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Concept

Interactions in the real world (not only physical but also social and psychological interac-
tions) are inherently parallel phenomena. By constructing models and engineering systems
that take into account such parallelism, one can expect a better understanding of the real
world as well as enhanced performance of systems when dealing with practical applications.
These fundamental considerations lead us to concentrate on parallel processing for sensory
information. Four main related topics are currently being explored in Ishikawa-Oku Labora-
tory:

i . Sensor Fusion theory and implementation in engineering systems;

ii . Dynamic Image Control Dynamic control of image based on high-speed visual information
processing;

ii . Massively parallel image processing through a Vision Chip, which is capable of realizing
high-speed real-time vision tasks on the basis of VLSI technology, and

iv.Meta Perception concerns ways of capturing, manipulating and presenting information
which is normally inaccessible to humans and machines.
(Past research on Optics in Computing: architectures that combine the advantages of

v . optics and electronics to realize enormous computing throughput).



/

1—

AB DRI, RERDSEAESNTELEIVE2-F &R
EEDBVIBLHEZRED, NI, WOBRERND SIS
UERTCREL, FBICZDREBEDSNANSDER
Z15C, SHDEDRIEEEZRNTHRICEAESNTDE
WOSRBERTH YD, HIREDBERDOD ED ZE U TEI
BENOZBRNDESH TN CENTEDILCHTHD. C
DEDBR/ENSDEROBRNIE—DTREZLS, BIREE
ZEEDZHOMEMIRICKEDBRCERZDLD D LD
S ICNBESND. BREULT, BHNOENZRRM -
SRMDSRHE - TEMEERIRIDCENTED.

AFRTE, WOEDCDOLDBRER EBEDMRS AR
SEBUC, RERRICITDIRUPSRH - THORRENTY
BB TE2HSHENIEY X T A ZRBET D, KT, ABD
ERMEDP CEEBRREZRCT [FI [CFBELT,
ABEOREEKONY ~EDMEEZTDNCHEBZ DBERE - S
BEOMY FN\Y RYRFTAEZRETD. RENIC, ORyY
FOMENGEFRFRZEDDBERVY _Lal—y3Y
ZXRIFIDCEEBIRETD.

~
~

A\

/

-

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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General intelligent robots cannot achieve fast and
dexterous movement such as human motion. On the
other hand industrial robots can repeat preplanned
motion quickly, however its variation of motion is limited
only to a certain specific task. In addition these robots
cannot respond quickly to changing objects due to insuf-
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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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ficient motor performance and recognition performance.

In this research we aim at the realization of the robot
which can manipulate dynamic changing objects. As a
first step, we have developed a Throwing and Batting
robot system and achieved the high-speed continuous
motion.
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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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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

ERDBRICIEIFROEERET =TI AT —F
CERDETONTRY, RIMEEX TSHTESEE
ANHDICEIEEE TN 2. ZCTHERIE &R
NIEaAUL—Y3VIRATAICEULEFEBCE L
CEREERINREDSEMEERARICHNAEITD
N1TUy REBEREIREUL.

NZENy T« YJ0ORy FCWATBHCET, A
AT MR —ILZOMR Y FAYE S ZIBAICHBIR
FHRDERIRL, ZOEMEETR UL,

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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Batting motion using a high-speed arm and a high-
speed stereo vision is represented. In the algorithm, in
order to achieve both rapidity of swing and accuracy of
hitting, a hybrid trajectory generator of both visual infor-
mation and time variable is proposed and it is compen-
sated by visual feedback in real time. As a result, under

a severe condition that such as when the manipulator
must immediately start to swing 0.1s after the vision
sensor recognized the ball, the manipulator can hit the
ball near the core of the bat by high-speed visual feed-
back.
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We had developed "High-speed Throwing Motion
Based on Wave Propagation (throwing strategy)". On
the other hand, there is a catching strategy to minimize
the velocity difference between ball and manipulator at
the moment of catching. This strategy is effective in
terms of making impact smaller and avoiding flipping a
ball because the velocity difference is small. However,
with this strategy we can only catch a slower ball than
the maximum velocity of the arm because we must
move the arm at the same velocity as the ball. In other
words, we must move the arm at high speed to catch a
high-speed ball.

We consider that we can achieve catching a faster
ball by applying the throwing strategy. Therefore, we

CRKIGERDTTANRX THDIZDH, HDIEFER
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RECIMFEMHRICANDEIBZRELULC.CCCR
EREMEIITTOEFEEBELIZEMFCH Y, LECDE
KMFIIRBIEARICKORDENDIEDTHIE
8, ZOFFETIERIBEKEEICSERA TSR, ZZT, A
IS TR FOURENREGEFIEZART LU TCRE,
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propose catching strategy using the inverse motion of
the throwing motion because catching and throwing
move in opposite direction. Here we defined "Inverse
motion" as the motion that played the original motion
backwards. However, we can't generate catching
motions simply, because the inverse motion is the
motion that played the original motion backwards and
the throwing strategy is calculated by optimal calcula-
tions. Therefore, we calculate several types of the
inverse motion of throwing motion preliminarily and gen-
erate the catching motion by interpolating the inverse
motions based on trajectory of the ball. We achieved
catching a ball in planar motion.
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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 avoidance,
and so on.
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The research results have been a commercial reality
by Hamamatsu Photonics. -> Intelligent Vision Sensor.

Our 1ms vision system has a 128x128 PD array and
an all parallel processor array connect to each other in a
column parallel architecture, so that the bottleneck of an
image transfer has been solved. 1ms visual feedback
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has been realized in this system, in which the image
feature value is extracted in 1ms cycle-time for visual
servoing.

(This is a collaborative research with Hamamatsu Pho-
tonics)

CPV-I+ PDOF1JEI3Y
CPV-II + active vision
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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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A multifingered hand system which can catch a
thrown ball at a high-speed (0.1s) by visual feedback
control is developed.

It has been exhibited in National Museum of Emerg-
ing Science and Innovation since July 2005.

This system is developed in cooperation with SEIKO
Precision, Inc. (Catching System and Visual Feedback
Control)and Harmonic Drive Systems, Inc.(High-speed
Hand Mechanism).
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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
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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 (2ms) 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.
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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
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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.
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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
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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.



BOBDEME LT, BUOBZRA L TNDRRICEB U, KROEAMEUTOEAICHE > TEed LT .

As the description of the knot, the intersections that constitute the knot is considered. The intersection description

can be obtained by following law.

G X
N N

(b) Counter clockwise: =
Intersection sign

(a) Clockwise: +

LEDIBOEV ERBUDERTIEEURICTY.

The production methods of two knots (overhand knot

and half hitch) are shown.
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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
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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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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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In order to achieve skillful handling, it is necessary
that a multifingered hand has a capability to manipulate
tools. One important problem of tool handling with a
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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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multifingered hand is that the relative positions among a
robot hand, a tool and a handled object change during
the handling. For this reason, it is necessary to measure



the relative positions in real time, and to control a hand
so as to cancel the changes by passive joint arise from
frictional force between hand and tools. In our research,

we have resolved this problem by using a high speed
visual servoing. As an example, a tweezers is handled
by a multifingered hand.
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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
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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.
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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
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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.

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.
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In order to achieve faster and more dexterous
manipulations, we are proposing a strategy called
“*dynamic holding." In the dynamic holding condition, an
object is held in a stable condition while the object is
moving at high-speed. In this research, high-speed drib-
bling is achieved as an example of dynamic holding

—AXfBrUTIL
One Finger Dribbling
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BB00IRIF  Static Holding

E)80{RF Dynamic Holding

using a high-speed multifingered hand and a high-
speed vision system.

“AREBRUTIL
Two Finger Dribbling
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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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We have achieved dynamic catching tasks as
examples of dynamic manipulation. In this regard, we
propose an “active” strategy for catching. The catching
strategy in our previous study may be called “passive” in
that impact forces between the target and the fingertip
are kept as low as possible. However, in order to be
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effective in various situations, it is important to utilizing
the high-speed motion of the hand and impact forces
actively. This is because the hand may catch the target
in the optimal position by changing the position and the
orientation of the target. We use a falling ball and a
falling cylinder as catching targets.
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SETRAEROREINF v v FUIEIE  Active catching of a falling cylinder
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Recently, the need for a
robot that collaborates
with humans has
increased not only in the
industrial settings but also
in home use. It is certain
that the opportunities that robots associates with
humans increase from now on, and human safety
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Avoidance trajectory
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becomes a big problem. In our research, we propose a
collision avoidance system in which high-speed camera
heads are placed on a robot manipulator. The manipu-
lator can avoid the fast moving obstacle. The arm link is
controlled so that the obstacle describes a spiral on the
image plane, and the trajectory of the end effector
describes a spiral.
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Signals is inputted directly to human's sensory nerves to transmit
the sense of touch. This method may not only applied to virtual real-
ity technology, but also applied to prosthesis technology.

(This is joint research with Mabuchi Laboratory and Shimojo Labora-

tory .)
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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, Human interface
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Fig.1 Visual feedback system.

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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We developed a high-speed gaze control system to
achieve a millisecond-order pan/tilt camera. We named
this system "Saccade Mirror." A pan/tilt 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
panttilt 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.
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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,
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Saccade Mirror is composed of two important parts,
two galvanometer mirrors and pupil shift lenses. A facial
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 60
deg, the widest angle, for both pan and tilt.
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Fig.2 Experimental Result
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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
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
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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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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
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.



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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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
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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.
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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 ture diameter of 3.0 mm was developed. Its photograph

challenge. A liquid interface is known to be suitable for is shown in Fig. 1 (a). Ultrapure water and
the surface of such a lens due to its almost perfect polydimethyl-siloxane (PDMS) were used as immiscible
spherical shape and deformability. Therefore, liquid liquids. A wide refractive power change of about 52 D
lenses show great potential to realize both high-speed was achieved with a displacement of only 12 um. Note
focusing and high optical performance. that the initial refractive power could be adjusted by

We developed a liquid lens using a liquid-liquid inter- altering the infused volume of liquid 1. The response
face that can arbitrarily control the focal length in milli- time of the prototype was measured to be about 2 ms
seconds and achieve practical imaging performance. by capturing high-speed video through the prototype
This lens dynamically changes the curvature of the while switching its focal length every 10 ms. Image
interface by means of liquid pressure, as shown in Fig. sequences and input/output signals are shown in Fig. 2.
1. Two immiscible liquids, indicated as liquids 1 and 2, Movies of the prototype and the images captured by the

are infused in two chambers, but they are interfaced at high-speed video are also shown in the below.
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
lens morphs its interface dynamically, it is called a
Dynamorph Lens.

Based on the above design, a prototype with an aper- ®2 SELES 1 FEILILY ZNDES
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Figure 2. Step response of the prototype.

Top image sequence was captured at 2200 fps through the regions, the top of the capacitor and the substrate, were
prototype (a). The voltage input to the actuator (b) and the extracted from the captured images (d). The capacitor was 11.6
resulting position (c) are shown below. Focus measures of two mm in height (e).
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High-speed focusing is required in many application tracking mechanism of optical disks, which is one
fields as a result of the recent development and wide- known fast-focusing
spread use of optical devices. For example, rapid axial system, has a first
scanning of the focal plane is important for confocal resonant frequency of
scanning microscopes to acquire three-dimensional around 100 Hz.
information of objects at high speed. In these application To solve this prob-
fields, since millisecond-order scanning is required, we lem, we proposed a
assume that 1-kHz bandwidth is adequate for our variable-focus lens
proposed high-speed focusing device. with 1-kHz bandwidth.

However, no previous focusing mechanisms have yet The lens transforms its
attained a 1-kHz bandwidth. For example, the axial shape rapidly using
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the liquid pressure generated by a piezo stack actuator.
This mechanism also includes a built-in motion amplifier
with high bandwidth to compensate for the short work-
ing range of the piezo stack actuator. Prototypes have
been developed to validate the proposed design. A
1-kHz bandwidth of the lenses was confirmed by mea-
suring the frequency responses. Refractive power rang-
ing from -1/167 to 1/129 mm-1 and a maximum resolu-
tion of 12.3 cycles/mm were attained.

(i) convex lens Liont (ii) concave lens | | | Light
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With the rapid development of micro technology, it
becomes more important to handle micro objects such
as LSlIs and cells. For human beings, however, handling
micro objects through micro scope is very difficult. To
solve this problem and realize automatization of
manipulation of micro objects, we proposed MVF (Micro
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Developed MVF system is designed to control the
position of micro objects in field of view. Components
are Column Parallel Vision (CPV) system, microscope,
XY stage with two computer controlled linear actuators,
and DSP system.

CPV system watches a magnified image of micro
objects through the microscope. CPV system captures
and processes the image and output image feature
values to DSP system in 1.28[ms] par frame. DSP
system output torque instructions to actuators which
were calculated from the image feature value.
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Visual Feedback). MVF is a technique that uses High-
Speed Vision as a sensor to control micro objects. It has
three advantages: high precision, high-speed, and no
physical contact. By using MVF, systems can automati-
cally control micro objects.
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When observing motile microorganisms, objects swim
out of field of view very quickly. This phenomena hindes
the observer from observing one microorganism con-
tinuously for a long time. This problem is solved by
using MVF to track the object within the field of view.
Visually tracking a paramecium experiment was done.
As a result, MVF system could track a paramecium con-
tinuously.

Photos captured by CCD camera for monitoring and
trajectory of a paramecium are shown. The trajectory of
a paramecium is calculated from both the position of the
XY stage and the position of the paramecium in the
image.
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In this experiment, MVF system controlled micro beam

vibration to stop using high-speed visual feedback.

The object's first order characteristic frequency was
about 21[Hz]. Results show that the developed system

succeeded to control the object and stopped it's vibration.
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In this experiment, MVF system searches and finds a
line using only high-speed visual feedback. Once a line
found, the system tracks a line for 200[ms], and move to
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search another line. The result shows that the system
can visually search and find a line automatically.
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Recent progress in computer technologies has
enabled us to interact with people in distance or in
virtual spaces. It is still aimost impossible, however, to
interact with existences in the world with different
scales. Though demand for interaction with microscopic
world is more and more increasing according to the
development of micro-bio technologies, peering into the
microscope is still the only interface for the micro world,
whose useability is extremely low.

We would like to propose a novel interface to link the
micro and macro world by removing the wall of scale.
For its first step, here we propose a system which
allows us to experience equivalent physical interaction
with microorganisms like playing with your pets.

Focusing on real-world-oriented interaction, we use a
small robot as an avatar, or the substantialized entity
embodying the status of the microorganism. A human
and a cell in react with each other via this robot. The
position, attitude and other status of the cell are mea-
sured and processed in real-time by Tracking Micro-
scope and sent to the robot. The robot moves as if the
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cell appears in our macro world. Conversely, when the
user touches or approaches the robot, the information is
detected by several sensors, and feed some actions
back to the cell by galvanotaxis actuation and so on.
Thus bilateral interaction loop is formed, and a kind of
real-time communication between the cell and the user
is established. The ethernet will also enable us to com-
municate with cells even in other continents.
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When the number of specimens is large, it is
impossible to observe all specimens in a static
field of view of a microscope due to the limited
resolution of the microscope or camera. A scan-
ning microscope solves this problem by moving
its field of view to observe the specimen as a

27

FHNI—VEFATDICET, ERBECHRORT
ESHEOMERRE—KROBBRNSHTETEET D
EDNTHD. COFEEERLBEMBICHAING,
MERKIDIDDCERESEERBHIRERIRTSD
CentFBEnd.

ZC T, AR TS, EETLBEMIRICE UIZDFDIF
FHCEDSBBBRULEP)IVIUILAZREL, ZNEE
HUCBRBEA— D a—NRAMEEE T DIERE
BREMREAE UL MTIC — A FEEAREL
RBREDIA—NIVIRRBRERI. 1 —X B
SEELENSTHRICEBEBRAT—IICIDBEL
TR, ABARICTIROAD O ETICA— Tz —
NAZANBEBEN, 40mstg () ICFEERELTNDEN
nnd.



sequence of images. Scanning microscopes are com-
monly used in the field of cytometry.

Autofocusing is essential for the scanning microscope
to obtain a precise image of the specimen. It is not pos-
sible to maintain focus simply by determining the best
focus depth at two points on a microscope slide and
scanning along the line between them in three-
dimensional space. There may be many reasons for
this, including mechanical instability of the microscope
and irregularity of the glass slide surface.

Furthermore, major applications of such automated
measurement, such as image cytometry, require high
throughput because the number of target specimens
tends to be enormous. Therefore, high-speed autofo-
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We have utilized our microorganism tracking system
to assess chemotaxis of ascidian spermatozoa, collabo-
rating with Prof. Yoshida in Misaki Marine Biological
Station, University of Tokyo.

The new system is capable of tracking fast-moving,
small objects under extreme conditions by using high-
speed visual feedback for assessing sperm chemotaxis.
The system shows remarkable performance and versa-
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cusing is important.

We developed a high-speed scanning microscope
using high-speed autofocusing algorithm based on
Depth From Diffraction (DFDi) method and DFDi algo-
rithm for multiple cells that we've developed. High-
speed scanning and observation of enormous yeast
cells were conducted to confirm it's validity. Results are
shown below. Left image sequence are captured
images while laterally scanning the specimens. At first
(a), the incoming two cells were out of focus. As they
entered inside of the field of view (b), the system started
autofocusing and move them into focus just in 40 ms (f).
Right plot shows depth position of the target. Videos are
also available below in this page.
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tility, good enough for practical use in biology. Sperma-
tozoa are tracked under severe conditions of ultra-high
speed, diffraction-limit size, and the low contrast targets.

Experimental results showed that we successfully
achieved continuous stable tracking of swimming ascid-
ian spermatozoa with quality sufficient for assessing
sperm motility, indicating the feasibility of our system to
tracking almost any type of cell.
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The microorganism tracking system was developed
to track a freely swimming microorganism two-
dimensionally. This system, however, could not track
the target movement in depth direction.

To solve this problem, dynamic focusing using the
depth-from-diffraction (DFDi) method was applied to
three-dimensional tracking of a swimming paramecium.

Experimental system was developed to demonstrate
the three-dimensional tracking of a paramecium. The
system was consist of an optical microscope, an XYZ
automated stage, a high-speed vision system (I-CPV),
and a CCD camera for monitoring. It can track the
specimen three-dimensionally by controlling the cham-
ber position using X and Y axis of the stage to keep the
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A novel system for measurement of motile microor-
ganism galvanotaxis using high-speed vision is
presented. Our goal is to construct a smart microsys-
tem composed of many controlled microorganisms. The

Y
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specimen within the field of view, and by controlling the
depth position of the chamber to keep the specimen
focused using DFDi method.

Three-dimensional tracking of a swimming parame-
cium for 70 s was successfully demonstrated. Right
figure shows a sequence of images captured by the
monitoring CCD camera while the paramecium turned
from facing the bottom of the chamber to facing the top,
while tracking the paramecium to keep it on the focal
plane. The focal position variance can be seen by
observing a dust particle indicated by the circles A, B,
and C in the figure. The specimen's trajectory can be
calculated from the sequence of the XYZ stage position.
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system utilizes galvanotaxis (intrinsic reaction to electri-
cal stimulus) of microorganisms for actuation. For evalu-
ation of taxis, continuous observation of a moving single
cell in a sufficiently large working area without fixation is
needed. Using high-speed vision, we developed a
system for continuous evaluation of galvanotaxis of
freely swimming cells in a large area at the single-cell
level. Experimental results demonstrate the continuous
measurement of galvanotaxis of a Paramecium cauda-
tum cell moving in a 3.5-mm-square area for 18 s with 1
ms precision.
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Continuous observation of individual motile microor-
ganisms is difficult, since their swimming speed is fast
compared with their diameters. Microorganisms can
quickly go out of the range of static measurement instru-
ments, such as the field of view of optical microscopes.

To solve this problem, a microorganism tracking
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system using a high-speed vision system has been
developed. This system tracks a freely swimming micro-
organism within the field of an optical microscope by
moving a chamber of target microorganisms based on
high-speed visual feedback.
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We have realized 3-D Tracking System in order to observe dynamic
microorganism continuously and stably. The movies captured by this
system, however, included mere small blurring and microorganism's
rotation as problems. Therefore we resolved it using image process-

ing in addition to the conventional system, which was named "2nd-

pass Image Processing."
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Images obtained by tracking system

Images obtained by 2"-pass processing
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Fig.2 Experimental Result
Upper: 2nd-pass Filter OFF
Lower:2nd-pass Filter ON
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We proposed a new autofocusing method for micro-
biological specimens, such as cells, using depth infor-
mation included in their diffraction pattern. This method
was named as Depth From Diffraction (DFDi).

The previously developed image processing algo-
rithm of DFDi could estimate depth of a cell only when
single cell is included in a field of view. However, it's
common case when multiple cells exist in the field of
view, considering real applications such as scanning
microscopy and automated inspections. Thus, we devel-
oped a new image processing algorithm for DFDi that
can estimate depth of multiple cells.

This algorithm recognizes boundaries of each cell in
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the acquired image first. Then it extracts radial intensity
profiles which is image intensity profile along perpen-
dicular direction to the cell boundary. A schematic figure
of this process is shown in the following figure (a).
Finally, it estimates the depth of cells from the extracted
radial intensity profiles.

This algorithm was applied to yeast cell. Figure (b)
shows it successfully estimated its depth with an error of
1 um. It also applied to high-speed autofocusing of mul-
tiple yeast cells. This result is shown in High-Speed
Scanning Microscope by Depth From Diffraction (DFDi)
Method.
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Automated microscopic measurement of biological
specimens is becoming increasingly important in medi-
cine and life sciences. A critical step in such measure-
ment is autofocusing. Since the depth of focus of micro-
scopes is very shallow, on the order of several microm-
eters, small shifts in the depth direction cause the speci-
men to easily become out of focus; thus, autofocusing is
essential to keep the object in focus for precise observa-
tion. Furthermore, major applications of such automated
measurement, such as image cytometry, require high-
throughput because the number of the target specimens
tends to be enormous. Therefore, high-speed operation
is also important.

Many microscope focusing methods based on the
spatial frequency of the acquired image have been
proposed. The best focal position providing the highest
amount of detail can be estimated from a focus curve,
formed by sampling a focus score and plotting it against
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Active Contour method (Snake method) is one of a
candidate for cell image processing. Though our labora-
tory has proposed a high-speed algorithm suitable for
high-speed vision system, it has a drawback that all
cells in the frame are extracted. Thus we proposed a
novel Active Contour model to extract a single cell con-
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focal position in the depth direction. The best focal posi-
tion is then found by searching for the peak in the focus
curve. However, sampling of the focus curve takes a
considerable amount of time, because many images at
many focal positions must be individually acquired and
processed.

To solve this problem, we proposed a new autofocus-
ing method for microbiological specimens, such as cells.
The proposed focusing method used a quick focus
estimation named “depth from diffraction", based on a
diffraction pattern in a defocused image of a biological
specimen. Since this method can estimate the focal
position of the specimen from only a single defocused
image, it can easily realize high-speed autofocusing.

For example, here shows the diffraction patterns gen-
erated by the target specimen, a paramecium. Bright
and dark fringe position changes depending on the
z-position of the specimen.
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tinuously by using the
fact that the total intensity
emitted by a single cell is
constant independent of
the cell attitude.
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figure 2:System diagram of the trial
microscope system.

We propose a concept of "mobile microscope" for
handheld use, which enable various places to be
observable.

We propose an image stabilization method for images
from microscope effected by hand-shake. This method

AR RERZTORBR.COYXFTAICK>T
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&1 E/NCIVBRMEED YT
figure 1:The concept of the "mobile microscope".

is based on high-speed visual feedback with an inclined
image sensor to measure the 3D movements of a
microscope.

We developed a trial microscope system employing
the method without a built-in actuator. Experimental
results showed that images from a handheld micro-
scope can be stabilized by the proposal method.

Key Words: microscope, image stabilization, visual
feedback
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figure 3:Experimental result.
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Fig.1. The concept of motion control of microorganisms
in 3-D space.
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We propose a new framework and novel visual con-
trol system for motile cells in three-dimensional (3-D)
space.

Our goal is to utilize microorganisms as micro-robots
in various applications by exploiting galvanotaxis
(locomotor response to electrical stimulus) to actuate
them. This requires automated motion control of swim-
ming cells in 3-D space; in contrast, our previous work
has been limited to 1-D or 2-D motion control on the
focal plane.

The system is capable of 3-D tracking and control of
swimming cells by utilizing a high-speed vision system.
A combination of ““lock-on" tracking within the focal
plane and automated focusing using a Depth-From-
Diffraction method executed at 1-kHz frame rate
ensures both detailed measurement and a large work-
ing space. Experimental results for closed-loop 3-D
motion control of Paramecium cells trapped within a
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In this paper, we propose a novel microsensing
scheme in which intrinsic sensing capability in microor-
ganisms is utilized. Extraction of signals inside the cell
and decoding of stimuli received would be an interesting
challenge toward development of novel biomimetic sen-
sors, or for potential utilization of a living microorganism
itself as a microrobot. As a prototype, we focus on the
mechanosensory process in Paramecium cells. When a
mechanical stimuli is applied, calcium ion concentration
in the cell rises. By visualizing the calcium level rise by
using calcium fluorescent indicators and input intensity
data into PCs, we can extract the sensation perceived
by the cell. A simple experiment was performed in vivo
and contact sensation was successfully extracted and
decoded. It can be applied for on-board sensors in cells
as microrobots in future works. Technology to link living
cells and computers would lead to the Cell Machine
Interface, to come next after the forthcoming brain
machine interface (BMI) paradigm.

The sensing ability of living things are superior to
most of the existing artificial microsensors. It would be of
great benefit and interest to utilize such sophisticated
capabilities built in living cells in vivo. As illustrated in
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small 3-D region demonstrate the possibility of using
microorganisms as micromachines.

Fig2. 5w EYTHIEHZESR.
Trapping AreaRICE LA DEENFIE Z1T o /2.
Fig.2. Trapping task.
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figures below, extraction, decoding, and feedback of the
sensation received by microorganisms by computers
would be an interesting challenge toward development
of novel biomimetic sensors, or for potential utilization of
a living microorganism itself as a sensor, coupled with
robotic maneuvers of living cells that the authors have
achieved.



As an example, we introduce Paramecium caudatum,
a kind of unicellular protozoa, which we have utilized for
microrobotic application. A Paramecium cell detects a
contact stimuli and swims back so as to avoid an
obstacle. During this behavior, the calcium ion concen-
tration rises inside the cell. In other words, the stimulus

ParameciumDEMRIICXT T DNILY D ARE
DEBETEOXRSICAAYFvRILVEEUEAIL
VONATYDBETERBPSND. Y1201V
IOV IVTHRBARICAILY DABREETETAT

As a prototype, we considered visualization of contact
stimuli using Paramecium caudatum cells. When a
paramecium cell receives a contact stimulus, a rise in
calcium concentration occurs inside the cell, which can

fER
BREICKDHEIENEERT UCERZUTICH
F.RENEZ5NDENIVY D AREDRHICIER

Experimental Results
The figure below shows an example of the captured
image sequence of the detected fluorescence. After

RICMEDOEBIEEN SHBIROSIRAEM ZR C
LD EDSHDIBREZFDCENEERD. ALY DA
BEOBREZBVBRIMEMENELENEDSD, &
EZOBRZEELVLEZHEERIZTDISAIYT

From the intensity of the pseudocolored image
sequences, we retrieved the information on whether or
not the head of the cell made a contact, i.e., on/off 1 bit
information. Using calcium level data, we estimated the
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information is coded as a calcium signal. If we can
extract this mechanosensation signal and decode it, we
can estimate what the cell perceived. For extraction of
the signal, some visualization methods would be effec-
tive. For example, calcium indicators can visualize the
intracellular calcium concentration, as illustrated below.

BCET, VYDA A VICKDIESREEREL
UParameciumD MR Z 2 T 2HREOKEEZ
7oz,

be visualized by calcium indicators. We introduced an
indicator into cells by microinjection, visualize the signal
transduction, and estimate the timings of when the cell
detected contact stimuli.

LIZ#BICW><DERRLULTNDHDND.

stimulus application, one can find that the calcium level
increased rapidly and then decayed slowly.

MATLABZRNTIT o2, ZDHERIOWBICH o
CA0DOBMELNOENDHDEDDETHEET D
CECRRIUE.

sensation the cell perceived, and the timings of contact.
The estimation was performed off-line by MATLAB.
Four contacts occurred in 30s were successfully
estimated with a few seconds of delays.
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Our goal is to utilize microorganisms as micro-robots
by using galvanotaxis (locomotor response to electrical
stimulus). Previous studies were based on simple
empirical rules without consideration of the dynamics of
the cells, and thus had limited control performance. To
achieve more precise control as microrobots, it is essen-
tial to deal with Paramecium cells in the framework of
standard robotics methodologies. This paper is the first
attempt to derive a control law of Paramecium cells
under an electric field from a dynamics model for micro-
robotic applications. Simplification of the dynamics
model reveals that a Paramecium cell in an electric field
is a nonholonomic system. Based on the simplified
model, we derive a control law for cells using a common
Lyapunov-like method for nonholonomic systems and
generate cusp-free trajectories. Numerical experiments
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We propose a qualitative physical model of galvano-
taxis of Paramecium cells using a bottom-up approach
to link the microscopic ciliary motion and the macro-
scopic behavior of the cells. From the characteristic
pattern of ciliary motion called the Ludloff phenomenon,
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demonstrate successful static convergence of the cell
trajectories to the desired position and attitude.

y [mm]
o

Trajectory
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— Applied Electric
15 Field
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the torque that orients the cell toward the cathode is
derived mathematically. Dynamical equations of motion
are derived and their stability is discussed. In numerical
simulations using our model, cells exhibit realistic
behavior, such as U-turns, like real cells.
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Microorganisms have smart built-in sensors and
actuators in their bodies. Our goal is to control microor-
ganisms as micro-scale smart robots for various appli-
cations.

In this Paper, we propose a current controlled electro-
stimulation device to control and predict the shape of
electric potential gradient in the liquid. We aim at con-
trolling the motion of paramecia by using paramecia's
galvanotaxis. By using this device, we can predict the
shape of electric potential gradient in the liquid, and con-
trol paramecia more precisely.
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Microorganisms have smart built-in sensors and
actuators in their bodies. Our goal is to control microor-
ganisms as micro-scale smart robots for various appli-
cations. As a first step, we have developed a visual
feedback control system for Paramecium caudatum
cells.

In order to ensure both detailed measurement and a
large working space, lock-on tracking of a free-
swimming cell with high frame rate is essential. In our
system, high-speed (1-kHz frame rate) tracking hard-
ware and software are used for continuous observation
of moving cells with high magnification. Cells swim in a
chamber, and their positions and other properties are
measured and computed in real time. The chamber
position is visually controlled automatically to track a
specific cell. The cell motion is controlled electrically by
utilizing the galvanotaxis (intrinsic reaction to electrical
stimulus) of microorganisms. Experimental results for
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open-loop control (periodic zigzag motion) and closed-
loop control (trapping within a small region 1 mm wide)
demonstrate the possibility of using microorganisms as
micromachines.
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Experimental Results
We used Paramecium caudatum cells, which tends to swim

toward the cathode (the negative pole).
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Open-Loop Control

First, open-loop control of cells was performed. Cells were
controlled by a time-varying stimulus whose pattern was fixed
in advance. The electrical stimulus was applied, and reversed
every 6 s. The strength of the voltage gradient was 4.1 VV/cm
(9 V across a 22mm gap).

The left plot shows the X position (parallel to the electric
field) of cells in the open-loop control experiment. Arrows
indicate the direction of the applied electric field. The right plot
shows the trajectory of cell #3, and its orientation (small
arrows), where the direction of the electric field is horizontal.
The spiral path and the ever-changing orientation of the cell
were reconstructed with high fidelity. It also indicates that both
high magnification and good trackability over a large working
area were achieved.
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Closed-Loop Control (Trapping)

In order to confirm the ability of closed-loop visual feedback
control of cells, we performed a simple trapping experiment;
the stimulus was adjusted in real time according to the target
status. The width of the trapping region was set to 1 mm. The
voltage was reversed when the cell moved out of the boundar-
ies. Other conditions were the same as those of the open-loop
control experiment described above.

The plots below demonstrate results of the control experi-
ment, where the blue area is the trap region. The left plot
shows the time sequence of both the voltage and the position
parallel to the field (X), and the position perpendicular to the
field (Y). The voltage was reversed when the cell went out the
region. Consequently the cell swam back and forth in the
region. The trajectory of the cell is shown in the right plots.
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Our goal is the realization of a super-large-scale
microsystem that provides flexible and various func-
tions, by integrating microorganisms as modules into
information processing systems. For existing Micro-
Electro Mechanical System (MEMS), it has been difficult
to sense the status of the system. Therefore it provides
only a single function. However, microorganisms are
very smart micromachines with built-in sensors and
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actuators in their bodies. By feedback control system
which makes many microorganisms cooperate together,
a novel programmable and multi-functional microsystem
will be realized. Our technologies, such as Visual Servo-
ing Theory, Dynamic Image Control (DIC) System and
High-speed Focusing Lens, will be applied effectively to
the OBM system.
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The next-generation technologies require the
involved functions to achieve those limit perfor-
mance. In this trend, high-speed capability is the
powerful factor to lead incredible advances. The key
to realize high-speed system depends heavily on the
elaborate scheme for the development. The scheme
needs to be drawn in the area exceeding the require-
ments defined by the focused application task. In
order to pioneer new applications, the feasibility is
under the high-speed sensing using vision.

Based on this design concept, our goal is to real-
ize a truly real-time system technology centering on
high-speed image sensing far exceeding the conven-
tional video rate. Specifically, we create high-speed
recognition systems through VLSI technology, paral-
lel processing, image recognition, and measurement
engineering, and generate new applications in vari-
ous fields including robotics, inspection, video media
engineering, human-computer interaction, digital
archiving, and so on.
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In order to realize automatic control of machines, we
designed a new vision chip specialized for extraction of
image moments. Moments are statistical values containg
information of object size, position, orientation and shape,
and are used in object recognition and pose estimation.
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We reduced transistors in the pixel circuit using dynamic
logic and implemented 320x240 pixels in 9.22mm x 8.52
mm chip, This is the biggest size among vision chips
that perform digital processing.
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The photos of developed sensor and small board on
which the sensor is mounted are shown below. The
number of pixels of the sensor is 128x128 and the chip
area is 3.28mm x 3.48mm. The sensor chip, board lens,
FPGA for control, microcontroller for communication,
and USB connector are mounted on the 5.5cm square
board. You can easily connect the board to a PC and
confirm the operation.
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High-speed image processing at high frame rates is
highly effective in real-time applications, including auto-
mation, inspection, robot control, microscope observa-
tion, and manmachine interfaces. However, the perfor-
mance demonstrated thus far is not high enough to
observe and control phenomena that typically require
data output at high throughput rates and low latency.

Our proposed system involves three effective strate-
gies: (A) parallelization of algorithms to minimize the
amount of calculation, (B) optimal processor circuit
structure for the algorithms, and (C) large scalability. We
realize thesefeatures by introducing a swappable mas-
sively parallel processing module as a co-processor
having specialized functionality and configuration. The
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We developed a processor for moment-based analy-
sis of numerous objects. Moments are useful values
providing information about geometric features and
invariant features with respect to image-plane transfor-
mations. In addition, the simultaneous observation of
numerous objects allows recognition of various complex
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developed system demonstrates a throughput of 1 kfps
and a latency of several milliseconds.
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phenomena. Our processor has a high-performance
core based on a pixel-parallel and object-parallel calcu-
lation method .

This module was mounted to the high-speed vision
system as a co-processor. As a result, the moments
from Oth to 2nd order of 1,024 objects were extracted at



1kfps. We believe that the achieved performance is
highly promising for wide range of applications such as
flow control, particle manipulation, image classification
in industrial inspection, real-time shape measurement
for robotics, and so on.

For example, the features including size, centroid,
orientation, and horizontal to vertical ratio can be
obtained at high throughput rates and low latency as
shown below.
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A programmable vision chip that integrates 64x64
pixels has been developed. It adopts newly designed
dynamically reconfigurable SIMD architecture for
processing circuits. It is fabricated using 0.35um CMOS
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A new architecture for compact and low-cost vision
chips by single-purpose specialization has been
designed. It features (1) the function is limited to binary
target tracking, (2) hardware implementation of the Self
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process and the chip size is 5.4mm x 5.4mm. Each pixel
area is 67.4um x 67.4um and 256x256 pixels could be
integrated on about 1.8cm square chip.
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Windowing algorithm, (3) dedicated moment extraction
circuit. Collaborating with Nippon Precision Circuit Inc.,
64x64 pixel prototype chips are produced, as well as
compact modules with a 48x32 pixel chip.
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Fig.1 Architecture of high speed target tracking vision chip
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The research results have been a commercial reality
by Hamamatsu Photonics. -> Intelligent Vision Sensor

Our 1ms vision system has a 128x128 PD array and
an all parallel processor array connect to each other in a
column parallel architecture, so that the bottleneck of an
image transfer has been solved. 1ms visual feedback
has been realized in this system, in which the image
feature value is extracted in 1ms cycle-time for visual
servoing.

(This is a collaborative research with Hamamatsu
Photonics)
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Fig2 SFLENREYa—-ILETEYI DI P
Fig.2 Developed compact module and demo software
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In this study, we propose a method of wide range
image sensing using a thrown-up camera. By throwing
up a camera, we can get images that were difficult to
get before, such as those taken from overhead. As an
example of wide range image sensing, we integrated
video images captured by the camera using image
mosaicing technique. We also propose to use a high
frame rate camera (HFR camera) in order to get much
information. A seamless large image was obtained by
synthesizing the images captured by a thrown-up HFR
camera.

EpsnicBig
The image generated by using the
image mosaicing technique
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Synchronized Video is a video control technique that
shows frames in synchronization with real-world actions.
Suitable video content for this type of video interface
includes learning forms of exercise and assembly of
structural objects. In the proposed system, the user
feels as if he or she is standing in front of a strange
mirror where there is a virtual human performing the
correct actions in synchronization. Also, the proposed
technology is effective for projecting target images onto
real-world objects serving as a screen, for recreating the
same situation as in prepared video content.

The synchronization in this proposed interface is
achieved without the user performing any explicit opera-
tions. The state created in the real world by the user is
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what directly controls the video. This design allows
transparent video control for users. The intended frames
could be provided intuitively in a continuous form.
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Digitalization of documents has become an important
technology. The technical challenge is to realize an
easy-to-use, simple, and high-speed scanning system.
The key point is how the system can decrease the
user’ s workload when scanning document information
on many pages.

Our Book Flipping Scanning is a new method of scan-
ning large stacks of paper while the user performs a
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We propose vision-based interface for mobile devices
by tracking 3D motion of a human fingertip using a
single camera and by recognizing small input gestures
in the air. Since the fingertip near the camera moves
fast in the image, a high-frame-rate camera is used for
stable tracking. In order to separate the click gesture
from the others, frequency filter is applied to scale
change in the fingertip images.
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We demonstrate surface image synthesis of moving
spinning cylindrical objects using a high speed area
scan camera commercially available. The frame rate
used for demonstrations is 1,000 fps, and it successfully
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continuous page flipping action.

Here we report the core of this proposed technology,
which is simultaneous sensing of 3D paper deformation
and the information printed on the pages. Our prototype
also has a novel function of reconstructing the docu-
ment image from a distorted one based on a paper
deformation model.
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covers the surface image synthesis of cylinders spun
over 30 rps. A FPGA-based parallel image processing
board, PB-1, we have developed is used to implement
this demonstration.
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We focus on the growing need for a technology that
can achieve motion capture in outdoor environments.
The conventional approaches have relied mainly on
fixed installed cameras. With this approach, however, it
is difficult to capture motion in everyday surroundings.

This page describes a new method for motion estima-
tion using a single wearable camera. We focused on
walking motion. The key point is how the system can
estimate the original walking state using limited informa-
tion from a wearable sensor. This page describes three
aspects: the configuration of the sensing system, gait
representation, and the gait estimation method.
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In this paper we propose a method of high quality
imaging of a moving object by combining images cap-
tured by a high-frame-rate camera. Extraction of target
region enables combination of both target and back-
ground areas. Video-to-video conversion is also realized
by repeating image combination with shifting a base
frame.
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Information devices with a touch panel are often seen
in our life, but a touch panel is difficult to operate
precisely as well as it is unsanitary.

We developed a touch panel with new interface,
which measures three dimensional position of the finger
near the panel using two cameras, displays a cursor on
the panel, and zooms the screen according to the finger
depth.
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We have described a time-sequential highframe-rate
shape measurement system for moving and deforming
objects. The system is based on multi-spot projection
measurement in a single image using a high-speed
vision with a co-processor for numerous-point analysis.
We demonstrated a throughput of 955 fps and a latency
of 4.5 ms. Experimental results for three kinds of objects
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showed that the objects were measured correctly.

This type of measurement system is expected to find
uses particularly in feedback applications such as
robotic manipulation, automobile application, surgery
support, inspection, human-machine interfaces, and so
on.
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Objects of particle measurement include tablets, food
granules, metallic particles, fluorescent particles,
biologic cells, and so on. In this measurement, we need
to observe numerous particles at a time and obtain
information of each one such as size, position, moving
velocity and shape. This can be used in still-image-
based inspection and video-based fluid analysis. How-
ever, the conventional ones are mainly based on off-line
operation or light scattering data analysis.

Introduction of high-frame-rate image processing is
expected to lead the expansion in the range of its appli-
cations. For example, it enables to give advantages
such as real-time operation, detail observation of
moving particles, increase of number of particles, and
high flexibility by pattern analysis. Here, we show two
examples using a high-speed vision for numerous-point
analysis.
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Fig. 1 shows the trajectories of particles in a flowing
fluid measured at 955 fps. Fig. 2 and 3 show the results
of pattern classification of moving particles with different
sizes.
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Fig.1 Real-time Fluid Measurement
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High-resolution shape reconstruction from acquired
range images is a highly promising technique for various
applications, regardless of sensing principle. This task
involves two processes: registration and surface recon-
struction. Those processes are essentially interrelated
problems, and performing registration using only the
acquired range images causes errors because of the
image degradation involving aliasing and measured
noise. Also, the shape surface representation needs to
have a continuous form and a high degree of freedom
with a compact data set. In addition, local smoothness
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control is an important issue for surface reconstruction.

Based on these requirements, in this paper, we pres-
ent an algorithm for estimating the motions and surface
jointly. The method realized shape reconstruction based
on an implicit surface obtained using an RBF function.
We demonstrated the potential of this approach with
three kinds of real shapes. The experiments were
successfully achieved. The obtained results show that
we can see details on the surface that cannot be found
in a single range image.

SREEMRETOTO AR EHESHRHEERIRETORBER
The process and the results of high-resolution shape reconstruction
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We propose a new method of indoor-scene stereo
vision that uses probabilistic prior knowledge of indoor
scenes in order to exploit the global structure of artificial
objects. In our method, we assume three properties of
the global structure (planarity, connectivity, and
parallelism/orthogonality) and we formulate them in the
framework of maximum a posteriori (MAP) estimation.

To enable robust estimation, we employ a probability

Fig1 ADB&
Figl. Input images
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distribution that has both high peaks and wide flat tails.
In experiments, we demonstrated that our approach can
estimate shapes whose surfaces are not constrained by
three orthogonal planes. Furthermore, comparing our
results with those of a conventional method that
assumes a locally smooth disparity map suggested that
the proposed method can estimate more globally con-
sistent shapes.

Fig2 BT NIZ3RTIZIR
Fig2. The result of reconstruction
with the proposed method
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We propose a new method for 3D object pose
estimation using the analysis-by-synthesis (A-b-S)
method. This method is applicable to machine vision
systems for 3D object recognition and generalized in
terms of the operating conditions, such as materials and
lighting. An A-b-S approach usually requires a number
of computations so large that a conventional global
search was not applicable. We realized a global search
for pose estimation by an effective algorithm using a
coarse-to-fine strategy and a weak perspective projec-
tion assumption. We implemented this method and
maked full use of both the rendering and computing
power of a graphics processing unit (GPU). The system
could evaluate 964,207 candidate poses per second

Fig. 2 BMBERZRDOADBER
Fig. 2 Input image
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and estimate the pose of a textureless 3D object in
about one and a half minutes.

Fig. 1 GPUICK > CTLYF U VT U FRlIEEE
Fig. 1 Candidate images rendered by GPU

Fig. 3 IS ZB#HERBR
Fig. 3 Result
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There is a strong demand for a method of acquiring a
non-rigid shape under deformation with high accuracy
and high resolution. However, this is difficult to achieve
because of performance limitations in measurement
hardware.

We propose a modelbased method for estimating
non-rigid deformation of a developable surface. The

52

CORFMEERIZ LTS,

REFZEL, IBAOLOUEMNBHICE DD
BAETIVEBA U, SRIEDOBHEM C KD ETRSH
REECTEBERRERCBEDOENTHD. NIV
WIS AXA—STE\BHEEZRIRTEDIETILER
WBZET, BRIGET, e /1 ADNSENDRD
BIRTT—INS TESHERESHEETREETDE
NDTHD.CORERFEZAVZEBRBARELT,
Ty wEVIRF v ZUIOhHD.

model is based on geometric characteristics of the
surface, which are important in various applications.
This method improves the accuracy of surface estima-
tion and planar development from a low-resolution point
cloud. Experiments using curved documents showed
the effectiveness of the proposed method.
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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 create a new interdisciplinary
research area.
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Direct interaction with everyday objects augmented
with artificial affordances may be an approach to HCI
capable of leveraging natural human capabilities. Rich
Gold described in the past ubiquitous computing as an
“enchanted village” in which people discover hidden
affordances in everyday objects that act as "human
interface "prompt[s]" (R. Gold, “This is not a pipe.”
Commun. ACM 36, July 1993.). In this project we
explore the reverse scenario: a ubiquitous intelligence
capable of discovering and instantiating affordances
suggested by human beings (as mimicked actions and
scenarios involving objects and drawings). Miming will
prompt the ubiquitous computing environment to “con-
dense” on the real object, by supplementing it with artifi-
cial affordances through common AR techniques. An
example: taking a banana and bringing it closer to the
ear. The gesture is clear enough: directional micro-
phones and parametric speakers hidden in the room
would make the banana function as a real handset on
the spot.

In other words, the aim of the “invoked computing”
project is to develop a multi-modal AR system able to
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turn everyday objects into computer interfaces / commu-
nication devices on the spot. To “invoke” an application,
the user just needs to mimic a specific scenario. The
system will try to recognize the suggested affordance
and instantiate the represented function through AR
techniques (another example: to invoke a laptop com-
puter, the user could take a pizza box, open it and “tape”
on its surface). We are interested here on developing a
multi-modal AR system able to augment objects with
video as well as sound using this interaction paradigm.
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The Virtual Haptic Radar (VHR) is a wearable device
helping actors become aware of the presence of invis-
ible virtual objects in their path when evolving in a virtual
studio (such as a "bluescreen” filming stage). The VHR
is a natural extension of the Haptic Radar (HR) and its
principle in the realm of virtual reality. While each
module of the HR had a small vibrator and a rangefinder
to measure distance to real obstacles, the VHR module
lacks the rangefinder but accommodates instead a
(cheap) ultrasound-based indoor positioning system that
gives it the ability to know exactly where it is situated
relatively to an external frame of reference. Each
module maintains a simplified 3d map of the current
virtual scene that can be updated wirelessly. If the
module founds that its own position is inside the force
field of a virtual object, it will vibrate.

It is important to understand that the requirements for
our tracking system are fundamentally different from
that of traditional (optical or magnetic based) mo-cap
systems: (1) each VHR module must know its own posi-
tion in the room, independently from the others and
without the need for a centralized computer; (2) the
tracker must be inexpensive in order to enable scalabil-
ity; (3) the modules must be invisible to the cameras (in
particular, they should not emit or reflect visible light);
and (4) interference should be minimal or inexistent if
one wants tens of modules to work simultaneously (this
puts aside most non-sophisticated magnetic trackers).

With these considerations in mind, we first considered
optical based methods such as Prakash [Raskar and al.
2007], which have been shown to satisfy all these con-
straints. However, we eventually preferred to develop a
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custom system based on ultrasonic triangulation and
radio synchronization (the main reason for this choice
being avoiding a complexity of the spatio-temporal
structured optical beacon). Our prototype simply con-
sists on 2 to 8 ultrasonic beacons emitting bursts every
15ms. A radio signal synchronizes receivers with the
start of an ultrasound sequence. The receivers, con-
cealed under the clothing, contain a micro-controller that
computes the difference of arrival times, triangulates its
own position and determines the adequate level of
vibration. We successfully demonstrated this cheap
solution for virtual object collision avoidance in a plane
about 4x4 meters wide.

Future work will aim to decrease directivity of the
ultrasonic beams which was shown to limits the range of
movements of the user as well as improving the triangu-
lation algorithm in order to compute height.
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BoxedEgo is a
double trap for
the Self. A peep-
show box waiting
in a corner of the
exhibition space
first captures the
curiosity of the
observer - and
then the observer
himself. The box
appears empty;

however, if the observer talks or breathes, the box read-
ily detects this human prey and traps it in its interior,
effectively transforming the observer into its own object
of observation. Indeed, a dwarfed, truly three-
dimensional version of the observer (peering inside an
even smaller box!) will slowly materialize inside the box
(a short delay is introduced in the otherwise live video
stream, so that for a very brief moment the observer
may think he/she is seeing someone else). If the
observer stays still, the illusion will come to an end and
the box will gradually empty itself, expelling its human
prey from a suggested infinite nested chain of boxed
spaces. BoxedEgo seeks to combine several pre-
cinematographic techniques in order to create a magical
out-of-body experience (stereoscope, diorama, peep-
show box anvd synthetic pepper ghost effect). From the
research perspective, this work can be seen as a
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preliminary experiment on the cognitive (and possible
practical) aspects of time-delayed artificial
autoscopy/heautoscopy with micropsia (see [1]).

Two stereo cameras are aimed towards a small plat-
form on a corner of the exhibition space over which sits
the cubic peep-show box; the live video from the cam-
eras is fed into two small displays inside the box (the
holes of the peep-box are in fact the eyepieces of a
live-stereoscope). The separation of the video cameras
in real space is set to about ten times the real inter-
ocular distance, so the viewer will see a ten times
scaled-down version of himself, inside an equally minia-
turized exhibition space (hyperstereo effect). False
three-dimensional corners (from pre-recorded footage or
synthetized by the computer) that exactly match the real
corner of the box are generated through an LCD based
stereo-pair and a special lens/prism is used to produce
the right eye vergence.
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We propose a variant of the multi-touch display
technology that introduces an original way of manipu-
lating three-dimensional data. We will call the imple-
mented 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
maintain a useful and simple relationship between
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virtual and real space by using a unique 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

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.
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The goal of this project is to exploit a simple spatial
metaphor to simulate a much larger desktop area on a
two-dimensional displaying screen. The metaphor con-
sist on considering the actual displaying screen as the
face of a cube that extends behind the screen (see
figure below). The user is then able to see the other five
faces of the cube (from the inside), and can place icons
and organize applications over its faces. The interaction
method is designed in such a way as to naturally and
powerfully evoque the metaphor described above: the
user head is continuously tracked by a webcam on top
of the screen, and the virtual cube is rotated and
projected on the screen creating the illusion of a real
cube right behind the screen.

Even though the image is not in 3D, when fine
tunned, the adequate simulation of virtual parallax with
respect to the motion of the user's head creates a com-
pelling illusion of a virtual three-dimensional space. We
hypothesized that we could take advantage of this
illusion in order to simplify the task of selecting icons,
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closing and opening active windows as well as organiz-
ing information windows on a conventional Graphical
User Interface environment.

Our first usability test was encouraging, as it showed
that the use of the Parallax Augmented Desktop is very
intuitive (training is not needed at all), and actually
performs better (in terms of speed) than scrolling the
mouse in order to get information on the far right or left
of the screen .
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We introduce a method and a prototype system for
interactive 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

volume visualization 3d annotation

running without a projector
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monocular high-speed vision system (Vision Chip) or
using ARToolkit markers in a more recent setup con-
ceived to be built from off-the-shelf hardware; then one
or more projectors on the room project the correspond-
ing 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
structured 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 different interaction modes.

zooming using physical widgets
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Robotic-based tele-existence has been studied in our
lab in collaboration with Mabuchi Lab and Shimojo Lab
[1]. This was an advanced form of tele-presence allow-
ing the user to feel and interact with object at a distance.
With this project we try to bring the experience to the
next level by simulating the teleportation of a physical
object through internet, thus creating an artificial
(IT-engineered!) gravitational wormwhole. One can
argue that, if all the structural information of a physical
object could be transmitted through internet, and then
on the other side a machine could exactly reconstructs
the object based on this information (very much like
"total fax" machine), this would be, if not exactly the
same, something very close to SF-teleportation. We
then set ourselves to simulate the teleportation of a
ping-pong ball in a ping-pong game where the users are
very far away from each other. Thanks to vision-chip
based high-speed tracking [2], we can acquire in real
time all the parameters of the relevant phase space of
the ball (namely, its position, speed and spin [4]). Then,
using high-speed and high-precision robotic arms such
as the one used in our catching/throwing experiments

T BT vy Fr—CRIEEICRRD) -7
POFAI-SZRANBDCET ERREDNERIRT
DY AT L EFRFT U TN D6 ([CEFEEN BT
EODENDNRHFDY 1 VT REFRAEEALTH
BUEEOF vy FORICT -5 EXDCEN TR
THd.

[5], one can in principle catch the ball on one side, and
throw another ball on the other side - with copied, identi-
cal dynamical parameters.

A prototype system was developed and successfully
demonstrated in two dimensions, taking advantage of
the research already done in our lab on a vision chip-
based air-hockey system [3]. This configuration (namely
a tele-air hockey system) was discussed in 2005 with a
researcher in Australia who then went on developing a
very similar system but without real transmission of the
puck momentum, nevertheless demonstrating the thrill-
ing possibilities of social interaction generated by physi-
cal games at a distance. We are now designing an elec-
tromagnetic catcher/ launcher mounted on a high-speed
linear motor (THK GLM10) to exactly reproduce the
momentum of the puck [6]. The delay for transmission is
incompressible (not a real gravitational wormhole!), but
the robot launching-time (i.e. setting the linear motor to
the right speed/position) can be compensated by
predicting the projectile trajectory and sending this data
before the actual ball is caught in front of the screen.
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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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The goal of the project is to transform a whole ski
slope into an interactive display, where (laser) graphics
are drawn in

response to the

skiers' motion.

Using laser projec-

tion, common in

large scale audio

visual shows, the

graphics can be

drawn from a single

location onto an

uneven surface in
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varying distance (something impossible to attain with
standard projectors). Moreover, snow provides an excel-
lent projection surface, giving high contrast imagery.
Various interaction scenarios are being explored, includ-
ing interaction with virtual skiers and virtual obstacles,
annotation (competition scores, motion trails, speed
display, etc), demarcation of safety perimeters and
tracks for novices and skilled skiers, as well as real-time
networked experiences (e.g. projection of skiers silhou-
ettes from a ski slope in a different continent, etc). This
is a collaborative project between the University of Lap-
land, the Berlin University of the Arts and the University
of Tokyo, and the immediate goal is to showcase the



easy deployment without the need of a calibration
phase. All this facilitates numerous possible interaction
scenarios ranging from informative to playful (for the
audience and for the skiers themselves - including
scores, secure perimeters, notification of dangerous

obstacles in real time), to new forms of competitions and
experiences on the slopes (and eventually on all kind of
playgrounds regardless of the scale and shape - such
as football or tennis, playgrounds, climbing walls, ping-
pong tables, or just the street).
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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 atificial
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-
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tively augmented body image (in time and space), as
well as a clear visual representation of interpersonal
space.
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.
We are exploring
several embodiments
of the Light Arrays
using laser modules,
servo motors, and sen-
sors (either worn or
external). Both direc-
tion and intensity of the
laser beams are modi-
fied 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 "control-
ler" into different meaninful servo positions. An elemen-
tary mapping demonstrated in this video shows
forward/backward 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 transmit-
ting 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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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 possible 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 previous research on the Smart
Laser Scanner, scorelLight 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
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-
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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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"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
technique can be found here. When using the system
on atable (as in the image on the right), the laser power
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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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A laser spot
bounces on a figure
being drawn on paper,
trying to escape the
labyrinth of lines.
There is no camera
nor projector; Sticky
Light proposes an
experience where the
audience can touch
and interact with a
beam of pure light -
and even play a pong
game with bare hands.
The quality of the laser
light, and the fluidity of

the motion makes for a very unique experience. The
piece is based upon a 3d tracking technology developed
in our lab in 2003, using a laser diode, a pair of steering
mirrors, and a single non-imaging photodetector called
the "smart laser scanner” (for details, see here). The
hardware is very unique: since there is no camera nor
projector (with pixellated sensors or light sources), track-
ing as well as motion can be extremely smooth and
fluid. (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). When alone, the laser
dot perform enlarging spirals until it finds some objet of
interest with which to play (fingers, hands, drawings,
etc). A dialog then establishes naturally between the
user and the spot of light - whose wanderings seems
always playful and purposeful.

As an art installation, the most interesting aspect of
the work is that it promotes a reflection on the role of
light as a passive substance used for contemplating a
painting or a drawing. Natural light, or an artificial spot of
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light is always necessary to illuminate what we want to
see; the quality of the light, the position and angle will
modify the perception of a painting. In fact, the source of
light is not really passive: it interacts and modifies the
perceived work in an essential way. The installation
amplifies such effect: it gives the light spot new ways of
interacting with the painting; it augments its content by
scanning the drawing, following the lines and bouncing
on the colors. By moving on the drawing, the light spot
attracts the attention of the viewer. It actually forces our
sight to follow the dynamic path taken by the light.

From the point of view of HCI research, this system
(which is now being miniaturized using MEMS micromir-
rors) will certainly find a number of applications in
domains as varied as design and advertisement,
augmented/live architecture, entertainment, human
computer interfaces, ubiquitous, (and in the near future)
wearable displays capable of interacting with their
immediate surrounding.
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We propose and demonstrate a retractable 3d track-
ing device that can be attached to any surface (desk,
clothing, or another wearable electronic device) for use
as an input interface providing haptic feedback. The
system is based on "optical hair module" idea proposed
earlier in our research (see smart laser scanner) but
instead of a laser, it relies on a physical link between a
reference base and a graspable extremity, and thus is
capable of haptic feedback. A two axis potentiometer
forms the base and records azimuth and elevation of the
retractable cord (we also tried with two-axis isometric
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force sensor), while a rotary encoder embedded on the
mobile part continuously measures elongation, thus
achieving precise 3D measurements in real time. We
investigated pointing accuracy and pointing speed by
fitting the parameters of Fitt's law and steering law ],
and compared the device performances with that of
more traditional interfaces such as the mouse and track-
pad. An interesting feature of this system for controlling
a 2d cursor is the ability to swiftly (and smoothly) trade
cursor speed for accuracy by simply modifying the
length of the retractable cord. The system was also tried
on a base-less configuration, where each extremity is
hold in a different hand, thus providing fast or slow
cursor displacement depending on which hand is
performing the gesture.

A rotary encoder, a motor vibrator, push buttons and
a multi-colored LED was embedded on the case con-
taining the retractable keychain spring. (Presently, the
retractable cord and the signal wires run separately, but
we plan to use a conductor cable that would have this
double function.) While 3D data recorded by this device
can be used for gesture recognition or virtual object
manipulation in a CAD environment as with the smart
laser scanner, this research brings many interesting
issues of its own. We also plan to put a speaker and a
microphone in the case, so that the device could be
coupled with a mobile phone - that would never leave
the pocket! - and used alternatively as a microphone,
speaker and annotation device.
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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 continuously
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
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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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EARLIDS is a wearable device enabling the semi-
voluntary control of auditory gain. Artificial “earlids”
represent to the ears what natural eyelids are to the
eyes: a fast and efficient reflex mechanism for protecting
delicate sensory organs. Externally, the device presents
itself as an ordinary pair of closed headphones, but
hidden under each ear-cup we find EMG electrodes that
monitor the contraction of the temporal and masseter
muscles. When they contract or relax (consciously or
unconsciously), the external sound being picked by
binaural microphones placed on each side of the head
will be greatly attenuated - or greatly amplified depend-
ing on the mode of operation. Applications may range
from instant hearing protection without requiring the use
of hands (in particular for people having to work at the
boundary of environments with notably different sound
levels such as night clubs), to the generation of highly
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personal acoustic experiences rendered possible by the
manipulation of the environmental acoustic material.

In a first prototype, sound is first blocked almost com-
pletely by circumaural (ear-cup) headphones; sound is
picked by bin-aural microphones and fed to a MAX/MSP
patch on a laptop computer. The patch modulates the
gain before redirecting the sound stream towards the
headphones, using as a control signal the output of a
custom made EMG detector based on an INA128
instrumentation amplifier. A second prototype was built
using noise canceling ear-buds, coming closer to
in-ear’ earlids’ (but the processing was done wirelessly
on a laptop computer - bottom/right image). This second
prototype was made using a wireless myoelectric
sensor graciously provided by Daito Manabe and
designed by Masaki Teruoka (for more information on
this, check “BodyHack” workshop at TEI2010).
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This research extends and complements the Haptic
Radar project. The goal of the Haptic Radar was to aug-
ment an individual spatial awareness through a set of
invisible, sensitive "light hairs" that extended the body
outwards, and into regions not directly not covered by
the eyes. The HaptiKar experiment consist on placing
the sensors over the surface of a car, while mantaining
the actuators over the body of the driver. This way, the
driver would feel the surrounding of the car: obstacles
on the car blind spots, proximity of the cars behind as
"annoying" pressure on the back of the head, etc.

The figure on the right represents some new
sensory-motors loops emerging on the haptic-radar car
configuration: rangefinders over the surface of the car
are used to sense obstacles, and this information is
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used to automatically steer the car when necessary
(lower path in the diagram) and also to activate small
motor vibrators placed around the head of the driver -
which in turn can control the car through a remote con-
trol (upper path of the diagram).

We demonstrated this concept using a reduced RC
(radiocontrolled) model car in 2009; the driver was able
to “feel” the extended region of awareness around the
miniature car through haptic cues (motor vibrators on a
wearable headband) while seating in front of a computer
console. Data from and to the car was sent wirelessly. A
tiny camera was also embedded on the car, and the live
video stream was sent to a portable computer in front of
the "driver". This configuration would then mimick
certain aspects of real driving with the Haptikar
(combined visual and tactile information).
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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-
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
(headband configuration)
provides the wearer with
360 degrees of spatial
awareness and had very
positive reviews in our
proof-of-principle experi-
ments.
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Imagine a robot clumsily interrupts a meeting. This
disturbance causes the speaker to vocally and angrily
chastise the robot's behavior. Further imagine that the
robot was able to react by apologizing and changing its
behavior. To realize this scenario, the goal of the ChAff
project is to design an FPGA to classify speech in real-
time according to prosodic information.

The approach taken is to build upon existing features
related to prosody. By performing simulations of real-
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time speech analysis we are able to find algorithms that
are expedient. Following simulation, register transfer
level representations of the prosody classifications are
synthesized and run on a FPGA.

Currently, the system computes real-time estimates of
speaking rate (syllables per second), pitch (fundamental
frequency), and loudness (in dB). Future work centers
on classifying the resulting trajectories in rate-pitch-
loudness space.
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Roboethics is the application of ethical philosophy to domain of
robotics. Research in Roboethics can be crudely split into two
categories.

1.Ethical considerations that arise with robots as they are intro

duced into society.

2.Development of ethics for robots

While science fiction writers have attempted to depict society in
which robots are pervasive, many complex and increasingly
relevant questions remain unanswered about robots. Philoso-
phers, policy makers, and robotic designers are now actively
working to establish codes (cultural, legal, and software) to
govern the behavior of robots.
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Dimensional metaethics is a procedure that sees
"what is good" about a system as related to the value of
a number of different social dimensions. As such, it first
advocates that designers of systems describe different
dimensions that they think are relevant to their system's
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design and use. The next step is then for the designers
to list their assumptions about values along these
dimensions. Lastly designers are asked to vary these
assumptions and to speculate or (even better) to
observe the resulting changes in ethical acceptability.
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In Language, Truth, and Logic Ayer took the surpris-
ing position that ethical judgments, exhortations, and
descriptions are neither true nor false, but are emotive
statements. While his argumentation was in support of
the logical positivist position, it suggests a novel method
for computational systems to recognize utterances
regarding ethics. Namely, expressions of emotion can
be likened to "boos" or "hoorays" issued from a meta-
phorical crowd in moral response. This paper presents a
simple natural language processing system that
searches for terms and categorizes the text accompany-
ing these terms as a "boo" or "hooray," making use of a
list of emotional terms compiled by Cowie et al. and
orientations recorded by Whissel and Plutchik. The
system uses this bag-of- words and a search engine to
assign emotive scores to terms of the user's choosing.
The contribution of this work is a primitive technique for
computers to ethically evaluate textual queries.
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Boo-hooray is presented as an example of a system
which explores a method for identification and analysis
of statements regarding ethics. The system should
viewed as a philosophical experiment or conversation
piece, an artifact around which criticism and debate
regarding the nature of ethics can take place.
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Directions to Our Lab. (Faculty of Engineering Bldg. No.6)
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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 Tokyo University. Follow the map to Engineer-
ing Building Number 6. Walking time: around 10 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.
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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 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 5 minutes.
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(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,
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Reconfigurable Skill Synthesis Strategy, ASME/IFToMM International Conference on Reconfigurable Mechanisms and Robots
(ReMAR 2009) (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 (URAI 2008) (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

* 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 Guniji, Yoshitomo Mizoguchi, Seiichi Teshigawara, Aiguo Ming, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo:
Grasping Force Control of Multi-fingered Robot Hand based on Slip Detection Using Tractile Sensor, International Conference on
Instrumentation, 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 (ICRA 2008) (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

* 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 (FUSION 2007) (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'07) (Roma,
2007.4.11)/Proceedings, pp.794-799

+ 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
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+ 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 (HUMANOIDS'06) (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 (ICRA 2006) (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 (ICRA 2006) (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 (ICRA 2006) (Orlando,
2006.5.16)/pp.181-187

+ 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 (ICRA 2005) (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 (ICRA 2005) (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 (ICRA 2004) (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 (ICRA 2004) (New Orleans,
2004.4.29)/pp.1849-1854

+ 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 (ICRA 2004) (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 (IVCNZ 2003) (Palmerston North, 2003,11.26)/Proceedings, pp.131-136
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Paper

+ Tomohira Tabata, Takashi Komuro, 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 lwashita, 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 Iwashita, 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 transaction on Electron Devices, Vol.50, No.1, pp.191-199 (2003.1)

+ Idaku Ishii, Takashi Komuro, and Masatoshi Ishikawa: Moment calculation method for digital vision chip, Systems and Computers in
Japan, Vol.34, Issue 1, pp.89-97 (2003.1)

+ H. Kawai, A. Baba, M. Shibata, Y. Takeuchi, Takashi Komuro, H. Fujimura, and Masatoshi Ishikawa: High-speed image processing on
digital smart pixel array, Electronics Letters, Vol.38, No.12, pp.590-591 (2002.6.6)

+ 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)

Book

+ 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)

Review Paper

+ 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)

Proceeding

+ 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 (IISW 2011) (Hakodate-Onuma, 2011.6.9)/Proceedings, pp.189-192

+ Kentaro Kofuji, Yoshihiro Watanabe, Takashi Komuro, and Masatoshi Ishikawa: Stereo 3D Reconstruction using Prior Knowledge of
Indoor Scenes, 2011 IEEE International Conference on Robotics and Automation (ICRA 2011) (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 (WACV 2011) (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 (ICPR 2010) (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
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+ 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

« 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 XIl) (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(ICPR 2008) (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(ICIP 2008) (San Diego, 2008.10.13)/Proceedings,
pp.517-520

+ 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(ICIP' 07) (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(ICRA'07) (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(ICRA'07) (Roma, 2007.4.11)/Proceedings, pp.58-63

+ 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(CAMP'05) (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(CAMP'05) (Palermo,
2005.7.5)/Proceedings pp.204-209

+ Bjorn 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(TEXCRA 2004) (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(ICRA 2004) (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(ICRA 2004) (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 digital vision chips, and its applications, 2003 16th International Conference on Optical Fiber Sensors
(Nara, 2003.10.14)/Proceedings, 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 (EImau, 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)
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+ Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa: 3D Tracking Using Two High-Speed Vision Systems, IEEE/RSJ International
Conference on Intelligent Robots and Systems(IROS 2002) (Lausanne, 2002.10.4) /Proceedings, pp360-365

+ 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-SOC'01) (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(ICOSN 2001) (Yokohama.
2001.6.6)/Proceedings of SPIE Vo0l.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: 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

+ 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

+ 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

+ 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(ISSCC'99) (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, IOP Press

+ 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(CAMP'97) (Cambridge,
1997.10.22)/Proceeding, pp.276-279 [PDF]

+ 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]

+ 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 (Transducers'95), and Eurosensors (Stockholm, 1995.6.27)/Proceedings, pp.103-106

+ Masatoshi Ishikawa: High speed vision system with massively parallel processing architecture for integration into one chip, Workshop
on Computer Architectures for Machine Perception(CAMP'93) (New Orleans, 1993.12.15)

+ Yoshihiro Yamada, and Masatoshi Ishikawa: High Speed Target Tracking Using Massively Parallel Processing Vision, IROS '93 (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, IROS'92
(1992 IEEE/RSJ International Conference on Intelligent Robots and Systems) (Raleigh, 1992.7.8)/Proceedings, pp.373-377
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FIT I5TU— 3 VEPEES (S12006) (fLIR, 2006.12.15) / BERHRXE. po./ (4-775
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Proceedings

+ 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) (Seoul,
2010.10.13)/Proceedings, pp.13-17

+ 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

+ 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

+ 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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Invited Talks and Tutorials :

+ Alvaro Cassinelli : Time Delayed Cinema, [PPT-28MB], invited talk at Microwave/Animatronica New Media Art Festival (Hong Kong,
2006.11.4-15)
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- BEREH, LUAHHE, BIIIER A Y HF—IRDY 3V ERNZUHINBY ZFTAICHRITD/INE — Vi, E420MHEMESEE
RESHEER (RR, 1995.3.29) /FRE, pp.905

-BARE GINER B - BEREIIVENAYI-—DIRIYIY, 4071 FZ v DBRULEBHRR (KR
1994.11.9) /&#H., PIP94-30, PIP94-30, pp.53-62

- BERETT, SRR, BBKRE, Andrew Kirk, B)IIIEE LA VI—IRDY 3 VERNZIIEENEY 25 A\, $E540HA
MIEZRIMEEBER (FLIR, 1994.928) / Tk (FE I HM), pp.877

. EHXHHEFR BINEE - KRBT — ) TZ& RO T S 0ZRBVET VA —DIRDY 3 Y —MEETHBCERKRF v Y RIVBORE—,
SYVMIDA (B, 1994.9.22) /FieE, pp.95-96

,ﬁﬁn& WA, BIIER : KA VY —DIRDY 3 VZERNZHIBY T ADIZHDBEEP LT XL, HEEEY VIRY
B, 1994.922) / FBEE, op.209-210
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- BAERET, BIIIER : PATT« TNAFU—ROT S A, HEESY VINIDACER, 1994.922) /FieE, pp.207-208

- PIRR, FHER, AKHKE, BUlEE, O)IIER | BERTRETYST VY —IRD Y3V ZERNCHINIEY 25T A, HFESY
VINID A GERA, 1994.9.22) /Fi8E, pp.97-98

- BIERE, PYRYa— - A=0, BJIIEE | BT - IZRROTSAZRBEHA VI —DIRIY 3y, HFEEY VIR
I/ (MBI, 1993.9.25) /FieE, pp.27-28

- Andrew Kirk, Tomohira Tabata, and Masatoshi Ishikawa : Signal to noise ratio enhancement with quasi-periodic

computer generated holograms (quasi-periodic #i5ZHE I DFTEMNOT S AICHRITDS/NEEDUE), F40LIHFAE
FERESHEER (RR, 1993.3.30) / FiLE, 00902

+ Andrew Kirk, Tomohira Tabata, and Masatoshi Ishikawa : Reconfigurable shift-invariant diffractive
interconnects for parallel processing (BE#Z JAERRO T S AZERVNZHHEMYE 1 V5 —IRD Y 3Y), $400M
BMEFERESHEES (RR, 1993.329) /FHRE, pp.876

- NBIET, BREKM, BIIER : PoissonIIRREMCHDINEEP —F 7 U F v, EELWAMEBREIZMBER (KR
1992.9.16) /FRE, pp.790
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Paper

+ 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)

Book

+ 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)

General

+ 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.

+ Masatoshi Ishikawa, and Neil McArdle: Optically Interconnected Parallel Computing Systems, IEEE Computer, pp.61-68, 1998

+ 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,

+ Masatoshi Ishikawa: Optical Neurocomputing, Science & Technology In Japan
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Proceeding

+ 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(ECOC 2004) (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-IOOC 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 paraIIeI 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 Fuijita, 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)

+ 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)

» 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)

+ 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

+ 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)

* 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

+ 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.136-157
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+ 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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20114 Best Presentation Award, 42nd IEEE VAIL Computer Elements Workshop (Masatoshi Ishikawa)

2011% Le Grand Prix du Jury, 13th Int.Conf.on Virtual Reality (Laval Virtual) (Alexis Zerroug, Alvaro Cassinelli, and
Masatoshi Ishikawa)

2010%F IEEE Robotics and Automation Society Japan Chapter Young Award (Yuji Yamakawa)

2009%F Best project in the category of Medicine and Health, 11th Int.Conf.on Virtual Reality (Laval Virtual) (Alvaro
Cassinelli, and Masatoshi Ishikawa)

2008%F IEEE Robotics and Automation Society Japan Chapter Young Award (ICRA'08) (Takeshi Hasegawa)

20074 Best Paper Nomination Finalist, 2007 RSJ/SICE/IEEE Int. Conf. on Intelligent Robots and Systems (Makoto
Shimojo, Takuma Araki, Aiguo Ming, and Masatoshi Ishikawa)

20064 Best Paper in Biomimetics, 2006 IEEE Int. Conf. on Robotics and Biomimetics (Anchelee Davies, Naoko
gawa, Hiromasa Oku, Koichi Hashimoto, and Masatoshi Ishikawa)
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20065 Best Manipulation Paper Award, 2006 IEEE Int. Conf. on Robotics and Automation (Noriatsu Furukawa, Akio
Namiki, Taku Senoo, and Masatoshi Ishikawa)

20044 Best Vision Paper Award Finalist, 2004 IEEE Int. Conf. on Robotics and Automation (Yoshiro Imai, Akio
Namiki, Koichi Hashimoto, and Masatoshi Ishikawa)

2003%F 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)

19964 Best Video Award Finalist, 1996 IEEE Int.Conf.on Robotics and Automation (Yoshihiro Nakabo, Idaku
Ishii,and Masatoshi Ishikawa)

SRNKRZE @R

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)
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AREEX, BIESR
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88K, BIIIERD
2003%F 2003FEFHABFIHER Y RT A YT T —Y 3 VEPIERME (MAEX, SHEERS, B)IIIEE)
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X, MIARBAR, FEEEL, 6)IIER, mHFE)
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[ IE

1998%F OMT « v IRY VNI PREBARXE (BHE, WEED, MARS, NEZ, GIIER

Awards (Academic Society) (Domestic)

2010 Best Paper Award from Robotics Society of Japan (Hiromasa Oku, Takahiko Ishikawa, and Masatoshi Ishikawa)
2010 Fellow of Robotics Society of Japan (Masatoshi Ishikawa)

2010 Best Paper Award from Society of Instrument and Control Engineers (Takaaki Nishino, Makoto Shimojo, and
Masatoshi Ishikawa)

2008 Best Paper Award from Robotics Society of Japan (Yoshihiro Watanabe, Takashi Komuro, and Masatoshi
Ishikawa)

2005 Major Contribution Award in integration of opto-electronics from Society of Applied Physics in Japan (Izuo Hayashi
Award) (Masatoshi Ishikawa)

2004 Best Technique Award, Tomoda Award from Society of Instrument and Control Engineers (Masatoshi Ishikawa,
Takashi Komuro, Idaku Ishii, Atsushi Yoshida, Yoshiaki Inada, and Yasuhiro Komiya)

2004 Best Development Award from the Institute of Image Information and Television Engineers (Intelligent Vision
System Development Group [Hamamatsu Photonics, RIKEN, University of Tokyo, Haruyoshi Toyoda, Yoshihiro
Nakabo, and Masatoshi Ishikawa] )

2001 Best Paper Award from Robotics Society of Japan (Akio Namiki, and Masatoshi Ishikawa)
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1999 Major Contribution Award from the Robotics and Mechatronics Division of the Japan Society of Mechanical
Engineers (Masatoshi Ishikawa)

1998 Best Paper Award from Robotics Society of Japan (Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa)
1997 Fellow of Society of Instrument and Control Engineers (Masatoshi Ishikawa)

1990 Best Optics Paper Award from Society of Applied Physics in Japan (Masatoshi Ishikawa)

1984 Best Paper Award from Society of Instrument and Control Engineers (Masatoshi Ishikawa, and Makoto Shimojo)

Awards (Except Academic Society) (Domestic)
2010 Japan Media Arts Festival Entertainment Division Excellence Prize (Alvaro Cassinelli, Daito Manabe, Yusaku
Kuribara, and Alexis Zerroug)

2010 Best Paper Award from FANUC FA and Robot Foundation (Makoto Shimojo, Takaaki Nishino, and Masatoshi
Ishikawa)

2009 Ericsson Young Scientist Award (Yoshihiro Watanabe)
2006 Japan Media Arts Festival Art Division Grand Prize (Alvaro Cassinelli)
2002 Ericsson Young Scientist Award (Takashi Komuro)

2002 IP Award (LSI IP Design Award) from Steering Committee of LS| IP Design Award (Masatoshi Ishikawa, Shingo
Kagami, Takashi Komuro, and Idaku Ishii)

2000 Research Award by Research Foundation for Opto-Science and Technology (Makoto Naruse)
2000 Inoue Research Award for Young Scientists (Makoto Naruse)

2000 Best IP Award (LSI IP Design Award) from Steering Committee of LS| IP Design Award (Masatoshi Ishikawa,
Takashi Komuro, Kazuya Ogawa, and Idaku Ishii)

1999 Kenjiro Sakurai Memorial Prize from Optoelectronic Industry and Technology Development Association
(Masatoshi Ishikawa)

1998 Award for Progress in Advanced Automation Technology from the Foundation for Promotion of Advanced
Automation Technology (Yoshihiro Nakabo, Idaku Ishii, and Masatoshi Ishikawa)

1988 Best Researcher Award from Agency of Industrial Science and Technology (Masatoshi Ishikawa)

Awards for Young Researcher (Academic Society) (Domestic)
2009 Robotics Society of Japan, Young Investigation Excellence Award (Hiromasa Oku)

2006 Robotics Society of Japan, Young Investigation Excellence Award (Naoko Ogawa)

2005 Society of Instrument and Control Engineers, Young Author Award (Taku Senoo)

2004 Robotics Society of Japan, Young Investigation Excellence Award (Shingo Kagami)

2002 Institute of Image Information and Television Engineers, Best Author Award (Takashi Komuro)
2000 Robotics Society of Japan, Young Investigation Excellence Award (Akio Namiki)

1999 Robotics Society of Japan, Young Investigation Excellence Award (ldaku Ishii)

University of Tokyo

2011 Awards from Dean of Graduate School of Infromation Science and Technology (Department of Information
Physics and Computing) (Yuji Yamakawa)

2008 Awards from Dean of Graduate School of Infromation Science and Technology (Department of Creative
Informatics) (Kazuhiro Terajima)

Best Paper Awards (International Conference)

2011 Best Presentation Award, 42nd IEEE VAIL Computer Elements Workshop (Masatoshi Ishikawa)
2011 Le Grand Prix du Jury, 13th Int.Conf.on Virtual Reality (Laval Virtual) (Ishikawa Komuro Laboratory)
2010 IEEE Robotics and Automation Society Japan Chapter Young Award (Yuji Yamakawa)

2009 Best project in the category of Medicine and Health, 11th Int.Conf.on Virtual Reality (Laval Virtual) (Ishikawa
Komuro Laboratory)

2008 IEEE Robotics and Automation Society Japan Chapter Young Award (ICRA'08) (Takeshi Hasegawa)

2007 Best Paper Nomination Finalist, 2007 RSJ/SICE/IEEE 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)

2006 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)
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Awards (Except Academic Society) (International)

2010 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)

Best Paper Awards (Domestic Conference)

2011 Audience Award, Symposium on Sensing via Image Information SSI12011 (Hideshi Arima, Koutaro Itoyama,
Masahiro Yamada, Takashi Komuro, Yoshihiro Watanabe, and Masatoshi Ishikawa)

2010 SI2010 Best Presentation Award from Society of Instrument and Control Engineers, System Integration Technical
Division (Kazuki Terada, Hiroaki Hasegawa, Naoto Kouda, Yosuke Suzuki, Aiguo Ming, Masatoshi Ishikawa, and
Makoto Shimojo)

2010 SI2010 Best Presentation Award from Society of Instrument and Control Engineers, System Integration Technical
Division (Hiroaki Hasegawa, Yu Mukoyama, Yosuke Suzuki, Aiguo Ming, Masatoshi Ishikawa, and Makoto
Shimojo)

2009 Best Paper Award, 3D Image Conference 2008 (Yutaka Sugihara, Yoshihiro Watanabe, Takashi Komuro, and
Masatoshi Ishikawa)

2008 Toyohashi University of Technology Global COE, ADIST Symposium, ADIST2008 Best Poster Award  (Yuji
Yamakawa)

2008 SI12008 Best Presentation Award from Society of Instrument and Control Engineers, System Integration Technical
Division (Yoshitomo Mizoguchi, Kenjiro Tadakuma, Aigou Ming, Masatoshi Ishikawa, and Makoto Shimojo)

2008 Image Media Processing Symposium, Best Poster Award (Kota Yamaguchi)

2007 ROBOMEC Award from the Robotics and Mechatronics Division of the Japan Society of Mechanical Engineers
(Noriatsu Furukawa, Taku Senoo, Akio Namiki, and Masatoshi Ishikawa)

2006 SI12006 Best Presentation Award from Society of Instrument and Control Engineers, System Integration Technical
Division (Noriatsu Furukawa, Taku Senoo, Akio Namiki, and Masatoshi Ishikawa)

2006 SI12006 Best Presentation Award from Society of Instrument and Control Engineers, System Integration Technical
Division (Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa, and Makoto Shimojo)

2005 SI2005 Best Session Presentation Award from Society of Instrument and Control Engineers, System Integration
Technical Division (Hiromasa Oku, Theodorus, Koichi Hashimoto, and Masatoshi Ishikawa)

2005 ROBOMEC Award from the Robotics and Mechatronics Division of the Japan Society of Mechanical Engineers
(Makoto Kaneko, Hieyong Jeong, Mitsuru Higashimori, Idaku Ishii, Akio Namiki, and Masatoshi Ishikawa)

2004 SI2004 Best Session Presentation Award from Society of Instrument and Control Engineers, System Integration
Technical Division (Daisuke Shiokata, Akio Namiki, and Masatoshi Ishikawa)

2003 Award for Encouragement from System Integration Technical Division of Society of Instrument and Control
Engineers (Akio Namiki, Yoshiro Imai, and Masatoshi Ishikawa)

2003 ROBOMEC Award from the Robotics and Mechatronics Division of the Japan Society of Mechanical Engineers
(Makoto Shimojo, Ryota Makino, Hironori Ogawa, Takafumi Suzuki, Akio Namiki, Takashi Saito, Masatoshi
Ishikawa, and Kunihiko Mabuchi)

2000 Award for Encouragement from IEEE Solid-State Circuits Society Japan Chapter (Shingo Kagami, Takashi
Komuro, Kazuya Ogawa, Idaku Ishii, and Masatoshi Ishikawa)

1998 Best Paper Award, Third Robotics Symposia (Idaku Ishii, Tatsuya Murata, Ryosuke Matsuuchi, Takashi Komuro,
and Masatoshi Ishikawa)
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