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Abstract - The ischemic heart disease has been one of
the principal causes of death in the last decade, and
the electrocardiograph (ECG) is the main equipment
to evaluate the heart condition of the patient. In this
paper, a portable 12-lead ECG acquisition system is
presented. The proposed system was developed using
a designed printed circuit board with Wilson Resistor
Network, ADG725 (multiplexer) and ADS1291
(instrumentation amplifier and Analog-to-Digital
Converter), where a development board (TIVA
TM4C123G) and a Bluetooth module (EGBT-046S)
is stacked. The visualization is made on Android
mobile device, using a user-friendly application
called “Bluetooth Electronics”. This kind of ECG
register has the potential to reduce traditionally
expensive equipment and also allow population living
far from large cities has their ECG exams verified by
specialists, since the data is on smartphone. The
results indicate the feasibility of proposed ECG
equipment.
Keywords: embedded, wireless,
healthcare.
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I. INTRODUCTION

According to World Health Organization the
ischemic heart disease has been one of the principal
causes of death in the last decade [1]. At a research
held in 2013 in Brazil, 6 million of citizens with 18
years old or more had some medical diagnosis of
some type of heart disease [2]. The same research
highlights that “cardiovascular illnesses have the
higher costs with regard to hospital admissions”.

In the year of 2013 Brazil invested 8,3% of Gross
Domestic Product (GDP) in health expenditure, from
which 45,8% are proceeding from public funds [3]
[4]. Countries like Italy and Korea invest similar
percentage to Brazil (9,2% and 7,4% of GDP,
respectively). However, when examined per capita
data, it is found that Brazil expends US$947,00, while
Italy and Korea expend US$3,258.00 and
US$2,060.00, respectively [5]. Although Brazil has
GDP similar to these countries, it has much larger
population, which justify such low per capita value.
Therefore, the employment of cost-effective solutions

is very important for ischemic heart disease issue for
the government and citizens.

In this scenario, the diffusion of portable ECG
devices not only promote home care, but as well can
reduce expenses related to medical appointments,
travel costs and waiting time, and could be even a tool
for  preventive  medicine.  The  portable
electrocardiograph connected to mobile phone or
another device with Bluetooth or Wi-Fi connection
can send clinical data of patients to medical center or
offices, and through manifestation in ECG signal
shown in the data it could predict the majority of
cardiovascular  diseases symptoms [6], and
appropriate medical instructions could be offered to
patient upon early symptoms detection [7].

Many studies have been done to develop portable
ECG equipment. Shin-Chi et al [8] showed that is
possible to construct one lead ECG equipment using
operational amplifiers and 8-bit Arduino platform.
Huang et al [9] [10] designed 7-lead equipment using
ADS1298 and an ARM Cortex M3 microprocessor.
Sun et al [11] developed a 12 lead ECG equipment
using ADS1298 and MSP430. These studies
demonstrated that it is possible to construct an
equipment using user-friendly development boards,
and focused the studies in compression ratio to save
energy on transmission system. However still lack
details about the hardware construction, firmware
optimization for better hardware components choices,
and about the precision of the instrumentation.

In this paper, we designed an ECG device based
on Wilson Resistor Network, ADG725, ADS1291,
TIVA TM4C123G and EGBT-046S, capable to
acquire the 12-leads ECG signal. The circuit is
supplied by batteries, and its structures is made by
PLA on 3D printer. In Section Il, we provide the
overall view about the hardware design. In Section
111, application test results are given, and conclusion
and future works are described in Section IV. Our
contribution is to inspire future professional ECG
equipment.

1. SYSTEM DESIGN OVERVIEW

The proposed system, as shown in Figure 1,
consists of electrodes and cable that are position of



the 12-lead system, as seen in Figure 2. Each signal is
multiplexed on ADG725, and its output is connected
to the input of ADS1291, an instrumentation
amplifier and Analog-To-Digital Converter, which
outputs a 24 bit of data and feasible to obtain 8000
samples per second. In our project we utilized smaller
rate, 4000 samples per second, because of its Efficient
Number of Bits (ENOB) is superior to previous rate,
accordingly to ADS1291 datasheet. Then at this rate
of sampling for all 12 leads, we have 333 Hz of
sampling for each channel, with ENOB of 15.29 in
conditions of 2.42 V Reference and Programmable
Gain Amplifier (PGA) of 12. The 24-bit resolution
demands for low amplification, avoiding any
saturation on following sections.
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Figure 2. Electrode points and Wilson Resistor
Network circuit

The data is sent to TM4C123G microcontroller, a
32-bit microcontroller that offers 80 MHz Cortex-M4
with Floating Point Unit (FPU), which is terrific for
processing 24-bit data from ADS1291, enabling to
apply Finite Impulse Response (FIR) Bessel on
firmware. The information is sent through Bluetooth
module EGBT-046S, and it will be displayed on
"Bluetooth electronics"” app on smartphone. At Figure
3 is shown the constructed device. The box was made
on 3D printer using polylactic acid (PLA).

ket

Figure 3. Contructed ECG portable device

I11. RESULTS

A free Android application called “Bluetooth
Electronics” is used because it is very easy to
customize, which reduced the design-cycle time. In
Figure 4 is demonstrated the connection between
equipment and cardiac signal simulator. The lead V1
obtained from the simulator is shown in Figure 5. We
tested on a patient, which result is seen at Figure 6.

Figure 4. Connection between ECG Portable Device
and ECG signal simulator

Electrocardiograph - "Heart Of Gold®

Figure 5. View of V1 from ECG signal simulator on
Android application



Electrocardiograpt

Figure 6. View of V1 from patient on Android
application

The processing time is illustrated in Figure 7. If
setting ADS1291 to make 4000 samples per second,
consequently TIVA have to do all the processing in
less than 250 ps. Using Tiva’s uDMA and
optimization in firmware compiling, all the
processing is done in 31 us. If none of these were
used, the processing time takes 173 s to be done. In
our analysis, using uDMA makes the processing time
74,6% faster, and compiling techniques optimizes
82,3%.
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Figure 7 — Processing time optimization

Each part of equipment and its total price is on
Table 1. Compared with traditional clinical product
sold in Brazilian market, our equipment is 10 to 20
times cheaper.

Table 1. Materials value

Price
Component (U$)
Printed Circuit Board 92,71
Integrated Circuits 73,05
3D printed box 4,27
Cable 6,10
Screws, nuts, washers,
8,71
connectors, etc.
TOTAL: 184,86

The measured power consumption was about
300mW. The equipment was designed to be supplied
by 4 AA batteries, either 1.2V or 1.5V each one.
There is a Single-Ended Primary-Inductor Converter
(SEPIC) circuit that regulates 4.8V or 6V to 5V at
output.

IV. CONCLUSION AND FUTURE WORKS

In this paper, the design of portable 12 lead ECG
acquisition system is described. The system is made
from state-of-art-components, and using a user-
friendly app it was possible to reduce the design cycle
time. The signals obtained on the screen of the
smartphone were consistent with produced from the
simulator. Some other basic tests were taken like
DC/AC calibration of the equipment, and the results
were agreeing with ADS1291 datasheet. We adopted
ADS1291 because of its low price and simplicity to
programming. In conjunction with ADG725 there is
no need to obtain another instrumentation amplifier
with higher number of inputs like ADS1298. With
some few more resistors and change in the PCB
layout, it is possible even to design up to 16 leads.

On the other hand, the UART data rate is
insufficient to transmit all the 12 leads values
simultaneously, but is formidable to watch each
single of them at a time. In our future works we will
focus about the transmission data, choosing better
wireless module, studying about compression ratio,
and storage in SD card module.
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