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Abstract — The main objective of this paper is to propose the
design of a sensor interface for gathering biosignal. This signal
is acquired from the patient’s body by the ECG sensor. The
interface includes the instrumentation amplifier, bandpass filter,
notch filter and the gain amplifier for improving the weak signal
captured from the human body. The interface designed is
intended to be used in supporting remote monitoring devices for
the patients living in areas with limited access to medical
assistance or scarce clinical resources especially in rural areas.
The patient monitoring systems are expected to use the
GSM/GPRS network directly through GSM/GPRS modem
instead of using additional devices like Personal Digital Assistant
(PDA). Since, the network is currently available in remote area
for access. The design is helpful to improve people’s quality of
life, as well as to allow an improvement in the government
attendance indices.

Index Terms: Band Pass Filter,
Electrocardiography, ECG Sensor, Notch Filter

Biosignal,

I.  INTRODUCTION

Electrocardiography (ECG) is the interpretation of the
electrical activities of the heart over a period of time. The
biosignal are extracted right from the body by the electrodes
placed on different locations. The signal measured and
monitored a biological being is commonly used to refer to
an electrical signal called biosignal. Bio electrical signals
(biosignal) are the electrical currents generating the
electrical potential difference across a tissue, organs or cell
system called nervous system[1-3].

In the heart muscle cell, electric activation takes place by
means of the same mechanism as in the nerve cell from the
inflow of Na ions across the cell membrane. The amplitude
of the action potential is also similar, being 100 mV for both
nerve and muscle. The duration of the cardiac impulse is,
however, two orders of magnitude longer than in either
nerve cell or sceletal muscle cell. As in the nerve cell,
repolarization is a consequence of the outflow of K ions.The
duration of the action impulse is about 300 ms V[4-6] .
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Fig. 1 Normal ECG waves [7

Normal values for amplitude and duration of ECG
parameters are usually as:

Amplitude: P wave 0.25mV, R wave 1.60mV, Q wave 25%
of R wave and T wave 0.1mV to 0.5mV as shown in Fig. 1
Duration: P-R interval 0.12 to 0.20sec, Q-T interval 0.35 to
0.44 sec, P wave interval 0.11 sec and QRS interval 0.10 sec
[8-10].

The ECG signal is always very weak that needs a boost.
Biosensors also develop very low output signals. Modern
analog circuits systems consist of basic integrated
operational amplifiers, which are built easily up to amplify
or buffer signals. A modified morphological filtering
(MMF) technique is used for signal conditioning to achieve
baseline correction and noise suppression with minimum
signal [11, 12].

I1. DESIGN CONSIDERATIONS

The selection and placement of the electrodes have been
considered for the single channel ECG system. These are
electrodes which can measure the weak signal less than 8mV.
The typical electrocardiogram (ECG) signal has voltage of
0.05 to 5mV.
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Fig. 2 ECG Conditioning Block Diagram

The ECG signal is detected by ECG probe that converts it
into an electrical signal which is pre amplified at the first
stage. The signals that are captured from the electrodes have
some amount of noise. It needs the proper signal analysis to
remove these errors and noise. Hence, the second stage
consists of the bandpass filter and notch pass filter [13] as
in Fig. 4 which is designed to suppress the unwanted signal
(noise) The third stage has the gain amplifier which sets the
appropriate level of signal to be read by the analog to digital
convertor (ADC) and microcontroller [14, 15].
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Fig. 3 ECG Sensor Interface Schematic

A. Pre Amplification

LM324 op amp[16] is selected in this work, because it is a
bipolar metal oxide semiconductor (BiMOS) op amp [17].
BiMOS technology has the circuit design that uses both
bipolar junction transistor (BJT) and metal oxide
semiconductor field effect transistor (MOSFET)[18-20].
Hence LM324 op amp does not allow the leakage of
currents that may affect the signal as in BJT op amp (741). It
produces real ideal response for biometric signals.

The differential amplifiers are used to create instrumentation
amplifier. This is done by using basic three op amps. This is
made up of two parts, the differential amplifier and the gain
stage [21]. These two parts are set to total gain (G1) as
shown below.

61 = ERE-:E!{R'?)z 668 °

’E
R1=R2=R
A. Band Pass Filter
The signal from the instrumentation amplifier is filtered by
the bandpass filter for the bandwidth of 1 t0102 Hz [22].
The transfer function of the bandpass filter is

fo=——= =102 Hz

~RLICIR12CE

fc = cut off frequency

B. Notch Filter

Proper protecting and safety consideration are considered to
ease the external noise such electromagnetic interference, it
is preferred to get rid of this type of noise in the
preprocessing stage. The notch (band stop) filtering with cut
off frequency fc = 60 Hz is designed to suppress such noise
[23]and as shown in Fig. 5.

fo =—="60Hz

R17=R18=R, C4=C5=C

C. Rightleg drive

Right Leg Drive is designed to remove the common mode
noise produced from the body. The two signals to the
instrumentation amplifier from the leads positioned on the
right and left arm are added up, inverted and amplified back
into the body through the right leg by a common-mode
amplifier. Since the patient is frequently not grounded; the
right leg electrode is connected to the output of a
supplementary op amp.
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The common mode voltage on the body is sensed by two
averaging resistors R4 and R5, inverted and fed back to the
right leg through R6. This circuit drives a very little amount
of current into the right leg to equal the displacement
currents flowing in the body. The body hence becomes a
summing junction in a feedback loop and the negative
feedback from this circuit drives the common mode voltage
to a low value.

The circuit also protects the patient, if an abnormally high
voltage should appear between the patient and ground due to
electrical leakage or other means, the supplementary op amp
in the right leg circuit saturates. The resistance R6 between
the patient and ground has enough power for the protection
in case the supplementary op amp saturates shown in Fig. 3.
Common mode output (V) = (V2+V1)/2

D. Gain Amplifier

The amplification stage as shown in Error! Reference
source not found. has the only purpose to boost the
amplitude of the bioelectric signal up to be understood by
the microcontroller (to 4.7V) [24, 25].

The amplifier gain is G2="— = 4.3

RID
The overall system gain (G) =G1XG2
G =2870

E. Power Supply

The system components are set use +5V at their positive
terminals and -5V at their negative terminals, and reference
voltage set to ground.

I1l. RESULTS

When designing the ECG signal conditioning circuit, each
stage has been tested by simulation using proteus. Testing
has been performed using a sinusoidal wave, since the ECG
software generator in proteus for ECG signal generation was
not easily available. The power supplies used are +5 V and -
5 V dc for the positive and negative terminals respectively.
The input has been set to 1 to 5mV offset voltages.
The test results are:
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From the tests, it is verified that each block functions
correctly. The output resulted is sufficient for the ADC
analysis which suits at the microcontroller level .The output
at the notch filter end has successfully suppressed the
electromagnetic noise at 60Hz.

IV. CONCLUSION

A sensor interface has been designed for continuously
capturing the physiological signals of a patient. It has the
voltage output level required to suit to the microcontroller.
This technology has the potential for offering a wide range
of benefits to patients, medical society and whole the
community at large especially in rural areas in Tanzania.
There are many advantages of this technology at home or in
hospitals to replace the face to face communication between
a patient and a physician. The physiological signal can be
measured from the patients, and then sent to the hospital
remotely automatically when connected to the
microcontroller without the need of them going to hospital
in person. In addition, the medical personnel can take care
of a few patients simultaneously, and thus, the personnel
expenses can be reduced.
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