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Diabetic Retinopathy Diagnosing using Fuzzy
Image Processing
Himal Chitara, Raksha K Patel, Tejas V Bhatt

Abstract: Aim: To design diagnostic expert system using fuzzy
image processing for diabetic retinopathy, measures diabetic eye
morbidity.
Method: From this research paper, diagnosing diabetic
retinopathy using fuzzy image processing for diabetic patients.
Firstly collection of OCT images of the patient who has diabetic
retinopathy. Author’s proposed method finds out the edge
detection of the OCT image. Then fuzzy logic is applied on that
result of image processing. Design a fuzzy rules and input- output
parameter. This method gives accurate diagnosing the diabetic
retinopathy from the image of the patient’s retina images.
Result: This diagnostic system gives patient’s eye morbidity,
vision threatening of the diabetic patients. In the result, edges of
the retina images, and from that retinal ruptures, thickness of the
proliferative in the retina. From these result, diagnostic of
diabetic retinopathy conditions such as PDR, NPDR, and
NORMAL, and CSME in the diabetic patients.
Conclusion:
author has design diagnostic system for
endocrinologist and ophthalmology to diagnosed diabetic
retinopathy in the patients. From this system doctors don’t need
patients for diagnosing purposed.
Keywords : Diabetic retinopathy, fuzzy inference system, image
processing, fuzzy image processing.

I. INTRODUCTION
Artificial intelligence is a branch of computer science that
aims to create systems or methods that analyze information
and allow the handling of complexity in a wide range of
applications[1]. In today’s era, artificial intelligence has
subset of fuzzy inference system, machine learning, data
science; image processing etc. Applications used in various
fields aerospace, electronics, mechatronics, mechanical,
computer science, and medical. In the medical field, fuzzy
inference system uses in treatment, pharmacy, diagnosis.
Fuzzy inference system formulates the reasoning process of
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the human language by means of fuzzy logic and controls the
presence of uncertainty for variety of problem domains[2].
Diabetes mellitus is one of the major challenges
experienced by healthcare organizations. Diabetes mellitus is
a group of linked diseases in which our body can’t control the
amount of glucose in the blood[2]. Person who has diabetes,
insulin is not produced properly or insulin is not use properly.
A small organ near the stomach known as pancreas, is
produces insulin, also it secretes good enzymes in the
digestion of food. People with type 1 diabetes can’t produce
insulin properly. A person with type 2 diabetes does not
produce enough insulin. It changes hormonal condition in
which the body is unable to use energy from the food
especially glucose and sugar. Most common symptoms shown
in person are vision threatening, weight loss, polyuria,
polyphagia, polydipsia, impaired healing and exhaustion.
Because of this disease people may suffer from different
diseases such as cardiovascular diseases, retinopathy,
neuropathy, strokes, deafness, dementia, slowdown in healing
process, ganglion in foot.
In 2004, 3.4 million people died from diabetes diseases[3].
In 2015, World Health Organization surveys that 457 million
people worldwide have suffering from diabetes mellitus
diseases[3]. In 2019 Chennai, recent survey in newsletter that
most young age peoples are suffering from diabetes and
diabetic retinopathy because of their lifestyle, using mobile
technologies and physical inactivity in their daily life. In 2019
Gujarat, on “World Diabetes Day”, newspaper surveys that
most young and children people have type 1 diabetes and type
2 diabetes diagnosed.
In 2010, WHO states that 4.2 million people cause of visual
impairment in diabetic retinopathy. In 2015, WHO surveys
that Diabetic Retinopathy is 5th leading visual impairment.
Also WHO states that 4th leading cause of blindness in the
world. In world, 285 peoples are suffering from visual
impairment in 2015.
In Gujarat, Rajkot city, from 400 peoples are suffering
from diabetes, from that every 86 people have a diabetic
retinopathy; it comes from the retrospective study.

* Correspondence Author
Himal Chitara*, Department of Biomedical Engineering, U. V. Patel
College of
Engineering, Ganpat University, India. Email:
himalchitara18@gnu.ac.in
Prof. Raksha K Patel, Department of Biomedical Engineering, U. V.
Patel College of Engineering, Ganpat University, India. Email:
raksha.patel@ganaptuniversity.ac.in
Prof. Tejas V Bhatt, Department of Biomedical Engineering, U. V.
Patel College of Engineering, Ganpat University, India. Email:
tejas.bhatt@ganaptuniversity.ac.in
© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: F9240038620/2020©BEIESP
DOI:10.35940/ijrte.F9240.038620
Journal Website: www.ijrte.org

4210

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Diabetic Retinopathy Diagnosing using Fuzzy Image Processing

Fig. 1.Prevalence of Diabetes in Rajkot city
In Gujarat, 46% eye morbidity is seen in diabetic patients.
The person who has diabetic retinopathy has 27% of vision
threatening in eye; in Rajkot city has 5% of vision threatening.

Fig. 2.Vision Thretening in eye
In Rajkot city, CSME is 16.5%, NPDR is 35% and PDR is
10% seen in diabetic retinopathy patients.

Fig. 3.Vision thretening in diabetic patient’s eye.
II. DIABETIC RETINOPATHY
A. Anatomy of human eye
Human Eye is most vital organ for human beings; helps
them to sense the color, shape and state of physical objects[4].
The eye is nearly a sphere with an average diameter of
approx.20mm. Three membranes enclose the eye cornea,
sclera, outer cover, choroid, and the retina.
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Fig. 4.Human Eye.
The cornea is a tough transparent tissue that covers the
anterior surface of the eye. Continuous with sclera is an
opaque membrane that encloses the remainder of the optic
globe. The choroid is directly below, the sclera. The retina is a
multilayered sheet composed of neurons, photoreceptors, and
support cells[4]. Retina is most metabolically active organ in
the human body. Retina is very sensitive to ischemia and
nutrient imbalances.
Diabetes causes damages to the blood vessels of the retina
are known as diabetic retinopathy. Retina is light sensitive
tissue that back part of the eye, allowing seeing details in
objects. DR is shown in working age people and person who
has type 1 diabetes since long term. Many people with type
and type 2 diabetes suffer from blindness.
B. Symptoms and risks
 Difficult in reading
 Eye pain
 Shadow in eyesight
 Eye pressure
 Color perception
 Blurry of double vision
 Spots in our vision.
Sometimes peoples do not observing symptoms for this
disease. It causes because of blood glucoses level is too high;
so that it damages small blood vessels of the retina. Most
common risks of developing in diabetic retinopathy, who are
suffers from diabetes mellitus diseases. Pregnancy, high
blood pressure, high blood sugar levels creates the risks of
developing diabetic retinopathy.
C. Classification of DR
Diabetic retinopathy is divided in two types: proliferative
and non-proliferative. The blockage or abnormal of new
blood vessels which are comes from our retina.
 Non-Proliferative diabetic retinopathy
Abnormally high blood glucose level damages retinal
capillaries. The weakened blood vessels become leakier; so
that fluid leaks into the retina; this results in fluid deposition
under the macula, macular edema and irregular in normal
functions of macula. It causes loss of vision. It creates low
resolution in eye.
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Fig. 5. NPDR.
Early NPDR is starting leakage in retina. Moderaate
NPDR shows the spots of leages in retina. Severe NPDR is
starting stage of PDR and blood vessels are totally leaks
within the retina and resolution is very low.
 Proliferative diabetic retinopathy (PDR)
Proliferative retinopathy, in which retina has increased in
metabolic requirement; a new blood vessels growth is
abnormal and grows in center of the eye. On the surface of
retina, form a new abnormal blood vessels and scar tissues.
The scar tissue can pull on the retina and it causes retinal
detachment and loss of vision.
If blood vessels grow on the iris; it can clog the drainage
system of the eye causing glaucoma, pain and vision loss.

Membership function weight is between 0 and 1. Third
steps is implication method, is the process of determining
the output of the fuzzy rules consequent.
 Step 4
Aggregating all output is the next step in which all fuzzy
sets that represents the outputs of each rule combined into
a single fuzzy set.
 Step 5
Defuzzifying is the process of final desired single number
output.
Fuzzy image processing is an emerging field in the medical
applications. It is applied in the different fields such as
automatic control, data classification, decision analysis,
experts system, computer vision, and mechanical, aerospace,
pharmacy, etc. it is a multidisciplinary nature, fuzzy inference
system, fuzzy ruled based systems, fuzzy logic controllers,
fuzzy soft, fuzzy modeling.
IV. PROPOSED METHOD
Author proposed a method design is based on the fuzzy
image processing. OCT images of the retina are given for the
processing. Resultant image of the retina shows edge
detection with filtered image. From that image fuzzy rules are
sets and output shows the diabetic retinopathy in eyes or not.
It compares with the manual segmentation results of the
previous work images.
A. Data
First step of this proposed method is collection of colored
retina OCT or fundus images for processing. These images
are collected from the eye hospital. This data set contains 20
OCT images captures through optical coherence techniques
for capturing retinal images. From these images contains all
desired data required to perform diagnostic of diabetic
retinopathy.

Fig. 6.PDR.
III. FUZZY IMAGE PROCESSING
A combination of fuzzy logic and image processing is
known as Fuzzy image processing. This is used for
determining the boundaries of images. This process is used
for collection of all methods that understand, represent and
processes in the images and their segments and features as
fuzzy sets[5]. Fuzzy techniques selected for representation,
processing and problem solving. Main stages of fuzzy image
processing are as follows: image fuzzification, modification
of membership values and image defuzzification. The
fuzzification is a coding of image data and defuzzification
decoding of image data for results.
Compute fuzzy image processing steps are as follows:
 Step 1
A fuzzy input is defining the degree of membership of
each input using membership function.
 Step 2
By applying fuzzy operators, after inputs has been
fuzzified by giving membership function. “IF – THEN”
antecedent is used for design fuzzy rules. Result gives to
the output functions so that input has two or more
membership values from fuzzified input value.
 Step 3
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B. Image processing
In this steps, OCT retinal images are processing are as
follows:
1. Read retina image
2. Convert retina RGB image to GRAY image.
3. Then filter the gray image
4. Subtraction of filtered gray image and gray image
5. Find edges in subtracted grayscale image
6. Convolution with filter coefficient.
7. Select threshold for finding diabetic retinopathy
Author has designs a program, starts from the import retina
image; then it converts RGB image to the gray image; then
this gray scale image is filtered used for linear camera motion.
To find the edges in the images authors has do subtractions of
gray scale image from filtered image, in result it shows edges
of the infected retina portions.
C. Fuzzy inference system
Lofti A Zadeh introduced the theory of fuzzy logic in the
late 1960s. Fuzzy logic look like the human decision making
approach. This gross over explanation of the real world
problems and based on degrees of truth rather than usual true
or false or 1 or 0 like Boolean logic.
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Author has used fuzzy inference system applied a Mamdani
Fuzzy Inference System.
Author has created fuzzy inference system (FIS) for edge
detection. Then specify the image gradients, Ix and Iy. There
are two input parameters and one output parameters for
diagnostic purposed. In the input parameter threshold and
filter are named as Ix and Iy. In the output black and white
means patient’s has PDR or normal. Output named as an Iout.
Iy and Ix membership function are 0 to 1 between. Zero mean
Gaussian membership function is suited for this edge
detection. The gradient value for a pixel is 0 then it fits to the
0 membership function with a degree of 1. Fuzzy rules are
made for trained the diagnostic system such as:
 If Ix is 0 and Iy is 0 then Iout is white
 If Ix is not 0 and Iy is not 0 then Iout is black

c)

d)

Fig. 8.a) PDR image b) gray image c) filter image d)
subtracted image e) canny filtered image

Fig. 7.Fuzzy rules
a)

b)

c)

d)

V. RESULTS
This diagnostic proposed system is easy to diagnose eye
examinations. A manual eye examination takes more time for
diagnosing. From this system, retinal ruptures, blockages in
blood vessels, spots in retina are easy to examine within few
minutes. Multiple diabetic retinopathy images such as normal,
PDR, NPDR, and CSME are used in this work. Sizes of
images are 24.5KB, 512*382 pixels, 24bits. Author’s
proposed work fuzzy logic stimulated using MATLAB on the
various retinal images. Author has apply this method on three
different retinal conditions images so that it gives accurate
results.
Canny filter is used in this work; it is best suited for medical
applications. Canny filter is used for edge detection; detect
edges with threshold suppressed at the same time. Using this
smooth the images with a Gaussian filter to reduce noise and
unwanted details or shows details of the defected portion in
retina. It detects all the edges that are stronger than threshold.

a)
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e)
Fig. 9.a) Normal image b) gray image c) filter image d)
subtracted image e) canny filtered image

a)

b)
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5.

6.

7.

c)

d)
8.

9.

10.

e)
Fig. 10. a) PDR image b) gray image c) filter image d)
subtracted image e) canny filtered image

11.

12.

VI. CONCLUSION
This diagnostic method deals with different stages of
diabetic retinopathy images through taking all informative
images. Endocrinologist and ophthalmologist have easy to
diagnose diabetic retinopathy. This diagnostic method
measures against the ophthalmologist categorized images. It
is easy to extract diabetic retinopathy stages such as normal,
PDR, CSME and NPDR. A result shows that proposed
diagnostic system modifies by using fuzzy image processing
to overcome the disadvantages of old techniques. This
method is used for the analysis, prediction of retinopathy,
diagnostic purposes. in this fuzzy image processing first
findout the edges of the image using canny filter and second
most important part is making fuzzy rules. It gives more
accuracy than manual diagnostic system. It helps in
diagnosing retinal ruptures, ruptures in blood vessels, spots in
retina, and different stages of NPDR, PDR, CSME, retinal
hemorrhage, and blockage in blood vessels.

13.

14.

15.

16.

17.
18.

19.

20.

ACKNOWLEDGMENT
I am grateful to my supervisors Prof. Raksha K Patel and
Prof. Tejas V Bhatt for giving me the opportunity to conduct
research under their guidance and for their continuous
support. Once again I thank them whole heartedly. I deeply
thankful to the Dr. Hitesh Gilder, MS Ophthalmology, DO,
DNB, Ophthalmology for making available all the OCT
retinal images.
REFERENCES
1.

2.

3.
4.

22.

23.

24.

I. Contreras and J. Vehi, “Artificial intelligence for diabetes
management and decision support: Literature review,” J. Med. Internet
Res., vol. 20, no. 5, 2018, doi: 10.2196/10775.
I. No and M. Kalpana, “Available Online at www.ijarcs.info Diagnosis
of Diabetes using Correlation fuzzy logic in Fuzzy Expert System,”
vol. 3, no. 1, 2012.
World Health Organization, “TADDS: Tool for assessment of diabetes
and diabetic retinopathy,” 2015.
M. Kamil, “Edge detection for Diabetic Retinopathy using fuzzy
logic,” Ijs, vol. 55, no. 3B, pp. 1395–1401, 2014.

Retrieval Number: F9240038620/2020©BEIESP
DOI:10.35940/ijrte.F9240.038620
Journal Website: www.ijrte.org

21.

25.

4214

W. : Www, R. P. Ambilwade, R. R. Manza, and R. Kaur, “International
Journal of Emerging Technology and Advanced Engineering
Prediction of Diabetes Mellitus and its Complications using Fuzzy
Inference System,” Certif. J., vol. 9001, no. 7, 2008.
N. Sarala and I. J. Firthouse, “An Analysis of Diabetes Using Fuzzy
Soft,” Int. J. Innov. Res. Sci. Eng. Technol., vol. 6, no. 3, pp.
3540–3548, 2017, doi: 10.15680/IJIRSET.2017.0603096.
K. Singh, D. Sharma, and S. Aggarwal, “A Real Time Patient
Monitoring System based on Artificial Neural Fuzzy Inference System
(ANFIS),” Int. J. Comput. Appl., vol. 146, no. 15, pp. 22–28, 2016,
doi: 10.5120/ijca2016910959.
M. Rahmani Katigari, H. Ayatollahi, M. Malek, and M. Kamkar
Haghighi, “Fuzzy expert system for diagnosing diabetic neuropathy,”
World J. Diabetes, vol. 8, no. 2, p. 80, 2017, doi:
10.4239/wjd.v8.i2.80.
S. Basha and K. Prasad, “Automatic detection of hard exudates in
diabetic retinopathy using morphological segmentation and fuzzy
logic,” … J. Comput. Sci. Netw. …, vol. 8, no. 12, pp. 211–218, 2008.
X. Jiang and D. Mojon, “Adaptive local thresholding by
verification-based multithreshold probing with application to vessel
detection in retinal images,” IEEE Trans. Pattern Anal. Mach. Intell.,
vol.
25,
no.
1,
pp.
131–137,
2003,
doi:
10.1109/TPAMI.2003.1159954.
S. D. Solomon and M. F. Goldberg, “ETDRS Grading of Diabetic
Retinopathy: Still the Gold Standard?,” Ophthalmic Res., vol. 62, no.
4, pp. 190–195, 2019, doi: 10.1159/000501372.
E. Taylor and J. H. Dobree, “Proliferative diabetic retinopathy. Site and
size of initial lesions.,” Br. J. Ophthalmol., vol. 54, no. 1, pp. 11–18,
1970, doi: 10.1136/bjo.54.1.11.
E. Treatment and D. Retinopathy, “Classification of Diabetic
Retinopathy from Fluorescein Angiograms: ETDRS Report Number
11,” Ophthalmology, vol. 98, no. 5, pp. 807–822, 1991, doi:
10.1016/S0161-6420(13)38013-0.
R. L. Thomas, S. Halim, S. Gurudas, S. Sivaprasad, and D. R. Owens,
“IDF Diabetes Atlas: A review of studies utilising retinal photography
on the global prevalence of diabetes related retinopathy between 2015
and 2018,” Diabetes Res. Clin. Pract., vol. 157, p. 107840, 2019, doi:
10.1016/j.diabres.2019.107840.
The Foundation of American Society of Retina Specialists, “The
Foundation Diabetic Retinopathy : Diabetic retinopathy,” no. 312,
2016.
D. A. Antonetti et al., “Diabetic retinopathy: Seeing beyond
glucose-induced microvascular disease,” Diabetes, vol. 55, no. 9, pp.
2401–2411, 2006, doi: 10.2337/db05-1635.
D. S. Fong et al., “Retinopathy in Diabetes,” Diabetes Care, vol. 27,
no. SUPPL. 1, 2004, doi: 10.2337/diacare.27.2007.s84.
I. K. Mujawar and B. T. Jadhav, “Web-based Fuzzy Expert System for
Diabetes Diagnosis,” Int. J. Comput. Sci. Eng., vol. 7, no. 2, pp.
995–1000, 2019, doi: 10.26438/ijcse/v7i2.9951000.
A. Gordon, Z. Buch, V. Baute, and R. Coeytaux, “Use of Ayurveda in
the Treatment of Type 2 Diabetes Mellitus,” Glob. Adv. Heal. Med.,
vol. 8, p. 216495611986109, 2019, doi: 10.1177/2164956119861094.
M. Benamina, B. Atmani, and S. Benbelkacem, “Diabetes Diagnosis
by Case-Based Reasoning and Fuzzy Logic,” Int. J. Interact.
Multimed. Artif. Intell., vol. 5, no. 3, p. 72, 2018, doi:
10.9781/ijimai.2018.02.001.
M. Kalpana, “Fuzzy Expert System for Diabetes using Fuzzy Verdict
Mechanism,” Int. J. Adv. Netw. Appl., vol. 03, no. 02, pp. 1128–1134,
2011.
R. B. Lukmanto, Suharjito, A. Nugroho, and H. Akbar, “Early
detection of diabetes mellitus using feature selection and fuzzy support
vector machine,” Procedia Comput. Sci., vol. 157, pp. 46–54, 2019,
doi: 10.1016/j.procs.2019.08.140.
E. G. Yildirim, A. Karahoca, and T. Uçar, “Dosage planning for
diabetes patients using data mining methods,” Procedia Comput. Sci.,
vol. 3, pp. 1374–1380, 2011, doi: 10.1016/j.procs.2011.01.018.
R. A. Mohammadpour, S. M. Abedi, S. Bagheri, and A. Ghaemian,
“Fuzzy Rule-Based Classification System for Assessing Coronary
Artery Disease,” Comput. Math. Methods Med., vol. 2015, 2015, doi:
10.1155/2015/564867.
S. Sharma and E. V. Wasson, “Retinal Blood Vessel Segmentation
Using Fuzzy Logic,” J. Netw. Commun. Emerg. Technol. www. jncet.
org, vol. 4, no. 3, pp. 1–5, 2015.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Diabetic Retinopathy Diagnosing using Fuzzy Image Processing
26. K. Saxena and U. Banodha, “A Fuzzy Logic Based Cardiovascular
Disease Risk Level Prediction System in Correlation to Diabetes and
Smoking,” 2019, pp. 29–40.
27. Y. Yan, J. W. Zhang, G. Y. Zang, and J. Pu, “The primary use of
artificial intelligence in cardiovascular diseases: What kind of potential
role does artificial intelligence play in future medicine?,” J. Geriatr.
Cardiol., vol. 16, no. 8, pp. 585–591, 2019, doi:
10.11909/j.issn.1671-5411.2019.08.010.
28. A. S. D. M. Matheus, L. R. M. Tannus, R. A. Cobas, C. C. S. Palma, C.
A. Negrato, and M. D. B. Gomes, “Impact of diabetes on
cardiovascular disease: An update,” Int. J. Hypertens., vol. 2013, no.
March, 2013, doi: 10.1155/2013/653789.
29. J. Staal, M. D. Abràmoff, M. Niemeijer, M. A. Viergever, and B. Van
Ginneken, “Ridge-based vessel segmentation in color images of the
retina,” IEEE Trans. Med. Imaging, vol. 23, no. 4, pp. 501–509, 2004,
doi: 10.1109/TMI.2004.825627.
30. D. Karthika and A. Marimuthu, “Retinal image analysis using
contourlet transform and multistructure elements morphology by
reconstruction,” Proc. - 2014 World Congr. Comput. Commun.
Technol. WCCCT 2014, vol. 58, no. 5, pp. 54–59, 2014, doi:
10.1109/WCCCT.2014.15.
31. K. Papatheodorou, M. Banach, E. Bekiari, M. Rizzo, and M. Edmonds,
“Complications of Diabetes 2017,” J. Diabetes Res., vol. 2018, 2018,
doi: 10.1155/2018/3086167.
32. H. Jemal, Z. Kechaou, and M. Ben Ayed, “Enhanced decision support
systems in intensive care unit based on intuitionistic fuzzy sets,” Adv.
Fuzzy Syst., vol. 2017, no. i, 2017, doi: 10.1155/2017/7371634.
33. J. Oliver, Guidelines for the Prevention, Management and Care of
Diabetes Mellitus, vol. 53, no. 9. 2013.
34. mr. Sumathy, P. Mythili, D. P. Kumar, T. M. Jishnujit, and K. R.
Kumar, “Diagnosis of Diabetes Mellitus based on Risk Factors,” Int. J.
Comput. Appl., vol. 10, no. 4, pp. 1–4, 2010, doi: 10.5120/1473-1989.
35. R. C. Chen, H. Q. Jiang, C. Y. Huang, and C. T. Bau, “Clinical
Decision Support System for Diabetes Based on Ontology Reasoning
and TOPSIS Analysis,” J. Healthc. Eng., vol. 2017, pp. 9–12, 2017,
doi: 10.1155/2017/4307508.
36. F. He, X. Xia, X. F. Wu, X. Q. Yu, and F. X. Huang, “Diabetic
retinopathy in predicting diabetic nephropathy in patients with type 2
diabetes and renal disease: A meta-analysis,” Diabetologia, vol. 56,
no. 3, pp. 457–466, 2013, doi: 10.1007/s00125-012-2796-6.
37. M. N. Piero, “Diabetes mellitus – a devastating metabolic disorder,”
Asian J. Biomed. Pharm. Sci., vol. 4, no. 40, pp. 1–7, 2015, doi:
10.15272/ajbps.v4i40.645.
38. C. S. Lee and M. H. Wang, “A fuzzy expert system for diabetes
decision support application,” IEEE Trans. Syst. Man, Cybern. Part B
Cybern., vol. 41, no. 1, pp. 139–153, 2011, doi:
10.1109/TSMCB.2010.2048899.
39. S. Sangam, A. Naveed, M. Athar, P. Prathyusha, S. Moulika, and S.
Lakshmi, “International Journal of Health Sciences and Research,” vol.
5, no. 1, pp. 156–164, 2015.
40. H. Singh et al., “Real-life applications of fuzzy logic,” Adv. Fuzzy
Syst., vol. 2013, 2013, doi: 10.1155/2013/581879.
41. S. Karabpour and A. Jafarian, “A New Artificial Intelligence Method
for Prediction of Diabetes Type2,” Bull. la Société R. des Sci. Liège,
vol. 85, pp. 376–391, 2016.
42. S. Lekkas and L. Mikhailov, “Evolving fuzzy medical diagnosis of
Pima Indians diabetes and of dermatological diseases,” Artif. Intell.
Med.,
vol.
50,
no.
2,
pp.
117–126,
2010,
doi:
10.1016/j.artmed.2010.05.007.
43. N. Chandgude and S. Pawar, “Diagnosis of diabetes using fuzzy
inference system,” Proc. - 2nd Int. Conf. Comput. Commun. Control
Autom.
ICCUBEA
2016,
2017,
doi:
10.1109/ICCUBEA.2016.7860001.
44. S. Swati and P. Agarwal, “Diabetes Mellitus: An Ayurvedic View,” J.
Sci. Innov. Res., vol. 4, no. 4, pp. 193–196, 2015.
45. J. Mohmed, R. R. Palreddy, S. K. Gunda, D. J. Purohith, and M. Shaik,
“Quinazolinone derivatives as growth hormone secretagogue receptor
inhibitors: 3D-QSAR study,” Int. J. ChemTech Res., vol. 9, no. 5, pp.
896–903, 2016, doi: 10.2337/dc10-S062.
46. H. W. Baynest, “Classification, Pathophysiology, Diagnosis and
Management of Diabetes Mellitus,” J. Diabetes Metab., vol. 06, no.
05, 2015, doi: 10.4172/2155-6156.1000541.
47. L. B. O. Abdulfatai B. Olokoba, Olusegun A. Obateru, “Type 2
Diabetes: a Review of Current Trends -,” Int. J. Curr. Res. Rev., vol. 7,
no. 18, pp. 61–66, 2015.
48. P. K. Rani, R. Raman, A. Chandrakantan, S. S. Pal, G. M. Perumal,
and T. Sharma, “Risk factors for diabetic retinopathy in self-reported
rural population with diabetes,” J. Postgrad. Med., vol. 55, no. 2, pp.
Retrieval Number: F9240038620/2020©BEIESP
DOI:10.35940/ijrte.F9240.038620
Journal Website: www.ijrte.org

92–96, 2009, doi: 10.4103/0022-3859.48787.
49. L. Wu, “Classification of diabetic retinopathy and diabetic macular
edema,” World J. Diabetes, vol. 4, no. 6, p. 290, 2013, doi:
10.4239/wjd.v4.i6.290.
[2]–[7], [7], [8], [8]–[20], [20]–[49]

4215

AUTHORS PROFILE
Himal Chitara, research scholar. Study in M.Tech
Biomedical Engineering, U. V. Patel College of
Engineering, Ganpat University, Kherva, Gujarat,
India. Working as a Teaching Assistanceship, at
department of biomedical engineering, Ganpat
University.
Prof. Raksha K Patel, studying up to M.Tech in IC
Engineering, Dharamsing University at 2011. Assistant
Professor in Department of Biomedical Engineering, U.
V. Patel College of Engineering, Ganpat University,
Kherva, Gujarat.

Prof. Tejas V Bhatt, studying up to M.Tech in
Biomedical Engineering, IIT-BHU in 2013. He is
Assistant Professor in department of Biomedical
Engineering, U. V. Patel College of Engineering, Ganpat
University.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

