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Android-Arduino Platform for Detecting and Monitoring Obstructive Sleep Apnea
(OSA)

Abstract

Obstructive sleep apnea (OSA) is a sleep disorder in which breathing stops due to repeated obstruction of the
upper airway for ten seconds or more during sleep. This serious medical condition leads to debilitating health
consequences and affect health related quality of life. OSA causes a sudden drop in the level of oxygen in the
blood, which leads to high blood pressure and hypoxia to body tissues. Therefore, the correct diagnosis and
continuous monitoring of OSA is critical. Polysomnography (PSG) is one of the most common diagnostic
methods for sleep disorders, and is the gold standard for diagnosing this condition. In PSG, physiological
signals (brain waves, blood oxygen level, heart rate, respiration) are recorded during an expensive lab stay in
which the patient is required to sleep in the hospital with large and multiple wires between the human body
and the machine. This study describes the development and feasibility of a low-cost platform for detecting
the OSA by analyzing the accelerometer readings of the MPU6050 sensor that monitors chest movement
resulting from respiratory distress and it is able to determines the position of a sleeping person by the
accelerometer as well. The on-chip Bluetooth module transmits data through a mobile application from
patients to health care professionals for further analysis of their health data and to monitor their respiratory
status continuously. This method may provide an alternative test to PSG with a portable, convenient,
inexpensive, and readily available device that would allow users to perform OSA diagnosis at home without
the need for nighttime testing in a hospital sleep laboratory.

Keywords: Obstructive Sleep Apnea; Polysomnogram; Mobile application; Sleep Position; Sleep
monitoring; Acceleration Sensor; Bluetooth; Wearable Device.

Introduction

Sleeping is a human need and good quality of sleep is a sign for good health. Not getting enough sleep on a
daily basis leads to health complications such as mental disorders, fatigue, cardiovascular diseases [1]. OSA
is a sleep disorder in which breathing stops due to repeated obstruction of the upper airway during sleep and
it is one of the major sleeping problems. It affects more than 10% of the middle-aged population. The
prevalence of OSA is between 9% and 38% of the total population, makes OSA a huge public health burden
[2]. Some statistics on sleep apnea mortality estimate that at least 38,000 people die annually from complex
heart diseases directly from sleep apnea [3]. Furthermore, most patients with OSA remain undiagnosed and
therefore untreated properly.

The diagnosis of sleep apnea is usually confirmed using Polysomnography (PSG) which is a test performed
at a sleep lab in the hospital or at home using special equipment to assess sleep. The PSG sleep study itself
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provides specific information including brain waves, blood oxygen level, heart rate and breathing, as well as
eye and leg movements during the study. Moreover, the diagnosis of OSA is usually confirmed from the
overnight sleep assessment. The advantage of test at home over a hospital sleep laboratory is getting rid of
wiring and keeping patient's sleep performance..

The main objective of this work is to design and develop a low-cost platform for the diagnosis of OSA at
home by analyzing the readings of the accelerometer attached to a chest strap. This objective was achieved
through the development of an algorithm for detecting chest movement resulting from respiratory distress. A
secondary objective from this study was to determine the best body position for reading respiratory
information using accelerometer and gyroscope. Last objective is providing an interface application that
makes it easier for the user to know his vital signs while he sleeps.

1. Related works

Rapid developments in smartphones technology enhanced their capabilities and added tremendous features to
them. Nowadays, smartphones play an important role in various fields. Kailas et al. in [4] mentioned that
there are already more than 7000 documented healthcare applications.

2.1 Obstructive sleep apnea portable devices

In recent years, different approaches have been explored to detect sleep apnea. One of these approaches is to
deploy accelerometers to estimate breathing or flow signals during sleep [5]. A second approach uses audio
signals to measure breathing and snoring [6]. A third approach supports the with pulse oximetry to estimate
the severity of sleep apnea. Mores details about those approaches are given next.

Yao et al. in [7] designed a chest-mounted three-axis accelerometer system that monitors the body's position
during sleep by calculating the angles between the gravity vector and its three axes and as well it monitors
the OSA. Other studies combined a microphone and an accelerometer to develop an Android mobile
monitoring system [8], [9]. Srivida et al. in [8] developed an algorithm to detect sleep apnea by mounting a
breathing sensor placed over the patient's nostrils, and whose position is determined by the accelerometer
sensor. Wu et al. in [10] developed a portable four-level system with two 3-axis accelerometers that measures
chest and abdominal breathing efforts and an oximeter to measure oxygen saturation to identify sleep apnea
events. Although several portable health approaches have been proposed to improve the diagnosis and
monitoring of sleep apnea at home, more studies are still needed to obtain greater accuracy.

HealthGear [11] is a Windows mobile application that uses a blood oximeter to detect sleep apnea. The
application was examined on scores of participants and OSA detection algorithms were determined and
100% accuracy was obtained for all three known cases of obstructive sleep apnea.

2. System Components

In our system, we used the MPU6050 sensor module to extract the respiratory rate level by the accelerometer
and gyroscope placed on the patient's chest. The HC-05 Bluetooth chip connected to the Arduino was used to
record the breathing voltage and send it to the application in the mobile phone. The position and movement
of the body can be determined by constant detection of the directions of the body along all axes. We used the
accelerometer to detect the movement of the body by sensed along three axes (X, Y and Z).

The OSA monitoring platform is combination of a hardware part, which is the sensor circuit connected with
the Arduino, and a software part, which is the Arduino code and the Android application. The hardware
consists of an Arduino board, an MPU6050 sensor module, a Bluetooth module and a power supply as shown
in Figure 1. The Arduino Nano board was selected due to its simplicity and small size.
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| Pow;r Supply

MPUG6050

3. Figure 1: Block diagram of a proposed OSA monitoring platform

The circuit diagram of the OSA detection platform is shown in Figure 2. It is composed of two modules and
Arduino board. The MPU6050 sensor module communicates via the 12C communication protocol, so the
SDA pin is connected to the A4 pin on the Arduino, which is the SDA pin, and the SCL pin is connected to
pin A5 on the Arduino. The HC-06 Bluetooth module operates in a transparent wireless serial communication
mode, which we use to transmit the results data to the smartphone so that the Rx pin of the Bluetooth is
connected to the D11 port, and the Tx pin of the Bluetooth is connected to the D10 pin of the Arduino. These
two pins D10 and D11 connected to the HC-06 Bluetooth module will be configured as serial pins by
programming the Arduino. The working voltage of the MPUB050 sensor module and the HC-05 module is
+5V, so they are powered by the Vcc pin on the Arduino.

4. Figure 2: Main components of the system
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3.1 Microcontroller

The Arduino Nano was selected as the main controller because of its small size. It is based on the
ATmega328 (Arduino Nano 3. x). Its operating voltage varies from 5V to 12V.

3.2 The inertial measurement unit (IMU) MPUG6050 sensor module

It is a MEMS IMU that includes a triaxial gyro to measure rotational speed and a triaxial accelerometer to
measure acceleration. It has a powerful digital motion processor to perform complex calculation, and thus
free up the work for Microcontroller. Moreover, it has on-chip temperature sensor. It has 12C bus interface to
communicate with the microcontrollers. It has an auxiliary 12C bus to communicate with other sensor devices
like 3-axis Magnetometer, Pressure sensor etc.

3.3 The HC-05 Bluetooth Module

It is a class 2 Bluetooth module designed for transparent wireless serial communication Serial Port Protocol
(SPP). It is pre-configured as a slave Bluetooth device.

5. System Operation and Analysis
4.1 Apnea detection

The Arduino Nano receives three axis accelerometer measurements from chest movement via the MPU6050
sensor module installed in the chest strap of the patient and then sends them to the mobile phone via the
Bluetooth module and stores data on the phone. Then we pass the data stored on the filter to take the
measured maximum (inhale) and minimum (exhale) value of the MPU6050 sensor every 8 seconds, which is
approximately two breaths for a normal human, and subtract the two values to get the percentage difference
between the two values if this value returns to zero and is repeated. It means that the user has sleep apnea,
and the frequency of this condition is shown to the user in the developed application. In addition, the duration
of each patient’s sleep position is determined by analyzing the three axes that we obtain from the MPU6050
sensor module. The difference is computed as follows:

C = Xmax —Xmin (1)

Figure 3 shows a flowchart of the mobile app.
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4.2 Sleeping Position detection

Then, components of each of the accelerometer axes in the triaxial accelerometer were used to determine the
lying, right, left, standing and prone positions. We followed the equations given in [12]. The position is
computed for each sample according to the following equations:

Supine position:

[Z| >[IX];|Y|landZ>0 (2)
Prone Position:

[Z| >[IX];|Y|landZ<O0 (3)
Right Position:

[X] >[IY]; |Z|]and X< 0 (4)
Left Position:

[X] >[]Y]; |Z|]and X >0 (5)
Standing Position:

IY]>[1X] 5 1Z]] (6)

where X, Y, and Z are the triaxial accelerometer values for each sample of the triaxial accelerometer vectors.
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7. System Implementation

We need communication technologies to connect the project items when the user wants to measure OSA. The
user in the hospital or at home needs to open and connect his/her smartphone to the developed OSA system
which includes the data we collected above from the MPU6050 sensor module via Bluetooth to connect, so
that the measurement readings are stored on the phone Mobile and if the application is not connected to the

3

take maximum and
minimum value every 10
seconds

v

X_new = max_val - min_val

OSA negative

save in database

6. Figure 3: Flowchart of the OSA detection system
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device, then there are no Bluetooth relays and the information is stored on the mobile phone. Through the
Android application and the developed OSA device, the user health status is determined based on the
measurement result. The whole elements of the system are shown in Figure 4.

8. Figure 4: Elements of the project

5.1 Schematic circuit

The schematic circuit of the designed OSA monitoring system is shown in Figure 5. It consists of an Arduino
Nano, MPU6050 sensor module, Bluetooth module and a DC power supply.
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9. Figure 5: Schematic circuit

Figure 6 shows the layout of the MPUG050 circuit connected to the Arduino board.
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10. Figure 6: PCB layout of the MPUG6050 circuit

5.2 Methods to extract physiological signals

In our developed system, we use the MPUGB050 sensor to extract the respiratory rate level by accelerometer
placed on the patient's chest. The HC-05 Bluetooth piece connected to the Arduino piece is used to record the
respiratory effort and send it to the application in the mobile phone. The position and movement of the body
can be detected by constant measurement of the directions of the body along all axes. The accelerometer can
be used to detect these movements. However, in the upgraded design, we make use of the accelerometer
integrated with the smartphone, and the movement of the body will be detected by calculating the
displacement in the three axes (X, Y and 2).

5.3 Methods for analyzing aggregated physiological signals

A sleep apnea event is detected when the airflow is interrupted for more than two breaths or approximately
for at least 10 seconds [4]. Based on this definition, we need to detect airflow obstruction, fluctuation of
breathing? and chest movement during sleep in the developed system, and we analyze two physiological
signals to screen for OSA.

5.4 Integration of the developed OSA device with the smartphone

The system is designed as an OSA monitoring system where OSA can be monitored for patients in a single
smartphone. The integration between the MPU6050 and the smartphone depends on connecting both of them.
Wireless communication is achieved via a Bluetooth link where data can be transmitted wirelessly to a
compatible paired device. With the application available for Android, the measured data can be sent to your
mobile devices to be saved and managed there. Data transfer is enabled via Bluetooth, which most Android
devices support. Figure 7 shows the developed OSA device integrated with smartphone.
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re 7: OSA measurement system

Figure 8 shows the system in use that consists of a box containing MPU6050 sensor module, Arduino Nano
and Power Supply (Battery 9V) mounted to the chest with a strap.

_ 4

12. Figure 8: Integrating the developed OSA device with smartphone
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5.5 Identification of Obstructive sleep apnea

By wearing the developed system during sleep and successfully running the application, the sleep data can be
transferred to the smartphone. Chest movement is measured using the MPUG6050 sensor module, and the
readings are stored in the application. Figure 9,10, 11and 12 show the user interfaces of the OSA monitoring
mobile application.

= ~
) d
% = |

Don't Have An Account? Sign uj

SIGN UP

| Have An Account? logi

_____ — ] . — ]
Figure 9: User interface of the OSA monitoring mobile app( Splash Screen, Login Screen, Registration
Screen)
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Figure 10: User interface of the OSA monitoring mobile app (Enable Screen , Scanning Screen , Home Screen
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Figure 11: User interface of the OSA monitoring mobile app (Position Screen , Apnea Screen , Call
Emergency)

13. Experimental Results and Analysis

There are no sleep laboratories at Gaza Strip hospitals. Therefore, we could not compare our results from the
newly developed system with those of PSG. Therefore, we asked the subjects to stop breathing voluntarily
for 10 seconds or more as a simulation for the occurrence of OSA. Multiple occurrences of the simulated
OSA were performed and were counted and the detected occurrences by the system count were in harmony
with actual ones. Subjects included six people of different ages and genders shown in Table 1. This
experiment allowed us to measure the application's ability to detect how often OSA occurs during sleep, as
well as to determine the proportion of sleep duration of each position during sleep. Thus, we have achieved
the success of the specific goals and objectives required for our project as expected of it. As it can be seen
from Table 1, success rate reaches 100%.
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Figure 12: User interface of the OSA monitoring mobile app (About App Screen , Help Screen , Menu Screen)
14,

15. Table 1: The Results

Sub. Gender Age | Expected #.of
number | occurrences
of OSA OSA

Male 55
Female 45
Male 23
Male 31
Female 18
Male 15

A AW IN|~
(0| |IN|W |
DO |UN|IN|W |

16. Conclusion
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In this study, we designed and developed a low-cost platform with high accuracy for the diagnosis of OSA at
home by analyzing the readings of an accelerometer attached to a chest strap. We proposed an approach that
builds on previous published work. To confirm the results of the diagnosis, we were in an ongoing
consultation with a sleep disorders specialist. The smartphone application was developed to record and
analyze the data on the smartphone. It is a standalone, reliable, portable and simple solution.

REFERENCES
17. [1] T. D. Bradley and J. S. Floras, "Obstructive sleep apnoea and its cardiovascular
consequences,” (in eng), Lancet, vol. 373, no. 9657, pp. 82-93, Jan 3 2009, doi: 10.1016/s0140-
6736(08)61622-0.

18. [2] C. V. Senaratna et al., "Prevalence of obstructive sleep apnea in the general population: A
systematic review," (in eng), Sleep Med Rev, vol. 34, pp. 70-81, Aug 2017, doi:
10.1016/j.smrv.2016.07.002.

19. [3] http://www.sleepapnea.org/ (accessed 21/5/2022, 2022).

20. [4] A. Kailas, C. C. Chong, and F. Watanabe, "From mobile phones to personal wellness
dashboards," (in eng), IEEE Pulse, vol. 1, no. 1, pp. 57-63, Jul-Aug 2010, doi:
10.1109/mpul.2010.937244.

21. [5] C. L. Bucklin, M. Das, and S. L. Luo, "An inexpensive accelerometer-based sleep-apnea
screening technique,” in Proceedings of the IEEE 2010 National Aerospace & Electronics
Conference, 14-16 July 2010 2010, pp. 396-399, doi: 10.1109/NAECON.2010.5712984.

22. [6] Y. Ren, C. Wang, J. Yang, and Y. Chen, "Fine-grained sleep monitoring: Hearing your
breathing with smartphones," in 2015 IEEE Conference on Computer Communications (INFOCOM),
26 April-1 May 2015 2015, pp. 1194-1202, doi: 10.1109/INFOCOM.2015.7218494.

23. [7] X. Yao, G. Sun, W. Y. Lin, and W. C. Chou, "The design of a real-time accelerometer-based
sleeping position monitoring system and its application on obstructive sleep apnea syndrome," in
2012 International Conference on Systems and Informatics (ICSAI2012), 19-20 May 2012 2012, pp.
1061-1066, doi: 10.1109/ICSAI.2012.6223217.

24, [8] K. Srividya, M. Hemamalini, K. Balaswathi, D. Angelinreeta, and R. Mugilarasi,
"Diagnosing the Obstructive Sleep APNEA from Multi Parameter Values," in 2018 International
Conference on Communication and Signal Processing (ICCSP), 3-5 April 2018 2018, pp. 0616-0619,
doi: 10.1109/ICCSP.2018.8524397.

38


http://www.sleepapnea.org/

Android-Arduino Platform ....

25.

26.

217.

28.

[9] M. P. Bonnesen, H. B. D. Sorensen, and P. Jennum, "Mobile Apnea Screening System for
at-home Recording and Analysis of Sleep Apnea Severity," in 2018 40th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), 18-21 July 2018
2018, pp. 457-460, doi: 10.1109/EMBC.2018.8512335.

[10] J. C. Wu, C. W. Wang, Y. H. Huang, H. T. Wu, P. C. Huang, and Y. L. Lo, "A Portable
Monitoring System with Automatic Event Detection for Sleep Apnea Level-1V Evaluation," in 2018
IEEE International Symposium on Circuits and Systems (ISCAS), 27-30 May 2018 2018, pp. 1-4, doi:
10.1109/ISCAS.2018.8351221.

[11] N. Oliver and F. Flores-Mangas, "Healthgear: Automatic sleep apnea detection and
monitoring with a mobile phone," J. Commun., vol. 2, no. 2, pp. 1-9, 2007.

[12] I. Ferrer-Lluis, Y. Castillo-Escario, J. M. Montserrat, and R. Jané, "Analysis of Smartphone
Triaxial Accelerometry for Monitoring Sleep-Disordered Breathing and Sleep Position at Home,"
IEEE Access, vol. 8, pp. 71231-71244, 2020, doi: 10.1109/ACCESS.2020.2987488.

39



