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Retinal image registration is increasingly important for assisting ophthal-
mologists in diagnosis and treatment of various eye diseases. This paper
focuses on the registration group of aligning images of different modalities
captured by different sensors to obtain a more complete detail of the subject.
The main challenges in this registration group are the non-linear intensity
differences between two modalities and the poor quality of the multimodal
retinal images which are adversely affected by pathologies or noise.

In this paper, we aim to design a registration algorithm which comes
with a low-dimensional descriptor that is invariant to linear and non-linear

intensity changes, and provides sufficient distinctiveness to register unhealthy

multimodal retinal image pairs. We first exploit the geometric corner extrac-
tion method [3] in our previous paper to locate hypotheses of robust corner
features based on connecting edges from the edge maps of the multimodal
retinal images. Next, we rotate the extracted corner features to a mutual ori-
entation to achieve rotation invariance. Given each pair of connecting edges
ﬂf’ and éﬁ" and the center of rotation at g;, the angle-to-rotate 05, is derived
as follows

ei{i;l - elf;’in + [6} (er(gllax - eriiin)7 ()

where 65, and 65 denote the maximum and minimum angles from (?’ to

the positive x-axis respectively, with Vj € {1,2}. [] is a binary indicator

function, and 0 is the inequality formalized as:
08, — 0% > 180°. ®)

min
After rotation, we extract a local window W%, (e.g. 15x15) centered at g;
from the rotated image. We propose to divide W%, into equal-sized sub-
regions using two straight lines. We then compare the average intensities
between the subregions, which will be computed as a feature representation
for W&, 28 different patterns are empirically proposed, which represent
most of the possible patterns with equal-sized subregions as shown in Fig. 1
and 2. The patterns are called step patterns. As the name implies, these
patterns come in step forms of two to four height levels where the higher
level steps indicate subregions of higher average intensity values. Taking
Fig. 1(c) as an exemplar with subregions from left to right denoted as Ry,
R, and Rj3 respectively, the number of pixels in the subregions are equal.
For average intensity value I‘%‘g in Rg where Vk € {1,2,3}, we formulate as

follows: |
R i
Iavlgg = N 2 Wfoz(xvy)v
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where N is the number of pixels in Ri. Each W% . in relation with its
respective g;, can be described using the equation:

dy = [1“1 R r] : {1“3 R r},

avg avg avg avg 4)
where d; is a binary result to indicate the existence of the step pattern in
Fig. 1(c), and 7 denotes a position integer value. To deal with contrast re-
versal problem such as the change in intensities between the local neigh-
borhood of two image modalities (for instance, some dark vessels become
bright), the step pattern is reversible. Hence, the equation for the reversed
step pattern can be rearranged as:

dy = [Ij‘vzg — R r] : {Ig‘vzg — IR > r] . )
The final equation to describe W%, is given by:
dz =d; +d,. ©)

e,
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Figure 1: Two-level step patterns.
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Figure 2: Three- and four-level step patterns.

In order to describe the inner and outer regions of the local neighbor-
hood surrounding g;, two W of different scales are deployed each time.
We also include the angle between é‘?”' and Zg', and the angle-to-rotate 857, Tt
sums up to a 58-dimensional. For improved robustness to scale changes, we
also include a version with an additional window scale of 27 x 27 in our ex-
periment, resulting in a 86-dimensional (28 x 3 4-2) LoSPA feature vector.
We tagged the two versions as LoSPA-58 and LoSPA-86 accordingly. We
find matches by Euclidean distance using the k-dimensional data structure
and search algorithm [1], and exploit affine model [2] as the transformation
function in our framework. When it has been applied on the floating reti-
nal image, we simply superpose the transformed retinal image on the fixed
retinal image to produce a retinal mosaic as shown in Fig. 3.

(a) (b)
Figure 3: Mosaic results of the proposed algorithm (LoSPA-86).

In our experiments, the LoSPA-58 and LoSPA-86 algorithms outper-
formed existing algorithms in term of root-mean-square-error (RMSE), me-
dian error (MEE) and maximal error (MAE) in two datasets, one of mild-
to-moderate diseases and the other of severe diseases. On the severe disease
dataset, LoSPA-86 achieved close to two-fold higher in registration success
rate than the top score among the state-of-the-art algorithms.
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