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Abstract—Early diagnosis of sleep-apnea-related breathing
problems helps to avoid the increased risk they can cause. In
this study, we performed simultaneous radar measurements and
polysomnography on patients with sleep apnea. A support vector
machine algorithm was applied to the radar data to automatically
detect sleep apnea events. Support vector machine parameters
were optimized using the relationship between the radar and
polysomnography data. The support vector machine was found
to be effective in noncontact detection of central/mixed sleep
apnea events using radar data. The proposed approach achieved
an accuracy of 79.5%, a recall of 71.2%, and a precision of
71.2%.

Keywords—Millimeter-wave radar, support vector machine,
sleep apnea, detection.

I. INTRODUCTION

Because sleep apnea increases the risk of developing se-
rious health problems, the early diagnosis of sleep apnea is
important. Although polysomnography (PSG) is currently the
gold standard for diagnosing sleep apnea, PSG requires that
numerous sensors be attached to the patient, which can have
a psychological effect on the test results. For this reason,
noncontact radar-based measurement is promising. Previous
studies have used radar systems for the noncontact detection
of sleep apnea events [1]-[6]. However, most did not use
machine learning algorithms for event detection [6], and did
not compare the accuracy of detecting different types of sleep
apnea. In addition, most studies used time-domain features for
event detection, whereas frequency-domain features have been
rarely used. We propose a new approach using a support vector
machine (SVM) applied to the time-frequency distribution of
the radar signal. We evaluate the accuracy of the proposed
approach in detecting sleep apnea events of different two types.

II. CLASSIFICATION USING MACHINE LEARNING
A. Support Vector Machine

SVMs are machine learning algorithms based on supervised
learning. An SVM generates a boundary surface that classifies
input data using support vectors. In this study, we used a two-
class (normal breathing and sleep apnea) classifier. Note that,
for simplicity in this paper, both sleep apnea and hypopnea
events are referred to as sleep apnea events. We used a

quadratic polynomial kernel in the SVM algorithm to allow
for nonlinear separation of the two classes in the input vector
space.

B. Radar Signal Processing

We used a 24-GHz millimeter-wave radar system, a standing
wave radar which has 180 MHz bandwidth, and PSG simul-
taneously on patients (n = 2) with sleep apnea symptoms
sleeping overnight in the hospital (Fig. 1). We applied a short-
time Fourier transform to the radar signal s(t) to generate
a spectrogram S(t, f), where —30 s < ¢t < 30 s and
0 < f < 0.5 Hz. Each spectrogram was downsampled to a
20 x 30-pixel low-resolution image, which was then converted
to 600-dimensional vectors that were used as input to the
SVM. A vector was generated every 5 s and labeled O or 1,
denoting normal breathing and sleep apnea, respectively. More
precisely, if a sleep apnea event was detected at the center of
a 60 s window, the vector was labeled 1, which allowed us
to detect the precise time of a sleep apnea event. The vector
data set was divided into vectors for training the SVM and
vectors for evaluating classification performance of the SVM.
The vectors in the training and testing sets did not overlap.

III. EVALUATION OF APNEA DETECTION ACCURACY

Patients A and B had obstructive sleep apnea (OSA) and
central/mixed sleep apnea (CSA), respectively. Radar mea-
surements and PSG were conducted for seven hours on each
patient. For patients A and B, 206 and 280 sleep apnea events
were detected, respectively. The upper panels of Figs. 2 and
3 show the real (black) and imaginary parts (red) of the radar
signal echoes; sleep apnea segments manually detected by
PSG technicians are shown with black rectangular outlines.
The lower panels of Figs. 2 and 3 show sleep apnea events
detected from the radar signals using the SVM algorithm.
Tables I and II show confusion matrices for OSA and CSA
sleep apnea event detections, respectively. The CSA events
of patient B were able to be detected with a higher accuracy
than that of the OSA event detection for patient A. Accuracies
were 79.2% and 79.5%, recalls were 36.1% and 63.3%, and
precisions were 40.8% and 71.2% for patients A (OSA) and B
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Fig. 1. Millimeter-wave radar installed in the hospital room.
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Fig. 2. Radar echoes from patient A with manually detected sleep apnea
events (top), and sleep apnea events detected from the radar signal using the
proposed method (bottom).

(CSA), respectively, using the proposed sleep apnea detection
method.
IV. CONCLUSION

We proposed an approach using an SVM algorithm that
can automatically detect sleep apnea events using radar-based
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Fig. 3. Radar echoes from patient B with manually detected sleep apnea
events (top), and sleep apnea events detected from the radar signal using the
proposed method (bottom).

TABLE I
CONFUSION MATRIX FOR THE DETECTION OF OSA EVENTS USING
RADAR AND SVM

Estimated
Apnea | Normal
Apnea 265 470
Actwal | Normal || 385 | 2996
TABLE II

CONFUSION MATRIX FOR THE DETECTION OF CSA EVENTS USING
RADAR AND SVM

Estimated
Apnea | Normal
Apnea 858 478
Actual ‘ Normal ‘ 347 ‘ 2413

noncontact measurements. We performed simultaneous mea-
surements on each patient using a radar system and PSG. The
results showed that CSA events were accurately detected using
the proposed method, whereas OSA events were more difficult
to detect. We plan to conduct measurements on additional
patients to clarify what types of sleep apnea can be accurately
detected using the radar-based automatic detection.

ACKNOWLEDGMENT

This study was supported in part by the Japan Society for
the Promotion of Science (KAKENHI 19H02155) and Japan
Science and Technology Agency (PRESTO JPMIJPR1873;
COI JPMJCE1307). We thank Mr. Shotaro Sugita of Graduate
School of Engineering, Kyoto University for his help with
this study. We thank Coren Walters-Stewart, PhD, from Edanz
Group (https://en-author-services.edanzgroup.com/ac) for edit-
ing a draft of this manuscript.

REFERENCES

[1] J. Xiong, J. Jiang, H. Hong, C. Gu, Y. Li and X. Zhu, “Sleep apnea
detection with Doppler radar based on residual comparison method,”
International Applied Computational Electromagnetics Society Sympo-
sium (ACES), Suzhou, 2017, pp. 1-2.

[2] M. Baboli, A. Singh, B. Soll, O. Boric-Lubecke and V. M. Lubecke,
“Wireless sleep apnea detection using continuous wave quadrature
Doppler radar,” in IEEE Sensors Journal, vol. 20, no. 1, pp. 538-545,
Jan. 2020.

[3] N.Du, K. Liu, L. Ge and J. Zhang, “ApneaRadar: A 24GHz radar-based
contactless sleep apnea detection system,” International Conference on
Frontiers of Sensors Technologies (ICFST), Shenzhen, 2017, pp. 372—
376.

[4] A. B. Tataraidze, L. N. Anishchenko, L. S. Korostovtseva,
M. V. Bochkarev and Y. V. Sviryaev, “Non-contact respiratory moni-
toring of subjects with sleep-disordered breathing,” IEEE International
Conference, 2018, pp. 736-738.

[5]1 R. N. Khushaba, J. Armitstead and K. Schindhelm, “Monitoring of
nocturnal central sleep apnea in heart failure patients using noncontact
respiratory differences,” International Conference of the IEEE Engi-
neering in Medicine and Biology Society (EMBC), Seogwipo, 2017,
pp. 1534-1538.

[6] A.Q.Javaid, C. M. Noble, R. Rosenberg and M. A. Weitnauer, “Towards
Sleep Apnea Screening with an Under-the-Mattress IR-UWB Radar
Using Machine Learning,” IEEE International Conference on Machine
Learning and Applications (ICMLA), Miami, FL, 2015, pp. 837-842.





