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Abstract— Iris tumors, so called intraocular tumors are kind of tumors that start in the iris; the colored part of the eye that surrounds the
pupil. There is a need for an accurate and cost-effective iris tumor detection system since the available techniques used currently are still
not efficient. The combination of the image processing different techniques has a great efficiency for the diagnosis and detection of the iris
tumor. Image processing techniques improve the diagnosis of the tumor by enhancing the quality of the images, so the physicians
diagnose properly. Moreover, using some techniques such as edge detection and image fusion helps in detecting and segmenting the
tumor, located in the iris. This paper aims to develop a detection system that automatically detects the presence of abnormalities or tumors
in the iris. The suggested system combines different image processing techniques such as image filtering, images adding, canny edge
detection, and image fusion. These methods are used in order to analyze and segment the tumor into the iris, and then mark this abnormal
region onto the original grayscale image. The iris images are obtained from a public database available on the internet, “Miles Research”.
The computer experimental results proved that the proposed detection system can successfully segment an iris tumor, and mark it to be

then superimposed on the original image using image fusion.

Index Terms— lIris tumor, intraocular, canny edge detection, image fusion

1 INTRODUCTION

he eye is structured as follows: the sclera which is the

white part. The iris: the black part of the eye excluding the

pupil which is the black part into the iris. Eye cancer can
be defined as an anarchical growth of abnormal cells. This
may be produced in or around the eye and then develop into a
mass (tumor) [1]. A tumor is a mass of tissues formed by an
uncontrolled growth of cells. There are different types of eye
tumors, and each type can affect certain parts of the eye. The
eye tumor can be called as ocular which is the medical name
of the eye. It can be intraocular, means inside the eye or extra-
ocular which means that it affects the outside part of the eye.
The most common types of the intraocular iris tumors are the
Cyst, Nevus, and Melanoma. The cyst is a benign tumor that
takes place inside the stroma; the front of the iris, or in the iris
pigment epithelium; the back of the iris [2]. Nevus is a benign
pigmented growth iris tumor featured as yellow spots in the
iris. It can be around the iris or beneath the retina. Nevus has a
rare malignancy transformation into ocular melanoma; a cancer
of the eye. The melanoma is a malignant tumor that can start in
the skin or in the lining of the eye. The melanoma often grows
and develops in the tissues in the middle layer of the eyeball.
This middle layer is called the uvea and contains the iris [3].
This iris tumor has many signs and symptoms such as the dark
spots in the iris area, the change in size or even the shape of the
pupil, and the changes in the vision and other signs. Since our
system is an image processing system, which stimulates the
human vision, so it can detect the first two signs which are the
dark spots and the change in the size and shape of the three
discussed iris tumors [4]. The proposed system aims to auto-
matically detect the tumor into the iris region. This can be
achieved by extracting the tumorous areas using different im-
age processing techniques discussed in the next sections.

This paper is structured as follows: the first section is an in-

troduction about the eye tumors and the proposed system. The
second one is a methodology of the system in which we provide
flowcharts and figures that explain the system stages and the
methods used. In the subsections of the second part we explain
each image processing technique that is used in the system.
Section three is the experimental results which show the system
efficiency.The last section is a conclusion about the developed
approach.

2 IRIS TUMOR DETECTION SYSTEM (ITDS):
METHODOLOGY

In this paper an iris tumor detection system is developed. The
system is implemented using Matlab programing language
(Matlab 2013 software tools). ITDS is based on different image
processing techniques used in order to stimulate the human
visual inspection for detecting the iris tumor into an eye. The
eye images (fig. 1 & 2) are obtained from “Miles research” [5];
a public database available on the internet. The images are
converted first to grayscale images, and then these images are
filtered using median filter in order to enhance their quality.
The background image is extracted in order to be then sub-
stracted from the original one. Image adjustment is applied to
the resulted image, thus increases its pixels intensity which
clears that area that is then segmented in the next step, the
edge detection using canny operator. After extracting the re-
gion of interest, the unwanted components are removed using
an algorithm discussed in section 2. The last method is to su-
perimpose the extracted ROI on the original grayscale image
using image fusion in order to mark the tumor region onto the
original image. The flowchart below shows our proposed sys-
tem algorithm by setting successively the methods used. fig. 3
is an example of our proposed iris tumor detection system, in
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which an iris melanoma image undergoes all previously dis-
cussed image processing techniques in order for the tumorous
area to be segmented and then to mark the region of interest
on the original grayscale image using image fusion.
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] T

_ Fig.4. Iris melanoma (a) the original RGB image, (b) the gray-
[5] Fig.2. Eye with an iris tumor scale image, (c) the median filtered image, (d) the extracted
background, (e) the added image: original + background, (f)
the adjusted image, (g) the segmented region of interest using
C Read RGE imag=as input > canny edge detection, (h) ROI after removing unwanted com-

ponents, (i) superimposing the ROI on the original grayscale
image using image fusion.
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Fig.3. Flowchart of the proposed algrithm Fig.5. Normal Iris (a) the original RGB image, (b) the gray-
scale image, (c) the median filtered image, (d) the extracted
background, (e) the added image: original + background, (f)
the adjusted image, (g) extracted region of interest using can-
ny edge detection (iris), (h) ROI after removing unwanted
components, (i) fused image.
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2.1 Grayscale conversion

The first step is to convert the RGB image to grayscale. This
conversion is done using the luminosity method which relies
on the contribution of each color of the three RGB colors.
Using this method, the grayscale image is brighter since the
colors are weighted according to their contribution in the RGB
image not averagely [7].

(@) (b)
Fig.6. (a) RGB image of an eye with iris tumor, (b) Grayscale
converted image of (a).

2.2 Smoothing using median filtering

A smoothing filter is mainly used to reduce noise in an image.
In a specific pixel, it takes into consideration the neighbor
pixels to that studied pixel. The pixels are filtered out and the
noise is reduced by taking the neighboring pixels into account.
One of the most useful filters used for smoothing images is the
median filter. This type of filters is used to reduce impulsive
noise or the salt-and pepper in an image with preserving the
useful features and image edges [7]. Median filtering is a
linear process in which the output of the being processed pixel
is found by calculating the median of a window of pixels that
surrounds that studied pixel [7].

(b)
Fig.7. (a) Grayscale image before median filtering, (b) Gray-
scale image after median filtering,

2.3 Background extraction

Morphological operations are used for the extracting of back-
ground. Morphology can be defined as set of image pro-
cessing operations that process images based on shapes [8].
These operations can be done by applying a structuring ele-
ment to an input image, resulting in an output image of the
same size. The structure element is a matrix consists of 0's and
1’s, where the 1’s are called the neighbors. The value of each
pixel in the output image is set according to a comparison of
the corresponding pixel in the input image with its neighbors.
Structure element has many shapes according to its applica-
tion. Here, the “disk” structure element with a “radius” of 15
is used to extract the background. The most common mor-
phological operations are erosion and dilation. The latter is
used to respectively remove or add a pixel at object boundary
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based on structuring element shape and radius. The formula
of finding the output pixel in both operations is the maximum
of input pixels neighborhood matrix. Image opening is used to
extract background in the proposed system. Morphological
opening is erosion followed by dilation using the same struc-
ture element for both operations. The opening technique can
remove objects that cannot completely contain the structuring
element in order then to extract the background [8, 9].

(a) (b)
Fig.8. (a) Original grayscale image of iris tumor, (b) Removed
background.

2.4 Adding images

This operation is to add the background image to original
grayscale image. Adding two images can be done by adding
each pixel in the first image to its corresponding one in the
second image [10] . This increases the intensity of pixels, and
then the region of interest (cancer area) gets brighter and
clearer since the pixels under this region have higher
intensities than other pixels. Figure 3(e) shows the result
image of adding two images (background and original image).
The following equation represents the adding operation. The
original iris cancer image is being defined as O(x,y), the
background image as B(x,y), and the resulted image as R(x,y).

R(x,y)=ii(0(xi,y,-)+ B(Xi,y;)) (1)

Where i and j represent the rows and columns respectively.
O(xiy;) and B(x;y;) are the elements values of the original and
background images matrices. The number of elements of both
images matrices which should be equal for both images
matrices. Figure below shows the result image of the adding
operations of an original iris tumorous image with its
background.

e

-

Fig.8. (a) Original grayscale image, (b) Removed background,
(c) Added image.
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2.5 Image intensity adjustement

The images then undergo intensity adjustment in which the
input image’s intensities are mapped to a new range of in the
output image. This can be done by setting the low and high
input intensity values that should be mapped and the scale
over which they should be mapped (fig. 1.f) [10].

“-‘

Fig.9. Adjusted image og fig.8(c).
2.6 Segmentation using canny edge detection

Segmentation is the process of partitioning the image into
different and many regions [11]. This process can be done
using different methods. The most common method for
segmentation is the edge detection using canny operator. The
latter is an algorithm used for detecting range of edges in an
image. It detects the intensity discontinuities and finds
boundaries of objects in an image by classifying pixels into
edges. A pixel is classified as pixel if the gradient magnitude
of it is greater than those of its both neighbors on the left and
right sides (fig. 1.e) [12, 13].

@ )
Fig.10. (a) Iris tumor grayscale image, (b) Segmented tumor
using canny edge detection.

2.7 Removing unwanted components

The images then undergo an operation called as area opening.
This technique is used to remove the un-wanted components
into an image using a matlab function “bwareaopen”. This
technique is to remove form a binary image all the connected
components (objects) that have pixels lower than than a set
value [10]. After applying this technique we could get a result
image showing the segmented region of interest (tumor re-
gion) for abnormal images and an image with only one circle,
the pipil circle; representing the normal image (fig. 4.h) and
(fig. 5.h).

2.8 Image fusion

For the purpose of superimposing the extracted region of in-
terest onto original grayscale image we use a technique called
image fusion. This image processing technique is a process of
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superimposing or combining relevant information from two
or more images into a single output image [14] in order to
come up with a more informative image. Image fusion can be
categorized into three categories: pixel level, feature level, and
decision level [15]. In our proposed system we use the pixel
level fusion, in which the input images are fused pixel by pixel
followed by the information extraction which is in our case
marking the tumor area onto the original grayscale image.

Detection
Result

Registered Fusion Feature Extraction

Input Images

[13]Fig.11. Pixel level image fusion

a R v
~

_ TJ:J( Fusion

~—

b

Fig.12. Image fusion (a) original image, (b) Segmented tumor,
(c) Fused image.

2.9 Experimental results

The proposed iris tumor detection system was implemented
using 2.8 GHz PC with 4 GB of RAM, Windows 7 OS and
Matlab 2013 software tools. The system has been tested using
100 RGB images of iris tumors (melanoma, cyst, and nevus)
and normal irises obtained from the online database: Miles
Research [5]. The images are of size 431*688, however; they are
directly converted to grayscale images of size 250*250. The
experimental tests of the suggested system show efficient and
successful results for the detection and segmentation of the
tumor regions in an affected iris image. Table 2 represents the
overall detection ratio achieved when testing the system. The
images consist of 70 tumorous images (with tumor) and 30
normal images (without a tumor). The overall detection ratio
is 98.5 % which is a sufficient result for such detection system.

Table 1: Peroformance of the proposed system
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Number of images | Detection ratio

Normal 30 30/30 100%
Abnormal 70 68/7097.1%
Total 100 98.5%

Successfully
detected
tumor

Fig.10. Images of some successfully and unsuccessfully seg-
mented tumors.

2.10 Conclusion

This paper presented a novel approach for the detection of
the iris tumor using segmentation and image fusion. The de-
veloped system reads the tumorous iris image, processes it,
and marks the regions of interest (tumorous regions) includ-
ing pupil for the affected images. However, for the normal
images, only pupils are marked since there are no tumors into
the iris. The system has been tested for normal and abnormal
images obtained from Miles Research and the experimental
results were successful which proves that our effective system
can be implemented into real life applications.
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