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Implementation of Chaotic Atom Search Optimized SWIN
Transformer Architecture for Efficient Corpus Callosum

Segmentation in Brain MRI Images

Abstract. A crucial component of the brain that facilitates neuronal communication between the two halves of the brain is the corpus callosum
(CC). Processing sensorial, motor, and sophisticated intellectual impulses is the major job of the corpus callosum, which integrates and transfers
data from both cerebral hemispheres. Segmentation the CC from brain MRIs is a highly challenging technique because of the low brightness of the
surrounding organs and tissues. CNN has historically performed better in segmenting medical images, but in 2021 Microsoft researchers created a
novel transformer-based structure that outperformed the prior classification methods. As a result, we propose a CC segmentation method based on
the Chaotic Atom Search Optimized Swin (Shifted Window) Transformer architecture. The brain MR imaging database is collected using the open-
source OASIS platform. Wavelet Thresholding preprocessing compresses the brain MR images and lowers unneeded noise. The corpus callosum
is segmented from images of the skull using the proposed Swin framework, which has been developed and trained. The suggested framework
is implemented in the Python environment, and metrics like as accuracy, recall, precision, and F1-score are analyzed and compared with existing
systems.

Streszczenie. Kluczowym elementem mózgu, który ułatwia komunikację neuronalną między dwiema połówkami mózgu, jest ciało modzelowate (CC).
Przetwarzanie impulsów czuciowych, motorycznych i wyrafinowanych intelektualnych to główne zadanie ciała modzelowatego, które integruje i przesyła
dane z obu półkul mózgowych. Segmentacja CC na podstawie rezonansu magnetycznego mózgu jest techniką bardzo wymagającą ze względu na
niską jasność otaczających narządów i tkanek. W przeszłości CNN radziło sobie lepiej w segmentacji obrazów medycznych, ale w 2021 r. badacze
firmy Microsoft stworzyli nowatorską strukturę opartą na transformatorach, która przewyższała wcześniejsze metody klasyfikacji. W rezultacie proponu-
jemy metodę segmentacji CC opartą na architekturze transformatora Chaotic Atom Search Optimized Swin (Shifted Window). Baza danych obrazowa-
nia MR mózgu jest gromadzona przy użyciu platformy OASIS typu open source. Wstępne przetwarzanie Wavelet Thresholding kompresuje obrazy
MR mózgu i obniża niepotrzebne szumy. Ciało modzelowate jest segmentowane na podstawie obrazów czaszki przy użyciu proponowanego modelu
Swin, który został opracowany i przeszkolony. Sugerowany framework jest zaimplementowany w środowisku Python, a wskaźniki takie jak dokład-
ność, przypominanie, precyzja i wynik F1 są analizowane i porównywane z istniejącymi systemami.(Implementacja zoptymalizowanej architektury
transformatora SWIN w zakresie wyszukiwania atomów chaotycznych w celu zapewnienia efektywnej segmentacji ciała modzelowatego w
obrazach MRI mózgu)
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Słowa kluczowe: Ciało modzelowate (CC), próg falkowy, MRI, zoptymalizowane wyszukiwanie atomów chaotycznych (CASO)

Introduction
The Corpus callosum (CC) shown in Figure 1 is the

largest structure made up of white matter in the central ner-
vous system [9]. It is responsible for connecting both sides
of the brain and facilitating the two. The significance of CC
extends well beyond the brain’s ability to form connections
with other regions. Variations in its form and size have been
associated with specific topic features, like sex, age, and
handedness, and, more importantly, with several diseases
[16]. A correlation between CC loudness and neurodegener-
ative or inflamed conditions, such as Alzheimer’s disease and
multiple sclerosis, has been reported in various studies [14].
Many disorders of the central nervous system, like dyslexia,
epilepsy, and schizophrenia, along with other common clin-
ical disorders including tobacco use, alcohol abuse, and fat
appear to affect the CC. These particular kinds of conditions
have the potential to transform the corpus callosum structure
by modifying its form as well as volume. Clinical and sci-
entific studies that rely on imaging data typically begin with
CC segmentation to confirm and follow changes in form and
volume, as well as extract morphological and physiological
parameters on the CC [6].

Fig. 1. An electromagnetic flow meter: principle of operation (left)
and sample shape of the coil (right)

By breaking the CC into smaller pieces, we may do

cross-sectional studies, in-depth analyses of certain groups,
and in-depth characterizations of specific individuals. How-
ever, CC segmentation via MRI is difficult due to shape vari-
ability across subjects, the CC’s similarity to neighboring
structures like the fornix, intensity variability across scanners,
the partial volume effect caused by a limited acquisition reso-
lution, and artifacts caused by technology constraints, such
as motion [12]. An MRI scan of the brain can detect ab-
normalities such as tumors, infections, inflammation, injury,
stroke, or vascular issues, as well as diseases such as bleed-
ing, swelling, or abnormal brain development [17]. The MRI
can also aid in the investigation of headaches and epileptic
fits. There is a subset of the Vision Transformer known as the
Swin Transformer. Computation complexity is linear in input
image size since self-attention is only evaluated within each
local window, and hierarchical feature maps are constructed
by combining picture patches (shown in grey) in deeper lay-
ers (shown in red). CASO is a stochastic method for solv-
ing optimization problems that rely on the collective intelli-
gence of a population. Many optimization issues are solved
with CASO, Which is a population-based metaheuristic opti-
mization algorithm. This research introduces a Chaotic Atom
Search Optimized Swin (Shifted Window) Transformer archi-
tecture method for Efficient Corpus callosum segmentation
Brain MRI Images.

Literature Survey
CC can act as a notable biomarker for many neurological

disorders such as alzimers, parkinsons, cognitive impairment
and autoimmune disorders, for instance childhood-onset sys-
temic lupus erythematosus (cSLE) [15, 2]. The article [7]
provides a comprehensive assessment of previous research
on computational approaches, with a particular emphasis on
Corpus Callosum segmentation and percolation based on
magnetic resonance imaging data. The research [10] shows
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that there is a lag time between the kinetics of an impact and
the strain experienced by the brain’s deepest structure, the
corpus callosum. A hybrid Whale and Gray-wolf optimiza-
tion technique is proposed in [11] which achieved an acuracy
of 90% in classification of normal brian images from abnor-
mal images and 92% accuracy in segmenting CC. Research
[8], proposed a deep-learning strategy for Corpus Callosum
segmentation. The therapeutic analysis may make use of
feature extraction and classification arrangement based on
segmentation results in the future. In the study [3] the sple-
nium of the CC is the last section of the structure. Embryonic
development, architecture, vascularization, function, imaging
of disease, potential pathophysiological pathways leading to
pathology, and clinical implications are all covered. The study
[4] adds to the growing body of data showing age-related re-
gionally selective abnormalities in white matter architecture
and shows that high gradient dispersion MRI might be sensi-
tive to the axon white matter substrate in the elderly degra-
dation shown in conventional Diffusion tensor imaging (DTI)
measures. The purpose of the research [13] is to identify the
mechanisms by which the skull moves and causes brain de-
formation that reaches deep brain areas. Specifically, they
looked at how head movement, falx displacement, and cor-
pus callosum injury are all connected. Two separate groups
of kids were used in this research. Diffusion tensor imag-
ing, neurite orientation dispersion and density imaging, and
apparent fiber density metrics are all the results of analyz-
ing data from multi-shell diffusion MRI scans. Each diffusion
metric was analyzed in a multivariate profile format over all 10
sub-regions of the Corpus callosum [5]. The research [18] in-
vestigates the relationship between the disability level of mul-
tiple sclerosis patients and the CC index and brain volumetric.
The Corpus callosum(CC), the volume of cortical grey mat-
ter, the volume of subcortical grey matter, and the volume of
white matter make up the volumetric of the brain. The study
[1] was to determine whether or not the g-ratio MRI measure-
ment can be utilized to accurately predict conducting lags in
CC. To describe the conducting delays of long-range white
matter fibers, we propose a complete structure for doing so.
Within this framework, the structural features of fibers are in-
cluded in a model of axon conduction based on biophysics.

Problem Statement
The corpus callosum has been the focus of several stud-

ies on the topic of MRI segmentation. In more recent re-
search, many supervised segmentation techniques utilizing
deep learning have been developed. Because of this, the
training phase of deep learning requires a substantial amount
of data. Because the DICOM (DCM) data they have col-
lected are restricted and come in a variety of formats, em-
ploying a deep learning technique would need a great deal of
time and some preprocessing steps. Unsupervised learning,
which may be utilized in methods like clustering and contour
evolution and does not require Heavy amounts of informa-
tion for the training process, is still another way that can be
employed. This method can be used instead of supervised
learning. Unsupervised learning, on the other hand, offers
a quick approach to segmentation in image processing. Un-
supervised learning has many drawbacks, one of which is a
level of accuracy that is significantly lower than that of super-
vision of learners. In this study, we recommended Chaotic
Atom Search Optimized Swin (Shifted Window) Transformer
architecture for efficient CC segmentation in Brain MRI im-
ages.

Proposed methodology
The simplicity of use and adaptability of the algorithms

that make up swarm intelligence has piqued the interest of
academics who are looking for solutions to challenges that
are specific to their fields. Ant Colony Optimization (ACO),
Particle Swarm Optimization (PSO), Artificial Bee Colony Op-
timization (ABC), and a number of other algorithms are ex-
amples of well-known optimization methods. The CASO al-
gorithm is one of these, and it was modeled after the behavior
of fish schooling or flocking of birds. Whatever this algorithm
does is find the best solution to a problem in an iterative man-
ner by utilizing the local best and the global best that was ob-
tained from the previous iterations. Among these algorithms,
the CASO algorithm is considered to be the most effective. In
this study, we proposed the implementation of Chaotic Atom
Search optimized Swin (shifted window) transformer Archi-
tecture method for Efficient Corpus callosum segmentation
Brain MRI Images. A diagram of the proposed method is
presented in Figure 2.

Fig. 2. Block Diagram of Proposed Method.

OASIS Brains Dataset
This set is a cross-sectional collection that includes 416

participants ranging in age from 18 to 96 years old. There are
three or four separate T1-weighted MRI images acquired for
each person during a single scanning session. These scans
are included. All of the individuals are right-handed, and they
are a mixed group of males and females. One hundred of the
patients over the age of 60 who were above in the research
were given a clinical diagnosis ranging from extremely mild to
severe Alzheimer’s disease (AD) [19]. In addition, a reliability
data set that includes 20 healthy participants who had imag-
ing on a later visit during the first three months after their first
session is also included in the package.

Wavelet Thresholding
Wavelet Threshold denoising is an analytical technique

that employs time-frequency to choose the optimal frequency
range by the properties of the images. Over time, an image
specifies different physical qualities. An image that is unde-
sirable and interferes with the BM images conveying the ac-
tual image is called noise. This algorithm is a more simple
and computational technique. By using a chosen BM image
wavelet basis, an orthometric M × M matrix Z is approxi-
mately built in which it forms to the discrete wavelet transform
(DWT).

(1) a = Zy

Where y = [y(1), y(2), . . . ., (in)], a =
[a(1), a(2), . . . a(M)] includes the wavelet coefficients
that were produced. Any wavelet coefficient ci follows a
normal distribution with variance and mean equal to the
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corresponding coefficient value of BM image of the noiseless
bone marrow image y since matrix Z is orthogonal(h). The
BM image is anticipated to distribute the complete energy
of y(h) in only a few wavelet components, which lends
itself to large amplitudes, assuming that the image under
consideration is sparse in the wavelet domain, which is
typically the case. As a result, the noise alone is responsible
for the amplitude of the majority of wavelet components. The
basic idea of wavelet thresholding is to subtract from one
another all the components that fall below a noise threshold,
S = σA, where A is a constant, and then to rebuild
the denoised image y(h) using only the higher amplitude
components. The thresholding operators are defined as
below:

(2) ρS(y) =

{
x, x > S
0, x ≤ S

By using the above thresholding operators the predicted
de-noised bone marrow image is given by

(3) y = ZSa

Where, Sρs(a1), ρS(a2), . . . . . . ρS(aM ), and ZS de-
notes the transposition matrix bone marrow image of Z.

Segmentation using chaotic atom search optimized and
Swin (Shifted Window) Transformer

The segmentation method may now take in the cleaned
and prepared data set. Chaotic Atom- Search Optimization
Swin transformer architecture is employed to do the data set
segmentation in this study.

The Chaotic are able to move because of their ability to
’glide’. Acorn nuts make up the majority of their diet, thus they
must often change positions in order to get enough to sustain
themselves. Animals make it very challenging to meet their
needs, especially during the colder months when leaf drop is
common. During the colder months, the Chaotic is less ac-
tive. They keep looking for excellent foods that can be stored
for the off-season, such beech nuts. After hibernating during
the winter, the Chaotic reawaken their appetites and return
to the world in search of sustenance. Compared to more or-
derly randomness, the kinematic and probabilistic features of
chaos are more extreme. Modifying even a few of its traits or
initial conditions might have a profound effect on how it de-
velops and evolves. Accordingly, we combined the concepts
of Chaotic and chaos to create the Chaotic Atom Search Op-
timization (CASO). It is generally accepted as extremely suc-
cessful in intelligence optimization algorithms, and this is be-
cause it guarantees a diversity of created solutions.

The values for all of the constants, including the popula-
tion size, the maximum number of iterations that will be per-
formed, and the lowest and maximum boundaries, are being
set to their initial values. The positions of each jumping squir-
rel throughout dimensional space are assigned according to
the unpredictability of chaos.

The fitness function acts as a guide for the optimization
process, with the objective role playing the part of the one
being optimised. Depending on the method of elimination,
the intended functionality may require revision. The fitness
function’s outputs are then utilised to pinpoint the origin of
the EEG reading. After the locations of the EEG signals are
sorted in ascending order, they may be categorised.

The leaping Chaotic exploratory behaviour is altered be-
cause of the existence of managed predators. EEG signals

are more likely to be distorted if they are in the centre of the
frequency range and hence further from their ideal signal.
Since these are the only artefacts from the time period in
question, we may expect that any potential for bias will be
reduced.

To avoid predators, leaping Chaotic on an oak tree typi-
cally go to a nearby beech tree. Therefore, the new position
may be formed by employing probabilities of emergence and
random placement.

Jumping Investigations Depending on the season, peo-
ple may act more or less erratically. To do this, we develop
an EEG signal removal constant and perform a minimum re-
moval computation to determine whether or not the artefact
will be eradicated.

After satisfying the optimization criterion, the EEG signal
will migrate to a site chosen at random, as the responses can
come from any direction and might be located anywhere on
the scalp. This might be explained with the help of a virtual
model, and a virtual model creator is used to make a more
recent version of this.

Although the more recent stance has been established,
it is still feasible that the older one was superior. So after each
set, we have to compare the current value of the EEG signal’s
fitness to its prior value to see whether there has been any
improvement. If an older fitness value is chosen over a newer
one, the position of the EEG signal will not shift.

Hierarchical vision transformers called Swin transform-
ers have been presented as a means of computing self-
attention using a shifted window partitioning approach. Con-
sequently, Swin transformers apply to a wide range of down-
stream applications, where the extracted multi-scale charac-
teristics may be put to good use.

Except at Stage-3, when there are six simultaneous
Swin Transformer (ST) Blocks, the Swin Architecture always
consists of at least two consecutive ST Blocks. Figure 3
shows the ST Block. ST is constructed by swapping out the
Multi-head self-attention (MSA) module typically found in a
transformer block for a shifted-windows-based MSA module
while maintaining the integrity of the remaining layers. An ex-
ample of an ST block is depicted in above figure; a shifted
window MSA module and a GELU nonlinear 2-layer MLP are
its constituent parts. Each MSA unit and MLP should begin
with a Layer Norm layer is utilized, and after each module, a
residual connection is applied. All right, so everything saves
the concept of moved windows-based attention is the same
as in ViT. Therefore, it is the next step to do before exploring
the Swin Transformer Block’s actual implementation in code.

Both the original Transformer design and the modi-
fied version used for Corpus callosum classification use
global self-attention, which calculates the connections be-
tween each token in a dataset. Many vision issues neces-
sitating a massive quantity of tokens for detailed forecasting
or to depict a good-resolution image are inappropriate due
to the worldwide computing exponential complexity with re-
gard to the number of tokens. We suggest computing self-
attention inside local windows in order to maximize modeling
efficiency. Each window is sized and positioned such that it
does not overlap any other windows in the image. The self-
attention module based on windows cannot make connec-
tions between windows, which severely restricts the scope of
the models it may produce. We present a Shifted window
partitioning strategy, which switches between two partition-
ing configurations in successive ST blocks to create Cross
window connections whereas keeping the fast calculation of
no-overlapping windows.
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Fig. 3. Swin Transformer (ST) Block

Results and Discussion
Image segmentation is widely utilized in brain MRI anal-

ysis for a variety of purposes, including measurement and
visualization of brain anatomical features, a study of brain
changes, delineation of diseased areas, surgical planning,
and image-guided treatments. In this article, we compared
several of the available approaches, including Fuzzy cluster-
ing Algorithm (FCA), Fully convolutional network (FCN), and
U-Net-based segmentation (UBS). We proposed the method
Chaotic Atom Search optimized Swin transformer architec-
ture. The behavior of the suggested strategy is verified using
criteria like

1. Accuracy
2. Precision
3. Recall and
4. F1-Score

This assessment will take into account four factors: tp stands
for true positive,tn for true negative, fp for false positive, and
fn for false Negative.

Accuracy is a measure of how many samples are prop-
erly categorized. It determines the degree of similarity be-
tween the final results and the input data. Table shows the
accuracy obtained for various models. The graph shown in
Figure 4 demonstrates how the new technique is more accu-
rate than the old one.

(4) Accuracy =
tp + tn

tp + tn + fp + fn

• tp Represents a symbol of normalcy, and that’s pre-
cisely what this picture is.

• tn Represents that the image should be stegged, and in
fact, it is stegged.

• fp Represents the picture is not stegged although it is
anticipated to be.

• fn Represents that the picture is stegged even if it
seems normal.

Fig. 4. Accuracy comparisons between the suggested and current
approaches

The precision of the recommended Procedure by com-
paring the number of actual successes with the number of ex-
pected successes. The performance of the suggested tech-
nique is evaluated by distinguishing between true positives
and false positives. The accuracy of both the current and
suggested methods is compared in Figure 5. Compared to
older approaches, the new one is more precise, as seen by
the graph.

(5) Precision =
tp

tp + fp

Fig. 5. Comparison of precision of the existing and proposed
methodologies

The recall is the likelihood of a positive test on the as-
sumption that it is positive. This is known as the actual posi-
tive rate. It reveals that the recall of the proposed methodol-
ogy is superior than the recall of the earlier approaches. The
sensitivity of the proposed technique to different parameters
is compared to established approaches in Figure 6.

(6) Recall =
tp

tp + fn

The F1-Score is often used while assessing information.
It is possible to alter the F1-score so that accuracy is prior-
itized above recall, or vice versa. The recommended tech-
nique has a higher level of F1-score when measured against
the currently used methods. In Figure 7, the f1-score of
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Fig. 6. The comparison of recall
the proposed technique is compared to that of the traditional
methods.

(7) F1− Score =
2× precision× recall

precision+ recall

Fig. 7. Comparison of F1-score with Traditional and suggested tech-
niques

Conclusion
This paper suggested Chaotic Atom search optimized

Swin transformer Architecture for efficient Corpus callosum
segmentation in Brain MRI images. Standardized data set
such as OASIS is utilized to conduct an initial review during
the research assessment. Extensive simulations have been
run to assess the performance of the proposed network. Ex-
cellent outcomes are obtained with the proposed CASO for
efficient CC segmentation in Brain MRI images. The rec-
ommended classification and extraction procedures perform
better than the other extraction and classification techniques
when compared to the outcomes of the other approaches. In
the future, it may be possible to extract the CC using segmen-
tation techniques like superpixels and local binary patterns.
The suggested approach can also be used to assess brain
scans taken from volunteers who have autism at the medical
level.
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