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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 staff of De-
partment of Medical System Engineering
into CFME to comprise 19 full-time staff
members in 2013. After these reorganiza-
tions, one of pivotal projects successfully
won special budget of Japanese Ministry
of Education, Culture, Sports, Science and
Technology in 2013. Another project, Mul-
timodal Medical Engineering, was select-
ed as “strategic priority research promo-
tion program” in 2015. Our center offers
excellent experiment environment where
CT, MRI and operating theatre are ready.
Utilizing this rich environment for promot-
ing research projects, our staff members,
together with students in Department of
Medical System Engineering have been
pursuing cutting-edge medical engineer-

ing technologies.

CFME has been promoting collabora-
tion projects with various departments,
institutions and industries at home and
abroad. As aresult, we have accomplished
technical transfers and have succeed-
ed in putting several medical systems or
devices into practical use such as image
processing modalities equipped to en-
doscope or ultrasonography, microwave
antenna for thermotherapy, needle folder
for training laparoscopic surgery, etc. We
will further accelerate our research pro-

jects for the practical application of our

research seeds, while keeping challenging
the frontiers of the medical engineering
field. In addition, we will strive to function

as a world-class research hub in this field.

In a super-aged society, the issues of com-
munity medical care, welfare, and caregiv-
ing are becoming increasingly important.
Our mission lies in contributing to health-
care, including all forms of medical servic-
es, welfare and caregiving services, and
their coordination, by advancing our re-
search projects beneficial to both health-
care receivers and healthcare givers in the

society.

We also welcome researchers around the
world who can share the passion to bring

about innovation to medical engineering.
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Center for Frontier Medical Engineering
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Prototyping and Preclinical Research Laboratory

FRZEHERS
XREF

ﬁﬁ-ﬂa = External Research
/T HeY = Institute or
Technical staff Company
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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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Educational Philosophy
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Chiba University Science Park Center
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transfer students)
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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.

BRIF
BRI
Information
Engineering «
Image Science

HERES
Fundamental
Medicine

BRPRE

Clinical
Medicine

HEBEAU
Social
Welfare

B IF
Mechanical
Engineering

Electronics
Engineering

<EIFI—RELTOFEE AR ER >
Medical System Learning and Research Systems
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Features of Education
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TRBLTVET.

CHIBA UNIVERSITY

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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ET¥E, BF ER B #RIF 0L ORMERICEREE
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S R4
$REE 15% 1EZ 85%
Employment Entrance into Graduate School
3. EREEE. THZTHES RERANESE
BENTLEE ETH0—2 K70 - tAFAZR $15

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.

institutions Artificial Systems Science
atEsE
Fourth Grade
RERR LT VAN ZEIE
Develop expertise in
— raduate research N
SRR & fEpR I FDER
TOFE DEAHEUSAIRE
PRED EFE 1
aTae e EEERN
e CEE .
SRR o e B Information systems
BB HPIEOF VA - RiTEEE ‘%%j{ . R
L Acquire knovvleg e and skills in T ey
BZEHE q Iedge ¢ HiEsE EsnEs
specialized field Numerical computation Signal processing theory
On Study within o ?«lyanmm . ;—amﬁzwg»:lrux?
. igital image processin, ata structure and algorithms
-the-job other departments & &L mi’- - &
L . e
training and faculties Programming -,
+Technology +School of SRTLGHETE Computers
companies Medicine System control BETSES
- Affiliated BABFOER IS 523 -Faculty of engineering Crarara
hospitals i " Pharmaceu ERERHETS communications
“Welfare . . tical Medicalimaging ing engineering
facilities Acq ulrf% basic khowledge Sciences equipment engineering FeSLILER g
“Research in each field ii?:i(;lg()f sHAT# Digital circuits  Circuit theory
institutions Measurement engineering,
«Faculty of PO ERREEXR HFEAEYE
Science Biological and physiological I’;;rod"('ft'oln Semlconrdtyctor
+Department engineering i me dlca properties
of Design o levice industry BETTHA
Medical materials ! tEle'ctricaland .
B 3 b7t et XAPO=HRTE electronic measuremen
El )\T;&)@E%E’J & mjjﬂ;o ﬂgeii é’ﬂ;,[g? Mechatronics engineering SRERTS
Build l'dT( led and manu%acturing Applied electromagnetics
L uitd solid knowledge EBEEUNS 7O

foundation for future study

DAEEHE / Small-group instruction

< FEHE DM >
Undergraduate Education Flow and Features

MEDICAL ENGINEERING

Operations and mechanics Electronic circuits

TN

Mechanical systems

Bf&R

Electronic systems

< FETDOHEEANB DA >
Examples of Undergraduate Lecture
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Study Contents

Robotics fundamentals and application technology for home
rehabilitation and care support

We have been studying and developing robotics fundamental and
application technology for home rehabilitation and care support.
It is necessary to detect the intention and states of the target per-
sons of home rehabilitation and care support for their ADL, nonin-
vasively, without any constraint to them, and support them with
their needs and intention, while respecting their autonomy (inde-
pedency) the most. Moreover, the safety during the support is also
acritical issue.

To meet the requirements, we have been developing mobile
sesing technology, in which multiple non-contact sensors are
equiped on a mobile robot to capture the information of the tar-
get persons. We have been also studying the interface technology
to use the sensor information for anlyzing detected information
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.

CHIBA UNIVERSITY

EEUNEVT—=23 - 7REORTa OV IER-

I B i

EEUNEUT 23> T T7ZEEMICIGA TSI 20 Ry MR
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REDER, REICEDLET, BEERARICEE L IBEFHER
ICIToRMEBELRBDET. /o, TEEEETRE N TH, Z2ITHAE
ITNUERDFEEA.
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Vo —THAIL, RETBENTIL O VIR, o — B8R
Mo, MREORR, HEEFEHICE T 2REZDIL, BIET
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Soft Robotics for Home Rehabilitation
Towards Individual Soft Robotic Rehabilitation Hand with Full
Thumbs Function Support

+ The thumb is important for most grasping functions
- For most stroke patients, their thumb funtion is impaired

L

To design and control soft actuators

Mark 1. Warburton, 2012

o=
R

To test different grasping functions

To design and assemble
soft robotic rehabilitation hands

Roborics for Home Care Support
Towards Home monitoring and care support

Sensing technology : Active mobile
sensing for home monitoring

System intergration : Care support depending
on the receiver s intention and desire

Ta-mE
a3} e
=)

Behavior monitoring case study : modelling and
real-time anaysis of medication behavior
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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.

ERR

L BB E T L

s b -
TP # tibia plateau, M: 3 B & Meniscus, F: 2B Fe

ZRMBEEAEETILICEITBHE8K
Representative histology of rat osteoarthritis models

BREBHEFNL, \—T73I5—2BVcF T —2a> T4
Minimally invasive lumbar fusion surgery on lumbosacral junction

~
ATHIEEICED
BRERERER S R T L
Diagnostic system to differentiate
spinal cord tumors using Al

MRI $E B GRAE EG 2 5 L7
E R
(REN:BEUNTIBRTINTND)
Quantified lumbar spinal nerve
using MRI diffusion procedure:
Impaired site is depicted as a deficit (arrow)

MEDICAL ENGINEERING

Prid A

Sumihisa ORITA

(7, B (%) /
Ph.D., M.D., M.S.

EENIRETRRT, EEhER > Y, F il
Ter—say, BEARAIR

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

intelligence

BUKRESHIRERERARE L LTGEET 2 UMEETIE, B
HBICEALLLBERICEWVWT IEICHESESRORF UL Z BT L
BEREFMUAERRCRARDABESIE S AT LRRZE L TCRRAOEB
BRI RBEDBEETHIBREDERE Y R—NLET.
TFEAZEEANBAE L LEET I TRAE—TABEIEMERE
FOEEEZRDFT.

EENZRAREORE R B HERROEME P BHERE, R TR - REEH
FEDEBHFICOVTEMET I ZR VD FEYFRRERETICE
DZONIEZRAL Y.

RADTor BB st IR E Y — 2 AW EREE OEBERIT
T, ERPCBMI, (7 B2 CIER C DHERZERO KL SRIE
BEBIONA2ITA > EFBEE)TILE1 LTS &, BTl
TEFHBEOHEELRRZEAMICRNLLELNE SRR ERT
EHI BN TEEVRTLRAEZEELET. EBHEZLDEMIC
AETETZVIT7S TN —OBEELEIELET.

BB IEFAERESHEEMTARICEAL, REM L HERY
ERERLBNSFRERIILEELTVET. AR ETIEIMRIZES
BEADESTHMHCTEAZERSHROBEIIRB MR Clinical Anato-
my LabrDEELEL, COLSHBFMOMRILEZIET ZF AR
EREZETPAR/VR/MRE LA S LB MR ES =23 S AT LD
BFEITOTLEET.

BREIER CEMEMA ST C RRDER 4 &, (RIS EREL TR L0t
HRETHSTREICH L, REFBDOEAICKDRERISES L TL
SEREGRAIZETZICA L, ERLERR T COaRisi 2L DdEIC
RN BEDAIRRICRD XY,
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EREGLE, ARFHFEr -3y, BRZHE, BRI —=
YU zal—%, EAEHR

Medical Image Processing, Surgical Navigation, Computer-Aided Diagno-
sis, Medical Training Simulator, Biomedical Measurement

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.

CHIBA UNIVERSITY

RRBABRFMICH T BMEORIBZER TS, TOVTIF
—REICFBILRFERRE M Z AV ICERIE S AT LZREL
TWEY. FARBEARFHTHVSNSZ FOA—ILITNEE DX
SEHRARAAREFFLVERBAXSTAASHE Oz
REL, RAMLICAITIERZEDTVET. ChICEDEERNZ
ZHARRATHRELGDSORRFARFMLN AT abR 2N
BEPEEELI AT TEET.

R, ERHBE ICE T IEZ O ICYREFVREBELFED
NTVETH, BEDDOARZIBRAR—REBETZHEIAINDEE
PNRZTY. MAT BRI RELORBHELEETIHYF
FUAREBIIEEMZEOIIEN TEIEEA. ECTRIREE LR
BEIS AMECTHRELREEZSEEZH T3 TEROLE:
WREEBEL, KL AREEZBR TSI SILRFEIIEL IR
AT LEARSZIRELTWET.

TIILBORRREZRMLTKRLICELLETH, BENAER
FERABISNTVELA. ZCTHEOE, R, EHELRCEEE
WO ORELTRERT IEERIBE XA TLTIASZRELTVE
T EHOEFEFIEEZRNRICHAEMRZEML, EBLEAFAR
DT —ZR—ZAEBRLELL. COT—ER—XAEEICERFE
BiizAVWTEEENSEAFMREZHE I LM EE AT LE
BELEL SN D BB O R R R = B5 L TMRAETR
H5 D BELIRIC & B RNENARSEE A ICBE Y BHZE%, FRRRIC 3
ELIERDNAXERE COREUZCTEGH, S BEIEHT S
BZE A CRR R REREZ TSR ICEE T 2SS 2D TV KT

PhaRIRFEEVEEEZ IR S X T LAEARS

Educational Augmented Reality Auscaltation System

BRSBTS T LTIAS
Tongue Image Analyzing System

AXSEFIOA—IL
Trocar Vision

R BRI R T RSB S 2T L

Projector-based Laparoscopic Surgery Navigation
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Speed of sound of rat liver
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Multi-scale speed of sound analysis

Study Contents

Multiscale ultrasound tissue characterization

AR OE BT (RIRGR [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.

Quantitative indexing of ultrasonic diagnosis

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.

MEDICAL ENGINEERING

TILF R — L TORBE KRR IREZ T

— R BB E RRE TR SBRMHZOBE R Z AR ICBE
L EEEMH S RFATIBER (TO—) OBHREATRILTSZ
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Medical Ultrasound, Multi-scale
ultrasonic diagnosis, Physical
characteristics, Signal pro-
cessind, Tissue characterization
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Biomedical optics, spectral imege engineer-
ing, multimodal medical imaging, medical im-
age analysis, image reconstruction

Macroscopic and microscopic quantification and
visualization of blood flow and oxygen saturation

Microcirculation imaging device with Measurement device of tissue oxygen
LEDs and a small camera saturation at webbing

e G : i
P o g 5
B T 0 0 5 10

Visualization of oxygen saturation of Time (min)

microcirculation Vascular occlusion test
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Study Contents

Medical Photonics, Multispectral Image Engineering

We have been studying methods for imaging and measure-
ment of microstructure, components and metabolism in bi-
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
blood vessels using optical coherent tomography, and ana-

lyze the characteristics of tumor from Raman spectroscopy.

Multimodal Medical Engineering

In addition to the above-mentioned optical measurement,
we integrate information obtained from macroscopic mo-
dalities such as MRI and CT aiming at the improvement of

diagnosing performance.

Medical Image Analysis, Image Reconstruction

We are interested in image reconstruction and image en-
hancement of some specific features from a limited number
of obtained images or low SNR signals using a priori knowl-
edge. We have been also studying the methods for image

acquisition and image processing for this purpose.
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microwave, therapeutic application of micro-
wave, evaluations on electromagnetic energy
absorption of human body, evaluations of bi-
ological tissue properties by electromagnetic
field, numerical analysis of electromagnetic field
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).

A B
The electromagnetic (EM) technology is used in new portable wireless D
terminals and is also employed in medical field. We have developed ; 800 High
realistic high-resolution whole-body voxel models of pregnant wom- mjﬁftcf b | 600 I
an with the National Institute of Information and Communications 400 |
Technology (Lower Fig. (A)) Based on this, we have evaluated EM ener- 1 200
gy absorption under various scenarios. (B) is the analytical model for ;}I:g;nr:;l:rmmm o 0 E
evaluation of the EM energy absorption at a fetus in which a pregnant model 200
woman uses a tablet-type computer near the abdomen. (C) and (D) ¢ . TO@; f 400
show analytical model to evaluate the EM energy absorption of a preg- 600
nant woman during a Magnetic Resonance Imaging (MRI) and an ex- 800 Low

ample of calculated EM energy absorption distribution, respectively. fmml -400 200 0 200 400
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Sensory & perceptual information processing, Non-invasive brain
function measurement, Development of welfare devices, Sound
design, Brain-machine interface

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.

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.

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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A=00eIl  Sensory & perceptual information processing, Non-invasive
brain and cochlear function measurement, cochlear modeling

HNEHEEDIHREESHA
Non-invasive Physiological Measurements of Inner-ear Functions
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Study Contents

Elucidation of mechanisms of obscure auditory dysfunction

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.

Assessment of susceptibility to noise induced hearing loss
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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Surgical assisted robot, surgical robot simulation for me-
chanical desgin optimization, operability evaulation, reha-
bilitation robot, respiratory measurement

SHFRS—PETHEIES R T L
Robotic system for forceps-type mini-PET

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.

In the treatment of esophageal cancer, extensive lymph node dissec-
tion maintains the cure rate while increasing postoperative complica-
tions. In a previous study, a forceps-type mini-PET that utilizes FDG
specificity for esophageal cancer and intraoperatively measures it to
identify metastases is under development. It is expected to reduce
the extent of resection due to its real-time performance and diagnosis
that cannot be obtained with preoperative diagnosis. In this study, we
focus on a technique to accurately manipulate the forceps-type mini
PET. We develop a hand-held device that can operated by a surgeon
and a robotic system for intraoperative detection assistance with the

forceps-type mini-PET.
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Magnetic resonance imaging (MRI), elastography,
positron emission tomography (PET), PET/MRI
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* 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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Electromagnetic Wave, Radio frequency identification, in-
body wireless power transmission, biological information
monitoring, wearable - implantable antenna, small antenna
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Study Contents

Medical monitoring system using RFID

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.

Development of in-body wireless power transmission system
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.

Research on wearable sensors

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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Medical image processing, computer-aided diag-
nosis/detection, image database system

TE{%(original image) R (detection result)

FEFBEER LEBXIREEOMEBRR AR (KM FE)
Result of lung mass detection in chest radiographs using deep learning
(arrow: lung mass)

CIRCUSS 2T LCREE LI FIERXIRCT D s ER DS REE
Result of lung nodule detection in chest CT images implemented in CIRCUS
system
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Study Contents

Development of computer-aided detection/diagnosis
(CAD) software

With the progress of medical imaging devices such as CT and MR,
the number ofimages per examination increases yearly. We have
developed computer-aided diagnosis/detection (CAD) software
to reduce the burden on radiologists in image interpretation and
improve the accuracy of diagnosis. We have developed CAD soft-
ware, including lung nodule detection in chest CT images, cer-
ebral aneurysm detection in head MRA images, and lung mass
detection in chest radiographs. We have also been improved the

performance of CAD software by using deep learning.

CIRCUS system

The development of CAD software involves a cycle of algorithm
development, software implementation, clinical use, and refine-
ment of the algorithm and the software based on clinical evalua-
tion. This cycle is expected to accelerate the development of CAD
software. CIRCUS (Clinical Infrastructure for Radiologic Compu-
tation of United Solutions) is an integrated CAD development
platform developed by The University of Tokyo Hospital, and re-
lated research projects aimed to realize the cycles. Dr. Nomura is

participating as a core member of the project.
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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.

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.

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

P 257

Shinnosuke HIRATA
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EREHA, EFRBER, BRMREN, SRE
TR
Ultrasonic measurement, Ultrasound in medi-
cine, Tissue characterization, Numerical analysis
of sound propagation

FRERO I NS RO SHEE LTARMERRR
Fibrotic tissues estimated from the contrast of ultrasonic B-mode images

BREICAEDE TBERIRBFZER S ERERE
Adeveloped device with ultrasonic transducers tilted to the heel sides
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BREBER BER ARNELT2TILA A=Y,
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Contrast enhanced ultrasound, ultrasound and near infrared
fluorescence dual imaging, Measurement of acoustic property of
tissue, Biological effect of ultrasound, nano- and microbubble

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.

CHIBA UNIVERSITY

Structure Echo signal (3D)

Dermis

Hypodermis
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Lipid
droplet

%

Echo intensity in x-y plane
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B2 T HERL D =T
3D structure of hypodermis

ICGR1IONTILDEFANENR

Near-inflared fluorescence image of ICG microbubbles

ERREBBICH T IMNRERENRE LB E R AR NENT2T
WAAX=D VT EERELTVWET. EDBELRNAX— 2T GER
NEN) &, ERRBOBRRIN AR GBERIA -V I 2 HAT S
T, BRIEEDSFBICEZ FTOREETEZARLLTZ2FEDOE
FeBELTVET. IREIL, AARNEAER LB REROmME THE
FBRREE A OBREERML, I NR (VY /NE DV NE) %
IR LI BFRNENF/NTIV OREFEETOTVET. F/NTILIE
DRY—LEZR—ILLTHD, TORTPICBERICH L TERHICL
THEET 2RISR, U VIRERISERNEALICH L TERAI LT
HEET 21V RS TV T )= (ICG) BEAIEBIFINTULET. Chn
FTOFMENSELHN C L TRIER<HEEET 2 L ERERRLTLEY.

RAVAX—MLOREEZHOBERBMES AT LZERALTE
EAERBOYERRIT (BR, BR, BE1VE—4 ) #fToTVET. 4
ICEREROIIOBBE L EEYMZ =T THE 3 DDES
IR EDRRICEDIBATWEY. £, BB HEN 58513
%Dﬁ%ﬁﬁ;‘&-i&ﬁ%%‘ﬁzwwx—>‘>7‘a)6ﬂ§%t:74— AV
U9 B EBEL, EFRAEE OEE L TRRIEEORBIEDT
—BAN=ZEDERATVET. F/NTILOBEHIES IZIEEICH
F/THB10, TI—ESOREELET 53U OMERYEZILE
L, BER - EFRNENTaTIARA—S I BT BES DEZER
HORBEPESIIBEORER L EITOTVNKFETT.
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Multiscale Modelling

Study Contents

Neural Systems Engineering

Neurotechnologies are a set of techniques that utilize electric or mag-
netic signals to stimulate, monitor, or modulate neural activity. Our
commitment is to advance our understanding of neural response to
external stimuli and develop cutting-edge neurotechnologies that are
effective, precise, and safe.

To achieve this goal, we adopt an interdisciplinary approach that
brings together neural engineering, neuroscience, and computational
methods.

Specifically, we develop biophysical models describing neurostim-
ulation phenomena combined with experimental measurements to
decode and shape neural activity, such as motor control and sensory
perception. This helps us identify better ways to estimate what, where,
and how to stimulate in a precise manner with the final goal to benefit
people with neurological disorders and advance our understanding of

the brain and nervous system.

Personalized Neurostimulation Estimator

Optimization T

MEDICAL ENGINEERING

Associate Professor
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Jose GOMEZ-TAMES
fEL(T%) / PhD.

HETS, BREESIaL—2ay, MR,
UNEUT—3>

Neural engineering, Electrophysiological Simulation,
Brain Stimulation, Rehabilitation

fiod e IR S AT LTE

—a—-OF /00—, BR-HKESEFAL, M EsE R, &
], AET 2 —EOREMDO I e &IBLET. NPRIEIC S SR RIS EIR
L, RN TIEBD DREBRTIRORM MR T2 2B L
TWET. ChoZEIRT B0, HFRECHEF AERE I
BT I O—FZEDIAATVET.

EFERICIE, R ITRICH T 2ERREMIC S VT ERERSF CiE
RANDBETTIICKZBRRBERCOMTEITL, TNERBRICEK
DIBEELTWE T AFARZETIS, [@0%, LIT, EDOKSICFIBT 2%
HEL, LOBBEBRHAEEEITVEET.

NS DREMRD S, HREEERDOALICREZS X, BHEP
BN RA LS TR ERKBENELTVET.
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Assistant Professor
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Takayuki OKAMOTO
1 (L4%)/ Ph.D.
RAUOCT, XA A= 7, EHE B, ERERTS, AT
UTEE (OCT)

A=00eIEN  Micro-computed tomography (micro-CT), X-ray imaging, im-
age reconstruction, medical imaging engineering, optical co-

herence tomography (OCT)

BEOCTR WRmEHY _
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A7AOCTo AT LR

I YOXRCTEBE (Yro0CT) IF, ERAXIFECTLD BB VR DR
BET, BRTIREZIAVVIMEE 23R TRETIZ3E NAFRTY. C
NETIYTIIOCTIREEDTFOIFWIBRE L LTLBEVWLSNTIEL
7ot B IF R H R ORIEEBIZA A CERRIS, ETESTFADR
BHHFINTVET. FAOMETIE, COEIZECHEZHET 3780
IS, V2l —2avlEOKEBREDS, BEROBRL VAT LRE
1t, BEBEM 7/ DU X LR, B L1 VOCTROE S/ £
TE—BLTESTVWET.EB(\—FRIz ) e7IIOdVIL(VTRD
I7) 2B TS LT, BNICR BB CEHARBE ML L, )
BEE S MEEE CIRTTAME CE S5 AIER ORI 2 BIgL TV ET.

= P R R AT L i

FHF SIS (OCT) IFIRRIEZETLCAWVWSNTED, MR CIRISE A
CIREDBEETIFREN OBEHICBHR TIZEEARELEETY.
TLDHRETIE, TEAFZEFEMBRITEE LGNS, BHICEER
BEECIEEEEZSEEIC B A REREITFEZRAELT
WET. T5I5, REPTREIEIE R L 2 BRI LCEE( L, TEBRITE
WS RICIRIA DT V=23  DRRANBRALTVWET. ChoZEL
T IRERBROIS AR ZEROR N, FENAZIIEEROEELHEE
LEFT.

Study Contents

Micro-CT System Development

Micro X-ray computed tomography (micro-CT) is a high-resolution
imaging modality that enables three-dimensional visualization of mi-
croscopic structures beyond the resolving capability of clinical CT and
the human eye. While micro-CT has been broadly adopted for non-de-
structive inspection in industrial settings, its biomedical engineering
applications are rapidly expanding, particularly for ex vivo specimens
such as excised organs and histopathological tissue samples.

My research aims to accelerate these biomedical applications by ad-
vancing the entire micro-CT pipeline, from simulation-driven system
design to imaging hardware implementation and system-level opti-
mization, development of reconstruction algorithms, and quantitative
analysis of acquired micro-CT datasets. By co-optimizing hardware and
computational methods, | strive to achieve task-specific image quality
and measurement accuracy, ultimately establishing a robust metrolo-
gy platform for reliable three-dimensional assessment of microstruc-
tures.

Medical Image Analysis Technologies

Optical coherence tomography (OCT) is an indispensable tool in oph-
thalmology, providing non-invasive, high-resolution visualization of
laminar structures in the posterior eye, including the retina and cho-
roid. My research, in close collaboration with Chiba University Hospi-
tal, focuses on developing automated image analysis methods that
accurately segment clinically relevant layer boundaries and vascular
structures from OCT images. My research further aims to establish
reproducible quantitative assessments by developing robust met-
rics, including thickness measurements and morphology-based bio-
markers, and by translating these methods into applications for dis-
ease characterization and computer-aided diagnosis. Through these
efforts, my research seeks to deepen mechanistic understanding of
ocular diseases and to contribute to objective, quantitative founda-
tions for clinical decision support.
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EoE is a disease that causes symptoms like chest tightness due to al-
lergic reactions, and has been increased in recent years. Proton pump
inhibitors (PPIs) are used as the first-line treatment, but about 30% of
patients do not respond to PPIs, and the pathogenesis of this disease
remains unclear. It is important to initiate appropriate treatment be-
fore esophageal fibrosis occurs, even in patients who do not respond
to PPI, and clarification of the etiology of EoE and the mechanism of
PPI responsiveness is strongly required. Therefore, we are working to
elucidate the pathogenesis of EoE from histopathological analysis and

molecular biological approaches.

Although pathological tissue imaging has become widely used with
the advent of virtual slide scanners, the accumulation of knowledge
in pathology is vast, and there is still no analytical method that can
replace the diagnosis by pathologists. In addition, | am particularly
interested in how Al analysis can contribute to histopathological di-
agnosis. First, | would like to participate in the project team for var-
ious histopathological image analyses in the Frontier Medical Engi-
neering Center, and work on the development of Al histopathological

diagnosis models that reflect the pathologists' thought process.
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Diagnostic Pathology, Gastrointestinal Pathology,
Cytologic Diagnosis

EoEid, B COMENRE L AD T LILF—RIGHELSBIET, 18
DO ZBPHCITEDERD IR BHEE T, EFEIMERICHD F
TEEREL L TTOMN R TRER (PP) AMERTNETH, R
DBEWVEFIHIEIRREFTEI 2D IRIRTY. PPIOFRNEBEREFRD
REICEEIZERS, ZOREISFEOXETY. PPIORINLGVERIC
BVWTH, R bz I/ REDREN I E L 2FISEYRAE
BRI 2D EE THD, EoEDREZER P PPIR G DHF DEER
HREROSNTWVNETY. 2078, RIFEBEN LT D FEMZEN
B7TO—FHh 5 EDIREMBICEDEATVET.

N=FvILAS1 RRFvFDEBIC L DR O BRI L ATH
NBELIITBHOTE XL, REBRICHIT2HMEDERIIE K BHDT
H0,RENTRHFERTHTHRESEMEICLZZITICER> T2 &
SHEBNERIKRIEEELRVONRRTY. — AT, EE2REEER
FIFTOWBAIRD, IR IC S VW T O LS ICEIATRER O DY
BICASHREO AR TVWET. £9IE70VT7TEIZE V2 —RT
AONTVS R AREAREGREF OO TN F—LICBEL, B
EEMEDBERRE R LARIEEGZ T T L OBRFEICEDEA
TEWEEZTWEY.
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Prototyping and

Preclinical Research Laboratory

HE RERARR

Facilities for prototyping and preclinical research

NCHIT F—7>MRI
NC machining Open MRI

HIEW (N—FII7)
Prototype of hardware

SEHHRERETF
5 DOF Shoulder prosthesis

Rz
Surgical scissors

e : FEA
| analysis

Deformation \ \

of whole arm

i Topological optimization

Initial Optimized Model for

Prolnlyped A ip shape shape prototype

attachment and SOF probe

FEARUMROY —Rilifb & AU\ e SDFRIRA 7— LB T /N1 X5&5H
Design of arm type device for SDF imaging by FEA and topological optimization
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TOVTATEIFE 2 —TOMBRRICEDVHF LV ERRELE- >
AT LR DR EEEITI L ICHEORERRRE TV ET. B
RICBITZREMEPERMEOTIMIRAIR TH D, FNTHRETHENS
ERERIGH £ CTZITSC &I, AmiVA s R = R IC B Rb T3 LTl
HTEEHIOMRNTHDLWVZET.

HIERERICEVT, SBONCIIERMMCAD, CAMENEA I TS
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Study Contents

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.

HIEM (VI+OIT)
Prototype of software

ZRTTBERGCEEREGROESRT
Display of laparoscopic image overlaying 3D US

BITLYRTFNARERBVEREN — =27
Laparoscopic surgery training application by tablet

BERNRIRED S O = RTHREE

Organ 3d shape built from laparoscopic image
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B ERT N\ RORETHFICIRDIBATVWE Y. R THLBEFORHE
T, HOMRE- FIEhiE - BB - RARENENTVRICETERE
FORARRFAEDHZ, ROEDRBRICEDVWREOFRAR R MAF
RUONENTTO-FICEDIT>TVWET. BEFEREOABLESFE
SHRIL, ZOBERIBIC L TRFZHRLEESEZ7HIC, BFOD
BW@RTEEZNIA-ZELCEHZ - BBNFZHEL, LELO4ME
IR LTHRAEMICETHIY 32 8T HBFOREBIE () EHE1TVE
¥ CORFTFRIREFUNOERMRICOBEATEIZLEZ Y.

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.

VIO TRARZE LT WEBRAR P — N\ —BRECBHITVET. Y
ThITTHRETIET RO MY IPCTENET 2F MBS R TLPZTL
yhEFBLIVA—TAXMEZSMLEMEN —Z2 077U
=23, YA AVELVEIHRICEZ T —FEE R TLEOREE
To>TVET. HRICEVWTIERUIZEZZEFIC L, iTRICUTILEZA L
THRRERCBEREEROREZTWVMIEIIRRT 2V ATLDE
FREETVELL. EEIIEHEEICLIERBORT—JHBIACD
ToTVWET.

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 operates on 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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Mechanical design, Robotics, Soft robot, Meas-
uring system development, Design engineering,
Rapid prototyping
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Software development, web design, server &
network management, laparoscopic & ultrason-
icimage processing
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