RRAFE GOlll « BEDHFRE

Univ. of Tokyo Ishikawa Watanabe Laboratory

BFZE427Y . Introduction

ABORRKICHEHIS I DREEMEE, KOBIRUIECIEZS I SE=ES
WIBHEE, BEIRICHEIZ I DN V_Ea L —Y 3 V2T FNICEIRL,
ZNOZMEIDCET, NBZIBADMETIHEEY AT A=0:=172)
YRTLAERIRITDCEZBIEELUTNET. IREDERHRTIOI T
DEELT, 4D07—N¥NDHDFET.

We strive towards realizing high-speed, intelligent systems (recognition-action
systems) that exceed human capabilities. To this end, we have developed sen-
sory functionality corresponding to a human's five senses, hierarchical parallel
processing corresponding to how our brains process information, and dynamic
manipulation corresponding to the human motor system. This technology is ap-
plied throughout four main research themes.
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We have developed an ultra high-speed
robot system with adaptable recognition-ac-
tion abilities, based on Dynamics Matching.
Exploiting the characteristics of this system,
we have proposed and implemented a range
of entirely new manipulation skills.
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We strive towards realizing high-speed, intelligent systems (recognition-action
systems) that exceed human capabilities. To this end, we have developed sen-
sory functionality corresponding to a human's five senses, hierarchical parallel
processing corresponding to how our brains process information, and dynamic
manipulation corresponding to the human motor system. This technology is ap-
plied throughout four main research themes.
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We focus on applied research in various
fields using high-speed image sensing, supe-
rior to the human eye. We have proposed new
applications in fields such as robotics, inspec-
tion, human interface, digital archiving etc.
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We coined the term "Meta Perception" to
describe technologies that will enable
humans to communicate in new ways with
each other, by in an active manner using
technology possessing capabilities surpass-
ing those of humans.
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High-speed Robot Hand
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In the field of robotics, a variety of dexterous ro-
botic hands have to this date been developed.
However, properties like joint velocities are rarely
prioritized. In contrast, the dynamic properties and =20y RV R
high-speed nature of the human hand are distinc- High-speed Robot Hand
tive features that improve human manipulation.
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We have developed high-speed robotic hands
equipped with three fingers and 10 DOF, in which
a new light-weight and high torque actuator has
been designed and installed. As a result, high- RIAT v F
speed motion at 180 deg. / 0.1 s can be realized. Catching of flying object
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Dynamic Regrasping TULVET.

The properties of this high-speed hand allow for
grasping and handling of dynamically moving ob-
jects. Various high-speed manipulation tasks such
as catching a flying object, dynamic re-grasping
and flexible object manipulation are achieved using
only high-speed visual feedback.
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Dynamic Compensation
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Recent years have seen a widespread adoption of industrial robots, which are pre-
dominantly controlled using the playback method. Although rapid motion with excel-
lent repeatability can be achieved within a large working range, absolute accuracy is
poor, especially under fast motion. Flexibility is also poor due to the dependency on
accurate systematic models. In order to solve these problems and further improve the
performance of industrial robots, a dynamic compensation approach is proposed.

Dynamic Compensation (B189#1E) &I, —MRBVX0OMY FOIT Y FIDT
DB ICEREBEDONY FEY2—IL (8RPIVF1II-ARBKUSREY 3
V) ZEEL, SREY 3V TEONLEEBRAOEXNEZR TFHUEZSRS
BETHEITDCECKD, ORY FOEFTIVERED/NYDISYY1EEZSD
VAT LADAEEEZMHELRNDS, SRMESBEDWIIZEIRT D5 LU0
My FHEIFETHD. IEH5, BIEANTOERMNECOMNY FOFHAED
BXIERECXTUTC, ZOREZLOICTDIRDICHIEHITDFETHD.

Under the proposed dynamic compensation scheme, an add-on robotic module
(consisting of a high-speed actuator and a high-speed vision system) capable of

high-speed and accurate compensation is mounted on the universal end-effector of a
traditional industrial robot.

Using relative error information
Uncertainties due to Compensation of uncertainties from h |g h-speed visual feed baCk,
backlash, modelling errors using high-speed compensation uncertainties due to inaccurate

module (actuator and vision)

systematic models and mechanical
defects like backlash, as well as
environmental uncertainties can be
dynamically compensated for by
the high-speed module. Thereby,
the overall robotic system can
achieve accurate and fast manipu-
lation without depending on accu-
rate systematic models or a struc-
tured environment.

(a) Conventional method (b) Proposed method

2>,/ Concept
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Task Realization based on Dynamic Compensation

SRIBEENTE
HROBREECRINTSVIEBEENE
KENd., ZCT, INMBEZEATDICE T
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High-speed peg-and-hole alignment

Traditionally, the peg-in-hole task is separated A .
into two steps: position control and force control. [TES1OE,/ Alignment
Position control is in current applications usually achieved through accurate teaching
with the assumption of a structured environment. With the proposed dynamic com-
pensation method, uncertainties due to coarse teaching and unstructured environ-
ment (such as misalignment of the workpiece) can be compensated for. At the same
time, very fast position control can be realized.

merL—vvJ

BONTRVNEEDHZES, —EOMy ~MIEIET
DUNENDD. LHL, BIRNMEEICKD, OMy bk
ZIEIEIDCERL, FRDPEZ LU —RXTDC
ENTED. =HIC, OMy MOTEDREIEHE
OJgECH .
Contour tracking task

In traditional methods, the robot should be con-
trolled with varied velocity profiles when tracking
non-smooth target contours. The proposed dynamic
compensation approach enables tracking of arbitrary
L — T contours with a constant velocity. At the same time, it

Contour tracking can compensate for uncertainties relating to the robot
system as well as the external environment.

AEOMY FEFRICK DV D OB
ANENBREBRUBROIFEERRIDORBE
HTHD, NEDEVBETOFEICYLT, O Hiovwedeoms

Coarse
teaching path

Arbitrary chosen,

My RO PIYRXFITRDCEICKD um Z—=5FD @ <

CIBRDETLECT B, - mmm/

Micro manipulation based on aciuator I~
human-robot cooperation . :

Using only the human eye for visual feedback, it modue
is difficult to perform very precise manipulations. If
instead performing the manipulation in collaboration
with a highly accurate robot using high-speed visual

Hole (70 um)

feedback, micron-order human manipulation be- ¥ T 2 O#{FMicro manipulation
comes possible.
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1 ms Auto Pan-Tilt

MEDAADICIE, CBLEDDORDICEETI 4 —NRAZEHE
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Most recent cameras are with the function of auto focus, which can bring the

camera into focus on a certain subject automatically. By taking this term, now
some technology of directing a camera gaze toward the specific target is called

"auto pan-tilt."

AT 1ms A — RN «F )L R TIE, EEH
XSRALBEERT—Y) ORADDICHYH—F=
S—EEEINDIREDNZET /N1 RE, @RE
Y3VEEHAENE, CNETICENBSR
BA—E/INY « FILEZEIRUF UL,

, Visual feedback High-speed camera
fﬁE;EO)EE‘ATj_V ( E ) for image processing
Rotational stage (left)
. P~ |
E%?ﬁﬂ’ﬂ ( E) l%ihmsysb.m |
Our proposal (right) i |
I
- A elm
We developed an novel and high-speed 1LV VY, B —
device for auto pan-tilt named "Saccade r A for recording
Mirror" with optical mechanism instead of rota- & /Gmnommr
tional stages. Our techniques, 1 ms Auto A S
Pan-Tilt is based on this device, a PC and \ R 2 M Uit
high-speed camera for image processing. . i k| 1msAuto Pan-tilt

ARAMICKD, RICES UILVWDEADN—ILEE, BULEEO>T
WEUTE, ZNZHINEBLEF O TNDDDXDICERE I D ED
TZDDTT.

An object even in large motion will be observed as if it would be static using
our techniques.

Mere 3.5 ms for 40 deg pan-tilt !!

SKN—ILDEDvFIT (E)
Tracking on a ping-pong ball (upper)
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Until now mainly static objects, such as things
placed on tables, walls, floors or desk surfaces,
have been subjected to the projection mapping.
Dynamic scenes and high-speed objects have
not been dealt with. Even if this was tried using
a traditional projection mapping system, there
would be a misalignment between the target
and the projection due to delay in the system.

E9)[2EL 7 AN?D) .
JOYyzOyavuNvvEYSD

Projection mapping
onto an object in motion

BRIFIBEDFETENMAINDOTOI T DVY 3 IVYEY T ZFIR
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High-speed %Efyaytjﬂ\\)lagéla@ﬂﬂz
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/ o ~ optical device, Saccade Mirror which pro-

!

' CET, ANEEOMBZRRLUTINE
Projector 9. CORIiZ, DN ZA A=Y

LT, @ANAEBIITHURL.
We propose an unprecedented projection
mapping technology aimed at moving tar-

| Galvanometer gets. In our system, the projector and
| mirrors camera are coaxially aligned in the special

vides a misalignment free projection that

previously was considered to be difficult.

Moving ball | Pen vt motimi et This technology is named "Lumipen” after
e an imaginary pen with illumination instead
2= of ink, where arbitrary patterns can be de-
Our proposal picted.
(s o ons oot e ) () e O o)

Demo:
LIVIN’ PINGPONG

Face expression
is projected.
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AIRR Tablet

AIRR (Aerial Imaging by Retro-Reflection)
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