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ABSTRACT Brain magnetic resonance images (MRI) convey vital information for making diagnostic
decisions and are widely used to detect brain tumors. This research proposes a self-supervised pre-training
method based on feature representation learning through contrastive loss applied to unlabeled data. Self-
supervised learning aims to understand vital features using the raw input, which is helpful since labeled data is
scarce and expensive. For the contrastive loss-based pre-training, data augmentation is applied to the dataset,
and positive and negative instance pairs are fed into a deep learning model for feature learning. Subsequently,
the features are passed through a neural network model to maximize similarity and contrastive learning of
the instances. This pre-trained model serves as an encoder for supervised training and then the classification
of MRI images. Our results show that self-supervised pre-training with contrastive loss performs better than
random or ImageNet initialization. We also show that contrastive learning performs better when the diversity
of images in the pre-training dataset is more. We have taken three differently sized ResNet models as the
base models. Further, experiments were also conducted to study the effect of changing the augmentation
types for generating positive and negative samples for self-supervised training.

INDEX TERMS Contrastive learning, convolutional neural networks, pre-training, ResNet, self-supervised.

I. INTRODUCTION

The Brain is a complex part of the human body, and any
abnormality can affect an individual’s health [1]. A brain
tumor is an abnormal and uncontrolled growth of the human
brain cell. The brain tumor is classified as benign or malig-
nant; or as pituitary, meningioma, or glioma [2], [3]. Inva-
sive approaches such as biopsy or noninvasive methods such
as magnetic resonance imaging (MRI), positron emission
tomography, and computed tomography are used for detect-
ing brain tumors. Among these, MRI is the most preferred
technique due to its capturing detailed information about the
tumor’s location, progression, shape, and size. To assist a doc-
tor’s diagnostic decisions, several researchers have proposed
computer-aided systems using machine learning and deep
learning methods [4], [5], [6]. Further, several researchers
have applied deep learning methods to solve complex prob-
lems such as authors in [7] use interpretable deep neural net-
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work architecture on sequence-based encoding features for
discriminating the Adaptor Protein complexes. Kha et al. [8]
proposed a novel model constructed using convolutional
neural network (CNN) and position-specific scoring matrix
(PSSM) profiles for identification of SNARE proteins.

Deep learning methods such as convolutional neural net-
works (CNN) do not need manually handcrafted features.
They have shown exemplary performance in computer vision
on large, labeled datasets such as ImageNet [9]. Such deep
models may not be suitable for the medical imaging field,
where the sample size of the dataset is usually small.
Several researchers have used pre-trained CNN models to
overcome this issue and adopted transfer learning and fine-
tuning approaches [10], [11], [12], [13]. However, all these
approaches apply supervised classification and require a
labeled dataset, in the absence of which several researchers
have used unsupervised or self-supervised learning. Repre-
sentation learning through contrastive learning is one such
approach; the main idea behind the approach is to learn the
representation function by creating augmentations for each
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data point. Then contrastive loss is applied to maximize the
similarity between the data point and its augmentation. At the
same time, the similarity between the data point and other
samples is minimized. For example, it has been shown [14]
that distributions of augmentations of different dog images
tend to be similar. Still, their union has little overlap with
distributions of augmentations of cat images.

In this work, we apply self-supervised learning based on
contrastive loss for brain MRI classification using unlabeled
data for pre-training the model. The base architecture used
in our experiments is ResNet [15]. Deep networks naturally
capture low- and high-level features [16] and classifiers in
an end-to-end multilayer fashion, which is further enhanced
by increasing the number of layers. However, deep networks
come with the problem of vanishing/ exploding gradients,
and several researchers have addressed these problems by
normalized initialization or intermediate normalization lay-
ers [17], [18], [19]. But the degradation problem comes up
when the deep networks start converging, and accuracy gets
saturated and degrades rapidly [20]. He et al. [15] present
a residual learning framework to ease the training of deep
networks and address the degradation problem. These ResNet
architectures form the base models for our work.

We propose SSCLNet: A Self Supervised Contrastive Loss
based pre-trained Network for Brain MRI classification. The
augmented data points are input as positive and negative
instances to a deep neural network for label feature learning.
The learned features are further passed through a neural
network for contrastive learning of instances. Supervised
training is applied with a small percentage of labeled data.
Finally, the classification is performed using the learned fea-
tures. We performed numerous experiments with different
ResNet architectures and varied the ratio of labeled data
used for supervised training. The proposed technique was
applied to brain MRI datasets. The major contributions of
this paper are as follows: (i) Pre-training a model by self-
supervised contrastive learning for Brain MRI classification,
and (ii) Performance analysis by varying the percentage of
labeled data used for supervised training and changing the
augmentation types. The privilege of our work over existing
approaches is that the network can learn better features for
downstream classification tasks by pre-training. And thus, the
SSCLNet proposed by us shows comparable performance to
other methods.

The rest of the paper is organized as follows: Section II
presents the related work, and Section III presents the meth-
ods. Section IV explains the datasets, the implementation
details, and the evaluation metrics. Section V presents the
results, and Section VI concludes the paper. Our results show
that self-supervised pre-training with unlabeled Brain MRI
scans improves task performance.

Il. RELATED WORK

Computer-aided diagnostic systems have long sought unsu-
pervised learning since labeled data is scarce and expensive,
especially in medical image analysis. Over the last decade,
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deep unsupervised feature learning has been explored to learn
the informative representations of images. Most deep unsu-
pervised learning methods aim to learn the feature represen-
tations that can reconstruct the inputs themselves, such as the
auto-encoder (AE), the sparse auto-encoder (SAE) [21], the
denoising auto-encoder (DAE) [22], and the deconvolutional
network (DeCNN) [23]. Mishra et al. [24] have applied a
semi-supervised approach for generating pseudo labels for
classification. Further, deep generative models, including
the auto-encoding variational Bayes (AEVB) [25] and the
generative adversarial network (GAN) [26], have been pro-
vided to encode visual information. Generative adversarial
networks have also been utilized for tissue and cell-level cat-
egorization, while sparse and variational autoencoders have
been employed for unsupervised nuclei detection and transfer
learning [27], [28], [29], [30].

Nevertheless, generative models primarily work in the
pixel space, which is not scalable. On the other hand, con-
trastive discriminative methods operate on augmentations of
the data point and hence are less expensive computation-
ally. Modern successes in computer vision challenges have
lately been attained by contrastive methods based on learn-
ing latent-space features by differentiating between unla-
beled training data. Such contrastive learning techniques pre-
suppose that two views of the same picture should have
comparable feature representations when subjected to minor
modifications [31], [32]. The consistency assumption has
been exploited by Dosovitskiy et al. to obtain a parametric
feature representation for each training instance [33]. Later,
Wu et al. [34] extended this work into a non-parametric
feature representation using a dynamic memory bank to store
latent features of data samples. Any image that is not an
augmentation of the original training instance is deemed
negative, and the memory bank is utilized to choose neg-
ative instances for each training instance. Then, without
having to recompute feature vectors, negative samples are
obtained using the memory bank. By optimizing the recip-
rocal information between latent representations of positives,
simple picture augmentations (such as resizing images, hor-
izontal flips, color jittering, etc.) and memory banks have
successfully learned representations [35], [36]. Ciga et al.
[37] have applied self-supervised contrastive loss for dig-
ital histopathology datasets. Bootstrap Your Own Latent
(BYOL), a novel method for self-supervised image represen-
tation learning, is proposed by Grill et al. [38]. It is based
on two neural networks, the online and target networks, that
communicate with and learn from one another. Contrastive
learning’s fundamental premise is to transform the original
data into a feature space where positive pair similarities are
maximized and those of negative pairs are decreased, respec-
tively [39]. The positive and negative pairings are referred to
as previous in early writings. Large numbers of data pairs are
essential to the effectiveness of contrastive models, as demon-
strated by numerous studies [40]. For contrastive learning,
several loss functions have been put forward. The distance
between an anchor and a positive is minimized while the
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distance between an anchor and a negative is increased, for
instance, in the case of triplet loss [41]. Nonlinear logistic
regression is used in Noise Contrastive Estimation [42] to
distinguish between the observed data and some produced
noise. SimCLR, a contrastive learning strategy proposed by
Chen et al. [43], [44], depends on a large number of mini-
batch instances to obtain negative samples for each training
instance rather than a custom network or memory bank. Con-
sequently, by supplying more negative samples per training
instance over training epochs, the quality of learnt represen-
tations was improved.

lll. METHODS

The proposed work is based upon the SimCLR approach of
Chen et al. [43] and applies contrastive learning of instances
for pre-training of the network. Data augmentation operators
are applied to data points, then a base encoder learns represen-
tations, which are fed into a neural network that maps these
representations to a feature space by maximizing agreement
between positive examples, as illustrated in Figure 1. The
SSCLNet architecture is split into three blocks — the Label
Feature Generation (LFG) Block, the Instance Level Con-
trastive Learning (ILCL) Block, and finally, the Supervised
Classification (SC) Block.

A. LABEL FEATURE GENERATION (LFG) BLOCK

The proposed framework uses data augmentation to construct
data pairs. Given a data instance d;, two transformations
I'* and T are applied, resulting in di = T'“(d;) and dib =
I'’(d;). In our work, the data augmentations used are as fol-
lows: random cropping, random brightness, random contrast,
and random noise. One shared deep neural network o (.) is
used to extract label features from the augmented samples as
follows: I = o(d{") and ll.b = a(dl.b). In our work, three
Resnet architectures have been used; however, the method
does not depend on any specific network.

B. INSTANCE LEVEL CONTRASTIVE LEARNING (ILCL)
BLOCK

Contrastive learning aims to maximize the similarities of pos-
itive pairs while minimizing them for negative pairs. Positive
pairs in our work are defined as those generated from the same
instance, and negative pairs otherwise. Thus for a mini-batch
of size M, two types of augmentations are performed on
each instance d;, and 2M data samples are generated as,
{df.as,....d}, db.db, ..., d/{’,,} . For a specific sample d¢,
there is one positive pair {dl-“, dl.b}, and the remaining 2M —
2 are negative pairs.

In this block, for contrastive instance level learning,
we take a four-layer nonlinear multilayer perceptron « (.)
to map the features /; learnt from the LFG Block to a sub-
space z7 = a(lf) and zf = a(lf’) where the instance
level contrastive loss is applied. The pairwise similarity is
measured as s (zf.q, zJ{Q) = zi.‘[ .zJ].Q where r.s denotes the
dot product of r and s; ki, ky € {a,b}; and i,j € [1, M].
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The loss ef for a given sample d' is given as,
[exp (s(z¢, 20)/1)]
S Lexp (st 20/m ) +exp(l, /)]
1

el = —log

where 1] is the temperature parameter.

Additionally, we put a constraint on the derived fea-
tures, such that, the Ly, — norm of the vector is 1. That is,
Vi, ||lill, =1,andl;; > 0,z =1, ...,y,where, ||.||, represents
the L, — norm of a vector and [;; is the Z" element of label
feature /;.

The instance level contrastive loss L; is calculated for every
augmented sample as,

1
M

M
j D, e @
C. CLASSIFICATION (CL) BLOCK
The features learned from the LFG and the ILCL blocks are
applied for classification in the Classification Block, which
comprises a neural network #. The loss function used is the
categorical cross-entropy loss.

D. DESCRIPTION OF SSCLNet

The essential feature of the proposed approach is the learning
of representations by means of positive and negative samples.
Given an image x, augmentations are applied to it to generate
samples x” and x”. Now, the image pairs (x, x/) , (x/, x”) and
(x, x" ) are treated as positive samples. For all other images
y # x, the pairs (x, y) are treated as negative samples. This
has also been presented in Figure 2. The contrastive loss
function maximizes the agreement between positive samples
while minimizing the agreement between negative samples.
This concept has been implemented by the SSCLNet archi-
tecture proposed in this work. In the Label Feature Generation
(LFG) Block, embeddings are generated for the augmented
data pairs by the shared network o (.) which comprises of the
ResNet architecture. In the Instance Level Contrastive Learn-
ing (ILCL) Block, a four layer multilayer perceptron « (.) is
used and contrastive loss is applied. The pairwise similarity
of positive samples is increased while that of negative pairs
is reduced. These learnt features are then input to the final
classification layer ¢ (.) with categorical cross entropy loss,
for obtaining the output.

IV. EXPERIMENTS

A. DATASETS

Two datasets from the Kaggle repository [45], [46] have been
used in this study. However, we created our own datasets
by applying augmentation to the Brain MRI 2-Class and
4-Class datasets from the Kaggle repository. The dataset of
Brain MRI Tumor 2-Class used in this study has 2580 normal
samples and 2561 tumor samples in the training dataset and
651 normal samples and 634 tumor samples in the test set.
In this study, the images were made grayscale, and the border
of the skull was located by erasing the background color from
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FIGURE 1. The block diagram of the proposed framework. The images are subject to two data augmentations, and features are learned by shared
networks in the Label Feature Generation Block. A neural network in the Instance Level Contrastive Learning Block projects the features for maximizing
agreement by contrastive loss. The features from this embedding network are fed into the Classification Block for classification.

Negative Samples

FIGURE 2. Positive and negative samples.

the image. As a result, it offered the original image’s con-
tour. Histogram equalization and median filters were used.
The original dataset contains 512 x 512 images in various
dimensions. All of these were downsized to 224 x 224 for
processing and normalized between O and 1. The dataset
of Brain MRI Tumor 4-Class used in this study contains
826 samples of glioma tumor, 822 samples of meningioma
tumor, 395 samples of no tumor, and 827 samples of pituitary
tumor class in the training set, and 100 samples of glioma
tumors, 115 samples of meningioma tumors, 105 samples of
no tumors, and 74 samples of pituitary tumors for testing
purposes. Median filters and histogram equalization were
applied. The original size of the dataset was 512 x 512, which
we resized into 224 x 224.

The visualization of 2-class and 4-class datasets are given
in Figures 3 and 4, while Figures 5 and 6 present the aug-
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FIGURE 3. Brain MRI 2-class dataset visualization.

mented images. The augmentations have been chosen ran-
domly from the following: random cropping, random bright-
ness, random contrast, and random noise.

B. IMPLEMENTATION DETAILS

We adopted several ResNet architectures (18, 34, and 50) as
our backbone architecture. For each architecture, three sets
of experiments were conducted. The first one with random
initialization of the ResNet, the second one with ImageNet
initialization, and the third one was the SSCLNet. For this, for
initial adapting, we fine-tuned our ResNet architectures for
100 epochs by adding a few layers after convolutional layers.
The hyperparameter tuning was done by running several
experiments. Our next step was the contrastive pre-training
step. For the contrastive learning framework, we used four
dense layers with 512, 512, 256, and 256 neurons, with a
dropout of 0.4 in the last dense layer. The network compris-
ing ResNet architecture and the dense layers is named the
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FIGURE 4. Brain MRI 4-class dataset visualization.
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FIGURE 6. Augmented images of Brain MRI 4-class dataset.

Embedding network. The output dimension of the embedding
layers was fixed at 32. The entire embedding network is
then trained end to end in a self-supervised fashion. Adam
optimizer with an initial learning rate of 0.0003 was adopted.
Owing to memory limitations, we fixed the batch size at 64.
The next phase is the supervised training phase. Here we ini-
tialize our supervised architecture consisting of dense layers
with SoftMax as the output layers. Seven dense layers with
dimensions 256, 256, 128, 128, 64, 32, and 16 were applied
before the final classification SoftMax layer. The representa-
tions generated from the previous embedding network act as
input to the supervised architecture. The SoftMax prediction
of the vector representation acts as the output. With the labels
of the embeddings, the supervised architecture is then trained
end to end as supervised training. The amount of labeled data
available was varied to check the model’s performance for
different percentages of labeled data. We compare the pre-
trained proposed network SSCLNet with randomly initialized
and ImageNet pre-trained ResNet 18, 34, and 50. We have
adopted fine-tuning for supervised training. The widely used
metrics accuracy, F1-score, precision, and recall are used to
evaluate our method. Higher values of these metrics indicate
better performance.
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For the pre-training dataset, we randomly sample images
from the 2-Class and 4-Class datasets. The implementation
code can be found at [49].

V. RESULTS AND ANALYSIS

We compare self-supervised pre-trained networks with ran-
dom and ImageNet initialization for ResNet 18, ResNet 34,
and ResNet 50.

A. OVERALL PERFORMANCE ANALYSIS

It is seen from the graph plots of Figure 7 that the self-
supervised pre-trained network, SSCLNet is superior to Ima-
geNet initialization for the 4-Class dataset. SSCLNet gives
the highest accuracy of 63.45%, 53.3%, and 69.04% for the
ResNet 18, ResNet 34, and ResNet 50 architectures. The
F1-Scores for SSCLNet are 68%, 56%, and 75% for the
three architectures, achieving the highest value in all three
cases. The results of SSCLNet applied to the 2-Class dataset
(presented in Figure 8) show the highest values of accuracy
and F1-Scores for the ResNet 50 architecture and not-so-
promising values for the others. The ROC curves presented
in Figure 9 also show that the SSCLNet architecture gives the
best AUC value for the Brain MRI 2-class data for ResNet 50
model.

B. PERCENTAGE LABELED DATA FOR SUPERVISED
TRAINING

We conducted experiments with ResNet 50 architecture to
study the variation in accuracy and Fl1-score performance
when the ratio of labeled data used for supervised training is
changed. For the 4-Class dataset, we find that at 30% labeled
data, the accuracy values are 43% for Random, 45% for Ima-
geNet initialization, and 48% for SSCLNet. At 50% labeled
data, the values for Random initialization and SSCLNet show
anincrease, 52% and 51%, respectively, but that for ImageNet
initialization shows a fall from 45% to 44%. Though the
accuracy curve for the Random and ImageNet initialization
shows a zig-zag pattern indicating a fall in accuracy for an
increased percentage of labeled data, the curve for SSCLNet
shows a constant upward movement, as shown in Figure 10.
Similar behavior is observed in the F1-Score curve. Thus,
we can say that there is an increase in the performance of
SSCLNet with the increase in the percentage of labeled data
used for supervised training, and the increase is from 48%
accuracy at 30% labeled data to 69% accuracy for 100%
labeled data. However, for the 2-Class dataset, as shown in
Figure 11, the SSCLNet does not have a very smooth upward
curve, even though there is an overall increase in accuracy
from 63% at 30% data to 71% at 100% labeled data. A similar
increase from 63% at 30% data to 71% at 100% labeled data
is seen for the F1-Score as well.

C. EFFECT OF AUGMENTATION TECHNIQUES

We experimented by applying different augmentation tech-
niques with the ResNet 50 backbone for SSCLNet, and the
4-Class dataset.
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FIGURE 9. ROC curves for Random, Imagenet and SSCLNet initialization for Brain MRI 2-class dataset, ResNet 50 architecture.

TABLE 1. Effect of augmentation techniques.

Augmentations Accuracy (%)  F1- Score (%)
Cropping 68.27 72
Cropping, contrast 66.5 69
Cropping, brightness 69.8 73
Cropping, Noise 64.97 70
brightness, noise 69.54 72
Cropping, brightness, noise, contrast 69.04 75

The results of experiments with different augmentation
techniques are presented in Table 1, and it is seen that by
selecting randomly from different augmentation techniques,
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the accuracy and F1-Score values vary from 64.97% to
69.04% and from 69% to 75%, respectively. This shows that
the choice of augmentation techniques has an influence on
the performance of the model and may be done based on
a validation subset. In the present study, random cropping,
random brightness, random contrast, and random noise have
been applied, and the results are shown in the last row of
Table 1. The F1-Score is the highest among all the experi-
ments; however, accuracy is marginally low (by 0.5%) from
the random brightness and random noise techniques.

D. STATISTICAL EVALUATION
An interval statistic called a confidence interval (CI) is used
to express how uncertain an estimate is. It offers both, a like-
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TABLE 2. 95% CI for ResNet 18 architecture, 4-class.

TABLE 4. 95% CI for ResNet 50 architecture, 4-class.

Initialization Accuracy CI Initialization Accuracy CI
Random 48% +0.30% Random 48.73% +0.09%
Imagenet 60% +0.20% Imagenet 52.03% +0.1%
SSCLNet 63.45% +0.20% SSCLNet 69.04% +0.30%

TABLE 3. 95% CI for ResNet 34 architecture, 4-class.

Initialization Accuracy CI
Random 52.03% +0.09%
Imagenet 26.14% +0.2%
SSCLNet 53.3% +0.09%

lihood, a lower and upper bound. According to Cumming
& Calin-Jageman [47], a short CI typically denotes a tiny
margin of error. This range can be used to calculate a model’s
capability estimate. In addition to statistical significance
tests, CI is a branch of statistics that can be used to report and
evaluate experimental results [48]. The typical calculations
put them at 95%, 98%, and 99%. According to a 95% CI, 95%
of the studies conducted will fall inside the range, whereas 5%
will not. We now give the calculated results of the numerous
experiments presented earlier, with the Brain MRI 4-class
dataset, with a 95% confidence interval in Table 2 — Table 4.
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It is seen from Table 2 that for the ResNet 18 architec-
ture and 4-class dataset, the accuracy values for SSCLNet
architecture vary from 63.314% to 63.586% that is, (63.45 &+
0.136)%. This implies that it is expected that with 95% confi-
dence the efficiency of the proposed model is likely between
63.314% and 63.586%.

From Table 3, it is seen that for ResNet 34 architecture and
the 4-class dataset, the accuracy values for SSCLNet architec-
ture vary from 53.252% to 53.348% that is, (53.3+£0.0482)%.
This implies that it is expected that with 95% confidence the
efficiency of the proposed model is likely between 53.252%
and 53.348%.

From Table 3, it is seen that for ResNet 50 architecture and
the 4-class dataset, the accuracy values for SSCLNet architec-
ture vary from 68.867% to 69.213% that is, (69.0440.173)%.
This implies that it is expected that with 95% confidence the
efficiency of the proposed model is likely between 68.867%
and 69.213%.
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E. DISCUSSION

From the accuracy and F1-Score values of 2-Class and
4-Class data presented in Figures 7 and 8, we see that con-
trastive learning shows remarkable improvement when the
pre-training dataset contains more diverse images, which is
the case with the 4-Class dataset (Figure 4). The increase
in the percentage of labeled data used for supervised train-
ing also enhances the performance of SSCLNet. Similarly,
changing the augmentations applied to data samples impacts
the accuracy and F1-Scores, as seen in Table 1. The ROC
curves presented in Figure 9 also show the better performance
of SSCLNet architecture. It is further noted from the results
in Figures 10 and 11, that the improvement in accuracy is
approximately 10% for the SSCLNet, as compared to the
other two initialization methods. In addition, the results of the
experiments with the Brain MRI 4-class dataset, with a 95%
confidence interval as presented in Table 2 — Table 4 show
that our results are very stable, varying between 63.314% and
63.586% for the ResNet 18, between 53.252% and 53.348%
for ResNet 34 and between 68.867% and 69.213% for the
ResNet 50 architecture. These findings force one to ponder
upon the following questions:

e Can one expect to find improvements if the pre-training
dataset is made by sampling from both 2-Class and
4-Class data samples?

e Can we use the learned representations for clustering
tasks, and will there be an improvement in perfor-
mance?

e What would be the effect of increasing the size of the
pre-training dataset?

These we would like to investigate in our future works.

VI. CONCLUSION

It is important that good features are learned to achieve
good performance in complex tasks like computer vision or
pattern recognition. In our work, contrastive learning has
been applied for learning the instances by which the model
is pretrained with unlabeled data, and this is used for the
classification of Brain MRI images. To our knowledge, devel-
oping a classification model using unlabeled data and self-
supervised learning for MRI classification has not been done
prior to this work. Our proposed SSCLNet applies the Sim-
CLR approach, which learns representations by maximiz-
ing agreement between differently augmented views of the
same data example via a contrastive loss in the latent space.
A stochastic data augmentation module transforms any given
data example randomly, resulting in two correlated views
of the same example, which are treated as the positive pair.
Then neural network encoders are applied to extract repre-
sentations from augmented examples. Supervised training is
done using labeled data, and then the model is used for the
classification of Brain MRI images. In this work, our aim was
to show that by pre-training, better features can be learned
for downstream classification tasks. The SSCLNet proposed
by us shows comparable performance to ImageNet training.
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It is also found that contrastive learning may not show much
improvement when representations fail to encode domain-
specific information due to a smaller number of negative
samples or when there is lesser variation in the pre-training
dataset.
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