PROCEEDINGS OF SPIE

Multimodal Sensing and Artificial
Intelligence: Technologies

and Applications il

Ettore Stella
Francesco Soldovieri
Dariusz Ceglarek
Qian Kemao

Editors

27-29 June 2023
Munich, Germany

Sponsored and Published by
SPIE

Volume 12621

Proceedings of SPIE 0277-786X, V. 12621

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



The papers in this volume were part of the technical conference cited on the cover and fitle 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 Multimodal Sensing and Artificial Intelligence: Technologies and
Applications Ill, edited by Ettore Stella, Francesco Soldovieri, Dariusz Ceglarek, Qian Kemao, Proc. of
SPIE 12621, Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL).

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510664517
ISBN: 9781510664524 (electronic)

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA

Telephone +1 360 676 3290 (Pacific Time)

SPIE.org

Copyright © 2023 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.

SPIE. Csrary

SPIEDigitallibrary.org

Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the
Proceedings of SPIE at the tfime 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 letfters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscripf.



Contents

vii Conference Committee

MULTIMODAL SENSING AND INVERSE MODELLING FOR INFRASTRUCTURES AND ENVIRONMENTAL
MONITORING

12621 02 Detection of structural targets using ground-based interferometric synthetic aperture radar and
augmented reality [12621-1]

12621 03 Digital twin implementation by multisensors data for smart evaluation of transport infrastructure
(Invited Paper) [12621-2]

12621 04 Multisensors for BIM modeling and digital twinning of historical buildings: preliminary results on
Circus of Maxentius in Rome [12621-3]

12621 05 Moving train wheel axles automated detection, counting, and tracking by combining Al with
Kalman filter applied to thermal infrared image sequences [12621-4]

12621 06 Microwave tomography and artificial intelligence for water leakage detection: preliminary
results [12621-5]

12621 07 Enhanced decay detection and structural mapping in tree trunks using GPR and smartphone
LiDAR [12621-6]

MULTIMODAL SENSING FOR ROBOTICS

12621 08 Multimodal imaging sensor based on lidar for advanced perception tasks [12621-7]
12621 09 AWANDT: assessing welding anomalies via non-destructive tests (Invited Paper) [12621-13]
12621 0A Path following of tracked vehicle via model predictive control with identified long short-term

memory dynamic models [12621-9]

12621 0B Sensor fusion for stand-off estimation in direct energy deposition [12621-10]

12621 0C Path following and obstacle avoidance of tracked vehicle via deep reinforcement learning
with model predictive control as reference [12621-11]



MULTIMODAL SENSING FOR INSPECTION

12621 0D Classification of material and surface roughness using polarimetric multispectral LiDAR
[12621-12]

12621 OE An integrated tool for semi-automatic repair of CFRP laminates and non-destructive quality
control [12621-8]

12621 OF Assessing switch weld quality with 3D sensing and machine learning [12621-14]

12621 0G On the use of YOLOVS5 for detecting common defects on existing RC bridges [12621-15]

12621 OH Advances in chemical detection on surfaces with a snapshot Fourier-Transform Raman
hyperspectral sensor [12621-16]

12621 0l Lightweight dual-wavelength bathymetric LiDAR for accurate seabed mapping [12621-17]
MULTIMODAL SENSING APPLICATIONS |

12621 0J Multiple caterpillar tracking and 3D positioning in orchard via YOLO plus DeepSORT [12621-18]

12621 0K An autoencoder solution for the electromagnetic inverse source problem (Invited Paper)
[12621-19]

12621 OM Supercontinuum-based hyperspectral laser scanning: fowards enhanced 3D surface
reconstruction and its benefits for remote sensing [12621-21]

12621 ON A LiDAR imaging system using temporal and polarization discrimination for turbid media
[12621-22]
MULTIMODAL SENSING FOR HEALTH

12621 00 Oxygen saturation estimation from near-infrared multispectral video data using 3D
convolutional residual networks [12621-24]

12621 0P Deep learning-based phase unwrapping for holographic tomography [12621-25]

12621 0Q End-to-end neural network for speeding up the ftomographic reconstruction in holographic
imaging flow cytometry [12621-26]

12621 OR Realistic interactions with micro-objects in a virtual environment [12621-27]



FULL-FIELD IMAGING AND APPLICATIONS |

12621 0S Multimodal non-destructive techniques for composite inspection [12621-28]

12621 0U On the use of machine learning for microplastic identification from holographic phase-contrast
signatures [12621-30]

12621 OV EUV ptychography: material-specific imaging at the nanoscale [12621-31]
FULL-FIELD IMAGING AND APPLICATIONS I

12621 OW Deep learning-enabled far-infrared active imaging and video-surveillance through fire
[12621-32]

12621 0X Holographic and polarization features analysis for microplastics characterization and water
monitoring (Invited Paper) [12621-33]

12621 0Y Synthetic data generation for improvement of machine learning-based optical quality control:
a practical approach in the welding context [12621-46]
MULTIMODAL SENSING APPLICATIONS I

12621 10 Investigation on automated visual SMD-PCB inspection based on multimodal one-class novelty
detection [12621-34]

12621 11 Scale-invariant semantic segmentation of natural RGB-D images combining decision tree and
deep learning models [12621-37]

12621 12 Characterization of bolted joint surface enabled by multimodal measurement (Invited Paper)
[12621-38]

12621 13 Automated detection and counting of grape bunches using a farmer robot [12621-39]

12621 15 Kinematic-aware UKF-based fast fiducial marker tracker [12621-41]
POSTER SESSION

12621 16 Thermal camera data preprocessing based on real-time inter-frame data [12621-34]

12621 17 Combining multispectral UAV-borne and terrestrial point cloud data for time-saving forest
inventory using artificial intelligence [12621-42]

12621 18 Automated plant-scale monitoring by a farmer robot using a consumer-grade RGB-D camera

[12621-43]



vi

12621 19

12621 1A

A microcontroller-based multi-sensor system using ultrasonic range sensors and radar sensors
for sensor data fusion: accuracy study and performance test [12621-44]

Action recognition algorithm from multimodal images for human-robot collaboration systems
[12621-45]





