
1. Introduction 
 
Every contraction of the heart pumps the blood to 
the pulmonary and systemic circulations to provide 
all the body tissues with oxygen, nutrients and hor-
mones. The rate of the heart contraction, to certain 
extent, reflects the function of the heart, homeostasis 
and function of the whole body. Thus we require an 
accurate measurement of heart rate or beat for medi-
cal and physiological studies.  
 Heart rate is influenced by factors such as 
blood volume, pH, hypoxia, a- and β -adrenergic 
systems, cardiac contraction and vascular tone, and 
the integrated function of these systems ensures ade-
quate perfusion of all tissues, despite regional differ-
ences in demand [1]. 
 The need to produce a fast and accurate 
measurement of the heart rate in many medical and 
physiological studies had led to the design of heart 
rate monitoring devices around the world. In addi-
tion to this, the monitoring of critically ill patients in 
the Intensive Care Unit (ICU) of hospitals requires 
that information be provided as soon as possible af-
ter connecting any device to the patient. It is also 
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pertinent in fitness centers, to get the feedback con-
trol of heart rate which changes during different 
forms of exercises [2,3]. 
 Due to the delicate nature of the heart [4], it 
is of utmost importance to design a device that pro-
vides an accurate reading as quickly as possible. A 
device that will give regular, continuous and auto-
matic monitoring of the heartbeat rate so that any 
sudden change in the patient’s heartbeat will be no-
ticed and appropriate warnings actuated [5]. And a 
device that will give unambiguous readout with easy 
accessibility of stored information, relatively port-
able, reliable, easy to maintain, inexpensive and user 
friendly. 
 Devices capable of measuring the heart rate 
on an averaging or a beat-to-beat basis are known as 
cardiotachometers. Averaging cardiotachometer de-
termines the average heart rate by counting the pulse 
over a known period of time but the beat-to-beat car-
diotachometer determines the reciprocal of time in-
terval between heart beats for each beat and presents 
it as the heart rate for that particular interval [6,7]. 
The input signal is an electrocardiogram waveform. 
Input circuits amplify and filter the electrocardio-

Design of a Digital Cardiotachometer 
 
*S.C.  Iwuji, K.I. Nkuma-Udah, A.I. Onwuchekwa, C.K. Onuoha, H.A. Osuji and G.C. Okoye 

  

Department of Biomedical Technology, Federal University of Technology, Owerri, Imo State Nigeria. 
     

(Received May 17, 2010; Revised November 20, 2010; Accepted  December 12, 2010) 
 

Every contraction of the heart pumps the blood to the pulmonary and systemic circulations to provide all the 
body tissues with oxygen, nutrients and hormones. Hence the rate of the heart contraction, to certain extent, 
reflects the function of the heart, homeostasis and function of the whole body. Thus we require a fast and accu-
rate measurement of heart rate or beat for medical and physiological studies. This indigenous digital Cardiota-
chometer is designed to assess the human heart beat with the help of a microphone sensor. The heart beat sig-
nal is amplified by an amplifier; digitized by an analogue to digital converter (ADC); processed by a micro-
controller, and accessed through the screen of a computer system with light emitting diode display. This sys-
tem is relatively portable, versatile, cost effective and user friendly. The equipment is a physiologic as well as 
a diagnostic device recommended for further development and industrial production in Nigeria. 
The objective of this work is to design a digital heart rate measuring apparatus that converts the time interval 
between heartbeats to a rate in beats per minute.  
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gram and detect the peak of the R-wave which is 
used to measure the time interval between beats and 
compute rate. The output is generally scaled to pro-
vide the resultant rate in beats per minute.  
 Digital Cardiotachometer is a device that 
measures the heart rate [8]. It can be classified into 
averaging Cardiotachometer and beat-to-beat Car-
diotachometer.  
 
2. General Design 
 
2.1 Functional Categories of Indigenous Digital 
Cardiotachometer 
The sensor of the digital averaging cardiotachome-
ter, which is an electric microphone, receives the  
signal from the subject under review. The signal is 
amplified in the operational amplifier after which it 
is digitized by an analog-digital converter (ADC). 
Then the signal goes to the microcontroller where it 
is processed. From the microcontroller, the output 
information in form of heart beat waveform is either 
displayed on an LED display or interphased with a 
computer system for further processing and storage. 
The architecture of the cardiotachometer is shown in 
figure 1 

 
 
2.2 Technical Parameters and Performance Esti-
mate 
In this system, the sensor is a simple electric micro-
phone. The amplifier is a 741 operational amplifier 
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of high frequency and  gain < 40 for low amplifica-
tion such that it is insensitive to the background/
ambient noise. The analog-digital converter (ADC) 
is 0808N while the microcontroller is an AT 89S51-
24P series microcontroller with parallel port PC in-
terface. The system peripherial module include the 
seven segment decoder, 74L547N, seven segment 
display, MAN HD K121, microswitches, power sup-
ply with its voltage regulator, 7805, 16MHz crystal 
oscillator and serial bus and port cables, loud 
speaker and  alarm system. 
 The system has multitasking capabilities like 
heart rate measurement, heart beat graphical analysis 
and automatic time update. It can be configured for a 
number of choice operations such as security lock 
against unauthorized access. There is also the long 
term memory capability for health monitoring over a 
long time as well as integrated alarm system. 
 
3. Design of System Modules 
 
3.1 Microcontroller Module 
The AT89S51-24P series microcontroller has four 
interface ports to which external sub-circuits can be 
connected. Each port has 8 input/output pins. Port-0 

(P0) is used as an input/output port through which 
the code representing the pressed button is taken by 
the controller. Port-1 (P1) was used as input port 
through which the digital output of the ADC is read 
by the microcontroller. Port-2 (P2) was used as an 
output port to send binary data representing the fig-
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Figure 1: System Structure 



ures to be displayed on the seven segment display 
through the decoders connected to the port. Port-3 
bit 0 (P3.0) and Port-3 bit 1 (P3.1) were used as serial 
communication interface ports to the computer sys-
tem through the lines driver and serial port connec-
tor. Port-3 bit 2 (P3.2) was used to drive the green the 
green LED indicator. Port-3 bit 3 (P3.3) and Port-3 
bit 4 (P3.4) connect two of the functional pins of the 
ADC. Port-3 bit 5 (P3.5) was used to drive the blue 
LED indicator. Port-3 bit 6 (P3.6) was used to drive 
the alarm (buzzer). Port-3 bit 7 (P3.7) was used to 
connect to one of the functional pins on the 7 seg-
ment display driver. 
 The microcontroller’s speed was controlled 
by a 12 MHz crystal oscillator. 
 
3.2 Analog - Digital Converter (ADC) Module 
The ADC has 8 analog pins. A particular analog in-
put pin is selected for appropriate analog-digital con-
version of its voltage level. 
 The signals generated from biological sys-
tems usually have static and dynamic components 
with low level of amplitude [9]. The voltage gener-
ated by the heart is less than 1 volt, analog and fluc-
tuates. The signal from the heart was amplified to a 
convenient level and power before being fed into the 
ADC. 
 The process of conversion from analog to 
digital form follows an algorithm pattern as shown 
below in figure 2.  
 
3.3 The Display Module 
 The main display module is composed of the Seven 
Segment Display made of the LED as well as the 
Liquid Crystal Display. In this display module, the 
binary values represent the digits to be displayed on 
the screen. During the heart rate measurement, time 
and date settings, readings of time and date etc with 
the binary values are sent to the Binary Coded Deci-
mal (BCD) seven segment driver (74L548N) which 
converts the BCD equivalent of the port data into the 
7-segment codes shown on the display. 
 As an illustration, if the heart rate is 72, in-
stead of the system to send A as 010010002 (binary 
form) it will be sent as BCD through a BCD-seven 
segment decoder as 01110010 (7,2). 
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3.4 The Input Module 
The input module consists of  a keypad, which is a 
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Figure 2: Flow Chart of the ADC Conversion Process 



matrix programmable device in which the repre-
sented keys are arranged in rows and column. The 
matrix arrangement of the keyboard shown in figure 
3 below. 

 

4. Discussion and Conclusion 
 
The digital cardiotachometer after design met the 
required stability according to its design. The device 
is relatively reliable according to the testing.  
 It must be mentioned that the device was de-
signed using simple, unsophisticated system compo-
nents readily available in the country. Therefore, it is 
not expected to compare favourably with its peers in 
the developed world. 
 In this regard, more stringent effort should be 
made to develop the biomedical engineering design 
aspect of biomedical engineering practice in Nigeria. 
The onus lies on both the government and the pro-
fessionals, especially the academics involved in the 
teaching of biomedical engineering design in Nige-
ria to brace up with the challenge of developing 
BME design in Nigeria both theoretically and practi-
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cally.  
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