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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 widespread. 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 “new model”. The device utilizes electro resistive polymer sensors and
accelerometer to measure respiratory, cardiac and actigraphy information. The device uses Bluetooth 5 to stream and
transfer data and is capable of reliably acquiring high quality sleep data. The device significantly improves the user
experience by completely concealing the hardware into a t-shirt while providing five days of battery life, full speed
Bluetooth 5 live data streaming/ downloading with local storage capable of more than a year worth of sleep data

1. INTRODUCTION

Sleep-disordered breathing (SDB) is an increasing common, with at least half of people over the age of 65 experiencing
disturbed sleep [1], with a further 25% of children experiencing SDB by adolescence [2]. Obstructive Sleep Apnea,
Central Sleep Apnea, Upper Airway Resistance and obesity hyperventilation are the most common SDB observed [3]
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 [3]. Central Sleep Apnea,
which is more common among heart failure patients, is caused by impaired cardiovascular and breathing control
systems [4]. 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 [5].

The polysomnogram is considered the medical gold standard means of assessing the quality of sleep [6]. 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) [7], 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, 10T 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 “new model”,
a novel 10T 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.
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1. BACKGROUND WORK

2.1 Sleep disordered breathing

Authors: C. M. Baldwin and S. F. Quan

In this paper the authors proposed Epidemiology, pathophysiology, behavioral manifestations, cardiovascular
comorbidity, clinical evaluation, and treatment for OSA are the main topics covered. The article concludes with the role
of the nurse in SDB.

Disadvantage: Raw values collected from different sensors which are not accurate

2.2 Cardiac arrhythmias and sleep-disordered breathing in patients with heart failure

Authors: Wolfram Grimm, Ulrich Koehler

In this paper the authors proposed current review focuses on the relationship between central sleep apnea (CSA) and
atrial fibrillation as the most common atrial arrhythmia in heart failure (HF) patients, and on the relationship between
CSA and ventricular tachycardia and ventricular fibrillation as the most frequent cause of sudden cardiac death in HF
patients.

Disadvantage: Identified how sleep disorder affects human body but concentrated only on Heart failure.

2.3 Unobtrusive sleep monitoring using cardiac, breathing and movements activities: an exhaustive review
Authors: Jean-Marc Lina; Julie Carrier; Georges Kaddoum

In this paper the authors aims at providing the reader with a multidimensional research perspective by presenting a
review of research literature on developments made in unobtrusive sleep assessment. from data acquisition frameworks
and physiological measurements, to information processing.

Disadvantage: Fails to assess sleep stages and sleep quality less intrusively, and reliably.

I1l. PROJECT MODULES

ADXL345 Accelerometer
Heart Rate Monitor - AD8232
Arduino uno microcontroller
Temperature sensor DHT 11
LCD 16X2 display

VVVYY

3.1 ADXL345 Accelerometer

It is a digital accelerometer sensor and outputs digital values of acceleration in three axes. The sensor outputs data
formatted as 16-bit two's complement that is accessible via SPI or 12C interfaces. ADXL345 measures static
acceleration due to gravity as well as dynamic acceleration resulting from motion or shock By using ADXL345 we can
extract following parameters 1. Breathing pattern 2. Respiration effort 4. Body movement

e s @ GND =
Vee 3V to 6V)

Interrupt 1 Out
Interrupt 2 Out
Serial Data Out

Serial Data

Serial Clock

Figure 1: ADXL345 Accelerometer

3.2 Heart Rate Monitor - AD8232

The electrocardiography or ECG is a technique for gathering electrical signals which are generated from the human
heart. to calculate the electrical movement of the human heart. This action can be chart like an Electrocardiogram and
the output of this is an analog reading.

AD8232 includes the pins like SDN pin, LO+ pin, LO- pin, OUTPUT pin, 3.3V pin, and GND pin. So that we can
connect this I1C to microcontroller board.
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3.1.3 Pulse sensor

When a heartbeat occurs blood is pumped through the human body and gets squeezed into the capillary tissues. The
volume of these capillary tissues increases as a result of the heartbeat. But in between the heartbeats (the time between
two consecutive heartbeats,) this volume inside capillary tissues decreases. This change in volume between the
heartbeats affects the amount of light that will transmit through these tissues. This change is very small but we can
measure it with the help of Arduino.

Figure 3 : Pulse sensor

3.1.4 Temperature sensor DHT 11

The DHT11 is a basic, ultra low-cost digital temperature and humidity sensor. It uses a capacitive humidity sensor and
a thermistor to measure the surrounding air, and spits out a digital signal on the data pin (no analog input pins needed).
Its fairly simple to use, but requires careful timing to grab data. You can get new data from it once every 2 seconds, so
when using the library from Adafruit, sensor readings can be up to 2 seconds old.

| L »Ground (3)
L »Data (2)
Vcc (1)

Vcc (1) Data (2) Gnd (4)
Figure 4 : DHT 11 sensor
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IV. RESULTS

2:07PM 5 O B0 Y B4

Accelerometer
- bot

/start
Breathing stopped!!
Breathing stopped!!
Breathing stopped!!
Breathing stopped!!
Breathing stopped!!
Figure 5: Telegram Notification

V. CONCLUSION

We present the design, implementation and preliminary results from a novel “IOT ready” sleep disorder device The
device utilizes accelerometer and ECG sensor to measure respiratory, cardiac and actigraphy information The device
uses Wi-Fi to stream and transfer data and is capable of reliably acquiring high quality sleep data. The device
significantly improves the user experience by completely concealing the hardware into a t-shirt In a distress condition
of the patient alert will be sent to the telegram app. As a future enhancement we can use more accurate sensors to
predict different kinds of sleep disorders by integrating loT with artificial intelligence is possible design more
commercial health devices

1JIRCCE©2021 | AnISO 9001:2008 Certified Journal | 8003


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering

[ ] % .
,-9—» §§ A

|| Volume 9, Issue 7, July 2021 | |
| DOI: 10.15680/JIRCCE.2021.0907026 |

REFERENCES

[1] G. Matar and J. Lina, “Unobtrusive sleep monitoring using cardiac, breathing and movements activities: an
exhaustive review,” IEEE Access, vol. PP, no. ¢, pp. 1-1, 2018.

[2] A. Tolaymat and Z. Liu, “Sleep Disorders in Childhood Neurological Diseases,” Children, vol. 4, no. 10, p. 84,
2017.

[3] C. M. Baldwin and S. F. Quan, “Sleep disordered breathing,” Nurs. Clin. North Am., vol. 37, no. 4, pp. 633-654,
Dec. 2002.

[4] W. Grimm and U. Koehler, “Cardiac arrhythmias and sleepdisordered breathing in patients with heart failure,” Int.
J. Mol. Sci.,
vol. 15, no. 10, pp. 18693-18705, 2014.

[5] S. Leth et al., “Evaluation of Commercial Self-Monitoring Devices for Clinical Purposes: Results from the Future
Patient Trial, Phase L”
Sensors, vol. 17, no. 12, p. 211, Jan. 2017.

[6] K. Y. Chung, K. Song, K. Shin, J. Sohn, S. H. Cho, and J. H. Chang, “Noncontact sleep study by multi-modal
sensor fusion,” Sensors
(Switzerland), vol. 17, no. 7, p. 1685, Jul. 2017.

[7] “ADS1247 24-Bit, 2kSPS, 4-Ch Delta-Sigma ADC With PGA, Vref and 2x IDACs for Precision Sensor
Measurement | TL.com.”
[Online]. Available: http://www.ti.com/product/ADS1247#relEnds.
[Accessed: 29-Oct-2018].

[8] T. I. Incorporated, “CC2640R2F SimpleLinkTM Bluetooth® low energy Wireless MCU | TL.com.” .

[9] A. Devices, “Single-Lead, Heart Rate Monitor Front End.”

[10] B. J. Collier, V. A. Paulins, and J. R. Collier, “Effects of Interfacing Type on Shear And Drape Behavior of
Apparel Fabrics,” Cloth. Text Res. J., vol. 7, no. 3, pp. 51-56, Mar. 1989.

[11] www.adinstruments.com, “Finger Pulse Transducers for Blood Pressure | ADInstruments.” [Online]. Available:
https://www.adinstruments.com/products/pulse-transducers.

BIOGRAPHY

Mr. Apoorva S Asst. professor at SJCIT,
Received M.Tech. Degree in CSE from VTU,
Belgaum. His current research interests include
System  Software, Computer  Networks,
Advances in Operating System, Advances in
Web Technologies,

Email — apoorvasgs28@gmail.com

Harsha S, she is undergraduate student
currently pursuing B.E CS&E in SJCIT, VTU
Belgaum .His current research interests include
loT, Computer Networks, Advances in
Operating  System, Advances in Web
Technologies,.

Email — harshasrinivas31@gmail.com

IJIRCCE©2021 | An1SO 9001:2008 Certified Journal | 8004


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering

M | e-ISSN: 2320-9801, p-ISSN: 2320-9798 | www.ijircce.com | |Impact Factor: 7.542 |
@JIHS $

|| Volume 9, Issue 7, July 2021 | |

| DOI: 10.15680/1JIRCCE.2021.0907026 |

Archana A, she is undergraduate student
currently pursuing B.E CS&E in SJCIT, VTU
Belgaum .His current research interests include
loT, Computer Networks, Advances in
Operating  System, Advances in Web
Technologies,.

Email — archanagowdaga@gmail.com

Ashoka G, he is undergraduate student currently
pursuing B.E CS&E in SJCIT, VTU Belgaum
His current research interests include IoT,
Computer Networks, Advances in Operating
System, Advances in Web Technologies,.

Email — ashokagopalappal@gmail.com

Chandre Gowda H N, he is undergraduate
student currently pursuing B.E CS&E in SICIT,
VTU Belgaum .His current research interests
include 10T, Computer Networks, Advances in
Operating ~ System, Advances in Web
Technologies,.

Email — 1234chandregowda@gmail.com

IJIRCCE©2021 |  AnISO 9001:2008 Certified Journal | 8005


http://www.ijircce.com/

INTERNATIONAL
d STANDARD
5l o, | SERIAL
SJIF Scientific Journal Impact Factor c ro s >4 INDIA

Impact Factor: 7.542

MISCAIR

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN COMPUTER & COMMUNICATION ENGINEERING

@ 9940 572 462 (=) 6381 907 438 £ ijircce@gmail.com

:.-'.‘.'I. ..'- =
Www.lllrcce.com Scan to save the contact details



