SSI7[&rHl2l(Graduate School of Convergence Science and Technology)

YA G AT
(Program in Biomedical Radiation Sciences)
495D.601 Lt 7|&2} ol rdatet 3-3-0

Nano Technology and Biomedical Sciences
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To understand nano-technologies for biomedical science,
molecular interactions of DNA and proteins which are
bio-polymers, structure and function of biological membranes,
operating mechanism of electron transport system, various
bio-signaling systems, and molecular mechanism will be
studied. Also several methodologies of nano biological sci-
ence will be introduced. Study nano-technology applications
for diagnosis and treatment of human disease from following
two points of view.

(1) Comprehension with nano-technological grafts in medi-
cal imaging equipments by understanding concepts of
nano-technology in medical imaging applications and princi-
ples of the medical imaging such as MRIs, CTs, supersonic
wave treatments, and PETs, and studying examples of ap-
plied cases in real diseases.

(2) With these, elementary medical terminologies and con-
cepts of diseases will be studied for the applications of
nano-technology in medical purposes. Types and pathogenesis
of cancers will be studied. Principles of a diagnosis of tumor
using imaging equipments will be understood. Also cut-
ting-edge views on the applications of nano-technology in
cancer treatment will be learned.
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Robotics for Biomedical Sciences
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Recently, the robotics industry which is a complex of sev-
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eral advanced technologies(IT, BT, RT and NT) expands the
field of application in recent age. Because of the rapid
changes in social structure and life pattern, people’s interests
in life extension, curing diseases, and the health are
increasing. In this situation, the biomedical robot is expected
to improve quality of life. The instructors who are expert in
biomedical technology from Graduate School of Convergence
Science and Technology, Advanced Institutes of Convergence
Technology, and Seoul National University Hospital will give
lectures about recent biomedical technology, robotics, and the
convergence of those two fields. Through various exam-
ples(surgery robot, rehabilitation aiding robot, radiation ther-
apy assistance robot, and nuclear reactor working robot), un-
derstanding about the biomedical robotics will be enhanced.
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Introduction to Magnetic Resonance
Imaging (MRI)
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The applications of magnetic resonance imaging (MRI)
have rapidly been growing in basic research and the diag-
noses of a variety of diseases and disorders for its non-
invasiveness and excellent image resolution. This one-semes-
ter course aims at understanding the physical basis of MRI
and the basic principles of various MRI contrast mechanisms
in terms of the so-called MRI pulse sequences.
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Radiation Protection and Shielding
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Teaching essential knowledge and applications about ef-
fects of radiations on human body and studying protection
from unnecessary radiations. The subject of this class is the
goal of radiation protection with reference to recommendation
of radiation protection defined by International Commission
on Radiological Protection (ICRP). Students will also learn
the difference between internal and external exposure, the
principle of radiation protection (distance, time, shield), and
the biological effects due to radiation. The necessity or radi-
ation protection will be discussed through radiation accidents.
The criteria of radiation shielding for high energy radiation
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generator will be lectured and students will design the radia-
tion shielding according to the criteria as a practice. The
validity of existing radiation shielding will be checked for
better understanding. The radiation shielding for the storage
facility and transportation device of radiation isotope will be
designed by students as a practice.
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Physics of Brachytherapy
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Radiotherapy using radioactive sources positioned within
(or close to) the treatment volume. There are two types of
brachytherapy; high dose rate (HDR) and low dose rate
(LDR). Brachytherapy is divided into three categories
(intraluminal, interstitial and intracavitary) according to treat-
ment method. Brachytherapy is commonly used as an effec-
tive treatment for cervical, prostate, breast, and skin cancer
and can also be used to treat tumors in many other body
sites. Various isotope (e.g. Cs-137, Ir-192, 1-125, and Co-60)
is used as radioactive sources. Each isotope has different
emitting type, energy and half-life. And isotope seeds have
different shape and design. Students will understand the prin-
ciple of dose calculation method for brachytherapy ra-
dio-isotope. Dose distribution calculation method, decision of
dwell time according to clinical sites and treatment techni-
que, facility shielding, and calculation of exposure for radia-
tion worker will be lectured. Students will design radiation
protection device as a practice. This course includes QA
(Quality Assurance) for brachytherapy source and practical
exercise.
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Advanced Radiation Imaging Devices
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All radiation imaging devices for medical and industrial
application will be studied. This course deals with all medi-
cal imaging devices including X-ray and digital radiography
for planar imaging and SPECT (single photon emission com-
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puted tomography), PET (positron emission tomography) and
Compton camera for tomographic imaging. This course also
include industrial areas such as airport security (X-ray) and
cargo and vehicle x-ray inspection system.
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Advanced Magnetic Resonance Imaging
(MRI)
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In this one-semester course, the physical principles and
application examples of various advanced MRI techniques are
studied. Class presentations are assigned individually and the
potential applicability of those presentation topics in the re-
search of individual students is discussed. Prerequisite:
Introduction to MRI.
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Radiation Applied Imaging Science
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This course deals with medical image processing in the
fields of radiation imaging including X-ray, CT (computed
tomogtaphy), gamma camera, SPECT (single photon emission
computed tomography) and PET (positron emission tomog-
raphy). Main topics are image registration, normalization, dis-
play, quantification, image processing, image correction. 3D
image processing or dynamic image processing and statistical
inference using medical images are also discussed. Specific
principles of medical image processing as well as common
backgrounds and image reconstruction are taught in this
course and the clinical application of image processing tech-
nology is focused. Digital processing and future prospective
of this technology can be understood.
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In vivo radiation dose measurements
and 3D distributions
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Radiation detection is basic concept to understand radia-
tion physics. In this class, radiation interactions with matter
and basic characteristics of radiations will be studied.
Students of this class will learn operation, function and in-
structions of radiation detectors and analysis results. The
main topics are the characteristics of GM (Geiger Mueller)
counter and medical dosimeter, radiation detections using
scintillation crystal and photomultiplier tube (PMT), and
property of electronics on nuclear counting. The experiments
on radiation detection will be studied in various conditions
according to crystals, PMTs and radiation emitters.
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Tracer Pharmacokinetics
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This course lectures analytical and statistical methods to
analyze absorption, distribution, metabolism and excretion of
tracers in animal models. In addition, experimental design
relevant in the pharmacokinetic study involving tracers will
be discussed. Examples of such studies, using literature in-
formation, will also be compared and discussed. Use of trac-
ers is increasing to study absorption, distribution, metabolism,
and excretion for development of new drugs. These tracers
show no toxicity because they are administered by micro-
dosing and real time images can be obtained, they can re-
duce the cost for development of new drugs, and thus exert
important role for increasing competing power in new drug
development. Students would acquire essential knowledges
about tracers which are increasingly used for development of
new drugs.
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Field Learning in Basic Convergent
Medical Imaging Science
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During this intern-ship program, students have an oppor-
tunity to experience the latest medical imaging equipments
on-site observing and participating diverse clinical applica-
tions of imaging modalities including digital X-ray, CT,
MRI, ultrasound, and PET, as well as learning their basic
physical principles.

Each student is expected to participate an experiment for
evaluating equipment characterization and quality assessment.
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Field Learning in Advanced Convergent
Medical Imaging Science
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During this intern-ship program, students have an oppor-
tunity to experience the latest medical imaging equipments
on-site observing and participating diverse clinical applica-
tions of imaging modalities including digital X-ray, CT,
MRI, ultrasound, and PET, as well as learning their basic
physical principles.

In addition, recent trends in safety management and qual-
ity assurance of advanced radiological imaging equipments
are discussed.

Each student is expected to participate an experiment for
evaluating equipment characterization and quality assessment.
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Image-guided Interventions
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All image-guided interventions require a source of images,
real-time display linked to the intervention and patient, and
target definition in the context of real 3D space of the pa-
tient combined with virtual image space. Preoperative or in-
traoperative images are used during a procedure to guide
physician to a target. This class presents the basic compo-
nents of image guidance for medical procedures, such as
tracking technologies, visualization, augmented reality, image
registration, image segmentation, and image acquisition.
Examples are discussed on the use of image guidance for
focused ultrasound therapy, neurosurgery, orthopedics, ab-
dominal surgery, prostate therapy, and cardiac applications.
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Surgical Robot Interventions
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The surgical robot in the operating room presents techno-
logical and clinical breakthroughs in developing new surgical
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techniques to improve the quality and outcome of surgery.
This class covers technologies, algorithms, and medical im-
age data to enhance and improve the capabilities of surgical
robotics. This also includes the clinical applications of surgi-
cal robotics in several subdisciplines of surgery including ur-
ology, cardiology, neurosurgery, pediatric surgery, and gen-
eral surgery as well as telesurgery.
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Pharmaceutics of Cyclotron Radionuclides
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Teaching and discussing about essential knowledges of
production and principles of positron emitters and subsequent
touring of the facilities and instruments. The most common
positron emitters for radiopharmaceuticals are F-18, C-11,
N-13, and O-15. These radioniclides should be produced by
cyclotron. Mechanism of producing them and radio-
pharmaceuticals would be taught by lecture and touring.
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Seminars in Advanced Medical Image
Processing 1
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A weekly-based seminar provides students with the latest
knowledge in the field of medical imaging with the extended
learning from ‘Medical Imaging Processing’, and ‘Special
Lecture for 3 Dimensional Medical Imaging’, as well as de-
veloping advanced academic ability for applying newly
learned principles and techniques to the specific research
area of the students.

Students also have an opportunity to review papers rele-
vant to the latest technologies and academic trends on ad-
vanced medical image processing as well as discussing with
the instructor and participating students to acquire attitudes
and skills for the scholarly discussion and debate.
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Seminars in Advanced Medical Image
Processing 2
2w Bl nFelstdaAe And - 19 g el
of oJstopdle) Tlgitore] AUAAL skt A Fopd A
B ANE $53, 2 St Bals AT gl ATl

#5F A4S AgSH $45AS YK AS BEE B
Azas Agstel F 15 BEgown AAA 53 ANS
WA HFET B ohet BEFHS 193, Aswse) ol

=

A weekly-based seminar provides students with the latest
knowledge in the field of medical imaging with the extended
learning from ‘Seminars in Advanced Medical Image
Processing - 1°, as well as developing advanced academic
ability for applying newly learned principles and techniques
to the specific research area of the students.

Students also have an opportunity to review papers rele-
vant to the latest technologies and academic trends on ad-
vanced medical image processing as well as discussing with
the instructor and participating students to acquire attitudes
and skills for the scholarly discussion and debate.
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Seminar on Recent Radiochemistry
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Let the students have essential faculties as an expert by
teaching and discussing about basic properties, reactions, and
principles of radioactive materials and radiations. Essential
knowledges of organic chemistry, inorganic chemistry and bi-
ochemistry for developing radiopharmaceuticals would be ob-
tained by lecture and seminar. Recent progresses would be
obtained by searching journals and presentations. The stu-
dents would obtain essential knowledges of radiochemistry to
become an expert after this course.
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Dissertation Research
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This course includes various research activities such as ex-
periments, training, computer simulations, data collection, pre-
sentation etc. to complete her/his master’s thesis and doctoral
dissertation.
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Radiation Biology
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This is to deep understanding of radiation effects on the
living. Specifically, biologic response, chromosomal damage,
linear energy transfer and relative biological effectiveness,
tolerance of normal tissue, volume effects of the normal tis-
sue, cell survival, DNA damage and cell killing, genetic con-
trol of the cellular response to radiation, dose-response rela-
tionship in clinic, clinical manifestation of normal tissue,
time-dose relationship, linear-quadratic response model, al-
tered fractionation, oxygen effects, radiation response modi-
fiers, radio-resistance of the hypoxic cells, dose-rate effects,
molecular techniques and pathway of radiation responses will
be taught and discussed. The student understand difference
and principle of biological reaction according to particle and
biological radiation-reaction of molecular biology.
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Radiation Physics
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Learn the characteristics of the radiation, and the main
terminology in department of radiation convergence science.
Estimate essential characteristics of radiation by under-
standing of basic atomic structure including nuclear, electron,
proton and neutron. Learn the wave-particle duality of radia-
tion and matter. Learn the characteristics of alpha-, beta- and
gamma-ray which are originated by disintegration of ra-
dio-isotopes. Learn the differences between isotope, isotone
and isobar. Learn the interactions of radiation with matter
such as photoelectric effect, Compton-scattering and pair
production. Finally, study various types of radio-disintegration
including alpha emission, beta emission, positron emission,
nuclear fission, isomeric transition, electron capture and in-
ternal conversion. The course includes how to measure radia-
tion doses using ion-chambers, TLD, films and how to pre-
dict radiation doses using Monte Carlo and con-
volution/superposition methods.
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Medical Image Processing
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This course deals with medical image processing in the
fields of radiation imaging, MRI, ultrasonography, gamma
camera imaging, SPECT and PET. Main topics are image
registration, normalization, display, quantification, image proc-
essing, transfer including PACS technology. 3D image proc-
essing or dynamic image processing and statistical inference
using medical images are also discussed. Specific principles
of medical image processing as well as common backgrounds
are taught in this course and the clinical application of im-
age processing technology is focused. Digital processing and
future prospective of this technology can be understood.
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Development of Radiopharmaceuticals
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Radio-pharmaceuticals are radio-labeled pharmaceuticals
that are used for diagnosis or therapy. The radio-pharmaceut-
icals labeled with gamma or positron emitters are used for
diagnosis and those labeled with beta emitters are used for
therapy. This course would lead students to become the ex-
perts by teaching knowledge and trends about the develop-
ment of radio-pharmaceuticals and literature searching and
seminar. Technetium labeled compounds including generator
and chelate chemistry would be mainly emphasized because
they are the most widely used radio-pharmaceuticals. Another
radio-pharmaceuticals labeled with I-123 also would be
mentioned. Rhenium labeled compounds that are recently at-
tracted would be studied too. Radio-pharmaceuticals labeled
with positron emitters would be mentioned briefly because
they would be discussed in another lecture.

802.2026A  HIAMG ofokstat  3-3-0

Radiomedicinal Chemistry
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This lecture provides the understanding of the molecular
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mechanism of radiopharmaceutical chemicals in the body.
The lecture covers the process of administration, dissolution,
absorption, metabolism, molecular mechanism to target mole-
cule and excretion of radiopharmaceutical chemicals at mo-
lecular levels. Knowledges of molecular level are very im-
portant, because the rediopharmaceuticals are administrated
minute amount enough not to show any pharmacological
effect. In addition, the regulations and problems related with
clinical use of radiopharmacueticals would be discussed.
After finishing this course, the students would have the abil-
ity to design new radiopharmaceuticals with specific bio-
logical mechanisms.

802.2031A | urApiigatolie] HBE MZ AIEH 3-3-0

Computer-aided Diagnosis in Medical
Imaging
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Understand the necessity and purpose of computer-aided
diagnosis(CAD). Review current CAD techniques and compu-
terized analysis methods and discuss the basic principle, ad-
vantages and disadvantages of each technique. Focusing on
the successful fields of CAD, such as screening for breast
cancer and lung cancer, discuss relevant issues in developing,
validating, and using CAD methods. Review the progress of
CAD in terms of observer performance studies, im-
plementation, and clinical experience. As the final step, en-
courage to develop novel CAD technique and evaluate its
performance.
802.2032

clx|goletodhtel Ha| 3-3-0

Image Processing in Digital Radiography
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Understand the importance and utility of digital radiog-
raphy in medical imaging. Understand the difference between
digital and analog images. Understand the basic properties of
digital images. Learn how image manipulations and enhance-
ment of digital images are performed. Understand the content
of techniques used in digital image processing and their ba-
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sic concept and utility. Comprehend how images can be rep-
resented using filters, segmentation, and reconstruction.
Identify methods for representing 3D dataset. Encourage to
participate in the development of image processing technique
or the study evaluating the performance of digital image
processing.
802.2034 3atle|a PAE 3-3-0

=

Special Lecture for 3 Dimensional Medical
Imaging
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Understand the content of medical imaging and the char-
acteristics of digital imaging. Understand the necessity of 3D
medical imaging. Understand the basic principle of 3D ren-
dering  techniques  (volume  rendering, = maximum-in-
tensity-projection, surface rendering, and virtual endoscopy).
Discuss the advantages and disadvantages and clinical utility
of each rendering technique. Understand the basic require-
ments in clinical application of 3D imaging. Cover the re-
cent advances in technology and research in 3D imaging.
Encourage to participate in the development of 3D imaging
program and evaluation of its performance.

805.6012 Ao atetiE  3-3-0

Introduction to Biomedical Radiation
Convergence Sciences
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To build basic knowledges about radiation convergence
science and technology, this course takes account of the ba-
sic concepts of radiation convergence science. This course
includes the fundamentals of radiation physics, radiation biol-
ogy, radiation chemistry, and as well as the basic applica-
tions of radiations such as medical/industrial radiation imag-
ing science, radiation protection, radiation pharmacology, ra-
diation therapy, radiation imaging devices, and simulation of
radiation imaging devices using the Monte Carlo method.
*805.603A

MAPIG OIS 3-3-0

Topics in Biomedical Radiation Convergence
Sciences

o= AL FYURER @} BE F4de 2 ARrle Fu 7
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TZ, A, weAHet, At 22 A X3k g
Sict.

This course aims to provide recent views on the current
researches by holding special lectures of specialists. All class
is to be replaced by the special lectures. Topics will mainly
cover physics area of radiation therapy, radiology, and nu-
clear medicine. For exploration of convergence knowledges
and creativity, subjects such as human anatomy, computer
sciences, semi-conductor technology, and electric signal sys-
tem will be included as well.

805.605 12 do[stodate  3-3-0

=

Advanced Nuclear Medicine Imaging
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Advanced principles and technologies in nuclear imaging
(PET: positron emission tomography and SPECT: singe pho-
ton emission tomography) such as image correction and
quantitative analysis will be studied. The performance evalua-
tion indexes of SPECT system which are spatial resolution,
sensitivity, linearity, energy resolution, uniformity and center
of rotation error will be discussed. From the results of per-
formance tests, the correction methods of uniformity and lin-
earity and measurement methods of noise and contrast will
be studied. Also, learn about the performance indexes for
PET system which are spatial resolution, scatter fraction,
NECR (noise equivalent count rate) and sensitivity. The im-
age correction methods for PET system such as normal-
ization, random correction, scatter correction, dead time cor-
rection, and attenuation correction will be studied.

805.606 @olat2alat 3-3-0
Physics in Nuclear Medicine
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Nuclear physics for imaging devices and imaging theory
will be studied. Physical principles in nuclear imaging, the
principle of radiation detector such as gas-filled detector,
scintillation detector and semi-conductor detector, image ac-

quisition, correction, reconstruction, quantification and clinical
applications will be studied. Various scintillation crystal types
such as Nal(Tl) of SPECT (single photon emission computed
tomography) scanner, LSO, BGO, GSO, LYSO, LGSO, etc
of PET (positron emission tomography) scanner will be
studied. Image reconstruction method from FBP (filtered
back-projection) to various iterative reconstruction methods
(EM or OSEM) will be studied. Finally, quantitative analysis
of nuclear images such as tracer kinetics and human radia-
tion dosimetry and clinical application of physics of nuclear
medicine will be studied.

SAHA L AR U Ciab YTEA 1

805.607A T

Computational Modeling and Multi-dimensional
Image Analysis of Complex Biosystems 1
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Aelsl 7S e

This lecture aims to provide basic understanding of com-
plex biosystems, principles and techniques how to construct
computational models of biosystems and apply to analysis of
multidimensional biomedical images.

AL iR B ciabd YHEA 2
3-2-2

Computational Modeling and Multi-dimensional
Image Analysis of Complex Biosystems 2

805.608A
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This lecture aims to provide basic understanding of com-
plex biosystems, principles and techniques how to construct
computational models of pathologic phenomena of bio-
systems, how to extract important parameters of biomedels
from multidimensional biomedical images, and how to apply
them to diagnosis of disease.

805.611 HRAPMZ| 2 QAN 2-2-0
Practicum in Clinical Radiation Therapy
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This course provides students clinical knowledge and ex-
perience by attending the entire processes of radiation
treatment. Students will be involved in some parts of radia-
tion treatment such as planning and simulation. They will
learn how to operate treatment machines and simulators.
They will study specific protocols for different types of can-
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cer treatments. The procedure of radiation therapy (diagnosis,
simulation, computed tomography, immobilization technique,
treatment planning, treatment) will be understood. And they
will study characteristic of treatment machine. Based on the
experience of clinical, they learn role of medical physicist in
the hospital and importance of clinical understanding.

805.612A SEpIER2 HIAMA 28 3-3-0

Monte Carlo Application of Radiation
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The Monte Carlo method is variously applied in all as-
pects of Radiation medicine. It can calculate more effective
and exact in radiation dose calculation, scatter radiation trace,
radiation equipment design. Monte Carlo radiation transport
extend application as essential method In modern radiation
medical research. Student learn to solve the radiation medical
physics problem. This course covers the theory and techni-
ques of the Monte Carlo method with a special emphasis on
radiation transport applications in medicine. The course will
give the student a grounding in the basic principles of the
method and in the variance reduction techniques that are
used in modern Monte Carlo transport computer codes. In
addition, the student will gain experience writing Monte
Carlo computer solutions to a variety of problem types and
with running MCNP, Penelope, EGS4 codes.

B

o

%*805.6134 | HIApMolEtEE|E7} 2-2-0

Topics in Medical Radiation Physics
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A weekly-based seminar is held by invited speakers from
various specialties in radiation medicine and provides stu-
dents clinical knowledge of the medical radiation physics by
presenting the subject of radiation physics. Students also
have an opportunity to review papers relevant to the latest
technologies and academic trend on medical radiation

physics. They can share important information through an
open discussion with an instructor. There are research sub-
jects in diagnosis radiation, radiation treatment and nuclear
medicine which students are interested in. A seminar is held
by presenting a thesis including the methodological ap-
proaches, research work and analysis method. Also, students
can have a ability for a presentation.

805.701 HIAPMZIEHE  3-3-0
Introduction to Radiological Sciences
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The radiation physics will be extended and specialized
through the advances of medical science. For this reason,
this course will discuss different forms of radiations and
radioactivities. Furthermore, a basic knowledges with physical
analysis and the quantum theory about the principle of radia-
tion occurrence will be acquired to apply to applications for
a radiation. This course will discuss the fundamentals of ra-
diation interactions with matter, the basic principle of diag-
nostic and therapeutic health applications, and electromagnetic
radiation in the environment. This course will also include
the history, nomenclature, and units of radiological sciences
and we will understand the radiation physics that we’re go-
ing to do.

o ok

M2682.000300 AP AIZL| 2| 3-3-0

Principle of Radiation Dosimetry
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Students learn the fundamental principles and concepts of
radiation dosimetry. The basic quantities and units of radia-
tion dose are defined by following up a brief history of ra-
diation dose quantification. The course covers various meth-
odologies of radiation dose quantification. Especially, the
fundamental concepts of ion-chamber dosimeter (Bragg-Gray
principle, CPE, etc.) are covered. First, the course covers up
the basic operational principles of the dosimeters so that stu-
dents can measure radiation doses from various kinds of ra-
diation such as photon, electron and neutron. Secondly, stu-
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dents will be able to deal with clinical radiation by using
the instruments such as ion-chambers, diode detectors and
films. Furthermore, they are encouraged to discuss the
strength and weakness of each instrument. Additionally, stu-
dents will learn the international metrology system for the
standardization for using photon or electron beams. Lastly,
they learn the necessity of micro-dosimetry system in
nano-scale and the recent research and development.

M2682.000400 2|2 Y4ite| 7|z 3-3-0
Fundamentals of Medical Imaging
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This course covers the fundamental of modern medical
imaging such as CT, X-ray imaging, MRI, PET, SPECT, and
ultrasound. Students will become acquainted with pros and
cons of each medical imaging and the acquired practical ex-
amples of disease diagnosis and examination. Medical imag-
ing processing including registration, normalization, display,
and quantification is covered. The Definitions and units of
noise, uniformity, high- or low- contrast resolution, CNR,
which are used to evaluate medical imaging quality, are
covered. Students will also acquire the knowledge about ne-
cessity and utilization of PACS technology in modern
medicine.
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