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CHAPTER I 

INTRODUCTION 

The field of digital signal processing has advanced tremendously in the 

past deca:Jes. Due to vast improvement in hardware technology, rrore 

sophisticated processing algorithms can be implemented. Now even in FC 

OOsed systems, new fields of applications are found everyday and the existing 

ones continue to expand. Physics, astronomy, communications, oonsumer 

electronics, robotics, medicine, weather forecast, geophysics, etc., are just a 

few areas where signal processing applications are useful. 

One specific area of digital signal processing is image signal 

processing. We live in a three-dimensional world and the things surrounding 

us are converted into a two-dimensional world. In images this process is cbne 

using a visual &ystem or a sensor such a; a TV camera. In the human visual 

system, the process is cbne by the projection of light rays onto the retina ad 

it determines range information from the difference between the two images. 

Mapping a three-dimensional scene onto an image plane is a many-to-one 

transformation. An image point corresponds to a set of collinear three

dimensional points. The depth information can be obtained using 

stereoscopic imaging techniques. Some research in automated computational 

systems is cbne to imitate the human ability of depth perception. The ht..rran 

brain processes information such a; perspective, stereo disparity, pattern 

recognition among others. It is intriguing how the brain can handle the bss of 

one sensing device (one eye) and still have the capability of perceiving visual 

scenes. 
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There are 9JrTle rreans of finding depth information from the three

dimensional ~ne. The range data can be obtained by using stereo vision, a 

method of triangulation OOsed on the human visual model. Stereo vision is 

better than monocular techniques because it gives a more direct, 

unambiguous, and quantitative depth information. Different stereo methods 

for range determination OOsed on binocular stereo have been developed. The 

Marr-Poggio theory of the human visual system is the most widely a~ted. 

The disadvantage of stereo vision is the relation between aOOJracy ad 

matching. If the baseline is small, no detail matching can be done, on the 

other hand, if the baseline is large, the occlusion problem beromes cn 

important factor. In order to solve this problem, motion stereo calculates the 

range information from a sequenoo of images taken by either a moving 

camera, or a moving object. 

Image processing and human vision are dosely tied. The first 

applications of image processing were done to improve the quality of pictures 

taken by photographic cameras. Then with the space program, enhancement 

and restoration were the main goals. Nowadays, we have areas such a; 

computer vision where visual information from a real scene is interpreted by a 

machine in order to perform a specific task. 

In medicine, image processing is needed for a better h.rrm 

interpretation. Physicians rely on enhanood images to diagnose, although 

experience is still the key to an accurate one. Enhancements of X-ray images, 

blood vessel identification from angiograms, and corrputed tomography, are 

some of the medical applications. 

One specific application of image processing in medicine is the 

analysis of the optic nerve head topography. An elevated intraocular pressure 
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is a sign of glauooma and if it is not detected on time and treated, C31 a:11 JSe 

blindness. It is anticipated that the optic nerve suffers structural alteration 

before functional dcmage is manifested cs visual field loss. An 

ophthalmologist often J1eErlc; a stereosoopic view of the fundus to evaluate the 

damage of the optic disc. So, the main goal of using image analysis of fundus 

irrages is to detect small but significant alterations of the optic nerve 

structure. Using the stereo vision model developed earlier in the Corrputer 

Vision Laboratory at Texas Tech University, the depth rrap of the ete is 

obtained. This depth map oombined with a binary stretched intensity image 

yields to the three-dimensional surface reconstruction of the retina including 

the optic nerve head. This helps the ophthalmologist to obtain quantitative 

information about the topography of the optic nerve head, for example the cup 

to disc ratio. 

This thesis oovers the topics of three-dimensional surface perception, 

surface visualization by machine from stereo images, and the quantitative 

representation of three-dimensional surface topography of the optic nerve 

head. Chapter II reviews the human visual system model for perceiving 

three-dimensional scenes and the structure of the human eye. It introduces 

the stereo vision model and the motion stereo vision. Chapter Ill disa.Jsses a 

stereo vision model system where the Marr - Poggio theory of human stereo 

vision is the most oorrprehensive theory of the human visual system. Chapter 

IV focuses on a specific application of three-dimensional surface 

reconstruction from a stereo vision model for evaluating the surface 

topography. In diagnosing and following up retinal dseases sudl a; 

glauooma, an ophthalmologist uses a stereosoopic view of the fundus to 

evaluate the damage of the optic disc. Chapter V presents the results of optic 

3 



nerve head topography from the stereo vision rncdel and oompares the results 

with previous studies. Finally, Chapter VI disa.Jsses future developments for 

this specific application. 
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CHAPTER II 

THREE-DIMENSIONAL SURFACE PERCEPTION 

The human visual system is a very complex biological process. Many 

studies have been cbne in order to understand the way hurrans 939 objects, 

how they reoognize them, and the ability of depth perception among other 

capabilities. If vision is an instrument of survival for SJme living species, it is 

very important to study the eye, the way it functions and the diseases that can 

affect it. 

The human visual system 

The eye is the part of the human body through which we perceive our 

surroundings. It is the basic element of the visual system. The things that 

hurrans 939 are with light, because it is the electromagnetic wave that the eye 

is sensitive to. Human perception of light is generally described in terms of 

brightness (how bright the light is), hue (color), and saturation (how vivid or 

dull the color is). 

The human visual system can be viewed as a cac;cade of two systems5 

as shown in Figure 2.1. 

Neural signals 
I 
I 
I Central 

~ 
Peripheral • 

level level Vi Lig 

Figure 2.1 The human visual system 
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The first part has been studied for several years and is fairly well 

known. The details of this process are described in the next section. The 

secx>nd system, the central level, processes the neural signal to extract 

information. Little is known about the way the brain handles the information. 

One of the roost important features of the human visual &ystem is the 

ability to perceive depth. Due to the lack of knowledge of how the central 

level operates, the perception of depth is difficult to simulate by a rna:fline 

vision system. Sane IT83rlS of finding depth/range data for reconstruction, 

representation, or recognition of a 3-D ocene are disa.Jssed later in this 

chapter. First, an explanation of the structure of the eye is given and then, the 

description of the stereo vision model. 

Description of the human eye 

The eye converts electromagnetic radiation in the visible spectrum into 

neural signals sent to the brain. Photographic cameras were developed by 

studying the process that oocurs in the human eye. 4 The eye can be briefly 

described as a camera with a small opening in the front through which light 

enters. The eye has lenses that focus light to form an image on a screen. A 

chemical process takes place and the image information is transformed into 

electrical impulses that are then transmitted to the brain. 

The eyes are almost spherical in shape with a diameter of around 2 

an.6 The eyes are mounted inside two holes (orbits) in the skull, and they ae 

attached through musdes that control the rotation. Since there are two eyes, 

the human visual system uses stereo vision for depth perception. A simple 
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cross-section of the f!!le is shown in Figure 2.2 and Figure 2.3 is a fundus 

image (photograph of the retina). 

Cornea is the outside merrbrane of the eye and it is a tough crd 

transparent tissue. 5 Its function is to refract light (has a refractive index of 

1.38) and to protect the f11e from the outside world (the refractive index of air 

is 1 ). The sclera is contiguous with the cornea, and it is Cll qJOCJ.Je 

membrane. The choroid is a pigmented membrane that contains a lot of blood 

vessels and is the nutrient for the eye. 

The small hole mentioned before is the pupil, the central opening of the 

iris. The iris color is what normally is called the color of the eye. The pupil 

diameter ranges from 1.5 millimeters to 8 millimeters. The lens is a group of 

transparent fibers, has a bi-convex shape and a refractive index of 1.4. The 

function of the lens is to focus the incoming light on the retina. Both infrared 

and ultraviolet lights are absorbed by proteins within the lens body. In 

excessive amounts, they can cause an irreversible damage to the eye. 

The aqueous humor is a clear, freely flowing liquid. The vitreous 

humor is a transparent jelly-like substance. The function of both is to give 

shape to the eye. 

The retina is the screen where light is focused and covers 65°/o of the 

inside of the eyeball. There are layers of cells in the retina. The roost 

commonly cells are: oones related to day vision and color (photopic) and rods 

related to night vision (scotopic). A complex electrochemical reaction 1akes 

place here, and light is transformed into neural impulses that passaj through 

the other layers of cells in the retina and finally are transmitted to the brain 

through the optic nerve fibers. 
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Vitreous 
humor 

Sclera 

Figure 2.2 Cross-section of the eye 

Figure 2.3 Fundus image of the eye 
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The areas of the brain involved in hurmn vision are the occipital 

oortex, where basic processing is done like classification and recognition, crd 

the association oortex where patterns already processed are associated with 

higher level structures; the brain ser1d; a response related to the information 

from the inooming light. 

Stereo vision model 

The exact nature of a 3-D object may not be oompletely reoovered 

from its 2-D image. Mapping a 3-D &ale onto an image plane rncj{es several 

points in the 3-D s:sne oorrespond to one point in the image.6 Many 

procedures have been developed to find range data from the 3-D soone. Ole 

of these procedures is triangulation. Triangulation can be divided into two 

methods: the active method (such as light-spot projection) and the passive 

method (stereo vision).29 The stereo vision model or binocular vision 

represents the way the hurmns capture the range information. Passive stereo 

vision, or oomputational stereo, is the reoovery of the 3-D characteristics of a 

scene from multiple images taken from different points of view. 

The human visual system detects depth from the difference between the 

two retinal images formed in the eye as explained in the previous section. 

There are two &ystems for implementing stereo vision: the oonvergent 

&ystem, which the hurmn visual &ystem uses, and the nonoonvergent system 

which is used in the present work. 

Figure 2.4 illustrates the general setup of the stereo vision model. B 

represents the baseline that is the distance between the two bases, that is the 

distance between the center of the two lenses. 
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In a oonvergent 5ystem the two optical axes meet at a certain point, 

whereas in a nonoonvergent 5ystem the two axes are parallel to ea:tl other. 

Nonoonvergent 5ysterns are more popular, since the oonvergent 5ysterns ere 

difficult to analyze.27 Further assumptions are made, sudl as, identical 

cameras and perfectly aligned ooordinate systems. In the present work it is 

asst.JTa::J that the two lens centers and the the origins of the x-y ooordinate 

5ystem in the two image plane are all in the sarre plane, thus implying that 
• 

w 
World Point 

Figure 2.4 Stereo vision model 

Figure 2.5 is the top view of the nonoonvergent stereo vision model. A 

point on the surface of the object is in different relative positions on the i~e 
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planes depending on its distance to the viewer. This is why the depth 

information about the point w is given by its position difference, in other 

words, by the disparity between corresponding points. It can be shown6 that 

the disparity between two points is expressed by the following equation : 

fB 
(2.1) 

where x2 - x1 is the disparity. Therefore, in order to find the depth 

information of a point w, the focal length f, the baseline B ard two 

corresponding points must be known. The most important chore of stereo 

vision is to oome across with the corresponding points in two images to find 

the disparity between them. 

Depth is inversely proportional to disparity as expressed in equation 

2.1 , ard disparity is directly proportional to the baseline. This concludes that 

there is a oompromise between matching ard accuracy. The resolution of the 

disparity is higher with en increase in the baseline, but as the separation 

between the image planes grows, the two images beoome less oomparable. 

To solve this problem, a sequenCE of images is taken instead of only two for 

stereo vision. 
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Figure 2.5 Top view of the nonconvergent model 

Motion stereo vision 

The motion stereo model is based on equation 2.1 using a seql.I9I1CE of 

images as shown in Figure 2.6. This method presents a solution to the 

problem of matching and accuracy. A stereo pair of a short baseline can oo 
easily matched because of the narrow disparity range. Hence, this method 

starts with a short baseline and successively ina-eases the baseline for better 

resolution and further matching. The image of the center is taken as the 

reference image. Theoretically, the images on the left side contain rrore 

information about the left side of the 3-D s:Ene than the ones on the right. 

Also, the corresponding points in the right half of the reference image ae 

found from the right images and the same process is done for the left half. 
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4b 4b 

8b 8b 

Figure 2.6 Motion stereo model 

The images are taken at different lengths of baselines. One restraint is 

that the y-axes from the image planes have to be perpendicular to the 

horizontal axis (straight line which through the camera slides) to reduoo the 

rotational problem. The first left image, L 1 , is taken at a distance b from the 

reference image C. The camera distance is doubled to take the next one, L2, 

ard so on~ The sarre distances are use for the right images. For the image 

pairs with a baseline equal to b, i.e., C ard L 1 ard R1, the resolution in 

disparity is very low ard a large window can be used to find disparities. For 

the images with the longest baseline the resolution is high ard a small 

window can be used. This method deals better with the occlusion problem 

ard provides a more reliable solution for finding the disparities from 

corresponding points. 
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CHAPTER Ill 

THREE-DIMENSIONAL SURFACE 

VISUALIZATION BY MACHINE 

The way the hurran visual system operates has always been a 

challenge to duplicate. Operations sudl cs pattern recognition ard depth 

perception are processed in real time by the human brain. Autonomous vision 

systems have a better precision than humans. Computers have a resolution of 

thousandths of en inch in stereo vision models whereas hurrans are not 

capable to approximate this. 4 However, at present there is no automated 

computational system able to duplicate the hurran ability of depth perception 

in real time. 

Implementation of the stereo vision model 

The information concerning a 3-D &:ene is encoded in an image in 

several ways. Hence, this information can be decoded using specific 

modules. Figure 3.1 shows the different representations in the early visual 

system. 25 This process can be divided into three stages: computing basics 

from the primal sketch, computing surface information t:ased on the stereo 

vision model , ard interpolating the 2~-D sketch for a oomplete surface 

description. The primal sketch is the first process and oonsists of those image 

positions at which there is a dlange of oome physical property, generally 

intensity. The primal sketch descriptions are then oomputed by different 

modules, stereo vision and motion correspondence being two of the main 

ones. The oombined information from these modules is called the raw 2~-D 
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sketch. In the last process the raw 2~-D sketch is interpolated to yield a 

representation of the shapes of the visible surface called the full 2~-D sketch. 

Right 

IMAGES 

PRIMAL SKETCH 

RAW 2! -D SKETCH 

Interpolation 

FULL 21-D SKETCH 

Figure 3.1 Human early visual processing. 

As mentioned in the previous chapter, in order to find the disparity 

between two points, the focal length, the baseline ard two oorresponding 

points are needed. Finding oorresponding points from a pair of images is the 

main problem in depth estimation. There are two techniques of finding 

oorresponding points from a pair of stereo images: area-based ard feature-
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based. Area-based techniques find the corresponding points from 

corresponding areas. This technique segments one image into small areas ad 

calculates the best match for each area in the other image by the aoss

correlation. This technique fails when a surface discontinuity oocurs in a 

region. This problem will be insignificant if the baseline is small. The 

feature-based technique matches features extracted from the two images. 

When the features are correctly matched, the feature-based techniques give 

more acn~rate estimate of disparity than the area-based techniques. The 

features more commonly in use are point or segment edges. The feature

based technique I'm the problem of false targets that increase with disparity 

range and feature resolution. To solve this problem Marr and Poggio 

proposed a zero-crossing theory based on the coarse to fine strategy.28 

The Marr-Poggio theory25 of human stereo vision is the rrost 

OO!ll>rehensive theory of the human visual system. This model is based 01 

the use of multilevel zero aossings a; features. The output of the model 

oonsists of sparse depth data located on the ed'Jes of the stereo intensity 

images. The algorithm is built by different steps. First, the irradiance 

~ are detected. Matching occurs between corresponding descriptions 

from the two eyes. The range of disparity values is of the order of the 

resolution of the irradiance changes. The geometry of the stereo setup 

implies that the disparities occur due to the horizontal translation only. 

Therefore, horizontal edges do not provide a good match for disparity. The 

sparse depth data is calculated from the corresponding points on the vertical 

edges only. 01ce a oorrespondence between the two eyes is attained, it is 

stored in the memory. A range of descriptions of the ~ in the images is 

needed in order to obtain both range and resolution of disparity information. 
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There are different ways to filter the images, but the Gaussian filter I'm 

always been the most oommon in use. Using the Laplacian of a Gaussian to 

find zero aossing for disparity information is a oommon technique. The 

model is based on the use of multilevel zero aossings as features. 01ce 1he 

symbolic descriptions are obtained, the oorrespondence between them rrust 

be calculated. This is done in order to ensure that the correct disparities ae 

computed. The output of the model consists of sp:vse data located on 1he 

edJes of the stereo intensity images. Grimson expanded the model of Marr 

and Poggio making use of regularization techniques for invariant surface 

recovery from sparse data. 

To analyze a 2-D image from a 3-D object, the information concerning 

distance is needa::J. This information is contained in the range image or depth 

map. Most of the general techniques for depth extraction from triangulation 

rely upon the availability of enough features in the object under consideration. 

The intensity value of each pixel is not enough information to find 

disparities; that is why a1 average of the pixels in the neighborhood is taken. 

The use of a decreasing window is applied to find disparities between 

corresponding areas. No fixed number of partitioning or minimum window 

size is used. The algorithm assumes small disparities between consecutive 

images and performs a hierarchical search of feature-oriented disparities. 

In the present work, depth f'TlCPS are obtained for stereo pairs of fundus 

images using the technique developed by Ramirez 17 and Lee.29 In this 

technique matching is done directly from the intensity images analyzing 

specific areas, or finding discrete features such as points, ecges, and lines.17 

Before any registration, a rotational adjustment should be applied. For 1he 

image registration or alignment of the fundus images, cepstral analysis is 
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used. The spm;e depth is calculated from the disparity map. An interpolation 

is cbne in order to provide a smooth depth map. In most cases, fundus 

pictures do not have the SCJ'T'B intensity level. This is important when feature 

extraction t:ased on a:tJe detection is performed. A procedure to avoid this 

problem, is to obtain a1 intensity transformation. Using the histogram of the 

right image as a basis, the one on the left is altered in order to match ~. 

Once the depth map is obtained, measurement of the cup and disc 

volume and height is done, as shovm in Figure 3.2 . The ratio between 1hese 

values is obtained, in order to avoid difficult calculations involving scaling 

factors that are not known. 

Edge detection 

Sane pre-processing of the images is needed. Edge detection detects 

discontinu~ies in gray level images. These edJes represent boundaries 

between two regions with different properties. 

Sobel operator 

For a:tJe detection the Sobel operator is used. The gradient is derived 

by adding the absolute values of a 3X3 window. 

a b c 

d e f 

g h I 
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Figure 3.2 Flowchart of the algorithm 
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G(x) = (g + 2h + i)- (a+ 2b +c) 

G(y) = (c+2f +i)-(a+2d+g) 

G = IG(x)l + IG(y)l 

The Sobel operator is applied to the original images. This is c:bne in 

order to LEe the vessels as the main features to find corresponding points to 

calculate the depth map. 

Threshold 

The threshold function reduces the gray level values of a1 image to a 

range specified by an upper and a lower value. If the upper and lower values 

are equal the output is a binary image. 

To find the rup from the fundus images, the threshold technique was 

used. 01ce the pallor is defined, the maximum diameters (vertical cn:t 

horizontal) are calculated. The average of these two is taken and a circle is 

plot using the average value of the diameter. 
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CHAPTER IV 

THREE-DIMENSIONAL SURFACE TOPOGRAPHY 

OF THE OPTIC NERVE HEAD 

In the diagnosis and follow up of glauooma patients, en 

ophthalmologist needs to analyze the fundus images from stereosoopic views. 

To obtain a more accurate and quantitative representation of the fundus 

structures, a computer vision technique must be used. 

Application to glaucoma 

Glaucoma is a tenn applied to a number of conditions having in 

oommon one thing, i.e., a persistent elevation of intraocular pressure. The 

fJfe suffers structural changes before functional damage bea:>mes manifest. 

That is why it is important for the early diagnosis to detect small changes crd 

to start a treatment before the dsease causes blindness. Glaucoma produces a 

loss of optic nerve fibers (retinal ganglion cell axon) and generates the 

excavation of the optic nerve head.2•19 This is what is called cupping of the 

~e. A progressive optic nerve head cupping am be detected due to a 

widening and deepening of the surface of the optic nerve head. Also the 

position of the blood vessels is altered due to glaucoma. 21 

Quantitative parameters are an aid for ophthalmologists to detect 

glaucoma In the early stages of the disease, it is difficult to differentiate 

between a glaucomatous ~e and a nonnal one. Scrne f!Yes am have a large 

cup/disc ratio and still be healthy. Information provided by the depth map is 

important. It is na:essary to know the reliability of depth measurements at 

each point as a parameter of confidence in topographic mapping. 
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Image analyzers 

The ophthalmosoope was invented in 1851 and since that day, 

equipment and new methods to study the eyes have been developed. In 1967, 

M.F. Armanaly introduced the ooncept that the cup/disc ratio was a1 

indicative parameter of glauooma. 22 To detect small d1anges in the optic 

neNe heoct and quantitative parameters, sudl cs the C/D ratio, different 

procedures with image analyzers are put to use. 

An instrument developed for use in evaluation of glauooma is a 

oonfocal Laser Tomographic Scanner (Heidelberg Instruments). It uses a 

helium-neon laser beam to sam the optic neNe head. It uses oonfocal 

detection so that only that portion of the reflected light is detected which 

belongs to the actual focal plane. 12•24 The Humphrey Retinal Analyzer 

oonsists of an imager (stereosoopic fundus images) and an analyzer.3 The 

optic neNe head analyzer produced by Rodenstock Instrument has the s=rre 

CX>f'Tl>Orlents. 1 •2 Nowadays, s:rne image analysis is done in an external 

oomputer attached to this equipment. 20•23 

Also stereo photographs of the optic neNe head are taken with a 

fundus camera and pi'OOOSSed using an image-analysis 5ystem called Zeiss 

Videoplan. 19 The image analyzer lmagenet by Topcon Instrument Corp. of 

America utilizes rnonoscopic images. 21 Also images are obtained with the 

Zeiss fundus camera using the Allen stereoseparator. 16 Another study 1akes 

photographs with a telecentric fundus camera equipped with a stereoscopic 

separator. 11 

All these are sophisticated instruments used for the evaluation of 

quantitative parameters. This can be time oonsuming and may not be the best 

solution for ophthalmologists in private practice. An alternative for this is to 
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detect non-quantitative parameters that can be d:>ne with just en 

ophthalmoscope. 10 This is a relatively easy procedure but is not en a<Xl.lrate 

one, since it is based on the experience and criteria of the ophthalmologist 

Quantitative parameters 

The main goal of image analysis of fundus images is to detect small but 

significant alterations of the optic nerve structure. The best techniques 

generally require stereo image pairs for analysis. The topographic 

measurements mostly used are: estimation of horizontal and vertical diameters 

of the disc, disc area, disc rim area and volume. 

Another parameter that describes curves and surfaces is the curvature. 

Polynomials approximate the surface of the optic nerve head, and partial 

derivatives of these functions are taken. Curvature measurements are defined 

as functions of partial derivatives such as the mean and Gaussian 

curvatures. 18 Due to the complexity of finding such polynomials, 1hese 

parameters are seldom used as a qualitative measurement of the eye. 

The cup/disc ratio 

The cup/disc ratio is a standard measure for the detection of 

progressive optic nerve damage. This parameter was popularized by 

Armanaly in 1967. This denotes the size of the cup in a decimal relation to 

the size of the disc. Thus, if the C/D ratio is equal to 0.5, means that the cup 

diameter is half of the disc diameter. 01e of the main problems in using the 

cup/disc ratio is the definition of the disc ~e. The location of the cup $ 

is generally calculated from the disc ~e. In this project we found the pallor 

area and then plot a fitting circle. The disc edge is marked by the operator. In 
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several studies, the variability caused by inconsistencies in marking the$ 

was relatively small. 1 •2•3·22 Sane other factors may aruse alterations a-D 

make it difficult for long tenn follow up of glaucoma patients. Just to 

mention some: f1eaj positioning, pupil size, small f!ie movements, fixation 

maintenanoo &)'Stem of. the eye, long-term d1anges in intraocular pressure, 

camera recalibrations, ard the time between the acquisition of SLJCmSSive 

inages. 

The parameters we are looking for, mainly the cup/disc ratio, are tBSEd 

on the relationship described in Figure 4.1 . The cup edge is defined by a line 

joining points that are 120 1-1m3 or 150 IJm 1 below the disc ErlJe level. The 

rrain problem is to define the disc and cup edges. Normally it is assigned by 

the operator, which introduces a random factor, that is why usually the ssrre 

person draws the ~ for all the images during an experiment. Scmetimes 

the optic disc is defined as the area inside the white peripapillary scleral ring 

of Elschnig. 11 The parapapillary scleral ring of Elschnig is defined as the 

white, circular band encircling the neiVe head. Cupping is defined as the 

widening ard deepening of the surface of the optic neiVe head due to the loss 

of nerve fibers. 

Area and volume from depth 

From the depth map, the information of the height from every pixel is 

obtained. From these single height measurements, the volume, depth a-D 

equivalent height contours can be calculated. 24 
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Disc Edge 

Cup Edge 

Disc Rim Area 
...._____ Disc _ __, 

Figure 4.1 The cup and disc edges 

The cup/disc ratio is a standard measure to enhancE the detection of 

progressive optic neNe darrage, but sometimes dJes not discriminate well 

between normal and early glaucomatous eyes. The size of the optic disc 

varies from person to person,and so a~hough the cup/disc ratio provides a 

quantitative indication of a d1ange, it can not be applied to all cases. Disc 

changes occur in early glauooma and since the cup/disc ratio is performed 

only at s:>rre points, it can not represent, in an aocurate way, all the dlanges 

that the neNe head is suffering. Actual studies suggest that vessel detail cn:J 

pallor patterns are probably more significant characteristics to obseNe in 1he 

follow up of glaucoma. 
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CHAPTERV 

RESULTS 

The quantitative representation of the three-dimensional surface 

topography of the optic neNe head for a set of different irrages was obtained. 

Differences in the optic rup and disc measurements were studied in two 

clinically nonnal subjects and two patients with glauooma. The first set of 

inages from a patient with glauooma w iII be cDdressed as pair I, as shown in 

Figure 5.1 where the stereo pair on the left was taken in 1984 (Ia) and the ere 

on the right in 1989 (lb). The seoond set of images (pair II) is shown in 

Figure 5.2. These fundus images were taken in 1984 (lla) and 1990 (lib). 

The pair I has a well-defined central rup with steep margins, and a 

clearly visible disc margin. These features mcde the definition of the rup ad 

disc ErlJes easier than the other pair. The pair II has an ill-defined cup, ad 

a1 irregular, poorly defined disc margin. The rup was defined three times 

and the average of those values is the one shown in the table of results. Also 

a pair of fundus from normal eyes was studied. The fundus images of normal 

eyes are monoscopic; therefore, the 3-D reconstruction is not possible to 

obtain. Only the C/D ratios of the vertical and horizontal diameters were 

calculated. Table 5.1 shows the first set of results for all the images. Table 

5.2 shows the parameters calculated using the information provided by the 

depth map. The results were oompared to those reported by Shield et al. 2l 

and by Caprioli et a1. 1 as shown in table 5.3. Caprioli and ~es 

obtained their results by analyzing ten sets of ead1 of se.ten eyes of seJen 

normal subjects, and se.ten eyes of se.ten patients with glauooma. Shields 

and associates used ten reoordings and analyses of one eye ead1 in ten normal 



subjects and ten analyses of a single recording in three of the f1te5. The 

differences of the range values between the present study and those 

mentioned before can be explained based on the number of images analyzed. 

From the results it is observed that the cup-to-disc ratio is greater 

horizontally than vertically. Also, the cup-to-disc ratio inaeases with time in 

a glauooma patient. There is a narrowing of the rim area and there is en 

extension of the pallor that results in an enlargement of the cup, as shovm in 

Figure 5.3. Figure 5.3 is one of the steps needed in the definition of the cup. 

The original image (Figure 5.1) is analyzed using the histogram information. 

Then, using the threshold operation, the pallor is defined. 

Once the cup is obtained, the maximum diameters are calculated and a 

circle is approximated. This process is shovm in Figure 5.4. The center of 

the circle is sud1 that the center of the cup coincides with the deepest point in 

the depth map. This process is done to obtain aocurate volume and height 

ratios, because the cup has been calculated based on intensity information ad 

it is by definition the deepest region. The features in the two intensity inages 

are not at the same locations. In Figures 5.5 and 5.6 the disc eddes and o..p 

areas are shown. In the depth map the cupping of the optic nerve head, dJe 

to the enlargement of the disc, can be easily noticed. Figure 5.7 shoNs the 3-

D reconstruction of the fundus images of pair I. 
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Figure 5.7 3-D reconstruction of pair I 
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Table 5.3 Comparison of measurements 

Normal eyes Glauoornatous 
eyes 

Caprioli Vertical Rarge 0.206-0.767 0.459-0.871 

ad C/0 Average 0.579 0.728 

assodates Horizontal Rarge 0.075-0.708 0.547-0.921 

C/0 Average 0.505 0.739 

Shields Vertical Rarge 0.290-0.720 ---

ad C/0 Mean 0.560 ---

assodates Horizontal Rarge 0.220-0.720 ---

C/0 Mean 0.560 ---

Total Rarge 0.250-0.720 ---

C/0 Mean 0.560 ---

This Vertical Rarge 0.21 0-0.290 0.290-0.580 

study C/0 Average 0.250 0.410 

Horizontal Range 0.300-0.310 0.320-0.640 

C/0 Average 0.300 0.480 

Total Rarge 0.260-0.290 0.380-0.630 

C/0 Average 0.275 0.440 
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CHAPTER VI 

CONCLUSIONS 

The ability to rreasure accurately small d1anges in the surface structure 

of the optic nerve hea:J could enhance the early detection of progressive optic 

nerve ~e. In the present work, computer-image analysis has been LES:t 

to measure certain structural variables of the optic cup ard disc. The inaease 

in C/D ratio is verified in some images. 

Differences in the optic cup and disc measurements were studied in 

two clinically nonnal subjects and two patients with glauooma. The results 

were compared with previous studies yielding good results. The differences 

of the range values between the present study and those mentioned before ca1 

be explained based on the number of images analyzed. 

The topographic measurements of the optic nerve hEa:J calculated ae 

the cup to disc ratio between the vertical and horizontal diameters, the ratio of 

volumes ard the height. The conclusions obtained b3sed on the results ae 

that the optic disc does not dlange cs drastically cs the cup does, the cup-to

disc ratio of the horizontal diameter is larger than the vertical diameter crd 

there is a1 increase in both the volume and height ratios in the glauoomatous 

eyes. The values for the nonnal eyes are smaller because of the size of 1he 

cup. In glaucomatous f(!Yes an increase in volume ratio was observed. The 

d1arge in volume ratio is more than the change in the C/D ratio of 1he 

diameters. In s::me situations, d1anges in the C/D ratio of diameters ae 

negligible whereas the dlange in volume ratio is noticeable cs shown in 1he 

results obtain from pair II. Thus, the depth measurements have proven to oo 
useful in the detection of changes in glaucoma patients. 
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Future developments for this application will be to analyze the iTBJes 
with calculations of the heights of different areas of the retinal surface. 

Additional information about the neuroretinal rim area may improve the 

accuracy and reliability in the measurements. Future improvements would t:B 

a better definition of the cup and disc edges, and a clinical trial for a large 

number of patients taking several sets of images from each eye. 
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