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 Abstract—Sleep disordered breathing is an increasingly common condition among the general population. Conventional sleep 

disordered breathing diagnosis depends on in-lab polysomnography while at home sleep test devices are becoming a more wide 

spread. Both systems are cumbersome and typically data is collected offline, typically limiting use to only a few nights recording. We 

present the design, implementation and preliminary results from a novel “IOT ready” sleep test device named “vitalcore”. The 

device utilize electro resistive polymer sensor and accelerometer to measure respiratory, cardiac and actigraphy information and 

uses Bluetooth  or Wi-Fi to stream and transfer data and is capable of reliably acquiring high quality sleep data. To improves the 

user experience by completely concealing the hardware into a E-shirt by providing 5 days of battery life, full speed Bluetooth live 

data streaming / downloading with local storage capable of more than year worth of sleep data. 
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I. INTRODUCTION  

Sleep-disordered breathing (SDB) is an increasing common, with at least half of people over the age of 65 experiencing 

disturbed sleep, with a further 25% of children experiencing SDB by adolescence. Obstructive Sleep Apnea, Central Sleep 

Apnea, Upper Airway Resistance and obesity hyperventilation are the most common SDB observed and are characterized by 

interrupted breathing with different causes. For example, the most common sleep disorder, Obstructive Sleep Apnea, is caused 

by cessation of breathing due to obstructed airways. Central Sleep Apnea, which is more common among heart failure patients, 

is caused by impaired cardiovascular and breathing control systems. Due to an aging population as well as to an increase in the 

obesity among the general population, the numbers of patients with SDB is expected to rise significantly in the future. 
Consequently, sleep disordered research and requirements for more convenient sleep monitoring devices are predicted to 

expand rapidly. 

 The polysomnogram is considered the medical gold-standard means of assessing the quality of sleep. It requires the patient 

to spend multiple nights at a specialized sleep clinic. While the quality of diagnosis is the best available, it comes at a cost of 

limited sleep clinic access, high cost (~$800 – $2,000), and the time required to generate the diagnosis. Furthermore, the 

polysomnogram is performed in an unfamiliar environment and generally uncomfortable due to the number of sensors applied. 

Most importantly, polysomnography evaluates only a single night/few nights snapshot of conditions and is not suitable for 

long-term sleep monitoring. These limitations have led to the development of alternative diagnostic tests that can be conducted 

inside a home with minimal supervision. These systems generally included a wearable device with fewer sensors. However, 

IOT platforms for widespread sleep Monitoring are not commonly used today. While these technologies are developing 

rapidly, healthcare industry adaptation is slow. Data quality, reliability and utility combined with ease-of-use of the device are 
limiting factors for greater uptake of these technologies. In an attempt to address these issues, we present “VitalCore”, a novel 

IOT ready, sleep monitoring device utilizing a new technique of cardiac and respiratory measurement with polymer based 

electro resistive band (ERB) sensors. Further, the device facilitates single lead ECG and Accelerometer measurements. The 

microcontroller supports the latest Bluetooth wireless speed natively for data transfer and real-time streaming to Bluetooth 

smart device or a dedicated Bluetooth  dongle. The device was tested to determine if it is capable of capturing both cardiac and 

respiratory activity over the course of a night’s sleep. Additional proofofconcept experiments are performed to determine if the 

prototype device is capable of accurately capturing respiration and cardiac activity. 

II. BLOCK DIAGRAM 

To embedded the electronics inside the t-shirt fabric the Hardware must be as small and thin as possible component selection is 
critical as result. The components which must be present in the E-shirt Where possible, components that provided multiple 

required features were selected.  

 

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 4, 2021

ISSN NO: 2394-2886

Page No:632

Asus
Textbox



 
Fig. 1 Block Diagram 

ADS1247 is a 24bit ADC designed for use in temperature and pressure gauges. It features a variable dual constant current 

supply, programmable gain amplifier and four channel data sampling up to 2000 samples/s. Since the ERB working principle 

is similar to piezoresistive pressure gauges, we could repurpose the ADC to use with ERBs. Microcontroller (MCU) is selected 

as the processing unit. Designed for Bluetooth or Wi-Fi and  low energy application and comes with internal co-processor to 

handle Bluetooth communication. 
 

III. HARDWARE DESCRIPTION 

A. ECG 

Electrocardiography is the process of producing an electrocardiogram (ECG or EKG), a recording – a graph of voltage 

versus time – of the electrical activity of the heart using electrodes placed on the skin. These electrodes detect the small 

electrical changes that are a consequence of cardiac muscle depolarization followed by repolarization during each cardiac cycle 

(heartbeat). Changes in the normal ECG pattern occur in numerous cardiac abnormalities, including cardiac rhythm 

disturbances (such as atrial fibrillation and ventricular tachycardia), inadequate coronary artery blood flow (such as myocardial 

ischemia and myocardial infarction), and electrolyte disturbances (such as hypokalemia and hyperkalemia). In a conventional 
12-lead ECG, ten electrodes are placed on the patient's limbs and on the surface of the chest. The overall magnitude of the 

heart's electrical potential is then measured from twelve different angles ("leads") and isrecorded over a period of time (usually 

ten seconds). In this way, the overall magnitude and direction of the heart's electrical depolarization is captured at each 

moment throughout the cardiac cycle. 

 

B. RESPIRATION SENSOR 

The Respiration Sensor measures breathing rate and relative depth of abdominal or thoracic breathing. It is provided with 

an easy to apply elastic band and can be worn over clothing. The Respiration Sensor is usually placed over the abdomen. 

Respiration is often used in combination with the Blood Volume Pulse Sensor for HRV Training. 

 
Fig. 2 Respiration Sensor Setup 

 

Thermistor is usually fitted inside the nose and generally used for new born child. 
 

C. THERMISTOR SENSOR 

Babies are unconscious to equipment as compared to adults. Adults can go obsessed, anxious and manipulative with bio 

medical instruments when fitted to their body, giving an undesired data. Babies however remain normal and a reliable data can 

be collected. 

Other methods of measuring respiration rate require the pressing of chest area and several invasive types’ equipment, which 

is not suitable for such delicate body. 

Thermistors are temperature sensors [whose electrical resistance changes exponentially with change in temperature], which 

senses the temperature of inhaled 12 air and exhaled air, giving a temperature difference which is further calibrated in to give 

rate. They are available in bead type, probe type, disc type and rod type. It can be used in air temperature from -60 °C to 150 

°C. 
 The resistance over the thermistor drops when its surrounding temperature increases, and goes back down when the 

temperature decreases. The voltage also, accordingly drops when a person exhales and rises when a person inhales. We use an 

operational amplifier to make the changes in temperature more apparent. The output of the amplifier is read into the 

microcontroller's ADC channel. 

 

D. IOT 

The internet of things (IOT) is the network of physical devices, vehicles, buildings and other items embedded with 

electronics, software, sensors, actuators, and network connectivity that enable these objects to collect and exchange data. In 

2013 the Global Standards Initiative on Internet of Things (IOT-GSI) defined the IOT as "the infrastructure of the information 

society." The IOT allows objects to be sensed and controlled remotely across existing network infrastructure, creating 
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opportunities for more direct integration of the physical world into computer-based systems, and resulting in improved 

efficiency, accuracy and economic benefit. When IOT is augmented with sensors and actuators, the technology becomes an 

instance of the more general class of cyber-physical system, which also encompasses technologies such as smart grids, smart 

homes, intelligent transportation and smart cities. Each thing is uniquely identifiable through its embedded computing system 

but is able to interoperate within the existing internet infrastructure. 
 

 
Fig. 3 Internet of Things 

 

"Things," in the IOT sense, can refer to a wide variety of devices such as heart monitoring implants, biochip transponders 

on farm animals, electric clams in coastal waters, automobiles with built-in sensors, DNA analysis devices for 

environmental/food/pathogen monitoring or field operation devices that assist firefighters in search and rescue operations 

Legal scholars suggest to look at "Things" as an "inextricable mixture of hardware, software, data and service" These devices 

collect useful data with the help of various existing technologies and then autonomously flow the data between other devices 

Current market examples include smart thermostat systems and washer/dryers that use Wi-Fi for remote monitoring. 

 As well as the expansion of Internet-connected automation into a plethora of new application areas, IOT is also expected to 

generate large amounts of data from diverse locations, with the consequent necessity for quick aggregation of the data, and an 

increase in the need to index, store, and process such data more effectively. IOT is one of the platforms of today's Smart City, 
and Smart Energy Management Systems. 

 

 

 
Fig.4 IOT Block Diagram 

E. NODEMCU 

ESP8266EX delivers highly integrated Wi-Fi SoC solution to meet the continuous demands for efficient power usage, 

compact design and reliable performance in the industry. With the complete and self-contained Wi-Fi networking capabilities, 

It can perform as either a standalone application or the slave to a host MCU. When ESP8266EX hosts the application, it 

promptly boots up from the external flash. The integrated high-speed cache helps to increase the system performance and 

optimise the system memory. Also, ESP8266EX can be applied to any micro-controller design as a Wi-Fi adaptor through SPI 

/ SDIO or I2C / UART interfaces. 

 

 
Fig. 5 ESP8266EX BLOCK DIAGRAM 

 

F. ACCELEROMETER 

One of the most common inertial sensors is the accelerometer, a dynamic sensor capable of a vast range of sensing. 

Accelerometers are available that can measure acceleration in one, two, or three orthogonal axes. They are typically used in one 

of three modes 

Modes: 

• As an inertial measurement of velocity and position. 

• As a sensor of inclination, tilt, or orientation in 2 or 3 dimensions, as referenced from the acceleration of gravity (1 g 
= 9.8m/s). 

• As a vibration or impact (shock) sensor. There are considerable advantages to using an analogy accelerometer as 

opposed to an inclinometer such as a liquid tilt sensor – inclinometers tend to output binary information (indicating a 

state of on or off), thus it is only possible to detect when the tilt has exceeded some the holding angle. ADXL335 is 

mostly used acceleration detecting IC. 
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Fig. 6 Acceleration Detecting IC 

 

IV. Conclusions  

These experiments demonstrate the characteristics of the developed Vital Core device and potential to work as an 

independent IOT node for continuous sleep monitoring. Based on the preliminary results shown the device works as expected 

and full fill the basic requirements to integrate into fully functional IOT platform. The device has the potential to overcome 

significant weaknesses of current sleep monitoring devices. It is completely concealed in a garment providing minimum 
obstruction and inconvenience to the user. The hardware is smaller in area and thickness compared to currently available 

commercial alternatives. The device can be powered with 200mAh~600mAh li ion battery without the battery size exceeding 

the dimensions of the PCB to allow single day to full week usage from a single battery charge. The hardware supports the latest 

Bluetooth 5 or Wi-Fi natively providing the maximum Bluetooth wireless transfer rate available with current technology. 
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