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Abstract: Sleep apnea syndrome is a breathing disorder with a prevalence exceeding 20% in the
overall population, and it can seriously affect health and well-being. However, this condition usually
remains undetected because suitable monitoring solutions are lacking. This contribution presents
an approach to facilitate apnea diagnosis using a battery-powered, wireless, miniaturized sensing
system embedded in a patient’s mask. It combines a photoacoustic-based carbon dioxide detector
with temperature and humidity sensors as well as embedded algorithms to automatically detect
apnea episodes. The results show the feasibility of detecting apnea using an easily deployable
analysis system.

Keywords: embedded sensor systems; health monitoring; wireless communication; chemical sensing;
data classification

1. Introduction

Among the various types of sleep apnea syndromes, so-called obstructive sleep apnea
(OSA) is the result of a relaxation of the soft palate and tongue muscles and may lead
to restricted airflow during breathing. The timely diagnosis of this condition leads to a
significant reduction of adverse health effects, which include high blood pressure, diabetes,
and cerebrovascular disease [1]. While dedicated, highly effective medical equipment like
polysomnography (PSG) is able to reliably detect this condition, it is almost exclusively
employed in hospital settings [2].

The widespread occurrence of OSA in combination with its serious adverse health
effects make the development of easy-to-use, reliable, and low-cost diagnostic instrumenta-
tion for its detection desirable. To this end, efforts have included determining intraocular
pressure as it correlates with the occurrence of OSA [3], changes in ambient air humidity
using surface acoustic wave sensors [4], and methods detecting breathing movements [5].
However, monitoring the exhaled levels of carbon dioxide has the potential to increase the
reliability of apnea diagnostic tools.

2. Materials and Methods

The use of indirect, photoacoustic-based non-dispersive infrared spectroscopy sensors
enables the construction of selective, sensitive gas sensors for carbon dioxide (CO2) [6]
and enables the design of a miniaturized apnea sensor with low-power consumption. To
this end, a sensor system was embedded into a mask to determine the most important
parameters for a diagnosis of apnea. The system design concept is shown in Figure 1. It is
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controlled via an Infineon (Neubiberg, Germany) PSoC6 Bluetooth-low-energy system-on-
chip, where all system control and analysis algorithms have been implemented and which
is used to communicate with users’ smartphones. The overall size of the embedded device
is (3.6 × 2.6 × 4.6) cm3.
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Figure 1. (a) Schematic overview of the wireless, embedded system design for apnea diagnosis. (b) 
The system concept including a highly selective, miniatured CO2 sensing module. 

3. Discussion 
Using the system, apnea events were reproduced, and the time evolution of the cor-

responding sensor signal was analyzed. Using the time evolution of the CO2 concentration 
data, the breathing status of test persons was analyzed in real-time, as shown in Figure 2. 

 

Figure 2. The real time values of the apnea indicator (black line) during a laboratory test and simu-
lated apnea events. The system’s algorithm reliably detected patterns in line with OSA. The blue 
line represents the threshold value under which an apnea episode is detected, the red lines are time 
intervals in which a simulated apnea event occurred. 
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Figure 1. (a) Schematic overview of the wireless, embedded system design for apnea diagnosis.
(b) The system concept including a highly selective, miniatured CO2 sensing module.

3. Discussion

Using the system, apnea events were reproduced, and the time evolution of the corre-
sponding sensor signal was analyzed. Using the time evolution of the CO2 concentration
data, the breathing status of test persons was analyzed in real-time, as shown in Figure 2.
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Figure 2. The real time values of the apnea indicator (black line) during a laboratory test and
simulated apnea events. The system’s algorithm reliably detected patterns in line with OSA. The blue
line represents the threshold value under which an apnea episode is detected, the red lines are time
intervals in which a simulated apnea event occurred.
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