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The goal of this project is to develop a holistic hardware/software solution based on a multimodal wearable sensing
platform to achieve dynamic deep space stress and anxiety assessment. Sweat could serve as an excellent candidate for
non-invasive stress response monitoring as it contains rich physiological information. The hypothesis is that sweat
analyte levels monitored continuously along with the key vital signs, when coupled with machine learning approach, will
provide accurate and dynamic stress and anxiety assessment. The approach is to simultaneously monitor the molecular
analytes in human sweat including stress hormones (i.e., cortisol, adrenaline, and noradrenaline), glucose, lactate,
sodium, potassium, pH, sweat rate, and key vital signs (i.e., skin temperature, blood pressure, heart rate, and heart rate
viability) using the wearable multimodal sensing platform. Based on a combination of the physical/molecular data and
machine learning model, a more comprehensive stress assessment system with significantly higher accuracy and
robustness can be achieved.

Despite the urgent need for the real-time monitoring of stress, current approaches for stress assessment are largely
limited to questionnaire-based scales or self-reported measures, which can be very subjective and cumbersome to
implement in the space. To our knowledge, this work will be the first dynamic stress assessment using a single wearable
sensing patch to continuously collect both physical vital signals and molecular data from the human body. While most
other designs target single, specific sensing modalities, the proposed platform is explicitly multimodal with capabilities to
simultaneously monitor glucose, lactate, Na+, K+, pH, stress hormones, sweat rate, pulse waveform, and skin
temperature, with opportunities in future research to incorporate many more modalities. Large data sets of molecular data
collection from human trials coupled with modern machine-learning model approaches will generate an optimal
algorithm to assess stress levels dynamically. Such non-invasive dynamic multimodal monitoring technology also
enables numerous other fundamental investigations to address the performance, mental health, and protection of
astronauts in deep space environments.

As COVID-19 became a major challenge for us over the past year, the SARS-CoV-2 RapidPlex, developed based on
target-specific immunoassays built off laser-engraved graphene, could be used for rapid and remote assessment of
COVID-19 biomarkers (i.e., nucleocapsid protein, anti-spike protein IgG and IgM, and C-reactive protein). The
SARS-CoV-2 RapidPlex has the potential to quickly and effectively triage patients and track infection progression,
allowing for the clear identification of individuals who are infectious, vulnerable, and/or immune. Modification of our
platform design may allow for rapid viral antigen and antibody panel testing such that COVID-19 infection could be
clearly distinguished from non-specific symptoms of seasonal respiratory infections such as influenza. Additionally, the
wireless telemedicine diagnostic platform, when coupled with emerging wearable biosensors to continuously monitor
vital signs and other chemical biomarkers, could provide comprehensive information on an individual's health status
during the COVID-19 pandemic.

The original goal of this project is to develop a holistic hardware/software solution based on a multimodal wearable
sensing platform to achieve dynamic deep space stress and anxiety assessment. Sweat could serve as an excellent
candidate for non-invasive stress response monitoring as it contains rich physiological information. The hypothesis is
that sweat analyte levels monitored continuously along with the key vital signs, when coupled with machine learning
approaches, will provide accurate and dynamic stress and anxiety assessment.

During Year 1, we have successfully developed most of the individual sensors with high performance (including
glucose, lactate, Na, K, pH, blood pulse wave, temperature, galvanic skin response (GSR)) for continuous monitoring.
With materials and chemistry innovation, we have made major progress to improve the long term stability of our
wearable chemical sensors (most of these sensors now have stable performance during multiple-day in vitro operation).
We also developed a portable cortisol sensor for rapid stress hormone analysis in human sweat. Our engineering
development in Year 1 paves the way for an integrated multimodal system and now we have integrated all these sensors
into one multimodal wearable system for physical and chemical sensing on human subjects. We are trying to
simultaneously monitor the molecular analytes in human sweat including stress hormone, glucose, lactate, sodium,
potassium, pH, and key vital signs (i.e., skin temperature, pulse wave, GSR) using this wearable multimodal sensing
platform. In the coming year, we plan to mainly focus on system validation and human studies -- evaluating the
multimodal sensor performance in human subjects under different stressors and we will use machine learning to classify
the stress levels based on the data collected. Based on a combination of the physical/molecular data and machine
learning model, we anticipated that a more comprehensive stress assessment system with significantly higher accuracy
and robustness can be achieved.

As COVID-19 became a major challenge for us over the past year, we have also developed, partially supported by the
Translational Research Institute for Space Health (TRISH), an ultrasensitive and low-cost telemedicine platform, the
SARS-CoV-2 RapidPlex, based on target-specific immunoassays built off laser-engraved graphene for rapid and remote
assessment of COVID-19 biomarkers (i.e., nucleocapsid protein, anti-spike protein IgG and IgM, and C-reactive
protein). We successfully demonstrated the platform's applicability using COVID-19-positive and COVID-19-negative
serum and saliva samples. The SARS-CoV-2 RapidPlex has the potential to quickly and effectively triage patients and
track infection progression, allowing for the clear identification of individuals who are infectious, vulnerable, and/or
immune.
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