
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 12046 
 
 

Proceedings of SPIE 0277-786X, V. 12046 

 

Sensors and Smart Structures 
Technologies for Civil, Mechanical, 
and Aerospace Systems 2022 
 
 
 
Daniele Zonta 
Branko Glisic 
Zhongqing Su 
Editors   

 
 
6–10 March, 2022  
Long Beach, United States 
 
 
4–10 April, 2022 
ONLINE 
 
 
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 Sensors and Smart Structures Technologies for Civil, Mechanical, and 
Aerospace Systems 2022, edited by Daniele Zonta, Branko Glisic, Zhongqing Su, Proc. of SPIE 12046, 
Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510649675 
ISBN: 9781510649682 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2022 Society of Photo-Optical Instrumentation Engineers (SPIE). 
 
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 fees. To obtain permission to use and share articles in this volume, visit 
Copyright Clearance Center 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. 
 
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: A unique citation identifier (CID) number is assigned to each article in the 
Proceedings of SPIE 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 Conference Committee  
  

 SESSION 1  WIRELESS SENSOR NETWORKS 
     
  12046 02  High-speed data acquisition and computing for real-time active control of civil structures 

subject to seismic base excitation [12046-5] 
     
  12046 03  Embedded compressive sampling (CS) algorithm under ultra-low rate wireless communication 

for long-term bridge monitoring [12046-6] 
     
  12046 04  Long-term field monitoring of fatigue cracks for steel bridges with wireless large-area strain 

sensors [12046-7] 
     
  12046 05  Martlet wireless sensing system for full scale bridge weigh-in-motion [12046-8] 

     
     

 SESSION 2  SMART SENSORS AND MATERIALS 
     
  12046 06  Structural damage identification using inverse analysis through optimization with sparsity 

[12046-10] 
     
  12046 07  Flexible piezo-capacitive pressure sensor for measurement of wind speed and direction 

[12046-11] 
     
  12046 08  Multiphysics modeling of printed surface acoustic wave thermometer [12046-12] 

     
  12046 09  The effect of inter-filler transport on AC piezoresistivity in CNF-modified epoxy nanocomposites 

[12046-15] 
     
  12046 0A  Baseline-free damage detection in self-sensing composites via frequency-difference EIT 

[12046-16] 
     
  12046 0B  Electrode spacing-induced signal filtering for transient piezoresistivity [12046-17] 

     
  12046 0C  Silk-printed retroreflective markers for infrastructure-maintenance vehicles in tunnels [12046-18] 

     
     

 SESSION 3  POST-DEADLINE I 
     
  12046 0D  Using edge detection and polarimetric imaging for vaccine inspection [12046-70] 

     

iii



  12046 0E  Multi-event model updating for ship structures with resource-constrained computing [12046-74] 

     
  12046 0F  Large area capacitive sensors for impact damage measurement [12046-75] 

     
  12046 0G  Adaptive flow-induced vibration control using distributed sensor/actuator networks with gated 

recurrent units and genetic algorithms [12046-78] 
     
     

 SESSION 4  COMPUTER VISION-BASED SHM 
     
  12046 0H  Comparison of stereo vs 2D digital image correlation for wavefield reconstruction for damage 

imaging [12046-23] 
     
  12046 0I  Vision-based inspection of out-of-plane fatigue cracks in steel structures [12046-24] 

     
  12046 0J  A computer vision-based crack quantification of reinforced concrete shells using graph theory 

measures [12046-25] 
     
     

 SESSION 5  ARTIFICIAL NEURAL NETWORKS I 
     
  12046 0K  Damage classification based on stiffness reduction in cross-ply laminates with convolution 

neural networks [12046-28] 
     
  12046 0L  Machine-learning to see defects: a hybrid attention-ConvLSTM-based convolutional neural 

network deep learning architecture for structural damage detection [12046-29] 
     
     

 SESSION 6  ARTIFICIAL NEURAL NETWORKS II 
     
  12046 0M  Artificial neural networks based damage severity assessment of structures using modal analysis 

[12046-36] 
     
     

 SESSION 7  CIVIL SHM 
     
  12046 0N  Designing monitoring systems for long-term structural response [12046-38] 

     
  12046 0O  Estimation of residual deformation of building structures using singular spectrum analysis for a 

safety assessment [12046-39] 
     
  12046 0P  Fire resistance of construction elements [12046-40] 

     
     
     
     

iv



 SESSION 8  VIBRATION-BASED SHM 
     
  12046 0Q  Vibration-based monitoring and dynamic properties identification via sensor fusion strategy 

[12046-41] 
     
  12046 0R  Wind-induced vibration monitoring of high mast illumination poles [12046-43] 

     
  12046 0S  High-dimensional data analytics applications in SHM and NDE: tensor analysis of thermal 

videos [12046-44] 
     
     

 SESSION 9  ADVANCES IN SHM TECHNOLOGY 
     
  12046 0T  A compensation technique for accurate acceleration measurements using a UAV deployable 

and retrievable sensor package [12046-47] 
     
  12046 0U  Development of a real-time solver for the local eigenvalue modification procedure [12046-51] 

     
  12046 0V  Effect of temperature on the magnetically coupled return loss of smart gear system [12046-52] 

     
     

 SESSION 10  DAMAGE DETECTION 
     
  12046 0W  Feasibility study of detecting railroad spike damage using a non-contact NDE system  

[12046-53] 
     
  12046 0X  The performance optimization of combinational harmonic generation for quasi-synchronous 

Lamb wave mixing [12046-55] 
     
  12046 0Y  Fatigue crack prognosis of lifting-lug by nonlinear ultrasonic modulation [12046-56] 

     
     

 SESSION 11  AUTONOMOUS VEHICLES 
     
  12046 0Z  Evaluating the mobility performance of autonomous vehicles at a signalized traffic intersection 

[12046-57] 
     
  12046 10  Evaluating the driving behavior of autonomous vehicles and human driver vehicles in mixed 

driver environments at a signalized intersection [12046-58] 
     
     

 SESSION 12  POST-DEADLINE II 
     
  12046 11  Piezoelectric strain sensor through reverse replication based on two-photon polymerization 

[12046-81] 
     

v



  12046 12  Design and 3D printing of a capacitive sensor for biomedical applications [12046-82] 

     
  12046 13  Fluorescence spectroscopy characterization of electrophoretically deposited ZnO 

nanoparticles on aluminum, silicon, and APTES functionalized silicon substrates [12046-76] 
     
     

 SESSION 13  ARTIFICIAL INTELLIGENCE FOR SHM 
     
  12046 14  Damage detection using physics-based modeling and data-driven optimization [12046-20] 

     
  12046 15  A deep learning based surrogate modelling for wave propagation in structures [12046-21] 

     
     

 SESSION 14  FIBER OPTIC SENSORS 
     
  12046 16  FBG sensors for low-speed flow analysis [12046-3] 

     
  12046 17  Fiber Bragg grating array-based shape sensing for structural health monitoring of cylindrical 

marine structures [12046-4] 
     
     

   POSTER SESSION 
     
  12046 19  Distributed flexible drive of trailing edge variable camber wing [12046-60] 

     
  12046 1A  Exploration of the use of a proportional-integral-derivative controller for mitigation of seismic 

base excitation in civil structures [12046-63] 
     
  12046 1B  A kind of strain sensor with big sensing gauge length based on Webcam [12046-64] 

     
  12046 1C  The study of chloride penetration resistance of smart cement nano-enhanced mortars  

[12046-65] 
     
  12046 1D  Development of innovative 3D representation techniques and nondestructive evaluation tools 

for the sustainability of antiquities [12046-66] 
     
  12046 1E  Fatigue damage detection of welded I-section steel beam with optical fiber sensor [12046-71] 

     
  12046 1F  Carbon nanotubes doped concrete-based sensor for strain measurements [12046-72] 

     
     

 

vi




