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Strategic International Collaborative Research Program (SICORP)
Japan—Sweden Joint Research Program

Executive Summary of Final Report

1) Project title: Continuous health status monitoring of elderly people using flexible skin patch

sensors

2) Research period: January 2017 — March 2019

3) Main Organization

PL or Academia/lndustry | Organization
Co-PL /Other sectors Division/Department
Pl Academia U. Tokyo, Dept. Electrical and Electronic Engineering, School of Engineering
Co-Pl | Industry NEC Corporation, lIoT Devices Research Laboratories
PI Academia Linképing U., Lab. of Organic Electronics, Dept. of Science and Technology
Co-Pl | Industry AbbVie AB (www.abbvie.se)
Co-Pl | Industry Invisense AB (www.invisense.se)
CoPl | Other RISE Acreo, Norrkdping division (Institute);
RISE SICS, New Tools for Health division (Institute)

4) Main Participants :

JAPAN Type Name Title Affiliation Role
Pl Academia | Takao Someya Prof | University of Tokyo Wearable sensors
Co-PI Industry Shinichi Yorozu Dr NEC Corporation Emotion analysis
Collaborator | Academia | Tomoyuki Yokota | Dr University of Tokyo Wearable sensors
Collaborator | Industry Kentaro Nakahara | Dr NEC Corporation Emotion analysis
Collaborator | Industry Hiroyuki Endoh NEC Corporation Emotion analysis
Collaborator | Industry Hiroshi Kajitani NEC Corporation Emotion analysis
Collaborator | Industry Kazuki Ihara Dr NEC Corporation Emotion analysis
Collaborator | Industry Fumiyuki Nihey Dr NEC Corporation Emotion analysis

Total number of participants throughout the research period: 10

SWEDEN Type Name Title Affiliation Role
Link6ping University,

Pl Academia | Magnus Berggren | Prof | Lab. of Organic
Electronics (LOE)

Co-PI Industry Olof Schreiber Dr AbbVie AB

Co-PI Industry Bjorn Garplind Invisense AB Innovation




development

Med applications

Health division

Co-PI Other Peter Kjall RISE Acreo ] )
and bioelectronics
. ] ) Link6ping University,
Collaborator | Academia | Daniel T. Simon Dr LOE Bioelectronics
. ] . Link6ping University, |
Collaborator | Academia | Erik Gabrielsson Dr LOE Biotech engineer
Innovation, e-
Collaborator | Industry Alex Baralt AbbVie AB
health
Gastroenterology,
Collaborator | Industry Tryggve Ljung Dr AbbVie AB hepatology,
biotherapeutics
Printed electronics
Collaborator | Other Goran Gustafsson | Dr RISE Acreo )
and value creation
SICS Swedish ICT, Digital and e-health
Collaborator | Other Michael Peolsson | Dr New Tools for solutions, biomed

engineering

Total number of participants throughout the research period: 10

5) Research abstract and aim. We aim to develop a system to continuously monitor vital

statistics of elderly people. The system should be attached to the skin, and discrete, thin,

light-weight, flexible, and autonomous, so that the wearer can continue to live independently,

normally, and actively. The Japanese and Swedish teams will develop sensors adopted for

the elderly health situation in both countries, share these sensors and related technologies

and knowledge between the countries, and integrate the sensors and accompanying

technologies into wearable sensor platforms for use in, e.g., clinics and nursing homes.

6) Progress of Phase 1. (i) Enzymatic OECT-based biosensors were developed, based on

guidance from AbbVie. Sensing targets were primarily inflammation markers to monitor

infection, for general health and for specific diseases. The sensors themselves were based

on organic electrochemical transistors (OECTs), manufactured via photolithographic

techniques or via screen-printing. (ii) Humidity sensing was further developed by Invisense,

based on capacitive sensor labels, whereby the resonance frequency shift in a linear fashion

with the relative humidity. (iii) Breath/gesture sensing (and system integration) were

demonstrated via wearable strain sensors. Breath sensing could distinguish the depth of




breath. The gesture-sensing gloves were coupled to a custom wireless body-area network,
enabling the control of a drug delivery device on the body as well as the relay of gesture data
to a cloud-based deep learning system. (iv) Leg edema studies were initiated using leg mock-
ups and a sock version of the strain-sensor gesture-glove (also connected to a body-area
network). The system was designed with input from nurses currently treating elderly patients
with edema. (v) Emotion estimation was undertaken on the Japanese side by NEC and U.
Tokyo by monitoring vital statistics via a wearable device at the Kamakura Living Lab. The
emotion estimation algorithm was developed, and feedback was obtained from the elderly

participants relating to wearability, comfort, and ease of use.

7) International industry-academia team formation. The project started by discussing
potential avenues for application of available/upcoming technologies. Input from industry was
significant for innovation, as it outlined ideal end product(s). AbbVie identified medical sensor
targets important for elderly care, informing the chemical sensor development at LiU and
RISE. The Swedish side then contacted Cuviva, who identified additional applications (e.g.
edema) and facilitated contact with nurses, as well as compression sock and textile
producers (Medisox, Trikaby). On the Japanese side, NEC monitored human respiration
using physical sensors and confirmed the estimation of mental state. NEC also built a
prototype data acquisition platform to monitor vital data in one module and relay it to

smartphones, contributing to the acceleration of research at U. Tokyo.

8) Lessons learned and current challenges. In addition to major advances in integration
and implementation, we have developed a deeper understanding of (i) the challenges of
implementing chemical sensors in clinical settings and (ii) current needs for elderly care in
the clinics of Japan and Sweden. This has led us to focus on our two areas of application
(edema and mental stress) and integrating physical sensors as a top priority for workable
demonstrators. The chemical sensors (OECTs for inflammation) are now seen as a higher-
risk tech, but work continues, and we have gained major competence in developing,

fabricating, and characterizing these devices.

9) Importance of experimental approaches for a novel solution. Through preventive
health care, increased patient awareness, and increased health care effectivity, the proposed
vision for this project can reduce the cost for elderly health care, thus freeing up resources
to address other societal issues. Manifestation of leg edema (a focus of Phase 2), or edema
in general, is not only present in elderly people, but can occur in patients of all ages. As

obesity and inactivity are risk factors for edema and also increasingly common problems for



the general population, technologies targeting edema are of general interest. Emotion
monitoring (another focus of Phase 2) can also have impact outside the elderly care setting.
For example, mental health management of the elderly in care facilities, patients’ mental
healthcare at hospitals, and employee mental healthcare management at companies, etc.,
are all candidates for the technology proposed herein.
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List of Major Joint Research Outputs
1. FICERKRZE Publications

R L (FHFBTFET — b & ORI - FEFRM2 total number = 51 0 14
Original Publications (Articles co-authored with the Partner Research Teams)

*JREFR S FPRAFZET — L% & £ 720 BAMRFIE T — L D 30) - FEFEL total
number : 3 0
Original Publications (Articles by the Japanese Research Teams only, excluding the Partner

Research Teams)

k T OMOENEY) FEFRFZET — L & OIZERRG, EEE/2 ) « 3814 total number :
20 4

Other Media, e.g. reviews, books (Co-authored with the Partner Research Teams)

* Z OMOEREY FHFMATET — L% 5 ERWVEARAIIET — L0/, FHER L) !
R4 total number @ 3 0 14
Other Media, e.g. reviews, books (by the Japanese Research Teams only, excluding the

Partner Research Teams)
2. £33 Presentations at conferences

* MEAR T (FHTIRFIE T — 4 & D4 %3) Oral Presentation (Joint Presentations with
Partner Research Teams)
FEFAHL total number : 510 £F (9 HHEFF#E Guest/Invited Speaker : & 0 1)

* OFARER (PR — L %25 £V B ARAIFFET — L DJ3K) Oral Presentation (by

the Japanese Research Teams only, excluding the Partner Research Teams)

FEFATHL total number @ FF 0 {1 (9 BT Guest/Invited Speaker : &t 0 1)

kR AL —FFR (FHFMIFET — L & DELHE) Poster Session (Joint Presentations with



Partner Research Teams)

R total number : F 0 4

kARAL =R FHFAMFET — 2% 5 £ 700 HARAIFE T — A D3 EK) Poster Session
(by the Japanese Research Teams only, excluding the Partner Research Teams)

FFAEH total number : 0 14

. EE LY v ay S BIF— - URTTLEDORE Organization of workshops,
seminars, symposia, etc.

- BEE 150 AEORSITHEO—BR L LTA T ul ey NMRIOU—2 g v 7 g Y
RhEFR GRK - #8%), #%E : AU = —7 R, RS, 3L, HA, 201846 A 13
H. ZINA% 39 4

« 2=U—2Zr 33w “Organic Electronics for Wearable Sensors” . Ff@¥ : Yuiif&
Fo CRK - Bd%) . HuRY, Hul, HAR, 201845 H 17T H

4, WFFERAZTDEE International exchange activities

(AR —F 1 7]

<2018 45 H  MHFEOMFEE N KA L, S —T 4V HBMELT-,
« 2017 #-12 H~2019 43 A : HADOHFIEE N 3 [ FIFERRE 255 L S —7 « > 7
T o717,

[FADOIRE. ZA]
<2017 £ 12 H : ARG 24 () 251 4. 2 BEFETFIFZCREES TR - & RACH

o R Y
- 2018 £ 5 A : HEEMFA (LR 214, 2 EBEADO KFETER - BRAHE
To7,

+ 2018 4 5 J  FHFEMZAA (EFER) 14 & AAMIZAAE () 1425, RAIRT
FepkPa R L. R - BRZHBEIT T,

5. ¥#FHEE Number of patent applications
HFZe 1 5 B 5 HURE %% the number of applications : 0 {4

6. ZE - HHIES Awards, press reporting etc

7 . Z=DOfh Others



