University of

'Sl Kent Academic Repository

Riha, Rene, Podoleanu, Adrian G.H., Boitor, Radu, Notingher, loan, Atallah, Nehal,
Marques, M.J. and Bradu, Adrian (2026) Fully automated large-area OCT scanning
procedure for a combined OCT-Raman system. In: Optical Coherence Tomography
and Coherence Domain Optical Methods in Biomedicine XXX. SPIE BIOS . SPIE
Digital Library

Downloaded from
https://kar.kent.ac.uk/113606/ The University of Kent's Academic Repository KAR

The version of record is available from
https://doi.org/10.1117/12.3083236

This document version
Publisher pdf

DOI for this version

Licence for this version
UNSPECIFIED

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site.
Cite as the published version.

Author Accepted Manuscripts

If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) ‘Title of article'. To be published in Title
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date).

Enquiries

If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see

our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies).



https://kar.kent.ac.uk/113606/
https://doi.org/10.1117/12.3083236
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies

Fully automated large-area OCT scanning
procedure for a combined OCT-Raman system

Rene Riha,!”* Manuel Marques,! Adrian Bradu,! Radu Boitor,2 Nehal Atallah,? Ioan
Notingher? and Adrian Podoleanu!
I Applied Optics Group, School of Engineering, Mathematics and Physics, University of Kent, Canterbury, CT2
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Abstract:  We present a fully automated large-area OCT imaging procedure with real-
time refocusing integrated with a combined OCT-Raman system. Scanning along the x-axis
is achieved using a single galvanometer paired with a telecentric lens. Scanning along the
y-axis is accomplished by translating a sample with a motorised horizontal stage over a
much larger lateral size. The same translation stage is also moved along the y-axis to repeat
the scanning over connecting columns. Automated refocusing at equidistant intervals along
the y-axis is performed using a motorised vertical stage, which carries the combined OCT-
Raman imaging head. We also perform spatial calibration between the OCT and Raman
optics to enable automated focusing of the Raman optics onto the sample surface. The pro-
cedure is validated on a large 5 cm x 5 cm biological sample, with assessment of scanning
time and other imaging parameters. A surface map is generated to guide the subsequent
Raman measurements, and a targeted Raman measurement is performed on selected sites
on the sample. This combined OCT-Raman system is designed for fully automated intra-
operative breast cancer diagnosis, integrating OCT imaging, Al-based classification, and
Raman spectroscopy. © 2026 The Author(s)

1. Introduction

Optical coherence tomography (OCT) has become a highly relevant non-invasive imaging technique in biomedical
optics, industry, or art conservation [1]. OCT reconstructs depth information by analysing interferometric signals
from backscattered light.

While conventional OCT has been proven valuable in examining small regions up to 1 cm x 1 cm with ex-
ceptional detail, it may not always be ideal for capturing images of larger areas, such as whole tissue sections,
large industrial samples, or large works of art. In dermatology, skin conditions often spread over large areas [2].
OCT of large breast tissues samples can assist surgeons in intra-operative diagnoses [3]. Large-area imaging of
non-biological samples proves advantageous in detecting hidden defects over the entire sample surface [4]. Large-
area imaging also facilitates quantifying optical parameters for conservation and restoration purposes of the art
works [5]. To address large-area imaging, system with robotic arms [6], motorised stages [5], or full-field OCT
(FF-OCT) systems with megapixel cameras [3] have been developed.

We present a fully automated large-area OCT scanning procedure that combines a single galvanometer paired
with a telecentric lens and a motorised horizontal and vertical stage. This procedure is used to generate a surface
map that guides subsequent Raman measurements in the combined OCT-Raman system.

2. Methods

The combined OCT-Raman imaging instrumentation is displayed in Fig. 1 on the left. A sample is placed on a
motorised computer-controlled horizontal stage (Prior HI17P1, 11 cm X 7 cm maximum travel range, 1 cm/s
maximum speed), and the combined imaging head is attached to a motorised computer-controlled vertical stage
(Zaber X-LDAO20A-AES53ZJ2D12, 4 cm maximum travel range, 60 cm/s maximum speed). The OCT optics
comprises a single galvanometer (Thorlabs QS7Y-AG, £22.5° maximum scanning angle) and a large field of
view telecentric lens (Thorlabs LSM54-1050, 54 mm focal length, 18 x 18 mm? field of view). The OCT and
Raman optics (Leica Germany N PLAN L 50x/0,50) are mounted together in a cage system.

The principle of the large area OCT scanning procedure is depicted in Fig. 1 on the right. Along the x-axis, the
beam is scanned over the sample surface across the field of view Ax, using a combination of the galvanometer
and the telecentric lens. The x-scanning follows a triangular pattern with a period given by Tg.scan = 1/ fB-scan>



where fp.scan 1S the B-scan frequency. Half of this period is dedicated to the B-scan acquisition, while the other
half is reserved for the galvanometer fly-back and signal processing. Along the y-axis, the beam remains stationary
and scanning along this axis is achieved by moving the horizontal stage. To keep the sample surface in the focus,
the surface depth is measured and height of the scanning head is adjusted at every refocusing distance Ayf along
the y-axis using the motorised vertical stage. The parameters Ax, and Ayy can be adjusted based on the expected
roughness of the sample surface.

In this way, a refocused raster column j with the size equal to Axg X IAyg, where [ is the number of refocusing
points, is obtained. The x- and y-axes pixel sizes are given by 6x = 2Ax, fB.scan/fs and 0y = 2Vhor-stage / fB-scans
respectively, where f; is the sweep frequency of the employed light source, and vporsage 18 the speed of the
horizontal stage. The transition from column j to column j+ 1 is accomplished by moving the horizontal stage
in the x-direction by Axg, and repeating the scanning process along the y-axis with refocusing every Ayy. The
starting y-coordinate of the column j+ 1 is the ending y-coordinate of the column j, which saves scanning time
compared to returning the stage to zero y-coordinate after each column is scanned. The entire raster scan consists
of J columns, covering a total area of Ax X Ay = JAx, X IAyy.

To enable automated focusing of the Raman optics onto a selected point on the sample surface, a horizontal
and vertical calibration between the OCT and Raman optics must be performed. The Raman surface coordinates

XRaman»> YRaman> aNd ZRaman (xRamannyaman) are then given by:
XRaman = XOCT + A)Cobja YRaman = YOCTs ZRaman (xRamanayRaman) = Z0CT (xOCTayOCT) + Zver-stage AZObja (D

where xocT, Yoct, and zoct(XocT,yocr) are surface coordinates obtained in OCT, AZyerstage denotes the vertical
stage position at which a B-scan was taken, and Axop; and Az, are the objectives offsets along the x- and z-axes,
respectively.
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Fig. 1. Left: Photo of the combined OCT-Raman instrumentation. Right: Principle of the large-area
OCT scanning procedure. Ax: x-axis scanning size, Ay: y-axis scanning size, Ax,: galvanometer field
of view, Ayy: y-axis refocusing distance, dy: y-axis pixel resolution.

3. Results

For a preliminary testing, the large-area OCT scanning procedure was used to scan 5 cm X 5 cm area on a bacon
(red square in Fig. 2(a)). The lateral pixel sizes were adjusted to 10 and 20 um along the x- and y-axes, respectively.
The whole raster consisting of total 28,000 B-scans took approximately 6 mins, including saving the B-scans. The
B-scans were obtained using the Leader-Follower interferometry [7], with 20 ms acquisition time per B-scan. The
stitched depth average C-scan and surface map Zaman(X,y) for Raman measurements are displayed in Figs. 2(b)
and 2(c), respectively. The examples of B-scan of a muscle tissue (blue line in Fig. 2(a)) and a fat tissue (green
line in Fig. 2(a)) are displayed in Figs. 2(d) and 2(e), respectively. Finally, targeted Raman measurement of the fat
tissue is displayed in Fig. 2(f).
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Fig. 2. (a) OCT scanned 5 cm x 5 cm area on a bacon. (b) Depth-averaged OCT C-scan of the area.
(c) Calibrated surface map for Raman measurements. (d) B-scan of a muscle tissue (blue line in Fig.
2(a)). (e) B-scan of a fat tissue (green line in Fig. 2(a)). (f) Targeted Raman measurement on the fat
tissue.

4. Conclusion

We present a fully automated large-area OCT imaging procedure with real-time refocusing that combines a single
galvanometer and a motorised horizontal and vertical stage. With spatially calibrated OCT and Raman optics in
the combined head, the procedure is validated on a large 5 cm x 5 cm biological sample, from which a surface
map is generated to guide subsequent Raman measurements. This large-area scanning procedure was developed
for fully automated intraoperative breast cancer diagnosis, integrating OCT imaging, Al-based classification, and
Raman spectroscopy.
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