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Innovative Sensor-fusion Localization Technique Applied
on Contactless Neonatal Smart Sensing System
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Abstract

Recently, according to statistics, the birth rate of developed and
partial developing countries gradually declines, influencing the
survival rate of neonate which has become a global issue. After
discussing with our clinical consultants, we listed the three existing
pain points in neonatal clinical procedures. (1) Over a quarter of
repeatedly tearing and sticking sensor patches, cause neonatal skin
injury; (2) clinical consultants determined breathing frequency and
stridor sound as judgement criteria of acute respiratory distress
syndrome (ARDS), but most medical device only measures oxygen
saturation; (3) Lacking professional neonatal personnel and
immediacy of neonatal vital feedback. Through these three pain
points, we therefore focus on neonates wrapped in swaddling blanket
to propose two-stage sensor fusion technique for contactless
neonatal smart vital monitoring system. In the first stage, system
utilize computer-vision to process neonatal feature localization and
real-time object tracking. In second stage, with various feature
position, scanned by millimeter wave module and dual-layer
microphone array module process beamforming algorithm focused
on target direction measuring vital signs, including the heart rate
(HR), breathing rate (BR), wailing sound and skin color changes.
Moreover, we collaborated with local medical centers to process
clinical trial for validation of contactless vital measurement module.
With validated contactless sensing module, we integrate Internet of
Things (loT) technology for update of neonatal vital sign feedback,
which can assist neonatal personnels in providing vital sign feedback
to doctors in hospital during referral. Proposed contactless neonatal
smart vital sign monitoring system helped neonatal clinical procedure
for the reduction of sensor patches usage, increasing the judgement
efficiency in ARDS and immediacy of vital sign feedback in emergency
referral, further enhancing survival rate of neonates.

Our team proposed contactless neonatal vital sign monitoring system
named N Care, includes three main modules: CV based neonatal
feature tracking module, scanning mmWave array antenna module
and dual-layer distributed microphone array module. N Care processed
vital sign monitor with two stages. In first stage, CV module localize the
neonatal features, achieved an accuracy more than 90%. In second

stage, scanning mmWave module focused on chest feature monitoring
HR and BR, improving signal reception at least 3 dB; distributed
microphone module focused on facial feature monitoring stridor
and other sound signal, improving target sound 4 to 6 dB.

Our team has collaborated with medical center to process clinical
trial for validation of contactless vital measurement module, as
shown in Fig. 3. Firstly, we collected the neonatal image dataset in
delivery room and newborn baby room for Neonatal Feature
Recognition Al Model training and validation. Secondly, for validation
of mmWave and microphone module, we utilized sensor modules
to measure HR, BR and sound signals of neonates in newborn baby
room, simultaneously using sensor patches and physiological
monitor to measure same signal as reference.

Main target audience of this project is the related personnels in the
neonatal care and clinical area, especially nurses in baby room and
intermediate care nursery, who needs to take care several infants
simultaneously. With the proposed system, not only can nurses
enhance the efficiency of neonatal care process, but also is able to
increase the immediacy and accuracy of ARDS judgement, further
reducing neonatal mortality rate. For promoting more convenience
and safer neonatal care process, our team expect proposed device
to be reimbursed by health insurance. Because health insurance for
infants is usually not available for first 90 days of their life, most of
Maternity Insurance and Newborn Baby Health Insurance cover the
expense of the mother and neonates for up to 60 days after delivery,
whichincluded hospitalization costs, specialized care costs, and among
other neonatal services. However, most related insurances do not cover
oronly cover partial of Neonatal Intensive Care Unit (NICU) fee.
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Fig. 3 (a) clinical validation setup. (b) actual measurement result.
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