
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

        Volume-10, Issue-9, September 2020 
   

 

 
                      

 
 
 
 
 

   Green Computing Methodology on 
Screening of Retinopathy of Prematurity 

using Vital Statistical Features of RetCam 
Images 

   
1
J.Samson Isaac, 

2
S.Prabakar, 

3
K.Porkumaran  

 
1Assistant Professor, Karunya deemed University, Coimbatore, India. E-mail: 

samsonisaac@karunya.edu 
2,3Professor, Dr.N.G.P Institute of Technology, Coimbatore, India.E-mail: 
2srisornaprabhu@gmail.com, 3Porkumaran@gmail.com  

 

Abstract 
 
Green computing is one of the practice of implementing computing resources 

to retain or augment overall performance more efficiently. Integration of 
green computing in medical applications necessitates integration of 

electronic, software and optimization of the algorithm to meet growing 

requirements for sustainable healthcare. This paper provides a utilization of 
computation and IT hardware on sustainable screening devices for early 

detection of retinopathy during prematurity. In India, Retinopathy of 

Prematurity (ROP) is the major cause of visual impairments in premature 

infants. Premature birth suffers from development of the retina vasculature 
and leaves some of the retina without blood vessels. Visual loss in childhood 

is a retinal vessel growth condition that affects usually in children under a 

birth weight of 1,500 grams and have a gestational age of 32 weeks or less. 
Serial RetCam images are acquired from premature infants. Efficient image 

classification requires the quantification of abnormal class by applying 

various pre-processing techniques such as green colour plane, histogram 
equalization, Contrast Limited Adaptive Histogram Equalization (CLAHE). 

Computation time is reduced by applying ANFIS (The Adaptive Neuro-

Fuzzy Inference System) classifier. The overall system is integrated as a 

hardware for effective screening tool. MatLab simulations of images shows 
better improvements in computational time. 
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1      Introduction 
 

India ranks 36th in pre-term births reported globally among 199 
countries. Of the 27 million babies born in India, 3.6 million are born 

premature. India scores the greatest numbers of 3,519,100 in preterm births 

annually;   
ROP: Retinopathy of prematurity primarily occurs in extremely low birth 

weight (ELBW) infants. The back portion of the eye, retina captures light 

and sends signals to the brain, creating the vision of eye. At 16-18 weeks the 

blood vessels begin to develop after conception, and complete with full 
maturity before the normal birth. The blood vessels grow gradually toward 

the edges of the developing retina, supplying oxygen and nutrients. For a 

full-term baby, the retinal blood vessel growth is mostly complete. For a 
preterm baby, before these blood vessels have reached the edges of the 

retina, growth may stop or it is incomplete, hence the periphery may not get 

enough oxygen and nutrients. After birth, if blood vessels grow normally, 

ROP does not occur. Otherwise it develops ROP which causes for the 
bleeding inside the eye. It may give rise to band like membranes which may 

pull up the retina, causing detachment of retina and eventually blindness 

before 6 months [1]-[2]. 
In this paper, the ROP is identified with earliest days of its development. 

The retina images are acquired by RetCam. Those images are adopted by 

sobel segmentation and watershed transform after pre-processing techniques. 
After that, statistical features are taken out and given to the ANFIS classifier 

as an input. ANFIS classify whether those images are normal or abnormal. 

 
2      Related Works 
 

Methods of gray scale conversion, edge detection and filtering are 

adopted by the author to detect choroidal vessel and also thin vessel. By 

using Otsu’s threshold highest efficiency and accurate result will be get. 
Vessel is extracted within 5sec. but this method   has to improve in the 

algorithm for blood vessel detection [3]. Eye level grading helps in diagnosis 

of Plus and pre plus disease of ROP.  

 It is cumbersome to distinguish the presence or absence of plus disease 
or pre-plus disease even by experts from high quality cropped RetCam 

photographs. It is reported that further improved algorithm are needed for 

assessing retinal vascular abnormalities in preterm infants [4].  
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The five methods of plus index, sum of adjusted indices, tortuosity 

weighted plus, vessel area index and regression analysis are adopted to find 
the vascular tortuosity and width measurement which will give high 

accuracy. It exhibits the better quantization description of vascular 

abnormality for plus disease diagnosis. But plus index & vessel area index 

were less favorable methods for determining parameters like tortuosity and 
dilation [5]. Speech recognition library and image processing techniques are 

used for vessel segmentation. Retinopathy grade estimation is computed in 

less than 30 sec. Entire procedure runs in less than 3 min. But the output 
showed the presence of plus disease on three images due to the dilation and 

tortuosity which has greater than normal but insufficient for plus disease [6].  

Image segmentation, quantization by vessel tracking, neural networking 
&morphological processing and RISA are used to find retinal vessel width 

and tortuosity.  

Tortuosity is measured with accuracy using CAIAR, and output can be 

optimized by editing facility. It can correlate tortuosity grade and width 
grade [7]. The method proposed is eye level and quadrant level to find plus 

disease and pre plus disease. It can reduce examines subjectivity & enhance 

the accurate evaluation of tortuosity, feasibility, good accuracy [8]. Improved 
image acquisition and processing techniques are used to detect significant 

increases accuracy of ROP diagnosis at a higher cost [9]. Noise reduction, 

linear pattern with Gaussian-like profile improvement, linear filtering are 

adopted to segment the vessel to improve the classification accuracy[10]. 
 

3      The Proposed Method 
 

The existing system used the features like shape, brightness etc., and the 

statistical feature to find the diabetic retinopathy. The latter one will give the 

better accuracy than the first one. But in this paper, the statistical features are 
used to find the ROP. The retina images are acquired by RetCam. Pre-

processing techniques, segmentation and watershed transform are applied to 

the original image. After that six statistical features are taken out. From these 
six parameters, more accurate parameters are selected. These parameters are 

only given to the ANFIS editor as an input to classify whether the image is 

with ROP or without ROP. 
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4 Materials and Methods 
 

 
Fig.1: Block diagram 

Totally 54 images including 10 normal images and 44 abnormal images 
are collected from the hospital. In Mat Lab Image processing tool box and 

ANFIS editor GUI tool box are used. 

 

4.1 Image Acquisition 
 

The images are acquired by the RetCam and are collected from the 
hospital. The sampled data are included the 44 abnormal images and 10 

normal images. The features are taken out from those images. 

 

4.2 Pre Processing Techniques 
 

Three techniques are applied. They are green colour plane, histogram 

equalization and CLAHE. Green colour plane gives the better gray scale 
image than the red and blue. In the histogram of an image, the intensity range 

is rather narrow which will give the poor contrast. Equalized histogram used 

to improve the contrast and to spread the intensity values over the full range 

of the image. CLAHE (contrast-limited adaptive histogram equalization) is 
used to enhance the contrast of the gray scale image by transforming the 

values. It shows the best contrast between vessel and back ground of retina. 
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4.3 Segmentation 
 

A discrete differentiation operator such as Sobel operator is used in edge 
detection, and computing the approximation of the gradient of the image 

intensity functions. At each point in the image, the application of Sobel 

operator brings out either the corresponding gradient vector or the norm of 

this vector. 
  

4.4 Watershed Transform 
 
Meyer’s flooding algorithm is used in watershed transform. The 

algorithm works on a gray scale image.  Water shed transform technique 

worked on the gradient of image. The image is segmented into multiple 
regions with similar gray levels. For the efficient segmentation of images, 

regions of different gray levels can be merged which enhances the 

implementation of the algorithm.  
original image

 

green plane

 

Histogram Equalized green plane

 
image after clahe

 
Gradient magnitude (gradmag)

    

Watershed ridge lines (bgm)

 

Markers and object boundaries superimposed on original image (I4)

 
Colored watershed label matrix (Lrgb)

 
Fig.2. (a)stage 1 retina image, (b)green plane, (c)histogram equalized green 

plane, (d)image after CLAHE, (e)gradient magnitude of image, (f)watershed ridge 

lines, (g)markers and object boundaries superimposed on image, (h)colored 

watershed label matrix(Lrgb) 
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4.5 Statistical Features 
 

The normal statistical parameters are mean, median, mode, standard 
deviation, RMS and etc.  From these parameters six statistical features 

(skewness, kurtosis, RMS, energy, entropy and correlation) are taken out 

from the image after the watershed transform for getting the better accuracy. 

The statistical features such as (i) Skewness is defined by the degree of 
asymmetry of a distribution around its mean. The skewness of normal 

distribution is zero. Positive skewness is more stretched on the side above the 

mean. Negative skewness is more stretched on the side below the mean. (ii) 
Kurtosis illustrates the relative peakedness (positive kurtosis) or flatness 

(negative kurtosis) of a distribution compared with the normal distribution. 

The normal distribution has a kurtosis of 3.  (iii) The energy is computed by 

the square of the average pixel value. The R.M.S value gives a measure of 
the average energy in the image. The energy and RMS are interlinked each 

other. The RMS value of a set of values (or a continuous-time waveform) is 

the square root of the arithmetic mean (average) of the squares of the original 
values.  (iv)The entropy of an image can be determined approximately from 

the histogram of the image. Entropy is calculated as statistical measure of 

randomness that can be used to characterize the texture of the input image. 
(v) Correlation is computed as a weighted sum of neighbourhood pixels. The 

difference is that the matrix of weights is correlation kernel.  

 

5 Green Computing  
 

The effective model for the implementation of green computing 
algorithm could be demonstrated using ANFIS. The ANFIS (Adaptive 

Neuro-Fuzzy Inference System) is an effective computing tool employed in 

many healthcare applications as a classifier. It classifies the given image as a 

normal or abnormal by using statistical features. It is the combination of 
fuzzy and neural network. The ANFIS architecture consists of five layers of 

nodes. ANFIS is a very good system to extract numerical models from 

numerical data. 
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Fig.3. (a) FIS editor,(b)membership function editor,(c)rule editor,(d)rule 

viewer,(e)ANFIS model structure,(f)ANFIS output 

The statistical feature are taken out from the 54 total number of  images 

which include 10 normal and  44 abnormal images which were gotten from 

the hospital. These feature parameters are imported into mat lab workspace 
as training and checking data. These training and checking data are loaded 

into ANFIS editor. Then in FIS properties, the inputs and output are defined. 

In membership function editor, the number of membership functions of input 
and output are defined. Then the IF THEN rules are created in Rule editor. 

The number of output should be equal to number of rules. The rule is viewed. 

All FIS properties are loaded into ANFIS. Training data are trained and 

checking data are tested. 
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After evaluated of FIS, the output of ANFIS will be noted as whether it 

is 0 for normal image or 1 for abnormal image. 

 

6 Results and Discussion  
 
Six Statistical features data are obtained for 44 abnormal images and 10 

normal images. In that six parameters values skewness and kurtosis are more 

accurate. Entropy is moderately accurate. Correlation, energy and RMS are 

less accurate. Therefore skewness, kurtosis and entropy are selected as an 
input of ANFIS to classify the normal and ROP image. Those data are shown 

in table 1. All values of normal skewness is lying under the threshold value 

of 0.5 and ROP skewness is lying above the threshold value 0.5, which is 
shown in figure 6. The figure 7 shows that normal and ROP kurtosis is lying 

below and above the threshold value of 2 respectively. But normal entropy is 

nearer to threshold value 5 and ROP entropy lies 10 and above which is 
shown in figure 8. In figure 9, normal energy curve lies under the curve of 

ROP energy curve. Normal correlation curve lies above the ROP correlation 

curve in figure 10. In these two cases we cannot set a threshold value 

between normal and ROP so that it is considered as moderate accurate 
parameters.  Normal RMS curve lies under the ROP RMS curve in figure 11. 

This makes more difference between with and without ROP image. Those 

statistical parameters are given to ANFIS classifier as an input. ANFIS 
output “1” is gotten for 40 abnormal images. Out of 43 images, 3 abnormal 

images got an erroneous result. ANFIS output “0” is gotten for 7 normal 

images. Out of 11 images, 4 normal images got an erroneous result. Totally 

out of 54 images, 7 images are displayed as an erroneous result. The 
evaluated performance is 87%. 

Table 1:  Statistical features data 

CASE Severity Skewness Kurtosis RMS Energy  Entropy Correlation 

1 Stage1 0.7091 2.4892 758 1.80E-006 6.8662 0.0044 

2 Stage1 0.6415 2.9546 1332 1.63E-005 7.2537 0.0010 

3 Stage2 0.6893 2.4220 1332 4.08E-006 6.6172 0.0041 

4 Stage2 0.7144 2.5033 976 4.10E-006 6.4194 0.0001 

5 Stage2 0.6836 2.8333 554 4.03E-006 6.9870 -0.0056 

6 Stage2 0.7266 2.3557 1332 4.17E-006 6.3164 0.0012 

7 Stage2 0.5330 2.2226 1332 4.07E-006 6.7583 -0.0127 

8 Stage2 0.5478 2.7110 1332 3.97E-006 7.0364 -0.0153 

9 Stage2 0.5229 3.0452 1332 3.87E-006 7.3064 -0.0058 

10 Stage2 0.6639 2.6935 1332 3.97E-006 6.8176 -0.0101 

11 Stage2 0.7162 2.6341 1332 4.04E-006 6.5310 -0.0153 

12 Stage2 0.5296 2.7689 1332 3.89E-006 7.2159 -0.0027 
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13 Stage2 0.6419 2.9312 1332 3.91E-006 6.9913 0.0006 

14 Stage2 0.5869 3.0225 1332 3.88E-006 7.1650 -0.0032 

15 Stage2 0.6169 2.6111 1332 1.74E-006 7.1483 -0.0031 

16 Stage2 0.5962 2.8417 1332 1.62E-005 7.1148 -0.0018 

17 Stage3 0.6721 2.2272 1332 4.17E-006 6.3445 -0.0052 

18 Stage3 0.7905 2.7852 1332 4.05E-006 7.0142 -0.0010 

19 Stage3 0.5520 2.9063 1332 3.92E-006 7.1528 0.0062 

20 Stage3 0.6441 3.2950 1332 3.91E-006 7.2476 -0.0024 

21 Stage3 0.5865 2.3915 1332 4.06E-006 6.5601 -0.0100 

22 Stage3 0.5763 3.0528 1332 3.90E-006 7.1153 0.0136 

23 Stage3 0.5515 2.3105 1332 4.03E-006 6.7736 0.0024 

24 Stage3 0.6671 3.1079 1332 3.90E-006 7.2470 -0.0056 

25 Stage3 0.5116 2.9088 1332 3.85E-006 7.2942 0.0031 

26 Stage3 0.6302 3.0685 1332 3.94E-006 7.1277 0.0054 

27 Stage3 0.6980 2.7544 1332 1.68E-005 7.0571 -0.0033 

28 Plus disease 0.4799 2.6782 1332 3.90E-06 7.4076 -0.005 

29 Plus disease 0.5357 1.8092 1332 4.23E-06 5.9179 -0.001 

30 Plus disease 0.6209 2.6831 1332 3.96E-06 7.0890 0.007 

31 Plus disease 0.7515 3.1041 1332 3.94E-06 7.1579 -0.003 

32 Plus disease 0.4533 2.9077 1332 3.86E-06 7.3511 -0.004 

33 Plus disease 0.8139 3.0285 1332 4.00E-06 6.8777 0.000 

34 Plus disease 0.3557 2.6160 1332 3.88E-06 7.4268 -0.009 

35 Plus disease 0.5428 3.1233 1332 3.90E-06 7.0926 -0.004 

36 Plus disease 0.8034 2.9747 1332 4.02E-06 6.7803 -0.001 

37 Plus disease 0.6547 2.8706 1332 3.95E-06 7.0333 -0.002 

38 Plus disease 0.6054 2.8129 1332 3.94E-06 7.2982 0.004 

39 Plus disease 0.7367 2.4945 1332 4.09E-06 6.5787 0.004 

40 Plus disease 0.4535 2.4776 1332 3.93E-06 7.2843 -0.004 

41 Plus disease 0.7085 2.5434 1332 4.11E-06 6.6497 -0.005 

42 Normal 0.5819 2.2214 1332 1.85E-006 6.8111 -0.0013 

43 Normal 0.1451 1.2285 1332 7.45E-006 5.0341 0.0015 

44 Normal 0.1913 1.4135 1332 3.29E-006 5.7729 -0.0019 

45 Normal 0.4073 1.7307 1332 2.28E-006 6.3878 -0.0004 

46 Normal 0.1800 1.4161 1332 2.53E-005 5.4084 -0.0019 

47 Normal -0.1125 1.2065 1332 2.53E-005 4.2962 -0.0020 

48 Normal 0.4698 1.4716 1332 2.50E-005 5.2432 0.0054 

49 Normal -0.1551 1.2357 1332 2.48E-005 4.6051 -0.0039 

50 Normal 0.5918 2.0098 1332 2.49E-005 6.3422 0.0088 

51 Normal 0.5062 2.0485 1332 2.12E-005 6.7086 0.0068 
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Figure 4-9 shows the variation of parameters of skewness, kurtosis, 

entropy, energy, correlation and RMS between normal and ROP image. 

 

 
Fig. 4. Graph showing the variation between normal and ROP skewness 

 

 
Fig. 5. Graph showing the variation between normal and ROP kurtosis 

 

Fig. 6. Graph showing the variation between normal and ROP entropy 

 

 
Fig. 7. Graph showing the variation between normal and ROP energy 
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Fig. 8. Graph showing the variation between normal and ROP correlation 

 

 
Fig. 9.Graph showing the variation between normal and ROP RMS 

 

7      Conclusion 
 
Three pre processing techniques give enhanced contrast level. After 

segmentation, edge is well detected. Watershed transform gives the 

superimposed boundary region which is used to identify the portion of 
haemorrhage exudates also. Only the statistical features are used to classify 

with and without ROP in this paper because of its better accuracy. In this 

method, if we will include the other parameter also like vessels, ridges, etc., 
we may increase our performance efficiency. And also by using those 

parameters we can screen the severity level also. ANFIS classifier is a better 

tool to screen the severity level. By using ANFIS classifier we can screen the 

image as stage 1, stage 2, stage3, stage 4 and stage5. The effective 
implementation of computing tools shows reduced execution time and 

efficiency of the classification stages. Ingration of green computing 

techniques benefit the enhancement of healthcare system by detecting 
retinopathy in premature infants.   

 

8      Future Work  
 

In future, the above work could be enhanced to screen the severe level 

based on the vessels growth development in the three zones namely, zone1, 
zone2 and zone3 which could also be used to identify the plus disease along 

with the severe stages serving the most important criteria to provide 

treatment. The work can be further improved by integrating with telemetry 

systems are future scope. 
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