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Strategic International Collaborative Research Program (SICORP)
Japan—UK Joint Research Program
Executive Summary of Final Report

1. Project title : TRamaCam - In situ holography and spectroscopy for scalable analysis of

deep-sea marine particles in deep-sea environments |
2. Research period : April 2018 ~ March 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the research
project
Pl Dhugal J Senior Staff JAMSTEC Management & integration,
Lindsay Scientist Data interpretation
Collaborator | Tomoko Young JAMSTEC Raman spectroscopy;
Takahashi | Research system integration, data
Fellow analysis
Collaborator | Mehul N Research JAMSTEC System integration
Sangekar Assistant
Co-PlI Zonghua Project University of Tokyo Holography, system
Liu researcher integration, data analysis
Total number of participants throughout the research period: 4
(JAMSTEC = Japan Agency for Marine-Earth Science and Technology)
UK-side
Name Title Affiliation Role in the research
project
Pl Blair Professor University of Project management and
Thornton Southampton integration, data analysis
Co-PI Thanga Senior University of Holography
Thevar lecturer Aberdeen
Collaborator | John Emeritus University of Holography
Watson Professor Aberdeen
Collaborator | Nick Burns | Post-doc University of Holography, system
fellow Aberdeen integration

Total number of participants throughout the research period: 4

4. Summary of the international joint research

The project aimed at developing a compact, quantitative particle morphometrics and
chemistry-measuring sensor, integrating holography and Raman spectroscopy. Holography
measures the 3D morphometrics of plankton and other suspended particles in the ocean,
while Raman spectroscopy analyses the molecular composition. The Japanese team
miniaturised the Raman spectrometry components, integrated them with a holographic
camera, conducted experiments and verified its validity and practicality, while the UK team
developed the holographic camera part. The development of a particle chemistry sensor
combining British and Japanese technologies has been successful and should advance
deep-sea ecological environment assessments in the future.

The major focus was developing technology to perform measurements with large
volumetric throughputs to enable meaningful studies of deep-sea environments beyond the
euphotic zone. The developed sensor promises a next-generation dramatic change in our
ability to perform in-situ observations of deep-sea particles by enabling simultaneous
micrometer-resolution imaging and label-free chemical analysis. The integrated analytical
capabilities were proven to be at TRL 4 “technology validated in laboratory” and were
furthermore tested in situ, far surpassing the original goals of the project. Further work on
developing an even more compact and low power setup should enable development of a
commercial sensor.
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5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The study produced a number of notable international academic results, including three
co-authored papers in international journals and an award in an international video
competition. The research was divided into four work packages (WPs) as follows
WP 1: Development of a miniature holographic camera

While pulsed lasers are usually used in holographic cameras to obtain blur-free images,

this study demonstrated that a continuous light laser with low power consumption and small
size can acquire images quickly and clearly using a high-speed camera. A laboratory
prototype enabled analysis of the 3D swimming behaviour of plankton, and a paper was
published. In order to reduce the size of the image data to be stored or transferred and to
select images for long-term underwater operation of small systems in the future, a direct
shape classification method using machine learning was devised from raw holography
images before the reconstruction process normally required for holography image analysis,
and the method was presented in a paper.
WP2: Compact Raman spectroscopy analysis development

A comparative study of laser wavelengths of 785 nm and 532 nm was carried out, finding
that the relationship between particles and beam size is more optimal at 532 nm. The
foreseen fluorescence signal at the 532 nm wavelength actually helped distinguish between
organic and inorganic materials, indicating that 532 nm was superior.
WHP3: Integrated system development

The two national teams first determined the specifications of a prototype for laboratory
use and manufactured it such that the natural movement of particles was not disturbed.

In the final year, a deep-sea prototype, equipped with a semi-automated algorithm for
measurement was successfully developed and tested in-situ.
WP4: Measurement testing and analytical verification

Experiments were conducted with organic, inorganic, and several types of plastic particles
(size < a few mm) representative of marine particles. The simultaneous acquisition of
holographic and Raman spectrum data using a collimated laser beam was the first
achievement of its kind in the world and was published in an international scientific journal.
Combining holographic images and Raman signals enabled identification of particle type and
an improvement in the accuracy of classification was achieved by integrating and analysing
both the image and Raman signal using machine learning. A paper on this topic is currently
being prepared for submission.

5-2 Synergistic effects of the joint research

The study brought together the knowledge at JAMSTEC (underwater particles); the
University of Southampton, UK (underwater optical instruments); the University of Tokyo
(underwater laser spectroscopy); and the University of Aberdeen (underwater holography).
Through regular meetings and the dispatch of researchers, laboratory studies and
discussions were held, and detailed optimum experimental and system conditions were
studied and developed, resulting in a laboratory prototype (technology readiness level 4)
integrating a holographic camera and Raman spectrometer. A deep-sea prototype
(technology readiness level 5) was also developed and tested in situ. The project also
resulted in the publication of three international co-authored papers.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The developed method will enable the distribution of marine particles to be investigated
over a larger volume and longer period of time, with much higher spatial and temporal
resolution, illuminating material flux cycles and microplastic pollution. The research has
already led to a successful bid for follow-on research funding in Japan, and our international
collaborative research relationship will continue, with the aim of actually installing the system
on floats and other long-term operational platforms in the future.
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