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Abstract:

Researchers used different methods such as image processing and machine learning techniques in
addition to medical instruments such as Placido disc, Keratoscopy, Pentacam;to help diagnosing variety of
diseases that affect the eye. Our paper aims to detect one of these diseases that affect the cornea, which is
Keratoconus. This is done by using image processing techniques and pattern classification methods.
Pentacam is the device that is used to detect the cornea’s health; it provides four maps that can distinguish
the changes on the surface of the cornea which can be used for Keratoconus detection. In this study, sixteen
features were extracted from the four refractive maps along with five readings from the Pentacam software.
The classifiers utilized in our study are Support Vector Machine (SVM) and Decision Trees classification
accuracy was achieved 90% and 87.5%, respectively of detecting Keratoconus corneas. The features were

extracted by using the Matlab (R2011 and R 2017) and Orange canvas (Pythonw).
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Introduction:

Keratoconus (KCN) is a bilateral non
inflammatory disease that can be described as a
thinning in the cornea and that will cause a cone
like shape and a distortion in the vision(1). KCN is
a progressive disease therefore it is important to
diagnose the effected cornea at early stages to give
the right treatment for it. Researchers put their
efforts to improve the hardware as well as software
to deliver devices that give accurate readings. There
are different instruments to help in diagnosing
Keratoconus(2); Pentacam is one of the most
efficient devices that can gives readings as well as
maps which gives indication of the corneas
health(3). The maps that help to detect KCN are the
four refractive maps; it consists of four maps
(Sagittal, Pachymetry, Elevation front and Elevation
back maps). All maps can be obtained individually
and altogether in one image, each map gives
numbers of factors; and after revising all of these
factors that are extracted from the four refractive
maps; the classifiers will make the final decision.
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Diagnosing KCN corneas faces certain
difficulties; starting from observing the maps that
are acquired from the Pentacam along with the
reading and also utilizing the results of
examinations from other instruments to give the
final decision, all of this complicated process is to
give an accurate decision to eventually have the
right treatment.

Researchers studied different ways to
increase the accuracy of the diagnoses by using
variety of techniques. P. Agostino and
Pensieroba(4) proposed using neural networks to
detect and identifying KCN in early stages.Cavas-
Martinez et al.(5)used morphogeometric analysis
techniques to describe the changes in the corneal
structure caused by KCN.Cheboli et al.(6)
approached new method by using sime-Supervised
learning to detect KCN for the suspect patient that
have not been clinically diagnosed to maximise the
advantage of the unlabeled data. Twa, et al.(7)
proposed the use of the Zernike polynomials and its
coefficients as the input for the decision tree
classifier for modeling the global shape of the
cornea. Toutounchian et al.(8) used classification
method to detect KCN by extracting 12 features of
each map and using them as inputs to the classifiers
including SVM, decision Tree and NN. Castillo et
al.(1) reviewed the wave front analysis and the high
order aberration from the theoretical point as a tool
to help of diagnosing KCN.
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In the current study, image processing, the
geometrical calculations and pattern classifications
methods will be utilized to classify the corneas
whether it is a normal cornea or KCN affected
cornea. Most of the previous studies did not extract
features from the maps, as the extracted features
from these maps can be considered as
complementary to the readings obtained from the
Pentacam software to detect KCN corneas.
Therefore in our study features from the four
refractive maps were extracted; these features along
with few readings from the device were used as an
input for the Support Vector Machine (SVM) and
Decision Tree classifiers. The extracted details with
the readings showed high accurate diagnosing; as a
result this will help doctor decision.

Subjects and Data Collection:

Data set were acquired from Al-Amal Eye
Private Clinic in Baghdad by wusing the
Pentacam(OCULUS), where the cases were already
examined and checked by a specialist doctor. The
four refractive maps were used for this work to
diagnose Keratoconus.

The data set of the 40 cases was consisted
of 22 females and 18 males, divided into two groups
25 normal cases and 15 abnormal cases. In this
study the corneal map for the right eye(OD)only
from each case was used.

The work on the four refractive maps:

The work was divided into five stages
depending on the features extracted from each map.
All maps were converted from color maps into gray
level, all features were extracted from 6 mm
diameter circle and were applied to each map
because most of the changes that indicate of having
KCN will appear inside this area as it is the focal
zone(9). Table 1 represents the features that have
been extracted from the maps and the parameters
(that have been taken from the Pentacam) that were
taken as a reference. Figure 1 is represents the
general idea of the work that was applied on the
four refractive maps (Sagittal map, Pachymetry
map, Elevation maps (front and back) and The Four
Refractive map).

Data Collection

AL

Pre-processing

Sagittal
Map(individually)

The Four Refractive
Maps(all of the four
maps in one image)

Elevation Maps (front
and back)(individually)

Pachymetry
Map(individually)

L 2

Feature extraction using Matlab
(For the Sagittal, Pachymetry and the four

refractive maps)

Feature extraction using Matlab and
Bag of features
(Only for the Elevation maps)

y

Readings obtained
fromPentacam

—b‘

Combine the features and readinas

IS

Insert the features into the classifiers
SVM and DT
|y |

%

Decision

Figure 1. A block diagram of the general steps of the proposed work for KCN detecting
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Table 1.The four refractive maps and the extracted features

The Four Refractive Maps

The Extracted Features

The reading from the Pentacam

1- The Sagittal Map 1- The area of the bowtie parts. 1-'K1
(individually) 2- The angle of skewing. 2-?K2
3- The mean of the K reading. 3- K1 Axis
4- K2-K1
2- The Pachymetric Map 1- Determine the shape in the map (circle, 1- The Thinnest Point Location
(individually) ellipse, etc...).
2- Determine the center of the shape.
3- Determine the thinnest location.
3- The Elevation Map 1- The angle of skewing. 1-K1
Front(individually) 2- The bag of features. 2- K2
4-The Elevation Map Back 3- K1 Axis
(individually)

5-The Four Refractive Maps
(all maps togethr)

1- The thinnest points.

1- The Thinnest Point Location
2- The Thinnest Point Value

1K1=The keratometry readings in the flat meridian, ’K2=The keratometry readings in the steep meridian

Extracting Features from Sagittal Map:

Three features that were extracted from this
map are as explained in Table 1. After converting
the map from RGB into gray level, a threshold was
applied to separate the background from the

The bowtie

(a)

The bottom
part of the
bowtie

If the area of both halves was nearly the
same then it could be said that it is within the
normal range, if not then a red flag will be written
as an indication of the abnormality. Threshold was
calculated from equation (1):

foreground shape(which is the bowtie shape that
indicate of having astigmatism) and then splitting
the shape from the middle into top half and bottom
half to calculate the area of the shape as shown in
Fig.2 (10).

The top
part of the
bowtie

(b)

(©
Figure 2. In (a) the threshold to separate of the shape (bowtie) from the background and in (b)
and(c)the splitting of the top and bottom halves of the shape.

Gluy) = { if the pixel = thresholdthenp=p+1
’ if the pixel # threshold thenp =0

WhereG(x,y) is the threshold image.

Threshold : Is the value of the pixel in the desired

area.

P : Is the area for the white pixel.

.1
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The other important feature that has been
calculated from this map is the angle of skewing
which is a very significant feature that gives another
hint of the corneas health. The calculation of this
angle is done by fitting the compass after doing pre-
processing on it from converting it into grey level
with 'jpg’ format to do the merging between the
map and the compass. From knowing one of the
axis which is K1 axis (provided from the
Pentacam). The slope was calculated then from

The

compass
The

6mm
circle

N
29,

8 6 4 2

270
370

(1}

knowing that the angle were calculated from egs. 2
and 3 as showing in Fig.3.:
Slope =(X2-X1)/ (Y2-y1) ... 2
The angle = tan~!slope ... 3
Where X1,X5,y1,Y> are the locations of the
two ends for the slope.
The angle is representing the skewing angle for the
bowtie shape.

The
inclination

The angle
of
skewing

AN

2 4 6 8

Figure 3. The compass fitting on the map and the slope to calculate the skewing angle (10)

The angle was converted from radian into
degree as in egs 4and 11.

Angle in degree = angle in radian *(180/pi)... 4

A comparison has been made between the
angle of skewing and the subjective angle (which is
an angle that acquired for the same patient from
other devices). If the differences between the angles
was less or equal to 10 degrees then according to
ophthalmologist the cornea can be considered as
within the normal range if not then it is a red flag
(red flag is a term that will represent the results that
are not within the normal values).

The other feature that has been calculated is
the mean of the k readings it is done by using eq.
5and11:

K reading mean= (Kmeanl+Kmean2)/2 ... 5

Where: K meanl is the mean value of two
opposite Ks (K1+K2/2) in the flat meridian, and K
mean2 is the mean value of two opposite Ks
(K1+K2/2) in the steep meridian, the Ks can be
obtained from the map.

If the K mean is close in value to K2 value
then the cornea will be in the risk of having KCN
and there will be a red flag, if it is closer in value to
K1 value, then it is within the normal. Finally we
also calculated the differences between K2 and K1
to know if the value is within the regular range or
not, if the difference was within 1.5 dioptre then the
cornea is normal, if it is not then there will be a red
flag.

Extracting Features from Pachymetry Map:

After performing pre-processing on this
map a contour was applied to separate the round
lines inside this map, after determining the 6mm
diameter circle; a horizontal and vertical radius for
the round line inside the 6mm diameter circle was
calculated as in egs. 6 and 7 to know whether the
round line is more circle or ellipse line as shown in
Fig. 4.
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The 6mm 150}
circle =

The axis

The shape after
= applying the
contour

100 200

400 500 600

Figure 4. Showing the contour that was applied on the Pachymetry map and the 6mm circle (in red
color) also the horizontal and vertical meridians are shown to determine the horizontal and vertical

diameter for the round line(10)

If the radius for both r; and r, are not equal,
then the joint line is ellipse and the cornea is within
the normal range.If it is not, this means that it is
circle and the cornea is in risk of having KCN and
there will be a red flag.

n=|x-x1)|/2 ..6
n=| 3-y4 [/2 .7
Where: ry is the vertical radius.
r, is the horizontal radius.

The other features that were determined
from this map are the thinnest point and the center
of the map as explained in Fig. 5.

_ The center
of the map

The thinnest
point

Figure 5. Showing the thinnest point and the
centre of the map for the Pachymetry map(10)

The location of the thinnest point has been
taken from the device’s software and the center
point location was determined from the map
manually. A calculation of the distance between the
two points has been made as in egs. 8 and11, this
distance (d) was compared with the horizontal and
vertical diameters (2*ry,2*r,). If d is greater than
2*r; and 2*r, then this mean that one of the points
or both of them are outside the round line that
within the 6mm diameter circle and the cornea is
with the risk of having KCN, if not then it is
normal.

d =+/(x1 = 22)% + (1 — ¥2)? ... 8

Where: d is the distance between the centre point
and the thinnest location.
X1,X2,Y1,Y2 are the coordinates for the two points.

Extracting Features from Elevation Maps (Front
and Back):

The work on these maps was divided into two parts
depending on the techniques and the extracted
features. The first extracted feature from Elevation
maps (Front and Back) was the skewing angle, as
the previous work on Sagittal map; after pre-
processing these maps a compass was overlapped
with them (after converting the compass from RGB
to gray level and change the format into jpg). The
angle of skewing was calculated from knowing the
slope, and then this angle was compared with the
angle of skewing for the Sagittal map for the same
cornea and patient; if the angles were the same
(which means the bowtie shape for both maps are in
the same direction) then the cornea is ok, if they are
not then it is red flag, as shown in Fig. 6.

8 ’ o L, I %0
m/_,-"" o The compass
ﬁ ' N
K/ { &
4 1500 / W i, \\ 30
)i —1 \
/ ‘ i \
{ / \
v & w0 + 4 \ o -2
\ N / |
2 A !
\ ALl ‘,‘
k! o . of
¢ X 210 ; . The angle of skewing
. ','__. A /
M S [T 300
8 24 70 W
m
3 L] ‘ 2 2 4 5 8

Figure 6. The c‘ompass fitting on Elevation maps
front and back

The second part of work on these maps was
by dividing the cases into two groups (normal and
KCN) depending on the clinician opinion, these two
groups were entered into Bag of Features concept
(12). This will help us to train and then to classify
our maps into normal and red flag (KCN cases).

1026



Baghdad Science Journal

Vol.16 (4) Supplement 2019

Extracting Features from the Four Refractive
Maps:

A single image which has all the four refractive
maps was used as shown in Fig.7. The feature
extracted from these maps was the thinnest point
location. As the Pentacam software gives the
location and value of the thinnest point for the

Pachymetry map; the thinnest point location was
determined for the rest of the maps as shown in
Fig.8; and the value of them was compared. If the
values for the thinnest points were within the normal
range that the ophthalmologist agreed on, then the
cornea is ok.Ifit is not, then there will be a red flag.

Elevation (Front)

BFS=8.01 Float, Dia=3.00
v 50°

—t——
-

Elevation [Back)

The '
thinnest
point

The Classifiers:

After extracting the features form all of the 40
cases, SVM and Decision Tree classifiers were
applied on the cases to know the final diagnosing.
SVM is one of the most recently used methods. Its
basic work is to separate data in the most optimal
method by finding a hyper-plane to do so, as a result
it will give the final decision (13- 15). Decision
Tree(DT) classifier is another method of
classification that is used to make decisions and also

the Four Refractive l\}iaps(10) »

BFS=6.65 Float, Dia=9.00
= 202

== 5
2 S 5.

w
3
3

can be called as classification tree. When applied on
medical data the Y- value (outcome) or may
represented as the disease and the X- variables that
represents the prediction of the outcomes when the
medical decision maker like to make a decision rule
(16-18). KNN classifier (19)was also used with
number of neighbours of 4 and weight of Distance
and metric of Mahalanobis, the final accuracy was
77.5%, but because of the accuracy of the KNN
classifier was the lowest with compare of the SVM
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and DT classifier we used only SVM and DT
classifiers in the final results.

Classifiers were applied on the extracted
features to give the final decision. After trying
different range of settings to find the optimal result
for both classifiers; linear SVM was used with Cost
(C) of 0.30 and regression loss epsilon (g) of 1.00,
where the setting for the Decision Tree for the
minimal number of instance in leaves was 7. These
settings were the best settings that gave the highest
accuracy, and to maximize the accuracy for the final
decisions; the leave one out cross validation method
was used to make sure that each case will be tested
and compared with the other cases. Eq. 9. (20) was
used to compute the accuracy for our used classifiers

TPATN _ 100% ... 9

TotalCases
No.

Accuracy =

Where TP is the true positive and TN is the true
negative.

Results and Discussion:

Diagnosing Keratoconus disease can be a
confusing process, especially at early stages, so in
order to give an accurate diagnosing there should be
more factors examined for the cornea before the
final decision is made. Therefore in this study we
focused on extracting features from the maps itself
as well as using some readings from the software of
the Pentacam as a guide for the extracted features to
support the doctor point of view.

The confusion matrices(21)in Tables 2 and 3,
show the match and mismatch cases for each class
between doctors decision and each classifiers for the
40 cases, for the SVM and Decision Tree classifiers
respectively.

Table 2. The confusion matrix for the SVM
classifier

SVM
KCN NORMAL  Ysum
+ 5 KCN 12 3 15
g2 (TP) (FN)
&8 NORMAL 1 24 25
(FP)? (TN)
Ysum 13 27 40

FN? is the false negative,FP2 is the false positive

Table 3. The confusion matrix for the Decision
Tree classifier

Decision Tree

KCN NORMAL Ysum
< s KCN 11 4 15
£ 2 (TP) (FN)
28 NORMAL 1 24 25
(FP) (TN)
>'sum 12 28 40

FN* is the false negative,FP? is the false positive

The overall accuracy, calculated from eq. 9
for the 40 cases of the SVM and Decision Tree
classifiers were 90% and 87.5% respectively. It
appears that the SVM is more accurate in
diagnosing than the Decision Tree classifier. Both
classifiers showed high percentage in detecting the
KCN and normal cases and low percentage for the
wrong mismatch cases. Most of the cases matched
doctors’ diagnosis and the maximum and minimum
values were taken from the ophthalmologist’s
values, in some cases the readings that have been
taken from the Pentacam were within normal values
but the maps showed many abnormal signs that
indicates that the cornea is affected with KCN.

Conclusion:

Our system is found to be as a supportive
system to doctors’diagnosis. After reviewing the
results from classifiers of each case and match those
results with the doctor’s diagnosis, the final
decision will be made. If the classifiers prediction
will match the doctor’s diagnosis; then the
treatment will proceed to the patient that suffers
from KCN, if the results for the classifiers will not
match doctor’s decision; then the doctor will be
advised to make further examination before giving
the final diagnoses. A detection accuracy of 90%
and 87.5% was obtained with the proposed system
when utilizing our extracted features and SVM and
DT classifiers. This may help the doctor for a better
diagnose of KCN cases.

Conflicts of Interest: None.

Reference:

1. Castillo J H, Hanna R, Berkowitz E, Tiosano B.
Wavefront  Analysis  for  Keratoconus.Int J
Keratoconus Ectatic Corneal Dis.2014;3(2): 76-83.

2. Cavas-Martinez F, De la Cruz Sanchez E, Nieto
Martinez J, Fernandez Cafiavate F J, Fernandez-
Pacheco D G. Corneal topography in keratoconus:
state of the art.Eye Vis. 2016 Jan; 3(5):1-12.

3. Abu Ameerh M A, Bussiéres N, Hamad G I, Al
Bdour M D. Topographic characteristics of
keratoconus among a sample of Jordanian patients.
Int J Ophthalmol 2014 Jan; 7(3):714-19.

4. Accardo P A, Pensiero S. Neural network-based
system for early keratoconus detection from corneal
topography.) Biomed Inform.2003;35(2003):151—
159.

5. Cavas- Martinez F, Bataille L, Cafavate D G, Alio J
L. A new approach to keratoconus detection based on
corneal morphogeometric analysis. PLo S One.
2017;12(9):1-15.

6. Cheboli D, Ravindran B. Detection of Keratoconus
by Semi-Supervised Learning.Work- shop on

1028



Baghdad Science Journal

Vol.16 (4) Supplement 2019

Machine Learning for Health-Care
Applications.2008.

7. Twa M D, Parthasarathy S, Raasch T W, Bullimore
M A. Decision Tree Classification of Spatial Data
Patterns From Videokeratography Using Zernike
Polynomials. SIAM International Conference on Data
Mining. 2003;3-12.

8. Toutounchian F, Shanbehzadeh J, Khanlari M, Stage
A R. Detection of Keratoconus and Suspect
Keratoconus by Machine Vision. Int. M. J Comput
Sci.2012; I: 14-16.

9. Association American Academy of ophthalmology
the eye M D, Fundamentals and principles of
ophthalmology. 2016; 2:66 — 71.

10.Ali A H, Ghaeb N H, Musa Z M. Support Vector
Machine for Keratoconus Detection by Using
Topographic Maps with the Help of Image Processing
Techniques.J Pharm Biol ¢i.2017;12(6):50-58.

11.George J, Thomas B. Thomas’ Calculus Early
Transcendentals,13ed. USA: Pearson Education;
2014: p.299-390.

12.Barata C, Ruela M, Mendon¢a T, Marques J S. A
Bag-of-Features Approach for the Classification of
Melanomas in Dermoscopy Images: The Role of
Color and Texture Descriptors. Series in Bio
Engineering Eds. Berlin: Springer-Verlag Berlin
Heidelberg.2014:.49-69.

13.Demidova L.The SVM Classifier Based on the
Modified Particle Swarm Optimization.Int J Adv
Comput Sci Appl.2016;7(2):16-24.

14. Yekkehkhany B, Safari A, Homayouni S, Hasanlou
M. A Comparison Study of Different Kernel
Functions for SVM-based Classification of Multi-
temporal Polarimetry SAR Data Int Arch
Photogramm Remote Sens Spat Inf
Sci.2014;XL(2/W3):15-17.

15. Assen D, Akour S, Aleb H T. A Hybrid Fuzzy-SVM
classifier for automated lung diseases diagnosis. J
Med Phys Eng.2016; 22(4): 97-103.

16.Dai W, Ji W.A Map Reduce Implementation of C4.5
Decision Tree Algorithm.Int J Database Theory
Appl.2014;7(1): 49-60.

17.Sharma H, Kumar S. A Survey on Decision Tree
Algorithms of Classification in Data Mining.Int J Sci
Res.2016;5(4):2094-2097.

18.Badr A, Din E, Elaraby I S. Data Mining: A
prediction for Student > s Performance Using
Classification Method. World J Comput Appl
Technol.2014;2(2):43-47.

19. Kotsiantis S B, Zaharakis | D, Pintelas P E.Machine
learning : a review of classification and combining
techniques.Springer Sci Media.2007; 26( 2006):159—
190.

20. Lalkhen AG, McCluskey A. Clinical tests: sensitivity
and specificity. Continuing Education in Anaesthesia
Critical Care & Pain. 2008 Dec 1;8(6):221-3.

21.Santra A K,Christy C J.Genetic Algorithm and
Confusion Matrix for Document Clustering . Int J
Comput Sci.2012;9(1):322-328.

sDecision Tree syl dalaa Gk g Ciuiail) Ul jh aladialy 4 g Aal) A 80 (o e gauddd

SVM

e e slle

? il i (ul ad

T pusadlila g

L1l calazy calazy dxala il o glall 4408 (ol ) aud !

B adl calaz Amdla ¢yl sl Aia 4 ¢ ) alall dia s

sdadAl)

ol Gl Al saaeiall Gl V) e e saeluall Ak cilaee ) 28LEYG saxeie 5ok cfialll (e aall aaiil

Gk 5 sal) Aalle CILEE AaTuly SIS w5 g kg Al B oo g ) Gt 1 il ) (e g s aanT gp Ly Cia
Gyt e lSS Al Ll A sy Slea e 3oke s (oAl A Al daia et il axdiall leall s alSUL Glea | cayial
i R Can 3% Wiay 3 kg jaall A Al o e il oSl anndiueal) T AN 4 e W1 A LaSsV) Ll a1 5 dus
i Guianll 6 jla A3 < jedal a8y oSl e il Cle) B Geed I ALAYL day HY) A LSV Jail HAN e danad

Decision Trees SVM Ak s yaall 43 8l papd il I gill e 2L 90 5 87,5k o

Al e salall il Al ¢ ASt e s el 4 jille ) saall 4l DECISION TREE,SVM. sdabidal) cilalsl)

1029



