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Agenda

RITSUMEIKAN

* What are the potential applications of soft robotic end-
effectors?

* Soft robotic end-effectors developed by our group
e Future research directions
* Report
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Learning Resources
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Sensors

Controls
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Manufacturing




Soft Robotics Toolkit---Actuator

PneuNets Bending Actuators Fiber-Reinforced Actuators

Pneumatic Artificial Muscles

3D Printed Soft Gripper Stiffened
by Passive Particle Jamming

HPN Manipulator
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M.M.V.S. Manipulator
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Sealing Rubber

Strain-Limiting
Fabric

Rubber Foam

Foam-Based Soft Actuators

Robotics, Ritsumeikan

Knit Textile Bending Actuator



What Are Potential Applications?
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Food mdustry Agriculture and Fishery

Magnetic actuated microcrab

gripping cargo

W Soft straps and
actuator attachments

2023/12/19 Zhongkui Wang, Dept. Robotics, Ritsumeikan 5



Applications that We are working on
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Automation Challenges
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@ Grasping @ Recognition

1. Too many categories
2. Large differences

- 3. Complex properties
=24, Soft and fragile

3 Application @ Cost
1. Food compatibility Hardware || Software S|
g. I[-)Ilgh I;ﬁ).eed motion e F | Recognition System
- purabl 'Fy . ,_>\ Machine learning || Integration
4. Contamination ﬁ Image processing
5. Sterilization Conveyor tracking| | Maintenance
6. Ease of use
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SIP Project (2018-2022)

Cross-Ministerial Strategic Innovation Promotion Program

RITSUMEIKAN

Title: Soft End Effector System (SSES) for Cyber Physical System (CPS) Construction

Physical
Space Recognition
Soft End-
effector Cyr Space

Dishwashing

) J MSM

+0ut ' Edge computlng

PDH Sensor '

Physical
Data Hub

Tableware removal
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Our developed soft robotic EEs

RITSUMEIKAN

3 'f'

Camera

Circular shell * Parallel shell gripper Dishwashing hand
gripper

pinion

Thin
wires

Needle gripper _ Scooping- Bellows gripper Multi-wire Shovel gripper
binding gripper gripper
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Our approach
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1. Wrapping gripper
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/

Grasping of chopped Grasping of corn Grasping of salt
green onion
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System Performance




Grasping results of specified weight R
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> Grasping Chopped green onion
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2. Circular shell gripper
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Daifuku mochi.‘ o

> .-*v‘#\)u

Pulling while twisting

Grasping and lifting

\N 7/

W ¥ A gripper capable of doing both

Harvesting tomato
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ldea of shell gripper
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1 Air chamber

Rigid
shell

Shell gripper image

Fabricated shell gripper
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Grasping performances

R
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Circular shell gripper for handling
food products

Zhongkui Wang, Kanegae Ryo, Shinichi Hirai
Ritsumeikan University, Japan
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System requirements :

vk whn =

3. Parallel shell gripper

Cuumber packaging by human

Productively: 30 t /day 6. Small gaps among products

Grasping
Takt time: 7 sec

7. Adaptable to differences
8. Grasping failure detection

No damage to product 9. Remote monitoring

Durable to thorns

2023/12/19

10. Low cost

—

Zhongkui Wang, Dept. Robotics, Ritsumeikan
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Parallel shell gripper

Il shell : Silicon [l : Air Path

dxxrch

Cross-section view

Prototype

v :
Grasping test”’



Durability tests

Sample of cucumber thorn

ME SUS304
FVINES) [kPa) 18 16 14
AL bAaE (BHE) [mm] | 9.75 | 877 7.78
M A [ %4 15015 | 16779 | 10 FELLE

RITSUMEIKAN

Kanegae et al., IEEE RCAR 2020
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Field experiment
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4. Soft bellows hand

RITSUMEIKAN
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Arrangment of white rads-l:n_ Soft bellows hand
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Grasping of agricultural products
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|
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Grasping with contact
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I
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5. Needle gripper
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Removing defective .
product from tray Idea of needle gripper

| | |
VVV'
[ Rip——

Grasping by piercing

Air chamber Circular shell H - Air hose Base plate

T s <17

Grasping by pinching
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Grasping by piercing

Mo

Piercing tgn rm:‘:‘. ;
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Grasping by pinching

RITSUMEIKA

Gmspmg tes ‘6“—0]]0[) nion N3 |
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6. Multi-wire hand
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Task definition

5 categories tempura

Minimum grasping force

Shrimp tail upward

No overlap among objects

Arrangement

3D arrangement
target

Arrangement by -
human High speed
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ldea of multi-wire hand
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Waterproof 3
prototype 5 y = 0.2514x + 0.0673
= = . T
z ? L Minimum force
¢ 1.5 ¥ -
- o without sensor
05 .‘..,9--""' =0.35N
0
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Automatic food arrangement
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7. Scooping-binding hand

RITSUMEIKAN

Parallel
actuator

Shoulder
connector

Flexible
string

Thin plate

: Gripper design >
FIWYYTIVEI0R)DIBE HWIAH/\Y BVAHNY F.’C‘O)?E%
(Gel sample: octopus leg)  Scooping-Binding Grasping using the

hand scooping-binding hand
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RITSUMEIKAN

Grasping gel jellyfish

TIWIST5ITI N——
Gel sample of a IKFRTDT IV ST
jellyfish Grasping the gel jellyfish from a water
tank

2023/12/19 Zhongkui Wang, Dept. Robotics, Ritsumeikan 31



R

Grasping various food products
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Test on a daifuku v, - !

A
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RITSUMEIKAN

‘ AURT Takt: 67~75 times/min
=k

8. High-speed food handling

/

J—_—

Bread-crumbs coated oyster . L .
“ Y Failed to handle at 70 times/min
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Reason of grasping failure

R
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e

L) meEn HRan
) |

High gripper

Impact i
stiffness Low gripper

stiffness

* Appropriate gripper stiffness is required

* Constraining the movement of the target
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Shovel gripper

Initial state Open state
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Center
cushion
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Design of gripper stiffness
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Target -  Contact area TStlffness

F . i 20g

? LN ‘ —

Gravity 1 Vacuum Acceleration
Design variation Sway due to acceleration
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Handling tests (16 g target)
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i 80 times/min

TR

100 times/min
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Handling tests (40 g target)

= = ek - TN
tt‘?.';"f‘?s.\“ |

RITSUMEIKA

_ 90 times/min < 100 times/min
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Food handling competition
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RoboSoft 2023 Competition

ASSEMBLY TABLE

SOURCE TABLE
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Teams
mﬂ”

ADMP Gripper National University of Singapore (NUS)
@ SNAP ROBOTICS Singapore University of Technology and Design (SUTD)
3 FANTASTIC University of Bristol (UoB)
@  SIRSLAB Italia Institute of Technology (lIT)
®  FLIPPER Ecole Polytechnique Fédérale de Lausanne (EPFL)
®

TEAM RITSUMEIKAN Ritsumeikan University
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IIT team

RITSUMEIKAN
Y

)
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RITSUMEIKAN
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EPFL Team
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Ritsumeikan Team
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Competition results
IIIELL m_

1 Singapore University of Technology and Design (SUTD)
2 108 Ritsmeikan University

3 91 Ecole Polytechnique Fédérale de Lausanne (EPFL)

4 30 National University of Singapore (NUS)

5 29 University of Bristol (UoB)

6 23 Italia Institute of Technology (IIT)
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Future possible directions

RITSUMEIKAN

* New EE ideas for handling various food and agricultural
products at high-speed, especially fragile and heavy
products;

* New EE ideas for handling living creatures;

e Easy and effective models for helping the control and
design of soft EE;

* New fabrication methods that is easy accessible,
efficient, and suitable for EE commercialization;

* New and smart materials that can change its properties
according to the task, e.g., 4D material.



Report

* Think of one target object that is difficult to
handle by conventional EEs;

* Write down the reason why it is difficult to grasp;

* Propose a soft robotic EE that can handle the
object at high-speed;

* Make a CAD design and insert the drawing; at
least make a handwritten sketch;

* Submit a PDF file through manaba+R
e Submission deadline: Jan. 12 (FRI), 23:55
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