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Need for Soft Robotics
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Limitations of Current Robots IMD

Limited recognition . Limited operation
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Sense and Response

Materials' anisotropy helps robots handle different situations!
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Understanding surroundings Proper response

H. Kwon, M. Ha* Nanoscale 2024, 16, 6778-6819.
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Proximity sensing







Soft
Smart
Materials

Elexible
electronics

Sensors
Actuators

Tactile ( Vision | Proximity/motion | Stimuli-responsive

Shape anisotropy in micro- and nanomaterials,
along with significant changes in their physical properties,
plays an effective role in...

l
Physical sensors (touch/touchless manner)

Soft actuators (displacement)

Approaches for Soft Robotic Sensors and ActUators: IMD..
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Nanomagnets >>

Flexible quantum magnets
MIT NEWS, July 25, 2023

Lightweight
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Ultra-Thin Nanomagnets for Highly Compliant

Motion Sensors with Touchless Manner
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Approaches for Flexible Magnetic-Field SEnsors IMD..

.......... Touchless gesture detection for — ceeeo----
interactive wearables

thnetic
field

Not only sense B field, but also
detect the mechanical stimuli...

Bendable GMR Ultra-thin and imperceptible GMR : .i
Sensors Sensors Tw
Flexible GMR Wearable Hall l . . =
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sensors Sensors "\.u f. by on
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Motion artifacts reduce

[1] Mater. Horiz. 2019, 6, 1138 [3] Adv. Mater. 2008, 20, 3224. [5] Lab Chip 2014, 14, 4050. Select|V|ty to B field!
[2] Nat. Electron 2018, 1, 589.. [4] Nano Lett. 2011, 11, 2522. [6] Adv. Mater. 2015, 27, 1274.
[7] Nat. Commun. 2015, 6, 6080.




Approaches for Flexible Magnetic-Field' SENSGIS

[1] Mater. Horiz. 2019, 6, 1138
[2] Nat. Electron 2018, 1, 589..

Touchless gesture detection for
interactive wearables

Bendable GMR

Sensors Sensors
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Flexible GMR Wearable Hall
sSensors sensors
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[3] Adv. Mater. 2008, 20, 3224.
[4] Nano Lett. 2011, 11, 2522.

[5] Lab Chip 2014, 14, 4050.
[6] Adv. Mater. 2015, 27, 1274.
[7] Nat. Commun. 2015, 6, 6080.
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Printed GMR sensor for on-skin electronics

Giant magnetoresistance
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Printable Giant Magnetoresistive Sensors

Need for highly compliant GMR sensors
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On-Skin Electronics for Human-Machine Interaction IMD

Omnidirectional magnetic field sensing Remote control of objects
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Reconfigurable Hingeless Magnetic Origami

Adv. Intell. Syst. 2019, 1, 1900059.

Requirement of predefined
parameters and hinges

Foldable and hingeless magnetic origami
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Magnetic Origami Capable of Lifting

Supervising actuation for lifting up and down

Out-of-plane magnetic field sensing Controllable actuation
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4 The robot’s body can be
coated with medication
and used to patch a wound
inside the stomach. A small
onboard magnet can also
be used retrieve and
remove foreign objects
from the body (for exam-
ple, an accidentally swal-
lowed button battery).

1 The patient swallows
acapsule containing
the robot. (Rus’s team
embedded their prototype
inalozenge of ice.)

2 The capsule dissolves
inside the stomach,
and the robot (made of
biocompatible material)
unfolds itself,

An opemmnd:ids the
robot into position using
electromagnetic controls
from outside the body.
The robot moves along
the surface of the
stomach using “stick-
slip” movements created
by the folds in its body.
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stimuli-Responsive Intelligent Materials MD..
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Next-Generation Flexible Electronics for Soft Robotics and Human Augmentation
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