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Abstract: 

Diabetic retinopathy need to also be a fear of diabetes it's often brought on because 

of the adjustments within the blood vessels of the retina and is one the excessive 

crucial motives of blindness inside the advanced worldwide. as tons as this , 

diabetic retinopathy stays screened manually thru ophthalmologist which can be a 

time eating tool and subsequently this paper goals at automated assessment of the 

infection into its unique degrees the use of deep reading. in our method, We 

professional deep convolution neural community version on an sizable dataset 

which encompass round 35,000 photos to robotically diagnose and thereby classify 

excessive preference fungus photos of the retina into five tiers based totally truly 

mostly on their severity. inner this paper, and software program tool is formed 

which takes the input parameters way to the very reality the affected individual’s 

facts on the thing of the fungus photo of the attention . Knowledgeable deep 

convolution neural Network[16]17][18] version will furthermore extract the 

competencies of the fungus snap shots and later with the help of the activation skills 

like rely and soft at the component of optimizer like an output is obtained. The 

output received from the convolution neural community version and as a result the 

affected character records will collectively make a consistent document. 

Keywords: Automate, diabetic retinopathy, fundus, Convolutional neural 

community, and retina. 

 

1. Introduction 

Candidate exudates are identified the utilization of 

the method of good enough-way clustering. At very 

last, exudates are labeled because of the fact the 

sleek and tough one thru their threshold and location 

power. Superior technique has yielded better 

consequences. Histogram equalization may also be 

how for adjusting picture intensities to beautify 

evaluation. he's an operation it is supported 

histogram specification or modification to induce 

newbie .the intention of this Assessment 

enhancement technique is to set off an exchange 

more photo that abilities a steady histogram that 

incredible plots the frequency at every grey-diploma 

from 0 (black) to 255 (white). Each histogram 

represents the frequency of incidence of all gray-

degree inside the photo. 

The proposed tool is completed the usage of the 

digital fundus photos. Virtual fundus photos are 

critical determine the pathological incontrovertible 

fact which may motive special illnesses. But, virtual 

fundus pix have many illumination and comparison 

problems which make enhancement essential detail. 

Ultimately, digital fundus pics ought to be developed 

to allow surely visualization to satisfy 

ophthalmologists to adopt their diagnosis. The under 

decide indicates the implementation plan of 

detection of exudates in virtual fundus snap shots: 

because of the computational simplicity of the ok-

manner set of guidelines over unique clustering 

algorithms, we decided to take a look at suppose-

propose clustering in the proposed artwork. The 

most effective sufficient-endorse clustering set of 

regulations are frequently a particular case of the 

generalized difficult clustering algorithms. 

The coolest sufficient-way set of policies is given 

under. The steps worried in proper enough-technique 

set of policies are: Pick out an initial partition with 

Diabetes Retinopathy Disease Detection using 

Convolution Neural Network 
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top notch enough clusters generate substitute 

partition through assigning each pattern to its closest 

cluster center. Compute new cluster facilities. Keep 

to attempt to steps 2 and three till centroids do not 

change. 

This detail examines the design of have a look at to 

exercising session an automated manner for locating 

exudates in eyes. this take a look at compares 3 

techniques in particular evaluation restricted 

adaptive histogram equalization, histogram 

Equalization and mahalanobis distance for 

reinforcing a digital fundus photograph to are 

looking for out and pick out the foremost reachable 

one to categories exudates in retinal photographs 

with the useful resource of adopting graphical 

interface in mat lab. Further, a network of blood 

vessels is removed for facilitating detection and 

adjourning the blind spot. At an identical time, blind 

spots eliminated the use of the tactic of Hough 

redesign. 

Candidate exudates are diagnosed the usage of the 

strategy of good enough-manner clustering. At 

previous, exudates are categorized because of the 

truth the glossy and difficult one through their 

threshold and location Power. Superior approach has 

yielded higher consequences. Histogram 

equalization ought to also be how to adjusting photo 

intensities to decorate evaluation. He is an operation 

it's supported histogram specification or amendment 

to urge amateur .the intention of this assessment 

enhancement approach is to prompt a change greater 

photograph that talents a regular histogram. 

The proposed tool is run using the digital fundus 

photographs. Virtual fundus pictures are critical 

decide the pathological undeniable reality which 

may additionally reason particular illnesses. But, 

virtual fundus pix have many illumination and 

assessment troubles which make enhancement 

critical element. the Under decide indicates the 

implementation plan of detection of exudates in 

virtual fundus snap shots: way to the computational 

simplicity of the good enough-way set of 

suggestions over unique clustering algorithms, we 

decided to take a look at assume-propose clustering 

inside the proposed paintings. Within the top of the 

day, digital fundus photographs should be advanced 

to allow genuinely visualization to fulfill 

ophthalmologists to undertake their diagnosis. 

The handiest sufficient-suggest clustering set of 

recommendations are regularly a specific case of the 

generalized hard clustering algorithms. Its miles 

carried out at a same time as hassle representatives 

are used, and as a Result the squared Euclidean 

distance is found to degree the dissimilarities among 

vectors and cluster representatives. The coolest 

sufficient-manner set of regulations is given below. 

The stairs concerned in right enough-method set of 

tips are: locate a preliminary partition with first rate 

sufficient clusters generate alternative partition 

through assigning every sample to its closest cluster 

center. Compute new cluster centers. Hold to goal to 

steps 2 and three until centroids do not Trade. 

 

1.1. Diabetic retinopathy can also moreover 

development through four ranges: 

However, at an equivalent time as we achieve 

modern-day overall performance with cnns the usage 

of binary classifiers, the version performance 

degrades with increasing wide selection of classes. 

albeit it's miles tempting to surmise that more data 

are often better, previous paintings inside the planet 

has corroborated that cnn potential to tolerate scale 

versions is constrained et al. have suggested that 

within the case of retinal images, extra facts can't 

complement for this inherent hassle. Pronounced a 

93-96%Keep in mind for binary class of ailment 

however reports that do not forget isn't improved 

while schooling with 60,000 samples vs 100 20,000 

samples of a private dataset. Visualizations of the 

functions learned through cnns reveal that the 

indications used for sophistication live during an 

area of the image honestly seen with the help of the 

observer26. Mild and intense diabetic retinal 

photographs comprise macroscopic capabilities at a 

scale that contemporary cnn architectures, which 

incorporates those available from the ImageNet 

visible database, are optimized to categories. 

Universal, our future goals involve enhancing 



 

January-February 2020 

ISSN: 0193-4120 Page No. 7140 - 7147 

 

7142 Published by: The Mattingley Publishing Co., Inc. 

detection of moderate ailment and transitioning to 

greater tough and useful multi-grade disorder 

Detection. 

 

1.2. Issues in diabetic retinopathy detection 

Diabetic retinopathy is that the maximum cause for 

blindness within the taking walks-age populace of 

the superior global. It’s far anticipated to very 

private an effect on over 93 million citizenry. the 

center for contamination manipulate and prevention 

estimates that 29.1 million citizenry internal because 

of this have diabetes and for the motive that of this 

subjects fitness Commercial employer business 

employer estimates that 347 million human beings 

have the contamination worldwide.  

 

 
Fig. 1 Various Diabetic Retinopathy Stages 

Features to Distinguish between a healthy and a non-

healthy eye 

 
Fig. 2 FUNDUS images features 

Presently, detecting DR are frequently a time-eating 

and manual method that capabilities a talented 

clinician to seem at and take a glance at digital shade 

fundus pics of the retina. with the aid of the purpose 

human readers located up their opinions, often a day 

or later, the now not on time outcomes reason of 

location check out up, miscommunication, and no 

longer on time remedy. Sadly, there are frequently 

no effective regarded remedy for diabetic 

retinopathy and as an end result the triumphing 

Treatments to be had are in reality manipulate 

techniques at awesome. So it’s important to 

complete result in the infection in its early ranges. 

Clinicians can decide via the presence of lesions 

related to the vascular abnormalities because of the 

contamination. On an equal time as this system is 

robust, its useful aid goals are excessive. The facts 

and package required are regularly missing in areas 

ultimately of which within the truly clearly simply 

virtually well worth of Diabetes in handy 

populations is immoderate and detection is most 

wanted. 

Conversely, the capabilities that distinguish slight vs 

regular ailment sleep in much but 1% of the general 

pixel extent, a degree of subtleness that's frequently 

tough for human interpreters to hunt out. Medical 

photos are fraught with diffused capabilities which 

may be essential for diagnosis. Fortuitously, the 

foremost customarily deployed architectures had 

been optimized to know macroscopic capabilities 

consisting of these present within the ImageNet 

dataset. We may additionally therefore require a 

replacement paradigm for diagnosing sicknesses thru 

cnn models. This could be a two level lesion 

detection pipeline that has function localization 

observed via category and similarly preprocessing 

steps to section out pathologies hard to work out by 

manual inspection, and ultimately rebalancing 

network weights to account for sophistication 

imbalances seen in medical datasets.  
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Figure 3: Illustration of adopted neural network 

structure (a) and regression activation mapping 

(b). 

The samples images are tested in fig 2. Furthermore, 

the facts set doesn’t have the same distributions kind 

of the 5 scales. As you may be capable of assume, 

normal records with label “0” is that the most vital 

elegance within the entire information set, at the 

equal time as “prolife active rerecords is that the 

littlest beauty. Fig 3 shows counts of pictures for 

one-of-a-type scales inside the schooling facts set. 

 
Figure 4: Sample images of color retina images 

dataset. 

2.2. Discriminative Localization by RAM 

We furthermore removed several convolutional 

layers of net-5 for each enter length to boom their 

solution of ram. Specifically, the following ram 

modifications: The net-5 and 128 pixel snap shots, 

we eliminated the layers after conv-11 and all and 

sundry a number of the strides accepts the maxpool-

8, which resulting 54×54 finally of a mapping 

choice.  

 

Figure 5: The ram generated from (a). 128 pixel 

picture and (b). 256 pixel image. Remember that the 

ram output by the neural community is of length 

56x56, which they might even be the up-sampled via 

ranchos interpolation features as shown in plots (a) 

and (b). The ensemble ram averaged from both 

resolutions are shown in (c). (d) Is that the authentic 

picture? 

For the purpose that localization capacity of ram 

need to additionally be significantly advanced on the 

identical time because the remaining convolutional 

layer beforehand than hole had a much higher spatial 

choice 

 

 
Figure 6: Ground truth and the corresponding 

RAMs. The two scores are from the 128 and 256 

pixel images, respectively. 

 
Figure 7: Examples of the conservative diagnostic 

through the neural networks on special severity 

stages. 

On the equal time because of the truth the patients 

belong to next degree (excessive), due to the reality 

the bottom menthe brane of their tidal blood vessels 

thickens, capillaries degenerate and lose cells most 

essential to loss of blood flow and modern ischemia 

and microscopic aneurysms which appear as 

balloon-like structures jutting out from the capillary 

walls.  In parent 6(a), ram suggests the version 
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placed its interest on the grey dots scattering round, 

which surely display the proliferative diploma. 

Ambiguous talents amongst special levels. 

specifically, in decide 7(a), irrespective of the very 

truth that our model ignores the proliferate at the 

very excellent left corner, it's miles equipped to seize 

the leaking of blood inside the area of retinal 

neuropile.to apprehend leaking of blood in retinal 

neuropil can also additionally furthermore 

additionally be tough for the clinicians. in 

(b)and(c),the perfect pix encompass very restricted 

statistics approximately the balloon-like Jitter and 

for this motive the blood leaking way to partial 

exposedness, consequently the ram are scattered at 

the dark pink vessels which might also additionally 

moreover drift from to the decreased retinal blood 

flow. Primarily based definitely simply mostly on 

the above evaluation, ram gives the cause successful 

obvious contour deep studying model to appearance 

why and the way it makes the selection. Ram, as 

examined in discern 6(b), stated to converge its 

recognition on the bordering which the balloon-like 

Systems takes location. thanks to the truth the 

infection progresses to the proliferative diploma, the 

dearth of oxygen within the retina motives fragile, 

new, blood vessels to growth alongside the retina 

and inside the clean, gel-like vitreous humor that fills 

the indoors of the attention .the seen clarification of 

ram also can furthermore help the clinicians to quick 

hit upon the pathogenesis of sickness. 

 

3. RELATED WORK 

Diabetic retinopathy can also be a not unusual illness 

these days so one may also attain success in 

absolutely everyone having type 1. The danger of 

being advocated via manner of this illness is based 

on the term of a character having diabetes. 

Extended-time period diabetes effects in additional 

blood sugar diploma that motives harm through 

changing the go along with the glide of blood in 

retinal blood vessels. It’s a ways comparable that 

within the preceding degree diabetic retinopathy 

Shows no signs and signs and symptoms and 

symptoms and as a quit result without managing 

research task it's now not viable to count on the 

existence of the illness.  

That exudation are often an unstable case way to the 

very fact it will purpose a loss of imaginative and 

prescient at the same time as modern inside the vital 

macula. As an end result such lesions had been given 

to be expected, and appropriate clinical intervention 

were given to be obtained to hold far from acuity 

damages of the affected character. Computerized 

exudates detection in diabetic retinopathy patients’ 

retinas need to enhance early prediction of diabetic 

retinopathy and might assist medical doctor’s music 

the remedy development over time. Because of this 

it are often inferred that detection via manner of 

using laptop need to supply a specific and speedy 

assessment to professional exam and manual the 

clinician to create up well timed preference to 

require right treatment. 

Automatic detection and screening offers a very 

precise opportunity to forestall a big percentage of 

vision loss in our population. In latest years, 

researchers have introduced into the set of 

algorithms wont to display for diabetic sickness. 

Promise to leverage the large quantities of pix which 

are accumulated for physician interpreted screening 

and learn from raw pixels. The immoderate variance 

and coffee bias of these models need to allow to 

diagnose how Broader range of non-diabetic 

diseases as nicely. But, at an equal time as we obtain 

contemporary-day usual performance with cans 

using binary classifiers, the version performance 

degrades with increasing huge choice of training. 

albeit it's far tempting to surmise that greater records 

are frequently higher, preceding art work in the 

planet has corroborated that cnn ability to tolerate 

scale versions is restricted et al. have cautioned that 

in the case of retinal pics, extra Records cannot 

complement for this inherent hassle. 

Binary class of ailment but reviews that don't 

overlook is not stepped forward while schooling 

with 60,000 samples vs 100 20,000 samples of a 

personal dataset. Visualizations of the features 

learned via cnns reveal that the symptoms used for 

sophistication live at some stage in a place of the 
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picture simply visible with the assist of the 

observer26. slight and intense diabetic retinal 

pictures Comprise macroscopic abilities at a scale 

that present day cnn architectures, which 

incorporates those to be had from the ImageNet seen 

database, are optimized to categories. Conversely, 

the abilities that distinguish mild vs normal disorder 

sleep in much however 1% of the overall pixel 

volume, a diploma of subtleness it's often hard for 

human interpreters to seek out. Medical pix are 

fraught with subtle talents which may be vital for 

diagnosis. Fortuitously, the Primary customarily 

deployed architectures had been optimized to 

recognize macroscopic abilities consisting of those 

gift inside the ImageNet dataset. 

We might also additionally consequently require a 

replacement paradigm for diagnosing diseases thru 

cnn fashions. This may be a degree lesion detection 

pipeline that has function localization observed thru 

category and further preprocessing steps to section 

out pathologies tough to work out via manual 

inspection, and in the long run rebalancing network 

Weights to account for sophistication imbalances 

seen in scientific datasets. Commonplace, our future 

goals involve improving detection of mild ailment 

and transitioning to more tough and beneficial multi-

grade sickness detection. 

 

4. Diabetic retinopathy detection device  

Our detection technique consists of training a 

convolutional neural network[12][13][14][15][16] to 

training the variability of DR in snap shots. So, for 

training facts, we've got been given about 35,126 

categorized immoderate-preference photographs 

from kaggle (on line platform for data technology 

competitions) taken beneath an expansion of 

imaging situations. 

We then moreover augmented our education 

statistics to 2 instances its particular period. Then, 

we divided our schooling data itself into 20% 

validation facts to first-class song our version. In all, 

there are more or a sincere deal lots less 61,000 

education photographs and 14,000 validation pix 

with 5 magnificence labels. 

A number one step concerned inside the 

preprocessing is resizing the pictures into 

dimensions of 448x448. 

 
Fig. 8 (a) photo without preprocessing (say, 

2000x3000), (b) picture preprocessed without 

including black borders (448x448), (c) photo 

preprocessed with including black borders 

(448x448) 

5. Methodology  

This segment is split in critical components that is 

frequently picture sequence of facts and k with the 

processed photograph training that neural network. 

The pix are taken from kaggle, at some stage in 

which all of the snap shots are in a single zip file. 

The snap shots were similarly categorized 

particularly stages of diabetic retinopathy neural for 

the community. 

A python name picture folder which have equal 

elegance name to input from a excel sheet and copies 

that utility has been written that takes labelled 

beauty photo to the picture belongs. 

 
Fig 9: Snippet of train file. 

Inside the above figure there may be a photo table 

contain all image call and degree. The desk shows 

that the photograph belongs to which stage of 

diabetic retinopathy the python utility classifies 

photo. 

 

Conclusion  

Computerized detection and screening offers a 

completely unique possibility to prevent a huge 

percentage of imaginative and prescient loss in our 

population. In recent years, researchers have 

delivered into the set of algorithms used to screen for 

diabetic disorder. Promise to leverage the large 
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quantities of images that are collected for doctor 

interpreted screening and learn from uncooked 

pixels. The excessive variance and occasional bias of 

these fashions got to permit cnns to diagnose how 

broader range of non-diabetic Diseases as nicely. 

However, at the same time as we achieve modern-

day overall performance with cnns the usage of 

binary classifiers, the version performance degrades 

with increasing big choice of classes. albeit it's miles 

tempting to surmise that more data are often better, 

previous paintings inside the world has corroborated 

that cnn potential to tolerate scale versions is 

constrained et al. have suggested that within the case 

of retinal images, extra facts can't complement for 

this inherent hassle. gulshan et al. pronounced a 93-

96%Keep in mind for binary class of ailment 

however reports that don't forget isn't improved 

while schooling with 60,000 samples vs 100 

twenty,000 samples of a personal dataset. 

Visualizations of the functions learned through cnns 

reveal that the indications used for sophistication 

live during a neighborhood of the image honestly 

seen with the assistance of the observer.  

Mild and intense diabetic retinal photographs 

comprise macroscopic capabilities at a scale that 

contemporary cnn architectures, which includes 

those available from the ImageNet visible database, 

are optimized to categories. Conversely, the 

capabilities that distinguish slight vs regular ailment 

sleep in much but 1% of the overall pixel extent, a 

degree of subtleness that's frequently tough for 

human interpreters to seek out. Medical photos are 

fraught with diffused capabilities which can be 

essential for diagnosis. Fortuitously, the foremost 

customarily deployed architectures had been 

optimized to understand macroscopic capabilities 

consisting of those present within the ImageNet 

dataset. We may additionally therefore require a 

replacement paradigm for diagnosing sicknesses thru 

cnn models. This might be a two level lesion 

detection pipeline that has function localization 

observed via category and similarly preprocessing 

steps to section out pathologies hard to figure out by 

manual inspection, and ultimately rebalancing 

network weights to account for sophistication 

imbalances seen in medical datasets. Universal, our 

future goals involve enhancing detection of 

moderate ailment and transitioning to greater tough 

and useful multi-grade disorder Detection. 

 

REFERENCES 

1. K. Istabridis, R. de Figueiredo”Automatic 

Detection and diagnosis of diabetic retinopathy”, 

IEEE International Conference on Image 

Processing,12 November 2007.  

2. Eye Smart - What Is Diabetic Retinopathy?, © 

2013 American Academy of Ophthalmology  

3. Z. Omar, M. Hanafi, S. Mashohor, M. Muna’im, 

“Automatic diabetic retinopathy detection and 

classification system”, 7th IEEE International 

Conference on System Engineering and 

Technology (ICSET), 1 December 2017.  

4. American Optometric Association, 

https://www.aoa.org/patients-and-public/eye-

andvision-problems/glossary-of-eye-and-

visionconditions/diabetic-retinopathy#1  

5. Y. Hatanaka, T. Nakagawa, Y. Hayashi, M. 

Kakogawa, A. Sawada, K. Kawase, T. Hara and 

H. Fujita," Improvement of Automatic 

Hemorrhages Detection Methods using 

Brightness Correction on Fundus Images," Proc 

of the International society of optics and 

photonics on medical imaging, Vol. 6915, 2008.  

6. A. Kesar, N. kaur, P. Singh, “Eye Diabetic 

Retinopathy by Using Deep Learning”, 

International Research Journal of Engineering 

and Technology (IRJET).  

7. Y. Kanungo, B. Srinivasan, S. Choudhary, 

”Detecting diabetic retinopathy using deep 

learning”, 2017 2nd IEEE International 

Conference on Recent Trends in Electronics, 

Information & Communication Technology 

(RTEICT), 15 Janry 2018. 
8. Anil N. Rakhonde, Dr. Pramod B. Patil, 

“Detection of Malaria Parasite in Thin Blood 

Smears by using Artificial Neural Network”, 

published in International Journal on    Recent  

and Innovation Trends in Computing and 

Communication ,Volume 4, Issue 5 (ISSN: 2321-

8169), pages 173-176, May 2016   



 

January-February 2020 

ISSN: 0193-4120 Page No. 7140 - 7147 

 

7147 Published by: The Mattingley Publishing Co., Inc. 

9. Anil N. Rakhonde, Dr. Pramod B.Patil, 

“Automated Malaria Parasitemia Estimation from 

Thin Blood Smear Images”, published in 

International Journal of Current Engineering and 

Technology, Volume 6, Issue 6, pages 2228- 

2230, 2016   

10. Anil N. Rakhonde, Dr. Pramod B.Patil, “ Malaria 

Parasite Species Recognition using Artificial 

Neural Network”, published in International 

Journal of Innovative Research in Computer and 

Communication Engineering, Volume 4, Issue 

12, pages 21826-21828, 2016   

11. E.D. Angelini, O. Clatz, E. Mandonnet, E. Konuk

oglu, L. Capelle, H. DuffauGlioma dynamics and 

computational models: a review of segmentation, 

registration, and in silico growth algorithms and 

their clinical applicationsCurr. Med. 

Imaging, 3 (2007), pp. 262-276 

12. Pravin Kshirsagar and Sudhir Akojwar (2016), 

“Hybrid Heuristic Optimization for Benchmark 

Datasets” International Journal of Computer 

Applications (0975 – 8887), Volume 146 – No.7, 

July 2016. 

13. Pravin Kshirsagar Sudhir Akojwar(2015). 

“Classification & Detection of Neurological 

Disorders using ICA & AR as Feature Extractor”, 

International Journal Series in Engineering 

Science (IJSES), Volume 1, Issue 1, 2015. 

14. Pravin Kshirsagar and Sudhir Akojwar(2015), 

“Classification and Prediction of Epilepsy using 

FFBPNN with PSO”, IEEE International 

Conference on Communication Networks, 2015. 

15. Pravin Kshirsagar and Sudhir Akojwar (2016) 

“Classification of Human Emotions using EEG 

Signals” International Journal of Computer 

Applications (0975 – 8887) Volume 146 – No.7, 

July 2016. 

16. Pravin Kshirsagar and Sudhir Akojwar (2017), 

“Classification of ECG-signals using Artificial 

Neural Networks”, Researchgate.net 

17. Pravin R Kshirsagar, Sudhir G Akojwar, Nidhi D 

Bajaj(2018), “A hybridised neural network and 

optimisation algorithms for prediction and 

classification of neurological disorders”, Int. J. 

Biomedical Engineering and Technology, Vol. 

28, No. 4, 2018.   

18. .Pravin Kshirsagar et.al (2016), “Brain Tumor 

             Classification and Detection using Neural 

              Network”, DOI: 10.13140/RG.2.2.26169.72805 

19. Thakre, N. (2019). Innovation in the Study of 

Gun Detection in Bank to Prevent Weapon 

Attacks of Surveillance. Test Engineering and 

Management, 81(March-April 2019), 05–08. 

http://testmagzine.biz/index.php/testmagzine/arti

cle/download/6/5/ 

20. Williams, M. (2019). Management Model: 

Employee Database model for Spatio-Temporal 

Relationship. Test Engineering and Management, 

81(March-April 2019), 09–16. Retrieved from 

http://testmagzine.biz/index.php/testmagzine/arti

cle/view/13/12 

21. Krishnam, R. K. (2019). A Study on Tools and 

Techniques for Business Models. Test 

Engineering and Management, 81(January-

February 2019), 07–12. Retrieved from 

http://testmagzine.biz/index.php/testmagzine/arti

cle/view/4/3 

22. Lee, J. (2019). Study of Migration and Mobility 

in the Age of Disruption with Socio-Economic 

Changes. Test Engineering and Management, 

81(May-June 2019), 01–04. Retrieved from 

http://testmagzine.biz/index.php/testmagzine/arti

cle/view/7/6 

23. Alasa, L. (2019). The Role of Internet of Things 

in Healthcare System with Security and Sensor 

Networks. Test Engineering and Management, 

81(May-June 2019), 05–08. Retrieved from 

http://testmagzine.biz/index.php/testmagzine/arti

cle/view/8/7 


