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Abstract

In the field of medical electronics, non invasive techniques for the
measurement of different physical and physiological parameters are becoming
popular nowadays. The use of different types of sensorsis inevitable to design
this type of instruments. The present study deals with such a design based on
the concepts of Pulse oxymetry. It is an infra red sensor based wireless module
which measures pulse rate, maximum heart rate, blood pressure, physical
fitness index and maximum oxygen uptake capacity of an individual non-
invasively. It provides a graphical representation of the electrical activity of
the heart commonly known as Electrocardiograph (ECG) which helpsto detect
any existing disorders in the cardiac cycle. In this study, the sensor-receiver
module is touched with the subject’s finger. The output of the receiver is fed
to a series of sensitively tuned electronic amplifier circuit which represents the
electrical activities of the heart in the form of voltage fluctuations. Then the
voltage fluctuation is passed through appropriate filters for precision. The
change in the voltage is due to the fluctuation of voltage within the heart
muscles (commonly myocardium) which are amplified and displayed in a
display unit. The whole measurement is performed by keeping a single finger
of the patient between the sensor-receiver modules for twenty seconds. Each
change in blood volume has a fixed curve pattern and depicts one cardiac
cycle. The total number of change in blood volume in a minute gives the pulse
rate of the patient. Severa attempts have been made by researchers to measure
the electrical activity of the human heart non-invasively, but it was not
possible from a single finger, if preceded in the conventional way. This
instrument is a portable device and removes the drawbacks of conventional
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Electrocardiograph machines. It is very much cost effective and is fully sensor
based digital device providing complete computer interfacing. This is a low
power device, designed to provide full cardiac monitoring and is meant to help
the medical experts to diagnose any cardiac disorders very easily and within
very lesstime.

Keywords: Pulse Oxymetry, ECG, VOona, PFI, Differential Amplifiers,
Multiple Correlations

Introduction

The advent of precisely designed bio-medical instruments has proven to be a boon to
mankind. Electrocardiograph (ECG) is the measurement of the electrical activity of
the heart initiated by the Sino Atrial Node (SAN) which results in the contraction of
heart muscles. Researchers have designed numerous devices to effectively measure
the electrica activity of the heart both invasively and non-invasively. 2
Conventional ECG monitors use complex wired structures called leads which are used
to pick up the eectrical impulses from different positions of the body, It follows the
Einthoven triangle and consists of twelve leads for the proper monitoring.>*® It is not
a al cost efficient and requires trained experts for its proper operation. The present
study deals with a precise and user friendly instrument for cardiovascular monitoring
which uses the concepts of pulse oxymetry to obtain the ECG of a human subject
from any periphera point of the body (in this case, index finger). Along with the ECG
curve, in this cardiac analyzer multi various cardio-vascular parameters like systolic
blood pressure, diastolic blood pressure, pulse rate, maximum oxygen uptake
(VOuma), maximum heart rate and physical fitness index are also obtained. ! Pulse
oxymetry is the method of measuring the concentration of oxygen containing
hemoglobin in the blood non-invasively. "® The measurement of oxy-hemoglobin
concentration in blood is done by measuring the absorption level of infrared light by
oxygenized hemoglobin. Thus by measuring the concentration of oxy-hemoglobin
complex at time instant in a fingertip, the volume of blood is obtained at that time
instant in the fingertip. The instantaneous fluctuations of blood volume thus obtained
are transformed as voltage fluctuations by the sensor module and are amplified using
single stage differential amplifiers. This amplified voltage is filtered using appropriate
band pass filters and is digitized using the analog to digital converter. The
microcontroller module is used to provide proper interfacing with computer using RS
232 port. This device operates on the basis of the concept that the concentration of
oxygen carrying blood at any part of the body varies along with the electrical
activities of the heart i.e. expansion and contraction of the heart. The concentration of
oxygenated blood depends on the volume of blood flowing in a particular region. The
microcontroller module obtains the heart rate by counting the numbers of cardiac
cycles appearing per minute in the ECG curve. It counts the number of voltage spikes
in one minute. The essentia blood parameters like systolic and diastolic blood
pressure, physical fitness index, maximum heart rate and maximum volume of Thus
by providing the age of the subject, the cardio-vascular parameters like systolic blood
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pressure, diastolic blood pressure, body fitness index, maximum volume of oxygen in
the blood and maximum heart rate at the stress condition are obtained. The parameters
measured by the device define the cardiac condition of a patient fully within very less
time and allows the medica practitioners to start their medical procedures without
spending much time in severest conditions. Moreover, the device is a low cost low
power design consuming very less powers of about 0.1 Watt and costing as low as
$5.00. This cardiac analyzer is applicable in multi various fields including Sports
Medicine, Cardiology, Biomechanics and even in daily domestic monitoring.!®
According to the literature, several attempts have been made to realize a non invasive
heart rate monitor. The latest heart rate monitor based on pulse oxymetry was
developed by Texas Instruments. But that device needs the subject to put his two
thumbs on two separate infrared transmitter receiver module. The instrument,
described in this paper requires the subject to put only one figure on an IR transmitter
receiver module to get his ECG and his pulse rate. By providing the subject’s age, the
systolic blood pressure, diastolic blood pressure, maximum heart rate, physical fitness
index, maximum volume of oxygen in blood of the subject can be obtained. If thereis
any disorder in the cardiac cycle that can be detected by studying the ECG provided
by the device. A device called Sport Tester is also used as a heart rate monitor us ng}
the concepts of telemetry but it is not multipurpose and is not very cost efficient. [*°
Hence, this design is an attempt to remove such practical problems and aims at the
following

e To Design an accurate low cost low power cardio vascular monitor.

e To Display the ECG curve of the patient from a single finger.

e To Makethe design multi various and versatile.

e ToMakeavery user friendly device to be used by everyone.

Methods and Materials
The device is based on the principle of Pulse oxymetry. In pulse oxymetry, the
concentration of oxy-haemoglobin in a certain volume of blood is measured. This
device also uses another peculiar property of blood. Blood can absorb certain portion
of IR radiation and reflects the rest. This is non injurious to human health and hence
can be used effectively.

e The Circuit Design can be Subdivided into Two Parts

e Theanalog Sensor-receiver module and amplifiers

e TheDigital micro controller module

The Analog Sensor-Receiver Module and Amplifiers

This forms the main part of the device. The sensor-receiver module consists of infra
red LEDs and receivers. This module acts as an input transducer. The LED emitsinfra
red light which is reflected from the surface of the finger. The extent of reflection
depends on the volume of blood present in the finger tip at that instant. The receiver
picks up this reflected infra red light and gives an equivalent voltage signal of the
same. This device uses a peculiar property of blood that it absorbs infra red light to
some extent and reflects the rest. The amplifiers are tuned to match the frequency of
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the human electrocardiograph and the obtained signal is amplified to the amplitudes
of the actual ECG thereby calibrating the circuit. This output gives the actual ECG of
the patient. Each block is described in brief.
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Figure 1: Block Diagram of the Cardiac Analyzer Circuit

IR Transmitter-Receiver Module

The finger of the subject is kept on the Infra Red transmitter-receiver module. At
every contraction of heart there is a surge of blood volume within the finger and at the
expansion of heart the surge of blood volume within the finger disappears. The LED
produces the IR light that penetrates through the skin of the subject’s finger. There at
the finger of subject the IR light of certain wavelength (approximately of 900 nm) is
absorbed by the oxy-hemoglobin. A certain portion of the IR light is reflected out of
the finger of the subject and is received by the receiver. At the receiver module the
absorbed level of the IR light of wavelength 900nm is represented by certain voltage
level. Thus the quantity of oxy-hemoglobin and thus volume of blood at any time
instant at the subject’s finger is represented by a certain voltage level. As the blood
volume at the finger changes according to the electrical activities of the heart a
graphical representation of heart’s electrical activities can be obtained.

I nstrumentation Amplifier

The voltage fluctuation obtained in the previous module is fed to the instrumentation
amplifier to match the actual amplitude of 3 to 6 mV of actual Human ECG. The
circuit diagram of instrumentation amplifier is shown below.

Figure 2: Circuit Diagram of Instrumentation Amplifier
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Resistance Rgy.in is selected in accordance with the working range of the device
which is 3 to 6mV in this case. In the instrumentation amplifier the output is fed back
in each and every step of the circuit. Thus the noises are omitted and the SNR is
increased. The output voltage of the instrumentation amplifier can be shown to be

Vout = (1+2R/Rgain) (V1-V2)

It can be represented as
Vour =k (V1-V)

Where, ‘K’ is called the gain factor of the instrumentation amplifier.

The amplifier is basically a combination of two buffers and a differential
amplifier. The buffers are used for impedance matching to match the signa’s
impedance with the internal impedance of the circuit. Then the matched signal is
amplified to match the amplitude of the actual amplitude of human ECG. Thisis the
step where the calibration of the device is performed to give out araw ECG curve.

Differential Amplifier

The signal from the instrumentation amplifier gives the raw ECG. This inherently
consists of certain low amplitude portions of ECG curve namely the ‘P wave and the
‘T’ wave, which needs to be prominent. Hence, a single stage differential amplifier is
used for this purpose. The figure below shows a single stage differential amplifier.
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Figure 3: Circuit Diagram of Differential Amplifier

The above diagram shows the circuit diagram of a differential amplifier in single
input mode. The output voltage of the differential amplifier can be represented as

Vou= K (Vl'VZ)

Where, k= -(R¢/R;) is called the single ended voltage gain. Thus the output voltage
of the differential amplifier is increased by a factor given by single ended voltage
gain. After subsequent amplification and filtering using passive R-C filters, the circuit
gives the unshaped ECG of the subject as the output. This output is shaped by
digitizing in the subsequent module to come.
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The Digital Micro Controller Module

The microcontroller module must be fed with digital input. So, the output from
differential amplifier is first digitized by applying it to a 16-bit ADC. The
microcontroller is programmed with the bio statistical formulae to measure essential
cardiac parameters like systolic blood pressure, diastolic blood pressure, Maximum
heart rate, physical fitness index and maximum oxygen uptake. The microcontroller
must be programmed to measure the heart rate from the ECG curve by calculating the
number of cardiac cycles appearing per minute in the ECG curve (i.e. the crests and
troughs in the voltage level of the output of differential amplifier). All the formulae
are based on the heart rate measured by the circuit.

Bio Statistical Analysis
The cardiac parameters that are to be measured by this device are heart rate, systolic

blood pressure, diastolic blood pressure, fitness index, maximum volume of oxygen in
blood.

A study of several subjects was conducted and all the above mentioned cardiac
parameters were measured by conventional methods. The data obtained were operated
on, with multiple-correlation and thus regression equations were generated, relating
the parameters to be measured to the heart rate of the subject. To obtain more accurate
results, the age of the subject can be included as a separate parameter.

The different formulas generated can be categorized under the following heads.

Systolic blood pressure (SBP):
SBP=264.134-2HR (1)

Diastolic blood pressure (DBP):
DBP=192.962-1.62HR @)

Maximum heart rate (HRmay):
HRmax=6.724+2.657THR (€]

Physical Fitnessindex (FI):
PFI=-95.862+2.232HR (4)

Volume of oxygen consumption at cellular level (VOzmax)
V Oomax= -10.022+0.731HR 5)

Results

The circuit is tested and the desired results were obtained. The figure below shows the
unshaped ECG curve obtained as the output of the device as observed in the dua
storage cathode ray oscilloscope.
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Figure 4: Unshaped ECG Curve Showing PQRST Waveforms

The figure clearly indicates the P wave, the QRS complex and the T waves which
are the fundamental parts of the electrocardiogram waveform. These three waves
describe the status of the heart within the full cardiac cycle. This ECG wave is shaped
and smoothened to form the accurate ECG wave as observed in the conventional ECG
machines. The bio statistical analysis and the device's accuracy were also validated.
The graph 1 shows the comparison between the actual systolic blood pressure
(marked in blue) and the measured systolic blood pressure (marked in red). This
shows the level of accuracy of the cardiac analyzer. In the similar manner, the other
parameters can aso be validated.

160
140
120 -
100 -
80 -
60 -
40 -
20 -

SystolicBP

1 6 11 16 21 26 31 36 41 46 51

Patient

Figure 5. Comparative Chart of Systolic Blood Pressure

The power consumption of the device is found out to be about 0.01 watt which is
very less and hence effective and efficient in terms of normal daily usage of the
device. The existing devices which serve as only heart rate monitors like the * Sport
Tester’ have more power consumption when compared to this device. Moreover, the
cardiac analyzer is a rea time system and computes its results within 20 seconds.
Hence, it can be very useful for essential cardiac monitoring during stress time.
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Discussion

It can be concluded from the above results and analysis that the cardiac analyzer is a
simple yet cost efficient design which is very much user friendly and can be used
commonly in daily life to facilitate exact monitoring of cardiovascular parameters
which is indeed very essential nowadays in amost every fields including medicine,
sports, biometric studies etc.

References

[1] Hashem, M.M.A.; Shams, R.; Kader, M.A.; Sayed, M.A., Dept. of Comput.
Sci. & Eng., Khulna Univ. of Eng. & Technol. (KUET), Khulna, Bangladesh,”
Design and development of a heart hate measuring device using fingertip.”,
International Conference on computer and communication engineering,
Malayasia, 2010.

[2] Lopez-Silva, SM.; Dotor, M.L.; Silveira, J.P.; Giannetti, R.; Miguel-Tobal, F.;
Bilbao, A.; Galindo, M.; Marti; n-Escudero, P.; CNM-CSIC, Inst. de
Microelectron. de Madrid, Madrid, Spain

[3] R.G. Landaeta, O. Casas, and R.P. Areny, “Heart rate detection from plantar
bioimpedance measurements’, 28th IEEE EMBS Annua International
Conference, USA, 2006, pp. 5113-5116.

[4] P. F. Binkley, “Predicting the potential of wearable technology”, |IEEE Eng.
Med. Biol. Mag., Vol. 22, 2003, pp. 23-27.

[5] H. Shim, JH. Lee, S.O. Hwang, H.R. Yoon, and Y.R. Yoon, Development of
heart rate monitoring for mobile telemedicine using smartphone”, 13th
International Conference on Biomedica Engineering (ICBME 2008),
Singapore, 2008, pp. 1116-1119.

[6] C.C. Ta and JR.C. Chien, “An improved peak quantification algorithm for
automatic heart rate measurements’, IEEE 27th Annual Conference on
Engineering in Medicine and Biology, China, 2005, pp. 6623-6626.

[7] Y. Chen, "Wireless heart rate monitor with infrared detecting module,”
US2005075577-A1, 2005.

[8 T. Usui, A. Matsubara, and S. Tanaka, "Unconstrained and noninvasive
measurement of heartbeat and respiration using an acoustic sensor enclosed in
an air pillow," SICE 2004 Annual Conference, 2004, vol. 3, pp 2648-2651.

[99 S. Rhee, B.-H. Yang, and H. H. Asada, "Modeling of finger
photoplethysmography for wearable sensors," 21st Annual Conference and the
1999 Annual Fall Meeting of the Biomedical Engineering Soc. BMESJEMBS
Conference, 1999.

[10] Pico Technology, “Calculating the heart rate with a pulse plethysmograph”,
Available a:
http://www.picotech.com/experiments/cal culating_heart_rate/index.html
[December 27, 2009]





