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To work a field of inquiry requires instinctive sense
for the valuable and important areas.

Such competitive fields have a specific atmosphere.

Those working within these fields must drive basic technology
and by iterative refinement glimpse new applications and possibilities.

Being the driving force behind such advancements allows a particular perspective,
one only available to those on the cusp of tremendous things.

The direct experience of the forces involved in creative production is exhilarating
and we feel a motive in both the eddies and currents of the creative flow.
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Concept

The real physical world essentially has parallel and real-time computing architectures, including sensors and robots, as
well as social and psychological phenomena. Realizing an equivalent architecture based on engineering technology will
help us to understand the real world, bring various advantages to applications, allow us to achieve performance levels far
exceeding conventional systems, and eventually make it possible to build genuinely new information systems. Our labo-
ratory, in particular, conducts research on exploring parallel, high-speed, and real-time operations for sensory information
processing, some of which are listed below. Also, we are focusing on finding new industrial markets and strongly promot-
ing technology transfer of our research outcomes in diverse ways, including collaborative research and commercializa-
tion.

i . Research on Sensor Fusion theory, construction of system architectures, and applications to high-speed intelligent
robots aimed at the engineered re-formation of the five senses. In particular, applications include the development of
high-speed intelligent robots based on sensor feedback using visual sensors and tactile sensors and the development
of new tasks.

ii . Research on Dynamic Image Control for realizing high-speed imaging control using high-speed image processing and
new active optical devices and systems. In particular, applications include high-speed control technology for focusing
and panftilt, and the development of high-speed imaging control systems for high-speed moving targets.

iii. Research on Vision Architecture for designing high-speed image processing technology (theory, algorithms, and
devices) and the realization of application systems. In particular, the development of application-oriented high-speed
image processing systems and innovative applications creating new value by driving at speeds that far exceed the
capabilities of the human eye.

iv. Research on Meta Perception for creating a new style of interaction by using sensation-enhancing technology and its
applications, in particular, the construction of a modality that is meaningful for humans and the realization of futuristic
information environments and human interfaces based on various high-speed technologies.
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A human being recognizes external environment
by using many kinds of sensory information. By
integrating these information and making up lack of
information for each other, a more reliable and mul-
tilateral recognition can be achieved. The purpose
of Sensor Fusion Project is to realize new sensing
architecture by integrating multi-sensor information
and to develop hierarchical and decentralized
architecture for recognizing human beings further.
As a result, more reliable and multilateral informa-
tion can be extracted, which can realize high level
recognition mechanism.
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Baseball Robots: Throwing, Tracking, Batting, Running, Catching
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We have been developing robotic systems that
individually achieve fundamental actions of baseball,
such as throwing, tracking of the ball, batting, running,
and catching. We achieved these tasks by controlling
high-speed robots based on real-time visual feedback
from high-speed cameras. Before integrating these abili-
ties into one robot, we here summarize the technical
elements of each task.

Throwing: This robot can throw a ball with high preci-
sion using its fingers, similarly to human throwing. To
throw a high-speed ball, we proposed a strategy
focused on the superposition of wave patterns based on
the kinetic chain. This robot can throw the ball into the
strike zone with a success rate of 90%.

Tracking: The AVS, Active Vision System, can
achieve a wide field of view by rotating a camera around
its pan and tilt axes. Thanks to high-speed actuators
and high-speed visual feedback, this system can track a
target moving at a high velocity. 1ms Auto Pan/Tilt can
track even faster objects by moving two mirrors rather
than a camera itself in order to control the gaze direc-
tion.

Batting: The batting robot can hit a ball anywhere in
the strike zone by controlling the arm in response to the
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position of the ball every 1 ms. We adopt a simple con-
trol law without prediction or learning, since all required
information is acquired from the high-speed active
vision. In addition, the batting robot can control the strike
direction by using a planar bat ( Ball Control in High-
speed Batting Motion ).

Running: The high-speed running robot can run with
a forward leaning posture thanks to two features: The
first is a small and high-speed motion mechanism with
high-speed, light-weight actuators, and the second is
high-speed visual feedback that recognizes the state
and posture of the robot and modifies them in real time.
This robot doesn't use ZMP-based control, which is
commonly used for biped robots, and runs with an
unstable posture in ZMP. We achieved running at 4.2
km/h with 14 cm long legs.

Catching: We developed two catching robots: One
with a fixed hand, and one with a hand connecting with
high-speed arm. Both use a high-speed hand that can
open and close its fingers 10 times per second. These
robots can catch a flying ball by controlling its manipula-
tors in response to movements of the ball measured
with high-speed vision.
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Traditionally it is difficult for industrial robots to
achieve highs-speed motion with high accuracy due to
large dynamical uncertainties. We present a solution
using dynamic compensation by adopting high-speed
vision and compensation actuators to compensate for
the uncertainties caused by the system itself as well as
the external environment. In this study, we present two
application tasks: fast and accurate contour-tracking
and high-speed peg-and-hole alignment, with a com-
mercial industrial robot. Traditionally, the playback
method is the most common approach to control an
industrial robot. However, it is time-consuming and
exhausting to teach an accurate path point by point. We
propose to perform the 2D contour-tracking task by
adding a high-speed robotic module under the dynamic
compensation scheme. Through this method, a coarse
global path can be easily taught with very few roughly
chosen teaching points. The errors between the coarse
path and the target path are then dynamically compen-
sated by the high-speed robotic module under 1,000 fps
visual feedback. As a result, accurate tracking for a
target contour with random pattern is achieved with fast
speed. The proposed method is also capable of com-
pensation of external uncertainties. For example, the
same tracking result can be obtained under unknown
external disturbances. It should be noted that since the

EEROMNY FZEZEFE T D Dynamic Compensation ( 2189##1E )
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coarse motion is smooth with constant velocity, it is
energy efficient for the industrial robot. The same tech-
nology is demonstrated with the task of high-speed
peg-and-hole alignment. Here, we require the main
robot to move at high-speed while the pose of the work-
piece is uncertain. The coarse motion is roughly taught
and can be random within a certain range of each hole.
Letting the main robot perform the coarse motion, fast
and accurate alignment is achieved through fine com-
pensation by the high-speed robotic module.

This technology can improve existing industrial
robots’ performance while at the same time reduce the
workload of robot operators. It may find applications in
many industrial tasks, such as in welding, painting as
well as assembly.

yslual feedback Target
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With the goal of pursuing the limit of the machine system beyond the human being by improving both hardware
and control method, we developed an entirely new bipedal running robot system "ACHIRES" (Actively Coordi-
nated High-speed Image-processing Running Experiment System) using the high-speed visual feedback, and we
have realized a high speed running as the first step of this research.
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ACHIRES is composed of high-speed vision and
high-speed actuators to achieve instantaneous recogni-
tion and behavior. The similar technologies are used in
our Janken (Rock Paper Scissors) Robot. High-speed
vision detects the state of the biped robot including the
timing of landing at 600 fps. The biped mechanism with
the leg length of 14 cm is set to run in the sagittal plane.
At present, the running velocity reaches 4.2 km/h.
Simple control based on high-speed performance of
sensory-motor system enables the biped robot to stably
run without falling, unlike computationally expensive
ZMP-based control which is commonly used for
balance. The aerial posture is recovered to compensate
for the deviation from the stable trajectory using high-
speed visual feedback.
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We also address a task of somersaulting. While
running, the robot takes a big swing with one foot and
jumps. After takeoff, both legs are controlled to curl up
for high-speed rotation in the air. ACHIRES is going to
be improved to push the envelope while demonstrating
various biped locomotion tasks.

Bipedal Robot High-speed Vision

O High-power actuator O State recognition
O Non-ZMP-based control O Aerial posture control

Leglength : 14 cm Frame rate : 600 fps

Resolution : 1280 X 700

by /  Posture recovery mation
B T <\ /| with high-speed visual feedback

by
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Janken (rock-paper-scissors) robot with 100% winning rate
(human-machine cooperation system)
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In this research we develop a janken (rock-paper-
scissors) robot with 100% winning rate as one example
of human-machine cooperation systems. Human being
plays one of rock, paper and scissors at the timing of
one, two, three. According to the timing, the robot hand
plays one of three kinds so as to beat the human being.

Recognition of human hand can be performed at 1ms
with a high-speed vision, and the position and the shape
of the human hand are recognized. The wrist joint angle
of the robot hand is controlled based on the position of
the human hand. The vision recognizes one of rock,
paper and scissors based on the shape of the human
hand. After that, the robot hand plays one of rock, paper
and scissors so as to beat the human being in 1ms.

This technology is one example that show a possibil-
ity of cooperation control within a few miliseconds. And
this technology can be applied to motion support of
human beings and cooperation work between human
beings and robots etc. without time delay.

IN—I32  \Version 2
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The second version of the janken (rock-paper-
scissors) robot system with 100% winning rate has
been developed. The robot realizes 100% winning rate
by high speed recognition of high speed vision and high
speed acuation of a robot hand. In the first version, a

Human

Considering from another point of view, locating facto-
ries oversea has been advantageous in labor-intensive
process that requires human's eyes and hands because
it is difficult to make the process automatic or it is not
worth the cost. However, by realizing faster process
than human's working speed, the productivity can be
improved in regards to cost. Currently although the
cost-cutting of the robot is difficult, it is possible to
change the location condition of the factory fundamen-
tally by increasing the speed of the robot including
visual function.

visual feedback

p high-speed vision
¢7 | hand shape recognition (1ms)
e

high-speed
robot hand
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final shape of the robot hand is delayed about 20ms
after the finished shape of a human hand. In the second
version, a final shape of the robot hand is completed
almost the same time of the finished shape of a human
hand.

Start

. .
Total Time of Shaping: about 60ms

Range where human
cannot recognize
= 30~60ms

Finish

. » time
. .
=20ms

Finish

Robot (1st Version)

Robot (2nd Version)
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The third version of the Janken (rock-paper-scissors)
robot with 100% winning rate has been developed. In
this version, we incorporated the high-speed tracking
technologies "1ms Auto Pan-Tilt" and "Lumipen 2" in
order to extend a field of view of the high speed vision
system. The inclusion of these technologies additionally
enables the system to dynamically track the human
hand and recognize its shape in high speed, regardless
of where it moves, as well as improves the synchroniza-
tion between the motion of the robot hand and that of
the human hand. Using high-speed vision together with

OMy FOBFZDULNT  Name of robot
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the high-speed actuation of the robot hand enables the
robot to achieve a 100 % winning rate.

High-speed
robot hand

i bl ™

e

gg* Retroreflective background

COOMY FOBARSEBOEZMIE TUoAlFAOMNY FITT. TUDAITAIFZOSHET, IOMY ~IEHSN
TTI. EE, EEBOBHIL, NJanken (rock-paper-scissors) robot] T, &I, Janken robot]TY.

The name of this robot is "Janken (rock-paper-scissors) robot", and the abbreviated form is "Janken robot".
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Lightweight High-Speed Multifingered Hand System
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Dynamic grasping using a newly developed high-
speed hand system and high-speed vision is proposed.
In the high-speed hand system, a newly designed
actuator provides the finger with excellent features: It is
lightweight (about 110g per finger),and it is moved with
speed reaching about 4m/s and 4N power at a finger tip,
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and backlash is small enough for high-gain feedback
control. As a result high-speed motion at 180deg/0.1s is
realized. With high-speed visual feedback at a rate of
1KHz, the hand can grasp and handle dynamically
moving object. Experimental results are shown in which
a falling object is caught by high-speed hand.
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Dynamic Grasping Using High-speed Visual Feedback
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In most conventional manipulation systems, changes
in the environment cannot be observed in real time
because the vision sensor is too slow. As a result the
system is powerless under dynamics changes or
sudden accidents. To solve this problem we have devel-
oped a high-speed manipulation system using high-
speed visual feedback. This is a hand-arm with a hierar-
chical parallel processing system and visual feedback
rate is set as 1ms. Using this system, we have achieved
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many manipu-
lation such as ||
grasping, colli-
sion avoid-
ance, and so
on.
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Impedance control for smoothly receiving the impact
of an incoming object is designed and realized. The
control strategy is based on the idea that the back drive
motion of an end-effector attributable to the collision
impact is regarded as plastic deformation of the robot.
The impedance dynamics is constructed from the Max-
well model, which describes plastic deformation. Next,
two types of control methods are proposed in terms of
the connection configuration of the spring and the
damper. Physical simulation of catching a rolling object
with a robotic arm is executed to validate and analyze
the proposed methods. Experimetal results based on
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the concept can also be seen as the Visual Shock
Absorber.

Back drive motion
due to impact absorption

Plastic deformation
of a robotic arm
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Usually, it is easy for humans to perform macro
manipulations with visual feedback. However, due to
poor visual acuity, it becomes difficult for humans to
accurately perform micrometer-order manipulation. To
solve this problem, we propose to improve the human
manipulation performance through robotic cooperation
by a high-speed robotic module. The robotic module
consists of 1,000 fps high-speed vision and high-speed
actuators to realize robust visual supervision and fine
accommodation to human coarse manipulation. As a
result, the system enables human to realize high preci-
sion manipulation while the workload can be reduced
and the working efficiency can be improved. As a dem-
onstration task, micrometer-order peg-and-hole align-
ment in two dimension is presented here. The 1-DOF
robotic module drives the workpiece with hole (with a
diameter of 70 ym) on it. It aligns the hole with the peg
(with a diameter of 50 um), which is held by the human,
by adapting its position with micrometer-order accuracy.
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This technology can be useful in many industrial
applications. For example, it can be used in the preci-
sion assembly & fabrication industry to improve the
production quality and efficiency of human workers. It
also can be adopted in extreme work environments
such as in outer space, where light or zero gravity
hinders highly accurate human manipulation.

High-speed camera ¥

@

One dimensional
actuator
(rdirectian)

Peg (50um)

Robartic
module

/ Hale (70,m)
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Telemanipulation System Using High-Speed Vision
and High-Speed Multifingered Robot Hand
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Recently, there has been signi cant progress in the
development of master-slave robot hand system. Espe-
cially we focus on master-slave robot hand systems that
can realize non-contact sensing and intuitive mapping
between human hand motion and robot hand motion.
Such a master-slave robot hand system can be effec-
tive from a viewpoint of usability. However, conventional
systems are not able to adapt to dynamically changing
environments because of their high latency from input to

2THD.
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output.

Therefore, we developed a master-slave manipulation
system using a high-speed robot hand system. This
system can reproduce the high-speed motion of human
hand at the slave side, and the latency of the proposed
system is so small that humans cannot recognize it.
Furthermore, the hardness of target object can be mea-
sured at high-speed. We con rmed the effectiveness of
our proposed system through experiments.

Oms

165ms 330ms

495ms

660ms 825ms

1. FUVIE2AL—Y 3 VOEERBR EHRSEE)
Figure 1. Experimental result of telemanipulation (continuous photos)
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Human-Robot Cooperative System using a
High-speed Vision System and a Robot Hand

BF, OMy ~FORBRBEENBERELLS, ABOE
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Recently, robotics research and development have
been done actively, and some robots are introduced in
human life environment. This means that cooperation
between human and robot is significantly important. And
it is very interested in human-robot cooperation in that
context.

&1. 3585 RO DERERBR (ERSH)
Figure 1. Experimental result of cooperative task
(continuous photos)

8%, BICOMY FN\Y REABDHB TRIRDY
BERETBENRDICEADENDEMFEBIRE UL,
BERNICIIABDDIED—IE, Oy ~/\Y RO
RERD, MEZKELCKZDENDIRDERE
L, CnZze&ROMyY ENYRYRTAZRNTE
RUE.

In this research, we aim at a realization of human-
robot cooperative task that the board which is grasped
by a human subject and a robot hand is controlled to be
keep horizontally. By using the high-speed robot hand
system, we achieved this task robustly.
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Visual Shock Absorber with Anti- rebound Property Based on Maxwell Model
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Visual shock absorber is proposed with the goal of
achieving anti-rebound of a collision object for high-
speed catching. Based on the idea that the trajectory of
an end-effector which stops a ball without rebound is
regarded as the robot’ s plastic deformation, impact
absorption is performed by adopting the Maxwell model
which represents plastic deformation. We developed the
visual shock absorber which consists of series connec-
tion between passive elastic structure and software
damper with high-speed vision, whose architecture
corresponds to the Maxwell model. Experimental results
are shown in which a 2-DOF manipulator with high-
speed vision recieves the impact of rolling object without
rebound.

EERESEYD DT P OUEREEBIICERL,
BREY3VICK>TEERBES VEY THliHER
BUEEYAPIY 3y DIPTY—NERBELE. &
BRRELUT &GN > T 2EEMFEERICERL
BONICEILETDCEEZRIRUL.
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Light-weight Ball Catching with High-speed Visual Feedback
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High-speed manipulation has great potential to
produce new robotic skills utilizing the feature of high-
speed motion. The purpose of this study is to achieve
catching a light-weight ball with a high-speed hand-arm
system and high-speed visual feedback. One of the
main problems in catching a high-speed moving light-

BROKRI D EN'DHD. BIC, BRBZESH—ILO
WIRTIE, M—)LOBEICT UTEHBAKRSUED,

M—ILAEONDO T, ZCT, AR T, SRS1E
/\‘J FP—AEBREYAPIVI « — BNy D&
KICGAL, P—ATFREZRIDICAROBEICE
nDE.NYRERNWTP— L\c‘:xjg‘id)iﬂ%@%é?ﬁﬁ
IBDCET, SREHKRORIRZBET.

weight ball is a ball bouncing off after hitting the hand
easily. Therefore in this paper, we propose the catching
strategy that reduces relative velocity between the hand
and a ball. We show experimental results of a high-
speed manipulator catching a ball.

11
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High-speed and accurate picking task based on

dynamic compensation concept
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It is very challenging to realize high-speed and accu-
rate robotic picking (catching) of small targets with
random trajectories in a large workspace without predic-
tion. It requires both high-speed approaching and accu-
rate positioning, whereas these two aspects usually
conflict with each other due to nonlinear dynamics and
systematic uncertainty like backlash. We proposed the
dynamic compensation concept to tackle this problem. It
is realized by fusing high-speed visual feedback based
on relative coordinate and a high-speed lightweight
compensation actuator (for fine positioning) to cooper-
ate with a main traditional robot (for fast yet coarse
approaching). Experiments show that for randomly
flying object in a work range around 500mm, the
success rate reached over 90% (clearance: 2mm) with
the proposed approach.

214 SRDE/\VREEY 3
N—RYa—F17

High-speed
ey camera
|«

Compensation

Image plane

Main robot

Figure 1. The proposed dynamic compensation concept

Figure 2. High-speed and accurate picking task
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Card Throwing and Shooting by a High-speed Multifingered Hand

and a Vision System

AR TREEREEDEDSSARIRDZBE LT,
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We successfully demonstrated dexterous manipula-
tion of sheet-like elastic objects, namely, playing cards,
using a high-speed robot system. In particular, our goal
was to achieve card throwing and card shooting of a
target object by a high-speed multifingered robot hand
and a visual feedback based on a vision system. We
discuss card grasping in the initial state by analyzing a
motion of a human subject for achieving card throwing,
and we propose a strategy for card throwing and card
shooting. We also explore a grasping position of a card
and a release timing to perform the card throwing
toward a desired direction. Finally, we show experimen-
tal results of card throwing and card shooting of target
objects, such as a static cup, a static pen and a moving
cup, without/with visual feedback.

BREODEANSEBERELTNET. &2, 0—
FOBBUBVERETDHEANN— FREZETD
EHDII—=R5A IV TICDNTHREL, BURIE
BUBRIUUI - IV TERBENICEE L
TWFT. REIC, BEFFERNT, H— RERITOX
EADA— FERBZEERIFZUTNET.

b)=01s
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(dt=03s
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©1=04s

MHt=05s

®1. A— FERITOERRBR (ERSE

Figure 1. Experimental result of card throwing.
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Figure 2. Experimental results of card shooting of a cup.
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Analysis of Rolling Manipulation for Breaking Ball Throwing

with Robot Hand-Arm
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The purpose of the work is to achieve high-speed
dynamic manipulation. As one example, we deal with a
breaking ball throwing. There are some previous
researches about throwing with ball spin, but we will
especially concentrate on making spin rate bigger.
There are also some studies and measurements to ana-

ROEBEKEERNENICETIT DIZHICEFHRIOHAD
IONTNDD, EOXDBREDEE NN —/LDDOER
CERLUTNBORRBESRICSNTNEN. 2T
T, ARATIS, BEIAMFEED L TOR—IILODE
BEEPMNCETIVEL, ADBRKREDLEBOR—)U
DOERICHEESZ TN DIERDBEETD.

lyze pitching technigque scientifically, However little is
known about body motions affecting ball spin. In this
research, we modelize throwing motion as swing motion
of a accelerating 1 DOF link and compare simulation
results with human throwing.

&1, B

Fig.1 Overview
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&2.(a) REKENMF Ols]
Fig.2 (a) Throwing O[s]

2 (o) BEKENE 14[ms]
Fig.2 (b) Throwing 14[ms]
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Dynamic Manipulation of a Rhythmic Gymnastics Ribbon

with a High-speed Robot Arm
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Our laboratory have achieved dynamic manipulations
of a linear flexible object. In particular, we performed
shape control of a rope and dynamic knotting of a rope
as examples of the manipulations.

In this research, we aim at dynamic manipulation of a
belt-like flexible object as extended version of a linear

flexible object manipulation. We analyzed dynamic
model of the belt-like flexible object, and we derive a
condition of the robot in order to control a shape of the
target object. Based on the analysis result, we achieve
various experiments of shape control of a rhythmic gym-
nastics ribbon using a high-speed manipulator.

reference of ribbon shape

>
refercrice of ribbos shape

Production of circle shape

Production of wave shape

Production of eight-figure
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Manipulation of Thread-Rotor Object by a Robotic hand
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Button spinner, a hand-toy similar to Yo-Yo, consists
of a loop of thread and a button as a rotor. When we
play a button spinner, the rotor spins at very high speed,
up to 6,000 rpm, according to the periodic and oscillat-
ing finger motion, by the power transferred through a
pair of twisted thread. The power transmission via
flexible objects, which converts slow and linear motion
to high-speed rotation is a promising method, because
of the simple mechanism and smooth behavior due to
its flexibility. However, to take advantage of the power
transmission, we need to regulate the power stably,
under the uncertainties of non-linear system which is
caused by its flexible components. By introducing the

TLAEGATDCET R UE K DISIEGRZH
ERLUTELBRNICHRICHEITDCENTES,

AR TE LEROSROMRY FYRFAERMBL
T.ORY RNV RICKBDREY Y « AET —ZRIIN
(CERIRUL, ZOB. O&FOOGLBELZITITHEELS
R ECRIDBOREEINH LN, D& R0
UBHHERIB TS AIEHBREC LTEOERAICD
WTREY YV IDREMT. OEFOMEICDNT
[F5ETILHEIOBMMI U TANER TS, RS -
AET —DREBDIHBEEHBORBUBEDS
EROERDHES T — RO TFBICEWATSE
DEMFTED.

high-speed robotic system in sensing and manipulation,
we can easily control the related systems without any
estimation.

In this research, with the high-speed robotic system,
we successfully conducted the robotic button spinner
and were able to control not only the rotation angle but
also the position of the rotor along the thread. The con-
trol error was less than the resolution of measurement in
angular position, and less than 5 pixels (about 0.8 mm)
in the position of the rotor along the thread. The core
structure of the button spinner can be applied to not only
high speed rotating systems such as a shaker and a
generator, but also machine control.
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manipulation of cable and

connector by high-speed multi-fingered hand

REFA « 8851 Y DEEE, 8REILOERD
Hd. Pz, BBEEE SV TT =TI IRD
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Higher speed and accuracy are recently required in
manufacturing and FA lines.

In this research,we propose a method of manipulation
of connectors and cables , the coordinates of which are
detected by high-speed visual-servo system. The high-

RO DR - BARFERIRT D.

SRCEMSINDIRIIDUBERIL—A
L—FTEBL, BADTONDFRITIRIYICH
NSRBI ZNZ D ET BARDOHNSRIBD TN
ZiRi09 d.

speed robot hand rapidly carries the position of one
connector which is tracked by high-speed camera, and
then solves the tiny position error between connectors
by adding connector a slight vibration before beginning
insertion to the other connector.
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Fast peg-and-hole alignment using visual compliance

CORRLESERBEERMERIUEBONRY -
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We presents a visual compliance strategy to deal with
the problem of fast peg-and-hole alignment with large
position and attitude uncertainty.

With the use of visual compliance and adoption of a
light-weight 3-DOF active peg, decoupled alignment for
position and attitude is realized. The active peg is
capable of high-speed motion and with less dynamic
defects than a traditional robot arm. Two high-speed
cameras, one configured as eye-in-hand and the other

Viewpoint A

(@) Alginment - 1 (Hole's posel)

(b Alginment - 2 (Hole’s pose2)

EoT2DDOBRAASICRBEYaPIVIVTS
*(7/25:%0\7‘?%(;&3?‘?%— CEEBIRUNER
NERSNTUD,

as eyeto- hand are adopted to provide with the task-
space feedback. Visual constraints for effecting the
visual compliant motion are analyzed. Alignment experi-
ments show that peg-and-hole alignment with the
proposed approach could be successfully realized with
robust convergence, and on average, the alignment
could be realized within 0.7 s in our experimental
setting.

Viewpaint A Viewpoint B

(&) Alginment - 3 (Hale’s posc3)

Alignment process

15
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Card Manipulation using Card Deformation
by a High-speed Multifingered Hand
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A purpose of this study is to achieve a card manipula-
tion using a card deformation as one example of
dynamic manipulations of a sheet-like elastic objects. In
particular, we aim at a card flicking with the card defor-
mation and a card catching using a high-speed visual

(b)t=0.2[s]

®t=1.0[s]

(®t=12[s]

2.21

(c)t=0.4[s]

»
e

T()t=1.4[s]

REYIVERNTA—-ROUBZERFL, ZOME
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REIDBMMERER L CUND., T2, H—FOEFEIC
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TEERNCERL, N—RFORVEITTEEZDE
EEgHLTN2.

feedback control.

The card flicking is performed by using a fingertip
high-speed vibration. And the card catching is carried
out so as to match the positions of the card and the
robot with the high-speed visual feedback.

: (e)t=0.8[s]
:

(d)t=0.6[s]

() t=1.6[s] () t=18[s]
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Rotational Holding of Thin Circular Flexible Object

using a Multifingered Hand
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A dynamic manipulation of flexible object is needed
for manufacturing domain and daily living environment.
In this research, we propose a new simple strategy of

My N\Y FERNTHRRZRRIMAEZDEGRSE T
RIS I MMFERITI ICHDHBERETD. D
IS TE—ADETENMIBZRE L, EOEERN
COEmEE=RET D.

rotational holding about a thin circular flexible object. In
the strategy, one finger holds center of gravity, and
another finger holds angular velocity.

shutter speed; 16][f/s]
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Dynamic Folding of a Cloth using Dual High-speed Multifingered Hands and Sliders
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The purpose of this research is to achieve a dynamic
manipulation of sheet-like flexible object. As one
example of dynamic manipulations of sheet-like flexible
object, dynamic folding of a cloth with two high-speed
multifingered hands mounted on sliders system will be
carried out. First, the dynamic folding by a human is
analyzed in order to extract the necessary motion for
achievement of this task. Second, a model of the cloth
will be proposed by extending the linear flexible object

(a) Time = 0.0 [sec]

(d) Time = 0.3 [sec]

(b) Time = 0.1 [sec]

(&) Time =0.4 [sec]
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model (algebra equation) using high-speed motion.
Third, the motion planning of the robot system will be
performed by using the proposed model and the simula-
tion result will be shown. Fourth, a high-speed visual
feedback (2 ms) is introduced in order to improve the
success rate. Finally, the experiment with the trajectory
obtained by the simulation and high-speed visual feed-
back will be executed.

(c) Time = 0.2 [sec]

(f) Time= 0.5 [sec]
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Dynamic Manipulation of a Linear Flexible Object with a High-speed Robot Arm
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Considering the manipulation from the viewpoint of
target object and manipulation method, the static
manipulation of a rigid body or a flexible object and the
dynamic manipulation of a rigid body have been
achieved. And, the suitable strategies and control meth-
ods about these manipulations are proposed. However,
the dynamic manipulation of a flexible object has not
been performed, and the strategy and the control
method has not also been suggested. So, this research
performs the dynamic manipulation of a linear flexible
object by a high-speed robot arm. As an example, the
dynamic knotting of a flexible rope is achieved.

The motion of the high-speed robot arm is extracted
by analyzing the dynamic knotting by a human. Until
now, the model of the flexible object is described by

(d) t=10.48 [sec]
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(e) t=0.64 [sec]

distributed parameter system or ordinary differential
equation based on the multi-link model. These models
are extremely complex and depend on the model
parameter. Thus, we consider that these models are not
effective for the motion planning and the proposition of
the control method. In this research, we show that the
model can be described by the algebraical relation from
the robot trajectory during the high-speed robot motion.
Moreover, the robot arm trajectory can be obtained from
the rope state by using the proposed model. And, the
proposed model is not more complex than the typical
model. Therefore, we expect that the control of the
flexible object will be more simple by using the high-
speed motion.

(c)t=0.32 [sec]

Ht=3.20 [sec-

Catching a small object in high-speed motion
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So far, we proposed the passive joint between hand
and tools in order to achieve more skillful tool-handling.
The high-speed robot system we developed has the
potential of achieving the task and tool-handling which
human cannot do, because it can behave faster and get
information from the external world faster than human
by high-speed actuator and high-speed vision system.
In this research, we aim for finding out new skill in tool-
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handling which uses high-speed performance maxi-

mally.

For instance of task overcoming human, we achieved
catching 6mm plastic ball in parabolic motion using

tweezers. In this task, the margin for error between the

center of tweezers and ball is plus or minus 1.5mm. So

precise handling is needed.
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Knotting manipulation based on skill synthesis
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In the previous research ( One Handed Knotting of
flexible rope using a High-speed Multifingered Hand),
an overhand knot is achieved by high-speed multifin-
gered hand. This knot is carried out by combining the
three skills such as loop production, rope permutation,
and rope pulling. Moreover, in order to improve the
robustness of these skills, high-speed visual and tactile
sensory feedback control method is proposed.

However, the general knotting production has not
been suggested. Therefore, this research examines the
relationship between a knotting process and the

DHRRBIBOBDERNTRETHDCEZER LT

individual skills of which a robot hand is capable. To
determine the necessary hand skills required for knot-
ting, we first analyzed the knotting action performed by
a human subject. We identified loop production, rope
permutation, and rope pulling skills. To take account of
handling of the two ends of the rope, we added a rope
moving skill. We determined the characteristics of these
skills using an intersection-based description. The knot-
ting process was examined based on the analysis of
knots and the characteristics of the robot hand skills.
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As the description of the knot, the intersections that constitute the knot is considered. The intersection description

can be obtained by following law.

Pl

(a) Clockwise: +

P

(b) Counter clockwise: —
Intersection sign
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The production methods of two knots (overhand knot
and half hitch) are shown.

Overhand knot
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Handed Knotting of flexible rope using a High-speed Multifingered Hand
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This research proposes a new strategy of one
handed knotting with a high-speed multifingered robot
hand and tactile and visual sensors. The strategy is
divided to three steps: loop production, rope permuta-
tion, and rope pulling. Through these three steps, a

knotting is achieved by only one multifingered robot
hand. Moreover, this study proposes the control method
of wrist joint angle in loop production and the grasping
force control in rope permutation.
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High-speed Throwing Motion Based on Wave Propagation
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The speed of robotic manipulation is slow at present
although a mechanical system excels in the speed of
motion fundamentally. In this paper the robotic throwing
task is taken up in order to achieve high-speed robot
manipulation. We propose a strategy focused on the
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superposition of wave patterns. In addition the contact
model for ball control is analyzed. Experimental results
are also shown in which a high-speed manipulator
throws a ball toward targeted direction.
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Ball Control in High-speed Batting Motion
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Speeding up of robot motion provides not only
improvement of operating efficiency but also dexterous
manipulation taking advantage of unstable state or
non-contact state. We propose a hybrid trajectory gen-
erator in order to produce high-speed manipulation. This
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AHHDCIIETEBTUVNED oZ. ZTTERIE S
BY_EaUL—Y3VYRFAICE UZESIFERE
LT BRECRNREDSREERARICHAT
BN\ Ty REEEREIRELURL.

NZENY T YJ0OMRY FCATBZET, A
EARITER—ILEOMN Y DR S ZIBFAICHT B
FIRDERIRL, ZOBEMEERUE.

algorithm consists of both mechanical high-speed
motion and sensor-based reactive motion. As an
example of high-speed manipulation, a robotic ball con-
trol in batting task has been realized.
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Dynamic Regrasping Using a High-speed Multifingered Hand

and a High-speed Vision System
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In most previous studies, it has been difficult for a
robot hand to regrasp a target quickly because its
motion was static or quasi-static with keeping contact
state. In order to achieve high-speed regrasping, we
propose a new strategy which we call dynamic regrasp-
ing. In this strategy, the regrasping task is achieved by
throwing a target up and by catching it. In this paper, the

0 [ms] 50 [ms]
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regrasping strategy based on visual feedback and the
experimental results using a high-speed multifingered
robot hand and a high-speed vision system are shown.
As an example of a target for dynamic regrasping, we
selected a cylinder and we achieved the dynamic
regrasping tasks in the experiment.

100 [ms] 150 [ms]

200 [ms)

250 [ms]
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We propose a tactile feedback system in real time
using a high-speed multifingered robot hand and a
high-speed tactile sensor. The hand and the sensor are
capable of high-speed finger motion up to 180 [deg] per
[0.1] s and high-speed tactile feedback with a sampling
rate higher than 1 [kHz], respectively. In this research,
we achieve a dynamic pen spinning as an example of a
skillful manipulation task using a high-speed multifin-
gered hand equipped with tactile sensors.
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At first, we perform a pen oscillation using the two
fingers of the robot hand. Next, we introduce the tactile
feedback in order to extract timings of grasp and release
of the pen. And then, the pen spinning can be carried
out by using the pen oscillation and the grasp and
release of the pen using tactile feedback. The below
figures show the experimental result of the pen spin-
ning.

shutter speed; 20[f/s]
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In order to achieve faster and more dexterous moving at high-speed. In this research, high-speed drib-
manipulations, we are proposing a strategy called bling is achieved as an example of dynamic holding
"dynamic holding." In the dynamic holding condition, an using a high-speed multifingered hand and a high-

object is held in a stable condition while the object is speed vision system.
30 [ms]

60 [ms] 0 [ins] 60 [ms]
120 [ms] 150 [ms] 00 [ms] 120 [ms] 150 [ims]
—KERUTI ZKRIERUTIL
One Finger Dribbling Two Finger Dribbling
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High-Speed Batting Using a Multi-Jointed Manipulator
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Batting motion using a high-speed arm and a high- a severe condition that such as when the manipulator
speed stereo vision is represented. In the algorithm, in must immediately start to swing 0.1s after the vision
order to achieve both rapidity of swing and accuracy of sensor recognized the ball, the manipulator can hit the
hitting, a hybrid trajectory generator of both visual infor- ball near the core of the bat by high-speed visual feed-
mation and time variable is proposed and it is compen- back.

sated by visual feedback in real time. As a result, under
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Soft Catching with a soft finger
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Using a high-speed multifingered hand, which can
move at 180[deg]/0.1[s], a high-speed catching of a
falling ball was achieved. However it was impossible to
catch a fragile object, because a collision made a large
impact with it. In this paper, a high-speed catching of a
fragile object, like an egg, is achieved, using a high-
speed hand with a gel fingertip and using shock absorp-
tion of gel in combination with visual feedback control.
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Dynamic Horizontal Movement
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of a Bipedal Robot Using Frictional Asymmetry
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In this research, dynamic horizontal movement is
considered with the goal of achieving high-speed
dynamic leg motion. We propose a new movement prin-
ciple using frictional asymmetry for legged robots. This
motion strategy consists of sliding motion based on the
kinematic constraint and jumping motion which makes
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use of lightweight high torque motors. In addition,
motion characteristics based on the dynamics are ana-
lyzed. Experimental results are also shown in which a
2-DOF bipedal robot takes fast short steps repetitively
with compensation of landing time by high-speed visual
feedback control.
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Target Trackin% Behind Occlusions Using a

Networked Hig
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This research is concerned with robust target tracking
of a high-speed moving object using a networked high-
speed vision system. We discuss the occlusion problem
faced in the field of computer vision, and we propose a
simple tracking method that exploits the high perfor-
mance of the networked vision system. Using the
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proposed method, we performed high-speed and robust
target tracking behind an occlusion. Then we could
obtain continuous, seamless tracking data every
1-millisecond under the environment with the occlusion.
As a result, we confirmed the validity of the proposed
method.
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Frame Synchronization for Networked High-Speed Vision Systems
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We propose a frame synchronization scheme for
500-fps class high-speed networked vision systems.
Multiple vision sensor nodes, individually comprising a
camera and a PC, are connected via Ethernet for data
communication and for clock synchronization. The
clocks of the PCs are synchronized over the network by
Precision Time Protocol (PTP) with negligible errors
around a few microseconds.

In the proposed scheme, the trigger of each camera's
shutter is locally controlled based on the PCs clock that
is locally provided inside the node and is globally
synchronized over the network. An experimental system
comprising two cameras and two PCs is presented, and
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the experiment results show that the shutter timing error
between the two cameras are less than 10 microsec-
onds, which is significantly smaller than the frame inter-
val of 2 milliseconds.
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Network System for High-Speed Vision
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We have shown that high-framerate visual feedback
is essentially important for various applications including
high-speed robot control systems and human-computer
interfaces.

On the other hand, the importance of sensor network
is increasing. It enables obtaining information that
cannot be obtained by a single sensor nor by locally
distributed sensors.

This work aims to enhance the application of the
high-speed vision (HSV) technologies by introducing a
networked architecture into HSV systems.

In a usual IP network, the packet latency is not guar-
anteed to be significantly less than the 1-ms frame inter-
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val of a 1,000-fps HSV. Since there can be significant
latencies and changes in packet order, when the data
was acquired have to be known and shared over the
network. Therefore, in each vision sensor, timestamps
have to be provided for every acquired frames.

Besides, the timescale synchronization over the
network is required to correctly align the data in time.

For this purpose, Precision Time Protocol (PTP),
which has been standardized as IEEE 1588, was
employed for constructing a timescale-synchronized
network for HSV, with synchronization errors less than
10 microseconds.
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Collision-avoidance of High Speed Mobility
using Environmental High-speed Vision
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We propose a driving safety support system (DSSS)
which employs high-speed vision installed in surround-
ing environments such as highways, urban roads, and
crossroads.

The system is aiming to recognize traffic situations
including hidden places from mobilities and utilize such
information for driving safety support. The system con-
sists of synchronized high-speed cameras which
acquire images every millisecond, and mobilities
capable of communicating with these high-speed cam-
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amera
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eras via communication stations.

We conducted experiments on collision avoidance
and demonstrate that the proposed system can resolve
the deficiency of readiness, which is common to envi-
ronmental vision systems, by introducing high-speed
vision.

This system contributes to further ITS technology on
the grounds that it enables us to realize obstacles very
soon after they appear and also enables the mobility to
avoid them due to information on obstacles.
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3D Shape Reconstruction of an Object in the Air
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3D sensing has attracted a great deal of attention in
several disciplines including humanoid robots and bin
picking robots.

In this research, we propose an entirely new method
for the simultaneous estimations of an object's rotation
axis, rotation angle and 3D shape. In this method, an
object is rotated and a high-speed vision captures its
motion. Then, we estimate the object's rotation axis and
rotation angle by using its silhouette, and simultane-
ously we reconstruct the object's 3D shape using space
carving method.
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%h speed Tracking by Hand-eye Configured Visual Servoing
with Cylindrical Coordinate Approach
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We presents a visual servoing approach for high-
speed manipulation with one eye-in-hand high-speed
vision sensor. By exploiting the special features of high-
speed visual feedback and motion, a direct visual servo-
ing scheme based on a simplified interaction matrix is
proposed. The camera's internal parameters are not
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calibrated. Simplifying the interaction matrix allows
decoupling of motions, which improves global conver-
gence. By further simplifying the interaction matrix so as
to make it depth-independent, estimation of depth infor-
mation is not needed, making the approach suitable for
high-speed setpoint control.
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Throwing and Batting robot system, High-speed Manipulation System, Column Parallel Vision System (CPV),
Card Throwing and Shooting by a High-speed Multifingered Hand and a Vision System, Dynamic Active Catch-
ing Using High-speed Multifingered Hand, Somersault Based on Sliding Motion Using Torque Asymmetry,
Pixel-parallel collision detection for safe human-robot-coexistence, Visual Feedback System Using Multi-High-
Speed Vision for High-Speed Manipulation, Adjustment of Discount Rate Using Index for Progress of Learning,
Acquisition of Dynamics Matching in Sensory-Motor Fusion System, High-speed Catching System (exhibited in
National Museum of Emerging Science and Innovation since 2005 to 2014), Emergency stop for safe human-
robot-coexistence, A system for tactile sense through human sensory nerve fiber, 1ms Sensory-Motor Fusion
System, Visual Haptization System, 1ms Visual Feedback System, Active 3D Sensing using a Multifingered
Hand, Tool Manipulation by a Multifingered Hand Using a High-speed Vision, Grasping Using High-Speed Visual
Feedback, Visual Impedance for Robot Control, Optimal Grasping Using Visual and Tactile Feedback, Jumping
Patterns Analysis for 1-DOF Two-legged Robot, Object Tracking Using Networked High-Speed Vision, Sensor
Selection Method Considering Communication Delays, Integration of Active Exploration and Task Oriented
Motion, Learning of Force Control Parameter using Vision, A Model of Acquiring a Skilled Movement by Search-
ing the Optimal Trajectory and Learning the Inverse Model, An Active Sensing Method Using Estimated Errors
for Multisensor Fusion Systems, Haptic Motion of Distributed Tactile Sensor for Obtaining Tactile Pattern,
Auditory-Visual Fusion Using Multi-Input Hidden Markov Model, Spatial Resolution Improvement Method using
High Speed Active Vision System, Real time 3D Shape Recognition Using Image Moment-Based Features, Por-
table Assist Tool with Visual and Force Feedback, Robotics Aided Drawing (RAD) system, Touching an Object
by Visual Information, Effects of Active Perception for Visuo-Motor Sensory Integration, High-speed Catching
Based on Inverse Motion Approach, Object Tracking Using Networked High-Speed Vision, High Speed Bipedal
Robot Running Using High Speed Visual Feedback and Planar Sliding Analysis of a Biped Robot in Centroid
Acceleration Space are going on.
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Dynamic Image Control (DIC) is a technology to
show dynamic phenomena with various physical
properties to human in comprehensible and intelli-
gible way. Many dynamic phenomena in real world
have immoderate characteristics that prevent
human from clear understanding. For instance, we
can't see a pattern on a flying bee wing, flowing red
blood cell in vein, nor printed characters on a
whacked golf ball dropping onto a fairway. This
difficulty is due to the relatively slow flame-rate of
conventional imaging systems that permit the
object's dynamics superimposed onto the inter-
ested image.

DIC modulates images by controlling optics,
illuminations, and signal processing so as to output
adequate images for a given purpose. The purpose
of this research is to create and develop an
epoch-making media technology based on
dynamic image control. Followings are supposed
application fields:

+ Biomedical instruments, Microscopy
« Visual instruments, Media technology
« Factory automation, Humaninterface
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Figure 1. A photograph of the prototype(a),
and cross-sectional view of the
Dynamorph lens to illustrate its
focusing mechanism(b)-(d).
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High-speed focusing technology has been desired for
decades. The focusing speed of conventional optical
systems is limited by the slow response time involved
with the physical actuation of lenses. One possible solu-
tion is to develop variable-focus devices. Production of
practical focusing devices with both high response
speed and high optical performance is, however, still a
challenge. A liquid interface is known to be suitable for
the surface of such a lens due to its almost perfect
spherical shape and deformability. Therefore, liquid
lenses show great potential to realize both high-speed
focusing and high optical performance.

We developed a liquid lens using a liquid-liquid inter-
face that can arbitrarily control the focal length in milli-
seconds and achieve practical imaging performance.
This lens dynamically changes the curvature of the
interface by means of liquid pressure, as shown in Fig.
1. Two immiscible liquids, indicated as liquids 1 and 2,
are infused in two chambers, but they are interfaced at
a circular hole that works as an aperture of the lens.
This interface works as a refractive surface due to the
different refractive indices of the two liquids. One cham-
ber (the lower chamber in Fig. 1) is equipped with a
deformable wall that a piezostack actuator thrusts to
change the chamber volume. When the piezostack
actuator extends, the lower chamber volume decreases,
and the surplus liquid volume presses the interface to
change its shape from convex to concave. Since this
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lens morphs its interface dynamically, it is called a
Dynamorph Lens.

Based on the above design, a prototype with an aper-
ture diameter of 3.0 mm was developed. Its photograph
is shown in Fig. 1 (a). Ultrapure water and
polydimethyl-siloxane (PDMS) were used as immiscible
liquids. A wide refractive power change of about 52 D
was achieved with a displacement of only 12 um. Note
that the initial refractive power could be adjusted by
altering the infused volume of liquid 1. The response
time of the prototype was measured to be about 2 ms
by capturing high-speed video through the prototype
while switching its focal length every 10 ms. Image
sequences and input/output signals are shown in Fig. 2.
Movies of the prototype and the images captured by the
high-speed video are also shown in the below.
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Figure 2. Step response of the prototype. Top image
sequence was captured at 2200 fps through the prototype (a).
The voltage input to the actuator (b) and the resulting position
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Although dynamic control of the optical characteristics
is an important function in computer vision, the
response time of the conventional optical system is too
slow (>0.1 s). To solve this problem, we developed a
high-speed liquid lens, called a Dynamorph Lens
(DML), that achieved both millisecond-order response
speed and practical optical performance. A computer
vision system equipped with the DML can dynamically
control its optical characteristics based on acquired
images. In particular, if the total period for image acqui-
sition and processing is matched with the response time
of the DML, dynamic and adaptive control of the optical
characteristics can be achieved without any loss of
bandwidth. Thus, we propose a new vision system,
called the {\it high-speed focusing vision system}, com-
posed of high-speed image processing technology and
a high-speed lens system based on the DML. State-of-
the-art high-speed computer vision systems can acquire
and process one image in 1 ms, which is almost
matched with the period of the lens system (~ 2 ms).

To validate the concept of High-Speed Focusing

Tieree: [ms)
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(c) are shown below. Focus measures of two regions, the top of
the capacitor and the substrate, were extracted from the
captured images (d). The capacitor was 11.6 mm in height (e).
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Vision System, we developed a prototype system com-
posed of an imaging optical system with a DML, a high-
speed image processor system for high-speed visual
feedback, a high-speed camera to record images at
high frame rate for monitoring, and a personal computer
(PC) to control the whole system. Using this prototype
system, a high-speed autofocusing experiment and a
focus tracking experiment were demonstrated.
Autofocusing is an essential function for modern
imaging systems. One common method is contrast
measurement, which finds the best focus position by
detecting the maximum contrast of images. The con-
trast method needs to acquire two or more images at
different focus positions and evaluate their contrast.
Since the focusing speed of conventional optical
systems is slow, the autofocusing process tends to take
a long time (typically ~ 1 s). This problem could be
solved by our high-speed focusing vision system. Thus,
we implemented the contrast method of autofocusing in
the prototype system. Figure 1 shows the result of the
autofocusing when the object was the surface of an



electronic substrate. The focus scanning process
started at t=0 ms and finished at around t=14 ms. The
peak of the focus measure was observed at about
t=7.5. After the focus scanning process, the focus was
controlled to the estimated correct focus position. The
entire autofocus process finished at t=15.8 ms. Note
that the total autofocus period of 15.8 ms is shorter than
the typical frame period (30 to 40 ms) of conventional
vision systems.

Next, a dynamic focus control experiment was con-
ducted. The purpose of this experiment was to track the
correct focus for a dynamically moving object. For this
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Figure 1. Experimental results for high-speed autofocus

ing of an electronic substrate.

(a) Image sequence captured by the high-speed camera at
2200 fps. (b) Instruction voltage input to the piezostack actua-
tor. (c) Displacement of the actuator measured by a built-in
sensor. (d) Focus measure (Brenner gradient) calculated by
the PC.
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purpose, a quick estimation of the target depth is impor-
tant. Thus, we developed a technique that vibrates the
object plane position around the target. Three images
were captured at near, correct, and far focus positions
and their focus measures were measured to estimate
the object's depth. Then, the center of the vibration was
adjusted to be the object position estimated from the
latest three focus measures. Experimental results of
focus tracking are shown in Figure 2. The focus tracking
was started at t=0. From the images captured by the
high-speed camera (Figure 2 (b)), the image was
successfully kept in focus.
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Figure 2. Results of the high-speed focus tracking
experiment.

Upper row shows an image sequence without focus tracking (a),

and lower row with focus tracking (b).
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Figure 1. Schematic diagram of the developed
High-Speed Variable-Focus Optical System.
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Recently, a high-speed camera is frequently used to
record dynamic phenomena such as a collision of cars
and a flying animals. The lens of the high-speed camera
needs to be bright because the exposure time of the
high-speed camera is short due to its high frame rate.
The bright lens, however, decrease the depth of field
(DOF).

DOF means the depth range of the position in focus.
If the DOF is short, some part of the objects may
become out of focus or moving animals may instantly
go out of focus. Focus stacking is a method for extend-
ing the DOF. It synthesizes images whose focal points
are at different position, and produce an image with
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Figure 2. Results of DOF Extension
(top: images synthesized by focus stacking; bottom: unsyn-
thesized images).
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extended DOF. To prepare such images for focus
stacking, shifting the focal point of the optical system is
required. However, the speed of shifting the focal point
of the conventional optical system is strictly limited.

In this research, we developed a new optical system
with Dynamorph lens, which is the liquid lens we devel-
oped, and greatly improved the speed of shifting the
focal point. By applying focus stacking to the images
acquired using this optical system and the high-speed
camera, we succeeded in producing 1000-fps movies
with extended DOF from 8000-fps images captured
while scanning the in-focus position with an amplitude of
about 30 mm and a frequency of 500 Hz.

Variable focus lens with a large optical aperture
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In order to change focus with traditional solid lenses,
which have fixed optical properties, two or more lenses
have to be jointly moved mechanically. In contrast, a
variable focus lens can dynamically control its focal
length by only using a single lens element. Liquid-filled
variable focus lenses are based on the physical defor-
mation of refractive surfaces, which changes their
curvature. Examples include liquid-air lenses, which are
highly responsive and have excellent optical perfor-
mance. However, if this kind of lens is placed vertically
and its aperture is large, the lens profile might be asym-
metrically deformed due to gravity. On the other hand,
the liquid?liquid interface formed by two immiscible
liquids can act as a refractive surface, the shape of
which can be controlled by fluid pressure, electro-
wetting, or dielectrophoretic effect.

Nevertheless, in order to maintain high optical perfor-
mance, the size of the aperture should be small com-
pared to the capillary length, due to physical limitations.
Hence the size of the apertures of liquid-liquid lenses is
always in the order of millimeters, and a liquid-infused
lens with a large optical aperture is still an unsolved
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problem.

We proposed a novel variable focus lens with a large
optical aperture. The lens consists of two chambers
separated by a membrane. The chambers were infused
with two different liquids characterized by their similar
density but different refractive indices. The membrane
was prepared by applying a homogeneous in-plane
pretension force. The membrane was stretched over a
circular hole in the wall that separates the two cham-
bers, effectively making it subject to a circular boundary
condition. Thus its deformation was in the interface
between the two liquids, and it acted as a refractive
surface due to the difference in refractive index of these
liquids. If one fluid was made to flow into and out of its
chamber, while the other was locked, the lens could
shift its power dynamically by means of a syringe pump.

Based on the above concept a prototype of the vari-
able focus lens with a 26 mm aperture was produced.
Note however that pursuing larger apertures does not
create additional technical challenges. The range of
available focal lengths was experimentally verified to be
in the range [-150 150] mm, with a minimal of F/5.
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Presbyopia is a natural occurring ophthalmic disease.
Most people start to experience vision difficulties, when
over 40 year of age. These are most noticeable when
reading material at close range, such as books or news-
papers: it appears necessary to hold them farther away
than before to achieve clear focus. A menu in a restau-
rant may appear blurred, especially under dim light. This
inability of the eye to focus sharply on nearby objects,
resulting from loss of elasticity of the crystalline lens and
the loss of power of the ciliary muscles with advancing
age, is called presbyopia.

Presbyopia is unlike myopia and hyperopia: the latter
two can be simply corrected by adding or subtracting a
fixed amount of optical power through corrective
glasses, while in presbyopia, the loss of elasticity of the
crystalline lens affects and reduces the eye's accommo-
dation power. Therefore, a fixed lens cannot correct
presbyopia.

Population ageing is a phenomenon that due to rising
life expectancy and declining birth rates. According to
the survey, China and Japan will be facing an unbal-
anced population growth resulting in an aging society in
the next coming decade. According to the pathogenesis
of presbyopia, most of them will suffer presbyopia.
Furthermore, in the worldwide it is predicted that the
prevalence of presbyopia will increase to 1.4 billion
people from the total of 7.7 billion by 2020, and to 1.8
billion people of the whole population of 9.6 billion by
2050. As a result their ability to complete important daily
tasks is restricted. Most (386 million, or 94 percent) live
in the developing world. A massive number of people
cannot work or read properly because they do not have
vision corrections, with an obvious enormous impact in
their everyday life.
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F|gure 2.A photograph of the lens prototype
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We propose here a pair of diopter-adjustable glasses
providing a uniform optical power over the whole lens
cell; Optical power can be controlled by the wearer
through a miniature roller ball attached to the right
bridge of the glasses; opposite rolling directions cause a
rapid, positive or negative step-by-step change on the
optical power. Our preliminary experiments demonstrate
that it should be possible to use this system as a pair of
active correction glasses for presbyopia.

In figure 1, a variable focus glasses provides tunable
diopters to correct presbyopia; the wearer can observe
far and near objects in sharp focus by adjusting the lens
power interactively. The experimental setup is shown in
figure 2. Three objects were placed at different
distances away from the glasses - respectively 0.3 m,
1.0 m, and 3.5 m (standing from far, middle and near
targets). The glasses are fitted with a touchable inter-
face sensor (roller ball) whose output is polled using a
microcontroller connected via a serial port with a com-
puter. The computer will process the signal and sends
commands to a pump controller that actuates a high
precision syringe pump. Experimental results can be
found in figure 3, which were three snapshots from a
video recording.
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An adaptive achromatic doublet design by double variable focus lenses
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In optics, chromatic aberration is one of the typical
aberrations which is caused by the different refractive
index for different wavelength of light. The refractive
index decreases with the increasing of wavelength. This
physic phenomenon results in that the lens cannot focus
all colors to the same convergence point. In conse-
quence, the image will not be sharp and the system's
resolution will be decreased.

To minimize the chromatic aberration, the most
common solution is to design an achromatic doublet,
which composes a low-relative-dispersion element and
a high-relative-dispersion element. The typical candi-
date is a combination of a positive crown glass lens and
a negative flint glass lens. Basically, the crown lens with
low-relative-dispersion is in front and showing the same
sign power with the doublet, and the flint lens with a
high-relative-dispersion is in the back and showing a
weak negative sign power against the doublet. With the
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help of this technique, different wavelengths of light, like
red and blue lights, could be brought back to a common
focus.

We reported an adaptive achromatic doublet which
was composed by double variables focus lenses. They
had large optical apertures, because they were based
on the liquid-membrane-liquid structure. The two lenses
employed different liquids so that they could perform low
and high dispersion prosperities. Comparing with singlet
variable focus lens, the chromatic aberration of the new
doublet was suppressed and its chromatic focal shift
range was improved from 2.5% of focal length to 0.06%.
The greatest merit of the adaptive achromatic doublet
system is that when two variable focus lenses control
their focal lengths under an engagement strategy, the
doublet could perform a dynamitic focal length and the
chromatic aberration could be corrected at the same
time.
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Figure 1. (Left)Chromatic aberration on a singlet.

(Right)A typical solution to correct chromatic aberration by employing a crown lens and a flint lens.
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Figure 2. A sketch of the achromatic variable focus doublet. It was composed by two variable focus lenses,
who were filled with different type of liquids so as to perform different dispersions.
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The following simulation was run with a target of effective focal length of 500 mm.

A comparison between adaptive singlet and doublet was conducted.
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Figure 3. (Left) Chromatic focal shift of Adaptive Singlet.
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Lasers and laser beam pointing methods are one of
the key technologies used in our modern digital life.
Advanced three-dimensional fabrication and manufac-
turing techniques is at the core of laser beam pointing
technology. It allows the fabrication and manufacturing
of complex items that would not be possible using previ-
ously available technologies. The market is growing,
and the associated cost is decreasing as the technology
becomes mature and patent-free, such as 3D printing
technology.

However, the accuracy is not good enough for more
precise fabrication and manufacturing due to the
mechanical error, such as screw and gear-teeth errors.
The galvanometer scanning method is a typical
mechanical movement, and the precision of these
systems is limited because of backlash, accuracy of
parts processing, etc. Furthermore, the above move-
ment is based on angular control, so it is effective for
wide-range scanning; however, its precision is inversely
related to the distance between the laser projection
system and the target. Hence, laser scanning technol-
ogy should improve, in turn improving the accuracy for
fabrication and manufacturing.

To solve the above two problems, we propose a laser
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scanning method using dielectric elastomer actuators
(DEA) where the manipulation of the direction of the
laser beam is controlled by the thickness of the DEA.

DEA-based laser scanning is based on Snell's law:
the optical path undergoes a parallel shift when laser
beams pass through a certain material. According to this
principle, we formularized how the thickness of the
transparent layer affects the point of laser projection.
This change in optical path is based on the membrane
thickness. DEA is a transparent and smart material that
can transform electrical energy into mechanical move-
ment. The thickness of DEA material can be controlled
by varying the applied voltage, as it will be squeezed by
electromechanical pressure.

We employed Visible (633 nm) and Near to ultraviolet
(405 nm) laser beams to test our system. The experi-
mental results demonstrated good transmittance for two
laser candidates, and both achieved high-precision con-
trol at the micrometer level. Near to ultraviolet laser
beams are required to congeal photosetting resin for
stereolithography in 3D printing, therefore, our result can
pioneer the use of DEA-based laser scanning for stereo-
lithography.
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Figure 1. Sketch shows the displacement shift when an incident ray passes through a DEA material without
applied voltage (left), and the scale of the displacement shift can be controlled by the applied voltage(right).
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Figure 2. Setup overview. The laser beam passes through the DEA membrane, projects onto paper, and is

captured by a camera with a micro lens.
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We have applied our microorganism tracking system
to assess flagella mechanism of chlamydomonas,
collaborating with T. Yamano and Prof. M. Kikkawa in
Graduate School of Medicine and Faculty of Medicine,
University of Tokyo.

Recently, flagella and cilia have gathered attension
since their important role in mammal cells and relation to
genetic diseases of human were revealed. Chlamy-
domonas is one of model organism of flagella research.
The purpose of our research is to track a freely swim-
ming indivisual chlamydomonas cell to observe its
flagella and whole body movement and to study flagella
mechanism.

Flagella of Chlamydomonas are very small structure
with length of 10-15 micro meter, thickness of 200-300
nm. Special microscopic technique such as phase-
contrast microscopy is essential to observe such small
target. However, formally developed high-speed autofo-
cusing algorithm named Depth From Diffraction (DFDi)
could not be applied to the phase-contrast microscope.

A new method was developed to achieve high-speed
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autofocus with the phase-contrast microscope, based
on the DFDi technique. This new method estimates
depth position of individual chlamydomonas from single
image by assuming the linear relationship between the
radial intensity profile of the cell image and its depth
position.

Though the estimated depth includes considerable
error due to the linear assumption, the estimated depth
had sufficient precision for the visual tracking, because
of focusing control can be achieved by coarse depth
resolution. In the minimum case, only three states, far
from focus, in focus, and near from focus, are sufficient
to achieve focus tracking, since the target is just needed
to be shifted continuously in the direction of in focus if
the state is not in focus.

Experimental results showed that we successfully
achieved continuous stable 3D tracking of swimming
Chlamydomonas with quality sufficient for assessing
flagella movement, indicating the feasibility of our
system.
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Figure 1. Three-dimensional trajectory of a free swimming chlamydonomas, (a) showing the curvature, and (b) showing the velocity.
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We developed a high-speed gaze control system to
achieve a millisecond-order pan/tilt camera. We named
this system "Saccade Mirror." A panftilt camera, which
can control the gaze direction, is useful for observing
moving objects for supervision, inspections, and so on.
A high-speed image processor that can both image and
process in real time every 1-ms cycle has recently been
developed. If this image processor were applied to a
pan/tilt camera, it would enable observation of extremely
dynamic objects, such as flying birds, balls in sports
games, and so on. However, to control the camera's
gaze with millisecond order in real time is difficult. The
main reason is the method of controlling the gaze. A
general pan/tilt camera is mounted on a rotational base
with two-axis actuators. The actuators must control both
the base and the camera. For millisecond-order control,
the weight of the rotating parts must be reduced as
much as possible. In our method, the camera is fixed
and Saccade Mirror is installed next to the camera. Sac-
cade Mirror controls the camera's gaze optically using
two-axis rotational light mirrors.

Saccade Mirror is composed of two important parts,
two galvanometer mirrors and pupil shift lenses. A facial
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size of a galvanometer mirror is small because it is usu-
ally used for scanning laser. We cannot expect a wide
angle of view if only galvanometer mirrors are used.
Pupil shift lenses, however, make an angle of view
wider with shifting the camera pupil to near the mirrors.
The prototype of Saccade Mirror can be applied up to
approximately 30 deg. We measured its response time
and ascertained it was mere 3.5 ms even if scanning 40
deg, the widest angle, for both pan and tilt.
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Fig.2 Experimental Result
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We have developed "Saccade Mirror" and success-
fully achieved a millisecond-order high-speed pan/tilt
camera. As an application of this high-speed pan/tilt
camera, we propose a stationary observation system for
high-speed flying objects. This system is a kind of visual
feedback system which is composed of the Saccade
Mirror, a high-speed image processor and a computer
(Fig.1).

A developed tracking algorithm is presented (Fig.2). It
computes the center of mass of a dynamic target for
every frames, and controls the mirrors' angle to let the
center of mass correspond with the center of image.
Then, it can track the target by these iteration.

These images, however, still have a little translational
tracking error due to the mirrors' response and the com-
puter's delay. So for our stationary observation, the
computer finally let obtained each image slide even to
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compensate the tracking error using 2nd-pass Image
Processing (for only translational components).
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Fig.2 Tracking Algorithm.
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Broadcasting contents of sport games (e.g. the FIFA
World Cup, the Olympic games etc.) have been quite
popular. Hence, high-quality and powerful videos are
highly demanded. However, it is often hard for camera
operators to keep tracking their camera's direction on a
dynamic object such as a particular player, a ball, and
so on. In such cases, shootable method has been
limited to either moving the camera's gaze slowly with
wide angle of view, or controlling the gaze not accuratly
but based on a prediction and adopting some parts
which are shot well by chance. Super slow and close-up
videos of the remarkable player or the ball are thought
to be especially quite valuable. However, camera opera-
tors have not been able to do that.

To solve this issue, we developped "1ms Auto Pan-
Tilt" technology. This technology can automatically con-
trol the camera's Pan-Tilt angles to keep an object
always at the center of field, just like "autofocus" keeps
an object in focus. Even a high-speed object like a
bouncing pingpong ball in play can be tracked at the
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2. AmsZ — RN « FIL FREOBEN CONR—D
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-V aVaBiliRg s UTEiRY D88, BuERil
[CIBERDESEEL ST CENBRFEND. L, C
NETHULNOERNI DS - BROBEE « RiT
HEDOBRBENTROFHSINIR IR « BRITETRE
.

center due to a high-speed optical gaze controller Sac-
cade Mirror and a 1000-fps high-speed vision. The Sac-
cade Mirror controls a camera's gazing direction not by
moving the camera itself but by rotating two-axis small
galvanometer mirrors. It controls the gaze by 60 deg,
the widest angle, for both pan and tilt. And steering the
gaze by 40 deg takes only 3.5 ms. The newest proto-
type system accesses a Full HD image quality for an
actual broadcasting service.

A photograph of the Saccade Mirror is shown in Fig.1.
An image sequence of 1ms Auto Pan-Tilt movie of a
pingpong game is shown in Fig.2. The movie was cap-
tured by Full-HD high-speed camera with 500fps. From
the figure, the ball in the game always can been seen at
the center of the each image. A 1ms Auto Pan-Tilt
movie is also shown as a video in the bottom of this
page. Here, we envision the system for a broadcasting
service of a sport game, but also expect recording detail
dynamics of a flying bird, an insect, a car, an aircraft,
and so on.

2 SERD 1ms A — /XY « F)L g (B00fps Z)ILN\TEY3Y)
Fig.2 Auto Pan-Tilt image sequence of a pingpong game. (500fps, Full-HD)
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This is a new system which integrates two subsys-
tems. One subsystem can extract a 3-dimensional posi-
tion of a moving object every 2ms, and project pictures
(e.g. a screen of a video game or a computer, a movie
etc.) on the moving object at the same time, using two
"1ms Auto Pan-Tilt" systems we developed which can
track an object in 3-dimensional space without delay by
high-speed vision and two rotational mirrors. Another
subsystem can display tactile sensation on an object
depending on its 3-dimensional position, especially a
paticular position on a palm of a hand, using "Airborne
Ultrasound Tactile Display (AUTD)" by an array of ultra-
sonic oscillators, which is developed by the Shinoda
Laboratory, Department of Complexity Science and
Engineering Graduate School of Frontier Sciences,
Department of Information Physics and Computing, the
University of Tokyo. This time, we realized a demonstra-
tion that papers around us and our hands are trans-

]

2 1ms AutoPan/Tilt Y 27 AKRUD
ST« 2T FEIRWP LA
Fig.2 1ms AutoPan/Tilt and
Airborne Ultrasound Tactile Display.

3 F<HRICRTNDWE

Fig.3 Picture displayed on a moving paper.

formed into a screen of a computer or a smartphone,
and we can feel even tactile sensation. In a sense, this
system can be regarded as a moving object version and
a tactile sensation version of projection mapping tech-
nology.

This system recognizes our hands and objects exist-
ing in the environment at a high-speed beyond human's
ability of recognition by high-speed image processing
technology, and it is possible to use the system to
display and input information without uncomfortable
feelings such as a delay. Thus, this system shows that
we can use a object as a tool for human interfaces even
if the object is moving. While we aim to embed intelli-
gent function into objects such as conventional comput-
ers and smartphones, this system embeds information
into existing environments and objects; it points the way
toward future dramatic changes in our information envi-
ronment.

4 P FICRISIN DR
MBRFERTINTND)
Fig.4 Picture dislayed on a moving hand.
(Tactile sensation is also displayed.)
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Lumipen: Projection Mapping on a Moving Object
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Projection mapping technology is a highly anticipated
area, which has been used for mere optical effects or
interactive AR applications. However, until now mainly
static objects, such as things placed on tables, walls,
floors or desk surfaces, have been subjected to the
projected information. Dynamic scenes and high-speed
objects have not been dealt with. Even if this was tried
using a traditional projection mapping system, there
would be a misalignment between the target and the
projection due to delay in the system.

Therefore, we propose an unprecedented projection
mapping technology aimed at moving targets, which is
achieved by means of a high-speed vision system
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capable of capturing a thousand images per second and
a high-speed optical device, called Saccade Mirror. This
device was originally designed to keep the camera gaze
fixed at a dynamic target (cf. 1 ms Auto Pan-tilt). In our
projection mapping system, the projector and camera
are coaxially aligned in the Saccade Mirror which
provides a misalignment free projection that previously
was considered to be difficult. This technology is named
"Lumipen" after an imaginary pen with illumination
instead of ink, where arbitrary patterns can be depicted.
Fig. 1 and Fig. 2 indicate the concept of Lumipen and a
scene of projecting some patterns on a moving ball
respectively.
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Fig.1 System Configuration.
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Projection Mapping - images are projected to match
the surface of objects, such as buildings - has recently
generated much attention, and can be applied to areas
such as performance art and human-computer inter-
faces. Projection Mapping typically targets static or
semi-static objects, and few systems can deal with
dynamic objects. For Augmented Reality (AR) to be
experienced without discomfort, geometrical consis-
tency between the real world and the virtual information
is essential, meaning that images should be projected
without misalignment on the target objects. A large
delay, caused by the time between measuring the
object and projecting images on the object, results in
significant misalignment in the case of dynamic objects.

In our laboratory, the Lumipen system has been
proposed to solve the time-geometric inconsistency
caused by the delay when using dynamic objects. It
consists of a projector and a high-speed optical axis
controller with high-speed vision and mirrors, called
Saccade Mirror (1ms Auto Pan-Tilt technology).

w2 7av
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Fig.2 Projecting an image on a dynamic ball.
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Fig.1 System configuration.

Lumipen can provide projected images that are fixed on
dynamic objects such as bouncing balls. However, the
robustness of the tracking is sensitive to the simultane-
ous projection on the object, as well as the environmen-
tal lighting.

In order to achieve robust Dynamic Projection Map-
ping, we introduce a retroreflective background to the
Lumipen system (Fig.1). As a result, the object will
appear darker than the background during projection,
which is observed using a high-speed camera. The
tracking will therefore be robust to changes of the con-
tent of the projection such as movies, and changes of
environmental lighting in the object's vicinity associated
with its motion. The tracking technique enables Dynamic
Projection Mapping with partially well-lit content and
time-geometric consistency on e.g. a paper moved by a
hand (Fig.2) or a bouncing ball (Fig.3). This opens up for
new applications of Projection Mapping, such as visual-
izing a pitched ball as a fire ball.
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Fig.2 Projection of an image of rotating circles to a moving paper.
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This is a new method to display information based on
the afterimage of a moving object. Existing systems
need a static surface on which information is projected.
In contrast, we propose a new display system projecting
laser on a moving object, and exploit the afterimage
phenomenon to expand the projectable region. Human
vision can recognize patterns larger than the size of the
object due to the afterimage created in the region
spanned by the moving object.

In order to realize the system, in other words to aim
the laser beam on a specific position given by the object
location with precise timing, the projector is integrated
with a high-speed optical device, called Saccade Mirror.
This device is originally designed to keep the camera
gaze fixed at a dynamic target (cf. Ims Auto Pan-Tilt).

While the Saccade Mirror tracks a moving object, the
projector is directed through the optical system of the

2 BEFECOREDKRTF
Fig2. Presentation on a moving ball.
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Fig.3 Projection of an image of the earth to a bouncing ball.
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Saccade Mirror. As a result the laser beam used to proj-
ect on the desired location on the target, effectively
shares the optical axis with the camera tracking the
target.
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Figl. Outline of this method.
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Fig3. Connection of the Laser Module and the Saccade Mirror.
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VibroTracker
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vibrotactile .
sensation

It is exciting merely to watch sports events, but simu-
lating the haptic sensations experienced by a player
would make spectating even more enjoyable. This is not
peculiar to sports events. In addition to video and audio,
the ability to relive the sensations experienced by others
would also offer great entertainment value at temporal
and spatial distances. However, existing systems have
some problems in measuring vibrations. A contact-type
vibrometer deforms the original vibrations and is a
burden to wear or carry. Even with a non-contact sensor
like a microphone, it is difficult to measure slight vibra-
tions of a fast-moving target against the surrounding
noise. Our VibroTracker system solved these issues by
using a laser Doppler vibrometer and a high-speed opti-
cal gaze controller: 1ms Auto Pan-Tilt system using
Saccade Mirror. Our system can measure the vibration
of a fast-moving target with high accuracy, in real time,
without any influence from surrounding noise or physical
contact, enabling users to relive the vibrotactile sensa-
tions experienced by others. In addition, this system can
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Target Tracking
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also be used as a visual microphone because the
microscopic vibrations of a object include sound-related
movements. Since measurable frequency of our system
easily exceeds 20kHz, an audible acoustic wave
frequency, high quality remote sound acquisition is ach-

eved.
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Doing image processing at extreme frame rates puts
strict requirements on the underlying algorithms. One
key to achieve this is to exploit the parallelism inherent
in many image processing problem. However, even if
the problem itself is parallelizable, that is if it is possible
to do the same computation simultaneously for many
pixels, other aspects have to be taken into consider-
ation. In particular, memory access patterns and cache
strategies will have a huge impact on the performance,
which in these scenarios often are bound by memory
throughput. This implies that these sort of issues will
have to be considered already when designing the algo-
rithm. On the other hand, observing scene changes with
a high frequency enables the possibility to exploit differ-
ent aspects of the problem compared to just observing
at regular frame rates.

The ability to follow an object in a sequence of
images, refered to as object tracking, enables a range of
applications in areas such as robotics, human computer
interaction and augmented reality. In addition being able
to do this at frame rates of 1000 fps enables exploiting
tracking hardware designed for this sort of high speed

tracking.

One approach to tracking is to find a local characteris-
tic of the object and follow that. With this approach no
concept of an object exists. This can lead to loss of
tracking when objects drastically change appearance,
and furthermore might give bad feedback to applications
like the one presented here, where information about
entire extent of the object is crucial. We therefore take
an approach where the contours of the target object is
tracked. This enables the tracked target to be treated as
everything contained within its contour. When the target
changes in appearance (see video) the object model
gets updated with relevant information and the tracking
adapts to this new appearance.

We adapt the problem to the linear memory layout in
modern computers by introducing a polar coordinate
space. We then let the contour move in and out along
each row in this space, exploiting both cache coherency
and parallelism due to the partial independence
between rows. Our algorithm is able to keep up with a
1000 fps camera capturing images at VGA resolution on
a regular Intel Corei7 processor.

X% (7)) W (5 ). BUAIEE
EROFMEETD. g

Object (red) and current contour
estimate (blue). The blue circle indicates
the origin of the polar transform.
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Image in polar space. Note that radial
lines in the original image become
horizontal in polar space.
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The contour is propagated radially and
the direction is determined by the local
conformity to the models.
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When observing the world at framerates vastly
exceeding the capabilities of the human eye, applica-
tions with super-human capabilities become possible.
However, with increasing framerate, the computational
demand increases as well. If however interesting
regions in the image are first located, more sophisti-
cated processing can be subsequently applied to only
these parts. If looking at the problem from the opposite
side, high-speed sequences can help us better under-
stand what is going on in the scene.In this research we
address the two aspects above, and propose a back-
ground subtraction algorithm that is able to locate
regions of interest at nearly 1000 fps while at the same
time exploiting the extra information available between
frames of normal cameras to generate superior back-
ground subtractions.
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The purpose of a background subtraction algorithm is
to identify which pixels of the image, i.e. which parts of
the scene, that are changing, typically caused by
moving objects. However, one complicating factor is that
shadows caused by the moving objects will fall on the
background and might be wrongly treated as fore-
ground. There are methods to detect if a pixel is shadow
rather than foreground (Prati et al. CVPR'99) which
essentially defines a shadow as a darker, but not too
dark, version of the background color. Thus, if the inten-
sity differs too much, the pixel will be classified as fore-
ground. If the shadow is detected at an early stage how-
ever, we can learn that the pixel in question is subject to
a moving shadow and as the shadow gets darker we
can adapt.
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In the algorithm a background model is attached to
each pixel. This model is a Gaussian Mixture Model
over the HSV color space with a variable number of
components. A pixel is considered to be part of the
model if the probability of the pixel given the model is
greater than some constant. The model is updated
through two cycles, one running at regular framerates
and one running at high framerates. The former update
cycle updates the model for all pixels in the image while
the contribution of this research is on the latter update
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Three scenes. From left to right: scene, ground truth,
no learning, conventional method (Z. Zivkovic, ICPR'04)
and the proposed method. The first two scenes show
the conventional method cannot label the fg correctly,
while the proposed method mostly can. The errors of
the human arm and hand mostly stem from how similar
they are to the background color, which is evident in the
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The proposed system. The video stream is split in two

where one feeds a process that updates the entire model a
low rate, and one that targets and updates the model for
quickly changing areas at full rate given a classified image.
A final foreground mask at full rate is also produced.
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cycle. In this the image is classified using the current
model. Given the classification a targeted model update
is performed on pixels with certain properties: 1) pixels
that have been classified as shadow and 2) pixels that is
classified as foreground, but whose neighbors would
have classified the pixel as background. 1) will introduce
shadow intensities in the model thus helping the model
to classify shadows as background before they are clas-
sified as foreground. 2) targets cases with periodic back-
ground motion, such as leaves in a tree or waves.

CBTNBEHELTND., FZDODRERBRNS
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no learning column of these experiments. The last two
experiments show how well the highly dynamic back-
ground gets labeled correctly using the targeted learning
method (proposed method), while being able to keep
fg-pixels in the fg. In the images black is bg, white is fg
and gray is shadow.
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High-Speed Real-time Range Finding by Projecting Structured Light Field
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Real-time depth estimation is used in many applica-
tions, such as motion capture and human--computer
interfaces. However, conventional depth estimation
algorithms, including stereo matching or Depth from
Defocus, use optimization or pattern matching methods
to calculate the depth from the captured images, making
it difficult to adapt these methods to high-speed sensing.
In this work, we propose a high-speed and real-time
depth estimation method using structured light that
varies according to the projected depth. Vertical and
horizontal stripe patterns are illuminated, and focus is
placed at the near and far planes respectively. The
distance from the projector is calculated from the ratio of
the amount of the blur due to defocus(bokeh) between
the stripes projected on the object surface. This method
needs no optimization, and the calculation is straightfor-
ward. Therefore, it achieves high-speed depth estima-
tion without parallel processing hardware, such as
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Fig.1 : System Overview

EBICEHRTEREN TR THD.
AFERICHBNTIE, #M75REEPIEO2D DR
BHRRRRER, Mt FR0Al, BRI RAICHERT
BEOICEREREBRUL. SHAMELEICE, Z20DR
FTEUBICM U T2DORHONT ZS ALK THRES
nd. ZTONRTEDOLEFHEITDCET, BERND
DEEEEFEIDCENTREERD.

FPGAs and GPUs.

A prototype system of this method calculates the
depth map in 0.2 ms for 2,500 sampling points using an
off-the-shelf personal computer. Although the depth
resolution and accuracy are not on par with conven-
tional methods, the background and the foreground can
be separated using the calculated depth information. To
verify the speed and the accuracy, we incorporated the
method in a high speed gaze controller, called Saccade
Mirror. It captures an image every 2 ms, and shifts the
camera direction according to the position of the target
object. Conventional depth estimation methods cannot
be adopted to the Saccade Mirror because of their com-
putational costs. The proposed method on the other
hand, detects moving objects by separating foreground
from background, and achieves successful tracking of
objects with the same color as the background.

TR (o)
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Fig.2 Upper : Captured Image Lower : Depth Map
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FTIR based calibration of Airborne Ultrasound Tactile Display

and camera system
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A system is proposed that can provide visual and
tactile information on moving surfaces such as hands
and papers without delay. The system is composed of
two subsystems. The first one provides high-speed
tracking and projection with optical axis control. The
second one, "Airborne Ultrasound Tactile Display
(AUTD)" can remotely project tactile feedback on our
hands. The AUTD is developed by Shinoda Laboratory,
Department of Complexity Science and Engineering
Graduate School of Frontier Sciences, Department of
Information Physics and Computing, the University of
Tokyo.

The system provides high-speed and unconstrained
Augmented Reality using visual and tactile feedback. In
order to eliminate mismatch between the different feed-
back modalities, a calibration method that aligns the
components is needed. In particular, the focal point of
the AUTD, which provide tactile sensation with acoustic
radiation pressure at the focal point generated at an
arbitrary position in the air, is invisible to general cam-
eras. Therefore, it is difficult to apply conventional
calibration methods by observing displayed information
directly by cameras in a way analogue to how a
projector-camera systems are calibrated.

For a simple and high-precision calibration between
AUTD and cameras, we propose a method to visualize
the acoustic radiation pressure at the focal point by
exploiting a phenomenon called Frustrated Total Inter-
nal Reflection (FTIR). When pressure is applied to a
membrane that covers an acrylic sheet which illumi-
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Fig.2 FTIR device(Acrylic Membrane(Compliant surface)).
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nated from the side, the light leaks out as a result of an
attenuation of the total reflection that otherwise keeps
the light inside the sheet. This occurs since the contact
area between the acrylic surface and the membrane
increases at the pressurized position. This light spot is
observable and indicates the focal position. By using
certain patterns of such focal points, calibration between
the AUTD and the cameras is possible. In contrast to
methods where e.g. a human hand or a single micro-
phone is used to subjectively identify the AUTD focal
point, the FTIR-based method enables structured
2-dimensional search of the focal point in the camera
image. It reduces the manual workload and is effective
in obtaining an environment where multi-modal informa-
tion can be presented flexibly with high precision.

Camera Airborne Ultrasound Tactile Display
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Fig.1 Positional relation between devices.
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Fig.3 Visualized focal position(Left: detected positions of
the focal points pattern, Right: one focal point position
extracted using background subtraction).
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A high-speed gaze controller, Saccade Mirror,
enables high-speed tracking (ImsAuto Pan-Tilt technol-
ogy) and can keep high-magnification imaging of
dynamic target objects. This technology has various
applications of 3D measurement of dynamic objects;
efficient factory automation; precise computer graphics
of flying birds or insects; and high-performance human-
computer interaction. Although precise calibration is
important for high-magnification 3D measurement by
Saccade Mirror, conventional calibration methods are
difficult to apply; shallow depth of field (DOF) due to
long focal lengths at close focus position, and mechani-
cal differences in a gaze model.

We propose a deepening DOF method with episcopic
illumination and retroreflective calibration pattern, which
provides sufficient luminance even with quite a small

High-speed camera
with small Iris

Projector

Checker pattern ,
printed on OHP film "

M1 REBCRITDIYRTAEBR (RERREIBA)
Fig.1 System configuration to deepen DOF.

aperture (Fig. 1). The mirror-based gaze controller can
introduce a coaxially placed projector with a beam split-
ter, which is almost the same system configuration as
Dynamic Projection Mapping technology (Lumipen) in
our laboratory. We can place the calibration pattern
within the DOF even near the Saccade Mirror, and real-
ize a wide gaze range calibration.

Moreover, we also propose a new gaze model with
mirror thickness for Saccade Mirror, which has large
translations of center of projection with two rotational
mirrors (Fig. 2). Based on the calibration pattern cap-
tured at the wide gaze range by deepening DOF, we
properly apply bundle adjustment procedure, which is a
general camera calibration framework, and can achieve
Saccade Mirror calibration.
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Fig.2 Mirror-based gaze model.
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Camera-based 3D measurement and Augmented
Reality (AR) systems need camera calibration in
advance, which often use a planar pattern as a calibra-
tion tool. Calibration patterns with availability of several
camera zoom levels is preferable for various scenes,
but general patterns such as a checkerboard cannot
cope with scalability and partial visibility. In other words,
square or circular markers at a certain size cannot
provide observations at sufficient resolution and unique
position detection at both low and high zoom levels.

We propose a fractal-based calibration pattern, which
has self-similarity for different zoom levels. The fractal
structure of the pattern is based on Sierpinski carpet,
which is a common fractal figure. We convert its
squares for higher precision detection, and embed
binary information with circles or rings with M-array for
unigue position detection. As one applicational example,
we design the fractal pattern with 3 levels (Fig. 1), and
show its performance as AR marker field at both low
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and high zoom levels (Fig. 2, 3). The calibration pattern
with fractal structure and appropriate code information
can increase flexibility of system configuration of multi-
camera systems for 3D measurement and AR, and
leads various applications.

1 D30 8IRIENS - (3D
Fig.1 Fractal-based calibration pattern (3 levels).
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Fig.2 Pattern detection with 3D virtual objects at low zoom level. Fig.3 Pattern detection with 3D virtual objects at high zoom level.
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Variable-Focus Lens with 1-kHz bandwidth, Arbitrarily Focused Video Using High-speed Liquid Lens, Vision
Chip (Vision Architecture Project), CPV: Column Parallel Vision System, High-Speed Snake Algorithm For
Tracking A Microorganism, High-Speed Target Tracking using Self Windowing, Motion Control of Microorganism
in 3-D Space using High-Speed Tracking, Visualization and Decoding of External Stimuli Perceived by Living
Microorganisms, Nonholonomic Properties in Paramecium Galvanotaxis and Path Planning of Paramecium
Cells, Dynamics Model of Paramecium Galvanotaxis for Microrobotic Application, A Current-Based Electrostimu-
lation Device for the Motion Control of Paramecium Cells, Microrobotic Visual Control of Motile Cells using
High-Speed Tracking System, Microscopic Visual Feedback (MVF) System, Real-World-Oriented Interaction
between Humans and Microorganisms, High-Speed Scanning Microscope by Depth From Diffraction (DFDi)
Method, High-Speed Tracking of Ascidian Spermatozoa, Three-dimensional tracking of a motile microorganism,
Single-Cell Level Continuous Observation System for Microorganism Galvanotaxis, Microorganism Tracking
System, Quasi Stationary Observation of Dynamic Microorganism, High-Speed DFDi Algorithm for Multiple
Cells, High-Speed Auto-Focusing of A Cell - Depth From Diffraction (DFDi), Mobile microscope system and
Organized Bio-Modules (OBM) using Microorganisms are going on.
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Vision system technology that can achieve ultimate
performance must be created in order to pioneer new
applications. Low-quality systems designed by excluding
the optimized performance for the target application will
cause limitations in ideal functions. The key to achieving
never-before-seen promising technologies is an
application-oriented approach that will enable superior
performance and functions by constructing sophisticated
relationships between applications, principles (including
architectures, system configurations, algorithms) , and
devices from several perspectives. Concretely, these
cross-cutting design capabilities will be critical factors for
embodying new application concepts, refining the essen-
tial performance and function in order to maximize the
value of the target application, and designing and devel-
oping new principles and devices in a comprehensive
manner.

The Vision Architecture research group aims to make
substantive and practical progress in various application
areas based on the above design concepts by exploiting
high-speed image sensing going beyond the capabilities
of the human eye. We create various applications in the
fields of robotics, inspection, video media engineering,
man—machine interfaces, and digital archiving by making
full use of VLSI technology, parallel processing, measure-
ment engineering, and computer vision.
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Conventional active 3D sensing systems do not work
well when other objects get between the measurement
target and the measurement equipment, occluding the
line of sight. In this research, we propose an active 3D
sensing method that solves this occlusion problem by
using a light field created using aerial imaging. In this
light field, aerial luminous spots can be formed by focus-
ing rays of light from multiple directions. Towards the

Aerial image

B>
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occlusion problem, this configuration is effective,
because even if some of the rays are occluded, the rays
of other directions keep the spots. Our results showed
that this method was able to measure the position and
inclination of a target by using an aerial image of a
single point light source and was robust against occlu-
sions. In addition, we confirmed that multiple point light
sources also worked well.
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High-speed vision technology in which not just image
capturing and recording but also image processing are
executed simultaneously at high frame rates, exceeding
video rates (30 Hz), has recently been considered an
important technology for various applications, such as
robotics, and man-machine interfaces. However, the
image processing performed in conventional high-speed
vision systems is mainly based on two-dimensional
pattern recognition. In order to extend the possibilities of
this technology, here we focus on real-time three-
dimensional sensing at the speeds achievable by high-
speed vision systems. Although a related approach for
high-speed 3D sensing can achieve a frame rate of over
200 fps, there are disadvantages, including the need for
multiple captured frames during sensing, a limited mea-
surement range and low resolution. Our proposed real-
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time 3D sensing system consists of a projector and two
cameras. By projecting a well-designed segmented
pattern and using threeviewpoint epipolar constraints,
the proposed system can obtain 3D points at high
speed. The developed system robustly obtained a 3D
shape at 500 fps in real time.
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We propose a novel three-dimensional motion sens-
ing method using lasers. Recently, object motion infor-
mation is being used in various applications, and the
types of targets that can be sensed continue to diversify.
Nevertheless, conventional motion sensing systems
have low universality because they require some
devices to be mounted on the target, such as acceler-
ometers and gyro sensors, or because they are based
on cameras, which highly depend on the target shape or
texture and require high calculation costs. In particular,
when the target has no texture on the surface and no
distinctive structural features, the methods based on
cameras inevitably fail. Our method solves this problem
and enables noncontact, high-speed, deterministic mea-
surement of the velocity of a moving target without any

prior knowledge about the target shape and texture, and
can be applied to any unconstrained, unspecified target.
These distinctive features are achieved by using a
system consisting of a laser range finder, a laser Dop-
pler velocimeter, and a beam controller, in addition to a
robust 3D motion calculation method. The motion of the
target is recovered from fragmentary physical informa-
tion, such as the distance and speed of the target at the
laser irradiation points. From the acquired laser informa-
tion, our method can provide a numerically stable solu-
tion based on the generalized weighted Tikhonov regu-
larization. Using this technique and a prototype system
that we developed, we also demonstrated a number of
applications, including motion capture, video game con-
trol, and 3D shape integration with everyday objects.
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In the application fields including projection mapping,
digital signage, user interface, AR (Augmented Reality),
and so on, the projector technology for the image
projection to the real-world object has become impor-
tant. Also, in the industrial application fields such as
robot applications, there are various developments of
the image sensing systems which consists of a camera
and a projector. However, the conventional projectors
supposes to project to a static target such as a flat
screen. Therefore, although they have high image qual-
ity, the frame rate, mainly targeted as 30-120 fps, is not
enough performance for the applications described
above. To solve this problem, we have developed a
working prototype of the high-speed projector “Dyna-
Flash”. DynaFlash can project 8-bit images up to
1,000fps with 3ms delay.

1. 8-bit-level image projection up to 1,000fps

The developed high-speed projector projects 8-bit-
level images up to 1,000 fps with the minimum delay of
3 ms using digital micromirror device (DMD) and high-
brightness LED. Newly developed high-speed process-
ing modules installed in FPGA control the two devices
and this technology enables the performance of high
frame rate. Moreover, our own original module of the
communication interface is mounted in a computer and
transfers images at high speed. This reduces the delay
from the image generation to projection within 3 ms at
the best performance.

2. New applications in the integration of high-speed

projector and high-speed vision
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There is an increasing need of the vision system
allowing high-speed image processing at from hundreds
to a thousand fps. With this needs, the importance of
the standalone and small high-speed vision start to
gamer attention in the various applications such as
image sensing from a moving vehicle, measurement of
a high-speed-moving target with a mobile device, envi-
ronment recognition in a wearable sensing style, and so
on.

A5V EPOVE
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We aim at the development of the new applications
by integrating the high-speed projector and the high-
speed vision that has ever been developed. As a first
example application, we have realized a projection map-
ping system for the high-speed moving objects. This
system recognizes the position of the object by the
high-speed vision and projects images to the object with
no delay using the high-speed projector. Conventional
display technologies have no enough speed perfor-
mance compared with the motion speed of the object.
This causes the large misaligned gap in the interaction
of the image projection to the moving object. Our
system solves this problem based on the high-speed
processing performance. We also plan to develop the
sensing with the order of millisecond, for example
three-dimensional measurement, whose moment
cannot be perceived by human eyes.

=
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In this research, we develop a standalone high-speed
vision system aiming at such application development.
Our system introduces dynamic capture control in which
the configuration of the capturing is controlled every
frames adaptively based on the results of high-speed
image processing. This design allows a system to avoid
the functional degradation caused by the downsizing.
Also we apply this developed system to a high-speed
document digitization.
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BFS-Auto can achieve high-speed and high-definition
book digitization at over 250 pages/min using the origi-
nal media format. This performance is realized by three
key points: high-speed fully-automated page flipping,
real-time 3D recognition of the flipped pages, and high-
accuracy restoration to a flat document image.

1. High-speed page flipping machine at 250
pages/min

The automated flipping machine can provide high-
speed and labor-saving style of book digitization. The
key point is to design the mechanism not to cause
obstruction for the scanner while maintaining full speed.
The developed system can flip and scan the book at
over 250 pages/min without modifying the book by
cutting. Therefore, we can finish a book (250 page)
within a minute.

2. High-speed & high-definition book digitization
based on real-time 3D recognition
Our system continuously observes 3D deformation of
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the each flipped page at 500 times per second, and
recognizes the best moment for book image digitization
at the highest quality using the newly constructed origi-
nal algorithm in real-time. At this recognized moment,
the high-definition camera captures the document so
that both high-speed and high-definition performance all
is realized. The definition performance is enhanced to
400 pixels per inch. This technology enables high-speed
and high-definition digitization with the speed of the
developed flipping machine without missing any pages.

3. Real-time 3D restoration to a flat document image

This system has a technology to restore a captured
image which is distorted because of page curling to a
flat original document image by using the captured
image and the obtained 3D deformation. This system's
new improvement to processing speed allows real-time
restoration for capturing books. In the diagram at the
left, before and after images show the restoration
process.
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We proposed a new book digitization system that can
obtain high-resolution document images while flipping
the pages automatically(BFS-Auto). The distinctive
feature of our system is the adaptive capturing that has
a crucial role in achieving high speed and high resolu-
tion. This adaptive capturing requires observing the
state of the flipped pages at high speed and with high
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Fig. 1 Schematic illustration of book status histogram.

accuracy. In order to meet this requirement, we newly
proposed a method of obtaining the 3D shape of the
book, tracking each page, and evaluating the state. In
addition, we explain the details of the proposed high-
speed book digitization system. We also report some
experiments conducted to verify the performance of the
developed system.

Fig. 2 N—=YD S vF U ITHRR
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. . Fig. 2 Resullts of page tracking. ) . )
Top: Images from high-speed camera. Middle: Book status histogram. Bottom: 3D point cloud. The unit of length in the graph is mm.
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In recent years, there has been an increasing
demand to digitize a huge number of books. In order to
meet this demand, a new promising approach called
Book Flipping Scanning has been proposed. This is a
new style of scanning in which all pages of a book are
captured while a user continuously flips through the
pages without stopping at each page. Although this new
technology has had a tremendous impact in the field of
book digitization, the page turner is done by human
hand. This point causes a bottleneck in the develop-
ment of the high-speed book digitization. Based on this
background, we propose a newly designed high-speed
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There is a growing demand for book digitization. How-
ever, the conventional technology cannot meet the
demands for ease-of-use and high-speed book digitiza-
tion. One emerging solution that meets these demands
is Book Flipping Scanning. This is a new style of scan-
ning in which all pages of a book are captured while a
user continuously flips through the pages without stop-
ping at each page. Although this new technology has
had a tremendous impact in the field of book digitization,
it has a problem with the resolution of the digitized docu-
ment image.

The key point for the improvement of the resolution is
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BMIREZ17 > SEMEEEFILY 2T A

and precise book page turner machine.

Our machine transfers paper in contactless by utiliz-
ing the elastic force of the paper and the air blow. This
design enables high-speed performance that is ten
times faster than the conventional ones. In addition this
configuration is unobstructed for the digitization. We
evaluated the proposed machine performance using
various papers with different qualities.

The results show that our machine achieved almost
100% success rate of turning pages at around 300
pages/min and was promising for the high-speed and
precise book page turner.
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in the visual sensing technique which enables adaptive
capture to the dynamically changing phenomena. It is
expected that effective high-resolution sensing can be
achieved by controlling the visual sensing according to
the optimal moment occurring at an unpredictable
timing. Based on this approach, we propose a new
hybrid sensing system consisting of high-speed 3D
sensing and high-resolution imaging. This system can
achieve high-resolution document digitization by recog-
nizing an optimal timing adaptively from the 3D defor-
mation of the pages observed at high-speed in real-
time.

EN'D, YRAT LN, HAER, WIEULCER
System(Left), Observed image(Center), Rectified image(Right)
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Toward the non-destructive and high-speed digital
archiving, Book Flipping Scanning has been proposed.
As one of the system realizing this concept, BFS-Auto
have been proposed, which mounts two element tech-
nologies including Adaptive capturing and Automatic
page turner machine. Also, for the resolution improve-
ment of the digitized document image, we propose a
method achieving both rectification and stitching of the
distorted document images which are captured with a
system configuration in which multiple cameras are
arranged with small overlapping captured areas. How-
ever, in this method, those multi-view images are cap-
tured at the same timing. As the page deforms freely
while pages are flipped, such capture strategy is not
always optimal.

In this research, we propose a new system controlling
the capturing timing of four high-resolution cameras
individually based on the adaptive capturing approach
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Digitization of documents recently has become an
important technology. However, it is difficult for existing
scanners to read books at high speed and at high reso-
lution simultaneously. In order to realize a promising
new book scanning system, we aimed to scan a book
containing many pages by using multiple high-speed
cameras to acquire images while continuously flipping
through the pages, then integrating the images viewed
by different cameras to digitize all of the pages. How-
ever, high-accuracy integration with the non-uniform
rectification required for such input images is a challeng-
ing task because the sheets of the document are
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introduced in BFS-Auto. Those high-resolution cameras
captures a single page with small overlapping areas. In
addition, toward high-quality document digitization, we
introduce a new method to optimize the boundary
between the different-view images. Experimental results
show that our method enables around 1,000-dpi high-
speed and high-resolution document digitization.
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deformed and the image resolution is so high that
misalignment can easily occur.

This research proposes a new multi-camera-array
book scanning system and a method of achieving high-
accuracy three-dimensional deformation estimation and
high-resolution rectification of the distorted document
images with a system configuration in which multiple
high-speed cameras are arranged with small overlap-
ping captured areas. Experiments using the developed
system showed that highaccuracy document images
were reconstructed.
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Left: developed system, Center: observed images, Right: integrated & rectified image
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BFS-Solo: High Speed Book Digitization using Monocular Video
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BFS-Solo enables
high-speed book
digitization using
monocular video cap-
tured while the paper
is deformed. Our
original method can
reconstruct the 3D
deformation and
restore a flat document image by taking into account the
physical constraints on deformation for a sheet of paper

from the monocular image sequence. This system
allows flexibility of configuration for high-speed book
digitization, anywhere and anytime. BFS-Solo is
designed for a simple and convenient style of book
digitization for personal use, and the design concept is
different from BFS-Auto which is an automatic and
high-performance system for professional use. The prin-
ciple introduced in this system is totally different from the
BFS-Auto principle. Toward the practical use, BFS-Solo
is planned to be designed to be used under the copy-
right law.
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Reconstruction of 3D Surface and Restoration of Flat document Image
from Monocular Image Sequence
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There is a strong demand for the digitization of books.
To meet this demand, camera-based scanning systems
are considered to be effective because they could work
with the cameras built into mobile terminals. One prom-
ising technique proposed to speed up book digitization
involves scanning a book while the user flips the pages.
In this type of camera-based document image analysis,
it is extremely important to rectify distorted images.

In this research, we propose a new method of recon-
structing the 3D deformation and restoring a flat docu-
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ment image by utilizing a unique planar development
property of a sheet of paper from a monocular image
sequence captured while the paper is deformed. Our
approach uses multiple input images and is based on
the natural condition that a sheet of paper is a develop-
able surface, enabling high-quality restoration without
relying on the document structure. In the experiments,
we tested the proposed method for the target applica-
tion using images of different documents and different
deformations, and demonstrated its effectiveness.

Book Flipping
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Digital books are getting popular because of the
spread of electric devices such as ebook reader, smart-
phone and tablet. Book digitizaiton technologies play
significant roles in supporting such popularity. However,
traditional way of digitization that digitize books with
flatbed scanners is time-consuming and needs human
power. To overcome this obstale, we have developed a
novel system called Book Flipping Scanning (BFS),
which digitizes whole a book within a minute. The key
point in achieving high-speed digitization is to perform
scanning while the book is flipping. While it enables to
scan very quickly, this stype of book digization, scanning
during flipping, naturally raises rectification problem
because the captured image is deformed.

This study approaches such a rectification problem by
introducing a novel model 'Tiled Rectangle Fragments'
(TRFs) representing a developable surface (details
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Rectification problem is to construct a 2D to 2D map-
ping from a warped document image to its rectified
document image. Revisiting this problem from 3D point
of view, it can be understood to construct an isometric
mapping from 3D deformed document surface to its
developed surface. TRFs represent a developable
surface by tiling the same size of rectangle. Each rect-
angle is a subdivied fragment of the developed surface
of the original developable surface. This model enables
us to construct a quasi-isometric mapping and rectify
with high accuracy.

Note that the proposed method only requires 3D point
cloud of the deformed document surface and its cap-
tured image. This means that our method doesn't
depend on the texture on the document.
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Document Image Rectification using
Advance Knowledge of 3D Deformation
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As a promising approach for high-speed, non-destructive and

| ping terge macks of Taper forma & conth
s page fipping scton, Hers wo re-

easy-to-use book digitization, Book Flipping Scanning which scan
large stacks of paper, while the pages are flipped continuously with-
out stopping on each page, has been proposed. In this technology,
the image rectification is required because the captured document
images are distorted because of the paper deformation. As one of
the solutions, there is a conventional technique based on the estima-
tion method of non-rigid surface deformation using developable
surface model. However, it is difficult to design a general develop-
able surface model which can express any deformation. This prob-
lem degrade the quality of the digitization. In this research, we
propose a new document image rectification using advance knowl-
edge of 3D deformation without relying on the model-based
approach.
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Fast Archivin

System with Touch Interaction using

Wearable High-speed Vision
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Recently, as a mobile device with camera such as
smartphone and web service in which we can upload
pictures such as blogs and SNS have become more
popular, many people take pictures for the purpose of
archiving information and daily life more frequently.
However, the traditional archiving method requires a
long time because we need to take out a camera, gaze
target in the finder and press the shutter.

Based on this background, we propose a fast
archiving system with touch interaction by which we can
archive targets easier and faster. In this archiving
system, we archive targets with hand-touch interaction
to real targets using a wearable wrist-band typed device
having high-speed vision. For seamless archiving, this
system aims to realize the function of choosing the best
shot from captured images and save it automatically.

In order to realize this archiving system, we propose
the method of detecting hand-touch interaction that can
be realized on the condition that all components can be
put on wrist-band wearable device. In the developed
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In our laboratory, the Saccade Mirror, which realizes 1
ms Auto Pan-tilt movement via high-speed mechanical
control of small mirrors, has led to some novel high-
speed applications. In that system, however, the rotation
direction, namely, roll, remains fixed. Therefore, we
propose a high-speed roll camera which can control the
target image rotation. With this system and Saccade
Mirror, pan-tilt-roll, all three axes related to the camera
gaze can be controlled at high-speed. If high-speed opti-
cal image rotation could be achieved, rotational motion
blur could be canceled perfectly, and information includ-
ing the velocity, deformation and vibration during the
rotation could be analyzed for the robotics, media con-
tent, measurement and inspection of rotary bodies, such
as wheels, fans, engines, bearing, gears, disks, and
balls. Besides, in projection based AR (so-called "pro-

system, we used the data of acceleration by a 3D accel-
erometer and the sound of hand-touch by a micro-
phone. Also we propose the method of choosing the
best shot from the images captured while the archiving
action. This method is based on target tracking using
active contour models.
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Pan Roll

jection mapping") applications, this system is useful like
Lumipen system because the misalignment free projec-
tion for rotating target in the dynamic scenes will be
achieved. This system is composed of a hollow motor, a
Dove prism, and a high-speed camera and controls opti-
cal image rotation according to the target rotation by
using high-speed image processing. This so-called opti-
cal lever formed of the Dove prism worked effectively
also for a high-speed rotating target, and our prototype
system shows that rotational motion blur was sup-
pressed to 0.125 degrees at 1420 rpm (about 24 rolls
per second). Moreover, because this system tracks the
target rotation by 500 fps high-speed image processing,
the system can deel with the target rotating at irregular
speed.
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The current trend towards smaller and smaller mobile
devices may cause considerable difficulties in using
them. In this research, we propose an interface called
Anywhere Surface Touch, which allows any flat or
curved surface in a real environment to be used as an
input area. The interface uses only a single small
camera and a contact microphone to recognize numer-
ous kinds of interaction between the fingers of the user
and the surface. The system recognizes which fingers
are interacting and in which direction the fingers are
moving. Additionally, the fusion of vision and sound
allows the system to distinguish the contact conditions
between the fingers and the surface. Evaluation experi-
ments showed that users became accustomed to our
system quickly, soon being able to perform input opera-
tions on various surfaces.
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Recently the size of mobile devices has significantly
reduced and mobile devices are widespread in our daily
life. It is desirable to input quickly and freely in every-
where with mobile devices. In this research, we propose
a new interface which utilizes anywhere in the real
space as a input environment with high-speed sensing.
High-speed sensing enables stable recognition of the
real environment or the operation of users, new interac-
tions that are adapted to the environmentand large
operation area that is not limited to the devices' surface.
We developed the interface which recognizes any plane
of the real space and allow users to input on the plane.
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VolVision: High-speed Capture in Unconstrained Camera Motion
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we propose a novel concept called VolVision that
en-compasses using a camera to reconstruct 6DoF
unconstrained mo- tion. "VolVision" is designed to
handle imagery falling, tossed or thrown cameras. And
VolVision also allows users to reconstruct dynamic
images and generate a 3D-mapped scene from image
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Dynamic Projection Mapping onto

a Deformable Object Using High-speed Projector

421

B, TJOYT Y3y EYIDRREDHT
FEENTND. L L, —BHNTJoYyz oy 3y
Yy EVTDEREIRIL, BAD DEE « EHHNE
EZTOEDICRESNTND. ZEROBiBEHE DI
BIIAZEIRE L, SEICZNOOEFEICT L TERIE
REEEIDRIOITIIYIVYVYEYITNE
RTENE, TOYOYa Yy EYTDMBDIE

65

se- quences. It could be used to model severe environ-
ments like valley and mountains that are normally not
easily viewed by humans. We produced a prototype that
embodies the concept above, and were able to recon-
struct the camera's path, perform image mosaicing, and
track 3D information of feature points in images.
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In recent years, projection mapping has attracted
much attention in a variety of fields. Generally, however,
the objects in projection mapping are limited to rigid and
static or quasistatic objects. Dynamic projection map-
ping onto a deformable object could remarkably expand
the possibilities. In order to achieve such a projection
mapping, it is necessary to recognize the deformation of
the object even when it is occluded. However, it is still a
challenging problem to achieve this task in real-time with
low latency. In this research, we propose an efficient,
high-speed tracking method utilizing high-frame-rate

imaging. Our method is able to track an array of dot
markers arranged on a deformable object even when
there is external occlusion caused by the user interac-
tion and self-occlusion caused by the deformation of the
object itself. Additionally, our method can be applied to a
stretchable object. Dynamic projection mapping with our
method showed robust and consistent display onto a
sheet of paper and cloth with the result that the
projected pattern appeared to be printed on the deform-
able object.
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Recently, in the applications such as archiving and
modeling, it is expected to scan 3D shape of a moving
dynamic object with high resolution and high accuracy.
For this purpose, 3D shape integration is one of the
effective methods. This method integrates multiple mea-
sured range images into a single shape and can recon-
struct high-resolution and high-precision shape whose
performance exceeds a single depth image.

In this research, we propose a new type of solution for
this application based on 3D motion sensing system
using lasers. Instead of estimating the 3D motion from
time-sequential depth images or color images, by using
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the results of the 3D motion sensing, the depth images
obtained by any type of depth sensors can be fused into
a single surface. Moreover, in this method, we can
precisely track the any positions on the target surface.
Therefore, we can know where the tracked point is
located on the captured image, if the camera is
calibrated. This allows color acquisition as additional
functions. This work can be applied to capture of various
moving objects in natural everyday scenes, including
flying objects, walking humans, travel-ling vehicles, and
SO on.
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Rapid SVBRDF Measurement by
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Algebraic Solution Based on Adaptive lllumination
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High-speed
camera
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The bidirectional reflectance distribution function
(BRDF) measured from a real object is one of the most
important factors for photorealistic rendering. However,
especially when spatially varying BRDFs (SVBRDF) are
measured, not only the acquisitio time but also the
estimation time become so long due to the need for an
enormous number of reflectance samples and calcula-
tions.

In this research, we propose a measurement strategy
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using an algebraic solution that eliminates optimization
and over-sampling, and an adaptive illumination system
that satisfies the necessary constraints for the solution.
As a result of demonstration, we confirmed the validity
of this approach by comparison with conventional meth-
ods. The following figures show the developed system,
a target (uneven glazed dish), SVBRDF parameter
maps and the scene using measured SVBRDF of Japa-
nese paper and gold ornament.
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There is a growing need for the improvement of the
resolution and speed for the 3D sensing of a moving
object in the various fields. Although many structured-
light-based methods have been proposed for the shape
acquisition of a moving object, the resolution perfor-
mance based on the one-shot measurement has a
limitation. Also it is difficult for the direct stereo matching
which searches the disparity in all pixels independently
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object based on
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to achieve high-speed calculation.

In this research, we propose a new method to recon-
struct a high-resolution shape in minimum amount of
calculation. Our method introduces the time-series
propagation of the reconstructed shape for the efficient
calculation under the assumption that the target motion
in two successive images captured by high-frame-rate
stereo cameras is small.
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High-Resolution Surface Reconstruction based on
Multi-level Implicit Surface from Multiple Range Images
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Sensing the 3D shape of a dynamic scene is not a
trivial problem, but it is useful for various applications.
Recently, sensing systems have been improved and are
now capable of high sampling rates. However, particu-
larly for dynamic scenes, there is a limit to improving the
resolution at high sampling rates. In this paper, we pres-
ent a method for improving the resolution of a 3D shape
reconstructed from multiple range images acquired from
a moving target. In our approach, the alignment and
surface estimation problems are solved in a simultane-
ous estimation framework. Together with the use of an
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adaptive multi-level implicit surface for shape represen-
tation, this allows us to calculate the alignment by using
shape features and surface estimation according to the
amount of movement of the point clouds for each range
image. By doing so, this approach realized simultane-
ous estimation more precisely than a scheme involving
mere alternating estimation of shape and alignment. We
present results of experiments for evaluating the recon-
struction accuracy with different point cloud densities
and noise levels.

Output

Oy Position of the sensor of frame f
Mj:Estimated motion parameter

for frame

Surface from single
range image

. .
':b . Aligned point cloud
'y

7 Tnitial point cloud High-resolution surface

Fig. 1 IB=FEDI VT k& Stanford Bunny ZRLV/ZSREEIER

Fig. 1 Concept of high-resolution surface reconstruction, measument environment and the reconstructed surface of Stanford bunny.

Fig. 2 BBRZRAVCET Y TOER (N5 BEOMIR, —KMDERBIRN S DIIR, SRIEEETHIN)
Fig. 2 Result of experiment using actual-data.
(Left:Orignal surface. Center:Surface reconstructed using a single frame. Right: Surface reconstructed by proposed method using 30 frames.)
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High-speed and High-definition Document Digitalization System based on Adaptive Scanning using Real-time
3D Sensing, Estimation of Non-rigid Surface Deformation using Developable Surface Model, Proof-of-concept
prototype for Book Flipping Scanning, Image-moment Sensor, 320x240 Pixel Chip using Dynamic Logic Circuits,
128x128 Pixel Chip and Small Sensor Board, Wide Range Image Sensing Using a Thrown-up Camera, In-air
Typing Interface for Mobile Devices, The Deformable Workspace: a Membrane between Real and Virtual Space,
Real-time Motion Synchronization between Different Persons using Similarities of 3D Poses, Viseme Classi
cation Using High-Frame-Rate Vision, High-resolution Shape Reconstruction from Multiple Range Images, 3D
Object Pose Estimation using an Analysis-by-Synthesis Method, Multi-frame Simultaneous Alignment for Recon-
struction of a High-resolution 3D Shape, VCS-1V: Real-time Visual Processing System using a Vision Chip, A
Programmable Vision Chip with 64x64 pixels, Vision Chip Controller Integrated with RISC Microprocessor, A Bit-
level Compiler for Massively Parallel Vision Chips, High Speed Target Tracking Vision Chip, CPV: Column Paral-
lel Vision System, Image-moment Sensor, 320x240 Pixel Chip using Dynamic Logic Circuits, 128x128 Pixel Chip
and Small Sensor Board, Interleaved Pixel Lookup, Shared-Memory Multi-SIMD Architecture, Parallel Extraction
Architecture for Numerous Particles, Dynamically Reconfigurable SIMD Architecture, Massively Parallel Vision
Chip Architecture, 3D Object Pose Estimation using an Analysis-by-Synthesis Method, Multi-frame Simultaneous
Alignment for Reconstruction of a High-resolution 3D Shape, Surface Image Synthesis of Spinning Cans, Stereo
Vision using Prior Knowledge for Artificial Objects, High-S/N Imaging of a Moving Object using a High-frame-rate
Camera, Zooming Touch Panel, Video Mosaicing using a High-frame-rate Camera, PTZ Control of a Remote
Camera with Head Tracking, Fast Finger Tracking System for In-air Typing Interface, Real-time Visual Measure-
ment: Target Counting / Rotation Measurement, Multi-Target Tracking Algorithm, A Software-Controlled Pixel-
Level A-D Conversion Method, High Speed Target Tracking using Self Windowing, High-speed Vision with Mas-
sively Parallel Coprocessors, Processor for High-speed Moment-based Analysis of Numerous Objects, Synchro-
nized Video: An Interface for Harmonizing Video with Body Movements, Human Gait Estimation Using a Wear-
able Camera, Real-time Shape Measurement of a Moving/Deforming Object, Real-time Particle
Measurement/Fluid Measurement, Finger Detection based on Data Fusion of Fish-eye Stereo Camera for 3D-
Gesture Input Interface, High-Speed Estimation of Multi-finger Position and Pose for Input Interface of the Mobile
Devices and Book Flipping Scanning are going on.
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Human sensorial modalities are inherently limited,
as is our cognitive capacity to process information
gathered by the senses. Technologically mediated
sensory manipulation, if properly implemented, can
alter perception or even generate completely new
forms of perception. At a practical level, it can improve
the efficiency of (low or high level) recognition tasks
such as behaviour recognition, as well as improve
human-to-human interaction. Such enhancements of
perception and increased behavior recognition also
allow for the design of novel interfaces. The problems
of human perception and machine perception are
reciprocally related; machine perception has its own
limitations but can be trained to recognize self-
perception, social perceptions, and emotional expres-
sions.

Meta Perception is an umbrella term for the theory
and research practice concerned with the capture and
manipulation of information that is normally inacces-
sible to humans and machines. In doing so, we hope
to create new ways of perceiving the world and inter-
acting with technology. Our group is not only con-
cerned with intelligent sensors and systems technol-
ogy, but also augmented reality, human-computer
interaction, media art, neurophysiology, perspectives
from fields such as ethics, and the computer-
supported cooperative-work. Combining techniques
we aim to integrate human and machine perception
and as a consequence createlalnewjinterdisciplinary,
research area. = Wi

\J




3.1

LRI DT+« 2T (Deformable Workspace):
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The Deformable Workspace: a Membrane between Real and Virtual Space
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We propose a variant of the multi-touch display tech-
nology that introduces an original way of manipulating
three-dimensional data. We will call the implemented
system a deformable workspace.

The left image illustrates the metaphor of our
proposed deformable workspace. The virtual object
"exists" and is represented in virtual space, while the
user exists in real space, but is not represented (as a
whole or in part) in the virtual space. The idea is to main-
tain a useful and simple relationship between virtual and
real space by using a unigue coordinate system that is
shared by both spaces. Between these spaces lies a
"transparent” and tangible membrane. Users can
manipulate the objects in virtual space by deforming the
membrane and observing the effects on the virtual
object (much like a surgeon operating on a patient with
gloves).

By doing so, the interface can create the illusion of
continuity between the user's real space and the virtual
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three-dimensional space. The prototype system
presented here enables this by employing three key
technologies: a tangible and deformable projection
screen, a real-time three-dimensional sensing mecha-
nism, and an algorithm for dynamic compensation for
anamorphic projection. We successfully demonstrated
several applications including 3D translation, 3D
manipulation by two hands, 3D freehand drawing, 3D
sculpture, and arbitrary volume slicing.

52 3 RitT —HDEEEBRT (Volume Slicing Display)
The Volume Slicing Display (VSD)
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We introduce a method and a prototype system for inter-
active exploration of volumetric data using a tangible
screen, called the Volume Slicing Display. The system
tracks the shape and the position of a passive screen (a
piece of plexiglas or paper) using a custom monocular
high-speed vision system (Vision Chip) or using ARToolkit
markers in a more recent setup conceived to be built from
off-the-shelf hardware; then one or more projectors on the
room project the corresponding slice of a 3D virtual object
on that surface in real time. This experimental interface will
enable multiple users to feel as if 3D virtual objects co-exist
in real space, as well as to explore them interactively using
cheap passive projection surfaces (plexiglas or even
paper).

Coupling our Vision Chip system with a source of struc-
tured light we can also acquire the shape of a deformable
screen in real time [see ref. 2], thus enabling the definition
of arbitrarily shaped "cutting surfaces"” (in this sense, this
project extend the goal of the Khronos Projector interface).
The ARToolkit markers also serve as buttons setting differ-
ent interaction modes.

M £ erie
e l ( l::: h&e:ﬂ;&

Old system using vision chip System using markers volume visualization 3d annotation

running without a projector ~ zooming using physical widgets

73



5.3

The Khronos Projector
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The Khronos Projector is an interactive-art installation
allowing people to explore pre-recorded movie content
in an entirely new way. By touching the projection
screen, the user is able to send parts of the image
forward or backwards in time. By actually touching a
deformable projection screen, shaking it or curling it,
separate "islands of time" as well as "temporal waves"
are created within the visible frame. This is done by
interactively reshaping a two-dimensional spatio-
temporal surface that "cuts" the spatio-temporal volume
of data generated by a movie. From the human-
machine interaction point of view, the Khronos-Projector
tissue-based deformable screen is a first step towards a
tangible human-machine interface capable of sensing
the delicacy of a caress - while at the same time able to
react in a subtle and natural way, also through tactile
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feedback.

This project has been featured in a number of Media
Art festivals and TV programs (abundant information,
images and video can be found here). Although the
pressure-sensitive deformable screen was initially
developed for the slicing the "video-cube", it can in gen-
eral be used to interactively define and visualize
arbitrarily-shaped slices of any sort of volumetric data
(e.g. body scanner images, layered geological data,
architectural or mechanical drawings, etc). In particular,
it can be a starting point for developing a pre-operatory
interface capable of showing inner body sections
mapped onto complex surfaces, just as they would
appear to the surgeon during an actual operation. The
Volume Slicing Display also being developed in our lab
is an extension of this concept.
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Light Arrays
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The Light Arrays project explores the extension of the
body through an array of visible light beams projecting
on the environment a dynamic representation of the
body, its movement and posture. Interestingly, these
light cues are visible both for the user wearing the
device as well as for others. This feature points to two
interesting lines of research:

* Augmented Proprioception generated with an artificial
visual feedback system. This can be useful for learning
complex somatic techniques, speeding-up rehabilita-
tion, as well as exploring the body's expressive capa-
bilities.

* Enhanced body interaction prompted by an interac-
tively augmented body image (in time and space), as
well as a clear visual representation of interpersonal
space.

This system complements - and to a certain extent
functions as the exact reverse - of the Haptic Radar
system, in which rangefinders were used to extend spa-
tial awareness through vibrotactile feedback. Indeed,
rather than gathering information on the objects
surrounded the wearer and transducing it into tactile
cues, the Light Arrays system gathers information about
the wearer's posture, and projects this information onto
the surrounding for everybody to observe.
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Prototypes and technology

We are exploring several embodiments of the Light
Arrays using laser modules, servo motors, and sensors
(either worn or external). Both direction and intensity of
the laser beams are modified according to the motion of
the wearer, or in response to the motion of a second
person. This creates an interesting interaction scenario
in which the extended body may be shared between
two persons. In the in-visible skirt prototype shown in
the figures, each of the 12 laser modules (635nm,
3mW) attach to a flexible circular support that can be
deformed and rotated thanks to a set of four servo
motors. A microcontroller (ATmegal68) maps sensor
data comming from a second wearable "controller” into
different meaninful servo positions. An elementary map-
ping demonstrated in this video shows forward / back-
ward or left / right bending postures mapped as similar
motions of a light-based skirt. A set of three separated
battery sources is used to drive the servos, the lasers
and the micrcontroller. Data is sent wirelessly through
an XBee 2.5 Znet network capable of transmitting raw
data at a rate of 30Hz, or coded commands at a lower
speed. At the same time, sensor data is sent to an
external desktop computer that will be helpful in design-
ing interesting new mappings and analysing the data.
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A "sensing display" based on a cameraless Smart Laser Projector
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The "Smart Laser
Projector' (SLP) is a
modified laser-based
projector capable of
displaying graphics
on a variety of non-
prepared surfaces,
while simultaneously
using the beam (at
the same or different wavelength or polarization) as a
LIDAR probe gathering information about that surface
position, orientation and shape, fine texture, spectral
reflectance and even relative motion. It is therefore pos-
sible to synthesize an artificial surface reflectance, or to
correct geometrical warp, all in real time and without the
need of calibrating a camera and a projector. We have
developed two prototypes, one working in raster-scan
mode, and another in vector graphics mode. Our previ-
ous research on the Smart Laser Scanner, scoreLight
and Sticky Light can be seen as special applications of
the SLP in vector-graphics mode.

Applications of the SLP may include dermatology
(enhancement of superficial veins or direct visualization
of anomalous polarization induced by cancerous cells),
non-destructive control (visualization of microscopic
scratches, oily spots or mechanical stress), authentica-
tion (visualization of non-fluorescent UV or IR water-
marks thanks to ‘artificial fluorescence’), and in general
all sort of augmented reality applications using any
available surface for projection (tables, desktops, walls
and floors, but also human skin, printed material and
paintings, market products on a shelf, etc). Augmenta-
tion means here overlaying of alphanumeric data or
icons over real object (for instance, human-readable

76

displaying beam

L—Y—&BRBLEZEYYYIF1RTUAYR
TAR EROTAY T OF—ENASERIALEZY
AT AT UTHRRBENRER > TS,
cAXSETOYIDI—OFvUTU—vayp
NUE
EEET 4 — BNy D@RLESKUERNCEIC
E)

BOUZFHEHE. 202V SR DR UHIE
yaNEIl:

BHTRNKERRE

BRRBBEEICHN : ROICHNTLU—T—DR
FvZvJENELE

IVTITIYND ISR YRT A ZRTDE
BHETIIRL, ZOLEHNEOASEAZEED
AR

BREBHEADTOI T VY3 YNTRANRIST-TS
T4 v DE-FICRNT, BATDAYISDT«
TY2T LhETHY

MEMSZFIA U2 INEISLPISIRENDIBDAH D
RAFN, EABRBTETNVISDT1TREYY
VIOTARTUAICLTUERDDIPSTNT «
TUAN\ORIBEBEL TS,

price tags appearing under machine-readable
barcodes), dynamic cueing (marking secure perimeters,
indicate directions or highlighting dangerous obstacles)
and line and contour enhancement for practical or aes-
thetic purposes.

The laser-based 'sensing display' paradigm presents
a number of advantages with respect to the more classi-
cal “projector-camera’ setup used in sensor-enhanced
displays, among which:
no camera-projector calibration needed;
« very fast feedback (no image processing required);
geometrical correction + color and contrast compen-
sation possible;
extremely large depth of field;
variable resolution: the laser scanning step can be
finer on regions of interest;
simple and compact optical system: there is no 2d
imaging optics, and hence no aberrations nor bulky
optics;
projection at very long distance in vector graphics
mode ideal for outdoor interactive applications.
A MEMS based, compact SLP may eventually be
embedded on clothes and used as a wearable display
capable of transforming on-the-flight any surface near-
by into a full interactive ‘'sensing display'.

.

.
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scoreLight: laser-based artificial synesthesia instrument
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"scorelLight" is a prototype musical instrument
capable of generating sound in real time from the lines
of doodles as well as from the contours of three-
dimensional objects nearby (hands, dancer's silhouette,
architectural details, etc). There is no camera nor
projector: a laser spot explores the shape as a pick-up
head would search for sound over the surface of a vinyl
record - with the significant difference that the groove is
generated by the contours of the drawing itself. Sound is
produced and modulated according to the curvature of
the lines being followed, their angle with respect to the
vertical as well as their color and contrast. Sound is also
spatialized (see quadrophonic setup below); panning is
controlled by the relative position of the tracking spots,
their speed and acceleration. "scoreLight" implements
gesture, shape and color-to-sound artificial synesthesia;
abrupt changes in the direction of the lines produce
trigger discrete sounds (percussion, glitches), thus
creating a rhythmic base (the length of a closed path
determines the overall tempo).

The hardware is very unique: since there is no
camera nor projector (with pixellated sensors or light
sources), tracking as well as motion can be extremely
smooth and fluid. The light beam follows contours in the
very same way a blind person uses a white cane to stick
to a guidance route on the street. Details of this tracking
technigue can be found here. When using the system
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on a table (as in the image on the right), the laser power
is less than half a milliwatt - half the power of a not very
powerful laser pointer - and does not supposes any
hazard. More powerful, multicolored laser sources can
be used in order to "augment" (visually and with sound)
facades of buildings tens of meters away - and then
"read aloud" the city landcape.

It is still too early to decide if this system can be effec-
tively used as a musical instrument (has it enough
expressivity? can we find a right balance between con-
trol and randomness?). However, it is interesting to note
that "scoreLight", in its present form, already unveils an
unexpected direction of (artistic?) research: the user
does not really knows if he/she is painting or composing
music. Indeed, the interrelation and (real-time) feedback
between sound and visuals is so strong that one is
tempted to coin a new term for the performance since it
is not drawing nor is it playing (music), but both things at
the same time... drawplaying?
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Gesture tracking with the Smart Laser Scanner
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The problem of tracking hands and fingers on natural
scenes has received much attention using passive
acquisition vision systems and computationally intense
image processing. We are currently studying a simple
active tracking system using a laser diode (visible or
invisible light), steering mirrors, and a single non-
imaging photodetector. The system is capable of acquir-
ing three dimensional coordinates in real time without
the need of any image processing at all. Essentially, it
is a smart rangefinder scanner that instead of continu-
ously scanning over the full field of view, restricts its
scanning are to a very narrow window precisely the size
of the target.

Tracking of multiple targets is also possible without
replicating any part of the system (targets are consid-
ered sequentially). Applications of a multiple target
tracking system are countless. Such a configuration
allows, for instance, multiple users to interact on the

78

BFHOV—N—FE<HEZL.

FE,RBELULCNDBIRITLU—UIXR=-DMUBEIE
EBOFEINESHHIC, BHATNARELTEZD
CEDNETOND. RRICHATEDREB CHNIL
FOUOLTHOTCE, ZLICERFT—IZERETITD
FECA—TICBRERIT CENTED. COTEIR,
ICTICFSvF VT ERBMTICTU, BZIILTH
2. REICN\—FD P, =MDISZELTNDE
= A dMicro-Opto-Electro-Mechanical-System
(MOEMS) AT DRMT T, ETCOYRT AN DD
FyITLICEEBRBEEDNERZO>TND. TOFvV
TORNMI T, EFRIVE2—IFT/NIRELTE
BATEDIZHAER 1 —VIVIY—YVABHTY
H—=T 11 REBZDO>TUND.

same virtual space; or a single user to control several
virtual tools at the same time, resize windows and con-
trol information screens, as imagined in Spielberg's film
“Minority Report" - but without the need to wear special
gloves nor markers. A very interesting characteristic of
the proposed 3D laser-based locator, is that it also can
be used as an output device: indeed, the laser scanner
can be used to write information back to the user, by
projecting alphanumeric data onto any available
surface, like the palm of the hand. This has been
successfully demonstrated, without having to stop the
tracking. Finally, hardware simplicity is such that using
state-of-the-art Micro-Opto-Electro-Mechanical-System
(MOEMS) technology, it should be possible to integrate
the whole system on a single chip, making a versatile
human-machine input/output interface for use in mobile
computing devices.
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The Haptic Radar / Extended Skin Project
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We are developing a wearable and modular device
allowing users to perceive and respond to spatial infor-
mation using haptic cues in an intuitive and unobtrusive
way. The system is composed of an array of "optical-
hair modules", each of which senses range information
and transduces it as an appropriate vibro-tactile cue on
the skin directly beneath it (the module can be embed-
ded on clothes or strapped to body parts as in the
figures below). An analogy for our artificial sensory
system in the animal world would be the cellular cilia,
insect antennae, as well as the specialized sensory
hairs of mammalian whiskers. In the future, this modular
interface may cover precise skin regions or be distrib-
uted in over the entire body surface and then function as
a double-skin with enhanced and tunable sensing capa-
bilities. We speculate that for a particular category of
tasks (such as clear path finding and collision avoid-
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ance), the efficiency of this type of sensory transduction
may be greater than what can be expected from more
classical vision-to-tactile substitution systems. Among
the targeted applications of this interface are visual
prosthetics for the blind, augmentation of spatial aware-
ness in hazardous working environments, as well as
enhanced obstacle awareness for car drivers (in this
case the extended-skin sensors may cover the surface
of the car).

In a word, what we are proposing here is to build artifi-
cial, wearable, light-based hairs (or antennae, see
figures below). The actual hair stem will be an invisible,
steerable laser beam. In the near future, we may be
able to create on-chip, skin-implantable whiskers using
MOEMS technology. Results in a similar direction have
been already achieved in the framework of the smart
laser scanner project in our
lab. Our first prototype (in
the shape of a haptic head-
band) uses of-the-shelf com-
ponents (arduino microcon-
troller and sharp IR
rangefinders), and provides
the wearer with 360 degrees
of spatial awareness. It had
very positive reviews in our
proof-of-principle experi-
ments, including a test on
fifthy real blind people
(results yet to publish).
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The Laser Aura: a prosthe3|s for emotional expression
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We are studying the use of a 'laser aura' as a
(wearable) prosthesis for enhanced emotional expres-
sion. The goal of such wearable display is to externalize
subtle psycho-physiological states of the user by
projecting minimalistic imagery in the immediate
surrounding for others to see. In the present configura-
tion, a 'laser aura' or 'laser halo' change its shape and
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dynamic behavior as a function of the user stress. Such
iconic imagery (inspired by manga graphical representa-
tions) may give others an instant cue about the person
psychological state (and thus function as the equivalent
of online availability status in the real world). It may as
well function as a biofeedback device, and help regain
control of one's own body in stressful situations.
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Memory Blocks & Knowledge Voxels
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Imagine being capable of storing/retrieving multi-
media data from familiar things in the path to work:
buildings, corners, trees or flowers... anything around
you can be a "scaffold" to organize your personal data.
This project is an alternative to the intangible "cloud",
based on the idea of superimposing virtual 3d "data
containers" onto real space.

More concretely, the "Memory Blocks/Knowledge
Voxels" project aims at creating a format to represent,
and an interface to browse dense databases based on
the idea of superimposing volumetric virtual objects onto
real space. The “method of loci” is a mnemonic tech-
nique that relies on human capacity to quickly and
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efficiently store new information on an imaginary 3d
space (or “memory palace”): the goal of this research is
to take this technique to the next level by making this
“memory palace” an interpersonal 3d space to store and
retrieve information instead of an individual, mental
map. This will be done by merging spatial augmented
reality, mixed reality and tangible interfaces developed
in our lab. We first plan to make these volumetric
Memory Blocks (MB) accessible simultaneously to
several people in a large room (or even in public
spaces); then, by using Web 2.0 technologies, we plan
to make these MB the support of online collaborative
bookmarking and information sharing.



The interface will work by superimposing Memory
Blocks (that is, volumetric virtual objects) into a region of
real physical space. These objects will be the recep-
tacle, or scaffold,onto which multimedia information can
be spatially organized. One can think of a “Memory
Block” (MB) as a virtual library or bookshelf whose archi-
tecture or shape suffices to guide the search - instead of
using a catalog or an alphabetic index. MBs may be
used to store any kind of information (music album,
literary references, contacts, etc) in an arbitrarily shaped
3d container - including public spaces. Users will be
able to annotate, interact and navigate these objects by
relying on their own physical frame of reference, as
already demonstrated in our Volume Slicing Display

system. They will be able to add notes and hyperlinks
(manually or semi-automatically) onto 3d representa-
tions of the subject of study.
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Skin Games
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Recent developments in computer vision hardware
have enabled (and popularized) the use of gestures as
well as full body posture as a form of input control in
commercial gaming applications. However, the com-
puter screen remains the place where the eyes must be
placed at all times. Freeing graphics from that rectangu-
lar cage is a hot topic in Spatial Augmented Reality
(SAR): using static or dynamic projection mapping and
'smart projectors', it is possible to recruit any surface in
the surrounding for displaying the game's graphics. The
present work introduces an original interaction paradigm
building on kinetic interfaces and SAR: in 'Skin Games'
the body acts simultaneously as the controller and as
the (wildly deformable) projection surface on which to
display the game's output.

Skin Games takes the concept of 'immersion' to a
whole new physical level: you are litterally covered by
the game. The fact that the user needs to contort to see
the graphics on her own body is perceived here as an
interesting inherent feature of the Skin Games para-
digm. Technologically speaking, there are different pos-
sible ways to materialize the concept. One approach is
to actually wear the screen; this is technically feasible as
demonstrated in numerous art/entertainment projects. A
wearable, full body display can easily integrate kinetic
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sensors (accelerometers, gyros), biosensors or simple
switches thus providing appropriate input, as demon-
strated in our Light Arrays project. A different approach
consist on using external tracking and projection hard-
ware. In the case of a traditional projector/camera setup,
this requires relatively sophisticated hardware and
signifcant computer power, because the system must
realize real-time dynamic projection mapping while
maintaining minimum delay and spatial mismatch. While
we are working on this technology and setup (see for
instance "Real-time Shape Measurement of a
Moving/Deforming Object"), the prototype demonstrated
here uses the Laser Sensing Display technology devel-
opped in our lab.
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This system integrates high speed high brightness
floating display and high-speed 3D gesture recognition.
For the aerial image, we use a display technology called
AIRR developed by Prof. Yamamoto from Utsunomiya
University (moved from Tokushima University) and the
3D High Speed Hand Tracking and Gesture Recogni-
tion made it possible to manipulate the aerial image in
high speed. The AIRR technology (*Note 1) is an aerial
technique which uses retro-reflections sheet which
reflects light ray reversely towards the incident direction.
Since the image formed by AIRR is a real image in 3D
space, it is easier to focus our eyes on the image and
motion parallax can also be perceived.

We believe that this will be the next generation of
user-friendly 3D display technology. Previous methods
to generate aerial image are based on lenses and mirror
arrays. By using AIRR, much wider viewing angle is
achieved. Furthermore, by using our newly developed
high speed LED display, bright image can be formed
even under strong room lighting. In addition, the image
can be viewed by multiple persons simultaneously.

The high-speed 3D gesture recognition utilize super
high-speed stereo cameras, which makes it possible to
recognize gesture and track 3D position (500 fps) with
extremely small latency. Not only the user can expand
and rotate the floating screen, even if we perform
extremely fast action such as punching it can still be
detected. It can be said that high speed operation on
floating image will become the next generation of infor-
mation environment.

The system we integrated is called "AIRR Tablet"
which recognizes hands or any other objects in high-
speed beyond human perception. We achieve input and
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. ANEDRBEENZIIDDICBZDRE— RTIREIC
FHIDFOXIEMEE L. EEEFDEZEFIEDZN)
BRDRREANDEZRIRLTCNDEDT. AERRLZE
BERBAYILY FCERDCENTEDES
MUEEBOTHD. ERKODIVE2—FDHAY— N
/tHEM'@ﬁﬁTCUT' EEZOEDNE, 1E
BICERYEERY v F RO =VICTDENTHO.
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(Aerial Imaging by Retro-Reflection)

BISRHZAVEZPIREDEHZRMTY. AL
fﬁﬂhﬁéﬁ%@%& EZEDOBBRFHY -2
BT, LYZXDMBEESKOSHEEERIBLCULE
§JWPQ\§E§%D—F\”ﬁ@ﬁ\%E®SE
RICKBDYVTIVEER T, HERFORBRME
NEEMEBEETDCEELS, KBEDZE ¢@@5rm
BWECXHUTCERUET. COTEYRATATIE B
INEDE—-XZANEBRBRRAY - KD, £6
OOEMEDLNWESEENSRZDZHIREEFA LXK
d.

output without any delay, and we show that we can turn
the empty space into a large tablet. Unlike conventional
computers and smartphones, we can perform opera-
tions without any physical collision. It enables high-
speed 3D input and output.

* Note 1: AIRR (Aerial Imaging by Retro-Reflection)

It is technology to form a floating image using retro-
reflection. Light is reflected reversely towards the
incident direction by the retro-reflective sheet. By using
retro-reflection sheet, the image formed is similar to that
generated by lenses. The system consists of retro-
reflection.sheet and half-mirror. No sophisticated
calibration of the optical devices is required. It provides
large aerial image with wide range of viewpoints. In this
demo system, retro-reflective sheet with extremely small
beads, allows the generation of floating image which
can be seen from a range of 90 degrees.

2 YRFTLOERKE
Fig.2 The whole system
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Generic Method for Crafting Deformable Interfaces to
Physically Augment Smartphones

BFSHTL Y FPCORY— T2 VIREFET
BOBROY v FRO—VEAYF T T —AN%
NBDBHRUREBRO> TRV EXRTEMDCED'T
BEIRBRITT VD T —RERDWOMENRLTE
TNBENZD, CNICIE2DDEHANHD. 1 DB
BT « — ENy IDRBNEASERD Y-
DEELLBEFTA—T-DI T ZF v —Z& . ZffIC
REND 1+ — RNV DTREER O TEL T EICKD.
2DBRBRTIIV VI —[CEAETDEEODIY R
I-Y-DUREMELT RO =V EDPAIVD
UAPIRENDRIVNA AFBDET TR I - —
BESONENGS VYT —REBDBE8DFTHE
DHEEBTELBORTLELCKDENEBNND. K
SEXESNB—IESNERAY—FD 7z VX d—
F—DFICK > THROILKRNBSN. BDETDED
EUTBRERTETHD.

Though we live in the era of the touchscreen (tablet
PCs and smart phones providing a rigid and flat inter-
face) people and the industry are getting excited about
the world of tangible 3D interfaces. This may be
explained for two reasons: first, the emergence of cheap
vision-based gestural interfaces conquering the space
above and below the screen (but without haptic feed-
back), and second - and perhaps more important for the
present discussion - the explosion of the 3D printing
industry and the possibility for the end user to not only
customize the layout of icons on a screen, but also of
designing their own physical interface from scratch.
Mass-produced smartphones could then be seen as
bare-bone electronics devices whose shape can be
physically augmented, personalized and crafted.

In order to introduce DIY techniques in the world of

B URSAB DA VI T T —REFDEHIC. —
BOGERDOT T 1 Y SNERIRICTT DREFRT
VYV VIFREOBBECCTBNAL TN ATO
IO OI—IVIE MEBORIAERSY T L v RPCO
AV—tT2 VI UTIHREADIZVILEFE
ERDOIJDCETHD. T ERTRRMEZT DO
VREULBEBEBAASDLEICERED. COR DK
FANR— T2 YDAN—E—RMELTNTEKLL,
FE. COMEDREHEDBICEBPTH D ET,
MIEPELDDNEERFERC U - =K
ZEODTNDONETTNDDONRERBRDITR
Fr—ERBOTYREERDEBEBPILT YN
ESAERICT YA YSNEWMEDTIROEFR ZHE
LWSETHELEBRM > ERTC. AT —B80D
ZVIT VSRR A VD T —REEHB T,

deformable input-output interfaces, it is necessary to
provide a generic manufacturing/sensing method for
such arbitrarily designed shapes. The goal of this project
is to investigate minimally invasive methods (no wirings)
to physically augment tablet PCs or smartphones. By
putting a deformable object over the front or rear
camera - this 'object' can be part of the smartphone
case itself - and by making the inside of the object
partially transparent, the complex light reflections can be
used to recognize patterns of deformation or grasping
and map them to different Ul actions. A machine learn-
ing algorithm allows object shape and deformation to be
designed arbitrarily, bringing the device physical person-
alization at a level never reached before, with minimal
interference with its original hardware.
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High Speed Gesture Ul for Three Dimensional Display zSpace

High Speed
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REBRMIC K>
T.A—HY—0F
DO EIRTIE
ESRTRE L.
ZDBE®WRZE
zSpacett GF
DICK>TREE
ENEITIRIRIE
F142ATUA
[zSpace®JCED)ICRRIBBICET - EHDRY
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3D Information &
High Speed Gesture it

zSpace®

High Speed Feedback

IRFLADHE (A XA—IE)
Fig.1 System

1

This system integrates high speed 3D hand gesture
interface and 3D virtual holographic display system.
Ishikawa-Watanabe Laboratory developed the high
speed 3D hand gesture interface which detects the 3d
position of user's hand and recognizes gestures.
zSpace® developed the zSpace 3D display system.
Integrating the two systems, an immersive virtual envi-
ronment can be realized. The high speed 3D hand ges-
ture interface utilizes super high speed stereo cameras,
which makes it possible to recognize gesture and track
3D position (500 fps) with extremely small latency. With
such small latency, very fast and tiny movements, such
as shaking, can be detected easily. Not only fast, the
system is also correctly aligned with the real world,
making the interaction very intuitive.

In other systems, such as smart phones, tablets,
computers, etc., the response time have significant influ-
ence on user satisfaction. Devices with high latency
create some sense of incongruity, which makes the
experience unenjoyable. Low latency response not only
removes that sense of incongruity, but also gives a feel-
ing of being immersed in the virtual environment.

Low restriction and low latency brings various applica-
tion. Progress in 3D image operativity brings intuitive
interaction and high efficiency. This system is expected
to be applied in situations like surgical operation,
because user can operate 3D image without touching
anything. Creativity is pulled out to the utmost, because
any devices don't interfere operator's creativity.

* Note 1: zSpace

zSpace is a leading-edge technology provider that

ED—RKDEDTHDRDICREHLUSN., HEBSDIEDE
IEEOPCA-—T-—Bo5NRATIREEEEZS
ER

RF CERFUBRTHDIERRECEELETDS

RMBMEICK > THRRBHARBENEZ 5ND, 3K

TTIBRDBIEHEDRD EENDSRTIE 2 DIRITT
FT—HICx U TERASRIENTRE SR D REMED
FENROQAENAFTTE B MR T RY 1 SRR
CENFERKESEEEN T, FERTTICIRIFIYETHD
ENDHETRFEDNBNTNB.HDANEFEBFTRIC
ROLCOHBHEICEEMNTRIEIDICENTER
Mo RIRE. BIZEFMETHARENBEDIRITH
BlEEs T — Y EERIT DY — /Etf@fﬁﬁt)‘ﬁﬁﬁ
TED.EHICRBIENBSRTHDENDRTIE &

ENRESORIEEZBIT C R <rﬁwﬂéﬁ
FENHFTED,

E1 : zSpacett

KEHU I AW PN Z—R—JVICEKHEEBL
zSpacett (http://zspace.com/) (3. & 5t i £ il &
BWTBEELEDSvI Yy T8REzSpace®IC Lo
T EEREEHBOERBICHITDEH UL\ 2BIRERT
BERBELUTNET,

SE2 : zSpace®

zSpacett|C Ko TRHERINEIIARRET + 2T
- . (http://zspace.com/the-zspace-system/) %—»
FAOXAREES UREBRIESICXT U T X HRUB
FSwFUIICKOTE bnfﬁﬁN%%ﬁUbE
BOBICEB > EREZEER U IIARGEELZS L
x9,

delivers a new way of learning with its flagship product,
zSpace. Focused on the learning market, specifically
science, technology, engineering and math (STEM)
education, medical instruction, corporate training and
research, zSpace inspires and accelerates understand-
ing through immersive exploration. zSpace is a privately
held, venture backed company located in Sunnyvale,
CA, and has filed more than 30 patents for its innovative
technologies. (http://zspace.com/)

* Note 2: zSpace®

zSpace® provide 3D image to a operator wearing
trackable glasses showing deferent images to both
eyes. A virtual reality envi-
ronment for immersive
exploration, visualization,
and learning. Unleash the
full potential of human
understanding. zSpace is
an immersive, interactive
hardware and software
platform for students, edu-
cators, researchers, and
corporate trainers. zSpace
gives depth to the digital
learning experience by
improving the way things
are studied, explored,
designed and visualized.
(http://zspace.com/the-
zspace-system/)

2 YRFTLADEKE
Fig.2 The whole system

3 BEIDIIRFy—R/HIYRATLA
Fig.3 High speed 3D gesture recognition system
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High Speed Gesture Ul: Ultra Low latency with Proprioception
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Fv—BEND, T+ AT LOBRERIRITD IRFTLEREL, T RTUAIC8 msDELETK
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ENETARTUA LOBREFEBSDIY T AF v— 1TV Y —DEFHZENB2 ms(LEDDFENEEN A S
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In this research, we propose a high speed gesture including gesture recognition), D) Output delay (caused
user interface as an example of ultra low latency inter- by data transfer to an output buffer), E) Display delay (=
face enhancing the usability. the reciprocal of frame rate). In the case that each

In user interface of smart TV, computer, video game, device does not achive synchronization, buffering time
etc., the high speed property of a response has a signifi- which prevents synchronization deviation called frame
cant influence on the operation feeling, because proprio- dropping is needed. In the system based on ordinary
ception which is the sense of linking one's own gesture video rate, total latency takes about 150 - 200 ms even
to the operation on the display, improves by low latency if gesture recognition is finished within 1 frame. We
of the datapath from user input to output to the user. implemented each step A) - D) based on 1,000 fps, and

The figure below shows the outline of our system. In used a display with 8 ms delay. As a result, this system
gesture interface, a delay occurred due to A) Capture realized high speed gesture interface which has only
delay (caused by scanning imager array = the reciprocal about 32 ms total latency (the time from the camera
of frame rate), B) Input delay (caused by data transfer to observing LED light to a photodetector observing the
an input buffer of a computer or an image processing change of the display).

unit), C) Processing delay (caused by image processing

516 ZOMOMFTHR

Other research topics

Invoked Computing: FN D ICHIDEDERE - BE A VY- 11 RICEZDILRITER, Virtual
Haptic Radar: #E URBNWEDZRUDIY AT A, FHDPDECS (boxedEgo): BRAZNBERDXT 1 PP —
R INSTSYDIR e A—FaXIT 1y R« T 2TU—, FTUEBYRY [ [TEBVED — ATR—JLODREEERER,
Laserinne: ELANDU - —BEZBULZARET VIS DOY3 Y, AT vF -S4~ UL—T-ZAL\Z
BrEHOMECHIE, BHALUTLEDIAI VI —TIAR  NYIRFIP, MED + — RNy IZRIESIZA
HABRITV DR, Earlids: BB LYY VIICKBIBBIBHAE, NTFT+H—: NTFTrvIOL—F—-—DEEE
AN DM, ChATT BBEEMRIBRICKD I PILY 1 ARFEDH, Roboethics: Oy MMBEE, XSV GES,
Boo-Hooray: {®I2ICEET D5 DB, DITFEFDHRET D> CUND.

Invoked Computing: spatial audio and video AR invoked through miming, Virtual Haptic Radar: touching
ghosts, boxedEgo: an experimental stereoscopic & autoscopic display, Parallax Augmented Desktop (PAD),
Tele-ping pong: proof-of-principle of an IT-engineered wormhole, Laserinne, Sticky Light: interacting with a beam
of pure light, The Mouse Chair: example of a "resless interface", 3D Retractable Mouse with Haptic Feedback,
Earlids: voluntary control of auditory gain by contraction of mastication muscles, HaptiKar, ChAff, Roboethics,
Boo-Hooray, Dimensional Metaethics are going on.
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BEARES « A58 Basic Concept and Technical Terms

COR=IL, AARZOREER -V ZIBRIICHICSEEBRDIBEEZFIEDLENTI N, — 8
BRABHBRHTEELS, ARDERICHDHF UNRS, BR51BE, B, P—F7 0 F vE FAREREDS
ZTTOMBDORRNDSDERREXEDIZEDTY. 2T, ARRENRIE U TN DH UBEROH LU
IS EN, E2, EKOBBISTLTEH UNBZHOHEMERNTHOET. ARREOHAEZIER
IIEHO—BEBNIEEBNET.

On this page, we provide some reference material from our laboratory's unique viewpoint to help you
better understand the relevant pages on our website. Here we summarize the unique perspectives behind
our research, such as new viewpoints, design concepts, theories, and architectures. These include new
concepts and technologies that we have proposed, and in particular, we describe newer perspectives and
directions and contrast them with traditional approaches and terminology.

Zi)a —37/31>J,//Sensor Fusion

>t Da—Y 3>, Sensor Fusion

EHOEYHBRE@EEZ BN S, BE—DE YT TEESNZRVERAREREMLE I DRMOHH
M EYTREHDINEEYUMEESHEND. ERBICEEY YT —5T 21— 3V (Sensor Data
Fusion) EIESH, Bl THD YT Ta—I a3 UHES LD, BUAEEE LT, VILFEYTHES
U, 1 VFTTL—=YaVEREINDBHD, MERDE T, N1 VT« VIEEE)BRESND. &2, RE
RELUT, BRIAS Unformation Fusion)® >R w D —2(Sensor Network) DD BHH 0, Th
SNDBFOIBEEDNEE E5 > T\ D. B TBEERODESIE, BYTORNELICXT T2 FIBRUNIED
BiEsm, R FDO—OBEDWR/N\N— RO T POP—FFOF vi, NBOHEREICXT T DIESNIE « #
SHLIEDIESWNIR, HBIBESICXT I D AL RAEDAIENE, NIBESHRIDIZEDEM - 2BIRHR, Y
2T ADREHERENERINTUND.

"Sensor Fusion” is an inclusive term for technologies that use multiple sensors of the same or different
types to extract useful information that cannot be obtained from a single sensor. Strictly speaking, it should
be called "Sensor Data Fusion"; however, the shorter "Sensor Fusion" has now become entrenched. The
similar terms "Multi-sensors" and “Integration” are also used to describe the concept, and "Binding" in psy-
chology has a similar meaning. Sensor fusion forms the basis for processing structures in "Information
Fusion" and "Sensor Networks". Many associated themes have been discussed, such as conjoined sen-
sors, structural theory of sensory information processing using intelligent sensors, architectural theory of
network construction and processing hardware, signal and statistical processing related to the computa-
tional structure of processing, knowledge processing and artificial intelligence related to logical structure,
accommodation theory of learning in the case where the processing structure is unknown, and overall
system design.

RAEBENMES . Sensory Motor Integration

RIS, BRERTHARDRHEZE UILE, EBRICT 1 — RNy ISNTEDRIRSINDENDBIIETIV
PDERTH LD BREREEBRDOBERIIE, TN TRRL, SBBDZHDEBDHITO RN Y
D4 — BNy DRODEMEZHE L TOUEBRE, HRRBE TRENSVRBETILANBEZSNDLDIC
BoOR. COXDBUEEEERBEIHRE SIS, ERICIE, DX DICHEBIIFIBRIERVIBE T IME
DOERERERD. TEHNICREEDRE Y AT LAZRIRTDICHE, POFa1I—-F0EYY, JVEa1—
HOPIVTIINLE, BRER - WER - BEREFBERIMEL, YR OAREZZSH TRERZEHR—HIC
WOCTENYUBERD. AMRBETI(S, HEER E A OMERN SREBERESEZT >IZ@R0OMY ~
ZRRELTND.

Conventionally, there was only the serial model, which operates after recognizing the outside world.
Recently, however, various types of integrated processing models have been proposed, such as those in
which motion is performed in order to realize sensing and those in which processing systems function as
upper-level monitors of lower-level sensor feedback systems. These processing architectures are called
"Sensory Motor Integration”. A massively parallel information processor like the brain is essential for imple-
menting this kind of architecture. In order to construct a sensory motor integration system, we must inte-
grate a sensory system (sensors), a processing system (computers and algorithms), and a kinetic system
(actuators) with tight compatibility , and also deal with the entire system comprehensively, involving the
outside world and the tasks to be performed. In our laboratory, we develop high-speed robots based on
"Sensory Motor Integration" from the standpoint of functional aspects and time characteristics.
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=& 07Mw . High Speed Robot

EEROMY M TUA /NNy JEMEICKT UTEEROEENRIRESNTNDD, YT« — /Ny
D, BICREDT « — RNy IEEATDERFROVBICER LU TEMENELRD. FE, ABOENEZE
BETBDLa—V /+ FORY FERICHETDHEEORY TE, BER - RFROESICERALT, =
AOBEITEN. #EY 2T AELTOOMNY FOSRIEDEFRFE(S, ABOBEICEENTRNDT,
ARARETE, BER - RERESRILIDCELLD, OMy FOSRIEEBELTND. KARENS
220y FHROBRL, BRER « BHRESHTABZIDNCBZDRETEIFIT DREEOMNY
ThHD, N\MDBICIERZAZVERETENET DKEORY FTHD.

Industrial robots are capable of high-speed motion when it comes to "playback motion", i.e., reproducing
a prescribed motion , but when sensor feedback, especially visual feedback, is introduced, their motion
can be delayed due to the processing required in the visual system. Even in the case of intelligent robots
such as humanoids designed to operate like the human body, their whole body movements are also slow
due to the slowness of the sensory and recognition systems. Based on the fact that robots, in mechanical
terms, are capable of performing motions much faster than the human body, in our laboratory, we are
attempting to speed-up robot tasks by making the sensory and recognition systems faster. Our goal in
robot research is to build intelligent robots that include sensory and recognition systems and that are able
to move so fast that we cannot even see their motion, surpassing the motion speed of the human body.

X082 27 1\ Intelligent System

MRIBEJZEEDKDICEBZ DM, RN SFa—-UVITFIER>UHE UTER &%ZHD“T‘T‘@“%
O, CCT TR, STE#ODP=BROERODIZITDREETIEEL, BER (real world) DPT, BER « B
BR (B UEA), WBR (DY E 2 —S#EIM), BER « 78R (POFaIT—IEM M, HRICELTD
RUEREBONICA YISOV IVIDIVYRTLAEEZD. COEES, RRKODEZPFZSZL, RER%E
NWREFTDEH KORYEBZREREEZ>TND. COXEY AT ADRIRICIE, MNEEIDETBIRH
(computational theory) MIEEE, 15 ICFEEHIEH NIBIEEDBE, ZDIBRERIRT DICHDBRKRIRE
PILTUZXLADBE FICABETIL (internal moddel) EBEHRERIR (representation) WICT 2 —
Y3 VPILT)XADEEE SOICERRBICRIRTTDRAV— Y HORI—~POFaTI-9ESHE
N—RIOITPO=DOBENEB LD

Beginning with the Turing test, there have been many conventional ways of thinking about how we
define "Intelligence". This question arises not only in computers (that is to say, in the information world) but
also in the real world. Therefore, here we consider an intelligent system as a system that interacts adap-
tively with the real world, where a variety of changes in sensory/recognition systems (sensor technology),
processing systems (computer technology), and motor/behavior systems (actuator technology) coexist.
Since the definition of intelligence mentioned above includes the conventional one and is aimed at the real
world, the problem setting is more difficult. There are three key parts to realize an intelligent system: The
first is to establish computational theories, especially for building hierarchical parallel distributed architec-
tures. The second is the configuration of the algorithms and information expression rules by which the
theories are applied to the real world, particularly including their internal models and information represen-
tation, as well as the design of fusion algorithms. The third is to construct hardware that interacts with the
real world, such as smart sensors and smart actuators.

FEEBaONI 5D EUES ., Hierarchical Parallel Dlstrlbuted Architecture

HEEY AT ADDEF TS, MOBERWBESICE Y FEBT, NICRS FIE < —RREVREIEEY X T ADM
BESDETILELT BER WER, EBREMS L, b CC@L@’&JJ—M/D‘B EE’JD‘DEE(J&
BESNEDBNEBEEERETBIETIVAAbUSICK D TIRESNTND. COEFIVICRNT, &8
R WHERICADSNEZ Y TIBRIE, RINEBIR @fferent information) & LT, LRIDBEICEITT
BEECEICUEBINDEECEC, BROBEEE LITTNE, WIBBOERE, EER - TBREEMED
1548 (efferent information) & LT, FMUDKBEIC@ITT, EANZESICEREINT, POFa1I—FIC
25N BEETIE, ZNZNDIBIRKIR (representation) EIFEE (time constant) ICK D LEA
FINBDEEBIC, BB« ZEICT + — RN DIL—THERIN TS, LRIOBTIE, HEOsTEEN)
SHBESERITT DEFBNENTHN, FRIOBTIE, S0\ PILY 1 AEOHKOD TIHHIHEOSUE
SNBHTHND. COBEONRSEADIZDICIE, BRICXT DI RDD@BHRETD (HRADIDER
NEZSR).

In the domain of intelligent systems, Albus suggested a model serving as a structure model of a general
intellectual processing system that is inspired by the human brain but surpasses its limitations. The model
is based on a parallel distributed architecture in which processing modules for each function are connected
with each other in a parallel and hierarchical way and are integrated with sensory, processing, and motor
systems. In the model, sensor data input to the sensory and recognition systems is processed in progres-
sively higher hierarchical levels and is passed to the next level as afferent information, gradually increasing
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the level of abstraction of the information. The processed information, which is regarded as efferent infor-
mation for the lower-level motor and behavior system, is converted to concrete signals that are passed on
to the actuators. In each hierarchical level, information is processed using the corresponding representa-
tion and time constant, and feedback loops spanning the multiple levels and having a multiplexed structure
are formed. In higher levels, knowledge processing is performed to realize logical structures such as deci-
sion and planning. In lower levels, highly parallelized signal processing is performed under constraint con-
ditions that require highly real-time properties. To make effective use of the structure, decomposition of the
task in question will be key. (Refer to Task Decomposition below.)

B 2R/ Task Decomposition

B DEEEEE I DAEEY RT ADBEICHNT, BHOMEEDEULSINIENIBEY 2 —)L
[CRETDERC, EEDYRDENEBEY 21 —)LCECHBRUELETRETINENHD. ;Z’LEQZD
fi# (task decomposition) IS, & XD DBRDTIEMENICKD, KIBEY AT ADMENKRELE
DTEEFRZETHDID, —BNSRIEEL, W DHDERFTBEMNRESINTND. ERESE L/“Clst, =

BR-WBR-EBREVNDDBOEIDER (sequential decomposition) &, MWHID T + — R/Nw D
=T & RBICEB LIZH DR (parallel decomposition) ICDIF5NBDY, BED Y ZFTATIE, O
MEDEESEEERDBEENZV). BIDRRE STEIY 21— ILDRFANB2THIENDRRNDDIND, &
EREHEICHREDEERNELBRDIENDIRENDD. —73, MHIDRIFVIBREDBE CIFEMNERD
MEA—-URFT 1 v DCUHDBHABDINSBENENDRENHD. RIFARETI, DSLVRITOTP D
FAI—RFICXI LT, WHIEY 2 —ILHSOEHNDOEMINE THE NI DZH, WIBEY 1 —)LDEHHEE
BRI ZEHITIRII E IR DR DICERET T DER DR (orthogonal decomposition) Z12E LTS,

In the construction of intelligent systems having a hierarchical parallel distributed architecture, the whole
task needs to be decomposed into modular processes in order to functionally implement these subtasks
on the distributed processing modules. This is called task decomposition. Task decomposition is an impor-
tant subject because the behavior of the intelligent system is affected by the task decomposition method
used. However, there is no general solution for task decomposition, and several design concepts have
been proposed. As a basic structure, task decomposition is separated into sequential decomposition,
which decomposes the task into the sensory system, the processing system, and the motor system, and
parallel decomposition, which makes virtual parallel feedback loops. In practice, sequential decomposition
and parallel decomposition are often used together. With sequential decomposition, the design of each
module is easy, but the whole system becomes slow if there is a heavy processing load. On the other
hand, parallel decomposition has the advantage of higher processing speed, but it can be realized only by
heuristics. Our laboratory has proposed orthogonal decomposition, which makes the outputs of processing
modules independent of time and space by simply summing the outputs of parallel modules and using the
sum as the input for a limited number of actuators.

S+ F XD XEES,/ Dynamics Matching
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ZRE URIRENREEEY AT ATIE1kHzD ERDBZR ER 2.

The design concepts for intelligent systems using the high-speed sensor feedback proposed by our
laboratory when interacting with real objects (including the physical systems of robots) involve specific
dynamics. Therefore, due to the sampling theorem, all of the components of the system need to have suffi-
ciently wide bandwidth relative to the objects' dynamics in order to measure and control the objects
perfectly. Dynamics matching means realizing an intelligent system that matches the properties as a
whole, by designing the sensory system (sensors), processing system (computers), and motor system
(actuators) so that they have sufficiently wide bandwidth to cope with the object's dynamics. If there is a
slow module in the system, the whole system is constrained by the dynamics of that module because the
system controls the object's dynamics based on imperfect information. Sampling rates of currently avail-
able servo controllers are about 1 kHz; therefore, 1 kHz is the rough upper target to be realized in real
mechanical intelligent systems.
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UPILEA L INSUIL TOtw >,/ Real Time Parallel Processing

UPILEA LATORy Y YT ER, ISHDERKTRE éﬂfﬂ%?ﬁ@(lki@’é%fﬁ@*%citéﬁEb?’
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Real-time processing is to realize processing in a defined time, and it is an essential technology in fast-
moving systems in the real world, such as robots. Although parallel processing is effective for high-speed
arithmetic processing, some problems such as priority inversion occur due to changes in the execution
time of operations and data transfer between processing modules. As a result, the overall processing time
is difficult to control, so that it is extremely difficult to make parallel processing compatible with the real-
time nature required for a robot. Therefore, at present, in many cases, the process is designed in an ad
hoc manner for the target function.

TS D+ —F/\wD,/ Sensor Feedback

REBOOMNY FORREESZEEYTIBREOQMNY FOBMEIC T + —RN\w DI B E. BRI, RE
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FOIFENC) PILE A AICRBESBIHEDOC EEST. ROEZBOMRY ~IE, T /Ny O EFEEN
DRUMEERDIRT CEEBREICESNTRD, 120D:E UEBIWEE UTEEDREDERNERESIN, 5T
SNTUVED, BT D+ — RNV DE—RDIBEIL, DB UEEEIFZSIVED, IBELRXIBED
Z)b\latxjg‘,ic‘:@mxj*e??ul HINRETED, MEREL LY HBRULIBRODRS « BEOWLIBKEES

T, BT ITBINBLHD. FIEEVY T AE LT, &ROMY FERIFTBEOHOCIE, AHRENIRIET DS

*1’7' D2ABEDQLDZEABRHIUETH D, THRHDDIEZED R USIEICXTHT D/NwvISvyalUR
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Sensor feedback involves feeding back sensor information, about the environment as well as the robot,
to the robot operation. Usually, sensor feedback denotes feedback of information from sensors that cap-
ture changes of the outside world and the interaction between the robot and the outside world, or control to
reflect such changes of the environment and the object in the robot's action in real time. Conventional
industrial robots are designed to repeat the same operation over and over, that is to say, "playback", with
certain levels of accuracy and speed, and are evaluated based on their ability to achieve these levels. On
the other hand, in sensor feedback mode, robots are not forced to repeat the same movement, so that the
accuracy should be evaluated in terms of an absolute accuracy or a relative accuracy, and the robots must
be designed by taking into account also the operating speed and the processing time for recognition and
understanding in the sensor information processing system. In order to realize a high-speed robot as an
intelligent system, a design concept like dynamics matching proposed by this laboratory is necessary, and
the introduction of backlash-free mechanisms suitable for the non-repetitive control is essential.

EH##EIE ~ Dynamic Compensation

OMRy FCXDERNDDOSRERMIBROZRIRT DD, WHENZ/NYDISvya , EFTIERE &
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SDEMEIC K DENBEFED, BROAREICK > TRESNE. BINBEFEL MTOXIDICT3IDND
BEANBHEICK > TEREINTND. (1) X1 VOMy FHHNSREODKRIIZIBEHT I, TEMZE
IR DAIIE CAEEELCDONTIEIBRE T, BERUEBRDEMEPVF 1T —YICEED. (2) #EaY
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For high-speed and high accurate robotic positioning, dynamical uncertainties due to mechanical back-
lash, modeling errors as well as calibration errors exist as the most difficult problem to cope with. Espe-
cially, for general robots designed for normal speed operations, the negative impact of dynamics issue
would be greatly magnified if it is assigned to high-speed manipulations in order to further improve the
productivity in industrial applications. Based on the traditional macro-micro concept, dynamic compensa-
tion approach was proposed in our lab to address this issue by fusing high-speed visual feedback and
lightweight compensation actuator. The proposed dynamic compensation concept contains three basic
points: (1) The main robot is responsible for coarse high-speed approaching and ignores the dynamical
uncertainties as long as it keeps stable. Whereas fine positioning is handed over to the compensation
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actuator that is serially configured on the main robot, (2) Dynamical uncertainties including mechanical
backlash, modeling errors, calibration errors and others are overall perceived as the equivalent systematic
uncertainty, which is resultantly observed as relative positions between robots and target from high-
frequency images, (3) The systematic uncertainty is (approximately) compensated by the compensation
actuator under the assumption that it responses sufficiently fast (thus the delay of each compensation
cycle can be sufficiently small).

EYa7PIL D+ —F/\Nw2  Visual Feedback

YYD — BNy DDOPRT, HIC, BRERICTI DT « — /Ny DRIFEIEZKRT D, £V EROP
TREBIRSL, 27T/ —VBERCTHDICH, BRLEBOEEND « — RNy I — FCABSNDE
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BXIERHEHEGATDCEICKD, EEEHIREEHIFT D ENTRECRD.

Visual Feedback, which is one type of Sensor Feedback, particularly refers to feedback control for
image information. Conventionally, it has been difficult to utilize image information for feedback in real
time, because image information, which is two-dimensional, requires a long time for image processing,
which affects the feedback rate. However, our High-Speed Image Processing system makes real-time
visual feedback possible. Target objects for image information feedback include robots, robot manipulation
objects, lights, imaging cameras and so on. Example applications include robot tasks, manipulation con-
trol, micro-visual feedback for control of microscope images, active vision, target tracking and so on. A
coordinate transform error occurs when using a coordinate transform from an image to the task coordi-
nates via absolute coordinates, but this error can be removed by introducing relative coordinate control
between the target and robot in the image.

TIY Rwv kD —2 / Sensor Network

Ry RD—=DODEPRURCASHOEYHTERBL, TOEYHYEBERERY FD—OTEARIDE
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CPUHBRENRETDCELCKD, Ry D —20 ETHBHROIBROIBENTEE D, Ry FD—2D
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A Sensor Network is a network in which various kinds of sensors are provided, and their sensor informa-
tion is utilized. Whereas conventional network nodes are mainly computers, sensor network nodes are
sensors that provide sensor information, so in a sensor network it is possible to acquire and utilize real-
world information. The idea of a cyber physical system has been proposed. As it stands now, the problem
is how to use a conventional network architecture to connect sensor information, and research has
involved merely improving protocols. Current network architectures are not, in essence, suitable for realiz-
ing basic sensing architectures because of the requirements for real-time performance, space and time
density of information, and security. In particular, a sensor network needs to realize task decomposition on
a Hierarchical Parallel Distributed Architecture, which is essential for Sensor Fusion and Sensory Motor
Integration and is the basis of Real-Time Parallel Processing, and also requires a structure capable of
implementing active sensing and intentional sensing based on dynamics matching.

PO+ vV T/ Active Sensing

—RAICIENBNBBRERDSZS5NTNDD, AFARETIE, YYD - BBICPOF21I—HEE
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ICIE, POF2T—YDORBERUEEGFIEHTESDCENS, BT OI}FEORHIE, 15ICHDNEMEDRHIES
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BTRINTT 1 v IRENDHBRDFE L TEEEEDHTIND.
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While the term generally has many meanings, in this laboratory, Active Sensing refers to the way that
we sense and recognize objects using actuators. When we are confronted with an unknown environment,
Active Sensing enables us to sense the environment in advance and provides a lot of benefits. Specifi-
cally, the aim is to search for objects (positions, aspects) and avoid locality (configuration) when exploring
a comprehensive structure with regional sensors. It is possible to improve the spatial resolution by using
high-resolution regional sensors and comprehensive sweeping, optimized sensing of minute structures
and surface textures by using actuator-related time-series signals and the responses to them, and recov-
ery of dynamic characteristics, particularly those with differential behavior, by controlling the temporal
properties of actuators. Active Sensing is closely related with ideas such as affordance (J.J. Gibson),
which proposes that an agent can perform shape recognition and exhibit certain behavior by means of the
relation between her/his behavior and the environment that s/he is involved in, by studying the relationship
between self-behavior and self-recognition, as well as the ideas of the perceptual cycle (U. Neisser), selec-
tive attention, and self-recognition based on proprioception. This concept is called Active Vision and has
been gathering a lot of attention in the field of optical research, and is called Haptics in research on tactile
perception.

1 >VFT VY3 FI)Ib BV VT / Intentional Sensing

YUY VTE, RODIBHRNOFE T DRZRICKT LT, SHABDIIRE M ZE > TROFE T D208
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Sensing is a process in which we narrow-down the space in which a solution may exist by using mea-
sured values and constraint conditions, or find an optimal solution by statistical processing in cases where
a lot of useful information exists, in regard to the solution space, which contains information upon which
algorithms may converge. When multidimensional information space is dealt with using a small amount of
sensor information, the problem becomes ill-posed, meaning that the amount of useful information is
smaller than the amount of information about the target space , and the problem of searching a large infor-
mation space often occurs. In this case, to constrain the solutions, not only measured values but also past
experience or physical constraints are frequently used as constraint conditions. Moreover, as sensing has
its own goal, it is also possible to constrain the target information space by using an explicit distribution of
the objects as a constraint condition. This method is called Intentional Sensing. This idea was proposed in
the Sensor Fusion Project, which ran from 1991 to 1995, and plays an important role in active recognition
in Sensory Motor Integration.

fitEStz >t/ Tactile Sensor
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A Tactile Sensor is a sensor that is equivalent to a touch receptor under the human skin. It usually
means a sensor that measures a pressure distribution on its surface associated with touch, but sensor
assemblies consisting of force sensors and temperature sensors, or heat current sensors, also exist. Usu-
ally, such sensors measure the distortion of a flexible elastic body. When designing a Tactile Sensor, it is
necessary to ensure flexibility while maintaining durability, so that the sensor can conform to many kinds of
three-dimensional surface forms, to ensure a large surface area, depending on the circumstances, to
design circuit technology for acquiring pressure distribution information, and to decrease the number of
cables in order to provide a larger working area. None of these requirements are seen in usual electronic
devices. While it is not true to say that fixed sensors are never seen, sensors that are fixed to movable
parts exhibit high-activity because motion of the sensors has a large influence on the measurement. The
motion that makes a Tactile Sensor work effectively is called a touching motion. The study of perceptual
structure, while taking account of haptic sense and motion at the same time, is called Haptics.
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S14FIwvD Y_E 2L — 3./ Dynamic Manipulation
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This is the general term for high-speed dynamic robot manipulation. The aim is to realize swinging
motions that are close to the dynamical limit, which is impossible for conventional slow and quasi-static
manipulation systems. Conventionally, the recognition ability and motion capability have not been rapid
enough to keep up with high-speed / accelerated movements of the target; thus, even playback or
feedforward-driven control systems could realize dynamic manipulation only with limited trajectories. To
solve this problem, our laboratory has developed high-speed sensors and actuators that can cover a wide
range, and can also perform high-speed and dexterous manipulations with fewer degrees-of-freedom by
intentionally utilizing unstable or non-contact states for the target. We aim to create a brand new dynamic
manipulation system by getting the maximum performance from sensor-actuator systems.

BT VIEE/ Sampling Theorem

STV TER, PTOJESRES, EFE DEZHDIERCEICT Y TIL BEEUES) & LT
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Sampling means acquiring values of an analog signal (original signal, continuous value) as samples
(discrete signals) at certain time intervals. The interval is called the sampling interval, and its reciprocal is
called the sampling frequency. The sampling theorem states that, compared with the peak frequency of a
certain band-limited signal, it is possible to restore the original signal completely from the sampled values
by sampling the original signal at a sampling frequency that is more than twice the peak frequency. Thus,
in designing a system, in order to acquire and comprehend an object completely, it is necessary to use a
sensing system whose frequency band is more than twice as wide as the frequency band of the target
items to be measured , after comprehending or setting the frequency band of these items. In reality, how-
ever, it is extremely difficult to set the frequency band or the sampling frequency like the operating
frequency of the system. Therefore, by using a control system design that takes account of this problem , it
is desirable to set the frequency band not just twice as large but wider. For example, for temporal control
management of a robot, some textbooks recommend setting the sampling frequency band to be approxi-
mately ten times larger. In the visual feedback in our laboratory, since in many cases the sampling time of
the servo controller generally is set to 1 ms, our basic goal is to realize a frame rate with an upper limit of
1,000 fps in visual information processing from the viewpoint of dynamics matching. This means that, theo-
retically, it is possible to acquire and comprehend the object in a frequency band below 500 Hz, but in
terms of control of the object, depending on the dynamical characteristics of the object or the system, we
cover a slightly lower frequency band (e.g., a frequency band up to 100 to 500 Hz).
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S FSYP)A A=YaZFE —) ),/ Dynamic Image Control
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Dynamic Image Control is a technology that presents, in a simple form, some objects and phenomena
that cannot normally be seen, by appropriately controlling the optical system, illumination system, and
processing systems in response to various phenomena exhibiting dynamical behavior. Since a trade-off
exists between the angle of view and resolution in conventional slow fixed imaging systems due to the
angle of view being fixed, it is impossible to take images outside the angle of view and to take images at
high resolution. In addition, it has not been possible to capture a moving object at high resolution because
the images include dynamic phenomena, like the movement of the object. Dynamic Image Control enables
us to capture the required images, according to the actual implementation of the system, by compensating
for unwanted movements in the images.

N120EYar)L T+ —ER/Nw,/ Micro Visual Feedback
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It is difficult to manipulate minute objects like microorganisms in microscopy, and operators need to
acquire special skills. Micro Visual Feedback enables us to get the required information and images by
capturing enlarged images of a minute object at a high frame rate and feeding back information about the
object at high speed, with high accuracy, and in a non-contact manner. On the micro scale, the natural
frequency of an object and its velocity relative to its size are high; therefore, image processing in Micro
Visual Feedback and high-speed actuation performance are especially important elements. It is expected
that, with this method, we will be able to manipulate minute objects autonomously without an excessive
burden on the operator, which will lead to breakthroughs in microscope observation, inspection, and
manipulation.

F—=HHF1 AR )N« ZAEY2—)lL/ Organized Bio Module
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A microbe can be regarded as a single module that composes a system in combination with an informa-
tion processing mechanism through high-speed vision. Such modules will enable very large-scale micro-
systems that provide flexible and diverse functions as an element in the system. In living organisms, in
order to achieve precise detection of environmental changes and allow quick action in response, microbes
have developed highly sensitive, highly precise sensors and actuators. In an Organized Bio Module, a
microbe is regarded as a bio module in which a highly sensitive sensor and a microminiature actuator are
integrated. The development of an interface for associating a processing element with multiple Organized
Bio Modules will realize new microsystems in which living organisms and information processing mecha-
nisms are fused.
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P57 1T EY3Y,/ Active Vision
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Active Vision is a technology for obtaining useful image information by adding information or energy to
an object. Although there are many definitions, in the broadest definition, it includes image processing
using gaze control corresponding to eye movement and image processing in which an object is intention-
ally irradiated with patterned light using structured illumination. Gaze control includes a method using real-
time visual feedback, a method of improving image search efficiency by using stored information, and so
on. These methods achieve better performance than those using a fixed camera.

HN—Tw bk rSwvFUT, Target Tracking
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Target tracking is a technique for tracking a moving target and obtaining necessary information about it.
In the case where there are multiple targets, it is called multi-target tracking. When the aim is to acquire an
image of the moving target, we first capture the target with a high-speed vision system that can track it,
then give feedback to the actuator to control the line of sight and fix the target at the center of the field of
view. In addition to basic regulation control with two degrees of freedom, i.e., pan and tilt, three-
dimensional tracking with stereo vision and monocular three-dimensional tracking with high-speed focus-
ing have also been achieved.

FA4F2vD TJOYxzUY 3V Vv, Dynamic Projection Mapping
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Projection Mapping is not to project some images simply onto a plane screen, but to project the images
to fit a position or a shape of a 3-dimensional object surface as a target. General Projection Mapping
targets only undeformable static objects because the position and the shape of the target projection
surface need to be known. In case of projection to a moving object, we need to keep geometric consis-
tency without delay against its motion. Misalignment of projected images, however, will occur due to a
latency of a general projection system. Dynamic Projection Mapping is to project the images with time geo-
metric consistency for such dynamic objects, that is, without misalignment caused by a delay. One method
to realize Dynamic Projection Mapping without discomfort is to use a high-speed vision and a high-speed
optical axis controller, which realize precise tracking of the target object and coaxial projection with the
same optical system. The method enables Dynamic Projection Mapping with time geometric consistency
of dynamic objects. The projection which is controlled to fit the dynamics of the target objects is expected
to be applied not only to new media art or human-computer interfaces without discomfort but also to wide
areas such as sports science and manufacturing scene.
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B84 &E Retroreflection
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Retroreflection is one of optical surface reflectance properties, and a special property which reflects a
ray of light entering the surface to its inverse direction. General reflectance properties include diffuse
reflection which generates scattered light against incident light, and specular reflection (regular reflection)
like mirrors. However, retroreflection is realized with glass beads or micro prism (corner cube). Generally
retroreflection is used for road signs at night, which enable call for attention to drivers with sufficient bright-
ness due to retroreflection of car lights even if the signs are far from the drivers. However, retroreflection
which returns the light perfectly to the incident direction let reflected light go back only to the light source.
Therefore, the retroreflection is designed to scatter the light around the light source to some extent as nec-
essary. Preparing appropriate lighting systems with retroreflection such as a coaxial optical system and a
half mirror enables construction of lighting and imaging system, which can obtain specifically high-intensity
reflected light against self lighting. This optical system gives sufficient reflected light even for a high-speed
vision with short exposure time, and is applied to high-speed tracking or presenting a large aerial image
with wide range of viewpoints. .

BESmX %R~ Pupil Shift System
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The part in an optical system that limits light entering the image plane, such as the aperture of a camera
and the iris of the human eye, is called the "pupil". Connecting multiple optical systems often causes
obscuration and image loss because some rays of light that go through the pupil of one system cannot
pass through the pupil of another. The Pupil Shift System is placed at the connection between two optical
systems so that more rays can pass through both pupils effectively. In the Saccade Mirror, it is located
between the small rotating mirrors and the camera.

LIVI D+« Y RE,/ Self Window Method
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The Self-Windowing Method is a simple target tracking algorithm designed on the assumption that
images are captured at high speed. With high-speed images, by setting a window around the target in a
frame, it can be assumed that the target is still in the window at the next frame. This is because the move-
ment of the target in the image plane between frames is small. In the case where the movement of the
target on the image plane is larger, by increasing the camera frame rate in order to satisfy the assumption,
the search range becomes extremely small, and target extraction can be achieved using a simple match-
ing algorithm. This method could also be applied to three-dimensional tracking in the same manner.
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TSR L > X/ Variable Focus Lens
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Most cameras and binoculars have a focusing mechanism. Existing optical systems consist of multiple
solid lenses, and focus adjustment is achieved by changing the positions of some of the lenses. However,
the need to control the positions of the lenses with high accuracy causes some problems; for example, the
mechanism becomes complex and is thus difficult to reduce in size, and it is difficult to perform focus
adjustment rapidly. A Variable Focus Lens is a new optical device in which a single lens itself has a focus-
ing mechanism. If such a lens could be realized in practice , it could achieve focus adjustment and zoom
functions without moving lenses. This would allow the development of extremely small, low-power, high-
functionality digital cameras. The Variable Focus Lens is currently an area of active research, including
focus adjustment using a change in shape of a plate, film, or interface between two liquids, or by using
materials with variable refractive index, such as liquid crystal. In some cases, a whole optical system that
achieves focusing by moving lenses mechanically is called a Variable Focus Lens. In this laboratory, how-
ever, "Variable Focus Lens" means a device in which the lens itself has a focus adjustment function.

FEREE  All-In-Focus Image, Omnifocal Image
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An all-in focus image is an image in which the whole scene is in focus. While it is impossible to capture
such an image with a usual camera, it can be computed from a series of differently focused images or from
images captured by a special optical system. This area is under active investigation because the following
optical constraints demand these approaches. Normally, an image captured by a usual camera has parts
that are both in focus and out of focus because the distance between the camera and the object in the
scene defines the sharpness of the image. The range of distances at which the object appears acceptably
sharp is called the "depth of field" (DOF). It is generally known that a lens with a high magnification, such
as a macro lens or a telephoto lens, has a narrow DOF, and it is therefore necessary to adjust the focal
length to match the placement of the object. When the object is large, however, the entire object does not
appear acceptably sharp in an image because some parts are outside the DOF. In our laboratory, we are
conducting research to obtain all-in-focus images using a high-speed liquid variable-focus lens.

SIS P =E T )F) /AVision Architecture
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Vision Architecture is an academic field established with the aim of examining problems concerning real-
izing systems from the viewpoint of exploring the applications of high-speed vision technology and practi-
cal systems that can recognize the real world and respond in real time. To explore new applications in vari-
ous fields, it is necessary to create new system technologies that will enable the ideal performance. In
order to do that, it is necessary to pursue significant performance and functionality improvements by estab-
lishing sophisticated relationships between applications, principles, and devices. Based on this design con-
cept, the Vision Architecture focuses on practical research to explore new applications in various fields by
using high-speed image sensing that is superior to the human eye. In concrete terms, we are creating new
high-speed recognition and sensing systems and developing new applications in fields such as robotics,
inspection, visual media, human interfaces, digital archiving, and so on by utilizing VLSI technology, paral-
lel processing, image recognition, and instrumentation engineering.

33> FwTJ/ Vision Chip
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A device that realizes general-purpose, fast image processing in a single chip by integrating a photode-
tector (PD) and a programmable general-purpose digital processing element (PE) at each pixel of an
image sensor. It enables high-speed image processing with high real-time capability, in a small, light-
weight, and low-power-consumption form factor. This is due to the fully-parallelized structure, which makes
raster scanning unnecessary, and the absence of bottlenecks in data transfer between the imaging device
and the image processing unit. The processing architecture often adopts the SIMD (Single Instruction
Stream, Multiple Data Stream) architecture and has simple A-to-D converters. In addition to devices with
general-purpose processing units, devices specially designed for target tracking have been developed.

SREENIE, High Speed Image Processing
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High-Speed Image Processing is an image processing technology designed to satisfy the demands con-
cerning sampling rates and delays required to visualize dynamical phenomena or to control robots based
on visual servoing. In particular, it is capable of processing 100 to 1000 images per second, which is much
faster than usual image processing, which processes images at only 30 fps or less. Usual image process-
ing requires prediction or learning because it has lower bandwidth than a fast-moving object. In contrast,
High-Speed Image Processing is assumed to have a high frame rate that ensures sufficient bandwidth, so
that processing algorithms becomes simpler, achieving a quick response. Generally, high-speed video is a
technology that realizes fast imaging and recording. On the other hand, High-Speed Image Processing
realizes fast imaging and image processing. For example, real-time visual feedback requires not high-
speed video but high-speed image processing with a high frame rate and low latency.
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Parallel Image Processing is an image processing technology, which aims at faster processing by paral-
lelization, using dedicated processing architectures to perform the processing, by utilizing the data archi-
tecture and the properties of the processing task. Some examples of this technology at the device level
include parallelization of processing at the pixel level for calculating feature values, and parallelization of
processing at the target level for simultaneous observation of 1000 targets, without scanning, which is
serial processing. Some techniques have been introduced to implement Parallel Image Processing, such
as SIMD processing utilizing the parallelism at the data level, bit-serial architectures for realizing compact
PEs, and reconfigurable architectures for realizing multiple functions. The key factor for Parallel Image
Processing is to use these techniques to achieve O(1) processing time for an nxn image.

EZE . Scanning
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Scanning involves operations carried out element by element, not in parallel, to obtain, transfer, and
display arrayed data. This method has an advantage that a large-scale database can be processed using
circuits with low processing and transfer performance. However, this method also suffers from the disad-
vantage that the processing speed is slow. Generally, an image contains 2D data, and image data is
obtained by scanning in rows and columns sequentially. If an image sensor has a global shutter, simulta-
neity of image acquisition is ensured; however, if an image sensor does not have a global shutter, the
timing of the data acquisition depends on the timing of the scanning, and the time lag between data acqui-
sition at the top-left and the bottom-right becomes the total scanning time for the whole image (which is
equal to the reciprocal of the frame rate). Furthermore, since the acquisition timing of the top-right data is
soon after the acquisition timing of the bottom-left data in the previous frame, we should take care in the
image processing to account for this short time. For example, the acquired images will be different when
the sensor detects objects that move in the same direction as the scanning direction and objects that move
in the opposite direction.

5151,/ Column Parallel
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Column Parallel is a parallel processing structure in which a PE is connected and assigned to one
column for image data in a 2D array (we call the crosswise direction a row, and the lengthwise direction a
column). This structure falls somewhere between a completely parallel processing structure in which a PE
is connected to each pixel and a CPU processing structure in which the whole image is scanned and
processed by a single computing unit. Although this structure's processing speed is slower than the com-
pletely parallel structure because of the column scanning, this structure is capable of processing on the
order of milliseconds. Additionally, some types of processor reduce the number of data transmission wires
and A/D converters by reducing the number of wires for columns and performing partial scanning. The
Intelligent Vision System developed by our laboratory and put into practical use by Hamamatsu Photonics
has this type of structure.
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A Bit Serial Architecture is one of the processing architectures used in a general-purpose processor.
This architecture can perform operations on n bits by using a 1-bit ALU (Arithmetic and Logic Unit) n times
sequentially. This kind of architecture was used in the early days of electronic computers, which consisted
of a small number of vacuum tubes. These days, the Bit Parallel Architecture, which uses an ALU capable
of processing 32 or 64 bits in parallel, is normally used in processors. The Bit Serial Architecture has been
introduced into vision chips, which have a limited number of transistors that can be used for each pixel,
and also in completely parallel image processing. The processing circuit required for n bits is the same as
that required for 1 bit, even though the processing time for n operations is n-times longer than the process-
ing time for 1 bit. High-speed image processing is achieved with a processing time of about 1 ms, which
allows some margin for dealing with an increase in processing time.
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To speed up processing, the optimal composition of processor circuits varies depending on the algo-
rithm. A Reconfigurable Architecture is an architecture that can reconstruct the optimum circuit configura-
tion in every task for each individual algorithm. This architecture has attracted attention as a technology
that achieves flexibility and high-performance implementations by specializing the architecture to match
the task. Some of our parallel high-speed image-processing architectures employ a reconfigurable archi-
tecture to implement various functions on the same hardware.
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An SIMD (Single Instruction Stream and Multiple Data Stream) architecture has parallel data paths con-
nected to parallel processing circuits that are controlled by a single instruction. It contains identical
processing elements (PEs) which have their own data paths (pixels in the case of image data) arranged in
parallel and are controlled by a single instruction supplied to the whole parallel processing circuit. Images
are suitable for this architecture because of their high intrinsic homogeneity. Moreover, a pseudo-MIMD
structure, especially with conditional branches for each pixel, can be realized, and global feature values
can be extracted in a parallel circuit. From the viewpoint of implementation, the PE design is small
because the arrayed PEs have the same design , and the design task is simplified compared with the
overall circuit size in an FPGA or single-chip implementation.

CMOS « X—I v/ CMOS Imager
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CMOS imagers construct images using CMOS switches to sequentially scan the outputs of photodetec-
tors for each pixel. In a CCD (charged coupled device) imager, on the other hand, because charge is
transferred to turn on the CCDs in parallel with the outputs of the photodetectors for each pixel, a CCD
imager provides simultaneous pixel data, unlike a CMOS imager which does not have a global shutter
function. In recent years, CMOS imagers having a global shutter have been developed by improving the
circuit design, and they are expected to become more widespread in the future. Moreover, a new pixel
architecture called "Active Pixel" has been developed, which is expected to improve not only the switching
performance but also the imaging performance. The circuit is constructed of several to about 20 transis-
tors, mainly to achieve better imaging performance, such as improved sensitivity. Also, pixel structures
constructed from tens to hundreds of transistors are designed to realize various functionalities, such as
image processing, by using such structures, called "Smart Pixels". In our laboratory, we developed a kind
of smart pixel device called the "Vision Chip", which has a general-purpose PE (Processing Element) at
every pixel.

JUL—AU— . Frame Rate
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The frame rate refers to the number of moving images displayed per second. The unit is frames per
second (fps). In the old NTSC standard (interlaced), black and white images are 30 fps, and color images
are 29.97 fps. In the standard European PAL system, the frame rate is 25 fps, based on the frame rate
used for film in theaters, for historical reasons. In the defined depending on the resolution and scan
system, including 60 fps, 30 fps, 59.94 fps, 29.97 fps, 50 fps, 25 fps, 24 fps, and 23.98 fps. There are two
kinds of scanning: progressive scanning and interlace scanning. The former scans from top to bottom in
scanning lines, whereas the latter usually scans the image twice, with the scanning lines shifted by one
line each time (written as 2:1).

RIS ARAE/ Spatial Resolution
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In general, the spatial resolution of an imager is defined by the number of pixels. Imagers that have over
a hundred million pixels are being developed today. However, the higher the resolution becomes, the
slower the transfer speed because pixel data is generally read out by scanning. Some measures should be
taken to alleviate this problem, though there are some limitations. Namely, there is a trade-off between
time resolution and spatial resolution, and there is the question of which resolution should be given priority.

1 X =Y v DREE / Sensitivity of Imager
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The sensitivity of an imager or digital camera is defined in various way. To begin with, sensitivity in mea-
surement means the ratio of output to input levels, but "good sensitivity" may mean the minimum input
value for a meaningful output (sensitivity limit). For that reason, different ways of expressing the sensitivity
are used in devices designed for measurement and consumer products, such as digital cameras. In the
former, the sensitivity is defined by the output voltage divided by the time-integrated value of the surface
illuminance, which depends on the light source. In case of a camera, the output characteristics are consid-
ered instead of the illumination intensity at the image plane, but considering its use as a camera, the mini-
mum illumination of the field with a standard candle is often used because the obtained image is more
meaningful than the output voltage. In this case, the characteristics of the lens system or the light source
are also given because the performance depends on them. Also, in the case of a digital camera, "corre-
sponding ISO speed", which describes the speed corresponding to conventional film speed, or the stan-
dard output sensitivity, at which the defined brightness of an object comes up to a defined standard value,
are used for the convenience of general users.

20-=/N)U ¥ v w&—, Global Shutter
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A global shutter is an electronic shutter function that allows each pixel data of an imager to be obtained
simultaneously. This function is provided in CCD (Charge Coupled Device) imagers, but not in common
CMOS imagers. In recent years, however, CMOS imagers having this function have been developed.
Image data obtained using a global shutter function ensures simultaneity, so that there is no interference
between the direction of the target movement and the scanning direction. Classical mechanical shutters do
not ensure simultaneity because of their structure.

¥1EPRBAE. Structured Light
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Structured Light is an active light pattern used in three-dimensional measurement methods. This method
uses a camera and a light projector that projects a known pattern that can be easily identified spatially or
temporally, and calculates three-dimensional shape information by extracting the three-dimensional posi-
tions of points that correspond to the light pattern reflected on the surface of the target object by using a
three-dimensional position extraction method (for example, triangulation). Various types of light pattern
have been proposed. For example, a grid of points or lines has been used as an easy way to extract the
corresponding points, and a random dot pattern, a two-dimensional M-sequence pattern, or a pattern
modulated by color information has been used as a complicated way to extract the corresponding points.
In addition, light-section methods that use a fan-shaped pattern in combination with scanning, which are
also often used in applications where speed is not important but accuracy is, have also been used. In the
case of a mirror, it is necessary to identify the corresponding points while taking account of the specularity
of a target surface.

%2 a5tAl,/ Multi Target Measurement
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Multi-Target Measurement is a technique for estimating the values of measurement targets (e.g., the 3D
positions of a point cloud), by dividing an image into a number of regions and simultaneously analyzing the
local variations of each divided region. In particular, when dealing with a large number of small targets, it is
possible to realize high-speed multi-point measurement as a whole by executing local processes for each
object in parallel over the entire image. Specific examples include inspection of small products or particles,
bio-imaging of a large number of cells, blood flow analysis, fluid measurement, observation of microorgan-
isms, manipulation of minute or small objects, detection of dust before cleaning the surface of a substrate,
particle observation in the atmosphere, motion measurement using a texture, three-dimensional measure-
ment by structured light, and visible light communication using an image sensor. A dedicated processor
operating at a rate of 1,000 frames per second has been developed for measuring more than 1,000
objects at the same time.

3 R75stAl~ 3D Measurement
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Three-dimensional measurement is a technique for obtaining the three-dimensional surface shape of a
measurement object. It is also called "shape measurement” or "three-dimensional sensing". In general,
there are two types of three-dimensional measurement: the contact type, which uses a mechanical probe
that touches the surface of the target object to measure the three-dimensional position by kinematics of
the arm, and the non-contact type, which mainly uses optical measurement. Two methods are generally
used: In one method, the target is scanned by measuring a single point at a time. In the other method, the
multiple points are measured from the image at the same time. With an image- based non-contact method,
multi-point three-dimensional measurement technology is required, and we have been working on this in
our laboratory with the aim of speeding up the process. In conventional systems, stationary target are usu-
ally measured. In contrast, we developed a system that is capable of obtaining the shape of a measure-
ment object in real time at a rate of 1 kHz, even for objects which deform and move. Super-fast real-time
3D sensing is expected to be used in the fields of robotics, industrial product inspection, automobiles, and
human interfaces.

FVTU—k ¥YwFUT,/ Template Matching
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Template matching is a kind of image processing that detects an object from an input image. It scans
the input image using previously saved patterns of the object, and then performs a matching operation at
each scanning point to determine a degree of similarity which enables the system to recognize an object.
Several methods have been proposed for determining the degree of similarity, such as SSD (Sum of
Squared Difference), SAD (Sum of Absolute Difference), and NCC (Normalized Cross-Correlation). In the
case of target tracking, we can make the scan area narrow by utilizing high-speed images and decreasing
the computational complexity because the scan area can be assumed to be only an area where an object
can move to from its position in the previous frame. Moreover, we can realize high-speed template match-
ing by adopting parallel computing for the matching operation.
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1521, Feature Extraction
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Feature extraction is an operation for recognizing/understanding an object in an image. It transforms
image patterns to a space with different dimensions, called "feature space", and then performs calculations
to extract various features. A value given by this operation is called a feature. Various values have been
proposed as features for various purposes. Features are classified roughly into two types: local features
and global features. A local feature is calculated and extracted from only neighboring pixel data, and a
global feature is computed using all pixel data of an image. A key issue for both is to accelerate the opera-
tions. In particular, we need to pay special consideration to global features because they need an integral
calculation involving all pixel data (e.g., for moment features).

T— XA +H, Moment Extraction
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Moment extraction is a process for extracting a moment of an image, which is one of the features com-
monly used in image processing. We can utilize this moment feature not only for representing geometric
information of an object, such as the size (0th moment), position (1st moment / Oth moment), slope (2nd
moment), etc., but also for pattern recognition. We have proposed some schemes where moment features
are computed by a massively parallel circuit containing a processing element for every pixel, and these
features are used for calculating the center of gravity.

A « BIFE1El Real Time Fluid/Particle Mesurement
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Real-Time Fluid / Particle Measurement is a technology for measuring the motion of a fluid or particles
mixed in a fluid in real time. In measurement using image processing, one method is Particle Image
Velocimetry (PIV), which is a method for obtaining a time-series flow velocity distribution from location
information of particles scattered in a fluid. In cases where particle motion cannot be obtained directly due
to a low frame rate, a method for identifying the particle number and sizes statistically by using light scat-
tered by illuminated particles has been employed. In contrast to this method, we developed a method
called Real-time Moment-based Analysis of Numerous Objects. This method enables fluid measurement
and pattern analysis, which are normally executed offline, to be executed in real time and can measure a
higher number of particles.

Z£E 71t/ Book Scanning
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Book scanning is a technology for digitizing and computerizing the information contained in printed
books. With the great advances being made in network search technology and digital books, there is a
growing need for computerizing printed books. Generally, current technology is based on copiers or flatbed
scanners and is inadequate for computerizing an enormous number of books in terms of speed and conve-
nience. We have proposed a hew book computerizing system that scans books continuously without users
having to laboriously turn the pages one-by-one. We demonstrated the system experimentally. This tech-
nology employs a method in which acquired images are transformed into distortion-free images according
to the measured 3D shapes of pages while the user rapidly flicks through the book, and can realize non-
destructive book scanning without having to place the book face-down as in conventional flatbed scanning.

Y 1 RF v —5058. Gesture Recognition
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Gesture recognition technology recognizes human gesture motions. The objective is to control devices
by giving each gesture a meaning. Recognition systems are often targeted at only the limbs or fingers. The
former requires high speed, whereas the latter requires high precision. Leading applications of this tech-
nology are control of TVs (3 m - 5 m), video games and digital signage (1 m - 3 m), computers (0.3 m -1
m), and portable devices and car navigation systems (10 cm - 30 cm). In these cases, the usual speed of
the extremity of the arm is about 50km/h , and the maximum speeds of the wrist and fingers are about 100
km/h and 150 km/h, respectively. For these recognition applications, not just high-speed image processing
but also geometry recognition is often needed. The meanings of gestures are recognized by pattern
extraction from time-series location information of representative features.

AN T SIE) AR Rerception

X5 IN—T¥ 3>,/ Meta Perception
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With advancing technologies such as sensors, displays, and actuators, sensory and motor systems with
capabilities far beyond those of human beings will become possible, and the relationship between humans
and machines is going to change greatly. In our laboratory we coined the term "Meta Perception” to
describe technologies that will enable humans to communicate in new ways with each other by actively
using such systems possessing capabilities surpassing those of humans. The conventional approach was
to develop systems that are matched with human functions. In contrast, if artificial systems possess capa-
bilities beyond ours, we will need to consider how we process information and what kind of information to
provide, with full understanding of the capabilities and structure of the human sensory and motor systems.
By realizing such systems, humans can start to engage with information that we could not previously
perceive or recognize.

ANV—k L= — XF+v 7 Smart Laser Scanner
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The Smart Laser Scanner aims a laser beam scanned to form a particular spatial pattern toward the
target object to be measured, and captures the shape and motion of the target by capturing intensity varia-
tions of the reflected light with a single photosensor element. The light beam can be made to move in a
way that corresponds to the target by applying adaptive motion to the light beam. This system is capable
of measuring three degrees of freedom from the direction of the light beam and the intensity of the
reflected light and is capable of 3D position measurement, 2D feature tracking of targets, and so on. To
correspond to the design of adaptive motion, this system is capable of creating meaningful motions. In
particular, with the high-speed performance that the system achieves, the laser beam can be moved in
response to the motion of the target object, which can also be applied to interactive interfaces.

YYD 7T+ T A/ Sensing Display
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When performing optical measurements, Sensing Display is a method of realizing sensing and display
functions simultaneously, in order to use illumination and a laser beam for measurement and as a light
source through the same optical system as the display system. For instance, this allows images of mea-
sured blood vessels to be displayed on the skin surface, to implement measurement of blood vessel
images above the skin with an infrared laser beam. This method has the advantage of not causing any
position misalignment between sensing and displaying.

18505717 T+ AT A/ Interactive Display
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Up to now, displays just show information in some form or another to present it to users, and users input
their intentions via keyboards and mice, not the display. An interactive display enables them to input their
intentions directly, allowing the user and the system to communicate with each other directly. Inputting to
the display directly means that the coordinate system of the display corresponds to that of the input device,
so that a coordinate transformation carried out in the user's head, which is needed when using keyboards
or mice, becomes unnecessary, allowing an intuitive and comfortable interface to be implemented. The
latency time between the user's operation and the information display strongly affects the operating sensa-
tion. Because of this, in this laboratory we use a high-speed vision system to keep the input latency below
a few milliseconds, allowing the implementation of a high-trackability display system that can track high
speed motion.

SAFIvD 455203,/ Dynamic Interaction

ANEBEYRFTAEPBEER(A VIS0V 3)FDBEBICHENT, IV RTADABDRERBRE K
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MEBITDIYRATAZBREITDCLEICKD, ZOREMEECI > TABEY AT AEDRRHED P
TAESD, A VSTV IAVDNEEERALSIEDENTHD. HEEY R T ADABDREREHREIDE
EEENDSRICENEFTDCET, ABHDS VI AN DEREESNZTOZE U TEXIMIEETHD, AF
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In this research we propose an entirely new concept named "Dynamic Interaction”. "Dynamic Interac-
tion" is a basic concept for the system design, in particular human-robot interaction and user interface, in
which human interacts with system. This means that "The system can execute at higher speed beyond the
human recognition and action. And the system can realize interaction between the human and the system
with low-latency and highly sampling rate." By constructing such system with high-speed performance,
cooperativeness and reality become higher quality than the conventional systems. We have developed
Janken (rock-paper-scissors) robot system with 100% winning rate as one example of Dynamic Interaction
applications. This system consists of a high-speed vision, a real time controller and a high-speed robot
hand. Since the whole processing can be executed every about 23ms (image processing: 2ms, control
input: 1ms and robot hand motion: 20ms), the human cannot recognize the system latency. This technol-
ogy can be applied to various situations such as VR, AR, motion assist, power assist, human-machine
cooperation and so on. In particular, this can be considered to be significantly important role in a scene
that the time delay is a big problem to be solved.

BeS S, Proprioception
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Proprioception is the ability of humans to determine the progress of their own motor commands through
their own sensory tract when commands are given by their brain. Proprioception plays an imporant role in
recognizing the state of one's own body, as well as recognizing something unusual, the presence of
another person, and one's surroundings. Inside our brain, a motor command, as efferent information, is
transmitted to the motor system, and at the same time, is copied to the recognition system. This process,
called efferent copy, is used for identifying the outside world and the body, as compared with the sensory
tract which involves afferent information. In designing human interfaces, how proprioception is imple-
mented is one of the indexes used to evaluate the system, and proprioception plays an important role in
self-recognition.

BC5R. Self Recognition

Ea— VYA II=T A ACHENT, N=Fv)LBERICESEASHDR TR UCIHE, ZDRIR
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In human interfaces, when we reflect ourselves in a virtual world in some form or another, it is a mea-
sure of the realism of the virtual world whether or not we can understand the representation as our own. In
reference to texture and dynamics of representation, as well as latency and synchronization of display,
ensuring proprioception is critical. It is also related to discrimination between meum et tuum, paradoxically,
and a clear definition is too difficult a problem. In general, our selves in the virtual world have some infor-
mation gaps with those in the real world, and discrimination between meum et tuum is determined by the
relation between the degree of those gaps and the processing in the human brain. So, regarding imple-
mentation of human interfaces, implementation of an easy self-recognition system is one of the indexes for
evaluating the system.

INT 7« w2/ Haptics
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FEADER - BEORADITZRATEL T DL YT ERBICENTEDD, FENIULELEZITTIEXTR

DIBERIIBONT, FEED U CHRICEMSE TBH TERODISHTULEL 2D, CORDBFOEEE
ALEE) T, SRBOIZDODEBDHRIRE LT, POT+ TV Y VT DARBEFIOD— DC%ZBH'CM%
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Haptics is an academic field involving processing structures of perception and recognition related to the
tactile sense. The tactile receptors on the skin can be regarded as sensors whose measured variables are
mechanical contact pressure and a surface map of heat flow and temperature. However, one cannot
obtain information about an object only by holding one's hand over it; it is not until one moves one's hand
and touches the object that we can get information about the object. The movement of the hands like this
is called a touching motion, and it is considered as one typical example of active sensing, as a manifesta-
tion of motion for recognition. That is, we need to consider that a receptor on the skin and the touching
motion are united in tactile perception. A manifestation of the touching motion is required for several func-
tions, such as a preparation act for recognition, compensation of the dynamic behavior of sensors, evasion
of locality, improvement of spatial resolution, and recognition of surface texture.

FTI#—NNT)U T+ AT/ Deformable Display

—WEERET « 2TUAE, 75 v FETEEEICIRRASNDEDOTHD. A VSTV 3 VEZOTE
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Popular image displays are presented on a flat plane, and interactions are bounded by the two dimen-
sions in this plane. On the other hand, by introducing a freely deformable structure to display an environ-
ment on which images are presented, it becomes possible to offer a totally new interface, that is, a three-
dimensional user interface. Concretely, besides conventional ordinary multi-touch control, new controls
such as push and deformation become possible, and also it becomes possible to present an image on a
curved surface, which is generated depending on the user's interaction with the display. This will lead to
various next-generation interactive digital media environments.
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BfEERS. Invited Papers
» Masatoshi Ishikawa: Is There Real Fusion between Sensing and Network Technology? - What are the Problems? (Invited Paper),
IEICE Trans. Commun., Vol.E93.B, No.11, pp.2855-2858 (2010)

« Akio Namiki, Takashi Komuro, and Masatoshi Ishikawa: High Speed Sensory-Motor Fusion Based on Dynamics (Invited Paper), Proc.
IEEE, Vol.90, No.7, pp.1178-1187 (2002)

Il ==
FilrsmSL Papers
« Hiroaki Hasegawa, Yosuke Suzuki, Aiguo Ming, Keisuke Koyama, Masatoshi Ishikawa, and Makoto Shimojo: Net-Structure Proximity

Sensor: High-Speed and Free-Form Sensor With Analog Computing Circuit, IEEE/ASME TRANSACTIONS ON MECHATRONICS,
Vol.20, No.6, pp.3232-3241 (2015)

* Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Analysis and Realization of Card Flicking Manipulation Using a High-speed
Robot Hand, International Journal of Advanced Robotic Systems, Vol.12, Article No.130, pp.1-12 (2015)

* Shouren Huang, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: A Pre-compensation Fuzzy Logic Algorithm Designed for the
Dynamic Compensation Robotic System, International Journal of Advanced Robotic Systems, Vol.12, No.3, pp.1-12 (2015)

« Shouren Huang, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: Dynamic compensation by fusing a high-speed actuator and
high-speed visual feedback with its application to fast peg-and-hole alignment, Advanced Robotics, Vol.28, No.9, pp.613-624 (2014)

* Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Dynamic High-speed Knotting of a Rope by a Manipulator, International Journal
of Advanced Robotic Systems, Vol.10, Article No.361, pp.1-12 (2013)

« Ichiro Miyamoto, Yosuke Suzuki, Aiguo Ming, Masatoshi Ishikawa, and Makoto Shimojo: Basic Study of Touchless Human Interface
Using Net Structure Proximity Sensors, J. Robotics and Mechatronics Vol.25, No.3, pp.553-558 (2013)

« Hiroaki Hasegawa, Yosuke Suzuki, Aiguo Ming, Masatoshi Ishikawa, and Makoto Shimojo: Robot Hand Whose Fingertip Covered with
Net-Shape Proximity Sensor -Moving Object Tracking Using Proximity Sensing-, Journal of Robotics and Mechatronics, Vol.23, No.3,
pp.328-337 (2011)

» Masatoshi Ishikawa: Is There Real Fusion between Sensing and Network Technology? - What are the Problems? (Invited Paper),
IEICE Transactions on Communications, Vol.E93-B, No.11, pp.2855-2858 (2010)

» Makoto Shimojo, Takuma Araki, Aigou Ming, Member, IEEE, and Masatoshi Ishikawa: A High-Speed Mesh of Tactile Sensors Fitting
Arbitrary Surfaces, IEEE SENSORS JOURNAL, Vol.10, No.4, pp.822-830 (2010)

« Seiichi Teshigawara, Kenjiro Tadakuma, Aiguo Ming, Masatoshi Ishikawa, and Makoto Shimojo: High Speed and High Sensitivity Slip
Sensor Utilizing Characteristics of Conductive Rubber Relationship Between Shear Deformation of Conductive Rubber and Resistance
Change, J. Robotics and Mechatronics Vol.21 No.2, pp.200-208 (2009)

« Alvaro Cassinelli, Stephane Perrin, and Masatoshi Ishikawa: Smart Laser-Scanner for 3D Human-Machine Interface, ACM SIGCHI
2005 (Portland, 4.2-7)

» Naoko Ogawa, Yutaka Sakaguchi, Akio Namiki, and Masatoshi Ishikawa: Adaptive Acquisition of Dynamics Matching in Sensory-Motor
Fusion System, Electronics and Communications in Japan (Part Ill: Fundamental Electronic Science), Vol.89, No.7, pp.19-30 (2006)

« Mitsuru Higashimori , Makoto Kaneko, Akio Namiki, and Masatoshi Ishikawa: Design of the 100G capturing robot based on dynamic
preshaping, International Journal of Robotics Research, Vol.24, No.9, pp.743-753 (2005)

» Makoto Shimojo, Akio Namiki, Masatoshi Ishikawa, Ryota Makino, and Kunihiko Mabuchi: A Tactile Sensor Sheet Using Pressure
Conductive Rubber With Electrical-Wires Stitched Method, IEEE SENSORS JOURNAL, Vol.4, No.5, pp.589-596 (2004)

» Makoto Kaneko, Mitsuru Higashimori, Reika Takenaka, Akio Namiki, and Masatoshi Ishikawa: The 100G Capturing Robot -- Too fast to
see, IEEE/ASME Trans. on Mechatronics, Vol.8, No.1, pp.37-44 (2003)

* Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: Moment feature-based 3-D tracking, Advanced Robotics, vol.17, no.10,
pp.1041-1056 (2003)

« Akio Namiki, Koichi Hashimoto, and Masatoshi Ishikawa: Hierarchical Control Architecture for High-speed Visual Servoing, The Interna-
tional Journal of Robotics Research, vol.22, no.10, pp.873-888 (2003)

« Akio Namiki, Takashi Komuro, and Masatoshi Ishikawa: High-speed sensory-motor fusion for robotic grasping, Measurement Science
and Technology, Vol.13, No.11, pp.1767-1778 (2002)

« Akio Namiki, Takashi Komuro, and Masatoshi Ishikawa: High Speed Sensory-Motor Fusion Based on Dynamics Matching,
Proceedings of the IEEE, Vol.90, No.7, pp.1178-1187 (2002)

« Akio Namiki, Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: 1ms Sensory-Motor Fusion System, IEEE Transactions On
Mechatoronics, Vol.5, No.3, pp.244-252 (2000)

* Toshiharu Mukai, and Masatoshi Ishikawa: An Active Sensing Method Using Estimated Errors for Multisensor Fusion Systems, IEEE
Trans. IES, Vol.43, No.3, pp.380-386 (1996)

* Toshihiro Aono, and Masatoshi Ishikawa: Auditory-Visual Fusion Using Multi-Input Hidden Markov Model, Robotics, Mechatronics and
Manufacturing Systems (T.Takamori and K.Tsuchiya Eds.), pp.177-184, Elsevier (1993)

» Haruyoshi Toyoda, Naohisa Mukohzaka, Yoshiji Suzuki, and Masatoshi Ishikawa: Adaptive optical processing system with optical
associative memory, Appl. Opt., Vol.32, No.8, pp.1354-1358 (1993)

» Masatoshi Ishikawa: Active Sensor System Using Parallel Processing Circuits, J. Robotics and Mechatronics, Vol.5, No.1, pp.31-37
(1993)

» Masatoshi Ishikawa: The Sensor Fusion System Mechanisms for Integration of Sensory Information, Advanced Robotics, Vol.6, No.3,
pp.335-344 (1992)

» Masatoshi Ishikawa: Parallel Processing for Sensory Information, Electronics and Communications in Japan, Part 2, Vol.75, No.2,
pp.28-43 (1992)

« Akio Utsugi, and Masatoshi Ishikawa: Learning of Linear Associative Mapping by Latticed Network Circuits, Systems and Computers in
Japan, Vol.22, No.2, pp.56-65 (1991)

« Akio Utsugi, and Masatoshi Ishikawa: Construction of Inner Space Representation of Latticed Network Circuits by Learning, Neural
Networks, Vol.4, pp.81-87 (1991)

» Makoto Shimojo, and Masatoshi Ishikawa: Thin and Flexible Position Sensor, J. Robo. Mech., Vol.2, No.1, pp.38-41 (1990)
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A /Books

+» Akio Namiki, Taku Senoo, Satoru Mizusawa and Masatoshi Ishikawa: High-speed Visual Feedback Control for Grasping and Manipula-
tion, Visual Servoing via Advanced Numerical Methods (G. Chesi and K. Hashimoto Eds.), pp.39-53, Springer (2010)

» Taku Senoo, Akio Namiki and Masatoshi Ishikawa: Ball Control in High-speed Throwing Motion Based on Kinetic Chain Approach,
Robotics 2010 Current and Future Challenges (H. Abdellatif Ed.), pp.109-122, INTECH (2010)

* Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa and Makoto Shimojo: Knotting a Flexible Rope using a High-speed Multifingered
Hand System based on Synthesis of Knotting Manipulation Skills, Robotics 2010 Current and Future Challenges (H. Abdellatif Ed.),
pp.149-166, INTECH (2010)

+ Satoru Mizusawa, Akio Namiki, Taku Senoo and Masatoshi Ishikawa: Tweezers Type Tool Manipulation by a Multifingered Hand Using
a High-speed Visual Servoing, Cutting Edge Robotics 2010 (Vedran Kordic Ed.), pp.395-410, INTECH (2010)

+ Koichi Hashimoto, Akio Namiki, and Masatoshi Ishikawa: Visuomotor Architecture for High-Speed Robot Control, Control and Modeling
of Complex Systems (Koichi Hashimoto, Yasuaki Oishi and Yutaka Yamamoto Eds.), pp.323-337, Birkhauser (2002.9)

« Akio Namiki, and Masatoshi Ishikawa: Vision-Based Online Trajectory Generation and Its Application to Catching, Control Problems in
Robotics (A.Bicchi, H.l.Christensen, and D. Prattichizzo Eds.), pp.249-264, Springer (2002)

* Masatoshi Ishikawa, Takashi Komuro, Akio Namiki, and Idaku Ishii: 1ms Sensory-Motor Fusion System, Robotics Research
(J.M.Hollerbach and D.E.Koditschek eds.), pp.359-364, Springer (2000.6)

» Masatoshi Ishikawa: Sensor Fusion : The State of the Art, Intelligent Sensors (ed. Hiro Yamasaki), Elsevier, pp.273-283 (1996)
+ Masatoshi Ishikawa, and Makoto Shimojo: Tactile Systems, Intelligent Sensors (ed. Hiro Yamasaki), Elsevier, pp.165-176 (1996)

* Toshihiro Aono, and Masatoshi Ishikawa: Auditory-Visual Fusion Using Multi-Input Hidden Markov Model, Robotics, Mechatronics and
Manufacturing Systems (T.Takamori and K.Tsuchiya Eds.), pp.177-184, Elsevier (1993)

D= :
AR555mS2 Review Papers
* Taku Senoo, Yuji Yamakawa, Yoshihiro Watanabe, Hiromasa Oku, and Masatoshi Ishikawa: High-Speed Vision and its Application
Systems, Journal of Robotics and Mechatronics, Vol.26, No.3, pp.287-301 (2014)

+ Masatoshi Ishikawa, Takashi Komuro, Yoshihiro Nakabo, and Akio Namiki: The 1ms-Vision System and Its Application Examples,
Workshop: Innovative Sensory-Motor Fusion Opens a New Robotic World (Organizers : Masatoshi Ishikawa, Makoto Kaneko), 2002
IEEE International Conference on Robotics and Automation, (Washington D.C. 2002.5.11)

» Makoto Kaneko, Toshio Tsuji, and Masatoshi Ishikawa: Design of Capturing System with 100G, Workshop: Innovative Sensory-Motor
Fusion Opens a New Robotic World (Organizers: Masatoshi Ishikawa, Makoto Kaneko), 2002 IEEE International Conference on
Robotics and Automation (Washington D.C. 2002.5.11)

+ Masatoshi Ishikawa: Robot Sensors with Parallel Processing Capabilities, International Journal of the Japan Society for Precision Engi-
neering, Vol.29, No.3, pp.201-204 (1995)

« Masatoshi Ishikawa: Sensor Fusion, The State of the Art, J. Robotics and Mechatronics, Vol.2, No.4, pp.235-244 (1991)

» Masatoshi Ishikawa: Optical Neurocomputing - Optical Associative Memory with Learning Capabilities -, Now and Future, Vol.5,
1990-1, pp.4-6 (1990)

* M.Ishikawa: Tactile Sensors in Robotics, Now and Future, Vol.4, No.3, pp.11-12 (1988)

SRFR /Proceedings

* Niklas Bergstrom, Chris Raabe, Kenjiro Saito, Emad Saad, and John Vian: Sensitivity Study for Feature-Based Monocular 3D SLAM,
2015 IEEE Aerospace Conference (Montana, 2015.3.9)/Proceedings, pp.1-14

* Yugo Katsuki, Yuji Yamakawa, and Masatoshi Ishikawa: High-speed Human/Robot Hand Interaction System --Rock-Paper-Scissors
Robot System with 100% Winning Rate, 2015 ACM/IEEE International Conference on Human-Robot Interaction (HRI) (Portland,
2015.3.4)/Proceedings, pp.117-118

* Yugo Katsuki, Yuji Yamakawa, Yoshihiro Watanabe, Masatoshi Ishikawa, and Makoto Shimojo: Super-Low-Latency Telemanipulation
Using High-Speed Vision and High-Speed Multifingered Robot Hand, 2015 ACM/IEEE International Conference on Human-Robot
Interaction (HRI) (Portland, 2015.3.3)/Proceedings, pp.45-48

* Yuji Yamakawa, Kazuki Kuno, and Masatoshi Ishikawa: Throwing and Shooting Manipulations of Playing Cards using a High-Speed
Multifingered Hand and a Vision System, 2014 IEEE-RAS International Conference on Humanoid Robots
(Humanoids2014)/Proceedings, pp.92-98

» Tomoki Tamada, Wataru lkarashi, Daiki Yoneyama, Kazuhito Tanaka, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: High-
speed Bipedal Robot Running Using High-speed Visual Feedback, 2014 IEEE-RAS International Conference on Humanoid Robots
(Humanoids2014)/Proceedings, pp.140-145

« Akihito Noda, Yuji Yamakawa, and Masatoshi Ishikawa: Target Tracking Behind Occlusions Using a Networked High-Speed Vision
System, IEEE SENSORS 2014 (Valencia, 2014.11.5)/Proceedings, pp.2018-2021

« Akihito Noda, Yuji Yamakawa, and Masatoshi Ishikawa: Frame Synchronization for Networked High-Speed Vision Systems, IEEE
SENSORS 2014 (Valencia, 2014.11.3)/Proceedings, pp.269-272

* Taku Senoo, and Masatoshi Ishikawa: Planar Sliding Analysis of a Biped Robot in Centroid Acceleration Space, 2014 IEEE/RSJ Inter-
national Conference on Intelligent Robots and Systems (Chicago, 2014.9.17)/Proceedings, pp.4050-4056

* Masahiro Hirano, Akihito Noda, Yuji Yamakawa, and Masatoshi Ishikawa: Collision Avoidance of Intelligent Vehicle based on
Networked High-speed Vision System, 11th International Conference on Informatics in Control, Automation and Robotics
(ICINCO2014) (Vienna, 2014.9.1)/Proceedings, Vol.2, pp.539-544

* Hyuno Kim, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: Manipulation Model of Thread-Rotor Object by a Robotic Hand for
High-speed Visual Feedback Control, 2014 IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AIM2014)
(2014.7.9)/Proceedings, pp.924-930

+ Akihito Noda, Masahiro Hirano, Yuji Yamakawa, and Masatoshi Ishikawa: A Networked High-Speed Vision System for Vehicle Track-
ing, 2014 IEEE Sensors Applications Symposium (SAS2014) (Queenstown, 2014.2.20)/Proceedings, pp.343-348

+ Akihito Noda, Yuji Yamakawa, and Masatoshi Ishikawa: High-Speed Object Tracking Across Multiple Networked Cameras, 2013
IEEE/SICE International Symposium on System Integration (Sl 2013) (Kobe, 2013.12.17)/Proceedings, pp.913-918

» Tomoki Tamada, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: High-Speed Manipulation of Cable Connector Using a High-
Speed Robot Hand, 2013 IEEE International Conference on Robotics and Biomimetics (ROB102013), (Shenzhen,
2013.12.14)/Proceedings, pp.1598-1604
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* Yuji Yamakawa, Shisei Nakano, Taku Senoo, and Masatoshi Ishikawa: Dynamic Manipulation of a Thin Circular Flexible Object using a
High-Speed Multifingered Hand and High-speed Vision, 2013 IEEE International Conference on Robotics and Biomimetics
(ROBIO2013), (Shenzhen, 2013.12.14)/Proceedings, pp.1851-1857

» Shouren Huang, Kenichi Murakami, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: Fast Peg-and-Hole Alignment Using Visual
Compliance, 2013 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2013) (Tokyo,
2013.11.4)/Proceedings, pp.286-292

Yuji Yamakawa, Yoshiyuki Tabata, Taku Senoo and Masatoshi Ishikawa: 3D Shape Reconstruction of an Object based on its
Silhouette using a High-speed Vision, SICE Annual Conference 2013 (Nagoya, 2013.9.17)/Proceedings, pp.1966-1971

» Taku Senoo, and Masatoshi Ishikawa: Two-Dimensional Analysis of Dynamic Biped Locomotion Based on Feet Slip, 2013 IEEE/ASME
International Conference on Advanced Intelligent Mechatronics (AIM 013) (Wollongong, 2013.7.10)/Proceedings, pp.512-517

» Shouren Huang, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: Realizing Peg-and-Hole Alignment with One Eye-in-Hand
High-Speed Camera, 2013 IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AIM 2013) (Wollongong,
2013.7.11)/Proceedings, pp.1127-1132

» Sha Ye, Kenji Suzuki, Yosuke Suzuki, Masatoshi Ishikawa, and Makoto Shimojo: Robust Robotic Grasping Using IR Net-Structure
Proximity Sensor to Handle Objects with Unknown Position and Attitude, 2013 IEEE Int. Conf. on Robotics and Automation
(ICRA2013) (Karlsruhe, 2013.5.8)/Proceedings, pp.3256-3263

Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Dexterous Manipulation of a Rhythmic Gymnastics Ribbon with Constant,
High-Speed Motion of a High-Speed Manipulator, 2013 IEEE International Conference on Robotics and Automation (ICRA2013)
(Karlsruhe, 2013.5.7)/Proceedings, pp.1888-1893

Niklas Bergstrom,Carl Henrik Ek, Danica Kragic, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa: On-line learning of temporal
state models for flexible objects, 2012 12TH IEEE-RAS International Conference on Humanoid Robotics (Humanoids2012) (Osaka,
2012.12.1)/Proceedings, pp.712-718

Masatoshi Ishikawa, Akio Namiki, Taku Senoo, and Yuji Yamakawa: Ultra High-speed Robot Based on 1 kHz Vision System, 2012
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2012) (Vilamoura, 2012.10.11)/Proceedings, pp.5460-
5461 [Best IROS Jubilee Video Award]

Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Card Manipulation using a High-speed Robot System with High-speed Visual
Feedback, 2012 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2012) (Vilamoura,
2012.10.10)/Proceedings, pp.4762-4767

Taku Senoo, Mitsuhiro Takano, and Masatoshi Ishikawa: Dynamic Horizontal Movement of a Bipedal Robot Using Frictional Asymme-
try, 2012 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2012) (Vilamoura, 2012.10.9)/Proceedings,
pp.1834-1839

Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Simple Model and Deformation Control of a Flexible Rope using Constant,
High-Speed Motion of a Robot Arm, 2012 IEEE International Conference on Robotics and Automation (ICRA2012) (St. Paul,
2012.5.16)/Proceedings, pp.2249-2254

Kenichi Murakami, Taku Senoo, and Masatoshi Ishikawa: High-speed Catching Based on Inverse Motion Approach, 2011 IEEE Inter-
national Conference on Robotics and Biomimetics (ROBIO2011) (Phuket, 2011.12.9)/Proceedings, pp.1308-1313

Taku Senoo, Daiki Yoneyama, Akio Namiki, and Masatoshi Ishikawa: Tweezers Manipulation Using High-speed Visual Servoing Based
on Contact Analysis, 2011 IEEE International Conference on Robotics and Biomimetics (ROBI02011) (Phuket,
2011.12.9)/Proceedings, pp.1936-1941

Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Dynamic Manipulation of a Cloth by High-speed Robot System using High-
speed Visual Feedback, the 18th IFAC World Congress (Milano, 2011.8.31)/Proceedings, pp.8076-8081

Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Motion Planning for Dynamic Folding of a Cloth with Two High-speed Robot
Hands and Two High-speed Sliders, 2011 |IEEE International Conference on Robotics and Automation (ICRA2011) (Shanghai,
2011.5.12)/Proceedings, pp.5486-5491

Seiichi Teshigawara, Takahiro Tsutsumi, Satoru Shimizu, Yosuke Suzuki, Aiguo Ming, Masatoshi Ishikawa, and Makoto Shimojo:
Highly Sensitive Sensor for Detection of Initial Slip and Its Application in a Multi-fingered Robot Hand, 2011 IEEE International Confer-
ence on Robotics and Automation (ICRA2011) (Shanghai, 2011.5.10)/Proceedings, pp.1097-1102

Masatoshi Ishikawa: Dynamic Information Space based on High-speed Sensor Technology, JST Open Café (Singapore, 2011.3.21)

Masatoshi Ishikawa: Dynamic Information Space based on High-speed Sensor Technology, JST Workshop in conjunction with ISVRI
2011 (International Symposium on VR Innovation) (Singapore, 2011.3.20)

Taku Senoo, Yuichi Tanno, and Masatoshi Ishikawa: Jumping Patterns Analysis for 1-DOF Two-legged Robot, 2010 11th International
Conference on Control, Automation, Robotics and Vision (ICARCV2010) (Singapore, 2010.12.8)/Proceedings, pp.603-608

Yuiji Yamakawa, Akio Namiki, and Masatoshi Ishikawa: Motion Planning for Dynamic Knotting of a Flexible Rope with a High-speed
Robot Arm, 2010 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2010) (Taipei,
2010.10.19)/Proceedings, pp.49-54 [IEEE Robotics and Automation Society Japan Chapter Young Award]

 Taku Senoo, Daiki Yoneyama, Akio Namiki, Masatoshi Ishikawa: Tweezers-type Tool Manipulation By a High-speed Robot System,
Workshop: Bridging Human Hand Research and the Development of Robotic Technology for Hands, IEEE BIOROB 2010 (Tokyo,
2010.9.26)

Masatoshi Ishikawa: Dynamic Hand Manipulation Using High Speed Visual Feedback (Invited), Workshop on Bridging Human Hand
Research and the Development of Robotic Technology for Hands, 2010 IEEE/RAS-EMBS Int. Conf. on Biomedical Robotics and
Biomechanics (Tokyo, 2010.9.26)

Kunihiko Mabuchi, Hirotaka Niiro, Masanari Kunimoto, Takafumi Suzuki, Masatoshi Ishikawa, and Makoto Shimojo: Development of a
Wearable Sensory Prosthetic Device for Patients with Peripheral Neural Disturbances, 15th Annual Conf. of the Int. FES Society
(IFESS2010)(Vienna, 2010.9.8-12) /Proceedings, pp.309-311

» Akio Namiki, Ryoya Sugano, Satoru Mizusawa, Yuji Yamakawa, and Masatoshi Ishikawa: High Speed Dexterous Manipulation with
High Speed Vision (Invited), 9th IFAC Symposium on Robot Control (SYROCO2009) (Gifu, 2009.9.11)/Proceedings, pp.529-534

Masatoshi Ishikawa: High Speed Vision and Its Applications in Robotics (Invited), IEEE 1st Workshop on Computer Vision for Human-
oid Robots in Real Environments (Kyoto, 2009.9.27)/ Invited Talk Abstracts, p.10

Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo: One-handed Knotting of a Linear Flexible Objectbased on
Reconfigurable Skill Synthesis Strategy, ASME/IFToMM International Conference on Reconfigurable Mechanisms and Robots
(ReMAR2009) (London, 2009.6.23)/Proceedings, pp.486-493/Reconfigurable Mechanisms and Robots, pp.478-485

» Taku Senoo, Yuji Yamakawa, Satoru Mizusawa, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo: Skillful Manipulation Based on
High-speed Sensory-Motor Fusion, 2009 IEEE International Conference on Robotics and Automation (Kobe, 2009.5.15)/Proceedings,
pp.1611-1612

Masatoshi Ishikawa: High Speed Vision and its Applications in Robotics (Plenary), The 5th Int. Conf. on Ubiquitous Robots and
Ambient Intelligence (URAI2008) (Seoul, 2008.11.21)/Proceedings, p.23

» Taku Senoo, Akio Namiki, and Masatoshi Ishikawa: High-speed Throwing Motion Based on Kinetic Chain Approach, 2008 IEEE/RSJ
International Conference on Intelligent Robots and Systems (Nice, 2008.9.25)/Proceedings, pp.3206-3211
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* Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo: Knotting Manipulation of a Flexible Rope by a Multifingered
Hand System based on Skill Synthesis, 2008 IEEE/RSJ International Conference on Intelligent Robots and Systems (Nice,
2008.9.24)/Proceedings, pp.2691-2696

Satoru Mizusawa, Akio Namiki, and Masatoshi Ishikawa: Tweezers Type Tool Manipulation by a Multifingered Hand Using a High-
Speed Visual Servoing, 2008 IEEE/RSJ International Conference on Intelligent Robots and Systems (Nice, 2008.9.24)/Proceedings,
pp.2709-2714

Seiichi Teshigawara, Masatoshi Ishikawa, and Makoto Shimojo: Development of High Speed and High Sensitivity Slip Sensor, 2008
IEEE/RSJ International Conference on Intelligent Robots and Systems (Nice, 2008.9.23)/Proceedings, pp.47-52

Daisuke Gunji, Yoshitomo Mizoguchi, Seiichi Teshigawara, Aiguo Ming, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo: Grasp-
ing Force Control of Multi-fingered Robot Hand based on Slip Detection Using Tractile Sensor, International Conference on Instrumen-
tation, Control and Information Technology 2008 (SICE Annual Conference 2008) (Tokyo, 2008.8.20)/Proceedings, pp.894-899

Seiichi Teshigawara, Masatoshi Ishikawa, and Makoto Shimojo: Study of High Speed and High Sensitivity Slip Sensor Characteristic of
conductive material, International Conference on Instrumentation, Control and Information Technology 2008 (SICE Annual Conference
2008) (Tokyo, 2008.8.20)/Proceedings, pp.900-903

Makoto Shimojo, Takuma Araki, Masahiro Teranishi, Aigou Ming, and Masatoshi Ishikawa: A Net-Structure Tactile Sensor Covering
Freeform Surface with Reduced Wiring, International Conference on Instrumentation, Control and Information Technology 2008 (SICE
Annual Conference 2008) (Tokyo, 2008.8.20)/Proceedings, pp.904-909

Akio Namiki, Yuji Yamakawa, and Masatoshi Ishikawa: Sensory-motor Integration for Dexterous High-speed Handling, International
Conference on Instrumentation, Control and Information Technology 2008 (SICE Annual Conference 2008) (Tokyo,
2008.8.22)/Proceedings, pp.3376-3379

Daisuke Guniji, Yoshitomo Mizoguchi, Seiichi Teshigawara, Aiguo Ming, Akio Namiki, and Masatoshi Ishikawa: Grasping Force Control
of Multi-fingered Robot Hand based on Slip Detection Using Tactile Sensor, 2008 IEEE International Conference on Robotics and
Automation (ICRA2008) (Pasadena, 2008.5.23)/Conference Proceedings, pp. 2605-2610

Makoto Shimojo, Takuma Araki, Seiichi Teshigawara, Aigou Ming, and Masatoshi Ishikawa: A Net-Structure Tactile Sensor Covering
Free-form Surface and Ensuring High-Speed Response, 2007 IEEE/RSJ International Conference on Intelligent Robots and Systems
(San Diego, 2007.10.30)/Proceedings, pp.670-675 [Best Paper Nomination Finalist]

« Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo: One-handed Knotting of a Flexible Rope with a High-speed
Multifingered Hand having Tactile Sensors, 2007 IEEE/RSJ International Conference on Intelligent Robots and Systems (San Diego,
2007.10.30)/Proceedings, pp.703-708

Masatoshi Ishikawa: System Architecture for Dynamic Information Fusion: Dynamics Matching and Meta Perception(Plenary), The 10th
International Conference on Information Fusion (FUSION2007) (Quebec, 2007.7.12)

Sho Morikawa, Taku Senoo, Akio Namiki, and Masatoshi Ishikawa: Realtime collision avoidance using a robot manipulator with light-
weight small high-speed vision systems, 2007 IEEE International Conference on Robotics and Automation (ICRA 2007) (Roma,
2007.4.11)/Proceedings, pp.794-799

Masatoshi Ishikawa: Vision Chip and Its Applications for Robots (Invited), The 6th Taiwan-Japan Microelectronics Int. Symp. (Taiwan,
2006.11.1)/Proceedings, pp.1-13

+ Akio Namiki, Taku Senoo, Noriatsu Furukawa, and Masatoshi Ishikawa: Visuomotor Integration in High-speed Manipulation System,
SICE-ICASE International Joint Conference 2006 (Busan, 2006.10.2)/Proceedings, pp.4192-4197

Tatsuya Ishihara, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo: Dynamic Pen Spinning Using a High-speed Multifingered
Hand with High-speed Tactile Sensor, 2006 IEEE RAS International Conference on Humanoid Robots (HUMANOIDS2006) (Genova,
2006.12.5)/Proceedings, pp.258-263

Alvaro Cassinelli, Carson Reynolds, and Masatoshi Ishikawa: Augmenting spatial awareness with Haptic Radar, Tenth International
Symposium on Wearable Computers (ISWC2006) (Montreux, 2006.10.12)/Proceedings, pp.61-64

Makoto Shimojo, Takuma Araki, Aigou Ming, and Masatoshi Ishikawa: A ZMP Sensor for a Biped Robot, 2006 IEEE International
Conference on Robotics and Automation (ICRA2006) (Orlando, 2006.5.16)/pp.1200-1205

Taku Senoo, Akio Namiki, and Masatoshi Ishikawa: Ball Control in High-speed Batting Motion using Hybrid Trajectory Generator, 2006
IEEE International Conference on Robotics and Automation (ICRA2006) (Orlando, 2006.5.17)/pp.1762-1767

Noriatsu Furukawa, Akio Namiki, Taku Senoo, and Masatoshi Ishikawa: Dynamic Regrasping Using a High-speed Multifingered Hand
and a High-speed Vision System, 2006 IEEE International Conference on Robotics and Automation (ICRA2006) (Orlando,
2006.5.16)/pp.181-187 [Best Manipulation Paper Award]

Daisuke Shiokata, Akio Namiki, and Masatoshi Ishikawa: Robot Dribbling Using a High-Speed Multifingered Hand and a High-Speed
Vision System, 2005 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2005) (Alberta,
2005.8.5)/Proceedings, pp.3945-3950

Dirk Ebert, Takashi Komuro, Akio Namiki, and Masatoshi Ishikawa: Safe Human-Robot-Coexistence:Emergency-Stop Using a High-
Speed Vision-Chip, 2005 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2005) (Alberta,
2005.8.4)/Proceedings, pp.1821-1826

Akio Namiki, and Masatoshi Ishikawa: The Analysis of High-speed Catching with a Multifingered Robot Hand, 2005 IEEE International
Conference on Robotics and Automation (ICRA2005) (Barcelona, 2005.4.20)/pp.2666-2671

Mitsuru Higashimori, Hieyong Jeong, Idaku Ishii, Makoto Kaneko, Akio Namiki, and Masatoshi Ishikawa: A New Four-Fingered Robot
Hand with Dual Turning Mechanism, 2005 IEEE International Conference on Robotics and Automation (ICRA2005) (Barcelona,
2005.4.20)/pp.2690-2695

« Alvaro Cassinelli, Stephane Perrin, and Masatoshi Ishikawa: Markerless Laser-Based Tracking for Real-Time 3D gesture Acquisition,
ACM SIGGRAPH 2004 (Los Angeles, 2004.8.10-11)

Akio Namiki, Yoshiro Imai, Makoto Kaneko, and Masatoshi Ishikawa: Development of a High-speed Multifingered Hand System, Inter-
national Conference on Intelligent Manipulation and Grasping (Genoa, 2004.7.1)/pp.85-90

Stephane Perrin, Alvaro Cassinelli, and Masatoshi Ishikawa: Gesture Recognition Using Laser-based Tracking System, 6th Interna-
tional Conference on Automatic Face and Gesture (Seoul, 2004.5.18)/pp.541-546

« Taku Senoo, Akio Namiki, and Masatoshi Ishikawa: High-Speed Batting Using a Multi-Jointed Manipulator, 2004 IEEE International
Conference on Robotics and Automation (ICRA2004) (New Orleans, 2004.4.28)/pp.1191-1196

Yoshiro Imai, Akio Namiki, Koichi Hashimoto, and Masatoshi Ishikawa: Dynamic Active Catching Using a High-speed Multifingered
Hand and a High-speed Vision System, 2004 |IEEE International Conference on Robotics and Automation (ICRA2004) (New Orleans,
2004.4.29)/pp.1849-1854 [Best Vision Paper Award Finalist]

+ Akio Namiki, Yoshiro Imai, Taku Senoo, and Masatoshi Ishikawa: Dynamic Manipulation Using High-speed Multifingered Hand-Arm
System - Grasping, Catching, and Batting -, 2004 IEEE International Conference on Robotics and Automation (ICRA2004) (New
Orleans, 2004.4.26-5.1)/Video Proceedings, No.L

Stephane Perrin, Alvaro Cassinelli, and Masatoshi Ishikawa: Laser-Based Finger Tracking System Suitable for MOEMS Integration,
Image and Vision Computing New Zealand 2003 (IVCNZ2003) (Palmerston North, 2003,11.26)/Proceedings, pp.131-136

+ Akio Namiki, Yoshiro Imai, Masatoshi Ishikawa, and Makoto Kaneko: Development of a High-speed Multifingered Hand System and Its
Application to Catching, 2003 IEEE/RSJ International Conference on Intelligent Robots and Systems (Las Vegas,
2003.10.30)/pp.2666-2671 [ PDF format ]
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* Makoto Kaneko, Mitsuru Higashimori, Akio Namiki, and Masatoshi Ishikawa : The 100G Capturing Robot -Too Fast To See-, Proc. of
11th Int. Symp. on Robotics Research (Siena , 2003.10.22)/W.2A-2

+ Stephane Perrin, and Masatoshi Ishikawa: Quantized Features for Gesture Recognition Using High Speed Vision Camera, SIBGRAPI
2003 (XVI Brazilian Symposium on Computer Graphics and Image Processing) (Sao Carlos, SP, 2003.10.15)/pp.383-390

* Makoto Shimojo, Ryota Makino, Hironori Ogawa, Takafumi Suzuki, Akio Namiki, Takashi Saito, Masanari Kunimoto, Masatoshi
Ishikawa, and Kunihiko Mabuchi: Development of a System for Experiencing Tactile Sensation from a Robot Hand by Electrically
Stimulating Sensory Nerve Fiber, 6th Japan-France & 4th Asia-Europe Mechatronics Congress (Saitama, 2003.9.11)/pp.471-476
[Excellent Paper Award]

» Akio NAMIKI, Yoshiro IMAI, Masatoshi ISHIKAWA, Makoto KANEKO, Hiroshi KAMEDA, and Junji KOYAMA: Dynamic Catching Using
a Ultra-High-Speed Multifingered Hand System, 2003 IEEE International Conference on Robotics and Automation (Taipei,
2003.9.17)/Video Proceedings, Abstracts & References, pp.28-29

» Akio NAMIKI, and Masatoshi ISHIKAWA: Robotic Catching Using a Direct Mapping from Visual Information to Motor Command, 2003
IEEE International Conference on Robotics and Automation (Taipei, 2003.9.17)/pp.2400-2405 [ PDF format ]

Mitsuru Higashimori, Makoto Kaneko, and Masatoshi Ishikawa: Dynamic Preshaping for a Robot Driven by a Single Wire, 2003 IEEE
International Conference on Robotics and Automation (Taipei, 2003.9.16)/pp.1115-1120

Makoto Shimojo, Takafumi Suzuki, Akio NAMIKI, Takashi Saito, Masanari Kunimoto, Ryota Makino, Hironori Ogawa, Masatoshi
ISHIKAWA, and Kunihiko Mabuchi: Development of a System for Experiencing Tactile Sensation from a Robot Hand by Electrically
Stimulating Sensory Nerve Fiber, 2003 IEEE International Conference on Robotics and Automation (Taipei, 2003.9.16)/pp.1264-1270

Akio Namiki, and Masatoshi Ishikawa: Vision-Based Online Trajectory Generation and Its Application to Catching, Second Joint
CSS/RAS International Workshop on CONTROL PROBLEMS IN ROBOTICS AND AUTOMATION (Las Vegas, 2002.12.14)(Invited)
[PDF format ]

» Makoto Kaneko, Reika Takenaka, and Masatoshi Ishikawa: The Capturing Robot with Super High Acceleration, 8th Int. Symp. on
Experimental Robotics (San't Angelo d'Ischia, 2002.8.9)/Experimental Robotics VIII

Makoto Shimojo, Ryota Makino, Akio Namiki, Masatoshi Ishikawa, Takafumi Suzuki, and Kunihiko Mabuchi: A Sheet Type Tactile
Sensor using Pressure Conductive Rubber with Electrical-Wires Stitches Method, 2002 IEEE Sensors (Orlando, 2002.6.15)

Makoto Shimojo, Ryota. Makino, Akio Namiki, Masatoshi Ishikawa, Takafumi Suzuki, Kunihiko Mabuchi: A Sheet-Type Sensor Using
Pressure-Conductive Rubber with Electrical-Wire Stitches Method (Invited), The 1st IEEE Int. Conf. on Sensors (Orland,
2002.6.13)/Proceedings, 23.2

Makoto Kaneko, Toshio Tsuji, and Masatoshi Ishikawa: The Robot that can Capture a Moving Object in a Blink, 2002 IEEE
International Conference on Robotics and Automation (Washington D.C., 2002.5.14)

Akio Namiki, and Masatoshi Ishikawa: Sensory-Motor Fusion Architecture Based on High-Speed Sensory Feedback and Its Application
to Grasping and Manipulation Proceedings of the 32nd International Symposium on Robotics (Soul, 2001.4.19)/pp.784-789 [PDF
format ]

Masatoshi Ishikawa: How Can High Speed Vision Change Robotics World? (tutorial on "Sensing and Actuation toward 21st Century"),
Int. Conf. on Intelligent Robots and Systems (Takamatsu, 2000.10.31)

Hiromasa OKU, Idaku ISHII, and Masatoshi ISHIKAWA: Tracking a Protozoon Using High-Speed Visual Feedback, Proc. of 1st Annual
Int. IEEE-EMBS Special Topic Conf. on Microtechnologies in Medicine & Biology (Lyon, 2000.10.12-14)/pp.156-159

* T.Suzuki, K.Mabuchi, M.Kunimoto, M.Shimojo, T.Saito, N.Kakuta, and M.Ishikawa: Development of a system for experiencing tactile
sensation from an artificial arm by electrically stimulating sensory nerve fiber, European Medical & Biological Engineering Conf.
(Vienna, 1999.11.7)/Proc., p.776

K.Mabuchi, T.Suzuki, M.Kunimoto, M.Shimojo, N.Kakuta, T.Saito, H.Nishimura, N.Inami, and M.Ishikawa: A system of interpreting
somatic sensations for use with artificial hands and limbs, The First Joint BMES/EMBS Conf. (Atlanta, 1999.10.13-16)/Proc.,p.643

T.Suzuki, K.Mabuchi, H.Nishimura, T.Saito, N.Kakuta, M.Kunimoto, M.Shimojo, and M.Ishikawa: The electrical control of pressure
sensations: the relationship between stimulation signals and subjective intensities and areas, The First Joint BMES/EMBS Conf.
(Atlanta, 1999.10.13-16)/Proc., p.457

Masatoshi Ishikawa, Takashi Komuro, Akio Namiki, and Idaku Ishii: 1ms Sensory-Motor Fusion System (Invited), Int. Symp. of Robotics
Research (Snowbird, 1999.10.12)/pp.291-296 [PDF format]

Masatoshi Ishikawa, Akio Namiki, Takashi Komuro, and Idaku Ishii: New Generation of Sensory Information Processing for Intelligent
Systems - VLSI Vision Chip and Sensor Fusion System - (Plenary), Fourth Int. Conf. Electronics Measurement, and Instruments
(ICEMI1999) (Harbin, 1999.8.18)/Proceedings,pp.1-6

Masatoshi Ishikawa, Akio Namiki, Takashi Komuro, and Idaku Ishii: 1ms Sensory-Motor Fusion System with Hierarchical Parallel
Processing Architecture (Invited), The Second International Conference on Information Fusion (Sunnyvale, 1999.7.7)/Proceedings,
pp.640-647

* T.Suzuki, K.Mabuchi, M.Kunimoto, M.Shimojo, T.Saito, N.Kakuta, and M.Ishikawa: Incorporating a Pressure-Sensing Function into an
Artificial Arm System, XlIth World Congress of the Int. Soc. for Artificial Organs/XXXVIth Congress of the European Soc. for Artificial
Organs (London, 1999.7)/Artificial Organs, Vol.23, No.7, p.674 (1999)

K.Mabuchi, T.Suzuki, M.Kunimoto, M.Shimojo, T.Saito, and M.Ishikawa: Relationship Between an Intraneural Electrical Stimulation
Signal to a Slow Adaptive Mechanoreceptor Unit and the Evoked Atrtificial Pressure Sensation, Xllth World Congress of the Int. Soc.
for Artificial Organs/XXXVIth Congress of the European Soc. for Artificial Organs (London, 1999.7)/Artificial Organs, Vol.23, No.7,
p.671(1999)

» Akio Namiki, Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: High Speed Grasping Using Visual and Force Feedback, Proc.
IEEE Int. Conf. on Robotics and Automation (Detroit, 1999.5.14)/Proceedings, pp.3195-3200 [ PDF format (0.4Mbytes), ps+gzip
format (2.0Mbytes)]

Akio Namiki, Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: 1ms Grasping System Using Visual and Force Feedback, Video
Proceedings of IEEE Int. Conf. Robotics and Automation (Detroit, 1999.5.13)/Abstract and References, p.12

Masatoshi Ishikawa: New Generation of Sensory Information Processing for Intelligent Systems - VLS| Vision Chip and Sensor Fusion
System with 1ms Sampling Rate - (Plenary), The 5th Int. Conf. on Intelligent Autonomous Systems (Sapporo, 1998.6.2)

Yoshihiro Nakabo, and Masatoshi Ishikawa: Visual Impedance Using 1ms Visual Feedback System, Proc. IEEE Int. Conf. on Robotics
and Automation (Leuven, 1998.5.18)/Proceedings, pp.2333-2338

+ Takashi Owaki, Yoshihiro Nakabo, Akio Namiki, Idaku Ishii, and Masatoshi Ishikawa: Real- time System for Virtually Touching Objects
in the real world Using a high Speed Active Vision System, Video Proceedings of IEEE Int. Conf. Robotics and Automation (Leuven,
1998.5.18)/Abstract and References, p.2

Akio Namiki, and Masatoshi Ishikawa: Optimal Grasping Using Visual and Tactile Feedback, IEEE International Conference on Multi-
sensor Fusion and Integration for Intelligent Systems (Washington DC, 1996.12.11)/Proceedings, pp.589-596 [ PDF format 0.1Mbytes,
ps+gzip format 0.6Mbytes]

* Toshiharu Mukai, and Masatoshi Ishikawa: An Active Sensing Method Using Estimated Errors for Multisensor Fusion Systems, Interna-
tional Conference on Multisensor Fusion and Integration for Intelligent Systems (Las Vegas, 1994.10.5)/Proceedings, pp.615-622

» Makoto Shimojo, and Masatoshi Ishikawa: An Active Touch Sensing Method Using a Spatial Filtering Tactile Sensor, IEEE Int. Conf.
Robotics and Automation (Atlanta, 1993.5.3-5)/Proc. IEEE Int. Conf. Robotics and Automation, pp.948-954
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+ Akihiko Takahashi, and Masatoshi Ishikawa: Signal Processing Architecture with Bidirectional Network Topology for Flexible Sensor
Data Integration, IROS 1993 (1992 IEEE/RSJ International Conference on Intelligent Robots and Systems) (Yokohama,
1993.7.27)/Proceedings, pp.407-413

« Toshiharu Mukai, Takashi Mori, and Masatoshi Ishikawa: A Sensor Fusion System Using Mapping Learning Method, IROS 1993 (1992
IEEE/RSJ International Conference on Intelligent Robots and Systems) (Yokohama, 1993.7.27)/Proceedings, pp.391-396

* Toshihiro Aono, and Masatoshi Ishikawa: Auditory-Visual Fusion Using Multi-Input Hidden Markov Model, IMACS/SICE International
Symposium on Robotics, Mechatronics and Manufacturing Systems '92 (Kobe, 1992.9.19)/Proceedings, pp.1085-1090

» Masatoshi Ishikawa: Robot Sensor Technology for Medical, Ergonomical and Physiological Applications, Colloquium on Medical and
Neurological Applications in Robotics: New Trends, IROS'92 (1992 IEEE/RSJ International Conference on Intelligent Robots and
Systems) (Raleigh, 1992.7.8)/Proceedings, pp.1-7

+ Kikuo Kanaya, Masatoshi Ishikawa, and Makoto Shimojo: Tactile Imaging System for Body Pressure Distribution, 11th Congress of Int.
Ergonomics Association (Paris, 1991.7.15-20)/Proceedings (Designing for Everyone), Vol.2, pp.1495-1497

» Makoto Shimojo, Masatoshi Ishikawa, and Kikuo Kanaya: A Flexible High Resolution Tactile Imager with Video Signal Output, IEEE Int.
Conf. Robotics and Automation (Sacramento, 1991.4.9-11)/Proc. IEEE Int. Conf. Robotics and Automation, pp.384-391
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Object, SICE Annual Conference 2013 (Nagoya, 2013.9.15)/Proceedings, pp.649-654

Leo Miyashita, Yuko Zou, and Masatoshi Ishikawa: VibroTracker: a Vibrotactile Sensor Tracking Objects, 2013 ACM SIGGRAPH
(Anaheim, 2013.7.21-25)/Disc 1

Kohei Okumura, Hiromasa Oku, and Masatoshi Ishikawa: Active Projection AR using High-speed Optical Axis Control and Appearance
Estimation Algorithm, 2013 IEEE International Conference on Multimedia and Expo (ICME2013) (San Jose, 2013.7.18)/IEEE Xplore

Lihui Wang, Hiromasa Oku, and Masatoshi Ishikawa: A solution of pre-tension membrane for improving the usability of liquid-
membrane-liquid lens in its weak power area, 2nd EOS Conference on Optofluidics (EOSOF2013) (Munich, 2013.5.15)/Abstract,
1569716891

Hiromasa Oku, Kazuma Tsukamoto, and Masatoshi Ishikawa: Measurement of temporal response characteristics of liquid-liquid inter-
face with a pinned contact line for high-speed liquid lens design, 2nd EOS Conference on Optofluidics (EOSOF2013) (Munich,
2013.5.14)/ Abstract, 1569714639_002 (poster)

« Lihui Wang, Hiromasa Oku, and Masatoshi Ishikawa: Development of variable-focal lens with liquid-membrane-liquid structure and
30mm optical aperture, SPIE Photonics West 2013 (San Francisco, 2013.2.7)/Oral Session, Proceedings 8617-5

« Hiroki Deguchi, Hiromasa Oku, and Masatoshi Ishikawa: Arvitrarily Focused Video Using High-Speed Liquid Lens, 5th ACM
SIGGRAPH Conference and Exhibition on Computer Graphics and Interactive Techniques in Asia (SIGGRAPH ASIA 2012)
(Singapore, 2012.11.29-12.1)/Poster

Lihui Wang, Hiromasa Oku, and Masatoshi Ishikawa: A Liquid Lens with Liquid-Membrane-Liquid Structure, OSA's 96th Annual Meet-
ing, Frontiers in Optics 2012/Laser Science XXVIII (FiO/LS 2012) (NewYork, 2012.10.15)/Technical Digest FM3A

Kohei Okumura, Hiromasa Oku, and Masatoshi Ishikawa: Lumipen: Projection-Based Mixed Reality for Dynamic Objects, 2012 IEEE
International Conference on Multimedia and Expo (ICME2012) (Melbourne, 2012.7.11)/Proceedings, pp.699-704

Kohei Okumura, Hiromasa Oku, and Masatoshi Ishikawa: High-speed Gaze Controller for Millisecond-order Pan/tilt Camera, 2011
IEEE International Conference on Robotics and Automation (ICRA2011) (Shanghai, 2011.5.12)/Proceedings, pp.6186-6191

Hiromasa Oku, and Masatoshi Ishikawa: High-Speed Liquid Lens for Computer Vision, 2010 IEEE International Conference on Robot-
ics and Automation (ICRA2010) (Anchorage, 2010.5.5)/Proceedings, pp.2643-2648

Hiromasa Oku, and Masatoshi Ishikawa: High-speed liquid lens with 2-ms response and 80.3-nm root-mean-square wavefront error,
SPIE Photonics West 2010 (San Francisco, 2010.1.25)/Proceedings, 759407 1E '[E-011

Nobuyuki Mizoguchi, Hiromasa Oku, and Masatoshi Ishikawa: High-speed variable-focus optical system for extended depth of field,
IEEE International Symposium on Industrial Electronics (ISIE2009) (Seoul, 2009.7.8)/Proceedings, pp.1668-1673

Hiromasa Oku, Naoko Ogawa, Kogiku Shiba, Manabu Yoshida, and Masatoshi Ishikawa: How to Track Spermatozoa using High-
Speed Visual Feedback, 30th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC2008)
(Vancouver, 2008.8.21)/Conference Proceedings, pp.125-128

Soshiro Makise, Hiromasa Oku, and Masatoshi Ishikawa: Serial Algorithm for High-speed Autofocusing of Cells using Depth From
Diffraction (DFDi) Method, 2008 IEEE International Conference on Robotics and Automation (ICRA2008) (Pasadena,
2008.5.23)/Conference Proceedings, pp.3124-3129

Takahiko Ishikawa, Hiromasa Oku, and Masatoshi Ishikawa: Mobile microscope : A new concept for hand-held microscopes with
image stabilization, 2008 IEEE International Conference on Robotics and Automation (ICRA2008) (Pasadena, 2008.5.23)/Conference
Proceedings, pp.3130-3134

» Takeshi Hasegawa, Naoko Ogawa, Hiromasa Oku, and Masatoshi Ishikawa: A New Framework for Microrobotic Control of Motile
Cells based on High-Speed Tracking and Focusing, 2008 IEEE International Conference on Robotics and Automation (ICRA2008)
(Pasadena, 2008.5.23)/Conference Proceedings, pp.3964-3969 [IEEE Robotics and Automation Society Japan Chapter Young
Award (ICRA2008)]

« Anchelee Davies, Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Visualization and Estimation of Contact
Stimuli using Living Microorganisms, 2006 IEEE International Conference on Robotics and Biomimetics (ROBIO2006) (Kunming,
2006.12.18)/Proceedings, pp.445-450 [Best Paper in Biomimetics]

Hiromasa Oku, and Masatoshi Ishikawa: Rapid Liquid Variable-Focus Lens with 2-ms Response, 19th Annual Meeting of the IEEE
Lasers & Electro-Optics Society (Montreal, 2006.11.2)/Proceedings, pp.947-948

Koichi Hashimoto, Kiyonori Takahashi, Naoko Ogawa, and Hiromasa Oku: Visual Feedback Control for a Cluster of Microorganisms,
SICE-ICASE International Joint Conference 2006 (SICE-ICCAS2006) (Busan, Korea, 2006.10.20)/Proceedings, pp.4198-4201

« Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Dynamics Modeling and Real-Time Observation of Galva-
notaxis in Paramecium caudatum toward Robotic Maneuvering, The 3rd International Symposium on Aero Aqua Bio-mechanisms
(ISABMEC2006) (Okinawa, 2006.7.5)/Proceedings, P02

Hiromasa Oku, Theodorus, Koichi Hashimoto, and Masatoshi Ishikawa: High-speed Focusing of Cells Using Depth-From-Diffraction
Method, 2006 IEEE International Conference on Robotics and Automation (ICRA2006) (Orlando, 2006.5.18)/Proceedings, pp.3636-
3641

Kiyonori Takahashi, Naoko Ogawa, Hiromasa Oku, and Koichi Hashimoto: Organized Motion Control of a lot of Microorganisms Using
Visual Feedback, 2006 |IEEE International Conference on Robotics and Automation (ICRA2006) (Orlando, 2006.5.16)/Proceedings,
pp.1408-1413

» Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Evaluation and Suppression of Overrun of Microorganisms
using Dynamics Model for Microrobotic Application, 9th International Conference on Intelligent Autonomous Systems (1AS-9)
(Kashiwa, 2006.3.8)/pp.1015-1024

» Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Dynamics Model of Paramecium Galvanotaxis for Microro-
botic Application, 2005 IEEE International Conference on Robotics and Automation (ICRA2005) (Barcelona, 2005.4.19)/pp.1258-1263

Hiromasa Oku, Naoko Ogawa, Koichi Hashimoto, and Masatoshi Ishikawa: Microorganism Tracking Microscope System, 2005 IEEE
International Conference on Robotics and Automation (ICRA 2005) (Barcelona, 2005.4.18-22)

» Theodorus, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Optical Axis Tracking of Microorganism using High-speed
Vision, Focus on Microscopy(FOM2005) (Jena, 2005.3.22)/p.105

» Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Motile Cell Galvanotaxis Control using High-Speed Track-
ing System, 2004 IEEE International Conference on Robotics and Automation(ICRA2004) (New Orleans, 2004.4.28)/pp.1646-1651

Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa: Single-cell level continuous observation of microorganism
galvanotaxis using high-speed vision, 2004 IEEE International Symposium on Biomedical Imaging(ISB12004) (Arlingtona,
2004.4.18)/pp.1331-1334
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+ Hiromasa Oku, and Masatoshi Ishikawa: A Variable-Focus Lens with 1kHz Bandwidth Applied to Axial-Scan of A Confocal Scanning
Microscope, The 16th Annual Meeting of the IEEE Lasers & Electro-Optics Society 2003(LEOS2003) (Tucson, 2003.10.28)/ Vol.1,
pp.309-310

* Graziano Chesi, and Koich Hashimoto: Improving camera displacement estimation in eye-in-hand visual servoing: a simple strategy,
2003 |IEEE International Conference on Robotics and Automation (Taipei, 2003.9.18)/pp.3911-3916

« Graziano Chesi, Koich Hashimoto, D. Prattichizzo, and A. Vicino: A switching control law for keeping features in the field of view in
eye-in-hand visual servoing, 2003 IEEE International Conference on Robotics and Automation (Taipei, 2003.9.18)/pp.3929-3934

« Graziano Chesi, and Koich Hashimoto: A self-calibrating technique for visual servoing, 41st IEEE Conf. on Decision and Control (Las
Vegas, 2002.12.10-13)/pp.2878-2883

« Graziano Chesi, and Koich Hashimoto: Static-eye against hand-eye visual servoing, 41st IEEE Conf. on Decision and Control (Las
Vegas, 2002.12.10-13)/pp.2854-2859

* Graziano Chesi, and Koichi Hashimoto: Static-eye against hand-eye visual servoing, the 19th Annual conference of the Robotics Soci-
ety of Japan, (Tokyo, 2001.10)/pp.947-948
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[V e
T8 Papers
* Takehiro Niikura, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: In-Air Finger Motion Interface for Mobile Devices

with Vibration Feedback, IEEJ TRANSACTIONS ON ELECTRICAL AND ELECTRONIC ENGINEERING, Vol.9, No.4, pp.375-383
(2014)

+ Shohei Noguchi, Yoshihiro Watanabe, and Masatoshi Ishikawa: High-resolution Surface Reconstruction based on Multi-level Implicit
Surface from Multiple Range Images, IPSJ Transactions on Computer Vision and Applications, Vol.5, pp.143-152 (2013)

» Tomohira Tabata, Takashi Komuro, and Masatoshi Ishikawa: Surface Image Synthesis of Moving Spinning Cans Using a 1000-fps
Area Scan Camera, Machine Vision and Applications, Vol.21, No.5, pp.643-652 (2010)

+ Takashi Komuro, Tomohira Tabata, and Masatoshi Ishikawa: A Reconfigurable Embedded System for 1000 f/s Real-Time Vision,
IEEE Transactions on Circuits and Systems for Video Technology, Vol.20, No.4, pp.496-504 (2010)

+ Takashi Komuro, Atsushi Iwashita, and Masatoshi Ishikawa: A QVGA-size Pixel-parallel Image Processor for 1,000-fps Vision, IEEE
Micro, Vol.29, No.6, pp.58-67 (2009)

« Atsushi lwashita, Takashi Komuro, and Masatoshi Ishikawa: An Image-Moment Sensor with Variable-Length Pipeline Structure, IEICE
Transactions on Electronics, Vol. E90-C, No.10, pp.1876-1883 (2007)

* Shingo Kagami, Masatsugu Shinmeimae, Takashi Komuro, Yoshihiro Watanabe, and Masatoshi Ishikawa: A Pixel-Parallel Algorithm
for Detecting and Tracking Fast-Moving Modulated Light Signals, Journal of Robotics and Mechatronics, Vol.17, No.4, pp.387-394
(2005)

* Takashi Komuro, Yoshiki Senjo, Kiyohiro Sogen, Shingo Kagami, and Masatoshi Ishikawa: Real-time Shape Recognition Using a
Pixel-parallel Processor, Journal of Robotics and Mechatronics, Vol.17, No.4, pp.410-419 (2005)

* Yoshihiro Watanabe, Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: Parallel Extraction Architecture for Information of
Numerous Particles in Real-time Image Measurement, Journal of Robotics and Mechatronics, Vol.17, No.4, pp.420-427 (2005)

* Yoshihiro Watanabe, Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: Multi-Target Tracking Using a Vision Chip and its
Applications to Real-Time Visual Measurement, Journal of Robotics and Mechatronics, Vol.17, No.2, Apr., Special Issue on Selected
Papers from ROBOMEC'04 (1), pp.121-129 (2005)

+ Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: A Dynamically Reconfigurable SIMD Processor for a Vision Chip, IEEE
Journal of Solid-State Circuits, Vol.39, No.1, pp.265-268 (2004.1)

» Takashi Komuro, Idaku Ishii, Masatoshi Ishikawa, and Atsushi Yoshida: A Digital Vision Chip Specialized for High-speed Target Track-
ing, IEEE Trans. on Electron Devices, Vol.50, No.1, pp.191-199 (2003)

+ H. Kawai, A. Baba, M. Shibata, Y. Takeuchi, T. Komuro, H. Fujimura and M. Ishikawa: High-speed image processing on digital smart
pixel array, Electronics Letters, Vol.38, No.12, pp. 590-591 (2002)

« Idaku Ishii, and Masatoshi Ishikawa: Self windowing for high-speed vision, Systems and Computers in Japan, Vol.32, Issue 10, pp.51-
58 (2001.9)

+ Takashi Komuro, Shingo Kagami, Idaku Ishii, and Masatoshi Ishikawa: Device and System Development of General Purpose Digital
Vision Chip, Journal of Robotics and Mechatronics, Vol.12, No.5, pp.515-520 (2000)

+ Takashi Owaki, Yoshihiro Nakabo, Akio Namiki, Idaku Ishii, and Masatoshi Ishikawa: Real-time system for virtually touching objects in
the real world using modality transformation from images to haptic information, Systems and Computers in Japan, Vol.30, Issue 9,
pp.17-24 (1999.8)

A, Books

» Takashi Komuro, and Masatoshi Ishikawa: 64x64 Pixels General Purpose Digital Vision Chip, SOC Design Methodologies (Michel
Robert et al. ed.), pp.15-26, Kluwer Academic Publishers, (2002.7)

» Masatoshi Ishikawa: Description and Applications of a CMOS Digital Vision Chip Using General Purpose Processing Elements, Smart
Imaging Systems (Bahram Javidi ed.), pp.91-109, SPIE PRESS, (2001)

D=4 =D .
ARS55/3 Review Papers
* Yoshihiro WATANABE, Hiromasa OKU, and Masatoshi ISHIKAWA: Architectures and Applications of High-Speed Vision (Invited),
OPTICAL REVIEW, Vol.21, No.6, pp.875-882 (2014)

* Taku Senoo, Yuji Yamakawa, Yoshihiro Watanabe, Hiromasa Oku, and Masatoshi Ishikawa: High-Speed Vision and its Application
Systems, Journal of Robotics and Mechatronics, Vol.26, No.3, pp.287-301 (2014)

* Takashi Komuro, Idaku Ishii, and Masatoshi Ishikawa: General-purpose vision chip architecture for real-time machine vision, Advanced
Robotics, Vol.12, No.6, pp.619-627 (1999)

FRHFRK/ Proceedings

* Yoshihiro Watanabe, Gaku Narita, Sho Tatsuno, Takeshi Yuasa, Kiwamu Sumino, and Masatoshi Ishikawa: High-speed 8-bit Image
Projector at 1,000 fps with 3 ms Delay, The International Display Workshops (IDW2015), (Shiga, 2015.12.11)/Proceedings, pp.1064-
1065

» Gaku Narita, Yoshihiro Watanabe, and Masatoshi Ishikawa: Dynamic Projection Mapping onto a Deformable Object with Occlusion
Based on High-speed Tracking of Dot Marker Array, The 21st ACM Symposium on Virtual Reality Software and Technology
(VRST2015) (Beijing, 2015.11.14)/Proceedings pp.149-152

» Leo Miyashita, Ryota Yonezawa, Yoshihiro Watanabe, and Masatoshi Ishikawa: 3D Motion Sensing of any Object without Prior
Knoledge, 8th ACM SIGGRAPH Conference and Exhibition on Computer Graphics and Interactive Techniques in Asia (SIGGRAPH
ASIA 2015) (Kobe, 2015.11.4)/218:1-218:11

* Leo Miyashita, Yoshihiro Watanabe, and Masatoshi Ishikawa: High-Speed Image Rotator for Blur-Canceling Roll Camera, 2015
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2015) (Hamburg, 2015.10.1)/Proceedings, pp.6047-6052

+ Satoshi Tabata, Shohei Noguchi, Yoshihiro Watanabe, and Masatoshi Ishikawa: High-speed 3D Sensing with Three-view Geometry
using a Segmented Pattern, 2015 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2015) (Hamburg,
2015.9.30)/Proceedings, pp.3900-3907

* Leo Miyashita, Yoshihiro Watanabe, and Masatoshi Ishikawa: Rapid SVBRDF Measurement by Algebraic Solution Based on Adaptive
lllumination, International Conference on 3D Vision (3DV2014) (Tokyo, 2014.12.8-11)/Posters, pp.232-239

» Masahiro Hirano, Yoshihiro Watanabe, and Masatoshi Ishikawa: 3D Rectification of Distorted Document Image based on Tiled Rect-
angle Fragments, 2014 IEEE International Conference on Image Processing (ICIP2014) (Paris, 2014.10.29)/Proceedings, pp.2604-
2608
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» Masatoshi Ishikawa: High Speed Vision and Its Applications (Plenary), 2014 International Conference on Advanced Computer Science
and Information Systems (ICACSIS 2014) (Jakarta, 2014.10.19)/ADVANCED PROGRAM, p.14

Masahiro Hirano, Yoshihiro Watanabe, and Masatoshi Ishikawa: High-Accuracy Rectification of Non-Planar Documents using
Isometric Developable Mesh, The 17th Meeting on Image Recognition and Understanding (MIRU2014) (Okayama,
2014.7.30)/Extended Abstracts, 0S2-4

Chihiro Watanabe, Alvaro Cassinelli, Yoshihiro Watanabe, and Masatoshi Ishikawa: Generic method for crafting deformable interfaces
to physically augment smartphones, Conference on Human Factors in Computing Systems (CHI2014) (Toronto, 2014.4.29)Extended
Abstracts, pp.1309-1314

» Shohei Noguchi, Masahiro Yamada, Yoshihiro Watanabe, and Masatoshi Ishikawa: Real-time 3D Page Tracking and Book Status
Recognition for High-speed Book Digitization based on Adaptive Capturing, IEEE Winter Conference on Applications of Computer
Vision 2014 (WACV2014) (Colorado, 2014.3.24)

Takehiro Niikura, Yoshihiro Watanabe, and Masatoshi Ishikawa: Anywhere Surface Touch: Utilizing any surface as an input area, The
5th Augmented Human International Conference (AH2014) (Kobe, 2014.3.7) [Honorable Mention]

Yoshihiro Watanabe, Miho Tamei, Masahiro Yamada and Masatoshi Ishikawa: Automatic Page Turner Machine for High-Speed Book
Digitization, 2013 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS2013) (Tokyo, 2013.11.4)/Proceedings,
pp.272-279

Shohei Noguchi, Yoshihiro Watanabe, and Masatoshi Ishikawa: High-Resolution Surface Reconstruction based on Multi-level Implicit
Surface from Multiple Range Images, 2013 IEEE International Conference on Image Processing (ICIP2013) (Melbourne,
2013.9.16)/Proceedings, pp.2140-2144

Masatoshi Ishikawa: Emerging Technologies in High Speed Visual Feedback (special invited), INTERNATIONAL SYMPOSIUM ON
OPTICAL MEMORY 2013 (ISOM'13) (Incheon, 2013.8.21)/Technical Digest, pp.154-155

Masatoshi Ishikawa: High Speed Vision and Its Applications - Sensor Fusion, Dynamic Image Control, Vision Architecture, and Meta-
perception - (Keynote), Embedded Vision Alliance Member Meeting (San Jose, 2013.7.17)

Hiroki Shibayama, Yoshihiro Watanabe, and Masatoshi Ishikawa: Reconstruction of 3D Surface and Restoration of Flat Document
Image from Monocular Image Sequence, The 11th Asian Conference on Computer Vision (ACCV2012) (Daejeon,
2012.11.9)/Proceedings, pp.350-364

Yoshihiro Watanabe, Kotaro ltoyama, Masahiro Yamada, and Masatoshi Ishikawa: Digitization of Deformed Documents using a High-
speed Multi-camera Array, The 11th Asian Conference on Computer Vision (ACCV2012) (Daejeon, 2012.11.09)/Proceedings,
pp.394-407

Masatoshi Ishikawa: High Speed Image Processing and Its Application Systems, The 10th Int. System-on-Chip (SoC) Conf., Exhibit &
Workshops (Irvine, 2012.10.25)/ Conference Proceedings, pp.1-21

Takehiro Niikura, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: In-air Typing Interface: Realizing 3D operation for
mobile devices, The 1st IEEE Global Conference on Consumer Electronics (GCCE2012) (Chiba, 2012.10.03)/ Proceedings, pp.228-
232

Yoshihiro Watanabe, Atsushi Matsutani, Takehiro Niikura, Takashi Komuro, and Masatoshi Ishikawa: High-Speed Estimation of Multi-
finger Position and Pose for Input Interface of the Mobile Devices, The 1st IEEE Global Conference on Consumer Electronics
(GCCE2012) (Chiba, 2012.10.03) Proceedings, pp.233-237

Yoshihiro Watanabe, Shintaro Kubo, Takashi Komuro, and Masatoshi Ishikawa: Finger Detection based on Data Fusion of Fish-eye
Stereo Camera for 3D-Gesture Input Interface, The 1st IEEE Global Conference on Consumer Electronics (GCCE2012) (Chiba,
2012.10.03) Proceedings, pp.284-288

Hideki Takeoka, Yushi Moko, Carson Reynolds, Takashi Komuro, Yoshihiro Watanabe, and Masatoshi Ishikawa: VolVision: High-
speed Capture in Unconstrained Camera Motion, The 4th ACM SIGGRAPH Conference and Exhibition on Computer Graphics and
Interactive Techniques in Asia (SIGGRAPH ASIA2011) (Hong Kong, 2011.12.14)/Article No.4

Masatoshi Ishikawa: High Speed Vision for Gesture Ul, Dynamic Image Control and Visual Feedback (Invited), The 2011 Int. Conf. on
Solid State Devices and Materials (SSDM2011) (Nagoya, 2011.9.28)/Extended Abstracts, pp.1027-1028

Yushi Moko, Yoshihiro Watanabe, Takashi Komuro, Masatoshi Ishikawa, Masami Nakajima, and Kazutami Arimoto: Implementation
and evaluation of FAST corner detection on the massively parallel embedded processor MX-G, The Seventh IEEE Workshop on
Embedded Computer Vision (Colorado Springs, 2011.6.20)/Proceedings, pp.157-162

» Masatoshi Ishikawa: New Application Areas Made Possible by High Speed Vision (Invited), 2011 International Image Sensor
Workshop (1ISW2011) (Hakodate-Onuma, 2011.6.9)/Proceedings, pp.189-192

Kentaro Kofuiji, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Stereo 3D Reconstruction using Prior Knowledge of
Indoor Scenes, 2011 IEEE International Conference on Robotics and Automation (ICRA2011) (Shanghai, 2011.5.10)/Proceedings,
pp.5198-5203

Masatoshi Ishikawa: The Correspondence between Architecture and Application for High Speed Vision Chip (Invited), IEEE Symp. on
Low-Power and High-Speed Chips (COOL Chips XIV) (Yokohama, 2011.4.22)/Proceedings

Yoshihiro Watanabe, Tetsuo Hatanaka, Takashi Komuro, and Masatoshi Ishikawa: Human Gait Estimation Using a Wearable Camera,
IEEE Workshop on Applications of Computer Vision (WACV2011) (Hawaii, 2011.1.5)/Proceedings, pp.276-281

Yoshihiro Watanabe, Takashi Nakashima, Takashi Komuro, and Masatoshi Ishikawa: Estimation of Non-rigid Surface Deformation
using Developable Surface Model, 20th International Conference on Pattern Recognition (ICPR2010) (Istanbul,
2010.8.23)/Proceedings, pp.197-200

Takehiro Niikura, Yuki Hirobe, Alvaro Cassinelli, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: In-air Typing
Interface for Mobile Devices with Vibration Feedback, The 37th International Conference and Exhibition on Computer Graphics and
Interactive Techniques (SIGGRAPH2010), (Los Angeles, 2010.7.25-29)/Article No.15

Toshitaka Kuwa, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Wide Range Image Sensing Using a Thrown-up
Camera, 2010 IEEE International Conference on Multimedia & Expo (ICME2010) (Singapore, 2010.7.21)/Proceedings, pp.878-883

Takehiro Niikura, Yuki Hirobe, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: 3D Input Interface for Mobile Devices
(demo session), 12th Virtual Reality International Conference (VRIC 2010/Laval Virtual) (Laval, 2010.4.7-11)/Proceedings, pp.297-298

« Masatoshi Ishikawa: Vision Chip and Its Applications to human interface, inspection, bio/medical industry, and robotics (Invited), ISSCC
2010 Forum on High Speed Image Sensor Technologies (San Francisco, 2010.2.11)/Proceedings, pp.1-42

Takashi Nakashima, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Book Flipping Scanning, 22nd ACM Symposium
on User Interface Software and Technology (UIST2009) (Victoria, 2009.10.5)/Adjunct Proceedings, pp.79-80

Yoshihiro Watanabe, Hiroaki Ohno, Takashi Komuro, Masatoshi Ishikawa: Synchronized Video: An Interface for Harmonizing Video
with Body Movements, 22nd ACM Symposium on User Interface Software and Technology (UIST2009) (Victoria, 2009.10.5)/Adjunct
Proceedings, pp.75-76

Yuki Hirobe, Takehiro Niikura, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Vision-based Input Interface for Mobile
Devices with High-speed Fingertip Tracking, 22nd ACM Symposium on User Interface Software and Technology (UIST2009) (Victoria,
2009.10.5)/Adjunct Proceedings, pp.7-8

« Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: High-resolution Shape Reconstruction from Multiple Range Images
based on Simultaneous Estimation of Surface and Motion, The 12th IEEE International Conference on Computer Vision (ICCV2009)
(Kyoto, 2009.10.1)/Proceedings, pp.1787-1794

.
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« Atsushi lwashita, Takashi Komuro, and Masatoshi Ishikawa: A 320x240 Pixel Smart Image Sensor for Object Identification and Pose
Estimation, IEEE Symposium on Low-Power and High-Speed Chips (COOL Chips XlI) (Yokohama, 2009.4.17)/Proceedings, pp.331-
346

Kazuhiro Terajima, Takashi Komuro, and Masatoshi Ishikawa: Fast Finger Tracking System for In-air Typing Interface, The 27th
Annual CHI Conference on Human Factors in Computer Systems (CHI2009) (Boston, 2009.4.7)/Extended Abstracts, pp.3739-3744

Kota Yamaguchi, Takashi Komuro, and Masatoshi Ishikawa: PTZ Control with Head Tracking for Video Chat, The 27th Annual CHI
Conference on Human Factors in Computer Systems(CHI2009) (Boston, 2009.4.7)/Extended Abstracts, pp.3919-3924

Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Integration of Time-Sequential Range Images for Reconstruction of a
High-Resolution 3D Shape, The 19th International Conference on Pattern Recognition(ICPR2008) (Florida, 2008.12.8)/Proceedings

Masatoshi Ishikawa: Massively Parallel Processing Vision and Its Applications (Plenary), International Topical Meeting on Information
Photonics 2008 (Awajishima, 2008.11.17)/Technical Digest, p.18

Takashi Komuro, Yoshihiro Watanabe, Masatoshi Ishikawa and Tadakuni Narabu: High-S/N Imaging of a Moving Object using a High-
frame-rate Camera, 2008 IEEE International Conference on Image Processing(ICIP2008) (San Diego, 2008.10.13)/Proceedings,
pp.517-520

Yoshihiro Watanabe, Alvaro Cassinelli, Takashi Komuro, and Masatoshi Ishikawa: The Deformable Workspace: a Membrane between
Real and Virtual Space, IEEE Int. Workshop on Horizontal Interactive Human-Computer Systems (Tabletops & Interactive Surfaces
2008) (Amsterdam, 2008.10.3)/Proceedings, pp.155-162

Haruyoshi Toyoda, Munemori Takumi, Naohisa Mukozaka, and Masatoshi Ishikawa: 1 kHz Measurement by Using Intelligent Vision
System -Stereovision experiment on Column Parallel Vision system:CPV4-, International Conference on Instrumentation, Control and
Information Technology 2008(SICE Annual Conference 2008) (Tokyo, 2008.8.20)/Proceedings, pp.325-328

Kota Yamaguchi, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Interleaved Pixel Lookup for Embedded Computer
Vision, Fourth Workshop on Embedded Computer Vision(ECVW) (Anchorage, 2008.6.28)

Shingo Kagami, Shoichiro Saito, Takashi Komuro, and Masatoshi Ishikawa: A Networked High-Speed Vision System for 1,000-fps
Visual Feature Communication, First ACM/IEEE International Conference on Distributed Smart Cameras (Vienna,
2007.9.26)/Proceedings, pp.95-100

Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: A High-speed Vision System for Moment-based Analysis of
Numerous Objects, 2007 IEEE International Conference on Image Processing(ICIP2007) (San Antonio, 2007.9.19)/Proceedings,
pp.V177-V180

» Kota Yamaguchi, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Design of a Massively Parallel Vision Processor
based on Multi-SIMD Architecture, 2007 IEEE International Symposium on Circuits and Systems(ISCAS2007) (New Orleans,
2007.5.30)

Takashi Komuro, Bjorn Werkmann, Takashi Komai, Masatoshi Ishikawa, and Shingo Kagami: A High-Speed and Compact Vision
System Suitable for Wearable Man-machine Interfaces, IAPR 10th Conference on Machine Vision Applications(MVA2007) (Tokyo,
2007.5.17)/Proceedings, pp.199-202

Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: 955-fps Real-Time Shape Measurement of a Moving/Deforming
Object Using High-Speed Vision for Numerous-Point Analysis, 2007 IEEE International Conference on Robotics and
Automation(ICRA2007) (Roma, 2007.4.13)/Proceedings, pp.3192-3197

* Takashi Komuro, and Masatoshi Ishikawa: A Moment-based 3D Object Tracking Algorithm for High-speed Vision, 2007 IEEE Interna-
tional Conference on Robotics and Automation(ICRA2007) (Roma, 2007.4.11)/Proceedings, pp.58-63

» Masatoshi Ishikawa: Vision Chip and Its Applications for Robots (Invited), The 6th Taiwan-Japan Microelectronics Int. Symp. (Taiwan,
2006.11.1)/Proceedings, pp.1-13

Yoshihiro Watanabe, Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: Parallel Extraction Architecture for Image Moments of
Numerous Objects, IEEE 7th International Workshop on Computer Architecture for Machine Perception(CAMP2005) (Palermo,
2005.7.4)/Proceedings, pp.105-110

» Takashi Komuro, Shingo Kagami, Masatoshi Ishikawa, and Yoshio Katayama: Development of a Bit-level Compiler for Massively
Parallel Vision Chips, IEEE 7th International Workshop on Computer Architecture for Machine Perception(CAMP2005) (Palermo,
2005.7.5)/Proceedings pp.204-209

Bjérn Werkmann, Takashi Komuro, Akio Namiki, and Masatoshi Ishikawa: Development of a High Speed Eye Tracking System Using
the Vision Chip, 2005 JSME Conference on Robotics and Mechatronics (Kobe, 2005.6.11)/2P1-N-094

Takashi Komuro, Shingo Kagami, Akio Namiki, and Masatoshi Ishikawa: A High-speed Vision Chip and Robot Applications, 2004 1st
IEEE Technical Exhibition Based Conference on Robotics and Automation(TExCRA2004) (Tokyo, 2004.11.18-19.)/pp.3-4

Yoshihiro Watanabe, Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: Real-time Visual Measurements using High-speed
Vision, Optics East 2004 (Philadelphia, 2004.10.28)/Machine Vision and its Optomechatronic Applications, Proceedings of SPIE Vol.
5603, pp. 234-242 [PDF]

Dirk EBERT, Takashi KOMURO, Akio NAMIKI, and Masatoshi ISHIKAWA: Safe Human-Robot-Coexistence : Emergency Stop Using
a High-speed Vision Chip, The 22nd Annual Conference of the Robotics Society of Japan (Gifu, 2004.9.16)/Proceedings, 2E11

* Shingo Kagami, and Masatoshi Ishikawa: A Sensor Selection Method Considering Communication Delays, 2004 IEEE International
Conference on Robotics and Automation(ICRA2004) (New Orleans, 2004.4.28)/pp.206-211

Yoshihiro Watanabe, Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: Real-Time Visual Measurement using a High-Speed
Vision Chip, 2004 IEEE International Conference on Robotics and Automation(ICRA2004) (New Orleans, 2004.4.26-5.1)/Video
Proceedings

+ Shingo Kagami, Takashi Komuro, and Masatoshi Ishikawa: A High-Speed Vision System with In-Pixel Programmable ADCs and PEs
for Real-Time Visual Sensing, 8th IEEE International Workshop on Advanced Motion Control (Kawasaki, 2004.3.26)/pp.439-443

+ Daisuke Takeuchi, Shingo Kagami, Takashi Komuro, and Masatoshi Ishikawa: Improving the Sensitivity of a Vision Chip Using the
Software A-D Conversion Method, IS&T/SPIE 16th Annual Symposium on Electronic Imaging Science and Technology (San Jose,
2004.1.21)/Sensors and Camera Systems for Scientific, Industrial, and Digital Photography Applications V, Proceedings of SPIE,
Vol.5301, pp.138-148

Masatoshi Ishikawa: High-speed vision chips and its applications (Plenary), 16th Int. Conf. on Optical Fiber Sensors (Nara,
2003.10.14)/Technical Digest, pp.28-31

Shingo Kagami, Takashi Komuro, and Masatoshi Ishikawa: An Advanced Digital Vision Chip and Its System Implementation, SICE
Annual Conference 2003 (Fukui, 2003.8.5)/Proceedings, pp.2512-2515

Yoshihiro Watanabe, Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: Vision Chip Architecture for Simultaneous Output of
Multi-Target Positions, SICE Annual Conference 2003 (Fukui, 2003.8.5)/ Proceedings, pp.2591-2594

Shingo Kagami, Takashi Komuro, and Masatoshi Ishikawa: A Software-Controlled Pixel-Level A-D Conversion Method for Digital
Vision Chips, 2003 IEEE Workshop on Charge-Coupled Devices and Advanced Image Sensors (Elmau, 2003.5.17)

Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: A High Speed Digital Vision Chip with Multi-grained Parallel Processing
Capability, 2003 IEEE Workshop on Charge-Coupled Devices and Advanced Image Sensors (Elmau, 2003.5.15)

Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: 3D Tracking Using Two High-Speed Vision Systems, IEEE/RSJ International
Conference on Intelligent Robots and Systems(IROS2002) (Lausanne, 2002.10.4) /Proceedings, pp360-365
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« Takashi Komuro, Shingo Kagami, and Masatoshi Ishikawa: A New Architecture of Programmable Digital Vision Chip, 2002 Symposium
on VLSI circuits (Honolulu, 2002.6.15)/Proceedings pp. 266-269

Shingo Kagami, Takashi Komuro, Idaku Ishii, and Masatoshi Ishikawa: A Real-Time Visual Processing System using a General-
Purpose Vision Chip, 2002 IEEE International Conference on Robotics and Automation (Washington D.C. 2002.5.13)/Proceedings
pp.1229-1234

« Takashi Komuro, and Masatoshi Ishikawa: 64 x 64 Pixels General Purpose Digital Vision Chip, 11th IFIP International Conference on
Very Large Scale Integration (VLSI-SOC2001) (Montpellier. 2001.12.4)/Proceedings pp.327-332

Masatoshi Ishikawa: High Speed Vision and Its Applications (Invited Lecture), Advance Science Institute 2001 (Tokyo, 2001.7.28)

Hideo Kawai, Asako Baba, Motoshi Shibata, Yoshinori Takeuchi, Takashi Komuro, and Masatoshi Ishikawa: Image Processing on a
Digital Smart Pixel Array, CLEO/Pacific Rim 2001 (Makuhari, 2001.7.19)/Technical Digest, Vol.ll, pp.680-681

Haruyoshi Toyoda, Naohisa Mukohzaka, Seiichiro Mizuno, Yoshihiro Nakabo, and Masatoshi Ishikawa: Column parallel vision system
(CPV) for high-speed 2D-image analysis, Optical Engineering for Sensing and Nanotechnology(ICOSN2001) (Yokohama.
2001.6.6)/Proceedings of SPIE V0l.4416, pp,256-259

Masatoshi Ishikawa, and Takashi Komuro: Digital Vision Chips and High-Speed Vision Systems (Invited), 2001 Symposium on VLSI
Circuits (Kyoto, 2001.6.14-16)/Digest of Technical Papers, pp.1-4

Masatoshi Ishikawa: How Can High Speed Vision Change Robotics World? (tutorial on "Sensing and Actuation toward 21st Century"),
Int. Conf. on Intelligent Robots and Systems (Takamatsu, 2000.10.31)

Masatoshi Ishikawa: High-Speed VLSI Vision Chip and Its Applications (Plenary), Int. Congress on High-Speed Photography and
Photonics (Sendai, 2000.9.27)/Proc. SPIE, Vo0l.4183, pp.1-8

Kenji Tajima, Takashi Komuro, and Masatoshi Ishikawa: CMOS Image Sensor with APS Structure for High-Speed Video Camera, Int.
Congress on High-Speed Photography and Photonics (Sendai, 2000.9.27)/Abstracts, p.253

« Takashi Komuro, Idaku Ishii, Masatoshi Ishikawa, and Atsushi Yoshida: High Speed Target Tracking Vision Chip, Int. Conf. on Com-
puter Architecture for Machine Perception (Padova, 2000.9.11)/proceedings, pp.49-56

Idaku Ishii, Takashi Komuro, and Masatoshi Ishikawa: Method of Moment Calculation for a Digital Vision Chip System, Int. Conf. on
Computer Architecture for Machine Perception (Padova, 2000.9.11)/proceedings, pp.41-48

Yoshihiro Nakabo, Masatoshi Ishikawa, Haruyoshi Toyoda, and Seiichiro Mizuno: 1ms Column Parallel Vision System and Its Applica-
tion of High Speed Target Tracking, IEEE Int. Conf. Robotics and Automation (San Francisco, 2000.4.26)/Proceedings,pp.650-655

« ldaku Ishii and Masatoshi Ishikawa: A Line Extraction Algorithm for High Speed Vision, Forth Asian Conf. on Computer Vision (Taipei,
2000.1.9)/Proc., pp.330-335

Masatoshi Ishikawa: VLSI Vision Chip and Its Applications (Invited), Int. Conf. on Solid State Devices and Materials (Tokyo,
1999.9.21)/Extended Abstracts, pp.106-107

Masatoshi Ishikawa, Takashi Komuro, Akio Namiki, and Idaku Ishii: New Generation of Sensory Information Processing for Intelligent
Systems - VLSI Vision Chip and Sensor Fusion System -(Plenary), Fourth International Conference on Electronic Measurement and
Instruments (Harbin, 1999.8.18)/Proceedings, pp.1-6

Masatoshi Ishikawa, Akio Namiki, Takashi Komuro, and Idaku Ishii: 1ms Sensory-Motor Fusion System with Hierarchical Parallel
Processing Architecture (Invited), The Second International Conference on Information Fusion (Sunnyvale, 1999.7.7)/Proceedings,
pp.640-647

Idaku Ishii and Masatoshi Ishikawa: Self Windowing for High Speed Vision, IEEE Int. Conf. Robotics and Automation (Detroit,
1999.5.13)/Proc., pp.1916-1921

Masatoshi Ishikawa, Takashi Komuro, Kazuya Ogawa, Yoshihiro Nakabo, Akio Namiki, and Idaku Ishii: Vision Chip with General
Purpose Processing Elements and Its Application, Int. Symp. on Future of Intellectual Integrated Electronics
(Sendai,1999.3.16)/Proceedings, pp.169-174

Masatoshi Ishikawa, Kazuya Ogawa, Takashi Komuro, and Idaku Ishii: A CMOS Vision Chip with SIMD Processing Element Array for
1ms Image Processing, 1999 Dig. Tech. Papers of 1999 IEEE Int. Solid-State Circuits Conf(ISSCC1999) (San Francisco,
1999.2.16)/Abst. pp.206-207

* Ferenc Birloni, and Masatoshi Ishikawa: Depth Estimation Using Focusing and Zooming, for High Speed Vision Chip, Int. Conf. Intelli-
gent Autonomous Systems 5 (Sapporo, 1998.6.3)/Intelligent Autonomous Systems (Y.Kakazu, M.Wada, and T.Sato eds.), pp.116-
122, I0OP Press

Masatoshi Ishikawa: New Generation of Sensory Information Processing for Intelligent Systems - VLSI Vision Chip and Sensor Fusion
System with 1ms Sampling Rate - (Plenary), The 5th Int. Conf. on Intelligent Autonomous Systems (Sapporo, 1998.6.2)

Masatoshi Ishikawa: 1ms VLSI Vision Chip System and Its Application (Plenary), Int. Conf. on Automatic Face and Gesture
Recognition (Nara, 1998.4.15)/Proceedings, pp.214-219

Takashi Komuro, Idaku Ishii, and Masatoshi Ishikawa: Vision Chip Architecture Using General-Purpose Processing Elements for 1ms
Vision System, 4th IEEE Int. Workshop on Computer Architecture for Machine Perception(CAMP1997) (Cambridge,
1997.10.22)/Proceeding, pp.276-279

« Idaku Ishii, Yoshihiro Nakabo, and Masatoshi Ishikawa: Target Tracking Algorithm for 1ms Visual Feedback System Using Massively
Parallel Processing, IEEE Int. Conf. Robotics and Automation (Minneapolis, 1996.4.25)/Proc. IEEE Int. Conf. Robotics and Automa-
tion, pp.2309-2314

Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: High Speed Target Tracking Using 1ms visual Feedback System, Video
Proceedings of IEEE Int. Conf. Robotics and Automation (Minneapolis, 1996.4.24-26)/Abstract, p.6 [ps+gzip] [Best Video Award Final-
ist]

Masatoshi Ishikawa, Takashi Komuro, Yoshihiro Nakabo, and Idaku Ishii: Massively Parallel Processing Vision and Its Applications, 4th
Int. Conf. on Soft Computing (lizuka, 1996.10.3)/proceedings, pp.117-120

Toshiharu Mukai, and Masatoshi Ishikawa: Resistive Network for Detecting the Centroid of Nonlinear Coordinates, The 22nd Annual
Int. Conf. on Industrial Electronics, Control, and Instrumentation (Taipei, 1996.8.8)/Proceedings, pp.1052-1058

Masatoshi Ishikawa: Parallel Processing Architecture for Sensory Information, The 8th International Conference on Solid-State
Sensors and Actuators (Transducers1995), and Eurosensors (Stockholm, 1995.6.27)/Proceedings, pp.103-106

Masatoshi Ishikawa: The Art of Sensing (Tutorial), The Fourth Int. Symp. on Measurement and Control in Robotics (Houston,
1994.11.30)

Masatoshi Ishikawa: High speed vision system with massively parallel processing architecture for integration into one chip, Workshop
on Computer Architectures for Machine Perception(CAMP1993) (New Orleans, 1993.12.15)

* Yoshihiro Yamada, and Masatoshi Ishikawa: High Speed Target Tracking Using Massively Parallel Processing Vision, IROS1993
(1992 IEEE/RSJ International Conference on Intelligent Robots and Systems) (Yokohama, 1993.7.27)/Proceedings, pp.267-272

» Masatoshi Ishikawa, Akira Morita, and Nobuo Takayanagi: Massively Parallel Processing System with an Architecture for Optical Com-
puting, Optical Computing Topical Meeting (Palm Springs, California, 1993.3.18)/1993 Technical Digest Series, Vol.7, pp.272--275

» Masatoshi Ishikawa, Akira Morita, and Nobuo Takayanagi: High Speed Vision System Using Massively Parallel Processing, IROS1992
(1992 IEEE/RSJ International Conference on Intelligent Robots and Systems) (Raleigh, 1992.7.8)/Proceedings, pp.373-377
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FiTsm S Papers
* ZHHE, M. Sakti Alvissalim, IWA#HE, B IIEE: ZPRMIEEERIDY T R F v —RBEERMOME IC K DEEIESITARIZIE
EIRBDRIT, E+5ﬂﬂ§§ﬂ%ﬂﬁﬂ$§um§z§, Vol52, No.3, pp.134-140 (2016)

cETHE @EF, B, BE, G)IEk mn_fné‘iﬂ]% HZRCEMIEDIFEMIREIFHAIY X T A, BAN=F vILU TP
T 1 255X, Vol.19, No.2, pp.99-104 (20

fR575% >  Review Papers

< BIES, BIIEER  FRMAESRIUEET 1 VI SDT  TT + AT+ YT 1 -The Deformable Workspace-, #
BEAA, Vol.31, No1 0033 42 (2011)

B1FEEE Invited Talks

cBIER, PILNOAYR, D=UYL Y X8« R=2TY 3V BEHEEB, U—F-ZFMEBERE280FRAA (B
@fE, 2008.1.31) /FBEFRE, op.199-200

EPARFR Proceedings

EJII"‘”?I INVREHEF, %I—EB B ER 1V I S5 - ERICR/ITDE—Y 3 VIS —HMEREDIA, £310BAEBE
% (RN, 2015.10.27) /#HNXE, pp.2006:1-2006:2

. ﬁ;ﬂﬁfi Sakti Alvissalim, WA, B)I[IEE: Z2hiRig EZR3DY T 2F v —smsikMiOMEIC K DB RMIRIFTBER 1
VHIDY3YIRT A, HB1505 EJQ@J%J@HAQ RTFhAITIU—Y EJDBF'ﬁn%/:EE (SI2014) (RR, 2014.12.16)
/BESHXE, op.1404-1407

. SIBE—E8 NYRU2)LND, EDES, OIIEE R YT TEEYRT AERNCIRRERI - (V5 I 1 —

%)f41ﬁﬁ31¥7/£®$§uj F10EBAN—F v LUPUFT 7 2EX= VRSI2014) B aE 2014918 /HX &,
L. ~

» Ken Iwasaki, Carson Reynolds, and Masatoshi Ishikawa: Toward Augmenting Emotion: Study On Real Time ECG
Feedback, £1560t 1 — VY IYE1—F 1 VYISTIYIVHRE (FB,20141.15) /BERIULEBZSMARRS,
Vol.2014-HCI-156, No.6, pp.1-4

+ B R HR, Cassinelli Alvaro, &) IIIEfQ - N RF P -restless-interface-, TYH T4 Y XY OYE21—F 1 Y T2011
(EC 2011) (RR, 2011.10.9) /BERNE, pp.322-325, 06B-01

* BIEF, Alvaro Cassinelli, B)I|IEf8 : Extroverting Interface, TY9 7+ Y XY ~OVEa1—F 1 Y2011 (EC 2011) (
R, 2011.109) #EiEwRXE, 06B-07

- SBE, R=ILL mEF A, FIER, kS | B 'TE?QE””g%Eﬁ_L $7+27u<®rmo)¢mfm} ME1 V5D —R, £1508
AN=FP)LUPIT+ZERR (BII, 20109.16) /BEERXE, 2A2-

- BIEZ, Alvaro Cassinell, NEZ, G)IIER 1 VI TILRD) — J’éﬁﬁb\?’ SRITIARIR, FTOFHBHHEZ I X
TA‘( VFIU—Y 3 VEIPIEEER (S| 2006) (#L1R, 2006.12.15) /EERRNE, pp.774-775
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FiiismS / Papers

* Tomohiko Hayakawa, Takanoshin Watanabe, and Masatoshi Ishikawa: Real-time high-speed motion blur compensation system
based on back-and-forth motion control of galvanometer mirror, Optics Express, Vol.23, Issue 25, pp.31648-31661 (2015)

« A.Cassinelli, E.Sampaio, S.B.Joffily, H.R.S.Lima, and B.P.G.R.Gusmao: Do blind people move more confidently with the Tactile
Radar?, 10S Press, Technology and Disability/pp.161-170 (2014)

BIFEE /Invited Talks

« Masatoshi Ishikawa: Interactive Display Technologies Using High-speed Image Processing (Invited), Workshop on 3D/Hyper-
Realistic Display in The 21st International Display Workshops (IDW '14) (Niigata, 2014.12.4)/Proceedings, pp.812-813

« Avaro Cassinelli : Time Delayed Cinema, [PPT-28MB], invited talk at Microwave/Animatronica New Media Art Festival (Hong
Kong, 2006.11.4-15)

SFRFZFR /Proceedings

» Tomohiko Hayakawa and Masatoshi Ishikawa: Development of Motion-Blur-Compensated High-Speed Moving Visual Inspection
Vehicle for Tunnels, 2016 3rd International Conference on Geological and Civil Engineering (ICGCE2016) (Penang,
2016.1.13)/Proceedings, pp.24-28

Tomohiko Hayakawa, and Masatoshi Ishikawa: GPS Error Range Reduction Method based on Linear Kinematic Model, 2015 IEEE
International Conference on Automation Science and Engineering (CASE2015) (Gothenburg, 2015.8.27)/Proceedings, pp.1515-1520

* Muhammad Sakti Alvissalim, Masahiko Yasui, Chihiro Watanabe, and Masatoshi Ishikawa: Immersive Virtual 3D Environment based
on 499 fps Hand Gesture Interface, 2014 International Conference on Advanced Computer Science and Information Systems (Jakarta,
2014.10.18)/Proceedings, pp.198-203

Ken Iwasaki, Emi Tamaki, Carson Reynolds, and Masatoshi Ishikawa: Augmenting Emotion with Real Time Biofeedback: A Pilot
Study, 4th International Symposium on Pervasive Computing Paradigms for Mental Health (MindCare2014) (Tokyo, 2014.5.9)

Ken Iwasaki, Carson Reynolds, and Masatoshi Ishikawa: Toward Emotional Well-Being: Staying Calm with ECG Feedback, AAAI 2014
Spring Symposia, Big Data Becomes Personal: Knowledge into Meaning (Stanford, 2014.3.25)/AAAI Spring Symposium Technical
Report, Vol.SS-14-01, pp.17-22

* Yuko Zou, Leo Miyashita, Tomohiko Hayakawa, Eric Siu, Carson Reynolds, and Masatoshi Ishikawa: i-me TOUCH: Detecting Human
Touch Interaction, 2013 ACM SIGGRAPH (Anaheim, 2013.7.21-25)/Disc 1

« Kaisa Vaananen-Vainio-Mattila, Jonna Hakkila, Alvaro Cassinelli, Jorg Mdller, Enrico Rukzio, Albrecht Schmidt: Experiencing Interac-
tivity in Public Spaces (EIPS), CHI'13 Extended Abstracts on Human Factors in Computing, ACM Press, 2013 (Paris,
2013.4.26)/pp.3275-3278

« Jurgen Steimle, Hrvojo Benko, Alvaro Cassinelli, Hiroshi Ishii, Daniel Leithinger, Pattie Maes, and Ivan Poupyrev: Displays Take New
Shape: An Agenda for Future Interactive Surfaces, CHI'13 Extended Abstracts on Human Factors in Computing, ACM Press, 2013
(Paris, 2013.4.26)/pp.3283-3286

Alvaro Cassinelli, Jussi Angesleva, Yoshihiro Watanabe, Gonzalo Frasca, and Masatoshi Ishikawa: Skin Games, ACM international
conference on Interactive tabletops and surfaces (ITS2012), (Cambridge, 2012.11.13)/Proceedings, pp.323-326

Kazuma Murao, Carson Reynolds, and Masatoshi Ishikawa: Blink Suppression Sensing and Classification, The 30th ACM Conference
on Human Factors in Computing Systems (CHI2012) (Austin, 2012.5.10)/Proceedings, Proceedings, pp.2255-2260

Danielle Wilde, Alvaro Cassinelli, Alexis Zerroug: LightArrays, The 30th ACM Conference on Human Factors in Computing Systems
(CHI2012) (Austin, 2012.5.8)/Proceedings, pp.987-990

Alvaro Cassinelli, Daito Manabe, Stephane Perrin, Alexis Zerroug, Masatoshi Ishikawa: scoreLight & scoreBots, The 30th ACM Confer-
ence on Human Factors in Computing Systems (CHI2012) (Austin, 2012.5.8)/Proceedings, pp.1011-1014

Alvaro Cassinelli, Yuko Zhou, Alexis Zerroug, and Masatoshi Ishikawa: The Laser Aura: a prosthesis for emotional expression,
SIGGRAPH ASIA 2011, Tech. Sketches and Posters (Hong Kong, 2011.12.12-15)/Article No.24

Alvaro Cassinelli, Yoshihiro Watanabe, and Masatoshi Ishikawa: The Volume Slicing Display: a tangible interface for slicing and anno-
tation of volumetric data (Invited), Optics & Photonics Japan 2011 (OPJ2011) (Suita, 2011.11.29)/Proceedings, 29pCS4

Alexis Zerroug, Alvaro Cassinelli, and Masatoshi Ishikawa: Invoked computing: Spatial audio and video AR invoked through miming,
Virtual Reality International Conference (VRIC 2011) (Laval, 2011.4.7)/Proceedings, pp.31-32

Chi Man Siu, and Carson Reynolds: Optical Handlers - eeyee, Third Workshop on Devices that Alter Perception (DAP 2010) in
conjunction with 2010 IEEE International Symposium on Mixed and Augmented Reality (ISMAR 2010)

Carson Reynolds: Surfel Cameras, Third Workshop on Devices that Alter Perception (DAP 2010) in conjunction with 2010 |IEEE Inter-
national Symposium on Mixed and Augmented Reality (ISMAR 2010) (Seoul, 2010.10.13)/Proceedings, pp.38-41

Alvaro Cassinelli: EARLIDS & entacoustic performance, Third Workshop on Devices that Alter Perception (DAP 2010) in conjunction
with 2010 |IEEE International Symposium on Mixed and Augmented Reality (ISMAR 2010) (Seoul, 2010.10.13)

Alvaro Cassinelli, and Stephane Perrin: To Blink or Not To Blink, Third Workshop on Devices that Alter Perception (DAP 2010) in
conjunction with 2010 IEEE International Symposium on Mixed and Augmented Reality (ISMAR 2010) (Seoul, 2010.10.13)

Tomoko Hayashi, and Carson Reynolds: Empathy Mirrors, Third Workshop on Devices that Alter Perception (DAP 2010) in conjunction
with 2010 |IEEE International Symposium on Mixed and Augmented Reality (ISMAR 2010) (Seoul, 2010.10.13)

Danielle Wilde: The Poetics of Extension: using art & design ideation techniques to develop engaging body-worn devices, 2010 IEEE
International Symposium on Wearable Computing (ISWC 2010) (Seoul, 2010.10.12)/Proceedings, pp.242-247

« Carson Reynolds: Uncanny Moral Behavior, 8th European Conference on Computing and Philosophy (ECAP10) (Munich, 2010.10.4-
6)/pp.173-175

Danielle Wilde, Alvaro Cassinelli, Alexis Zerroug, R J N Helmer, and Masatoshi Ishikawa: Light Arrays: a system for extended engage-
ment, 2010 International Conference Series on Disability, Virtual Reality and Associated Technologies (ICDVRAT) with ArtAbilitation
(Chile, 2010.9.1)/Proceedings, pp.157-164

Danielle Wilde, R J N Helmer, and M Miles: Extending body & imagination: moving to move, 2010 International Conference Series on
Disability, Virtual Reality and Other Technologies (ICDVRAT) with ArtAbilitation (Chile, 2010.9.1)/Proceedings, pp.175-183

« Alvaro Cassinelli, Alexis Zerroug, Yoshihiro Watanabe, and Masatoshi Ishikawa: Camera-less Smart Laser Projector (Invited), The
37th International Conference and Exhibition on Computer Graphics and Interactive Techniques (SIGGRAPH2010) (Los Angeles,
2010.7.25-29)/Article No.9

« Alvaro Cassinelli, Yusaku Kuribara, Alexis Zerroug, Masatoshi Ishikawa, and D. Manabe: scoreLight: Playing with a human-sized laser
pick-up, International Conference on New Instruments for Musical Expression (NIME2010) (Sydney, 2010.6.15-18)/Proceedings,
pp.144-149
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« Alvaro Cassinelli, Alexis Zerroug, and Masatoshi Ishikawa: Camera-less Smart Laser Projector, 12th Virtual Reality International
Conference (VRIC 2010/Laval Virtual) (Laval, 2010.4.7-11)/Proceedings, pp.291-295

« Carson Reynolds, Susanna Hertrich, Alvaro Cassinelli, Masatoshi Ishikawa, and Marshall Smith: Ethical Aspects of Video Game
Experiments, Video Games as Research Instruments Workshop in conjunction with Conference on Human Factors in Computing
Systems (CHI2010) (Atlanta, 2010.4.10)/Proceedings, pp.1-4

« Carson Reynolds, Alvaro Cassinelli, Yoshihiro Watanabe, and Masatoshi Ishikawa: | am near my navel: learning mappings between
location and skin, Key Issues in Sensory Augmentation Workshop (Brighton, 2009.3.26-27)

« Yoshihiro Watanabe, Alvaro Cassinelli, Takashi Komuro, and Masatoshi Ishikawa: The DeformableWorkspace:a Membrane between
Real and Virtual Space, |IEEE International Workshop on Horizontal Interactive Human-Computer Systems (Tabletops & Interactive
Surfaces 2008) (Amsterdam, 2008.10.3)/Proceedings, pp.155-162

« Alvaro Cassinelli, and Masatoshi Ishikawa: Boxed Ego, Devices that Alter Perception Workshop (DAP2008) in conjunction with
UbiComp 2008 (Seoul, 2008.9.21)/Proceedings, pp.10-13

« Carson Reynolds, Alvaro Cassinelli, and Masatoshi Ishikawa: Aural Antennae, Devices that Alter Perception Workshop (DAP 2008) in
conjunction with UbiComp 2008 (Seoul, 2008.9.21)/Proceedings, pp.26-29

« Alexis Zerroug, Alvaro Cassinelli, and Masatoshi Ishikawa: Spatial coverage vs. sensorial fidelity in VR, Devices that Alter Perception
Workshop (DAP 2008) in conjunction with UbiComp 2008 (Seoul, 2008.9.21)/Proceedings, pp.34-37

« Carson Reynolds, Alvaro Cassinelli, Yoshihiro Watanabe, and Masatoshi Ishikawa: Manipulating Perception, 6th European
Conference on Computing and Philosophy (Montpellier, 2008.6.16)

« Carson Reynolds, Alvaro Cassinelli, and Masatoshi Ishikawa: Meta-perception: reflexes and bodies as part of the interface,
Conference on Human Factors in Computing Systems(CHI 2008) (Florence, 2008.4.7)/Proceedings, pp.3669-3674

« Carson Reynolds: Image Act Theory, Seventh International Conference of Computer Ethics, Philosophical Enquiry (San Diego,
2007.7.12-14) [PDF]

« Carson Reynolds, and Masatoshi Ishikawa: Robotic Thugs, The Ninth ETHICOMP International Conference on the Social and Ethical
Impacts of Information and Communication Technology(ETHICOMP 2007) (Tokyo, 2007.3.28)/Proceedings, pp.487-492 [PDF]

« Carson Reynolds, Alvaro Cassinelli, and Masatoshi Ishikawa: Economically Autonomous Robotic Entities, 2007 |IEEE International
Conference on Robotics and Automation(ICRA'07) (Roma, 2007.4.14) [PDF-54KB]

+ Carson Reynolds, and Masatoshi Ishikawa: Robot Trickery, International Workshop on Ethics of Human Interaction with Robotic,
Bionic and Al Systems: Concepts and Policies (Naples, 2006.10.18)/Proceedings, pp.43-46 [PDF]

+ Carson Reynolds, Hiroshi Tsujino, and Masatoshi Ishikawa: Realizing Affect in Speech Classification in Real-Time, Aurally Informed
Performance Integrating Machine Listening and Auditory Presentation in Robotic Systems (Washington, D.C.,
2006.10.13)/Proceedings, pp.53-54 [PDF]

« Carson Reynolds, and Wren C.: Worse Is Better for Ambient Sensing, Workshop on Privacy, Trust and Identity Issues for Ambient
Intelligence, In conjunction with the 4th International Conference on Pervasive Computing (Dublin, 2006.5.7-10) [PDF]

« Carson Reynolds: Boo-Hooray and Affective Approaches to Ethical Textual Analysis, Computers and Philosophy, an International
Conference (Laval, 2006.5.3-5) [PDF]

« Alvaro Cassinelli, Carson Reynolds, and Masatoshi Ishikawa: Augmenting spatial awareness with Haptic Radar, Tenth International
Symposium on Wearable Computers(ISWC) (Montreux, 2006.10.11-14)/pp.61-64 [PDF-103KB] [PPT-6.4MB]

« Alvaro Cassinelli, Carson Reynolds, and Masatoshi Ishikawa: Haptic Radar, The 33rd International Conference and Exhibition on Com-
puter Graphics and Interactive Techniques(SIGGRAPH) (Boston, 2006.8.1) [PDF-202KB, Large Quicktime Video, Small Quicktime
Video, MPG-4]

« Alvaro Cassinelli, Takahito Ito, and Masatoshi Ishikawa: Khronos Projector, Interactive Tokyo 2005 (Tokyo, 2005.8.25-26)/p.23 [PDF-
2.1MB]

« Alvaro Cassinelli, and Masatoshi Ishikawa: Khronos Projector, Emerging Technologies, SIGGRAPH 2005 (Los Angeles, 2005)/One
page abstract [PDF-0.5MB] Video Demo [WMB-40MB] Power Point presentation (with abundant video) [PPT-10MB]

« Alvaro Cassinelli, Stephane Perrin, and Masatoshi Ishikawa: Smart Laser-Scanner for 3D Human-Machine Interface, ACM SIGCHI
2005 (Portland, 2005.4.2-7 )/pp.1138-1139 [PDF-835KB] Video Demo : Good Quality: [MPG-176MB] Compressed : [MPG-28MB]
Slides Presentation [PPT-10MB]

« Alvaro Cassinelli, Stephane Perrin, and Masatoshi Ishikawa: Markerless Laser-based Tracking for Real-Time 3D Gesture Acquisition,
ACM SIGGRAPH 2004 (Los Angeles, 2004.8.8-12)/Abstract [PDF-87KB] Video Demo : Good Quality : [AVI-24,7MB] Compressed :
[AVI-6MB] Poster [JPG -835KB]

« Stephane Perrin, Alvaro Cassinelli, and Masatoshi Ishikawa: Gesture Recognition Using Laser-based Tracking System, 6th Interna-
tional Conference on Automatic Face and Gesture Recognition 2004(FG 2004) (Seoul, 2004.5. 17-19)/pp.541-546 [PDF-402KB],
Poster [PPT-457KB]

« Stephane Perrin, Alvaro Cassinelli, and Masatoshi Ishikawa: Laser-Based Finger Tracking System Suitable for MOEMS Integration,
Image and Vision Computing, New Zealand(IVCNZ 2003) (Palmerston North, 2003.11.27)/proceedings, pp.131-136 [PDF-239KB],
Poster presentation [PPT-1432KB]
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ZilTs® S Papers
- BEEL, BIIIER : %1 Y9 —IRDY 3 Y ERIVEYRT ADEHOIBIPIL T X LOHBE, BHRINESREE, Vol41,
No.5, pp.1509- 1516(2000

. %%%%)EJIIIEF% REBEEDIRERBVNCHAYI—DIRITIYIVDTP S AV REH, Z, Vol29, No.2, pp.101-107

* BUREEE, ——)U Yy — )L, EBEE, IVWEZ,)IIXAHE, B)IIER | BRI VY9 —IRTY 3 V2R CIEENSY
B Z5 A, @?'inﬁﬁh?—numyw C, Vo83, No.5, pp.397-404 (2000)

« BIIER, BEBIET : IMROTSAZRVENA Y —IRD Y3 Y, HE, Vol.24, Nob, pp.341-342 (1995)
< EBBE O)IIER | RIN—X3—F 1 YT ZRVZBREZEE, /%, Vol22, No4, pp.210-215 (1993)

A /Books

« BJIIER: HIBBRVIE, HAME/N\Y T v DE 2k, po.58-59, A& (2002.4)
. FJCIJIIH LA VY —DORDY I VERNEUMILEBY R T A, YEBRERMORIHERNEV, 7T 0021, pp.286-290

CBIIER Mo -0 VEa—FT 1V, EMERRFENAZIVEL—SI - N ATV E 1 —F « Y ITHRBHEEE- (183
K BB, BER%, ZRiEd R, U1 T RD 71 —35.1, op.326-331 (1990.12)

CBIER A -2 —0D3YEa—FT VP, Za—03VEa1— YORREERK (B8, BAZESER, HITHR,
pP.61-98 (1990.7)
cBIER: Za-3)LRy FDO=0T0ty S, XIVE1—IEiM(EBHEESE &8, T v TR, pp.91-109 (1989.7)

fR555% 3 Review Papers

« BJIIEE : The Art of Photonics, O plus E, Vol.23, No.1 (2001)

- B)IIER  IBREAMOD T EEM, 77 F0Z0 X, No.229, p.53 (2001)

c BIIER Yo YA —DIRDY3VERVVZIIMEY 25T A, AT ~O0Z20 2, No.223, pp.176-180 (2000)

- BJIER  BREEHREIVY— ~ED )L ETHIEY 257 ANDLA, BRI, Vol.41, No.9, pp.1021-1025 (2000)

. ﬁ)slaléng)ﬁ A YA IDIRDYIYTENDIVEA—FIOHR, TUDOFOZHORRESZA, Vol1, No.3, pp.176-179
c BIIIER Y1 VH DRI Y3 Y TENDIVE 21—, Computer Today, Vol.16, No.1, pp.19-24 (1999)

c BIIER : AV—FEDILEMNBIGE, 7T ~0Z2 2, No.203, pp.145-152 (1998)

s BIER : K1 VFIRDY 3 Y TENDIVE 21—, M&E, Vol 25, No.8, pp.134-139 (1998)

« GJIIIE : B85y - Lmi?ﬁ BRYZATA-NAEY I YFyITEBBRENEFLEY 3 VY RT A, AWM, Vol67,
No.1, pp.33-38 (19

c BIIER : AV — H:"Dt)bjfﬂkfi‘yﬂj_'h O plus E, No.209, pp.99-106 (1997)
BINER : Y61 VH—IRDY 3 EXERET M, Vol.25, No.12, pp.705-706 (1996)

cBIER: BUBBICA> TWKKDIBRTEED > TWEDTIE TRILVF—DEENCRD KT, O plus E, No.195,
P67~ 73 (1996)

. ﬁJé%Eé’)ﬂ HAVIVT 1y FRP—FTOF v EZRBUBRNEHKIBEFOTEICEDET, O plus E, No.194, pp.69-74

BINIER Y1 VH—DRDY 3V EBISIIE, YR D V5 0, Vol.32, No.3, pp.137-143 (1994)
c BINER MY I I TORIREEER, 5HRIEHE, Vol.32, No.1 1, pp.877-883 (1993)
 BSHG, FNIEB, KRm—, OIIESR N\ 70 /0Y—RBNF - HEMDEZEESD, Renta Station, No.27 (1993)
« BIIIER  BER « BISIEY 3 Y IYRT A, ¥, Vol.21, No.10, pp.678-679 (1992)
GIIER | B UBEHROMHIIREA, SFBHRBEFEFHNGC-I, VolJ74-C-, No.5, pp.255-266 (1991)
s BIIER  WHIBYZFAELTOM 21 —03IVEa—FT 1 VT, #H, Vol.19, No. 11, pp.755-761 (1990)
s BIER M Za—03YEa—5F+1 V2, vision, Vol.3, No.3, pp.137-144 (1990)

cBIER PV YP ROY -FBUREBYEGEREEY AT A, BIMEIERNSN N EER-— 21— O TV -, U+ TV,
pp.144-148 (1989.4)

BIER PV YP FOV-FBEERRULGEBRREY AT L, BRFEEMH, Vol.109, No.6, pp.438-444 (1989)
< BIER DV E2—T « VT, EFBEMBEFAREH, Vol.72, No.2, pp.157-163 (1989)

« BIIER | BYYBIROUMIIIERAL, SRkt IS5 Dk, Vol.27, No.1, pp.9-14 (1989)

BIEE | FBHEAEERIR UISYOEREIEY T A, O Plus E, No.110, pp.97-103 (1989)

« BIIER : HUIBEEIC L DEBEEY R T A, Inter Al, Vol.2, No.3, pp.36-38 (1988)

cBIER K Z2—-03YE2—45,1/0, Vol.13, No.5, pp.233-236 (1988)

« BIER  EERRRYRT A, JVE2—~O—)b, No.24, pp.82-90 (1988)

cBIIER ¥ Za2—0- 2VEa—T« VT, MM IVI Dk, Vol.26, No.8, pp.543-552 (1988)

ﬁgISJ.—EI:3 SHPVYIYP ROV -Z2EOEBRMEREE Y 2T A-, Computer Today, Vol.5, No.5(No.27), pp.68-72

c BIIER  AMIBEICKDEREEYRTA, TUD FOZU R, Vol.33, No.8, pp.39-44 (1988)
< BIIER IV E 2 —5 EMIIFBIBRNE, 5HAIEHIE, Vol27, No.12, pp.1115-1122 (1988)
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BiFEEE, Invited Talks

c BIIER Y+ VI —JRDIY3 ‘J’éﬁﬁb\?&@ﬂ&&@\)l_?ﬂé%@@ﬁﬁ (& uﬁu§/ ), E7ECEIC - 7‘5‘( VY —-ORDIYIVI
Z0—=0Y3vy 7 Bk - INBIEEDH T/ N1 2] (R, 1999.1.18) /BETRE, DD 3-1

cBIER YRy Y YT EARDIVE 1 —T 1 YITDER, F17AYE Y Y Y IR RE (K, 1996.6‘19) /EERNY
&, pp.99-106

. EJI#IEéQ CEHRl e BY YV TICRITDIDEE, FHABEBGHFEREOOE M BABREESR R’RR, 1992115 /EH,
pp.1-

BT BEEE DEEA WAES HPUYPIOY 2BE RALEHENREY 27 L BRER, L-v-$as
?ﬁﬁ%fﬁ%%@ﬁl&)ﬂ KB, 1989.1 27 FiBE, op. 217*2
FARFR Proceedings

. %ﬁufﬁl. EJIIE@ | BBENA VYY—IRD I*G)%UEGS"‘(T DRERVEFP DT+ TIPS AV b, B400MAMEBLER
SEES (@)1, 2002.3.30) /FHEFRE, po.119

* PR, UJjSEZ—.mE%%E}\. BIIIESE : QEEEF%‘U{/@ JRDYIVDRDORGEPOT« TIPS AV, E620MA
MBS RFMERS (B, 2001.9.11) /BEFRE, op.887

- BEITE, BZ‘iEa BIER  BEAL-—TPUAZRNEIY I 2 —AILY D0 IE—, F26EHZIYIYNITA (RR,

2001621) /HETHBE, pp61-62

JIEEH, BBETF, BASAL NEE GIIER: 8x8FTIHI+ AV — ~ED )L EER, Optics Japan '00 (LR,
2000.10.7) /#EEFRE, op.31-32

. ﬁ&g;g é%Rj_-AD 22O 58 - VIR BEOHS - HOOONIVYEL—T « YITHRR (RE, 2000.7.7) /
PP.OSS—

« OB, 2MIERE, V6, B)IIER : B SEBHI S NIBOREODEBRERE A VY —IRIYIVEIY 21—, EERR,
EMD2000-3 (ZOOO 47 pp.13-1

BB, BJIIER 1 2V — H:"D‘lz)b’éﬁﬁb\flm;%'IﬁJﬁﬁﬁiﬁfnﬂ YRT A, FATOMBMEZERESHEES KRR,
2000.3.29)

« BJIIEHE, B3, VMG, BBES | BERTURERE VY -IRIY3VZRNCHIVEY T A, UL— - 8FILD
FOZOZRRER (RR, 2000.2.23)

-JIIE‘EE’E,%I’%%_?,EQ@%EU, MEZE GIIER:TIHI AV — FED IV EHKER Optics Japan '99 (K,
1990.11.25) /H#EREFPRE, pp.127-128, 23pA4

. J1| I9297é% !ﬁ,ﬁﬁuﬁi BHIE, OIER  BEEMEICKDBEERT —IN—BEE « &% 7)LTJ XL, Optics Japan '99 (KR,

* RS, EEHE#E, NI, )IRKE, ——)U Yy A—RBJL, BIIER @ Y6+ V5 —IRDY 3 VERVZREBHNIHEY X5
IAOCULAR-AD, Optics Japan '99 (K, 1999.11.23)

« B - Optoelectronic VLS| &Y+ YA —DORD Y3 VZERVE YT AICRITBDREBRZIVII XA, $E840%IVE
1—T 1 VIMREE (1998.12.4)

< I A H, ﬁ/ﬁuﬁi SHE, BIIES  BISP—FT0F v SPEERVCEBKERT IV T XA, Optics Japan'98 (fELU,
19989.19) /BEEFRE

* N.McArdle, MNaruse, AOkuto, T.Komuro, and M. Ishlkawa Reahzatlon of a Smart-Pixel Parallel Optoelectronic
Computing System, Optics Japan ‘97 (&, 1997.10.1) /#EEFHBE, pp.169-170

* BB, B)IIER | HEF/N\T Ty RYRFTADZHOBEHNIE?)L T X, Optics Japan '97 (L&, 1997.10.1) /
FEFRE pp171-172

cBEEHHM, R, ——)U - ¥y D= B)L, BIIER  BEF/\A Ty RIYZFASPE-NICHBIT DY VHF—DIRIY3 Y
DFFMESTHIE, Optics Japan '97 (&, 1997.10.1) /#EEFTRE, pp.173-174

c BIBNRE, O)IER : J—UIZBROTSAZRVESSRATEERANR-I/NIPY B+ VH—-DIRDIY3Y, H4400
RMEFERESHRESR (RR, 1997.3.29 /FHRE, pop.909

* N.McArdle, and M.Ishikawa : Comparisonof GRIN Rods and Conventional Lenses for Imaglng of 2D
Optoelectronic Computing Devices, £5440MAMBFEKESHEBER (RR, 1997.3.29) /FiRE, pp.909

* BOREH, B)IIER ﬁ%@ﬁ@x’éﬁﬁb\f’ 2RTTIETINA RADP S A AV - OEE, H440MBMEZBERESHER RR,
1997.3.29) /FRE, pp.908

- BXERE, B)IIEE  SETRAITERIN=ANIPY (V5 — 33?9/3 VERAWCEISEA-—Ny YLDy 3 VDIRE
ﬁ¥3\3§2|§)_1\:.§—13§é/51 FYRATLARAR (RR, 1996.10.31) /EFBEREEFZIHIMARBRS, CPSY-73, V0196
o PP

* N.McArdle, M\Naruse, T.Komuro, H.Sa_kaida and Mlishikawa : An optoelectronic smart-pixel parallel processing, 6
FEESYYRID A (B, 19969.7) /BEFBE, op.247-248

. %szgﬁ%” EJIIIE31ﬁ FRESHBEREEIDNIT « — RNV DIYRT A, AEEEYYRIDA (RR, 1995922) /#EEF
PP.3

« BEEZ, Neil McArdle, BIIIIER : 7‘5@?_/\1’7'2 v RSB Y 25 I (SPE-INICHIT DB YV —IRIY 3 Y, ¥
FEEYIYRIDA (RR, 19959.21) /HEEFRE, pp.217-218
* ARHEEH, EJIIIEf A VI -DORDY3 /’a’:ﬂﬁﬁ LEBRTIYRARIYDIPUAP—FTOF v, REESYYRIDL (RR
,1995921) /#&Fis% pp2156-216

- GEIETT, BJIIEE ¢ l\’(T'J TDD?A’&FEU\T’@%&_JE‘EZ}R/\ ANUPY KA VI—IRDY3Y, NEEEY Y
MIYDAN (KRR, 1995921) /#EBEFRE pp.213-214

- BARE, O)IIER : Y6 %?/\‘(7') v RFy T A Y —ORDT Y3 VDRE, HFEEYIYMNIDA (RR, 19959.21)
JBETIBE pp.211-21

* LA, B, B)I1EE @%EZ? 86 VB —IRD Y 3 VERWSABIIIMIEY 25 A, 'I@iELIE?—EuT"é%P +
FOF viirs (B, 19958.24) /'Fi&LIE AAFRERS, 95-ARC-113, Vol.95, No.80, pp.113-1

- B, LAWK, BIIIIER @ K1 V5 — ZIZFOJEI YVERNZAMIINIRY 5 AICRITD/INE — Vi, %42@Vﬁﬁ¢%i¥?—§§
FHRESHEES (RR, 1995.3.29) /FHE, pp.905

cHBB&RE QIIE® B - BERLIIVENRAYY—ORIY3Y, $40T 2 FZy VBERVEFRE (KR,
1994.11.9) /&4H, PIP94-30, PIP94-30, pp.53-62

- GEIET], S9AIEN, BBRE, Andrew Kirk, BIIIER @ Y6125 — ZI:?QJB VERVWCHIESEY 25 A, $540MA
MBLRZAMEEBER (AL, 1994.9.28) /FRE(FEI M), op.877

- BORE, BIIER : %%Fﬁj UIZBROT S AERVNEYY Y —ORDY 3 V-HEEHBERATF v Y RIVEDNE-,
NFEREESYVINY DA (W, 1994.922) /Fis&E, pp.95-96
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,ﬁﬁ.ﬂ WA, BIIER : KA VY —DIRDY 3 VZERNZHIBEY RF ADIZHDBEEP LT L, REEEY VIRY
B, 1994.922) / FiBEE, pp.209-210

. Eﬂﬂﬂiﬁ, BNIER : PITT« TNAFTU—IROT S A, HEESY VIRIDACGER, 1994.9.22) /FRE, op.207-208

« PIHRE, FTHEHR, WAL, EH, B)IIER E%bﬁjﬁﬁfﬁz‘r VH—-DIRDY 3 VERBNCUIEY 2T I, HFEEY
VIRYD A GBI, 1994.9.22) /T*n% oP.9

- BIORE, PR * N=0,B)IIER H%F'ﬂj UIZBMROTSAZRWENRAYSY—DIRDY 3y, HEEE
I L (MBI, 1993925 /$15%, pp27-28

+ Andrew Kirk, Tomohira Tabata, and Masatoshi Ishikawa : Signal to noise ratio enhancement with quasi-periodic
computer generated holograms (quasi-periodic #i5ZHE I DFTEMROT S AICHITDS/NEEDUE), FA0LIHAIE
FEIRESHER (RR, 1993.3.30) /FRE, 0p.902

+ Andrew Kirk, Tomohira Tabata, and Masatoshi Ishikawa : Reconfigurable shift-invariant diffractive
interconnects for parallel processing (BEMZ OO S AZRVCHSIERYE ~YF—DRD Y 3Y), $40000H
BEEEERESHERR (RBR 1993.3.29) /FiRE, pp.876

« RBIET, BREA, EJIIIEfa Possonﬁ&‘t’é%(?’&)@:‘c&ﬁ"ﬁj FTOF v, BE3OQMMBIMEREAMBES (KR
19929.16) /FRE, po.7
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B1H:E58E /Invited Talks

* Neil McArdle, Makoto Naruse, Haruyoshi Toyoda, Yuji Kobayashi, and Masatoshi Ishikawa: Reconfigurable Optical Interconnec-
tions for Parallel Computing (Invited), Proc. IEEE, Vol. 88, No.6, pp.829-837 (2000)

* N.McArdle, M.Naruse, and M.Ishikawa: Optoelectronic Parallel Computing Using Optically Interconnected Pipelined Processing
Arrays (Invited), IEEE J. of Selected Topics in Quantum Electronics, Vol.5, No.2, pp.250-260 (1999)

» Masatoshi Ishikawa: System Architecture for Integrated Optoelectronic Computing (Invited), Optoelectronics - Devices and Tech-
nologies -, Vol.9, No.1, pp.29-38 (1994)

e e
SilTsm S Papers
» Makoto Naruse, Hirokazu Hori, Kiyoshi Kobayashi, Masatoshi Ishikawa, Kenji Leibnitz, Masayuki Murata, Naoya Tate, and Motoichi

Ohtsu: Information theoretical analysis of hierarchical nano-optical systems in the subwavelength regime, Journal of the Optical Soci-
ety of America B, Vol.26, No.9, pp.1772-1779 (2009)

Alvaro Cassinelli, Makoto Naruse, and Masatoshi Ishikawa: Multistage Network with Globally-Controlled Switching Stages and its
implementation using Optical Multi-interconnection Modules, IEEE/OSA Journal of Lightwave Technology, Vol.22, No.2, pp.315-328
(2004)

Alain Goulet, Makoto Naruse, and Masatoshi Ishikawa: Simple integration technique to realize parallel optical interconnects: implemen-
tation of a pluggable two-dimensional optical data link, Applied Optics, Vol.4, No.26, pp.5538-5551 (2002.9.10)

* H. Kawai, A. Baba, M. Shibata, Y. Takeuchi, T. Komuro, H. Fujimura, and M. Ishikawa: High-speed image processing on digital smart
pixel array, Electronics Letters, Vol.38, No.12, pp.590-591 (2002.6.6)

Makoto Naruse, Seiichi Yamamoto, and Masatoshi Ishikawa: Real-time Active Alignment Demonstration for Free-space Optical Inter-
connections, IEEE Photonics Technology Letters, Vol.13, No.11, pp.1257-1259 (2001)

» James Gourlay, Tsung-Yi Yang, and Masatoshi Ishikawa: Andrew C. Walker: Low-order Adaptive Optics for Free-space Optoelectronic
Interconnects, Applied Optics, Vol.39, No.5, pp.714-720 (2000)

» Makoto Naruse, and Masatoshi Ishikawa: Analysis and Characterization of Alignment for Free-Space Optical Interconnects Based on
Singular-Value Decomposition, Applied Optics, Vol.39, No.2, pp.293-301 (2000)

Neil McArdle, Makoto Naruse, and Masatoshi Ishikawa: Optoelectronic Parallel Computing Using Optically Interconnected Pipelined
Processor Arrays, IEEE Journal of Selected Topics in Quantum Electronics, Vol.5, No.2, pp. 250-260 (1999)

Masatoshi Ishikawa, and Neil McArdle: Optically Interconnected Parallel Computing Systems, IEEE Computer, Vol.3, No.2, pp.61-68
(1998)

Haruyoshi Toyoda, and Masatoshi Ishikawa: Learning and recall algorithm for optical associative memory using a bistable spatial light
modulator, Appl. Opt., Vol.34, No.17, pp.3145-3151 (1995)

Andrew G. Kirk, Tomohira Tabata, and Masatoshi Ishikawa: Programmable diffractive optical interconnections for cellular processing
applications, International Journal of Optoelectronics, Vol. 9, No.1, pp.13-23 (1994)

» Andrew G. Kirk, Tomohira Tabata, and Masatoshi Ishikawa: Design of an optoelectronic cellular processing system with a reconfigu-
rable holographic interconnect, Appl. Opt., Vol.33, No.8, pp.1629-1639 (1994)

» Andrew G. Kirk, Tomohira Tabata, Masatoshi Ishikawa, and Haruyoshi Toyoda: Reconfigurable Computer Generated Holograms, Opt.
Comm., Vol.105, No.5,6, pp.302-308 (1994)

Masatoshi Ishikawa, Sadao Fujimura, and Tadashi Ito: Massively Parallel Optical Computing, Ultrafast and Ultra-Parallel Optoelectron-
ics - Interim Report -, pp.95-96 (1992)

Masatoshi Ishikawa: Optical Neuron Computers - Associative Memory and Learning by Optical Parallel Processing -, J. Robotics and
Mechatronics, Vol.2, No.4, pp.322-323 (1991)

Masatoshi Ishikawa, Naohisa Mukohzaka, Haruyoshi Toyoda, and Yoshiji Suzuki: Experimental studies on learning capabilities of
optical associative memory, Appl. Opt., Vol.29, No.2, pp.289-295 (1990)

Masatoshi Ishikawa, Naohisa Mukohzaka, Haruyoshi Toyoda, and Yoshiji Suzuki: Experimental Studies on Adaptive Optical Associa-
tive Memory, Optical Computing 88, J.W.Goodman, P.Chavel, G.Roblin, Eds., Proc. SPIE, Vol.963, pp.527-536 (1989)

» Masatoshi Ishikawa, Naohisa Mukohzaka, Haruyoshi Toyoda, and Yoshiji Suzuki: Optical Associatron - A Simple Model for Optical
Associative Memory -, Appl. Opt., Vol.28, No.2, pp.291-301 (1989) [Best Optics Paper Award from Society of Applied Physics in
Japan]

A,/ Books

* Masatoshi Ishikawa, Haruyashi Toyoda, and Ming Hsein Wu: Optical Associative Memory and Adaptive Learning, Optical Storage and
Retrieval (Eds. Francis T. S. Yu and Suganda Jutamulia), Marcel Dekker, Inc., pp.247-282 (1996)

» Masatoshi Ishikawa: Optoelectronic Parallel Computing System with Reconfigurable Optical Interconnection, Optoelectronic Intercon-
nects and Packaging (Eds. Ray T.Chen and Peter S. Guilfoyle), Critical Reviews of Optical Science and Technology, SPIE , Vol.CR62,
pp.156-175 (1996)

» Masatoshi Ishikawa: Parallel Optoelectronic Computing System, Ultrafast and Ultra-Parallel Optoelectronics (Eds. T.Sueta and
T.Okoshi), Ohmsha and John Wiley & Sons, pp.486-494 (1995)

» Masatoshi Ishikawa: Parallel optoelectronic computing systems and applications, Proc. Int. Conf. Optical Computing '94/Optical Com-
puting, Inst. Phys. Conf. Ser., No.139: Part |, pp.41-46 (1995)

» Masatoshi Ishikawa, Naohisa Mukohzaka, Haruyoshi Toyoda, and Yoshiji Suzuki: Optical Associative Memory with Learning Capabili-
ties, Optical Computing in Japan (S.Ishihara ed.), NOVA Science Publishers, pp.175-182 (1990)

D=4 .
AR555mSZ Review Papers
» Masatoshi Ishikawa, Makoto Naruse, T. Haruyoshi, and Y. Kobayashi: Reconfigurable free-space optical interconnection module,
Optics & Information Systems (SPIE's International Technical Group Newsletter), Vol.11, No.1, May 2000.

» Timothy Drabik, Hugo Tienpont, and Masatoshi Ishikawa: Optics in computing: introduction to the feature issue, Appl. Opt., Vol.39,
No.5, pp.669-670 (2000)

» Masatoshi Ishikawa, and Neil McArdle: Optically Interconnected Parallel Computing Systems, IEEE Computer, pp.61-68, 1998
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» Masatoshi Ishikawa: Optoelectronic Parallel Computing Systems and Applications, Optoelectronics Research in Japan and the U.S.,
Stanford University, 1996.5.9

+ Masatoshi Ishikawa: Parallel optoelectronic computing system with reconfigurable optical interconnection, Optical Processing & Com-
puting (SPIE), Vol.7, No.1, pp.6, 1996

+ Masatoshi Ishikawa: System Architecture for Integrated Optoelectronic Computing (Invited Paper), Optoelectronics - Devices and
Technologies -, Vol.9, No.1, pp.29-38 , 1994

» Masatoshi Ishikawa: Optical Neurocomputing, Japan Computer Quarterly, No.89, pp.45-50, 1992

+ Masatoshi Ishikawa: Optical Neurocomputing - Optical Associative Memory with Learning Capabilities -, Now and Future, Vol.5, pp.4-6,
1990-1

+ Masatoshi Ishikawa: Optical Neurocomputing, Science & Technology In Japan, Vol.9, No.34, pp.20-21, 1990

SRR /Proceedings

* Alvaro Cassinelli, Alain Goulet, Makoto Naruse, Fumito Kubota, and Masatoshi Ishikawa: Load-Balanced Optical Packet Switching
using two-stage time-slot interchangers, IEICE Conference (Tokushima, 2004.9.23)/Proceedings, pp.49-50

Alain Goulet, Alvaro Cassinelli, Makoto Naruse, Fumihito Kubota, and Masatoshi Ishikawa: A Load-Balanced Optical Packet Switch
Architecture 30th European conference on Optical Communication(ECOC2004) (Stockholm, 2004.9.5-9)

Alain Goulet, Alvaro Cassinelli, Makoto Naruse, Fumihito Kubota, and Masatoshi Ishikawa: A Load-Balanced Optical Packet Switch
Architecture with an O(1) scheduling complexity, 9th Optoelectronic and Communications Conference / 3rd International Conference
on Optical Internet(OECC/COIN) (Yokohama, 2004.7.12)

Alvaro Cassinelli, Makoto Naruse, Alain Goulet, and Masatoshi Ishikawa: Arbitration-free Time-Division Permutation Switching suitable
for All-Optical Implementation, IEICE meeting (Koufu, 2003.12.18)/pp.23-27

Alvaro Cassinelli, Makoto Naruse, and Masatoshi Ishikawa: Stage-Distributed Time-Division Permutation Routing in a Multistage
Optically Interconnected Switching Fabric, ECOC-I0O0C 2003 (Rimini, 2003.9.24)/pp.830-831, Poster presentation, We4.P.137

Alvaro Cassinelli, Makoto Naruse, Masatoshi Ishikawa, and Fumito Kubota: Reconfigurable optical interconnections using multi-
permutation-integrated fiber modules, Optics Japan 2003 Conference, Japanese Society of Applied Physics and Related
Societies(JSAP) (Kanagawa, 2003.3.27)/Extended Abstracts p.1256 (27a-W12)

Alvaro Cassinelli, Makoto Naruse, Masatoshi Ishikawa, and Fumito Kubota: A modular, guided wave approach to plane-to-plane optical
interconnects for multistage interconnection networks, Optics Japan 2002 Conference, Japanese Society of Applied Physics(JSAP)
(Koganei, 2002.11.2-4)/Extended Abstracts pp.124-125(3aES4)

» Makoto Naruse, Alvaro Cassinelli, and Masatoshi Ishikawa: Two-dimensional fiber array with integrated topology for short-distance
optical interconnections 2002 IEEE LEOS Annual Meeting Conference Proceedings (2002.11.14)/pp.722-723

» Makoto Naruse, Alvaro Cassinelli, and Masatoshi Ishikawa: Real-Time Alignment Using Mechanical Dynamics of Optical Interconnec-
tion Systems, OSA Annual Meeting & Exhibit 2002 (Orlando, 2002.10.1)/Conference Program, p.77

Alvaro Cassinelli, Makoto Naruse, and Masatoshi Ishikawa: Quad-tree image compression using reconfigurable free-space optical
interconnections and pipelined parallel processors, Optics in Computing conference, Grand Hotel Taipei (Taipei, 2002.4.8-
11)/Proceedings, pp.23-25

Makoto Naruse, and Masatoshi Ishikawa: Active alignment for dense optical interconnections using mechanical dynamics of optical
systems, The Japan Society of Applied Physics and Related Societies,Extended Abstracts (The 49th Spring Meeting, 2002)
(Kanagawa, 2002.3.27)/p.1204

* Alvaro Cassinelli, Makoto Naruse, and Masatoshi Ishikawa: Elemental optical fiber-based blocks for building modular computing
parallel architectures, The Japan Society of Applied Physics and Related Societies, Extended Abstracts, The 49th Spring Meeting,
2002 (Kanagawa, 2002.3.27)/p.1204

Motonobu Fujita, Makoto Naruse, and Masatoshi Ishikawa: Parallel confocal microscope using vertical-cavity surface-emitting laser
array, Microscopy and Microanalysis 2001 (Long Beach, 2001.8.7)/pp.1004-1005

Masatoshi Ishikawa, Makoto Naruse, Alain Goulet, Haruyoshi Toyoda, and Yuji Kobayashi: Reconfigurable Free-space Optical Inter-
connection Module for Pipelined Optoelectronic Parallel Processing (Invited), Int. Symp. on Optical Science and Technology, Confer-
ence 4457: Spatial Light Modulators : Technology and Applications (San Diego, 2001.7.31)/proceedings, Vol.4457, pp.82-87

Masatoshi Ishikawa, and Makoto Naruse: Optoelectronic Parallel Computing System with Reconfigurable Interconnection (Invited),
CLEO/Pacific Rim 2001 (Makuhari, 2001.7.19)/Technical Digest, Vol.ll, pp.678-679

Alain Goulet, Makoto Naruse, and Masatoshi Ishikawa: Integration technique to realize alignment-free opto- electronic systems, 2001
International Topical Meeting on Optics in Computing (Lake Tahoe, 2001.1.11)/Technical Digest, pp.122-124

Alain Goulet, Makoto Naruse, and Masatoshi Ishikawa: Novel integration and packaging technique for free-space optoelectronic
systems, Optics Japan 2000, (Kitami, 2000.10.8)/pp.247-248

Makoto Naruse, and Masatoshi Ishikawa: Parallel Confocal Laser Microscope System using Smart Pixel Arrays, The International
Symposium on Optical Science and Technology 2000 (San Diego, 2000.10.1)

Masatoshi Ishikawa: Parallel Computing System Using Integrated Optoelectronic Devices (invited), Int. Symp. on Optical Science and
Technology, Conf. 4114: Photonic Devices and Algorithms for Computing Il (San Diego, 2000.8.3)/proceedings, Vol.4114, pp.146-153,
SPIE

Makoto Naruse, and Masatoshi Ishikawa: An Optimal Distribution of Interconnections and Computations for Optically Interconnected
Parallel Processing Systems, 2000 IEEE/LEOS Summer Topical Meetings (Aventura, 2000.7.25)

Hideo Kawai, Asako Baba, Yoshinori Takeuchi, Takashi Komuro, Masatoshi Ishikawa: 8 x 8 Digital Smart Pixel Array, Int. Conf. on
Optics in Computing 2000 (Quebec City, 2000.6.22)/Proc. SPIE, Vol.4089, pp.715-720 (2000)

+ D. Kawamata, Makoto Naruse, Idaku Ishii, and Masatoshi Ishikawa: Image Database Construction and Search Algorithm for Smart
Pixel Optoelectronic systems, in Optics in Computing 2000, R. A. Lessard and T. Galstian, eds., Proc. SPIE, 4089 (2000)/pp.797-805

Makoto Naruse, Haruyoshi Toyoda, Yuji Kobayashi, D. Kawamata, Neil McArdle, Alain Goulet, and Masatoshi Ishikawa, "An Optically
Interconnected Pipelined Parallel Processing System: OCULAR-II," in Optics in Computing 2000, R. A. Lessard and T. Galstian, eds.,
Proc. SPIE, 4089 (2000)/pp.440-448

Neil McArdle, Makoto Naruse, Haruyoshi Toyoda, Yuji Kobayashi, and Masatoshi Ishikawa: Reconfigurable Optical Interconnections
for Parallel Computing (Invited), Proc. IEEE, Vol.88, No.6, pp.829-837 (2000)

A.Goulet, H.Thienpont, |.Veretennicoff, and M.Ishikawa: Board to Board Parallel Optical Interconnects Using Large Diameter Graded
Index Polymer Optical Fiber (GIPOF), Int. Conf. on Optics in Computing (Quebec City, 2000.6.19)/Proc. SPIE, Vol.4089, pp.234-241
(2000)

* Neil McArdle, Makoto Naruse, Masatoshi Ishikawa, Haruyoshi Toyoda, and Yuji Kobayashi: Implementation of a Pipelined Optoelec-
tronic Processor : OCULAR-II, 1999 International Topical Meeting on Optics in Computing (Snowmass, 1999.4.13)/Technical Digest,
pp.72-74

.

.

.
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» Haruyoshi Toyoda, Kobayashi, N.Yoshida, Y.lgasaki, T.Hara, Neil McArdle, Makoto Naruse, and Masatoshi Ishikawa: Compact Optical
Interconnection Module for OCULAR-II: a pipelined parallel processor, 1999 International Topical Meeting on Optics in Computing
(Snowmass, 1999.4.15)/Technical Digest, pp.205-207

Neil McArdle, Makoto Naruse, Akane Okuto, and Masatoshi Ishikawa: Design of a Pipelined Optoelectronic Processor, Optics in Com-
puting (Brugge, 1998.6.19)/Optics in Computing'98 (P.Chavel, D.A.B.Miller, and H.Tienpont eds.), Proc.SPIE, Vol.3490, pp.302-305
(1998)

Neil McArdle, S.J.Francey, J.A.B.Dines, J.F.Snowdon, Masatoshi Ishikawa, and A.C.Walker: Design of Parallel Optical Highways for
Interconnecting Electronics, Optics in Computing (Brugge, 1998.6.18)/Optics in Computing '98 (P.Chavel, D.A.B.Miller, and H.Tienpont
eds.), Proc.SPIE, Vol.3490, pp.143-146 (1998)

Masatoshi Ishikawa: Optical Interconnection for Integrated Massively Parallel Processing (Invited), Second Int. Research Workshop on
Future Information Processing Technologies (Sapporo, 1997.8.26)

Neil McArdle, Makoto Naruse, Takashi Komuro, and Masatoshi Ishikawa: Realization of a Smart-Pixel Parallel Optoelectronic Comput-
ing System, International Conference on Massively Parallel Processing Using Optical Interconnections (Motreal,
1997.6.24)/Proceedings, pp.190-195

Makoto Naruse, and Masatoshi Ishikawa: A theoretical and experimental analysis of active alignment based on singular value decom-
position, 1997 International Topical Meeting on Optics in Computing (Lake Tahoe, 1997.3.20)/Technical Digest, pp.230-232

Neil McArdle, and Masatoshi Ishikawa: Analysis of GRIN Rod and Conventional Optical Systems for Imaging of Two-Dimensional
Optoelectronic Device Arrays, 1997 International Topical Meeting on Optics in Computing (Lake Tahoe, 1997.3.18)/Technical Digest,
pp.36-38

 Haruyoshi Toyoda, Yoshiji Suzuki, and Masatoshi Ishikawa: Optical Design of Associative Memory Using a Bistable Spatial Light
Modulator, Proc. Int. Conf. on Neural Information Processing and Intelligent Information Systems, pp.745-748 (1997)

Masatoshi Ishikawa: System Architecture for Optoelectronic Parallel Computing (Invited), 1996 International Topical Meeting on Optical
Computing (Sendai, 1996.4.21)/Technical Digest, pp.8-9

Masatoshi Ishikawa: Optoelectronic parallel Computing System with Reconfigurable Optical Interconnection, Photonics WEST,
OE/LASE '96 SPIE's International Symposium on Lasers and Integrated optoelectronics, conference CR62 (San Jose,
1996.1.30)/proceedings, Vol.CR62, pp.156-175

Neil McArdle, Makoto Naruse, Takashi Komuro, Hideyuki Sakaida, Masatoshi Ishikawa, Yuji Kobayashi, and Haruyoshi Toyoda: A
Smart-Pixel Parallel Optoelectronic Computing System with Free-Space Dynamic Interconnections, International Conference on Mas-
sively Parallel Processing Using Optical Interconnections (Maui, 1996.10.28)/Proceedings, pp.146-157

Neil McArdle, Takashi Komuro, Makoto Naruse, Hideyuki Sakaida, and Ishikawa: An Optoelectronic Smart-Pixel Parallel Processing
System with Dynamic Interconnections, OSA Annual Meeting & Exhibit (Rochester, 1996.10.22)

Neil McArdle, Takashi Komuro, Makoto Naruse, Hirotsugu Yamamoto, Hideyuki Sakaida, and Masatoshi Ishikawa: A Smart-Pixel
Free-Space Interconnected Parallel Processing System, 1996 Summer Topical Meeting on Smart Pixels (Keystone, 1996.8.8)/Digest,
pp.59-60

Makoto Naruse, Neil McArdle, Hirotsugu Yamamoto, and Masatoshi Ishikawa: An algorithmic approach to hierarchical parallel optical
processing systems, 1996 International Topical Meeting on Optical Computing (Sendai, 1996.4.21)/Technical Digest, pp.102-103

Neil McArdle, Hideyuki Sakaida, Hirotsugu Yamamoto, and Masatoshi Ishikawa: A Compact Dynamically-Interconnected Parallel Opto-
electronic Computing System, 1996 International Topical Meeting on Optical Computing (Sendai, 1996.4.21)/Technical Digest, pp.16-
17

Masatoshi Ishikawa: Parallel optoelectronic computing system, '95 RWC Symposium (Tokyo, 1995.6.15)/Proceedings, pp.145-146

Takayuki Ishida, and Masatoshi Ishikawa: Reconfigurable Space-Variant Optical Interconnection Using Binary CGH, Optical
Computing Topical Meeting (Salt Lake City, Utah, 1995.3.14)/1995 Technical Digest Series, Vol.10, pp.PD1 1-1 - PD 1-4

Masatoshi Ishikawa: Parallel Optoelectronic Processing Systems and Applications (Invited), International Conference on Optical Com-
puting (Edinburgh, 1994.8.25)/Technical Digest, pp.385-386

Masatoshi Ishikawa: Massively Parallel Processing System with Reconfigurable Diffractive Interconnects, International Symposium on
Ultrafast and UltraParallel Optoelectronics (Makuhari, 1994.7.12)/Proceedings, pp.203-206

Andrew Kirk, Tomohira Tabata, Takayuki Ishida, and Masatoshi Ishikawa: Optoelectronic parallel processing system with reconfigu-
rable diffractive interconnections, International Conference on Optical Computing (Edinburgh, 1994.8.25)/Technical Digest, pp.85-86

» Andrew G. Kirk, Tomohira Tabata, and Masatoshi Ishikawa: Cellular processing with diffractive optical elements, Optical Computing
Topical Meeting (Palm Springs, California, 1993.3.18)/1993 Technical Digest Series, Vol.7, pp.272-275

» Andrew G. Kirk, Masatoshi Ishikawa, S.Jamieson, and T.J.Hall: The Design and Fabrication of Quasi- Periodic Computer Generated
Holograms, Fourth Int. Conf. on Holographic Systems, Components and Applications (Switzerland, 1993.9.13-15)

Haruyoshi Toyoda, and Masatoshi Ishikawa: Sparse Encording Algorithm for Optical Associative Memory Using Bistable Spatial Light
Modulator, Japan Display '92 (Kobe, 1992.9.19)/Proceedings, pp.371-374

Masatoshi Ishikawa, Haruyoshi Toyoda, Naohisa Mukohzaka, and Yoshiji Suzuki: Optical Associative Memory Combining with Optical
Preprocessing, OPTICAL COMPUTING '90 (Kobe, 1990.4.10)/Technical Digest, pp.160-161

Masatoshi Ishikawa, Naohisa Mukohzaka, Haruyoshi Toyoda, and Yoshiji Suzuki: Experimental studies on adaptive optical associative
memory, OPTICAL COMPUTING '88 (Touron, 1988.9.1)/Proc. SPIE, Vol.963, pp.527-536
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FirsmSL Papers
- BOES, KEET), BUSE, DEKS, HRBIEE SBkK GIIER UPIL« 2TV 3 VEFR UCKRZOMNMMEICEYT
DEIFFES, TR EMTETE, Vol.20, No.2, pp.166-175 (2005)

« GIIER, RBA BRSOV, RE : Y3 CIVYIYFIINIYYIOY3YDOPFOITIYITalb—y 3y, LAYMIE Vold7,
No.7, pp.641-648 (1978)

A /Books

cBINE®#TOYTD I"E‘FZZT 50E#0DBAX RRAEBNBFH HFHR XEKTOFT2-TOIxOH),
pp.214-217, =%ERE (2006.

- BJIEE: EREEDHE, %E\X%Kﬁﬁ RIREERE, pp.71-80, EIIRKFEARRAZ (2005.3)

~EJI|IE1fb F11E %)\ﬂjfé@@_ﬁ(?—h_3’0‘(75@—?—@#‘1”') V- EFEBECRNRE @ANSH BASBR,
pp.1563-162, A& (2005

fR555% 32 Review Papers
- GIEE BAKFREROS<HEWEORILCIAERSTEL —DERBIBFRAR— (3457 OB, po71-74

- HhiBER, MRS, EFRETT, BIIER, KEF: FO/\NRILT « AN v Y 3 VRS [After 311 BRISEDTEINED,
stAlEHIE, VoloT, No.2, pp.111-116 (2012)

c BIIER HIEB—SDEH —EZADBREZEZXRNES, (BRS), sHAICHIE, Vol51, No.1, p.1 (2012)
+ BIER: KRN —B0FDEENSRANED— (EES), sHRICHIE, Vol.50, No.8,9, p.533 (2011)

BIER: §?¢EELF)TZD'€ BIII50BFM 2 BSICE —RERMOBEDEILEZRDANIC (EBES), 5HAIEHIH, Vol.50,
No4 p.255 (2011)

- BIIER: FERTBS 1 ZEAB I TNHSDESEE, BIIC oEA, No. 736, pp.40-43 (2008)
. (EZJOIICJ).T:gf)QI FUNWRREBERDSNDIEENNH B RROHLRETDLEDIC, B, Vol.78, No.9, pp.1002-1005

EZJéIIE@I MREICHKRITDEHEADOABLE —ARZICRIDIMRTHEARTADIRE— , BT, No43, pp.44-50

c BIIEER NYFv—REDFRZBEIET S 2YRICHIKANEOESREA, EIRES, 6 85, pp.8-9 (2006)
- BIIERE: BB EDIRBD 5-RRAFEDZEARS DA, 151238 No.240, pp.24-31 (2006)

- B)IIER: EEBENME<BhERIZFRRE, inrevium lab, pp.3-6 (2006)

- GOIIIER: BiEMEZBBIEDHE, InterLab, No.87, p.33 (2006)

KBIED, BOED, BESE OBHS, ENBIBE MUBR, B)IIER ESMIZORKRNDDRCAZEEEOHTHE, S
BIBIEZER, Vol.88, No.9, pp.740-744 (2005)

« BJIESR RRAZORNEELS, {tZ2 T, Vole9, No.7, pp.27-30 (2005)
- B)IEE: FIEBANEEBENROOSNDEE, 8551, pp.41-45 (2005)
- BJIEE: BIEZEZ D188, ¥, Vol.15, p.17 (2005)

- OJIIE®#: I HETLEITDISREN TEEZASEND L, BSORIEHEES, TNEREIT DL, ITREZROME
BIEAZS, pp.110-114, BEXX3t (2005)

- OJIIES: )E b DESEE FEXEZEIL T DR - BlisHseDR{b, BUSINESS RESEARCH, No.970, pp.6-12 (2005)
- OJIIEER RRAFZOESEE, XERIFEER, NO.1547, p.29 (2005)
- BIIIER: ESEENBIEI T, BIO Clinica, Vol.20, No.3, p.13 (2005)
- BJIIEER: BBESE RERMOEE & ESERE, RICOH TECHNICAL REPORT, No.30, pp.3-5 (2004)
- B)IIEER: R BBICRSKEDE, BN ENESSEE, BAREFE 318 (EX16£118138)
- BJIIEER: KEOEAMEEEZEEADED#H, CIAJ Journal, Vol.44, No.10, pp.4-9 (2004)
« OJIEER RRAZOESEE, IDEIRRDESFEHRE, No463, pp.27-31 (2004)
- B)IIER FEANMEBOEFEE, %5, No.12, p.10 (2004)

D1FEE8E /Invited Talks
BIE RS HOBEOEILE B OB — FHEZBOARIREEH U\ ? — (B, B108Y 1 =22
IIUMIDNAER, 20136.11) /EEFHRE, pp.30-33

« BIEEFLVNOM Y SEZDTORIEDEHDZERT — D'I‘J ERIASBECRR T DEHDI 7+ 2 AHIBI TN ?
—, BAOMY F2RE00ETHMEER (KLIR, 2012.920) / EEFBE, RSJ2012AC4A2- 1 (2012

CBIER A INR=Y3 YT IYRTADEETIRICDVNT —KERFEXBILOLCHDOERES— (B, XEREE
ASRFELBHMERTOY IO FYYRIDL (@R, 201228) /&H, pp.7-16

« G)IIER: FAREXEDTRISDIZH DAL -RERMOBSOEIL EEBFEE-, /\RILT 1 ANy Y EI‘J BAEED
H%§1EJ1%E%E}§C%DEZV? IXT R, BEEANGEFRED £ — o 02012 (R 2012123/ #EATHE,
[o]e}

- BI|IER : BEREDEHDRFRREAEL —NERMOBENEILEEETREE —, DOJER I/ NRN—Y 3 VEITOEER (
S<IE 2011.11.29) /&K, p.1-6

* QIER : EJLE’JE?—E#(D@'@”&D Ha‘li&)d::f%%ﬁﬁﬁ&@ﬂ’% PR TFEBRRS B IO 18FEBESHHGRBPRFHIHE
B)(RR, 2006512 /BEESE, op.57-72

gﬂéﬁ" EJLE’J%I]Eﬁﬁjﬁﬁﬂiﬁd)iiﬁlgmtff BEiFEE), TR18FE RBEDNBRTY YMRIDA (RR, 2006.4.18) /Eeth
Pp.1-
EJ||IE1&«%ﬁ7:7;ZT—JE)@Z7:E EEE~RRAZOBEHUR~ (BR#ED, FAODEZSEERESE (R,
2005.6.25)

« BJIIER RPCHT DFGSEEE, MOPEY VIRI DA (KRR, 2004.10.18)
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¥R/ Proceedings (032 Japanese)

HHER, ZTRX NTW, 8RF IWKEE, Y1 YYD, W, Ming-Chieh Hsu, W R i—BB, AE3, ) )\¥¥: Pl
1Y v IRIBEADCZERNET.1 um3, 3OO DER2408/ MW RITIEBISCMOSA X —I VY, BIRBIRAST « PER
BREYIYVIHAR (RR, 2016.3.11) /BREIBRAT « PEIRIIRS, op.21-24

< BASEN, ERE O)|ILTE: SREEZRA L %@@iﬂﬁl"]@tﬁ(‘: ~SyFY T, £160FHABRGIHPR Y RT A VT
JL—Y3VEEES SI2015) (ZaE 2015.12.14) / BERHANE, po.324-327

«BAEN, NEE=, BlIIER ﬁﬁnﬁﬁgiﬁ\éiﬂ_ (SHIP-v) DBEEY T RF v —R#ERM, F£2008AN—F v ILUPUTF
1 ZRAR (VRSJ2015) (RR, 2015.9.9) /#HXE, pp.20-2

cERY NELE 6)l E& Eﬂnﬁﬁﬁi@mgiﬂﬁ(SHlP VOBECREET Y3 VRITORNBDO-DY3v T
VIEW2014) (8% 2014.12.4) / BERYE, IS

- BB%, BlIIEE: Eﬁnﬁﬁﬁir—_\giﬂﬁ (SHIP- v)@%é&c‘:%@@ﬂﬁ $320B8A0My FEREMFERES (RSJ2014) (1BfF,
2014.95) /#EHEE, 2J2-0

« BIIIER : tAFTRERE- FEIEF;%?E%WR — 7P AT V2ADREPFHUNOMRY FEEEEHET—, \RIVT + ANy YaUMOMRy
FHIRELERRM ), £2808A0N Y FERFEMEBER (B4, 20109.22)

- BIIER | EFEEOERNES ERNERTIE, B$7‘c SFERFMBER - BEADCFSMEFFBES, Optics & Photonics
Japan 2006 (R, 2006.11.9) /FEFRE, 9aDS3

« QIER | RRRZOEFZERG CSZEE, BANRFRFEIQFREMARERZ(RR, 2005.5.28) /FBEEEE, p.2
BIES, RR Y3 LIVVESRIBERVCHRIEZEDR, £30LMWAMEBERFMEBR FLIR 197910 /FRE, 0347
cBIER Y3 RIVIYRFOWRET IO, ERERTISIFIUI FOZIIEEBSEPIRER (RR, 1979.7.27)

- BIIER, RIg3A IBASDOC, BRR : A TILY v Y03 yOPFTOTYIal—4, £380MAMEFSIMEES (MU,
197710.10) /FBE p482

ti

FRFEFR Proceedings (&7, English)

* Yasuaki Monnai: A Consideration of High-Speed and Non-Contact Human Physiology Sensing for Dynamic Human-Computer Interac-
tion Scenarios, NAMIS (Nano and Micro Systems) Workshop 2013 (Hsinchu, 2013.12.13)

» Masatoshi Ishikawa: University Cooperate Relations for Designing the Future World (Keynote), 3rd Conf. of the Association of Univer-
sity Technology Managers in Asia (AUTM Asia 2013) (Kyoto, 2013.3.22)
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WYoelllikellshikawaWatanabe l_aboratory Channel

PyJO—-RE@EH 71 EHREH 3 200A FBEOBEOH 718H0 (20166.1 IRD)
Uploaded Videos: 71 Subscribers: 3,200 Video Views: over 7,183,000 (2016.6.1)

tH75= / Laboratory
1 HRBREOHE

Recognition and Behavior in Smart Systems

2 WERERESEREE SHIP-v
SHIP-v: High Frame Rate Video Samples for researches of High-speed Image Processing
3 BE:ROMNY DR
Ultra High-speed Robot Based on 1 kHz Vision System
4 1Ty IRREYRT ADWHRE
Dynamic Intelligent Systems Based on 1 kHz Vision System
5

MAZBNTETZ 2010 FiR

Ishikawa Lab Video

TP T2 —-Y3Y / Sensor Fusion
6 ZEEV_EaL—YERVZESRITENE

Batting Motion
7 RIRECED®RIAO—T VIEIE
Throwing motion

8 OMy FHMRITIEM—I)LZEORY RO DI Y RFT ADBIFE
Throwing & Batting Robot

9 BRITEEMFICRITDR—ILHIE

Directional Hitting

10 My RAMRITFER—)LEOMRY FHAHT D) Y RTADBR
Throwing & Batting Robot (full ver.)

11 BROMRy b BITD B 1D, £2. HD BEHH HREBKED

Toward the Dream of a Baseball Android

12 BREYAPILI 1+ — BNy D ZERNZERIEET
(no narration version) ACHIRES: Bipedal Running Using High-speed Visual Feedback
13 EREYaPILI «—BENv I ERNCESR_EET
ACHIRES: Bipedal Running Using High-speed Visual Feedback
14 BREYaAPIVD «— BNy DZERVCERIEET
Running Progress - The History of Project ACHIRES -
15 BEA00%D v ATAOMY ~ (ARBEHIRRE Y 27 AOER)

Janken (rock-paper-scissors) Robot with 100% winning rate

16 BSE 100%D Lo AlTAOMY & (AEHEBIRREY 25 ADORR)

Janken (rock-paper-scissors) Robot with 100% winning rate: 2nd version

17 BEA00%D Lo ATAOMNY b (NEEHIRREY 25 ADEER)
Janken (rock-paper-scissors) Robot with 100% winning rate: 3rd version

18 BESIE/\YREBVES1FIvOUTSAEYS
Dynamic Regrasping

19 S&RZE/\Y FEARVNZERAXYDOL
Pen Spinning

20 BRZBE/\Y FERANCRRBO/FEO

Knotting of a Rope

21 BRBE/N\YFERTBHREAVNVCY I FFvyFUT
Egg Catching

22 BRBIE/\Y FERNCERSEMF
High-speed Dribbling

23 BRFvyFIIIRTH (BANERKEERET)
High speed Catching System

24 ZIE/\V F, BREAEZRANTERRD
Grasplng with Tweezers

25 BRBE/N\YREBWZIATIVIFvyFVT
Active Catching

26 BERRZE/N\VEIYRTAH
High-speed Hand

27 BREHDOHINDKIER

3D catching with tweezers

28 2 BOERZBIE/N\Y RERSAIEBNCHOENRINDIZTHRE
Dynamic Cloth Folding

29 OMy FN\Y RZEBCH - O—YROOERRIE

Robotic Button Spinner — Manipulation of High-speed Rotating Object via Twisted Thread
30 EHAORv ~FEZET D Dynamic Compensation ( BI#0#EE )

Dynamic Compensation - Toward the Next-Generation Industrial Robot

31 ABOYA DOREDORDHOOMRY SV TN

Human-Robot Cooperation for Micrometer-Order Manipulation Using High-Speed Vision
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HA4FTIv D4 X—I3Y +O—)U / Dynamic Image Control

32

33

34

35

36

37

38

39

40

41

42

43

44

45

FFOUSOMRCHEEMBRIPERT TSIV AT | @R CEIORSRKEBRIREDEIR
Visual and Tactile Cues for High-Speed Interaction

BHNA EIREADTOY T OV 3 YV vEYD)

Lumipen: Projection Mapping on a Moving Object

BHRN2 B4 T2 OTOITOY3IVNYYEYICAZRONZI NS YF VD)

Lumipen 2: Robust Tracking for Dynamic Projection Mapping

BHNAN2 FAF2vOTOVTOY3YNYEYIICAFZONI S YFYD)

Lumipen 2: lllumination and Magic by Dynamic Projection Mapping

VibroTracker: IREIMEHRE Y X7 A

VibroTracker; Tele-Vibration by Visual Target Tracking and Vibration Measurement (Revised Video)

Yyh—EI5— GEEMHEAZRAVVCERBRHIE T/ N1 22D
Saccade Mirror: High Quality Video-shooting System for Dynamic Sport Games by Super-speed Tracking

Ims Z—F/NY « FILE

1ms Auto Pan-Tilt for perfect recentering

Ims ZA—F/NY « FIL

1ms Auto Pan-Tilt; Yo-yo version

B« BEEHOBRKIZERUY X —F1FTEILIUVYX—

Dynamorph Lens - a high-speed liquid lens with 2-ms response

SV —AlL— FEERBREROCHDOESRUEERIFR

High-speed focus stacked movie using a high-speed liquid lens called "Dynamorph Lens (DML)".
&IV —AlL— FEERBIREROLCHDERUETERNEFER

A high-speed liquid lens called "Dynamorph Lens (DML)" applied for extended depth-of-field.
AORITEERL Y

Optics revolution: variable focus lens with large aperture

MVYBFORRFSYFID

High-speed visual tracking of a swimming ascidian spermatozoa

WEMD 3 RTHSVFIT

Three-dimensional tracking of a freely swimming paramecium

EY3YP—F70F v / Vision Architecture

46

47

48

49

50

51

52

53

54

55

56

57

58

T DT 1 AT~ (Deformable Workspace): 3 RItDIRBINEEIR S IZdDE UL \EEH

The Deformable Workspace

ERHEEssQIZERYEY T YT -2

3D Input Interface for Mobile Devices

Anywhere Surface Touch: EIREDHSDDAEZANBEIT DA VYT —R

Anywhere Surface Touch: utilizing any surface as an input area with a wearable device

DynaFlash: 1,000fps * 3ms &I T 8bit fEBDIRGZERF T DR TOIY T IS
DynaFlash: High-speed 8-bit image projector at 1,000fps with 3ms delay

ZEIEL—T - ICLDERMEDIRTER Y Y VT

3D Motion Sensing of any Object without Prior Knowledge

TR 2 R U VT &g [C AR S 3 RyTstAl
Occlusion-Robust 3D Sensing Using Aerial Imaging

Ty oIy EYIRFwZyoJ0TONIAT

Book Flipping Scanning

BFS-Auto: @& « SfEHIZHESEF LY AT A

BFS-Auto: High Speed Book Scanner at over 250 pages/min
BFS-Solo: S#2REEBRZEAVVCEREEEF LI AT A
BFS-Solo: High Speed Book Digitization using Monocular Video
BB BEMADBR I PIVIA A RTEYIVD
Real-time Shape Measurement

DT PSTIWAASERNC ANEDSITIRREHEE

Human Gait Estimation Using a Wearable Camera

HKREB7)L T T A BMBIIRBEZERLVZE&R SVBRDF 5l
Rapid SVBRDF Measurement by Algebraic Solution Based on Adaptive lllumination

SRO—ILAXD  BEEGESRFIEHTDINAS YT A

High-Speed Image Rotator for Blur-Canceling Roll Camera
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X5 « N\—=tT¥ 3 / Meta-Perception

59

60

61

62

63

64

65

66

67

68

69

70

BRYIZFr—ULBLTFYY—CcEeEEM
High Speed Gesture Ul: Ultra Low latency with Proprioception

AIRR Tablet: ZPIREEF TRIFCTEDIYRATA ~ BEEEE A VISDT 1 TI8T 1+ ATUAIC ~
AIRR Tablet: Floating Display with High-Speed Gesture Ul

BRI SRTTI ARG ERF CaRICERIFCEDIIYRTA

High Speed Gesture Recognition for zSpace 3D Display
AN—FU—YURFvF : AASURBRITAVI—TT1R

Map browsing with the Smart Laser Scanner
AN=—hrU—YURFvTF I AASURIRITAVI—-TT1R
Markerless Smart Laser Tracking for HCI
AN—hrU—YRFvTF : AASURIRTAVI—TT1R

Video browsing with the Smart Laser Scanner

AV— bt —F=T0I 05— AXSUR BYYIITTARATUA YT A
The Smart Laser Projector: a laser based, camera-less "Sensing Display"
AN—bFU—YURFvTF I AASURIRITAVI—-T1T1R

3d tracking with the markerless Smart Laser Scanner
O0/RTOYI DY BEEERD T+ AT

The Khronos Projector - a tangible, deformable screen to explore pre-recorded video
NTT 1y OU—4—  EERECIRERIYIC L DREBRE DR

Haptic Radar

3 Rt T —HDEEEIIRT (Volume Slicing Display)

Volume Slicing Display

3P S5A b+ U= —ZRANC ATHHREE RS

scoreLight

162



=Rz 4 SHIP-v
SenvicesiforiHigh-speed Image Processing - Videos

BE - B8 summary

SRERNIBRAMIT, FEEROBBUENTH TETCUVEDOE, 8RNI L —AL— R TEEBRETBLEIDOETDE
DTY. REROBIZMIBETIE, SRONEEMBLRDETDE, WEDYT A FIDREN/N-TETWENIU—AL—F
Tl BB UEBIRBRIZIT TIIXNROY 1 FTIORERECIBBI D ENTERVNEH, REITDBREZHOICHIC, F
I, #E8, 2B, AEEORRSOEMBEPILITIILAERBNBCENSL, TOTENBERMEOSRILEH L TDEN
SEBODDFTURZ. —73, BROMRETHEL TN\ D22REEWETIE, MEBRYT A FIDRAZN/IN-TDIL—ALL—
~ThIRIE - MBZEFIRE T DIZH, MBP)L T ZAHDERIEL, S ERDWBORIBHBS S T, 2 DF UV\IBEZERSE L
TWFET.

SEESREFNEBEFTITZIVHHNIARDETERDEEZISNDDT, BERRDEEZHINL, HRICHBERD
SRMNET Y TN EFRICANATEDRDIC, HRBIZESREEBE T —5 N — X SHIP-v (Services for High-speed
Image Processing - Videos) Z1IH5 LITE U, @RBBEBEFADNIASERFS TRIUVVHRBDIITE, B8R ICERE
BNIBOHREIBHENDRDIC, MBERDSET -V ERACHRBESRBBELZRE LI N—FIBCET, Lh<aR
BB RICERALUTNERLCEZBMELTRDZEY. i, HBOMBEHRREDARICERLUTNEELZEIT
KO, HFHUNWSEEBEWEP)L T ZLADRYFI—IELTRIIDCES, HETEHNELTRNET.

SREZRWEDMBOTFBANDT, S& MREBEZEEUCESRBEZEN UL TN FIETI L, BIEDEREDE
NFELREICEUREBROXIMUTCNSFAEFETY. EIZ, [SROBEHSIDHEEOR EICXT LTH, KD SMHEERMMZAL)
EEBEDOEFHICXTH U TN FETT.

TR, SHIPvICIE, YT RF v —DERBEHNZEIFNTROEID, CNREESY T IFv—RBENBLETP TV
T—=Ya3VDBRRMEATNBTENBEICHDET. LHUEHS, IRIRTIE PTUT—Y3VICEL>T, HDUIIEHE
FRICKDT, YT RF v —EZNICKN UEIREFOEKRNER > TNDCENDHD, I T RAF v —DEENEEZSENC
ETIYIRFvy—RBEARNCE TP TUT =Y a3 VOEENMHITOSNDOEEENHNFET. ZNEHIZD, CODIEHESEE)
B7OYIVLTIE, YT ZAFv»—RBOBKITICDODNWTALL CEREZVERES, EOLDIBRI T IFvHELTNDH
EFXEDHDEODFICURENEZEZTRNET.

High-speed image processing technology allows us to take advantage of information from high-frame-rate video, some-
thing that traditional technology cannot do. At low frame rates, it is impossible to completely capture the dynamics of high-
speed objects using image information obtained from processing those objects with traditional image processing technol-
ogy. Therefore, complex algorithms (prediction, calculation, learning and wide searching) are often used to make up for
shortage in information, but with this approach, it is difficult to speed up the image processing. On the other hand, with the
high-speed image processing technology being developed in our laboratory, we can acquire and process images at a frame
rate that is high enough to capture the necessary dynamics. In addition, high-speed image processing simplifies the
processing algorithms, makes high-speed processing easy, and will pave the way to a number of new applications.

We believe that research on high-speed image processing will become increasingly important. Therefore, we set up SHIP-v
(Services for High-speed Image Processing — Videos) for encouraging the development of related work , so that research-
ers can easily use sample high-speed videos needed for their research. Our aim in developing SHIP-vis to allow researchers
to engage in high-speed image processing research with the support offered by high-speed videos and associated neces-
sary data that we make available , so that even researchers who do not have cameras capable of acquiring high-speed
video can begin to investigate high-speed image processing without difficulty. Another benefit of SHIP-v is that it helps
researchers by setting benchmarks for new high-speed image processing algorithms by using a common set of videos.

High-speed image processing has a wide range of applications, and therefore, we are going to add new high-speed
videos for various situations in the future. Please give us your ideas about the kinds of videos you want. Also, we are plan-
ning to update the videos to replace them with videos taken with higher-spec equipment as better cameras become avail-
able in the future.

Meanwhile, SHIP-v includes many high-frame-rate videos of gestures. The reason for this is that the number of applica-
tions that take advantage of gesture recognition has been on the increase in recent years. However, in this situation, there
are differences between gestures and the meanings of the corresponding operations, depending on the applications or
developers. Uncertain meanings have the potential to nip the progress of applications that use gesture recognition. There-
fore, in this project, we would like to obtain diverse feedback from you about creating meanings for recognized gestures,
and we hope to use SHIP-vas an opportunity to collect suitable gestures.

BB DB, sample Videos

q
-
MEARYIRFv— BIRIYIRFv— EBEFFIYTAFv— BIFFEIYIAFv— BREIYIRXFv— 3 RITXIED

arm gestures arm gestures finger gestures finger gestures finger and arm 3D objects
gestures

BRITIAZD NIWFEY=T v NIWFEY=T v+ POT14TEY3Y  BOEGTHE BUADORES)
3D objects multiple targets multiple targets [543 running car rolling movement of
active-vision rigid body
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|E (1#) / Medal of Honour (Domestic) (1)
20115 £R=E (G)IIES)

2011 Medal with Purple Ribbon from Japanese Government (Masatoshi Ishikawa)

FPRMNE « KIS « FHEES
(B, RXE - ZiE - EREFCREZNSICHEBTDIED) (AT7H)
./ Awards from Academic Society (Domestic) (17)
20155 BAN=F VU PUT 1 ZR H/NXE CRGEK, KBJIEN, BAYCE, RES, BEH0.2 GlIIESR)
20145 SHAIBEHIHFS wXE - EBE (BT, BFHTA BIEIR BEH, T)IIER)
- RRIBRAT « PER BEIVTVVEEE (BT, BER, O)IIER
2013F BAN=FvILUPUT «FR HmNE (BIES NEE 5)lIER
- BAROMRY 2R ZRHHNE (BAYE, BEH, 5)IIER)
- BAERIZ R ZiiEmE (B3R, B0ERS B)IIER)
20115 BAN=F VU PUT « ZR HXE (BOFES, 7LD AYRY, INEZE, GJIIES
2010%F BXROMNY +2= w8 (BEH, O)IIEE, 6)IIES)
- FHAIBEREYS RXE (B%HS0E T&H, O)IIES
2008%F BAOMY +EA #wXE CEIHS N\2E, 6lIESR)
2005F WAMMEFER )6 - EFERIXMEREE MEHEE) (BIIER)
20045 HAIBEHIHES X8 - RBE (B)IIER, NEZ 6HiE, S8 BHEB, I\SRER)
- RIGIBHRA T « PER RRAEERIRE (A VFTUIT Y REIIVIRTABEITIV-T [EUWR
FZOR BIEFHR. RRAFE. K | BHER, PHES, OJIIEER] D
20015 BAOMY +EA mXE (IAREX, BIIIER
1998%F BAOMY 2R #/NE (PHER 6HiE BIIES
1990%F MAMEBER MFHRXE (B)IIE®
19845 FHAIBEHEHFS wXE (B)IIER, F&HED

2015 Best Paper Award, the Virtual Reality Society of Japan (Tomohiro Sueishi, Keisuke Hasegawa, Kohei Okumura,
Hiromasa Oku, Hiroyuki Shinoda, and Masatoshi Ishikawa)

2014 Best Paper Award and Hasunuma Award, the Society of Instrument and Control Engineers (Kohei Okumura,
Masato Ishii, Eri Tatsumi, Hiromasa Oku, and Masatoshi Ishikawa)

- Best Video Contents Award, the Institute of Image Information and Television Engineers (Kohei Okumura,
Hiromasa Oku, and Masatoshi Ishikawa)

2013 Best Paper Award, the Virtual Reality Society of Japan (Yoshihiro Watanabe, Takashi Komuro, and Masatoshi
Ishikawa)

- Best Paper Award, the Robotics Society of Japan (Kohei Okumura, Hiromasa Oku, and Masatoshi Ishikawa)

- Award for Encouragement of Research, the Japanese Society of Printing Science and Technology (Masahiro
Yamada, Yoshihiro Watanabe, and Masatoshi Ishikawa)

2011 Best Paper Award, the Virtual Reality Society of Japan (Yoshihiro Watanabe, Alvaro Cassinelli, Takashi
Komuro, and Masatoshi Ishikawa)

2010 Best Paper Award, the Robotics Society of Japan (Hiromasa Oku, Takahiko Ishikawa, and Masatoshi Ishikawa)

- Best Paper Award, the Society of Instrument and Control Engineers (Takaaki Nishino, Makoto Shimojo, and
Masatoshi Ishikawa)

2008 Best Paper Award, the Robotics Society of Japan (Yoshihiro Watanabe, Takashi Komuro, and Masatoshi
Ishikawa)

2005 Major Contribution Award in integration of opto-electronics, the Society of Applied Physics in Japan (Izuo
Hayashi Award) (Masatoshi Ishikawa)

2004 Best Technique Award, Tomoda Award, the Society of Instrument and Control Engineers (Masatoshi Ishikawa,
Takashi Komuro, Idaku Ishii, Atsushi Yoshida, Yoshiaki Inada, and Yasuhiro Komiya)

- Best Development Award, the Institute of Image Information and Television Engineers (Intelligent Vision System
Development Group [Hamamatsu Photonics, RIKEN, the University of Tokyo, Haruyoshi Toyoda, Yoshihiro
Nakabo, and Masatoshi Ishikawa] )

2001 Best Paper Award, the Robotics Society of Japan (Akio Namiki, and Masatoshi Ishikawa)
1998 Best Paper Award, the Robotics Society of Japan (Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa)

1990 Best Optics Paper Award, the Optical Society of Japan, the Society of Applied Physics in Japan (Masatoshi
Ishikawa)

1984 Best Paper Award, the Society of Instrument and Control Engineers (Masatoshi Ishikawa, and Makoto Shimojo)
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FRUNKREST @R (24t

/ Awards from non-Academic Society (Domestic) (24)

2015%F FUERR D=L REYRRAYFT Sk ~UEF2015 KT - KIEE (B)IEDIHARE)
TRBEES, TYNIIVTIYVRE Innovative Technologies 2015 (B IEDHRE)
TFUEERR D=ILREYRIATFTS1 + FUEFEERSR, FLEFL400005EE N~ 27 ~

LIZE BRE (RRAFEIFED

20145 BBEES, TIYXILIVT VYRS  Innovative Technologies 2014 (B IEDFRE)

201345 FARE ®XE GRS, 8RB, RS/IIEE, BEE, B)IIER, TR
- BBREESE TYVINIVTUYHRE Innovative Technologies 2013 1531E  (Industry)  (B)II

BFFRE)
- IRBEEE, TYFIIVTIYVYRE Innovative Technologies 2013 (B IEIFFRE)
- HERSIRESE HF EHREME (W)IHS)
2012 TUDVY « IvNUKRASH TUDVY « FLUIIZaT7—y3Y - PO—F (G)IIIESR
- IREBRAS RAE (B)IIES)
- BOFHBERA PIREE D AoFHEAZRERME (WD)
- SENFPRMREG D S28 (B)IIER)
20108 XUET X7« PEME TUH =T YAV REIFI BFE (P)L/NO AYRU, BiRKE, EREE, 77
Loy 209
- D7 FwOFAOMNY FIE $®XE (REH, B8, BO)IIER)

2009F TUDVY « IvNUMASH TUDVYY « PUT B4 I VYT 1 A+« PO— R (BEO&EDS

20065 XUbF A7« P=it 77— R8Ps KE (Z)L/N0 AYxR)

20025 TUDVYY « IpNIUBASHE TUDVYY « PVIT B4 I YT+ X« PO—FR (NEZ)
-LSIIP FHr Y « PO— R TREKREE IPE (B)IIES, 588, INEE a2

20005 MRS EAMARIREEE HRKRE (BER)

- FERPIREEFE H EAZREMNE (BUiER)
-LSIIP FH1 Y « PO— R TREEIPI IPESE (BIIIER, NEZE, 1)II—5 62

199095 MEXRMIRERS AR TEIKGEE (BJIIER)

1098%F SEBMURMIRENE SEEERMRAEE (X&) (DihER 6HiE B)IIER)

1088 EEEXEL T XXM TERMiRRE (B)IIER)

2015 Oe Ohama Award of 2015 Toretama, World Business Satellite, TV TOKYO (Ishikawa Watanabe Laboratory)

- Innovative Technologies 2015, Minister of Economy, Trade and Industry, Japan and Digital Content Association
of Japan (Ishikawa Watanabe Laboratory)

- Best of Toretama Finalist, the commemorative 4000th Toretama, Toretama Award Selection Committee, World
Business Satellite, TV TOKYO (Faculty of Engineering, The University of Tokyo)

2014 Innovative Technologies 2014, Minister of Economy, Trade and Industry, Japan and Digital Content Association
of Japan (Ishikawa Watanabe Laboratory)

2013 Best Paper Award, FA Foundation (Kenji Suzuki, Yousuke Suzuki, Hiroai Hasegawa, Aigou Ming, Masatoshi
Ishikawa, and Makoto Shimojo)

- Special Award of Innovative Technologies 2013 (Industry), Minister of Economy, Trade and Industry, Japan and
Digital Content Association of Japan (Ishikawa Oku Laboratory)

- Innovative Technologies 2013, Minister of Economy, Trade and Industry, Japan and Digital Content Association
of Japan (Ishikawa Oku Laboratory)

- Inoue Research Award for Young Scientists, the Inoue Fondation for Science (Yuji Yamakawa)
2012 Ericsson Telecommunications Award, Ericsson Japan K.K. (Masatoshi Ishikawa)

- Houkou Award, the Hattori Houkou Foundation (Masatoshi Ishikawa)

- Funai Research Award, the Funai Fundation for Information Technology (Yuji Yamakawa)

- Shimazu Award, the Shimazu Science and Technology Foundation (Masatoshi Ishikawa)

2010 Excellence Prize, Entertainment Division of Japan Media Arts Festival (Alvaro Cassinelli, Daito Manabe, Yusaku
Kuribara, and Alexis Zerroug)

- Best Paper Award, the FANUC FA and Robot Foundation (Makoto Shimojo, Takaaki Nishino, and Masatoshi
Ishikawa)

2009 Ericsson Young Scientist Award, Ericsson Japan K.K. (Yoshihiro Watanabe)
2006 Grand Prize, Art Division of Japan Media Arts Festival (Alvaro Cassinelli)
2002 Ericsson Young Scientist Award, Ericsson Japan K.K. (Takashi Komuro)

- IP Award (LSI IP Design Award), the Steering Committee of LSI IP Design Award (Masatoshi Ishikawa, Shingo
Kagami, Takashi Komuro, and Idaku Ishii)

2000 Research Award, the Research Foundation for Opto-Science and Technology (Makoto Naruse)
- Inoue Research Award for Young Scientists, the Inoue Fondation for Science (Makoto Naruse)

- Best IP Award (LSI IP Design Award), the Steering Committee of LSI IP Design Award (Masatoshi Ishikawa,
Takashi Komuro, Kazuya Ogawa, and Idaku Ishii)

1999 Kenjiro Sakurai Memorial Prize, the Optoelectronic Industry and Technology Development Association
(Masatoshi Ishikawa)

1998 Award for Progress in Advanced Automation Technology, the Foundation for Promotion of Advanced
Automation Technology (Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa)

1988 Best Researcher Award, the Agency of Industrial Science and Technology (Masatoshi Ishikawa)
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FPREPIEE (@M, SPIARETCEREEICELITDIED) (Of)

./ Awards from Division of Academic Society (Domestic) (9)

20145 sHAIBBIRIEZS FHAIERI SAXE  (BAYECE, BHBA, REE REH, O)IIER
- BAEWZER ORT O« ANFOZOREP) ROBOMECKE  (FOMF, BHEW, LBHE,
EDES, B)IIER
2013F BEAMWMER ORT + DX - XD FOZHREPI ROBOMECKE (WIS, MABEX, G)IIER)
20115 sHAIBBSIESS YRS A1YTTU—Y 3 VEIPI HREME (WIIED, MAEX, BJIIEE)
2007 ﬁ%{%’g&?% OMT 1 IR « XA OZU2EPI ROBOMECRKRE, (&5)IIIBE, tREH, MAEX, &
£=2

20055 BAMMER OMT « IR « XA OO REIPI ROBOMECKE, (£F &, TES, RHTT, o,
WARBAR, B IIEED

2003%F sHABBHHFSE YRFTAMYTIU—Y 3 VP BRE (WAEX, SHEER, B)IIER
- BAMER ORT « DR « XN RO"DEIFF ROBOMECKRE, (F&H, MBTA, NWIIBH, £
RNIESZ, WABIR, ZiEe, B IIER, BHRFED)
1999F HAMMEZR ORT « DR « XN OO REPI 2i4EE (B)IIER)

2014 Best Paper Award, Technical Division of Measurement, the Society of Instrument and Control Engineers (Kohei
Okumura, Masato Ishii, Eri Tatsumi, Hiromasa Oku, and Masatoshi Ishikawa)

- ROBOMEC Award, Division of Robotics and Mechatronics, the Japan Society of Mechanical Engineers (Shohei
Noguchi, Miho Tamei, Masahiro Yamada, Yoshihiro Watanabe, and Masatoshi Ishikawa)

2013 ROBOMEC Award, Division of Robotics and Mechatronics, the Japan Society of Mechanical Engineers (Yuiji
Yamakawa, Akio Namiki, and Masatoshi Ishikawa)

2011 Award for Encouragement of Research, Technical Division of System Integration, the Society of Instrument and
Control Engineers (Yuji Yamakawa, Akio Namiki, and Masatoshi Ishikawa)

2007 ROBOMEC Award, Division of Robotics and Mechatronics, the Japan Society of Mechanical Engineers
(Noriatsu Furukawa, Taku Senoo, Akio Namiki, and Masatoshi Ishikawa)

2005 ROBOMEC Award, Division of the Robotics and Mechatronics, the Japan Society of Mechanical Engineers
(Makoto Kaneko, Hieyong Jeong, Mitsuru Higashimori, Idaku Ishii, Akio Namiki, and Masatoshi Ishikawa)

2003 Award for Encouragement, Technical Division of System Integration, the Society of Instrument and Control
Engineers (Akio Namiki, Yoshiro Imai, and Masatoshi Ishikawa)

- ROBOMEC Award, Division of Robotics and Mechatronics, the Japan Society of Mechanical Engineers (Makoto
Shimojo, Ryota Makino, Hironori Ogawa, Takafumi Suzuki, Akio Namiki, Takashi Saito, Masatoshi Ishikawa,
and Kunihiko Mabuchi)

1999 Major Contribution Award, Division of Robotics and Mechatronics, the Japan Society of Mechanical Engineers
(Masatoshi Ishikawa)

SR 1T0—5F (@HN) @) / Fellow from Academic Society (Domestic) (4)

2014 F BAMWZR 70— (BIIER

2012 F EFBEHREESFE 70— (BIIER
2010 & BAOMY +2& Jx0— (BJIIES
1997 & sHtRAIBEHETS Dz 0— (BIIIER)

2014 Fellow, the Japan Society of Mechanical Engineers (Masatoshi Ishikawa)

2012 Fellow, the Institute of Electronics, Information and Communication Engineers (Masatoshi Ishikawa)
2010 Fellow, the Robotics Society of Japan (Masatoshi Ishikawa)

1997 Fellow, the Society of Instrument and Control Engineers (Masatoshi Ishikawa)

A NSO Uy ith iy
BEREZEE - BRSEZRNESE 71
./ Best Paper Awards of International Journal or Conference (27)
2016 Best Presentation Award, 2016 3rd Int. Conf. on Geological and Civil Engineering (ICGCE 2016) (Tomohiko
Hayakawa)

2015 Best Paper Award, Int. Display Workshop (IDW '15) (Yoshihiro Watanabe, Gaku Narita, Sho Tatsuno, Takeshi
Yuasa, Kiwamu Sumino, and Masatoshi Ishikawa)

- Finalist of Best Student Paper Award, 2015 IEEE Int. Conf. on Robotics and Biominetics (ROBIO 2015) (Kenichi
Murakami, Yuji Yamakawa, Taku Senoo, and Masatoshi Ishikawa)

- Young Scientist Award, 2015 Asia-Pacific Symposium on Measurement of Mass, Force and Torque
(APMF2015) (Yuji Yamakawa)

2014 Best Student Paper Award, 2014 Int. Conf. on Advanced Computer Science and Information Systems
(Muhammad Sakti Alvissalim, Masahiko Yasui, Chihiro Watanabe, and Masatoshi Ishikawa)

- Best Paper Award, Winter Conf. on the Applications of Computer Vision (Shohei Noguchi, Masahiro Yamada,
Yoshihiro Watanabe, and Masatoshi Ishikawa)

- Honorable Mention, 5th Augmented Human Int. Conf. (Takehiro Niikura, Yoshihiro Watanabe, and Masatoshi
Ishikawa)
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2013 Young Author Award, 2013 Asia-Pacific Symposium on Measurement of Mass, Force and Torque (APMF2013)
(Yuji Yamakawa)

- Poster Award, International Workshop on Optical Terahertz Science and Technology (OTST) 2013 (Yasuaki
Monnai)

2012 Best IROS Jubilee Video Award, 2012 IEEE/RSJ Int. Conf. on Intelligent Robots and Systems (Masatoshi
Ishikawa, Akio Namiki, Taku Senoo, and Yuji Yamakawa)

2011 Young Author Award, 2013 Asia-Pacific Symposium on Measurement of Mass, Force and Torque (APMF2011)
(Yuji Yamakawa)

- Best Presentation Award, 42nd IEEE VAIL Computer Elements Workshop (Masatoshi Ishikawa)
- Le Grand Prix du Jury, 13th Int.Conf.on Virtual Reality (Laval Virtual) (Ishikawa Komuro Laboratory)
2010 Young Author Award in IROS2010, IEEE Robotics and Automation Society Japan Chapter (Yuji Yamakawa)

2009 Best project in the category of Medicine and Health, 11th Int.Conf.on Virtual Reality (Laval Virtual) (Ishikawa
Komuro Laboratory)

2008 Young Author Award in ICRA'08, IEEE Robotics and Automation Society Japan Chapter (Takeshi Hasegawa)

2007 Best Paper Nomination Finalist, 2007 IEEE/RSJ Int. Conf. on Intelligent Robots and Systems (Makoto Shimojo,
Takuma Araki, Aiguo Ming, and Masatoshi Ishikawa)

2006 Best Paper in Biomimetics, 2006 IEEE Int. Conf. on Robotics and Biomimetics (Anchelee Davies, Naoko
Ogawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa)

- Best Manipulation Paper Award, 2006 IEEE Int. Conf. on Robotics and Automation (Noriatsu Furukawa, Akio
Namiki, Taku Senoo, and Masatoshi Ishikawa)

2004 Best Vision Paper Award Finalist, 2004 IEEE Int. Conf. on Robotics and Automation (Yoshiro Imai, Akio Namiki,
Koichi Hashimoto, and Masatoshi Ishikawa)

2003 Excellent Paper Award, 2003 6th Japan-France Congress on Mechatronics & 4th Asia-Europe Congress on
Mechatronics (Makoto Shimojo, Ryota Makino, Hironori Ogawa, Takafumi Suzuki, Akio Namiki, Takashi Saito,
Masanori Kunimoto, Masatoshi Ishikawa, and Kunihiko Mabuchi)

1996 Best Video Award Finalist, 1996 IEEE Int.Conf.on Robotics and Automation (Yoshihiro Nakabo, Idaku Ishii, and
Masatoshi Ishikawa)

IEEE Sensors Journal

2014 The 50 Most Downloaded Sensors Journal Papers in the Month of October, 2014 (No.10) (Makoto Shimojo,
Akio Namiki, Masatoshi Ishikawa, Ryota Makino, and Kunihiko Mabuchi)

- Most Cited from All Time by April 2014 (No.8) (Makoto Shimojo, Akio Namiki, Masatoshi Ishikawa, Ryota
Makino, and Kunihiko Mabuchi)

- The 50 Most Downloaded Sensors Journal Papers in the Month of September, 2014 (No0.37) (Makoto Shimojo,
Akio Namiki, Masatoshi Ishikawa, Ryota Makino, and Kunihiko Mabuchi)

- The Most 25 Downloaded Sensors Journal Papers in the Month of April, 2014 (No.22) (Makoto Shimojo, Akio
Namiki, Masatoshi Ishikawa, Ryota Makino, and Kunihiko Mabuchi)

2012 The Most 25 Downloaded Sensors Journal Papers in the Month of June, 2012 (No0.10) (Makoto Shimojo, Akio
Namiki, Masatoshi Ishikawa, Ryota Makino, and Kunihiko Mabuchi)

- The Most 25 Downloaded Sensors Journal Papers in the Month of April, 2012 (No.15) (Makoto Shimojo, Akio
Namiki, Masatoshi Ishikawa, Ryota Makino, and Kunihiko Mabuchi)

A P A
PRPANRESEF @ (h

./ Awards from non-Academic Society (International) (1)

2010%F Nissan Research Challenge Innovative Concept Award, Nissan Research Center (Carson Reynolds, Alvaro

Cassinelli, Yoshihiro Watanabe, Masatoshi Ishikawa, Tomoko Hayashi, Isao Kanemaki, Takehiro Goto, Takashi
Asari, Yuichi Nakamura, Koutaro Furukawa)

PREMES @ (13t
./ Awards for Young Researcher from Academic Society (Domestic) (13)

20164 sHAIBBHIHZS FEMNE - KIirEMNE (BRED)
- SHAISEHEER FMERNE - HREMNE &HHER

20145 BAMWES ERME GFFR) (WD

2012%F sHAIBBRIHZR Y RT A YT T U -y 3 VEIPI BFEME (WK
- BRBRIERAT « PFS BHAGCTENE (B

2011F BAOMRY F25 HRENE (WIIHDD

2009%F BAOMY M5 HRENE (REH)

2006%F BAOMNRY F2Ex HFRENE (BIIEF)

2005% sHAIBEfIHSS FiENE (KED)

2004%F BAOMRY F2R HRENE (RIED)

2002%F WRIBHRAT « PER PAREME (WVEZ)

2000F BAOMY 2R HIREME MABER)

1999%F BAOMRY FEA HREMNE (B
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2016 Young Author Award, the Society of Instrument and Control Engineers (Satoshi Tabata)
- Young Author Award, the Society of Instrument and Control Engineers (Masahiko Yasui)
2014 Young Engineers Award (Research), the Japan Society of Mechanical Engineers (Yuji Yamakawa)

2012 Young Excellence Award, the System Integration Technical Division of the Society of Instrument and Control
Engineers (Yuji Yamakawa)

- Suzuki Memorial Incentive Award, the Institute of Image Information and Television Engineers (Kohei Okumura)
2011 Young Investigation Excellence Award, the Robotics Society of Japan (Yuji Yamakawa)
2009 Young Investigation Excellence Award, the Robotics Society of Japan (Hiromasa Oku)
2006 Young Investigation Excellence Award, the Robotics Society of Japan (Naoko Ogawa)
2005 Young Author Award, the Society of Instrument and Control Engineers (Taku Senoo)
2004 Young Investigation Excellence Award, the Robotics Society of Japan (Shingo Kagami)
2002 Best Author Award, the Institute of Image Information and Television Engineers (Takashi Komuro)
2000 Young Investigation Excellence Award, the Robotics Society of Japan (Akio Namiki)
1999 Young Investigation Excellence Award, the Robotics Society of Japan (Idaku Ishii)

NEERNEZL (28#F) / Best Paper Awards of Domestic Conference (28)
20165 OMT« v ORI VYRI P BHERNE (KEIE, IVHIER & LfE—, BIIIES)
20145 @YY VYTV VRI DA SSI2013 REFZME (BB, BT, GllIER)
- BAMEES EFEREE 08 (HFOHD
2013F @REYY YTV VNI DASSI2013 =T+ I VYRE (BEH, BNYEE, BG)IIER)
- BARHRIZR tHREREME (BT, BDES B)IIEER)
20125 sHAIBEFIEHFE S SHAIBIPT A3 - ArEmE (W)IIHSD
- BGIBIRAT 1« PER FEEFRRE (B

- %1%5%?1!;/{’3)7:/)71{:)@& SSI2011 BAEZME (BRES, RWIEARS B NEZE, BDH
5, £=d

201 1F @BREYYYITIIRIDASSI2011 Z—F« TYRE (BREES, RWIEAES, WHISA NEE,
EOFES, BIIESR

2009%F 3XTEKRIY I 7LV R2008 BE#RNE (HRE, BIHS NEE O)IIER

20085 %Tﬁj%?;iﬁiﬂ??(?dﬂ —/YLCOE ADISTYYIRYD A ADIST2008 REANRY—#EE (W
A=

SR AT PRI VIRI DA RZFRRY—E (WO¥X)

2000 IglJEIlfﬂzs{gl)id—State Circuits Society Japan Chapter EMESE (RES, INEZE, M-, 6,
I1ER
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Department of Information Physics and Computing, Department of Creative Informatics
Graduate School of Information Science and Technology

Department of Mathematical Engineering and Information Physics

Faculty of Engineering University of Tokyo

EFT . T113-8656 RRBIXRXAH 7-3-1

Address :
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656, Japan.

FAX: 2IR= - EET=E 03-5841-8604, RZ=E 03-5841-6952

+81-3-5841-8604 (Prof. Ishikawa and Assistant Prof. Watanabe)
+81-3-5841-6952 (other members)

BIBIEE T30 6588 208 2515= (Tel 03-5841-8602 / 03-5841-6935)
BHOFEETE © T80 6SHE 208 2545 = (Tel 03-5841-6936 / 03-5841-0228)

Faculty Members' Room
Prof. Ishikawa: Room No.251, 2nd Floor, Faculty of Engineering Bldg. No.6 (Tel: +81-3-5841-8602)
Assistant Prof. Watanabe: Room No.254, 2nd Floor, Faculty of Engineering Bldg. No.6 (Tel: +81-3-5841-6936)

WREAVN-BZE : TFE 6SEE 20
230S= (Tel 03-5841-6937)  2325% (Tel 03-5841-7906) 233S= (Tel 03-5841-8702)

Lab Members' Room 2nd Floor, Faculty of Engineering Bldg. No.6
Room No.230 (Tel: +81-3-5841-6937) Room No.232 (Tel: +81-3-5841-7906) Room No0.233 (Tel: +81-3-5841-8702)

RER=
T8 6S8E 15

OB0SZE (Tel 03-5841-0225) 063SZE (Tel 03-5841-6938) 067SZE (Tel 03-5841-6939)
MP SF DIC/VA
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5058 = (Tel: 03-5841-8097)
VA

T=8014S8E 505
5055% (Tel: 03-5841-0224)  506SZE
PJ./ MP ./ DIC PJ

Expelimental Room 1st Basement, Faculty of Engineering Bldg. No.6
Room No.060 (Tel: +81-3-5841-0225) Room No.063 (Tel: +81-3-5841-6938) Room No.067 (Tel: +81-3-5841-6939)

MP SF DIC, VA

5th Floor, Faculty of Engineering Bldg. No.1 5th Floor, Faculty of Engineering Bldg. No.14

Room No.505 (Tel: +81-3-5841-8097) Room No.505 (Tel: +81-3-5841-0224) Room No.506
VA PJ, MP, DIC PJ

SFYHY 22— 3/Sensor Fusion. DIC : 1 F X v+ X—I3Y ~O—)L/Dynamic Image Control
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Map and Directions to Our Lab. (Faculty of Engineering Bldg. No.6)

From Todai-mae Station (Namboku Line)

Take the No.1 exit from the station and turn left onto the main road (Hongo-dori ave.). Go past the first gate. Go straight
on at the traffic lights. Walk on for ~200 meters until you reach the Main Gate. Follow the map to Engineering Building
Number 6. Walking time: around 8 minutes.

From Kasuga Station (Mita Line)

Take the A6 exit from the station and turn right onto the road (Kototoi-dori ave.) going away from Hakusan-dori. Walk up
to the 3-way junction and continue straight on. Turn right after the telephone box and walk up the hill (narrow street). Con-
tinue straight on, through the Y-shaped junction until you reach the traffic lights at the main road (Hongo-dori ave.). The
Main Gate is on the opposite side of the road. Follow the map to Engineering Building Number 6. Walking time: around 15
minutes.

From Nezu Station (Chiyoda Line)
Take the #1 exit from the station and turn right at the traffic lights onto Kototoi-dori. Walk up the hill and take the second
street on the left. Walk down the hill until you come to the Yayoi Gate. Follow the map to Engineering Building Number 6.
Walking time: around 12 minutes.

From Hongo-sanchome Station (Marunouchi Line)

Take the "Hongo-dori ave." exit from the station. Turn left at the main road (Hongo-dori) and follow it, going straight
through the traffic lights, until you reach the Red Gate or the Main Gate of University of Tokyo. Follow the map to Engi-
neering Building Number 6. Walking time: around 13 minutes.

From Hongo-sanchome Station (Oedo Line)
Take the #4 exit from the station and turn right. Walk on for 150 meters until you reach the Kaitoku-Mon(Gate). Follow the
map to Engineering Building Number 6. Walking time: around 12 minutes.
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