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Message from the Director

TJOVTATEIREYE—13, FR15F
ICEF - TZOREZBRETIZOME
R LTHRIISN, BRERZHT - AE
DRITIIWBEHRITKOHT %
BisL THIEREZRAERTEVD XL
1o ER22FICIEHEERTERT 570
ISR TO2 O MRl E AL, TR 25 &
ICIETEABRAT AL RATLO—R
HELBEDEVFZ—ADBFELLS2ED
BIEWREZTV, EAHBZ194ICILT
LTHRHEGRSIOREEZRDELT.C
DESBRBENEEHE, TR FEICIE
MEREARBERM IO Ty b A EE
FEORIRE (OO LIRS
L ERBIFEEICIIBEERER IOY
TUMDERHERBITILFE—ZILETA
EIZIDTERZOHIIIE ST
(7O LIRS N FE L £ 7B
TRETEREYAITOAN—TE—R
SIS E R R EREERECXRCTREY
RE, A7 VEMRIEBAREINTS
DETOT, BEVWREPLEE L CHICH
BB AR TED DD
TEELDICROELIAEYEZ—TCIEC
NETICFEARNDOHRET, EEMICES<
DI ZEREEEC DI E C HICHR T
o, ERARECBERZHEBICHE
BINZERNIEE, D AREEER T
T, R TR E AR A O, R
FAEEY > X T LD MB e Wb %x
ToTIFELLSEBICEYZ—RICER
TN — XD BICEITTOH
SENRY 2 I, BRNETFHE
MR LTHERET BBFHRIC Ao B R T
BDFT.

BEIIERRBICHGLC ERICEM
TEIMEMRERHICHT DI, AL
VE—IRERE  RF Y TH—H LR >TE
NEFTTEDETDT, 5B EBHLALL
IS, CHlEEHODEILOBEVEL
LEiFEd.

MEDICAL ENGINEERING

Center for Frontier Medical Engineering
(CFME) was established in 2003 to pro-
mote research projects that would con-
tribute to innovation of medical practice
through technologies of modern medical
engineering. During the last 13 years, the
Center experienced two reorganizations
to strengthen our research and education
foundation : Introduction of Research Pro-
ject in 2010, and merge of all the staffs of
Department of Medical System Engineer-
ing into CFME to comprise 19 full-time
staff members in 2013. After these reor-
ganizations, one of pivotal projects suc-
cessfully won special budget of Japanese
Ministry of Education, Culture, Sports,
Science and Technology in 2013. Another
project, Multimodal Medical Engineer-
ing, was selected as “strategic priority
research promotion program”in 2015. Ad-
jacent to our center, Science Park Center
offers excellent experiment environment
where CT, MRI and operating theatre are
ready. Utilizing this rich environment for
promoting research projects, our staff
members, together with students in De-
partment of Medical System Engineering
have been pursuing cutting-edge medical

engineering technologies.

CFME has been promoting collabora-
tion projects with various departments,
institutions and industries at home and
abroad. As a result, we have accom-
plished technical transfers and have
succeeded in putting several medical sys-
tems or devices into practical use such as
image processing modalities equipped
to endoscope or ultrasonography, mi-
crowave antenna for thermotherapy,
needle folder for training laparoscopic
surgery, etc. We will further accelerate our
research projects for the practical appli-
cation of our research seeds. In addition,
we will strive to function as a world-class
research hub in this field. Our mission lies
in contributing to medicine by advancing
our research projects benefical to both
patients and clinicians. We also welcome
researchers around the world who can

share the passion to bring about innova-

tion to medical engineering.

70 74 TEIFtE 4—K PRHFE
Hideaki Haneishi
Director
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Center for Frontier Medical Engineering

Department of
Research and
Development

EAEHE

Fulltime faculty
Staff

“ EEHE

Faculty/
Graduate
School of

Engineering

Fulltime faculty
Staff

EEHE

Fulltime faculty
Staff

L — = =
EEHE
Visiting faculty
Staff

Faculty/
Graduate

Rz 7Oz ok THRRR
— EF %R
Research Projects B
it e
{- BN
REPHR
ARTFYY - Yoot 5-
FHES w2
BHZE > Department of
HH ﬁ 7’9 /Ia I~ Megical System
Engineering

Internal
Department and
Organization

Tryout Projects

Graduate School
of Medicine/ Chiba

School of University Hospital
Medicine HEHE N )
Speci_ally
Hiri SYERISE - EREEEREE (LA T

Prototyping and Preclinical Research Laboratory

XREF

&ﬁ'% = External Research
T HeY = Institute or
Technical staff Company

JOVTA 7EIFE2—3, HRBAER A IERHR  BRRR
BHSHEHINEY. MERRAREELL, BENFBIZHMTHD, &
FOHECEEHE, FEHED, HFIPoBF Bl Is R
G7IYMCRRBLTVWE Y. AERF - BRRRETIE, 7O
IR TERENACFECTA T 7 Z2ZERE T LDIS R
RERICKIODEBOEREREEMLET. 22T
BRUEELLSHOMR IO /b, REROETFE %185
BHEIODI I EHITLTHEELTVEY. 46, L2 —DHE
&, TZREFVEZROZR  KFRICH LT, BHEPEERMAE
EELRCDHBEHEHLTULET.

CHIBA UNIVERSITY

The Center for Frontier Medical Engineering consists of the
Department of Research and Development and the Prototyp-
ing and Preclinical Research Laboratory. The Department of
Research and Development is a university department with
affiliated faculty, to which all faculty staff members including
full-time, visiting, and specially appointed faculty members
belong without divided into divisions or sections. The Proto-
typing and Preclinical Research Laboratory develops proto-
types for the methods and ideas devised in each project, as
well as performing the various basic research projects that
precede clinical trials. Our Center keeps two types of project
running in parallel: research projects supported by outside in-
vestment funds, and tryout research projects to lay the foun-
dations for next-generation medical engineering. The Center’s
faculty staff members are also engaged in education, includ-
ing lectures and supervision of graduation research for under-

graduate and graduate students.
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ABTHEX

Educational Philosophy

DFSHHREMX -HAETIE, T2 AR HaemE
RE, TNTOER - BEBLICHHOZIRZRMOBEIHNED
TARIKGO>TVWEY. 2L CIELEE, DFDERICEATZA
AR RENEE T IERME L, HERMICEELZE
BEREBENFIEHELGHFLLVERORMA -FBREXKZZCH,
WE, LRSS RODSNTVET. AERETIFI—X-ITF
BEIZI-XIZDLSHZ—RIGRZTOHDETEEHRE
ZRETAHEBELTERTOVERRIINEL AR &
FIRHNEE & TRICEEES B VRL VRS, ZEREER, ®
BB LIEAMEBRLET.
AEIZFI-RRT7OVTATEIZEYZ—DHEZHOIS,
THM-EFMEEELTER LIS, BREFLE, BR-BR
IFBRCOIENERZ N, EFMNERNBZBICEE
R, EEMBEZICRSTLVIT CERTIZAMOERE
BiELTLET.

BEPE B2y
AEREHELHIR EZZeRe
School of Nursing/ School of Medicine /

Graduate School of Graduate School of
Nursing Medicine

BEFE
RERBEFHRER
Faculty of Education /

Graduate School of
Education

H B iR

Chiba University
Hospital

[K5B%]
EI%a—-X
(ELAifA2 £, BT HA3E)
[Department of Medical Engineering]

(2 years for masters degree,
3years for doctors degree)

-7A T TEIFR S
Center for Frontier Medical Engineering
-FHZERARER

Department of Research and Development

- S ER 3 - BRERERAR

Prototyping and Preclinical Research Laboratory

[T58B]
EI%¥3-X
(44F *SERIBALEIG2E)

- ARTYY - U o B—
Med Tech Link Center

-HALIVZAN—I 52—

Chiba University Science Park Center

[Faculty]
Department of Medical Engineering
(4 years, or 2 years for third-year
transfer students)

KER
MEET AT
Graduate

School of Science
and Engineering

B
BFHRR
Faculty of Science/

Graduate School of
Science

e S5
RPHRR
Faculty of Pharmaceu-
tical Sciences/Graduate

School of Pharmaceutical
Sciences

T3
waI¥s

Faculty of
Engineering

< FERPICHITDETER >

Medical Engineering Collaboration at Chiba University

MEDICAL ENGINEERING

Today’s rapidly shrinking and graying population in Japan has
caused a significant increase in the role of science and tech-
nology related to all sectors of medicine and healthcare, in-
cluding preventive care, diagnosis, treatment and recovery of
functions. Today, new medical developments forged through
"medical engineering cooperation" have been strongly expect-
ed; in other words, close collaboration between engineers who
possess a broad range of medical knowledge and practical
skills and healthcare professionals who are well-versed in sci-
ence and technology. To address this pursuit, the Department
of Medical Engineering at Chiba University, the first of its kind in
Japan, was founded to provide joint medical engineering edu-
cation. Our department fosters globally competent specialists
with a wide array of knowledge and a broader perspective.

Through cooperation with the Faculty of Engineering, the
School of Medicine, the School of Nursing, the Faculty of Phar-
maceutical and the Center for Frontier Medical Engineering, the
Department of Medical Engineering and its programs focus on
achieving basic academic skills in engineering. Students can
study mechanical engineering, electrical and electronic engi-
neering, information and imaging engineering and the basics
of medicine. Our education programs are devoted to creating
highly competent graduates who can play active roles in not
only medical instrument industires but also a borad range of

industries.

BHRIE
BRI
Information
Engineering «
Image Science

HRES
Fundamental
Medicine

BRPRE

Clinical
Medicine

B
Social
Welfare

WM T
Mechanical
Engineering

BFIY
Electronics
Engineering

<EIFI—XRELTOFEE -fFRER >
Medical System Learning and Research Systems
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Features of Education

RERICE T DR - BE DR
RERETZO-RULEFBRSVICERFZBREMORME I
SRER-ERBRIFL AR BHOB L EFOEERHS
ERARSBAREENCIZEABFIHZMOR->TVET. &
FINFORLEBNSEROEMNFAZEIEL TRLVWRRICT
SIBBEOREZRDEY. T LTHFRIBEHRICTH VR
TENBEFREECOOERBBOAMICER TSI 3HPIM
CRBFOIARE - RMEZBHRLET. HBEMRRBLLT
i@ FPBERTE, BRI Z2EB LG ERBRSATLDE
WORURBHNABRENEBSCEBRELTVET. &1, DF
B LICHT S EAMKER - BUSREDOT- O DERREZ (I
BF L #MIFEERL LT ERORURBNICHS A%
ERBLTVET.

CHIBA UNIVERSITY

Features of Research and Education (Graduate School)

The Graduate School Medical Engineering offers courses in bi-
ological and medical information engineering that integrate
medicine, physiology and information technology. We also
offer our students medical electronics engineering courses
focusing on more precise treatment and diagnosis as well as
the development of medical devices that can help raise the
quality of life. These courses provide education from a broad
perspective, aiming at deeper understanding in specialized
fields and enable effective use of existing information. It also
aims to train researchers and engineers with highly special-
ized knowledge and skills who can contribute to the develop-
ment of medical instruments for the well-being of us livingin a
rapidly aging society. Our education and research begins with
the basics in information engineering and image science, with
the objective of developing theoretical and practical skills re-

lated to medical information systems.

<BFIBEHEHE OFEE>

Class of interprofessional education (IPE)
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TEFER (1~45FR) I BT BB HEDRH
FHMEIFI-XE, —FF40LBEODABHETT. HFE
ABEEFCFBREEZERL, ChERBICANL FROLS A
BEHZNIF1SLEFHOTVWET. £, BRVISEAFNS
EMEEDHHBRIIHHMEET 70, KERADEFEERHL
TLET.

ETZE, BEF B BE-HRTZRCORMERICEREZE
WS NBFIRNFEAHF TT. FHTIL, CNoTEFIME
BT D3 DDREED, ENENDRICE T HERNLHRB
ICOVWTHMEN B - ERMB L THRNICEBTISHE /AT
FLEBRLTVWET. ZERFEPNERLIEVRZVEDH B
IFEEERL, TOROBIEHEZILTH A TERT.

S A4
B 15% HEF 85%
Employment Entrance into Graduate School
o NEST TR KERAES
RENTLE ETHI— 70 - fAFASR #9115

Graduate courses in the Graduate
School of Engineering or

Employment at companies,
hospitals and research

Features of Education (Undergraduate School)

The Department of Medical Engineering only accepts about
40 new students into its program each year. Our department
is renowned for its unique curriculum with a wide range of
academic fields including medicine and engineering. While
offering our students a variety of practical and interdiscipli-
nary programs, we also strongly encourage our students to
advance to the graduate level and expand.

Medical engineering has an interdisciplinary academic nature
with a foundation in technologies such as electronics, infor-
mation science, imaging and mechanical engineering. Three
systems -- electronics, information and mechanical - form the
foundation of the department. On this foundation, we provide
an education program that allows students to efficiently learn
fundamental subjects in each of the three systems as either
required or priority courses. Our students can choose one or
more systems according to their interests. Our department’s

unique education system enables flexible course selection.

R Artificial Systems Science
institutions Y
AFE
Fourth Grade
EEMRZTVRAHEZRR
Develop expertise in
— raduate research — N

SV ERHEES & R EN R

REE DB EUS AT

PEREL 3FE EFH ,

Bl4E Third Grade e EESED

SRR N i ] Efi‘f% Information systems

-BHEARIR BEFMEOR VA - K2 B r—

i Acquire knovvleg e and skills in T iormation theory

BZEHE q Iedge ¢ HiEsH EswER

specialized field Numerical computation Signal processing theory
On Study within FA IS ERILE F—AEL I IV L
. Digital i ing Data struct d algorith
—the»JOb Other departments Igital Image processlng_‘a ructure and algorithms
L . TOIFIVIER

training and faculties Programming

+Technology +School of

companies Medicine

«Affiliated A 74N E A4 >e +Faculty of

hospitals %ﬁi}@%lf’%@ %%ﬂ;ﬁ%—?—/)\ Pharmaceu

- . . -tical

Welfare Acquire basic knowledge | sciences B

+Research in each field +School of Circuit theory

institutions Nursing Measurement engineerin
«Faculty of sz S 4‘—%{1&?1&
Science oo ol emiconductor

Biological and physiological N
'Deparf(ment E engineering 8 properties
of Design EERS BREFEA
Medical materials ! tEle_ctrical and !
3T DERIBILHIED p-8it . cecroni nessrner
— Materials, design S CABMIY
Build solid k led and manufacturing Applied electromagnetics
— uiid sond knowledge EBEBLUNS EFE
foundation for future study Operations and mechanics Electronic circuits
KR BF%R

DAEEHE / Small-group instruction

< FEHBEDORN >

Undergraduate Education Flow and Features

MEDICAL ENGINEERING

Mechanical systems Electronic systems

< FETOHEENB DA >
Examples of Undergraduate Lecture
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Professor

M4 (%%%) / Ph.D. , M.D.

THILBRAEIE, EREBARIERE, T FRILUVNEFE S -3
VRN B — S atF i, FYRES T L, EORERE

Gastroenterological surgery, minimally invaseive surgery, sentinel
lymph node navigaion surgery, near-infrared fluoresence navigation
surgery, drug delivery system, cancer immunotherapy

EFRSEERE 7O
(O—%#H—NRE—37)

TSI
(ESER)

General appearance of NIR irradiation experiment after administra-
tion of liposome contatining an immune activating substance.

MRRE

FMATRILF—T /N ZOR R
ERECARCARICE VTERAINA N\ R—-5—>—> )
HKECBERAEREBEORE T ZTEERCFrET—
>avR IR L, THMEHAIS SO RRRE R IR
TV, FHEBFMROEERRFEEOR RN ICRI LRSI,
REBHBOEBAEOREZIT>TVET.

EFRNEI R —LERAVIEDHRNF
RERADERIVRE

UVBEED SHEMINDURY — L, ZOREICEDUV /SR
ICEDIAFNCT VWEEZES T2 EDHASMCINTVE
T EI, AVRY T VI U REDRFRNEAERERS
LIURY — L, BRSO RS L DB E B R EHE
TBHIEHHSNTVET. DO NIGARNEHERERS
LIcURY — LICREEHIMEZRNDAT 3% LT, AR
YRS AR A LIRSS ) VB OREARETTHEICT 35
WIRE S 2T LORFEIT>TVET.

MEDICAL ENGINEERING

Straight Blade Curved Blade

Analysis of cavitation of ultrasonically activated devices using
pressure measurement film

Study Contents

Analysis of surgical energy devices

We have been analyzing engineering properties and those
bilogical effects of various sugical energy devices. Espe-
cially, detour current of the bipolar vessel sealing systems
and cavitation generated from ultrasound activated devices
have been revealed to cause serious biological damages.
We propose optimal usages of these surgical devices based

on our experimental data.

Development of a photodynamic immunotherapy of
cancer-metastatic lymph nodes

Liposomes composed of phospholipids have shown in-
creased accumulation specificities into the lymphatic sys-
tems, and liposomal formulation of Indocyanin green (ICG)
has been known to produce heat and reactive oxygen spe-
cies with irradiation of near-infrared (NIR) light. Liposomal
formulation of a ICG derivate containing immune activating
substances has been designed to induce anti-tumor im-
mune responses in metastatic lymph nodes with NIR light

irradiation in our laboratory .

o7



ERAF - DHERTF

AIRIEC RN Z A VW TEE OSSR, KB 7a
DAA=I VT ELVEHRAZTIAEZRELTVET. oL
ZIE, BEOFRZF A LICBERREMEDFR, OCTZA L\
WM ERSDRE, SY RN eF A LIEBREO DT
BEEITOTVEY.

VILFE—HIEFREIZE

LEEDFEHRICIIZ, MRINCTAR Y, BRI AREL )T %48
HEDET REBORFHEHRENITIER, TNICKDZHEE
ZA LT EAHEREEDTUVET.

= A %R - Bl B AR R
Professor SV OBEESCSN QBT — 205, % EIE
3]5] E o= Hﬁ S5 BT R E B LT 0, PR O EHEAS M5 53 LT
oy DT BT LICHEKELOTED, TDOIH DB S E PG

T—2DIIBFHEDAFTEITOTVET.
Hideaki HANEISHI

Mi4:(12%%) / Ph.D.

Study Contents
SRR, DREBRTE, TILFE—LILAX

— 2V, EREGRERNT, BIREER Medical Photonics, Multispectral Image Engineering
Biomedical optics, spectral imege engineer-
ing, multimodal medical imaging, medical im-
age analysis, image reconstruction ment of microstructure, components and metabolism in bi-

We have been studying methods for imaging and measure-

ological body using visible and infrared lights. For example,
we measure oxygen saturation of human webbing tissue and
blood in micro-circulation, capture the micro-structure of
Macroscopic and microscopic quantification and blood vessels using optical coherent tomography, and ana-

visualization of blood flow and oxygen saturation
lyze the characteristics of tumor from Raman spectroscopy.

Multimodal Medical Engineering

In addition to the above-mentioned optical measurement,

o o o we integrate information obtained from macroscopic mo-
Microcirculation imaging device with Measurement device of tissue oxygen

LEDs and a small camera saturation at webbing dalities such as MRI and CT aiming at the improvement of

diagnosing performance.

S0, [%] . . .
2100 Medical Image Analysis, Image Reconstruction
lf’“ We are interested in image reconstruction and image en-
-- 60 o .
hancement of some specific features from a limited number
40
I i of obtained images or low SNR signals using a priori knowl-
. 0 0 - 5 10 edge. We have been also studying the methods for image
Visualization of oxygen saturation of ime (min) L . . .
microcirculation Vascular occlusion test acquisition and image processing for this purpose.

CHIBA UNIVERSITY o8



Our research mission is to offer and support the patients with lo-
comotive issues in the modern aging society by developing novel
supportive and treatable devices. We also collaborate with clinical
physicians such as the Department of Orthopaedic Surgery, Chiba
University, which is staffed by leading clinicians from a broad spec-
trum of orthopaedic subspecialties and is internationally recognized
for outstanding achievements.

Locomotive pain derived from degenerative changes such as lumbar
spondylosis, osteoporosis, and osteoarthritis are the major causes of
theimpaired activity of the elderly. We have been clarifying the mech-
anisms of these pathologies using methods of molecular biology.

We have been analyzing the low back pain patients' propertiesin the
clinical situation using a wearable activity tracker by acquiring subjec-
tive activity data in their daily life to maximize and support their activ-
ities, and also aiming at the development of more efficient wearable
sensors/devices.

We aretrying to make lumbar fusion surgery lessinvasive by targeting
the surgical site using neural MRI diffusion analysis to quantify pain
and refining the surgical procedure by inducing novel intraoperative
navigation system combined with AR/VR/MR.

We have been developing a diagnostic system that differentiates
orthopaedic pathologies such as spinal cord tumor, spinal column
fracture, and spinal infection using Al to provide more accurate and a
faster diagnosis for the clinical physicians.

ERMEREEET L

= LY
1, M: 3 A4 Meniscus, F: A B Femur
ERAEEEREETILICSH T HRE1E

Representative histology of rat osteoarthritis models

BEREFHFNL, \—T735—2ALcFEr—2aY X740
Minimally invasive lumbar fusion surgery on lumbosacral junction

MRI $L R AE EG 2 5 L7
TE AR
(REN:BEEUNTIBERTINTVD)
Quantified lumbar spinal nerve
using MRI diffusion procedure:
Impaired site is depicted as a deficit (arrow)

ATHIEEICED
BRERERER SR T L
Diagnostic system to differentiate
spinal cord tumors using Al

MEDICAL ENGINEERING

Prid A

Sumihisa ORITA

(R, Bt (T2%) /
Ph.D., M.D., M.S.

EEERRTRIRT, EBer > 2T, Fl
FET—Sar, BRARAIR

Pain pathology, Sensing locomotive
properties, Surgical Navigation,
Orthopaedic diagnosis using artificial

intelligence

BHHERBIVRREEABEC L TER T2 EMEET, Bak
HRICBRALLRARICE WS MG ICH S ES B ORFIEZ LRI L
BREFINARLE CRARDGEIE S AT LMK ZEC TRADE
EHHRICBITIREDRETHIEREMERZ T R—FLET.
FEAFEMARBECLEE I TRE-TABEIFMARE
HoleEZRDET.

EENZRREORE R B HERIRDEME P BHERIE, 2 TR - IR
FEDEBEFICOVWTEMET L2 AW FEMFRIRERETICEK
DZONIEZARALEY.

RADTor BBt IR E Y — 2 AV EREE OEBE R
TI&, MRIPBMI, (A5 - MU AT LR C DR 2R o £ L1c. &I
BEBIONAZINTA > FBHEE)TILE LTS &, BTl
CEHRETORECRREEFICENLBBERILE SR ERT
EMI BN TEEVRTLRAREZERELET. EHEZLDEMIC
AETETZVITIIIN Y —OBEELBEIELET.

BEUHR I REEREEHEEMZEARICEAL, B2 EEMY
EREBHRLAHSFEERIILEELTVET. KAEETIEIMRICIELS
BADEEFTMHPTEAFEFEHRDOHEZEBRERC linical Anato-
my LabXDEEDEL, COLSBFMOMKIEZIRT 2F R

ERZETPAR/NVR/MRELIBA B O E MR FES —2a> S AT LD
BRZITOCLEET.

BHIEE CEMMA ST CREOER 7%, (RIS ERLTR L2
HRETHSTREICH L, REFBDEAICKDREERISES L TL
SEREGRAIZETZIGAE L, ERERERRE T COaFisi 2 L DdEIC
RN BN AIRRICRDEY.
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—RHRBERRE TIEERI SHEMHzOBE R &AW IC RSt
LEBHEMIPSRHFNTIBER (TI—) OERZAIHIL TS
CTCFHBEZITTVWETH, TODBEFIMmEZEICHIRINTLE
WET. FADIAE TIS, BRFR E RRE D BREHEH SHEMHZD
ARBHETR—DEFEREHERL, SEEBICH T IEE R
OB FERE R, MU T O I OfEfH S B OEBHCETE
Lo OBEIcs T2 TO—0MEXEIZEIZ LT, EED
BT ZRWTAEO D REETHEBOMIR (25, 1815, JE1%-
TIENE, RAE, ZE, BERM, BRI L L) 25 HE Y 258651l
ZRELTVET.

RIFRT =2 RITETI1-0ICIE, SHOERBMOREN
FAIRTY. FIZIE 7 OBEDFMICDOVT ERFICHIT3T
I—1ESOEMEFED S EMBRICH T2 EELS 2 FTET 518
BOESHEITATRREL, £MEROI/OAYEFHED 2 HICIE
BE R CLCRE ZHAATRE R Y AT LZBARLTLET.
NSZER-BADLHROMZEE EELTEML, £EPERTE
IS LR VB F O ESIBIZOmII # BIEL TV ET.

M4:(1%%) / Ph.D.

ERBER, JILFRT—ILiB
FIKEOU, VDI RRAT, (B S LIS,
FERMERE]

Medical Ultrasound, Multi-scale
ultrasonic diagnosis, Physical
characteristics, Signal pro-
cessind, Tissue characterization

CHIBA UNIVERSITY

Tadashi YAMAGUCHI

E®

Zv MFEOEE @250MHz (300pm x 300pm)
Speed of sound of rat liver

RILVF R =)L TOERHT (FiE [m/s])
Multi-scale speed of sound analysis

FERIEIROE BETHM (IR [HERE])
Quantitavie tissue characterization

In general ultrasonic diagnosis, ultrasound waves of several
MHz are radiated into the body from the body surface and visu-
alization of ultrasonic information reflected from various tissues
(echo) is performed, but its resolution is limited to about 1 mm.
In our research, we observed the same living tissue by the fre-
quency from several MHz to hundreds MHz band to find the fre-
quency dependency of the intrinsic properties in various tissues
in the microstructure below the cells (micro meter scale) and the
mixture of multiple tissues (mili meter scale). We aim to under-
stand the characteristics of tissue such as moorphology, struc-
ture, activity, inflammation, alteration, acoustic characteristics,
mechanical properties, etc. with a desired resolution by using an
arbitrary frequency band by indexing the property of echo in the
macro structure.

In order to realize multi-scale diagnosis, it is indispensable to de-
velop numerous elementary procedures. For example, we pro-
posed multiple signal analysis methods to evaluate the scattering
characteristics in living tissue from the propagation characteristics
of echo signal for the macrostructure evaluation. Additionaly, in
order to evaluate the microphysical properties of living tissues,
we developed a ultrasound scanner that can observe the tissue
in wide area by super wide frequency band. We aim to establish
quantitative indicators for ultrasonic diagnosis independent of
equipment and settings through collaboration with a large num-
ber of researchers at home and abroad.



WEARS Soft Robotics for Home Rehabilitation
Towards Individual Soft Robotic Rehabilitation Hand with Full

= MmN = o . Thumbs Function Support
TEEVNEUT—23a> - T 7RBORTA IV RER

IO R 21 + The thumb is important for most grasping functions
EEUNEYT— a3 - PHIERMICSETIZOR Y SRR + For most stroke patients, their thumb funtion is impaired

MEMT-BHRELTCVWETEEIN\E) T3> T 7 ERRE
(U THRE) DREZTIZTIEHR, IHEEMICHEIL, XF
REORE, REBICEDE T BREZRARICEE L/ IRZHE
ICITSWMENHDEY. o, TRZEERE N TH, B2ITTHR
ITNUERDEEA.
ZNOZHIRT DI, WREOREZORY MIEEH T HEHK
T —TEAIL, MET 2 ENTI OV TEAM, £ —1ER
Do, MREORRE, HEEEZHICH ITDREEDTL, IBEY
BEIN A VR T T — R, T5IC, EERIEBETH, BB O E% ; %
HoT WREERRITHR— BV INTIOFaT—FIRFL  Totestdifferentgasping functions To design and assemble
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To design and control soft actuators

Study Contents

Robotics fundamentals and application technology for home

Sensing technology : Active mobile System intergration : Care support depending

rehabilitation and care support sensing for home monitoring on the receiver s intention and desire

We have been studying and developing robotics fundamental and
Gl

application technology for home rehabilitation and care support. | o T ® e

It is necessary to detect the intention and states of the target per-

A . . Behavior monitoring case study : modelling and
sons of home rehabilitation and care support for their ADL, nonin- real-time anaysis of medication behavior
vasively, without any constraint to them, and support them with

their needs and intention, while respecting their autonomy (inde- Professor

pedency) the most. Moreover, the safety during the support is also rFe.
a critical issue. N ({ X{E

To meet the requirements, we have been developing mobile

sesing technology, in which multiple non-contact sensors are Wenwei YU

cauined on 3 mobil robot t capture the nformation o the tr- ﬁ+(T?’)ﬁ+(mf)/PhD ...................................................................
get persons. We have been also studying the interface technology

to use the sensor information for anlyzing detected information 0 5

of their intention and states for their ADL . Furthermore, the soft
actuators that could support the target persons in a safe way with
inherent viscoelasticity, even in the home environment.

The concept validation, and prototyping of the key technolo-
gies have been finished. We have been cooperating with the
rehablitation, and care facilities to perform preliminary evalu-
ation and verification. Based on the feedback from these facili-

ties, accuracy and safety of the key technologies will be further

improved integrated.

MEDICAL ENGINEERING n



Professor

A BE

Masahiko SUZUKI

(%) / Ph.D. , M.D.

B AR, NTEIE, £ Akl £ 0%,
ENERRAT, BE R, BIRERE

Orthopaedic surgery, Artificial joint, Biomate-
rials, Biomechanics, Motion analysis, Utrason-
ic microscopy, Finite element method

Development of diagnostic and therapeutic
instrument for joint diseases

Research focusing
+ Biomaterials and biomechanics in the orthopaedic field
- Analyses of cartilage, menisci, bone

Pin on disc test
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image of human
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Study Contents

In orthopadic fields, joint arthroplasty is the major treatment
for the patients with osteoarthritis and rheumatoid arthritis. We
have been advancing researches focusing on biomaterials and
biomechanics of cartilage, menisci, and bone. Finite element

method has also been used in our study.

Recently, carbon nanotube (CNT) reinforced titanium alloys
and carbon-doped titanium oxide (Fresh Green) process of tita-
nium alloys have been developed to achieve better mechanical
property. The tribological behavior of them was examined in
the study. Pin on disc tests were carried out to assess the tribo-
logical response of ultra-high molecular weight polyethylene to
SP700, CNT SP700, Ti6Al4V, CNT Ti6AL4V, carbon-doped titani-
um oxide Ti6Al4V, and CoCrMo. The wear volume of the Ti6Al4V
was totally equal to that of the CoCrMo. The wear volumes of
CNT SP700 and CNT Ti6Al4V decreased to three fourths of that
of the Ti6Al4V and the CoCrMo. The wear volume of the fresh
green-Ti6Al4V decreased to one half of that of the Ti6Al4V and
the CoCrMo . Hence, Fresh Green-Ti6Al4V might be a good can-

didate for sliding surface material.
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Study Contents

Elucidation of mechanisms of sensation, perception,
and cognition in humans using non-invasive methods

We have been studying perception mechanisms of humans, mainly
audition, using various techniques; non-invasive neurophysiological
measurements, psychological measurements, physioacoustical meas-
urements, and numerical simulations. Furthermore, we have been ap-
plying knowledge and information obtained in the basic research on the
perception mechanisms to developments of medical and welfare devic-

es, optimization of audio-visual environments.

Elucidation of bone-conduction mechanisms and its appli-
cations to welfare, medical and communication devices

Bone-conduction has been used for not only hearing aids for the conduc-
tive hearing loss, but also used as various communication devices like
headphones without covering ears and specialized communication tools
for high-noise environments. Furthermore, bone-conducted ultrasound
up to 100 kHz can be perceived by the profoundly hearing impaired as
well as the normal hearing. We have been trying to elucidate the per-
ception mechanisms of bone-conduction and apply it for welfare and
communication devices; smartphone and microphone for high-noise en-

vironments and a novel hearing aid for the profoundly hearing impaired.

Optimization of the audio-visual environments using psy-
chological and neurophysiological data

To optimize our living spaces, it is essential to assess subjective impres-
sion objectively and precisely. We have been developing comfortable and
value-added audio-visual environments using psychological and neuro-
physiological data. Furthermore, we have been developing a brain-ma-

chine interface technique to evaluate comfortableness automatically.
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In order to reduce the burden on surgeon in laparoscopic surgery, we
propose a surgical navigation system using augmented reality tech-
nology by projection. We also propose a novel medical imaging device
named "trocar vision" that incorporates a small camera in a trocar's
tube used in laparoscopic surgery and we have been developing it for
practical use. This enables laparoscopic surgery while observing inside
the body cavity from a multidirectional viewpoint, and it is expected to
improve safety and accuracy.

Currently, auscultation training in medical education has been mainly
conducted using mannequin type devices, but it has a cost problems
such as expensive and large space requirement. Therefore, we propose
an augmented reality auscultation training system named 'EARS' which
reproduces arbitrary heart sound / respiratory sound by touching a vir-
tual stethoscope onto a healthy person's body. This can reproduce vari-
ous pathological conditions for effective auscultation training.

Although the tongue changes variously, reflecting the health condition
of the whole body, objective recording methods are not established.
Therefore we propose a tongue imaging system named 'TIAS', which
quantitatively and stably records the tongue color, shape, wetness
and so on. Beside that we established a database of tongue color and
Kampo findings and constructed a diagnostic support system that es-
timates Kampo findings from a tongue picture using machine learning
techniques. In addition, we have been conducting research on cerebral
aneurysm detection by automatic processing from MRA images, and au-
tomatic detection of lesion sites such as metastatic cancer and cysts that
occur in the liver from CT images.
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Medical Image Processing, Surgical
Navigation, Computer-Aided Diag-
nosis, Medical Training Simulator,
Biomedical Measurement

CHIBA UNIVERSITY

HEERIBEAVEEZ RS X T LLEARS

Educational Augmented Reality Auscaltation System

EIRCARMNT S AT LTIAS
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Projector-based Laparoscopic Surgery Navigation

RRFABFMICH T B EORIBZERTSDH, TOTTI%2
RN K BIERIF R R M Z AW ERR R AT LZIREL
TWVWEY. FARBARFHTHLSNZ FOA—ILITNEE A X
SERHPAARLEEH LVERRBAXASTAXSHES O/l %
REL, EAMLICAITIAEZEDTVEY. ChICKDEERZ
ZHARATHRELGD S ORRFEARFMONATREROT 2N
A PR TEET.

R, EFHEICH IT2RZ ORI EICTRFREEHLED
NTVETD, EEDN DRI BANR—RZET 3R EIXDORE
HRZITY. MAT BRI BB LORRRBLER TINYR
FUARBIERAEOIMELN TEIELA. TCTREBERCE
BEIL AMETHELRERZSEZE T3 TERDLE:
RS EBEL, A RKFEZBIRTEAIRREAEZ IR
AT LEARSZIRELTWETY.

TIELBORBREZRMLTHRRICELLETH, BERNLEER
FERABISNTVELA. ECTEOE, R, BHEARCEZTEE
WM DORELTERIRT DFERIBE X TLTIASZRELTWVE
T EWDEFEMIEEZNRICHEMERZEML, EELEHFAR
DTF—BER—REBRELELIL. ZOT—ERX—=EITHREE
Btz AVWCEEENSEAFMRZHE S 2L MEE AT LE
BELEL. ELONCOIMERE O R EAR R = B L TMRAEIR
H5 D BENLIRIC &2 UENARSE R A ICBE Y B HAZEX0, FHRRIC 3
ELIEERDAXERL COREEUZCTEESN S BEIEHTS
e A kR REREZ T IBICRE T SRt AED TV ET.



YTV ORICEDFRARNBEE DR

IEEOARIFEMTIE, ARRIET A, By b WoTe &S HUFTSD A
WONTEBELITTERS BRARPBE ERAEVIREBR Y
DODVDDBZTRILFE—FTNAIDNZHITNTUVET. CNS5OMHERIE, W
THOHERECERBB = RICNEL, Y15, (L, MEBEETSD

ELET. ZTT, TNBSEBRING RAVORTRILE— R
FLOWIRILF—T NI ZXOMFEEESTVET. ERI, BIFEL7cLbm
RARAVOBEIRILE—TNARZEY (T5) TOUBICAVWTWVS L
CATT(A). COMBTIE, HEQOHMSICT/NTRERLLTTRTY
DRI RILF—ZRE T BT, ®PHRLEMAFIRET LT (B)~(D).

ANEICHITZERR TRV —RINE T

IEETIE, AX—F 742027 Ly MR A EOF LUVMEHRIRIHEHR A
ERLTVWET. £, ERSHF COERERMOF AIEATVET.
ZLTHARADILADS, TNSIE, RAICBRST/NEXEIREDFIAL,
TSICIFRRTERDEHKICEESNIBRIHDFT. 22T, EHiL
AZRRE N IBIRBEMZIHIE L AT, SR EBBEBAGE
TILTEIA)ZFFL, Che UV THRA IR T T BRI IR EE 25T
ZESHTETEL. (B)IF, HRZEDRENGEETH T Ly aYEa—%
ZfERALIBORIBTOEREBREETMET SO DETETIL, (C)
I, 3ERA 4 DMRI (Magnetic Resonance Imaging: BE At IRESR1LE)
BEROBREBEETHEE T SO DB ETILTY. I5I2(D)I,
COROERKRERTMERO—FITY.

Study Contents

Development of microwave energy devices

In recent surgeries, not only conventional devices such as scalpels,
scissors etc. but also energy devices such as electrical scalpels have
been used. These devices heat biological tissue to a high tempera-
ture for incision, hemostasis, and inosculation. However, they have
some problems to be solved. We have been developing energy de-
vices by microwave energy to solve these problems. Upper Fig.(A)
shows a scene of using developed microwave energy device for sur-
gical treatment for a swine. In this operation, it was possible to stop
bleeding promptly (B)-(D).

Evaluations on electromagnetic energy absorption of human body
The electromagnetic (EM) technology is used in new portable wireless
terminals and is also employed in medical field. We have developed
realistic high-resolution whole-body voxel models of pregnant wom-
an with the National Institute of Information and Communications
Technology (Lower Fig. (A)) Based on this, we have evaluated EM ener-
gy absorption under various scenarios. (B) is the analytical model for
evaluation of the EM energy absorption at a fetus in which a pregnant
woman uses a tablet-type computer near the abdomen. (C) and (D)
show analytical model to evaluate the EM energy absorption of a preg-
nant woman during a Magnetic Resonance Imaging (MRI) and an ex-
ample of calculated EM energy absorption distribution, respectively.

MEDICAL ENGINEERING
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Research and development of medical imaging modality
and phantoms for quantitative measurements

* Development of magnetic resonance elastography and tis-
sue-simulating viscoelastic phantoms

Magnetic resonance elastography (MRE) is a noninvasive imag-
ing technique used for the quantitative measurement of biome-
chanical properties. To improve the quantitative precision and
spatial resolution, we have been developing an external vibra-
tion device and pulse sequence with inversion algorithms for
MRE systems. To compare the viscoelastic parameters between
different elastography systems and to optimize imaging param-
eters, we have been developing tough and stable tissue-simulat-

ing viscoelastic phantoms.

* Assessment of shielding materials for add-on positron emis-
sion tomography prototype

We have been developing an add-on positron emission tomog-
raphy (PET) system that is composed of a magnetic resonance
(MR) radio frequency (RF) coil integrated with depth-of-interac-
tion (DOI) PET detectors, in collaboration with the National In-
stitute of Radiological Sciences (NIRS-QST). In the proposed sys-
tem, PET detectors are located extremely close to the MR RF coil.
To reduce the electromagnetic interactions between the PET de-
tectors and the MR RF coil, the PET detectors should be covered
with conductive shield boxes. In this research, we validated that
carbon fiber is effective as a shielding material in terms of the

signal-to-noise ratio and eddy currents.
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Since a battery is not mounted on the RFID tag, all electric power nec-

essary forcommunication is covered by electromagnetic wave energy
from the reader. Therefore its useful life is extremely long, and it is pos-
sible to reduce the size and weight. Utilizing these features, we have
been developing a system that notifies when to change paper diapers
by applying RFID, a system that detects self-removing of intravenous
drip (IV) needles, a monitoring system of infant posture, a manage-
ment system of steel surgical tools, etc.

Cardiac pacemakers, defibrillators, blood sugar level monitors, cap-
sule endoscopes, and the like are used to gather biological informa-
tion using a human body implantable medical device for early detec-
tion and treatment of diseases. Since these devices are in the body,
they always have power problems due to size restrictions. Capsule
endoscopes are required to have a higher resolution of captured im-
ages, multiple numbers of images, etc. Moreover, additional functions
such as attitude control, medication devices, etc. are being studied.
We have been studying wireless power transmission for devices in the
body to supply power.

For monitoring and in-vivo wireless power transmission, devices that
are attached to the body and communicate with the outside and pow-
ertransmission pads are required. For these, a flexible wearable device
that fits the body and does not hinder movement is required. Also, a
flexible sensor applicable to nursing bed etc. is required. We have been
researching on sensors and clothing using conductive cloth.
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Ultrasound and near infrared fluorescent dual imaging have been de-
veloped. By a combination of near infrared fluorescent with higher
resolution and ultrasound with better penetration depth, we propose
an imaging method for visualizing vessels near surface and in deep-
er tissue. We have developed the contrast agents which can work in
both imaging methods, in particular, fluorescent nanobubbles for im-
aging of lympha system(lympha vessels and lympha nodes). Nano-
bubbles based on liposome have internal gas as ultrasound contrast
agents and indocyanine green derivatives is supported to the lipid
bilayer membrane. The ability of contrast agents was confirmed by
using clinical equipment.

By using a scanning acoustic microscopy, we analyze 3D distribution
of acoustic properties of tissue, such as speed of sound, attenuation
and specific acoustic impedance in microscopic level. For the ultra-
sound and near infrared fluorescence dual imaging, we have collect-
ed the data of skin and subcutaneous tissue in collaboration with
medical researcher, aiming to understand the properties relating to
acoustic scattering of tissue. The knowledge gained from the data will
enable us to optimize the setup in ultrasound and near infrared fluo-
rescence dual imaging and help improve the signal processing.
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Study Contents

Biomedical informatics based on ultrasonic measurement

In ultrasonic measurement, the target/region parameters of the posi-
tion, structure, and physical quantity can be obtained from the wave
information of the propagated ultrasound. We study to establish the
biological and diagnostic information from the obtained parameters.
In current research projects, evaluation of a disease stage of diffuse liv-
er disease using ultrasound B-mode images and bone assessment of
calcaneus using ultrasound propagated in the heel are studied.

Quantitative diagnosis of liver fibrosis in diffuse liver disease
Diffuse liver disease is a disease in which inflammation, necrosis, and
regeneration of hepatocytes are repeated due to alcoholic hepatitis,
viral hepatitis, and hepatic steatosis. This disease then causes liver
cirrhosis and hepatocellular carcinoma. In this research project, we
investigate a method for quantitative evaluation of liver fibrosis from
the contrast of ultrasonic B-mode images or the response to external
vibration.

Non-contact bone assessment using airborne ultrasound

In ultrasonic bone assessment, the bone quantity is estimated based
on the speed of sound or frequency characteristic of attenuation in
the cancellous bone. In the typical devices, the both sides of heel are
firmly held by ultrasonic transducers. Therefore, the estimation may
not be possible depending on the size and shape of the heel. In this
research project, we investigate a non-contact method for bone as-
sessment using airborne ultrasound passed through the heel.

MEDICAL ENGINEERING
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Study Contents

Image registration for pathological image

Pathological image is one of the image modalities that provides mi-
crostructures of the tissue. In recent years, analysis methods combin-
ing with other imaging modalities have been developing. However, to
combine an information from some image modalities, accurate image
matching method is required because image acquisition conditions
are different. One of difficulty to combine the pathological image is
that spatial resolution of it is very high and there are more voluminous
information than other image modalities. We have been develop-
ing image processing methods that extract helpful information from
pathological image and analysis methods using extacted information

from some image modalities.

X-ray image processing considering with body motion

X-ray images have been widely used in the clinical field because X-ray
imaging device is easy-to-use and provides real-time images. Howev-
er, efficient utilization is greatly needed because too much acquisition
time lead to radiation- or agent-related side effect. In case of digital sub-
traction angiography (DSA) for the thoracoabdominal organ, breathin-
ng provides image artifact on the DSA. In general, to suppress the arti-
fact, the clinician requests the patient to hold his/her breathing during
image acquisition, but some patients cannot hold their breathing. Thus,
we have been developing image processing method to make DSA with-
out breath-hold and confirmed that the proposed method provides
acceptable images. To apply the proposed method in clinical field, we
would like to improve and validate the method in future.
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Surigical robot design optimization method using user’s operability

Study Contents

Simulation based mechanical design method for surgical as-
sisted robot

In recent years, robot technology has been required to apply the dif-
ficult surgery, but the robot can only be used in a limited number of
clinical cases. This problem is caused due to difficulty of use of the ro-
bot for users. In our study, we proposed a simulation based mechan-
ical design method of surgical assisted robot. And we also developed
an optimization method of the design based on human operation and
operability evaluation for assistance in order to apply the developed
robot to clinical case rapidly. As one of our on-going collaboration
with pediatric surgeons, we have been trying to evaluate the mechan-

ical design of forceps manipulator suitable for pediatric surgery.

Sheath-shaped surgical robot system for assisting surgical
workspace creation in WaFLES

Minimally invasive surgical techniques have been continually being
developed to reduce the invasiveness of various surgical procedures,
patients’ postoperative pain, complications and hospitalization time.
Water Filled Laparo-endoscopic Surgery (WaFLES) is a new surgical
technique and is performed with liquid in the abdominal cavity. For
realizing both a stable creation of surgical workspace and manage-
ment of the floating organs, we proposed sheath-shaped robotic
manipulator to create a surgical workspace like a retracting tool. As
one of on-going task, we have been developing the sensing system to
manage the floating internal organs for supporting the surgical work-

space creation safety.
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It has been known for many years that some listeners with normal hear-
ing report difficulties in understanding speech in noisy environments.
Currently, this syndrome cannot be diagnosed by conventional clinical
test batteries and is called obscure auditory dysfunction. We have been
trying to elucidate its mechanism using various techniques: non-inva-
sive physiological measurements, psychological measurements, and
computational simulations. Further, we have been developing audito-
ry diagnostic tools based on knowledge and information obtained in
the basic research on the mechanism of hearing disabilities.

Excessive noise exposure can cause temporary hearing deteriora-
tion as well as permanent hearing damage to the cochlear, which is
known as noise induced hearing loss (NIHL). It has been known for
many years that the susceptibility to noise induced hearing loss var-
ies substantially between individuals; individuals with ‘tough’ ears
are more resistant to acoustic overexposure, whilst individuals with
‘tender’ ears are more vulnerable. We have been investigating the ef-
fect of excessive noise exposure on auditory function and evaluated
its inter-individual variations using various non-invasive physiologi-

cal measurements.
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Image diagnosis support system by using Artificial Intelligence
We are developing an automatic diagnosis support system which
can detect diseases from the CT images and X-ray images. In recent
years, image diagnosis has been required to apply to the emergen-
cy medical field because the medical image diagnosing device has
been improved. Especially in initial medical care, accuracy of detect-
ing diseases is the most important to decide the treatment policy
and dissection choice policy.

Therefore, we aim to create a new image diagnosis support system
by using artificial intelligence such as deep learning. This system can
reduce the doctor’s burden in the emergency and difficult situation.

Automatic generation method for visual inspection software in-
spired by human implementation approach

We proposed a method for automatic programming of inspection
image processing system called "Image Processing Network Pro-
gramming (IPNP)". IPNP selects an appropriate image processing
command based on some characteristics of inputimage data and his-
tory of information processing. It is verified from experiments that the
proposed method is able to create some inspection image processing
programs. In addition, we propose a new IPNP inspired by human
implementation approach. This approach realizes more accuracy, ef-
ficiency and accountability. This method was useful forimage inspec-
tion in the manufactural field. In the future, we aim to apply it to the
medical image processing and diagnosis support systems.

MEDICAL ENGINEERING
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Our lab is in charge of design, prototyping and preclinical test of the
new medical devices and systems based on the result of the research in
CFME. Testing the effectiveness and clinical safety of such devices and
systems are indispensable. It is extremely important and efficient to
perform the process of the design, prototyping, and clinical application
within CFME in order to promptly translate the results of advanced re-
search into commercial products. It is possible to consistently perform
from design to prototyping of medical devices by using NC machine tool
and CAD/CAM software etc. in our laboratory. Moreover, we develop var-

jous software including medical image processing.
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Organ 3d shape built from laparoscopic image
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lam engaged in design and development of rehabilitation and medical
devices. For example, in developing the shoulder prosthesis, design
methods are studied to achieve well-balanced properties between the
working range, output force, lightness and safety of the prosthesis by
kinematic and dynamic approach. Then the prototype is developed
based on the results. For the efficient motion of the prosthetic arm in
the range defined by measuring activities of daily living, kinematic,
static and dynamic analysis are performed. Furthermore, the mech-
anism of the prosthesis is optimized by using the above properties as
evaluation indexes. This design method can be applied to other devic-

es other than the prosthesis.
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Our main task is software development as well as WEB site develop-
mentand server management. Forexample, in software development,
we have been developing a surgical support system that operateson a
desktop PC, a surgical tool training application with tablet, and a data
acquisition system with microcomputer and sensor system, etc. In the
research, we specialize in image processing. In the past, we developed
ultrasonic image overlapped on laparoscopic image in real time. Re-
cently, our ongoing research topic deals with stage discrimination of

diseases with deep learning.
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