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Design/Optimization of a low-tech Raman microscope

Type of the project
Semester project for master students

Professor
Giulia Tagliabue

Supervisor
Diana Dall’Aglio

Contact person at Sailowtech
Vadim Paccaud

Students
Student 1: TBD
Student 2 : TBD

Context

Microplastics are a significant source of pollution in lakes and oceans worldwide.
While this is well known, the effects of microplastics on the marine environment, and
even the size and distribution of microplastics in the ocean, remains poorly
understood. Thus, it is imperative that we develop methods to quantify
environmental plastic pollution in water sources and be able to rapidly scale these
methods. Sailowtech is an association and a MAKE project that aims to raise
awareness of environmental issues, particularly those relating to aquatic
environments. It promotes frugal and participative field science, open-source science,
and low-tech approach. To achieve this, Sailowtech organizes scientific sailing
expeditions in lakes, seas, and oceans to discover field science, test the protocols and
devices built by students during the semester.

Raman microscope specifically designed for use on a boat during scientific sailing
expeditions. Raman spectroscopy, which analyzes light scattered by a laser beam on a
sample, can uniquely identify plastics based on their optical fingerprints. When
coupled with a microscope, this technique allows to study plastics down to <1 pim in
diameter.



SAI| OW | ECH

Project description :

This project is divided into two parts, carried out by two different students, each
contributing the technical skills required and showing strong motivation to resolve
the setup issues encountered.

Mechanical redesign of the Raman :

The current setup of the Raman is functional, but can't be moved. Indeed, the optical
components must be aligned very precisely and fixed solidly for proper
measurements to be done.

The objective being to take the Raman on a sailboat for on the fly measurements, we
need to rethink the current design of the Raman to make sure it fits in a standardized
ruggedized case and can be taken onboard.

We are looking for 1 student who could take care of this redesign, and in particular
conduct the following tasks :

— Select an appropriate ruggedized case for the design (80x40cm?).

— Rethink the optical mounts

o Should they be purchased off the shelf from Thorlabs?
o Should they be modified and 3d printed for a smaller form-factor?

— Build/buy the mounts and assemble the optical setup in the new case. This
setup should be optimized (in collaboration with the second student working
on this project) to fit in the case. Because of the need for a detailed alignment,
small adjustments need to be possible with adjustment screws for example
(just like in any optical setup).

— All of the powered components (Laser, microscope, raspberry pi, camera...)
should also be assembled in the case, with proper cable routing for power and
data.

— Because this is an optical setup, measurements must be done in darkness (and
therefore with the case closed... This must be taken into account in the design.

— The setup must then be tested to ensure proper operation, and additional
"ease of use" improvements are expected :

o Setup to facilitate sample handling (placeholders for storing of samples)

o Waterproofing of sensitive electronics

o Setup of a ruggedized screen on the underside of the box cover for
proper standalone use

o Cable management and incorporated battery with switch...

o Etc...
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— The setup should then be tested in real world conditions during Sailowtech
expeditions.
The expected finished product should be inspired by other finished products such as
the openseao2 design :
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Work on optical side of the Raman:

In coordination with the mechanical redesign, an optimization of the optical setup is
necessary to make sure that we keep the same properties while reducing the overall
footprint of the Raman.

We are looking for a second student who will build on the work of the first student by
testing the different setups/designs in real world conditions, and performing data
analysis of the measurements obtained to ensure reliability and precision.
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Along with the optical setup optimization, this student will need to evaluate and carry
out the change of the laser used in the Raman. Today we are using a spectra with
40mW laser (adjustable). We are looking to change to another laser of 40 mW but
non-adjustable for better performance. The laser is the most expensive component in
the Raman, so this change must be done properly, and we expect an analysis of the
benefits/drawbacks of this change. This must be then tested experimentally to
ensure that the new optical alignment is correct.

The expected tasks to be performed are the following :

— Because the setup is quite complex, there will first be a study phase of the
current setup to understand it's characteristics, strong-points and limitations.

— In coordination with the first student, the size of the total setup must be
optimized - there may be some incompressible dimensions due to optical
properties, this must be studied thoroughly.

— The current laser must be evaluated in comparison with the proposed
alternative, and before purchasing an upgrade, we are expecting a detailed
review of this decision.

— If validated, the new setup must be tested/optimized with the new laser.

— In coordination with the first student, measurements must be taken in the lab
as well as in real world conditions. Though the first student (meca) will be
focusing on ease of use, this student (optical) will be trying to evaluate
precision and reliability of measurements for best results.

— Data analysis of different uses must be conducted to back the decisions made
and to evaluate wether or not the Raman provides satisfactory results.

Here is the current design of the microscope, that must fit in a standard case.
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Delivrables

1. Final report, including the final setup and the analysis of collected data
2. Intermediate and final presentation of the project to the Sailowtech team
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3. Documentation “one pager” A4 on the design/use of the microscope for
eventual intervention/ presentation of Sailowtech.

4. Detailed instructions for proper operation and detailed protocols for easier
onboarding of the tool.

Documentation

— https://www.open-raman.org/

— Report of summer 24

— Report of fall 25 (yet no available)

Interactions with Sailowtech
The project aims to provide a functional and low-tech microscope. Therefore, there
will be several meetings with Sailowtech to monitor progress.

Finally, you will be automatically registered as a member of Sailowtech, and will
therefore be able to participate in various activities and expeditions.

Contact

Vadim Paccaud - vp.science@sailowtech.ch
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