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Sleep Apnea Monitoring and Control
Integrated System for Smart Oral Appliance
Application
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This project proposes a sleep apnea monitoring and control integrated
system, which consists of two SoCs (system-on-a-chip) for smart
oral appliance application. One of them is a sleep monitoring SoC
design with multiple sensors for continuous sleep monitoring; the
other is a wireless-controlled and programmable stimulator SoC to
stimulate the hypoglossal nerve and alleviate obstructive sleep apnea
(OSAJ. Main purposes of this system are OSA alleviation and further
improvement by utilizing the sensed bio-information. Obstructive
sleep apnea, which occurs when the airway is blocked during sleep, is
the most common type of sleep apnea. People with sleep apnea have
many pauses in breathing while they sleep. Oral appliance therapy is
an effective and popular treatment option for snoring and OSA because
it is comfortable, easy to wear, quiet, convenient for travel, and easy
to take care for. However, for each patient, many slight alterations
have to be made to achieve the best effectiveness. Consequently, an
integrated system with multiple sensors is able to make oral appliance
therapy more efficient and effective.

e
folfchigi) [[*] Comrrarter [ -

: e
HE=EHE) =)

=] =) (= Hreme | ==

| s HMq-uH [y——
Carrvarias s C—

Fig 2. Block diagram of sleep apnea monitoring and control integrated system
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In this project, we combine continuous monitoring and stimulation
SoCs in one system and provide a complete solution for OSA
alleviation. This system with the capabilities of temperature, pressure,
snore and sleep apnea detection is proposed for complete and
continuous sleep monitoring. Temperature sensing is for invalid
data screening, and pressure sensing is for tongue positioning,
which is a significant index for the adjustment of physical structure.
MEMS microphone is also integrated on-board for snore recording
and feature extraction. Further, the corresponding time stamp of
large snore and apnea will be recorded for diagnosis or stimulation
references. This system consists of an analog front-end circuit, an
analog-to-digital converter (ADC), power management circuit, a
medical implant communication service band transceiver, a digital
signal processor, and a pattern generator. The analog front-end
circuit will handle the signals come from temperature or pressure
sensors sequentially. About the ADC, successive-approximation-
register topology will be chosen for ultra low power consumption and
decent effective number of bits. For the design of wireless transceiver,
On-off-keying modulation is chosen because of its simplicity and
low power consumption. Wireless powering technique is utilized to
charge the button battery by a specifically designed charger. The
digital signal processor handles all the signals, temporarily saves the
data in EEPROM, and then sends it to the transmitter for wireless

transmission.

The capabilities of temperature, pressure, snore and sleep apnea
detection of this integrated system is going to enable oral appliance
to achieve all-around and continuous sleep monitoring. The OSA
alleviation by current stimulation also makes it possible to control OSA
right away on demand. This system will provide a complete solution
for OSA care and benefit millions of OSA patients.
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