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Strategic International Collaborative Research Program (SICORP)

Japan—Sweden Joint Research Program
Executive Summary of Final Report

1) Project title : [Robotic assistive device with multi-grip tools and vision system for frail
elderly’s independent life |

2) Research period : M 2017 ~ M 2019

3) Main Organization

PL or Academia/lndustry | Organization

Co-PL | /Other sectors Division/Department

PL Academia

Tokyo Institute of Technology

Department of Transdisciplinary Science and Engineering

PL Academia

Karlstad University

Department of Engineering and Physics

4) Main Participants :

Japan-side
Type of Name Title Affiliation Role
Sector
_ Management,
) o Tokyo Institute of
Pl Academia Miki Saijo Prof. User Test, UX
Technology _
evaluation
_ Assist Waseda 0T system
Co-PI Academia | Cheng Zhang _ _
Prof. University development
Leave a Nest Co. _
Co-PI Industry | Ryuta Takeda | Mr. Lid Marketing
Tokyo Institute of | Robotics

Collaborator

Academia | Yukio Takeda | Prof.

Technology development
| Takumi Assist. Tokyo Institute of
Collaborator | Academia ) User test
Ohashi Prof. Technology
Yoshitaka _ Arrangement of
Collaborator Other Mr. Kakegawa City )
Imura pilot study
Total number of participants throughout the research period: 9
Sweden -side
Type of Name Title Affiliation Role




Sector
Management,
) ] Assoc. Karlstad o
Pl Academia Jorge Solis ) ) Vision System,
Professor | University )
Robotics
Ann-Louise Camanio Care Developer/
Co-PI Industry ) Mrs.
Lindborg AB researcher
Karlstad Arrangement of
- ' arlsta
Collaborator Other Ann-Sophie Miss. o elderly for focus
Gustafsson Municipality
group
. _ Developer,
Christoffer Camanio Care o
Collaborator | Industry Mr. vision control of
Karlsson AB )
Bestic
Boban Camanio Care Developer,
Collaborator Industry ) Mr. . )
Pavlovic AB Nutrition aid
Focus grou
Elisabeth . JrotP
Collaborator Other Kiell Mrs. MISTEL meeting and
ellin
: survey.

Total number of participants throughout the research period: 9

5) Research abstract and aim

This study aims to establish an innovative service model which enables elderly people to have
meal independently and improve their QoL (Quality of Life) by human-friendly aid system which
visualizes nutrition intake status. Three work packages are executed to realize the goal:
Expanding function of the robotic meal assistive device and usability test; setting parameters
which estimate nutrition status of frail elderly and establishing service model and elucidating
entities executing services in 2025

6) Progress of Phase 1

The basic functions of the early prototype version of the nutrition-aid device system was
developed to collect pictures and to calculate the food intake from the plate. the collected pictures
are uploaded to our cloud server for further calculations. The basic mechanism design of the early
prototype version of the Multigrip tool was developed. The proposed mechanism can adjust its
contact force accordingly to the size and elasticity of undefined things, e.g., while eating (food),
while performing oral hygiene care (teeth), with a simple position control of one actuator. The
basic functions of the vision system for controlling Bestic with the spoon and the Multigrip were
developed. User tests were carried in Japan at the Tokyo daycare facility. We discussed the care
process, what roles and methods that used when visited Mistel (Sweden), which is a municipal
organization. We have also asked this when visited Kakegawa municipality (Japan) as well as
Karlstad municipality (Sweden). The ethically approved focus group with the elderly in Sweden
related to the nutrition-aid device as well as the requirements and wishes on the device from
nutritionist and municipalities will provide the understanding of the effect on society or how much
will it be. We started with a list of activities that elderly people want to be independent on.

7) International industry-academia team formation



In order to manage this goal towards the planned outcome, the strategic collaboration among the
universities involved in our project has facilitated and strengthened the collaboration between the
two countries with the valuable contribution of Swedish and Japanese students. Moreover, the
possibility to access the academic and industrial networks has contributed to open new
possibilities within our project.

8) Lessons learned and current challenges

The potential users of meal assistant device initially were considered only frail people and
dependent one. However, while conducting the users’ tests and interviews, we have learned that
in order to maintain and enhance health condition of frail and independent elderly the information
sharing between elderly and stakeholders at their early stage of frailty is important.

9) Importance of experimental approaches for a novel solution

When testing a solution in the real environment and in the real way it is supposed to work, you
see the benefit and the problems with it. In the early stage of development, it is much about finding
problems and removing them. But also, to discuss with all stakeholders to understand the most
important features of the solution. When making tests in both Japan and Sweden we see
differences and similarities.
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1. FCHEEKRE Publications
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Original Publications (Articles co-authored with the Partner Research Teams)
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DEIGHERE L AT HEM T Y v SOBRFE ), BAMKYS  HREEHREH MRS
A CEE, pp. 147-150, 2018.

N. Kobayashi, T. Iwasaki, Y. Ito, A-L. Lindborg, T. Ohashi, M. Saijo, "Detection of Failed
Attempts and Suggestions for Elderly Care: Case Study of Frail User in Eating Aid
Device", 3rd IET International Conference on Technologies for Active and Assisted
Living, London, in press

Oka, T. Matsuura, D., Sugahara, Y., Solis, J., Lindborg, A.L., Takeda, Y. (2018).
Chopstick-type Gripper Mechanism for Meal-Assistance Robot Capable of Adapting to
Size and Elasticity of Foods, Springer Nature Switzerland AG 2019, A. Gasparetto and
M. Ceccarelli (Eds.): MEDER 2018, MMS 66, pp. 284-292
Zhang, C., Ohashi, T., Saijo, M., Solis, J., Takeda, Y., Lindborg, A.N., Takeda, R., Tanaka,
Y. (2018). A Monte Carlo based Computation Offloading Algorithm for Feeding Robot loT
System, 2018 International Conference on Smart Computing and Communication,
Lecture Notes in Computer Science, pp.163-171, Springer Publishing, December 2018.
Solis, J., Karlsson, K., Lindborg, A.L. (2018). Vision-based Detection and Target
Positioning for Mobile Robotic Devices, 16th Mechatronics Forum International
Conference,

Solis, J., Karlsson, C., Ogenvall, M., Lindborg, A.L., Takeda, J., Zhang, C. (2018)
Development of a vision-based feature extraction for food intake estimation for a robotic
assistive eating device, Proc. of the 14t IEEE International Conference on Automation
Science and Engineering, 1105-1109, Munich, Germany, August 2018.

Garcia, G., Solis, J., Takamatsu, J., Ogasawara, T. (2018) Interaction Force Estimation
of an Eating Assistive Device for Quantitative Comfort Evaluation, 13t Annual ACM/IEEE
International Conference on Human Robot Interaction, pp. 909-914, Nanjing, China,
August 2018.

Solis, J., Lindborg, A.L., Saijo, M., Takeda, Y., Zhang, C. Takeda, R. (2017) Japan-
Sweden Academia-Industry International Collaboration: Challenges in developing a
robotic assistive eating device for frail elderly’s independent life, IEEE RO-MAN 2017
Workshop on The Barriers of Social Robotics take-up by Society, Lisbon, Portugal,
September 2017

Lindborg, A.L., Solis, J., Saijo, M., Takeda, Y., Zhang, C. Takeda, R. (2017). Robotic
assistive device with multi-grip tools and vision system for frail elderly’s independent life,
ICRA2017 Workshop on Advances and challenges on the development, testing and
assessment of assistive and rehabilitation robots, Singapore, Singapore, May 2017.
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Research Teams)
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Cheng Zhang, Z.Liu, B.Gu, K.Yamori, and Y.Tanaka, "A Deep Reinforcement Learning
Based Approach for Cost- and Energy-Aware Multi-Flow Mobile Data Offloading," IEICE
Transactions on Communications, Vol.E101-B, No.7, Jul. 2018.

Cheng Zhang, B.Gu, Z.Liu, K.Yamori, and Y.Tanaka, "Cost- and Energy-Aware Multi-
Flow Mobile Data Offloading Using Markov Decision Process," IEICE Transactions on
Communications, Vol.E101-B, No.3, Mar. 2018.

B.Gu, Z.Liu, Cheng Zhang, O.Mizuno, K.Yamori and Y.Tanaka, “A Stackelberg Game
Based Pricing and User Association for Spectrum Splitting Macro-Femto HetNets,” IEICE
Transactions on Communications, Vol.E101-B, No.1, pp. 154-164, Jan. 2018.

Takumi Ohashi, Makiko Watanabe, Miki Saijo,“An Interaction Analysis of User-Testing to
Extract Salient User Experience with the Robotic Assistive Device Life-Walker,”
Proceeding of International Conference on Robotics and Automation 2017 (ICRA2017)
Workshop on Advances and challenges on the development, testing and assessment of
assistive and rehabilitation robots: Experiences from engineering and human science
research, pp. 57-59, Singapore, May 2017

Cheng Zhang, B.Gu, Z.Liu, K.Yamori, and Y.Tanaka, “Economic Analysis of Carrier-grade
Wireless Local Area Network Deployment,” IEICE Technical Report on Communication
Quality, Paper No. CQ2017-13, Vol.117, No. 5, pp. 65-68, April 2017.

Bo Gu, Cheng Zhang, et al., “Femtocell Deployment from an Economics Perspective”
IEICE Technical Report on Communication Quality, Paper No.CQ2016-93, Vol.116,
No0.403, pp.19-24, Osaka, Japan, January 2017.

Cheng Zhang, et al., “Markov Decision Process Assisted User Multi-flow Mobile Data
Offloading,” IEICE Technical Report on Communication Quality, Paper No. CQ2016-94,
Vol.116, No. 403, pp. 25-30, Osaka, Japan, January 2017.
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2. Case Study of a Robotic Assistive Device for the Frail Elderly", 3rd IET International
Conference on Technologies for Active and Assisted Living (TechAAL 2019), London,
2019/3/25

3. C.Zhang, T.Ohashi, M.Saijo, J.Solis, Y.Takeda, A-L.Lindborg, R.Takeda, and Y.Takeda,
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The 3rd International Conference on Smart Computing and Communication, Tokyo,
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System”, 2018 IEICE Communications Society Conference, No.BS-7-18, September
2018.

5. T. Oka, D. Matsuura, Y. Sugahara, J. Solis, A. L. Lindborg, Y. Takeda, "Chopstick-type
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Elasticity of Foods", 4th IFToMM Symposium on Mechanism Design for Robotics
(MEDER2018), Udine, Italy, 11, Sep. 2018.

6. Jorge Solis "Development of a vision-based feature extraction for food intake estimation
for a robotic assistive eating device, Proc. of the 14th IEEE International Conference on
Automation Science and Engineering, Munich, 2018/08/23

7. Jorge Solis, Miki Saijo, "Food for Life Project:Robotic assistive device with multi-grip tools
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9. Ann-Louise Lindborg, "User centred design approach in Sweden and Japan for an
assistive eating device with a multi-grip tools and camera", Medicinteknikdagar, Vasteras,
2017/11/10

10. Jorge Solis, "Japan-Sweden Academia-Industry International Collaboration: Challenges
in developing a robotic assistive eating device for frail elderly’s independent life", RO-
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4. W. Li, Cheng Zhang, and Y.Tanaka, "An Incentive Mechanism for Crowdsourcing
Fingerprinting with Device Heterogeneity Reduction", 2018 IEICE General Conference,
Tokyo, Japan, March 2018.

5. T.S.Chen, Cheng Zhang, and Y.Tanaka, " IR-UWB Sensor Based Multiple Human
Status Analysis and Identification", 2018 IEICE General Conference, Tokyo, Japan,
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B.Gu, Z.Liu, Cheng Zhang, O.Mizuno, and Y.Tanaka, “Utility-Aware Pricing in Femto-
Macro Heterogeneous Networks,” 2017 IEICE Society Conference, No.BS-1-16, pp.S-
70-S-71, Sep. 2017.
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T.S.Chen, Cheng Zhang, and Y.Tanaka, “Error Correction for Distance Detection in
Indoor Visual Positioning Using SVR and SVM”, 2017 |IEICE Society Conference, No.BS-
1-14, pp.S-27-S-28, Sep. 2017.

Z.Liu, Cheng Zhang, B.Gu, Y.Ji, and Y.Tanaka, “Topology Mapping for Caching Decision
in Topology-known Content-Centric Network”, 2017 IEICE Society Conference, No.BS-
1-23, pp.S-44-S-45, Sep. 2017.

F.Taniguchi1, K.Yamori, Cheng Zhang, B.Gu, Y.Tanaka, “Pricing Scheme for Revenue
Maximization of MNO and MVNO?”, Proc. 2018 International Conference on Electronics,
Information, and Communication (ICEIC 2018), Honolulu, Hawaii, USA, Jan. 2018.
B.Gu, M.Dong, Z.Liu, Cheng Zhang, and Y.Tanaka, “Water-Filling Power Allocation
Algorithm for Joint Utility Optimization in Femtocell Networks” Proc. 2017 IEEE Global
Communications Conference (GLOBECOM 2017), Singapore, Dec. 2017.

Cheng Zhang, Z. Liu, B.Gu, K.Yamori, and Y.Tanaka, “Wireless LAN Access Point
Deployment and Pricing with Location-Based Advertising”, Proc. 13th International
Conference on Network and Service Management (CNSM 2017), Tokyo, Japan, Nov.
2017.

Cheng Zhang, Z. Liu, B.Gu, K.Yamori, and Y.Tanaka, “Cost- and Energy-Aware Multi-
Flow Mobile Data Offloading under Time Dependent Pricing”, Proc. 9th International
Workshop on Internet Charging and QoS Technologies (ICQT 2017), Tokyo, Japan, Nov.
2017.

X.Li, B.Gu, Cheng Zhang, Z. Liu, K.Yamori, and Y.Tanaka, “Duopoly Price Competition
in Secondary Spectrum Markets”, Proc. 9th International Workshop on Internet Charging
and QoS Technologies (ICQT 2017), Tokyo, Japan, Nov. 2017.

F.Taniguchi1, K.Yamori, Cheng Zhang, B.Gu, Y.Tanaka, “Pricing Wireless Service with
MVNO Participation”, Proc. 19th Asia-Pacific Network Operations and Management
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Zhi Liu, Cheng Zhang, et al., “Network Selection for Content Distribution in Cache-
enabled Vehicle loT”, 2017 IEICE General Conference, Nagoya, Japan, March 2017.
Tingsong Chen, Cheng Zhang et al., “Coordinate-based Location Calculation with
Abandon Type Obstacle Avoidance”, 2017 IEICE General Conference, Nagoya, Japan,
March 2017.

Bo Gu, Cheng Zhang, et al., “A User-Centric Pricing Scheme in Femto-Macro HetNets”,
2017 IEICE General Conference, Nagoya, Japan, March 2017.

Cheng Zhang, et al., “Pricing for Internet of Things Service Provider with Cloud Service
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Bo Gu, Mianxiong Dong, Cheng Zhang, et al., “Real-Time Pricing for On-Demand
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Communications & Networking Conference (CCNC 2017), Las Vegas, USA, January
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Cheng .Zhang, et al., “A Stackelberg Game Based Analysis for Interactions among
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M. #IT RS Ld, 2017/11/29, BMAEk 35 AL

6. Workshop and Discussion 2017, Jorge Solis(Karlstad University - Associate Professor)



7.

8.

and 3ERL (FREE K - Bh#) . Sweden, Karlstad, Stockholm, 2018/3/5~2018/3/9.
2N T4

bestic it HD72bD7 U —7 47 RHE FEX (BR) VARZ T —~L7 ) vy
WEFTATR) . 7 — R 7 U A A HMA o F 2 _X—2 5 A= GLOCAL GATE
R, 2018/3/6, ZINMA% 30 A FLE

bestic it HDI2bD TV —7 g v 7 B FEXK (KR VARZ - Z7a—~L7 ) vy
T R) . OO W EHEMXUF v —mif A o FaX— 3 A~—2Z  Centerof
Garage. H 5T, 2018/3/19. A% 10 & FFE

4, WFFERAZTDEE International exchange activities

(AR —F 147

- 2017/01/05 PHETBERE=S—FT v >PJ@ERITK. ER. HX
- 2017/01/06 Kick-off =—F« >J @RI KA. R, HX
- 2017/03/09-14 BRI KX., U)IRX, BFEAKXZED PI,CoPI AFRED LUFE 14
PRI —F2U47E. RDIT—-FT2F—LVEERPESE ST Y
DATERZ—FT1>2>T@A MY INILLA, DT —F>
- 2017/05/30 Skype =—5a >J@>>HR—IL. BER
- 2017/10/01-07 AJT—-FT>F—/RKHO@EIK, #lM
10/02 ARA I\ —BEEEDE B XIEBIRRREQER T K
10/03 #HI A BB LU B RO | I
10/04 MRRFT R, BRUEEZORIK
10/05 AR E@EIK
- 2017/10/29 AT —5>F— LAERFTRETTE=@Skype
- 2018/01/18 SICORP & X > )\—(C K BAFIRET = @Skype

BT K. BfgH. V)RR, ANZA (R). h—ILRFY RKZE

-2018/03/04-10 TR & TR RIS KUAT « PEM@HN AT 77 (FK) .
H—=ILRBY RKZE, RO —F7>

+2018/05/12-5/20  HAFARIR@ O AT T (#K) . H—ILAS v RKZE, = XF)L.
AMYORILLA. RDT—F>

-2018/06/09-06/15 AT, BEFFEQRILA. AT —7F O KAFEEE. FR. HX

- 2018/07/30, 8/10, 8/13, 8/15-17, 8/20-24
WMEAE (1>5—>22vT) RN 7/IIZE&EH. R, BX
(AR, fFER)

-2018/9/3-10/23 HARZAT T (RK) (CA > —> 2w TREFDETKFAE & skype
=T —T>0%B1EITD

- 2018/11/08 AFART 2@ ILK
(Faf%. K45, Jorge Solis. Ann-Louise Lindborg. F I >, /J\#k,

FE)

- 2018/11/26 A—H—-F AR NT7INEH., BR. B (I, FiEk)

- 2018/12/21 IA—H—F AR MM7INEHF. BER. BKR (I, FiF)

- 2019/01/10 dA—H—-FXA MO M7/ NeH. ER. BR ((Fi)



(fiFeE. B, FEREDRE. FA)

-2017/03/08-14 HAMNSHTRF—L 4 ZELUVRITIKREF 1 22 A MY IRILA
NIGE(HRICETT)

-2017/06/26-08/04 H—ILRAA v RRKEMNSZELE 1 £H. ERTAREARENRESE
FEUTRITAN

- 2017/10/01-07 AT —FThSAFREF—LRKH(2 )

-2018/03/04-10 BHRAXERRNE 1 @BLURIKRFEE 3ZZH—ILATY RK
FENIRIE

- 2018/05/12-5/20 ilkﬁﬁn% 327 A MY IORILAICTKE

- 2018/06/09-06/15 XTI —FH'SHFREF—LRKH(2 )

- 2018/9/3-10/23 iIK—T—E 1&2% 1 hAF. ANZAT T () (C1>F—>
v TifRE

- 2018/11/5/-11/11 RITx—F2H'SHREF—LEKH(2 1)

5. %#FHKFE Number of patent applications
ifF7E A [ 52 F HURE 4-4% the number of applications : 0 {4

6. ZH - HEAHES Awards, press reporting etc
[ZH
1. AR TFSAIN 120 BEFRL e i &, ETT4E, 2017/11/17
2. The Sixth International Education Forum on Environment and Energy Science Best
Presentation Award in Social Science. K& . 2017/12/18
3. EMEEFSR(EICE) Ry NT—27 v XU Ay MIEE(ICM)B B E, 8B Bk,
2018/3/4
. R TERE MOTHEHERE. /ka Ef$t, 2019/3/26
5. HAMEMZFERA FEHME Y = v —H, M J7ZE. 2019/4/26

CETEE D

1. WREDHTR . TSl ORFBIRIEIEE A~ BI [EERAITET — L0 EAEFBR ) . PEIREAC,
174, Ann-Louise Lindborg. Solis Alfaro, Jorge. M A. 2017/10/4

2. FHEE, (TR B <), wEgER, ®ET74E, Ann-Louise Lindborg, Solis
Alfaro, Jorge. #{H[EX, 2017/10/4

3. FLICHTEIHT IR, TR B e AR OO B | VERSEAC, T4, Ann-Louise Lindborg,
Solis Alfaro, Jorge. mHIFEA, 2017/10/17

4. Varmlands Folkblad. "Smakprov pa framtiden". Ann-Louise Lindborg. Solis Alfaro, Jorge.
2018/3/6



[Z D]

1. Sveriges Radio Varmland, Eftermiddag P4 Varmland med Hedvig Nilsson, Jorge Solis
Alfaro, 2017/1/18

2. Motesplats valfardsteknologi och e-hédlsa . Kista méassan: Robothjalpmedel med
multigrepp verktyg och "vision system” for skéra aldres sjalvstandiga liv, Ann-Louise
Lindborg, 2017/1/25

3. Sveriges Radio Varmland, Eftermiddag P4 Varmland med Magnus Hermansson. Jorge
Solis Alfaro and Ann-Louise Lindborg, 2017/6/19

4. Radio Varmland, "Robotar till varden utvecklas pa Karlstads universitet", Cheng Zhang,
2018/3/8

5. Lokala Nyheter Varmland 7'00~840", Jorge Solis Alfaro, 2018/3/6

7 . ZOfh Others

KIOTTLEATICHTY, ZRBRDLIZMENVZEEHVNE S TSNE LK,



