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Welcome to the fifth GALAHAD project newsletter!

GALAHAD
is a research
project supported by the
European
Commission
through Horizon 2020 under
Grant Agreement 732613.

In this penultimate edition we present:
• A set of new ultra-broadband PM components from G&H and Ibsen
• Couplers, delay lines, dispersion compensators and spectrometers
• A summary of the automated segmentation algorithm development at UPV
• Some comments on the imaging of human and rodent retinas by Glostrup Hospital
More info is available on the website (www.galahad-project.eu).

Ultra-broadband PM component development
Couplers: A set of novel glass fusion processes
and build approaches developed at G&H through
GALAHAD has resulted in a new state-of-the-art in
fused polarisation maintaining (PM) fibre couplers.
These devices have been characterised from 650950 nm and have exceeded by a factor of three the
bandwidth of existing market-leading PM
components while maintaining equal or better
polarisation extinction ratios (PER).
For more info contact: Liam Henwood-Moroney
lhenwood-moroney@goochandhousego.com

Fig. 1: G&H PM coupler.

Fig. 2: Spectral coupling ratio variation for GALAHAD PM coupler.
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Table 1- Comparison of GALAHAD couplers
performance vs. best commercially available
components. The coupling ratio (CR) variation
over such a wide bandwidth is unprecedented.

PM delay lines: The PM delay lines
developed in GALAHAD by the G&H
team in Torquay contain an adjustable
air path to match the two arms of the
interferometer within the system.
Bespoke achromatic collimators are
used for free-space launch. Once
aligned, dispersion glass, attenuators,
waveplates and other optics are
introduced. These devices are available
on request.

Fig. 4: GALAHAD dispersion compensation module.

Fig. 3: GALAHAD PM delay line.

Dispersion compensation: In high
resolution systems, mismatch of the
material dispersion properties in each arm
of the interferometer and variations in
patient anatomy can have a severe effect
on the axial resolution of the system.
These vary per module and per patient
and
have
different
dispersive
characteristics, which requires active
dispersion
matching
in
ultra-high
resolution OCT systems such as those
explored in GALAHAD.

For more info contact: Nikola Prtljaga nprtljaga@goochandhousego.com
Spectrometers: Ibsen has assembled and tested
a new spectrometer design for ultra-high resolution
OCT with broad wavelength range (650-950 nm)
and diffraction-limited resolution (better than
0.07 nm). The spectrometer is used with a Basler
camera (spL4096-140km) with a 4k sensor. Ultrabroad bandwidth of 300 nm and ultra-high
spectrometer resolution are required to reach the
axial resolution of 1 µm and maximum depth of
2 mm in the final OCT system. The spectrometer
demonstrates excellent performance and very high
temporal and thermal stability.

Fig. 5: GALAHAD spectrometers from Ibsen.

For more info contact Denis Ganziy: denis.ganziy@ibsen.com
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Strategy for automatic segmentation of retinal images
Two different approaches are being developed by the engineers at UPV with the aim of
detecting the six most significant retinal layers from rat OCT images (see Fig. 6). The first
approach (M1) is based on classical image processing techniques, whereas the second
(M2) is based on deep-learning algorithms. The best results are achieved by the deeplearning approach, which also outperforms other reported results in the literature. However,
the classical approach provides more versatility because it is a non-supervised method that
can be applied on rodent OCT images, as well as those from humans or other animal
models, without the need for specific training.
Fig. 6: Retinal layer
boundaries
manually
segmented.
ILM: Internal Limiting
Membrane. IPL: Inner
Plexiform Layer. INL:
Inner Nuclear Layer.
OPL: Outer Plexiform
Layer. ONL: Outer
Nuclear Layer. IS: Inner
Segment. OS: Outer
Segment. RPE: Retinal
Pigment Epithelium.

The database used to develop the segmentation algorithms consists of two datasets from
RegH and GHNT (see pg. 6), which contain 129 and 175 rat OCT images, respectively. The
first was used to develop the models, and the second to validate the segmentation
performed by M2 (deep-learning). M1 was applied to create the ground truth of this second
dataset because it does not need manually annotated information. (Note that the output
segmentation from the method M1 is then manually corrected.)
Classical image processing (M1)
The steps involved in M1 are
shown in Fig. 7. First, the Outer
Nuclear Layer (ONL) estimation
is based on the horizontal Fig. 7: Flowchart of the M1 approach for retinal layer segmentation.
projection of the image intensity, which allows noise reduction without affecting vertical
resolution. In each section, the horizontal projection is calculated to find the most prominent
minimum located between the two most prominent maxima (see Fig. 8).
Once the area of the retina is identified, the Inner Segment-Outer Segment (IS-OS)
boundary detection is addressed by using the peaks (prominent maxima) and valleys
(prominent minima) calculated in ONL estimation. Then, the Internal Limiting Membrane
(ILM) is detected by using the marker-controlled watershed technique, which considers the
image as a topographic surface in which light pixels represent high elevations and dark
pixels, low elevations. Otherwise, a new variant of the aforementioned watershed method is
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Fig. 8: Illustrative example of ONL estimation. 32 vertical sections are taken from the image to compute the
horizontal profile in each one of them. The most prominent minimum between the two most prominent
maxima of each section is identified as the ONL estimation.

necessarily computed to detect the Retinal Pigment Epithelium (RPE), which contains some
discontinuities that would provoke errors in the segmentation with the original watershed.
Regarding the Inner Plexiform Layer-Outer Nuclear Layer (IPL-ONL) detection boundaries,
the same approach followed in IS-OS detection is carried out but, in this case, the search
for prominent maxima and minima is performed on the area limited by the ILM and the ONL
boundary previously estimated.
Deep-learning techniques (M2)
This approach is based on one of the most innovative techniques in the artificial intelligence
field (i.e. deep learning). An encoder-decoder fully convolutional network (FCN) built upon
ReLayNet is designed, for the first time, to automatically capture the relevant information of
the retinal layers from rodent eyes. The proposed architecture (shown in Fig. 9), is capable
of segmenting five different retinal layers from rat OCT images. It is composed of two parts:
the first allows for encoding the relevant information into feature maps, while the second
allows for transforming the stacked features into probability maps with the same dimensions
as the input image, recovering the spatial information. Each encoder block is composed of
four layers: convolution, batch normalisation, ReLU and max-pooling layers. Zero padding is
used in each convolutional layer to preserve the dimensions of the feature map.
Regarding the decoder blocks, they are composed of five layers: unpooling layer,
concatenation layer, convolution layer, batch normalisation layer and ReLU activation
function.
Fig. 9: Proposed encoderdecoder architecture where the
blue layers represent the
convolution followed by the
batch normalisation and ReLU
activation
functions.
Green
layers correspond to the max
pooling layers. Regarding the
expansive path, red layers
represent
the
unpooling
operation. The final yellow layer
corresponds
to
the
last
convolution layer and the
softmax activation function.
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Note that the final decoder block is responsible for the association of each pixel to one of the
seven possible classes corresponding to each one of the seven retinal layer boundaries.
The results corresponding to the first dataset show the outperformance of the method M2
which reports an overall Dice (for all the different segmented layers) of 0.93 ± 0.03, with
respect to the method M1 that provides a Dice coefficient of 0.88 ± 0.03. The qualitative
results can be observed in Fig. 10, where the two different proposed methods are compared
for three examples.

Fig. 10: Qualitative results comparing the methods M1 and M2 with the ground truth for three representative
examples of the rodent OCT images.

The results corresponding to
the second dataset reached
after applying the M2
method (based on deeplearning algorithms) report
an overall Dice coefficient of
0.90 ± 0.03. The qualitative
results for three different
representative samples can
be seen in Fig. 11.

a

b

c

Fig. 11: (a) Three representative
OCT images of the second dataset.
(b)
Segmentation
maps
automatically extracted. (c) Results
corresponding to the boundary
segmentation.

For more info contact
Adrian Colomer Granero:
adcogra@i3b.upv.es
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Differences in retinal imaging in humans and rodents
The GALAHAD OCT system has been developed for use with rodent eyes. The prototype will
be evaluated by imaging tissue samples and living rodent eyes at the University of Münster,
Germany (WWU), and the Eye Department of Rigshospitalet-Glostrup, Denmark (RegH),
respectively. As discussed in the previous pages, the software has been designed to
recognise and quantify specific layers of the retina and their thicknesses based on algorithm
training on conventional OCT images. For the latter, RegH has provided both human and rat
OCT images from living eyes to UPV. Human OCT images have been provided since the
image quality of the clinical OCT systems is in many ways superior to that of the pre-clinical
rodent OCT systems. Additionally, dissected mice retinas have been imaged with both the
human and rodent OCT system (Fig. 12). The benefits of tissue samples are that the imaging
of these can be compared between different OCT systems, located in different laboratories..
Fig. 12: Human optic nerve head in
a living eye (left) compared to the
mouse optic nerve head from a
tissue sample (right), both obtained
with a clinical OCT system.

For more info contact:
Marie Torm
marie.elise.wistrup.torm.03
@regionh.dk
Data collection from human and rat OCT images differs, since there are several important
anatomical differences between them. Consequently, not all measures obtained using the
software of clinical OCT systems, such as Bruch’s membrane opening minimal rim width
(BMO-MRW) used to monitor glaucoma patients, can be retrieved from the rodent retinas. As
seen in Fig. 12, the human optic nerve head, where the nerve fibres come together to form the
optic nerve, has a depression called the “cup”, whereas the corresponding part of the optic
nerve in the mice retina is just as thick as elsewhere in the eye. Also, the ganglion cell layer
affected by glaucoma is significantly thinner in rodent retinas compared with those in human
eyes. These and other differences are important to bear in mind since results from clinical
imaging cannot be fully transferred to rodents. With the improved resolution of the GALAHAD
system, we hope to discover new biomarkers for use in basic research of disease
progressions in rodents, including the pathogenesis of glaucoma.

Fig. 13: Experimental set-up with
a commercial rodent OCT
system used to examine the
same tissue sample from a
mouse retina imaged in Fig. 12.

Fig. 14: Typical result from the imaging of the mouse retina
sample shown in Fig. 13 using a rodent OCT system. Note that
the individual layers of the retina are visualised better than with
the clinical OCT system used in Fig. 12.
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