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Aging society & Senior care
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National Agenda
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Need for Soft Robotics
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Limitations of Current Robots

Limited operation

Degree of freedom

Figure AI

Limited recognition

Robot vision

Image sensors

Underwater

Dark environment

Texture, taste, smell
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Sense and Response

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

Materials' anisotropy helps robots handle different situations!

Understanding surroundings Proper response



Touch sensing



Kinaesthesia



Proximity sensing



Response and Actuation
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Approaches for Soft Robotic Sensors and Actuators

Tactile Vision Proximity/motion

Directional response

M. Ha et al., Adv. Mater. 2021, 33, 2008751.

M. Ha et al., Nano Energy 2018, 48, 275.

M. Ha et al., J. Mater. Chem. B 2018, 6, 4043.

M. Ha et al., Adv. Funct. Mater. 2015, 25, 2841. 

In-plane field sensing

Stimuli-responsive

Anti-reflective

Flexible photodetectors Printable proximity sensors Soft actuators

Magnetic 

paste

Hierarchical ZnO NWs

ZnO NWs-Si heterojunction
Shape 

memory 

polymer

M. Ha et al., ACS Omega2019, 4, 9996.

M. Ha et al., Adv. Optical Mater.2018, 6, 1800615.

M. Ha et al., Adv. Mater. 2021, 33, 2005521.

M. Ha et al., ACS Nano 2018, 12, 3964.

M. Ha et al., ACS Nano 2015, 9, 3421.

Soft 

Smart 

Materials

Flexible 

electronics

Sensors

Actuators

Aim
Effective stress transmission

Electronic skins

Shape anisotropy in micro- and nanomaterials, 

along with significant changes in their physical properties, 

plays an effective role in…

↓

Physical sensors (touch/touchless manner)

Soft actuators (displacement)
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Lightweight

Curved

Shape-adaptable

Flexible quantum magnets

MIT NEWS, July 25, 2023

Drones

Self-driving cars

AR/VR accessories

Nanomagnets
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Sensors

Selective Sensing and Actuation

Actuators
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Nanoscale, 2024, 16, 6778–6819



Ultra-Thin Nanomagnets for Highly Compliant 

Motion Sensors with Touchless Manner



Inverse magnetostriction

Not only sense B field, but also 

detect the mechanical stimuli…

Motion artifacts reduce 

selectivity to B field!

Magnetic domain change under strain!

MOKE analysis
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Approaches for Flexible Magnetic-Field Sensors

Bendable GMR 

sensors

Ultra-thin and imperceptible GMR 

sensors

Wearable Hall 

sensors

[3] [4] [7]

Flexible GMR 

sensors

[5] [6]

Flexible magnetic-field sensors

Soft robots Virtual reality

[1] [2]

Touchless gesture detection for 

interactive wearables

Wearables

[1] Mater. Horiz. 2019, 6, 1138

[2] Nat. Electron 2018, 1, 589..

[5] Lab Chip 2014, 14, 4050.

[6] Adv. Mater. 2015, 27, 1274.

[7] Nat. Commun. 2015, 6, 6080.

[3] Adv. Mater. 2008, 20, 3224.

[4] Nano Lett. 2011, 11, 2522.
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Approaches for Flexible Magnetic-Field Sensors

Bendable GMR 

sensors

Ultra-thin and imperceptible GMR 

sensors

Wearable Hall 

sensors

[3] [4] [7]

Flexible GMR 

sensors

[5] [6]

Flexible magnetic-field sensors

Soft robots Virtual reality

[1] [2]

Touchless gesture detection for 

interactive wearables

Wearables

[1] Mater. Horiz. 2019, 6, 1138

[2] Nat. Electron 2018, 1, 589..

[5] Lab Chip 2014, 14, 4050.

[6] Adv. Mater. 2015, 27, 1274.

[7] Nat. Commun. 2015, 6, 6080.

100 μm

Printed GMR sensor for on-skin electronics

Fabrication

1 cm

[3] Adv. Mater. 2008, 20, 3224.

[4] Nano Lett. 2011, 11, 2522.



20

Printable Giant Magnetoresistive Sensors

Need for highly compliant GMR sensors

1 cm

300 μm

5 mm 5 mm 5 mm

1 cm

1 cm

Stretchable & excellent mechanical stability
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On-Skin Electronics for Human-Machine Interaction

Omnidirectional magnetic field sensing Remote control of objects



Ultimate Goal of Robots
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Reconfigurable Hingeless Magnetic Origami

Foldable and hingeless magnetic origami

 180o folding actuation w/o hinge & predefined shape

 Reconfigurable actuation by guiding light & B-field

Designs for shape-morphing soft actuators

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

Issue

Self-awareness and response

 Sensing capability of small magnetic field to be 

aware magnetized state and actuating parts

Biological 

origami

Supervising 

origami by 

integrated 

magnetic-field 

sensors
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Magnetic Origami Capable of Lifting

Out-of-plane magnetic field sensing Controllable actuation

Supervising actuation for lifting up and down

Lifting the targets to a specific position, regardless of weight changes
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Magnetic Origami Capable of Self Shape-Morphing

Supervising sequence and order of actuation for customized folding process

 Determining order of overlapping 

flaps to reach a desired configuration
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Stimuli-Responsive Intelligent Materials

Stimuli-Responsive Intelligent Materials on a Scale

Spin level

B

M P

Atom level

F

Molecule level

T
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Next-Generation Flexible Electronics for Soft Robotics and Human Augmentation

Artificial Sensation

Proximity Sensors/Electronic Skins

Sustainable Operation

Energy Harvesting Devices

Artificial Motor

Soft Actuators

Applications

Advanced prosthesis
Immersive 

VR/AR devices
Soft gripper Inspection robot

Perspective of Flexible Electronics and Soft Robotics
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