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The main pillars of Hori-Fujimoto Lab’s research are
Control Engineering, Motion Control, and Power Electronics.
The essence of electrical control is in feedback control, while
that of mechanical control in open loop control. The electrical
control, where simple algorithm is repeated in a short control
period, can drastically change mechanical characteristics.
Based on this principle, we aim to make revolution in the
fields of Electric Vehicle, Electric Airplane, Nanoscale Servo
Control, Motor Drive, Robotics, and Human Friendly Motion
Control. Also, we research on Wireless Power Transfer
System, Supercapacitor/Battery Hybrid Energy Storage
System, and Motor Control for the future vehicle society.
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By utilizing electric motor's quick response torque
generation, we study novel control techniques of Electric
Vehicle (EV) and Electric Airplane (EA) and research
necessary control methods for spacecraft.

We developed several EVs: an original EV ‘FPEV2-Kanon’
which has four In-Wheel-Motors (IWMs), four wheel steering
system and lateral tire force sensors, a small EV ‘C-COMS1’
equipped with GPS and vision system, and ‘FPEV4-Sawyer’
which has switchable driving units. In 2013, we proposed
Range Extension Control System (RECS) using four wheel
driving force distribution, optimized velocity trajectory while
braking, and front and rear steering control. We also proposed
yaw rate control method using lateral tire force sensor, and
state estimation method.

For EA, we developed the thrust control utilized advantage
of electric motor and the RECS by thrust force distribution for
multiple propellers airplane. We have been developing the
experimental EA ‘FPEA-1’. We will develop new control
methods to accomplish the first manned flight of EA in Japan
and are going to research on not only the space prove control
but also the observation satellite control.
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Wireless Power Transfer System
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Our group has been conducting research on wireless power
transfer (WPT) via magnetic resonance coupling which gains
extensive popularity in the recent years. Compared to
electromagnetic induction, magnetic resonance coupling can
transfer power through much larger gap with high efficiency.
The research of our group is mainly focus on wireless power
transfer for electric vehicles (EVs) application. Electric
vehicles (EVs) are well known for having limited driving
range due to short battery life and high capacity batteries are
expensive. Development of commercial EVs for longer drive
range is hindered due to the same reasons. Therefore, we
would like to propose frequent charging while moving or
parking via WPT that would reduce the dependency on high
capacity battery. Moreover, we aim to realize high reliable
mobility since complicated wires of in-wheel motors are
removed by using magnet coupling resonant wireless power
transfer.

The research of our group can be further divided into
following topics: 1) Wireless power transfer of In-Wheel
motor, 2) load optimization for transfer efficiency, 3) power
transmission through relay antennas, 4) power supply for
charging electric vehicles, 6) new applications of wireless
power transfer, 7) WPT for monitoring sensors used in
radioactive waste storage, 8)three-phase wireless power
transmission, and 9) wireless power transfer antenna as
position sensor.
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Supercapacitor (SC) that used as an energy storage device
has many advantages such as high power density, quick
charging, extended lifetime, environmental friendly device. In
our lab, the electric vehicle, powered only by SC, has been
developed. It can be operated for 20 minutes after 30 seconds
quick charging.

For higher performance energy system of EVs, we are
researching on Hybrid Energy Storage System (HESS),
combined with SC and battery. Energy management strategies
and power sharing methods of HESS for vehicular application
are proposed. For smaller size and higher efficiency of the
interface linking SC bank to HESS, different topologies of
DC-DC converter are applied to link SC to DC bus of EV
energy system.

Moreover, charging SC energy bank using wireless power
transfer technology enables the new era of choco-choco
charging (charge while driving) and dynamic charging for
future electric vehicles. The capacity design principle of HESS
with wireless charging is proposed. Now, the power control
strategy and the efficiency optimization of HESS charging by
WPT is  being
motor/wireless/capacitor based near future energy system.

developed, aiming to  realize
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Motor Control & Power Electronics
H.FUJITMOTO, M.KANEMATSU, and D.TAKEI
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Along with motion control of EV, we study advanced driven
motor control methods: 1) Noise and vibration suppression
control by motor current control for more silent and
conformable EV 2) Voltage control for minimizing DC-link
capacitor.

In EV, quietness is the most distinctive characteristics in the
other automobiles. However, conventional harmonic current
controls can’t work properly because automobiles accelerate
and decelerate frequently. The noise and vibration depend on
vehicle velocity, and it leads to serious problems. The previous
studies didn’t propose the modeling of noise and vibration in
PM Motors. Our group proposed a novel modeling of noise
and vibration in PM Motors. Based on this modeling, the
noise and vibration were suppressed largely by injecting
harmonic currents.

Also, we research high response voltage control for
minimizing DC-link capacitor. This control system is able to
reduce the whole system which is large due to suppress
voltage variation caused by slipgrip in EV or HEV.
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Human Friendly Motion Control and Robotics
Y.HORI, T.UCHIDA,
Y.KIM, K.KIM, L.XI, and H.SONG
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We aim to establish an academic field of "human-friendly
motion control" in order to develop unique control methods

with welfare-related applications in mind. We propose robots
useful for the lives of people in areas such as rehabilitation, as
well as control methods suitable for personal mobility devices.
We are able to design the mechanical properties of devices
freely by taking advantage of the high controllability of motors.
We propose control systems to improve handling and safety of
welfare devices.

In addition, we propose a new robotics based on simple and
efficient biomechanics, with inspiration from musculoskeletal
characteristics of humans and other living species.
Furthermore, we propose control methods suitable for
humanoid robots to walk like a human.

Current research topics include (1) estimation of muscle
activation level based on muscle model and its placement, (2)
control design for power-assisted wheelchairs that improve
safety, handling and comfort, (3) power-assist technologies for
welfare prosthetic devices and caregiver robots, (4) application
of bi-articular actuators to the realization of human running
and jumping as well as robots that achieve this, (5) impact
force reduction control by utilizing bi-articular actuation, (5)
new robotic arms with the principle of biologically-inspired
bi-articular actuation, (6) precision control of humanoid robots,
and (7) design of safe train doors and landing technologies for
space probes using force sensor-less control.
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Nanoscale Servo and Robot Control
H.FUJIMOTO, H.ZHU, K.INUKAI, W.OHNISHI

S.FUKAGAWA, Y.YAZAKI, SSYAMADA
T.ENMEI, and Y.RI

PEERSCIERE DY, MEBEICBWT, ;) A r—
WLV OREENRRD HID L)1 >TWnD, RiFTE
F— AT, K& 223500 % 5 50 S B0 70 8 i s
TR ORI FE 21T/ > T 5, W EE GRS Ak &
MEEN D EBOEEE (RT v /X« Ax v ) OEITHEL
LT, FEEMERGHRIREEREOZBMES /) 2T
—UEBEL, TORIEROWF TR EIT > T 5D,

BAE, (HRHRENEE OHEROMERR, 2)~
P—= v LI DNC TR NN — T ¢ 2 74
182308 FH TR 72 ek R B RIER O B, (B)JR T[] 1A
WEEOEHEEREAONIE, G PORTFLREET
HIT DHIFE, O)THEYE MO mOMEET Y 2 — % %7
H L7 # - 7o ®lHR O, (OHIEZZE LB EME
HDHBEDO TR > h~OWH, 17TV 5,

High-speed high-precision control is stringently required in
industry, medical field, material, and so on. The required
precision of fabrication is also as small as nanoscale. In our
research, we aim to develop the advanced control methods for
various systems to obtain superior control performance.

Present research themes are: (1) Develop control systems
for next generation of precise stage -multi degree-of-freedom
stage- for exposure systems to obtain the faster and more
precise control; (2) Apply new control technologies on NC



machine tools and hard disks to improve the positioning
precision as well as control robustness; (3) Research on atomic
force microscopes (AFMs) and the applications on medical
and material science; (4) Suppression of quantization error
caused by A/D converters, encoders. Optimal algorithms are
being developed to obtain superior control performance using
low-resolution sensors; (5) Proposal of a novel control method
using high-resolution encoders, which become widely used in
the industry; (6) Applying a resonance cancellation control to
robots.
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