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Introduction

The RIAO OPTILAS Meeting is the premier triennial academic gathering dedicated to bringing together
Ibero-American researchers, professors, and students working in the vast field of Optics, Photonics, and their
applications. Its fundamental goal is to facilitate the dissemination of project results and to strengthen scientific
and academic collaboration across Latin America, Europe, and North America.

This event proudly hosts two major activities: the Xl Iberoamerican Optics Meeting (RIAO) and the XV
Latin-American Meeting on Optics, Lasers and Applications (OPTILAS).

The Historic 2025 Edition in Santa Cruz
We are honored to welcome the scientific community to the RIAO/OPTILAS 2025 Meeting in Santa Cruz, Bolivia.
This edition marks a historical milestone, as it is the first time this prestigious event is held in Bolivia.

The Local Organizing Committee is pleased to announce that the meeting will take place from November 17 to
21, 2025, at the UPB Campus (Universidad Privada Boliviana) in Santa Cruz, Bolivia. We thank all researchers and
students for their contributions and look forward to a successful and productive week of scientific exchange.

Presentation

The 2025 edition of the RIAO-OPTILAS Congress represents a milestone for the Ibero-American scientific
community. This international meeting, which has brought together RIAO and OPTILAS since 1998 in Cartagena
de Indias, Colombia, reaffirms the commitment of the lbero-American Optics Network (RIAO) to strengthening
optics and photonics in Ibero-America, promoting collaboration, academic exchange and the training of new
generations of researchers.

Academic participation in this 2025 event is characterised by the diversity, quality and dynamism of the Bolivian
optical community, which did not hesitate for a moment to offer its academic spaces for this celebration at the
event in Bolivia. This edition is summarised as follows:

e Nine keynote speakers from leading global optical research institutions.

64 oral presentations initially confirmed, covering topics such as quantum optics, biophotonics,
metrology, nonlinear optics, instrumentation, among others.
10 poster presentations, selected for their quality and scientific relevance.

e 25 additional posters presented by students who are also participating in oral presentations, as part of
the Student Poster Competition, an initiative that seeks to stimulate scientific communication among
young researchers.

e Total number of confirmed oral presentations: 73, including last-minute additions and active student
participation.
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This volume of contributions reflects the dynamism and interest in strengthening scientific collaboration
networks. RIAO-OPTILAS 2025 stands out for its strong youth component. The active participation of students in
the poster competition and oral sessions demonstrates:

e RIAO's commitment to training new generations of scientists.

e The promotion of scientific communication and critical thinking skills.

e The creation of collaborative networks between young and established researchers.

This approach guarantees the renewal and sustainability of the scientific ecosystem in optics and photonics. The
choice of Bolivia as the venue for the RIAO-OPTILAS 2025 Congress is the result of a strong local initiative led by
Prof. Omar Ormachea, director of the Optical and Energy Research Center, together with his scientific, academic
and administrative team. Their efforts have been key to positioning the Bolivian Private University as an
international scientific meeting place.

This event also marks the beginning of a new institutional cycle, with Dr Maria Sagrario Millan taking over as
chair of the RIAO Council for the period 2025-2028. A renowned European scientist in the field of optics, her
leadership heralds a period of consolidation, expansion and strengthening of RIAO in its academic, institutional
and geographical dimensions.

RIAO-OPTILAS 2025 is not only a high-level academic event, but also a historic opportunity to strengthen science
in Bolivia and the Ibero-American region. The event's attendance figures, the prominence of young people, the
institutional support and the international reach are testament to RIAO's commitment to scientific
development, equality and cooperation.

Dr. José Luis Paz

Chair of the Council 2022-2025
Red Iberoamericana de Optica
November 2025

Organization

The RIAO-OPTILAS 2025 Local Organizing Committee was integrated by the following members of the faculty of
the UPB: Omar Alberto Ormachea Mufioz (Chair), Edgar Eduardo Salazar Florez, Juan Pablo Gonzales Arce, César
Alejandro Pérez Fernandez and Alex Stephan Villazén Torrico.

The RIAO-OPTILAS 2025 Technical Program Committee was integrated with the following distinguished
colleagues of the Iberian-American optics and photonics community: ifigo Gonzalez de Arrieta Martinez of the
Universidad del Pais Vasco in Spain; Telmo Echaniz of the Universidad del Pais Vasco in Spain; Silvia Ledesma of
the Universidad de Buenos Aires in Argentina; Inocencio R. Martin of the Universidad de La Laguna in Spain, and
Aura Higuera Rodriguez of Signify in The Netherlands.

The RIAO-OPTILAS 2025 Steering Committee was integrated by representatives of the optics and photonics
societies of the member countries, Spain, Portugal, Mexico, Cuba, Colombia, Venezuela, Ecuador and Argentina.
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The steering committee included: José Luis Paz Rojas (President, Peru), Eric Rosas (Secretary), Myrian Tebaldi
(Counselor, Argentina), Freddy Rafael Pérez (Counselor, Colombia), Juan Gualberto Darias Gonzalez (Counselor,
Cuba), César Costa Vera (Counselor, Ecuador), Anibal de la Piedad Beneitez (Counselor, Mexico), Manuel Filipe
Costa (Counselor, Portugal), Augusto Beléndez Vazquez (Counselor, Spain) and Vincent Piscitelli (Counselor,
Venezuela).

Scientific Committee

The members of the RIAO-OPTILAS 2025 International Scientific Committee were:
e Ramon Carriles Jaimes, Centro de Investigaciones en C)ptica, México
Manuel Filipe Costa, University of Minho, Portugal
Luis David Badilla, Universidad Nacional, Costa Rica
Christian Cuadrado-Laborde, IFIR Conicet, Argentina
Jesus Gardufio-Mejia, Instituto de Ciencias Aplicadas y Tecnologia UNAM, México
Julio Gutiérrez, Tecnoldgico de Monterrey, México
Gerardo Gutiérrez-Judrez, Universidad de Guanajuato, México
Maria Sagrario Millan Garcia-Varela, Universitat Politecnica de Catalunya, Espafia
Rubén Ramos-Garcia, Instituto Nacional de Astrofisica, Optica y Electrénica, México
Pedro Torres, Universidad Nacional de Colombia, Colombia
Marcelo Trivi, Centro de Investigaciones Opticas, Argentina
J. Benito Vazquez-Dorrio, University of Vigo, Espafia
Miguel V. Andrés, University of Valencia, Espaia
John Fredy Barrera Ramirez, Universidad de Antioquia, Colombia
Victor H. Granados, Universidad Nacional, Costa Rica
Jorge Enrique Mejia Sdnchez, Universidad de Guadalajara, México

RIAO-OPTILAS 2025 meeting venue

The main venue for the conference is the UPB Campus in Santa Cruz, Bolivia. The academic activities will be
hosted in two dedicated, independent areas:

Main Auditorium (Room 1): This space has a capacity for 150 participants and will be used for plenary sessions,
opening ceremony, plenary talks, oral presentations, and the closing ceremony.

Meeting room (Room 2): This area has capacity for 100 participants and will be used for the various workshops
in simultaneous sessions. It will be designated as the official poster exhibition, including the awards for the best
student posters.

The UPB facilities will ensure that both rooms function independently to guarantee the smooth execution of the
academic program.



/\
o

RIAO OPTILAS 2025

RIAO-OPTILAS 2025 inaugural speeches

Carlos Foronda, Ph.D.
Vice-President, UPB

Dear colleagues, researchers, professors, students, and distinguished guests:

It is a great pleasure and an honor for UPB to welcome you to RIAO/OPTILAS 2025, here in the vibrant city of
Santa Cruz de la Sierra, Bolivia.

This event brings together the 12th Ibero-American Optics Meeting and the 15th Latin American Meeting on
Optics, Lasers, and Applications. It also marks a historic moment: this is the first time that a scientific conference
of this size is held in our country. For UPB, and for Bolivia, this is more than an academic event. It shows the
growth and strength of our scientific community. At UPB we believe that prestige is not declared — it is
demonstrated. And this week is clear proof of that.

Since its foundation, UPB has grown together with Bolivia. Its prestige comes from generations of professors,
researchers, and students who have pursued academic excellence with ethical commitment. It comes from a
nation that keeps moving forward and a university that chooses to support that progress through knowledge.

To all our guests from Latin America, Europe, and North America: welcome to UPB and welcome to Bolivia.
RIAO/OPTILAS is held every three years in a different lbero-American country and brings together some of the
brightest minds in optics and photonics. This 2025 edition, the first in Bolivia, is truly special. We are honored to
host keynote speakers and researchers from many nations, and we are proud that UPB professors and students
will also present their work.

Researchers from twelve countries join us this week, all united by a shared passion for knowledge. For UPB,
recognized as the most prestigious private non-profit university in Bolivia, this event reflects our mission: to
educate talented professionals under international standards of excellence, and to serve our country through
science.

Hosting this event confirms that UPB’s reputation is built every day — in the classroom, in the laboratory, and
through applied research and global cooperation.

The true value of this week is not only in the presentations. It is in the conversations, the new partnerships, and
the ideas that will travel across borders and create real solutions. Progress grows through cooperation, rigor, and
purpose.

UPB has expanded internationally while staying rooted in Bolivia. We have shown that it is possible to prepare
professionals for the world, from Bolivia, for Bolivia, with global reach.

Our partnership with the University of London, our international academic networks, and the recognition
received by our faculty show our strong commitment to science and education. That is why we say with
confidence: the best come to UPB, because at UPB, the best teach.

UPB is a non-profit foundation. This means that every achievement and every innovation is reinvested in what
matters most: our students, our professors, and our country. We believe in an academic model that opens its
doors to society and to the world. This is how we serve Bolivia: by cultivating knowledge, inspiring talent, and
preparing for tomorrow while working today.
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On behalf of UPB, | want to express our sincere gratitude to the International Organizing Committee, the
scientific and technical teams, and every participant who made this meeting possible.

From November 17 to 21, Santa Cruz will be the heart of Ibero-American optics and photonics. May this week be
full of learning, collaboration, and inspiration.

And when it ends, may we proudly say that Bolivia rose to the level of international science.

Thank you very much.

Omar Ormachea, Ph.D.
Chair, Local Organizing Committee

We have finally reached this moment, the inauguration of the RIAO OPTILAS 2025 Congress, which also hosts
two meetings of the Ibero-American Optics Community and which RIAO has generously allowed us to organize.
This moment represents the fruit of two years of work by a group of colleagues from the UPB.

Although organizing an international event has been a challenging experience for most of us, it will be an
unforgettable experience for everyone. However, even though all the hours worked and the preparations made
have already left their mark on our memories, the most important part is yet to come. During this week, we will
have the opportunity to hear presentations from lbero-American specialists in many areas of research in optics,
photonics, lasers, and their many and diverse applications, but we will also be joined by distinguished
international researchers who will share their knowledge and experiences.

In addition, we will have the participation of students from our university, institutes, and research centers, who
will have the opportunity to attend as listeners or participate as exhibitors in the oral and poster presentation
modalities of our conference. The opportunity to learn about other works, other approaches, and the
researchers who carry them out is part of the outcome.

| would also like to thank all my colleagues on the Organizing Committee, Eric Rosas, Manuel Philipe Costa, and
the UPB for all their support during this time. Finally, we thank you all for attending this opening ceremony and
hope that this will be a very beneficial week for everyone.

Thank you very much.

10
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Plenary Talks

Structuring ultrafast laser pulses for their application in attosecond science
Carlos Hernandez-Garcia

University of Salamanca, Spain

Bio: Carlos Hernandez is an associate professor at Universidad de Salamanca (Spain). PhD in Physics (2013).
After a European Marie Sklodowska Curie postdoctoral stay at JILA, University of Colorado at Boulder (USA), he
returned to Universidad de Salamanca where he leads the Unit on Structured Light and Matter (LUMES) and the
ERC Starting Grant project ATTOSTRUCTURA. His work focuses on the generation and applications of structured
laser pulses, with durations in the attosecond timescale. Together with his colleagues and collaborators, he has
designed theoretical tools to understand and combine quantum simulations with highly non-linear strong-field
processes. Co-author of >80 peer-reviewed publications. Recipient of the Fresnel Prize 2019, the IUPAP Young
Scientist Prize 2021, and the ICO Prize 2023.

Abstract: Ultrafast laser technology has transformed our understanding of science, enabling the observation and
control of matter on femtosecond (107 s) and attosecond (10 s) timescales. The generation of attosecond
pulses through high harmonic generation (HHG)—recognized with the 2023 Nobel Prize in Physics—has
established a foundation for attosecond science as a transformative field impacting applied —photonics,
nanotechnology, spectroscopy, imaging— and fundamental—physics, chemistry, biology— fields. A pivotal
development in attosecond science is the capability of structuring ultrafast laser sources, particularly in their
spin and orbital angular momentum properties. These advances enable time-dependent studies of chiral
systems, magnetic materials, and ultrafast electronic and spin dynamics with unprecedented precision. The
ability to generate structured attosecond pulses via HHG has driven several breakthroughs in nonlinear optics,
allowing the creation of EUV/soft x-ray pulses with tailored angular momentum and spatiotemporal profiles. In
this talk we will review several works that have boosted the field of attosecond structured pulses during the last
decade. We will focus not only on the ability to tailor the angular momentum properties of attosecond pulses,
but also on how through the topology of the EUV/soft x-ray pulses we can retrieve information about ultrafast
electronic dynamics of matter. Since the early work on HHG driven by vortex beams, the use of driving field
configurations with custom orbital angular momentum properties has opened opportunities for controlling
spatiotemporal high-order harmonic properties. Notable advancements include the generation of attosecond
vortices with controlled polarization, high harmonic pulses with time-dependent orbital angular momentum or
self-torque, EUV vector harmonic pulses, attosecond vortex pulse trains, spatially-structured harmonic beams
from graphene, or EUV spatiotemporal and spatiospectral optical vortices.

Light Manipulation in Multilayered Photonic Structures

Emiliano Descrovi

Politecnico di Torino and European Optical Society, Italy

Bio: Emiliano Descrovi is Associate Professor in Physics at the Department of Applied Science and Technology,
Politecnico di Torino, Italy. He obtained his master degree in Physics from the University of Torino in 1999 and
the PhD in Microtechnique from the Université de Neuchatel, Switzerland, in 2005. His research interests fall in
the domain of dielectric nanophotonics and light-responsive polymer photonics, targeting novel tunable devices
controlled by light. In the past years, he focused on optical phenomena involving surface modes on planar
dielectric multilayers. In 2020 he joined the European Optical Society (EOS) board and presently serves as
President since September 2024.

12



A\
(et

RIAO OPTILAS 2025

Abstract: Recent results on light manipulation by means of Bloch surface waves (BSW) on multilayers are
presented. Planar multilayers sustaining either TE or TM-polarized BSW offer new opportunities for light
management at the micro and nanoscale. BSWs can be considered as the dielectric equivalent of Surface
Plasmon for metals. Compared to SPPs, BSWs present some advantages, such as lower absorption, narrower
mode resonances, stronger near-field surface enhancement effects, longer propagation length, spectral and
polarization tunability. In this talk, | will show how light can be confined and propagated by means of BSW
coupling, in a 2D optics fashion, wherein light is flowing on an almost flat surface with weak perturbations. In
addition, | will discuss how the presence of the high photonic LDOS associated to BSW can change the emission
behavior of organic dipoles located on the multilayer surface. The concept of a BSW planar cavity is introduced
and the corresponding effects on the spectral and temporal signature of emitters located therein will be
discussed. In addition, chiral diffractive gratings will be demonstrated to provide an outcoupling mechanism for
BSW resulting in free-space propagating beams carrying specific orbital angular momenta. The presented results
have potential applications in the domain of engineered sources for telecommunications and quantum
technologies.

Future Perspectives of Optical Fiber Sensors

Orlando Frazao

Institute for Systems and Computer Engineering, Technology and Science, Portugal

Bio: Orlando Frazao is a Senior Researcher at INESC TEC, Portugal. He obtained his PhD in Physics from the
University of Porto in 1999. His research interest lies in the fields of optical fiber sensors and optical
telecommunications. He has received three awards. Orlando Frazdo has published more than 500 papers in
peer-reviewed scientific journals and international conferences and is the author of 7 patents. He is also a Senior
Member of SPIE and an EOS Fellow.

Abstract: Optical fiber sensors (OFS) still play a crucial role due to their unique advantages. They are immune to
electromagnetic interference, making them ideal for applications in aerospace, power grids, and medical fields.
Additionally, they enable long-distance remote sensing and are widely used in structural health monitoring for
bridges and pipelines. Their high precision and sensitivity allow for the detection of small variations in
temperature, pressure, and strain, while their resistance to extreme environments makes them essential in
nuclear plants, deep-sea exploration, and space missions. They are also lightweight and miniaturized, favoring
biomedical and aerospace applications. However, they face challenges such as high costs, complex integration,
and competition from wireless and IoT sensors. Despite this, they continue to dominate areas like structural
monitoring, oil and gas, biomedicine, defense, and aerospace. Therefore, optical fiber sensors remain relevant,
especially where precision, durability, and remote sensing are indispensable, with their future depending on cost
reduction and integration with smart sensor networks.

Applications of Gallium Oxide-Based Photomemristors in Neuromorphic
Engineering

Marina Sparvoli

Universidade de Sao Paulo, Brazil

Bio: Marina Sparvoli holds a Bachelor’s degree in Physics Teaching (2011) and a Bachelor’s degree in Physics
(2005) from the University of Sdo Paulo (USP), a Master’s degree in Electrical Engineering (2007), and a Ph.D. in
Electrical Engineering (2011), both from USP. She completed a postdoctoral project in Electrical Engineering at

13
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the Polytechnic School (2012), working with infrared region sensors for aerosol detection. She was a faculty
member in the Electrical Engineering, Information Systems, and Computer Science programs at UNIP (2013). She
also taught in the Computer Science program at the Federal University of ABC (2015). She conducted
postdoctoral research on resistive memories in the Computer Science department at the Federal University of
ABC (2019). In 2021, she was a faculty member in the Instrumentation, Automation, and Robotics Engineering
program at the Federal University of ABC. She completed a postdoctoral position at the Institute of Physics at
USP, specializing in thin films. She is currently a professor in the Instrumentation, Automation, and Robotics
Engineering program at the Federal University of ABC. Her research expertise is in Electrical Engineering, with an
emphasis on Semiconductor Materials and Components, focusing primarily on the following topics: oxides and
nitrides, photoelectric sensors, dip coating, memristors, and graphene.

Abstract: Gallium oxide (Ga203) is an emerging wide bandgap semiconductor material that has garnered
significant attention in the field of high-voltage and high-frequency power electronics. Five main crystalline
phases of Ga203 have been identified, including the corundum (&), monoclinic (), defect spinel (y), cubic (d),
and orthorhombic (€) phases. Their thermodynamic stability follows the order of y, J, a, €, and 3. Notably, the
monoclinic $-Ga203 phase is the most stable, particularly at high temperatures, while the other phases are
metastable above room temperature and tend to transform into the 8 phase under specific thermal conditions.
In this study, thin films were deposited using the RF sputtering technique at three different power levels: 200,
300, and 400 W. The films were deposited onto p-type silicon substrates over a process duration of 30 minutes.
For analysis, Rutherford Backscattering (RBS) techniques, scanning electron microscopy (SEM), and X-ray
diffraction (XRD) were employed, confirming the 5 phase. Through UV-Vis spectroscopy, the reflectance of the
material was obtained, enabling the calculation of the bandgap. After depositing metallic contacts, the IxV curve
was obtained to study the material non-linear behavior and light response. The three devices were subjected to
electrical characterization in order to obtain key parameters such as SET and RESET voltages. It was observed
that the photomemristors exhibited threshold switching behavior and photoelectric response. The devices were
also evaluated in conjunction with an RC circuit, which emulates the dynamics of the neuronal membrane.

Ultrafast structural dynamics in solids driven by femtosecond laser pulses:

from nonthermal bond breaking to surface nanostructuring

Martin E. Garcia

University of Kassel, Germany

Bio: Martin Garcia is Professor of Theoretical Physics and Director of the Institute of Physics at the University of
Kassel, Germany. He studied physics at the Instituto Balseiro in Bariloche, Argentina, and earned his PhD in
Physics from the Freie Universitat Berlin in 1992. Following postdoctoral appointments in the USA and Spain, he
completed his Habilitation in Berlin. His research interests cover different areas of Solid-State Theory, Ultrafast
Phenomena and Biophysics.

Abstract: When solids are exposed to ultrashort, intense laser pulses, they are driven into an extreme
nonequilibrium state: the electronic system is heated within femtoseconds to temperatures of tens of thousands
of Kelvin—far exceeding the surface temperature of the Sun—while the ionic lattice remains initially cold and
undisturbed. In this short-lived, transient regime, the hot electrons dramatically alter the interatomic bonding
landscape, exerting strong forces on the ions. These forces can trigger ultrafast structural phase transitions that
are inaccessible under thermodynamic equilibrium conditions. Such «nonthermal» phenomena can be
effectively described using approaches based on Density Functional Theory (DFT).
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However, DFT simulations are inherently limited to small systems (typically fewer than ~1000 atoms) and are not
yet capable of fully capturing the energy exchange between electrons and ions.

Almost simultaneously with the bond modification, the sudden increase in electronic temperature enhances
electron-phonon coupling, leading to stronger electron-ion collisions. These collisions initiate a flow of energy
from the electronic system into the lattice, culminating in a thermalized state within a few picoseconds. At this

|H

point, both subsystems reach a common elevated temperature, giving rise to “thermal” structural responses
such as melting, ablation, dislocation formation, and nanocrystallization. Both the energy exchange- and the
“thermal” processes are well captured by two-temperature model molecular dynamics (TTM-MD) simulations,
which, based on classical interatomic potentials, enable the study of systems containing hundreds of millions of
atoms. However, such models cannot account for the initial laser-induced bond changes and associated

nonthermal transformations.

III III

In this talk, we will review the current theoretical frameworks for describing both “nonthermal” and “therma
laser-induced phenomena and present recent efforts toward a unified description that bridges the gap between
electronic excitation and large-scale material response. Particular emphasis will be placed on the role of
machine learning—based interatomic potentials—especially neural network potentials—which, when properly
trained on DFT data, provide a powerful route to scale quantum-accurate descriptions to previously inaccessible

time and length scales.

Physical principles of optical interferometry for surface topography

measurement

Peter de Groot

Zygo Corporation and SPIE, USA

Bio: Peter de Groot, PhD, is fascinated by optics and its practical use for measuring things. Educated first in
History then in experimental atomic Physics at the Universities of Grenoble, Maine, and Connecticut, he enjoys
discovering the hidden links between academic and applied research that fuel inventions and creative solutions
in science and industry. Dr. de Groot joined Zygo in 1992, and has been Executive Director of Research, Chief
Scientist, and now Scientist Emeritus for the company. His work has led to 141 US patents for optical
instruments and 225 technical papers and book chapters. He is a Fellow of Optica and the Institute of Physics,
and is the 2025 President of SPIE, the international Society for Optics and Photonics. His research interests
include optical instrument theory and design, dimensional metrology, interferometry, and quantum methods of
sensing and computing. An experienced educator, Dr. de Groot has taught secondary school science in West
Africa, advanced topics at universities in the USA and the UK, and professional development courses worldwide.
Abstract: The story of modern surface-measuring interferometry is a remarkable journey through the history of
optics, beginning with the discovery of interference fringes and leading up to present-day methods. Today, laser
interferometers and white-light interference microscopes are benchmark tools for high-precision measurements
of form and roughness for everything from optical components with sub-nanometer tolerances to highly
structured, additively manufactured parts. While basic concepts begin with a Michelson interferometer for
perfectly flat and smooth mirrors, the topic becomes more complicated and interesting with real,
three-dimensional (3D) surface structures. These surfaces diffract light over a range of angles, encoding
topography information in a complex scattered light field. This light is then collected and imaged onto a camera,
which inevitably filters the scattered light, leading to variations in response depending on spatial frequency.
Furthermore, even for low spatial frequencies, data processing that converts measured light intensities to height

15



A\
(et

RIAO OPTILAS 2025

data can suffer from measurement nonlinearities and uncertainty, particularly with parts that have
semi-transparent coatings or variations in material composition over the measured area.

In our research at Zygo, in collaboration with international partners, we are building a better understanding of
the fundamental metrological characteristics of topography-measuring interferometers. A suite of modeling
techniques tackles these issues, from conventional or “elementary” Fourier optics to full 3D transfer functions
and methods for solving the inverse problem for complex surface structures. Key aspects of our work include the
translation of complex physics concepts into new capabilities, as well as meaningful, easily understood
specifications and guidance for optimizing instrument setup for specific measurement tasks. Tools include
open-source software models as well as engagement with international standards organizations such as I1SO, for
consistency and confidence in the use of interferometers for areal surface topography measurement.

Some contributions to improving atmospheric observations through solar

spectral analysis

Erna Frins

Universidad de la Republica de Uruguay, Uruguay

Bio: Erna Frins is Professor of Physics at the Physics Institute of the Engineering School, Universidad de la
Republica, Uruguay. Dipl.-Phys. (1992) from the TU-Berlin and a PhD in physics (1998) from the Wolfgang
Goethe-University, Germany. Frins is a laureate of the National UNESCO — L'OREAL Award for Women in Science
in 2012. Between 2007 and 2011, she was president of the Uruguayan Physical Society and is now chair of the
National Scientific Committee for Antarctic Research in Uruguay. Since 2023, she has been a member of the
physics science jury for the Falling Walls Prize. She leads a research group in pure and applied optics. Her
research is focused on developing optical methods for atmospheric remote sensing. She joined the Aerosol
Robotic Network — AERONET, NASA, Project in 2019.

Abstract: The Earth’s atmosphere is a physical system strongly affected by human activity at local, regional, and
global scales. One example of this is the rise in global temperature, which, among other things, increases the
incidence of wildfires. These fires burn a large volume of biomass, altering the chemical composition of the
atmosphere and increasing the amount of particulate matter, specifically fine aerosols.

Solar radiation, in addition to inducing chemical reactions during the day, is an excellent tool for studying the
atmosphere, quantifying gaseous emissions from industrial plants, and observing local changes due to biomass
burning, even if it occurs kilometres away.

Here we present different approaches to improving the detection and quantification of trace gases resulting
from the combustion of fossil fuel (e.g., Nitrogen oxides, Sulphur oxides, and Carbonyls), and the quantification
of gas fluxes using differential optical absorption spectroscopy (DOAS). We also present some results on
atmospheric aerosols that originated from biomass burning, resulting from ground-based aerosol monitoring in
Montevideo through AERONET (Aerosol Robotic Network, NASA).

Uncovering Science: Communicating Research to Everyone

Mike McKee

University of Central Florida, USA

Bio: Mike McKee is currently the associate director for the Bachelor of Science in Photonic Science (BSPSE) and
Engineering at CREOL, The College of Optics and Photonics a position he has held since 2013 and is a joint
program between the College of Engineering and Computer Science and the College of Optics and Photonics.
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For nearly twenty years prior to this, he was a high school physics teacher, science instructional coach, and
conducted workshops for teachers and students alike. He also was the co-director for the Science Olympiad
National Tournament, hosted at the University of Central Florida in 2012 and in 2014. This event required
massive coordination of all the activities for the science activities that included hosting about 7000 people,
opening and closing ceremonies, and other program details. From 1999 to 2018, he was the state director for
the Florida Science Olympiad, coordinating activities at seven regional competitions, a state competition at UCF,
and the involvement of 200 schools across the state of Florida.

Abstract: The last time you told someone outside your field your topic of research, did you get a strange look, a
nodding glance, or a pause before a new topic was discussed? Communicating difficult scientific topics in a way
that a person can understand is important to engage more in the practice of science and attract more students
into the field. Rather than “dumbing down” your explanation, speaking simply can help those who are not just
young, but also in other fields who may be experts in their own right, but lack the deep understanding of your
research.

This talk will present some fun “take-away” techniques you can use immediately, to help you explain your
research or scientific concepts and avoid those awkward stares.

Triangulation at the Standard Quantum Limit

John Howell

Chapman University, USA

Bio: Professor Howell started his career at the University of Rochester and eventually led the Center for
Coherence and Quantum Optics as both a professor of physics and optics. He moved to Jerusalem in 2017 where
he joined the Racah Institute as a professor of physics. In 2022, he joined the faculty at Chapman University in
Southern California as a part of the Institute for Quantum Studies. His work embraces many fields of classical
and quantum optics. He has received several awards and is a fellow at Optica. He is currently serving as the Past
President of the ICO.

Abstract: The laws and principles of triangulation have been known for millennia with known uses by the
Egyptians and Greeks. From star tracking, to surveying, to navigation, to robotics, its applications are pervasive
in our modern society. However, for the most part, its limitations have been primarily technical. In this
presentation, | will describe our theoretical and now experimentally the fundamental limits of triangulation with
the intent of vastly enhancing its precision. We derived the Cramer Rao bound for a Poisson point source
measured in the back focal plane of a lens. We then measured the depth of the source with nanometer-scale
precision at 1.4 meters away using two balanced detectors. This is four to five orders of magnitude better than
other passive depth estimation systems. | will discuss the methods allowing us to achieve these results and
some applications.
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Posters

Note: All the contributions submitted by students in oral presentation format will also participate in the poster contest. A
poster presentation room will be available for this purpose.
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Deformation of metallic parts measurement applied shearing
interferometry and mechanical sensors

Ernesto Javier Ruiz-Ortega, Francisco Javier Casillas-Rodriguez, Francisco Gerardo Pefia-Lecona, Jesus

Mufioz-Maciel, Sergio Alvarez-Rodriguez, Miguel Mora-Gozalez
Topic(s): Instrumentation, measurement and metrology, Optics and photonics in the industry [ID 088]
Institution(s): Universidad de Guadalajara, México

Mechanical deformations are changing that materials experience when they receive impulses or external forces. Usually, to
measure these deformations various mechanical sensor techniques are commonly used, such as strain gauges, piezoelectric
sensors, load cells, and extensometers, among others, these types of sensors are used as transducers, which transform
mechanical energy into an electrical signal [1]. In addition, optical methods such as interferometry can be used; these
methods allow the changes measurement of the object under test between its initial state (when it is not being subjected
to mechanical stresses) vs. its deformed state when an external force is applied [2].

In this work, different types of metals currently used in the automotive industry for the manufacture of gears, pistons,
supports, and structure of automobiles will be evaluated. In which the metal part will be subjected to a tension or
compression stress to measure the deformations suffered by the same material. The measurements will be carried out by
optical interferometry in conjunction with strain gauges, in shearing and Wheatstone bridge configuration, respectively (as
shown in Figure 1).

Wheatstone ‘
bridge M -

<)

Object Object
under test under test
(Black view) (Lateral view)

Amplifier

Display

piezo-

Figure 1: Electrical and optical diagrams.

A mechanical press was used to deform the object under test, a rectangular metal piece (aluminum, steel or stainless steel).
The press can deliver deformations of up to 2 tons in compression or in tension configurations, respectively; the experiment
has been carried out up to 0.5 tons. The gauge array can measure deformations in the piece from 1 kg up to the limit of the
experiment; however, the interferometer begins to detect deformations after 10 kg, but the interferogram phase shows a
3D deformation view and it reaches up to 632nm resolution. Given these results, it can be concluded that both methods
work properly for the study of our materials or our objects under test and it is possible to interpret the deformation with
any of these methods.

References

[1] R. Pallas Areny. Sensores y acondicionadores de sefial, 4a ed., Marcombo, 2003.

[2] P. Hariharan. Optical Interferometry, 2nd ed. Elsevier Science, 2003.
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U-Bent MMM Optical Fiber Sensor for the Detection of Mercury and
Cadmium lons in Aqueous Solutions

Arturo Gaviria-Calderdn, Brayan Patifio-Jurado, and Jorge Garcia-Sucerquia
Topic(s): Fiber optics, sensors and optical communications [ID 042]
Institution(s): Universidad Nacional de Colombia, Colombia

Heavy metal contamination in water, particularly by mercury (Hg*) and cadmium (Cd*) ions, means significant
environmental and health risks due to their toxicity and tendency to bioaccumulate [1]. Conventional detection methods
are often expensive, complex, and time-consuming [2], reducing the opportunities for its democratization. In this work, the
development of U-Bent multimodemultimode-multimode (U-MMM) optical fiber sensors for the sensitive and selective
detection of Hg?* and Cd* ions in aqueous solutions is presented. The simplicity and effectiveness of this proposal

constitutes our contribution to democratizing the monitoring of water quality.
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Figure 1: (a) Experimental setup. (b) and (c) Detection results of the U-Bent MMM sensor.

Multimode interference and enhanced light-medium interaction within a bent multimode fiber segment, are the
phenomena that rule the operation of the U-MMM sensor. Figure 1 shows the sensor setup in panel (a) and its
performance in panels (b) and (c). For mercury detection, the UMMM sensor surface was functionalized with a
chitosan/Fe,0s nanocomposite film. Adsorption of Hg?* ions into this coating induces changes in the local refractive index,
producing measurable increase in the transmitted optical spectrum with detection capabilities down to 0.001 pg/mL (1
ppb) with a sensitivity of 0.053 dBm/ug/mL, as shown in panel (b). For cadmium detection, the U-MMM fiber sensor was
coated with a green-synthesized gold nanoparticle (AuNP) film stabilized by chitosan and polyvinyl alcohol (PVA). The
AuNP-functionalized surface selectively binds Cd®" ions, that produce measurable variations in optical transmission to Cd*'
concentrations up to 0.001 pg/mL (1 ppb) with a sensitivity of 0.041 dBm/ug/mL, as presented in panel (c).

References

[1] K. G. Pavithra, P. SundarRajan, P. S. Kumar, and G. Rangasamy, “Mercury sources, contaminations,mercury cycle, detection and
treatment techniques: A review,” Chemosphere, vol. 312, p. 137314, Jan. 2023.
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selective detection of mercury in water,” Appl. Opt. Vol. 62, Issue 3, pp. 592-600, vol. 62, no. 3, pp. 592-600, Jan. 2023.
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Cost-effective 3D printed bright-field microscope

Diego A. Londono, Carlos A. Buitrago-Duque, and J. Garcia-Sucerquia
Topic(s): Imaging systems, Microscopy [ID 061]
Institution(s): Universidad Nacional de Colombia, Colombia

The development of accessible optical tools is essential to support practical science and engineering education. In recent
years, various open-source and low-cost microscope initiatives have emerged to address this need [1]. This work
contributes to that effort by presenting a digitally integrated, cost-effective bright-field optical microscope. The system is
built with off-the-shelf materials: a SonyIMX335 CMOS sensor (available for $30 USD), frequently used in CCTV systems, and
a pair of interchangeable webcam lenses. While previous works have demonstrated the use of similar lens systems for
portable microscopy [2], up to the best knowledge of the authors this is the first implementation combining such a lens set
with a fully 3D-printed mechanical platform, as illustrated in panel (a) of Fig. 1. The optical setup employs an inverted short
focal length (2 or 5 mm) lens operating as the objective; this lens projects the image to infinity when the sample is
positioned at its working distance. A second lens with a larger focal length (25 mm), used as the tube lens, then focuses the
image onto the sensor. The mechanical platform was fabricated using fused deposition modeling 3D printing and assembled
with M3x0.5 screws and 3 mm steel rods, providing up to 20 mm of low-backlash, controlled motion along the X and Y axes
and up to 13 mm along the Z axis. The illumination is provided by a diffuse white LED powered via a USB Type-C port, which
also serves as the interface for connecting the camera to a computer or mobile device. Panel (b) shows the image of a USAF
1951 resolution target obtained with the proposed microscope prototype; the smallest resolved object is group 8, element
1, corresponding to a feature size of approximately 2 microns, allowing clear observation of typical biological specimens. In
panel (c) a direct comparison of the optical performance of the cost-effective microscope and a high-end optical
microscope equipped with a Nikon Plan 10x/0.25 objective is presented. While the commercial microscope provided
superior image quality with minimal distortions, the cost-effective proposal delivered comparable visible detail,
demonstrating its viability as an effective alternative to image complex biological samples as, for instance, a dicotyledonous
plant. The total cost of the proposed bright-field microscope is around $45, inviting its open fabrication and adaptation; its
modular design allows users to customize or upgrade the components to meet specific educational or experimental needs,
including easily swapping objective lenses for varying magnification.
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Figure 1: Cost-effective 3D printed bright field microscope. (a) Picture of the built microscope. (b) Image of the USAF 1951 test target.
(c) Comparison of the imaging performance between a high-end commercial microscope and the cost-effective proposal.
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Latent Fingerprint Imaging via Modulated-Intensity Maps from
Fringe-Pattern Deflectometry

Julian Perez-Carvajal, Carlos A. Buitrago-Duque, and J. Garcia-Sucerquia
Topic(s): Image processing, vision and artificial intelligence, Instrumentation, measurement and metrology, Optics and photonics in the industry [ID 066]
Institution(s): Universidad Nacional de Colombia, Colombia

Unlike conventional methods for revealing latent fingerprints, which are based on physical or chemical labeling of the
surface [1], this work presents a contactless and non-destructive approach for latent fingerprint imaging using fringe
pattern deflectometry [2]. The setup of the method is shown in Fig. 1(a). It requires only a regular screen to display a
sinusoidal fringe pattern, whose fully- or partially-reflection on a surface under test (SUT) is recorded by a digital camera.
The recording codifies height variations of the steady SUT in the form of intensity modulations, as shown in Fig. 1(b). To
retrieve the surface information, four controlled phase shifts of T7/2 steps are introduced into the sinusoidal pattern, such
that the recorded intensity can be modeled as In,(x, y) = lo+ I..(X, y) * cos [@(x, y) + nTT/2]. : n € [0,3] equation (1).

lo, (%, ¥), and @(x, y) correspond to the background intensity, the modulated intensity, and the pattern-phase variations
induced by the SUT, respectively [3]. In each recording, |,(x, y) codifies the subtle local reflectivity variations of the SUT in
the form of changes in the reflected fringe intensity; for case of study in this contribution, those changes can be caused by
the presence of oily residues on the surface, such as those left by fingerprint marks [1]. Using a conventional phase-shifting
formalism, the modulated intensity can be extracted from the recorded set as I, (x, y) =1/2\/((I3 - 1,)% + (I, = 1,)*) equation
(2). As illustrated in Fig.1(c), the Im map, in the lower right corner, provides a significantly enhanced contrast of the
fingerprint marks when compared to a direct capture under uniform illumination, as shown in the upper right corner of Fig.
1(c). This method opens new possibilities for contactless forensic analysis and the evaluation of macroscopic alterations in
surface reflectivity. Furthermore, the setup simplicity, requiring only a screen for pattern projection and a camera for
recording, opens a way for accessible instrumentation innovations and field-ready systems.

Camera Screen

Figure 1: (a) Experimental deflectometry setup. (b) Fringe pattern recording with distorted intensity by the SUT. (c) Latent fingerprints
obtained using uniform illumination (top) and the modulated intensity map (bottom).
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Solar Concentrator

Abraham Lopez Pacheco, Maria Jose Cervantes Oropeza, Bruno Méndez Sanchez, Omar Cuamani
Topic(s): Geometrical optics [ID 073]
Institution(s): Benemerita Universidad Autonoma de Puebla, México

A solar concentrator with a Fresnel lens is a system designed to maximize solar energy capture by concentrating light onto a
focal point. This innovative device uses a Fresnel lens, characterized by its thin, flat shape composed of concentric rings that
allow solar radiation to be focused with high efficiency. Its main goal is to make the most of solar energy, reducing the costs
of electric or thermal generation.

A fundamental aspect of this type of system is the design of an automatic lighting mechanism, which adjusts the
concentrator's orientation based on solar intensity. For this, light sensors and solar tracking systems are integrated to
ensure precise positioning toward the sun throughout the day. This not only enhances energy performance but also
optimizes the use of available resources.

In the optical design, the lens is arranged appropriately to minimize light losses and concentrate the greatest amount of
energy on the receiver. Simultaneously, the mechanical design focuses on providing a solid and resistant structure capable
of withstanding various environmental conditions and facilitating both maintenance and system operation.

A significant advantage of this type of solar concentrator is its ability to capture diffuse sunlight, making it viable in areas
with cloudy or variable climates, where other systems are less effective. This feature broadens its applicability and makes it
a versatile option for different regions.

Currently, a functional prototype of the solar concentrator with Fresnel lens has already been developed, with the optical,
mechanical, and tracking components completed. The only remaining component to be integrated is the photovoltaic
system, which will enable efficient conversion of the concentrated solar energy into electricity.

This fresnel lens was made from the half circle glass below

You can click and replace "50" in the formula by other number of slices

Figure 1: Solar concentrator with a Fresnel lens.
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Thin-Film Deposition and Optical Testing of a First-Surface Mirror
for Astronomical Applications

Ana Paula Quelopana, Gonzalo Galvez de la Puente
Topic(s): Thin films [ID 091]
Institution(s): Pontificia Universidad Catdlica del Peru, Peru

The fabrication of a first-surface astronomical mirror was completed, encompassing design, manufacturing, and evaluation
stages. The design phase utilized optical modeling software to determine the optimal thicknesses and refractive indices for
both the aluminum and magnesium fluoride thin-film coatings. These parameters were calculated to maximize reflectivity
at the desired wavelengths for astronomical observations. Prior to coating deposition, the glass substrate underwent a
thorough cleaning process. This involved initial cleaning with distilled water and isopropyl alcohol, followed by an argon
plasma treatment step. The plasma cleaning parameters were controlled in certain values set of voltage, current, pressure
and time to eliminate any contaminants that could compromise the quality of the subsequent coatings. The aluminum layer
was deposited using physical vapor deposition (PVD) under high vacuum conditions (10-6 mbar), ensuring a uniform and
adherent coating. This was followed by the deposition of the protective magnesium fluoride layer using similar PVD
techniques [1][2]. Quality control measures were implemented throughout the manufacturing process. Specifically, the
adhesion of the aluminum film to the glass substrate was assessed using the ASTM D3359 standard tape test [3], confirming
a robust bond. Post-fabrication, the mirror's performance was thoroughly evaluated.

A spectrophotometer was used to measure the reflectivity across the relevant spectral range. These experimental results
were then compared to simulated reflection spectra obtained using the Transfer Matrix Method, validating the accuracy of
the design parameters [4][5]. Furthermore, the Ronchi test was employed to characterize the surface figure, assessing the
presence and magnitude of optical aberrations [6]. The final mirror, photo 1, demonstrated excellent optical properties,
meeting all specifications for its intended astronomical application.

Figure 1: Aluminum and Magnesium fluoride coated first-surface mirror.
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Differentiation of air pollution sources in Montevideo using NO,,
CO trace gas columns, and atmospheric aerosol properties

Alejandro Agesta, Erna Frins
Topic(s): Atmospheric and ocean optics, Remote sensing and sensors, Spectroscopy [ID 051]
Institution(s): Universidad de la Republica,Uruguay

The differentiation of atmospheric pollution sources is essential for environmental management and air quality studies. In
study we aim to differentiate urban emissions into the atmosphere from emission originating from large-scale biomass
burning. This paper analyzes the results of combining satellite data of NO2 and CO columns (TROPOMI) with aerosol
properties from the AERONET station [2, 3] in Montevideo (Montevideo_FING) to characterize and distinguish between
these two types of sources. The analysis is based on the premise that forest fires emit large quantities of NO, and CO, with
the typical atmospheric half-life of NO, being a few hours, while that of CO is several days [1].

Aerosols resulting from biomass burning possess properties that distinguish them from urban aerosols. In comparison, they
are smaller in size, exhibit greater absorption of solar radiation, and have higher Angstrom exponent values [4]. On August
11, 2021, satellite images in Montevideo show an episode of high NO2 column values (likely originating from Buenos Aires)
as seen in Fig. 1, an aerosol fine mode fraction (FMF) of 0.79, and an Angstrom exponent of 1.55 according to the AERONET
station. However, these increases are not accompanied by high CO column values. In contrast, on November 24, 2020, a CO
transport event due to biomass burning (with NO, confined near the sources, an event previously studied by Osorio et al.
[5]), registered an FMF of 0.94 and an Angstrom exponent of 2.1. These results show the potential of this approach, taking
into account various parameters including local instruments and satellites, to identify and separate the contributions of
different atmospheric pollution sources in the region.

ontevideo

CO 11/8/2021 NO2 11/8/2021 CO 24/11/2020 NO2 24/11/2020

Figure 1: Comparison of NO, and CO columns obtained from TROPOMI on 11/8/2021 with those from 24/11/2020. Panels a) and b)
show urban pollution, and panels b) and c) show biomass burning.

References

[1] Wan, N. et al., (2023). ACP, 23(1), 711-724. https://doi.org/10.5194/acp-23-711-2023
[2] O'Neill, el al., (2001). JGR, 106(D9), 9787-9806. https://doi.org/10.1029/2000/D900245
[3]1Dubovik, O. et al., JGR, 105(D16), 20673—20696. https://doi.org/10.1029/2000/D900282
[4] Mattoo, S. et al., https://doi.org/10.5067/MODIS/MOD04_L2.061

[5] Osorio, M. et al., https://doi.org/10.5194/acp-24-7447-2024

Corresponding author: Alejandro Agesta. Email: aagesta@fing.edu.uy

25



A\

RIAO OPTILAS 2025

Application of photonic principles for medical samples
transportation: Radiative cooling fabrics in warm tropical weather

Alicia Zelada-Acosta, Alejandra Oviedo-Cortés, Ariana Y. Miranda-Jimenez, Erwin D. Moreno-Afez

Topic(s): Bio photonics and biomedical applications [ID 094]
Institution(s): Universidad Privada Boliviana, Bolivia

Rural areas with high temperatures and a lack of reliable electricity complicate cold-chain storage for the transportation of
medical samples. To address this, we introduce a fabric bag with cooling properties to maintain samples at cold
temperatures without electricity. This prototype is based on the principle of radiative cooling, which allows materials to
reject solar radiation while emitting thermal energy in the mid-infrared spectrum. Our design consists of a portable cooling
bag that combines cryoblock racks with an outer case fabric treated with poly(2-hydroxyethyl acrylate) and ions of calcium
carbonate and barium sulfate [1]. This creates a surface that reflects sunlight and dissipates heat as shown in Figure 1,
mimicking the effect of photonic films but with more accessible and affordable materials. To evaluate the efficiency of our
design, we propose a series of comparative experiments consisting of temperature measurements of physiological serum
exposed to sunlight while wrapped in our fabric. This work represents a first step towards the development of affordable,
off-grid cooling solutions for biomedical applications in remote rural areas where conventional refrigeration is not feasible.
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Figure 1: Schematic diagram.
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This work presents the processes of design, manufacturing, and optical testing of aspheric mirrors (paraboloids and
hyperboloids) for the implementation of a classical Cassegrain astronomical telescope [1]. The work begins with the
simulation of the optical system using Ansys Zemax OpticStudio (student version), where the behavior of the system
components (mirrors) is evaluated. This is followed by the manufacturing process of the mirrors according to the design
specifications. Subsequently, the final shapes of the reflective optical surfaces (mirrors) are assessed, and a metallic thin
film is applied.

Finally, the proposed system is assembled, and its performance is evaluated [2,3]. The material used to fabricating the
mirrors is Pyrex glass.

S ——

Figure 1: Simulation of the telescope Cassegrain.
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Liquid crystal displays (LCDs), widely used in optical applications, are essential as spatial light modulators as they allow
precise manipulation of beam properties, including amplitude, phase, and polarization [1]. In previous works, the
advantage of using two twisted nematic LCDs in series has been demonstrated [2], optimizing the configuration to achieve
complete modulation of amplitude and phase, or optimal polarization modulation covering a surface on the Poincaré
sphere [3].

The experimental setup proposed for this work uses the optimized configuration from [3] to spatially modulate polarization.
As shown in the Figure, it comprises a polarization state generator (PSG), two TN LCDs, and a polarization state analyzer
(PSA). The LCDs, extracted from a commercial videoprojector, are controlled via its green (G) and blue (B) channels and act
as a single compound modulator. The output’s Stokes parameters were obtained via projective measurements, and spatial
averaging was achieved by detecting the intensity at the center of the Fourier plane.

The LCDs were divided into N regions (from 4 to 256), each assigned a different polarization from one of eight zones of the
surface of accessible states. Simulations using a density matrix formalism predicted the expected average state for each
zone. Experiments matched simulations for low N, but fidelity dropped below 0.9999 beyond a critical threshold of N = 64,
indicating practical limitations due to resolution, alignment, and inhomogeneities. These results demonstrate the
effectiveness of using two TN LCDs in tandem for spatial modulation, while also revealing a practical constraint on their
application. Moreover, the approach enables precise and programmable polarization control with commercially available
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R
D N
PSG PSA ™ ) 3 o
£ * ___."'i."J .
e (s,
"=‘ v \ _'..3"*';1.‘ 05
__} - WIS
o e b Y b |
SIO 8 thule 05 2 :
0 05
laser Collimator PG QWG LCD\ QW P L T i 8

Figure 1: Experimental setup and polarization modulation results.

A collimated 810 nm laser illuminates a PSG (polarizer + quarter-wave plate), two TN LCDs in tandem, and a PSA (quarter-
wave plate + polarizer). The beam is spatially filtered with a pinhole in the center of the Fourier plane to measure its
average intensity with a photodiode (PD). Top: polarization image for N = 16, jointly modulated by channels G and B of the
video projector. Right: average Stokes vectors on the Poincaré sphere (experimental: red; simulation: blue).
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The growing concern for privacy in computer vision systems has driven the development of privacy preserving techniques
at the optical level, preventing the capture of sensitive visual information during image acquisition. Recent advances in
privacy-preserving optics have demonstrated the potential of hardware-level protection by directly degrading sensitive
visual information at the point of image acquisition. In this work, we explore the impact of using the privacy-preserving
optical encoder proposed by [1], which was originally designed for privacy-preserving human pose estimation, as part of a
conventional gait recognition framework. Inspired by the Gait Energy Image (GEl) representation, we computed an average
image for the degraded images or Degraded Gait Signature (DGS). Before computing the DGS, all images were binarized by
background subtraction, with respect to a reference frame available in the videos, and thresholding. Then, the DGS for each
subject and sequence were classified by a deep learning model. For our experiments, we used the OAK-Gait8 dataset that
contains 8 subjects, 6 sequences, and 3 variations from 5 camera angles. In total, we used 504 videos for training, 144 for
validation and 72 for testing, representing 70%, 20% and 10% of the dataset respectively. The total number of videos used
was 720. We only used RGB videos. Our results, based on simulations and comparative analyses show that, although the
lens significantly diffuses the image and does not preserve a human-like gait shape, the system is still able to classify
individuals with approximately 71% accuracy. This indicates that the optical degradation produces a representation more
similar to a spectral or abstract pattern than a recognizable human form, yet it still contains sufficient information for
biometric classification. These findings provide insight into the trade-off between privacy protection and biometric
recognition when using PSF-based privacy-preserving optics.
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Figure 1: Degraded Gait Signature generation and classification from a video sequence.
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Dengue is one of the most common seasonal diseases in tropical areas. With more than 3 million confirmed cases
world-wide, and 1400 deaths in 2025, this disease is a constant threat especially for vulnerable people (infants and elders)
[1]. The transmission of Dengue is done by the aedes aegypti, thus, several efforts have been made to eradicate this insect.
Such attempts include fumigation and preventive campaigns, genetic modification for female sterilization, or classical
mosquito traps [2]. Some contemporary researchers, on the other hand, have worked extensively in the characterization of
insects through quantifying the frequency of the wingbeat using spectral analysis and optical methods for data acquisition
[3]. In this paper, we propose an Infrared-red based wingbeat acquisition method by using an IR Light Emitting Diode (LED)
with its respective receptor. By interrupting the emitter-receptor light path, a pattern that is proportional to the insect
movement is captured, and after proper analog filtration (band-pass filter from 150Hz to 600Hz) and amplification, its
spectral content is calculated using conventional FFT methods. To test our model, we reproduced an aedes aegypti sound
[4] and, through a common-emitter amplifier, modulated the IR-emitter signal. Even though some similar ideas and
prototypes have been formulated, our method is the first of its kind in the context of Bolivia. This is the first step towards
and comprehensive discrimination process that will eventually lead to a trap that only reacts to Aedes-aegypti with proper
electromechanical actuators.
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Figure 1: Schematic and results of the experiment. Top: Block diagram of the system. Bottom-left: Implemented hardware.
Bottom-right: Acquired spectral signatures of the aedes aegypti wingbeat.

A collimated 810 nm laser illuminates a PSG (polarizer + quarter-wave plate), two TN LCDs in tandem, and a PSA (quarter-
wave plate + polarizer). The beam is spatially filtered with a pinhole in the center of the Fourier plane to measure its
average intensity with a photodiode (PD). Top: polarization image for N = 16, jointly modulated by channels G and B of the
video projector. Right: average Stokes vectors on the Poincaré sphere (experimental: red; simulation: blue).
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Spectrometry is a well-established technique that has been extensively used for different purposes, including for example,
biomedical, life-sciences and water testing [1]. Nevertheless, dedicated hardware for conducting spectral analysis is
expensive, and its price increases with the spectral resolution. Recently, several attempts have been made to design
spectrometers with off-the-self components, with similar performance as the one shown by commercial solution, being the
one proposed by Ormachea et al. [2] (UPB) highlighted over the others due to its reduced cost and adaptability to mobile
phone cameras, as well as its reproducibility. In this study, we propose and develop a comprehensive protocol that allows
for the calibration of the UPB spectrometer taking as reference the OCEAN OPTICS USB 4000 (OOP). For that, we
simultaneously took spectral signatures with UPB and OOP from a conventional White Light Emitting Diode (LED) under
low-light conditions, with previous calibration. Afterwards, we pre-processed the data by point-wise matching the
wavelengths with posterior interpolation and intensity normalization. We then implemented a Dynamic Warping (DW)
algorithm that finds the minimum distant of the two signatures and, through indexation and interpolation using 14 control

points, the UPB curve is adjusted to the OOP. Results of the calibration protocol can be seen in Fig. 1.
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Figure 1: Left: OOP and original UPB White LED spectrum. OOP and adjusted UPB White LED spectrum.
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Free Space Optical (FSO) communications are a promising technology, whose performance is severely affected by
atmospheric conditions. This study provides a comprehensive analysis of FSO link performance in the Bolivian Altiplano, a
high-altitude region with distinctive climatic features. Unlike sea-level links where atmospheric turbulence is a critical
limiting factor, the conducted analysis reveals that at elevations of approximately 3700 m a.s.l., such as in the municipality
of Achocalla (Bolivia), turbulence becomes negligible, contributing only 0.3 dB of attenuation. Through Monte Carlo
simulations that incorporate local meteorological data and models for rain and fog attenuation, the dominant factors are
identified as geometric and pointing losses (a fixed component of 34 dB at 5 km) and, crucially, attenuation due to
precipitation during the wet season. A key finding is the high sensitivity of the link to the duration of rain events, with
attenuations ranging between 20.1 dB and 63.1 dB for the same daily rainfall percentile (P99), depending on whether a
duration of 6 or 1 hour is assumed, respectively. These results provide essential design criteria for FSO systems in
high-mountain regions, indicating that efforts should focus on optimizing the optical design and allocating adequate power
margins for rain, while complex turbulence mitigation schemes can be disregarded.
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Figure 1: Breakdown of attenuation components for representative operating conditions.
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This article aims to verify whether atmospheric conditions in La Paz, such

as solar radiation and low atmospheric density significantly degrade the efficiency of voice transmission via infrared (IR) in
low-cost systems, in order to evaluate the feasibility of implementing this technology in high-altitude urban environments.
Some atmospheric factors at high altitude can increase optical noise in basic receivers, reducing the signal-to-noise ratio
(SNR) in unshielded systems. Furthermore, the presence of aerosols and high climatic variability in the Andean region could
exacerbate the attenuation of IR signals, particularly in devices with economical components and limited filtering capacity.
However, some argue that IR transmitters are less practical than other technologies such as RF or Li-Fi, due to their
susceptibility to physical obstacles and limited range in uncontrolled conditions. Nevertheless, IR technology remains
relevant in emerging applications, such as loT security systems and data transmission in electromagnetically restricted
environments, where privacy and immunity to interference are critical. In conclusion, this research will not only provide key
data to optimize IR systems in Bolivia, considering local atmospheric conditions, but will also assess their competitiveness
against other technologies, highlighting scenarios where their implementation would be technically and economically
viable.
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Optical coherence tomography (OCT) has been established as a non-invasive imaging technique with high spatial resolution,
which permits a detailed visualization of tissue microstructure. In melanoma diagnosis, the accurate differentiation
between malignant and healthy tissue is crucial for early detection and improved clinical results.

This project proposes the development of a detection model based on convolutional neural networks (CNN’s) to identify
microstructural patterns in OCT images. To achieve this, publicly available databases will be used, with a focus on
cross-validation and robustness against interpatient variability. Additionally, complementary techniques such as transfer
learning and data augmentation will be explored to enhance system performance, especially in the context of limited
datasets.

The main objective is to achieve high sensitivity and specificity in classification, minimizing false positives and negatives,
and ultimately providing a reliable clinical decision-support tool for the early diagnosis of melanoma.
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This study presents the development and characterization of an optical device based on a single-mode optical fiber for
measuring the concentration of ethanol in an analyte. The proposed configuration consists of a curved, balloon-shaped
uncoated optical fiber, whose operating principle is based on Mach-Zehnder type interferometry. This geometric
arrangement takes advantage of the high sensitivity of fiber optic interferometers, allowing changes in ethanol
concentration to be detected by shifting the peaks of minimum intensity in the interference patterns of the optical signal.
The device fabrication involved bending a section of bare single-mode optical fiber into a balloon shape, the ends of which
were secured using a standard protective sleeve to ensure mechanical stability. Figure 1a illustrates both the conceptual
design and the implemented physical configuration. For the experimental characterization, a setup was used that included a
tunable laser source (TLS) in the 1500—-1600 nm range and an optical spectrum analyzer (OSA, Yokogawa model AQ6370E),
allowing the measurement of the signal transmitted through the device. The results demonstrate that the balloon-shaped
configuration improves the interaction between the guided mode and the analyte, thus increasing the sensitivity compared
to conventional geometries [1]. This approach offers advantages such as manufacturing simplicity, low cost, and high
sensitivity, making it promising for applications in fluid monitoring and quality control in the food and pharmaceutical
industries.
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Figure 1: (a) Experimental setup developed in the experiment, (b) Schematic diagram and final device developed.

In this study, the device's parameters were evaluated, demonstrating its ability to measure ethanol concentrations ranging
from 40% to 71%. Analysis of the interference patterns revealed peaks of minimum intensity, associated with destructive
interference characteristic of asymmetric Mach-Zehnder interferometers. These peaks exhibited a shift toward longer
wavelengths with increasing ethanol concentration, confirming their dependence. The sensor's sensitivity was quantified at
0.109%/nm, highlighting its high reproducibility and repeatability in measurements. Although its sensitivity is comparable
to that of traditional devices [1], this configuration offers significant advantages in terms of manufacturing simplicity, low
cost, and ease of implementation. These results suggest that the sensor has high potential for applications in the food and
pharmaceutical industries.
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This study presents the development and characterization of an optical device based on a single-mode optical fiber for
measuring ethanol concentration in an analyte. The proposed configuration consists of an uncoated optical fiber curved in
the shape of a balloon with a deformation in the sensing zone with a controlled electric arc. This geometric arrangement
takes advantage of the high sensitivity of fiber optic interferometers, allowing changes in ethanol concentration to be
detected by shifting the minimum intensity peaks in the interference patterns of the optical signal. The device
manufacturing involved bending a section of bare single-mode optical fiber into a balloon shape, to which an electric arc
was applied over the sensing area of the fiber, to ensure mechanical stability the ends of the fiber were fixed using a
standard protective sleeve. Figure 1 illustrates both the experimental design and the physical configuration implemented.
For the experimental characterization, a setup was used that included a tunable laser source in the range of 1500-1600 nm
and an optical spectrum analyzer, allowing the measurement of the signal transmitted through the device. The results
demonstrate that the balloon-shaped configuration with an electric arc improves the interaction between the guided mode
and the analyte, thus increasing the sensitivity compared to conventional geometries [1].
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Figure 1: (a) Experimental setup developed in the experiment, (b) Schematic diagram and final device developed..

In this study, the parameters of the proposed device were evaluated, demonstrating its ability to measure ethanol
concentrations ranging from 40% to 65%. Analysis of the interference patterns revealed peaks of minimum intensity,
associated with destructive interference characteristic of asymmetric Mach-Zehnder interferometers. These peaks exhibited
a shift toward longer wavelengths with increasing alcohol concentration, confirming their dependence. The sensor's
sensitivity was measured at 0.183%/nm, highlighting its high reproducibility and repeatability in measurements.

Although its sensitivity is comparable to that of traditional devices, this configuration offers significant advantages in terms
of manufacturing simplicity, low cost, and ease of implementation.
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The application of the NELIBS technique (nanoparticles-enhanced LIBS) was studied to improve the atomic emission
intensity of heavy metals (Cu and Pb) [1]. The samples used were copper (99.9% purity) and lead (99% purity) cubes, both
with dimensions of 1 cm x 1 cm x 1 cm. On each sample, 10 pL of a silver nanoparticles (AgNPs) colloid in deionized water,
previously synthesized by laser ablation in liquids [2], was deposited using a micropipette. The solvent was evaporated, and
to increase the nanoparticles concentration, the process was repeated by adding an additional 10 pL onto the same
pretreated surface. The LIBS spectra were obtained by irradiating the samples with a pulsed Nd:YAG laser (1064 nm),
operating at (10.94 + 0.38) mJ/pulse for Cu + AgNPs and (7.16 +0.42) mJ/pulse for Pb + AgNPs. The laser radiation was
directed using a high-reflectance mirror and focused onto the sample with a 10 cm focal length lens; the sample was
positioned at 7 cm, achieving an irradiation spot size of 1.5 mm. The complete experimental setup is shown in Fig. 1. The
analysis of the atomic emission spectra revealed that, in the presence of AgNPs, the intensity of the characteristic Cu
emission lines increased threefold compared to the samples without nanoparticles, while the Pb lines showed an
approximate 70% enhancement. This signal amplification can be attributed to the coupling of surface plasmon generated by
the nanoparticles [3]. These results highlight the potential of the NELIBS technique to improve sensitivity and detection
limits in the spectroscopic analysis of heavy metals using LIBS.
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Figure 1: Schematic diagram..
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Students of our university are interested in Astronomical Observation, but our telescope, CST-80 KU, was discontinued over
30 years ago, consequently it is impossible to buy a replacement lens, for that reason it is important for us to design an
appropriate lens for improving the observation. The present work shows a design of an achromatic doublet lens by the
G-sum method. This technique allows us to find parameters for proper correction for spherical, coma and chromatic
aberration [1-2]. The design process was first carried out by computer simulation using Ansys Zemax OpticStudio Student.
Lens parameters such as: radii curvatures, diameters, thickness, sagittas and refraction indexes are included in the
simulation. Glasses N-BK7 and N-SF5 are used in this study, they were chosen by their suitable combination of optical
properties, such as dispersion and transmission, which make them compatible and efficient for optical system design [3].
Simulation results allow us to visualize the proposed three-dimensional design, to analyze the mentioned aberrations by
spot diagrams, and to optimize the optical system [4]. In the future, the proposed design will facilitate the lens manufacture
with a high degree of precision.

F 4 50 mm

Figure 1: TComputer simulation of a doublet lens by using Zemax OpticStudio.
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Every year, thousands of people experience deformities in their facial structure as a result of surgical interventions or
pathological processes, since the purpose of these procedures is to treat the disease [1]. In this work, the
three-dimensional topography of the human face is measured using fringe projection profilometry (FPP). The profilometer
comprises a multimedia projector and a monochrome CMOS camera. Human face samples were taken from five volunteers
aged between 20 and 40 years. Fringe patterns with sinusoidal profiles were projected onto samples under study, and the
phase shift between two consecutive fringe patterns was 11/3 [2]. Images were recorded and processed in Matlab software.
Images were demodulated using a six-step phase-shift algorithm (PSA). Preliminary results display three-dimensional
human face topographies with high resolution; this confirms the feasibility of the employed technique. Finally, our results
can be useful as recorded morphology for future developments in the design and manufacture of facial prostheses [3].
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Figure 1: Experimental setup of a Fringe Projection Profilometer (FPP).
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Surface topology is essential in the fabrication of medical prosthetics [1], a properly designed surface can minimize friction
and enhance compatibility with the patient's tissue, preventing irritation or discomfort. To address this, we present an
experimental method for digitizing a 3D residual limb as a sample using white line projection [2,3]. A profilometer utilizing
white line profiles was employed to scan the sample. The sample examined belongs to a volunteer. Initial findings reveal a
3D model of the sample, which was subsequently used for 3D printing the measured structure. Carefully controlled surface
characteristics will contribute to improving material strength, reducing early wear, and extending the prosthesis's durability.
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Figure 1: Experimental setup of a white line projection technique.
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Thickness analysis of South American Camelid Wool Fiber by Fraunhofer
Diffraction
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In Tacna, Peru, the thickness of the South American Camelid (SAC) fiber wool is related with their price, for that reason it is
important to measure it with high accuracy, and to quantize the appropriate cost. This work describes a detailed procedure
to analyze the wool fiber thickness of the SAC by Fraunhofer diffraction. Twenty samples of fibers wools are obtained from
each kind of SAC. A single fiber sample per species was mounted on a sample holder. Diffraction patterns are obtained from
an experimental setup, as shown in Figure 1. A green laser beam (A = 532 nm) goes to the sample and the fiber runs as a
diffracting device, generating a Fraunhofer diffraction pattern onto a screen. Each fiber was stretched as straight as possible
in order to avoid deformation or rupture. Recorded diffraction patterns are processed using a MATLAB routine, this is useful
to analyze the intensity distribution and to estimate the fiber thickness [1-2]. Preliminary results show similar values for
those obtained by 20.21+0.49um, 19.21+0.88um, 22.28+1.11um and 14.1um for alpaca, llama, vicuiia and guanaco;
respectively [3]. This technique is a non-destructive and a low-cost alternative for quantitative assessment of SAC wool, it
can be used in fair trade and product certification.
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Figure 1: Experimental setup for Fraunhofer diffraction.
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Within the framework of the Erasmus+ project EU-BEGP (Modernising Digital Education in Energy Transition for Circular
Economy in Latin America), a remote photovoltaic laboratory has been developed at CDTS—-ESPOL to bridge the gap
between theoretical learning and real-world practice in renewable energy education. This innovative platform enables
undergraduate and postgraduate students to remotely interact with a 1.65 kWp solar PV system (three 550 W panels, 3.3
kW on-grid inverter), instrumented with ESP32 sensors and connected to a SCADA system for real- time acquisition of
electrical and environmental variables.

Students can perform hands-on activities such as I-V and P-V curve analysis, evaluation of energy efficiency under different
tilt angles, thermographic inspection to detect hotspots, and preventive maintenance procedures. These experiences
strengthen analytical, diagnostic, and decision-making skills, allowing learners to understand how environmental conditions
and system configurations influence photovoltaic performance and grid integration.

This remote laboratory represents an innovative educational strategy that modernises energy training, expands access to
high-quality practical experiences, and enhances the development of professional competences in renewable energy,
supporting the goals of energy transition and circular economy promoted by the EU-BEGP project.

Parel de Supervesdn y oomtrod Solar, oo y Aereterms

Figure 1: (a) Panel de supervision y control del sistema solar, hidrico y aerotérmico conectado al laboratorio remoto del CDTS-ESPOL,
(b) Instalacion y calibracion de los médulos fotovoltaicos de 1.65 kWp desarrollado en el marco del proyecto Erasmus+ EU-BEGP.

Acknowledgments: This work was partially funded by the Erasmus+ project “EU-BEGP” (Project No. 101081473).

References

[1] E. Delgado, P. Plaza, D. Ledn-Moreira, J. D. Cabrera Abad, B. M. Briones Morante et al., “Energy efficiency training: Evaluation and
optimization of its implementation in secondary education,”Proc. 23rd LACCEI International Multi-Conference for Engineering, Education
and Technology (LACCEI): "Engineering, Artificial Intelligence, and Sustainable Technologies in service of society", January 2025. DOI:
10.18687/LACCEI2025.1.1.2079

[2] R. S. Herrera, M. A. Marquez, A. Mejias, R. Tirado, and J. M. Andujar, “Exploring the usability of a remote laboratory for photovoltaic
systems,” IFAC-PapersOnLine, vol. 48, no. 29, pp. 190-195, Dec. 2015. doi: 10.1016/j.ifacol.2015.11.205

Corresponding author: Juan Peralta. Email: jperal@espol.edu.ec

42



A\
4 g‘

RIAO OPTILAS 2025

Bio-inspired retinal analysis theoretical model based on mantis
shrimp vision for monitoring the progression of Sanfilippo
sindrome

Adriana M. Suarez Ofia, Mayra F. Ocampo Valdivia

Topic(s): Bio photonics and biomedical applications, Image processing, vision and artificial intelligence, Medical optics and biotechnology, Vision, color, and
visual optics [ID 113]
Institution(s): Universidad Privada Boliviana, Bolivia

Mucopolysaccharidosis type llI (MPS III), commonly known as Sanfilippo syndrome, is a lysosomal storage disease
characterized by the accumulation of heparan sulfate, which causes neuronal degeneration [1]. A bioindicator associated
with this pathology is the structural and functional changes in the retina, the monitoring of which is essential for evaluating
disease progression [2]. This paper proposes a bio-inspired theoretical model based on the vision of the mantis shrimp
(Odontodactylus scyllarus), a marine crustacean whose optical specializations include high sensitivity to polarized light,
spectral resolution, and highly accurate spatial filtering [3]. This model is based on the computational simulation of these
capabilities applied to fundus autofluorescence (FAF) images previously acquired using standard clinical equipment. The
analysis flow consists of four stages (Fig. 1): FAF image preprocessing, multispectral analysis, computational polarimetry
using Gabor filters and receptive field spatial filtering, combining wavelets and Gabor filters [4]. Although the model's
accuracy does not replace that of a clinical examination or a real polarimetric sensor, it allows for a non-invasive, sensitive,
reproducible, and cost-effective analysis of retinal micro-alterations associated with MPS IlI.
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Figura 1: Analysis flow of the bioinspired model for the detection of retinal alterations in MPS IIl.

References

[1] N. Benetd, L. Vilageliu, D. Grinberg y I. Canals, “Sanfilippo syndrome: molecular basis, disease models and therapeutic approaches,”
International Journal of Molecular Sciences, vol. 21, no. 21, art. 7819, Oct. 2020.

[2] M. S. Garciay J. A. Pérez, “Retinal autofluorescence analysis in lysosomal diseases,” Public Library of Science (PMC), 2014.

[3] A.Altaqui, P.Sen, H.Schrickx, J.Rech, J.-W.Lee, M. Escuti, W.You, B.J.Kim, R.Kolbas, B.T.O’Connor y M. Kudenov, “Mantis
shrimp-inspired organic photodetector for simultaneous hyperspectral and polarimetric imaging,” Science Advances, vol.7, n.2 10,
art. eabe3196, mar. 2021. 2014.

[4] Autonomous University of Madrid, “Image processing for the detection of [4] retinal biomarkers,” UAM Institutional Repository, 2018.

Corresponding author: Adriana Sudrez. Email: adrianasuarezl@upb.edu

43



(\
et

RIAO OPTILAS 2025

Optimization of projection selection and measurement time in
compressive single-pixel imaging

Sebastian Bordakevich, Lorena Rebdn, Silvia Ledesma
Topic(s): Fourier optics and signal processing, Imaging systems, Other topic [ID 106]
Institution(s): Universidad de Buenos Aires; Universidad Nacional de La Plata, Argentina

Single-pixel cameras [1] use a single fixed detector to capture scenes by sequentially projecting onto basis elements via an
SLM. Compressive sensing reduces measurement time by sampling only relevant projections. The presented approach
extends [2], optimizing element selection given available measurement time. We use a nonlinear crystal photon source, a
reflective twisted nematic LCD (projecting a binary triangle onto Hadamard basis), and single photon counting detectors.
Typically, compressive imaging uses a short preliminary scan, ranking projections by photon count to measure the most
relevant. However, too short scans reduce confidence in discriminating consecutively ranked projections, risking exclusion
of relevant ones and inclusion of less relevant ones. Thus, we applied thresholds to the count differences between
consecutively ranked projections: if not exceeded, projections cannot be discriminated and require uniform treatment to
avoid misselection. Since differences typically decrease, there is a last projection beyond which all lower-ranked projections
are significantly less relevant, defining a set of relevant projections. As seen in Figure (a), this set’s size increases with looser
thresholds (admitting smaller differences) or longer scans (better statistics). Given this set, we analyzed what minimizes
RMS reconstruction error: measuring all those projections for a certain time, or a subset with longer times per projection.
Figure (b) shows that reconstruction quality improves when increasing measured projections and their measurement time.
However, under constrained total measurement time (dotted lines), results show that beyond a certain total time, adding
further projections increase RMS error, thus favoring extending measurement time per projection. This avoids measuring
irrelevant projections and validates the previous analysis: total measurement time can be allocated exclusively among the
most relevant projections.
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Figure: (a) Number of relevant projections according to the preliminary scan, as a function of the difference threshold and the time
per projection. (b) RMS error of the reconstruction as a function of the number of measured projections and their measurement time;
dotted lines mark constant total measurement time.
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Fiber optic temperature sensors based on the Vernier effect have recently received great interest due to their benefits such
as corrosion resistance, small size, immunity to electromagnetic interference, among others [1]. Due to this, we proposed
and demonstrated a temperature fiber sensor with variable sensitivity based on the Vernier effect [2] and the bend-induced
linear birefringence with tension [3].

The experimental setup shown in Fig. 1, includes two lyot filters (LF) in cascaded configuration, the reference and the
sensing LF. Each LF consists of a birefringent element placed between two linear polarizers (PBS, Polarizing Beam Splitter) at
45 degrees respect to the birefringent element axes.

The reference LF includes a 1.885 m highly birefringent fiber (Hi-Bi) with linear birrefringe = 1.979 x 103 m-1 at 1550 nm
and 30-m long SMF-28 fiber coiled onto a 2 cm radius cylinder as a tunable birefringent element. The bend-induced linear
birefringence can be increased by increasing the fiber strain. By aligning the birefringent elements axes, e.g. fast-axes, both
birefringences add constructively. The sensing LF includes a 2.02 m Hi-Bi fiber. As a light source, we used a supercontinuum
(SC) laser providing a wide spectrum. In the initial configuration (0 strain), the produced Vernier envelope was 91.68 nm.
The sensing Hi-Bi fiber was heated from 20 to 21 °C by a thermal bath with 0.2 °C steps. In this configuration, the
temperature sensitivity of the fiber sensor was -43.87 nm/°C corresponding to a magnification factor M = 22.07. The M
factor compares the temperature sensitivity enhancement with respect to single LF, in this case -1.987 nm/°C. By increasing
the fiber strain, the Vernier envelope was increased to 106.31 nm and to 208.15 nm, increasing the sensor sensitivity to
-70.16 nm/°C (M = 35.3) and -132.46 nm/°C (M = 66.66), respectively.

Numerically, it was found that the sensor sensitivity tends to infinity when the fiber strain is near 4 me. Experimentally, the
sensor sensitivity reaches a limit when the spectral period of the Vernier envelope exceeds the measurement bandwidth,
preventing to track the shift of the envelope minimum or maximum.
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Figure 1: Temperature fiber sensor experimental setup.
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Group-velocity-dispersion (GVD) engineering plays a crucial role to control nonlinear pulse propagation in fibers, e.g., for
supercontinuum (SC) generation. However, the interplay between nonlinearities and the dispersion resulting from the
frequency dependence of the effective index leads to some limitations to pulse propagation. In this regard, the need of
short femtosecond pulses to produce coherent SC is a paradigmatic case [1]. If the only dispersive parameter is the effective
index, then the anomalous GVD easing pulse spectral broadening also promotes instabilities and hence, a coherence loss
during SC generation. As a result, demanding initial conditions, namely, relatively wideband pumping pulses, are required to
mitigate the impact of instabilities [1]. If the nonlinearity also depends on frequency significantly, then instabilities can be
cancelled even under anomalous GVD, offering renewed opportunities for coherent SC even in the picosecond pulse regime
[1]. Being largely unexplored, this investigation entails major challenges that our group are steadily tackling.

On the theoretical side, the generalized nonlinear Schrédinger equation (GNLSE) fails to capture the dependence on
multiple frequencies of the nonlinearity and, as such, it does not suit this research track. Consequently, we had first to
derive the multifrequency nonlinear Schrodinger equation (MFNLSE) to account for this feature rigorously while keeping
the numerical advantages of the GNLSE [2]. Second, using our MFNLSE, we have also analytically obtained the nonlinearity
dispersion enabling coherent spectral broadening of picosecond pulses under anomalous GVD, showcasing the impact of its
multifrequency nature. On the experimental side, we have collected solid evidence supporting the feasibility of a method to
determine higher-order dispersion accurately, extending the approach that we had demonstrated experimentally
measuring nonlinearities precisely in fibers [3,4].
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Figure 1: For nonlinear processes 2wl — w2 + w3, with w3 = 2wW1 = w2, relative error between the multifrequency nonlinearity and
its approximated values employed in (a) the MFNLSE, and (b) the GNLSE.

References

[1] D. Castelld-Lurbe, Opt. Lett. 47, 1299 (2022).

[2] D. Castellé-Lurbe, E. Silvestre, and M. V. Andrés, Opt. Lett. 49, 4713 (2024).
[3] D. Castellé-Lurbe et al., Opt. Lett. 45, 4432 (2020).

[4] D. Castelld-Lurbe & C. Cuadrado-Laborde et al., Opt. Lett. 48, 493 (2023).

Corresponding author: David Castelld. Email: david.castello-lurbe@uv.es

46



(\
Pk

RIAO OPTILAS 2025

Stochastic Modeling of the Polarization Effect on Light-Induced Mass
Transport in Azopolymers

Franco Lucio Tambosco, Silvia Adriana Ledesma, Maria Gabriela Capeluto
Topic(s): Nano photonics and metamaterials [ID 057]
Institution(s): Universidad de Buenos Aires, Argentina

Azobenzene-functionalized polymers (azopolymers) have attracted significant attention in recent years due to their
photoinduced response, which arises from the photoisomerization of these functional groups. In particular, certain
azopolymers exhibit mass migration when exposed to spatial variations in light intensity, phase, or polarization. The
illumination with interference pattern leads to the formation of surface relief gratings (SRGs) [1]. Typically, mass migrates
from high- to low-intensity regions, with enhanced efficiency when the intensity gradient is aligned with the light
polarization. This optomechanical response has enabled a wide range of applications, including polarization holography [2],
lithography [3], and actuation of nanoscale objects [4]. Despite numerous experimental and theoretical studies, the
microscopic mechanism responsible for this transport remains under debate.

In the present work, we employ a stochastic model to simulate photoinduced mass transport in azopolymers. Polymer
chains are generated using the self-avoiding walk (SAW) method on a two-dimensional square lattice, and the monomer
motion is driven by photoisomerization probabilities and diffusion coefficients. An efficiency factor is introduced to account
for the effects of light polarization variation across the SRG. We applied the model to a variety of structured illumination
conditions, exploring different spatial distributions of light intensity and polarization.

The simulations successfully reproduce key features of experimentally observed surface relief formation [5], supporting the
idea that mass transport can be effectively explained by a stochastic mechanism primarily driven by photoisomerization.
This concept is schematically illustrated in Fig. 1, which shows examples of material displacement under different
illumination patterns, emphasizing the role of both intensity and polarization distributions in guiding mass movement.

=il T o>

Figure 1: Schematic illustration of light-induced mass transport, highlighting the influence of intensity and polarization patterns. The

blue gradient shows light intensity, the yellow gradient mass distribution, the arrows indicate polarization (black), and chain
displacement (red).
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Azobenzene-based materials are of great interest due to their photoinduced properties, which stem from the trans—cis
photoisomerization of the azobenzene units. Repeated isomerization cycles induce a preferential molecular reorientation
that minimizes light absorption, resulting in macroscopic birefringence. In some functionalized azopolymers,
photoisomerization also produces mass transport under illumination gradients, leading to material migration from more to
less illuminated regions [1].

This work investigates the photoinduced optical response of layer-by-layer (LbL) films composed by the azopolymer PAZO
(Figure 1a) combined with protonated polyamines in their chloride salt form. The well-known PAH/PAZO system [2] (Figure
1b, c) is used as a reference, alongside two alternative systems employing PDADMAC (poly(diallyldimethylammonium
chloride)) and PEI (poly(ethylenimine hydrochloride)).

Films with varying numbers of bilayers and immersion times were fabricated and characterized to determine the influence
of these parameters and the identity of the polyamine on the photoinduced effects. Figure 1c illustrates photoinduced
birefringence, in which azobenzene molecules orient perpendicular to the electric field (indicated by the blue arrow). Figure
1d shows the typical recording cycle, including the writing, relaxation, and erasure processes. The results provide insights
into optimizing the optical performance of azopolymer-based multilayers through tailored film assembly.
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Figure 1: Structure of PAZO (a) and PHA (b). (c) Schematic of a PAZO/PHA LbL film, showing the orientation of azobenzenes on the
illuminated area and (d) example of a birefringence curve, showing the writing, relaxation and erase steps.
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In this contribution, the feasibility of tailoring the radiative properties of stainless steel via Direct Laser Interference
Patterning (DLIP) is introduced. By fabricating periodic micro- and nanostructures, emissivity is enhanced and made
directionally dependent, as evidenced by direct spectral measurements and supported by Rigorous Coupled-Wave Analysis
(RCWA) simulations. The experimental findings reveal that the modified surface acts as a spectrally selective emitter with a
strong dependence on the emission direction, which is in good overall agreement with the predictions made by Maxwell’s
equations. These results show DLIP’s potential for high-throughput, mask-free surface modification, with significant
implications for fine-tuning of thermal management, radiative cooling, and related photonic applications.

Figure 1: a) SEM image of the DLIP-structured stainless steel sample. b) Measured and simulated
IR emissivity of the patterned samples.
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This research proposes the development and analysis of an optical sensing system for the measurement of refractive
indices of analytes, using a configuration based on a Mach-Zehnder interferometric curved optical fiber. The interferometric
bent configuration was designed using a standard single-mode optical fiber of reference SMF-28, which was manually bent
and supported on a piece manufactured from a 3D printer. The transmission spectral response was evaluated using a light
source in the 1500 nm to 1600 nm range and an OSA optical spectrum analyzer (see figure 1); sucrose water samples in the
1.33 - 1.42 RIU range were used for the measurements, finding a sensitivity of 287.60 nm/RIU, evidenced by spectral
modulations as the refractive index of the analyte was varied. The results obtained reveal the versatility and efficiency of
these optical fiber-based configurations for optical sensing, being these sensing and detection tools with promising
applications that can allow the detection of different variables [1-3], which evidences their potential in environmental
monitoring, biomarkers and variations in physical parameters of interest that can be analyzed from changes in their
refractive indices.
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Figure 1: a) Experimental setup implemented for the measurement of the transmission spectrum.
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We report the experimental discovery and quantitative analysis of a second-order electrogyration (EG) effect in (110)-cut
Bi12Si050 (BSO) crystals[1], investigated using a dualrotation Mueller—Stokes polarimeter [2]. By applying electric fields both
parallel and perpendicular to the [001] crystallographic direction, we confirmed a nonlinear optical activity proportional to
the square of the applied field—a behavior previously unreported in BSO. Through analytical modeling of the polarimetric
response, we successfully isolated the electro-optic (EO) and EG contributions from intensity-based measurements. The
extracted second-order EG coefficients were —4.86 x 10’ and —1.87 x 10’ pm%V? for longitudinal and transverse geometries,
respectively—exceeding by more than three orders of magnitude the values reported for materials like quartz or TeO,.
Additionally, the EO coefficient rs was measured to be 1.17 + 0.03 pm/V at 660.5 nm. Our results support the hypothesis
that the quadratic EG response may stem from defect-induced mechanisms, such as interstitials or substitutional impurities,
which alter the intrinsic optical activity. This study not only provides new insights into the nonlinear optical behavior of BSO,
but also demonstrates the capability of Mueller-Stokes polarimetry for accurate electro-optic characterization in complex
photonic materials.
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Figure 1: Electric field configurations applied to the BSO crystal under study: Transverse (Eapp | |[110]) and Longitudinal (Eapp //
[001]). Light incides on the (110) face.
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The laser-heated pedestal growth (LHPG) technique enables the production of monocrystalline fibers with high pulling rates
due to steep axial thermal gradients[1]. However, such high gradients can induce thermal stresses that lead to internal
cracks when the fiber radius exceeds a critical threshold.

In this work, we present a new perspective on axial thermal gradient localization during LHPG growth, based on the finding
that the maximum gradient occurs not at the traditional liquid/fiber interface, but within the fiber itself, at a certain
distance A from the interface[2]. An analytical model based on a Gaussian temperature profile was developed, allowing the
calculation of axial and radial thermal gradients and the position of maximum thermal stress. Using this approach, we
derived an expression for the critical radius ensuring crack-free fiber growth. The model was validated through the
experimental growth of SrTiOs and Al,Os fibers—both high-melting-point materials (>2300 K)— and the corresponding
optimal cooling rates were identified: 210 °C/min for SrTiOs and 296 °C/min for Al,0s. These results reinforce the
importance of accurately locating the point of maximum axial gradient to ensure structural integrity in LHPG-grown fibers,
and provide a practical guideline for defect-free growth of oxide crystals with high thermal demands.
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Figure 1: Localization of the Maximum Axial Thermal Gradient and Critical Radius in LHPG.
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Current optical design is typically performed using specialized software such as Zemax or OSLO. Although powerful, these
tools require high computational resources and rely on complex optimization algorithms. These methods can correct
high-order optical aberrations [1, 2], but at a high computational cost, especially in complex designs where optimization
processes may take weeks or even months.

The Optics and Signal Processing Research Group (GOTS) at the Industrial University of Santander has developed a
generalized theory of Descartes’ ovoid’s [3], based on physical principles of optics rather than computational optimization.
This theory describes optical surfaces using so-called GOTS parameters, adaptable to different configurations. As a result,
aplanatic optical systems with a single lens (singlets) have been designed [4], representing a conceptual breakthrough
compared to the state of the art in optics, where multiple elements are typically required to achieve this property.

Since conventional manufacturing of high-quality optical lenses requires specialized machinery—often inaccessible in
regions like Latin America— an alternative approach based on stereolithography 3D printing is proposed [6]. This approach
is complemented by post-curing, sanding, and polishing processes to enhance the final optical quality, facilitating
experimental implementation. A Shack-Hartmann sensor is used to characterize the fabricated lenses, measuring optical
aberrations via Zernike polynomials [7].

In this framework, the designed surfaces correspond to intersections of Descartes’ ovoids, which are quartic surfaces. Such
systems allow control and minimization of optical aberrations without conventional optimization methods. This capability
represents a significant contribution to modern optical design, demonstrating that high optical performance can be
achieved with substantially reduced computational and technological costs.
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High brightness semiconductor lasers are a critical technology for many applications. Semiconductor laser diodes exhibit
the highest efficiencies of any type of laser, although the output power is often distributed over many optical modes
supported by the laser cavity. The most efficient semiconductor laser diodes are thus multi-mode and have inferior
brightness. Photonic crystals, either a 1- or 2-dimensional periodic pattern of refractive indices introduced into the laser
cavity, can be used to control the optical modes [1, 2]. We report our recent progress of 850 nm single mode photonic
crystal vertical cavity surface emitting lasers (VCSELs) using a single and double-junction optical cavity.

As apparent in Figure 1 for oxide apertures [3] less than 4x4 umz2 in size, the VCSEL output is single mode (defined as
greater than 10dB side mode suppression ratio). Thus, for output powers > 3mW, the multi-mode VCSEL has reduced

brightness. Note using a double-junction active region (with intra-cavity tunnel junction [3]), the single mode output can

easily exceed 5 mW. Further details regarding photonic crystal VCSELs will be discussed.
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Figure 1: Maximum output power versus aperture size for single and double-junction VCSELs. Due to
photodetector limitations, the output power is saturated for 2 5mW.
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In Tacna, Peru, the thickness of the South American Camelid (SAC) fiber wool is related with their price, for that reason it is
important to measure it with high accuracy, and to quantize the appropriate cost. This work describes a detailed procedure
to analyze the wool fiber thickness of the SAC by Fraunhofer diffraction. Twenty samples of fibers wools are obtained from
each kind of SAC. A single fiber sample per species was mounted on a sample holder. Diffraction patterns are obtained from
an experimental setup, as shown in Figure 1. A green laser beam (A = 532 nm) goes to the sample and the fiber runs as a
diffracting device, generating a Fraunhofer diffraction pattern onto a screen. Each fiber was stretched as straight as possible
in order to avoid deformation or rupture. Recorded diffraction patterns are processed using a MATLAB routine, this is useful
to analyze the intensity distribution and to estimate the fiber thickness [1-2]. Preliminary results show similar values for
those obtained by 20.21+0.49um, 19.21+0.88um, 22.28+1.11um and 14.1um for alpaca, llama, vicuiia and guanaco;
respectively [3]. This technique is a non-destructive and a low-cost alternative for quantitative assessment of SAC wool, it
can be used in fair trade and product certification.
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Figure 1: Experimental setup for Fraunhofer diffraction.
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The HAIRL emissometer (High Accuracy Infrared Radiometer, Leioa) is a mid-infrared emissometer that was designed and
built at the University of the Basque Country (UPV/EHU) [1]. The instrument can measure spectral directional emissivity in
the range between 0.83 and 25 um, and it is equipped with an electric heater that can increase the surface temperature of
the samples up to 1273 K. During 20 years of service, the instrument has undergone instrumental and methodological
updates, such as the development of specific uncertainty budgets and the implementation of a Monte Carlo method to
propagate uncertainties when integrating spectral and directional data [2].

However, the emissometer required an update to replace some of its core components, such as the FTIR
spectrophotometer, which led to an integral upgrade that went beyond the mere substitution of the instruments. We
present the total renovation performed to the HAIRL, which consists of three blocks: hardware, software and methodology.
The hardware renewal is based on the use of control-design paradigms that allow the construction of scalable and
maintainable instruments. Based on this philosophy, we have upgraded or replaced most of the devices that constitute the
instrument. Among other modifications, we replaced the previous FTIR by a Bruker Vertex 80v, improved the sample
heating system, redesigned the temperature measurement system and installed three new blackbodies.

Regarding the software, we have not only rebuilt all the communication protocols between the different devices and the
control-computer using an expandable software-design, but we have also implemented a monitoring system based on new
technologies such as InfluxDB and Grafana. The system can be completely controlled and monitored remotely, and it will be
able to measure autonomously. All these technical improvements permitted us to adopt a new uncertainty budget, which
treats statistically magnitudes such as the spectra measured by the FTIR or surface temperatures, and allows discarding
anomalous data. Finally, a thermal radiative properties database named EKHI that follows the FAIR guidelines is being
constructed. This database facilitates intercomparisons between research teams, measuring methods and uncertainty
budgets, and provides the industry with high-accuracy digital data.
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Liquid crystal displays (LCDs), widely used in optical applications, are essential as spatial light modulators as they allow
precise manipulation of beam properties, including amplitude, phase, and polarization [1]. In previous works, the
advantage of using two twisted nematic LCDs in series has been demonstrated [2], optimizing the configuration to achieve
complete modulation of amplitude and phase, or optimal polarization modulation covering a surface on the Poincaré
sphere [3].

The experimental setup proposed for this work uses the optimized configuration from [3] to spatially modulate polarization.
As shown in the Figure, it comprises a polarization state generator (PSG), two TN LCDs, and a polarization state analyzer
(PSA). The LCDs, extracted from a commercial videoprojector, are controlled via its green (G) and blue (B) channels and act
as a single compound modulator. The output’s Stokes parameters were obtained via projective measurements, and spatial
averaging was achieved by detecting the intensity at the center of the Fourier plane.

The LCDs were divided into N regions (from 4 to 256), each assigned a different polarization from one of eight zones of the
surface of accessible states. Simulations using a density matrix formalism predicted the expected average state for each
zone. Experiments matched simulations for low N, but fidelity dropped below 0.9999 beyond a critical threshold of N = 64,
indicating practical limitations due to resolution, alignment, and inhomogeneities. These results demonstrate the
effectiveness of using two TN LCDs in tandem for spatial modulation, while also revealing a practical constraint on their
application. Moreover, the approach enables precise and programmable polarization control with commercially available

components.
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Figure 1: Experimental setup and polarization modulation results.

A collimated 810 nm laser illuminates a PSG (polarizer + quarter-wave plate), two TN LCDs in tandem, and a PSA (quarter-
wave plate + polarizer). The beam is spatially filtered with a pinhole in the center of the Fourier plane to measure its
average intensity with a photodiode (PD). Top: polarization image for N = 16, jointly modulated by channels G and B of the
video projector. Right: average Stokes vectors on the Poincaré sphere (experimental: red; simulation: blue).
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An electrically-addressed focus-tunable lens (FTL) enables fine, continuous, and dynamic power adjustment across a range
of diopters. In many applications, the FTL is oriented horizontally with a vertical optical axis. However, applications requiring
alternative orientations may suffer from aberrations due to gravitational effects on the optical fluid and elastic membrane
of this device. This experimental study investigates the optical performance of a new gravity-compensated FTL, Optotune
EL-16-40-GTC-VIS-5D (GTC), [1] in terms of the addressed optical power and measured wavefront error, in both horizontal
and vertical lens orientation [2]. The results were compared with two standard, uncompensated models from the same
manufacturer, EL-16-40-TC-VIS-5D (TC) and EL-16-40-TC-VIS-5D-E (TC-E). All the analyzed FTLs demonstrated excellent
optical power performance regardless of orientation [2]. The gravity-compensated FTL effectively corrected vertical coma in
the upright orientation, but induced greater astigmatism compared to the standard models. These findings provide valuable
insights for vision testing and adaptive optics applications.
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Figure 1: Wavefront analysis of GTC, TC, and TC-E FTLs in horizontal (H) and vertical (V) orientations versus addressed optical power
(D). Left column: Measured cylinder magnitude (D). Right column: Vertical coma (Zernike coef. c3,-1) in microns.
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Dengue is one of the most common seasonal diseases in tropical areas. With more than 3 million confirmed cases
world-wide, and 1400 deaths in 2025, this disease is a constant threat especially for vulnerable people (infants and elders)
[1]. The transmission of Dengue is done by the aedes aegypti, thus, several efforts have been made to eradicate this insect.
Such attempts include fumigation and preventive campaigns, genetic modification for female sterilization, or classical
mosquito traps [2]. Some contemporary researchers, on the other hand, have worked extensively in the characterization of
insects through quantifying the frequency of the wingbeat using spectral analysis and optical methods for data acquisition
[3]. In this paper, we propose an Infrared-red based wingbeat acquisition method by using an IR Light Emitting Diode (LED)
with its respective receptor. By interrupting the emitter-receptor light path, a pattern that is proportional to the insect
movement is captured, and after proper analog filtration (band-pass filter from 150Hz to 600Hz) and amplification, its
spectral content is calculated using conventional FFT methods. To test our model, we reproduced an aedes aegypti sound
[4] and, through a common-emitter amplifier, modulated the IR-emitter signal. Even though some similar ideas and
prototypes have been formulated, our method is the first of its kind in the context of Bolivia. This is the first step towards
and comprehensive discrimination process that will eventually lead to a trap that only reacts to Aedes-aegypti with proper
electromechanical actuators.
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Figure 1: Schematic and results of the experiment. Top: Block diagram of the system. Bottom-left: Implemented hardware.
Bottom-right: Acquired spectral signatures of the aedes aegypti wingbeat.

A collimated 810 nm laser illuminates a PSG (polarizer + quarter-wave plate), two TN LCDs in tandem, and a PSA (quarter-
wave plate + polarizer). The beam is spatially filtered with a pinhole in the center of the Fourier plane to measure its
average intensity with a photodiode (PD). Top: polarization image for N = 16, jointly modulated by channels G and B of the
video projector. Right: average Stokes vectors on the Poincaré sphere (experimental: red; simulation: blue).
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This work introduces a novel optical design methodology that utilizes Descartes' ovoid refractive surfaces to achieve
high-performance optical systems, which we term ultra-achromatic systems.

The use of Descartes’ ovoids in optical designs has demonstrated rigorous correction of geometric aberrations [1],
specifically achieving zero spherical aberration and zero coma [2]. While recent research has extended these capabilities to
address achromatism [3], enabling designs with properties like achromatic astigmatism and achromatic aplanatism, their
practical realization is limited by the availability of materials with ideal dispersion characteristics. The reliance on
industry-standard materials introduces both chromatic and residual geometric aberrations, presenting a fundamental
challenge: optimizing one type of aberration often worsens the other. To overcome this, our methodology focuses on
designing isoplanatic systems, which are crucial for practical applications requiring superior performance. We present a
detailed approach for creating stigmatic optical systems that exhibit minimal coma and chromatic aberrations
simultaneously. This advancement represents a significant step forward in the development of high-performance optical
instruments.
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Single-pixel cameras [1] use a single fixed detector to capture scenes by sequentially projecting onto basis elements via an
SLM. Compressive sensing reduces measurement time by sampling only relevant projections. The presented approach
extends [2], optimizing element selection given available measurement time. We use a nonlinear crystal photon source, a
reflective twisted nematic LCD (projecting a binary triangle onto Hadamard basis), and single photon counting detectors.
Typically, compressive imaging uses a short preliminary scan, ranking projections by photon count to measure the most
relevant. However, too short scans reduce confidence in discriminating consecutively ranked projections, risking exclusion
of relevant ones and inclusion of less relevant ones. Thus, we applied thresholds to the count differences between
consecutively ranked projections: if not exceeded, projections cannot be discriminated and require uniform treatment to
avoid misselection. Since differences typically decrease, there is a last projection beyond which all lower-ranked projections
are significantly less relevant, defining a set of relevant projections. As seen in Figure (a), this set’s size increases with looser
thresholds (admitting smaller differences) or longer scans (better statistics). Given this set, we analyzed what minimizes
RMS reconstruction error: measuring all those projections for a certain time, or a subset with longer times per projection.
Figure (b) shows that reconstruction quality improves when increasing measured projections and their measurement time.
However, under constrained total measurement time (dotted lines), results show that beyond a certain total time, adding
further projections increase RMS error, thus favoring extending measurement time per projection. This avoids measuring
irrelevant projections and validates the previous analysis: total measurement time can be allocated exclusively among the
most relevant projections.
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Figure: (a) Number of relevant projections according to the preliminary scan, as a function of the difference threshold and the time
per projection. (b) RMS error of the reconstruction as a function of the number of measured projections and their measurement time;
dotted lines mark constant total measurement time.
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Spectroscopic techniques are essential tools for the characterization of novel nanomaterials and nanocomposites. For
example, Raman spectroscopy is widely used to study vibrational modes and how they change with decreasing particle size.
In the case of infrared spectroscopy, however, its application to nanomaterials has been traditionally more qualitative,
mainly concerned with the rough identification of phases and adsorbed molecules. This is because quantitative studies
require extracting the dielectric function, for which it is necessary to consider the influences of porosity, network
connectivity, and particle shape and arrangement on the electromagnetic response of the matrix + nanomaterial
composite. To this end, we show that a method based on reflectance spectroscopy and effective medium theories can
provide quantitative results regarding the structural properties of dielectric nanomaterials. In particular, extending the
measurements to the far infrared allows quantifying low-frequency modes, which are absent in most reported spectra but
rich in features that can be used to identify phases with similar crystal structures. The fundamentals of the technique are
demonstrated in a reference material, CeO2 [1], and its generality is proven through several case studies: phase
discrimination in (y,0)-Al203 [2] and mixed Fe304/y-Fe203 nanoparticles [3], as well as quantification of short-range order
in the case of vitreous SiO2 [4].

FT-IR spectroscopy enables distinction of isostructural magnetite and maghemite in
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Figure 1: Schematic representation of the proposed characterization, with potential applications [3].

References

[1] I. Gonzélez de Arrieta, L. del Campo and D. De Sousa Meneses, Phys. Chem. Chem. Phys. 23, 13095 (2021).
[2] I. Gonzélez de Arrieta et al., Spectrochim. Acta Part A 298, 122795 (2023).

[3] M. Sainz-Menchén et al., Phys. Chem. Chem. Phys. 27, 8498 (2025).

[4] M. Sainz-Menchén et al., Appl. Spectrosc. 78, 209 (2024).

Corresponding author: Ifiigo Gonzales. Email: igonzalesdea@gmail.com

63



A\ /
ot ®
RIAO OPTILAS 2025

Precision Tissue Classification via LIBS and ML: Toward
Intraoperative Pathology Screening

R. Sosa - Santos, J.L. Arce-Diego, F. Fanjul-Vélez
Topic(s): Bio photonics and biomedical applications, Medical optics and biotechnology, Optics and photonics in the industry, Spectroscopy [ID 099]
Institution(s): Universidad de Cantabria, Espafia; Universidad Privada Boliviana, Bolivia

Laser-Induced Breakdown Spectroscopy (LIBS) enables rapid, multielemental analysis of ex vivo biological tissues without
complex preparation, capturing unique spectral signatures determined by elemental composition (e.g., C, O, Na, Ca, K)
[1,2]. This work addresses the critical challenge of transforming raw spectral data into robust tissue discrimination through
an optimized computational pipeline. Following ablation, spectra undergo rigorous preprocessing: spectral consolidation,
noise reduction (Savitzky-Golay filtering), baseline correction, and intensity normalization [1,2]. Feature extraction then
identifies discriminative variables—including peak intensities, elemental ratios (e.g., Ca/K), and full-width-at-half-maximum
(FWHM) metrics—with dimensionality reduction techniques (e.g., PCA) selecting optimal feature subsets [3]. Supervised
machine learning classifiers are trained on this refined dataset to achieve precise tissue differentiation. Support Vector
Machine (SVM), Random Forest (RF), and K-Nearest Neighbors (KNN) models, among others, are benchmarked for
discriminating five tissue types: connective tissue, small intestine, large intestine, aorta, and nervous tissue [4]. Model
performance is validated via stratified 10-fold cross-validation, with class imbalance mitigated by synthetic oversampling
(SMOTE, ADASYN). This integration establishes a versatile framework for biomedical diagnostics and forensic applications,
supporting real-time tissue identification in surgical margins, biopsy validation, and pathological screening, with potential
for intraoperative deployment.
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Figure 1: LIBS spectrum of muscle tissue.
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We have developed cost-competitive dedicated methods and instruments to evaluate 1) the multispectral photonic and
plasmonic responses of biological insect wings, resolved in angle and polarization under laboratory conditions, and 2) the
far field responses in natural locations of large populations of flying insects (birds and bats, incidentally also). Three devices
were designed, built, and tested to accomplish the former, [1-3] and for the latter, a portable self-sustaining Scheimpflug
entomological Lidar was constructed and demonstrated in field campaigns in natural, highly biodiverse rainforests. [4] The
methodological and instrumental details of these developments will be presented. Suitable application examples will be
used to validate their corresponding performance and utility. These will include 1) the correlation between the
multispectral diffuse reflectance of butterfly wings with the ecological and developmental biological niches inhabited by the
corresponding insects. 2) We compare the performance of two different interrogation techniques, PiMICS and BioSpace,
designed to obtain the multispectral angle and polarization photonic responses of insect wings. In both the 1) and 2) cases,
the nano and microstructures of the wings underlying the optical responses and structure stability are also determined by
SEM and thermogravimetric analysis. Finally, 3) measurements of the aerofauna biodiversity in a rainy forest were made
under clear and foggy conditions. The advantages of the optical interrogation, both at the near and the far field, in very
diverse settings, will be demonstrated.
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Figure 1: Optical methods for biostructure characterization and ranging.
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Cataract surgery with intraocular lens (IOL) implantation can restore human vision far beyond the degradation produced by
the loss of transparency of the natural lens. Current IOL designs are intended to compensate for common refractive errors
(myopia, hyperopia, astigmatism) and age-related insufficiencies such as loss of accommodation or presbyopia.
Presbyopia-correcting 10Ls based on coaxial multifocality provide at least a lower power focus for distance vision and a
higher power focus for near vision. We investigated multifocal diffractive 10Ls and their effects on vision. Our study
consisted of an in-vitro optical characterization using an on-bench eye model and an in-vivo IOL evaluation through clinical
visual acuity (VA) assessment (logMAR units) of implanted patients.

We found asymmetric alterations in the spatio-chromatic vision of subjects implanted with trifocal diffractive intraocular
lenses, with significant changes in resolution depending on the object distance and the spectral band of the illumination.
These alterations can be detected with methods and materials of ordinary clinical examination. The alterations depend
strongly on the characteristics of the diffractive design, in particular the diffraction orders used for far vision and presbyopia
correction and the spectral band of the illumination [1].
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Among surgical techniques, laser surgery enables precise and controlled ablation of biological tissue. The light-matter
interaction underlying this process,based on photoablation or plasma-induced ablation [1], also forms the foundation of
spectroscopic diagnostic techniques. Laser-Induced Breakdown Spectroscopy (LIBS) utilizes high-energy laser pulses to
generate localized ablation and transient microplasmas on samples. As the plasma expands and cools, excited atoms/ions
emit characteristic light captured by spectrometers, enabling elemental identification via spectral lines.

LIBS is a powerful tool for ex vivo biological tissue analysis due to its real-time multi-element detection and minimal sample
preparation [2]. Precise control of the ablation volume is critical for LIBS reliability. An undersized ablation volume produces
weak, noisy spectral signals, compromising elemental detection accuracy. Conversely, an oversized volume increases
collateral thermal damage and dilutes tissue-specific spectral signatures by integrating elements from underlying layers or
non-target cell types. This impedes accurate tissue discrimination [3], a cornerstone objective in applications like tumor
margin identification. Each tissue exhibits a distinct chemical composition and spectral fingerprint [4]. Optimizing ablation
depth and minimizing residual thermal energy are essential for robust LIBS signals and tissue safety. Monte Carlo
simulations [5] model laser-tissue interactions to predict: (Figure 1, right, a,b,c) ablation depth profiles based on laser
parameters and tissue optics, and (d,e,f) spatial distribution of stored energy deposited but not consumed by ablation. As
conceptually illustrated in Figure 1 (left, tissue cross-section), these simulations map the ablation crater geometry and
quantify adjacent energy accumulation using contour lines or heatmaps. Minimizing stored energy reduces thermal damage
risk, while achieving optimal ablation depth ensures strong, tissue-speciﬁc LIBS signals.
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Figure 1: Ablation context and results of the simulation.
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Rural areas with high temperatures and a lack of reliable electricity complicate cold-chain storage for the transportation of
medical samples. To address this, we introduce a fabric bag with cooling properties to maintain samples at cold
temperatures without electricity. This prototype is based on the principle of radiative cooling, which allows materials to
reject solar radiation while emitting thermal energy in the mid-infrared spectrum. Our design consists of a portable cooling
bag that combines cryoblock racks with an outer case fabric treated with poly(2-hydroxyethyl acrylate) and ions of calcium
carbonate and barium sulfate [1]. This creates a surface that reflects sunlight and dissipates heat as shown in Figure 1,
mimicking the effect of photonic films but with more accessible and affordable materials. To evaluate the efficiency of our
design, we propose a series of comparative experiments consisting of temperature measurements of physiological serum
exposed to sunlight while wrapped in our fabric. This work represents a first step towards the development of affordable,
off-grid cooling solutions for biomedical applications in remote rural areas where conventional refrigeration is not feasible.
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Figure 1: Schematic diagram.
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Mucopolysaccharidosis type llI (MPS III), commonly known as Sanfilippo syndrome, is a lysosomal storage disease
characterized by the accumulation of heparan sulfate, which causes neuronal degeneration [1]. A bioindicator associated
with this pathology is the structural and functional changes in the retina, the monitoring of which is essential for evaluating
disease progression [2]. This paper proposes a bio-inspired theoretical model based on the vision of the mantis shrimp
(Odontodactylus scyllarus), a marine crustacean whose optical specializations include high sensitivity to polarized light,
spectral resolution, and highly accurate spatial filtering [3]. This model is based on the computational simulation of these
capabilities applied to fundus autofluorescence (FAF) images previously acquired using standard clinical equipment. The
analysis flow consists of four stages (Fig. 1): FAF image preprocessing, multispectral analysis, computational polarimetry
using Gabor filters and receptive field spatial filtering, combining wavelets and Gabor filters [4]. Although the model's
accuracy does not replace that of a clinical examination or a real polarimetric sensor, it allows for a non-invasive, sensitive,
reproducible, and cost-effective analysis of retinal micro-alterations associated with MPS IlI.
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Figura 1: Analysis flow of the bioinspired model for the detection of retinal alterations in MPS IIl.
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Contouring of residual limb by white light profile for medical prosthetics
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Surface topology is essential in the fabrication of medical prosthetics [1], a properly designed surface can minimize friction
and enhance compatibility with the patient's tissue, preventing irritation or discomfort. To address this, we present an
experimental method for digitizing a 3D residual limb as a sample using white line projection [2,3]. A profilometer utilizing
white line profiles was employed to scan the sample. The sample examined belongs to a volunteer. Initial findings reveal a
3D model of the sample, which was subsequently used for 3D printing the measured structure. Carefully controlled surface
characteristics will contribute to improving material strength, reducing early wear, and extending the prosthesis's durability.
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Figure 1: Experimental setup of a white line projection technique.
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Fiber-based acoustic and optic fused couplers
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The experimental development of a 2x2 fiber-based acoustic and optical coupler is presented. The device consists of a
fused biconical tapered structure, designed to enable dual-field operation -both acoustic and optical- through controlled
tapering parameters using a standard fusing and pulling technique [1]. To investigate the acoustic field propagation, two
experimental scenarios were analyzed. In the first configuration, a purely acoustic coupler with no optical coupling was
fabricated, allowing a preliminary demonstration of the structure's capacity to act as a fiber-based acoustic coupler for
propagating flexural acoustic waves. These waves were induced into the fiber using an aluminum horn attached to a
piezoelectric disk (PZT) driven by a radio frequency (RF) source (see Figure 1) and were analyzed by measuring their
amplitude at each coupler port using an extrinsic fiber-tip interferometer [2]. By varying the tapering parameters of the
coupler width, different acoustic coupling ratios were achieved, ranging from 73:27 to 36:64, with excess losses between 3
and 6 dB and negligible return loss. Subsequently, by adjusting the coupler length and width, simultaneous optical and
acoustic coupler was obtained. Since the acoustic frequency of the travelling flexural waves were in the 2-MHz region, the
optical behavior was monitored around the 1550-nm region, where attenuation resonances can be observed. Coupling
ratios of 44:56 and 47:53 were achieved for the optical and acoustic coupling, respectively. This dual-field operation
highlights the potential of fused biconical fiber couplers as multifunctional platforms to allow the integration of in-fiber
acousto-optic devices.
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Figure 1: Acousto-optic fiber-based coupler experimental scheme. An optical microscope image of the coupler cross section is shown
at the inset.
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Point sensors and fiber characterization techniques based on
forward stimulated Brillouin scattering
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Forward stimulated Brillouin scattering (FSBS) in optical fibers can be exploited to develop point sensors and fiber
characterization techniques. Regarding point sensor applications, we have demonstrated discriminative and simultaneous
measurement of temperature and strain. We have also been able to demonstrate an all-optical mass-microbalance with a
detection limit in the picogram range, showing its potential for biosensing applications. Regarding the fiber characterization
techniques, FSBS has shown to be a unique tool for the measurement of Poisson's ratio of an optical fiber with record
accuracy, its temperature coefficient, and its nonlinearity with strain. Similarly, optical fiber diameter variations can be
measured with a resolution of a few nanometers.

The above point sensor applications and fiber characterization techniques have been developed using optical pump and
probe techniques. Our work has been focused on investigating different FSBS probing methods based on optical
resonances, in order to achieve higher sensitivity than using more conventional probe techniques (for example, a Sagnac
interferometer). First, we investigated the use of narrow long-period fiber gratings and Bragg gratings [1]. Second, we
developed a probing technique based on high Q factor whispering-gallery mode resonances of the optical fiber [2]. Third,
we have investigated the use of high Q fiber ring resonators [3]. As a result, few millimeters long point sensors have been
demonstrated. Recently, we have investigated a pressure sensor based on FSBS, and FSBS in silica microspheres.
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Figure 1: Spectrum of radial acoustic resonance R, , for different pressures, in a standard optical fiber.
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Microplastics have emerged as a ubiquitous environmental pollutant, infiltrating marine and freshwater ecosystems and
posing risks to both wildlife and human health [1]. Their small size makes their quantitative detection very challenging,
demanding sensitive and selective technologies [2], that if they are cost-effective are even better. In this work, the
fabrication and evaluation of a cost-effective optical fiber-based sensor for the selective detection of polyethylene (PE)
microplastics in aqueous solutions is presented. The sensor consists of an E-SMS (Etched-Singlemode-Multimode-
Singlemode) fiber structure, which was surface functionalized with a chitosan—tannic acid (CS—TA) conjugate. This
functionalization is aimed to increase both the sensitivity and selectivity to PE microplastics, via the enhancing of the
chemical affinity between the conjugate and the plastic surface.

The sensor was fabricated by splicing two single-mode fibers to a 15 mm large multimode fiber and then etched into 40%
hydrofluoric acid; the resulting sensor is seen in the zoomed-in circle of panel (a) in Fig. 1 that illustrates the full setup. The
functional coating was prepared by synthesizing a CS—TA conjugate through a mild aqueous reaction involving EDTA,
hydrogen peroxide and ascorbic acid, to immobilize on the etched fiber surface by immersion in CS—-TA conjugate and
controlled heating. Microplastic samples such as PE, PMMA, PTFE, acetal and PLA, were prepared as fine powders,
dispersed in water with surfactants and ultrasonication, and diluted in a concentration range from 1000 to 0.001 ppm.

From the results in Fig 1 panel (b), a concentration-dependent response to PE is evident, with a sensitivity of 3.92
nm/ug/mL and a detection limit of 0.1 pg/mL (100 ppb). Furthermore, selectivity tests demonstrated a significantly greater
response to PE than to other microplastics, indicating effective molecular recognition by the CS—TA film. These results
support the feasibility of using CS—TA functionalized E-SMS fiber sensors as a cost-effective, selective, and sensitive platform
for microplastic detection in water samples.
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Figure 1: (a) Experimental setup with spectra obtained. (b) Detection results with selectivity test in the inset.
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In recent years, there has been growing interest in the use of optical fibers as sensors, particularly by exploiting the state of
polarization (SOP) of light [1]. Polarization is a highly sensitive parameter that responds to external perturbations in the
fiber, making it a powerful tool for sensing applications. In this work, we focus on understanding the twist of a fiber
influences the phase of light propagating through it. To investigate this, we recorded the SOP of light at various twist angles
and analyzed the corresponding phase variations. The phase variation (Ad) was determined using the average values of the
Stokes parameters, S2 and S3, by means of AD = tan—1(S3/S2) [2].We found that the phase changes with the variation of
the twist angle, with sinusoidal behavior. These findings demonstrate that the experimental setup possesses strong
potential for accurately sensing twist of optical fibers.
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Figure 1: Phase variation with applied fiber twist.
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We report a novel application of low-coherence interferometry (LCI) [1-2] in the field of optical communications [3-6]. This
work investigates the use of LCI from a first-principles perspective, aiming to extend its applicability beyond traditional
domains such as metrology and tomography [7-10]. We introduce an analog signal transmission and reception system
based on LCl, including specifically designed interferometric modulation and demodulation schemes. The theoretical
foundation of the proposed communication architecture is developed in detail, supported by numerical simulations that
validate the concept. Finally, we present experimental results that demonstrate the feasibility and effectiveness of the
system in the intended application context.
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Thanks to their low cost and flexibility, passively mode-locked fiber lasers are attractive sources of short and ultrashort
pulses for a broad range of applications. However, many applications, in particular medical and industrial, require intense,
high-energy pulses with low (“kHz) repetition rates, which challenges the design of fiber-based sources. Indeed, typical
cavity lengths in the order of 10s to 100s of meters yield pulse repetition frequencies in the MHz range; a high repetition
rate also reduces the energy per pulse, as the available pump energy is distributed among a larger number of pulses. In
principle, pulse energy can be enhanced (and repetition rate decreased) simply by increasing the cavity length. Although
such strategy yielded some success in the normal dispersion regime in the 1 um spectral region [1], at longer wavelengths
(1550 to 2000 um, anomalous dispersion regime of conventional fiber), which are more attractive in particular for medical
applications, the cavity length can hardly be extended beyond the km range [2] as excess nonlinearities and saturable
absorber overdriving (which favor multiple pulsing), the buildup of intense interpulse noise and instabilities attributed to
uncontrolled birefringence in long cavities all drastically limit pulse energy. Alternatively, the pulse repetition frequency can
be reduced by using pulse pickers or acousto-optic modulators, for example, resulting however in increased complexity.
Now a regime known as Q- switching mode locking in passive lasers allows increasing the pulse energy, as they are not
emitted continuously but only during the “Q-switched-like” modulation windows [3]. In this work, we propose a strategy to
tailor the pulse properties, in particular their energy and intensity, through dynamic polarization control. The proposed
scheme is a figure-8 fiber laser in which the nonlinear optical loop mirror (NOLM) is polarization imbalanced (PI-NOLM) [4].
Contrary to conventional, power-imbalanced NOLM schemes, the PI-NOLM switching characteristic, in particular its
switching power, depends on input polarization [5]. By dynamically adjusting the polarization state at the PI-NOLM input
using a polarizer, one can tune the switching characteristic and in this way exert a control in real time on the laser dynamics,
and thus on pulse properties, maximizing their energy and intensity. These numerical results are complemented with
experimental results.
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Figure 1: (a) Laser setup, (b) PI-NOLM transmission, (c) Pulse energy oscillations.
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Heavy metal contamination in water, particularly by mercury (Hg*) and cadmium (Cd?) ions, means significant
environmental and health risks due to their toxicity and tendency to bioaccumulate [1]. Conventional detection methods
are often expensive, complex, and time-consuming [2], reducing the opportunities for its democratization. In this work, the
development of U-Bent multimodemultimode-multimode (U-MMM) optical fiber sensors for the sensitive and selective
detection of Hg?* and Cd* ions in aqueous solutions is presented. The simplicity and effectiveness of this proposal

constitutes our contribution to democratizing the monitoring of water quality.
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Figure 1: (a) Experimental setup. (b) and (c) Detection results of the U-Bent MMM sensor.

Multimode interference and enhanced light-medium interaction within a bent multimode fiber segment, are the
phenomena that rule the operation of the U-MMM sensor. Figure 1 shows the sensor setup in panel (a) and its
performance in panels (b) and (c). For mercury detection, the UMMM sensor surface was functionalized with a
chitosan/Fe,0s nanocomposite film. Adsorption of Hg?* ions into this coating induces changes in the local refractive index,
producing measurable increase in the transmitted optical spectrum with detection capabilities down to 0.001 pg/mL (1
ppb) with a sensitivity of 0.053 dBm/ug/mL, as shown in panel (b). For cadmium detection, the U-MMM fiber sensor was
coated with a green-synthesized gold nanoparticle (AuNP) film stabilized by chitosan and polyvinyl alcohol (PVA). The
AuNP-functionalized surface selectively binds Cd?* ions, that produce measurable variations in optical transmission to Cd**
concentrations up to 0.001 pg/mL (1 ppb) with a sensitivity of 0.041 dBm/ug/mL, as presented in panel (c).
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Free Space Optical (FSO) communications are a promising technology, whose performance is severely affected by
atmospheric conditions. This study provides a comprehensive analysis of FSO link performance in the Bolivian Altiplano, a
high-altitude region with distinctive climatic features. Unlike sea-level links where atmospheric turbulence is a critical
limiting factor, the conducted analysis reveals that at elevations of approximately 3700 m a.s.l., such as in the municipality
of Achocalla (Bolivia), turbulence becomes negligible, contributing only 0.3 dB of attenuation. Through Monte Carlo
simulations that incorporate local meteorological data and models for rain and fog attenuation, the dominant factors are
identified as geometric and pointing losses (a fixed component of 34 dB at 5 km) and, crucially, attenuation due to
precipitation during the wet season. A key finding is the high sensitivity of the link to the duration of rain events, with
attenuations ranging between 20.1 dB and 63.1 dB for the same daily rainfall percentile (P99), depending on whether a
duration of 6 or 1 hour is assumed, respectively. These results provide essential design criteria for FSO systems in
high-mountain regions, indicating that efforts should focus on optimizing the optical design and allocating adequate power
margins for rain, while complex turbulence mitigation schemes can be disregarded.
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Figure 1: Breakdown of attenuation components for representative operating conditions.
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This study presents the development and characterization of an optical device based on a single-mode optical fiber for
measuring the concentration of ethanol in an analyte. The proposed configuration consists of a curved, balloon-shaped
uncoated optical fiber, whose operating principle is based on Mach-Zehnder type interferometry. This geometric
arrangement takes advantage of the high sensitivity of fiber optic interferometers, allowing changes in ethanol
concentration to be detected by shifting the peaks of minimum intensity in the interference patterns of the optical signal.
The device fabrication involved bending a section of bare single-mode optical fiber into a balloon shape, the ends of which
were secured using a standard protective sleeve to ensure mechanical stability. Figure 1a illustrates both the conceptual
design and the implemented physical configuration. For the experimental characterization, a setup was used that included a
tunable laser source (TLS) in the 1500—-1600 nm range and an optical spectrum analyzer (OSA, Yokogawa model AQ6370E),
allowing the measurement of the signal transmitted through the device. The results demonstrate that the balloon-shaped
configuration improves the interaction between the guided mode and the analyte, thus increasing the sensitivity compared
to conventional geometries [1]. This approach offers advantages such as manufacturing simplicity, low cost, and high
sensitivity, making it promising for applications in fluid monitoring and quality control in the food and pharmaceutical
industries.
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Figure 1: (a) Experimental setup developed in the experiment, (b) Schematic diagram and final device developed.

In this study, the device's parameters were evaluated, demonstrating its ability to measure ethanol concentrations ranging
from 40% to 71%. Analysis of the interference patterns revealed peaks of minimum intensity, associated with destructive
interference characteristic of asymmetric Mach-Zehnder interferometers. These peaks exhibited a shift toward longer
wavelengths with increasing ethanol concentration, confirming their dependence. The sensor's sensitivity was quantified at
0.109%/nm, highlighting its high reproducibility and repeatability in measurements. Although its sensitivity is comparable
to that of traditional devices [1], this configuration offers significant advantages in terms of manufacturing simplicity, low
cost, and ease of implementation. These results suggest that the sensor has high potential for applications in the food and
pharmaceutical industries.
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This study presents the development and characterization of an optical device based on a single-mode optical fiber for
measuring ethanol concentration in an analyte. The proposed configuration consists of an uncoated optical fiber curved in
the shape of a balloon with a deformation in the sensing zone with a controlled electric arc. This geometric arrangement
takes advantage of the high sensitivity of fiber optic interferometers, allowing changes in ethanol concentration to be
detected by shifting the minimum intensity peaks in the interference patterns of the optical signal. The device
manufacturing involved bending a section of bare single-mode optical fiber into a balloon shape, to which an electric arc
was applied over the sensing area of the fiber, to ensure mechanical stability the ends of the fiber were fixed using a
standard protective sleeve. Figure 1 illustrates both the experimental design and the physical configuration implemented.
For the experimental characterization, a setup was used that included a tunable laser source in the range of 1500-1600 nm
and an optical spectrum analyzer, allowing the measurement of the signal transmitted through the device. The results
demonstrate that the balloon-shaped configuration with an electric arc improves the interaction between the guided mode
and the analyte, thus increasing the sensitivity compared to conventional geometries [1].
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Figure 1: (a) Experimental setup developed in the experiment, (b) Schematic diagram and final device developed..

In this study, the parameters of the proposed device were evaluated, demonstrating its ability to measure ethanol
concentrations ranging from 40% to 65%. Analysis of the interference patterns revealed peaks of minimum intensity,
associated with destructive interference characteristic of asymmetric Mach-Zehnder interferometers. These peaks exhibited
a shift toward longer wavelengths with increasing alcohol concentration, confirming their dependence. The sensor's
sensitivity was measured at 0.183%/nm, highlighting its high reproducibility and repeatability in measurements.

Although its sensitivity is comparable to that of traditional devices, this configuration offers significant advantages in terms
of manufacturing simplicity, low cost, and ease of implementation.
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The Ing. Héctor R. Lara Sosa refinery, located in Cadereyta de Jiménez, Nuevo Ledn, México, is one of the eight refineries
that form part of the National Refining System of Mexico (in addition to Ciudad Madero, Deer Park, Dos Bocas, Minatitlan,
Salina Cruz, Salamanca, and Tula) and was inaugurated in 1979. As part of a research project, several measurement
campaigns were carried out during 2025 at the Ing. Héctor R. Lara Sosa refinery with the objective to quantify sulfur dioxide
(502) and nitrogen dioxide (NO2) using two compact mobile instruments based on the differential optical absorption
spectroscopy methodology (DOAS) [1]. The two mobile DOAS instruments used are composed of a spectrometer with
different wavelength ranges, depending on the objective trace gases.

In this case we used a spectrometer covering the wavelength range of 274-432 nm in order to quantify SO2 and a second
spectrometer covering the wavelength range of 357-510 nm to quantify NO2). In addition, an optical fiber, a telescope and
a GPS were used for each system. The software MobileDOAS [2] was used to acquire spectra in real time along with
information about the time and location (latitude and longitude) of each measurement. Further details of the instrument
can be found in [3]. Measured spectra were re-evaluated using the QDOAS software version 3.2 [4] using the 307-317 nm
wavelength region for SO2 and the 405-465 wavelength region for NO2. This contribution presents preliminary results on
the emissions released into the atmosphere from this refinery. These results are part of a series of measurement campaigns
that will be carried out in the following years at the Ing. Héctor R. Lara Sosa refinery with the objective of characterizing its
emissions to the atmosphere at different times of the year, as well as the horizontal distribution pattern of the quantified
emissions.
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The GEMM Global Environment Measurement & Monitoring initiative [1] is an international initiative of OPTICA and AGU
(American Geophysical Union) that seeks to engage universities, research centers, measurement standards agencies,
companies, and other scientific societies around the world to form regional GEMM centers. The initiative is led by Professor
Ronald Cohen of UC Berkeley (UCB), whose research group has developed the BEACO,N sensors [2], which measure CO,
CO,, NO,, and PM, [3]. Its objective is to create an international network that brings together scientists, technologists, and
policy makers to collaborate in the search for regional solutions to critical environmental and climate challenges from a
local perspective but geared towards a global framework. The Colombian Caribbean region is in a privileged geographical
position to provide climate data to the international community. The Universidad del Atlantico (UA) convened 15 research
groups to create a Multidisciplinary Environmental Research Network (RIMA) to develop research in the following areas: (1)
Instrumentation and development of environmental sensors, (2) Monitoring of GHG and PM2.5 through a dense sensor
network, (3) Hydrogeological monitoring of coastal areas, and (4) Modeling of environmental phenomena by Al. Recently,
UA and UCB signed a collaboration agreement that will allow for the installation of an environmental sensor network in
Barranquilla.
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Differential Optical Absorption Spectroscopy (DOAS) is widely used to determine atmospheric trace gas abundances from
multi-wavelength light measurements and to quantify trace gas emissions from mobile and stationary sources [1]. Mobile
DOAS is a technique initially developed to scan and measure fixed emission sources within a specific geographic area, i.e., a
volcano, using a zenith-observation DOAS system mounted on a mobile platform [2]. In this work, we present ground-based
detection of trace gases and the presence of spectral structures that alter the measurements of atmospheric trace gases.
We also discuss various factors that affect these measurements, including wind direction, reflections, and shadows. Mobile
DOAS technique was used to register the solar spectral data, and the measurement instruments were mounted on a car
while circulating within and around the Refinery "La Teja" in Montevideo, Uruguay. Figure 1(a) shows an aerial view of the
refinery (outlined in red). Fig. 1(b) shows an image of a refinery chimney and structures for refining. Fig. 1(c) shows the
experimental setup used; a zenith-pointing telescope (1) collects the scattered light, then focuses the light into an optical
fiber (2) that directs the light into a spectrometer, which acquires the spectral information and sends the data to a
computer (3), where the GPS (4) coordinates are simultaneously received.

Figure 1: “La Teja” Refinery and Mobile DOAS experimental setup: (a) Aerial view of “La Teja” (b) Photograph of the refinery. (c)
Experimental setup used.
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The differentiation of atmospheric pollution sources is essential for environmental management and air quality studies. In
study we aim to differentiate urban emissions into the atmosphere from emission originating from large-scale biomass
burning. This paper analyzes the results of combining satellite data of NO2 and CO columns (TROPOMI) with aerosol
properties from the AERONET station [2, 3] in Montevideo (Montevideo_FING) to characterize and distinguish between
these two types of sources. The analysis is based on the premise that forest fires emit large quantities of NO, and CO, with
the typical atmospheric half-life of NO, being a few hours, while that of CO is several days [1].

Aerosols resulting from biomass burning possess properties that distinguish them from urban aerosols. In comparison, they
are smaller in size, exhibit greater absorption of solar radiation, and have higher Angstrom exponent values [4]. On August
11, 2021, satellite images in Montevideo show an episode of high NO2 column values (likely originating from Buenos Aires)
as seen in Fig. 1, an aerosol fine mode fraction (FMF) of 0.79, and an Angstrom exponent of 1.55 according to the AERONET
station. However, these increases are not accompanied by high CO column values. In contrast, on November 24, 2020, a CO
transport event due to biomass burning (with NO, confined near the sources, an event previously studied by Osorio et al.
[5]), registered an FMF of 0.94 and an Angstrom exponent of 2.1. These results show the potential of this approach, taking
into account various parameters including local instruments and satellites, to identify and separate the contributions of
different atmospheric pollution sources in the region.

ontevideo

CO 11/8/2021 NO2 11/8/2021 CO 24/11/2020 NO2 24/11/2020

Figure 1: Comparison of NO, and CO columns obtained from TROPOMI on 11/8/2021 with those from 24/11/2020. Panels a) and b)
show urban pollution, and panels b) and c) show biomass burning.
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Spectrometry is a well-established technique that has been extensively used for different purposes, including for example,
biomedical, life-sciences and water testing [1]. Nevertheless, dedicated hardware for conducting spectral analysis is
expensive, and its price increases with the spectral resolution. Recently, several attempts have been made to design
spectrometers with off-the-self components, with similar performance as the one shown by commercial solution, being the
one proposed by Ormachea et al. [2] (UPB) highlighted over the others due to its reduced cost and adaptability to mobile
phone cameras, as well as its reproducibility. In this study, we propose and develop a comprehensive protocol that allows
for the calibration of the UPB spectrometer taking as reference the OCEAN OPTICS USB 4000 (OOP). For that, we
simultaneously took spectral signatures with UPB and OOP from a conventional White Light Emitting Diode (LED) under
low-light conditions, with previous calibration. Afterwards, we pre-processed the data by point-wise matching the
wavelengths with posterior interpolation and intensity normalization. We then implemented a Dynamic Warping (DW)
algorithm that finds the minimum distant of the two signatures and, through indexation and interpolation using 14 control

points, the UPB curve is adjusted to the OOP. Results of the calibration protocol can be seen in Fig. 1.
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Figure 1: Left: OOP and original UPB White LED spectrum. OOP and adjusted UPB White LED spectrum.
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The application of the NELIBS technique (nanoparticles-enhanced LIBS) was studied to improve the atomic emission
intensity of heavy metals (Cu and Pb) [1]. The samples used were copper (99.9% purity) and lead (99% purity) cubes, both
with dimensions of 1 cm x 1 cm x 1 cm. On each sample, 10 pL of a silver nanoparticles (AgNPs) colloid in deionized water,
previously synthesized by laser ablation in liquids [2], was deposited using a micropipette. The solvent was evaporated, and
to increase the nanoparticles concentration, the process was repeated by adding an additional 10 pL onto the same
pretreated surface. The LIBS spectra were obtained by irradiating the samples with a pulsed Nd:YAG laser (1064 nm),
operating at (10.94 + 0.38) mJ/pulse for Cu + AgNPs and (7.16 +0.42) mJ/pulse for Pb + AgNPs. The laser radiation was
directed using a high-reflectance mirror and focused onto the sample with a 10 cm focal length lens; the sample was
positioned at 7 cm, achieving an irradiation spot size of 1.5 mm. The complete experimental setup is shown in Fig. 1. The
analysis of the atomic emission spectra revealed that, in the presence of AgNPs, the intensity of the characteristic Cu
emission lines increased threefold compared to the samples without nanoparticles, while the Pb lines showed an
approximate 70% enhancement. This signal amplification can be attributed to the coupling of surface plasmon generated by
the nanoparticles [3]. These results highlight the potential of the NELIBS technique to improve sensitivity and detection
limits in the spectroscopic analysis of heavy metals using LIBS.
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Figure 1: Schematic diagram..
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This article aims to verify whether atmospheric conditions in La Paz, such as solar radiation and low atmospheric density
significantly degrade the efficiency of voice transmission via infrared (IR) in low-cost systems, in order to evaluate the
feasibility of implementing this technology in high-altitude urban environments. Some atmospheric factors at high altitude
can increase optical noise in basic receivers, reducing the signal-to-noise ratio (SNR) in unshielded systems. Furthermore,
the presence of aerosols and high climatic variability in the Andean region could exacerbate the attenuation of IR signals,
particularly in devices with economical components and limited filtering capacity. However, some argue that IR transmitters
are less practical than other technologies such as RF or Li-Fi, due to their susceptibility to physical obstacles and limited
range in uncontrolled conditions. Nevertheless, IR technology remains relevant in emerging applications, such as loT
security systems and data transmission in electromagnetically restricted environments, where privacy and immunity to
interference are critical. In conclusion, this research will not only provide key data to optimize IR systems in Bolivia,
considering local atmospheric conditions, but will also assess their competitiveness against other technologies, highlighting
scenarios where their implementation would be technically and economically viable.
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In the study of the normal Zeeman effect, polarization is traditionally analyzed in two configurations: the transverse mode,
where the magnetic field is applied perpendicular to the observation direction of the radiation, in which a triplet (o*, 11, 0)
is observed; and the longitudinal mode, where the magnetic field is applied in the same direction as the observation of the
radiation, in which a doublet (0", 07) is observed for 1P, levels. In both configurations, the observed polarization is well
defined [1-2]. These observations are based on the interaction between the orbital magnetic moment and the applied
magnetic field [3].

To study the behavior of the polarization of radiation observed at oblique angles to the magnetic field, this work uses the
red line from a cadmium lamp. To characterize the polarization states, polarization is analyzed for two different oblique
positions, and a triplet is observed in both cases. To determine the polarization state, it is necessary to filter one of the 0 or
0 components, which is achieved by configuring an elliptical polarizer. Based on the + — obtained parameters, the
corresponding polarization ellipse is estimated.

From these results, it is inferred that for atoms in the presence of a magnetic field that splits into three Zeeman
components, when observed at oblique angles to the applied magnetic field, the polarization is elliptical. This allows for the
inference of a correlation between electronic transitions and polarization.
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Single-photon sources are essential components in quantum technologies, such as secure communication and optical
quantum computing. However, their performance is often limited by spontaneous emission into multiple spatial modes,
which reduces photon extraction efficiency. A promising strategy to overcome this limitation relies on coupling the emitter
to metallic nanoantennas which can enhance and control emission directionality and intensity [1]. In this work, we present
a comparative analysis of two metallic nanoantenna configurations: a dimer of rectangular bars and a dimer of T-shaped
structures [2], both designed to couple with a quantum emitter, modeled by a point electric dipole, placed at the center of
the gap. Using the finite element method implemented in COMSOL Multiphysics [3], we simulate the electromagnetic
response of each system, evaluating the electric field distribution and the Purcell factor (PF). Figure 1 shows a comparison
of the PFs obtained for a dimer of rectangular bars (70x20x30 nm) and for a T-shaped antenna, in which the transversal arm
length b is varied while keeping the horizontal section constant. All T-shaped configurations exhibit a double peak: one at
approximately 720 nm and another that shifts towards longer wavelengths as b increases. This behavior demonstrates that
the T-shaped geometry enables spectral modulation of the main resonance through adjustments in its structure while
providing an augmented Purcell factor.
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Figure 1: (a) Electric field distribution of a T-shaped antenna. (b)Purcell factors for a rectangular bar dimer
(b = 0 nm) and T-shaped antenna dimers with a different arm length.
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We investigate the existence, stability, and dynamics of optical pulsed beams that carry a phase singularity and propagate
through a nonlinear graded-index waveguide. We explore their stabilization mechanisms through numerical simulations
and we demonstrate the existence of stable stationary states due to a balance between nonlinear and linear effects. To our
knowledge, this is the first prediction of these types of nonlinear waves.

The physical system is described by a 1+3D Nonlinear Schrédinger Equation with a cubic Kerr focusing response and a
cylindrically-symmetric Gaussian modulation of the linear refractive index exclusively along the transverse direction, so no
linear trapping is acting on the temporal envelope of the pulse[1]. To calculate the stationary states endowed with angular
momentum, we have used a finite differences scheme and the resulting linear problem is iteratively solved using a globally
convergent Newton method([2]. Several views of a stable stationary state calculated this way are shown on the left side of
Fig.1.

Once the stationary states have been numerically generated, a split-step Fourier method is applied to study their stability
during propagation. Some examples of unstable behavior are depicted on the right side of Fig. 1. As it can be seen, both
modulational and azimuthal stabilities can destroy the beams, depending on the energy and the propagation constant of
the input condition.

a) 100
L

70 {8

0
V %™~ =z r.T

Figure 1: On the left side, we plot several views of a stable solution that is trapped due to the combination of nonlinear effects and a
linear waveguide. Variables r and T correspond respectively to the radial and temporal cuts in dimensionless units. The right side
displays examples of the evolution of several unstable states.
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Microcavities are fundamental elements in the development of advanced photonic technologies. For more than a decade,
they have been used as key devices for emerging technologies with a high prospect that have the potential to solve key
challenges in the design of optical sensors, as well as in the development of nanophotonic and quantum devices [1, 2]. In
this context, our work explores the use of the chalcogenide material GeSbS [3] as a medium for the fabrication of micro
cavities, highlighting its potential for scalability and providing an arsenic (As) free glass to produce high- performance
waveguides [4]. Considering the inherent advantages of this material for photonic applications and taking into account that
it has a nonlinear refractive index comparable to silicon [4], we performed numerical simulations of various ring-resonators
and one-dimensional (1D) micro-cavities, composed of periodic structures of equidistributed holes or also called Bragg
reflector distribution [5] (Fig. 1.a). The objective of this paper is to evaluate and compare the optical performance of
chalcogenide micro-cavities with respect their silicon-based counterparts, considering different geometries and to identify
those structures with the best figures-of-merit, i.e. low nonlinear losses, high quality factors, resource efficiency in
manufacturing, stimulated four-wave mixing (StFWM) (Fig. 1.b), in order to establish optimal design criteria for future
experimental implementations on frequency comb generation and entangled pair generation via spontaneous parametric
down conversion (SPDC).
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Figure 1: a) Simulation of a silicon-based Bragg micro-cavity with circular geometry perforations, showing the electric field profile and

evidence of a strongly confined optical mode (image on the left). b) Spectral response of the StFWM process within a silicon ring
resonator generating an idler signal, this graphic was taken from [6] (image of the right).
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The exponential growth of the photonics industry, which seeks to adapt to a wide range of applications in metrology, data
transfer, sensing, and telecommunications and thus impacts both the industrial sector and scientific development, makes it
necessary to characterize different platforms across multiple wavelength regions. In this work, we explore both the
near-infrared (NIR) and mid-infrared (MIR) regimes, in the wavelength range of 1.4 um to 2 um. In the NIR region, we
evaluate not only the linear response but also the nonlinear response using an ultrafast light source [1].

Furthermore, we present transmission measurements of commercially available optical fibers made of materials SiO2,
As2S3, and ZrF4, in the wavelength range of 1.4 um to 2 um by using a Chromacity Optical Parametric Oscillator (OPO). We
have also performed nonlinear characterization of those fibers by employing the top-hat D-Scan technique [2,3]. This
single-beam, non-destructive method, exploits controlled changes in pulse dispersion, enabling the determination of the
third-order nonlinear coefficient (n2). We report n2 values for those fibers at 1.55 um and provide transmission spectra as a
function of wavelength over the 1.4 pum-2 um range.
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Figure 1: (a) Top-hat output spectrum for a SiO2 fiber (b) Spectral r.m.s (c) Transmission spectrum of
As2S3 measured using the optical parametric oscillator (OPO).

Figure 1a shows the output spectrum measured with an optical spectrum analyzer at a fixed input power while sweeping
the dispersion: depending on its sign, the pulse broadens or compresses. Figure 1b displays the root-mean-square (RMS) of
the data and in Figure 1c, the transmission spectrum of As2S3 is shown, illustrating the exploration of these platforms in
the mid-infrared. These results highlight the importance of systematically characterizing both linear and nonlinear
properties of optical materials across extended wavelength ranges, paving the way for more versatile and efficient photonic
systems in next-generation technologies.
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The Applied Photonics Group (GFA) has been dedicated to the research and development of photonic technologies for over
20 years, with a strong focus on their transfer to the productive sector [1]. The GFA is located within an engineering faculty
and is surrounded by a significant industrial hub in Campana, Buenos Aires, Argentina. The group's main area of expertise is
the adaptation of Optical Coherence Tomography (OCT) [2] techniques for industrial applications. In this context, new types
of detectors have been developed to extend the maximum measurement range to several centimeters [3,4], targeting
applications such as the inspection of glass containers and windshields [5]. Additionally, low-cost equipment has been built
to enhance technology transfer to small and medium-sized enterprises (SMEs), and customized processing algorithms have
been designed for specific applications. Furthermore, the group has conducted a significant number of feasibility studies,
technical services, and reports for various companies, employing a range of optical methods. The aim of this work is to
present the motivations behind the development of new techniques, the applications implemented, and the experience
gained over the years. We also intend to share practical advice and lessons learned through our interactions with different
companies, from the perspective of a university-based research laboratory.
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Arsenic is among the most hazardous elements found in natural waters, with prolonged exposure posing serious health
risks. Its efficient removal from groundwater remains a critical environmental challenge. In this work, we present
core—satellite hybrid nanostructures composed of plasmonic gold nanoparticles anchored onto magnetic iron oxide cores
for the light-assisted remediation of arsenic-contaminated water, as shown in Fig. 1. Our results show that gold
nanoparticles catalyze the oxidation of arsenic into less toxic species. Under illumination, both photothermal effects and
hot carrier generation contribute to a further enhancement of the reaction rate. The iron oxide cores serve as effective
arsenic adsorbents, allowing for the complete removal of both the catalyst and the adsorbed oxidized arsenic species via
magnetic separation. We quantitatively assessed the different catalytic contributions and found that the plasmonic effect is
comparable in magnitude to the surface catalytic activity [1]. A comparative study between gold and silver nanoparticles
shows that while gold exhibits superior catalytic activity, silver achieves an eightfold increase under resonant solar-like
illumination, highlighting its potential as a cost-effective photocatalyst [2]. These findings underscore the synergistic
interaction between plasmonic catalysts and magnetic iron oxides in enabling efficient, light-assisted arsenic remediation
from water sources.
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Figure 1: The plasmonic-magnetic hybrid catalysts oxidize As(lll) to the less toxic As(V), and also enable magnetic removal of the
catalyst and the adsorbed contaminant.

References
[1] M. Y. Paredes et al., Environ. Sci.: Nano 10, 166 (2023).
[2] B. Miralles et al., J. Phys. Chem. C 128, 10017 (2024).

Corresponding author: Alberto F. Scarpettini. Email: ascarpettini@frd.utn.edu.ar

94



N\
.ﬁ_g‘

RIAO OPTILAS 2025

Thin-Film Deposition and Optical Testing of a First-Surface Mirror
for Astronomical Applications

Ana Paula Quelopana, Gonzalo Galvez de la Puente
Topic(s): Thin films [ID 091]
Institution(s): Pontificia Universidad Catdlica del Peru, Peru

The fabrication of a first-surface astronomical mirror was completed, encompassing design, manufacturing, and evaluation
stages. The design phase utilized optical modeling software to determine the optimal thicknesses and refractive indices for
both the aluminum and magnesium fluoride thin-film coatings. These parameters were calculated to maximize reflectivity
at the desired wavelengths for astronomical observations. Prior to coating deposition, the glass substrate underwent a
thorough cleaning process. This involved initial cleaning with distilled water and isopropyl alcohol, followed by an argon
plasma treatment step. The plasma cleaning parameters were controlled in certain values set of voltage, current, pressure
and time to eliminate any contaminants that could compromise the quality of the subsequent coatings. The aluminum layer
was deposited using physical vapor deposition (PVD) under high vacuum conditions (10-6 mbar), ensuring a uniform and
adherent coating. This was followed by the deposition of the protective magnesium fluoride layer using similar PVD
techniques [1][2]. Quality control measures were implemented throughout the manufacturing process. Specifically, the
adhesion of the aluminum film to the glass substrate was assessed using the ASTM D3359 standard tape test [3], confirming
a robust bond. Post-fabrication, the mirror's performance was thoroughly evaluated.

A spectrophotometer was used to measure the reflectivity across the relevant spectral range. These experimental results
were then compared to simulated reflection spectra obtained using the Transfer Matrix Method, validating the accuracy of
the design parameters [4][5]. Furthermore, the Ronchi test was employed to characterize the surface figure, assessing the
presence and magnitude of optical aberrations [6]. The final mirror, photo 1, demonstrated excellent optical properties,
meeting all specifications for its intended astronomical application.

Photo 1: Aluminum and Magnesium fluoride coated first-surface mirror.
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The possibility of instant and localized energy deposition into material with fs and ps laser pulses make them as perspective
methods in precise material modifications at the nanoscale under controlled conditions. The absorbed energy can trigger
several laser-induced phase transition processes in solids leading to ablation, formation of voids, nanostructures growth, or
nucleation of nanoparticles. The resulting material modifications can change its topological, morphological, magnetic, and
optical properties [1]. The functionalized in that way surfaces or resulting colloidal liquids have found a number of
applications in micro-optics, waveguiding, Raman spectroscopy, and biomedicine [2]. The controlled material modification,
however, requires a detailed understanding of dynamics of fast, non- equilibrium, and interrelated laser-induced processes
at the nanoscale. In this work an advanced mesoscopic numerical approach, suitable for the investigation of laser-induced
restructuring processes in solids with atomic resolution is proposed [3]. The model is applied to elucidate the mechanisms
responsible for laser-induced structuring of solids depending on surrounding media and laser irradiation parameters:
wavelength, pulse duration, fluence. Impressive agreement between the modeling and experimental results justifies the
proposed approach as a powerful numerical tool revealing the fundamental physics underlying the ablation and
nanostructuring processes [4,5]. This will pave the way towards nano-scale pre-designed laser-generated topologies for
functionalized surfaces or generation of nanoparticles suitable for biomedical applications.
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Figure 1: 100 fs laser generation of periodic nanostructures on Au (a), modeling of periodic laser-induced nanostructures due to a
single 100 fs pulse (b) atomic snapshot of forming nanoparticles in liquid media due to 300fs laser pulse focused on Au surface. The
atoms are colored by Central Symmetry Parameter (SCP) for identification of the local crystal structures as follow: solid < 0.08 < liquid
< 0.50 < vapor.
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Aniseikonia is a binocular vision disorder characterized by a difference in the size and/or shape of the images perceived by
each eye, which makes it difficult for the brain to fuse both images into a single, stable visual perception. This discrepancy
can cause symptoms such as double vision (diplopia), visual discomfort, spatial distortion, and, in some cases, suppression
of the image from one of the eyes by the brain. One of the most frequent causes of aniseikonia is a significant difference in
prescription or refractive error between both eyes, known as anisometropia. Sometimes, optical compensation of
ametropia with glasses can induce or worsen aniseikonia, especially when there are significant differences in lens power. In
the case of astigmatism, cylindrical lenses are used to correct this refractive defect because they modify the focus of light
only along one axis.

In summary, aniseikonia due to the use of cylindrical lenses in patients with astigmatism occurs because optical correction
alters the size and shape of the retinal image, especially when there are significant differences between both eyes, making
binocular vision difficult and causing bothersome visual symptoms.

Arnulf Remole, analyzes the relationship between aniseikonia and anisophoria induced by spectacles, addressing their
clinical implications. It explains theoretical aspects, prismatic effects during oblique gaze (such as when reading), and
presents a formula to describe these effects. It also describes methods for specifying iseikonic lenses and measuring
aniseikonia and anisophoria [1].

In this paper, we will analyze The effects of aniseikonia produced by sphero-cylindrical lenses in eyeglasses as well as in
contact lenses. Some solutions to reduce this effect will be proposed. The optimum astigmatism axis orientation will be
described.
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Figure 1: Schematic diagram.
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The Physics Section in the Pontificia Universidad Catdlica del Perd (PUCP) counts on an optical shop managed by the
Applied Optics Group (GOA) that allows it to carry out self-sustaining developments through its own optics manufacture
[1][2]. Works include developments of different visual instruments such as telescopes [3] and binoculars. A first work on
binoculars was presented at the RIAO / OPTILAS 2016 [4], showing a prototype with a non-ergonomic but educative
transparent mount. This was an own designed and manufactured Kellner-type eyepiece and an off the shelve objective lens
and prisms. A subsequent presentation, at the International Optical Design Conference 2017 [5], showed this binocular with
its basic optical characteristics [6]. Binocular improvements will be presented in this congress: ergonomic metal casing,
in-house manufacturing of all optical elements [7], superior optical design [8] and better optomechanical design. The
manufacturing and interferometric testing of prisms stands out [9]. In relation to the optical design, it should be noted that
it includes an optimized Kellner-type eyepiece, and an optimized cemented doublet-type objective [10]. In optomechanical
design, the type of prism fastening has been improved, going from using glue to using flexures [11]. Finally, different tests
were performed to characterize the binoculars on resolution, field of view, wavefront error of the whole system, and so on.

Figure 1: Binocular optics and casing
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This work presents the processes of design, manufacturing, and optical testing of aspheric mirrors (paraboloids and
hyperboloids) for the implementation of a classical Cassegrain astronomical telescope [1]. The work begins with the
simulation of the optical system using Ansys Zemax OpticStudio (student version), where the behavior of the system
components (mirrors) is evaluated. This is followed by the manufacturing process of the mirrors according to the design
specifications. Subsequently, the final shapes of the reflective optical surfaces (mirrors) are assessed, and a metallic thin
film is applied.

Finally, the proposed system is assembled, and its performance is evaluated [2,3]. The material used to fabricating the
mirrors is Pyrex glass.
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Figure 1: Simulation of the telescope Cassegrain.
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Students of our university are interested in Astronomical Observation, but our telescope, CST-80 KU, was discontinued over
30 years ago, consequently it is impossible to buy a replacement lens, for that reason it is important for us to design an
appropriate lens for improving the observation. The present work shows a design of an achromatic doublet lens by the
G-sum method. This technique allows us to find parameters for proper correction for spherical, coma and chromatic
aberration [1-2]. The design process was first carried out by computer simulation using Ansys Zemax OpticStudio Student.
Lens parameters such as: radii curvatures, diameters, thickness, sagittas and refraction indexes are included in the
simulation. Glasses N-BK7 and N-SF5 are used in this study, they were chosen by their suitable combination of optical
properties, such as dispersion and transmission, which make them compatible and efficient for optical system design [3].
Simulation results allow us to visualize the proposed three-dimensional design, to analyze the mentioned aberrations by
spot diagrams, and to optimize the optical system [4]. In the future, the proposed design will facilitate the lens manufacture
with a high degree of precision.

F 4 50 mm

Figure 1: TComputer simulation of a doublet lens by using Zemax OpticStudio.
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A solar concentrator with a Fresnel lens is a system designed to maximize solar energy capture by concentrating light onto a
focal point. This innovative device uses a Fresnel lens, characterized by its thin, flat shape composed of concentric rings that
allow solar radiation to be focused with high efficiency. Its main goal is to make the most of solar energy, reducing the costs
of electric or thermal generation.

A fundamental aspect of this type of system is the design of an automatic lighting mechanism, which adjusts the
concentrator's orientation based on solar intensity. For this, light sensors and solar tracking systems are integrated to
ensure precise positioning toward the sun throughout the day. This not only enhances energy performance but also
optimizes the use of available resources.

In the optical design, the lens is arranged appropriately to minimize light losses and concentrate the greatest amount of
energy on the receiver. Simultaneously, the mechanical design focuses on providing a solid and resistant structure capable
of withstanding various environmental conditions and facilitating both maintenance and system operation.

A significant advantage of this type of solar concentrator is its ability to capture diffuse sunlight, making it viable in areas
with cloudy or variable climates, where other systems are less effective. This feature broadens its applicability and makes it
a versatile option for different regions.

Currently, a functional prototype of the solar concentrator with Fresnel lens has already been developed, with the optical,
mechanical, and tracking components completed. The only remaining component to be integrated is the photovoltaic
system, which will enable efficient conversion of the concentrated solar energy into electricity.

This fresnel lens was made from the half circle glass below

You can click and replace "50" in the formula by other number of slices

Figure 1: Solar concentrator with a Fresnel lens.
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It is well known that a diffraction grating [1] separates wavelengths to produce light spectra through multiple-beam
interferometry, by means of numerous virtual sources located at its slits. This principle can be applied to define key
parameters in radio telescopes and radio observatories, aiming to focus the system’s response toward specific angular
directions—typically in reception for the former, and in transmission-reception for the latter.

This work proposes a methodology inspired by the optical behavior of diffraction gratings to analyze and/or design such
systems. The technique of multiple-beam interferometry is applied to model and explain the laser-like behavior of the
Jicamarca Radio Observatory [2] in Lima, Peru, considering a half-wavelength (A/2) dipole antenna as the elementary
radiating unit. Additionally, the design of a radio telescope based on a parabolic antenna from PUCP [3] is presented,
configured as the radiating element in a linear array.
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The growing demand for accessible, high-precision experimentation in water treatment necessitates innovative remote
solutions [1]. This work presents a fully automated remote laboratory designed to optimize coagulation-flocculation
mediated UV processes for arsenic removal [2], enabling researchers and students to conduct complex experiments from
any location. The laboratory integrates a hardware platform with a high-precision XY Gantry system for millimeter-accurate
positioning of a multisensor probe (pH, conductivity, turbidity, temperature). Peristaltic pumps for controlled dosing of iron
(coagulant) and citrate (pH regulator). auxiliary components (UV light, shaker) to enhance reaction kinetics, floc formation
and safety mechanisms (emergency stop, power controls).

A multi-platform digital control panel provides Real-time monitoring of four critical parameters (pH, conductivity, turbidity,
temperature) through dynamic graphical displays [3]. automated process control for dosing, pH adjustment, mixing, and
data logging, manual control for calibration, motor positioning, pump operation, and remote-access management, and
advanced configuration of hardware parameters (motor speeds, pin assignments, sampling intervals).

Full operational control and monitoring via web interface, eliminating geographical barriers, Adaptive precision and
educational-research synergy. It was validated in educational settings. The system demonstrates more than 90% data
fidelity in parameter tracking during coagulation, flexible optimization of reaction conditions (e.g., pH, turbidity) for diverse
water matrices, resource efficiency via reduced physical lab dependency and enhanced experimental repeatability.

This remote laboratory establishes a new standard for accessible, data-driven water treatment research, with applications
in academic training and environmental engineering. Future work will expand its adaptability to emerging contaminants
and Al-driven process optimization.

Figure 1: Schematic diagram of the remote lab.
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Lighting engineering education, in the context of streetlights systems, often lacks tools for students to learn lighting
concepts meant to be experienced in a practical way, such as measuring light intensity distribution or validating compliance
with standards. Thus, it is more usual to prioritize design over pedagogy by using simulation software tools instead of
hands-on experiences [1]. To address this issue, we have developed a hybrid remote lab combining both real-time and
ultra-concurrent well-known remote laboratories paradigms [2]. Our remote laboratory enables students to control physical
hardware and analyze light distribution in real-world scenarios.

The architecture of our system (Fig. 1) successfully integrates both hardware and software components within three core
activities: (1) real-time control of a single street light (adjusting light intensity, capturing light data via a light sensor mesh,
and visualizing light distribution), (2) real-time monitoring of five street lights in a real-world campus setup to evaluate
compliance with standards, which was improved with the use of pyranometers to measure solar radiation at 2,500 meters
above sea level (where the system is installed), and (3) ultra-concurrent analysis of pre-recorded datasets to study light
behavior in different scenarios. The platform uses a web interface connected to ESP32 micro-controllers on AC, DC, and
inverter-based streetlights. Data is transmitted via MQTT, and a booking system [3] manages access for real-time activities.
The remote lab was built to connect theory with practice, allowing students to develop the ability to predict, analyze, and
optimize lighting systems. The hybrid approach combines hands-on control, data analysis, and real-world observation,
establishing a novel engineering education tool.
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Figure 1: Street Light Remote Lab Architecture.
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Within the framework of the Erasmus+ project EU-BEGP (Modernising Digital Education in Energy Transition for Circular
Economy in Latin America), a remote photovoltaic laboratory has been developed at CDTS—-ESPOL to bridge the gap
between theoretical learning and real-world practice in renewable energy education. This innovative platform enables
undergraduate and postgraduate students to remotely interact with a 1.65 kWp solar PV system (three 550 W panels, 3.3
kW on-grid inverter), instrumented with ESP32 sensors and connected to a SCADA system for real- time acquisition of
electrical and environmental variables.

Students can perform hands-on activities such as I-V and P-V curve analysis, evaluation of energy efficiency under different
tilt angles, thermographic inspection to detect hotspots, and preventive maintenance procedures. These experiences
strengthen analytical, diagnostic, and decision-making skills, allowing learners to understand how environmental conditions
and system configurations influence photovoltaic performance and grid integration.

This remote laboratory represents an innovative educational strategy that modernises energy training, expands access to
high-quality practical experiences, and enhances the development of professional competences in renewable energy,
supporting the goals of energy transition and circular economy promoted by the EU-BEGP project.

Parel de Supervesdn y oomtrod Solar, oo y Aereterms

Figure 1: (a) Panel de supervision y control del sistema solar, hidrico y aerotérmico conectado al laboratorio remoto del CDTS-ESPOL,
(b) Instalacion y calibracion de los médulos fotovoltaicos de 1.65 kWp desarrollado en el marco del proyecto Erasmus+ EU-BEGP.
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Remote Multisensor System for Indirect Measurement of
Nanoparticle Surface Charge under UV lllumination

E.A. Carpio, J.M. Rodriguez
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Accurate determination of nanoparticle surface charge is critical for applications in catalysis, nanomedicine, and
environmental remediation, yet conventional methods (e.g., zeta potential) remain costly and inaccessible [1]. This study
designs and validates a remote automated laboratory for indirect estimation of colloidal nanoparticle surface charge under
UV illumination, leveraging correlations between pH-dependent electrical conductivity (EC), turbidity, and the point of zero
charge (PZC) [2]. The system integrates a multisensor probe (pH, EC, turbidity, temperature), UV light (365 nm), and
automated dosing (HCI/NaOH) within a remotely controlled platform developed in our lab.

Lol In the Dark ’
Under UV Blumination

@i

Conductivity (uS/com)

Figure 1: (a) Schematic diagram of the remote laboratory, (b) Electrical conductivity vs pH in the dar and under UV illumination

Obtained results with TiO2 nanoparticles revealed: Distinct minima in electrical conductivity curves,having a 0.2 difference
of the pH in darkness respect to UV, and maxima in turbidity, confirming PZC as the aggregation threshold, indicating
photoactivated surface charge and colloidal stability modification. In all obtained results, a consistency higher than 90% in
parameter tracking across trials is observed.
The methodology demonstrates high sensitivity to surface chemistry changes, enabling cost-effective characterization of
photoactive nanomaterials without specialized instrumentation. Its remote operation eliminates geographical barriers,
supporting academic research and industrial quality control. Future work will extend validation to complex matrices and
Al-driven optimization.
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A Remote Photovoltaic Laboratory at Latitude 0° for Supporting
24/7 Online Self-learning and Inverted-classroom Teaching
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A remote photovoltaic (PV) laboratory in Quito, Ecuador, designed for modernizing digital education in energy transition for
a circular economy, was funded by the European Union's Erasmus+ initiative. Implemented at the Escuela Politecnica
Nacional, this unique lab supports online self-learning and inverted-classroom methodologies globally. Situated at a latitude
of 0 degrees and 3,000 m.a.s.l., it allows users to evaluate energy conversion efficiency based on real-time diffuse sunlight
spectrum and the sun's position. Historical data, including all-year seasonal information, is accessible for long-term analysis
and comparison with other PV labs worldwide, highlighting geographical differences. The lab also provides weather and
environmental variables (precipitation, cloudiness) and enables efficiency comparisons at various panel inclinations (one
and two degrees of freedom). A third option allows performance comparison when specific spectral regions are removed
using filters. All features can be operated remotely, with historical data available for statistical analysis. Laboratory activities
are structured as self-guided, structured, and open inquiries, suitable for various student levels. Online self-learning
modules and case studies based on measurements and scientific publications facilitate lab use. This initiative is part of a
consortium of universities in LATAM, Europe, and Africa, fostering collaborative experiments among students globally.
Credentials are obtained and validated through the network based on standards such as the European Credit Transfer
System [1-2].The system was locally designed and built using commercially available PV panels mounted on movable
frames. Linear actuators enable rotation for one and two-degree-of-freedom subsystems (-30 to 30 degrees). Another
actuator facilitates cleanliness studies by swiveling a panel for washing. A static spectral filtering subsystem compares
performance using three filters (UV, Vis, NIR) and an unfiltered reference panel. Users can store the full solar spectrum from
a CCD compact UV-Vis-NIR spectrometer and calculate UV, Vis, and NIR components. Control and actions are managed with
Arduino technology, utilizing homemade circuits and 3D printing.
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Figure 1: Schematic diagram.
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Fringe projection system calibration based on Radon transform
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Sergio Alvarez-Rodriguez
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Institution(s): Universidad de Guadalajara, México

Camera and projector calibration is a key step in three-dimensional measurement and reconstruction technology, such as
profilometry and deflectometry, among others [1]. On the other hand, the Radon transform is a mathematical operation
that convers a 2D or 3D function into a function defined in the space of lines or planes, respectively, calculating the area
under the curve in each of its lines [2]. In this paper, a calibration method for fringe projection systems is presented, which
is based on orthogonal Radon transforms. A fringe pattern is projected onto a reference plane, which is captured by the
camera, to subsequently obtain the Radon transform of the obtained image. Once the Radon transform results are
obtained, micrometric control of the orientations of both the projector and the camera begins, obtaining intermediate
Radon transforms to provide feedback to the system and improve its control, as shown in Figure 1. The method was tested
with good results both for a system with a projector oblique to the reference plane and a camera perpendicular to the same
plane, as well as for a system in which both elements are perpendicular to the reference plane (using a beam splitter). It can
be concluded that the Radon transform can be used to calibrate fringe projection systems without the need to modify the
system or add extra elements to it.

Fringe projection Orthogonal Micrometric ~Calibrated
system Radon . movements Mng:yptojocﬁon
error
reduction Iterative
Radon
transforms

Figure 1: Flowchart of the calibration system.
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Fast phase unwrapping by polynomial fitting
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Phase unwrapping is usually the last step to recover the object information from a single or several interferograms. The
wrapped phase arises from the use of the arctangent function of the ratio of the sine and cosine functions. Phase
unwrapping consists in eliminating the discontinuities that are present in the wrapped phase allowing the correct analysis
of the object information encoded in the acquired fringe patterns. In its simplest form phase unwrapping can be achieved
by adding or subtracting 2 terms to the wrapped phase, however this simple approach may fail with relatively low noise
levels. In general terms phase unwrapping methods can be classified in phat dependent or independent algorithms. Path
dependent are faster but cannot deal with noisy measurements or data with obscurations or irregular pupils. Path
independent procedures on the other hand may tolerate higher noise values and avoid missing data or obscurations. In this
work we develop a new path independent phase unwrapping algorithm. This new approach is based in a polynomial fitting
algorithm between two wrapped maps, the original one and a close version of itself. The sine and the cosine of the
wrapped phase are cropped and then resized to the original size to produce a new wrapped data very close to the original.
The polynomial fitting is applied to the difference of the two wrapped phases. Then the coefficients of the fitting
polynomial procedure are used to reconstruct an unwrapped phase. Depending on the fidelity of the fitting process it may
require an additional refinement step. This approach works very fast and can deal with noise measurements. Finally, the
proposed method is evaluated in simulated and experimental data with good results.
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Figure 1: Wrapped and unwrapped phase.
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This study explores the use of a smartphone as both the illumination and image acquisition system for fringe projection
profilometry. A physical grating, illuminated by the phone's built-in light source, projects structured fringes onto the
object’s surface. The deformed fringe patterns are captured using the smartphone camera and analyzed via Fourier
transform techniques to reconstruct the surface topography. We describe the optical setup and demonstrate the resulting
digital height map of the tested object, highlighting the potential of low-cost, portable systems for 3D surface
measurement.

(a)

Figure 1: (a) The fringe projection lens using the smartphone's lighting system, b) Height map of the reconstructed object.
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Chromatic aberration (CA) is an optical defect arising when different wavelengths of light focus at varying spatial positions,
producing colored fringes and degrading image sharpness. In fringe projection profilometry (FPP), such aberrations
introduce phase distortions in the projected fringes, leading to inaccuracies in 3D measurements. Although hardware
solutions (e.g., achromatic lenses) and advanced coatings can mitigate CA, they are often costly and inflexible.
Software-based approaches offer a more cost-effective and adaptable alternative, leveraging image processing techniques
to correct color misalignments across RGB channels.

This work presents a simplified software-based method for compensating CA in digital camera lenses used in FPP, building
upon the method of Chao Chen et al. [1]. Unlike the original approach, which involves complex geometric modeling and
extensive mathematical computation to determine the pixel displacement matrix (PDM), our method reduces the
computational burden while maintaining accuracy. Additionally, we address systematic errors introduced by lateral RGB
subpixel offsets in the LCD used for fringe projection [2]. The effectiveness of the proposed technique is validated through
both numerical simulations and experimental measurements, demonstrating its practical utility in high-precision 3D
metrology systems, Fig. 1.

Figure 1: Experimental setup. LCD monitor placed in position a) horizontal, and b) vertical.
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Currently, due to the growing impact of polarized light in the fields of biophysics, medicine, materials science, and chemical
processes, polarimetry has advanced using optical and optoelectronic systems optimized for its implementation, data
analysis, and error propagation in measurements. In this work, the optical system of a transmission polarimeter is
presented, using two cameras for orthogonal polarization state measurements and incorporating the use of variable
retarder plates (LCRs) for the Polarization State Generator (PSG) and the Polarization State Detector (PSD) (Figure 1). In this
design, the optical system is fully controlled and programmable by a computer. Data is captured using two cameras that
capture images with orthogonal states of polarization (SOP) between them. To characterize the polarization response of the
sample, the Mueller matrix (MM) is currently widely used and it is composed of 16 elements, obtained with information
from 36 images (6 input polarizations combined with 6 output polarizations).
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Figure 1. PSG (upper) and PSD (lower) from Polarimeter setup.

This dual-camera design reduces the number of recording iterations by half, still obtaining 36 images but in less time and
with less misalignment due to electronically controlled measurement variations, which streamlines and optimizes the
process. Additionally, the final calculation of the MM is automated. From there, it is possible to determine the sample's
depolarization, polarizance and retardation. From the 36 images obtained, only 16 are needed for the MM calculation [2],
which contain all the required polarization data. This significantly reduces recording time and the acquisition process. This
polarimeter is applied to biological samples to identify morphological changes in neutrophils during the activation of the
mechanism known as NETosis (Figure 2). The results obtained to date demonstrate the possibility of applying whole
polarimetric studies to slow-moving objects, with the aim of improving biological models.
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Figure 2: NeTosis formation. (a) polarizance. (b) Diattenuation. (c) Retardance.
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Evaluating gait recognition performance on privacy preserving images
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The growing concern for privacy in computer vision systems has driven the development of privacy preserving techniques
at the optical level, preventing the capture of sensitive visual information during image acquisition. Recent advances in
privacy-preserving optics have demonstrated the potential of hardware-level protection by directly degrading sensitive
visual information at the point of image acquisition. In this work, we explore the impact of using the privacy-preserving
optical encoder proposed by [1], which was originally designed for privacy-preserving human pose estimation, as part of a
conventional gait recognition framework. Inspired by the Gait Energy Image (GEl) representation, we computed an average
image for the degraded images or Degraded Gait Signature (DGS). Before computing the DGS, all images were binarized by
background subtraction, with respect to a reference frame available in the videos, and thresholding. Then, the DGS for each
subject and sequence were classified by a deep learning model. For our experiments, we used the OAK-Gait8 dataset that
contains 8 subjects, 6 sequences, and 3 variations from 5 camera angles. In total, we used 504 videos for training, 144 for
validation and 72 for testing, representing 70%, 20% and 10% of the dataset respectively. The total number of videos used
was 720. We only used RGB videos. Our results, based on simulations and comparative analyses show that, although the
lens significantly diffuses the image and does not preserve a human-like gait shape, the system is still able to classify
individuals with approximately 71% accuracy. This indicates that the optical degradation produces a representation more
similar to a spectral or abstract pattern than a recognizable human form, yet it still contains sufficient information for
biometric classification. These findings provide insight into the trade-off between privacy protection and biometric
recognition when using PSF-based privacy-preserving optics.
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Figure 1: Degraded Gait Signature generation and classification from a video sequence.
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Cost-effective 3D printed bright-field microscope

Diego A. Londono, Carlos A. Buitrago-Duque, and J. Garcia-Sucerquia
Topic(s): Imaging systems, Microscopy [ID 061]
Institution(s): Universidad Nacional de Colombia, Colombia

The development of accessible optical tools is essential to support practical science and engineering education. In recent
years, various open-source and low-cost microscope initiatives have emerged to address this need [1]. This work
contributes to that effort by presenting a digitally integrated, cost-effective bright-field optical microscope. The system is
built with off-the-shelf materials: a SonyIMX335 CMOS sensor (available for $30 USD), frequently used in CCTV systems, and
a pair of interchangeable webcam lenses. While previous works have demonstrated the use of similar lens systems for
portable microscopy [2], up to the best knowledge of the authors this is the first implementation combining such a lens set
with a fully 3D-printed mechanical platform, as illustrated in panel (a) of Fig. 1. The optical setup employs an inverted short
focal length (2 or 5 mm) lens operating as the objective; this lens projects the image to infinity when the sample is
positioned at its working distance. A second lens with a larger focal length (25 mm), used as the tube lens, then focuses the
image onto the sensor. The mechanical platform was fabricated using fused deposition modeling 3D printing and assembled
with M3x0.5 screws and 3 mm steel rods, providing up to 20 mm of low-backlash, controlled motion along the X and Y axes
and up to 13 mm along the Z axis. The illumination is provided by a diffuse white LED powered via a USB Type-C port, which
also serves as the interface for connecting the camera to a computer or mobile device. Panel (b) shows the image of a USAF
1951 resolution target obtained with the proposed microscope prototype; the smallest resolved object is group 8, element
1, corresponding to a feature size of approximately 2 microns, allowing clear observation of typical biological specimens. In
panel (c) a direct comparison of the optical performance of the cost-effective microscope and a high-end optical
microscope equipped with a Nikon Plan 10x/0.25 objective is presented. While the commercial microscope provided
superior image quality with minimal distortions, the cost-effective proposal delivered comparable visible detail,
demonstrating its viability as an effective alternative to image complex biological samples as, for instance, a dicotyledonous
plant. The total cost of the proposed bright-field microscope is around $45, inviting its open fabrication and adaptation; its
modular design allows users to customize or upgrade the components to meet specific educational or experimental needs,
including easily swapping objective lenses for varying magnification.
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Figure 1: Cost-effective 3D printed bright field microscope. (a) Picture of the built microscope. (b) Image of the USAF 1951 test target.
(c) Comparison of the imaging performance between a high-end commercial microscope and the cost-effective proposal.
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Optical coherence tomography (OCT) has been established as a non-invasive imaging technique with high spatial resolution,
which permits a detailed visualization of tissue microstructure. In melanoma diagnosis, the accurate differentiation
between malignant and healthy tissue is crucial for early detection and improved clinical results.

This project proposes the development of a detection model based on convolutional neural networks (CNN’s) to identify
microstructural patterns in OCT images. To achieve this, publicly available databases will be used, with a focus on
cross-validation and robustness against interpatient variability. Additionally, complementary techniques such as transfer
learning and data augmentation will be explored to enhance system performance, especially in the context of limited
datasets.

The main objective is to achieve high sensitivity and specificity in classification, minimizing false positives and negatives,
and ultimately providing a reliable clinical decision-support tool for the early diagnosis of melanoma.
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Every year, thousands of people experience deformities in their facial structure as a result of surgical interventions or
pathological processes, since the purpose of these procedures is to treat the disease [1]. In this work, the
three-dimensional topography of the human face is measured using fringe projection profilometry (FPP). The profilometer
comprises a multimedia projector and a monochrome CMOS camera. Human face samples were taken from five volunteers
aged between 20 and 40 years. Fringe patterns with sinusoidal profiles were projected onto samples under study, and the
phase shift between two consecutive fringe patterns was 11/3 [2]. Images were recorded and processed in Matlab software.
Images were demodulated using a six-step phase-shift algorithm (PSA). Preliminary results display three-dimensional
human face topographies with high resolution; this confirms the feasibility of the employed technique. Finally, our results
can be useful as recorded morphology for future developments in the design and manufacture of facial prostheses [3].

//[’[ﬂlﬂmfﬂﬂlllll

Reference el

Y plane »» i '
M1 N
-
s .
M e
\
\\\\6 N
\\‘
Ny

Camera ’
Projecto

Figure 1: Experimental setup of a Fringe Projection Profilometer (FPP).
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This work presents the measurement and characterization of convex reflective surfaces, both spherical and aspherical,
using Ronchi deflectometry. We also describe the implementation of the measurement system using commercial optical
components, the evaluation of system-induced errors, and the calibration process [1,2].

Using the technique as mentioned earlier, a set of convex surfaces was measured: six spherical surfaces and two aspherical
surfaces. As a result of the measurements, we report the residuals between the sagittal values measured by the system and
those obtained from the best-fit surface. Finally, we can conclude that the system measures adequately within its allowed
tolerance.

The surface fitting was performed using Equation 1, where z is the sagitta of the surface, R is the radius of curvature, p is
the conic constant, (x, y) are the coordinates of the measured surface points, and (a, b) are the coordinates of the vertex.

zlr—a)? + & = b)*]
z=
[G—a;+G-brf
1+J1-p e

For the spherical surfaces, the fitting was carried out using p = 1, whereas for the aspherical surfaces, the value of p was
determined through the fitting process.
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Figure 1: Results of the measurements of convex spherical (a—f) and aspherical (g and h) surfaces using Ronchi deflectometry.
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interferometry and mechanical sensors
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Mechanical deformations are changing that materials experience when they receive impulses or external forces. Usually, to
measure these deformations various mechanical sensor techniques are commonly used, such as strain gauges, piezoelectric
sensors, load cells, and extensometers, among others, these types of sensors are used as transducers, which transform
mechanical energy into an electrical signal [1]. In addition, optical methods such as interferometry can be used; these
methods allow the changes measurement of the object under test between its initial state (when it is not being subjected
to mechanical stresses) vs. its deformed state when an external force is applied [2].

In this work, different types of metals currently used in the automotive industry for the manufacture of gears, pistons,
supports, and structure of automobiles will be evaluated. In which the metal part will be subjected to a tension or
compression stress to measure the deformations suffered by the same material. The measurements will be carried out by
optical interferometry in conjunction with strain gauges, in shearing and Wheatstone bridge configuration, respectively (as
shown in Figure 1).
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Figure 1: Electrical and optical diagrams.

A mechanical press was used to deform the object under test, a rectangular metal piece (aluminum, steel or stainless steel).
The press can deliver deformations of up to 2 tons in compression or in tension configurations, respectively; the experiment
has been carried out up to 0.5 tons. The gauge array can measure deformations in the piece from 1 kg up to the limit of the
experiment; however, the interferometer begins to detect deformations after 10 kg, but the interferogram phase shows a
3D deformation view and it reaches up to 632nm resolution. Given these results, it can be concluded that both methods
work properly for the study of our materials or our objects under test and it is possible to interpret the deformation with
any of these methods.
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Unlike conventional methods for revealing latent fingerprints, which are based on physical or chemical labeling of the
surface [1], this work presents a contactless and non-destructive approach for latent fingerprint imaging using fringe
pattern deflectometry [2]. The setup of the method is shown in Fig. 1(a). It requires only a regular screen to display a
sinusoidal fringe pattern, whose fully- or partially-reflection on a surface under test (SUT) is recorded by a digital camera.
The recording codifies height variations of the steady SUT in the form of intensity modulations, as shown in Fig. 1(b). To
retrieve the surface information, four controlled phase shifts of T7/2 steps are introduced into the sinusoidal pattern, such
that the recorded intensity can be modeled as In,(x, y) = lo+ I..(X, y) * cos [@(x, y) + nTT/2]. : n € [0,3] equation (1).

lo, (%, ¥), and @(x, y) correspond to the background intensity, the modulated intensity, and the pattern-phase variations
induced by the SUT, respectively [3]. In each recording, |,(x, y) codifies the subtle local reflectivity variations of the SUT in
the form of changes in the reflected fringe intensity; for case of study in this contribution, those changes can be caused by
the presence of oily residues on the surface, such as those left by fingerprint marks [1]. Using a conventional phase-shifting
formalism, the modulated intensity can be extracted from the recorded set as I, (x, y) =1/2\/((I3 - 1,)% + (I, = 1,)*) equation
(2). As illustrated in Fig.1(c), the Im map, in the lower right corner, provides a significantly enhanced contrast of the
fingerprint marks when compared to a direct capture under uniform illumination, as shown in the upper right corner of Fig.
1(c). This method opens new possibilities for contactless forensic analysis and the evaluation of macroscopic alterations in
surface reflectivity. Furthermore, the setup simplicity, requiring only a screen for pattern projection and a camera for
recording, opens a way for accessible instrumentation innovations and field-ready systems.

Camera Screen

Figure 1: (a) Experimental deflectometry setup. (b) Fringe pattern recording with distorted intensity by the SUT. (c) Latent fingerprints
obtained using uniform illumination (top) and the modulated intensity map (bottom).
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This work shows progress achieved at the PUCP in the development of telescopes from optical design, manufacturing, prototyping and
parameter evaluation [1]. The telescope has a magnification of 28X, a field of view of 1.2°.

1. Optical Design: The Telescope designed is 28X magnification and 1,2° of field of view. For this the focal length of the objective and
eyepiece are 350 mm and 12.5 mm respectively. The observation of an object for infinity focusses and for close focus is possible if the
distance that the light travels from the objective to the eyepiece changes. In binoculars, for example, the eyepieces move, thus increasing
the objective-eyepiece distance for close focus and decreasing said distance to focus on more distant objects. In terrestrial telescopes,
the focusing system considers the use of a sliding Porro prism (secondary Porro prism) to increase the distance that the light travels from
the objective to the eyepiece.

1.1 Objective Design: The main requirement of the terrestrial telescope objective is to be corrected for coma, spherical and axial color
aberrations. Therefore, the objective to be designed consists of a cemented achromatic doublet. Considering eliminating coma and
spherical third-order aberrations for an objective, we have [2]:
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Figure 1: Temperature fiber sensor experimental setup.
The glasses available in the PUCP Optical Manufacturing Laboratory are BK7, BAK4, SF10, F2. After simulating and optimizing the design
in OSLO.edu, the best results were obtained for the combination of BaK4 and SF10 glasses; for 350 efl and 1,2° field of view, the radii of
curvature obtained are Ral= 220.15 mm; Ra2=Rb1=—179.85 mm y Rb2=—625 mm. The objective is diffraction limited. It has corrected
spherical and chromatic aberrations and has very low distortion. [3; 4]

1.2 The ocular Pl6ssl: The eyepiece Plossl consists of two identical doublets cemented achromatically. Following the equations (1) and

(2), the best results were obtained for the combination of BaK4 and SF10 glasses Ral= 15.63 mm; Ra2 = Rb1 =-12.75 mmy Rb2=-45.21
mm
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Figure 1: Simulation of terrestrial telescope in OSLO.edu. The spherical aberration has a magnitude of approximately 1 mm at 0.7 of
the total field. Astigmatism is 2 diopters.
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2. Prototyping: The semi-kinematic design has been considered for the assembly of objective, eyepiece and prisms. Lens assembly is
done by generating radial compressions to the lens to secure it to the cell. For this reason, it was considered to use retaining rings and
elastic rings as separating elements between lenses. The prisms mounting is using adhesives because it reduces the complexity of the
interface, allows compact assembly, and provides adequate mechanical strength to withstand shocks, vibrations and temperature
changes [5; 6].

The mechanical parts of the telescope have been printed in 3D. The 3D printer used is a FORTUS 400mc and the thermoplastic material is
ABS, which, among other characteristics, is very resistant to impact and has a melting temperature that is between 230 2C to 260 2C. The
drawing of the mechanical elements was done in Autodesk Inventor, a software for the design of mechanical parts in 3D. The file
corresponding to the part is saved as an STL file and the file is sent to a printer. The FORTUS 400mc printer has a tolerance of 0.15 mm,
this is taken into consideration in the design of the mechanical parts of the telescope.

Figure 2: For the mechanics of the terrestrial telescope, modular prototyping is considered. The objective, eyepiece and prisms are
assembled independently and then these are assembled to obtain the terrestrial telescope. The semikinematic design is considered
for the assembly of optical elements.

3. Evaluations of parameters: Optical tests are carried out according to following methods proposed by Baldwin G. [1], Jhonson B. [7],
Yoder P. & Vukobratovich D. [8]; and Youngworth R. [9]. In the present work, are measured the angular amplification, exit pupil diameter,
angular field of view, resolution using USAF cards and to measure the wavefront error of the telescope, a ZYGO 4” GPl XP/D

interferometer is used, and two flat reference surfaces of A/20 quality each are used.

Figure 3: The wavefront error is equivalent to 0.55A. It is within an allowable error close to 0.5A error according to Walker B. [4, p.23].
As can be seen, the total wavefront error indicated by the software is 1.1A; but, since the wavefront travels through the telescope
twice, the wavefront error is half that.

4. Conclusions: The telescope prototype resulted in a visual system with 26.3X magnification; an exit pupil of 1.69 mm in diameter, an
angular field of view of 1.169, a resolution of 102 pl/mm and a wavefront error of 0.55A. This is a great advance in the objective of
generating an industry in the field of optical instrumentation for observation in Peru.
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The global energy transition needs a highly trained workforce, however, access to essential, hands-on renewable energy
education remains limited, particularly in developing countries and remote geographical areas. Traditional laboratories are
often cost-prohibitive, leading to significant educational disparities. This work presents the implementation of an innovative
Remote Solar Laboratory by the Universidad Mayor de San Simén (UMSS), Bolivia, as a core component of the Erasmus+
EUBEGP project. The goal is to modernize educational strategies and enhance accessibility for graduate students studying
the technologies of the energy transition.

The remote laboratory system is designed to replicate and evaluate a rural solar photovoltaic (PV) system configured for
Tier 2/3 electricity demand. The hardware setup includes two 50W PV panels, a 280Wh lithium battery, an electricity
dispatch controller, and a PLC-based Load Replicator Controller. This replicator simulates diverse, user-defined load demand
curves using controlled electrical resistors. Remote interaction is managed via a dedicated web platform, which
incorporates a robust reservation and access control system [1]. Users interact with the system by remotely uploading CSV
files containing time-based power demand profiles. The platform then executes the simulation and provides real-time data
visualization of critical parameters, including generated power, required power, battery voltage, current, and solar
radiation. All resulting data is logged and made available for download, allowing students to conduct in-depth analysis and
dispatch optimization studies under realistic conditions. By offering open, practical access to system performance data, the
laboratory promotes critical thinking, improves research skills, and ensures equitable access to high-quality practical
training, supporting the advancement of renewable energy education worldwide [2, 3].

Corriernes -

Figure 1:Equipment and data visualization of the Solar Laboratory.
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Nailfold capillaroscopy is a non-invasive diagnostic technique that enables direct observation of blood capillaries,
particularly in the periungual region. Its ability to detect morphological alterations—such as dilations, hemorrhages,
architectural disruption, or capillary neoformations— makes it a key tool for the early diagnosis of systemic diseases and for
monitoring their progression. Due to its simplicity, low cost, and safety, capillaroscopy has become an important method in
both clinical practice and microcirculation research.
However, many commercial capillaroscopes present significant limitations in image quality. Low resolution and poor
contrast hinder the accurate extraction of morphological features, which restricts the effective application of Artificial
Intelligence (Al) techniques for automated analysis. This project aims to address these issues through a comprehensive
upgrade of the device, improving the optical system, user experience, and data communication capabilities. The proposed
improvements include:
e Optical optimization: Redesign of the light path and selection of high-transmittance aspheric
lenses to enhance resolution and detail.
e Advanced illumination: Use of adjustable-spectrum LED arrays with PWM control to adapt
lighting to different skin phototypes and reduce visual noise.
e Cross-polarization: Implementation of linear filters to eliminate specular reflections and
improve capillary contrast.
e Embedded processing: Integration of FPGA/SoC modules for real-time edge enhancement,
noise reduction, and lossless compression.
e Remote communication: Wi-Fi connectivity and DICOM protocol support for secure data
transmission to medical platforms.
e Ergonomics and portability: Structural redesign using 3D printing with lightweight,
biocompatible materials to enhance usability in clinical and mobile settings.
These enhancements will enable the capture of high-fidelity images suitable for Al training, accelerating diagnostic
workflows and expanding access to more precise and clinically useful capillaroscopy.
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In this work, we propose an effective method for the 3D reconstruction of objects by color multi-line structured light
projection with Gaussian profile. The shape of an object is obtained with high pixel density by calculating the local
displacement of the positions of the color lines of a set of gratings projected on an object with respect to a reference plane
[1, 2]. In this way, complex phase unwrapping algorithms, which are typically required in phase detection-based
profilometry methods, are dispensed with [3]. Additionally, by using a multimedia projector as the light source, the speckle
commonly found in laser-based systems is avoided, which otherwise degrades image quality and affects measurement
precision [4]. Currently, the main challenge for the calculation of the displacements is the correct recognition of the broken
line segments belonging to a single projected light line. To deal with this challenge, our contribution is to propose the
independent processing of the lines in their respective color channels (R, G and B), which allows the use of morphological
operations to reduce the number of line segments. This is followed by a simple grouping method based on the area of the
segments. Once the line segments are grouped, the calculation of the positions of the lines with sub-pixel resolution is
carried out by skeletonization using the Bézier curve method. The experimental setup is shown in Figure 1(a). The
effectiveness of the proposed methods and algorithms is supported by our experimental results, as shown in Figures 1(b)
and 1(c).

Reference
plane

(b) (c)

Figure 1: (a) Experimental setup scheme and test object. (b) Skeletonization of the color lines from one of the captured images. (c) 3D
shape of the test object with high pixel density.
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Second Harmonic Generation from LIPSS on GaAs

G. V. Garcia-Najar, S. Camacho-Lépez, M. A. Garcia Zarate and A. V. Khomenko
Topic(s): Nonlinear optics [ID 105]
Institution(s): Centro de Investigacién Cientifica y de Educacién Superior de Ensenada, México

Laser-induced periodic surface structures (LIPSS) are a well-documented phenomenon that can be generated on nearly any material via
laser irradiation. These structures offer a straightforward and versatile method for tailoring surface optical properties [1]. In this study, we
investigate the potential of LIPSS to enhance light confinement at the surfaces of semiconductor crystals with high nonlinear optical
coefficients [2]. This localized field enhancement significantly boosts the efficiency of nonlinear optical interactions, paving the way for
the development of advanced light sources, including those relevant to quantum optics applications.

In this study, we investigated the formation of LIPSS on GaAs surfaces using a laser scanning method, enabling the fabrication of
structures over large areas. The laser system operated at a repetition rate of 5 kHz, with 120 fs pulse duration and a central wavelength of
800 nm. Scanning speeds and beam powers were varied between 2—12 mm/s and 10-120 mW, respectively, to optimize the uniformity of
the quasi-periodic surface relief. The laser beam had a diameter of 65 um. The most uniform and well-ordered structures were achieved
at the lowest irradiation powers. A representative scanning electron microscope (SEM) image of the resulting LIPSS is shown in Figure 1a.
The structures exhibited an average period of approximately 730 nm, which remained largely consistent across a broad range of beam
powers and scanning speeds.

To investigate second harmonic generation (SHG), we employed an ultrashort-pulse laser with a pulse duration of 100 fs, a repetition rate
of 60 MHz, and a central wavelength of 830 nm. The resulting second harmonic signal was distributed over a broad angular range,
appearing as diffraction orders corresponding to the periodicity of the fabricated LIPSS, as shown in Figure 1b. This measurement was
taken at a pump incidence angle of 45°. The observed broadening of the diffraction orders is attributed to the quasi-periodic nature of
the LIPSS. We conducted a detailed study of the intensity and polarization of the SHG diffraction orders as a function of the pump beam’s
polarization. Comparison of the experimental results with theoretical predictions from numerical simulations indicates that the LIPSS
exhibit a crystalline orientation aligned with that of the GaAs substrate. Furthermore, our theoretical analysis suggests that SHG
efficiency can be enhanced by several orders of magnitude when the structural period and pump wavelength satisfy a specific resonance
condition.

We propose that such an optimal condition can be achieved by forming LIPSS on different crystals with zinc-blende symmetry, which
inherently possess high second-order optical nonlinearity.

(b)

Second harmonic intensity [arb. un.]

40 -20 o 20 a0 60
Angle of diffraction [deg]

Figure 1: (a) SEM image of LIPSS on GaAs crystal, (b) angular distribution of SH intensity.
References
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https://drive.google.com/file/d/1MF3yprEk35a6WgloXLW3IINQqEiEl16L/view?usp=drive_link
https://drive.google.com/file/d/1MF3yprEk35a6WgloXLW3IINQqEiEl16L/view?usp=drive_link
https://drive.google.com/file/d/1uaZonln4dbrUXXq7dgvvkPzSx1hJqrzk/view?usp=drive_link
https://drive.google.com/file/d/1uaZonln4dbrUXXq7dgvvkPzSx1hJqrzk/view?usp=drive_link
https://drive.google.com/file/d/1uaZonln4dbrUXXq7dgvvkPzSx1hJqrzk/view?usp=drive_link
https://drive.google.com/file/d/1JMSdUGeCVRdQ0YRjzf51UIghz-qoBFal/view?usp=drive_link
https://drive.google.com/file/d/1JMSdUGeCVRdQ0YRjzf51UIghz-qoBFal/view?usp=drive_link
https://drive.google.com/file/d/1JMSdUGeCVRdQ0YRjzf51UIghz-qoBFal/view?usp=drive_link
https://drive.google.com/file/d/1lfKl_vrDrWRxcb98QRVzCN-JrEbkqqMM/view?usp=drive_link
https://drive.google.com/file/d/1lfKl_vrDrWRxcb98QRVzCN-JrEbkqqMM/view?usp=drive_link
https://drive.google.com/file/d/13un-XCA_TQYTwGScT7zYQjGmQ7aUB3a7/view?usp=drive_link
https://drive.google.com/file/d/13un-XCA_TQYTwGScT7zYQjGmQ7aUB3a7/view?usp=drive_link
https://drive.google.com/file/d/1D72gQKlADeqttiRhmr3JfChBojt248Xp/view?usp=drive_link
https://drive.google.com/file/d/1D72gQKlADeqttiRhmr3JfChBojt248Xp/view?usp=drive_link
https://drive.google.com/file/d/1okgctGyVxCc3VGJJSTqFxBzD35sa9Fwc/view?usp=drive_link
https://drive.google.com/file/d/1bqVOka53oJBMZeZOPG4IMa-Qda33x6Qk/view?usp=drive_link
https://drive.google.com/file/d/1bqVOka53oJBMZeZOPG4IMa-Qda33x6Qk/view?usp=drive_link
https://drive.google.com/file/d/1uJRQXx-0Nry1q9LANwZ-xECNM7cQKzfx/view?usp=drive_link
https://drive.google.com/file/d/1uJRQXx-0Nry1q9LANwZ-xECNM7cQKzfx/view?usp=drive_link
https://drive.google.com/file/d/1-hN0MnZQWf75uqCzzkKXCZ5ntzjU1bN7/view?usp=drive_link
https://drive.google.com/file/d/1-hN0MnZQWf75uqCzzkKXCZ5ntzjU1bN7/view?usp=drive_link
https://drive.google.com/file/d/1F_LnZ2OdRzwLXbJoH9bCKffTLNncrKrG/view?usp=drive_link
https://drive.google.com/file/d/1F_LnZ2OdRzwLXbJoH9bCKffTLNncrKrG/view?usp=drive_link
https://drive.google.com/file/d/1J8hQLGeWSXpOtRuBPxCilXsrM-w-vKnC/view?usp=drive_link
https://drive.google.com/file/d/1J8hQLGeWSXpOtRuBPxCilXsrM-w-vKnC/view?usp=drive_link
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Tuesday

Hour

08:30 - 08:47

Room 01 (Auditorium)
Tuesday, November 18th

Presentation title

AR Solar P ic Lal for E Di
Analysis

Presenter Chairman

Jhonny Villarroel

08:47- 09:05

A Hybrid Solar Street Lighting R

Alex Villazon

09:05 - 09:22

Bridging Theory and Practice: A Remote Solar Laboratory for
E I tion E -

Doménica Leén

09:22 - 09:40

R Multi S for Indi M .
Nanoparticle Surface Charge under UV lllumination

Edward del Carpio

Omar

09:40 - 09:57

096

A Remote Photovoltaic Laboratory at Latitude 0° for Supporting
24/7 Online Self- - N Teachi

Ormachea
Cesar Costa

09:57 - 10:15

107

for Real-Tim imization of
Coagulation-Flocculation mediated UV Processes in
ArsenicContaminated Water Treatment

Juan Rodriguez

10:15 - 10:34

P M T e
Photocatalytic Arsenic Remediation in Water

Alberto F.
Scarpettini

10:34 - 10:48

Coffee break

10:50 - 11:10

053

E . ol it

Jesus Mufoz

11:10 -11:30

100

Surface Profilometry with a Smartphone-Based Fringe
Proiection S

Miguel Mora
Miguel Asmad

11:30 - 12:30

Plenary 3
Mike McKee

Uncovering Science: Communicating Research to Everyone

12:30 - 13:45

Lunch break

14:00 - 14:20

084

Simplified Chromatic Aberration Compensation in Digital
C RN it et

Amalia Martinez-
Garcia

14:20 - 14:40

022

I missometer at the University of the B
Country based on a new control-design paradigm

Telmo Echaniz
Miguel Mora /

14:40 - 15:00

085

Ei - ibrati Rad :

Miguel Mora Miguel

15:00 - 15:20

088

Deformation of metallic parts measurement applied shearing
n . -

Ernesto Asmad

Ruiz-Ortega

15:20 - 15:40

039

M . f reflect
surfaces using Ronchi deflectometry

Franco Gonzales

15:40 - 15:55

Coffee break

16:00 - 17:00

17:00 - 17:20

17:20 -17:40

17:40 - 18:00

18:00 - 18:20

Plenary 4 Triangulation at the Standard Quantum Limit
John Howell
Thickn nalysis of h American Camelid Wool Fiber
031 Fraunhofer Diffraction AT
029 Photoni tal M ntrol in Semiconductor Laser: Kent Choquette
Telmo

027 Gravity-compensated focus-tunable lenses. Aberration analysis Maria Millan Echaniz
087 An Infrared-based Aedes-aeqypti Identification Trap Miguel Quiroz
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Solar Energy,
Optics at
surfaces,
Scattering

Instrumentation,
measurement
and metrology,
Optical device,

Imaging systems

Laser and laser
optics,
Optoelectronics,
detectors and
sources,
Nonlinear optics


https://drive.google.com/file/d/1pwdv_gCKPhIgkCu8v-XMhe7LxVwUkqJ9/view?usp=drive_link
https://drive.google.com/file/d/1pwdv_gCKPhIgkCu8v-XMhe7LxVwUkqJ9/view?usp=drive_link
https://drive.google.com/file/d/137_2eWw8rkwqROV6Mt0ppxbmjRJoC-Sv/view?usp=drive_link
https://drive.google.com/file/d/1MF3yprEk35a6WgloXLW3IINQqEiEl16L/view?usp=drive_link
https://drive.google.com/file/d/1MF3yprEk35a6WgloXLW3IINQqEiEl16L/view?usp=drive_link
https://drive.google.com/file/d/1ukf-EWRMavDZOJYzMNLMcajX0_cfFshh/view?usp=drive_link
https://drive.google.com/file/d/1ukf-EWRMavDZOJYzMNLMcajX0_cfFshh/view?usp=drive_link
https://drive.google.com/file/d/1YiX8sP-kpMgcNtQUTaOqXTBDRYSbJNhV/view?usp=drive_link
https://drive.google.com/file/d/1YiX8sP-kpMgcNtQUTaOqXTBDRYSbJNhV/view?usp=drive_link
https://drive.google.com/file/d/1n4SWpGNjUKASuxe8piZQZGd5MiXY-THd/view?usp=drive_link
https://drive.google.com/file/d/1n4SWpGNjUKASuxe8piZQZGd5MiXY-THd/view?usp=drive_link
https://drive.google.com/file/d/1n4SWpGNjUKASuxe8piZQZGd5MiXY-THd/view?usp=drive_link
https://drive.google.com/file/d/1fjS6aiEtrUpPOQyetaTpiSjvnnHukDM-/view?usp=drive_link
https://drive.google.com/file/d/1fjS6aiEtrUpPOQyetaTpiSjvnnHukDM-/view?usp=drive_link
https://drive.google.com/file/d/1umsyPNyDETLMOc-6gEPQNV6o91DsN4Gk/view?usp=drive_link
https://drive.google.com/file/d/1Z6rxTT7CW4q7RUW0hcj5xuRDjypwwGLN/view?usp=drive_link
https://drive.google.com/file/d/1Z6rxTT7CW4q7RUW0hcj5xuRDjypwwGLN/view?usp=drive_link
https://drive.google.com/file/d/118SA7kWQqmWXMkk5SLPACbAYW0UXHNVN/view?usp=drive_link
https://drive.google.com/file/d/118SA7kWQqmWXMkk5SLPACbAYW0UXHNVN/view?usp=drive_link
https://drive.google.com/file/d/1nDLNtGOKr44VHzs3PirXLiFKd_prTr_t/view?usp=drive_link
https://drive.google.com/file/d/1nDLNtGOKr44VHzs3PirXLiFKd_prTr_t/view?usp=drive_link
https://drive.google.com/file/d/1X1do18y4p-7GuyFAqALkvfQqqnguGms8/view?usp=drive_link
https://drive.google.com/file/d/1gBwjtuvyiKYZqbHxDRzlG2Z23rz9CLG6/view?usp=drive_link
https://drive.google.com/file/d/1gBwjtuvyiKYZqbHxDRzlG2Z23rz9CLG6/view?usp=drive_link
https://drive.google.com/file/d/1JRJQtAwr797hxY0qH38evIbcP_Sy_-Hg/view?usp=drive_link
https://drive.google.com/file/d/1JRJQtAwr797hxY0qH38evIbcP_Sy_-Hg/view?usp=drive_link
https://drive.google.com/file/d/1CEWUJd9gYSE_BEuOMCk2yRgCpkBiC3I5/view?usp=drive_link
https://drive.google.com/file/d/1CEWUJd9gYSE_BEuOMCk2yRgCpkBiC3I5/view?usp=drive_link
https://drive.google.com/file/d/1ue7mk0NT6wmG9AaT0V0WoM3pIJ8B3fvX/view?usp=drive_link
https://drive.google.com/file/d/1K33Vu13Pf2QpdRwtTRAo0CGAs2CWv5eE/view?usp=drive_link
https://drive.google.com/file/d/1rz56907ZxpdS1FN4ltFpqsGqApdOllW0/view?usp=drive_link
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18:20 - 18:40 056 Experimental study of polarization in the Normal Zeeman effect| Zandra Lizarazo

18:40 - 19:00 105 Second Harmonic Generation from LIPSS on GaAs Anatoly Khomenko

Tuesday (Continuation)

Tuesday, November 18th
Room 02 (C1)

Hour Activity Presentation title Presenter

How to use quantum optics | Humberto Michinel, University
First IPS-RIAO Topical for nonlinear optics of Vigo, Spain

Workshop on Quantum Basics of Photoacoustic ~ [Abdul Rahman, University of

Optics - Quantum Optics

09-10 - 09:50 Sehool f:‘.apec':tro.scopy gnd Its Szeged, Hungary. O
choo Application in Environmental

Monitoring Processes

08:30 - 09:10

Z00m

Tuesday, November 18th
Room 03 (Recreation Room)

Activity Presentation title Presenter

Communicating Science | Outreach for Professionals Who Teach in

HEO0SISS0 to the public Informal Environments and K-12 Schools

Mike McKee

OPTIKS: Outreach for Professionals Who Teach in Informal Environments and K-12 Schools

It is common for industry professionals, faculty, and graduate students to conduct outreach to K-12 schools and in informal
locations such as fairs, science centers, or open houses. But what are the most effective ways to engage participants in
activities and how should the information be presented? As part of this workshop, participants will learn how to most
effectively present activities in optics and photonics that will maximize engagement while taking into account the audience
and the location. They will also learn how to train others using the skills learned in this workshop.

LEARNING OUTCOMES

This course will enable you to:

present information taking into account audience and location alter an activity to maximize engagement for their audience
recognize when a presentation is “over the heads” of a prospective audience adapt their presentation so they “speak
simply” state the important factors that are required for effective presentations to varying audience teach others the
approaches learned in the workshop

INTENDED AUDIENCE

Industry professionals, graduate students or faculty who are interested in conducting outreach and training others how to
conduct workshops.

This workshop is for beginners with some experience conducting outreach.

COURSE LEVEL

Introductory

146


https://drive.google.com/file/d/1MLr9W48VZby6-roU1jB09FaC-TGb8uaB/view?usp=drive_link
https://drive.google.com/file/d/1XNAAo8pdCyVRZ3EkOl_h86iA2dnCp_yt/view?usp=drive_link
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Wednesday

Hour

08:30 - 08:47

Room 01 (Auditorium)
Wednesday, November 19th
Presentation title

Thin-Film Deposition and Optical Testing of a First-Surface
Mi for A ical Applicati

Presenter Chairman

Ana Quelopana,
Gonzalo Galvez

08:47- 09:05 074

Multiple Interferometry Applied to Radi
Technigues

Tel

Guillermo Baldwin

09:05 - 09:22

Optical Desi ng of ol tel

Franco Gonzales Daniel

09:22 - 09:40

Eirst Peruvian bi i

09:40 - 09:57 044

Manufacture of aspherical mirrors for the implementation
e ; - |

09:57 - 10:15 034

Bietitee et el for tf f |
CST-80 KU by G-sum Method

Malacara / Geometrical
Guillermo Baldwin . optics, Optical
Guillermo .
Baldwi design and
Pablo Gallardo ELCIIT fabrication,
Diffraction and
Jenifer Garcia gratings,

10:15 - 10:34

Solar Concentrator

Physical optics
Maria Cervantes

10:34 - 10:48

Coffee break

10:50 - 11:10 013

Aniseikonia with Sphero-Cylindrical Lenses

Daniel Malacara .
Guillermo

11:10 - 11:30 068

S f Aol - At el
System Design

Rafael Torres Baldwin

Plenary 5

11:30 - 12:30 Emiliano Light Manipulation in Multilayered Photonic Structures
Descrovi
12:30 - 13:45 Lunch break
14:00 - 14:20 009 Eiber-based acoustic and optic fused couplers Miguel Andrés
14:20 - 14:40 014 Point sensors_, and fiber ghargcterlzatlgn techniques based Miguel Andrés
on forward stimulated Brillouin scattering
Optical Fiber S B CS_TA Functional
14:40 - 15:00 041 E-SMS Structure for the Selective Detection of EIELEN
' : —_— Patifio-Jurado Rene Sosa
Microplastics in Water
15:00 - 15:20 007 mehase Shifts Susana Silva
. . Low-Coherence Interferometry for Analog Optical Eneas Nicolas
15:20 - 15:40 010 C icatl Morel Fiber optics,
15:40 - 15:55 Coffee break sensors and
140 - 15: offee brea optical
Plenary 6 <= A . . . communications,
LA  Martin E. Ultrafast structural dynamics in solld_s driven by femtosecond Ia.ser pulses: from Remote sensing
. nonthermal bond breaking to surface nanostructuring
Garcia and sensors
Mww o i i i i . .
17:00 -17:20 038 - Olivier Pottiez
characteristic
17:20 - 17:40 042 U-Bent MMM O tlcgl Fiber §ensor for the Det.ectlon of Arturo Gaviria
Mercury and Cadmium lons in Aqueous Solutions
Analysis of Atmospheric Factors in Free- tical Rene Sosa
17:40 - 18:00 072 (ESO) Communications for High-Altitude Urban Esteban Gironda
Envi in La Paz. Bolivi
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https://drive.google.com/file/d/1j7dAY_wHyx1_xIGG_2uhgSY6X57eCl-l/view?usp=drive_link
https://drive.google.com/file/d/1j7dAY_wHyx1_xIGG_2uhgSY6X57eCl-l/view?usp=drive_link
https://drive.google.com/file/d/10JHPVZiQFGEIoC7ZRH0I17sqAIi77mYu/view?usp=drive_link
https://drive.google.com/file/d/10JHPVZiQFGEIoC7ZRH0I17sqAIi77mYu/view?usp=drive_link
https://drive.google.com/file/d/1FJfdQss87wQdaCfbLZyUU7_phiV6t8Ms/view?usp=drive_link
https://drive.google.com/file/d/1HDfFLmwOeMpw9Zr2YbukuiNaRiOhPHIK/view?usp=drive_link
https://drive.google.com/file/d/1EfuphaTU9MRgq_is2KKfNSYbTGCa3Rw1/view?usp=drive_link
https://drive.google.com/file/d/1EfuphaTU9MRgq_is2KKfNSYbTGCa3Rw1/view?usp=drive_link
https://drive.google.com/file/d/1usK2fju5MF8FpQyUxUJPuxbFxwEON6-B/view?usp=drive_link
https://drive.google.com/file/d/1usK2fju5MF8FpQyUxUJPuxbFxwEON6-B/view?usp=drive_link
https://drive.google.com/file/d/12V5lniIB7kIQupldGXnEvAcOszNWXMqZ/view?usp=drive_link
https://drive.google.com/file/d/1Cl-MGnIcRRqP_yafBKI4ScOdoy8dINeb/view?usp=drive_link
https://drive.google.com/file/d/1qpRphGKoHbIYcbTGqnqJb1FKtqsR3WFh/view?usp=drive_link
https://drive.google.com/file/d/1qpRphGKoHbIYcbTGqnqJb1FKtqsR3WFh/view?usp=drive_link
https://drive.google.com/file/d/1Xjk1dGIYHZQwqkyqUjTB6qtFuK7n1xgx/view?usp=drive_link
https://drive.google.com/file/d/1X_tPwho8jBQQjtAiwcfEUjXM975fwB3w/view?usp=drive_link
https://drive.google.com/file/d/1X_tPwho8jBQQjtAiwcfEUjXM975fwB3w/view?usp=drive_link
https://drive.google.com/file/d/1ge875aB8TiLZwT8hWK5X64gSC3ImJBlo/view?usp=drive_link
https://drive.google.com/file/d/1ge875aB8TiLZwT8hWK5X64gSC3ImJBlo/view?usp=drive_link
https://drive.google.com/file/d/1ge875aB8TiLZwT8hWK5X64gSC3ImJBlo/view?usp=drive_link
https://drive.google.com/file/d/1KWnepk0OTl84XyRpoGUvKiPt8AO0aFDB/view?usp=drive_link
https://drive.google.com/file/d/1KWnepk0OTl84XyRpoGUvKiPt8AO0aFDB/view?usp=drive_link
https://drive.google.com/file/d/1-4eoxsyDbO4bxJsYnG-rjUyn-D0hcw1r/view?usp=drive_link
https://drive.google.com/file/d/1-4eoxsyDbO4bxJsYnG-rjUyn-D0hcw1r/view?usp=drive_link
https://drive.google.com/file/d/1FU219eTcgjRPQSmLOTqTozyTt7ESJueL/view?usp=drive_link
https://drive.google.com/file/d/1FU219eTcgjRPQSmLOTqTozyTt7ESJueL/view?usp=drive_link
https://drive.google.com/file/d/1VSbRVUHShhQd2yZPpyt7VFDZNCDtbl3x/view?usp=drive_link
https://drive.google.com/file/d/1VSbRVUHShhQd2yZPpyt7VFDZNCDtbl3x/view?usp=drive_link
https://drive.google.com/file/d/1-dFAkLOvjFz7k-URCqhDbjfakjAGoIvO/view?usp=drive_link
https://drive.google.com/file/d/1-dFAkLOvjFz7k-URCqhDbjfakjAGoIvO/view?usp=drive_link
https://drive.google.com/file/d/1-dFAkLOvjFz7k-URCqhDbjfakjAGoIvO/view?usp=drive_link
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Optical sensors based on optical fibers in Mach-Zenhder
18:00 - 18:20 020 interferom nfiguration for m ring ethanol Luis Espejo

Concentration

Optical sensors based on balloon-shaped optical fibers

- . MWM i _. i i - H H
U= e interferometer configuration for measuring ethanol Luis Espejo
concentration

Wednesday (Continuation)

Wednesday, November 19th
Room 02 (C1)

Hour Activity Presentation title

Presenter

08:30 - 09:10 Precision measurement in John Howell, Chapman
' ' First IPS-RIAO Topical optics and quantum optics University, USA
&zzzl(sShgl)J:gtt?r:ag:)l:iTs . Yaseera Ismail, Stellenbosch
09:10 - 09:50 School Optical quantum University, o
ety communications South Africa.

Z200m

Wednesday, November 19th

Room 02 (C1)

Hour Activity Presentation title Presenter

17:00 - 18:30 RIAC OPTILAS RIAO OPTILAS General Assembly Eric Rosas
General Assembly

Wednesday, November 19th

Yotau All Suites Hotel

Hour Activity Presenter

(ferelef il | Official Event Dinner All together
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https://drive.google.com/file/d/1UlaJg7rwsOJ8FX1ghXmJkqpa9SURgnIL/view?usp=drive_link
https://drive.google.com/file/d/1UlaJg7rwsOJ8FX1ghXmJkqpa9SURgnIL/view?usp=drive_link
https://drive.google.com/file/d/1UlaJg7rwsOJ8FX1ghXmJkqpa9SURgnIL/view?usp=drive_link
https://drive.google.com/file/d/1TVuD7c1_k6RFLVPGHr3U0ZZmpbvOV5qd/view?usp=drive_link
https://drive.google.com/file/d/1TVuD7c1_k6RFLVPGHr3U0ZZmpbvOV5qd/view?usp=drive_link
https://drive.google.com/file/d/1TVuD7c1_k6RFLVPGHr3U0ZZmpbvOV5qd/view?usp=drive_link
https://drive.google.com/file/d/1TVuD7c1_k6RFLVPGHr3U0ZZmpbvOV5qd/view?usp=drive_link
https://riaof.org/accommodation/
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Thursday

Hour

10:00 - 10:15

Room 01 (Auditorium)
Thursday, November 20th
Presentation title

Coffee break

Presenter

Chairman

10:20 -10:40

035

Design and Simulation of GeSbS-Based Microcavities
for Ad ! . P -

Samuel Huertas

10:40 -11:00

050

Optical C Zation of Inf Key Fi

Materials: Transmission and Kerr Coefficient

Measurements

Camilo Hurtado

Eric Rosas

11:00 - 11:20

011

E | E e e h
Industry

Santiago Cerrotta

11:20 - 11:40

092

Modeling of ultrashort laser pulse nanostructuring of
materials

Dmitry Ivanov

11:40 - 12:40

Plenary 7
Erna Frins

spectral analysis

Some contributions to improving atmospheric observations through solar

12:40 - 13:55

Lunch break

14:00 - 14:20

Eric Rosas

14:20 - 14:40

024 Optical Bullets with Angular Momentum in Nonlinear José Ramén
Waveguides Salgueiro
054 A Comparison of Metallic Nanoantenna Configurations Maria Gabriela

for Single-Photon Emitters

Capeluto

14:40 - 15:00

036

Emissions into the atmosphere from the Ing. Héctor R.
Lara Sosarefinery, Cadereyta de Jiménez, Nuevo
Lebn. Méxi

Claudia Rivera

Nonlinear optics,
photonics, Optics
and photonics in the
industry, Nano
Photonics

IAigo

15:00 - 15:20

109

The GEMM initiative by OPTICA & AGU and the
BEACO2N sensors

Angela Guzman

Gonzalez
de Arrieta

15:20 - 15:40

052

. I inf ing 1 B
of atmospheric trace gases

Adriana Silva

15:40 - 15:55

Coffee break

16:00 - 17:00

Plenary 8
Orlando Frazéo

Future Perspectives of Optical Fiber Sensors

17:00 - 17:20

051

Diff - el el in M id
ing NO2. CC I .
aerosol properties

Alejandro Agesta

17:20 - 17:40

IAigo
Gonzalez

17:40 - 18:00

086 Spectrometer Calibration Stz Sk ey
Enhancement of atomic emission intensity of heavy
078 metals in LIBS using silver nanoparticles to increase Elder Espinoza

the detection sensitivity of Cu and Pb

de Arrieta

18:00 - 18:20

076

Effects of Atmospheric Conditions on Infrared Data
I T —" L Analysis | Paz. Bolivi

Mariana Vasquez

149

Atmospheric and
ocean optics,
Instrumentation,
measurement and
metrology,
Spectroscopy



https://drive.google.com/file/d/1wDOQCxHbVFNeRVH7SGlksBUKHJwpNG2f/view?usp=drive_link
https://drive.google.com/file/d/1wDOQCxHbVFNeRVH7SGlksBUKHJwpNG2f/view?usp=drive_link
https://drive.google.com/file/d/1HqzoGQSTAlUChBZa9AvUoNoE4mRUl3wU/view?usp=drive_link
https://drive.google.com/file/d/1HqzoGQSTAlUChBZa9AvUoNoE4mRUl3wU/view?usp=drive_link
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https://drive.google.com/file/d/1CQE8Y4_i3E-p1kJ2AsbioZLxCdLMPvvX/view?usp=drive_link
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Thursday (Continuation)

Thursday, November 20th

Room 02 (C1)

Hour Activity Presentation title Presenter

First IPS-RIAO Topical
Workshop on Quantum
Optics - Quantum Optics
School

An Introduction to High
Harmonic Generation and Carlos Hernandez Garcia
Attosecond Laser Pulses

10:15 - 11:30

Thursday, November 20th

Room 02 (Recreation Room)

Hour Activity Presentation title Presenter

IPS-Peer review ethics / Carmina Londono /

17:00 - 19:00 ETIEE eI ALY IPS-Entrepreneurship Natalia Cafias

IEEE Ethics Guidelines and the Peer Review Process

Did you know that Albert Einstein did not like the peer review process? Have you been asked to be an IEEE peer
reviewer? Have you published your research in an IEEE journal? Even if your answer is no, come to this
interactive workshop to discuss the IEEE ethics requirements for authors and the IEEE peer review process. We
will review basic principles and engage in fun exercises to really understand what it really takes to be a thorough
peer reviewer that helps the scientific and engineering community document its contributions to society. And
find out what alternative review process Einstein suggested!

IPS-Entrepreneurship

In this talk, Natalia Cafas Estrada will present the recent work of the IEEE Photonics Society across Latin
America, highlighting key efforts carried out in countries like México and Brazil, share insights from the
entrepreneurship workshops organized in the region, and discuss how these initiatives aim to strengthen and
encourage the growth of the optics and photonics community in Latin America. This session will also offer a
space for open discussion, collaboration, and networking among participants.
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Friday

Hour

08:30 - 08:50

Room 01 (Auditorium)
Friday, November 21st

Presentation title

Latent Fingerprint Imaging via Modulated-Intensity
Maps from Fringe-Pattern Deflectometry

Presenter Chairman

Julian
Perez-Carvajal

08:50 - 09:10

070

Detection of microstructural patterns in optical
coherence tomography images using artificial
ot if . f

melanocytic nevus

Florencia Pinto

09:10 - 09:30

Cost-effective 3D pri iqht-field mi

Edgar
Salazar

Diego Londono

09:30 - 09:50

104

preserving images

Loana
Velasquez-Omonte

09:50 - 10:10

089

Automatic orthogonal recording polarimeter applied to
bio-samples

Asticio Vargas

10:10 - 10:30

106

time in compressive single-pixel imaging

Sebastian
Bordakevich

10:30 - 10:40

Coffee break

10:40 - 11:00

101

Spatial polarization modulation using two LCDs in
tandem

Sebastian
Bordakevich

11:00 - 11:20

032

Three-dimensional measurement of human face

ng fi o il

Riquelme P-Cruz
Edgar

11:20 - 11:50

043 / 040

objects

3D - ol | |
light projection
Applicati f {ligh S
reconstruction with color texture of archaeological

Salazar

Miguel Asmad

11:50 - 12:50

Plenary 9
Marina Sparvoli

Applications of Gallium Oxide-Based Photomemristors in Neuromorphic
Engineering

12:50 - 13:50

CLOSING CEREMONY COCKTAIL (Recreation Room)
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Image
processing,
Imaging system,
vision and
artificial
intelligence,
Fourier optics
and signal
processing


https://drive.google.com/file/d/1KwhHxOgzZd2iNpsBQrcIzSHP0CxNXu4b/view?usp=drive_link
https://drive.google.com/file/d/1KwhHxOgzZd2iNpsBQrcIzSHP0CxNXu4b/view?usp=drive_link
https://drive.google.com/file/d/1bYP4y2zaQWeU6-Ccqe2DukM_dvcr9AMr/view?usp=drive_link
https://drive.google.com/file/d/1bYP4y2zaQWeU6-Ccqe2DukM_dvcr9AMr/view?usp=drive_link
https://drive.google.com/file/d/1bYP4y2zaQWeU6-Ccqe2DukM_dvcr9AMr/view?usp=drive_link
https://drive.google.com/file/d/1bYP4y2zaQWeU6-Ccqe2DukM_dvcr9AMr/view?usp=drive_link
https://drive.google.com/file/d/1goOnhR3JeLMhue9md1IdFl_J4j0oLQ2P/view?usp=drive_link
https://drive.google.com/file/d/1y47lpEsA2A9z1r5XjbreIqCNFIdSgzYc/view?usp=drive_link
https://drive.google.com/file/d/1y47lpEsA2A9z1r5XjbreIqCNFIdSgzYc/view?usp=drive_link
https://drive.google.com/file/d/1YzPn1_zwhLMTX66HC9_tfKrbfODGG_ch/view?usp=drive_link
https://drive.google.com/file/d/1YzPn1_zwhLMTX66HC9_tfKrbfODGG_ch/view?usp=drive_link
https://drive.google.com/file/d/1F_LnZ2OdRzwLXbJoH9bCKffTLNncrKrG/view?usp=drive_link
https://drive.google.com/file/d/1F_LnZ2OdRzwLXbJoH9bCKffTLNncrKrG/view?usp=drive_link
https://drive.google.com/file/d/1RDzVOf6JOm68GZjQD1LAf-AiZE2Xvdye/view?usp=drive_link
https://drive.google.com/file/d/1RDzVOf6JOm68GZjQD1LAf-AiZE2Xvdye/view?usp=drive_link
https://drive.google.com/file/d/1M7M812CE22On_FtismC_TlSYBc1jE4bX/view?usp=drive_link
https://drive.google.com/file/d/1M7M812CE22On_FtismC_TlSYBc1jE4bX/view?usp=drive_link
https://drive.google.com/file/d/1BJWG61AWtcFE2kBM_DeL59f-Y5M5i228/view?usp=drive_link
https://drive.google.com/file/d/1BJWG61AWtcFE2kBM_DeL59f-Y5M5i228/view?usp=drive_link
https://drive.google.com/file/d/1pUfdkSr9wGhpk1Q8-Iy_xMnnqcAHNvn2/view?usp=drive_link
https://drive.google.com/file/d/1pUfdkSr9wGhpk1Q8-Iy_xMnnqcAHNvn2/view?usp=drive_link
https://drive.google.com/file/d/1pUfdkSr9wGhpk1Q8-Iy_xMnnqcAHNvn2/view?usp=drive_link
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Final Comments

The RIAO OPTILAS 2025 Meeting, represented an opportunity to organize a prestigious Ibero-American
Meeting, to learn about current research in the field of optics, photonics, and lasers, to promote
students vocations in these areas, and to provide a space for the exchange of information and
collaboration for students and researchers in the region and our country.

Omar Ormachea, Ph.D., Chairman

Dean of the Faculty of Engineering and Architecture
Director of the Optical and Energy Research Center
UPB, Cochabamba, Bolivia
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