3(2021)

2 11 2
2
34315-8003-B02-0001
8003
B02
( )
( )
3 4,898 938 2,900 400 270 390
4 4,465 505 2,900 400 270 390
9,363 1,443 5,800 800 540 780
) )
20020 20010
525-8577 () 1-1-1
0775612879 Fax 0775612665
Email hirai@se.ritsumei.ac.jp




3
C )| ®
90212167 58
4,898 20
1 4,898

-2 - 34315-02-8003-B02-0001



)

1/2

IEEE RoboSoft |IEEE ICRA [IEEE/RSJ IROS
Soft Robotics |IEEE Trans. Robotics

)

172

3 2021

4 2022



17 26

(2021)

@
(b)

s AV N D2 S M DY a =2 =t VAN Y2
VIET7a2H— MEBHEEBEADFRAEET) VT

.t.
t8 4k ° C>
S 845 -
@@
(@ (b)

AO1




[1.2] [3.4]

[1] T. Inoue and S. Hirai, Mechanics and Control of Soft-fingered Manipulation, ISBN
978-1-84800-980-6, Springer, 2009

[2] V. Ho and S. Hirai, Mechanics of Localized Slippage in Tactile Sensing, ISBN
978-3-319-04122-3, Springer, 2014

[3] Z. Wang, Y. Torigoe, and S. Hirai, A Prestressed Soft Gripper: Design, Modeling,
Fabrication, and Tests for Food Handling, IEEE Robotics and Automation Letters, Vol.2,
Issue 4, pp.1909-1916, 10.1109/LRA.2017.2714141, 2017

[4] Z. Wang, R. Kanegae, and S. Hirai, Circular Shell Gripper for Handling Food Products,
Soft Robotics, https://doi.org/10.1089/soro0.2019.0140, 2020

COVID-19



(2021) (2022)

(2021) (2022)
3 2021
3 2021
*Eéjj - BERSIDFTA MES - BEAETIV
VST H— [ s
TRAYFA II"' =
ULV
POE LY

Dragon
Skin NinjaFlex




Sample 1 Sample 2 Sample3 Sample N

Common shape

2022

4 2022




IEEE Int. Conf. Soft Robotics (RoboSoft) IEEE Int. Conf. Robotics
and Automation (ICRA) 1EEE/RSJ Int. Conf. Intelligent Robots and Systems
IEEE Int. Conf. Soft Robotics (RoboSoft)

Soft Robotics |IEEE Trans. Robotics

2019 14 2021

2023
2019 10

http://www.ritsumei.ac.jp/~hirai/
http://hirailab.com/



A (No.15H02230) 2015 - 2017
34,000

2016 - 2020
15,000

Objet350 Connex 3 Stratasys

(SIP) 2 2018
- 2022 CPS
5,602



(2018)

[C1, D1]

[D4]
4 dish shape
dish shape
[C2, C3, D2, D8]
[C4, D6]
[07]
[D3, D5]

C1. Shinichi Hirai and Takahiro Matsuno, Morphological Design of Soft Capacitive Force Sensor,
30th International Symposium on Micro-Nano Mechatronics and Human Science (MHS 2019),

pp-141-143, Toyoda Auditorium, Nagoya University, Nagoya, Japan, Dec. 1-4, 2019

C2. Takahiro Matsuno and Shinichi Hirai, Deformed Shape Optimization of a Circular Elastic
Jumping Robot Using Genetic Algorithm, 2020 IEEE Int. Conf. on Soft Robotics (RoboSoft

2020), online, May 15 - June 15, 2020

C3. Takahiro Matsuno and Shinichi Hirai, Optimization of the Initial Deformed Shape of a
Circular Elastic Jumping Robot, 2020 IEEE Int. Conf. on Soft Robotics (RoboSoft 2020),

online, May 15 - June 15, 2020

C4. Takahiro Matsuno, Tatsuro Katsuma, Zhongkui Wang and Shinichi Hirai, Novel Quick Return
Mechanism and Dish Shape Deformable BodyStructure for Circular Jumping Robot, 2020 IEEE
Int. Confe. on Real-time Computing and Robotics (IEEE RCAR 2020), online, Sept. 28-29,

2020
D1. , , , 37
RSJ2019 , , Sept. 3-7, 2019
D2. , ,
, 37 RSJ2019 ,
, Sept. 3-7, 2019
D3. , )
2020, , May 27-30, 2020
D4. , , , , , ,
, 38
RSJ2020 , , Oct. 9-11, 2020
D5. , , 38
RSJ2020 , , Oct. 9-11, 2020
D6. , ) )
, 38 RSJ2020 , , Oct. 9-11, 2020
D7. , , ,
, 38 RSJ2020 , , Oct. 9-11, 2020
D8. , ) )

2020 , , Oct. 27 - Nov. 5, 2020






@ @

@
1985
[1] 2000
[2.3]
[4.5]
[€] [7.8,9]
1990
[10] 2000
[11,12]
2002
[13,14] [15]
[16] [17]
(Vertical) 2
Total Force c’; Sgp
\ Normal
Tangential A Component
Component " TEd?

nEd?tan6p

\ l Contact
| Direction
Fixed End
[2.3] [7] [10]
0.14 -
H (d) dish )
- 0.12
2 o4 : (c] peanut =0
§ (b} cup Qﬁ
R ey S
5 006 (algap...] (A
E g
[0} / /-
2 004 /,/
Q.
£ 002 ,
0 0 5 10 15 20 25

time [ms]

[14] [16]



Objet350 Connex 3 Stratasys

Prusa i3

VP-6242
HSRO65A1
ROS (Robot Operating System) ROS

ROS Simulia
Abaqus Dassault Systeémes

[1] S. Hirai and H. Asada, Kinematics and Statics of Manipulation Using the Theory of
Polyhedral Convex Cones, Int. J. Robotics Research, 12(5), 434-447, 1993

[2] T. Inoue and S. Hirai, Elastic Model of Deformable Fingertip for Soft-Fingered
Manipulation, IEEE Trans. Robotics, 22(6), pp.1273-1279, 2006

[31 T. Inoue and S. Hirai, Mechanics and Control of Soft-fingered Manipulation, ISBN
978-1-84800-980-6, Springer, 2009

[4]V. Ho and S. Hirai, Mechanics of Localized Slippage in Tactile Sensing, ISBN
978-3-319-04122-3, Springer, 2014

[5] V. Ho and S. Hirai, A Novel Model for Assessing Sliding Mechanics and Tactile Sensation
of Human-Like Fingertips during Slip Action, Robotics and Autonomous Systems, 63(3),
pp-253-267, 2015

[6] H. Iwamasa and S. Hirai, Binding of Food Materials with a Tension-Sensitive Elastic Thread,
IEEE Int. Conf. on Robotics and Automation, 2015

[7]1Z. Wang, Y. Torigoe, and S. Hirai, A Prestressed Soft Gripper: Design, Modeling,
Fabrication, and Tests for Food Handling, IEEE Robotics and Automation Letters, 2(4),
pp-1909-1916, 2017

[8] Y. Kuriyama, Y. Okino, Z. Wang, and S. Hirai, A Wrapping Gripper for Packaging Chopped
and Granular Food Materials, 2019 IEEE Int. Conf. on Soft Robotics, 2019

[9] Z. Wang, R. Kanegae, and S. Hirai, Circular Shell Gripper for Handling Food Products,
Soft Robotics, https://doi.org/10.1089/soro0.2019.0140, 2020

[10] H. Wakamatsu and S. Hirai, Static Modeling of Linear Object Deformation Based on
Differential Geometry, Int. J. Robotics Research, 23(3), pp-293-311, 2004

[11] Z. Wang and S. Hirai, Modeling and Estimation of Rheological Properties of Food Products
for Manufacturing Simulations, J. Food Engineering, 102(2), pp-136-144, 2011

[12] Z. Wang and S. Hirai, Finite Element Modeling and Physical Property Estimation of
Rheological Food Objects, J. Food Research, 1(1), pp-48-67, 2012

[13] Y. Sugiyama and S. Hirai, Crawling and Jumping by a Deformable Robot, Int. J. Robotics
Research, 25(5-6), pp-603-620, 2006

[14] Y. Matsuyama and S. Hirai, Analysis of Circular Robot Jumping by Body Deformation, IEEE
Int. Conf. on Robotics and Automation, pp.1968-1973, 2007

[15] S. Hirai, T. Masui, and S. Kawamura, Prototyping Pneumatic Group Actuators Composed of
Multiple Single-motion Elastic Tubes, IEEE Int. Conf. on Robotics and Automation, 2001

[16] T. Matsuno, Z. Wang, K. Althoefer, and S. Hirai, Adaptive Update of Reference
Capacitances in Conductive Fabric Based Robotic Skin, IEEE Robotics and Automation
Letters, 4(2), pp-2212-2219, 2019

[17] M. H. Rosle, R. Kojima, K. Or, Z. Wang, and S. Hirai, Soft Tactile Fingertip to Estimate
Orientation and the Contact State of Thin Rectangular Objects, IEEE Robotics and
Automation Letters, 5(1), pp-159-166, 2020



3 4,898 938 2,900 400 270 390
4 4,465 505 2,900 400 270 390
3 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
9,363 1,443 5,800 800 540 780
R3 | AL1KE-5N kS 1 938 938 2021 8
3 938
" AR-100 L S05 505 2022 5
4 505
2021 FSA-1KE-5N
2022 AR-100 3




R3 800 x 100 ngo 20| 35 x 3 90
3
R3 600 3 50 x2 100 100 x 3 300
R3 1,500
6
R3 300 300
R3 2,900 400 270 390
R4 800 x 100 xggo 270 3 x 3 90
3
R4 600 3 50 x 2 100 100 x 3 300
R4 1,500
6
R4 300 300
R4 2,900 400 270 390
800 600 —
Prusa i3 Objet 350 Connex 3
50 x 2 300

IEEE Int. Conf. on Robotics and

Automation (ICRA) [IEEE/RSJ Int. Conf. on Intelligent Robots and Systems (IROS) Int. Conf. on Soft Robotics
900 x 100 x 3 30 x 3

100 x 3




(R3 R4)

4,898

9,363

20

9,363




®

500 5
1,500
(R3 R5)
C )
®
500 5
( 1,500
(R3 R5)
C )
©
100 5
( 300
(R3 R5)
C )
C )
C )

65

100




