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memory and thinking power, and even depriving a person of the ability to do simple things. Early

KEYW_Ode detection of Alzheimer's can help patients with the disease to slow the progress of the disease by
écl)zr:szironal e ek changing their lifestyle. Magnetic resonance imaging (MRI) scans can help diagnose Alzheimer's
Fuzzy classification disease.

MR Methods: In this study, early diagnosis of Alzheimer's disease using MRI images with the help of a
Corresponding author convolutional neural network (CNN) and fuzzy logic was discussed. In this regard, after extracting
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layer was used to improve the accuracy of the proposed method between the merged layer and the

the degree of data belonging to each of the two categories.

Email: Askary.elham@gmail.com Results: The experimental results revealed that the proposed method is more efficient than other
methods with accuracy, precision, calling, and F-scores of 99.61, 96.51, 95.32, and 95.61, respec-
tively.

[=]#[m] Conclusion: In conclusion, the proposed model using CNN has high accuracy in diagnosing Alz-

=
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Extended Abstract

Introduction

The brain is one of the most complex and active organs function of other organs of the body. Nevertheless, with
of the body, constantly working and analyzing informa- aging, people become less mentally active, and the brain
tion and data of the body. Besides, it is responsible for gradually gets smaller and smaller, to the point where dis-

monitoring and regulating the voluntary and involuntary eases like Alzheimer's, Parkinson's, and stroke occur.
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Alzheimer's disease is a progressive and irreversible
brain disease, slowly destroying memory and thinking
power, and even depriving a person of the ability to do
simple things. It mainly affects those parts of the brain
that control memory and language, and over time, it dam-
ages more parts of the brain. When this condition hap-
pens, more symptoms are seen and the disease worsens.
Alzheimer's disease is known as one of the most common
diseases of old age, which has a significant impact on
people’s everyday lives, causing disability and eventually
death. Early detection of Alzheimer's disease can help pa-
tients with the disease to slow the progress of the disease
by changing their lifestyle. Undoubtedly, if Alzheimer's
disease is diagnosed a decade earlier than normal, it will
simply be as easy to control. Doctors diagnose Alzhei-
mer's disease with the help of brain MRI, and the use of
these images with the help of machine learning methods
has become one of the practical solutions for early diag-
nosing of Alzheimer's disease in recent years.

Although machine learning methods have achieved re-
markable accuracy in this area, they still face challeng-
es. Thus, in recent years, to overcome the challenges of
machine learning methods, deep learning networks have
become a steady foot for medical image classification re-
search. Furthermore, in many studies, it has been used
for various applications. The goal of deep learning is to
learn the features of high-level hierarchical learning from
the features of the lower level, that is, in the elementary
layers of simple features such as edges and lines, and in
the middle layers the corners, edges, and then higher lev-

el features.

Methods
In the present study, the convolutional neural network is
used, which consists of three layers: convolutional, inte-

gration, and fully connective. Correspondingly, a fuzzy
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layer was used to improve the accuracy of the extract-
ed features between the integration and fully connective
layers. In the first step, the image of the brain was given
as input to the convolution layer. Then, the fuzzy layer
performed the initial distribution of input data in the form
of fuzzy clusters. Finally, the last fully connected layers
perform the classification and assign the result class la-
bel to the corresponding group of clusters. Indeed, given
that it is still difficult to distinguish boundaries between
classes in the classification of images of complex objects
or complex real-world scenes, these classifications are
still uncertain or inaccurate, so using a fuzzy layer was
expected to improve classification accuracy. Because,
unlike classical classification, fuzzy classification means
that adjacent classes have a continuous boundary with
overlapping regions, and the classified object was de-
termined by the degree to which it belongs to different
classes. The purpose of combining CNN and fuzzy logic
is for the system to be able to deal with more human-like
cognitive uncertainties and to process vague and inaccu-
rate information. In this research, the cross-validationwas

based on the k-fold method, where k=10 was considered.

Results

In this study, the experiments use the standard ADNI data-
set, which is the most authoritative medical imaging data-
set to design and test automatic methods for diagnosing
Alzheimer's disease. The MRI dataset included images of
302 people under the age of 75. This group included 211
patients with Alzheimer's disease and 91 healthy individu-
als. Certain subjects were scanned at different time points
and their imaging data were considered separately in the
experiments. Evaluating criteria of accuracy, precision,
and recall were used to evaluate the proposed model.

The results of the proposed model using the criteria of

accuracy, call and F score are reported in table 1.
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Table 1. Evaluate the performance of the proposed method

Model F-measure  Recall Precision  Accuracy
No use of fuzzy classification 85.43 86.65 87.23 88.35
Proposed method 95.61 95.32 96.51 99.61

As shown Table 1, the proposed method was compared
with and without using fuzzy logic. Accordingly, the re-
sults showed that the use of fuzzy logic in all criteria of
accuracy, precision, recall, and F-measure, obtained the
values of 99.61, 96.51, 95.32, and 95.61, respectively,
improved the diagnosis of both groups.

The results of comparing the proposed method were ob-
tained using several other methods such as deep learning,
a combination of genetics and support vector machine, a
combination of the traditional neural network, perceptron
statistical method, unsupervised deep learning, support
vector machine, and a combination of shallow networks.
As can be seen, the proposed CNN model and fuzzy clas-
sification for Alzheimer's diagnosis has achieved 99.61%
more satisfaction diagnosis than other related studies to

classify Alzheimer's disease and healthy patients.

Conclusion

In conclusion, this study aimed to present an intelligent
method of combining CNN and a fuzzy classifier for the
early detection of Alzheimer's disease using MRI images.
The experimental results were performed on the standard
ADNI dataset. The proposed model based on the criteria
of accuracy, precision, recall, and F-score, with values
0f 99.61, 96.51, 95.32, and 95.61, respectively, improved
the diagnosis of healthy groups with Alzheimer's disease.
It was also observed that the proposed model has higher
accuracy than other methods of diagnosing Alzheimer's

disease. Therefore, it can be concluded that the use of

a fuzzy classifier has significantly increased the model's

accuracy.
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Accuracy = (TP+TN)/N
precision = TP /(TP + FP)

recall =TP /(TP +FN)
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