
PROGRESS IN BIOMEDICAL OPTICS AND IMAGING 
Vol. 20 No. 28 

 
 
 
 

Volume 10878 
 
 

Proceedings of SPIE, 1605-7422, V. 10878 

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

Photons Plus Ultrasound: Imaging 
and Sensing 2019 
 
 
 
Alexander A. Oraevsky 
Lihong V. Wang 
Editors   

 
 
3–6 February 2019 
San Francisco, California, United States 
 
 
Sponsored by 
SPIE 
 
Cosponsored by 
SENO Medical Instruments, Inc. (United States)  
 
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 Photons Plus Ultrasound: Imaging and Sensing 2019, edited by 
Alexander A. Oraevsky, Lihong V. Wang, Proceedings of SPIE Vol. 10878 (SPIE, Bellingham, WA, 2019) 
Seven-digit Article CID Number. 
 
ISSN: 1605-7422 
ISSN: 2410-9045 (electronic) 
 
ISBN: 9781510623989 
ISBN: 9781510623996 (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 © 2019, 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 $18.00 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 1605-
7422/19/$18.00. 
 
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 
 
 

  xi Authors 
 
               xv Conference Committee 
 
  xix Introduction 
  

   CLINICAL IMAGING: IN VIVO, EX VIVO, AND TOWARDS I 
     
  10878 02  Multiple delay and sum with enveloping beamforming algorithm for photoacoustic imaging 

[10878-1] 
     
  10878 04  Imaging of human peripheral blood vessels during cuff occlusion with a compact LED-based 

photoacoustic and ultrasound system [10878-3] 
     
     

   CLINICAL IMAGING: IN VIVO, EX VIVO, AND TOWARDS II 
     
  10878 0C  Photoacoustic monitoring of blood oxygenation during neurosurgical interventions [10878-11] 

     
  10878 0E  Intraoperative photoacoustic screening: a breast surgical center experience [10878-13] 

     
     

   OPTICAL SENSING AND GENERATION OF ULTRASOUND II 
     
  10878 0N  An L-band ultrasonic probe using polymer optical fibre [10878-22] 

     
  10878 0Q  On the intuitive understanding of interrogating Fabry-Perot etalon with a focused beam  

[10878-25] 
     
  10878 0R  Quantitative cell nuclear imaging by dual-view optical-resolution photoacoustic microscopy 

[10878-140] 
     
     

   INSIDE THE BODY: ENDOSCOPY AND INTERVENTION 
     
  10878 11  Ring PMUT array based miniaturized photoacoustic endoscopy device [10878-35] 

     
  10878 12  Frequency-domain differential photoacoustic radar: theory and simulation for ultra-sensitive 

cholesterol imaging [10878-36] 
     

iii



   SPECIAL SESSION: BEST PAPER AWARD COMPETITION I 
     
  10878 13  The Twente Photoacoustic Mammoscope 2: 3D vascular network visualization [10878-37] 

     
  10878 16  Multifocal structured illumination optoacoustic microscopy [10878-40] 

     
  10878 18  In vivo photoacoustic multi-contrast imaging and detection of protein interactions using a 

small near-infrared photochromic protein [10878-42] 
     
     

   SPECIAL SESSION: BEST PAPER AWARD COMPETITION II 
     
  10878 1B  Agent-free high speed localization photoacoustic microscopy [10878-45] 

     
  10878 1D  Robustness of a partially learned photoacoustic reconstruction algorithm [10878-47] 

     
     

   IMAGE ENHANCEMENT: ALGORITHM, PROCESSING, MODELING, AND MACHINE LEARNING 
     
  10878 1K  Compressed optoacoustic data acquisition based on a cluster of acoustic scatterers  

[10878-54] 
     
  10878 1L  Novel deep learning architecture for optical fluence dependent photoacoustic target 

localization [10878-55] 
     
  10878 1M  Multimodal priors reduce acoustic and optical inaccuracies in photoacoustic imaging  

[10878-56] 
     
     

   INTERNATIONAL PHOTOACOUSTIC STANDARDISATION CONSORTIUM 
     
  10878 1P  A 3D semi-anthropomorphic photoacoustic breast phantom [10878-59] 

     
  10878 1Q  Characterization of opto-acoustic color mapping for oxygen saturation of blood using 

biologically relevant phantoms [10878-60] 
     
     

   MICROSCOPY AND MULTIMODAL IMAGING: SYSTEM AND APPLICATION I 
     
  10878 1T  Multiple direction synthetic aperture focusing technique for acoustic-resolution photoacoustic 

microscopy [10878-63] 
     
  10878 1W  Model-based optical resolution optoacoustic microscopy [10878-66] 

     
     

iv



   MICROSCOPY AND MULTIMODAL IMAGING: SYSTEM AND APPLICATION II 
     
  10878 22  Resolution-enhancement of photoacoustic microscopy by modulation quenching of 

nanoparticles [10878-72] 
     
     

   CONTRAST AGENTS AND MOLECULAR IMAGING 
     
  10878 2B  In vivo assessment of heart function under chronic hypoxic stress with volumetric optoacoustic 

tomography [10878-81] 
     
  10878 2E  Individual nanobubbles detection using acoustic based flow cytometry [10878-84] 

     
  10878 2G  Functional calcium imaging using optical-resolution photoacoustic microscopy in a 3D tumor 

cell culture [10878-86] 
     
     

   QUANTITATIVE ANALYSIS AND IMAGING 
     
  10878 2H  Measuring the nucleus-to-cytoplasmic ratio in PC-3 cells using photoacoustic flow cytometry 

and imaging flow cytometry [10878-87] 
     
  10878 2K  Comparison of breast tumor diameter by intraoperative photoacoustic screening, magnetic 

resonance imaging and pathology [10878-90] 
     
  10878 2L  Optimal design of combined ultrasound and multispectral photoacoustic deep tissue imaging 

devices using hybrid simulation platform [10878-91] 
     
  10878 2M  Determining elastic contrast in tissue-mimicking phantoms using frequency resolved 

photoacoustic imaging [10878-92] 
     
     

   MONITORING OF THERAPY 
     
  10878 2R  Optoacoustic monitoring of RF ablation lesion progression [10878-97] 

     
  10878 2T  In vivo demonstration of photoacoustic-guided liver surgery [10878-217] 

     
     

   POSTER SESSION 
     
  10878 2Y  Multifocus optical-resolution photoacoustic microscope for extended depth of field   

[10878-103] 
     
  10878 2Z  Ultracompact high resolution photoacoustic microscopy of hemorrhagic shock [10878-104] 

     

v



  10878 31  Pulsed laser diode based photoacoustic tomography system using multiple acoustic reflector 
based single element ultrasound transducers [10878-106] 

     
  10878 32  Photoacoustic monitoring of tissue temperature at high temporal resolution [10878-107] 

     
  10878 33  Enhancement of photoacoustic signal from contrast agent with pre-illumination [10878-108] 

     
  10878 34  A study of the effect of PEG-40 surfactant concentration on the stability of microbubbles post-

injection through various needle sizes and its ultrasound imaging performance [10878-109] 
     
  10878 35  A study of blood clots using photoacoustic imaging during sonothrombolysis [10878-110] 

     
  10878 36  Deep Learning of truncated singular values for limited view photoacoustic tomography  

[10878-111] 
     
  10878 37  Learned backprojection for sparse and limited view photoacoustic tomography [10878-112] 

     
  10878 3B  NETT regularization for compressed sensing photoacoustic tomography [10878-117] 

     
  10878 3D  Photoacoustic image reconstruction from full field data in heterogeneous media [10878-119] 

     
  10878 3E  Visualization of skin morphology and microcirculation with high frequency ultrasound and 

dual-wavelength photoacoustic microscope [10878-120] 
     
  10878 3G  Enhancing photoacoustic visualization of medical devices with elastomeric nanocomposite 

coatings [10878-122] 
     
  10878 3K  Ultrasound and acoustic resolution photoacoustic microscopy: a novel modality for surveilling 

human rectal cancer after therapy  [10878-126] 
     
  10878 41  Resonant photoacoustic spectroscopy for a non-invasive blood glucose monitoring: human 

interface and temperature correction technology [10878-145] 
     
  10878 43  A commercialized Microelectromechanical Systems (MEMS)-based rapid scanning 

photoacoustic microscopy system with switchable optical and acoustic resolutions [10878-147] 
     
  10878 46  Single optical fiber photoacoustic sensing probe [10878-152] 

     
  10878 4A  Low-cost ultrasound and optical gelatin-based phantoms [10878-157] 

     
  10878 4E  Signal-to-noise improvement in LED-based photoacoustic imaging systems using double-stage 

delay-multiply-and-sum image reconstruction method [10878-161] 
     
  10878 4H  Influence of excitation light pulse characteristics to image quality in LED-based photoacoutic 

imaging system [10878-164] 
     
  10878 4K  Co-registered photoacoustic and ultrasound real-time imaging of colorectal cancer: ex-vivo 

studies [10878-167] 
     

vi



  10878 4L  Ultrasound modulated droplet lasers [10878-168] 

     
  10878 4M  Comparison of measurements of the nucleus-to-cytoplasmic ratio in MCF-7 cells using ultra-

high frequency photoacoustic microscopy and imaging flow cytometry [10878-169] 
     
  10878 4N  Optimization of image quality in photoacoustic tomography using spatial projection data 

[10878-170] 
     
  10878 4O  Combined confocal and photoacoustic microscopy based on probe beam deflection 

technique [10878-171] 
     
  10878 4R  Nonlinear photoacoustic generation by pump-probe excitation [10878-174] 

     
  10878 4Z  Real-time photoacoustic data acquisition with a thousand parallel channels at hundreds 

frames per second [10878-182] 
     
  10878 53  Combination of an annular array with a conical acoustic lens for large depth of field 

photoacoustic macroscopy [10878-186] 
     
  10878 54  Application of mathematical morphological filter for noise reduction in photoacoustic imaging 

[10878-187] 
     
  10878 55  Validation study of a quantitative photoacoustic image reconstruction using Monte Carlo 

method and linearization [10878-188] 
     
  10878 56  Analysis of photoacoustic signals of hyperosteogeny and osteoporosis [10878-189] 

     
  10878 59  Co-registered ultrasound Doppler with ultrasound and photoacoustic imaging to improve 

delineation of ovarian lesion for photoacoustic imaging [10878-192] 
     
  10878 5A  Performance validation of improved photoacoustic / ultrasound superposed imaging system 

for evaluation of diabetic neuropathy [10878-193] 
     
  10878 5C  OpenACC GPU implementation of double-stage delay-multiply-and-sum algorithm: toward 

enhanced real-time linear-array photoacoustic tomography [10878-195] 
     
  10878 5D  An efficient image formation algorithm for real-time linear-array photoacoustic tomography 

[10878-196] 
     
  10878 5E  A deep learning-based approach to identify in vivo catheter tips during photoacoustic-guided 

cardiac interventions [10878-197] 
     
  10878 5G  Recent updates of real-time clinical photoacoustic and ultrasound imaging system at POSTECH 

[10878-199] 
     
  10878 5H  Optimizing light delivery through ball-shaped multimode fiber tips in co-registered 

photoacoustic and ultrasound endo-cavity imaging: simulation and experimental validation 
[10878-200] 

     
  10878 5J  Evaluation of the usefulness of handheld photoacoustic imaging system for quantitative 

diagnosis of fatty liver [10878-202] 
     

vii



  10878 5K  Techniques to distinguish the ureter from the uterine artery in photoacoustic-guided 
hysterectomies [10878-203] 

     
  10878 5L  Pilot study for detection of cutaneous melanoma boundary using photoacoustic imaging 

[10878-204] 
     
  10878 5M  Visualization of custom drill bit tips in a human vertebra for photoacoustic-guided spinal fusion 

surgeries [10878-205] 
     
  10878 5N  In vivo demonstration of real-time oxygen saturation imaging using a portable and affordable 

LED-based multispectral photoacoustic and ultrasound imaging system [10878-206] 
     
  10878 5O  Single simulation platform for both optical and radio frequency induced thermoacoustic 

tomography [10878-207] 
     
  10878 5P  Numerical study on tumor volume detection in the human brain using photoacoustic 

tomography [10878-208] 
     
  10878 5S  Photoacoustic signal enhancement using a novel adaptive filtering algorithm [10878-211] 

     
  10878 5U  Simultaneous photoacoustic tomography guided diffuse optical tomography: a numerical 

study [10878-213] 
     
  10878 5V  Low-cost fast photoacoustic computed tomography: phantom study [10878-214] 

     
  10878 5W  Skull’s aberration modeling: towards photoacoustic human brain imaging [10878-215] 

     
  10878 5X  Investigation of the thermal properties of biological cells using a frequency domain 

photoacoustic microscope [10878-216] 
     
  10878 5Y  High frame rate photoacoustic imaging of blood clots [10878-218] 

     
  10878 60  Identification of MRSA infection in blood using photoacoustic flow cytometry [10878-220] 

     
  10878 61  Analytic description of photoacoustic signal generation and application for the determination 

of the fluorescence quantum yield [10878-221] 
     
  10878 63  In vivo photoacoustic imaging of liver using liver specific targeting conjugates [10878-223] 

     
  10878 64  Analysis of the optoacoustic signals generated with a tone-burst of nanosecond duration 

pulses [10878-224] 
     
  10878 66  Computer assisted photoacoustic imaging guided device for safer percutaneous needle 

operations [10878-226] 
     
  10878 68  3D printed kidney phantoms for an LED-based photoacoustic and ultrasound imaging system 

[10878-228] 
     
  10878 69  Sub-wavelength convertible Bessel-beam and Gaussian-beam photoacoustic microscope in 

reflection-mode for in-vivo application [10878-229] 
     

viii



  10878 6A  Virtual parallel-projection model-based optoacoustic reconstruction scheme for flat 
optoacoustic detector [10878-230] 

     
  10878 6F  A method of further increasing treatment depth in dual thermal therapy [10878-235] 

     
  10878 6G  Genetic algorithm for feedback-based wavefront shaping in optical imaging [10878-236] 

     
  10878 6K  Usefulness verification of handheld photoacoustic imaging system for evaluating hypodermal 

tissue [10878-237] 
     
  10878 6L  Development of a backward-mode photoacoustic microscope using a Fabry-Pérot sensor 

[10878-242] 
     
  10878 6M  Artifact reduction using minimum variance-based sparse subarray technique in linear-array 

photoacoustic tomography [10878-154] 
     
  10878 6N  Delay-multiply-and-standard-deviation weighting factor improves image quality in linear-array 

photoacoustic tomography [10878-151] 
     
  10878 6O  An advanced sparsity-based photoacoustic image reconstruction algorithm for linear-array 

transducer scenario [10878-149] 
     
  10878 6P  Application of Demons algorithm in ultrasound elastography using B-mode ultrasound images 

[10878-129] 
     
  10878 6Q  Towards biochemical sensing with gold nanoparticles through suppression of nonlinear 

photoacoustic signal generation [10878-241] 
     
     

 

ix


