
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 11521 
 
 

Proceedings of SPIE 0277-786X, V. 11521 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Biomedical Imaging and Sensing 
Conference 2020 
 
 
 
Toyohiko Yatagai 
Yoshihisa Aizu 
Osamu Matoba 
Yasuhiro Awatsuji 
Yuan Luo 
Editors   

 
 
Yokohama, Japan 
20–24 April 2020 
 
 
Sponsored and Published by  
SPIE 
                                       
 



The papers in this volume were part of the technical conference cited on the cover and title page. 
Papers were selected and subject to review by the editors and conference program committee. 
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The 
publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
   Author(s), "Title of Paper," in Biomedical Imaging and Sensing Conference 2020, edited by T. 
Yatagai, Y. Aizu, O. Matoba, Y. Awatsuji, Yuan Luo, Proceedings of SPIE Vol. 11521 (SPIE, Bellingham, 
WA, 2020) Seven-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510638495 
ISBN: 9781510638501 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
Copyright © 2020, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $21.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/20/$21.00. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article 
numbering system structured as follows: 

§ The first five digits correspond to the SPIE volume number.       
§ The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 



  Contents  
 
  vii Authors 
 
               ix Conference Committee 
 
  xi Introduction 
  

   INVITED SESSION 
     
  11521 02  Towards single-photon deep-tissue microscopy (Invited Paper) [11521-1] 

     
  11521 03  Single-molecule tracking reveals varying transport speed of IFT88 proteins at the base of 

mammalian primary cilia (Invited Paper) [11521-2] 
     
  11521 04  Isosted nanoscopy for thick specimens (Invited Paper) [11521-3] 

     
  11521 05  Optical coherence tomography-guided laser therapy for tumor identification and treatment 

monitoring (Invited Paper) [11521-6] 
     
  11521 06  Wavelength dependence of ultrahigh resolution optical coherence tomography using 

supercontinuum for deep imaging (Invited Paper) [11521-7] 
     
  11521 07  Optimal functional imaging of dendritic activity via oblique single-photon excitation of voltage 

indicators (Invited Paper) [11521-8] 
     
  11521 09  Live-cell imaging to illuminate the mechanism underlying high stem-cell formation ability in 

plants (Invited Paper) [11521-10] 
     
  11521 0A  Phase-contrast optical microscopy using active image processing (Invited Paper) [11521-11] 

     
  11521 0B  Fourier-domain lightfield microscopy: a new paradigm in 3D microscopy (Invited Paper) 

[11521-12] 
     
  11521 0C  Intelligent, high speed, high resolution, and tomographic phase microscopy (Invited Paper) 

[11521-17] 
     
  11521 0D  Real-time functional optical coherence tomography imaging (Invited Paper) [11521-20] 

     
  11521 0E  Ghost imaging for weak light imaging by using arrival time of photon and deep learning 

(Invited Paper) [11521-25] 
     
     
     
     

iii



   MEDICAL AND BIOLOGICAL IMAGING INSTRUMENTATION AND TECHNIQUES 
     
  11521 0F  Multiline illumination Raman microscopy for rapid cell imaging [11521-13] 

     
  11521 0G  Transcutaneous monitoring of hemoglobin derivatives during methemoglobinemia using 

spectral diffuse reflectance imaging [11521-15] 
     
  11521 0H  Effective optical parameters of good and bad prognosis neuroblastoma [11521-16] 

     
  11521 0I  Multi-wavelength digital holographic microscopy for bio-imaging and applications [11521-19] 

     
  11521 0J  Investigation on estimation of absorption and scattering parameters using skin spectral 

reflectance database [11521-40] 
     
  11521 0K  Multimodal two-photon microscopy with electrical tunable lens [11521-41] 

     
  11521 0L  Improvement of the spatial resolution of ion imaging system using thinned sensor substrate 

[11521-42] 
     
     

   ADVANCED ENDOSCOPY 
     
  11521 0M  Fluorescence sectioning micro-endoscopy using hybrid illumination [11521-5] 

     
     

   SUPER RESOLUTION IN BIOMEDICAL IMAGING AND SENSING 
     
  11521 0N  Improvement of signal-to-noise ratio in super resolution imaging using subdiffraction limited 

spots by additional digital signal processing [11521-37] 
     
     

   COMPUTATIONAL IMAGING IN BIOMEDICAL IMAGING AND SENSING 
     
  11521 0O  Implementation and numerical evaluation for multiplicative algebraic reconstruction 

techniques [11521-35] 
     
     

   OPTICAL COHERENCE TOMOGRAPHY 
     
  11521 0P  Bulk phase error correction for holographic signal processing of optical coherence 

tomography [11521-21] 
     
  11521 0Q  Intensity-invariant scatterer density estimation for optical coherence tomography using deep 

convolutional neural network [11521-22] 
     

iv



  11521 0R  Quantification of ex-vivo tissue activity by polarization dynamics imaging using Jones matrix 
optical coherence tomography [11521-23] 

     
  11521 0S  RGB-spectroscopic OCT imaging using single-panel CMOS color camera [11521-24] 

     
  11521 0T  Numerical jitter estimation for swept source optical coherence tomography [11521-27] 

     
     

   DIGITAL HOLOGRAPHY 
     
  11521 0U  Preliminary experimental evaluation of microscopic imaging through thick biological tissues 

based on in-line phase-shift digital holography using near-infrared light [11521-18] 
     
  11521 0V  Three-dimensional tracking of moving Volvox by parallel phase-shifting digital holographic 

microscope [11521-28] 
     
  11521 0W  Digital holographic microscopy using speckle patterns generated from a moving diffuser 

[11521-31] 
     
  11521 0X  Shape measurement of a droplet using phase-shifting burst digital holography [11521-32] 

     
  11521 0Y  Phase imaging of radiated sound field by parallel phase-shifting digital holography [11521-33] 

     
     

   QUANTITATIVE PHASE IMAGING 
     
  11521 0Z  Single shot low-coherence digital interferometer with multi-reflection reference mirror for 

measuring long depth object [11521-30] 
     
  11521 10  Isotropic quantitative differential phase contrast microscopy using deep neural networks 

[11521-34] 
     
     

   PHOTOACOUSTIC IMAGING 
     
  11521 11  Virtual multi-focus optical-resolution photoacoustic microscope with extended depth of field 

using block DCT transform fusion [11521-36] 
     
     

   SPECTROSCOPIC IMAGING AND SENSING 
     
  11521 12  High-throughput discrimination of cancerous and noncancerous human cell lines by high-

speed spontaneous Raman microscopy [11521-14] 
     
  11521 13  Skin reflectance spectra with different parameter conditions in Monte Carlo simulation and 

agarose-gel phantom experiment [11521-39] 
     

v



   SCATTERING IMAGING 
     
  11521 14  Spatial discrimination of cancer using circular polarization of light scattered by biological 

tissues [11521-26] 
     
  11521 15  Reconstruction quality of digital holographic images using a holographic diffuser with different 

distances [11521-29] 
     
  11521 16  Image reconstruction behind diffuser by deep learning and spatial filtering [11521-38] 

     
     

   FLUORESCENCE IMAGING 
     
  11521 17  Hyperspectral fluorescence imaging by using visible-wavelength two-photon excitation 

[11521-4] 
     
     

 

vi


