


Welcome Message 

 

Welcome to Taiwan-Japan Bilateral Symposium in Optics 2018! 

The heritage of this symposium series was first initiated and organized by Professor Toyohiko 

Yatagai at the Utsunomiya University in 2008. It was followed by Professor Shean-Jen Chen at National 

Cheng Kung University in 2011, and then by Professor Yoshimasa Kawata at Shizuoka University in 

2013. National Chiao Tung University (NCTU) is happy and honored to be the host for this year 2018. 

The theme for this year is Optics for Intelligent Information Science & Technology: 

Biophotonics & Agricultural Photonics. This is in echo to the recent advancements in optical 

information technology, sensing, metrology, image processing, displays, storage, holography, nano-

photonics, functional materials, machine learning, neural networks, artificial intelligence, bio-

photonics and agricultural applications etc. We hope you will enjoy the symposium, and that through 

the forum, the symposium will continue to provide a knowledge exchange platform for attendees 

from all over the world. 

 

   

Ken-Yuh Hsu 

04-16-2018 
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Program 

Date: Monday, 16 April, 2018 

Venue: B2 府城廳, Shangri-La's Far Eastern Plaza Hotel (89 Section West, University Road, 

Tainan) 

18:30~          Welcome Reception and Dinner (Japanese delegates and invited speakers 

only) 

 

Date: Tuesday, 17 April, 2018 

Venue: International Conference Room, Southern Taiwan Science Park Bureau 

(AI_ROBOT@STSP, No. 22, Nanke 3rd Rd., Xinshi Dist., Tainan) 

09:00~09:15  Opening Remarks 

  Deputy Director-general Chen-Kang Su (Southern Taiwan Science Park 

Bureau) 

 Senior Vice President Chiun-Hsun Chen (NCTU) 

Session I Chair: Dean Ken-Yuh Hsu 

09:15~09:55 Plenary Talk: Prof. Jumpei Tsujiuchi 

 Image Restoration by Coherent and Incoherent Optical Methods 

09:55~10:25  Invited Talk: Prof. Shean-Jen Chen 

 R&D of Unmanned Vehicles with Agri-Photonics in College of Photonics, 

NCTU  

10:25~10:45 Coffee Break 

Session II Chair: Prof. Shean-Jen Chen 

10:45~11:25  Plenary Talk: Prof. Toyohiko Yatagai 

 Polarization Holography and its Application to Optical Memory 

11:25~11:55  Invited Talk: Prof. Chih-Chung Yang 

Gold Nanoparticles of Specialized Geometries for Photothermal and 

Photodynamic Therapies 

11:55~12:25 Invited Talk: Prof. Ichiro Ishimaru 

 Mid-infrared Hyperspectral Portable-camera for Healthcare Sensors, 

Environmental Measurements and Cultural Properties 

12:25~13:30 Lunch@ PREMIER Restaurant 

 1F No. 26, Nanke 3rd Rd., Xinshi Dist., Tainan City 74147 

Session III Chair: Prof. Ichiro Ishimaru 

13:30~14:00 Invited Talk: Prof. Kenji Harada 

 Polarization Color and Its Applications 

14:00~14:30 Invited Talk: Prof. Mitsuo Takeda 

 Complex-valued Neural Networks Revisited 
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14:30~15:00 Invited Talk: Prof. Ching-Cherng Sun 

 Smart 3D Indoor Mapping Based on Optical and Artificial Intelligence 

Technology 

15:00~15:20  Coffee Break 

Session IV Chair: Prof. Ching-Cherng Sun 

15:20~15:50 Invited Talk: Prof. Jun Tanida 

 Application of Machine Learning for Optical Sensing and Imaging through 

Scattering Media 

15:50~16:30 Plenary Talk: Prof. Din Ping Tsai 

 Meta-device for Photonics in Demand 

16:30~17:00 Invited Talk: Prof. Po-Sheng Hu 

 Cs0.33WO3 Compound Nanomatererial-Incorporated Thin Film Enhances 

Output of Thermoelectric Conversion in Ambient Temperature Environment 

17:00~17:30 Visiting Southern Taiwan Science Park Bureau 

18:00~20:30 Conference Banquet @ PREMIER Restaurant 

 1F No. 26, Nanke 3rd Rd., Xinshi Dist., Tainan City 741-47 

 

Date: Wednesday, 18 April, 2018 

Venue: 2F Advantech International Conference Hall, College of Photonics, NCTU 

(AI_Photonic_Agricultural_Robot@COPNCTU, No. 301, Gaofa 3rd Rd., Guiren Dist., 

Tainan) 

Session V Chair: Dean Ken-Yuh Hsu 

09:00~09:30  Invited Talk: Prof. Arthur E.T. Chiou 

 Bio- Physical and Chemical Properties of Head and Neck Cancer Cell Lines 

with Distinct EMT (Epithelial-Mesenchymal Transition) Phenotypes in 2D and 

3D Environments 

09:30~10:00 Invited Talk: Prof. Kazuo Kuroda 

 Measurement of Color Speckle in Laser Display 

10:00~10:30 Invited Talk: Prof. Kuo-Ping Chen 

 Narrow-band Optical Absorber by Metasurface and Tamm Plasmon 

10:30~10:50 Coffee Break 

Session VI Chair: Prof. Kazuo Kuroda 

10:50~11:20 Invited Talk: Kazuhiko Oka 

Channeled Polarimetry — Snapshot and Compact Method for Polarization  

Measurement 

11:20~11:50 Invited Talk: Prof. Chau-Jern Cheng 

 Digital Holographic Microscopy: From Ultrafast to Superresolution Imaging 

11:50~12:20 Invited Talk: Prof. Yoshio Hayasaki 
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 Two-color Pump-probe Digital Holography 

12:20~13:30  Lunch 

Session VII   Chair: Prof. Chau-Jern Cheng 

13:30~14:10  Plenary Talk: Prof. Francis Yu 

 Information Transmission with Quantum Limited Subspace 

14:10~14:40 Invited Talk: Prof. Yukitoshi Otani 

 Differential Interference Contrast Microscope and 3D Reconstruction by 

Pixelated Polarization Camera 

14:40~15:10 Invited Talk: Prof. Francis Yu 

 Discovery of Temporal Universe 

15:10~15:30 Coffee Break 

Session VIII Chair: Prof. Yukitoshi Otani 

15:30~16:00 Invited Talk: Prof. Chien-Chung Lin 

 Colloidal Quantum Dots and Their Applications to Hybrid Optoelectronic 

Devices 

16:00~16:30 Invited Talk: Prof. Takashige Omatsu 

 Optical Vortices Create Structured Materials 

16:30~17:00 Invited Talk: Prof. Tzung-Cheng Chen 

 UAVs in agricultural applications 

17:00~17:30 Invited Talk: Prof. Shu-Yi Liaw 

 Deep Learning Applied into the Price Forecasting of Agricultural Products and 

the Platform of Future Agriculture 4.0 

18:30~20:30           Dinner @ A-Chu's Mess Hall 

 No. 1, Sec. 2, Baoda Rd., Gueiren Dist., Tainan City 71141 

 

Date: Thursday, 19 April, 2018 

Venue: 2F Advantech International Conference Hall, College of Photonics, NCTU 

(AI_Photonic_Agricultural_Robot@COPNCTU, No. 301, Gaofa 3rd Rd., Guiren 

Dist., Tainan) 

Session IX  Chair: Dean Ken-Yuh Hsu 

09:00~09:30 Invited Talk: Dr. Setsuko Ishii 

 Holography as Architectural Decoration 

09:30~10:00 Hologram Installation Ceremony 

10:00~12:30 Chimei Museum (Japanese delegates and invited speakers only) 

12:30~14:00  Lunch @ 3F Café Message of Chimei Museum 

14:00~                Off-site meeting & visit (Japanese delegates and invited speakers only) 
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Date: Friday, 20 April, 2018 

Venue: Dalukuan Hotel, Pingtung 

09:00~12:00 Off-site meeting & visit (Japanese delegates and invited speakers only) 

12:00~ Farewell 
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Jumpei Tsujiuchi (辻內順平) 

Professor Emeritus, Tokyo Institute of Technology 
3-7-15 Tsuchihashi, Miyamae-ku, Kawasaki 216-0005, Japan (Home) 

 

1. Personal Information 

Birth: August 18, 1927  

Place of Birth: Wakayama, Japan 

2. Education:  

March 1951 graduated from the Faculty of Science, University of Tokyo 

3. Degree:  

March 1962 Ph.D. in Applied Physics (University of Tokyo) 

4. Professional Experiences:  

1951.4~1968.3  Mechanical Engineering Laboratory (Now: National Institute of  

   Advanced Industrial Science and Technology) 

1958.9~1960.4  Institut d'Optique, Paris (first with Scholarship from the French  

   government, and later as Attaché de Recherche of CNRS (Centre  

   National de la Recherche Scientifique, Paris, France) 

1968.4~1988.3  Professor of Applied Optics at Tokyo Institute of Technology 

1988.4 ~       Present Professor Emeritus at Tokyo Institute of Technology 

1988.4~1993.3  Professor of Imaging Science at Chiba University, Faculty of  

     Technology) 

5. Speciality 

- Applied Optics, (Optical information processing, holography, optical metrology) 

6. Scientific Societies 

- Honorary member of Japan Society of Applied Physics,  

- Honorary Member of Japanese Society of Medical Imaging Technology,  

- Regular Member of Physical Society of Japan, Optical Society of Japan, Society of Photographic 

Science and Technology of Japan, Regular Member of Optical Society of Japan,  

- Fellow of Optical Society of America, Fellow of SPIE-International Society of Optical Engineering, 

Fellow of Institute of Physics (UK), Chartered Physicist 

- President of International Commission for Optics (ICO) (1981-1984) 

- President of Japan Siciety of Applied Physics (1988-1990) 

- President of Japanese Society of Medical Imaging Technology (1994-2004)  

7. Awards 

- Best Paper of Optics (1962, Japan Society of Applied Physics) 

- Technical Award (1980, Society of Photographic Science and Technology of Japan) 

- President Special Award (1987, SPIE-International Society of Optical Engineering)  

- J. Petzval Award (1988, OAFE Hungary) 

- Blue Ribbon Award (1995, Japanese Government) 

- C.E.K. Mees Medal (1997, Optical Society of America) 

- Distinguished Achievements Award (2011, Japan Society of Applied Physics) 

- Emmett N. Leith Medal (2017 Optical Society of America) 

8. Scientific/Technical Papers:  

- about 200 papers (English or French languages) 

- Scientific/Technical Books (7 including co-author)  

- Translated Books (6 French and English including co-translation) 
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Image Restoration by Coherent and Incoherent Optical Methods 

 
Jumpei TSUJIUCHI 

Professor Emeritus, Tokyo Institute of Technology, Tokyo, Japan 

 

Photographic images are deteriorated by various reasons such as lens defocus, aberrations, camera 

movement during an exposure. At present, some of them can be removed by various technologies, 

but still take place eventually. In such cases, resultant deteriorated images can be restored afterwards. 

This technique is called image restoration, and we have started to study this problem in 1958 and 

continued about 10 years. This paper describes basic ideas and some concrete methods for this 

purpose.  

One of pioneering works for this purpose was made by A. Maréchal and P. Croce for improving 

contrast of photographic images by using a coherent optical method. They put an amplitude spatial 

filter on the Fraunhofer diffraction pattern of the photographic image so as to make weak the central 

peak amplitude and obtained higher contrast image. This filter has the effect to improve the contrast 

of the image and is called often “inverse filter”.  

We started the experiment of image restoration by using the same setup as Maréchal-Croce 

experiment, and started the restoration of image in November 1958 in Institut d’Optique, Paris. First, 

images obtained by a lens with one dimensional Gaussian curve as point spread function were 

processed. The inverse filter for this purpose was made manual photographic method, and fairly good 

results were obtained.  

As more general case, restoration of defocused images was made. In this experiment, a phase 

shifting filter was used as inversed filter. Because an automatic vacuum evaporator did not exist at 

the moment, we made such a phase filter by manual control method. The amplitude filter was made 

photographically and was combined with the phase filter. The experiment was successfully finished.  

These restoration experiments brought fairly good results, but there was a difficult problem in 

original photograph to be processed. The optical phase disturbance of a film to be processed was 

removed by liquid immersion, and we had to find new incoherent processing.  

Various techniques were studied, and an interesting method among them was incoherent 

processing realized by a combination of optical and video systems. An image-forming system 

consisting of conventional and cross-polarized optical systems was used. Two images from this 

system have different qualities each other, and are recorded by two video cameras. These two images 

are subtracted each other by video image subtractor, and the resultant image can be used as the final 

image. Parameters for image restoration can be controlled by parameters of the two image forming 

systems. Principles of this system were confirmed, but narrow working field is a weak point.  
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Shean-Jen Chen (陳顯禎) 

Adaptive Photonics Lab.: http://apl.nctu.edu.tw/ 

College of Photonics, National Chiao Tung University (NCTU), Tainan 711, Taiwan 

Tel: +886-6-3032121 ext. 57825; Fax: +886-6-3032535; E-mail: sheanjen@nctu.edu.tw 

1. Personal Information 

Birth: Tainan City, Taiwan, 1965.  

2. Educations 

1997.1  Mechanical Engineering, UCLA, PhD 

1992.2  Mechanical Engineering, Columbia University, MS 

1987.6  Agricultural Machinery Engineering, National Taiwan University, BS 

3. Professional Experiences 

2016.8~ College of Photonics, NCTU, Professor & Associate Dean 

2012.8~2016.7 Center for Micro/Nano Science and Technology, National Cheng Kung University (NCKU), 

Director-General 

Department of Engineering Science & Department of Photonics, NCKU, Distinguished 

Professor 

2011.2~2012.7 Research and Services Headquarter, NCKU, Deputy Director-General 

 Technology Transfer & Business Incubation Center, NCKU, Director 

2009.8~2011.1 Center for Micro/Nano Science and Technology, NCKU, Deputy Director-General 

2008.6~2008.9 Department of Biological Engineering, Massachusetts Institute of Technology, Visiting 

Professor 

2007.8~2012.7 Department of Engineering Science & Department of Photonics, NCKU, Professor 

2004.8~2007.7 Department of Engineering Science & Department of Photonics, NCKU, Associate 

Professor 

2003.8~2004.7 Department of Engineering Science & Department of Photonics, NCKU, Assistant 

Professor 

2000.8~2003.7 Department of Mechanical Engineering & Institute of Photonics, National Central 

University, Assistant Professor 

4. Fields of Specialty 

- Advanced Nonlinear Optical Microscopy for Bioimaging 

- Three-dimensional Photolithography for Developing Extracellular Matrix 

5. Major awards and honors 

- “Academic Excellence Award” from College of Engineering, NCKU in 2015. 

- “Research Excellence Award” from College of Engineering, NCKU in 2012. 

- “Teaching Excellence Award” from NCKU in 2011. 

- “Wu Ta You Memorial Award” from National Science Council of Taiwan for research excellence in 2005. 

6. Selected Recent Peer-reviewed Publications (* corresponding author) 

- C.-Y. Chang, C.-H. Lin, C.-Y. Lin, Y.-D. Sie, Y. Y. Hu, S.-F. Tsai, and S.-J. Chen*, “Temporal focusing-

based widefield multiphoton microscopy with spatially modulated illumination for biotissue imaging,” 

Journal of Biophotonics, vol. 11, no. 1, pp. e201600287, January 2018. 

- C.-Y. Lin, H.-Y. Chang, T.-F. Yeh, H. Teng, and S.-J. Chen*, “Three-dimensional patterned graphene 

oxide-quantum dot microstructures via two-photon crosslinking,” Optics Letters, vol. 42, no. 23, pp. 

4970-4973, December 2017. 

- V. Hovhannisyan, C.-Y. Dong, and S.-J. Chen*, “Photodynamic dye adsorption and release performance 

of natural zeolite,” Scientific Reports, vol. 7, no. , 45503, March 2017. 

- C.-Y. Chang, Y. Y. Hu, C.-Y. Lin, C.-H. Lin, H.-Y. Chang, S.-F. Tsai, T.-W. Lin, and S.-J. Chen*, “Fast 

volumetric imaging with patterned illumination via digital micro-mirror device-based temporal focusing 

multiphoton microscopy,” Biomedical Optics Express, vol. 7, no. 5, pp. 1727-1736, April 2016. 

- Y. D. Sie, N.-S. Chang, P. J. Campagnola, and S.-J. Chen*, “Fabrication of three-dimensional multi-

protein microstructures for cell migration and adhesion enhancement,” Biomedical Optics Express, vol. 

6, no. 2, pp. 480-490, February 2015. 
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R&D of Unmanned Vehicles with Agri-Photonics in College of 

Photonics, National Chiao Tung University 
 

Shean-Jen Chen (陳顯禎) 

 

College of Photonics, National Chiao Tung University, 711 Tainan, Taiwan 

Email: sheanjen@nctu.edu.tw; Tel.: +886-6-30332121 ext. 57825; Fax: +886-6-3032535. 

 

Intelligent farming robot aims at increasing farming output and decreasing the needs of resources, 

which can promote farming into another high tech industry and promote agricultural economic 

development. With the cooperation of unmanned vehicle and agricultural automation equipment, 

intelligent farming robot can alleviate the needs of agricultural population and enhance the overall 

production of fruits and vegetables. Though there are many inputs in unmanned aircraft vehicle (UAV) 

agricultural applications, however, unmanned ground vehicle (UGV) has relatively higher threshold 

and importance. Therefore, with the advantages of National Chiao Tung University (NCTU) in AI 

image recognition, solar electricity, and laser system, plus core technology of self-driving platform, 

electric agricultural vehicle, pest control, and IoT, we can meet the economic needs of Taiwan 

orchards and develop intelligent-photonic UGV that can be used in pest and quality control. 

Furthermore, based on the application of this UGV, it can also be used in other orchards or exploration 

platform of other agricultural crops. In order to achieve the aforementioned objectives, College of 

Photonics in NCTU will be executed in four research directions. 

Direction 1, development of smart functional 3D image recognition system, including high speed 

image transmission and embedded systems integration, hyperspectral imaging and fruit quality 

monitoring, embedded intelligent 3D image recognition and IoT networking.  

Direction 2, development of laser pest control system, including photonic pest control mechanism, 

pest control intellectual image recognition, and development of multiple laser beam shaping system.  

Direction 3, development of economical orchard UGV, including orchard UGV and autonomous 

spraying machine system, orchard self-driving control platform, and solar energy autonomous power 

system. 

Direction 4, big data collection of fruit trees and IoT integrated system, including the built building 

of fruit tress database and AI processing platform, big data cloud and AI pest control, cloud data big 

data cloud and AI fruits quality analysis. 
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Toyohiko Yatagai (谷田貝豊彦) 

     Center for Optical Research and Education, Utsunomiya University,  

Utsunomiya, Tochigi 321-8585, Japan. 
Tel & Fax.: +81-28-689-7073, E-mail: yatagai@cc.utsunomiya-u.ac.jp;  

 

1. Personal Information 

Birth: Tochigi, Japan, 1946. 

2. Educations: 

1980.9  Applied Physics, University of Tokyo, DoE. 

1969.5  Applied Physics, University of Tokyo, B.S. 

3. Professional Experiences 

2017.4~   Center for Optical Research and Education, Utsunomiya University, Project Professor 

2012.4~2017.3 Center for Optical Research and Education, Utsunomiya University, Director,  

Distinguished Professor 

2007.4~2012.3 Center for Optical Research and Education, Utsunomiya University, Director, Professor 

1993.4~2007.3 Institute of Applied Physics, Tsukuba University, Professor 

1983.4~1993.3 Institute of Applied Physics, Tsukuba University, Associate Professor 

1983.8~1983.3 Institute of Physical and Chemical Research, Researcher 

4. Fields of Specialty 

- Information Optics, Holography, Optical Measurement, Biomedical Imaging 

5. Major awards and honors 

- SPIE Dennis Gabor Award, 2017 

- OSA Fellow 1999, SPIE Fellow 2000, JSPS Fellow 2007. 

- Tochigi Culture Award, Tochigi Prefecture 2015 

- Optical Research Award, Japan Society of Applied Physics, 1983. 

6. List of Recent Selected Publications 

- Yusuke Sando, Boaze Jessie Jackin and Toyohiko Yatagai*, “Bessel function Expansion to reduce the 

calculation time and memory usage for cylindrical computer-generated holograms,” Applied Optics 56 

(2017) 5775. 

- C.-Yusuke Sando, Daisuke Barada, and Toyohiko Yatagai*, “Optical rotation compensation for a 

holographic 3D display with a 360 degree horizontal viewing zone,” Applied Optics 55 (2016) 8589 

- Boaz Jessie Jackin, C. S. Narayanamurthy, Toyohiko Yatagai*, “Geometric phase shifting digital 

holography,” Optics Letters 41 (2016) 2648. 

- Percival F. Almoro, Quang Duc Pham, David Ignacio Serrano-Garcia, Satoshi Hasegawa, Yoshio 

Hayasaki, Mitsuo Takeda, Toyohiko Yatagai*., “Shape estimation of diffractive optical elements using 

high-dynamic range scatterometryr,” Optics Letters 41 (2016) 2161. 

- Manabu Hakko, Tomohiro Kiire, Daisuke Barada, Toyohiko Yatagai*, and Yoshio Hayasaki*, “Shape 

estimation of diffractive optical elements using high-dynamic range scatterometry,” Applied Optics 54 

(2015) 4255. 

- Fanny Moses Gladys,,* Masaru Matsuda, Yiheng Lim, Boaz Jessie Jackin, Takuto Imai Yukitoshi Otani, 

Toyohiko Yatagai*, and Barry Cense, “Developmental and morphological studies in Japanese medaka 

with ultra-high resolution optical coherence tomography,” Biomedical Optics Express. 6 (2015) 297. 

- Tomohiro Kiire, Tomoyuki Meguriya, Daisuke Barada, Yoshio Hayasaki, and Toyohiko Yatagai*, 

“Photon-counting scatterometer with illumination adjusting and intensity stitching,” Jpan J. Applied 

Physics 53 (2014) 022505. 
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Polarization Holography and its Application to Optical Memory 
 

Toyohiko Yatagai(谷田貝豊彦) and Daisuke Barada(茨田大輔) 
 

Center for Optical Research and Education, Utsunomiya University,  

Utsunomiya, Tochigi 321-8585, Japan. 

yatagai@cc.utsunomiya-u.ac.jp; Tel & Fax.: +81-28-689-7073. 

Optical memory systems, such as CD, DVD and Blu-ray Disc, have been recognized as one of the 

most important memory systems, which are called as cold data storage systems, because their access 

frequency is very low but their life time is very long and storage cost is very low. The conventional 

optical data storage systems are based on sequential recording and reading architectures and two-

dimensional surface-storage technologies. These optical technologies are approaching to 

fundamental limits related to optical wavelength, thermal stability and so on. Alternative approach is 

to store data in three dimensions and to overcome time-sequential recording/reading. 

Holographic data storage is one of the candidates of next-generation optical data storage systems. 

Many techniques on holographic mass storage systems have been developed, which scalar optical 

data are stored in holographic materials. 

In this paper, the use of vector waves for holographic mass storage systems is discussed. 

Polarization holography using polarization-sensitive photo-polymers has been investigated by many 

authors. Off-axis volume holographic recording is mainly discussed, and also its polarization 

multiplexing and phase-level multiplexing techniques are proposed to increase memory capacity.  

As one of examples of polarization holographic memory system, a dual channel architecture is 

shown in Fig.1. A dipole pumped solid state (DPSS) laser with the wavelength of 532 nm was used 

for recording and reconstruction. The collimated beam was split into signal and reference beams by 

using a polarizing beam splitter PBS1. The signal beam was further split by using PBS2 and 

illuminated onto two spatial light modulators (SLMs). In this paper, we consider a signal beam 

consists of two page data of s- and p- polarization states. 

To increase data capacity of the holographic memory, we have developed many techniques, such 

as, shift multiplexing and angular multiplexing in dual channel off axis holography. For example, in 

angular multiplexing architecture, PQ-PMMA film of 1mm thickness was placed on the rotating stage 

and the incident angle of the two beams was changed by rotating the stage. The quality of the 

recording and reconstructing result, as measured by the symbol error rate (SER), was evaluated. All 

listed SER values of the s component are higher than those of the p component, because of speckle 

noise caused by interference of the s component of the reference beam and the reconstructed signal 

beam. 

 
Fig. 1.Optical setup for dual-channel polarization holography. HWP, PBS, and SLM are half-wave plate, polarizing beam 

splitter, and spatial light modulator, respectively.  
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Yang, Chih-Chung (C. C.) 楊志忠  

Institute of Photonics and Optoelectronics, National Taiwan University 

No. 1, Section 4, Roosevelt Road, Taipei, 10617 Taiwan 
phone: 886-2-23657624, 886-2-33663643 

                 fax: 886-2-23652637e-mail: ccycc@ntu.edu.tw  

websites: http://cc.ee.ntu.edu.tw/~ccy 
 

1. Personal Information 

    Birth Date: October 12, 1954 

2. Education: 

October 1972 – June 1976   

Department of Electrical Engineering, National Taiwan University  BS 

August 1979 – February 1981   

Department of Electrical Engineering, University of Illinois at  

Urbana-Champaign, USA          MS  

February 1981 – August 1984  

Department of Electrical Engineering, University of Illinois at  

Urbana-Champaign, USA          Ph.D. 
 

3. Major Experiences: 

August 1984 – June 1990   

Department of Electrical Engineering, The Pennsylvania State University, USA    

                 Assistant Professor 

July 1990 – July 1993   

Department of Electrical Engineering, The Pennsylvania State University, USA    

                          Associate Professor with Tenure 

August 1993 –  

  Institute of Photonics and Optoelectronics and Department of Electrical  

  Engineering, National Taiwan University               Professor 

August 2001 – July 2007 

     Institute of Photonics and Optoelectronics, National Taiwan University   

                         Chairman 

August 2013 –  

  Institute of Photonics and Optoelectronics, National Taiwan University 

                    Distinguished Professor 

4. Research Scopes: 

Nitride and oxide semiconductor MOCVD and MBE growths, light-emitting diode, nano-

photonics and optoelectronics, surface plasmonics, and bio-photonics 
 

5. Honors: 

Fellow of Optical Society of America (2002); Fellow of SPIE (2011); Outstanding Research 

Award of National Science Coucil, Taiwan (2010) 
 

6. Publications: 

About 300 SCI journal papers and about 700 conference papers, including over 120 invited talks 

at international conferences. 
 

7. Graduate Student These Supervisions:  

40 Ph.D. these and over 120 MS these supervisions. 
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Gold Nanoparticles of Specialized Geometries for Photothermal and 

Photodynamic Therapies 
 

Wei-Hsiang Hua, Yu Lu He, Jen-Hung Hsiao, Po-Hao Tseng, Jian-He Yu, Meng Chun Low, Yu-

Hsuan Tsai, Cheng-Jin Cai, Wen-Yen Chang, Yean-Woei Kiang, and C. C. (Chih-Chung) Yang (楊

志忠)* 

Institute of Photonics and Optoelectronics, National Taiwan University, 

臺灣大學光電所 

No. 1, Section 4, Roosevelt Road, Taipei, 10617 Taiwan 

*ccycc@ntu.edu.tw 

Surface plasmon (SP) resonance of a gold nanoparticle (NP) can produce enhanced absorption of 

incident light to generate a local heating effect for damaging cancer cell, i.e., the photothermal (PT) 

effect. Also, the nearby strong field distribution of a gold NP at SP resonance can increase the single- 

or two-photon absorption of a photosensitizer for enhancing the photodynamic (PD) effect. A few 

specially-shaped gold NPs for specifically targeted SP resonance behaviors and their applications to 

the PT and PD effects for damaging cancer cell are discussed at this presentation. Gold nanorings are 

fabricated for shifting the SP resonance into the high-penetration spectral range of 1000-1300 nm. 

Also, rough-surface and porous gold NPs are fabricated for enhancing the SP resonance strength and 

increasing the linked amount of a photosensitizer. Regarding cancer cell damage application, the 

effects of cell perforation and preheating on the cell damage efficiency are presented. Also, the cell 

death pathways under the PT and PD effects are elucidated. Meanwhile, the effects of cell exocytosis 

after the uptakes of gold NPs and photosensitizers on cell damage efficiency are demonstrated. 

Besides, the novel methodologies for the aforementioned studies are illustrated. 
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Summary: To advance IoT (Internet of Things) technologies, we proposed two kinds of revolutionary 

compact hyperspectral camera for UAV (Unmanned Aerial Vehicle) such as drones, or smartphones. 

The palm-size 2-dimensional spectroscopic imager was able to be applied for mid-infrared lights and 

to be mounted on the multicopter drone.  

Introduction: We developed the high-portable palm-size hyperspectral camera (Dimension: 

W90[mm]×L138[mm]×H60[mm],Weight: optical head 0.78[kg]）for mid-infrared lights (Wavelength: 

8-14[µm]). Because the proposed method is a near-common path phase-shift interferometer with 

strong robustness against mechanical vibration, anti-vibration mechanical systems are not required. 

Thus, the ultra-compact low-price spectroscopic imager was able to be constructed with the simple 

optical configuration. Furthermore, the proposed method, what is called the imaging-type 2-

dimensional Fourier spectroscopy, has high light efficiency. The proposed hyperspectral camera was 

able to be applied to mid-infrared lights whose photon energy is very low. 

Palm-size wide-field hyperspectral camera: As shown in Figure1, we made 2-type trial products 

of our proposed method. The left-hand side photo in Fig.1 shows the imaging-type 2-dimensional 

Fourier spectroscopy that is a temporal phase-shift interferometer. And the center photo shows the 

one-shot-type 1-dimensional Fourier spectroscopy that is a spatial phase-shift interferometer. To 

secure high time resolution, we developed the imaging-type 2-dimensinal Fourier spectroscopy into 

spatial phase-shift snapshot method. The 2-dimensional type was able to be mounted on UAV 

(Unmanned Aerial Vehicle) such as drone to measure environmental conditions for agricultural fields 

or marines. And the 1-dimensional type, whose dimension was thumb size, will be available for the 

built-in beans-size hyperspectral camera for smartphones. 

 

Figure 1 Two kind trial products of hyperspectral camera: left-hand photo shows the imaging-type 2-

dimensional Fourier spectroscopy, center photo shows the one-shot-type 1-dimensional Fourier 

spectroscopy. 
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A Retarder film (birefringent cellophane tape or a polymer sheet) exhibits polarization color 

(interference color) by polarizer. Polarization color is an important source of information for the 

microscopic observation of birefringent materials. Polarization color is also applied for education, 

art, security. Figure 1 shows an example of polarization color applied for art. A weak point of 

conventional polarization color is the quality of the color. High-chroma color cannot be displayed 

using polarization color. To solve this problem, we propose a technique involving the stacking of 

retarder films. Our system is composed of up to four transparent retarder films and two polarizers. 

Each color is controlled by the phase retardation and setting angle of the retarder films. Figure 2(a) 

shows the conventional optical arrangement. The angle between the transmission axis of a polarizer 

and the retarder axis of a retarder film is 45° or 135° because the maximum transmittance is obtained 

at these angles. Figure 2(b) shows the proposed optical arrangement. The angle between the 

transmission axis of a polarizer and the retarder axis of a retarder film can be varied, and up to four 

retarder films are stacked. Figure 3 shows the measured chromaticity diagram of polarization color 

using four retarder films. Figure 4 shows the polarization color chart. In this way, we can display a 

high-chroma image by using this proposed setup. 

 

 

 

 

 

 

 

 

 

 

 

       Fig. 1. Polarization color art. 

                                  

 

 

 

 

 

 

 

 

 

 

Fig. 4. Polarization color chart. 

 
Fig. 3. Measured chromaticity diagram of 

polarization color using four retarder films. 

Fig. 2. Optical arrangement of polarizers and retarder films. 

(a) Conventional method and (b) proposed method. 
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Stimulated by the recent revival of interest in optical neural networks, I will revisit complex-valued 

neural networks1 that attracted interest of many researchers in late 1980’s to early 1990’s. In 

recollection, this talk reviews our early work2 on a complex-valued neural network model, with focus 

on its analogy to self-oscillation of an optical field generated in a phase-conjugate resonator. While 

today’s revived interest is mainly in practical applications of machine learning for a real- valued 

neural network created on a digital computer, my interest was in basic understanding of the dynamics 

of neural networks from the viewpoint of its analogy to physical phenomena. At the time, I was 

enchanted by Haken’s assertion “Nature computes,” which is found in his book “Synergetic 

Computing.” Our model for a complex neural network permits the state of neurons (represented by 

complex optical fields) to change both the amplitude and the phase, and evolve with a dynamics 

similar to that of the optical field building up a self-oscillation mode inside an optical resonator. It is 

shown that the optical gain medium should have a phase-conjugate property in order for the generated 

complex fields to have a Hopfield-like energy 

function that decreases monotonically with 

the time evolution of the optical fields. In 

Fig.1, self-oscillation of the field ( , )V tr  is 

generated inside the cavity formed by a 

reflector and a degenerate four-wave mixing 

phase-conjugate mirror (PCM) with gain 

( )g    provided by pump beams. The 

equations of dynamics for spatially 

continuous complex neural fields are 

modeled as 
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We can show that these complex neural fields change their states in such a manner that the energy 

function defined by   
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reduces its value monotonically with the time evolution of the system. In the talk, I will review so 
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Three-dimensional indoor map has been intensively discussed for its potential impact on modern life 

style. The applications include virtual/augmented/mixed reality, positioning, navigation, medical 

care, auto-drive robot, police and firefighters, intelligent transportations, museums, situation 

awareness, and etc.. Rather than 2D mapping in outdoor application, indoor application needs more 

precision in 3D information, which enables the application to complex indoor 3D positioning, 

navigation and internet of things (IoT). In this report, we will start from 3D optical scanning 

technologies including two cameras, structure light projection and Lidar technology. Then we will 

discuss the image processing of the point clouds, and the auto-modeling technology, as shown in Fig. 

1. Finally the talk will focus on several interesting applications including positioning, navigation and 

possible new applications. 

. 

 

 
 

Fig. 1. Image processing for an example of the indoor objects shown in (a), including (b) point clouds, (c) CAD structures, 

and (d) simulated objects embedded with 3D information. 

 

Experimental results such as those shown in Fig. 2 and 3.  
1. See, for example, A. Hirose Ed., Complex-Valued Neural Networks, World Scientific Publishing (2003). 

2. M. Takeda and T. Kishigami, “Complex neural fields with a Hopfield-like energy function and an analogy to optical 

fields generated in phase-conjugate resonators,” J. Opt. Soc. Am. A, Vol. 9, No. 12, 2082-2091 (1992). 
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Machine learning is a powerful mathematical tool to explore relations or knowledge hidden in 

observation data. In the imaging field, superior capability of object recognition comparable to human 

perception is achieved by machine learning on deep neural network. Our group demonstrated that 

machine learning is also efficient for imaging applications other than simple object recognition. 

Namely, we confirmed effectiveness of the machine learning for object recognition, imaging, and 

focusing through scattering media. The procedure is quite simple. Multiple pairs of the object and 

observation signal passing through scattering media are prepared and then an appropriate machine 

learning algorithm is adopted to configure the processing network using the date sets. In the first 

demonstration, face and non-face objects were illuminated by a laser light and the speckle-wise 

signals passing through a scattering plate were observed. In the training process, up to 2000 data 

pairs of the image and the scattered patterns were used to configure the classifier using a support 

vector machine (SVM). For 200 scattered patterns from 100 face and 100 non-face objects, 

approximately over 90% of the accuracy rate was obtained in the classification of face and non-face. 

Then we applied this scheme to imaging through scattering media. In this case, we employed the 

individual pixel correspondences to the scattered signals considering the fact that a pixel signal of 

the object spreads and affects to the whole observation signals. To estimate the corespondences, 

support vector regression (SVR) using a kernel method was used. As shown in Fig.1, relatively good 

performance was confirmed by the proposed method. As an extension of imaging, we also achieved 

light control through scattering media. Once the relation between a pixel of the object and the 

scattered signal is obtained, it is possible to design the object producing a desired pattern after passing 

through scattering media. As an application of this scheme, light focusing was achieved through 

scattering media. 

 

 

 

 

Fig. 1. Experimental result of learning-based imaging through scattering media. 
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Photonic metamaterials composed of artificial structures have attracted a huge number of interests 

due to their extraordinary optical properties such as optical invisibility [1]. Their single layer 

configuration, photonic metasurfaces, enable abrupt changes to the electromagnetic phase as well as 

amplitude within a subwavelength spatial region, which is very promising for the development of flat 

optics devices in electromagnetic wavefront control [2], nonlinear action [3] and so on. In this talk, I 

will discuss the unprecedented the scheme of phase modulation through metasurfaces and their 

applications. The aluminum plasmonic metasurfaces are introduced for the achievement of desired 

functionalities like versatile polarization generations [4] that working across whole range of visible 

light. Furthermore, by incorporating with hyperbolic phase profile, one can possess the pixel-level 

color router, which is capable of guiding individual primary wavelengths into different spatial 

positions, and a functionality of selectively specific narrow bandwidth for light routing [5]. Finally, a 

novel design principle for realizing broadband achromatic meta-devices at the visible such as 

converging metalens will be discussed in this presentation [6, 7]. 

 

 
Fig. 1. Schematic of meta-devices for photonics in demand. (a) Versatile polarization generation. (b) Pixel-

scale full-color router. (c) Broadband achromatic metalens in the visible 
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3. Designing and constructing an miniaturized probe for small animal imaging such as mice, rat and zebrafish. 

4. Applying these tools and technique to biological and biomedical experiment. 
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Cs0.33WO3  compound nanomaterial-incorporated thin film enhances output of 

thermoelectric conversion in ambient temperature environment 

 

Cs0.33WO3 nanomaterial absorbs a range of near-infrared (NIR) wavelength spanning 900 nm to 

2400 nm, of which the main contributor of heat energy may be utilized for electrical generation. In this 

research Cs0.33WO3 nanomaterial is synthesized through a combination of the processes of co-

precipitation and wet nanogrinding, and characterization of structural and optical properties of the 

nanomaterial were carried out using x-ray diffraction, scanning electron microscopy, transmission 

electron microscopy and visible-near-infrared absorption spectroscopy. The concept of improving the 

efficiency of thermoelectric conversion by the trapping of heat at the hotside surface of a TE device 

was  implemented. Specifically, the photothermal property of Cs0.33WO3 nanomaterial is assessed to 

investigate its effects on the electrical output of a thermoelectric (TE) device, utilizing a laser with 

wavelength of 808 nm, a solar simulator, and sunlight in ambient environment. Moreover, four typical 

weather condition, sunny, sunny with partly cloudy, cloudy, rainy, were assessed, and our results 

indicate that Cs0.33WO3 nanomaterial is capable of increasing the output of thermoelectric 

conversion in an ambient environment. In a complete sunny day, when compared with a bare 

thermoelectric device, approximately 13.1% of rise in maximal attainable temperature and the 

corresponding 291% of increase in maximal output voltage were demonstrated employing Cs0.33WO3 

nanomaterial with concentration of 0.66 wt%. 
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Epithelial-mesenchymal transition (EMT) is a process via which the epithelial cells lose their polarity 

and acquire the mesenchymal phenotype. EMT has been shown to be crucial in development, organ 

fibrosis, and cancer metastasis. In cancer cells, the key features of EMT include a remodeling of 

cytoskeletons and a reduction in the intercellular adhesion between epithelial cells; concomitantly, 

the cellular morphology changes from cuboidal epithelial to elongated mesenchymal, which leads to 

enhanced migration & invasiveness, and elevated resistance to apoptosis. To date, most of the studies 

of EMT focus on its molecular and cellular biological aspects, including the signal transduction and 

the changes in biological behavior. However, the corresponding changes in biophysical properties 

during EMT have attracted much less attention, and many important questions in the mechanobiology 

of EMT remain unanswered.  

In this talk, we report our studies, via video particle tracking microrheology, the intracellular 

stiffness of head and neck cancer cell lines with distinct EMT phenotypes. We also examined cells 

migration and invasiveness in different extracellular matrix architectures and EMT-related signaling 

in these cell lines. Our results show that when cells were cultivated in three-dimensional (3D) 

environments, the differences in cell morphology, migration speed, invasion capability, and 

intracellular stiffness were more pronounced among different head and neck cancer cell lines with 

distinct EMT phenotypes than those cultivated in traditional plastic dishes and/or seated on top of a 

thick layer of collagen. The significance of the key results will be highlighted. 
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Speckle is a random distribution of the irradiance on the observation plane caused by the interference 

of randomly phase-modulated wavefronts. In the laser displays, three primary-color lasers form 

independent speckle patterns with each other. Since the color is synthesized by the superposition of 

three primary colors, independent primary-color speckles result in the distribution of colors on the 

observation plane which is called color speckle1). In this presentation, I will review briefly the recent 

development of laser display. Then, I will discuss the simulation of color speckle based on the 

standard speckle theory, and the measurement using 2-dimensional colorimeter.  

For a monochromatic laser, the speckle is measured by the contrast ratio Cs, defined by the ratio 

of the standard deviation to the mean value of the irradiance distribution. On the contrary, the color 

speckle is the distribution of chromaticity in the color space, such as, xy chromaticity or u'v' 

chromaticity. There are several measuring methods of color speckle. 

1) Monte Carlo simulation 

If we know the speckle contrast of primary color lasers, we can simulate the distribution of 

chromaticity. 

2) Indirect measurement of color speckle 

First we turn on one of primary-color lasers and measure the monochromatic speckle pattern. 

Then we synthesize the chromaticity pixel by pixel. Although the monochromatic speckles for 

the primary colors are not measured simultaneously, the distribution of chromaticity is 

statistically the same as the direct measurement. 

3) Direct measurement of color speckle 

We measure the distribution of chromaticity directly by using the 2D luminance colorimeter. 

We conducted the experiment on the direct measurement of color speckle using 2D luminance 

colorimeter (UA-200T, Topcon). The primary-color laser source is made of the red (λR 638.1 nm), 

green (λG 514.5 nm), and blue (λB 453.3 nm) semiconductor lasers which are coupled to the single 

mode fiber through dichroic mirrors. The experimental results and the simulation are shown in Fig.1. 

Agreement between two data is satisfactory. 

 

1) K. Kuroda, T. Ishikawa, M. Ayama, S. Kubota, "Color speckle" Opt. Rev. 21 (2014) 83. 

 

 
      (a)                              (b) 

 

Fig. 1. Measurement of color speckle: (a) direct measurement and (b) simulation. 
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This study experimentally demonstrates infrared wavelength selective thermal emission based on 

Tamm plasmon polaritons (TPPs). Unlike conventional TPP structures that have a thin metal layer 

on a distributed Bragg reflector (DBR), the proposed structure has a thick metal under a DBR that is 

more robust for thermal radiation. The number of DBR pairs is a critical factor in maximizing the 

narrowband emission needed to satisfy the impedance matching condition, which varies with the 

choice of metal film. The proposed structure can achieve twice higher Q-factor for the measured 

emissivity compared to typical plasmonic thermal emitters. The structure is one dimensional, 

consisting of only multilayers and free from nano-patterning, offering a practical design in 

applications such as gas sensing, narrowband IR sources and thermophotovoltaics. In addition, we 

also proposed the high-refractive-index (HRI) nanostructures as narrowband absorber, which 

supports optically induced electric dipole (ED) and magnetic dipole (MD) modes that can be used to 

control scattering and absorption. In this work, a high absorptance device is realized by using 

amorphous silicon nanoantenna arrays (a-Si NA arrays) that suppress backward and forward 

scattering with engineered structures and in particular periods. The overlap of ED and MD resonances, 

by designing an array with a specific period and exciting lattice resonances, is experimentally 

demonstrated. The absorptance of a-Si NA arrays increases 3-fold in the near-infrared (NIR) range 

in comparison to unpatterned silicon films. Nonradiating a-Si NA arrays can achieve high 

absorptance with a small resonance bandwidth (Q = 11.89) at wavelength 785 nm. The effect is 

observed not only due to the intrinsic loss of material but by overlapping the ED and MD resonances. 

 

 
Fig. 1. Narrowband wavelength selective thermal emitters by Tamm Plasmon Polaritons 

 

 

 
Fig. 2. Silicon metasurfaces narrowband absorbers by Kerker effects 
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Although polarimetry is a field with a long history, its application areas are rapidly expanding in 

recent years. Such new applications demand various new functions and higher performances of 

polarimeters, but standard methods, such as the rotating element polarimetry and the polarization-

modulation polarimetry, can satisfy only part of these requirements. In these circumstances, several 

alternative principles for polarimetry have been developed. Among them, channeled polarimetry is a 

method with several remarkable features, such as its capability for the snapshot (one-shot) 

measurement. 

A channeled polarimeter for the spectroscopic polarization measurement of polychromatic 

broadband light utilizes high-order birefringent retarders. Since the retardations of the high-order 

birefringent retarders have strong dispersion and are almost linearly related to wavenumber, the 

spectrum obtained from the channeled spectropolarimeter is finely modulated with wavenumber. The 

obtained spectrum includes several quasi-cosinusoidal components carrying the information of the 

spectrally-resolved Stokes parameters of the light under measurement. Fourier analysis of the 

spectrum enables us to separate the respective components from which we can determine the four 

Stokes parameters independently and simultaneously. The same concept was also applied for the 

imaging polarimetry so that the spatially-resolved polarization distribution can be measured. For the 

generation of the fringes carrying the information of spatially-resolved Stokes parameters, we can 

use several kinds of polarization optics, such as birefringent retarders, Savart plates, Sagnac 

interferometers, and polarization gratings. The polarimeter based on this method is made of all static 

elements whose polarization characteristics, such as the azimuth directions and the retardations, are 

not changed during the measurement. This implies that the method requires no mechanical or active 

elements for polarization variation, such as a rotating compensator and a photoelastic modulator, 

which have been indispensable in the standard polarimeters for spectral- or spatial-distribution 

measurement of polarization. The method also has a feature that all the distributions of Stokes 

parameters can be determined from a single spectrum or image, and hence the snapshot measurement 

can be made by use of this method. 

In view of the advantageous features of the channeled polarimetry, the method is now used in 

many application areas. For example, a miniaturized spectropolarimeter with a pencil-size sensing 

head and the spectroscopic ellipsometer with a palm-size sensing head were developed. Since the 

optical configuration of the channeled spectropolarimeter is simple and includes neither mechanical 

nor active elements for polarization modulation, it is suited for the miniaturization of the polarization 

optics. In addition, they have a feature of its high-speed response of the order of 10 ms.  

 

 

 

 

 

 

 

 

 

 
Fig. 1. Miniaturized channeled spectropolarimeter.               Fig. 2. Channeled spectroscopic ellipsometer. 
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Digital holographic microscopy (DHM) with full-field quantitative complex imaging (amplitude and 

phase) has been widely used in optical metrology for measuring optical micro-/nano- devices and 

biological living cells with high phase accuracy and in situ observation. These push the quantitative 

amplitude/phase imaging and optical metrology of DHM becoming an attractive tool for various 

fields of scientific work and industrial applications. This talk will describe state-of-the-art technology 

and recent progress in DHM from various superresolution and tomographic image techniques in 

spatial domain to ultrafast imaging with spatio-temporal multiplexing scheme for studying the 

dynamic phenomena of laser and matter interaction from nanoseconds to femtoseconds time scale. 

 

 
Fig. 1. Experimental results of the photoexcited carrier effect in graphene (a) phase maps at the 

elapsed times of 100, 200, and 300 fs and (b) phase change at different elapsed times. 
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Fig. 2. Three-dimensional reconstructed tomographic images, left: quantitative refractive index 

distribution of the yeast in the x, y, and z planes; right: internal organelles of the yeast. Red arrow: 

vacuole, blue arrow: nucleus, and green arrow: cytoplasm 
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Time-resolved observation in the femtosecond (fs) region has been actively performed to know the 

interaction between a material and laser pulses. The analysis is helpful for searching better pulse 

parameters for desired laser processing. The fs laser processing has very short interaction time with 

materials, the energy deposition time is sufficiently higher than the thermal diffusion time of the 

materials. Therefore, it is capable of the non-thermal and clear micro fabrications.  

In our previous studies, we have demonstrated an holographic pump-probe time-resolved 

imaging technique capable to characterize modifications in glass induced by fs laser pulses in the 

lateral [1] and axial [2] cross sections of the pulse propagation at the conditions close to the threshold. 

Generation and recombination of carriers, a local heating and pressure waves separately occur one 

after the other, because photoexcitation by fs laser pulse was similar to the delta function in time. 

However, in practice, the carrier generations and local heating occurred in the same time domain and 

was obtained as their mixed decrease of the refractive index. In this study, the pump-pulse digital 

holography with two colors at 400 nm and 800 nm separated them [3].  

The optical setup is shown in Fig. 1. A laser pulse emitted from an amplified Ti:sapphire fs laser 

with a center wavelength of 800 nm was divided into a pump pulse and a probe pulse. The pump 

pulse was irradiated inside a superwhite crown glass (B270, Schott) using an oil-immersion objective 

lens (OL) (NA 1.25). Both 400 nm and 800 nm probe pulses adjusted by an optical delay line, and 

illuminated a sample. After passing through the sample, the probe pulses were expanded by an OL 

(NA 0.55) and a lens of f = 500mm, and was introduced into the interferometer.  

The interference fringes were detected by the CCD image sensor, as shown in Fig. 2(a). The complex 

amplitude of the laser-induced phenomena was obtained by the Fourier filtering method. Figure 2(b) 

shows the fast Fourier transform (FFT) of the interference image. The complex amplitude distribution 

for each wavelength was obtained by the inverse FFT of the image extracted by a spatial filtering 

technique for signals around each 1st order light. The resolution decided by the filter size was set to 

0.89 μm. The defocusing was corrected by the digital focusing that was the diffraction calculation to 

eliminate the chromatic aberration between 800 nm and 400 nm. 

When t < 0.2 ps, the difference in the profile of the respective wavelengths was not observed. 

The difference was appeared particularly large when 0.2 < t < 1.0 ps and the maximum was at 0.4 ps. 

In this time region, a decrease in transmittance was notably observed at each wavelength. The 

difference was larger at a position close to the light source side was observed. The local heating was 

dominant when t > 100 ps, and the difference between wavelengths was small. Therefore, the 

difference was considered to be due to local heating. The temperature become the highest 

immediately after irradiation of the pump pulse. After that, the temperature reduction process was 

observed. 

CCD image sensor

BS

OL1

OL2

Optical delay line

Femtosecond
 laser system

Pump pulse
      (800 nm)

Probe pulses(400 nm, 800 nm)

BBO

DM

L

IR cut filter

NA=1.25

NA=0.55
Sample

    

(a) (b)

(c) (d)

-1st order light at 400 nm

-1st order light at 800 nm

1st order light at 800 nm

1st order light at 400 nm

1st order light at 400 nm 1st order light at 800 nm

 
Fig. 1. Experimental setup.         Fig. 2. (a) Interference image, and (b) FFT image. 
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One important aspect of our universe is that one cannot get something from nothing; there is always 

a price to pay. In this article we show that every bit of information is limited by a quantum unit [1].  

Since we are communicating within a temporal subspace [2], this unit can be equivalently described 

as a quantum limited subspace (QLS)[3], as imposed by the Heisenberg Principle. We show that 

communication can be exploited within and outside the QLS. The size of a QLS is determined by 

carrier signal bandwidth; that is narrower the bandwidth the larger the size of the QLS. By 

manipulating the size of a QLS, more efficient information transmission strategies can be developed.  

Examples for inside and outside QLS communication are given [4,5]. Extension to relativistic 

communication has also demonstrated.  We remark that, a new era of communication is anticipated 

to immerge and it will change our way in communicating, observation and computing, we used to 

employ, forever!  
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In this talk, I will base on the laws of physics to illustrate the enigma time as creating our physical 

space (i.e., the universe). I will show that, without time there would be no physical substance and no 

life. In reference to Einstein’s energy equation, we see that energy and mass can be traded, and every 

mass can be treated as an Energy Reservoir. I will further show that, physical space cannot be 

embedded in absolute empty space and cannot have any absolute empty subspace in it. Since all 

physical substances existed with time, our cosmos is created by time and every substance including 

our universe is coexisted with time. Although time initiated the creation, it is the created physical 

substances presented to us the existence of time. We are not alone with almost absolute certainty. 

Someday we may find a right planet, once upon a time, had harbored a civilization for a short period 

of light years.   

One of the important aspects of understanding the temporal universe (i.e., our home) is that a 

valuable criterion can be set: Any science that can be shown existed within our temporal subspace is 

physically real, otherwise it is fictitious unless it can be repeated by experiments. 
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A method for measuring phase distribution of a small sample is proposed using a differential 

interference contrast (DIC) microscope attached pixelated polarization camera. It is possible to 

measure real-time phase distribution of an alive fish and its egg as bio-samples. In the field of biology, 

it is important to analyze inside structures of a bio-sample. The DIC microscope has a capability of 

analyzing detailed structures, capability of observing small steps on the surfaces, high sensitivity in 

detecting sample height information of optical sectioning [1-3]. In this report, we propose a snap shot 

measurement of 3D reconstruction of inside structure by the DIC microscope using pixelated 

polarization camera. We also try to 3D structure analysis by optical sectioning whose sensitivity 

reaches to as same as for an OCT and a confocal microscope. Figure 1 shows an optical configuration 

for a DIC microscopy utilizes the interference between two orthogonal polarized beams that pass 

through slightly different areas (amount of the shear: Δ) of a specimen. It visualizes the optical path 

difference between two beams of light. After passing through a sample, phase of two wave fronts 

change independently according to thickness (optical path) of sample. They combine two wave fronts 

again in the Nomarski prism. We can capture an interferogram by polarization camera. By using 

polarization camera, we can capture two images with ±45degrees of azimuthal angle of polarizer and 

after applying deconvolution algorism, such as FFT decopose with MTF and inverse FFT, we can 

obtain real phase data. It is possible to determine a 3D reconstruction when we moved a sample along 

to z-direction by z motor stage as a optical sectioning. Figure 2 shows a blood flow in an egg of 

Medaka fish with 10msec per flame. Figure 3 shows a 3D 

sectioning of a head of transparent Medaka. In conclusions, 

a DIC microscope with polarization camera is proposed to 

analyze a dynamic measurement without staining method. It 

is also possible to detect with snapshot. A 3D reconstruction 

is demonstrated by optical sectioning. 

 

 
 

 

 

 

 

500μm 

 Fig. 1 Optical configuration           Fig. 2 Sectioning of blood flow      Fig. 3 3D reconstruction of a    

DIC microscope.                    in an egg of Medaka.           head of transparent Medaka. 
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In this talk, we will review the past and updated efforts in our lab on the colloidal quantum dot hybrid 

optoelectronic devices. The colloidal quantum dots (CQDs) are nano-meter scale particles made of 

semiconductors. The size of the particle provides good quantum confinement and also improved 

quantum transitions for optical emission or absorption. Thus there has been a long history to apply 

these CQDs for the optoelectronic devices. However, most of the past research use the scheme of 

electrically pumped structure, which needs to align the band edge of the different materials (including 

CQDs and electron/hole transport layers), and this is not very advantageous for the prevalence of the 

CQD devices. The electrical currents that are running through the CQD layer can also be detrimental 

to the lifetime and reliability of the devices because the CQD is too small and fragile. We proposed 

and demonstrated the hybrid design of the CQD layer and the traditional optoelectronic devices. The 

combination of the two things can bring the enhancement in both absorption and emission. Highly 

efficient light emitting diodes (LEDs) can be shown in Fig. 1. The luminescent down-shifting (LDS) 

effect brought by the CQD layer can effectively improve the solar cell quantum efficiency in the 

short wavelength (such as ultraviolet region), as can be seen in Fig. 2. Most important of all is that 

these designs do not require the alignment of the band edge and the CQD layer are passively pumped 

by the external photons, in which we believe the reliability of such devices can be greatly improved.  

 

        

 (a)                      (b) 

Fig. 1.(a) The hybrid CQD LED under electrical injection. (b) The absorption spectra of various CQDs. 

 

     
Fig. 2. The external quantum efficiency (EQE) spectrum of the CQD enhanced solar cell. 
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Structured light beams, such as optical vortices [1-3], possess various unique physical properties, for 

instance, annular intensity profile, helical wavefront, and orbital angular momentum, thereby 

providing many new fundamental light-matter interactions. In fact, structured beams have been 

intensely investigated in diverse applications, for instance, optical manipulation and tweezer, optical 

telecommunication, quantum information, and high spatial resolution fluorescence microscope. 

 In recent years, we and our co-workers have discovered that optical vortices with orbital angular 

momentum twist melted or softened materials to establish a variety of chiral structured materials, 

including chiral metal needles, chiral polymeric surface reliefs, chiral monocrystalline silicon 

microstructures, and twisted photo-polymerized fibers on a nano-/micro-scale [4-6]. We term this 

‘optical vortex materials processing’. 

Such optical vortex materials processing will open potentially the path to develop chiral optical 

devices, for instance, chiral meta-surfaces, sensitive detectors of the chiral chemical composites, and 

chiral chemical reactors at high time and cost efficiencies. 

In this presentation, I review the state-of-art of the chiral nano-/micro-structures formed by 

optical vortex materials processing. I also address recent progress of wavelength-versatile optical 

vortex sources to create further chiral structured materials [7-9]. 
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Fields of specialty： • Stability Analysis of Hypersonic Boundary Layer 

• Neural Network and Artificial Intelligent 

• Data mining and Machine Learning 

• Embedded System and control system 

Major awards and 

honors： 
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Innovative Object Oriented Design and Application of Unmanned 

Aircraft System 
 

Tzung-Cheng Chen (陳宗正) 

 

Unmanned Aircraft System (UAS) has caught the most of attention by the public, especially, for the 

researchers who have devoted themselves for solving labor problem in various industries which need 

a tremendous amount of manpower. During this talk, three topics will be included. First, the precision 

agriculture with the aid of UAS, which has been demonstrated for the ability and capability of saving 

manpower for agriculture industries in the application of agriculture fertilizer/pesticide spray. The 

main design purpose of UAS design is to carry the large amount of payload for a designed spraying 

area. However, for the application of ortho-photography, the aerial photographing is the most popular 

activity used by the UAS, also the images taken from the bird view are the most widespread used in 

various application, such as land survey, security monitoring, and cargo delivery. The design rule of 

the UAS for this application, mainly, on the duration time of flight, and distance also. Last, the 

application of bridge inspection and power line inspection, who requires the UAS get closer to the 

target in order to acquire the high quality image for detail information for further decision making. 

 

 
Fig. 1. UAS Agriculture Application, Land Inspection. 

 

 
Fig. 2. UAS Power Line Inspection. 
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Deep Learning Applied into the Price Forecasting of Agricultural 

Products and the Platform of Future Agriculture 4.0 
 

Shu-Yi Liaw (廖世義) 
 

Computing Center, National Pingtung University of Science and  

Technology,1, Hseuh Fu Road, Neipu, Pingtung 91201, Taiwan  
Tel.: +886-8-7703202 ext. 6140; Fax: +886-8-7740367 

 

Ahead of crops production, farmers are unable to accurately predict prices at harvest, and they are 

unaware whether the current scale of cultivation of the same crops has exceeded market demand. 

Therefore, most of the agricultural products harvested can only be delivered to the traditional 

wholesale market. They are sold under asymmetric information condition leading wholesalers to be 

slaughtered. The highlight of this project is the forecasted analysis of fruit and vegetable markets. 

Although the Agriculture and Food Agency, council of agriculture of Taiwan (AFA) provides daily 

market information for fruits and vegetables, the data is hardly used by units for further research. The 

present project provides an on-line in depth analysis and forecasting through machine learning (Deep 

Learning) technology with integration of an early warning system displaying imbalances between 

supply and demand for the general public and related research units. 

We compiled a web crawler program that automatically captures the latest trading quotes every 

day, collects historical trading prices for fruits and vegetables since 2011, and automatically retrieves 

the latest quotes every day. We used FB Prophet's price forecasting algorithm to predict models for 

years. Extreme events such as holidays, typhoons, and rains are forecasted weekly. Finally, the data 

is converted into visual graphics for the characteristics of various crops to be described, accompanied 

by visual interactive charts to help producers and consumers quickly understand the volatility of the 

market. 

The contributions of this project are as follow:  

(1) Provides the same visualization of the stock market analysis and forecast charts, the first in the 

country. 

(2) Although, the forecast result is affected by the data set completely, it clearly shows the market 

cycles and trends and is sufficient for reference before planting. 

(3) Important holidays and the impact of typhoon on the market have been able to join the external 

variables of forecast (typhoon, heavy rain, Spring Festival, consecutive holidays). 

(4) Complete and flexible automatic data collection and forecasting framework, and provide the 

general public with a more readable and complete agro-market information platform. 

 

  

Fig 1、收錄 2１0萬筆之近六年交易記錄 Fig 2、蔬果花卉列表與近１０日交易統計 
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HOLOGRAPHY AS ARCHITECTURAL DECORATION 
 

Setsuko Ishii 

Independent artist 

 

This presents an application for holography as an architectural decoration. It describes the attempt to 

bring the attractive decorative applications of holography into a building’s everyday living space. 

There are various different methods for using a hologram as a raw material, for example, 

sculptural decoration as a three-dimensional object, atrium decoration, a holography chandelier, wall 

decoration such as a mural painting, and staging the prismatic display of sunlight indoors by using 

holography grating.  

In these cases, the reflection type of hologram is mainly utilized because the reflection holograms 

are much easier to handle than using transmission holograms as a raw material. One of the reasons is 

that the transmission holograms require a large space behind the holograms for a light to shine through 

and reproduce the holographic images.  

Lastly, recent practices are described, weaknesses of recent practices are resolved, and multicolor 

rainbow transmission holograms are installed as a wall decoration. 
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Transportation between airport and hotel, please see the details as 

below: 
 

TW Kaohsiung International Airport to Shangri-La’s Far Eastern Plaza Hotel 

From – To Transport tool Time Website linkage 

TW Kaohsiung International 

Airport station(R4) –    

Zuoying HSR station(R16)  

Take Red line of 

Kaohsiung Rapid 

Transit Corp.  

35mins 
http://www.krtco.com.tw/en/Station

Guide_map.aspx 

Zuoying HSR station –  

Tainan HSR station 

Take TW High-

Speed Rail(HSR) 
15mins 

https://www.thsrc.com.tw/tw/Statio

nInfo/Prospect/f2519629-5973-

4d08-913b-479cce78a356 

Tainan HSR station –台南市

東區大學路西段 89號 / 89 

Section West, University 

Road, Tainan 70146, Taiwan  

 Tel：(886 6) 702 8888  

Taxi 30mins 

http://www.shangri-

la.com/tainan/fareasternplazashang

rila/about/map-directions/ 

TW Taoyuan International Airport to Shangri-La’s Far Eastern Plaza Hotel 

From –  To Transport tool Time Website linkage 

TW Taoyuan International 

Airport station(A12/A13) –  

Taoyuan HSR station(A18) 

Taoyuan Metro  17mins 

https://www.tymetro.com.tw/tymetr

o-new/tw/_pages/travel-

guide/road.html 

Taoyuan HSR station –  

Tainan HSR station 

Take TW High-

Speed Rail(HSR) 

At least 

1hr22mins 

http://www.thsrc.com.tw/jp/Station

Info/Prospect/8f896846-8d78-

4e2d-96fa-1ed6fd2dbf9e 

Tainan HSR station–台南市

東區大學路西段 89號 / 89 

Section West, University 

Road, Tainan 70146, Taiwan  

 Tel：(886 6) 702 8888  

Taxi 30mins 

http://www.shangri-

la.com/tainan/fareasternplazashang

rila/about/map-directions/ 

TW Songshan International Airport to Shangri-La’s Far Eastern Plaza Hotel 

From – To Transport tool Time Website linkage 

TW Songshan International 

Airport  - Taipei HSR 

station 

Taxi 25mins  

Taipei HSR station – Tainan 

HSR station 

Take TW High-

Speed Rail(HSR) 

At least 

1hr46mins 

http://www.thsrc.com.tw/jp/Station

Info/Prospect/4a61506f-70d6-470e-

804d-82291b466560 

Tainan HSR station –台南市

東區大學路西段 89號 / 89 

Section West, University 

Road, Tainan 70146, Taiwan  

 Tel：(886 6) 702 8888  

Taxi 30mins 

http://www.shangri-

la.com/tainan/fareasternplazashang

rila/about/map-directions/ 
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