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Research and practice on the teaching method of “Micro-computer

Control Unit and It’ s Application”
LIU Yu-ling. WANG Xiao-ping. LIU Xiang-dong. LIU Xu

(Department of Optical Information Engineering. Zhejiang University. Hangzhou

o AT

10027, China}
Abstract: The teaching methods adopted in “Micro-computer Control Unit and It" s Application” curriculum are discussed.
In class teaching, theory is taught related with practice closely. In the practice ability training process. students do experiments

from easy to advanced, from independent experiments to synthetic experiments. And also the grading ruler of this class is intro-

duced. The effects and defects of the teaching methods are discussed.

Key words; micro-computer control unit; teaching method; experimental process; grading
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Practice and Effect of Teaching Method Reform about Changing from Classroom - centered

mode to the Combination of Classroom and Extracurricular Activities

LIN Yuan - fang, WANG Xiao — ping, LIANG Yi - yong, WANG Kai - wei, ZHENG Xiao — dong

hou 310027, China)

(Dey of Optical Engineering, Zhejiang Uni

Abstract: To effectively improve the quality of talent cultivation, a number of teaching reform and

practice about theoretical teaching, practical teaching and teaching resources of many undergraduate

courses were carried out through some methods in Dept. of Optical Engineering. Zhejiang University.

The methods are as follows, designing exploration work to guide divergent thinking, giving comprehensive

homework 1o improve the ability of application, launching project design to enhance practical ability,

building virtual classroom to expand teaching and learning space. As a result, teaching and learning is

changed from classroom - centered mode to the combination of inside and outside classroom and

extracurricular activities which is praised and favorably commented by the students. The distinctive

periadical achievements of the above reform show that the transformation can effectively improve students

“autonomous learning, comprehensive ability to analyze and solve problem, also be helpful 1o cultivate

their spirit of cooperation and innovation.

Key words: higher education: teaching reform; teaching methad: the combination of classroom

and extracurricular activities: autonomous study and research
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The Microcomputer Principle and Interface Technique Experiment Teaching Exploration
WANG Xiao-ping, Q1 Hang-1i,CHEN Hui-hin

(D of Optical Engi

Hangzhou 310027)

Zhejiang University, Zheji
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Exploration and practice of inter-discipline

training pattern of engineering science

and medical science
ZHU Yu-hui, LIU Xiang-dong, LIU Yu-ling, WANG Xiao-ping, GUO Xiao-ying
(Department of Optical Engineering, Zhejtang University, Hangzhou 310027, China)

Abstract; A sevenyear system of ophthalmology and optometry established by Wenzhou medical college and optical

engineering department of Zhejiang University is put forward. A new pattern of inter-discipline training for engineering

science and medical science is explored, which can promote the devel of ed and discipline of ophthalmology

and optometry, provide a new pattern for training medical talents of ophthalmology and optometry with good optical engi-

neering background,

Key words; compound talents; interdisciplinarys engineering science; ophthalmology and oplometry
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Design the advanced experimental platform adaptable to

the demand of the series courses’ practical teaching
WANG Xiao-ping, LIU Yu-ling. CHEN Hui-bin, LIU Xiang-dong, LIU Xu
(Department of Optical Engineering. Zhejiang University, Hangzhou 310027, China
Abstract; The traditional experiment teaching mode of the micro-computer series courses can’ t be fit to the trend of inno
vation elite cultivation for the engineering college students. The micro-computer series courses’ practical teaching innovation is
described, including the blocking design of micro-computer series courses experiment platform, exploration to the experiment
teaching method. multi-level i content” s in ion. experiment tutorial compilation with aim te the innovation elite

cultivation. These innovations have been brought into effect step by step. and good results have appeared during the process of

practical teaching.
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Construction of Effect-and Ability-Oriented Experimental Teaching Mode

CAl Peigqun,  WANG Xiao-ping, WANG Li~qiang, LIANG Yisong, QI Hangi
(College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Traditional experiment teaching values form and result, and ignores content and process. Facing on the
siluation, experimental teaching idea that takes students as the center, enhances experiment resulls and students”’
practice ahility as the purpose is put forward. With a course as an example, this paper expounded the experimental
teaching mode which has features of hierarchical experiment content, heuristic experiment instruction. process
management, and diversified experiment assessment. Through practice and exploration, this mode has strengthened
students” personal exploration and self oriented learing, effectively stimulated the initiative, enthusiasm and creativity.
It has realized three transformations of students: from dependence on counseling 1o independent design, from passive
acceptance to initiative discovery, from pure imitation to personal create,

Key words: experimental teaching mode; hierarchical experiment content; heuristic experiment instruclion; process

management of experiment; diversified experiment assessment
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A Survey and Analysis of Opto — electronic Engineering — related Course
Teaching Mode in Foreign Universities
LIU Yu -ling » WANG Xiao - ping » ZHU Yu = hui, LIU Xiang — dong, LIU Xu
(College , China)

Abstract: Some graduate students of the Optical Engineering Department of Zhejiang University
studying abroad carried out investigation of teaching mode of opto - electronic engineering ~ related course
in universities abroad, and the survey results were summarized and analyzed. Students involved in the
investigation have made useful suggestion for the home department” s teaching, experiment, evaluation
model, ete. The comprehensive reforms made by the Optical Engineering Department of Zhejiang
University are introduced, including course content, teaching methods, assessment methods, course

resources, etc. and some achievements made by the department are also given.

Key words: foreign universities; oplo — electronic engineering; course teaching mode; survey
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Innovative Teaching Method for Project-based Learning and Practice

WANG Li-giang, WANG Xiao-ping, DU Li-hui
(State Key Lahoratory of Madern Optical Instrumentation, Zhejiang University . Hangzhou 310027, China)

Abstract: Microcontroller System Design and Application is a specialist course which integrates theory with practice and
covers several others courses, In order o improve the research competence of students, an idea which emphasizes that
leaning and practice are based on projects is proposed. The detailed steps, assessment methods and final results of the
idea are discussed. The practice has proved that this teaching method can inspire students” interests, deepen their
understanding, improve their engineering abilities and train their innovative thinking.

Key words: microcontroller system; project-based leaming and practice ; course innovation
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Investigation in Grading System of Optical Engineering Lab
Courses in World Famous Universities

FHENG Xiwvmiong,  WEN Chunav,  WANG Xivoeping, LU Xiung~dong, LU Xu
(Department of Optical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The quality of engineering education deeply depends on the performance of specific lah courses. Departments

of electrical and computer engineering at MIT and Hlinois university of U. 8. are ranked for the first and the second

positions for undergraduate electrical engineering in the annual survey by 2009 U. 8. News and World Report. As

excellent examples we can learn from, the grading system of their honor courses “Introductory Analog Electronies

Laboratory”, “Modern Optics Project Laboratory” . and “Theory and Fabrication of Integrated Circuit Devices” were

investigated in detail. The research shows that a multi-stages, multi-aspects, project based grading system has been

established to evaluate the students instead of a single final examination.

Key words: information engineering; optical
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Discussion of University Student Research Training Plan

Improvement

CAQ Xiang-qun WANG Xiao-ping, Zhu Yu-hui
(Department of Optical Engincering, Zhejiang University, Hangzhou 310027)

This paper discussed the organization and implement of the university Student Research Training
Plan(SRTP).The states of national SRTP in Zhejiang University, Zhejiang university student
science and technology innovation project and optical engineering university student research
training plan has been analysized and discussed. The paper commeted and discussed the students,
teachers and management of the projects. In the end, based on the summery of the main results,
the difficulties of the SRTPs have been proposed which can make the SRTP better.

Keyword: SRTP, Innovation Education, Teaching management
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Reform and Exploration in Principle and Interface Technology of Microprocessors Course Exper imental

Teaching//Wang Xiaoping, Liu Yuling, Chen Huibin, Liang Yiveng, Qi Hangli

Abstract The reform and exploration of “Principle and Interface Technology” course experimental teaching

is introduced in this paper. The experiment teaching system includes three stages and three level

experiments. The three stages are experiments preparation, software simulation and hardware debugging; the

three level experiments include validation experiments, design experiments and comprehensive experiments

This mode is more effective in enhancing student’ s innovation ability and comprehensive quality.

Key words principle and interface technology of microprocessors; experiment teaching system; validation

experiments; design experiments: comprehensive experiments

Author’ s address Department of Optical Engineering, Zhejiang University, Hangzhou 310027
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Exploration of Multivariate Practice Teaching Mode With Virtual — Actual
Combination and Individualized Teaching

CAI Peiqun, WANG Xiao-ping, WANG Li-giang, LIANG Yiwong
(College of Opticad Seience and Engineering, Zhefinng University . Hangshow 310027, China)

Abstract: Traditional practical teaching has problems of emphasizing form over content, emphasizing result over
process, This paper has put forward multivariate practice teaching mode with virtual experimental teaching. hasie

experiment teaching and progressive project teaching for the course Microcontroller Principles and Interface Tech—

niques. Meanwhile it has carried out multivariate evaluation assessment to realize authentic assessment of students”

practical application ability. This teaching model has effectively improved the practical ability of the different level
students, stimulated students”creativity and cultivate talents with excellent engineering quality.
Keywords : multivariate practice teaching mode; virtual experiment; experimental teaching; project teaching: mult-

ivariate evaluation assessment
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Student-Centered Curriculum Reform and Practice

WANG Xiao-ping', CAI Peijun’, WANG Li-giang’, LIANG Yi yong’, LIU Yuing’
(1. Ocean College, Zhejiang University, Zhoushan 316021, China;2 College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China}

Abstract: Courses are an important way of cultivating talents in college education. Advanced training schemes and
the course system are implemented through course teaching. Advanced teaching notions and methods also rely on
course teaching. The teachers of Mierocontroller Principles and Interface Techniques course in the Optical Seience
and Engineering College of Zhejiang University insist on teaching concept of student—centered and ahility training-o—
riented. They actively carried out course reforms in four aspects, namely teaching, leaming. evaluation, and exper—
imentation. The reforms not only have effectively inspired students to learn, explore, and practice actively, but also
provided a good platform for theirselfdearning and personal growth.

Keywords: teaching methad ; learning method; evaluation method ; experimentation method
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Test and measurement of self ~built optical fiber links based
on OTDR and its teaching practice
Lin Yuanfang. Li Mingyu. Yan Chunsheng, Shi Yaocheng, Wang Xiaoping, Liu Xuo

(State Key Laboratory of Modern Instrumentation. Department of Optical

Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; In order to enhance students” comprehension of the hasics, connection and testing of optical fibers
and improve their engineering application ahility. an experiment of testing optical fiber links iz included in
“practical training and exercise of optical communication and integrated optoelectronic technology™ set by Zhe
jiang University for the optical information engineering major. The students were required to build optical fiber
links themselves by means of flange connection. mechanical splicing and fusion based on experimental equip-
ment, such as fiber, jump fiber, tail fiber, fiber end preparation tools, fiber connector, attenuator, fiber fu-
sion machine. ete, + then to measure with the optical time domain reflectometer (OTDR) and evaluate qualities
of the fiber end and splicing as well as the rationality of fiber Links, The teaching practice for two years shows
that. through this kind of * task-oriented, learning by doing.” autonomous. exploratory experiments, the
students can not only master the aperation of OTDR, the end preparstion and splicing of optical fibers. but al-
so improve their abilities of finding problems from experimental phenomena. thinking. analyzing and then giv-
ing explanations.

Key words; fiber-optic communication; experimental teaching; optical time domain reflectometer(OTDR) 4 a1-

tenuation
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Study on the organization of the student’s Opt-Sci-Tech competition

LIN Yuanfang, ZHENG Xiaodong, WANG Xiaoping, LIU Xiangdeng, LIU Xu
(Deps of Optical Engi Zhejiang University, Hangzhou 310027, Zhejiang. China)

Abstract; The organization of the 2nd Zhejiang university student’s Opt-Sei Tech competition from the preparation to
the end and the schedule of the competition are reviewed. The enrollment, scheme submission, the promotion table and
the awards of the competition are given statistically. The venue layout, personnel arrangements, promotion rules and the
hoard position adjustments of the professional athletics c ition are ized.

Key words: information optics; discipline competition; venue layout; personnel arrangement; promotion table; na-
tional university student’s Opt-Sci-Tech competition
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Study on the matching degree of industrial career needs and
curriculum of optical engineering in Zhejiang University
ZHENG Xiao-cong, LIU Xu, LIU Xiang-dong, WANG Xiao-ping, LIU Yu-ling
{Department of Optical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; According to a survey in requirement of the knowledge structure for optical industrial careers. the mate-
hing degree of industrial needs and the curriculum of optical engineering in Zhejiang University are analyzed. The analysis
results show that the curriculum natches very well with the professions which pursue on design and development jobs in
industry, but only have a litile peor match with the career requirement of optical material research and product manufac-

re. It reveals & national-wide curriculum guideline for optical engineering should cover various situations for the colleges

who have different levels of education targets,

Key words: curriculum; optical engineerings industries needs; matching degree
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Glance of 1st nationwide undergraduate student

optical and electrical design competition
GUO Xiao-ying,» WANG Xiao-ping, ZHENG Xiao-dong, LIU Xiang-dong, LIU Xu, YAO Da
(Dept of Optical Engineering, Zhejiang University, Hangzhou 310027 ,China)

Abstract; Sponsored by the Chinese Optical Society, the 1st China nationwide undergraduate student optical and elec-
trical design competition was held successfully by department of optical engineering, Zhejiang University and China Jil-
iang University on May 2009 in Hangzhou. A some of the competition are described, including the application, the theory
of program evaluation, in-kind competition, such as after thoughts,
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Huawei proposes challenges to the entire society while taking
into account both industrial challenges and scientific value, in
order to encourage exploration, openness, creative thinking,
and charting new direction based on the spirit of "Let a hundred
flowers bloom, a hundred schools of thought contend.”

This is to certify that professor Wang Kaiwei has made valuable
contributions to the Hardware Engineering challenge "Motion
Vector Estimation Based on Event Cameras." Given the
contradiction between high-frame-rate detection requirements
and the limited computing power of mobile phones, professor
Wang, instead of following the traditional deep learning model-
based detection approach, proposed a high-frame-rate and

image and event information.
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An optically addressed parallel-aligned nematic-liquid-crystal spatial light modulator (PAL-SLM) has been
studied as u dynamic phase-only light modulation device. The phase modulation characteristics of the PAL-
SLM using a liquid crystal display (LCD) as an mask were investigated by analyzing diff
efficiencies resulting from binary gratings projected from the LCD. A more than 2x phase-only modulation
depth was achicved, The highest first-order diffraction cfficiency of approximately 38% was also obtained; this
is close to the theoretical limit. The i I results of di e on the phase
madulation depth are in good agreement with the simulation for the system operation.

i dul
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1. Introduction

There has recently been a great deal of interest in effi-
cient ph Iy for applications in optical
correlation systems,™* reconfigurable computer-generated
hol » optical i phase contrast
technique” and so forth, where the diffraction phenome-
non of light is utilized. Phase information is more impor-
tant than amplitude information due to its inherent high
efficiency of ission and high discri ion capabil-

necessary to study the phase modulation characteristics of
the PAL-SLM in combination with the LCD.

In this paper we present the phase modulation character-
isties of the LCD coupled PAL-SLM with write-in binary
intensity gratings. Phase-only modulation depth exceeding
2r was achieved. High diffraction efficiency was also
achieved which is close to the theoretical limit. The sys-
tem operation was simulated, and the diffraction effi-
ciencies depending on the phase modulation depth were in
good with the si i

ity in the optical system.'"? Since liquid crystal displays
(LCDs) are readily available inexpensively as a commercial
component, they have been utilized for studies as phase-
only modulators.**? In many applications, a dynamic
range of at least 2 phase modulation is required, how-
ever, most LCDs at present cannot achieve 2z phase
modulation depth.

“To achieve this level, a nonpixelized, optically addressed,
parallel-aligned nematic liquid-crystal spatial light modu-
lator (PAL-SLM) has been developed. A large phase-only
modulation depth based on the electro-optical characteris-
tics of a PAL layer was obtained, and the diffraction
efficiency with write-in sinusoidal gratings was studied.”

In programmable optical interconnections, a ph: I

2. PAL-SLM

Figure 1 shows the structure of the PAL-SLM. An
amorphous silicon (a-Si:H) photo-conductive layer (6.8
4m) is used as the optical addressing material, and a PAL
layer (8 ym) as the light modulation material. The bire-
{ringence () of the LC is approximately 0.2. A dielectric
mirror is sandwiched between the LC and a-Si:H layers,

the reflection of the device. The
active area of the PAL-SLM is 20mm>20mm. In the
PAL-SLM, the LC molecules are aligned parallel to two
glass substrates without the applied clectric field (off state)
as shown in Fig. 2(a). With the applied electric field (on
state), the molecul tilted in the transmitting direction

SLM is needed to store a realtime computer generated
hologram (CGH). One way is to use a cathode ray tube
(CRT) to address a CGH on a PAL-SLM. However, phase
modulation depth of more than Zx cannot be obtained
with the CRT due to its contrast,” furthermore, a CGH
may suffer from distortion because of difficulty of correc-
tion in the electron lens of the CRT. For practical pur-
poses, an LCD can be chosen to serve as an accurate
addressing mask for the PAL-SLM. It thus becomes

*State Key Laboratory of Modern Opcical Instrumentation, Zhe-
jiang University, Hangzheu, 310027, P.R. China.
E-mail: bw@cel hipk.co.jp

of the light beam while maintaining parallel alignment of
the molecules as shown in Fig. 2(b). In this case, when the
polarization direction of the read-out light is parallel to the
LC maolecule direction in the off-state, no modulation of
the polarization state occurs and only the refractive index
of LCs is changed with the change of write-in light inten-
sity, so phase-only modulation occurs,

3. Phase Modulation Characteristics of LCD coupled
PAL-SLM
8.1 Experimental Setup

The experimental setup for studying phase modulation

characteristics of LCD coupled PAL-SLM is shown in Fig.
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TIME INTEGRATED SPECTROSCOPY OF
TURBID MEDIA BASED ON THE MICROSCOPIC
BEER—LAMBERT LAW: APPLICATION TO
SMALL-SIZE PHANTOMS HAVING DIFFERENT
BOUNDARY CONDITIONS

4

Hedong Zhang,” Tsuneyuki Urakomi.? Yutaka Tsuchiya,? Zukang Lu, and Tervo Hiruma
"Zhejiang University, State Key Laboratory of Modern Optieal Instrumentation, Hangzhou,

310027, People’s Republic of China; ‘Central Research Laboratory, Hamamatsu Photonics K.K.,
5000 Hirakuchi, Hamakita 431-8601, Japan

(Paper CDO-011 received May 25, 1995; revised manuscript received Nov. 18, 1998; accepted for publication Nov. 19, 1095. )

ABSTRACT

Continued work on time-integrated spectroscopy (TIS) is presented to quantify absorber concentrations in
turbid media. We investigated the applicability of the TIS method to small-size media that have different
boundary conditions by measuring two 20% 2050 mm® cuboid liquid tissue-like phantoms at various ab-
sorption levels (absorption coefficients of the phantom from 25510 * to 4.4>107? mm™' at 782 nm and from
31%1077 to 27510 2 mm"" at 831 nm). The scattering and absorbing solution was filled into ordinary and
black-anodized aluminum containers to provide different boundary conditions. By means of a single equa-
tion, the absorber concentrations have been recovered within errors of a few percent in both cases. This
demonstrates that the TIS method can quantify absorbers in small-size media having different boundary

conditions, © 1999 Society of Photo-Optical Instrumentation Engineers. [S1083-3668(39)01101-61

Keywords tissue spectroscopy; time integrated spectroscopy; small-size media; boundary conditions.

1 INTRODUCTION

The measurement of optical properties, i.e., the ab-
sorption coefficient u, and the reduced scattering
coefficient u;, of biological tissues is attracting
great interest in the biomedical field.! Knowledge
of these parameters provides important informa-
tion, such as the metabolism and health status of
living tissues, for both diagnostic and therapeutic
applications. Up to now, a variety of methods have
been developed for this purpose. Among them,
methods based on the photon diffusion equation
have been widely applied to measure tissues and
tissue-like phantoms, allowing the estimation of u,
and u] from highly scattering media.>® However,
due to inherent flaws in the photon diffusion
theory, these methods encounter the following
problems during practical applications. First, the
photon diffusion equation treats the reduced scat-
tering coefficient u. and is therefore only valid in
relatively large media in which enough scattering
events occur so that photons lose their initial
directionality.” Second, in the derivation of the pho-
ton diffusion equation, one has to incorporate exact

Address  all correspondence to  Yutaka  Tsuchiya,  E-maik
tsuchy@crLipk. cojp

descriptions of boundary conditions, such as zero-
or extrapolated- index matched or mismatched-
boundary conditions and exterior shapes of target
media. Application of the photon diffusion equa-
tion is therefore restricted to media that have
simple shapes.” Many results show that significant
errors can occur if the effect of the refractive index
mismatched boundary is not properly taken into
account.®'° The errors are more important when re-
emission from small-size media are measured, be-
cause the influence of the boundary increases as the
size of media decreases. These problems thus chal-
lenge us to develop a new method for noninva-
sively quantifying optical parameters in small-size
media having different boundary conditions.

The methods based on the microscopic Beer—
Lambert law (MBL), which describes the survival
probability of a photon by its zigzag path within
the medium, are very simple and implicit for
boundary conditions, exterior shapes, and source-
detector separation. In the case of the MBL, the ef-
fects of scattering and absorbing are separated and
a simple relation can be obtained between absorp-
tion coefficient and observables such as attenuation

10833668 /99,/$10.00 © 1999 SPIE
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Development of a depth of interaction detector for y-rays
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Abstract

A depth of interaction (DOI) detector for y-rays has been developed for a high-resolution positron emission
tomography (PET) system dedicated to small animal studies. The DOI detector consists of a double-layer array of
lutetium oxyorthosilicate (LSO) crystals and a position-sensitive photomultiplier tube (PS-PMT), Hamamatsu R7600-
C12, where the element size of the LSO array is 1.8 x 1.8 x 10 mm. In the LSO crystal block, the upper LSO array is
placed on the lower LSO array with a shift of half the element pitch in both X and Y directions. Since the centroid of the
output light distribution from each crystal element locates at a different position on the PS-PMT, the crystal element can
be identified on the image plane derived from the centroid calculation. The performance of the DOI detector was
measured in terms of its application to PET. Each crystal element is clearly separated on the position map so that a single

bit of DOI information can be derived, as well as the position information. The timing resolution for the upper array was
0.98 ns in FWHM, and was 0.83ns in FWHM for the lower array. The spatial resolution in coincidence was measured
with a pair of DOI detectors at different incident angles of y-rays. The averaged FWHM values were 1.4 mm at 0" and
34mm at 30", while those of the detector pair without DOT were 1.5mm at 0 and 4.5mm at 30 . It is confirmed that the
DOI detector provides better spatial resolution for the oblique incidence angle of y-rays. which results in improved PET
resolution in the peripheral field of view (FOV). The experimental results show that the new DOI detector is applicable
for high-resolution PET systems. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Radiation detector; Depth of interaction (DOI); Lutetium oxyorthosilicate (LSO); Position-sensitive photomultiplier tube
(PS-PMT): Positron emission tomography (PET)

1. Introduction mals such as transgenic mice have been used as
disease models. Researchers are especially interest-
ed in functional imaging on those animal disease
models in vivo. In PET imaging of small animal
species such as mice and rats, a technological diffi-
culty exists in the realization of high resolution with
high sensitivity. Many detector schemes have been
proposed in order to achieve high spatial resolution
close to physical limitations posed by the positron
range effect and the angular deviation of annihila-
tion y-rays. One of the most promising schemes is
the use of a position-sensitive photomultiplier tube

Previous attempts at applying depth of interac-
tion (DOI) detectors for y-rays in the field of instru-
ments for nuclear medicine have been reported,
especially as a detector for positron emission to-
mography (PET). Recently, genetically treated ani-

* Corresponding author. Tel.: + 81-033-586-7111; fax: + 81-
053-586-6180.
E-mail address: watanabe(@ecrl hpk.cojp (M. Watanabe).
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Non-paraxial Analysis of the Beam Quality of InGa/

P Strip

Buried Heterostructure Lasers
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Abstract The horizontal beam quality factor M. of the TE,, propagating mode for InGaAsP ( A =

1.3 pm?) SBH lasers has been investigated. It has been shown that the optical fields penetrate deeply into

the waveguide and cladding layers when the width of the active layer is smaller than emission wavelength.

The field distributions outside the active layer will influence the beam quality factor. The calculated non-

paraxial M’ is larger than unity.

Keywords  Swrip buried heterodtructure lasers; Horizontal beam quality factor; Non-paraxial vetorial

moment theory
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0 Introduction

Recently the beam quality factor M was extended

. . 1-4
to the case of the non-paraxial beams™ ~*1

. Many
researchers have investigated the vertical beam quality
factor M of the fundamental TE propagating mode for
DH lasers and MQW lasers™* ", They eoncluded that
M? would be smaller than unity when the thickness of
the active layer is much smaller than the emission
wavelength. In a recent paper, the beam quality of
GaAs/Al Ga, __As strip buried heterostructure laser has
been in\'csligamd“:. It is shown that the horizontal
beam quality factor M* of the fundamental TE,, mode
will be smaller than unity when the width of the active
layer is smaller than 0. 31 times of the lasing
wavelength. However. the optical field distributions in
the waveguide and the cladding layers have not been
taken into account in most of the investigations. It
should be noted that the optical fields deeply penetrate
into the waveguide and cladding layers when the
thickness or width of the active layer is much smaller
than emission wavelength.  The field distributions
outside the active layer will affect the beam waist as
well as the beam divergence. Therefore. the errors in
calculating M* should occur when one only takes the
optical fields in the active layer of a laser diede into
account.

The aim of our study is to provide the
comprehensive  analysis and  caleulations  for  the
horizontal heam quality factor M of the fundamental
TEy, propagating mode for InGaAsP (A =1.3 pm)
strip buried heterostructure (SBH) lasers.

Tel :0571-87951962-8001  Email: hsiang_woo@ hotmail. com
Received ddtb/306057 2 16

1  Waveguide mode

Fig. 1 shows a schematic cross section of the
waveguide of the InGaAsP-InP SBH laser. consisting of
ak =1.3 pm active layer strip and a A =1.1 pm
guiding layer with outer InP cladding la}'c:rs["]. The
refractive indices of the active. guide and InP cladding
layers at A =1.3 pmaren, =3.52.n_=3.33, and
n, =3.2. respectively. Since the measured emission
from the lasers is polarized with the electrie vector
parallel to the plane of the layers (TE polarization).

only this polarization will be considered.

W, N N,
il E' 41_|
5, | pa
z | p-inGaAsp
Active layer
{ ninCaAsP
‘Waveguide layer
1P
Ee) wi

Fig.1 Schematic cross section of the InGaAsP-InP SBH laser

Wave propagation can be studied by dividing the
structure into two different regions. Region | represents
a four-layer slab waveguide and Region 2 represents a
three-layer slab waveguide. The effective refractive
indices N, and N, for regions 1 and 2 are derived from
the propagation constants 8, and B, for the four- and
three-layer slab waveguides as

Ny =Bk Ny =Ba/ ko 1S
where k) =27/A and A is the wavelength of radiation.

As shown in Fig. 2. the fields in the jth (j =0.1,
2.3) layer of the waveguide structure in the Region 1
can be expressed as

E, Cvozot) =E, (exp Liwt -,2) ] 2)
The complex TE amplitudes £ (x) can be expressed
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Oblique-Incidence Characteristic of Parallel-Aligned
Nematic-Liquid-Crystal Spatial Light Modulator

YE Bi-ging', CHEN Jun', Norihiro Fukuchi®,
Yasunori Igasaki®, Takashi Inoue?, Tsutomu Hara®
! State Key Laboratory of Modem Optical Instrumentation .
Zhejiang University s Hangzhou, Zhejiang 310027, China
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Abstract It is a valid way to improve the read-out light efficiency of spatial light medulator that the incident read-
out light obliquely enters the read-out plane of the liquid crystal spatial light modulator. With different incident
angles, the relations of the phase modulation depth and the write-in light intensity and of the diffraction efficiency
and the contrast of the binary grating are measured, It is found that, with increasing incident angle, the maximum
depth of the phase modulation decreases, but obvious change of the diffraction efficiency does not occur. With 45°
incident angle, the maximum depth of the phase medulation reaches 2. 0936z, and the positive first order diffraction
efficiency is 35, 4%,

Key words  information optics; liguid crystal spatial light medulator; oblique incidence
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Experimental Research on Fiber Bragg Grating Based Monitor
for Laser Thrombolysis in vitro
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Abstract The experimental investigation of the fiber Bragg grating (FBG) sensor in monitoring action for the laser

thrombolysis is introduced. In laser thrombolysis, the pulsed laser is absarbed by blaod, leading to cavitating bubbles
The shock wave is generated during bubble expansion and collapse. With a tunable distributed feed back (DFB) LD

laser as the light source and an edge filtering demodulation. the shock wave was measured by FBG based sensing

system. In experiment. the peak power of the shock wave response increases with the laser power, and the FBG

responsibility for the shock wave in the blood after ablation of clot is to that in blood without clot. According to

this simil

¥» whether the clot is ablated or not can be distinguished. In the in vitro experiment. the measured
ablation time is 23 s.

Key words fiber optics: fiber Bragg grating: shock wave: lasers thrombolysis
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Correlation matching method for high-precision
position detection of optical vortex using Shack-
Hartmann wavefront sensor

Chenxi Huang,"” Hongxin Huang,! Haruyoshi Toyoda,” Takashi Inoue,” and Huafeng
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Abstract: We propose a new method for realizing high-spatial-resolution
detection of singularity points in optical vortex beams. The method uses a
Shack-Hartmann wavefront sensor (SHWS) to record a Hartmanngram. A
map of evaluation values related to phase slope 1s then calculated from the
Hartmanngram. The position of an optical vortex is determined by
comparing the map with reference maps that are calculated from
numerically created spiral phases having vanous positions. Optical
experiments were carried out to verify the method. We displayed various
spiral phase distribution patterns on a phase-only spatial light modulator
and measured the resulting singularity point using the proposed method.
The results showed good linearity in detecting the position of singularity
points. The RMS error of the measured position of the singularity point was
approximately 0.056, in vnits normalized to the lens size of the lenslet array
used in the SHWS.

©2012 Optical Society of America

OCIS codes: (050.4863) Optical vostices; (230.6120) Spatial lisht modulaters; (010.7350)
Wave-front sensing.
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Nanonization of poorly water-soluble drug clobetasone butyrate

by using femtosecond laser
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Nanonization, which involves the formation of the drug with nanometer particle size, is an effective
method to improve the dissolution rate and bioavailability of poorly water-soluble drugs. A pulsewidth-
tunable femtosecond laser was used to produce nanoparticles of dobetasone butyrate using poloxamer
188 as stabilizing agent. The effects of temperature and pulsewidth on the particle size and concentration
were studied for the first time. The particle size and drug concentration dependence on the laser

intensity and irradiation time were also investigated. Permeability test releaved that laser nanonization

Keywords:

Nanoparticle

Poorly water-soluble drug
Nanonization
Femmsecond laser

improved the drug permeability across Caco-2 cell monolayer. This laser nanonization method has a
great potential to be used for new drug development.

@ 2013 Elsevier B.V. All rights reserved

1. Introduction

A large fraction (~40%) of the new drug candidates identified
through combinatorial screening programs is poorly water-
soluble. Low water solubility of drugs leads to low dissolution
rate and low bioavailability which present a major challenge to
their clinical development [1,2]. The improvement of water
solubility is an important task for pharmaceutical companies in
developing new drugs.

Several approaches have been employed to improve water
solubility of drugs, such as complexation with cycledextrins [3],
salt formation of ionizable drugs [4] and the use of co-solvents [5].
However, universal methods that can improve water solubility are
still highly desirable. According to Noyes-Whitney equation [G],
nanenization reducing the particle size down to the nanometer
size range is an effective method to increase dissolution rate and
improve water solubility. Nanonization may be achieved either
through bottom-up approach (chemical precipitation) or top-
down approach. Top-down methods include media milling and
high-pressure homogenization, which are used commercially.
Nanonization of drugs to sub-micron level is achievable by using
these two top-down methods [7-9]. However, contamination and
heat generation are severe problems for these methods.

* Corresponding author. Tel: +81 535840250,
E-mail address: gen@crlhpkcojp (G. Takebe).

0030-4018/$ - see front matter & 2013 Hsevier BV. All rights reserved.
hrep: [fdx.doi. 01016fj.0ptcom 201310035

Recently, nanonization of poorly water-soluble drug by using
laser becomes increasingly popular, which has the advantages of
non-contact and convenient. By using infrared nanosecond laser,
cyclosporin A nanoparticles were produced, with high levels of the
drug using polyvinyl pyrrolidone and sodium dodecyl sulfate as
stabilizing agents. Cyclospoin A nanoparticles showed a spherical
shape and their particle size was distributed uniformly around
200nm [10]. With the benefit of ultrashort pulse-width and
extremely high laser intensity, femtosecond laser ablation of
poorly water-soluble drugs, and production of paclitaxel nano-
crystals and megestrol acetate nanoparticles were achieved
[11,12]. However, only the laser intensity effects were investigated
in detail.

In this paper, a pulsewidth-tunable femtosecond laser was
adopted to produce nanoparticles of poorly water-soluble drug.
The effects of temperature and pulsewidth on the particle size and
concentration were studied for the first time. The particle size and
drug cencentration dependence on the laser intensity and irradia-
tion time were also investigated. The poorly water-soluble drug
used was clobetasone butyrate (CB). CB is a corticosteroid used in
dermatology, for treating skin inflammation. (B absorbed in
quantities can produce both systemic and ftopical side effects.
One of the approaches to reduce the adverse effects of (B is to
enhance its permeability so as to reduce the ropically applied dose.
The nanoparticles of CB were produced by femtosecond laser
irradiation, and the p bility imp by laser nanoniza-
ton was verified.
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Abstract

Tomographic phase microscopy (TPM) facilitates three-dimensional imaging
of live cells based on quantitative measurement of the distribution of the
refractive index, but without the need for specific staining. However, the limited
imaging speed and the anisotropic resolution of the reconstructed refractive
index map remain major obstacles to the extension and further application of
TPM. To address these obstacles, we first formulate a general measurement
model that lincarises the relationship between the measurement data and
refractive index map based on a system matrix. In this way, the measurement
system is interpreted as a linear system in a complete manner. Then we propose
a reconstruction framework for retrieving the refractive index map from the
measurement data with reduced angular sample frequency and limited angular
coverage of illumination. The framework aims to transform the reconstruction
task into an optimisation scheme based on total variation norm regularisation,
followed by an efficient solution using the accelerated alternating direction
method of multipliers algorithm. Using this method, only sparse angular
illuminations need to be collected, thus speeding up the imaging process. We
obtained experimental results from both cell-mimic phantom data and real
measurement data, which showed that the proposed method can improve the
imaging speed while still providing refractive index images with better quality
compared with a conventional reconstruction method.
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Abstract

CrossMark

A novel crystal timing calibration method based on total variation (TV),
abbreviated as “TV merge’, has been developed for a high-resolution
positron emission tomography (PET) system. The proposed method was
developed for a system with a large number of crystals, it can provide timing
calibration at the crystal level. In the proposed method, the timing calibration
process was formulated as a linear problem. To robustly optimize the timing
resolution, a TV constraint was added to the linear equation. Moreover, to
solve the computer memory problem associated with the calculation of the
timing calibration factors for systems with a large number of crystals, the
merge component was used for obtaining the crystal level timing calibration
values. Compared with other conventional methods, the data measured
from a standard cylindrical phantom filled with a radioisotope solution was
sufficient for performing a high-precision crystal-level timing calibration.
In this paper, both simulation and experimental studies were performed to
demonstrate the effectiveness and robustness of the TV merge method. We
compare the timing resolutions of a *Na point source, which was located
in the field of view (FOV) of the brain PET system, with various calibration
techniques. After implementing the TV merge method, the timing resolution
improved from 3.34 ns at full width at half maximum (FWHM) to 2.31 ns

FWHM.
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Reweighted Anisotropic Total Variation
Minimization for Limited-Angle

CT Reconstruction
Ting Wang, Katsuhiro Nakamoto, Heye Zhang, and Huafeng Liu

Abstract— Limited-angle problems encountered in computed
tomography (CT} often necessitate image reconstruction using
projection data from a particular angle range. To solve this
severely ill-posed problem, prior information is utilized to con-

strain the problem. As a special case of compressed sensing,

I. INTRODUCTION

X -RAY computed tomography (CT) plays a very important
role in a variety of applications, such as medical imaging

a total variation (TV) transform with an /{-norm i image gmdlcnr
is utilized in most cases, and manages to obtain very impressive
reconstruction results. However, it is unfit for limited-angle
problems owing to its isotropic property. This paper proposes
a new iteratively reweighted anisotropic TV (ATV) method,
in which a reweighted technique is incorporated into the idea
of ATY. Ouwr strategy successfully combines their merits and
results in significantly improved performance. By using the
ue, we are able to approximate the most direct
y—Ip-norm—better than [;-norm. As a result,
the property of image sparsity can be utilized more efficiently.
Because TV is isotropic, which prevents detection of blurred
edges caused by missing angle ranges and may weaken edge-
preserving ability along nonblurred directions, we consider the
angle range of the data as additional prior information by
assigning different weights to different directions; this allows
the anisotropic property to be utilized. Therefore, the blurred
directions can be prevented from affecting edge detection, and
better reconstruction results can be achieved. To demonsirate
the advantages of our method, we perform reconstruction using
projection data from phantom CT scans and actual CT scans.
We conducted comprehensive comparison between our method
and many existing TV-based methods. Both qualitative and
quantitative results are presented.

Index Terms— Anisotropic total variation (ATV), compressed
sensing (CS), image reconstruction, limited-angle CT. reweighted
technigue.

Manuseript received August 23, 2017; accepted September 4, 2017. Date
of publication September & 2017; date of current version October 17, 2017
This work was supported by in part by Hamamatsu Photonics K.K.. Japan.
in part by Zhejiang University, China, in part by the National Natural Science
Foundation of China under Grant 61427807 and Grant 61525106, in part
by the National Key Technology Research and Development Program of
China under Grant 2016YFC1300302, in part by Zhejiang Medical Science
and Technology Projects under Grant 20143675, and in part by Hangzhou
Huazheng Medical Equipment Cnmpanv Lid. under Grant 491030-121602.
ffwm.ipmrd'mg author: Huafeng Liu.)

. Liu are with the State Key Laboratory of Mod-
em Opllc;d Insu'umcnmuon Zhejiang University, Hangzhou 310027, China
(c-mail: ting_wang @zju.cdu.cn; liuhf@zju.cdu.cn).

K. Nakamoto is with Hamamatsu Photonics K K., Hamamatsu 4343601,
Japan (e-mail: katsuhiro.nakamoto@crl.hpk co.jp)
Zhang is with the Shenzhen Institute of Advanced Technology,
Shrmhm 518055, China (e-mail hy.zhang@siat.ac.cn).
Color versions of one or more of the figures in this paper are available
online at htp:/fiecexplore ieee.org.
Digital Object Identifier 10.1109/TNS.2017.2750199

for di is and therapy, security checks, and product shape
examination for quality control. In addition to accurate and
robust image ion, there is i ing interest in the
limited-angle problem because of attempts to: 1) reduce the
X-ray dose delivered to patients; 2) decrease the time required
for patients to remain still during a scan: and 3) address the
restricted scanning capabilities found in many facil:
such a severely ill-posed problem, accurate reconstruction is
very difficult to achieve. The application of standard ana-
Iytic algorithms such as filtered back-projection (FBP) will
lead to conspicuous artifacts in reconstructed images. mainly
owing to insufficient information in the Fourier domain. How-
ever, a number of |tar:\uve techniques are more amenabla to
problems of this type, including the algebraic

technique (ART) and its variations [1]-[3]. Moreover, some
given prior information about the image object is frequently
assumed; this may include the sign, content, boundary, and
smoothness needed to constrain the problem and effectively
reduce artifacts [4]-[6]. Many efforts have been made to tackle
this problem, and numerous algorithms have been proposed.
A breakthrough referred to as compressed sensing (CS) was
made several years ago, in which under some conditions,
high-quality signals/images can be reconstructed from far
fewer than that idered necessary according
to the Nyquist sampling theory [7]. [8]. The key point of
CS is to seek a proper space so that the signal can be
sparsely represented. The spaces typically used in the image
reconstruction field are discrete gradient space [8] and wavelet
space [9]. In addition, some researchers have used other spaces
such as curvelet space [10] and shearlet space [11].

For most natural images. especially medical images, rapid
variations may occur only at the boundaries of some structures.
Thus, an image itself might not be sparse but its gradient
image could be [8]. [12]. A special case of CS that utilizes
this property is total variation (TV) minimization, which is
frequently used for image reconstruction in the field of sparse-
view CT. This model is also known as “ROF model” because
it was first proposed by Rudin ef al. in 1992 [13]. The TV of
an image is the /j-norm of its gradient image. and is usually
minimized subject to the data fidelity term obtained from

s. For
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Featured Application: This study will be valuable to researchersworking in optical metrology and
in the diagnosis of optical communication links through long-distance free-space propagation.

Abstract: A generalized contour-sum method has been proposed to measure the topological
charge (TC) of an optical vortex (OV) beam using a Shack-Hartmann wavefront sensor (SH-WFS).
Moreover, a recent study extended it to be workable for measuring an aberrated OV beam. However,
when the OV beam suffers from severe distortion, the closed path for circulation calculation becomes
crucial. In this paper, we evaluate the performance of five closed path determination methods,
including watershed transformation, maximum average-intensity circle extraction, a combination
of watershed transformation and maximum average-intensity circle extraction, and perfectly round
circles assignation. In the experiments, we used a phase-only spatial light modulator to generate
OV beams and aberrations, while an SH-WFS was used to measure the intensity profile and phase
slopes. The results show that when determining the TC values of distorted donut-shaped OV beams,
the watershed-transformed maximum average-intensity circle method performed the best, and the
maximum average-intensity circle method and the watershed transformation method came second
and third, while the worst was the perfect circles assignation method. The discussions that explain
our experimental results are also given.

Keywords: wavefront sensor; spatial light modulator; contour-sum method; topological charge;
orbital angular momentum

1. Introduction

Recently, optical vortex (OV) beams, owing to their unique properties, have attracted more and
more interest and have been utilized in a wide range of fields—from scientific research to advanced
technology applications, such as optical communications [1-4], optical metrology [5-7], and optical
trapping and manipulation [8-10]. Many specialties of OV beams are due to their phase singularity in
the wavefront function, where the intensity drops to zero and the phase is undefined [11,12]. Moreover,
the phase along a closed path enclosing the singularity point varies from 0 to 2nm, where n is an
integer known as the topological charge (TC) or the orbital angular momentum (OAM). OV beams
with different TC values perform diverse characteristics and consequently are used as information
carriers in state-of-art optical communication systems, which are used to generate sufficient force to

Appl. Sci. 2019, 9, 3956; doi:10.339app9193956 wiww.mdpi.confjournalfapplsci




Vol. 27, No. 5 | 4 Mar 2019 | OPTICS EXPRESS 7803

Optics EXPRESS .

Aberration-resistible topological charge
determination of annular-shaped optical
vortex beams using Shack-Hartmann
wavefront sensor
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Abstract: Determining topological charge (TC) of optical vortex (OV) beams 1s important for
many applications, such as optical measurement and information transmission through long-
distance propagation In this application. the OV beams usually have an annular intensity
profile at the receiving end and are inevitably distorted by aberrations during propagation. In
this paper. we propose a simple. direct. and aberration-resistible method to determine the TC
value of this annular-shaped OV beam with a Shack-Hartmann wavefront sensor (SH-WFS).
Our approach involves finding a closed-path along the annular intensity distribution ridge,
and then determining the TC value by a discrete circulation calculation with only the phase-
slope vectors along the closed-path. Verification experiments were performed using a phase-
only spatial light modulator to generate OV beams and aberrations, while SH-WES to

the 1 ity profile and phase-slopes. The results show that our method can
determine the TC value of up to = 20. The robustness against wavefront aberration and
simulated atmeosphernic turbulence was evaluated. We also verified the proposed closed-path’s
superionty to other circular closed-paths for TC determiation.

©2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

An optical vortex (OV) beam 1s a special optical field contaming one or several smgular
points, where the optical phase is undefined, and the intensity is zero [1.2] Around such a
point, the optical phase distributes helically; that is. the phase along a closed-path enclosing
the singular point changes from 0 to 2nr, where 1 is an integer and termed as topological
charge (TC). OV beams have many special properties and consequently an enormous range of
applications in scientific researches and information technologies. Becanse OV beams carry
optical angular momentum (QAM). they have been used in optical manipulation to rotate
micro-particles [3] and the optical manipulations with OV beam are expected to be powerful
tools for studying the non-equilibrium nature of biological molecules under torque [4].
Another important feature 1s that different OV modes, meaning OV beams with different TC
values, are orthogonal with each other. and therefore can be efficiently separated.
Accordingly, they are used as independent information channels in optical communication
and mterconnects [5-8] as well as in optical metrology [9-11]. OV beams are also utilized in
stimulated emission depletion (STED) microscopy for super resolution imaging of bio-tissues
[12]. In most of the above-mentioned applications [3.7-9,11.12]. the OV beams usually have
annular-shaped intensity profiles. Thereby, the ment and ch 1zation of this
annular-shaped OV beam directly 1s important for these applications.
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Abstract

In order to evaluate the capability of 2-tert-butyl-4-chloro-5-{6-[ 2-(2-['®F]fluoroeth oxy)-ethoxy]-pyridin-3-yImethoxy}-
2H-pyridazin-3-one (['*FIBCPP-EF), a novel positron emission tomography (PET) probe for mitochondrial complex |
(MC-I) activity, to assess neuronal activation, an activation PET study was conducted in the conscicus monkey brain with
a continuous unilateral vibrotactile stimulation. PET scans with ['°O]H,0, ['°FIBCPP-EF. or 2-deoxy-2-['°*Flfluoroglu-
cose (['®FIFDG) were conducted under: (1) resting conditions; (2) a continuous vibration stimulation; (3) a continuous
vibration stimulation after |5-min pre-vibration; and (4) a contil vibration stimulation after 30-min pre-vibration.
The contralateralfipsilateral ratio (CIR) in the somatosensory cortex showed significant increases in the uptake of
['*OJH,0, ['®FIBCPP-EF, and ['°FIFDG with the vibration stimulation. The longer pre-vibration duration induced sig-
nificanly lower CIR in regional cerebral blood flow (rCBF) measured using ['*O]H,O, whereas it did not affect the CIR
in ['®F]BCPP-EF or the regional cerebral metabolic rate of glucose (rCMRgle) measured using ['°FJFDG 30-60min after
the injection. These results suggest that the ['*FJBCPP-EF response in the later phase of scans was not influenced by the
increase in rCBF, indicating the capability of ['°F]BCPP-EF to detect acute changes in MC-| activity induced by neuronal
activation. However, the metabolic shift from glycolysis to oxidation was not observed under the stimulation used here.

Keywords
Glycolysis, mitochondrial complex |, monkey brain, neurcnal activation, regional cerebral blocd flow
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Introduction

Mitochondria are crucial organelles for oxidative
metabolism in eukaryotic cells. The electron transport
chain (ETC), which is located on the inner membrane
of mitochondria and consists of mitochondria com-
plexes I to V, is the site for oxidative phosphorylation
(OXPHOS) and aerobic adenosine triphosphate (ATP)
production. Mitochondrial complex T (MC-I; NADH-
ubiguinone oxidoreductase, EC 1.6.5.3) is the first and
largest enzyme in the ETC, catalyzing electron transfer
from NADH to ubiguinone. Dysfunctions in MC-T in
brain cells lead to neurodegenerative diseases such as
stroke and Alzheimer’s and Parkinson’s diseases. To
obtain a better understanding of the metabolic role of
MC-T in the pathology of these diseases using positron

emission tomography (PET), we developed a novel
PET probe, 2-fert-butyl-4-chloro-5-{6-[2-(2-["*F]fluo-
roethoxy)-ethoxy}-pyridin-3-ylmethoxy}- 2H-pyridazin-
3-one (["®FIBCPP-EF), to image MC-I activity.
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Abstract

Objective. The aim of this studyis to evaluate the performance characteristics of a brain positron emission
tomography (PET)scanner composed of four-layer independent read-out time-of-flight depth-of-
interaction (TOF-DOI) detectors capable of first interaction position (FIP) detection, using Geantd
application for tomographic emission(GATE). This includes the spatial resolution, sensitivity, count rate
capability, and reconstructed image quality. Approach. The proposed TOF-DOI PET detector comprises
fourlayers of a 50 x 50 cerium-doped lutetium—yttrium oxyorthosilicate (LYSO:Ce) scintillator array with 1
mm pitch size, coupled to a 16 x 16 multi-pixel photon counter array with 3.0 mm x 3.0 mm photosensitive
segments. Along the direction distant from the center field-of-view (FOV), the scintillator thickness of the
four layers is 2.5, 3, 4,and 6 mm. The four layers were simulated with a 150 ps comcidence time resolution
and the independent readout make the FIP detection capable. The spatial resolution and imaging
performance were compared among the true-FIP, winner-takes-all (WTA)and front-layer FIP (FL-FIP)
methods (FL-FIP selects the interaction position located on the front-most interaction layer in all the
interaction layers). The National Electrical Manufacturers Association NU 2-2018 procedure was referred
and modified to evaluate the performance of proposed scanner. Main results. In detector evaluation, the
intrinsic spatial resolutions were 0.52 and 0.76 mm full width at half-maxdmum (FWHM)at 0° and 30°
incident y-rays in the first layer pair, respectively. The reconstructed spatial resolution by the filter
backprojection (FBP) achieved sub-millimeter FWHM on average over the whole FOV. The maximum true
count rate was 207.6 keps at 15 kBq ml ™" and the noise equivalent count rate (NECR_2R) was 54.7 keps at
6.0 kBqml™". Total sensitivity was 45.2 cps kBq ' and 48.4 cps kBq " at the centerand 10 cm off-center
FOV, respectively. The TOF and DOI reconstructions significantly improved the image quality in the
phantom studies. Moreover, the FL-FIP outperformed the conventional WTA method in terms of the spatial
resolution and image quality. Significance. The proposed brain PET scanner could achieve sub-millimeter
spatial resolution and high image quality with TOF and DOI reconstruction, which is meaningful to the
dinical oncology research. Meanwhile, the comparison among the three positioning methods indicated that
the FL-FIP decreased the image degradation caused by Compton scatter more than WTA.

1. Introduction

Positron emission tomography (PET) is an essential in vivo molecular imaging technique and playsa keyrole in
research and clinical studies. PET scannersare widely used in clinical studies and many efforts have been made to
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X-ray detectors must be operated at minimal doses to reduce radiation health
risks during X-ray security examination or medical inspection, therefore
requiring high sensitivity and low detection limits. Although organolead tri-
halide perovskites have rapidly emerged as promising candidates for X-ray
detection due to their low cost and remarkable performance, these materials
threaten the safety of the human body and environment due to the presence of
lead. Here we present the realization of highly sensitive X-ray detectors based
on an environmentally friendly solution-grown thick Bil/Bily/Bil (Bi,l,) van der
Waals heterostructure. The devices exhibit anisotropic X-ray detection
response with a sensitivity up to 4.3 x 10° uC Gy cm™ and a detection limit as
low as 34 nGys™. At the same time, our Bi,l, detectors demonstrate high
environmental and hard radiation stabilities. Our work motivates the search
for new van der Waals heterostructure classes to realize high-performance X-
ray detectors and other optoelectronic devices without employing toxic

elements.

High-sensitive X-ray detection requiring a low-dose rate is of par-
ticular importance to reduce the risks of cancer caused by repeated
exposure to ionizing radiation in the fields of physical examination
such as medical diagnosis and security inspection. Therefore, i
promotes the exploration of X-ray detectors to improve the sensi-
tivity and reduce the detection limit Highsensitivity and low
detection limit require the X-ray detectors to possess high resis-
tivity, high attenuation coefficient, low electron-hole formation
energy (£,,;), and excellent charge collection ability. Here, “high
resistivity” results in the selection of materials with a large bandgap
to reduce the temperature-induced carrier excitation. Whereas
“low €4 needs the target materials with a small bandgap to

generate more electron-hole pairs by a single X-ray photon.
Therefore, amedium bandgap between 1.5 and 3.0 eV is considered
appropriate to balance thee,; andresistivity’. Nowadays, excellent
semiconductors such as metal halide perovskites and CZT in forms
of single crystal, polycrystalline or thick film with medium bandgap
have been developed for high-sensitive room temperature X-ray
detection. However, they are still limited by toxicity, stability, or
cost*.

Apart from the mentioned semiconductors, Bil, is also an
alternatively promising material with a medium bandgap. As
reported, Bil; is a 2D-layered semiconductor that belongs to R3
-148 space group with a strongly anisotropic crystal structure
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Abstract

In this paper. a small-world network-based reservoir computing (SWN-RC) is introduced to a micro-electromechanical system
(MEMS) mirror-based laser scanner to achieve high-accuracy and low-delay laser trajectory control. The benefits of SWN-
RC are confirmed through a comprehensive simulation, comparing it with reservoir computing (RC) based on regular and
random networks. Subsequently, the RC control module is designed and implemented on a cost-optimized field-programmable
gate array (FPGA). To balance the resource consumption and the processing delay, we use a half-parallel architecture for the
large-scale matrix multiplications. In addition, the weight matrices of the RC are expressed by the 12-bit fixed-point data,
which sufficiently suppresses the quantization noise. Furthermore, we simplify the activation function as a piecewise linear
function and store the values in the read-only memory (ROM), resulting in a 76.6% reduction in ROM utilization. Finally,
the SWN-RC, regular-RC, and random-RC control modules are implemented on the FPGA board and experimentally tested
in the MEMS mirror-based laser scanner system. To the authors”™ knowledge, it is the first reported RC-based MEMS mirror
control system implemented on FPGA. In addition, the PID control is also tested as a baseline experiment. The results indicate
that the RC control greatly outperforms the PID control with a 57.18% reduction 1n delay and over a 58.83% reduction in
root mean square error (RMSE). Among the RC controls, the SWN-RC exhibits the best performance than the others. The
SWN-RC achieves a further 14.03% and 12.42% reduction in RMSE compared to regular-RC and random-RC, respectively.

Keywords Reservoir computing (RC) - Field-programmable gate array (FPGA) - Small-world network (SWN) - Control
system

1 Introduction

Micro-electromechanical system (MEMS) mirror-based
laser scanners are widely utilized in the fields of LIDAR
due to their compact size, high speed, and low cost, com-
pared to the other types of laser scanner type [1]. However,
the MEMS system control is a complex project because
factors such as component aging and thermal derating tend
to change its behavior and performance [2]. Conventional
proportional-integral-derivative (PID) control works well
when the loop is linear, while the performance degrades
greatly in nonlinear systems. Compared to the PID control,
the neural network-based control approach can well address
the nonlinear problem in MEMS systems [3]. which has
been employed in numerous applications [4-6]. Reservoir
computing (RC) has been demonstrated to be effective for
model-free prediction of nonlinear and chaotic systems
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Abstract

Qbjective. In positron emission tomography (PET) reconstruction, the integration of time-of-flight
(TOF) information, known as TOF-PET, has been a major research focus. Compared to traditional
reconstruction methods, the introduction of TOF enhances the signal-to-noise ratio of images.
Precision in TOF is measured by full width at half maximum (FWHM) and the offset from ground
truth, referred to as coincidence time resolution (CTR) and bias. Approach. This study proposes a
network combining transformer and convolutional neural network (CNN) to utilize TOF
information from detector waveforms, using event waveform pairs as inputs. This approach
integrates the global self-attention mechanism of Transformer, which focuses on temporal

relationships, with the local receptive field of CNN. The combination of global and local
information allows the network to assign greater weight to the rising edges of waveforms, thereby
extracting valuable temporal information for precise TOF predictions. Experiments were
conducted using lutetium yttrium oxyorthosilicate (LYSQ) scintillators and silicon photomultiplier
(SiPM) detectors. The network was trained and tested using the waveform datasets after cropping.
Main results. Compared to the constant fraction discriminator (CFD), CNN, CNN with attention,

long short-term memory (LSTM) and Transformer, our network achieved an average CTR of

189 ps, reducing it by 82 ps (more than 30%), 13 ps (6.4%), 12ps (6.0%), 16 ps (7.8%) and 9ps
(4.6%), respectively. Additionally, a reduction of 10.3, §.7, 6.7 and 4 ps in average bias was achieved
compared to CNN, CNN with attention, LSTM and Transformer. Significance. This work
demonstrates the potential of applying the Transformer for PET TOF estimation using real
experimental data. Through the integration of both CNN and Transformer with local and global
attention, it achieves optimal performance, thereby presenting a novel direction for future research
in this field.

1. Introduction

Time-of-flight positron emission tomography (TOF-PET) is a medical imaging technique that measures the
time difference between two photons emitted from a positron annihilation event. The time difference
provides information about the location of the event along the line of response (LOR) between two detectors.
TOF-PET derives benefits from temporal information (Conti 2009}, resulting in significantly heightened
sensitivity compared to non-TOF-PET reconstructions that do not utilize temporal information. This is
attributed to its capability to significantly enhance the signal-to-noise ratio (SNR) of images (Conti and
Bendriem 2019), an enhancement that can be quantified by the formula derived in (Tomitani 1981,
Gundacker ef al 2014):
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2019 IEEE Nuclear Science Symposium and Medical Imaging Conference
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1. Registration fee
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3. Workshops

Redeem the voucher: Can only be used once at the beginning of the online-
registration

Expiration of the validity: Must be used by October 1, 2019
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The conference committee has decided that this year your Trainee Grant may be worth up to
500,00 GBP for a one-time credit to be applied to your expenses during the registration process.

Value of your voucher: up to 500,00 GBP

Valid for:
1. Registration fee
2. Short Courses

3. Workshops

Redeem the voucher: Can only be used once at the beginning of the online-
registration

Expiration of the validity: Must be used by October 1, 2019

Validity: The voucher is valid only for you and cannot be assigned to

another person

Your Grant Code: x4v2uBf3

Valid for:
Xu Pengcheng
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