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Abstract: The presence of cholesterol in the iris can be detected in the cornea area which is a whitish ring-shape. It is a sign of
hyperlipidemia and is also correlated with coronary heart disease (CHD). Iridology is an alternative method to detect the presence of
cholesterol in the iris. We proposed a novel method of detecting the presence of cholesterol using image processing techniques. In this
method, the iris is segmented from the eye, enhancing of iris, then normalization of the iris, and then cholesterol detection using the
Modified Daugman method was implemented. This method involves 3 stages of cholesterol detection. The result showed an impressive

result in the detection of the presence of cholesterol when applying the iris code of different bits.
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1. Introduction

Iridology improves our capacity to perceive and
comprehend our inner selves. The world within contains
an incredible amount of life, energy, and power in all of
its pulsating, brilliant tapestry of dynamic activity,
living, moving chemistry, amazing cellular metabolism
processes, and waves of absorption and elimination. Our
physical form is very miraculous.

Iridology is a language that all people of all ages, races,
and cultures can understand. To those who learn the
language and study the markings about the individual,
the iris unveils its mysteries. It's not long before one
notices that each case of arthritis is distinct since
iridology reveals the underlying etiology of the disease
in each individual. Because the practitioner can precisely
prescribe what each patient requires based on the
interpretation of their iridology, treatment is particularly
effective. A highly potent remedy is doing the right thing
at the right moment.

The sodium ring, also known as the calcium ring,
cholesterol ring, circulatory ring, hyper cholesterol ring,
lypaemic  diathesis constitutional type, or the
arteriosclerosis ring in Fig. 1, is a subject of debate
among iridologists. The ring can be hereditary, develop
from bad lifestyle choices, or result from consuming too
much salt from food, drink, soil, water, or medications.
Calcium that is out of solution or an overabundance of
cholesterol deposits could be the cause[1].
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Fig. 1 Cholesterol ring

The ability to superimpose zones on normal analytic
charts has been one of the useful developments of iris
charts. In Fig. 2, there are seven zones:

I. The stomach region

2. Intestinal area

3. The pancreas, kidneys, solar plexus, heart, and aorta
4. Pituitary gland and bronchial tubes. pineal gland

5. Reproductive organs and the brain

6. Liver, thyroid, and spleen

7. Sweat glands, skin, lymphatic and circulatory systems.
sensory and motor neurons

Fig.2 Seven Zones of Iris

Cholesterol ring: This unique sign, which begins in Zone
7, is a translucent-to-opaque ring that appears in different
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colors of white. appears to be a deposit or settlement
around the perimeter of the area of the cornea that is seen
in front of the iris in Figure 3, not touching the iris. In
other words, it covers the iris without attaching to the iris
trabeculae. The degree of the illness affects how wide it
is. This indication is caused by chemical imbalances in
the body as a result of medications like sodium salicylate
that cause calcium to become out of solution and
excessive salt or bicarbonate of soda use. and elevated
blood triglycerides or cholesterol [2].
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Fig.3 Cholesterol ring in Iris

The three stages of the disease are:

1. Incubation period: The first stage, where the
white color appears on zone 7 appears mildly.

2. Prodromal stage: The second stage, where half
of the white color surrounds zone 7.

3. lllness: The third stage, where the full white
colorisin zone 7.
2. Existing Methods

2.1 CA-Net model

To achieve a more accurate and comprehensible medical
picture segmentation, Ran Gu [3] has created a
comprehensive attention-based CNN (CA-Net) that
makes use of multiple attentions in the CNN architecture.
By concentrating on the most relevant scales and
channels, the segmentation performance can be
improved. CA-Net offers a detailed explanation of how
each geographic location, feature map channel, and scale
is used for prediction during segmentation tasks. The
following is the definition of the Average Symmetric
Surface Distance (ASSD), which is utilized in ground
truth and automatic segmentation:

1
ASSD = AP ( Z d(a.Sp) + Z d(b,Sa))

aeSa beSp

This network performs far more efficiently and is
explainable than earlier methods. The Dice score
produced by the CA-Net method was 92.08%. In the
future, this method can also be easily extended to
segment 3D images.

2.2Attention U-Net

Ozan Oktay et al. [4] introduced attention gates that are
incorporated into the standard U-Net architecture in
order to draw attention to the important components that
are transported into the skip connections. Information
gated from the coarse scale helps to separate out the
noisy responses from the irrelevant ones in skip
connections. This is carried out just before concatenation
to guarantee that only relevant activations are joined.
Furthermore, AGs filter activations of neurons during
both the forward and reverse passes. The backward pass
involves down-weighting the gradients that start in
background areas. This allows for the updating of model
parameters depending on the locations of shallower
layers' spatial regions. The following is one way to
design the update rule for the layer | convolution
parameters:
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2.3 LinkNet model

LinkNet is a light deep neural network
architecture for semantic segmentation, useful for
augmented reality and self-driving car projects.
Yooseung Wang et al. [5] proposed NL-LinkNet, which
has the ability to identify connections between global
properties. This allows for more accurate road
segmentation by enabling each spatial feature point to
utilize all other contextual data. Specifics: Without any
postprocessing, such as conditional random field (CRF)
refinement, this single model surpassed all other
published state-of-the-art ensemble models in the official
DeepGlobe Challenge. Further, our nonlocal LinkNet
(NL-LinkNet) performed better with 43% fewer
parameters, less giga floating-point operations per
second (GFLOPs), and a faster training convergence
time than the DeepGlobe challenge winner, D-LinkNet.

2.4 Retinex model

Non-local mean filtering and multi-scale
Retinex were proposed by Zhenghau Chen[6]. First,
NLM filtering reduces the problem of speckle noise for
texture improvement. The MSR is then added to the
filtered SAR image to improve the textural aspects of the
oceanic internal waves. Real SAR photos from the
Gaofen-3 satellite were used in the experiment to
improve the textural features of oceanic internal wave
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SAR images. The results demonstrate that the proposed
method may effectively reduce image noise while
significantly improving internal wave texture.

2.5 Histogram Equalization Method

Histogram equalization (HE) is an image processing
technique used to enhance contrast in images. The core
idea of HE is to modify the pixel values in an image to
achieve a more uniform distribution over the entire
possible value range [7]. Creating the image's histogram,
or a graphical representation of how frequently each
pixel value appears in the image, is the first stage in the
HE process [8]. The histogram is then equalized by
redistributing the pixel values to provide a more
consistent distribution of values over the whole range of
possible values [9].

2.6 AHE Method

An image's contrast can be improved by using Adaptive
Histogram Equalization (AHE), a variant of the
histogram equalization approach, especially in regions
with low contrast or uneven illumination [10]. AHE
applies distinct equalization functions to various picture
regions depending on the local image statistics, in
contrast to normal histogram equalization, which applies
the same equalization function to the entire image. The
AHE procedure is partitioning the image into discrete
areas, or tiles, determining the histogram of each tile, and
subsequently independently equalizing each histogram.
This guarantees that contrast enhancement is applied
only to the areas of the image that need it. One of the
main advantages of AHE is that it maintains the local
contrast of the image while improving overall contrast.
For this reason, it is particularly useful for pictures
having intricate textures, like satellite or medical photos
[11].

2.7 CLAHE Method

Contrast Limited Adaptive Histogram Equalization
(CLAHE) is a technique that can enhance an image's
contrast while preventing artifacts such as the "halo
effect" that may occur with Adaptive Histogram
Equalization (AHE) [12]. Classical AHE has the
potential to over-enhance contrast in image regions with
a narrow histogram [13]. A prominent grid-like pattern
around the borders, known as the "halo effect," may
result from artifacts and noise in some places being
amplified too much. CLAHE circumvents this limitation
by limiting the contrast enhancement in each image tile.
The "clip limit" is a predetermined figure that is used to
clip the histogram to limit it. This prevents noise and
artifacts from being amplified excessively and
guarantees that contrast enhancement in regions with a
narrow histogram is not overdone.

3.  Materials and methods
3.1 Datasets

A college database called PEC datasets contains iris
scans of students for research purposes. The 30
photographs in this collection comprise PNG files of the
left and right iris images for every subject. All of the
pictures are taken with an L1 solution sensor and near-
infrared lighting. This clever design allows our iris
camera to capture remarkably clear iris photos [15].

3.2 Segmentation of Iris

Using the Iris U-Net method[15], the iris portion of the
eye picture is automatically separated in this work, as
illustrated in Figure 4. Data from the datasets were
randomly selected to provide training for twenty
participants and testing for five subjects. From start to
finish, this network is entirely convolutional. (FCN). It
can accommodate images of any size because it does not
have fully connected thick layers. The provided image
has dimensions of 128 * 128 * 3. The accompanying
graphic shows the left contractor path and the right
extension path. Contractor Path extracts information
from the image using convolution layers and max
pooling layers. On the right side, transposed
convolutional layers are combined with conventional
convolutions to achieve this.

Fig.4 Iris segmentation

3.3 Enhancement of Iris

Using the SSR [14] approach in conjunction with
CLAHE [12], iris enhancement was carried out. Training
and testing data were taken from the following sets of
subjects: 70 from the CASIA dataset, totaling 4035
images with 320*280 resolution in.jpeg format; 46 from
the MMU dataset, totaling 460 images with 320%*240
resolution in.bmp format; and 140 from the PEC dataset,
totaling 450 images with 640*480 resolution in.png
format. The CLAHE model only improves the local
characteristics of iris pictures. However, when CLAHE
and SSR are combined, local and global features are
extracted, producing more enticing results, as seen in
Fig. 5.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(3), 3827-3832 | 3829



Segmented iris CLAHE-SSR

Fig.5 Iris enhancement
3.4 Normalization of Iris

The iris region is reshaped to have set dimensions during
the normalization process. Dilation can also result from
head tilt, camera rotation, eye rotation, and changes in
image distance. An effective normalizing procedure
should yield distinct iris regions for distinct iris types
under identical settings as well as consistent dimensions
for identical iris types under various conditions. The
remap of each iris region's point to the polar coordinates
(r,) in Figure 6 can be explained using Daugman's
rubber-sheet model.

Fig. 6 Iris normalization
3.5 Detection of cholesterol

In the Daugman method [16], a 1-bit iris code is used for
iris recognition. We have taken different bits for
detecting the presence of cholesterol. For detecting the
presence of cholesterol in the iris, after normalization of
the iris, we have divided the normalized image into 7
zones given by [2]. Then we took the 7™ zone in the iris
image and processed the image. We have detected the
presence of cholesterol in three stages. In the incubation
stage of the detection of cholesterol, a 2-bit
representation of iris code is implemented as follows:

Step 1: The normalized iris is divided into 7 rows. The
7™ row was taken for the detection of cholesterol in the
iris.

Step 2: Divide the grayscale pixel values into four
intensity levels.

Step 3: Assign a 2-bit code to each intensity level: 00 for
the first interval, 01 for the second interval, 10 for the
third interval, and 11 for the fourth interval.

Step 4: For each pixel in the iris image, determine its
intensity level based on the quantization intervals.

Step 5: Assign the corresponding 2-bit code to each
intensity level and concatenate these codes to form the
iris code.

In the prodromal stage of the detection of
cholesterol, a 3-bit representation of the iris code is
implemented as follows:

Step 1: The normalized iris is divided into 7 rows. The
7™ row was taken for the detection of cholesterol in the
iris.

Step 2: Divide the grayscale pixel values into eight
intensity levels.

Step 3: Assign a 3-bit code to each intensity level: 000
for the first interval, 001 for the second interval, and so
onup to 111 for the eighth interval.

Step 4: For each pixel in the iris image, determine its
intensity level based on the quantization intervals.

Step 5: Assign the corresponding 3-bit code to each
intensity level and concatenate these codes to form the
iris code.

In the illness stage of the detection of
cholesterol, a 4-bit representation of the iris code is
implemented as follows:

Step 1: The normalized iris is divided into 7 rows. The
7™ row was taken for the detection of cholesterol in the
iris.

Step 2: Divide the grayscale pixel values into sixteen
intensity levels.

Step 3: Assign a 4-bit code to each intensity level: 0000
for the first interval, 0001 for the second interval, and so
on up to 1111 for the sixteenth interval.

Step 4: For each pixel in the iris image, determine its
intensity level based on the quantization intervals.

Step 5: Assign the corresponding 4-bit code to each
intensity level and concatenate these codes to form the
iris code.

4. Results and Discussion
4.1 Incubation stage

Fig. 7 illustrates samples of the iris at the early stage of
the presence of cholesterol. We have taken 30 samples of
iris images, from which zone 7 is extracted. Fig. 8
represents the presence of cholesterol detection in iris
images.
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Fig. 7 Incubation stage

Cholesterol found in image: 1066.png
Cholesterol found in image: 1@01.png
Cholesterol found in image: 1@©2.png
Cholesterol found in image: 1@03.png
Cholesterol found in image: 10e4.png
Cholesterol found in image: 1065.png
Cholesterol found in image: 1806.png
Cholesterol found in image: 10©7.png
Cholesterol found in image: 1868.png
Cholestercol found in image: 10@9.png
Cholesterol found in image: 1016.png
Cholesterol found in image: 1©11.png
Cholesterol found in image: 1@12.png
Cholesterol found in image: 1013.png
Cholesterol found in image: 1014.png
Cholesterol found in image: 1015.png
Cholestercol found in image: 1016.png
Cholesterol found in image: 1017.png
Cholesterol found in image: 1018.png
Cholesterol found in image: 1019.png
Cholesterol found in image: 1026.png
Cholesterol found in image: 1821.png
Cholesterol found in image: 1022.png
Cholesterol found in image: 1823.png

Fig. 8 Incubation stage with cholesterol detection
4.2 Prodromal stage

Fig. 9 illustrates samples of the iris at the next stage of
the presence of cholesterol. We have taken 30 samples of
iris images, from which zone 7 is extracted. Fig. 10
represents the presence of cholesterol detection in iris
images.
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Fig. 9 Prodromal stage

Cholesterol found in image: 1000.png
Cholesterol found in image: 1ee1.png
Cholesterol found in image: 1002.png
Cholesterol found in image: 1003.png
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Cholesterol found in image: 1005.png
Cholesterol found in image: 1006.png
Cholesterol found in image: 1007.png
Cholesterol found in image: 1@08.png
Cholesterol found in image: 1€09.png
Cholesterol found in image: 1010.png
Cholesterol found in image: 1011.png
Cholesterol found in image: 1012.png
Cholesterol found in image: 1013.png
Cholesterol found in image: 1014.png
Cholesterol found in image: 1015.png
Cholesterol found in image: 1016.png
Cholesterol found in image: 1017.png

Fig. 10 Prodromal stage with cholesterol detection
4.3 Illness stage

Fig. 11 illustrates samples of the iris at the last stage of
the presence of cholesterol. We have taken 30 samples of
iris images, from which zone 7 is extracted. Fig. 12
represents the presence of cholesterol detection in iris
images.
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Fig. 11 Illness stage

Cholesterol found in image: 100@.png
Cholesterol found in image: 1601.png
Cholesterol found in image: 1002.png
Cholesterol found in image: 1@83.png

Fig. 12 Illness stage with cholesterol detection

Fig. 13 scatter plot to show the distribution of
pixel values across different representations. Random
noise is added to the pixel values for better visualization
separation. Scatter plots are created for each
representation, with different colors to distinguish
between them.

Pixel Values Across Different Representations

abit

Fbit

Representation (Bit)

2-bit
3bit
2-bit 4bit

0 50 100 150 200 250
Pixel Value

Fig. 13 Pixel value Vs bits
5. Conclusion

In this paper, we detected cholesterol presence using an
image processing technique. First, we segmented the iris
from eye images using the Iris U-Net model. Next, we
applied an image enhancement technique to the iris
image to bring a better quality of the iris. Then, we
normalized the iris to extract zone 7 for the detection of
cholesterol. The Daugman method was associated with a
1-bit representation of iris code. This method uses a
modified Daugman method with different bits
representation for different stages of cholesterol
detection. The Experimental results showed an
outperformance by detecting the presence of cholesterol
in three stages of cholesterol detection. In the future,
various diseases can be detected using Iridology.
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