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Abstract: Cardiovascular diseases (CVD), the most common form of heart disease, resulted in 12.3 million, or 25.8% of total deaths worldwide in 1990. 
This number rose to 17.9 million, or 32.1% of total deaths in 2015.  Up to 90% of CVD might be prevented by a healthy diet, lowering blood pressure, 
decreasing non-HDL cholesterol, exercising, etc. One important measurement to prevent heart disease damage and to save lives is continuous heart 
monitoring. For acute heart diseases, real-time monitoring devices can detect the danger and send an alarm. For silent heart diseases, a monitoring 
device can find silent heart attacks, which account for 20% of heart attacks in the US. While various heart monitoring devices exist, a continuous 
monitoring device that measures and analyzes both Stethoscope signals and 12-lead electrocardiography (ECG) signals does not exist. The goal of this 
project is to develop a smart vest with an embedded digital Stethoscope and 12-lead ECG for continuous heart monitoring. Thanks to the recent 
developments in sensor technologies, ultra-low-power electronics, and machine learning, the smart vest development is possible. The smart vest 
monitoring functions include digitizing the acoustic and electrical signals, detecting abnormal data, recording abnormal data, and generating alarm 
signals. Once successfully developed and applied, the smart vest will serve as a life-guard device, especially for people with a high risk of heart 
diseases. 
 
Index Terms: cardiovascular diseases, stethoscope, electrocardiography, dry textile electrode, ultra-low power microcontroller, machine learning.   
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1 INTRODUCTION                                                                     

In the US and many countries, heart disease is the leading 
cause of death. About 655,000 Americans die from heart 
disease each year, about 25% of all deaths [1-3]. Our heart is 
the never-stopping engine of our body and deserves 
continuous monitoring, especially for the high-risk population. 
Unlike a mechanical machine, the human body can feel some 
symptoms of heart diseases, including chest pains, shortness 
of breath, dizziness, etc.  People are educated to pay attention 
to such symptoms and seek immediate medical assistance at 
the onset of the symptoms. However, we cannot completely 
rely on just symptoms for the detection of heart diseases. 
Sometimes heart diseases occur without apparent symptoms. 
In addition, a patient can confuse heart disease symptoms 
with symptoms of other diseases. For example, chest pain can 
be caused by not only heart diseases but also other diseases 
such as heartburn or asthma. In many cases, abnormal 
symptoms from heart diseases are misinterpreted and 
ignored. Thus, continuous and complete heart monitoring is 
very much desirable.  Advanced diagnostic tools such as 
ultrasounds, chest X-rays, angiocardiography, and CT scans 
provide detailed heart information. However, they all require 
external sound or radiation sources and are not portable. ECG 
and Stethoscope detect the signals from our body and provide 
a complete picture of the heart conditions. Before the 
advanced diagnostic tools were invented, an experienced 
heart doctor could evaluate a patient’s heart conditions by only 
a 12-lead ECG and a Stethoscope. The 12-lead ECG gives a 
tracing from 12 different ―electrical positions'' of the heart. 
Each lead is meant to pick up electrical activity from a different 
position on the heart muscle. This allows an experienced 
doctor to see the heart from many different angles. The 
stethoscope is used mainly for the detection of heart murmurs, 
irregular heart rhythms, or abnormal heart sounds.    The goal 
of this proposal is to develop such a heart monitoring device, 
called a smart vest, to provide long-term continuous 
measurement of the Stethoscope and 12-lead ECG signals, to 
record abnormal signals, and to generate an alarm in 

abnormal conditions. 

 
2 PREVIOUS WORK 
 
2.1 Existing heart monitoring devices 
Some types of heart monitoring devices exist. A typical device 
is the Holter monitor which records ECG for 24-72 hours and 
the stored data is analyzed by software afterward. However, 
the Holter monitor is not a real-time continuous monitoring 
device and can not generate an alarm for patients to seek 
immediate medical help. It also does not include important 
Stethoscope signals. In addition, the requirement of wet gel 
electrodes makes the Holter monitor not suitable for long-time 
wear. Another heart monitoring device is recently developed 
health monitoring electronics such as the Apple iWatch. The 
iWatch is a helpful device that can monitor 1-lead ECG, heart 
rate, and pulse oximeter.  However, the iWatch can not provide 
a 12-lead ECG, which is the standard measurement for 
complete information on the heart. The iWatch also does not 
measure the Stethoscope signal. 
 
2.2 Recent wearable Stethoscope development 
The first Stethoscope was invented in 1816 and has been one 
of the most useful medical devices by listening to the sounds 
made by the heart, lungs, or intestines, as well as blood flow in 
arteries and veins. However, the effective use of a 
Stethoscope is related to the individual doctor’s experience. 
Also, the Stethoscope’s position and pressure between the 
diaphragm and the skin have a large impact on the acoustic 
signal. There was no reliable wearable Stethoscope until 
recent years [4-6]. 
Due to the COVID-19 pandemic and the need for long-term 
monitoring of the lungs, a group in Switzerland solved a long-
term Stethoscope sensor design issue and paved the way to 
design a wearable Stethoscope [6]. The sensor design applies 
a diaphragm-less acoustic-electric transducer by stacking a 
silicone-rubber and a piezoelectric film to capture thoracic 
sounds with minimum attenuation. 
 
2.3 Recent active electrode design for 12-lead ECG 
The ECG was invented in 1895 and is the most widely used 
medical device to detect heart diseases.  The conventional 12-
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lead ECG provides an accurate diagnosis of heart diseases. 
One obstacle for a long-term wearable 12-lead ECG device is 
the wet adhesive patch electrodes to provide appropriate ECG 
signals. The wet adhesive patch electrodes are not suitable for 
long-term application. It can cause skin irritations and allergic 
reactions. Recently, dry active electrodes were designed to 
replace the gel electrodes. The dry active electrodes measure 
the surface potential without direct contact with skin [10, 11]. It 
can sense bioelectrical signals with a gap between the skin 
and the sensor plate. It enables long-term monitoring without 
skin irritations. Recently, a few groups reported to measure the 
12-lead ECG using dry active electrodes and obtain 
accuracies comparable with commercial Holter monitor [3, 7, 
8]. In summary, the Stethoscope and 12-lead ECG provide 
vital information on heart health. The sensor technologies for 
the wearable Stethoscope and ECG are available. However, a 
wearable device, called a smart vest, does not exist.  

 
2.4 Our Design 
In this paper, a smart vest with three advantages will be 
described. First, the smart vest is comfortable for long-term 
wear without wet adhesive patch electrodes. Both Stethoscope 
and 12-lead ECG sensors are dry textile electrodes. The smart 
vest can detect high-quality Stethoscope and ECG signals with 
a good signal-to-noise ratio. Second, ultra-low electronics, 
including sensor signal processing, analog to digital converter 
(ADC), and a microcontroller, are applied to reduce the smart 
vest’s power consumption for long-term wear. Third, digital 
processing algorithms will be used for noise filter and 
reduction. Machine learning will be used for real-time 
abnormal detection of Stethoscope and ECG signals [9].  
 

3 METHOD AND DESIGN 
 
3.1 Stethoscope and 12-lead Sensors 
Figure 1 shows a smart vest and Stethoscope sensors. A 
commercial vest is used as the base. The vest should have a 
comfortable internal layer. The middle and outer layers are 
made with an acoustic cloth with high sound impedance to 
block external noises from transferring into the Stethoscope 
sensors. The Stethoscope sensors are located at the typical 
locations to detect the sounds from the four heart valves: 
aortic valve, pulmonic valve, tricuspid valve, and mitral valve, 
as shown in Figure 1(a). The Stethoscope sensor structure is 
shown in Figure 1(b) [6]. It consists of a silicone rubber, a 
piezoelectric film, and a small PCB. The silicone rubber 
provides contact with the skin and the support of the 
piezoelectric film. The piezoelectric film, conforming to the 
surface of the silicone rubber, converts the acoustic pressure 
wave impinging on the material to an electrical signal    whose 

     

                                                 
(a) Stethoscope sensors 

 
 

              
(b) Sensor structure 

 

                   
(c) Sensor circuit (red: piezoelectric film) 

 
       Figure 1. Stethoscope sensor locations structure 
                         and circuit in the smart vest 

 
amplitude is proportional to the strain. The circuit for the 
Stethoscope is shown in Figure 1(c) [6]. A common-source 
junction field-effect transistor (JFET) amplifier is chosen due to 
its high input impedance, very low gate bias current, and low 
flicker noise. Figure 2 shows the 12-lead ECG sensor. The 
textile patches are electrodes and are connected to the middle 
layer of the smart vest by snap fasteners. A small active circuit 
PCB is placed on the snap fasteners in the middle layer. An 
impedance converter on the PCB decouples the ECG signal at 
the snap fastener from the following electronics. A highly 
resistive (1G Ohm) bias resistor prevents the build-up of static 
charge at the input on the impedance converter. The output of 
the impedance converter is connected to the control unit with a 
shielded cable.  

 

 
(a) 12-lead ECG locations 

 

 
(b) Dry electrode structure 

 
 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VO`LUME 10, ISSUE 03, MARCH 2021  ISSN 2277-8616 

45 
IJSTR©2021 
www.ijstr.org 

 

 
(c) Active circuit 

 
Figure 2. 12-lead ECG sensor locations, structure,  
             and active circuit in the smart vest 

 
3.2 Ultra-low-power control unit 
Figure 3 shows an ultra-low control unit powered by 
rechargeable batteries. The analog signals from the 
Stethoscope and 12-lead ECG sensors are connected to the 
ADC inputs. The ADC outputs are read by an ultra-low-power 
microcontroller. Ultra-low-power microcontrollers with artificial 
intelligence, such as Eta’s ECM3532 or STMicroelectronics’ 
STM32L5, are good candidates [12, 13]. The whole system is 
running on two rechargeable batteries and the smart vest 
should be able to run one week for each charge. 
 
3.3 Machine learning algorithm 
Python will be used as the programming language. The low-
level software functions include peripheral IO operations — 
reading the ADC raw data from the sensors and digital 
processing to remove noises. The high-level software runs 
machine learning algorithms to train the model, analyze the 
live data, and detect abnormal heart conditions. The typical  

 

 
Figure 3. Ultra-low-power control unit  

 
machine learning pattern recognition algorithms, such as 
support vector machines (SVM), decision trees, and random 
forest, will be applied to the smart vest [14, 15, 16]. 

 
3.4 Test and calibration 
As a health device, accuracy and reliability are important 
requirements. To reach high accuracy, systematic calibrations 
must be done to calibrate the smart vest with conventional 
professional medical devices. An FDA-approved 3M Littmann 
CORE digital Stethoscope can be used for the Stethoscope 
calibration. A Holter monitor is used for the 12-lead ECG 
calibration. The sensors, the wiring, and the control unit are 
detachable when the vest needs to be washed.  

 
4 DISCUSSIONS  
To make the smart vest an accurate and reliable health 
monitoring device, three risks must be mitigated. First, the 
assembly of stethoscope and ECG sensors is critical for the 
signal-to-noise ratio of the smart vest. Even the detailed 

structures are discussed in research papers, a dedicated 
procedure is required to fabricate the sensor and integrate 
them in the smart vest. To mitigate this issue, I have contacted 
the authors of the research papers and I got help from a local 
microfabrication lab in the Department of Material Sciences & 
Engineering at Stony Brook University. Second, the smart vest 
should be able to determine if the heart is in normal condition. 
However, different patients have different Stethoscopes or 
ECG patterns. It is hard to use a fixed standard of value to 
determine the normal or abnormal condition. Machine learning 
software provides a powerful way to mitigate this risk. The 
software can ―learn‖ the patient's conditions when training the 
model. After the training, the module is used as a reference to 
determine if there is an abnormal condition. Third, plenty of 
tests for accuracy and reliability must be conducted.  
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