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Abstract

The eye is an important part of the human body and is a window that reveals the outside
world to mankind. The eye is divided into anterior and posterior sections, each of which
contains specific features and diseases. One of the most important problems with the human
eye is blindness that can have hereditary or acquired causes. Many diseases, including fetal
measles, retinopathy in premature infants, microphthalmosis, cataracts, etc. can cause
blindness, and diabetes is one of the most important causes of blindness in the world. In
this review study, we describe and review the features and components of the eye structure,
familiarity with the concept of blindness, the diseases that cause blindness, and systems
designed for blind use such as the white cane, the braille line, the finger reader technology,
the guiding dogs, the money recognition device, the vibrotac technology, etc.
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Introduction

The human eye forms the basis of the visual process, and the
vision process involves a set of structures that lie alongside each other.
The crystalline lens focuses the light beams through a process called
controlled placement through the cellular muscle, which is a very
necessary operation, also there is a neural network for processing and
transmitting electrical signals received through the optic nerve and
transferring them to the visual cortex of the brain in the mechanism of
vision. As shown in Figure 1, the eye is composed of many components
and is generally divided into anterior and posterior sections, the
anterior part including the cornea, conjunctiva, iris, anterior chamber,
eyelashes frame, eclipse, lens, etc. The back includes sclera, vitreous,
choroid, optic nerve, and retina.'> When we remove the eye from
the orbit, we can see that the eye is a slightly asymmetrical sphere
with an approximate sagittal diameter or length of 24 to 25mm
and a transverse diameter of 24mm. It has a volume of about 6.5cc
(Figurel).*> The external layer, formed by the sclera and cornea. The
intermediate layer, divided into two parts: anterior (iris and ciliary
body) and posterior (choroid). The internal layer or the sensory part
of the eye is the retina. Three chambers of fluid: anterior chamber
(between cornea and iris), posterior chamber (between iris, zonule
fibers and lens), and the vitreous chamber (between the lens and the
retina). The first two chambers are filled with aqueous humor, whereas
the vitreous chamber is filled with a more viscous fluid, the vitreous
humor. The sagittal section of the eye also reveals the lens, which is
a transparent body located behind the iris. The lens is suspended by
ligaments (called zonule fibers) attached to the anterior portion of the
ciliary body. The contraction or relaxation of these ligaments, as a
consequence of ciliary muscle actions, changes the shape of the lens,
a process called accommodation that allows us to form a sharp image
on the retina.’ In the following each section is generally explained:

I. Iris: This section includes two layers, first the pigmented fibro-
vascular layer and second layer is the pigmented epithelia
cell. The iris makes the space between the cornea and the lens
divide into 2parts. The first is the anterior compartment and the
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second is the back compartment. The color we see in the iris
depends on the individual’s genetics, and in general, this color
is created genetically. The muscles in the iris tissue react with
the sympathetic and parasympathetic nerves and shrink and
expand, causing the pupil to tighten or dilate.

Cornea: This part is located on the front of the eyeball and has
no blood vessels to feed, but is fed by tears and the aqueous
humor. The cornea has two important tasks, the first is to send
the light into the eye, centralizing them on the retina, and the
latter is to protect the eyes from the risks that may occur to
them. The structure of the cornea is organized in five layers by
cells and proteins.

Conjunctiva: It is a thin, transparent membrane that lies inside
the eyelid and covers the front part of the sclera and protects
the eyes against the micro-organisms by producing the mucosal
matter. The conjunctiva consists of three parts: the first is the
conjunctiva of the eyelid, which is a thin layer and covers the
upper and lower eyelids. The latter is a bulbous conjunctiva
that covers the sclera and the third is the split conjunctiva, a
part that connects the conjunctiva of the eyelid and the bulbous
conjunctiva.

Anterior chamber: It is a part of the eye that contains aqueous
humor (~0.25ml) and is approximately 3 mm deep and is
located on the front of the iris. There is a method for testing the
anterior chamber, called a gonioscopy method that measures the
automatic eye movements and the eye rotation.

Eyelashes frame: It is a thick tissue of the intravascular layer in
the eye which centralizes the epithelium by lens cellular muscle
to help the secretion of the aqueous humor.

Aqueous humor: It is a transparent liquid that fills the anterior
and posterior chambers and feeds the cornea. Aqueous humor
acts like blood for these structures. Disposes the wastes from the
metabolism, as well as the displacement of neurotransmitters, in
addition, stabilizes the structure of the eye and helps to maintain
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the pressure of the eye. A large part of the aqueous humor is
made up of water and there is a very small amount of protein
in it.
VII. Lens: The part that lies behind the pupil and, in addition to
being transparent, it becomes thin or thick with respect to the
distance between objects that are close or far from the eye, and
it is also flexible. The lens is responsible for focusing the light
on the retina so that we can see the right and clear image.

VIII. Vitreous: It is a clear, jelly-like liquid that does not have any
color and is located in the space between the lens and the retina
and fills the space. Vitreous forms a huge amount of the eye and
about 98% of the vitreous is water and the other 2% contains
Hyaluronic acid and collagen fibers. There are no blood vessels

in the vitreous.

IX. Chloride: It is a vascular layer that feeds the retina and supplies
it with oxygen. It has two interior and exterior surfaces, the inner
surface of which is connected to the retina pigment epithelium,
and the outer surface is connected to the light nerves connected
to the sclera and exits through the vortex vessels. A large portion
of the chloride is the melanocyte cells; the blackness of this
layer is due to the presence of these melanocytes.

X. Sclera: It is the part that forms the whiteness of the human
eye and consists of collagen fibers. If the sclera is blurring, it’s
because collagen fibers are set irregularly. The task of the sclera
is to protect the eyes, stabilizing the eye and to maintain the
appearance of the eye. The sclera is divided into three parts:
Epi-sclera, Lamina fusca and sclera stroma.

XI. Retina: It is the inner layer in the eye which is a circular disk
with a diameter of approximately 30-40mm (Kolb 1991) and
a thickness of 0.5mm. These cells are divided into three main
groups: photo receptors, neuronal cells and glial cells.

XII. Optic nerve: This nerve connects the eye to the brain and is
called a cranial nerve. The nerve consists of ganglion cells with
1.2million neurons and its task is to transmit visual waves from
the retina and transmit them through the electrical waves to the
center of the imaging in the brain. The mentioned contents are
the only important parts of the eye structure because the eye

structure has many complex components.

Eye Anatomy
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Figure | The human eye components.*
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Eye diseases and illnesses
Blindness

Legally in the UK, someone who is unable to do things in which
vision is needed is considered as a blind. If the patient’s vision is
below the mentioned level, then that person is considered blind. For
people with visual impairments, social, financial and cultural services
are considered that they can use these services if they so wish. Another
definition of blindness is that a person with one of the following two
characteristics is blind:**

A. The visibility of a person is less than 20degrees.
B. A person’s field of view is less than 20degrees.

It should be noted that the blindness standards for different
individuals can vary from year to year.

Color blind

These people are not blind because people who are color blind
are unaware of this subject until they have tested their vision and
surroundings. About 8% of men have congenital color blindness.'"!!

Causes of blindness

In the Western world, the cause of blindness in children is
central nervous system disorders, hereditary retinal dystrophies and
congenital anomalies, and in adults aged between 20 and 60years, the
main cause of retinal disease is diabetic retinopathy and optic atrophy.
The causes of blindness are different in different parts of the world,
including Africa and Asia. Many children suffer from blindness due
to measles at the fetal period. The most common cause of blindness
is cataract in adults. In parts of the world that are economically high,
the problems of the blind are different from those that are poor and
economically at a low level. There are many causes of blindness that
are generally divided into two categories: the inherited causes, and the
acquired causes. A series of illnesses that cause blindness is illustrated
below:

Infection of the measles during fetal development: If the mother
has measles infection during the first 12 weeks of pregnancy, her
baby is likely to develop congenital measles, which may cause many
problems for the child, one of which is eye defects, which can lead to
blindness.'> "

Retinopathy in preterm infants: The disease is caused by the retinal
development disorder that, if the baby achieves excessive oxygen,
due to the advanced development of new vessels in the retina, retinal
detachment ultimately leads to blindness. As shown in Figure 2,
retinopathy in preterm infants.”

a) Stage 1: This is where the junction of the central part of the
retina that already has blood vessels and the peripheral part of
the retina where blood vessels have not yet grown is marked by
a demarcation line or a flat white line. Babies with stage 1ROP
usually recover without needing any treatment.

b) Stage 2: In stage 2, the demarcation line is raised and is more like
a ridge. Babies with stage 2ROP may recover without needing
any treatment as well. These babies may require more regular
check-ups to monitor progress.

¢) Stage 3: Stage 3 is where new blood vessels start to grow out of
the ridge. These blood vessels are very weak and they will cause
vision problems if they start to scar. If there is also enlargement
and tortuosity of the main normal blood vessels of the retina,
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this is known as “plus disease”. Stage 3 ROP with plus disease
usually requires treatment.

d) Stage 4: In stage 4, the fragile new blood vessels that grow in
stage 3 can contract (shrink) causing scarring which can pull the
retina away from the back of the eye (partial retinal detachment).

e) Stage 5: Stage 5 is where the retina can become totally detached
from the back of the eye (total retinal detachment). This would
lead to permanent loss of vision.?!

Retinopathy of prematurity

Stage one

Stage two

Stage three

Optic nerve
~_

New blood

Demarcation line

Retina Demarcation

line widens and thickens. vessel growth
forming a ridge
Stage four Stage five

Y

Detached retina

g-

Partial detached
retina

Figure 2 Stages of the Abnormal growth of the blood vessels causing the
detachment of the retina from the back of the eye.?!

Retinopathy of prematurity (ROP) is a disorder of the developing
retina of low birth weight preterm infants that potentially leads to
blindness in a small but significant percentage of those infants.??
The proportion of blindness as a result of ROP varies greatly among
countries, being influenced both by levels of neonatal care (in terms
of availability, access, and neonatal outcomes) and by the availability
of effective screening and treatment programs. This raises important
questions concerning strategies to reduce the incidence of blindness
as a result of ROP, which should include ensuring that all infants who
are at risk are examined in screening programs.”

Microphthalmos

The disease occurs due to maternal infections during pregnancy,
cytomegalovirus infection, hepatitis, infections such as trans-plasmosis
or hereditary and genetic transmission, and alcohol consumption
during pregnancy and abnormal chromosomes. As shown in Figure 3,
the eyeball of the fetus and the born child has structural problems and
defects that cause the child to have limited vision.>*?’

Glaucoma or the black water: If for any reason the balance between
the production and excretion of the aqueous humor collapses, the
amount of the aqueous humor in the eye increases and the intraocular
pressure increases more than the normal. An increase in the pressure
of the eye damages the retina and the nerve of the eyes and causes the
black water.?s

Cataracts: One of the main causes of blindness in the world that can
occur in all ages, but with age increment, in addition to diminishing
luminosity, lens opacity also diminishes and it also is a common
symptom of intraocular inflammation. Sometimes the intensity of the
lens blurring increases to a degree that looks like a curtain in front of
the person’s eyes. The created opacity may occur due to its position,
for example, in the axis of the vision or at the anterior lens.?'3

According to the Figure 4 these clumps gradually get larger and
interfere with vision.** They distort or block the passage of light
through the lens. “Cataract” means “huge waterfall” or “enormous
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downpour,” which is how some people describe their clouded sight,
like trying to look through a waterfall.*'

A Mild microphthalmia

i

C Severe microphthalmia

Figure 3 A) Mild microphthalmia refers to a structurally normal, small eye,
and has been used interchangeably with ‘nanophthalmia’ (though the latter
is particularly used when referring to a small eye with micro-cornea, axial
length). B) A phenotypic range between anophthalmia (severe microphthalmia)
and microphthalmia, C) an eye with axial length <15 mm.”

Diabetes

Diabetes occurs with an increase in blood glucose levels and, like
cataract, is one of the most important causes of blindness that can be
a chronic side effect of blood vessels over time. Diabetes can affect
vision in various ways, including early onset of cataract, black water,
and effects on the optic nerve and vascular bleeding in the eye, and
eventually blindness of the individual.3*3¢

Aids for blinds

A device that is recognized as a helping hand and a symbol of
blindness in the whole world is a white cane, but there are tools to help
the blind to be active in the community. There are scanned systems
that can read the age when a person moves. Most blind people make
the most of their sense of hearing and feel that this is the key to many
of their problems. In addition to their hearing sense, their tactile sense

Citation: Shirzadfar H,Amirzadeh P.A comprehensive study on eye issues and modern developments in visual rehabilitation for people with impaired vision.

Int | Biosen Bioelectron. 2019;5(2):48-54. DOI: 10.15406/ijbsbe.2019.05.00153


https://doi.org/10.15406/ijbsbe.2019.05.00153

A comprehensive study on eye issues and modern developments in visual rehabilitation for people with

impaired vision

helps them to make the braille line one of the most important tools
for the blind to read. The braille line works with 6points on the paper,
in the form of 2columns of three points, which combine these points
together and make different languages.’’*® Another technology used
by the blind is the Finger Reader, as shown in Figure 5; this device
helps the blind to read information on digital devices, such that it is
placed on the finger of the user and includes a number of sensors.**
The sequential text reading algorithm is comprised of a number of
sub-algorithms concatenated in a state-machine (Figure 6),* to
accommodate for a continuous operation by a blind person. The first
two states (Detect Scene and Learn Finger) are used for calibration
for the higher level text extraction and tracking work states (No Line,
Line Found and End of Line). Each state delivers timely audio cues to
the users to inform them of the process. All states and their underlying
algorithms are detailed in the following sections. The operation begins
with detecting if the camera indeed is looking at a close-up view of a
finger touching a contrasting paper, which is what the system expects
in a typical operation.* Once achieving a stable view, the system
looks to locate the fingertip as a cursor for finding characters, words
and lines. The next three states deal with finding and maintaining the
working line and reading words. For finding a line, the first line or
otherwise, a user may scan the page (in No Line mode) until receiving
an audio cue that text has been found. While a text line is maintained,
the system will stay in the Line Found state, until the user advanced
to the end of the line or the line is lost (by moving too far up or down
from the line or away from the paper).* Eye-Ring consists of a finger-
worn device with an embedded camera and a computation element
embodied as a smartphone or computer, which is also used for speech
I/0. The finger-worn device is autonomous, wireless, and includes a
single button to initiate the interaction. Information from the device
is transferred via Bluetooth to the computing element where it is
processed. An overview of the Eye-Ring system is shown in Figure
’7'45

Cross section of normal eye

Figure 4 Cataracts are cloudy areas in the lens. They occur when certain
g y Y
proteins in the lens form abnormal clumps.®
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Figure 5 Reading mode interaction is bimanual. The user (1) places the right
index finger in the “line start region” and moves vertically to find the start of
the current ling; (2) places the left index next to the right finger as an anchor;
(3) traces the right finger along the line until it reaches the “line end region”;
(4) returns the right index finger to beside the left finger before moving down
to the next line.When the right finger is directly on the line (green trace), no
directional guidance is provided, but when the finger moves too high or low
(red trace), audio or haptic guidance indicates which direction to move to
return to the line.®
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Figure 6 The process of reading the text by the finger reader device.”

Finger-worn Device

Microcontroller and
wireless communication
module

Micro-camera |

I Wireless connection

Computation device (e.g. mobile phone)

Computer vision
engine

Speech processing
engine

I Wireless connection

Earpiece

Audio: input/output

Figure 7 General Diagram Analysis of the Finger Reader.*

Another tool that helps blind people to be present on their own in
the community is a money-recognition device that, as shown in Figure
8, helps them understand the value of the money they have in their
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hands. One of the most famous brands of this device is the ibis and
the function of this device is that the corner of the money is placed
in the groove of the device and the user presses the button that is
located above or below of the device, then a Robotic voice announces
the value of money.*** BEP (BUREAU OF ENGRAVING AND
PRINTING) provides currency readers, free of charge, to all eligible
blind and visually impaired U.S. citizens and national residents. As
shown in Figure 8 the device is small, compact, and runs on a triple-A
battery, which is included. To use the currency reader, simply insert a
U.S. bill into the reader and press the button. The device will tell the
note’s denomination. Guiding dogs can help many blind people. All
dogs are not suitable for training as guidance dogs to help the blind,
and the important reasons they refuse to nurture them as guiding dogs
to help are: hypo-dysplasia, physical causes, fear, irritability, etc.* The
Labrador dog is very suitable for breeding as a guide dog. These dogs
are cultivated in such a way that they operate under the command
of the blind person, if they realize that they are doing something
dangerous to the blind person, they will not act.** Another tool that
can be used to help the blind is the VibroTac, an e-assisting tool.
This device can detect obstacles in different directions and prevent
the blind to encounter them by using the unique vibrating devices.
As shown in Figure 9 there are separate motors which are driven by
the microcontroller. Each direction is obtained by the sensors and the
output pulses of the sensors produce PWM pulses to drive the motors.*!
Another device designed to help the blind is a wearable device that
has three important functions: first, with the help of the ultrasonic
sensor, provides the ability to detect objects and alerts the person in
contact with the object or vice versa. Secondly, it identifies the objects
by using the images taken by the camera. Third, the device declares
the detected tools by the TTS engine.’? The developed mechanism, as
shown in Figure 11, is tested through identical situations. Though, the
collected data admitted the correct placement of the sensors and the
notifications’.> Text-to-Speech, abbreviated as TTS, is a technology
that converts digital text into spoken voice output. Text-to-Speech
systems were first developed to aid the visually impaired. They are
nowadays ubiquitous, having an extremely broad field of application
ranging from voices giving directions on navigation devices to voices
for public announcement systems and virtual assistants™ or intelligent
sensors. >

Figure 8 Second Generation iBill Talking Money |dentifier.*
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Figure 9 Wearable sensor and actuator configuration on a helmet, showing
placement of the motor actuators around the forehead.’'
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Figure 10 Ultrasonic trans-receivers (HC-SR04, Cytron Technologies,
Malaysia), Arduino UNO microcontroller (Arduino, Italy), Xbee-S| trans-
receiver module (Digi International, USA), LEDs, pizeobuzzers and a light
weight cane.>

Figure || The developed device experimental and the necessary equipment
assembled on the body.**

Conclusion

The eye is one of the most sensitive parts of the body and has a
very complex structure, and the damage to any part of this complex
structure causes many diseases, some of which cause blindness. Blind
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people can use devices to operate their other senses like hearing and
touch to do their own work in order to be able to live more easily and
to be present in society, in addition to using a white cane. World is
progressing in science and technology, making it easier for the blind
to make various devices for life. In this study we described each part
of the human eye in order to have a clear understanding of every
section in the eye then we discussed the issues that any eye might
encounter. But also we introduced modern methods and techniques
used in the rehabilitation of the people with impaired vision. Thanks
to the artificial intelligence and the robotics science, recent activities
in such fields have improved the reliability and facility of the regular
issues which blind people would encounter.
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