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Development of a foot-mounted compact interface realizing motion substitution
and haptic replacement

Nozaki, Takahiro
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Human beings utilize the tactile sensation to adjust the force applied to a
target object and perform tasks adaptively. However, when using an existing motion support devices
such as a prosthetic hand, users cannot feel the tactile sensation. Therefore, there is a risk of
damaging the contact object. In this research, we developed a foot interface equipped with a small
actuator and succeeded in substituting the tactile sensation of the artificial hand with the foot,
which is a healthy body part. As a result, it becomes possible to realize motions that are powerful,

delicate, and highly adaptable to the environment. This makes it possible to support the physical
functions lost due to accidents or diseases.



) RROBEBHHFHERT ) INBTFHOFoT—4FEBLI- | ) BBA2—Tx—RIZ&D
E—avAvE— S ROHH | RBA2—T7—RADHE-FRK | ARRBEBERITOALIER

T—3>
AVE—H D R HHH BFD  gEREs
BERE  gErT

&) 7

- Lo (0]
A ENEF=BRILS - | B\ sent
: )
k.12 - R

- . n - EER BAREDOAIBIE
o [ZEY LB hER D 2
PECEES BSLES LR - iR GEBRSEEE A TRIICHRS)

EHEER=ZERICLD
7 fR Rt B

B50ORLL S FHEOBE () —)

l

HERDBFICEHER N EREICLDHIEE

ﬁ- NEyll
BELZHIZELT FEONMEZE
BENRMERIER thOBEIZKYKE
m BEEOEWNRFEER
(H28.4-H29.3) €H)

(H29.4-H30.9) )
(H30.10-H32.3)
©)



€y

@

®

Modal Space

Function Mode Decomposition

Haptic Prosthetic Hand

Haptic Prosthetic Hand

i 5 " N
1 Grasping Center Deformation
M Position Mode

Arm Amputee Middie  Index

(Sec. 111y

Haptic
dback | Haptic Data

Angle Information
Torque Information

Motor Space
Master Interface

Environmental

i Adaptation
Control : H
Input Foot Bilateral | Variable Compliance q
Interface 1 Controll
Haptic Transpla ; Control H Control oni Io er
Technology { (Sec. 1v-B) §
S /

{EeallZC) / Battery

DC
DC



5 4 1 0

Sugimoto Tomoya Nozaki Takahiro Murakami Toshiyuki 8

Multilevel Inverter Topology Using Current Path Change for Zero Current Switching 2019

1EEJ Journal of Industry Applications 250 255
DOl

https://doi.org/10.1541/ieejjia.8.250

Nozaki Takahiro Hangai Satoshi 36

Telexistence and Real Haptics 2018

Journal of the Robotics Society of Japan 668 672
DOl

https://doi.org/10.7210/jrsj .36.668

Akutsu Shuhei Sekiguchi Hiromu Nozaki Takahiro Murakami Toshiyuki 7

Position and Torque Sensorless Motion Transmission Using Voltage Compensation 2018

1EEJ Journal of Industry Applications 150 - 157
DOl

https://doi.org/10.1541/ieejjia.7.150

Satoshi Fukushima, Hiromu Sekiguchi, Yuki Saito, Wataru lida, Takahiro Nozaki, and Kouhei 65

Ohnishi

Artificial Replacement of Human Sensation Using Haptic Transplant Technology 2017

IEEE Transactions on Industrial Electronics 3985 - 3994

DOl
https://doi.org/10.1109/TIE.2017.2758757




Saito Yuki Nakai Kazuma Sekiguchi Hiromu Fukushima Satoshi Nozaki Takahiro Ohnishi Kouhei 137
DC 2017
IEEJ Transactions on Industry Applications 827 - 836
DOI
https://doi.org/10.1541/ieejias.137.827
25 0 18

Takahiro Nakagawa, Tomoya Sugimoto, Takahiro Nozaki, and Toshiyuki Murakami

Selective Wireless Power Transfer via Magnetic Resonant Coupling by Using Variable Impedance Circuit

44th Annual Conference of the IEEE Industrial Electronics Society

2018

Tomoya Sugimoto, Takahiro Nozaki, and Toshiyuki Murakami

Multilevel Inverter Topology for Switching Loss Reduction

44th Annual Conference of the IEEE Industrial Electronics Society

2018

Masashi Fukui, Shuhei Akutsu, Toshiaki Okano, Takahiro Nozaki, and Toshiyuki Murakami

Design of Iterative Learning Control for Force Control Considering Environmental Impedance

44th Annual Conference of the IEEE Industrial Electronics Society

2018




Shuhei Akutsu, Takahiro Nozaki, and Toshiyuki Murakami

Position and Torque Sensorless Motion Transmission Using Parameter ldentification Based on Least Mean Squares Method

44th Annual Conference of the IEEE Industrial Electronics Society

2018

Shuhei Akutsu, Takahiro Nozaki, and Toshiyuki Murakami

Sensorless Bilateral Control Using Hall ICs

2019 IEEE International Conference on Mechatronics

2019

Shuhei Akutsu, Takahiro Nozaki, and Toshiyuki Murakami

Design of Bilateral Control Based on Equivalent Circuit Model

2019 IEEE International Conference on Industrial Technology

2019

Satoshi Hangai and Takahiro Nozaki

Automatically-tuned Damping Injection for Stable Bilateral Control under Time Delay

2019 IEEE International Conference on Mechatronics

2019




Shuhei Kimura, Takahiro Nozaki, and Toshiyuki Murakami

Haptic Transmission under Time Delay by Using Estimated Environmental Impedance

The 5th 1EEJ International Workshop on Sensing, Actuation, Motion Control, and Optimization

2019

Kei Sugihara, Takahiro Nozaki, Toshiyuki Murakami, Tomoya Sugimoto, and Satoshi Hangai

Variable Reduction Ratio Mechanism Using Flow Path Change

The 5th IEEJ International Workshop on Sensing, Actuation, Motion Control, and Optimization

2019

Shuhei Akutsu, Hiromu Sekiguchi, Takahiro Nozaki, and Toshiyuki Murakami

Position and Torque Sensorless Motion Transmission for Haptic Teleoperation Using Two Types of Voltage Compensation

IEEE 24th International Conference on Mechatronics and Machine Vision in Practice

2017

Takahiro Nakagawa, Koichi Furusato, Takahiro Nozaki, Toshiyuki Murakami, and Takehiro Imura

Selective Wireless Power Transfer for Multiple Receivers by Using Magnetic Resonance Coupling

International Symposium on Antennas and Propagation

2017




Tomoya Sugimoto, Takahiro Nozaki, Toshiyuki Murakami

Multilevel Inverter Topology Using Current Path Change for Zero Current Switching

The 4th 1EEJ international workshop on Sensing, Actuation, Motion Control, and Optimization

2018

2017

Shuhei Akutsu, Hiromu Sekiguchi, Takahiro Nozaki, and Toshiyuki Murakami

Position and Torque Sensorless Transmission Using Voltage Compensation

IEEJ International Workshop on Sensing, Actuation, Motion Control, and Optimization

2017

Satoshi Fukushima, Takahiro Nozaki, and Kouhei Ohnishi

Development of haptic prosthetic hand for realization of intuitive operation

The 42nd Annual Conference of IEEE Industrial Electronics Society

2016




Emre Sariyildiz, Takahiro Nozaki, Haoyong Yu, and Toshiyuki Murakami

Robust Force Control of Series Elastic Actuators using Sliding Mode Control and Disturbance Observer

The 42nd Annual Conference of IEEE Industrial Electronics Society

2016

Emre Sariyildiz, Takahiro Nozaki, Haoyong Yu, and Toshiyuki Murakami

A Robust State-Space Controller Design for Multi-Mass Resonant Systems

The 42nd Annual Conference of IEEE Industrial Electronics Society

2016

LIFE2016

2016

2016




2016

DC

2016

2016

Emre Sariyildiz, Haoyong Yu, Takahiro Nozaki, and Toshiyuki Murakami

Robust Vibration Control of Two-Mass Resonant Systems in State Space

The 14th IEEE International Workshop on Advanced Motion Control

2016




Takahiro Nozaki, Toshiyuki Murakami,Tomoyuki Shimono, Kouhei Ohnishi, and Roberto Oboe

Development of Meal Assistance Device for Patients with Spinal Cord Injury

The 14th IEEE International Workshop on Advanced Motion Control

2016

2016

http://www.fha.sd.keio.ac.jp/jp/nozaki/nozaki.html




