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Ultrasonic Diagnosis Support Robot for Prenatal Care

*ERERRICKDiEm/EMMD&aiBE - 2 FEREE

* BRI OB ERRESHERT Tenang " Z %
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® For the issues - declining birthrate, strains on prenatal care

® Ultrasonic diagnosis support robot “Tenang” has been
developing in our lab

® To actualize the various prenatal care service with “Tenang”

¢ [(A>S1>4832) UZINIA ATEMDZEREL SEER
B, ERRGERLRDNSTenangZIRE - A

¢ [(AD51>422] TenangDBENEE TFHBEIRIES
ZHS - X, ERENBHBES AT LAZAVWTEMH
@ Online service : The obstetrician controls “Tenang” via

teleoperation to see the ultrasonic images and diagnosis
in real time.

@ Offline service : “Tenang” moves automatically to get and
send the fetus images. The obstetrician checks them by
the image reconstruction system.

¢ (A5 4@2] EMHESHEEL TREDEHZHEL
BIRED DR - EEIEEICKDUHEZIDL SRR LR

¢ [(ATSA242) BEEEDHENRS, BBESRATA
[E&DERELNMERDOIEZEZ S C DTk

® Online service : The obstetrician can get the fetus images
on demand by controlling “Tenang.” Also the image/voice

communication offers a sense of safety to the obstetrician
and the pregnant woman.

@ Offline service : No effects by the communication delay.
With the image reconstruction system, the obstetrician
gets the arbitrary images.

o ERMNESE (REM - B#ES) (CRENE
Hwfge Y —EXZRH#

+ BETREEZZEA UBHE CORSIMZER
* BRI AT LIEREEZINRAICERY 52 &6k
* FHREEHPT VSO

® “Tenang” will ease to get the prenatal care service even
in a remote area

LY

® Actualization of auto-prenatal care service can reduce the
waiting time in the crowded hospital

® The image reconstruction system could be utilized for
obstetrician training

BERIREIERT “Tenang”"#EH

Ultrasonic diagnosis support robot “Tenang”

(A>S5A2EZ] BBIRFICKDI VTS A LiTiatE2

Online service : Prenatal care via teleoperation control

BREER

Cm—

IEIRESEBET L
(ADSA 2] BEES A5 LICKDIEEEZ

Offline service : Prenatal care by image reconstruction system

BEHo0-—2
(E>5oF)

ORY FEAICKDITEREZ Y —ERRBAA—S

Service image of “Tenang” installation



B ANYF 7 DFFEFiE

Evaluation Method for Static Stretching

*FNR ML Y F > U hDFHERRO ST
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@ Evaluation of muscle tone during static stretching
@ Confusion of stress relaxation and hypotonicity
@ Difficulty in detecting muscle hypotonicity

© AhERSRDTE E AT
¢ BB IMAGH R 5T

* FBREMOREZHHIEETIIVICED SR

® Quantitative evaluation of muscle tone

® Simple indentation test

® Detection of muscle hypotonicity based on

viscoelastic model

* BPS(CHEIG U =45 TS ILIC K DS

hEeEHHOEFE - RIE/BERE
RILATEE L pe
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FRAHRH (LM AR E
B D ERAE 51 (4 % J Bk
BHADIFAF A

Indentation test for muscles
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@ Distinction of hypotonicity from stress relaxation
using viscoelastic model adapted for muscle m
property 4
e Facilitating and downsizing in measuring device  1090F = —ailog,t+b; | E#RAY| logyF = —a,l0g,t +b,
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@ Evaluation system for static stretching =) 5
@ Evaluation system for rehabilitation on &3 10 20 30 40 50 607080

muscle tone

ANLYFUTER t (9
[BHEMETIVOZALICED < HEREMDIRH S E

Method for detection of muscle hypotonicity distinct
from stress relaxation
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Robotic System for Breast Cancer Diagnosis and Treatment

FTHMOI=L2OEESHD, \ BEHATTO—T CHRERBLEMND,
o BEARTHICBIFIANAFREERDIENM \nﬂmnsmmn f \ BALHERL, HRKERLTHAE
* KOERERIADADIKEIEZN - IBBRUENDIF “ﬂ
® Increasing incidence rate of breast cancer in
Japanese women LY

® Desiring minimally-invasive and accurate diagnostic
and treatment techniques

AaRykI=Fal—4 OBEIz—X @t@RIz—X
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Robotic system for breast cancer diagnosis and treatment

® Detection of a center position of cancer using

palpation probe , X°Y plane
@ Estimation of tissue stiffness using robot and I

medical image Q
® Method to reduce displacement of cancer during 7

needle insertion by pre-loading the tissue Cancer

J
EEIO—-TJC&BDADAPDAIERE
Detection of a center position of cancer using palpation probe
S HIEZD& S ICHRDSHADIBEEZ 5 o e
¢ EEIO-JZANT, aBRHTHAZIBHECER
® Measuring a location and stiffness of a cancer as palpation E# (f;ﬁ?fﬁ
E )

® Inserting a needle for treatment accurately into a cancer ERE® g

by compression using palpation probe to stabilize the cancer (BIE1E)

BELEHH
ORvY b & ERESZE BV EFRBROESHEE
Estimation of tissue stiffness using robot and medical image

*ADA R - BEESTIRIRIN /
* DFSRICHET DDA ZW - ABADIGHA D
@ Supporting technique for breast cancer diagnosis aROEBTA—T

and treatment / 3
@ Application to diagnosis and treatment of cancer / %

in other parts of the body : ,
MR D EBTO—T

HBADFEIC K DERIFOH A DT HIHIFEDIRIERER

Evaluation to reduce displacement of cancer during needle

insertion by pre-loading the tissue
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False Step Prediction System and False Step Prevention System

BEMEEEDEE - BESEROEM

DI ETZEERERIICTFAL.
DI EZMIET IS AT LNBE

@ Patients with light stroke sometimes fall when
the patients ride steps

® To prevent the fall, a method to predict
false step and a system to prevent is needed

EESERISORBEEE S &I AEEN S
EESEDMNTD - KBz H5

RRBEMOEBE DT IEHILESRATA

® Predict false step by using height of knee joint
and angular velocity of hip joint

® Soft ble syst ith false st ti t =
OTt wearable system wi alse step prevention system D*TEBE.U::/XTAGJJ >'t’j NE

Concept of false step prevention robot

DI ETOTFTARH
KERORV\NEERS) (A ADRHR

® Prediction of false step

® Wearable device with comfortable wear
feeling

ST XANBETINARX

® Clothes-type gait assist device

DFIEFAFIIVILDIO—

Flow of the algorithm to predict false step
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Robot Control using Means of Muscle Bulge Movement on Skin Surface

S ARERRAMBEMZFIALIZORY MEIE
© REFHENLC K DEVFEDHETED EIEE
¢ REEOMFE R RIROBETE

® Robot control using unstable EMG signal

® Estimate the operation quantity using EMG is
difficult

® Necessary to reflect the operating intention

¢ FSRE LDOmERMEDHR - BH5EOHEL
© AhBEEHIE & BAER A E D 134 1 B{RDOFI A

® Method to measure and calculate muscle bulge EHIERAEICES < ORY M

movement on the forearm skin Nobel robot control method using muscle bulge movement

® Using the one to one relationship between wrist
angle and muscle bulge movement

O FRITIREHFBREES(C L S0O/RY MEIERTR

o BhfERAIEZ(LICED < BMFEHTE

* REFHBEAIICLEA ) A DV BEUVIZES

® Nobel robot control method using a new bio signal

® Estimate the operation quantity using muscle
bulge movement

@ Stable signal compared with EMG signal

* BISIRERIBICHS T B HIRANES RSRE L OBEEMEDER - Hil
Measurement and calculation of muscle bulge movement
oEEFRONRY M - ORY M P7—AICHSITDIFH on the forearm skin

® Nobel input signal for artificial limb control

@ Application for controlling the exoskeleton and
the robot arm
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Visual Assistance System for Endoscopic Surgery

BRE (BRIRT) FitoHiER
BUNRFTZER - ER(C K DREF - RRBIEDHIR
MRIZXEZAWZIERFEICHIT DT IAF DR

@ Increasing social attention of minimally invasive
(endoscopic) surgery

@ Restriction of the field of view, viewpoint position
by the narrow operative space-shielding

® The lack of texture in the conventional method,

such as MRI 1. FRERES
BRI EMET S BT HF ERR i
RREOBHEICKEFEULRVWV'BERRAR"ERA s semmms / BN 4

BEFOEREBRDHESSHOEICLDIIATLBE

® Achieve "sheer forceps" to compensate for the
shielding region

® A pseudo-viewpoint alternation beyond physical
limitation

® The system built by combination of existing medical
equipment

ESLEEITC K DIERA TR TH O ITREFZRA
BEFORRBEFiHIROEISDEICELDI AT LBE

® Visualization of hitherto impossible surgical fields
® System constructed with the existing endoscopic equipment

& D SHBERFiTRIEAOBER(MNEARR L)
FUWREF 2B UICHmFR DI
FitiORY FADEE
@ Application to a higher degree of difficulty of the surgical field

(such as the Pediatric Surgery)

® New surgical procedures of using the new field of view
BRI ZfHET 3 ETIHF AT A
“Sheer forceps” achieved
by image processing technologies

@ Integration into the surgery assisting robots
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Small Sized Force / Torque Sensors for Robotic Arms and Hands

*REROARY NS, T/ MROBE S OHEE Digital
*FSHIEEN. F—TLOBERSTZENTES
* BIDF SHILBIRPT > T BIRNTE

® Next generation robots need compact force sensors

output

17 mm

® Sensors with digital output reduces necessary wiring 7> 6“0
® No additional components for amplification and "’11, 3V

digitization required Fig.1 6-axis F/T sensor

3-axis
oHERBESER IR - MLUtE>Y Sensor
*DBEMBEE> S OB 3MMOELE Y

® Novel 6-axis F/T sensor based on capacitive ensing

Digital
output

20 mm

® Novel 3-axis force sensors for distributed tactile sensing

! “~_Flexible
« » PCB

. 23 mm

C6ENE - MLIEHBDHAX 1 19x17x17 mm Fig.2 3-axis force sensors

* AR E>Y 1 20x23x3 mm
16 x 3#NE - NVODRAE, RANTEREX
*TFTHIIHN, BLVVESHMELL
¢ REMIE
@ 6-axis sensor: 19x17x17 mm.

® Distributed sensor: 16 * 3-axis F/T in 20x23x3 mm.
Flexible and soft. Only 3% hysteresis.

@ Digital output. High signal-to-noise ratio.
® Temperature drift compensation Fig.3 Capacitive skin sensor measurements

500

e6EtY  ITEAL—FRADNE - MVOT1—RN\v D .
JNUED. FREE. §El (ORY MI—EDHRZERTIHENDS “"j
1Z8). ORY MBRIFEA, BRSIVESESRTE>2TVUDIRIIE

38>y ORY F7—LBADORRIMDOERBEDRAF>H)\—

Force (gf)
&
8
7_1

-100

® 6-axis sensor: Force/torque feedback for manipulators. 4
Deburring, polishing, grinding (where robot is required to 1500 - _ Ml
apply a constant force). AR R i s s

- - - 0 0 20 30 0 0 60 0
Robotic part insertion. And many more-:- ! Time§ ’

® 3-axis sensor: Soft and sensitive cover for robotic arms. Fig.4 Hall effect skin sensor measurements
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A Robot Arm with Novel, Intrinsically Safe Joints

o EERAORY MCHBITFBDE2MEDRE

o ORY FOIRMEPT OIS =D F—RDANICED> THE

o HiBOORY b7 —LADMERFHDNZ—X (R TUVRLY
® Most robot arms are not safe, not easy to use

® Competitor solution 1: Torque sensors. Slow,
no intrinsic safety

® Competitor solution 2: Springs. Wobbly, no fast accelerations

Fig.1 Robot killed operator at factory

¢ FR M AR IF1I—5—

0932V DERNE

¢ 78HHEDORY b7—A, Y—F(F1m, wIiEES(I5kg
® Novel actuators with adjustable torque limiters

® Direct Teaching capability
® 7 DOF robot arm, 1m reach, 5kg payload

» HENBEHBF VR
+ORY RP—LZFBTHA RTBRFTHEETOYSI>Y  Fig-2 CAD of version 2 robot arm
* MLIRBHES

@ Intrinsic safety that does not impede position control

® Programming the movement by simply moving the robot
arm manually

® Easy torque control

RERE. CNCARS. 185, 5L IMBEIC BT 3 & =R &
CEESA L TEE RS BAET I ENTES ‘
S BEICEENED S REHIS (TEES)

® Assembly, Pick and place, Injection molding, CNC, Packaging,

Quality inspection, Lab analysis and testing. Gluing and welding.

Fig.3 Concept of direct teachin
® Robots that work close to humans (without safety cages) d P g

® Robots that need to be reprogrammed often (SME)
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® Special trainings and education are needed for
laparoscopic surgery

® Current training for laparoscopy focuses only on the
enhancement of manual skill and does not give advice
on improving trainees’ posture

® The workload of laparoscopic training is high, we
present a method, nhamed subliminal persuasion that
gives the trainee real time feedback to correct posture
and help in reducing fatigue and improving
performances without adding extra workload

o ERRIRIRE B8R (fig.1)

*ERZ3T—R)N\Y T (fig.2)

o+ 20HIFRT L REDIERTOESEDE (fig.3)
o AR DERER (fig.4)

® Experimental setup and materials(fig.1)
@ Different types of feedback(fig.2)
® The different between first trial and last trial(fig.3)

® Workload of each group during laparoscopic training(fig.4)

CARRBE L -0, FREFTTRS EBOMIEGRIRE

¢ BESET 1 — RINY T BIRDPBERQFHZ SRR

® During laparoscopic train, not only the surgical

performance could improve, but also the posture could be

corrected

® Subliminal persuasion system doesn’t give trainee much

extra workload

sEBEN—=>0

@ Surgical training

iR AT LR

Development of Subliminal Persuasion System for Laparoscopic Training

DRT: Detection of Reaction Time

IMU: Inertial Measurement Unit

Fig.1 Experimental setup and materials

180
160
140
120
100
80
60
40
20
0

Errors

Fig.2 different types of feedback

M Group A
M GroupB
W **:P<0.01

1. &

First trial Final trial First trial Final trial

Fig.3 We found both of them could change the
trainee’s posture during laparoscopic training

Fig.4 Subliminal feedback didn’t give much extra

workload to trainee
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Development of a Wearable Motion Capture System for Balance Evaluation of Older Adults

°
* B CHENT65mU LD EHEDEISH BN

* EHEORRICHT DIEERXRSENR : &H
*BHED/I\S S ARFOCEREDTHEICEZ < DFENHBE
¢ NSO ADEENFHED BHE

Bluetooth
. T

[Accelerometer ][ Magnetometer ]

® Growing Proportion of Population Aged over 65 in
Japan and over the world Y )

® One leading health concern for older adults: falling Fig.1 Waseda Bioinstrumentation 4R (WB 4R)
@ Postural stability decrease with age (Age-related brain
changes, Degenerated somatosensory system,

Insufficient muscle strength, Physiological disorders)

® More efforts paid to help older adults regain or keep
balance

® Objective evaluation of the balance is needed

S EENEI=Y FAIMU)ICKDENZEZEI(Fig. 1)

oA ERSRE UlR B 5% (Fig. 2)

o+ R S5HBROBEIDT(Fig. 3)

> HITREDRBERH(Fig. 4)

® Inertial Measurements Unit (IMU) motion capture system (Fig.1)
® One Leg Stance test with older adults (Fig.2)

® Automatic One Leg Stance segmentation (Fig.3)
® Auto-detection of gait abnormality (Fig.4)

Fig.2 One Leg Stance test
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@ Fast setup time and simple calibration

auto segmentation with IMU [s]

manual segmentation from video [s]

Fig.3 One Leg Stance segmentation
® Can be used everywhere both indoor and outdoor

® Can be used in clinical environment and at home

NSO ADRE

O BTN

¢ UNEVUF—2 3 > O3ROMBREE 72 5T
@ Balance assessment

® Gait analysis

Fig.4 Gait abnormality detection
® Rehabilitation therapy trends 'd : rmatty I
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Human-Robot Laughter Interaction

* KW ILFE—HI (Fig.1)

¢ RIS - BENEDIRIR

* RWEABRLDZFRICHERTTR

® Laughing is multimodal (Fig.1)

® Laughter is a social and emotional signal

® Laughter is essential in human communication

Body
Movemen

involvem

¢ Quantify
intensity

* Muscular

i

t

ent

Brain

activity

* Specific
causes and
emotional
information

Fig.1 Laughter is multimodal, involves several parts of the body

*KWVWDVUTIIVEIA L5HAIS X5 L(Fig.2)

¢DIF ST : IHEEDDOR—FIT I Laughter

SRNFEIY  ERSSUEERNZE{LZETHR

® Sensor system for real-time laughter monitoring
(Fig.2)
® Wearable: non-invasive and portable

® Multi-sensor: measure all laughter-related
body changes

Body
movement

Brain activity —

*KWZUT IS A LTEER(CEHA

-
—
k

Phase |

Data
synchronized
acquisition

I

EMG
IMU
MMG

I

EEG
Cranial MRI

Phase Il
Data
analysis
and
merging

Signals

Phase lll

1
| Phase IV
1

e
Classification 1 Results

Detection
of laughter

analysis

ti+

General
assessment
of laughter

¢ SEVDEIF - DEBETIVEIEE

[ Wearable system ]

Modular compatible sensors

¢ RVDRBRDIEHF

® Real-time detection and quantitative measurement of
laughter

@ Learn laughter meaning and use in communication
processes

@ Clarify phsycho-physiological mechanisms of laughter
@ Build a model of laughter

CANBUS/Bluetooth
communlcatlon board

magne!

acce\erometer
Compatlble sensor

17/mm

mme&er

3D giroscope

\

37.5 mm

20mm

—
27.5mm

WB-IMU

= Accelerometer
= Magnetometer
= Gyroscope

WB-EMMG

= EMG

= Microphone
= Audio data
= MMG

Fig.2 Wearable multisensor system to detect

+ BRRMREBTDELVDEHAI(Fig.3)

¢+ ABEORY bOBBNRI=T21=H5—>3>
¢ EVDIMEZENHDEHRIIERT

¢ RVDEZFNAFT

@ Monitoring of laughter in a natural environment (Fig.3)

® Use of laughter for human-robot emotional communication
® Psychological objective analysis of laughter
@ Clinical analysis of laughter

and measure

laughter

Fig.3 Monitoring of laughter during natural daily activities
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Human-Robot Musical Interaction

o EIRBONRY MhiESRGTR LD ZIR#(Fig.1)
¢ ERICIELEN L RIfTDmAH B E
¢ RBEMTERBCKSRVWIZAZS—S 3 ViwE

® Musical robots give the opportunity to study musical playing skills Fig.1 Waseda Musical Robots:
(Fig.1) WF4-VI flutist and WAS3 Saxophonist
® Musical performance requires technical and creative skills
) B ; ) N Robot — musician
® An instrumental piece is generally composed by several instruments — direct interaction
® Non-verbal communication among players is essential for R Musician
synchronization N Robot — conductor
~r indirect interaction

Robot — dancer
* RB|ABORY MCFIURE & ORBEBEN D LE(Fig.2) f% e terster
E%EQ{%G)H %t@%ﬁﬁﬁb‘ﬁg Fig.;vAsrseal—tim[anclec;n—verbal communication
. during artistic performance
*RNVFEY  ZEDEHZY T IV A AICEKES(Fig.3)

WF4-RVI

()

[ Wearable system 4\ . Camera

® Musical robots must be able to communicate with partner artists

17mm WB-IMU
(Fig.2) —

3D magnetometer

® Musical robots should recognize and send real-time non-verbal
signals
® Sensor system for real-time non-verbal signals monitoring

u
) . . ' IMU
® Multi-sensor: detects several signals at once (Fig.3) X ]

Y

3D gyroscope

20mm

Skeleton Track

3D accelerometer

* ZB/REORY MNIHEBICSL CTEERTL > STEE
» HBREORY b & ARIC & BAEHTRE(Fig.4)

* EB/ABORY MISEEPY > Y — L GIURDTHE /% Lo ] Loomen

® Musical robots can dynamically respond to partner players MusicATSt ——

® Musical robots can be integrated in a human ensemble (Fig.4)

Musical | pattern

® Musical robots and humans can interact freely during performance Emotional expression

Robot. MIDI Controller

Fig.3 Multi-sensor system for real-time non-

¢ ERBEEORY FEARBIIC KD ERRILR ) verbal*communica'iifn )
o+ AB-#FFEEORY FEITOHANZEMIIRIRA F F F F
* ARB-0O/RY MREIDIES BN R BEEDITFEH *:p<0.005

@ Joint musical performance sounds more natural

@ Artists can add real-time their personal touch to
the plain score

@ Interesting proof of concept for human-robot dynamic
non-verbal communication during a shared technical task Fig.4 Performance naturalness
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