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In the foreground, the heart of the quantum OCT set-up at NCU- a
nonlinear crystal producing entangled photon pairs when
illuminated by a laser. The crystal rests securely on a temperature-
controlled metal block to ensure maximum photon pair production.
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New detection scheme for quantum OCT tested at NCU o UNIVERSTTY

Quantum OCT has so far been performed using the time domain configuration, with a moving
reference mirror in the interferometer and the coincidence detection at its core. By producing a
Hong Ou Mandel (HOM) dip whenever the position of the reference mirror in one
interferometer arm matches the position of the layer in the object placed in the other
interferometer arm, the object's depth image is obtained. Such a scheme - although
successful in providing the sought-after quantum benefits (increased depth resolution and
immunity to image-degrading chromatic dispersion) — is quite slow. Acquiring a high-resolution
image for a bulk object, such as a glass stack, can take hours.

The team at NCU has recently demonstrated an approach by which hours of image acquisition
are reduced to minutes. It developed a Fourier-domain detection configuration (see (c) in the
figure below) which does not necessitate a moving reference mirror. Notably, this configuration
was inspired by conventional OCT where the shift from the time-domain configuration to the
Fourier-domain configuration led to a tremendous decrease in the acquisition time.
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In the Fourier-domain quantum OCT, similarly to conventional OCT, the reference mirror
position is fixed and the spectrum of light is acquired. However, the spectral acquisition
scheme is adapted to fit the requirements of the quantum light used in QOCT. This new type
of QOCT performs coincidence detection, just as its time-domain predecessor (see (a) and
(b)), but it is now accompanied by photon wavelength measurement. More specifically, single-
photon-sensitive spectrometers are used in each detection channel. As a result, a two-
dimensional joint spectrum is produced (d) which incorporates information about the depth
structure of the object. One retrieves it by simply Fourier transforming the joint spectrum and
taking its diagonal.

Although not free from its own limitations, the Fourier-domain configuration offers a novel,
noteworthy way forward for QOCT. The advantages and limitations of the Fourier-domain
approach, contrasted with the time-domain configuration as well as conventional OCT for a
broader context can be found in the NCU team’s manuscript on arXiv.

More information can be found at https://arXiv.org/abs/2502.08372
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SEQUOIA is advancing its social assessment of the ﬁ
potential impact of innovative QOCT ARDITEC
Central to the SEQUOIA project is the development of a new social assessment indicator to
evaluate the benefits of quantum optical coherence tomography (QOCT) over traditional
OCT. ARDITEC is currently creating performance scenarios for a detailed comparison
between the two systems. This new social index represents a significant step forward in the
scientific field of social assessment for medical devices. This work not only sets a precedent
for future assessments but also demonstrates the power of collaboration between experts

from various disciplines. The index is highly adaptable, making it a valuable tool for
evaluating other medical devices beyond OCT.
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Schematic showing the translation of technical into social criteria.

A new indicator for quantifying the social benefits of QOCT: The Deck of Cards Method
(DCM) was used by the SEQUOIA team to prioritise and rank criteria for comparing QOCT
with traditional OCT systems. This approach incorporates insights from key stakeholders to
guantify the social impact of medical technology advances. The social assessment indicator
was developed through interviews with project partners, medical professionals and OCT
manufacturers, resulting in eight key criteria: clinical conditions, diagnosis accuracy, speed,
timing, market acceptance, innovation, supplier sustainability and worker health, aligned with
UNEP Social Life Cycle Assessment guidelines.

Collaborative decision-making in social assessment: The SEQUOIA project fosters
collaborative decision-making in its social assessment by engaging a diverse group of
stakeholders. Experts from ophthalmology, dermatology, Al, and OCT manufacturing were
selected to provide insights from their respective fields. This multidisciplinary approach
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ensures the social index considers various perspectives, covering the diagnostic needs of
eye and skin conditions, the role of Al in OCT technology and technical considerations from
manufacturers. By incorporating these diverse viewpoints, the assessment process remains
comprehensive and aligned with the medical community's needs.

(" "\ (> The technology is rarely accepted by medical professionals. )
Veary low » Significant skepticism or resistance due to perceived ineffectiveness,
ry complexity, or lack of evidence.
\ Y, » Limited or no integration into clinical practice. )
( "\ (> The technology is accepted by a small number of medical professionals. )
Low » Concerns exist regarding its efficacy, usability, or reliability.
» Used in a limited number of cases or specific settings, with moderate
\_ ) \_  endorsement. )
(¢ " (> The technology is accepted by many medical professionals. 0
» Generally recognized as beneficial but with some reservations about its use in
Moderate certain contexts.
\_ > Integrated into clinical practice in several areas, with growing support. Y,
( " (> The technology is widely accepted by medical professionals. R
Hah » Strong evidence supports its efficacy and reliability, leading to broad
g endorsement and integration.
N )\ _» Frequently used in various clinical settings, with significant trust.
(" "\ (> The technology is almost universally accepted by medical professionals.
5 » Viewed as a standard of care due to overwhelming evidence of its effectiveness
Very high and ease of use.
\_ ) \_» Fullyintegrated into clinical practice across numerous settings. )

Importance of collaboration: Implementing the deck of cards method: Steps and outcomes:
This cross-disciplinary collaboration is crucial for developing a well-rounded social
assessment framework. Each expert brought a unique viewpoint to the table, which helped
refine the criteria used for the assessment. Through group meetings, the team collectively
prioritised and ranked the eight social criteria, ensuring that each one reflected the true value
of QOCT from a social impact perspective.

The decision-making group played an essential role in applying the remaining ten steps of the
DCM process. These steps allowed the team to translate the identified criteria into
measurable value functions. By doing so, the technical aspects of OCT systems were
effectively translated into points, allowing for a quantifiable comparison between the two
technologies.

Advancing the Techno-Economic Assessment (TEA): The TEA of OCT and QOCT systems
reveals key cost trends and development stages. OCT systems have become more
affordable and portable due to advances like microelectromechanical mirrors and efficient
scanning methods, expanding their applications in healthcare and manufacturing. In contrast,
QOCT systems, while offering advanced imaging, are still in the early stages of
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industrialisation, leading to higher initial costs. However, with continued investment and
innovation, the long-term outlook for QOCT remains positive, with expectations for reduced
costs and improved scalability.

The SEQUOIA project’s analysis Mat;rrg:l.;h;?ec:ine Infqrmation flow within a SEQUOIA
identifies three key components project TEA Assessment
driving QOCT costs: optical
components (such as photon pair

. . Process
sources and photonic crystal fibres), - Learning curve
detection and counting devices, and assessment
software/computing resources
(including GPUs and storage Equipment u“f;hnt:';a“ : mt’;':";‘:;p'y
solutions). As the project moves sizing Analysis
towards commercialisation, defining * Optimisation
a clear strategy for industrialising performance
these components, assembly ezofzgﬁis + Benchmarks

processes and market entry will be
critical to controlling costs.

The SEQUOIA QOCT assembly and market launch: Another important consideration in the
cost of the SEQUOIA QOCT implementation is the apparatus assembly and market launch.
The project partners are working on developing the key components of the technology, which
will need to be assembled and packaged into the final product. When QOCT technology
moves to the commercialisation phase, it will be crucial to define a clear strategy for
industrialising the components, assembly process and commercialisation channels.

This strategy will be influenced by factors such as overlapping margins and operational
synergies, which will play a key role in optimising costs and ensuring successful market entry.

In a commercialisation phase, it is vital to define the strategy of industrialisation of the
components, assembly, and commercialisation channels. This definition will be impacted by
overlapping margins and operative synergies.

For more info, please contact Jose Gallego: jose.gallego@arditec.net
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Time domain QOCT set-up established at DTU

i

The Fiber Sensors and Supercontinuum group at DTU is responsible for developing the
experimental set-up for QOCT using a supercontinuum (SC) source with a spectral range of
390-500 nm pumping a BBO crystal to generate entangled biphotons via spontaneous
parametric down-conversion (SPDC) and a single-photon avalanche diode (SPAD) camera.
A Quantum Imaging Lab has been set up at DTU to execute this project in which a fully
automated, free-space, time-domain (TD) QOCT experiment enabled by pumping a BBO
crystal with a conventional "noisy" SC source has been established. In a separate set-up,
DTU researchers generate a broadband optical vortex (OV) beam by illuminating a spiral
phase plate, calibrated for 467 nm, with the SC beam with an aim to integrate the generated
SC OV beam into the quantum OCT set-up.
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The spatial distribution of SPDC signal generated using the BBO crystal and recorded using
the SPAD camera is shown below (left). The graph on the right shows the initial result of the
TD QOCT interferogram, which is the second-order intensity correlation of the detected
single photon counts as a function of the optical delay. A combined classical OCT coherence
function enabled by the pump laser with the HOM dip as a result of SPDC is observed in the
coincidence measurement. Each ‘Optical Path Length’ data point corresponds to 300 Mb of
data, representing 10 million frames of the camera.
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Left: SPDC signal generated using a BBO crystal and (right) A-scan interferometric normalised measurements of

second-order correlation showing both quantum and classical interference. An ultrabroad bandwidth commercial

SC pulsed laser source was used as a pump source and classical source.

For more info, please contact Ali Mohebi: aliamo@dtu.dk

SEQUOIA 30M plenary meeting

The SEQUOIA consortium
held its 30M plenary
meeting at MPD in
Bolzano (Italy) 26-27 Mar-
2025. It is a beautiful part
of the world and a great
setting for some deep
thinking on  quantum
optics. As ever, it was
great to get together and
discuss the project work,
with some  important
planning for the final
stages.
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NORBLIS QOCT software platform NORBLIS

As part of SEQUOIA, NORBLIS is developing the first QOCT software platform. Previously,
NORBLIS was able to massively improve the performance of its classical OCT software and
create a GUI for inspecting generic voxel data in a 3D setting. NORBLIS has now improved
this interface and added a new QOCT processing pipeline into the program.

Many new features have been added to the GUI.
With new features like colour mapping and data
capture, the interface has been improved to make
working with voxel data easier, including both
classical OCT and QOCT data. Many bug fixes and
general improvements have been implemented to
enhance the user experience. NORBLIS has also
been working on a real-time capture interface,
originally developed for classical OCT, with plans to  Above and below left; screenshots from the

extend this to work with QOCT once the technology ~ NORBLIS SEQUOIA GUI: the first software
platform for QOCT.

is ready.
‘ >~ NORBLIS has added an interface
| specifically tailored for SEQUOIA
M| LA Leal - development. This interface

) | ) i functions mainly as a lab tool that

b serves to aid in the understanding

\ | of the collected QOCT data. The

tool enables both single and multi-

pixel analysis using a dynamic

: I . approach in which the user can set

up different QOCT processing
operations depending on need.

A large challenge with early QOCT has been how to handle the huge amount of data needed
to make just a single A-scan. Various optimisations of the QOCT processing pipeline have
been implemented, including parallel processing, data compression and enhanced cache
utilisation, making it possible to work with data sizes that were previously not feasible.

The plan for the new QOCT tool is to use it to design and develop efficient and streamlined
acquisition methods that will be used in the final QOCT imaging pipeline. The end goal is to
have a pipeline that can generate good images while also reducing the quantity of required
data. If the data size requirement can be brought down enough, a real-time image
generation solution might be possible on consumer hardware.

For more info, please contact Rasmus Christensen: rechristensen@norblis.com
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