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Figure 1 Salient features of WISE. (A) WISE sensor mounting arrangement
shown on a human model in T-pose; (B) calibration UI allowing intuitive and
automatic calibration of the WISE modules; (C) sensor mounting UI allowing
accurate placement of sensors on the user body; (D) virtual
environment—subject-model on left, virtual coach on right, real-time sensor data
animates upper limb movement of the subject-model; (E) instructor
programming UI provides a virtual coach synced with sensor data to generate
individualized exercise routines; and (F) 3D-printed holder to house the WISE
modules for calibration. WISE, wearable inertial sensors for exergames; UI, user-
interface
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Recent years have seen a brisk rise in development and deployment of
digital health systems using such technologies as wearable sensors and
embedded controllers to enhance access to medical diagnostics and
treatments. Because of an accelerating trend in the number of stroke
survivors requiring rehabilitation, healthcare services worldwide are
considering technological solutions to enhance accessibility to
assessment and treatment, particularly during the past year's period of
enforced quarantine due to COVID-19.

Some of the challenges faced by these technologies are clinical
acceptance, high equipment cost, accuracy, and ease of use.

To address these limitations, the researchers designed wearable inertial
sensors for exergames (WISE), a system that includes an animated
virtual coach to deliver instruction, and a subject- model whose
movements are animated by real-time sensor measurements from the
WISE system worn by a subject. The paper examines the WISE system's
accuracy and usability for the assessment of upper limb range of motion
(ROM).

The system uses five wearable sensor modules affixed to a user's upper
body: above the wrist on the left and right forearms, above the elbow on
the left and right arms, and on the back. Each WISE sensor module
consists of a sensor interfaced with a microcontroller soldered to a 
printed circuit board, which is connected to a lithium-ion battery. A
storage and calibration cube is designed and 3-D-printed to house the
five WISE system modules and simultaneously calibrate all the sensors
prior to placement on a subject. The microcontroller retrieves absolute
orientation measurement from the sensor and wirelessly streams it to a
computer. The investigators used a Unity3D-based exergame interface to
animate the sensor data into a 3-D-human model.

Seventeen neurologically intact subjects were recruited to participate in
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a usability study of the WISE system. The subjects performed a series of
shoulder and elbow exercises for each arm instructed by the animated
virtual coach; accuracy of the ROM measurements obtained with the
WISE system were compared with those obtained with a system using
the Microsoft Kinect markerless motion capture system (a platform used
for exergames and often tested for rehabilitation capabilities). The
results suggest the WISE system performs as well as Kinect.

The researchers plan future studies with patient populations in clinical
and tele-rehabilitation settings.
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