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A safe, wearable soft sensor

December 21 2018, by Leah Burrows

Safe, soft sensors on the top and tip of the index finger detect the movements,
strain and force of the finger while performing different activities, such as
flexing and extending the finger and picking up weights and boxes. Credit: Siyi
Xu, Daniel M. Vogt, and Andreas W. Rousing/Harvard SEAS

Children born prematurely often develop neuromotor and cognitive
developmental disabilities. The best way to reduce the impacts of those
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disabilities is to catch them early through a series of cognitive and motor
tests. But accurately measuring and recording the motor functions of
small children is tricky. As any parent will tell you, toddlers tend to
dislike wearing bulky devices on their hands and have a predilection for
ingesting things they shouldn't.

Harvard University researchers have developed a soft, non-toxic
wearable sensor that unobtrusively attaches to the hand and measures the
force of a grasp and the motion of the hand and fingers.

The research was published in Advanced Functional Materials and is a
collaboration between The Harvard John A. Paulson School of
Engineering and Applied Sciences (SEAS), The Wyss Institute for
Biologically Inspired Engineering, Beth Israel Deaconess Medical
Center, and Boston Children's Hospital.

One novel element of the sensor is a non-toxic, highly conductive liquid
solution.

"We have developed a new type of conductive liquid that is no more
dangerous than a small drop of salt water," said Siyi Xu, a graduate
student at SEAS and first author of the paper. "It is four times more
conductive than previous biocompatible solutions, leading to cleaner,
less noisy data."

Harvard's Office of Technology Development has filed a portfolio of

intellectual property relating to the architecture of novel soft sensors and
is seeking commercialization opportunities for these technologies.
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Safe, soft sensors on the top and tip of the index finger detect the movements,
strain and force of the finger while performing different activities, such as
flexing and extending the finger and picking up weights and boxes. (Image/video
courtesy of Siyi Xu, Daniel M. Vogt, and Andreas W. Rousing/Harvard SEAS)
Credit: Siyi Xu, Daniel M. Vogt, and Andreas W. Rousing/Harvard SEAS

The sensing solution is made from potassium iodide, which is a common
dietary supplement, and glycerol, which is a common food additive.
After a short mixing period, the glycerol breaks the crystal structure of
potassium iodide and forms potassium cations (K+) and iodide ions (I-),
making the liquid conductive. Because glycerol has a lower evaporation
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rate than water, and the potassium iodide is highly soluble, the liquid is
both stable across a range of temperatures and humidity levels and highly
conductive.

"Previous biocompatible soft sensors have been made using sodium
chloride-glycerol solutions but these solutions have low conductivities,
which makes the sensor data very noisy, and it also takes about 10 hours
to prepare,” said Xu. "We've shortened that down to about 20 minutes
and get very clean data."

The design of the sensors also takes the need of children into account.
Rather than a bulky glove, the silicon-rubber sensor sits on top of the
finger and on the finger pad.

"We often see that children who are born early or who have been
diagnosed with early developmental disorders have highly sensitive
skin," said Eugene Goldfield, coauthor of the study and an Associate
Professor in the Program in Behavioral Sciences at Boston Children's
Hospital and Harvard Medical School and Associate Faculty Member of
the Wyss Institute at Harvard University. "By sticking to the top of the
finger, this device gives accurate information while getting around the
sensitively of the child's hand."

Goldfield is the Principal investigator of the Flexible Electronics for
Toddlers project at the Wyss Institute, which designs modular robotic
systems for toddlers born prematurely and at risk for cerebral palsy.

Goldfield and his colleagues currently study motor function using the
Motion Capture Lab at SEAS and Wyss. While motion capture can tell a
lot about movement, it cannot measure force, which is critical to
diagnosing neuromotor and cognitive developmental disabilities.

"Early diagnosis is the name of the game when it comes to treating these
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developmental disabilities and this wearable sensor can give us a lot of
advantages not currently available," said Goldfield.

This paper only tested the device on adult hands. Next, the researchers
plan to scale down the device and test it on the hands of children.

"The ability to quantify complex human motions gives us an
unprecedented diagnostic tool," says Rob Wood, the Charles River
Professor of Engineering and Applied Sciences at SEAS, Founding Core
Faculty Member of the Wyss Institute, and senior author of the study.
"The focus on the development of motor skills in toddlers presents
unique challenges for how to integrate many sensors into a small,
lightweight, and unobtrusive wearable device. These new sensors solve
these challenges—and if we can create wearable sensors for such a
demanding task, we believe that this will also open up applications in
diagnostics, therapeutics, human-computer interfaces, and virtual
reality."

More information: Siyi Xu et al, Biocompatible Soft Fluidic Strain

and Force Sensors for Wearable Devices, Advanced Functional Materials
(2018). DOI: 10.1002/adfm.201807058
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