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ABSTRACT

Heart related issues have been so common according to medical research; the young and aged people are mostly
affected. Electronic diagnosis has made a great impact in solving Heart related issues. However, the cost for acquiring
stethoscope and Electrocardiographs is often expensive This simple, low cost microcontroller based heartbeat rate
measuring device was developed using a reverse engineering technique. A five volts power supply (5V) was
developed and used to power a sensor arrangement. The sensor comprised of an Infrared emitting diode and a
photodiode. An amplifier unit was added to boost the signal coming from the sensor after which the signal was sent
to a microcontroller. The microcontroller was programmed to count detected pulse for fifteen seconds and give the
display through a connected 3-Digit seven segments. The device was packaged in a specially designed plastic casing;
adequate spacing was provided for the digital readout, optical sensor, power switch and the control switches. Testing
was done by using the device to measure the heartbeat rate of 42 individuals and the result compared with that of a
standard device. The result using the developed device was found to be satisfactory as 73.69bpm average
measurement while the polar sonic standard device gave an average reading 74.23bpm. A positive strong correlation
of 0.907 was obtained for the two devices showing that the developed device is a good substitute for the (polar sonic)
standard device. The device is simple in construction, easy to use, portable and cost effective.
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1. INTRODUCTION

Heartbeat monitoring device (HBMD) is an electronic tool that detects physiological parameters and converts to usable
heartbeat rate reading [1]. Heartbeat rate is the number of times the heart beats per minute (bpm) and it is produced
via depolarization at the sinoatrial and atrioventricular nodes in the heart. The use of HBMD has evolved since its first
invention. HBMD is a common tool in the clinical domain because it appears sensitive to both physiological and
psychological disorders [2]. HBMD has been applied as a tool in diagnosis, prognosis and management of patients
with health challenges [3], [4]. It is also used by individuals, such as athletes, who are interested in monitoring their
heartbeat rate to gain maximum efficiency from their training. The Rwave t0 Rwave interval (R-R interval) is the inverse
of the heart rate. Other areas of application HBMD are in sports and heartbeat rate variability (HRV) training device
[5,6,7]. For example, the shape of the heart beat waveform reflects arterial changes correlated with hypertension. In
addition, HRV training offers promise for the treatment of migraine, reduces asthma severity followed by
improvement in cases of diabetic ulcer and frostbites.

Heartbeat rate measurement is done by first finding pulses due to blood pressure flowing in the body. This pulse rate
can be taken at any point on the body where the artery's pulsation is transmitted to the surface by pressuring it with
the index and middle fingers; often it is compressed against an underlying structure like the bone. Use of thumb for
measuring another person's heartbeat rate may not be ideal as its strong pulse may interfere with correct perception of
the target pulse.

1.1 Statement of the Problem
Some methods exist for measuring heartbeat rate however, the highlighted problems are associated with them and
these include:
e  Stethoscopes have greater ability to spread germs and viruses, since they are normally used on bare skin and
sometimes on extremely ill patients.[8]
e Inattentiveness of nurses during manual measurement may lead to inaccuracy of measured value.
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e Counting heartbeat by manual method for a full minute might be too long a time especially in an emergency
situation.

e .Since the stethoscope magnifies sounds, any accidental noise that is too loud can potentially damage the
listener's ears.[8]

e Research through the use of questionnaire shows that the market price of a heartbeat monitoring device is
forty thousand naira (3¥40,000) in available electronics market.

2. MATERIALS AND METHOD

This work is aimed at designing a device that shall have the capacity and capability of taking an input signal from the
finger tip of the individual whose heartbeat is to be read.

The device has two main stages- the hardware and the software. The hardware is sub-divided into power supply, input,
processing (filter and amplifier circuit), and output stages (digital readout).

Figure 1 shows the block diagram of the device and the relationship between the blocks.

2.1 The Power Supply Stage

The developed device was to be operated with DC voltage source and independent of electricity supply since its
application may be required in places where electricity is not available. The power supply stage consists of a 9V
battery regulated as shown in Figure 2 to 5V using fixed regulator and associated components.

2.2 The Sensor Design

The sensor unit is made up of an infrared diode as emitter and the photo diode as a detector arranged as shown Figure
3 to detect the pulsating motion of blood in the finger veins.

A small signal transistor was used to amplify the low level signals and as a switch. Typical hr values for the transistor
ranges from 10 to 500, with maximum collector current (l) ratings from about 80 to 600 mA is adequate. [6]

An automatic switch is required to turn OFF the infrared diode after the targeted 15 seconds count duration. The
transistor (BC547) used to switch ON the infrared LED when collector voltage (Vc¢) is less than the emitter voltage
(Ve) [9]

The DC current gain, § =200 [10]

To limit the biasing current at the base, a resistor whose value is determined using equations (4) knowing that the
collector current with respect to ground is Ic= 0.12A =120mA (current flowing through the diode D>)

VBE = VB - VE = +0.6V (2)
IC = fIB (3)
Ro =T @)
Finger-tip % Signal Filtering and Pulse counter Counted
Sensor (input) cond|t|§;n|ng amplification (microcontroller) pulse display
uni

Figure 1: Block diagram of the developed device
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Figure 2: Power Supply Circuit

To protect photo detector diode from excessive current, a resistor was placed in series with it. The value of the series
resistor Rs depends on the forward voltage Ve of the LED, the supply voltage V., and the desired forward current I¢
as expressed in equation (5)

Ry === (5)

F
2. 3 The Signal Conditioning Circuit
The signal conditioning circuit consists of two identical active low pass filters with a cut-off frequency of 2.5 Hz. The
operational amplifier LM358 was used because of'it’s ability to amplify low signal and also operates on a single power
supply but generates rail-to-rail output swing. The filtering of the signal is necessary to block-off any higher frequency
noise present in the signal. A non-inverting negative feedback amplifier was used because it keeps the output
waveform in phase with the input waveform The gain of each filter stage was calculated from equation (10) by
selecting suitable values for Rs and Rs. The overall gain is the product of the gains of the two amplifiers’ gain.
The cut-off frequency (in hertz) is defined in equation (6) as [9]:

1

fe= (6)
2nRC
For reliable result, biasing resistor for the op-amp should have resistance value between 10kQ and 100kQ. [9]. For a

cut-off frequency of 2.5Hz, the capacitor value was found as
1

c= @)
27fc Re

When an input voltage Vi is applied to the non-inverting input the gain of the amplifier is given in [12] as:
v, R % 8

L = — X

i Rl T RZ ourt ( )
Voltage gain, A,, = ':;’f“ 9)

mn
Then A, = ':f”t = Rl}:—RZ (10)
in 1

For the second amplifying stage, 4,, the calculating steps are repeated. The total gain would be
AVtotal = Ay * Ay, (11)

At the output of the second stage of the amplifier circuit, an LED “D3” was connected in series with (Rio) a resistor
to limit the current flowing through it. The LED blinks every time a heart beat was detected. The circuit diagram is
as shown in Figure 4.

24 The Output Stage

The output stage consists of the microcontroller receiving the input signal which has been processed by the signal
conditioning unit through the Pin 3 (TOCKI). The microcontroller was programmed using C language such that once
the start button is pressed the microcontroller activates the infrared transmitter in the sensor unit for 15 sec. During
this interval, the number of heartbeats arriving at the Pin 3 (TOCKI) input is counted. The actual heart rate is 4 times
the counted value, and the resolution of measurement is 4. The microcontroller runs at 4.0 MHz using an external
crystal. The complete circuit diagram is as shown in Figure 5.
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3. RESULT AND DISCUSSION

Adults within 20-25years age bracket heartbeat rate were sampled using a standard device and the developed device.
For adults, heartbeat rate ranges from 60 to 100 [5]. The result is as shown in Table 1. The statistical analysis of the
result was as follows:

Let the mean for standard device =ux

YiX
let mean for the developed device = p,
1Y
y = == (13)

where
X = individual heartbeat rate for the standard device (polar sonic)
Y = individual heartbeat rate for the developed device
n = number of sampled individual
Standard deviation for standard device (polar sonic), s.dx
cd = [HG-mo®
X n-1
Standard deviation for the developed device, s.dy

’ niv_ )2
S. dy — Zl(:_:“Y)

Correlation, t 7 = nixXy_GEY

JInEX2-(EX)?][nTY2-(T V)]

Substituting values from Table 1, gives
By = 74.23bpm
s.d, = 8.0
Therefore, the measured heartbeat rate using a standard heartbeat monitor (polar sonic) ranges from:
By £5.d =74.2318.0
=66. 23 to 82. 23
~ 66bpm to 82bpm
This value falls within 60 to 100bpm (normal heart beat rate for adult)
py, = 73.69bpm
Standard deviation for the developed device:
s.dy, =77
Therefore, the measured heartbeat rate using the developed heartbeat monitor ranged from:
py£s.d=7369177
=77.69 to 81. 39
~ 74bpm to 81bpm
This value falls within 60 to 100bpm (normal heart beat rate for adult)

nEXY-EXEY)
I X2-(E X2 Y2-(Z V)2
[42 x 232121] — [3118 x 3095]

T V(42 x 234222) — (3118)2],/[(42 x 230519 — (3095)2)]
98872 98872

T= =
V115400 x 102773  108903.6

Correlation =1 =

T = 0.907 {the correlation is strong positive} as shown in Figure 6.
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Table 1 : Statistical Analyses Data

INDIVIDUAL | X(bpm) Y(bpm) | X2 Y2 XY — )P — )

NUMBER (X —1y) (Y —ny)
1 70 12 4900 5184 5040 18.32 2.85
2 12 12 5184 5184 5184 5.20 2.85
3 12 70 5184 4900 5040 5.20 13.61
4 78 71 6084 5041 5538 13.83 7.23
5 77 77 5929 5929 5929 7.39 10.90
6 77 81 5929 6561 6237 7.39 53.43
7 82 84 6724 7056 6888 59.59 106.29
8 84 79 7056 6241 6636 94.49 28.19
9 80 72 6400 5184 5760 32.72 2.85
10 74 72 5476 5184 5328 0.0784 2.85
11 12 78 5184 6084 5616 5.20 18.57
12 75 80 5625 6400 6000 0.52 39.81
13 79 82 6241 6724 6478 22.27 69.05
14 80 81 6400 6561 6480 32.72 53.43
15 80 81 6400 6561 6480 32.72 53.43
16 60 61 3600 3721 3660 203.9 161.03
17 68 69 4624 4761 4692 39.44 21.99
18 77 72 5929 5184 5544 7.39 2.85
19 84 84 7056 7056 7056 94.49 106.29
20 82 82 6724 6724 6724 59.59 69.05
21 77 77 5929 5929 5929 7.39 10.90
22 76 70 5776 4900 5320 2.96 13.61
23 70 76 4900 5776 5320 18.32 5.33
24 61 66 3721 4356 4026 176.35 59.13
25 64 65 4096 4225 4160 105.67 75.50
26 70 70 4900 4900 4900 18.32 13.61
27 12 70 5184 4900 5040 5.20 13.61
28 63 61 3969 3721 3843 127.23 161.03
29 64 64 4096 4096 4096 105.67 93.89
30 84 85 7056 7225 7140 94.49 127.91
31 86 82 7396 6724 7052 11.72 69.05
32 72 69 5184 4761 4968 5.20 21.99
33 77 75 5929 5625 5775 7.39 1.71
34 70 70 4900 4900 4900 18.32 13.61
35 12 75 5184 5625 5400 5.20 1.71
36 76 12 5776 5184 5472 2.96 2.85
37 84 80 7056 6400 6720 94.49 39.81
38 84 84 7056 7056 7056 94.49 106.29
39 89 82 7921 6724 7298 216.67 69.05
40 74 72 5476 5184 5328 0.0784 2.85
41 58 58 3364 3364 3364 265.03 246.17
42 52 52 2704 2704 2704 496.39 470.45

XX LY =|3¥X’= TY? = EXY= N(X -’ | p(Y - )=
3118 3095 34222 230519 232121 =2621.987 | 2446.61
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Figure 7: The Correlation Graph.

The correlation graph of the measurements from the two devices (developed and standard) showed that the developed
device is a good substitute for the standard device with an added advantage of lower price.

4. CONCLUSION

A low cost heartbeat rate monitoring device based on reverse engineering has been developed. The system detects the
variations in blood volume from the index finger and covert it to a pulse. The signal was amplified, filtered and sent
to a programmed microcontroller which counts the number of pulses for 15 seconds. Testing was done by using the
device to measure the heartbeat rate of 42 individuals and the result compared with that of a standard device. The
result, using the developed device, was 73.69bpm average measurement while the polar sonic standard device gave
an average reading of 74.23bpm. There is a positive strong correlation of 0.907. This showed that the developed
instrument could be used as a substitute for a much more expensive polar sonic standard type for heart beat monitoring.
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