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ABSTRACT

Multimodal retinal imaging is an important facet ihie diagnosis and therapy of retinal disorders lik
retinopathy, occlusion. Many imaging techniquesrfmitimodal retinal images are developing in theerd
years. These novel developments are subjectedttadeoff between the computational time and effecti
registration. This study aims at developing a néyerdhm based on the RANSAC matching and gradient
iterative closest point technique which has prot@rhave less computational time with the best neatch
coordinates irrespective of the nature of the inptihal image. This study uses a new adaptivestiotding
technique to extract the bifurcations from theegaimage and the control points are selected tk@ANSAC
matching algorithm. The registration is achievedirhglementing gradient iterative closest point athm to
minimize the mean square error between the taogtat points of the base and the reference images.
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1. INTRODUCTION imaging which becomes more complicated of projectin
the 3D retina over a 2D plane (#ial., 2011).
Retinal image is the major perspective that is used The retinal image registration is very important fo

diagnose and detect the various eye related diseHsis is ~ diagnosis as well as therapy planning of varioumae
due to the fact that the retinal image stores dalland ~ disease like retinopathy, occlusion as showrFim 2.
temporal information of the retina which can beweel ANy image registration technique falls under anyg on

at any given instance. Human retina consists ofyman the two categories: _Inten_sny based _reg|st(at|ortd an
parts and layers out of which the visible partscivigive '!:eec?wtrzjirqeuesbafeegdisterregtﬁgatilr%rz;ges-rhke)y Qé?grsr:’?ninga?ﬁg
the useful information about the pathological disos are

h - di . f hich is sh , matching criteria  and transforming the images
the optic disc, macula, fovea which is s _OWﬁ"g‘ L . accordingly. The matching criterion is chosen bamethe
Among the various imaging techniques available for

: ; i - - grey scale values and finding the cross correlation
retinal imaging  fundus, intravenous fluorescein ,tyal information of the grey values. The latee o8
angiography and optical coherence tomography ar€jependent on the features of the image such agtisels,
highly emphasized because of the ample informadion  pifyrcations. In both the cases the registratidisiency is

the retinal morphology and anatomy. highly dependent on the matching criteria or theeaexed
In Intravenous Fluorescein  angiography the feature (Gavett al., 2012; Jart al., 2012).
functional state of retina and the circulation ¢ddal in This Study presents a new multimodal retinal

the vascular structures are effectively imaged when imaging technique which is based on the featuredas
fluorescent dye is injected into the blood and rétinal registration. Multimodal images are the imagesh# t
image is captured with a fundus camera. This teglni  same organ taken with different imaging technique o
is proven to be more efficient than the fundus aame same organ imaged at different time.
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of vessel based and non vessel based of retinajeina
registration. Reel Parminder singh have discudsedast
multimodal image registration using principal compot
analysis. Yuping (2011) have explained about the
registration of 2D from 3D retinal images. Shao Wen
(Yanget al., 2010) have insisted the effectiveness of using
RANSAC matching for segmentation and registratién o
bio medical images. Even though there are manyadai
techniques either based on intensity or featutbefmage
the proposed method has proven to hold good for
multimodal retinal images with effective registemedput.

Fig. 1. Fundoscopic retinal image with fovea, macula

2. PROPOSED REGISTRATION
METHODOLOGY

The retinal image obtained is initially preprocekse
for the noise removal and to overcome the non umifo
illumination of the fovea. The minimum mean square
error filtering technique is preferred in retinahages
because of its adaptive compatibility. Then the
bifurcations are extracted by using the spectraptide
thresholding algorithm. To provide robustness agfain
the non uniform intensity illuminated retinal image
subjected to RANSAC matching and the registrat®n i
Fig. 2. Branch retinal vein occlusion successfully accomplished by implementing gradient
iterative closest point algorithm. The overall ss can

Multimodal image registration aids the physician to be diagrammatically represented as showfi@n 3.
diagnose the consequence of any disease in a cour ; ocg
of time. The retinal images have different featuwasof 2L ;egr:q]g]ntaticl);nage Preprocessing and
which the blood vessels and the bifurcations hdle t
required data regarding the retinal diseases like The obtained retinal images are subjected to ingagin
retinopathy and vein occlusion. Hence this study noise and the noise Amplified Spontaneous Emission
attempts in extracting the bifurcations from théinad (ASE) during image acquisition. Such noise has ¢o b
image by using spectral adaptive thresholding. Ghee  eliminated before registering. The retinal imagesspnt
bifurcations are extracted the control points @&lected  a non uniform illumination and the background testu
by RANSAC matching algorithm and the registratisn i differs from patient to patient and even the imégen
performed by gradient iterative closest point mdtho the same patient presents magnifying differencen@wd
. . . . the effect of disease. Hence rather than using diameor
11 EX'S_“ng . Multlqual Retinal  Imaging mean filter an adaptive filter is used which cancfion as
Registration Techniques both. This can be more clearly stated that the $anwtion

Early research on retinal image analysis is based o Will act as a mean filter for some part of the imaand
vessel segmentation of the fluroscien images choig median filter some o'Fher part of the same image.
by (EI Abbadiet al., 2013)With the development of | N€ functionis given by:
extensive algorithms and innovations in imaging

modalities the digital sliced images were repladsd H(,c)=G(,c) - ‘722 [G(LC)—M,C]

OCT, Fundus photography. Zaart (2010) have sugdeste Oic

that the extraction of bifurcations is a difficulaisk

because of the non uniform illumination of the nati For t< | <M-t, t<c<N-t, whereG is the noisy retinal

image. Gavett al. (2012) have highlighted the techniques image with a dimension of ¥N.
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W, is the mn window function which is centered 2011). The ICP algorithm is efficiently used to jewt
at (,c) andn = 2t +1, t<I<M-t, t<c<N-t, 6° is the noise  the 2D image data on a 3D plane so that the medical
variance andg;, is the local variance in the window diagnosis and treatment can be effectively planiiée.

Wi, uc is the local mean or average in the Same_retinal images (the floating image and the refeeenc
window. The filter operation is such that when timse ~ image) are preprocessed and the control points are
variance is approximately equal to the local varéathe  Selected by using RANSAC algorithm.

MMSE works as a mean filter. This condition is The initial control points required for the closest
achieved when the background area of the image is #0int algorithm is determined using RANSAC algamith
constant value. When the retinal image has a local(Yangetal., 2010). Assume the segmented retinal image
variance which is very much larger than the noise can have a total number of M control points. Frbis tata
variance then the filter computes a value analogous Set N number of control points is randomly seleeted X

the unfiltered image which is closer to the pixalue. is estimated the number of data that fits theatsti odel
The magnitude is often modified by the values af th ector X within the er issi le tolerance is calculated. Let
local and noise variance and the correspondinghtedy  this number bek. If K meets the set threshold then it
value is calculated which makes the filter to waskan ~ may be accepted to be fit else the above steps are
adaptive filter. This finally reduces the variance repeated times.L can be determined by:

component of the noise.

The segmentation of the noise free retinal image P fail = Probability of L consecutive failures
helps to extract the bifurcation points of the etffel P fail = log (p fail)
image (Nguyeret al., 2013). The effective segmentation - log (L- (pg)N)

is done with the adaptive multi spectral threshuidi
algorithm. The high resolution retinal image is jegted

to find the sum of squares of orthogonal derivativihis
gives a better output which is independent of the
orientation of the image:

The algorithm works such that the distance between
the two sets of the control points is minimizeceaftach
iteration. Basically the floating image is the stormed
version of the reference image. The difference betw
the two images is such that they may be linearly,
dl| = (m}z +(d|]z rotationally transformed from each other. Hencehaee

Ix ay the source control points and the target contrahtpo
The main objective of this algorithm is to move the

The segmented vessels are now tested with theSOUrce control points to the target control poiatsl
iterative closest point algorithm. hence they are overlapped and finally registeredh as

The iterative closest point algorithm is widely dse Single image. Hence this ICP algorithm uses the
technique for the geometrical alignment of 2D ari 3 geometrical information of the retinal image rathigan
images. This study of retinal image registratiobmased  the intensity or color of the image. The sourcetain
on this technique in which. points are initially randomly mis aligned and afteset

The reference image and the floating image have toof n iterations they get aligned rotationally arfiiiaa set
be geometrically aligned. This algorithm iterativel Of k iterations they get aligned transversely.
refines the transformation by generating corresprand The original iterative closest point algorithm was
points between the two images repeatedly. Then theProposed by Besl and McKey. This Gradient Iterative

distance between the set of points are determinddree ~ Closest Point algorithm is based on the gradienthef
error metric is minimized. distance between the reference and the targetatontr

. . points and is also advantageous owing to the featit
2.2. RANSAC Matching and Gradient ICP supports six degrees of freedom. The retinal image
The ICP algorithm is widely applied for the considered for registration is subjected to surface
registration of 3D images. The algorithm essentiall comparison without any deformation or modifications
holds good for medical images because the availabldBut the transformation may introduce rotation suglor
number of data points is relatively less and tiy@@thm translational changes (Oswald, 2010; Gaial., 2011).
considers all the points in the targeted image (Gwb., This can be overcome by the following steps:
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Fig. 3. Overall flow of registration

Step 1: Determination of the Closest Points by gisin
the Euclidean distance between the sensedmatrix form:
image and the floating image.

The above determined angles are decomposed into

0
-sin (RX)
1

sin(Ry)|
1
1

1
1

The above values are determined and finally all the
three values oRx, Ry andRz are combined to a single

Step 2: Finding the best rotation angle or traishal o1 0
distance (;h?]t |ﬂs required to align the sensed Rx =| cos(Rx) 0
image and the floating image. !

Step 3: Regtoring the modifigd valgues after aplyhe Lsin(R) - cos(Rx)
transformation to make the sensed image and -
floating image to appear closer. cos(Ry) 0

The practical implementation results in ax44 = (1) -sin(()Ry)
transformation matrix after each iteration. Thisigists

of an inner 33 rotation matrix and the fourth column is ]

the translational vector ob: -sin(Rz) 0

Rz = 1 0
RL R2 R3 X cos(Rz) 1 sin(Rz)
. _ |R4 R5 R6 y
Transformation Matrix =
R7 R8 R9 z
0O 0 o0 1
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which is given by Rotation Matrix Rx*Ry*Rz. The points that meet the threshold, fits the scalethaduccess
final 4x4 transformation matrix is obtained by adding the rate are shown in the graphical representatiéigr.

3x3 rotation matrix and>8l translational vectors. The extracted bifurcations are subjected to RANSAC
matching andTable 2 shows the match 1 of reference
3.RESULTS image, match 2 of floating image, the corresponding

transform and the final registered state.

The retinal images are obtained from the STARE and The computational time differs depending on the
DRIVE data bases. Few images collected from the Eyedimension of the images. The best angle of rotation
Foundation-Ooty were also tested with this algonith  best matching coordinates and the computationag tim
The results are tabulated such that Ttable 1. shows  for the test images are tabulated Trable 3. The
the sample test images and the correspondingvariation in the mean square error is compared when
bifurcations extracted using adaptive multi spédctra the algorithm is tested using ICP, GICP and a comubi
thresholding is also shown besides the image size. RANSAC and GICP.Figure 5 graphically plots the

The control points are selected from the extractedreduction in the mean square error when the gradien
bifurcations. The number of control points, the bemof ICP is performed after RANSAC matching.

700
600
500
400
300
200
100
0k . = Sy
No. of points
Number .Of that meets Fits the scale L| Success rate
control points  the threshold
K
===V alues after 5th iterartin _ 586 328 204 | 72%
== Values after 50th iterartin2 345 152 86 81%
Values after 100th iterartin3 254 98 65 8804

Fig. 4. Selection of control points using RANSAC algorithm
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Fig. 5. Representation of reduced mean square error
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Table 1. Sample test images, extracted bifurcations andéntémension

7 3 W

289%15 384276 25&210 31x284 27%208

Table 2. Selection of control points, match transform aindlfregistered output

Initial state match 1 Initial state match 2 Matcmsform Final state

Table 3. Simulation results

Size of image Best angle of rotation in degrees  estBnatching coordinates Computational time (ms)
289x215 -12 (84,121) 24.13
384x276 10,-10 (156,212) 28.42
256x210 8 (56,103) 22.33
312x284 6 (94,191) 26.30
271x208 16,-16 (144,234) 23.24
4. DISCUSSION multimodal retinal images. The images are

preprocessed and segmented and finally registered

This novel method of registration has shown that th using the RANSAC matching and gradient iterative
the accuracy of retinal image registration is iasel  closest point algorithm. The results has shown that
when compared to the existing methods from theregistration of retinal images using iterative @sis
literature. The algorithm proves to be suitablerfinal point algorithm consumes more computational time
images of various dimensions and the retinal imagethan gradient iterative closest point algorithm.stFa
obtained from the patients with severe inflamatioe to convergence is achieved by selecting the control
the retinal occlusion can also be processed tdogger points using RANSAC matching. This further reduces
efficiency. The initial matching at variuos stagdeng the computational time and the effective resultshwi
with the transformation match can also be compaiie efficient registration are obtained. In future abhg
the reference retinal images which helps in vaytime method of registration can be developed by comiginin
run time parameters like the best matching cootdéa this extracted bifurcations and intensity infornoatiof

which helps in reducing the computational time. those bifurcations.
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