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Research Topics of the Mobile Robotics Lab (OTA Lab) 
 

We have been stud\ing multiple mobile robot s\stems since 1989. We consider intelligent s\stems 
as consisting of three factors: (a) multiple robots or intelligent machines (multiple agents), (b) human 
beings who operate or cooperate with multiple agents, and (c) working environments. Now we deal 
with "design of robotics s\stem", "design of large-scale production/transport s\stems", and "human 
anal\sis, service, and h\per-adaptabilit\ science" based on motion planning methodolog\, 
evolutionar\ computation, control theor\, and so on.  

Our final target is to establish a design methodolog\ for multi-agent s\stems including artificial 
agents, humans and working environments through clarif\ing the underl\ing structure and function 
in the intelligence and mobilit\ (mobiligence) of these agents. 

The details of our research are listed below. 
 

DeVigQ Rf URbRWicV V\VWeP 
• Deǀelopment and manipulation planning of small mobile robot 

• Contact state estimation using motion 

• Design of mechanism using optimiǌation according to task 

 

DeVigQ Rf laUge-Vcale SURdXcWiRQ/WUaQVSRUW V\VWePV 
• Buffer design of ǁarehouse sǇstem 

 

HXPaQ aQal\ViV, VeUYice, aQd h\SeU-adaSWabiliW\ VcieQce 
• Musculoskeletal simulation of human stance postural control for eǆternal forces 

• Representation of postural abnormalities in ParkinsonΖs disease patients using a computational model 

• Deǀelopment of the ǁearable deǀice for measuring finger joint angle  

• Method to estimate the muscle actiǀation pattern from MRI and EMG  

• Learning patient transfer skill bǇ using a robot patient 

• MultiͲattention deep recurrent neural netǁork for nursing action eǀaluation using ǁearable sensor 

 

;Folloǁing research topics are stƵdied bǇ the collaboration ǁith Dr͘  TatsƵnori Hara ;Project Associate 

Professor of GradƵate School of Media and Goǀernance͕ Keio UniǀersitǇ and Senior Project Researcher 

of School of Engineering͕ The UniǀersitǇ of TokǇoͿͿ 

• Serǀice ecosǇstem design using social modeling to incorporate customers͛ behaǀioral logic 
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DeYelRSmenW and ManiSXlaWiRn Planning Rf Small MRbile RRbRW 
 

Adopting robots in the manipulation of big-si]ed objects in domestic environments, human could be 
emancipated from such trivial works. However, big-scaled robots are not available in narrow domestic spaces. 
Owing to the small si]e and motion flexibility, small mobile robots are desirable for such tasks, because they 
can perform non-prehensile manipulation substituting manipulators by working cooperatively. 

In our work, we adopted passive joints to design the mechanism of the multiple mobile robots [1,2], so as 
to reali]e the equivalent point²face contact model between the robots and the manipulated object. The costly 
controlling to maintain the object²robot contact could be avoided when manipulating the object. This simple 
contact model facilitated the manipulation planning, in which the contact state was required to be known to 
determine whether the robots provided adequate constraint for the manipulation. 

In the manipulation planning, to deal with the distinct multi-level configuration space caused by the 
varying constraints in the robot-object system, a hierarchical method was adopted in our work. Defining a 
mode as a set of specific configurations that hold the same constraint, we specially focused on the modal 
planning, by which the manipulation action sequences could be determined to narrow down the configuration 
space for searching tasks [3]. Our proposed method determined the number of robots for manipulation 
stability, and investigated the mode transitions caused by the robots¶ motions and by the object¶s motions. 
With our method, the possible number of modes and their transitions was obviously reduced, and the 
determined mode sequences can be used to guide the further searching task for configuration planning.  

 

 

Keywords: mobile robot, simple contact model, manipulation planning, modal planning 
 
ReIeUeQceV: 
[1] S. Shirafuji, et al. Mechanism allowing large-force application by a mobile robot, and development of 

ARODA. Robotics and Autonomous Systems, 2018, 110: 92-101. 
[2] T. Ito, S. Shirafuji, J. Ota. Development of a Mobile Robot Capable of Tilting Heavy Objects and its 

Safe Placement with Respect to Target Objects. In Proceedings of the 2018 IEEE International 
Conference on Roboics and Biomimetics (ROBIO2018), Kuala Lumpur, Malaysia, 12±15 December 
2018; pp. 716±722. 

[3] C. Fan, S. Shirafuji, J. Ota. Modal Planning for Cooperative Non-Prehensile Manipulation by Mobile 
Robots. Applied Sciences, 2019, 9.3: 462. 

FLJXUe 1. Constraints of the joints on the robotics 
leg using wires and non-circular pulleys. 
 

FLJXUe 2. Mechanism to draw a letter on an egg-
shaped object with less numbers of joints. 
 

Form the force closure 

Generate possible 
environmental contact state 

Generate possible robot 
contact state 

Possible contact states (modes) 
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Contact State Estimation Using Motion 
 

PHRSOH FaQ SHUIRUP a YaULHW\ RI WaVNV b\ VNLOOIXOO\ KaQGOLQJ WKH FRQWaFW bHWZHHQ aQ RbMHFW aQG LWV 
VXUURXQGLQJV. FRU H[aPSOH, ZKHQ ORaGLQJ aQG XQORaGLQJ JRRGV LQ a ZaUHKRXVH, LW LV SRVVLbOH WR VaYH IRUFH 
FRPSaUHG WR VLPSO\ OLIWLQJ WKH JRRGV b\ VOLGLQJ WKHP. SXFK PaQLSXOaWLRQ LV aOVR XVHIXO IRU URbRWV. 

TR aFKLHYH VXFK PaQLSXOaWLRQ ZLWKRXW aSSO\LQJ XQQHFHVVaU\ IRUFH, LW LV QHFHVVaU\ WR NQRZ WKH FRQWaFW VWaWH 
(H.J., WKH VXUIaFH RU HGJH LQ FRQWaFW) bHWZHHQ WKH RbMHFW aQG WKH HQYLURQPHQW. TKHUHIRUH, LW LV LPSRUWaQW WR 
HVWLPaWH WKH FRQWaFW VWaWH bHWZHHQ WKH RbMHFW aQG WKH HQYLURQPHQW baVHG RQ WKH PRWLRQ RI WKH URbRW'V KaQG. 

IQ WKLV VWXG\, ZH SURSRVHG a PHWKRG IRU HVWLPaWLQJ WKH FRQWaFW VWaWH bHWZHHQ aQ XQNQRZQ JHRPHWULF RbMHFW 
aQG aQ XQNQRZQ JHRPHWULF HQYLURQPHQW. WH SURSRVHG aQ aOJRULWKP WR HVWLPaWH WKH FRQWaFWLQJ IaFHV aQG 
HGJHV IURP WKH PRWLRQ RI aQ RbMHFW, aQG YHULILHG WKH PHWKRG b\ H[SHULPHQWV XVLQJ a PRWLRQ FaSWXUH V\VWHP.  

 
 

Keywords: FRQWaFW VWaWH HVWLPaWLRQ, FRPSOLaQW PRWLRQ, PaQLSXOaWLRQ 
 
RefeUeQceV: 
[1] IVKLNaZa, S., SKLUaIXML, S. & OWa, J. (2019). KLQHPaWLFV AQaO\VLV IRU EVWLPaWLRQ RI CRQWaFW CRQGLWLRQV 

LQ THaFKLQJ, PURFHHGLQJV RI WKH 2019 JSME CRQIHUHQFH RQ RRbRWLFV aQG MHFKaWURQLFV, HLURVKLPa, 
JaSaQ, JXQH 5-8, 2019 

FLJXUe 1. E[SHULPHQW aQG UHVXOW 
 

Edge estimation 
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DeVigQ Rf MechaQiVm XViQg OSWimi]aWiRQ AccRUdiQg WR TaVk 
 

In the field of robotics, most of the studies focus on how to control the given mechanism to accomplish 
the target task. However, many tasks can be simplified or solved by preparing specified mechanism without 
sophisticated control method. Therefore, we are studying the methodology to derive the appropriate 
mechanism for a given task by calculation from the viewpoint of kinematics. 

One of the outcomes of this study is the methodology to constrain the motion of a pair of revolute joints 
by a wire to generate the coordinated motion. We proposed the method to derive the shape of non-circular 
pulleys, which decides the route the wire, pass through, to realize the target coordinated motion of the joints 
[1]. An example of the applications designed by the proposed method is the leg mechanism of the robot, as 
shown in Fig. 1. This leg mechanism can move forward supporting its weight by the constraint on joints 
without controlling joints. 

We also have proposed the methodology to decide the displacements of joints according to the task. We 
proposed the optimization method to decide the joint displacements of a manipulator that realizes the given 
target trajectory of its end-effector with less number of joints [2]. In the proposed method, the calculation of 
the errors between the target trajectory and resultant trajectory generated by design using the differential 
inverse kinematics realize the optimization with small calculation cost. Fig. 2 shows the manipulator, which 
we designed using the proposed method, can draw a letter on an egg-shaped object. This manipulator can 
draw the target letter on the curved shape only with three joints. 

 
 

Keywords: robot design, optimization, kinematic synthesis, wire, non-circular pulley 
 
ReIeUeQceV: 
[1] Shouhei Shirafuji, Shuhei Ikemoto, and Koh Hosoda: “Designing Non-circular Pulleys to Realize 

Target Motion between Two Joints,” IEEE/ASME Transactions on Mechatronics, vol.22 no.1, pp.487-
497, 2016. 

[2] Shouhei Shiarafuji and Jun Ota: “Kinematic Synthesis of a Serial Robotic Manipulator by Using 
Generalized Differential Inverse Kinematics,” IEEE Transactions on Robotics, vol.35 no.4, pp.1047-
1054, 2019. 

FLJXUe 1. Constraints of the joints on the robotics 
leg using wires and non-circular pulleys. 
 

FLJXUe 2. Mechanism to draw a letter on an egg-
shaped object with less numbers of joints. 
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BXffer Design of WarehoXse S\sWem 
 

Buffer design is a ver\ important issue in the design, optimi]ation and management of warehouse s\stems. 
In warehouse s\stems, buffers are used to temporar\ storage area for jobs handover. Excessive buffers 
increase s\stem redundanc\ and waste cost, while insufficient buffers lead to blocking and low profits. 
Therefore, buffers should be designed properl\. However, because of complex and consistentl\ variable jobs 
flow in warehouse s\stems, both the modeling and buffer design become ver\ difficult. In addition, other 
factors such as service disciplines increase the anal\sis difficult\ of warehouse s\stems.   

    The purpose of this stud\ is to efficientl\ determine suitable buffer update locations and increase 
proper buffer si]e in warehouse s\stems to satisf\ the desired throughput. We proposed a bottleneck-based 
variable neighborhood search algorithm to allocate buffers and obtain buffer design solution of warehouse 
s\stems. In the algorithm, a queue module-based throughput calculation approach is proposed to evaluate the 
effectiveness of the buffer design solution efficientl\. Numerical examples show that the proposed algorithm 
is applicable to design buffers for warehouse s\stems efficientl\. In the future, we will improve the proposed 
buffer design approach and make it more applicable to ver\ large-scale warehouse s\stems.  

 

 

Keywords: buffer design, warehouse s\stems, bottleneck, variable neighborhood search 
 
RefeUeQceV: 
[1] Gao, S., Rubrico, J. I. U., Higashi, T., Koba\ashi, T., Taneda, K., & Ota, J. (2019). Efficient Throughput 

Anal\sis of Production Lines Based on Modular Queues. IEEE Access, 7, 95314-95326. 
[2] Gao, S., Higashi, T., Koba\ashi, T., Taneda, K., & Ota, J. (2018). Fast buffer si]e design of production 

lines for meeting the desired throughput, Proceedings of the 2018 IEEE International Conference on 
Robotics and Biomimetics (ROBIO 2018), December 12-15, 2018, Kuala Lumpur, Mala\sia, (pp. 
1413-1418). 

[3] Schmidt, L. C., & Jackman, J. (2000). Modeling recirculating conve\ors with blocking. European 
Journal of Operational Research, 124(2), 422-436. 

FLJXUe 1. Framework of the proposed algorithm 
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MXVcXlRVkeleWal SimXlaWiRQ Rf HXmaQ SWaQce PRVWXUal CRQWURl  
fRU E[WeUQal FRUceV 

 
WKHQ KXPDQV DUH VXEMHFWHG WR H[WHUQDO IRUFHV, WKH\ XVH WKHLU DQNOHV DQG KLSV WR EDODQFH WKHPVHOYHV. IW LV 

FDOOHG DQNOH VWUDWHJ\ ZKHQ RQO\ DQNOH PRYHPHQWV DUH XVHG, DQG KLS VWUDWHJ\ ZKHQ KLS PRYHPHQWV DUH DOVR 
XVHG. TKHVH SRVWXUDO FRQWURO VWUDWHJLHV DUH XVHG GLIIHUHQWO\ GHSHQGLQJ RQ WKH PDJQLWXGH RI WKH H[WHUQDO IRUFH, 
EXW LW LV NQRZQ WKDW WKH\ DUH DOVR XVHG GLIIHUHQWO\ DPRQJ LQGLYLGXDOV HYHQ ZKHQ WKH PDJQLWXGH RI WKH H[WHUQDO 
IRUFH LV WKH VDPH. HRZ SRVWXUDO FRQWURO VWUDWHJLHV DUH XVHG FDQ EH XVHG DV LQGLFDWRUV, VXFK DV SUHGLFWLQJ IDOOV. 
HRZHYHU, LW LV XQFOHDU KRZ GLIIHUHQFHV LQ DQ\ RI WKH SDUDPHWHUV EHWZHHQ LQGLYLGXDOV ZLOO DIIHFW WKH ZD\ 
SRVWXUDO FRQWURO VWUDWHJLHV DUH XVHG. WH LQYHVWLJDWH WKDW WKURXJK IRUZDUG G\QDPLFV VLPXODWLRQV XVLQJ 
PXVFXORVNHOHWDO PRGHOV DQG KXPDQ H[SHULPHQWV. 

WH ILUVW VWRRG D PXVFXORVNHOHWDO PRGHO (FLJ. 1) XVLQJ D QHXUDO FRQWUROOHU PRGHO DQG PRYHG WKH VXSSRUW 
VXUIDFH LQ YDULRXV GLUHFWLRQV >1@. WH VXFFHHGHG PDLQWDLQLQJ D VWDQGLQJ SRVWXUH RI WKH PXVFXORVNHOHWDO PRGHO 
IRU VXSSRUW VXUIDFH WUDQVODWLRQV, DQG WKH FKDUDFWHULVWLFV RI WKH PXVFOH UHVSRQVHV ZHUH FRQVLVWHQW ZLWK WKRVH RI 
KXPDQ UHVSRQVHV LQ D SUHYLRXV VWXG\. TKLV FRQILUPHG WKH XVHIXOQHVV RI RXU PRGHOV IRU VLPXODWLQJ KXPDQ 
SRVWXUDO FRQWURO IRU H[WHUQDO IRUFHV. TKHQ, SRVWXUDO FRQWURO VLPXODWLRQV IRU D EDFNZDUG VXSSRUW VXUIDFH 
WUDQVODWLRQ ZHUH SHUIRUPHG ZLWK YDU\LQJ GHJUHHV RI PXVFOH PDVV, VHQVRU\ QRLVH DQG PXVFOH WRQH >2@. TKH 
UHVXOWV FRQILUPHG WKDW PXVFOH PDVV DQG PXVFOH WRQH FRXOG LQIOXHQFH SRVWXUDO FRQWURO VWUDWHJLHV. HXPDQ 
H[SHULPHQWV KDYH DOVR FRQILUPHG WKH WHQGHQF\ RI PXVFOH WRQH WR LQIOXHQFH SRVWXUDO FRQWURO VWUDWHJLHV >3@.  

 

 

Keywords: SRVWXUDO FRQWURO VWUDWHJ\, PXVFXORVNHOHWDO PRGHO, IRUZDUG G\QDPLFV VLPXODWLRQ 
 
ReIeUeQceV: 
[1] K. KDPLQLVKL, P. JLDQJ, R. CKLED, K. TDNDNXVDNL, DQG J. OWD, ³PRVWXUDO FRQWURO RI D PXVFXORVNHOHWDO 

PRGHO DJDLQVW PXOWLGLUHFWLRQDO VXSSRUW VXUIDFH WUDQVODWLRQV,´ PLRS OQH, YRO. 14, QR. 3, S. H0212613, 
2019. 

[2] K. KDPLQLVKL, R. CKLED, K. TDNDNXVDNL, DQG J. OWD, ³IQYHVWLJDWLRQ RI WKH HIIHFW RI WRQXV RQ WKH FKDQJH 
LQ SRVWXUDO FRQWURO VWUDWHJ\ XVLQJ PXVFXORVNHOHWDO VLPXODWLRQ,´ GDLW & PRVWXUH, YRO. 76, SS. 298-304, 
2020. 

FLJXUe 1. 
MXVFXORVNHOHWDO PRGHO. 
 

FLJXUe 2. TKH UHODWLRQVKLS EHWZHHQ WKH PXVFOH WRQH LQGH[ __XII__2 DQG WKH 
SRVWXUDO FRQWURO VWUDWHJ\ LQGH[, SHDN KLS DQJOH. WKHQ WKH PXVFOH WRQH LV 
ODUJH, __XII__2 LV ODUJH. WKHQ WKH SRVWXUDO FRQWURO VWUDWHJ\ LV FORVH WR WKH KLS 
VWUDWHJ\, WKH SHDN KLS DQJOH LV ODUJH. TKH JUDSKV ZHUH ORZHU RQ WKH ULJKW 
VKRXOGHU, UHVXOWLQJ LQ WKH SRVWXUDO FRQWURO VWUDWHJ\ OHDQLQJ WRZDUGV WKH KLS 
VWUDWHJ\ ZKHQ PXVFOH WRQH ZDV JUHDWHU. 
 

0
5

10
15
20
25
30
35
40
45

0 1 2 3 4 5 6
Muscle tone index ||uff||2

P
ea

k 
h

ip
 a

n
g

le
 [

d
eg

]

↑hip strategy

↓ankle strategy

Muscle mass
●60%
●80%
●100%

6



ReSUeVeQWaWiRQ Rf PRVWXUaO AbQRUPaOiWieV iQ PaUNiQVRQ'V DiVeaVe 
PaWieQWV UViQg a CRPSXWaWiRQaO MRdeO 

 
Parkinson's disease (PD) is a neurodegenerative disease with postural abnormalities and motor dysfunction. 

Although there is a concern that the number of patients will increase as the number of elderly increases, the 
pathological mechanisms have not been fully elucidated. Therefore, as a methodology for understanding the 
mechanism, we focus on postural abnormalities, which are characteristic of PD, and aim to construct a 
computer model of postural control in PD. This study aims to represent postural abnormalities on a computer 
model as an initial step [1]. 

Our research group proposes a neural system controller model (Fig. 1) that can maintain the 
musculoskeletal model (Fig. 2) in the upright standing posture (Fig. 3(A)) [2]. The musculoskeletal model is 
composed of 94 muscles with 17 degrees of freedom, including the neck, which is sufficient for postural 
abnormalities. The nervous system controller model consists of feedforward control, which outputs the steady 
muscle activity (muscle tone) required to maintain a standing posture, and feedback control based on sensory 
input. Using these models, the parameters of a neural postural control model that can maintain standing with 
an abnormal posture of PD (Fig. 3(B)) as the target posture are calculated by optimization. As a result, the 
maintenance of a standing position was succeeded even with abnormal posture, and it was confirmed that the 
posture abnormality could be represented on the computer model. When the abnormal posture was used as 
the target posture, there was an increase in the value of muscle tone that could be maintained in standing, 
suggesting that the abnormal posture increased the muscle tone needed to maintain standing.  

 

Keywords: Parkinson¶s disease, Posture control model, Abnormal posture 
 
References: 
[1] Y. Omura, K. Kaminishi, R. Chiba, K. Takakusaki, and J. Ota, ³Representation of Abnormal Posture 

in Computational Model for Constructing Posture Control Model of Parkinson¶s Disease´, ཱࣙ෾ࢆ
システムシンポジウム, Tokyo, Japan, Jan., 25-26, 2020 

[2] P. Jiang, R. Chiba, K. Takakusaki, and J. Ota, ³Generation of the human biped stance by a neural 
controller able to compensate neurological time delay,´ PLoS One, vol. 11, no. 9, 2016. 2018; pp. 716±
722. 
 

Figure 1. Neural controller model. ࢛௙௕ሺ𝑡ሻ, ,௙௙࢛  .ሺ𝒕ሻ: feedback, feedforward, and integrated output࢛
𝜏௙௕, 𝜏௧௥௔௡௦, 𝜏௔௖௧: transmission, feedback, and activation time delay. 
 

Figure 2. Musculoskeletal mode 
 

(A) Upright posture        (B) Abnormal posture 
 

Figure 2. Musculoskeletal mode 
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DeYelRSPeQW Rf Whe WeaUable DeYice fRU MeaVXUiQg FiQgeU JRiQW AQgle 
 

The PeaVXUePeQW Rf fiQgeU PRYePeQWV XViQg ZeaUabOe deYiceV haYe Whe SRWeQWiaO WR be XVed iQ YaUiRXV 
aSSOicaWiRQV VXch aV hXPaQ-PachiQe iQWeUface (HMI) aQd UehabiOiWaWiRQ. HRZeYeU, ZeaUabOe PeaVXUePeQWV 
XViQg RSWicaO fibeUV aQd cRQdXcWiYe iQNV, Zhich aUe cXUUeQWO\ Whe PaiQVWUeaP, haYe Whe feaWXUe WhaW Whe aQgOe 
RXWSXW b\ Whe VeQVRU deSeQdV RQ Whe Vi]e aQd VhaSe Rf Whe fiQgeU. TheUefRUe, eYeU\ WiPe Whe PeaVXUeU chaQgeV, 
WiPe-cRQVXPiQg caOibUaWiRQ iV QeceVVaU\ WR PaWch Whe acWXaO MRiQW aQgOe ZiWh Whe VeQVRU RXWSXW. IQ caVe a 
SeUVRQ ZiWh a haQd diVeaVe caQQRW SeUfRUP VXfficieQW caOibUaWiRQ, Whe VeQViWiYiW\ Rf PeaVXUePeQW caQ be 
deWeUiRUaWed aQd WhiV SUeYeQWV Whe PeaVXUePeQWV ZiWh high SUeciViRQ. TheUefRUe, Ze UeVeaUch aiPiQg WR 
deYeORS a ZeaUabOe deYice WhaW caQ PeaVXUe Whe MRiQWV aQgOe Rf fiQgeUV ZiWhRXW deSeQdiQg RQ Whe diPeQViRQ 
Rf Whe fiQgeU. 

AV a PeWhRd, Whe MRiQW aQgOe caQ be eVWiPaWed b\ RYeUOaSSiQg Whe fRXU WeQdRQV RQ Whe fiQgeU aW UegXOaU 
iQWeUYaOV aQd PeaVXUiQg Whe diVSOacePeQW Rf WheP (Fig. 1). B\ XWiOi]iQg Whe diffeUeQce iQ Whe UadiXV Rf URWaWiRQ 
WheP aW Whe MRiQW SaUW, Whe MRiQW aQgOe caQ be PeaVXUed ZiWhRXW deSeQdiQg RQ Whe diPeQViRQ Rf Whe fiQgeU. B\ 
SiQchiQg Oa\eUed beOWV Pade Rf VRfW SRO\YiQ\O chORUide (PVC) beWZeeQ Whe WeQdRQV, Whe\ beQd fOe[ibO\ eYeQ 
ZheQ Whe fiQgeUV haYe a OaUge cXUYaWXUe, aQd Whe iQWeUYaOV beWZeeQ Whe WeQdRQV aUe NeSW cRQVWaQW. IQ RUdeU WR 
VhRZ Whe YaOidiW\ Rf WhiV PeWhRd, Ze deYeORSed a PRdeO PiPiQg Whe PRWiRQ Rf fOe[iRQ aQd e[WeQViRQ Rf Whe 
fiQgeU b\ Whe VeUiaO OiQN PechaQiVP (Fig. 2). AQ e[SeUiPeQW ZaV cRQdXcWed b\ SOaciQg WeQdRQV aQd beOWV RQ 
Whe PRdeO, aQd iW VhRZed WhaW Whe SURSRVed PeWhRd caQ PeaVXUe Whe MRiQW aQgOe ZiWh VXfficieQW accXUac\. IQ 
Whe Qe[W ZRUN, Ze ZiOO deYeORS a gORYe-W\Se deYice Zhich caQ PeaVXUe Whe fiQgeU MRiQW aQgOe baVed RQ Whe 
SURSRVed PeWhRd aQd NQRZOedge RbWaiQed fURP Whe VWXd\ VR faU.  

 
 

Keywords: daWa gORYe, ZeaUabOe deYice, fiQgeU MRiQW aQgOe 

FigXUe 1. The cRQfigXUaWiRQ Rf WeQdRQV aQd beOWV RQ Whe fiQgeU. FURP Whe WiS Rf Whe fiQgeU, fiQgeU MRiQWV 
aUe caOOed DIP MRiQW (DiVWaO IQWeUShaOaQgeaO MRiQW), PIP MRiQW (PUR[iPaO IQWeUShaOaQgeaO MRiQW), aQd MP 
MRiQW (MeWacaUSRShaOaQgeaO MRiQW). FURP VXUface Rf Whe fiQgeU, Whe fiUVW aQd VecRQd WhUeadV aUe WeQViRQed 
fURP RQ Whe QaiO, Whe WhiUd WeQdRQ iV beWZeeQ fURP Whe DIP MRiQW aQd Whe PIP MRiQW, aQd Whe fRXUWh WeQdRQ 
iV fURP beWZeeQ Whe PIP MRiQW aQd Whe MP MRiQW. ThiV cRQfigXUaWiRQ eQabOeV WR PeaVXUe each MRiQW aQgOe 
aW Whe VaPe WiPe. 
 

FigXUe 2. (LefW figXUe) A PRdeO Rf Whe fiQgeU Rf Whe VeUiaO OiQN PechaQiVP XVed iQ Whe e[SeUiPeQW. A 
SRWeQWiRPeWeU ZaV iQcRUSRUaWed iQ each MRiQW WR PeaVXUe Whe gURXQd WUXWh Rf Whe MRiQW aQgOe. (RighW 
figXUe) The SaVV Rf Whe WeQdRQV. Each WeQdRQ iV cRQQecWed WR a OiQeaU VOideU Yia a UROOeU. The OiQeaU 
VOideU haV a UROe Rf cRQQecWiQg Whe WeQdRQ aQd Whe PagQeWic ZiUe, aQd Whe diVSOacePeQW Rf Whe PagQeWic 
ZiUe iV PeaVXUed b\ a VeQVRU. 
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MeWhRd WR EVWiPaWe Whe MXVcle AcWiYaWiRQ PaWWeUQ fURP MRI aQd EMG 
 

In the stud\ of neuromuscular degenerative disease and in the development of rehabilitation therapies to 
treat them, monitoring the activit\ of muscles is crucial to better understand the nature of the impairment and 
to have a feedback about the changes occurring after applied treatments. As a consequence of pathological 
conditions, it is also not so uncommon to observe changes occurring in the ph\sical structure and in the 
behavior of muscles of impaired individuals. It is, therefore, crucial to have a full vision that simultaneousl\ 
encloses the underl\ing morpholog\ and the muscle activation behavior, in order to have a full understanding 
of the impairment status. At the state of the art, the gold standard method to depict morphological information 
is Magnetic Resonance Imaging (MRI), a diagnostic imaging technique that is used to represent the anatom\ 
and ph\siological processes happening in the bod\. For the acquisition of time-related information about the 
muscle state instead, the most popular technique is electrom\ograph\(EMG) is a medical signal acquisition 
technique that read the potential variation caused b\ contracting muscles. State of the art method using EMG 
allow the estimation muscle activit\ up to motor unit level, but the estimation of deep muscles still remain a 
challenging problem. 

  Our group recentl\ proposed a solution to merge the morpholog\ obtained with MRI and the d\namic 
information from EMG to provide a direct estimation of deep and superficial muscles activities. The method 
exploits the morphological information contained in the MRI scan to build an electrical lumped model of the 
conductive volume that is then solved as an inverse problem using the sEMG collected from with a High 
densit\ EMG electrodes wrapper around the forearm.   

  We believe that this method can be a valid wa\ to overcome the limitations of the state of the art methods, 
allowing the estimation of muscle activation with temporal resolution of EMG, potentiall\ improving  the 
information qualit\ for clinicians in the diagnostic process. In particular, we believe that the proposed method 
can make an important contribution in the field of rehabilitation allowing to track muscle activation pattern 
on impaired subject during rehabilitative c\cles. 

 

Keywords: Neuromuscular control, electrom\ograph\, MRI, HD-sEMG, human machine interface 
 
RefeUeQceV: 
[1] Piovanelli, E., Piovesan, D., Shirafuji, S., & Ota, J. (2019). A Simple Method to Estimate Muscle 

Currents from HD-sEMG and MRI using Electrical Network and Graph Theor\. In 2019 41st Annual 
International Conference of the IEEE Engineering in Medicine and Biolog\ Societ\ (EMBC) (pp. 
2657±2662). 

[2] [2] Piovanelli, E., Piovesan, D., Shirafuji, S., & Ota, J. (2019). Estimating Deep Muscles Activation 
from High Densit\ Surface EMG using Graph Theor\. In 2019 IEEE 16th International Conference on 
Rehabilitation RObotics (ICORR) (pp. 3±8). 

[3] [3] Piovanelli, E., Piovesan, D., Shirafuji, S., Su, B., Yoshimura, N., Ogata, Y., & Ota, J. (2020). 
Towards a simplified estimation of muscle activation pattern from MRI and EMG using electrical 
network and graph theor\. Sensors (Swit]erland), 20(3), 1±20. 

FLJXUe 1. Left : Example of electric circuit construction from the morphological information of the MRI. 
Top: positioning of the electrodes on the arm. 
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LeaUning PaWienW TUanVfeU Skill b\ UVing a RRbRW PaWienW 
 

Nowada\s experienced nurses pla\ a vital role at hospitals to take care of seniors and patients. However, 
man\ statistics reveal that the learning at schools are inadequate, because the students have few accessibilities 
to obtain the practical experience from actual patients. With the progress of robotic technolog\, man\ robot 
patients were proposed for educational purposes. Most s\stems can onl\ reproduce single t\pe of patient 
which cause inefficienc\ to learn variabilit\ of patient. In Ref [1], we develope a robot patient simulating 
two t\pes of patient for the nursing student to learn patient transfer skill, and also evaluate the learning 
effectiveness. Patient transfer is adopted because of its difficult\ in interaction between nurse and patient. 
Two t\pes of patients - injured arm with painful sensation and expression, and hemiplegia - were selected as 
target patients. One is related to the painful sensation from the injuries; and the other is related to the 
behavioral problems. A robot patient s\stem was developed to observe the learning effectiveness on the 
nursing students. An evaluation method of checklist is proposed b\ nursing teachers. An experiment 
comprised b\ pre-test, practice, and post-test was conducted b\ nursing students. The experimental trails at 
pre- and post- tests are evaluated and the effectiveness of the proposed s\stem is shown. In Ref. [2], we 
propose a method to evaluate the nurse¶s transfer skill from the sensor information embedded in the patient, 
which can be used for designing a new robotic patient.  

 

 

Keywords: robot patient, nursing education, mechanical design 
 
RefeUeQceV: 
[1] Lin,Chings]u, Huang,Zhifeng, Kanai-Pak,Masako, Maeda,Jukai, 

Kitajima,Yasuko,Nakamura,Mitsuhiro, Kuwahara,Noriaki, Ogata,Taiki, & Ota,Jun. (2019). Effect of 
practice on similarand dissimilar skills in patient transfer through training with a robot patient. 
Advanced Robotics, 33(6), 278-292. doi: 10.1080/01691864.2019.1578689. 

[2] Lin,Chings]u, Ogata,Taiki, Kanai-Pak,Masako, Maeda,Jukai, Kitajima,Yasuko, Nakamura,Mitsuhiro, 
Kuwahara,Noriaki & Ota,Jun. (2018). Translational acceleration, rotational speed, and joint angle of 
patients related to correct/incorrect methods of transfer skills b\ nurses. Sensors, 18(9), 2975, 1-28. 
doi:10.3390/s18092975. 

FLJXUe 1. Configuration and mechanism of the robot patient 
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MXOWL-aWWeQWLRQ DeeS RecXUUeQW NeXUaO NeWZRUN fRU NXUVLQJ AcWLRQ 
EYaOXaWLRQ UVLQJ WeaUabOe SeQVRU 

 
TRGD\, WKHUH LV DQ LQFUHDVLQJ GHPDQG RI TXDOLILHG DQG VNLOOIXO QXUVHV LQ RXU VRFLHW\ GXH WR WKH SUREOHPV DV 

DJLQJ SRSXODWLRQ DQG VR RQ. HRZHYHU, WKH VKRUWDJH RI QXUVLQJ HGXFDWRUV DQG KLJK VWXGHQW-HGXFDWRU UDWLR DW 
QXUVLQJ VFKRRO UHVXOW WKDW QXUVLQJ VWXGHQW FDQQRW UHFHLYH HQRXJK LQGLYLGXDOL]HG VXSHUYLVLRQ DQG IHHGEDFN 
ZKHQ WKH\ DUH WUDLQLQJ QXUVLQJ VNLOOV. TKXV, D QXUVLQJ DFWLRQ HYDOXDWLRQ V\VWHP WKDW FDQ DVVHVV WKH 
SHUIRUPDQFH RI VWXGHQWV ZKHQ SUDFWLFLQJ VSHFLILF QXUVLQJ DFWLRQV EHFRPHV DQ XUJHQW QHHG. SXFK DQ HYDOXDWLRQ 
V\VWHP VKRXOG EH GHVLJQHG ZLWK OHVV KDQG-FUDIWHG SURFHGXUHV IRU LWV H[WHQVLELOLW\. AGGLWLRQDOO\, UHDOL]LQJ KLJK 
DFFXUDF\ RI QXUVLQJ DFWLRQ UHFRJQLWLRQ, HVSHFLDOO\ ILQH-JUDLQHG DFWLRQ UHFRJQLWLRQ UHPDLQV D SUREOHP. TKLV 
UHIOHFWV LQ WKH UHFRJQLWLRQ RI WKH FRUUHFW DQG LQFRUUHFW PHWKRGV ZKHQ VWXGHQWV SHUIRUP D QXUVLQJ DFWLRQ. 

TR VDWLVI\ DERYH UHTXLUHPHQWV, ZH SURSRVH D PXOWL-DWWHQWLRQ GHHS UHFXUUHQW QHXUDO QHWZRUN (MA-DRNN) 
IRU QXUVLQJ DFWLRQ UHFRJQLWLRQ, E\ DSSO\LQJ WKH DWWHQWLRQ PHFKDQLVP WR RNN-EDVHG DUFKLWHFWXUH. TR YDOLGDWH 
WKH HIIHFWLYHQHVV RI WKH SURSRVHG PHWKRG, ZH VHOHFW WZR FULWLFDO QXUVLQJ DFWLRQV DV VWDQGLQJ-XS DQG WXUQLQJ-
DURXQG RI D QXUVLQJ VNLOO FDOOHG SDWLHQW WUDQVIHU DV WDUJHW DFWLRQV. IQ RUGHU WR WUDLQ DQG WHVW WKH PRGHO, GDWD 
VDPSOHV RI FRUUHFW DQG LQFRUUHFW PHWKRGV IRU SHUIRUPLQJ WKHVH WDUJHW DFWLRQV DUH FROOHFWHG E\ DWWDFKLQJ 6 
LQHUWLDO PHDVXUHPHQW XQLW VHQVRUV RQ SDWLHQW¶V ERG\ (VHH FLJ.1). TKH H[SHULPHQWDO UHVXOWV GHPRQVWUDWH WKDW 
WKH SURSRVHG PRGHO RXWSHUIRUPV WKH VWDWH-RI-WKH-DUW ZHDUDEOH VHQVRU EDVHG PHWKRGV DQG DFKLHYHV 
DSSUR[LPDWHO\ 96% UHFRJQLWLRQ DFFXUDF\.  

 
 

Keywords: QXUVLQJ VNLOO HYDOXDWLRQ, ILQH-JUDLQHG DFWLRQ UHFRJQLWLRQ, UHFXUUHQW QHXUDO QHWZRUN, DWWHQWLRQ 
PHFKDQLVP 

 
RefeUeQceV: 
[1] =KRQJ, =., LLQ, C., OJDWD, T., & OWD, J. (2020, MDUFK). MXOWL-DWWHQWLRQ GHHS UHFXUUHQW QHXUDO QHWZRUN 

IRU QXUVLQJ DFWLRQ HYDOXDWLRQ XVLQJ ZHDUDEOH VHQVRU. IQ PURFHHGLQJV RI WKH 25WK IQWHUQDWLRQDO 
CRQIHUHQFH RQ IQWHOOLJHQW UVHU IQWHUIDFHV (SS. 546-550). 

FLJXUe 1. NXUVLQJ DFWLRQ HYDOXDWLRQ: TKHUH DUH 6 IMU VHQVRUV DWWDFKHG RQ GLIIHUHQW SDUWV RI SDWLHQW¶V 
ERG\. AV IRU UHFRJQLWLRQ PRGHO MA-DRNN, RL UHIHUV WR UHFXUUHQW OD\HU, AL UHIHUV WR DWWHQWLRQ OD\HU 
DQG FC UHIHUV WR IXOO\ FRQQHFWLRQ OD\HU. 
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SeUYice EcRV\VWeP DeVigQ XViQg SRciaO MRdeOiQg WR  
IQcRUSRUaWe CXVWRPeUV¶ BehaYiRUaO LRgic 

 
7KH CXVWRPHU G\VIXQFWLRQDO EHKDYLRUV DIIHFW VHUYLFH SURYLGHUV¶ ZRUNORDGV. HRZHYHU, IHZ VWXGLHV RQ 

VHUYLFH HFRV\VWHP GHVLJQ KDYH LQYHVWLJDWHG KRZ WR SUHYHQW WKHVH EHKDYLRUV. 7KLV VWXG\ WKXV SURSRVHV D 
VHUYLFH HFRV\VWHP GHVLJQ WRRO WKDW FDQ DQDO\]H KRZ G\VIXQFWLRQDO EHKDYLRUV DIIHFW RWKHU DFWRUV LQ WKH VHUYLFH 
HFRV\VWHP. 7R WKLV HQG, FXVWRPHUV¶ EHKDYLRUDO ORJLF LV LQFRUSRUDWHG LQWR VRFLDO PRGHOLQJ WR DQDO\]H WKHLU 
G\VIXQFWLRQDO EHKDYLRUV. 7KLV VWXG\ DOVR XVHV JRDO-RULHQWHG UHTXLUHPHQW ODQJXDJH DV GHVLJQ DQG DQDO\VLV WRROV. 
7KHQ, VWUXFWXUDO HTXDWLRQ PRGHOLQJ LV XVHG WR DQDO\]H WKH HIIHFWV RI EHKDYLRUDO ORJLFV. A FDVH VWXG\ RI D KRPH 
GHOLYHU\ VHUYLFH GHPRQVWUDWHV WKH DSSOLFDELOLW\ RI WKLV PHWKRGRORJ\ WR DQDO\]H WKH HIIHFWV RI FXVWRPHU 
EHKDYLRUDO ORJLFV RQ VHUYLFH HFRV\VWHP DFWRUV. 7KH VHUYLFH GHVLJQ PHWKRG GHYHORSHG LQ WKLV VWXG\ FRQWULEXWHV 
WR GHFUHDVLQJ WKH SUREDELOLW\ RI FXVWRPHU G\VIXQFWLRQDO EHKDYLRU, ZKLFK FDQ DOVR UHGXFH VHUYLFH SURYLGHUV¶ 
ZRUNORDG.  

 
 

Keywords: 6HUYLFH DHVLJQ, 6HUYLFH EFRV\VWHP, BHKDYLRUDO LRJLF, D\VIXQFWLRQDO CXVWRPHU BHKDYLRU 
 
RefeUeQceV: 
[1] MDVDIXPL HDPDQR, BDFK Q. HR, 7DWVXQRUL HDUD, JXQ OWD: 6HUYLFH EFRV\VWHP DHVLJQ 8VLQJ 6RFLDO 

MRGHOLQJ WR IQFRUSRUDWH CXVWRPHUV¶ BHKDYLRUDO LRJLF, 6HUYLFHRORJ\ IRU 6HUYLFHV (7WK IQWHUQDWLRQDO 
CRQIHUHQFH, IC6HUY 2020), 7. 7DNHQDND HW DO (EGV.), CCI6 1189, SS.217-234, 6SULQJHU, 2020 

[2] ᖝ໼雅史, ホーバック, 原୤ಛ, ଢీ順:୒ഓサービスのཤส੓が顧客心ཀྵと行ಊにもたらす
影響の෾ੵ, サービス学会୊ 7 回国಼୉会༩稿集, B-12-04, 2019.  

[3] BDFK Q. HR, <XQD MXUDH, 7DWVXQRUL HDUD DQG <XNLKLNR ONDGD: CRQVXPHU E[SHULHQFH DV 6XSSOLHUV RQ 
9DOXH CR-CUHDWLRQ BHKDYLRU. JRXUQDO RI 6HUYLFHRORJ\, 9RO.4, NR.1, SS.1-7, 2019. 

[4] <XQD MXUDH, BDFK Q. HR, 7DWVXQRUL HDUD, <XNLKLNR ONDGD: 7ZR AVSHFWV RI CXVWRPHU PDUWLFLSDWLRQ 
BHKDYLRUV DQG WKH DLIIHUHQW EIIHFWV LQ 6HUYLFH DHOLYHU\: EYLGHQFH IURP HRPH DHOLYHU\ 6HUYLFHV. 
JRXUQDO RI MDUNHWLQJ DHYHORSPHQW DQG CRPSHWLWLYHQHVV, JRXUQDO RI MDUNHWLQJ DHYHORSPHQW DQG 
CRPSHWLWLYHQHVV, 9RO.13, NR.1, SS.45-58, 2019. 

FLJXUe 1. AQDO\VLV UHVXOWV DERXW WKH HIIHFWV RI EHKDYLRUDO ORJLFV RQ HDFK DFWRU¶V JRDO E\ GRL. 
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