1.J. Intelligent Systems and Applications, 2023, 2, 14-22
Published Online on April 8, 2023 by MECS Press (http://www.mecs-press.org/)
DOI: 10.5815/ijisa.2023.02.02

=

|
| Modern Education
| and Computer Science

| PRESS

Detection and Classification of Alzheimer’s
Disease by Employing CNN

Smt. Swaroopa Shastri*

Department of Computer Science and Engineering (MCA), Visvesvaraya Technological University Kalaburagi,
Karnataka

E-mail: swaroopasO4@gmail.com

ORCID iD: https://orcid.org/0000-0002-8897-5878

*Corresponding author

Ambresh Bhadrashetty

Department of Computer Science and Engineering (MCA), Visvesvaraya Technological University Kalaburagi,
Karnataka

E-mail: ambresh.bhadrashetty@gmail.com

ORCID iD: https://orcid.org/0000-0003-4443-9018

Supriya Kulkarni

Department of Computer Science and Engineering (MCA), Visvesvaraya Technological University Kalaburagi,
Karnataka

E-mail: supriyal91099@gmail.com

Received: 08 September 2022; Revised: 11 December 2022; Accepted: 13 January 2023; Published: 08 April 2023

Abstract: Alzheimer’s illness is an ailment of mind which results in mental confusion, forgetfulness and many other
mental problems. It effects physical health of a person too. When treating a patient with Alzheimer's disease, a proper
diagnosis is crucial, especially into earlier phases of condition as when patients are informed of the risk of the disease,
they can take preventative steps before irreparable brain damage occurs. The majority of machine detection techniques
are constrained by congenital (present at birth) data, however numerous recent studies have used computers for
Alzheimer's disease diagnosis. The first stages of Alzheimer's disease can be diagnosed, but illness itself cannot be
predicted since prediction is only helpful before it really manifests. Alzheimer’s has high risk symptoms that effects
both physical and mental health of a patient. Risks include confusion, concentration difficulties and much more, so with
such symptoms it becomes important to detect this disease at its early stages. Significance of detecting this disease is
the patient gets a better chance of treatment and medication. Hence our research helps to detect the disease at its early
stages. Particularly when used with brain MRI scans, deep learning has emerged as a popular tool for the early
identification of AD. Here we are using a 12- layer CNN that has the layers four convolutional, two pooling, two flatten,
one dense and three activation functions. As CNN is well-known for pattern detection and image processing, here,
accuracy of our model is 97.80%.

Index Terms: Alzheimer's Disease (AD), Deep Structured Learning (DL), MRI.

1. Introduction

Computational neuroscientific approaches have been shown to be incredibly beneficial in far-reaching
psychological wellbeing preliminary studies [1]. This interdisciplinary area of research may help simulate biological
processes which regulate human mind in both its healthy & diseased phases, and it can also guide incorporation of these
cycles into therapeutic practice. The rapid expansion of large-volume biological datasets (neuropsychology and allied
organic information) during the last ten years, along with breakthroughs in Al (ML), has unlocked new paths for
analysis and visualization of neurodegenerative & neuropsychiatric illnesses [2]. With computing standpoint, this new
progress had resulted in evolution of instruments which include a few sufferer-specific perceptions into expectations
and work on the therapeutic consequence of victim with such concerns [3,4]. People at high risk for Alzheimer's ill-
health & AD-related mental effect are target population for such neuroscientific therapies, with hopes of improving
underlying openness and completing treatment plan [5,6]. In light of above, ongoing research has focused on
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developing extremely sophisticated approaches that employ machine learning frameworks to improve the gauging of
Alzheimer's disease. Such treatments focus to develop underlying openness and treatment completion in individuals
who are at danger for AD & AD-related mental decline [5,6] is the best existing solution. However, our paper provides
a methodology that provides a greater variation in the output, it mentions different range in the disease after examining
the MRI. Accuracy is one of the major problems in previous works, our paper intends to provide a solution that
improves accuracy. This section provides an overview of the historical background of AD by summing together data
about AD distributions obtained from a Google Scholar search. Only works that were disseminated relatively recently,
between 2008 and 2019, were considered for inclusion. Previous experts' routines and strategies were taken into
consideration. Kraepelin came up with the phrase "Alzheimer's sickness" while the clinical description of illness was
still vague. Although the ultimate verdict on Auguste Deter sickness was not quite clear, a clinical diagnosis of
Alzheimer's disease started to take shape that seemed realistic more than a century after its discovery. Alzheimer's
disease, first illustrated Dr. Alois Alzheimer in 1907 & subsequently by Proskin in 1909, is characterized by presence of
amyloid plaques and neurofibrillary tangles. Researchers from Munich University, Germany and MaxPlanck Institute of
Neurobiology, Martinsried discovered in 1998 that neurofibrillary spasms and amyloid plaques can affect specific
cerebrum parts. Since then, this investigation has been regarded as the first publicized example of Alzheimer's disease;
more importantly, the case fits current models of how the disease is defined. Figurel is a side-by-side contrast of
healthy brain & affected by Alzheimer's disease. As of right now, promotion ranks as the sixth leading reason of
mortality in United States. Moreover, current evaluations suggest that issue may attempt to take 3rd place as top cause
of mortality among aged. Alzheimer's disease is a devastating illness, so it's obvious that early detection and treatment
are top priorities. Diagnosing Alzheimer's disease requires battery of medical exams & mountain of detailed
information. In cases when brain problem can be predicted with reasonable accuracy, ordering an MRI test may be
useful treatment option, but it can also be rather intimidating. All the research mentioned up until now in the paper have
been done using many methodologies but lack in accuracy which has been covered by our paper. Research objectives
include detecting the disease in early stages using CNN and classifying it into no, mild, moderate and severe dementia.
The restrictions of our offered model are that it performs a little poorly on negative images. The flow of the paper is as
follows, segment 2 gives information on literature survey, segment 3 is about proposed methodology used, dataset,
results and discussion and segment 4 contains conclusion.
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Fig.1. Progress of AD from Mild Cognitive Impairment to utmost AD.
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Fig.2. Structure of a 12-layer CNN.

Fig.1. shows a pictorial representation of a healthy and an alzheimer’s effected brain and the progress of brain
from healthy to severe AD effected brain. Fig.2. represents the layers of a 12- layer CNN. CNNs, are one subset of
CBNs. In 2019, the Alzheimer's Association described that there is still no medical care for Alzheimer's sickness. Over
50,00,000 Americans are incapacitated by Alzheimer's illness, with two hundred thousand of those affected are younger
than 65. By 2050, 10 million Americans, mostly adults over the age of 60, are projected to have Alzheimer's disease,
according to the research. Mind structure may be gleaned from underlying imagery., together with neurons, synapses,
glial cells, and other structures. Utilitarian imaging provides information on the cerebrum's activities. The structural
MRI, that assesses mind vol into vivo to modify cerebrum declension, is the most frequently used MRI for AD
occurrences (deprivation of tissue, cells, neurons, and so on.). Degeneration of the mind is an unavoidable moderate
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aspect of Alzheimer's disease. A sample of a mock MRI used to show brain decay is shown in Fig.3. In Fig.4, we see
schematic of fMRI, common way for analysing the prefrontal cortex and other parts of the brain. For example, Figure
5a depicts regions of brains of aged individuals (AD sufferer and controls), and Figure 5b depicts the typical transitory
behavior of a group with comparable criteria.

Fig.3. Instance of chief MRI.

Fig.4. Instance of utilitarian Magnetic Resonance Imaging (fMRI).

42 years 82 years

(b)

Fig.5. (a) Cerebrum area into more seasoned controls & AD; (b) MRI filter mind in cathartic Temporal decline.

Studies have shown that SPECT can accurately predict cerebral perfusion when employed in the examination of
patients suspected of having Alzheimer's disease. A recent work examined 116 Alzheimer's patients. There were 23
age-matched controls, 26 individuals having non-dementia Alzheimer's, & 67 participants with other neurological
diseases. The participants were split into groups with dementia and those without it. 99mTCHMPAO CSF-tau peptide
volume were linked to SPECT processing. The factors chosen improved the precision of the assessment, resulting in a
trustworthy evaluation. Other studies focused on parietal and transitory trauma in Alzheimer's victims, and they
discovered substantial links between their neuropsychological test results and SPECT ends. SPECT is more useful for
assessing AD contrasted with CSF-tau protein. A primitive blood vessel turns name perfusion picture of a 82-year-old
patient is shown in Fig5. The contiguous segment of the canal tree is not recommended for this kind of evaluation
because of the severe stall arterial transitime.

* PET: One imaging technique that uses radioactive atoms to map workings of brain is known as positron emission
tomography (PET). Amyloid and fluorodeoxyglucose are two most often used tracers in the diagnosis of AD, as seen in
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Figure 7. Observing, focusing one's attention, contemplating, recalling, and IGUE are all included.

Normal Alzheimer’s disease

Fig.7. PET of brain in typical circumstances.

Radioligands C-PMP & C-MP4A have been employed to identify acetylcholinesterase. And if this data is to be
believed, AD sufferers' temporal lobes have contracted. Similar decline was seen in subjects with MCI who eventually
acquired AD. Patients with Alzheimer's disease and neurodegenerative dementia were further divided into groups.
Because those with AD showed gains compared to those with Parkinson's disease and frontotemporal lobar
degeneration (FTLD) (PD), Pittsburgh substance B 11C-PIB) were used as A-beta amyloid-specific ligands. In contrast,
since they allow researchers to see differences in nigrostriatal dopaminergic neurons, neuroreceptors & FP-CITSPECT
are much valuable & practical. For water diffusion analysis, FP-CIT SPECT imaging is used. This technique can be
used to determine the location, directional, & anisotropy of white matter into brain. DTI is not regarded as a reliable
technique for evaluating CSF biomarkers despite substantial research into the CSF-tau biomarker & amyloid stages.
Fig.8. shows the DTI for Alzheimer's illness done with tractography examination, which shows methodical alteration.

Fig.8. DTl in Alzheimer’s illness.
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Fig.9. llustration of Convolutional Neural Network (CNN).
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To attain the optimum goal, used and minimized descriptors employ DL. As a result, as shown in Fig.9, the CNN
is utilized to get the depictions from the pictures. CNNSs are very good in retrieving nonexclusive attributes. Regardless,
the provided images do not reflect the progressions in the photo dataset. As a result, different strategies are used
depending on the problem. Pre-existing DL models, such as CNNs, may be enhanced with the help of a fresh dataset in
order to take on a different kind of problem.

2. Related Works

[1] Bullmore and Sporns worked on complex brain structures and analysis of brain on how a brain functions and its
network through their work “Analyzing the anatomical and functional systems of the brain using graph theory”.[2]
Eickhoff with the help of others, MRI neuroimaging, both functional and structural, is now the gold standard for
studying human brain structure in vivo. To evaluate task-evoked variations on neurogenesis as in framework of
cognitive neuroscience investigations, magnetic resonance imaging (MRI) has been widely used since the 1990s. [6] L.
Zhang al. al"attention deficit hyperactivity disorder 3D CNN Based Automatic Diagnosis., 2003, "Understanding
Morphological and Anatomical Fmri." In drawing on the research of physicians, L. Zhang his coworkers created a
three-dimensional Network approach to analyze the regional spatial patterns of MRI data using the standard way to
analyze headpictures.[7] keuck worked on rediscoveries of old stuff like historical patient files and samples of brain
images of firstcasesofAD.[8] In contrast to various cancers, AD patients would eventually lose their cognitive function,
talents, etc K. Trojachanec et al. Using a range of time series, longitudinal brain MRI retrieval for Hypertension K.
Trojachanec and associates discussed the initiatives taken to enhance Hypertension case report recovery. [9] In their
article "Towards Alzheimer's disease classification by transfer learning," authors M. Hon , N. M. Khan provide new
insight into the use of neuroanatomical data in the detection of Alzheimer's disorder.[10] Adlard and Sundberg
described the increasing advancementinchemistry.[11] Swaroopa Shastri and A Patange once a restorative man needs
to concentrate a patient's therapeutic history; once proposal and counter letters are composed for a patient minded by
complex facilities; while patient is in crisis and in this way the medicinal comfort history wishes to be surveyed. [12]
Aptly titled "An ANN model for diagnostic scoring predictions in Alzheimer disease utilizing structure neuroimaging
measurements,” N bhagwat's effort is really laudable. [13] J. Yao, "Improvement of a multimodal system for
cardiovascular figured tomographygating,sheds light on few important topics regarding alzheimer’s. [3] Chaddad and
others worked on "Profound radiomic investigation of x-ray connected with alzheimer's infection,". [4] Weiming Guo
and colleagues proposed an approach that uses the Alzheimer's Disease Neuroimaging Project's standardised MRI
datasets. This technique achieves an accuracy of 79.9% in verifying exit crossings, with an AUC of 86.1%. [14] The
study of N. Hill, J. Mogle, "Alzheimer's disease risk variables as mediator of subjective memory loss & objective
memory decline: methodology for construct-level replica analysis," focuses upon that memory difficulties an AD victim
might encounter and the construct-level replica analysis.[15] The study of K. F. Tracker and coworkers, Management of
Fecal Incontinence in Frail Older Adults Community-based evidence on the impact of fecal incontinence on daily life.
[5] S. Ahmed and others have shared their work regarding "Troupes of fix based classifiers for determination of
alzheimer illnesses," that explains importance of classification and the classifiers used in AD detection Recent
Evaluations of the Earliest Cases of Hypertension," by L. Keuck et al. [16] The main subject of this book is the accounts
of medical scientists who have discovered and revised outdated information. The 1990s saw a Hamburg psychotherapist
and a Bavarian molecular neuropsychiatrist in command of the artifacts search. R. H. Blank et al. Choosing Final
Decisions in Individuals with Adhd Across Cultures In this essay, a number of moral dilemmas surrounding judgments
about edge care for Dementia sufferers are covered. It concentrates on subjects like physician-assisted suicide, advance
directives, diet, antibiotics, and other forms of hospital attention. They went into the Mri data.[17] They also applied D.
Jin et allongitudinal .'s Attention-based 3D CNN for particular level and diagnosing Hypertension , which was reported
in Nature [18] Jee-young Han and others work on Alzheimer’s suggested that cholinesterase inhibitor may not improve
cognitive course in MCI. [19] Vatanabe, Manzine and others described the tale of Alzheimer’s. Their work also
included biomarkers from recent area of diagnosis. [20] Emtiaz Hasan and colleagues at Bg Universities in Nigeria
investigated potential analysis of Alzheimer's disease utilising 12-layer CNN and compared it to an 8 layer CNN
utilising Functional mri also as basis. Weiming Guo et colleagues. reported Brain mri processing using dcnns for the
prediction of Alzheimer's disease from moderate memory loss. [21] Raigonda, M. R., Terdal, S. P., & Raigond, B.
(2022). Detection of the viral disease on the potato foliar and tubers using a machine learning approach. International
Journal of Health Sciences. By adopting the new technology and continuous monitoring, the diseases can be identified
at the initial stage.[22] Rani, Megha & Terdal, Sujatha. Design Engineering A Review on the Disease Identification on
the Potato Foliar and Tuber. Texture defines the orientation of the form.Variations in brightness or grey level values are
the roughness or bumpiness in this instance. These are the many texture attributes that need to be evaluated for
categorization purposes.
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3. Methods

A. Proposed Methodology
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Fig.11. Methodology used.

In this section, we are discussing our proposed model that is the 12-layer CNN model that involves the following
steps as shown in Fig.11. The block diagram shows seven basic steps in our proposed method.

Stepl: Dataset collection — We have collected our data from OASIS dataset that stands for Open Access Series of
Imaging Studies. The dataset contains MRI of both men and women.

Step2: Data pre-processing - The dataset contains photos of various sizes. The architecture may be less accurate
due to the various image sizes. We pre-process data for this reason. Image denoising is a fundamental problem in image
processing and computer vision. To improve the performance of our model, we denoise.

Step3: Image segmentation- Often based on the properties of the picture's pixels, image segmentation is a widely
used method in digital image processing and analysis to divide an image into various parts or areas. Foreground and
background can be distinguished in an image by segmenting it, or pixels can be grouped together based on their
similarity in colour or shape. Here MRI is divided into various parts so that analysis can be easier.

Step4: Feature extraction- By choosing and combining variables into features, feature extraction helps to extract
the best feature from those large data sets, effectively lowering the amount of data. These features are simple to use
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while still accurately and uniquely describing the real data set.

Step5: Data split- Usually, data splitting is done to prevent overfitting. In that situation, a machine learning model
fits its training data too well and is unable to consistently fit new data.

Step6: Model evaluation- Model evaluation is the practise of employing several evaluation measures to
comprehend the performance and strengths and weaknesses of a machine learning model. With the early stages of
research, it is crucial to evaluate a model's effectiveness. Model evaluation also aids in model monitoring. Evaluating
our proposed model by giving different MRI images to know its efficiency.

Step7: Classification- Finally we classify the results that go through the model as no, mildy, moderate, severe
dementia.

The suggested model's accuracy, precision is compared to those of many existing state-of-the-art CNN models
using OASIS dataset. The principal result of this work is a 12- layer convolutional neural network (CNN) models whose
accuracy of 97.80% exceeds that of any previously available CNN model on this dataset. Here, we discuss 12-layer
CNN model we've built for Alzheimer's disease categorization using brain MRIs. Convolutional layer selection, layer
pooling selection, layer flattening, & full activation of associated layers and functions are the five stages that make up
our CNN 12-layer model. Our model has four sublayers of convolution, a pooling layer between each layer of
convolution, flattening the layer using the two-layer dense layer that we are utilising here, and three activation functions
to demonstrate our model's performance. CNN provides filters that make distinctions based on edge and colour and
bend. MRI image is fed as the input to the model it goes through the above mentioned layers. Convolutional layer
performs convolutional operation on the input fed to it and is passed to next layer. Next step is the pooling layer helps to
lessen the output from the previous layer which is called downsampling by sliding a filter on it. Flatten layer flattens the
network i.e it makes any multidimensional input into one dimensional. Activation function is used here to make easier
for the model to understand complex patterns in the input provided.

B. Dataset

Thanks to the OASIS datasets hosted on central.xnat.org, a user-friendly platform for studying cognitive, clinical,
& neuroimaging facets of normal aging is available to community at no cost. These datasets span a broad variety of
demographic, cognitive, & genetic features. All of our information comes from the OASIS database. Open Access
Series of Imaging Studies abbreviates to OASIS. A total of 410 people were included in this sample for the cross-
sectional analysis. The ages of these participants range from 17 to 95 years. On view in Figure 9 are a few examples of
brain MRIs that may be found as in Open Access Series of Imaging Studies dataset. To put it another way, eighty
percent of the data is used for training, while the persist twenty percent is emplyoed for testing.

Fig.12. Sample pictures from Open Access Series of Imaging Studies database.

CNN model on this dataset. Here, we discuss 12-layer CNN model we've built for Alzheimer's disease
categorization using brain MRIs. Convolutional layer selection, layer pooling selection, layer flattening, & full
activation of associated layers and functions are the five stages that make up our CNN 12-layer model. Our model has
four sublayers of convolution, a pooling layer between each layer of convolution, flattening the layer using the two-
layer dense layer that we are utilising here, and three activation functions to demonstrate our model's performance.
CNN provides filters that make distinctions based on edge and colour and bend.

C. Results and Discussion

Accuracy Graph

97.80%

97.75% .

CNN(8 layer) CNN(12 layer)

W Accuracy
Fig.13. Accuracy graph of 12- layer CNN.
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The above given graph clearly shows how the proposed model is better than the previous model used, with
proposed model having accuracy of 97.80%. The proposed model has four main layers and several sublayers of CNN
which makes it total of twelve layers providing higher accuracy and precision.

4. Conclusions

Alzheimer’s is infirmity that effects both physical and mental health that is why it is important to detect it as early
as possible which is done satisfactorily by our model. A high-level literature evaluation led us to the conclusion that our
proposed system that uses twelve- layer CNN has outdone the previous systems with higher accuracy. The work is well
recognised and well welcomed, but because the majority of the patients investigated have the condition, it doesn't
contribute much to the early diagnosis of Alzheimer's disease. This study examined technique and recognition using a
sampling of the most significant AD datasets. We have used this framework to compare with different CNN
architectures. This technique can be used for brain imaging research at an early stage.
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