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Health diagnosis through bio-signal
measuring electrodes on IoT devices

November 23 2016
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Optical image of bio-signal measurement electrode design developed by
Professor Jang's research team. The electrode generates such a large force that it
holds the circular magnet located under the glass only by attraction (gravitation)
of the magnetic field. Credit: DGIST
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Daegu Gyeongbuk Institute of Science and Technology announced that
Professor Kyung-in Jang's research team from the Department of
Robotics Engineering succeeded in developing bio-signal measuring
electrodes that can be mounted on Internet of Things (IoT) devices
through joint research with a research team led by professor John Rogers
of the University of Illinois, USA.

The bio-signal measuring electrodes developed by the research team can
be easily mounted on IoT devices for health diagnosis, thus they can
measure bio-signals such as brain waves and electrocardiograms without
additional analysis and measurement equipment while not interfering or
restricting human activities.

Conventional hydro-gel based electrodes required external analysis and
measurement devices to measure bio-signals due to their pulpy gel
forms, which made their attachment to and detachment from IoT devices
instable. In addition, since these electrodes were wet-bonded to the skin,
there have been disadvantages that the characteristics of the electrodes
deteriorated or their performance decreased when the electrodes were
dried in the air over a long period.

In contrast, the electrodes developed by Professor Kyung-in Jang can be
easily interlocked as if they are a part of IoT devices for health
diagnosis. Also, since they are composed only of polymer and metal
materials, they have the advantage of there being no possibility of drying
in the air.
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A Muscle contraction pointat flexor carpi radialis of the forearm

1 T 71 -1 -1 71T 1 —rr T T T T T —rrrrrrTrrTr

8 days later

First day 4 days later

Amplitude (mV)
o

A A A A A A A
SNR=10.7 SNR=2.1 SNR=1.3
_1 a1 . 1 . 1 . 1 . 1 PR T B BT T R PR BT BT BT R R
o 1 2 3 4 5 6 7 0 1 2 3 4 5 66 7 0 1 2 3 4 5 6 7
Time (s) Time (s) Time (s)
b Proposed electrode
1 —r————r——————r—— e e e e ———
First day 4 days later 8 days later
=
E
50
2
=
£ \ A A i A A A A
SNR=8.4 SNR=8.3 SNR=8.4
_1 1 1 [ [ 1 1 [ 1 1 1 [ 1 1 [ 1 1 1 1

o 1 2 3 4 5 6 7 0 1 2 3 4 5 66 7 0 1 2 3 4 5 6 7
Time (s) Time (s) Time (s)

Long-term usability with wireless EMG recording. Data captured using a) a
hydrogel electrode and b) soft, folded magnetic electrode. Each red triangle
indicates a specific point of muscle contraction of the flexor carpi radialis of the
forearm. Credit: DGIST

The bio-signal measurement electrodes developed by the research team
consist of a composite material in which a magnetic material is folded
with a soft and adhesive polymer, with a conductive electrode material
wrapped around the composite material. The conductive electrode
material electrically connects the bottom surface touching the skin and
the top surface touching the electrode of the 10T device.
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Electrodes with this structure reacting to the magnetic field can be easily
attached and detached by using the attraction that occurs between the
magnet and the electrode mounted on the IoT devices. Then, through the
conductive electrode materials that connect the skin and the electrode
part of the IoT device, the electric signals generated on the skin can be
directly transmitted to the IoT device for health diagnosis.

The research team succeeded in storing and analyzing brain waves
(electroencephalogram, EEQG), electrocardiograms (ECG), eye
movements (electrooculogram, EOG), and limb movements and muscle
contractions (electromyogram, EMG) of the wearer for a long period
through an experiment in which IoT devices with the electrodes are
attached to various parts of the human body.

5/8



1. Soft sticky liner
. Ferromagnetic electrode

3. Thin magnet
4. Bluetooth system

Capacitive contact Direct contact Hydrogel contact
c 1 T T T T T T T T T T r T T T T
= R R R
£
@
T 0
£ P T P T P T
3
< _1 i Q lS |Q. SI A i Q. :5 A
0 1 2 3 0 1 2 3 0 1 2 3
ECG Time (s) Time (s) Time (s)
d ; 1 T T T T T T T T T T T T v L v L v v
£
@
E 0
a
E 1 SNR=8.6 SNR=8.2 SNR=13.2
01234567 01234567 012345©67
Time (s) Time (s) Time (s)
e 1
=
£ A A A
o
S 0
=
(=]
= B B B
<L _1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
01234567 01234567 012345%67
Time (s) Time (s) Time (s)
f 17
<15
)
§ 13 "
|
g 11 1 I' % |
“ o9 il e

EEG

6/8



PHYS 19X

Device-level integration of the proposed electrode composite. a) Schematic
illustrations and b) optical images of wireless electrophysiology (EP) monitoring
systems integrated with soft, folded magnetic electrode composites. Optical
images of the device on the body and associated captured EP data: c)
electrocardiogram (ECQG), d) electromyogram (EMGQG), e) electrooculogram
(EOG), and f) electroencephalogram (EEG). Scare bars are 10 cm in (c,d) and 5
cm (e,f). Credit: DGIST

The bio-signal measurement electrodes can measure the bioelectric
signal generated from the skin without loss or noise by using the [oT
platform, thus they are expected to be applicable to the medical and
healthcare fields since they cannot only measure the electrical signals of
the body, but also analyze various forms of bio-signals such as body
temperature change, skin change, and in-body ion concentration change.

Professor Kyung-in Jang said, "We have secured the source technology
that can diagnose the state of human health anytime and anywhere by
combining bio-electrode technology with IoT platforms utilizing
advanced high-tech composite materials. We will carry out subsequent
research to make it applicable for diseases that require ongoing medical
diagnosis such as diabetes, insomnia, and epilepsy, and to make it
available to people in medically vulnerable areas such as remote
mountainous and rural areas."

More information: Kyung-In Jang et al, Ferromagnetic, Folded
Electrode Composite as a Soft Interface to the Skin for Long-Term
Electrophysiological Recording, Advanced Functional Materials (2016).
DOI: 10.1002/adfm.201603146

Provided by Daegu Gyeongbuk Institute of Science and Technology
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