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Abstract
Cerebral Palsy (CP) is a non progressive neurological disorders commonly associated with a spectrum of developmental
disabilities such as strabismus (misalignment of eye). The Eye image are captured through camera, this make the quick diagnosis
and examination the periodical assessment for CP kids. By capturing the EyeMovement of 40 childrenwith CP (aged 3–11 years)
with relatively mild motor-impairment and also we have analyzed the performance of CP children periodically. Nowadays, Bio-
Medical image processing and Machine learning Classification algorithm used for detection and diagnosis the certain diseases
and plays the important tool to decrease the risk of any diseases. This work presents a computational methodology to automat-
ically diagnose the Improvement of CP children and performance can be evaluated. The alternate medical evaluation techniques
have shown their potential for the treatment and diagnosis of disease like strabismus and nystagmus for CP kids. The proposed
method is used to measure and quantify the performance improvement by classify the abnormal eye condition of CP kids and
these results attained by machine learning method. The results show the best classification accuracy of 94.17% calculated from
Neural Network Classifier. Specificity Rate were absorbed as 0.9800 and Sensitivity Rate were absorbed as 0.9165 respectively.
The proposed method for non-invasive and automatic detection of abnormalities in CP kids and evaluates the performance
improvement more accurately.

Keywords CP kids . Image processing techniques . Classification .Machine learning techniques . Improvement analyzed

Introduction

Cerebral Palsy (CP) describes as a neurological disorder is
mainly due to the non progressive brain injury or the abnor-
malities develops while in kids brain is under development.

This appears in early childhood development. CP Caused due
to genetic disorder, some infections during pregnancy time,
medical problems and accidents that appear in mother during
pregnancy, premature babies, poor blood flow to brain [1, 2].
This can be controlled while taking certain precautions during
pregnancy time and this might decrease the risk of CP. Since
there is no cure for CP; however, proper rehabilitation therapy,
visual therapy treatments, medications etc., may help many
individual CP Kids. This considers the best approach for CP
Rehabilitation. Rehabilitation interventions should be consid-
ered for CP kids and need to become an vital part of the
standard treatment in Effective Way and which can be
assessed rigorously for each and every individual.

The Importance of the proposed research in the context
of current status, According to World Health Organization
(WHO) estimation, In India, is around 3 per1000 live
births suffer from CP kids. For World, the estimated inci-
dence is around 7.5 per 1000 live births. Currently 17
million people in the world diagnosed with CP. Majority
of CP Kids are affected by Visual Dysfunction. Visual
therapy is non surgical method to improve the specific
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visual dysfunction useful in treatment of strabismus and
nystagmus in CP kids. Automated Visual therapy simul-
taneously improves low Vision, Eye Blinks and Eye Ball
Rotations [3, 4].

There are no Computational techniques is available for
monitoring the Improvement of CP children at the
Rehabilitation Center. Based on several literature surveys,
Manual therapy process has no input over the severity
levels of the CP children. Also, no Standard Techniques
are available for Visual therapy. The effectiveness of
Visual therapy is employed with comparison groups, since
there is availability of expertise is limited. So, there is
high risk that the scientifically unproven techniques
adopted for visual therapy may cause severe damage to
the retina, which may worsen the condition of CP chil-
dren. So, research work aims at identification of Visual
therapy techniques and verifying it scientifically and then
adopting this technique in computational methodology
which can be used for assess the CP children and also
measuring the improvements of the CP Children using
this computational methodology by periodically.

Visually Evoked Potential (VEP) Device is costly for eval-
uating the condition of CP kid for every time [5, 6]. Instead of
VEP, this method is economic and alternate solution for

evaluating the effectiveness of Vision affected CP kids by
visual therapy [7, 8].

The Eye image is captured through camera, which
makes the quick diagnosis and examination the periodical
assessment of CP kids. By capturing the Eye Movement of
40 children with CP (aged 3–11 years) with relatively mild
motor-impairment and also we have analyzed the perfor-
mance of CP children periodically. Nowadays, Bio-
Medical Image processing and Machine Learning
Classification Algorithm used to detection and diagnose
the certain diseases also it used as an important tool to
decrease the risk of any diseases. This approach is compu-
tational methodology to automatically diagnosis the
Improvement of CP children and performance metrics
can be evaluated. The improvement analyzed for CP kids
were maintained and recorded the outcome results for the
periodical month of initial, 6th and 12th month. The pro-
posed method is used to measure and quantify the perfor-
mance improvement by detecting the abnormal eye of CP
kids and the results attained by machine learning method.
In this context, Image processing techniques are being rec-
ommended as a performance evaluation tool in children
with CP. Each of these processes is suggesting method
for developing a more systematic understanding of

Table 1 Literature review - In different applications, the image processing and machine learning techniques applied and summarized some potential
work done for disease diagnosis

S.no Applications Reference author name Image processing
techniques

Machine learning techniques No of
samples

Classification
accuracy

1 Diabetic Detection and
prediction

Lin ma et al. [9] • CHT
• Gabor filter and

2-Dimension discrete
wavelet transform

Support Vector Machine 292 90%

2 Gender Prediction using
Iris Image

V.Thomas etal, A. Bansal
etal, S. Azilah et al.
[10–12].

• Circular Hough
Transform

• Daugman’s rubber sheet
normalization,

• Principle Component
analysis

Neural Network-Feed forward. 80 85.68%

3 Tumor Detection in Iris Helwan et al. [13]. • Canny Edge detection,
• Circular Hough

Transform

Modified back propagation
algorithm utilizing parameter as
adaptive learning.

100 70%

4 Diabetic Mellitus
diagnosis

Piyush Samant et al.
[14].

• Iris texture analysis from
different region of
interest

Random Forest 338 89.63%

5 Diagnosis of kidney
diseases

Hussein et al. [15] • CHT
• Gabor filter and

2-Dimension discrete
wavelet transform.

Artificial Neuro-fuzzy interference
system

340 93%

6 Alimentary Canal
diseases and nerve
disorder diseases

L. Ma et al. • Feature extracted and
classified by Texture
method.

Support Vector Machine
Classification

429 85.4%

7 Healthcare information D. Hareva et al. [16] • Texture analysis of Iris
from various region of
interest

Artificial neural Network 32 90.95%
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Oculomotor abnormalities. So this Computational method-
ology to automatically diagnosis the Improvement for CP
Kids and performance can be evaluated. This solves the
solution of long-outstanding problems in the visual and
ocular research. As the result, the Rehabilitation therapist
and Vision Expertise can use this computational report to
guiding the CP kids in Rehabilitation Center. Table 1 dem-
onstrated the Literature Review - In different applications,
the image processing and machine learning techniques ap-
plied and summarized some potential work done for dis-
ease diagnosis.

Eye Corner both temporal 
and nasal region detec�on

Pupil detec�on and center 
coordinates obtained

Angle es�ma�on for devia�on posi�on of pupil

Subject Selec�on and Data Collec�on

CP Kids, Abnormal Eye Image

The Eye image are captured through camera

Image Processing Techniques

Feature Extrac�on and Data set Crea�on

Machine Learning Analysis

Ma

Machine Learning algorithm for classifica�on accuracy

Effec�veness of Visual Therapy

Quan�fy the percentage of Improvement

Fig. 1 Architecture of
summarized methodology

Table 2 Detailed characteristics of children with CP (subject selection)

Cerebral palsy children Total CP children Age range between

Vision affected CP Children 40 3 to 11 years

Boys 25 3–10 years.

Girls 15 4–11 years.

Strabismus 32 3–10 years.

Visual field loss 2 9–11 years.

Oculomotor Dysfunction 5 4–10 years.

Visual Acuity 1 6–9 years.
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The highlights of the proposed system

This paper proposes a novel segmentation method for
eye images. The Proposed method detect the eye corner
localization and identification of the location of the Iris
to estimate the center coordinates of Iris achieved by
using different image processing algorithms and angular
movement measurement was investigated. To further en-
hance this estimate the angular movement for the abnor-
mal eyes and analyze the performance improvement
achievement by Visual Therapy Method used for CP

Normal Eye

Esotropia Hypertropia

Exotropia Hypotropia

Fig. 2 Overall illustration of
oculomotor abnormalities of
strabismus condition for children
with CP

Input Image

(CP Kids abnormal eye)

Identification and location of the Iris 

(Canny Edge Detection + Circular Hough Transform)

Eye Corner Localization

(Harris Stephens Corner Detection)

Calculate the Iris deviation Position

By Angle estimation through Medial Point of Iris and Eye Corner 
Localization.

Fig. 3 Block schematic of image
processing techniques

Table 3 Image acquisition process

Total image 120 (For the periodical month of initial, 6th
and 12th month) for the 40 CP patients.

Observations Images captured under low lighting
environments without flash. Several
reflections and
obstructions can be observed.

Acquisition device Canon EOS 5d Camera

File format JPEG

Resolution 640 × 480 pixels
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rehabilitation. In this context, Image processing tech-
niques are being recommended as a performance evalu-
ation tool in children with CP. Each of these processes
is suggesting method for developing a more systematic
understanding of Oculomotor abnormalities [17, 18].
The result reported using several performance measure-
ment metrics reveals that the first step and also yields
the better performance. The periodically improvement
assessment made by capturing the Eye image through
camera, in which where the eye position of CP kids
were recorded for the period of 1st, 6th, and 12th.
The difference in the periodical assessment in which
improvement of CP kids were analyzed by comparing
the results for making the prediction of how long the
child may take to show the significant improvement by
evaluating the visual therapy techniques. Based on the

report generation, compare the 1st, 6th, and 12th data,
the brain neuron activity were assessed. Figure 1 illus-
trates the Architecture of Summarized Methodology.

Implications for rehabilitation

& Categorization of CP kids eye images into any one of 4
abnormal categories using Machine Learning
Classification Algorithm.

& Improvement assessment in CP kids by analyzing eye
features using Image Processing Techniques.

& Analyzing the number of kids improved from each cate-
gory and improvement percentage to determine the
Effectiveness of Vision Therapy method.

Fig. 4 Input image selection process

Fig. 5 Preprocessing-enhancement techniques process
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& Effectiveness of Vision Therapy method determination by
periodically assessing the eye features of CP kids

Materials and methodology

Subject selection and data collection

A total of 40 (120 abnormal eye image of CP patients) partic-
ipants were analysed in the present study. The protocol follow-
ed for the data acquisition was approved by NIEPMD under
the guidance of Dr.Vijayalakshmy investigated the visual
components of CP Children. Forty kids with CP age range
of (3–11 years) are subjected in this study though they are
several categories of CP children. The improvement analyzed
for CP kids were maintained and recorded for the periodical
month of initial, 6th and 12th month. so, total of 120 (40*3)

abnormal eye image of CP patients subjects were investigated
in the present study. These studies include the participant of
potential visual symptoms and performance deficit frequently
reported in CP children. The CP children visual ability in-
cludes Thirty two children with strabismus, two children with
visual field loss, five children with Oculomotor Dysfunction,
one visual acuity due to dry eyes. The CP children character-
istics are represented in Table 2. In this present study, obtained
the angular movement estimated of abnormal eye in CP chil-
dren. The CP children eye image captured by high resolution
camera and also performed the implementation by using these
high resolution camera images.

Proposed image processing methodology

The defect in the eye of CP Kids or the Oculomotor abnor-
malities are due to damage to the parts of brain that control
movement, balance and posture. So this brain damage causes

Fig. 6 Edge detection results of intial, 6th and 12th month
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stiffness in the eye muscles causing oculomotor abnormalities
[19, 20]. The improvement in brain neuron activity improves
the visual function of CP kids, which is achieved by visual
therapy given in Rehabilitation Center. So, the improvement
in brain activity can be assessed by assessing the eye features
of CP Kids. Figure 2 represent the Overall Illustration of

Fig. 7 Iris detected Fig. 8 Harris and Stephans corner detected
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Oculomotor Abnormalities of Strabismus Condition for
Children with CP.

This article reports the data about incidence and kind of
visual problems in CP kids. The OcularMotility issues is most
common problem to develop the Strabismus (Exotropia and
Esotropia Mainly) these are the major Ocular disorder these
were discussed briefly among the various associated Visual
Problem of CP kids. The Major of the Visual Functional
Assessment of CP kids which were assessed in
Rehabilitation Center, activities of CP kids are performed in
rehabilitation center and found the good response from item
given to the CP kids. The Quantitative assessment of oculo-
motor abnormalities, Classifying and detect the directional
movement of eyes from center position. To develop the algo-
rithm for statistical approach and Performance Evaluating vi-
sion stimulation therapy process and Oculomotor function
brings the diagnosis and treatment of brain disorder.

Representation of Oculomotor Abnormalities of
Strabismus Condition for Children with CP which includes
the,

Esotropia-In this condition, where eyeball turned towards
in direction.
Exotropia, In these condition, where eyeball turned to-
wards out direction.
Hypotropia, In these condition, where eyeball turned to-
wards down direction.
Hypertropia, where In these condition, where eyeball
turned towards up direction.

These are all considering the most common Visual chal-
lenges for Kid with CP.

The proposed area segments the eye image into Iris and eye
cornor by using the different image processing algorithms as
well as estimate the angular movement of Iris for the abnormal
eyes.

The Fig. 3 represent the Block Schematic of Image
Processing Techniques. The Proposed Approach can be divid-
ed into following Modules,

a) Iris Detection,
b) Eye Corner Localization,
c) Angle estimation through Medial Point of Iris and Eye

Corner Localization,

Fig. 9 Angle of deviation

Fig. 10 Diagrammatic representation of angle of deviation
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Image acquisition

The algorithm has been implemented in real-time using
Canon EOS 5d Camera resolution of 640 × 480 pixels.
After image acquisition, eye portion is cropped. Image
Acquisition Process described in Table 3. Input Image
process illustrated in Fig. 4.

Pre-processing step

The Pre-processing step achieved by converting the input
image into gray scale and resize the input image by pixel
brightness transformation techniques by this intensity lev-
el is raised [21–23]. Pre-Processing Image Enhancement
Techniques Process results shown in Fig. 5.

Table 6 Specificity, sensitivity, precision and F1 score of classifier
performance against extracted features

Performance metrics
Classifiers

Specificity Sensitivity Precision F1 Score

SVM 0.9564 0.8233 0.8659 0.8389

RF 0.9101 0.7392 0.7318 0.7322

NN 0.9800 0.9165 0.9480 0.9303

Table 5 Accuracies of three different classifiers

Classification accuracy

SVM RF NN No of features extracted

86.67% 73.33% 94.17% 39 Features

Fig. 11 Classifier performance

Table 7 Sample size and
accuracy for existing methods
compared with proposed methods

Applications Reference author name No of
Samples

Classification
Accuracy

Diabetic Detection and prediction Lin ma et al. [9] 292 90%

Gender Prediction using Iris Image V.Thomas etal, A. Bansal etal, S.
Azilah et al. [10–12].

80 85.68%

Tumor Detection in Iris Helwan et al. [13]. 100 70%

Diabetic Mellitus diagnosis Piyush Samant et al. [14]. 338 89.63%

Diagnosis of kidney diseases Hussein et al. [15] 340 93%

Alimentary Canal diseases and nerve
disorder diseases

L. Ma et al. 429 85.4%

Healthcare information D. Hareva et al. [16] 32 90.95%

CP Kids Improvement Analysed Proposed Method 120 94.17%
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Canny edge detection algorithm

The Canny Edge Detection is used to detect the Iris bound-
aries from the observed Eye image. These algorithm runs in

five basic steps. They are as follows, the First Step is
Smoothing, Second Step is Finding Gradients, the Third step
is Non-Maximum Suppression the Fourth step is Double
Thresholding and Final and Fifth step is Edge tracking by
hysteresis.

Smoothing Smoothed the Image by applying the Gaussian
filter. The main aim of the smoothing is to remove the
unwanted noise information area from the blur image
[24].

Finding gradients This step is used to approximate the
gradient of both axis directions separately by utilizing
the kernels. The gradient magnitude is determined by
Mathematical Euclidean calculation and it is measured
by applying the Pythagoras law, appeared in Eq. 1. The
Edge Strength is improved by using the Mathematical
Manhattan distance measure as appeared in Eq. 2. The
Euclidean distance is used to measure and test the image
for strengthen the edges.

G ¼
ffiffiffiffiffiffiffiffi
Gx2

p
þ

ffiffiffiffiffiffiffiffi
Gy2

q
ð1Þ

G ¼ Gx þ Gy ð2Þ

Where: Gx and Gy represent the magnitude gradient in
the both axis (X axis and Y axis) directions respectively.
In the event that the most of the edges are commonly
broad and do not show the accurately where the edges
are. To make it possible is determine the direction of edge
determined by Eq. 3.

Fig. 12 SVM classification results

Fig. 13 SVM regression state
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Where C ¼ arctangent
Gx
Gy

� �
ð3Þ

Non maximum suppressions This Step is used to convert the
blurred edge in the image to the sharp edge by magnitude gradi-
ent. This is accomplished by saving all neighbourhood pixel
maxima in the gradient image, and eliminates the rest of the part.

Double thresholding This Step is achieved after the non max-
imum suppression by edge pixels staying apart with their
quality pixel by pixel.

Edge tracking by hysteresis The strong edges are deciphered
as certain edge and can promptly be incorporated into the

last edge eye image. The strong edge will only be due to
true edge in the original image. Due to true edges the
weak edges formed are considerably more prone to be
associated straightforwardly to strong edges. Canny oper-
ator is used in finding Iris region which gives accurate
values of boundaries. The results of canny edge detection
algorithm are shown in Fig. 6.

Circular hough transform

The Final Iris location is detected by using Circular
Hough transforms [25, 26]. The Standard of the Circular
Hough Transform is a specific kind of calculation used to
look for a parameter space of round about the shapes in
the image [27]. Then covert into recognizing the circle

Fig. 14 RF classification results
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parameters given by the center coordinates ‘a’ and ‘b’ and
the circle radius ‘r’ displayed in the circle condition in Eq.
4.

r2 ¼ x−að Þ2 þ y−bð Þ2 ð4Þ

The fundamental preferred standpoint of the Hough
Transform Techniques is its resistance to the holes in include
limit depictions and it is relatively unaffected by image noise
[22, 23].

In experiments, our created datasets obtained from CP pa-
tients. For performing the canny edge detection and CHT. To
find out the radius of a circle range is set as the 20–100 and the
peak is set to 1. Finally the Iris boundaries are localized by this
method. The Iris detection by using canny edge detection and
CHT is shown in a Fig. 7. It is marked in Blue Circle.

The proposed algorithm was implemented on these created
datasets, using Intel core i7 3.40 GHz processor with 4GB
DDR3 RAM.

Eye corner detection

The eye corner is modeled by a simple feature vector that
generates by the upper and lower eyelids [27–29].

We consider

Cif gni¼1Ci
i¼1¼ xi; yið Þ

the set of eye-corners candidates.
Harris Pixel Weight H(Pc): Considering that all candidates

were generated according to the Harris and Stephens method.
This score is given in Eq. 5:

H ¼ M½ �−K tr Mð Þ2 ð5Þ
[M] denotes the matrix determinant, tr(M) denotes traces of a
matrix and M is the Hessian matrix from a blurred version of
the original data:

Finally, the eye corners are localized by Harris and
Stephens corner detection method.

To Evaluate this hypothesis by using the Eqs. 6 and 7 by
Harris and Stephens Corner Detection,

Dcor ¼ H½ �−k:trace Hð Þ2 ð6Þ
Where ││ and trace denotes the matrix determinant and trace
respectively, K is the algorithm parameter, H is the Harris
matrix, (Gx and Gy are the image derivatives in the x and y
direction).

H ¼ ∑ x; yð ÞW x; yð Þ GxGx GxGy

GxGy GyGy

� �
ð7Þ

Corners in the image with respect to the local maxima in
this response map.

The Proposed Method has shown the overall performance
in terms of robustness and accuracy and simple in implemen-
tation. Figure 8 represent the results of Harris and Stephens
corner detection method.

Angle deviation position estimation

Triangle is formed by connecting three points (Eye Corner
points and Pupil Center points) using Line function.

The Eye Corner points are connected to create a reference
axis and then the Iris center is connected with corner points to
estimate the various angles.

To further enhance this measure the angle deviation posi-
tion for the abnormal eyes, analyze the performance improve-
ment achievement by Visual Therapy Method used for CP
rehabilitation. Finally Angular movement estimated through
Medial Point of Iris and Eye Corner Localization. The Results
shown in Fig. 9 and diagrammatic represented in Fig. 10.

Feature extraction

Depending on the CP patient eye condition of individual, eye
image were observed for the periodical month of initial, 6th
and 12th month were recorded. Total (13*3) 39 features were
extracted to quantify the improvement and effectiveness of
visual therapy techniques. These features were based on Eye

Fig. 15 RF regression state
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corner and Iris Center. The Table 4 represent the Feature ex-
traction of Eye Image of CP patients and Data sets are created.

The following features from eye images are extracted and
dataset’s are created.

D1-Distance between eye corner temporal and Iris center
D2-Distance between eye corner nasal and Iris center
D3-Distance between eye corner temporal and eye corner
nasal side

X0, Y0- Iris center point Coordinates,
X1, Y1- Eye corner point temporal region,
X2, Y2- Eye corner point nasal region,
D4-Distance between Iris center and midpoint of eye cor-
ner points (i.e., Central axis of eye position).
θ1- Angle Inclined between D1 and D3,
θ2- Angle Inclined between D1 and D2,
θ3- Angle Inclined between D2 and D3.

Fig. 16 NN classification results
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In general,
The Improvement analyzed based upon the values of D1,

D2, D3 and D4 and θ1, θ2 and θ3 respectively.
Since we have the four categories of abnormalities, in

each category the features are analyzed. This is because to
classify and detect the category of abnormalities eye
Image is useful to provide the proper treatment of CP
Kids by Physicians.

In Category 1-Exotropia-Condition, D1values will
increase when compare to the initial data, vice versa,
the D2 value will decrease when compare to the initial
data, the value of D3 remains varies in every periodical
month.

The value of D4 will decrease when compare to the initial
data value.

The D4 value plays the essential role this states that the
Improvement in CP kids.

All the θ values (i,e., θ1, θ2 and θ3) differs when compare
to the initial data values.

In Category 2-Esotropia-Condition, D1values will de-
creases when compare to the initial data, vice versa, the D2
value will increase when compare to the initial data, the value
of D3 remains varies in every periodical month.

the value of D4 will decrease when compare to the initial data
value.

The D4 value plays the essential role this states that the
Improvement in CP kids.

All the θ values (i,e., θ1, θ2 and θ3) differs when compare
to the initial data values.

In Category 3-Hypertropia Condition, D1, D2 and D3
remains varies in every periodical month. The value of D4will
decrease when compare to the initial data value.

The D4 value plays the essential role this states that the
Improvement in CP kids.

All the θ values (i,e., θ1, θ2 and θ3) differs when compare
to the initial data values.

In Category 4-Hypotropia Condition, D1, D2 and D3
remains varies in every periodical month. The value of D4
will decrease when compare to the initial data value.

The D4 value plays the essential role this states that the
Improvement in CP kids.

All the θ values (i,e., θ1, θ2 and θ3) differs when compare
to the initial data values.

Classification - machine learning algorithm
for classification accuracy

The Three Classification algorithms named as, Support Vector
Machine (SVM), Random Forest (RF) and Neural Network
(NN) have been used to determine more accurate approach for
the classification of eye image datasets. We have collected the
image dataset that consists of Initial, 6th month, 12th month
eye images. Using the chosen classification algorithm, the
system has been trained and then testing phase starts.

Training data is 40 samples is features of 40*3*13, label
40*3 is spited to Train, Test and Validate in Learning Process
as 70,15,15% respectively. These all 40*3*13 features are
given to classification algorithm and we got 40*3 labels as
output. From these the Overall Performance is obtained.
Three classifier algorithms are trained using the observed
eye features and then applied these features on the testing
phase data to predict the correct classes. Hereafter the perfor-
mance metric is evaluated with includes the parameters of
Accuracy, Sensitivity and Specificity.

This method automatically quantifies the percentage of im-
provement obtained and effectiveness of visual therapy. The
quantification process is based upon the features extracted
from the eye images based on the D1, D2, D3, and D4 and
θ1, θ2 and θ3 values respectively.

Sensitivity or True Positive Rate (TPR) is defined as the
ratio of correctly identified the CP kids abnormalities and
Improvement in the eye. (1-Specificity) False Positive Rate
(FPR) is another characteristic of classifier which is defined
as the ratio of CP kids, incorrectly recognised the abnormalities
of eye. Sensitivity and specificity both are most essential pa-
rameters for Performance metrics calculation of any classifier.

Where,
Confusion Matix,

Fig. 17 NN performance analysis
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Sensitivity orð Þ Recall orð Þ True Positive Rate ¼ TP
TP þ FN

Precision ¼ TP
TP þ FP

Specificity orð ÞTrue Negative Rate ¼ TN
TN þ FP

False Positive Rate ¼ 1−Specificityð Þ ¼ FP
FP þ TN

Accuracy ¼ TP þ TN
TP þ TN þ FP þ FN

F1 Score ¼ 2*
Precision*Recall
Precisionþ Recall

Where Confusion Matrix is a techniques to analyze the per-
formance matrix of classification algorithms (SVM, RF and
NN) and also it gives the better idea.

Experimental results

The Classifier accuracies is attained for three different
classifiers. Table 5 shows the Accuracies of three different
classifiers. Best classification accuracies have been calcu-
lated by feature extraction method as 86.67%, 73.33%,
94.17%, by SVM, RF and NN classifiers respectively.
Table 6 shows specificity, sensitivity, precision and F1
Score of classifier performance against extracted features.
Maximum sensitivity and specificity have been found as
0.9165 and 0.9800 for feature selection method for using

Fig. 18 NN training state analysis

Predicted Class

Actual TP FN

Class FP TN
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NN classifier. Figure 11 shows the Classier Accuracy
Performance.

Discussion

In the current research new technique has been formulated
to develop an computational approach for improvement
analysis of CP patient for Rehabilitation. The results in-
dicate that NN classifier attained the overall diagnosed the
Improvement performance of CP kids using this compu-
tational methodology.

Table 7 sample size and accuracy for existing methods
compared with proposed methods. Figure 12 represent the
SVM Classification Results, Fig. 13 represent the SVM

Regression State. Figure 14 illustrate the RF Classification
Results, Fig. 15 illustrate the RF Regression State and finally
Fig. 16 represent the NN Classification Results, Fig. 17 rep-
resents the NN Performance Analysis, Fig. 18 represent the
NN Training State Analysis, Fig. 19 represents the NN
Regression Analysis and Fig. 20 represents the NN
Regression State.

Area under the curve (AUC) analysis

AUC is to find out performance evaluationmetrics of the three
different classifier. Figures 21, 22 and 23 illustrate the ROC
(Receiver Operating Characteristics) curve between FPR and
TPR of three different classifier.

Fig. 19 NN Regression Analysis
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Improvement analysis

By Applying Mathematical Time and Data Analysis formula
given in Eq. 8,

Improvement Achieved ¼ new data−old data
old data

*100 ð8Þ

In order to quantify the percentage of improvement, based
on D4 values (distance between Iris Center and Eye Center)
only. Because after visual therapy the Iris Position tend to
reaches the central axis of the eye, from these improvement
analysed through periodical assessment.

Where, D4 is Distance between Iris center and midpoint of
eye corner points.

From these Improvement attainment can be found out for
each CP kids.

Here baseline is Initial month D4 value, after visual
treatment D4 values are noted, from these can able to
quantify the percentage of Improvement [30] is given in
Eq. 9.

So; Improvement Achieved

¼ Baseline Value−After Treatment Value
Baseline Value

*100 ð9Þ

Fig. 20 NN regression state

Fig. 21 ROC of SVM

Fig. 22 ROC of RF
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Table 8 compr i ses the CP kids Improvement
Achievement.

Finally, therapy center effectiveness can be measured it
shown in Table 9.

Where;Therapy Center Effectiveness

¼ No of Improvemed person
Total no of person

*100

Table 8 CP kids improvement
achievement CP Kids Category D4 values (mm) Improvement achieved (%)

Initial 6th Month 12th Month

1 Hypertropia 0.99 0.87 0.84 15.15

2 Hypertropia 0.85 0.70 0.69 18.82

3 Hypertropia 0.78 0.54 0.53 32.05

4 Hypotropia 1.34 0.46 0.37 72.38

5 Hypertropia 0.65 0.37 0.36 44.61

6 Hypertropia 0.73 0.64 0.62 15.06

7 Hypotropia 0.75 0.60 0.38 49.33

8 Hypotropia 0.23 0.20 0.18 21.73

9 Hypotropia 0.49 0.36 0.32 34.69

10 Hypertropia 1.19 0.72 0.43 63.86

11 Esotropia 1.32 1.23 1.19 9.84

12 Exotropia 0.81 0.68 0.58 28.39

13 Exotropia 1.10 1.02 0.75 31.81

14 Esotropia 0.49 0.49 0.20 59.18

15 Esotropia 1.12 1.12 1.01 9.82

16 Esotropia 1.70 1.63 0.82 51.76

17 Exotropia 0.74 0.73 0.56 24.32

18 Exotropia 0.86 0.58 0.54 37.2

19 Esotropia 1.13 1.10 0.99 12.38

20 Esotropia 0.87 0.62 0.49 43.67

21 Esotropia 1.05 0.96 0.95 9.52

22 Esotropia 1.36 0.83 0.79 41.91

23 Hypertropia 0.94 0.85 0.65 30.85

24 Hypertropia 0.90 0.78 0.62 31.11

25 Esotropia 1.71 1.46 0.76 55.55

26 Hypertropia 1.45 1.40 0.53 63.44

27 Esotropia 0.89 0.70 0.66 25.84

28 Esotropia 0.96 0.84 0.59 38.54

29 Esotropia 0.92 0.85 0.83 9.78

30 Esotropia 1.18 1.09 0.81 31.35

31 Hypertropia 0.47 0.43 0.33 29.78

32 Hypertropia 0.79 0.70 0.35 55.69

33 Hypertropia 0.60 0.57 0.53 11.66

34 Hypertropia 0.89 0.88 0.83 6.74

35 Hypertropia 0.96 0.94 0.78 18.75

36 Hypertropia 1.33 1.30 1.00 24.81

37 Hypertropia 0.86 0.78 0.64 25.58

38 Hypertropia 0.70 0.63 0.55 21.42

39 Hypertropia 0.79 0.78 0.71 10.12

40 Hypertropia 0.63 0.61 0.48 23.8
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Figure 24, Represents the CP Kids Improvement analysed
through Therapy Center Effectiveness.

Conclusion

The proposed novel approach which is precise, relatively
simple for measuring various conditions of visual issues
in CP kids and also evaluating the effectiveness of perfor-
mance improvement achievement of CP kids by utilizing
the visual therapy method and this solves the solution of
long-outstanding problems in the visual and ocular re-
search. This can be considered as alternate techniques
where various Image Processing Techniques are used for
visual therapy techniques can be opt for such CP Kids.
The Nystagmus and Strabismus condition are common
vision issues for CP kid this might improves by visual
therapy techniques and evaluate the effectiveness of im-
provement by examined through periodically. So these

techniques serve as the quantitative biomarker for CP
kids. The proposed novel algorithm for Improvement
Ach ievement fo r v i s ion a f fec ted CP ch i ld ren .
Investigated the algorithm by using MATLAB and obtain-
ed the results using different image processing techniques.
The Proposed image processing techniques have proven
good performance in terms of robustness and accuracy
and very easy to implementation. This Approach shows
the considerable potential of this method to become an
easy to use, modern tool with widespread application in
basic and clinical research or in diagnostic testing.

The improvement assessment of CP kids by analyzing the
Eye features periodically. Finally, the Improvement of CP kids
analyzed by comparing the results of Initial, 6th month and
12th month, from this improvement of brain neuron activity
were assessed and report was generated.

As the Results, the Doctors can use this report to train the
CP kids in the Rehabilitation Process in diagnostic testing.
The Effectiveness of Visual therapy method determination

Fig. 24 Therapy center effectiveness

Table 9 Therapy center
effectiveness Improvement achieved

(grade)
No of
kids

Therapy center effectiveness

Less than 15% achieved by 10kids 25% of kids show as low improvement in rehabilitation center.

In range 16–30% achieved by 12 kids 30% of kids show as average improvement in rehabilitation
center.

In range 30–50% achieved by 11 kids 27.5% of kids show as good improvement in rehabilitation
center.

Above 50% achieved by 7 kids 17.5% of kids show as best improvement in rehabilitation center.

Fig. 23 ROC of NN
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by periodically assessing the eye features of CP kids and cal-
culating the number of kids improved through therapy over a
period. This approach assesses the improvement in CP kids by
using the Eye Image which overcomes the burden of VEP
(Visually Evoked Potential) test.

This research can be used in any rehabilitation centers to
assess the improvement in CP kids by recording and analyzing
the eye features over a period of time. The number of CP kids
improved over a period of time can be assessed using this
application to determine the effectiveness of therapy given
in the rehabilitation center. This Experimental results show
that investigation of eye features can be used to assess im-
provement of CP kids and hence this approach can be used
to avoid VEP test to assess improvement.
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