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EDUCATION
Carleton University Ottawa, ON
Masters of Applied Science in Electrical Engineering Sept. 2024 — Present
GPA: 10.5/12.0 (A-)
Carleton University Ottawa, ON
Bachelor of Engineering in Electrical Engineering Sept. 2019 — April. 2024

GPA: 10.7/12.0 (A-)
Dean’s Honour List 2020, 2021, 2024

JOURNAL ARTICLES

J. Nicolai, O. Kutova, C. Farrell, A. Mohamed, S. Chagnon-Lessard, and H. Jean-Ruel, “In-fibre Rayleigh peak
suppression for Brillouin spectroscopy,” Optics Express, Aug. 2025, doi: 10.1364/OE.568905.

CONFERENCE ARTICLES

J. Nicolai* and H. Jean-Ruel, “Multi-Channel and Dual-Range Spectrum Analyzer for Low-Cost Parallel TFBG Sensing,”
in Advanced Photonics Congress 2024, Optica Publishing Group, Jul. 2024, p. BTh1A 4. doi:
10.1364/BGPP.2024.BTh1A 4. [Presentation]

F. Buchfellner*, Q. Bian, F. Moos, J. Nicolai, F. Zhang, W. Hu, M. Yang, A. W. Koch, and J. Roths, “Intra-spectral
temperature-compensated FBG sensors for hydrogen detection and beyond,” in Optica Sensing Congress 2023, Optica
Publishing Group, Jul. 2023, p. STh3D.2. doi: 10.1364/SENSORS.2023.STh3D.2. [Presentation]

J. Nicolai* and J. Albert, “Tilted FBG Sensor Data Extraction with Low-Resolution Spectral Interrogation
Instrumentation,” in Frontiers in Optics + Laser Science 2022, Optica Publishing Group, Oct. 2022, p. JW4A.46. doi:
10.1364/F10.2022.JW4A .46. [Poster]

RESEARCH EXPERIENCE

Graduate Research Assistant Ottawa, ON
Carleton University — Advanced Photonic Components Laboratory May 2024 — Present

e Designed an 8-channel split-spectrum spectrometer — used to resolve only specific spectral regions of interest
for multiple tilted fibre Bragg gratings sensors; achieved 40 pm resolution, interrogated all 8 split-spectrum channels
simultaneously at a rate of 30 Hz.

* Ran Zemax simulations — ray simulations were used to verify the spectrometer principle and optimize parameters.

e Processed images using MATLAB - output images and calibration data from the assembled system were
processed to extract spectral data for each channel, while also correcting for wavelength dispersion.

o Developed a real-time MATLAB image processor — fed raw spectrometer images to a script that produced
live system resolution and dispersion graphs; provided instant performance feedback when optimizing optical stages.

Visiting Researcher Munich, Germany
Munich University of Applied Sciences (Hochschule Miinchen) — Photonics Laboratory June 20238 — August 2023
e Designed a computationally efficient algorithm — improved the standard deviation of the temperature and
hydrogen measurement by 16.7 times compared to previous methods, achieving sub-30 femtometre spectral precision.

* Developed software in LabVIEW — used improved and optimized algorithm to make temperature and hydrogen
concentration measurements in real-time (4 Hz).

« Wrote n-shifted fibre Bragg grating sensors — used the phase mask method with a KrF excimer laser to write
in both SMF-28 and polarization maintaining fibre.
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Conducted polarization experiments — needed to justify the use of polarization maintaining fibre over standard
SMF-28 to mitigate residual stress birefringence in n-shifted FBG sensors.

Undergraduate Research Assistant Ottawa, ON
Carleton University — Advanced Photonic Components Laboratory May 2022 — December 2022

Developed and conducted experiments — explored using tilted fibre Bragg gratings as high-speed sensors for
bending, vibration, and refractive index sensing.

Automated experiments and data collection — custom scripts were written to control and automate equipment;
this decreased the time to run the experiment and improved repeatability.

Designed and 3D printed a high-frequency vibration generator — mounted the sensor to a 100 W speaker
and used a script-controlled function generator with an amplifier to precisely control the applied test frequency.

Wrote MATLAB and Python scripts — needed in order to process and analyse large amounts of collected data.

Created fibre grating simulations — in order to predict and understand the fibre spectral output under different
conditions, MATLAB and FIMMWAVE simulations were run.

Wrote tilted fibre Bragg gratings — used the phase mask method and a KrF excimer laser to write gratings.

Undergraduate Research Assistant (Part-Time) Ottawa, ON
Carleton University — Advanced Photonic Components Laboratory September 2021 — April 2022

L]

Designed a low-cost Raspberry Pi Pico-based spectrometer — for use as an optical temperature sensor
(chirped FBG) interrogator, a tuneable VCSEL laser and photodiode was used to develop a 4 nm span system.

Created circuit simulations — used in the design of the transimpedance amplifier for the photodiode and the
VCSEL laser driver circuit.

Wrote multicore embedded Rust code — implemented serial communication and controlled the on-board DAC
and ADC; these were used to scan the VCSEL wavelength and read the optical power from the photodiode.

Debugged and resoldered components — manufacturing errors on the prototype board in the current limiting
circuit and the feedback resistor of the transimpedance amplifier were identified and repaired.

Developed Python-based GUI client — used to receive raw data packets from the device over serial, process and
analyse them, and then display the spectrum and calculated temperature (measurement of interest) in real-time.

Undergraduate Research Assistant Ottawa, ON
Carleton University — Advanced Photonic Components Laboratory May 2021 — August 2021

Developed a novel algorithm — needed in order to interpret the magnitude of bending experienced by a tilted
fibre Bragg grating over time while minimizing the DC offset noise previous algorithms struggled with.

Wrote a custom Python-based PyQt5 GUI — a software suite was necessary to interface with a high-speed
optical interrogator sending 35000 UDP network packets per second; it communicated with, interpreted, displayed,
and saved the real-time data steam.

Detected frequencies in real-time — using the novel algorithm in combination with Kalman filtering, windowed
Fourier analysis was then employed to extract the frequency spectrum; the grating-based vibration sensors were
accurate to within 1 Hz between the range of 18 Hz — 8500 Hz.

Created sensor packaging — Autodesk Inventor was used to design the sensor packaging for fixed-fixed and
cantilever sensor configurations, these were then 3D printed for quick prototyping of different sensor casing designs;
reduced cost per unit from $148 to 10¢ (in comparison to metal-machined designs).

Designed and 3D printed a low-frequency vibration generator — the testing and calibration of sensors was
carried out using an eccentric rotating mass on a variable-speed DC motor that induced vibrations.

Quantified the fundamental vibration frequency — the periodically-changing light level on a photoresistor from
the eccentric rotation of the mass was used to determine the motor speed; the frequency was used to verify the
accuracy of the developed vibration sensing software 12 times faster than manual measurement.

Ran simulations using Simscape Multibody — developed in order to verify Euler-Bernoulli beam theory
resonance calculations, investigate damping effects, and determine sensor viability.

Produced weekly presentations — communicated findings with lab group as well as provide progress updates on
the project and reflect on approaches/ideas.



PROFESSIONAL EXPERIENCE

Mevex Corporation Ottawa, ON
Software Developer Internship May 2020 — August 2020

Wrote JavaScript and Python-based monitoring software — this improved monitoring and record-keeping of
conveyor belt systems, leading to faster response times for downed machines.

Designed and implemented an intuitive graphical UI — reduced training time and improved usability
significantly over previous system.

Developed methods to manage high data throughput — needed to simultaneously handle 8 parallel video
streams sending large amounts of data; enabled the ability to record, store, and play back high resolution video.

Optimized monitoring software — used regular code reviews and profiling to reduce the system resources
required; allowed it to run on less powerful hardware decreasing implementation costs by 26% per unit.

Wrote comprehensive application documentation — used as a reference manual and to train new users.

AWARDS

Academic Awards
2025 Gary S. Duck Graduate Scholarship in Photonics

2025 Ontario Graduate Scholarship

2024 Dr. Walter and Mary Chudobiak Award

2024 NSERC Canada Graduate Scholarship - Masters
2024 NSERC Undergraduate Student Research Award

2024 Internship-Carleton University Research Experience (I-CUREUS)
2023 Mitacs RISE-Globalink Research Internship
2023 NSERC Undergraduate Student Research Award [Declined offer]

2022 Internship-Carleton University Research Experience (I-CUREUS)
2021 Mitacs RISE-Globalink Research Internship [Declined offer]

2021 Michael Oliver Scholarship

2020 David A. Golden Award

Competition Awards

2022 Most Innovative Award, Re-Engineering; Canadian Engineering Competition (CEC) 2022

2022 3" Place Re-Engineering; Canadian Engineering Competition (CEC) 2022

2022 274 Place Re-Engineering; Ontario Engineering Competition (OEC) 2022
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