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Development of MEMS microrobot with artificial intelligence circuit by analog integr
ated circuit
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Achievements of my research can divide into mechanical engineering and electronic
engineering. Usually, micro fabrication of silicon wafer was used to construct the planar structure device
s in mechanical engineering. In this research, mechanical components fabricated by micro fabrication techn
ology were assembled using manual assembly to construct the microrobot which is space structure. As a resu
It, less than 5 mm size hexapod microrobot performed locomotion. The size of the hexapod microrobot was sm
allest in the world.

Programmed control has been the dominant system among the motion control of microrobot. In this research,
artificial intelligence circuit by analog integrated circuit was constructed. As a result, motion control
without program was realized by artificial intelligence circuit which mimics the brain of living organisms

MEMS



biomimetics

[1]

A. M. Flynn IC

[2]

[3]

[1] A. T. Baisch P. S. Sreetharan, R. J.
Wood, Biologically-inspired locomotion of
a 2g hexapod robot, IEEE IROS 2010,
pp.5360-5365, 2010.

[2] Flynn, A. M. Gnat Robots (And How They
Will Change Robotics), MIT Artificial
Intelligence Laboratory, MIT Artificial
Intelligence Laboratory Working Papers,
WP-295, 1987.

[3] P. valdastri, P. Corradi, A. Menciassi,
T. Schmickl, K. Crailsheim, J. Seyfried,
P. Dario, Micromanipulation,
Communication, Swarm Intelligence Issues
in a Swarm Microrobotic Platform, Robotics
and Autonomous Systems, 54 pp.789-804,
2006.

5mm

5mm

Micro Electro
Mechanical Systems (MEMS)

MEMS

MEMS



FR4
IC
2
MEMS
MEMS
4.0x 2.7x 2.5mm
MEMS
1 MEMS
GND U A ¥
mm

ANLHRAY A ¥

1
MEMS

MEMS

4.0% 4.6x 3.6 mm

MEMS
2 MEMS

3.6 mml||

0.35 mm 4

1.93x 1.93 mm

20

N L HHE

TERR 1
(

s

s/div




Hi7)JE# % kHz

H BT DR IE v

2y R N THTRE[E] B
5
6 IC
Ic
50
a0t
30}
20}
101
0 .0 2.0 3.0 40 5.0
EIRELE V
6
IC

N

A 250 ms/div

( )

8 MEMS

0.88 mm 26.6
mm/min

9 MEMS

0.88 mm 180 mm/min

5mm



Minami Takato, Masaki Tatani, Hirozumi

Oku, Yuki Okane, Junichi Tanida,
Shinpei Yamasaki, Ken Saito and Fumio
Uchikoba, A Millimeter-Sized Robot by
a Piezoelectric Impact-type Rotary
Actuator and a Hardware Neuron Model,
International Journal of Advanced
Robotic Systems, Peer review 2014
Accepted (now printing)
Ken Saito, Kazuto Okazaki, Tatsuya
Ogiwara, Minami Takato, Katsutoshi
Saeki, Yoshifumi Sekine and Fumio
Uchikoba, Locomotion Control of MEMS
Microrobot Using Pulse-Type Hardware
Neural Networks, Electrical
Engineering in Japan, Peer review,
Volume 186, Issue 3, 2014, pp.43-50
DOI: 10.1002/eej.22473

Al
MEMS
Vol.31 No.7

2013 pp.684-688

DOl: 10.7210/jrsj.31.684

Ken Saito, Minami Takato, Yoshifumi
Sekine and Fumio Uchikoba,
Biomimetics Micro Robot with Active
Hardware Neural Networks Locomotion
Control and Insect-Like Switching
Behaviour, International Journal of
Advanced Robotic Systems, Peer review,
vol.9, 2012, pp. 1-6
DOI:10.5772/54129
Fumio Uchikoba, Minami Takato and Ken
Saito, Hardware Neural Networks
Controlled MEMS Rotational Actuators
and Application to Micro Robot,
Journal of Mechanics Engineering and
Automation, Peer review, vol.2, 2012,
pp- 499-506,
http://www.davidpublishing.com/Down
Load/?1d=8213

MEMS

C vol. 132(7) (2012)
pp. 1094-1100
DOI: 10.1541/ieejeiss.132.1094

ANN
MEMS 28
2014
3 7
Kazuaki Maezumi, Shinpei Yamasaki,
Hiroki Obara, Yuka Naito, Kei lwata,
Masaki Tatani, Yuki Okane, Yuki
Ishihara, Tomohiro Hidaka, Yohei
Asano, Hirozumi Oku, Minami Takato,
Ken Saito, Fumio Uchikoba,
Hexapod-Type SMA  Driven MEMS
Microrobot with Mounted Bare Chip
Artificial Neural Networks IC, The
Nineteenth International Symposium on
Artificial Life and Robotics 2014,
January 23 2014, Oita, Japan.

MEMS

2013.11.29

Shiho Takahama, Junichi Tanida, Minami
Takato, Fumio Uchikoba and Ken Saito,
Biomimetics Micro Robot with CMOS IC
Neural Networks Locomotion Control,
39th Annual Conference of the IEEE
Industrial Electronics Society,
November 13 2013, Vienna, Austria.

MEMS

2013.9.5
Shiho Takahama, Junichi Tanida,
Shinpei Yamasaki, Minami Takato,
Fumio Uchikoba, Ken Saito, IC
Implementation of Pulse-Type Hardware
Neural Networks for Generation of
Driving Waveform of MEMS Micro Robot,
Annual Conference of Electronics,
Information and Systems Society,
I.E.E. of Japan, September 4 2013,
Hokkaido, Japan.
Minami Takato, Shinpei Yamasaki, Shiho
Takahama, Junichi Tanida, Ken Saito,
Fumio Uchikoba, Insect Type MEMS Micro



Robot Controlled by CMOS IC of Hardware

Neural Networks, Twelfth European
Conference on the Synthesis and
Simulation of Living Systens,

September 4 2013, Taormina, Italy.
Ken Saito, Shiho Takahama, Shinpei
Yamasaki, Minami Takato, Yoshifumi
Sekine, and Fumio Uchikoba, IC Chip of
Pulse-Type Hardware Neural Networks
for Hexapod Walking MEMS Micro Robot,
International Joint Conference on
Neural Networks, August 5 2013, Texas,
USA.

Minami Takato, Masaki Tatani, Junichi

Tanida, Shinpei Yamasaki, Ken Saito,

Fumio Uchikoba, Piezo Impact Type MEMS

Rotary Actuator and Application to

Millimeter Size Robot,

IEEE-International Ultrasonics

symposium 2013, 1US 3-A-3, July 22 2013

Prague, Czech Republic.

Minami Takato, Ken Saito, and Fumio

Uchikoba, Insect Type MEMS
Miniaturized Robot with Hardware
Neural Networks Control System,
International Symposium on
Highly-Controlled Nano- and
Micro-Scale Functional Surface
Structures  for  Frontier  Smart
Materials 2013, 2013 April 20,
Kanagawa, Japan.
Al
MEMS
2012.9.17

Ken Saito, Tatsuya Ogiwara, Shinpei
Yamasaki, Kazuto Okazaki, Shiho
Takahama, Minami  Takato, Fumio
Uchikoba, CMOS  Neural  Networks
Controlled Micro Robot Targeting
System on Si Frame, International
Conference on Electronics Packaging
2012, April 19 2012, Tokyo, Japan.

Kazuto Okazaki, Tatsuya Ogiwara,
Minami Takato, Akane [liduka, Shiho
Takahama, Mai Fujiwara, Ken Saito and
Fumio Uchikoba, MEMS MICRO ROBOT USING
MOSFET BASED PULSE-TYPE HARDWARE
NEURAL NETWOEKS FOR MOTION CONTROL,
MEMS 2012, January 30 2012, Paris,
FRANCE.

Tatsuya Ogiwara, Kazuto Okazaki,
Yutaro Kezuka, Shinpei Yamasaki,
Minami Takato, Ken Saito, Fumio
Uchikoba, Development of MEMS micro
robot using piezoelectric actuator
mechanism, Seventeenth International
Symposium on Artificial Life and
Robotics 2012, January 19 2012 Oita,

Japan.

Ken Saito, Minami Takato Yoshifumi
Sekine and Fumio Uchikoba, 1Gl Global,
Engineering Creative Design in Robotics
and Mechatronics, (2013), pp-1-10.

http://www_eme.cst.nihon-u.ac.jp/~uchik
oba/

Forefront
2014 MEMS
@
SAITO Ken
70580174
@

UCHIKOBA Fumio

60366557



