is Ventricles depolarize.
changed. A doctor may recommend an ECG for patients Ventricles begin to re polarize at apex.
who may be at risk of heart disease because there is a Ventricles re polarize.
family history of heart disease or because they smoke, are
overweight, or have diabetes, high cholesterol or high The QRS complex is a name for the combination of
blood pressure. Similarly ECGs are often performed to three of the graphical deflections seen on a typical
monitor the health of patients who have been diagnosed electrocardiogram  (ECG)  [4].  It  is  usually  the central
with heart problems, to help assess artificial cardiac and most visually obvious part of the tracing. It
pacemakers or to monitor the effects of certain corresponds to the depolarization of the right and left
medications on the heart. ventricles of the human heart. In adults, it normally lasts

There are three major types of ECG which are Resting 0.06 - 0.10 s; in children and during physical activity, it
ECG, Ambulatory ECG and Cardiac stress test. Resting may be shorter.
ECG means where the patient lies down, no movement is Typically an ECG has five deflections, arbitrarily
allowed during this time, as electrical impulses generated named "P" to "T" waves. The Q, R and S waves occur in
by other muscles may interfere with those generated by rapid succession, do not all appear in all leads and reflect
your heart. This type of ECG usually takes five to 10 a single event and thus are usually considered together.
minutes. Ambulatory ECG or Holter ECG is performed A Q wave is any downward deflection after the P wave.
using a portable recording device that is worn for at least An R wave follows as an upward deflection and the S
24 hours. The patient is free to move around normally wave is any downward deflection after the R wave. The T
while the monitor is attached. This type of ECG is used for wave follows the S wave and in some cases an additional
patients whose symptoms are intermittent and may not U wave follows the T wave [7].
appear during a resting ECG [5]. People recovering from Einthoven's triangle an equilateral triangle whose
heart attack may be monitored in this way to ensure vertices lie at the left and right shoulders and the pubic
proper heart function. The patient usually records region and whose center corresponds to the vector sum
symptoms in a diary, noting the time so that their own of all electric activity occurring in the heart at any given
experience can be compared with the ECG. The third one moment, allowing for the determination of the electrical
is cardiac stress test where this test is used to record a axis. Einthoven's triangle is approximated by the triangle
patient’s ECG while the patient rides on an exercise bike formed by the axes of the bipolar electrocardiographic
or walks on a treadmill. This type of ECG takes about 15 to (ECG) limb leads I, II and III. The center of the triangle
30 minutes to complete. offers   a   reference   point   for  the   unipolar  ECG  leads.

through the left atrium and then the blood passes through
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Fig. 1: Typical ECG system

Fig. 2: Voltage measurement unit

Fig. 3: Electrical Activity of the Heart
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Fig. 4: Placing of leads

Fig. 5: Basic ECG schematic Fig. 6: FST-4 transmitter 

The stretch between two limb (arm or leg) leads is called Lead I Placement: Right Arm is connected to the negative
a lead [4, 11]. Einthoven named theleads between the input terminal and Left Arm is connected to the positive
three limb leads "standard lead I, II and III" referring to input terminal. Lead II placement: Right Arm is connected
the two armleads and the left leg electrode. He studied the to the negative input terminal and Left Leg is connected
relationship between these leads, forming a triangle where to the positive input terminal. Lead III placement: Left Arm
the heart electrically constitutes the null point. The is connected to the negative input terminal and Left Leg
relationshipbetween the standard leads is called is connected to the positive input terminal. For all these
Einthoven's triangle. Einthoven's triangle is used lead configurations, the Right Leg is referenced as
whendetermining the electrical axis of the heart. ground.
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ECG circuit is constructed based on the principle of Transmitter: PIC transfer data serially by the following
amplifiers and filters. Figure 5 showsthe basic ECG steps:
schematic system [9].

Radio Frequency (RF): RF is a rate of oscillation in the indicating asynchronous mode with 8-bit data frame,
range of about 3 kHz to 300 GHz, which corresponds to high or low baud rate and transmit enabled.
the frequency of radio waves and the alternating currents Make TX pin of PORTC (RC6) an output for data to
which carry radio signals. RF usually refers to electrical come out of the PIC.
rather than mechanical oscillations; however, mechanical The SPBRG is loaded with the value to set the baud
RF systems do exist (see mechanical filter and RF MEMS). rate for serial data transfer.
To receive radio signals an antenna must be used. SPEN bit in the RCSTA register is set to HIGH to
However, since the antenna will pick up thousands of enable the serial port of the PIC.
radio signals at a time, a radio tuner is necessary to tune The character byte to be transmitted serially is
into a particular frequency (or frequency range). This is written into the TXREG register.
typically done via a resonator – in its simplest form, a Monitor the TXIF bit of the PIR1 register to make
circuit with a capacitor and an inductor form a tuned sure UART is ready for next byte.
circuit [6]. The resonator amplifies oscillations within a To transfer the next character go top step 5.
particular frequency band, while reducing oscillations at
other frequencies outside the band. The inverse relation Table 6 explains the transmit status and the operation
between frequency and wavelength deduces that the of control register.
higher the frequency of the RF Signal, the smaller its
wavelength and vice versa. Thus, under similar conditions Receiver: PIC receives data serially by the following
of propagation, the higher frequency signal attenuates steps:
faster than the lower frequency signal and becomes too
weak to be detected at the end of the receiver, located at The RCSTA is loaded with the value 90H, to enable
larger distances. An RF power amplifier is used to amplify the continuous receive inaddition to the 8-bit data
the power level of such a transmitter RF Signal, so that it size option.
can travel larger distances with less attenuation. The TXSTA register is loaded with the value

Table  1  shows the parameters of the FST-4 indicating asynchronousmode with 8-bit data frame,
transmitter  it  is  used  to  transmit  data signal via RF. high or low baud rate and transmit enabled
This transmitter is suitable as it provide high frequency The SPBRG is loaded with the value to set the baud
up to 3.0 GHz so that the transmit signal have better rate for serial data receive (decimal 25).
efficiency of propagation and immunity to noise Make RX pin of PORTC (RC7) an input for data to
interference. Besides that, it have lower working voltage, come into the PIC.
hence, it does not consume much power. Table 2 shows The RCIF flag bit of the PIR1 register is monitored for
the pin description of FST-4 transmitter head. a HIGH to see if an entirecharacter has been receive

Baud  Rate  Calculation: A high speed Baud rate When RCIF is raised, the RCREG register has the
generator at a baud rate of 9600 has been chosen to be byte. Its contents are moved into asafe place.
used: To receive the next character, go to step 5.

(1) Proposed System: The proposed wireless ECG system in

where, patient unit (transmission part) and the PC unit (receiving

F  is Frequency of oscillator and X is SPBRG value. system. It permits continuous ECG monitoring throughosc

The registers which are responsible to transmit data the three electrodes placed on the subject’s skin. The RF
and receive data explained in Table 3. transmitter  is  connected directly to the installed antenna.

The TXSTA register is loaded with the value

yet.

this study is composed of two main components: the

unit). This unit represents the transmitting part of the
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Table 1: Technical Parameters of FST-4 transmitter 
Working Voltage 3-12V
Working Frequency 315,433.92 MHz (other frequencies can be customized)
Standby current 0mA
Current 20-28mA
Transmission distance > 1000m (open field Receiver sensitivity-103dBm over distance)
Output Power 16dBm ( 40mW)
Transfer rate <10Kbps
Working temperature -10°~ +70°
Size 21 × 22 × 8mm

Table 2: Pin Description (left to right)
Pin Name Function Description
1 DATA Data input pin
2 VCC The positive power Supply
3 GND Negative Power Supply

Table 3: PIC 16F877A memory

One of the most important tasks in biomedical engineering that results in a baseline drift of the ECG signal. EMG
practice is signal analysis and signal processing, the noise with a wide frequency range (1–5000 Hz) and 50 Hz
ultimate goal of which is to get the signal appropriately noise caused by the power-line interference. The
conditioned   for   further   processing   and  diagnosis. magnitudes of these noises are comparable to those of the
The signal detected from the patient is often corrupted by detected ECG signal. Based on signal analysis, this study
various sources such as low-frequency noise produced introduced specific circuits to ensure that the signal was
by the patient respiration pattern, electrode movement of an appropriate magnitude with minimum noise.
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Table 4: TXSTA register – Transmit status and control register

Table 5: RCSTA: Receive Status and Control Register
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Fig. 7: Model Design 1

Fig. 8: Model design 2

The amplitude of the ECG signal is approximately stages can added to give a total gain of 5000 where the
25–100 micro volts. This dictates the use of an amplifier first stage has a gain of 50 and the second stage has a
with a very high gain and high immunity to noise to gain of 10. These gain ampligier have to provide a 90 kHz
increase the signal amplitude for further processing and gain-band width product while using only 10 micro
display. For effective ECG conditioning, an ampere of supply current for each amplifier. The amplifier
instrumentation amplifer with high CMRR (>110 dB), high IC LM358 satisfies this demand. It operates from single 3.0
differential input impedance and variable external V to 32 V supply, or dual + 1.5 V to + 16.0 V supplies.
selectable gain was used in the system as a first step. To Typically, the important ECG signals are in the range
satisfy the above-mentioned requirements, efforts were of 0.16–160 Hz. This means that the frequency response
exerted  in  the selection of an appropriate chip. The of the amplifier used in such an application should meet
instrumentation  amplifer  INA  122  manufactured by this range. This limited bandwidth can be achieved by a
Burr-Brown Corporation was selected to meet these band-pass filter formed by a low-pass filter with a cut-off
needs. It has variable gain and operates in single 2.2 V to frequency of 160 Hz and a high-passfilter with a cut-off
36 V power supply or in dual – 0.9 /+ 1.3 V to + 18 V power frequency of 0.159 Hz. Passive filters in circuit design are
supplies. INA 122 gain is set by connecting a single made up of passive components such as resistors and
external gain resistor between pin 1 and pin 8 to give a capacitors.  They  make no use of amplifying circuitry,
total amplification of 10. For further ECG amplification, two they  are  not constrained by the bandwidth limitation and
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Fig. 9: Proposed system schematic diagram

they generate less noise than circuits containing active an important tissue. PIC16f877A has a maximum operating
components. The other major advantage of using passive speed of 20 MHz with low power consumption, which is
filters in circuit design is the fact that they require no one of theimportant factors in such a system.
power supply, which is a crucial issue in wireless systems. FST-4 transmitter head and FST-4 receiver head is
The 50 Hz power-line frequency is the most common used in this design. Since it has only one pin for input
source of interference in biomedical signals. The model data, serial data sending from the PIC microcontroller to
design  is  shown in Figure 7 and 8 show the model design the transmitter can be performed. The antenna sends the
for the ECG the second model is preferable due the signal demodulatedsignal. Data were serially transferred by the
being processed before being transformed. This will receiver to the decoding PIC on the receiving side. The
decrease the distortion of the signal compare to the first decoding PIC then read the received data from the FST-4
model. receiver  through  the  RXpin on the PICand saved every

After undergoing appropriate amplification and 8-bit (1 byte) in a register [6, 10]. Data weredecoded so
filteringto remove undesired data from being processed that the output at port Bconsists of 8-bit data. Each bit
and misinterpreted, the ECG signal is then passed was sent to one of the 8 pins of port B. Here, dataflowed
toPIC16F877 to perform A/D conversion. The signal is in a parallel manner to pins 33 to 40 of the PIC micro
sampled using an 8-bit A/D. As micro-controllers controller. Pin 33 represented the LSB and pin 40 the
developed, it became apparent that they couldreplace the MSB. Data were sent to the data acquisition device, the
discrete logic components required to operate output of which was fed through the parallel portto the
atransmitter. With the programming of a single chip, it PC. Finally, the signal can be displayed using
isnow possible to change the data rate and send them to oscilloscope (output signal).
atransmitter from data collection systems via a
serialcommunications port. The PIC16F877A (Peripheral RESULTS AND DISCUSSIONS
Inter-face Controller) microcontroller used herein
(Microchip Technology Inc., Chandler, Arizona, USA) is Based on the findings in this study, the proposed
a fine chipthat is easy to program by means of a simple system proved to be effective in transmitting ECG signals
device attached to the parallel or serial port. The available with high extent of matching between the input/output
EEPROM memory offers the possibility of signals. The two majorproblems of this design regarding
reprogrammingfast and easy. It also features an integrated the aspects of powering the system and the optimum
8-channel 10-bitA/D converter. Peripherals included two number of samples to be transmitted for efficient ECG
8-bit timers and one 16-bit timer. Voltage regulator 7805 recording were tackled. This system is low cost and have
and a crystalas a clock input were used to operate the PIC. low power consumption. Future research may be include
For real-timeECG monitoring, the speed of transmission is the  monitoring  of  patient  ECG  signals   through  mobile
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Fig. 10: Expected output of proposed system

application. Hence, doctors can easily viewed the patients 2. Ramli,    A.     and     P.A.     Ahmad,   2003.
conditions at any instant of time which these may include
programming of mobile application is needed. Besides
that, the use of a parallel transmitter along with a
modification in the analog to digital converter code in the
PIC microcontroller would allow for better output
resolution.

The expected output of the ECG [8] will be as shown
in Figure 10.

However there will be some inaccuracy of signal by
using 3 leads to receive the bioelectric potential given off
by the heart that reach the surface of the skin. Normally
the ECG will have 12 leads to receive the bioelectric
potential given off by the heart. As the number of lead
increases the higher the accuracy signals.

CONCLUSION

The wireless ECG system was designed able to detect
and  transmit  the basic elements of the ECG waveform.
The  Overall  objective  of the system has been model.
This wireless ECG will be very convenient toward the
patient as well as doctors to diagnose or view the health
conditions of the patient even distance apart them are far.
Furthermore, the doctor can simultaneously monitor a few
patient ECG signal through this wireless ECG which
provide flexibility towards the doctors to do other
operations.
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