Research Statement- Amanda Watson

Research Vision

In the future, wearable technology will provide a continuous, autonomous, and comprehensive
assessment of a person’s health. On the hardware side, we are liberating sensors from the bench
top in the clinical lab and introducing them into the wild. Most commonly, smartwatches provide
sensors that enable vital sign monitoring, such as heart rate and pulse oximetry. However, many of
the most powerful sensing techniques are still limited to the benchtop. Bringing these sensors
into the wild creates many challenges. Overcoming the resource constraints of a wearable device
necessitates reimagining the design of the sensor. Further, it must adapt to dynamically changing
environments. By addressing these challenges, | argue that in the future, everyone can have a com-
prehensive understanding of their own health at their fingertips.

Wearable Device Development

In medicine, there are many powerful sensing techniques that are limited to the bench-top.
Sensing in this manner creates isolated and infrequent data points. Thus, it can only provide a brief
snapshot of the monitored parameter. Wearable technology brings sensing and tracking tech-
nologies out into everyday life, creating longitudinal datasets that provide more insight into the
monitored parameter.

Figure 1: Lumos is a wearable optical spectrometer that enables non-invasive health monitoring in the real
world. Left: Wristband form factor is familiar and can be worn when moving around in the real world. Right:
Fingertip form factor is more suited to clinic settings and discrete measurements.

Spectroscopy is a powerful tool that is essential for analyzing and identifying human disorders.
Thus far, it has been an underused modality limited to providing transient snapshots of data. To
address this, | developed Lumos [1], an open-source device for wearable spectroscopy research.
It senses the full visual spectrum with some infrared by leveraging an array of LEDs and photode-
tectors. | developed an algorithm to determine the spectral response of a medium from this array.
From this, researchers can determine the optimal spectrum and create customized sensors for
their target application. We show the utility of Lumos by developing a sensor for prediabetes [5]
and opiod detection [6]. Moving forward, wearable spectroscopy provides the opportunity to con-
tinuously track the progression of disease or even the health of a subject. It creates an opportunity
to collect massive amounts of high-value longitudinal data. That amount of data could be used
to gain remarkable insights into human health and performance.



Figure 2: Magneto is a body-mounted electromagnet-based sensing system for joint angle analysis. It uses the
combination of an electromagnet and magnetometer to remove environmental interference from a magnetic
field reading.

Wearable technology has brought body metion tracking out of the lab and into the real world. This
enables tracking of athletic performance [2] and disease progression [7] through sensors such as ac-
celerometers and GPS. But in its current instantiation, these sensors are bulky, uncomfortable, and
subject to drift and other errors. To address this, | developed Magneto [3], an electromagnet-based
sensing method that can track fast-paced motions with high accuracy. Magneto uses the com-
bination of an electromagnet and magnetometer to localize the electromagnet in free space with
respect to the magnetometer. It removes environmental interference from a magnetic field read-
ing, creating more accurate readings. Additionally, it is not susceptible to drift errors that plague
accelerometer-based sensing devices. Using this device, we can track movement and infer joint mo-
tion with high sampling rates and accuracy.

Figure 3: Soft wearable devices with sensors made from fabric that integrate seamlessly into clothing. These
sensors are as comfortable as normal clothing allowing wearable sensing to be integrated without the wearer
knowing they are wearing a wearable device.

Although Magneto sports high accuracy and sensitivity, especially when tracking fast-paced motions,
it is still rigid and can be uncomfortable for the user to wear for long periods of time. So, | created
SoftWear, soft wearable devices with sensors made from conductive fabric that integrate seam-
lessly into clothing. | use other nonstandard materials, such as conductive threads, to remove the
need for wires and keep the garment soft, flexible, and comfortable. | have developed two SoftWear
garments: TracKnee [8] and ServesUp. They leverage resistive conductive fabric stretch sensors that
allow me to compute joint angles. With multiple joint angles, we can determine the movements
being performed. These garments are comfortable to wear as the fabric is similar to normal athletic
fabrics. Thisresearch led to the NSF CSR EAGER: A Wearable Body Motion Sensing Platform Using
Conductive Stretchable Fabric funded from 2018-2020.



Data Collection Infrastructure

Because of the reliance on high-quality data, the first and often the most time-consuming step in
many research endeavors is to build a data collection system. These systems tend to be highly
specificand customized to the task at hand; thus, they are not general enough to support other tasks.

Raproto [9] is an open-source easy-to-use rapid prototyping platform that does not require the
time, effort, and expertise needed for custom development. The Raproto platform consists of three
components, wearable devices, communication protocol, and remote storage. These components
support the collection, transmission, storage, analysis, and visualization of data. To reduce the
burden of device and application development, we created multipurpose and customizable smart-
watch applications on both the Android and Tizen operating systems. Currently, Raproto is being
used in various scenarios, including studies on Stroke Detection and Post Partum Hemorrhage de-
tection. Further, Raproto is not limited to smartwatches, and the underlying platform was used in
the development of the above research.

While Raproto gives us easy access to data from custom and commercial devices, there is a wealth
of data already being collected in the medical setting. Medical professionals spend considerable
time collecting, validating, reviewing, and analyzing medical device data. These devices use vendor-
specific applications to monitor the device and log the data for a limited time. This leads to a com-
plex process to acquire research data. To remedy this, we created VitalCore [10], a medical device
integration platform that supports access to medical device data in real time. This platform gives
researchers access to a wealth of data collected longitudinally. This system has enabled simplified
access to data needed for medical applications, which are discussed in the next section.

Medical and Athletics Applications

Using the data collected from the devices and platforms created above, | develop medical and ath-
letic performance applications. LAX-Score [2], developed in collaboration with William & Mary ath-
letic quantifies the performance of a women’s Lacrosse team throughout a season and uses IMU
data collected during practices to tailor workouts for each player for maximal performance and de-
creased chance of injury. Then, we developed a machine learning system to predict football in-
juries and found that even impact injuries could be predicted based on the prior two weeks of train-
ing [12]. When a significant injury occurs, | optimize a patient’s recovery following surgical inter-
vention. Most recently, | developed ACL-RT [4], which identifies youth patients that are at high risk
of re-tearing their ACL during post-surgical recovery. It also pinpoints what risk factors contribute
to a patient’s risk level and recommends mitigation strategies. In collaboration with the Children’s
Hospital of Philadelphia, we are pursuing funding and preparing for an in-clinic evaluation of us-
ing this system integrated with the EHR to improve patient outcomes. Using a similar method, we
found that we can identify the risk level of other procedures. Thus, we developed AutoWean [11],
done in collaboration with the Hospital at the University of Pennsylvania, which estimates the risk
of extubating critically ill patients. Using this, clinicians can optimize the time at which patients
are extubated to improve outcomes. Using wearable devices, we can track disease progression.
For example, TremorSense [7], developed in collaboration with Virginia Commonwealth University
Parkinson’s and Movement Disorders Center, tracks the progression of Parkinson’s disease by lever-
aging IMU sensors and a CNN. Further, leveraging Android smartwatches, | developed BreathEZ [13]
and BBAid [14] to improve the performance of choking first aid through instructions and real-time
feedback.



Future Direction

My long-term research vision is that wearable technology will provide a continuous, autonomo-
us, and comprehensive assessment of a person’s health. To provide continuous monitoring of a
person’s health, wearable devices that produce high-quality data and can be easily adopted by con-
sumers should be developed. Moving towards autonomous assessments of health requires large
volumes of high-quality data to create algorithms that can be trusted by clinicians. Comprehensive
assessments of a person’s health require integrated body sensor networks, algorithms, and mitiga-
tion devices that can be tailored to the person. Comprehensive analysis will enable personalized
medicine and treatments, promoting better outcomes for all patients.

Continuous Monitoring. Many powerful sensing technologies already exist in the medical lab but
are limited to the benchtop. Thus, providing only brief snapshots of data. To bring these technologies
to the masses for continuous monitoring, they must be reimagined in a wearable format. That
wearable device design must be such that it is attractive to the consumer. With a high adoption
rate and consistent use, we will gain large volumes of high-quality longitudinal data. | have begun
to address bringing powerful sensing technologies out of the lab [1] and reimagining sensor design
to create comfortable [8] and useful sensing technologies [3]. Further, | have developed platforms to
handle the large volumes of data these devices can produce [9, 10]. Moving forward, we can leverage
this data to gain insights into human health and performance.

Autonomous Evaluation. With expanded access to real-time health data, a side effect is inundat-
ing clinicians with excessive amounts of information. While some of this data is critical, the vast
majority is superfluous. This has led to clinician burnout, alarm fatigue, and skepticism when
adopting new technologies. Machine learning is a powerful tool that improves with the addition
of high-quality data, but many clinicians are skeptical as they do not understand the inner workings
of the technology. In my experience, in the ACL-RT [4] collaboration with the Children’s Hospital of
Philadelphia, clinicians are more receptive to algorithms that incorporate their medical expertise.
Then, as they become more comfortable with the underlying technology, increasing levels of com-
plexity can be added. Looking forward with the ACL-RT project, we are actively pursuing funding and
planning a clinical study that will allow us to customize each patient’s treatment based on their most
significant risk factors allowing for decreased rehabilitation times and better overall outcomes.

Comprehensive Assessment. In the future, my vision is that using wearable devices, we will be able
to perform a comprehensive medical exam in which we gain insight into health status and admin-
ister needed interventions in real-time. To make this a reality, we must develop integrated body
sensor networks that leverage closed-loop control with considerations for human behavioral differ-
ences. This requires a number of sensors placed across the body, synchronization of those sensors,
on-body computational capabilities to process the data, and intervention mechanism with safety
guarantees. | have already begun to create such devices; for example, DOVE [6] is a closed-loop opi-
oid overdose detection and reversal device. It detects opioid overdoses and administers an opioid
reversal agent via an autoinjector worn on the shoulder. Another example is the ongoing work on
TremorSense [7], in which Parkinson’s Disease tremor is detected, and vibrational therapy is applied.
While these examples are limited in their scope, this demonstrates the feasibility of such a concept.
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