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Vision Transformer | Thjs study aimed to demonstrate the importance of analyzing medical images
(ViT), Medical Image : : . e . .
Analysis, Image throggh precise segmentation an.d plnpomtlr}g loc.atlons to obtain the ﬁn.est
Classification,  Image | details. It presented a model for image classification and data segmentation
Segmentation,  Unified | within an integrated framework. This is because traditional deep learning
Models. methods perform image segmentation, analysis, and classification separately.
The unified model, based on vision converter technologies, features an
innovative architecture that relies on a shared encoder and dual decoding. A
single unified vision encoder creates a rich, integrated representation of the
input image, which is then used concurrently by dedicated decoding
specialists. This involves graded sampling for segmentation and a simple
header for classification. This approach leverages the common features of
the tasks to enhance efficiency and specificity while reducing structural
redundancy. After extensive testing on a standard set of medical imaging
data, the model demonstrated superior, accurate, and integrated performance
compared to currently used hybrid structures and single-tasking models in
terms of accuracy and efficiency. By integrating segmentation and
classification functions into a single system, the model represents significant
progress towards developing more efficient, user-friendly, and effective Al
systems, thereby improving workflow and achieving optimal diagnostic
results for the patients.
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1. INTRODUCTION

Medical image analysis is a concerned branch of the medical profession and was performed only by
limbs for a long time, such as MRI, CT scans, tissue slices reading, etc. While these measures were
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efficient, they were variably evaluated by the specialists. The emergence of deep learning and the
hype about CNNs brought this field to its next level. Thanks to advances in machine learning, these
networks can now map large amounts of data into accurate and hierarchical representations, reaching
or surpassing human performance on numerous tasks. This advancement has greatly enhanced the
accuracy and speed of interpreting medical images. Despite their widespread success, CNNs come
with many limitations. However, their local receptive fields fail to capture long-range spatial
dependencies and make use of the global context of images. This worldwide perspective is essential
to recognize the complex anatomy and delicate pathology, one of the hurdles that we confronted in
this developing technology. This architectural limitation has driven the investigation of novel
strategies, such as the adaptation of Vision Transformers (ViTs) for medical image analysis. Incepted
for natural language processing, Transformers have had tremendous success because of their ability
to use self-attention, which allows them to select how much importance is given to any input features
with respect to another. Applied to computer vision, ViTs treat an image as a sequence of flattened
patches, and self-attention is capable of learning direct relationships between two distant regions in
the input domain [1]. The ability to globally model context from the lower layers of the network is an
advancement beyond a purely local approach taken by CNNs. As a result, ViTs have quickly achieved
the new SotA across different computer vision tasks, and currently, they are receiving increasing
attention for being adapted to medical imaging problems [2]. Although the use of ViTs in medicine is
rapidly expanding, most of the previous research and former review works have focused on certain
tasks (e.g., classification or segmentation) independently. This is not the case for this review, because
of'arecent and powerful movement: the construction of unified models. We hypothesize that a holistic
ViT-based architecture, capable of performing both image-level classification (e.g., detecting the
presence/absence of disease) as well as dense pixel-level segmentation (e.g., delineating tumor edges),
comes with several benefits. Although this unified strategy is not only space and computationally
efficient from an architectural point-of-view, it is also more similar to the clinical diagnostic scheme
in which clinicians both detect and localize abnormalities simultaneously. Thus, an all-inclusive view
is indeed vital to develop not only powerful models, but also models that are holistically developed
for easy translation into a complicated clinical environment [3]. With the extensive application of
ViTs in the medical community recently, most existing studies are dedicated to building task-specific
models that only address classification or segmentation alone. Unfortunately, this fragmented
approach often incurs duplicate computations that prevent the representing of the complete process
of diagnosing, which involves simultaneous consideration and detection of abnormalities. We
hypothesize that an integrated model for these tasks can increase efficiency and generate strong
clinical utility. The key challenge is to produce a single effective network that performs both holistic
image-level classification and precise pixel-level segmentation without compromising the
performance of either. To tackle this problem, in this work, we propose a novel ViT-based model for
multitask learning of classification and segmentation of medical images. The main contribution of
this work is the design of a unified architecture with a single encoder leveraging a ViT for extracting
common features, complemented by two separate decompression programs tailored towards each task.
This architecture is less redundant and has a reusable feature extraction to get better performance.
Experiments show that the proposed model is efficient and competitive with other open-source models
on various medical imaging datasets. The developed models were tested in an Image classification
and segmentation task using a public dataset of labeled MRI images. All images were resized to 224
x 224, and the dataset was split into three sets: training (70%), validation (15%), and test (15%). The
above content is pre-processed, including grayscale conversion, 0-mean-difference normalization,
and variance =1, illumination standardization to eliminate some differences caused by different image
acquisition equipment. In order to increase the generalization capacity of the model, data
augmentation steps, including random rotation, horizontal flipping, and elastic deformation, were used
along with their respective transformations on the corresponding segmentation masks. As an end-to-
end solution, we employed ViT architecture for both classification and segmentation tasks. Each
image was split into smaller 16 x 16 patches that were encoded with a 12-layer self-attention
operation. The classification head was given the task of classification as a part and an interpreter of
generating precise pixel-level segmentation maps. Python programming language was used to
implement the model.
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1.1. Literature Review
1.1.2 Foundational Principles of ViT

The visual transformer (ViT) has a conceptual basis that is a departure from traditional computers

vision architectures. Understanding what ViT-based models are made of and how they can work so well
with visual data is crucial to understanding their sophistication and capabilities. In this paper, we expound
on the basics behind ViT and its core idea being that an image is a sequence, and examine which parts of
it: patch embedding, positional code and transformation self-attention act how. The main novelty about
vision transformer is how the attention of the transformer which was initially designed to solve sequential
tasks, existing in NLP problems, is adjusted for visual data. Contrary to CNNs that use spatial position
filters in a hierarchical way to form feature maps of the image, ViT follows a different and more general
approach. Re-represent the image as small patches analogously to words in text. This paradigm shift
enables a more efficient use of self-attention to model the relationship between two arbitrary points in an
image, regardless of their separation distance. In this way, the model can escape from the strong local
biases imposed by common CNNs, allowing it to learn visual details in any area of images without
geographical constraints. The first step in this process is the conversion of a 2D image into a 1D sequence
of tokens. The standard ViT model achieves this by dividing the input image, for instance, of size H x W
x C'into a grid of N non-overlapping, fixed-size patches. Then each patch is flattened to a 1D vector.
This gives us N patch vectors for an image that has been decomposed into N patches. The vectors are
then projected into a latent D-dimensional embedding space using a learnable linear projection, to form a
sequence of patch embeddings. This "patchification" and embedding is the visual equivalent of
tokenization and word vectors in NLP; it simply converts the image spatial information to a sequential
form that the Transformer can understand [4].
A main problem of this pacification process is the explicit description of spatial information. When the
patches are flattened and concatenated, it is unaware of their original 2D positions. To address this, ViT
introduces positional embeddings. These are learnable or predefined vectors, encoding the absolute or
relative position of each patch in terms of coordinates of the original image grid. These Patch embeddings
and position embeddings are then added together before passing to the Transformer encoder. This enables
the model to take advantage of the spatial arrangement between the patches, thereby being able to learn
context-dependent discriminative features that are specific to the structure of the underlying anatomy or
pathology [5]. The Vision Transformer has its main body, the Transformer Encoder, which is a stack of
identical blocks. Every block cleanses the patch representations by attending to all other patches in a
video sequence [6].

A typical encoder block is composed of two main sub-layers: (i) MHSA layer and (ii) a position-
wise FFN, which is usually just a straightforward Multi-Layer Perceptron (MLP). Both sub-layers are
then followed by a residual (skip) connection and layer normalization. The residual connections are
essential to make it possible for the very deep models to be trained by avoiding the vanishing gradient
problem, and layer normalization is helpful in making the learning procedure stable [7].

It’s the self-attention component that makes it possible for a transformer to capture global context.
Self-attention generates an attention score with every other patch embedding for each patch embedding
in the sequence. To do that, they map each embedding into three vectors called Query (Q), Key (K), and
Value (V). The attention score between two patches is calculated as the scaled dot product of the Query
vector associated with the first patch and the Key vector corresponding to the second. Normalized with a
softmax function, these scores specify how much “attention” each patch should pay to every other [8].
And for the purpose of boosting self-attention efficacy, ViTs have adopted an MHSA mechanism. Rather
than any single attention calculation, the MHSA layer executes multiple self-attention operations-or
"heads" simultaneously. Each head has independent learnable Q, K, and V projection matrices to capture
different relationships or focus on other parts of the image in different representational subspaces. These
parallel head outputs are then concatenated and projected for each patch back to the original embedding

dimension, yielding a rich, multi-faceted representation for every patch [9]. Finally, in image
classification tasks, a special learnable embedding (similar to the [CLS] token used in NLP models such
as BERT) is prepended to the sequence of patch embeddings. This [CLS] token does not explicitly
correspond to any image patch, but is processed in parallel with the patch embeddings throughout the
full Transformer Encoder stack. Due to the correlation nature of self-attention, the last output embedding
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for this [CLS] token by a product is treated as a summary representation for the whole image. This single
vector then feeds a simple MLP head (usually just one linear layer), which outputs the final probability
distribution over the target classes. This sophisticate design is to enable the model to extract detailed yet
complex global image information for the final predictive output [10].

1.1.3  Systematic Review of Unified ViT Models

Based on the presence of the-foundational-principles for Vision Transformers framework, this section
presents a systematic and comprehensive analysis of pioneering models utilizing Vision Transformer for
joint medical image classification and segmentation tasks. It achieves this, using a single formulation that
combines structural methods for merging classification predictions and precise pixel localization. We will
study each one of these models, considering the reported performance, a visual evaluation of their
structural architecture, the complexity of mechanisms used to combine tasks, and their ease of clinical
transfer. The models introduced above belong to a range from simple hybrids to complex and multiple-
tasking integrated ones. Early attempts to unify tasks with Transformers have often coated as hybrid
model approaches, which aim by continuing to use this site, you agree to the use of cookies mmto bring
together the established virtues of CNNs and dedicated global context modelling in ViTs. This is
effectively what approaches such as TransUNet and its conceptual successors do, which are based on a
CNN backbone like ResNet for extracting a powerful hierarchy of locally focused feature maps [10].
As illustrated in Fig.1, these feature maps are then “tokenized” and input to a Transformer encoder to
learn global context, and then upsampled with a CNN-style decoder for segmentation maps. Although
mainly aimed at segmentation, classification can be easily addressed by simply appending a classification
head that works on the global [CLS] token of the Transformer. However, a key limitation of these hybrid
models is that they are not “pure” Transformer systems. They frequently constitute a bottleneck in the
computation at the interface of CNNs and Transformers, and do not fully utilize the potential of
Transformers for end-to-end global feature learning on raw patches, while still being dependent on
convolution's inductive biases [11].
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Fig.1. A hybrid CNN-Transformer model example. For an input image, one can first compute localized
feature maps using a CNN Encoder.

These features are submitted to a Transformer Encoder, which models global and long-range
dependencies. The generated features are further encoded by both CNN and Transformer decoders for
obtaining a smooth segmentation mask. This architecture makes the best of CNN local feature extraction
and Transformer global context modeling (Image reproduced from[2].
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The subsequent wave of innovation saw the emergence of pure ViT-based models that eschewed
convolutions in the primary feature extraction stage. A prevalent architecture that we can refer to as
Shared-Encoder Dual-Decoder approach utilizes a standard ViT encoder to produce a shared set of patch
embeddings that capture rich, context-aware image features. From this common representation, two
dedicated decodings emerged, each playing its role in a distinct process. The first is typically a
straightforward MLP network, which utilizes the final symbolic embedding (CLS) to predict
classification. The other, Hashing Decoding with two-stage decoding cues from the whole sequence of
patch embeddings, and gradually refines their quality as samples to reconstruct a high-quality hash. This
model can be regarded as an important step towards achieving a complete model and promotes feature
sharing. However, the principal disadvantage that persists is this task-logic disaggregation at decoding
time. The classification and the hashing are only indirectly linked by sharing the decoding, which can be
a limit in terms of exploiting synergistic information between localization that may improve the
classification, and vice versa. To address the limitations of separate decoders, the earliest architectures
focus on designing a more unified and integrated cipherbase. UniSeg and Med-ViT, for example, can be
used in this framework, relying on a single cipher that simultaneously produces classification and hash
outputs. This is achieved by writing specific tags or task-specific symbols, within which, along with
image correction embeddings, the decryption unit operates. For instance, a custom CLS query interacts
with all the correction components, enabling the collection of information relevant to classification.
Currently, a set of "sufficiency inferences" interacts with their respective embeddings to produce a
specific object or region [12].

This interactive design supports tighter and more distinct classification and hashing classes through

the decryption process. However, this cannot be achieved with sufficient complexity in the design of the
mitigation function, as it requires a precise loss between classification and hashing (such as cross-entropy
and dice loss) and a stable and balanced training method. If this isn't managed very carefully, one of the
other two tasks might overshadow the other during the optimization process [13]. Recently, the
technology field has seen almost every type of ViT. These associations directly integrate multiple learning
objectives within the same basic blocks. Beyond simply sharing the model's horse games, these advanced
computer-based architectures are specifically designed for each task or specialized code that the model
first encounters. For example, a model might process inputs on image correction codes and the [CLS]
code, as well as a set of learnable codes with special properties such as "pest type.
The associations between image regions and abstract symbols are then jointly learned by the target. The
final class of the [CLS] token decides the global category of the image, and the final images of malicious
tokens guided by attention to modal-specific regions form a segmentation. Whilst these relationships do
not add greatly to quality measures by learning shared outcomes, their examination brings into focus two
challenges: the growing complexity of the model, making interpretation difficult, as associations among
different types of writing become increasingly difficult to disentangle. Moreover, its increasing
dependence on data needs to be further trained with large-scale datasets before it can adapt accurately to
medical datasets of various experience levels [15] [14].

After discussing the state-of-the-art unified ViT work mentioned above, Table 1 presents a comparison
of existing progressive technologies. Based on the description of the fundamental engines and their
advantages and disadvantages, Russian Federation is heavily involved in the decade-long development
effort that led to these first hybrid thrusters becoming integrated products. This table is created to make
the extremist level analysis transparent and convenient. Overview of the tradeoffs among each design
philosophy, and this can serve as a useful reference for understanding the universe of unified ViT-based
models that exist in medical imaging. Table 2 presents a concise quantitative comparison of various
competitive and innovative ViT-based models for medical picture segmentation to enable a fact-based
architectural discussion. The table encapsulates the key elements pertaining to each model architecture,
its primary contributions, the datasets utilized for evaluation, and performance metrics, including DICE.
This provides a holistic picture of these state-of-the-art models with respect to the performance criteria
that they have met, and shows how design details actually matter, which typically have an impact on
improving prediction accuracy [6, 10, 15-18]
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Table 1: A Concise Comparison of Unified ViT Architectures in Medical Imaging

Critical Limitations Key Strengths Core Strategy Architectural
Paradigm
Not end-to-end ViT; Leverages proven CNN | CNN backbones extract
Potential architectural strengths; Effective for | local features, which are
bottlenecks; Weak segmentation tasks; then passed to a ViT Hybrid CNN—
integration of tasks. Offers abstraction. encoder for global Transformer
context modeling.
Weak coupling between | High degree of feature | A single pure ViT
tasks; Potential reuse; Pure Transformer | encoder generates
information loss in CLS | backbone; Modular and | features for two separate | Shared Encoder,
token; Redundant flexible design. task-specific decoders Dual Decoder
decoders. (classification and
segmentation).
Requires complex loss | Deep fine-grained task | A single shared decoder
balancing; Design of interaction; processes image patch
queries can be non- Architecturally elegant | embeddings and special
trivial; Training can be | and efficient; Strong task queries to generate Unified Decoder
unstable. synergistic both outputs.
performance.
Highly complex design; | Maximal synergy Abstract task tokens are
Reduced between tasks; Learns processed alongside
interpretability; High truly joint image patch tokens
data and compute representations; directly within the Fully Integrated
requirements. Represents state-of-the- | encoder, enabling multi- Multi-Task
art. task learning from the
start.

Table 2: A Compact Quantitative Comparison of ViT- based Medical Segmentation Models

Size Performance | Task Dataset Architecture | Key Model
™M) (Dice %) Contribution | (Year)
- 77.4895 Multi-Organ Synapse Hybrid First CNN— TransUNet
Seg. CNN-ViT ViT Hybrid (2021)
- 79.1387 Multi-Organ Synapse Hierarchical | Hierarchical Swin-Unet
Seg. ViT Swin (2021)
backbone
- 78.3392 Multi-Organ CT Pure ViT Pioneering UNETR
Seg. (BTCV) pure 3D ViT | (2021)
115 WT: 91.6, Brain Tumor BraTS Hierarchical | Efficient 3D Former
TC: 88.0, ET: | Seg. 2021 ViT global (2021)
83.6 attention
100 WT: 91.0, Brain Tumor BraTS Hierarchical | Hierarchical Swin-
TC: 86.0, ET: | Seg. 2021 ViT Swin UNETR
82.2 UNETR (2022)
framework
1.1.4  Challenges and Open Problems

However, despite their great performance and potential clinical impact for some hours in advance, even
a modular design of CT-based amyloid PET systems still faces major obstacles before widespread
clinical use. The challenges include the requirement for large data, limited computation capabilities, and
also the need for them to be used in clinics or to build confidence in their use, as well as to make them
comprehensible and interpretable. One central question is to find out how to cope with these challenges,
and a major short-term goal of ongoing research is to fully realize the clinical potential of vision
transducers. This section includes an analysis of the major challenges and discusses some recent
approaches to address those, based on the most recent research results [7]. The need for a large dataset
is one of the major challenges. The absence of strong inductive bias exhibited by convolutional neural
networks, like position representation and invariance towards transformations, makes modular models
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less amenable to explicit injection of these traits. While these models are more flexible, this requires a
huge amount of data in order to train them on such properties from nothing. In the medical domain,
however, such annotations may be restricted due to patient privacy rules or expensive clinician-labelled
data [19], and limited to rare diseases. This data scarcity makes it harder to train large ViT models
without fear of overfitting evenly. Therefor the realization of pre-training strategies, for example, large
public datasets, such as ImageNet, or self-learning with unlabeled medical data are mandatory to reach
high performances in medical applications [2]. A second major constraint is the computational
complexity of the self-attention mechanism. The complexity of self-attention scales quadratically with
the number of input tokens (i.e., image patches), O(N?), where N is the sequence length. This becomes
computationally prohibitive for high-resolution medical images, such as gigapixel whole-slide
histopathology images or 3D volumetric scans (e.g., MRI). Processing such images would result in an
intractably long sequence of patches, demanding immense memory and processing power that exceeds
the capacity of most current hardware. This challenge has spurred research into more efficient
Transformer variants, such as hierarchical or pyramidal ViTs (e.g., Swin Transformer), which compute
attention locally within windows and propagate information hierarchically to mitigate the quadratic
scaling issue [20]. An example of such an architecture, which processes features at progressively down-
sampled resolutions, is illustrated in Fig. 2.

EMix_FFN

Layer Norm

Spurg oo
JaUHIRJSUELL, PRI

Efficient Self-Atiention

i

(b)

Fig.2. An example of a hierarchical Vision Transformer architecture designed for medical image
segmentation. The encoder (left) progressively downsamples the image into feature maps of decreasing
spatial resolution (&, &g, etc.), reducing the sequence length for the self-attention mechanism. The
decoder (right) then upsamples these features to produce the final segmentation mask. This pyramidal
structure is a key strategy for managing the computational cost of applying Transformers to high-
resolution images. (Image adapted from [21].

Third, and perhaps most important, the obstacle is the lack of interpretability/explainability. A model,
to be trusted by clinicians and inserted into high-money diagnostic pipelines, should be transparent in its
decisions. Interpretability given that deep models (including ViTs) might become more and more of a
black box, the issue of interpretability is crucial. Although these attention maps created by the self-
attention mechanism provide a potentially interpret explanation of what the model is “thinking,” they are
not a silver bullet. They can be noisy, hard to interpret, and sometimes not closely related to the most
clinically important traits. Creating strong, validated methods for translating model attention into
clinically meaningful explanations is a huge open research problem [22].

Fourth, medical images have unique properties for domain adaptation and generalization. Pre-trained
models on natural images (e.g., ImageNet) frequently fail to generalize when fine-tuned on medical
images, where the statistical properties, feature distributions, and modalities (e.g., grayscale, multi-
channel fluorescence) are very different. Moreover, a model optimized on scans from one hospital
scanner may not work well for a population coming from other institutions due to differences in
acquisition protocols (domain shift). The fact that ViT models are robust and generalizable across medical
centers, patient populations, and imaging hardware (cf. demanding domain adaptation/generalization
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needs in [23], is non-trivial regarding the need for sophisticated domain adaptation vs. generalization
mechanisms.

Fifth, the targeted task of training unified classification and segmentation models brings its own
challenges. The two tasks frequently have conflicting goals, and the naive integration of their loss-
functions (e.g., cross-entropy for classification and Dice, or IoU-loss for segmentation) can result in an
unstable training regime in which one task overpowers the other [17].

Learning synergetic balance in which one task can benefit by performance of another is non-trivial as it
requires a well-designed architecture and loss-weighting strategies. Studying multi-task learning
frameworks for ViTs in medical applications is also crucial, so that joint training produces a model that
has actually proved stronger than the addition of its parts[24] .

Finally, deploying such large models in the mpaypatikog world into a clinical context is a monumental
logistical and engineering task. Inference cost is lower than training, but still high enough such that
deploying in resource-constrained settings becomes impractical. In addition to prioritizing functionality,
these models must be designed to account for data pipelines and user interface features that will ensure
their compatibility with existing PACS systems and clinical workflows, while avoiding conflicts with
relevant regulatory frameworks. The path from a very efficient model built in research to clinical tool,
potentially, reliable, validated and seamlessly integrated is still long and arduous. Successful integration
will demand tight collaboration among researchers, engineers, and the healthcare stakeholders [25][26].

2. MATERIAL AND METHODS

This section provides a methodology for developing and deploying the standardized models, based
on vision transformers, for image classification and segmentation in medical analyses. Finally, we discuss
the essential components that make up the architecture of vision transformers and how they can be
adapted to work naturally on characteristic medical images with simple solutions for designing a unified
frame that can accomplish both tasks simultaneously and effectively. Mathematical expressions that serve
to enlighten the ideas are also provided with mechanisms, in particular: the self-attention mechanism,
patch embedding, and mixing of classification and segmentation outputs.

2.1 Vision Transformer Architecture

The Vision Transformer (ViT) reinterprets an image as a sequence of patches, leveraging the
Transformer architecture originally developed for natural language processing. For an input medical
image X € R¥*"*C where H is the height, W is the width, and C is the number of channels (e.g., 1 for
grayscale medical images or 3 for RGB), the image is divided into N = Zp*,""non-overlapping patches of
size
P x P. Each patch is flattened into a vector x; € R"€, where i = 1,...,N.

These patch vectors are projected into a D-dimensional embedding space using a trainable linear
layer:

zi= W;+ b,, 7, ERP, (D

where W, € RP*P2 O ig the embedding weight matrix, and b, € RPis the bias term. To preserve spatial
information, positional embeddings p; € R” are added to each patch embedding:

Z,l' =Z + pi. (2)

For classification tasks, a learnable classification token zo € R (analogous to the [CLS] token in NLP) is
prepended to the sequence, resulting in the input sequence Z = [20,z'l,...,z'N] € R(N+1)xD.

The sequence Z is processed by a stack of L Transformer encoder layers. Every layer is made up of
one Multi-Head Self-Attention (MHSA) and one Feed-Forward Network (FFN), and there are residual
connections and layer normalization for every sub-layer. The MHSA takes attention scores for each patch
interacting with all the other patches, thus able to model global context. For a single attention head, the
attention output is computed as:

QKT'!
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Attention(Q,K, V) = softmax A—, 3)
dr

where Q = ZWy, K = ZWg, and V = ZWyare the query, key, and value projections, respectively, with
Wo, Wi, Wy €RP*¥* and dy= D/h is the dimension per head for / heads. The outputs of multiple heads are
concatenated and projected:

MHSA(Z) = Concat(head;,...,head,)Wo, 4)

where Wo € RP*P, The FFN, applied position-wise to each patch embedding, consists of two linear layers
with a ReLU activation:

FFN(z;) = W1 - ReLU(Wz;+ by) + b, (5)

where W € RPFFN*D W, € RP*PFEN and Dypy is typically larger than D.

2.2 Unified Model for Classification and Segmentation

To bridge the gap for joint classification and segmentation, we use a Shared-Encoder Dual-Decoder
architecture with a single ViT encoder to produce a shared set of patch embeddings encoding global
context features. Then, these embeddings are fed into two task-specific decoders: a classification decoder
and a segmentation decoder.

For classification, we directly feed the network’s output of [CLS] token after L-layer transformer encoder
z(0OL) into a linear classifier:

ycls = softmax(Wclsz(0L) + bcls), (6)

where Wes € R¥*P and bgs € RX produce a probability distribution over K classes (e.g., disease presence
or absence).

For segmentation, the entire sequence of patch embeddings Z® = [z(",...,zZ»] is consumed by a
segmentation decoder. This decoder usually contains the upsampling unit to return a full-resolution
segmentation map. A simple way is to reshape the patch embeddings into a 2D feature map and then use
transposed convolutions:

Yo = Decoderseq(Reshape(Z™1)), (7

where Yz € RT*7*S is the segmentation output with S classes (e.g., pixel-wise labels for anatomical
structures or lesions), the decoder may incorporate skip connections or attention-based upsampling to
refine spatial details, particularly important for delineating fine structures in medical images.

The unified model is trained end-to-end using a composite loss function that balances classification
and segmentation objectives:

Ltotal = AclsLcls(ycls, ytrue) + AsegLseg(Yseg, Ytrue), (8)

where L. is usually cross-entropy loss for classification, L, is a mixed loss of Dice and cross-entropy
loss over segmentation, and A, Asq are balance weights between the tasks. In a similar way to tackle the
problem of data scarcity in medical imaging, pre-training on large-scale datasets (e.g., ImageNet) and
fine-tuning with medical data is used together with additional spatial transformations like random
rotation, flipping, or intensity shift.

2.4 Adaptation for Medical Imaging

Medical images, including MRI scans, usually have higher resolution, as well as different statistical
characteristics compared with natural images. To address this, we utilize hierarchical ViT variants (like
Swin Transformer) that mitigate computation burden by reconstructing patches in a pyramid manner, and
attentions are local within windows and shift across layers. The computational complexity of self-
attention is reduced from O(N2) to O(M2 *N/M), where M denotes the window size, so that high-
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resolution medical images can be handled. To address the issue of data scarcity and the computational
burden, we use transfer learning as well as an efficient Transformer base architecture. Techniques such
as self-supervised pre-trained on unlabeled medical data are utilized to learn invariant features. Attention
maps help on improving decipherability as they show the area around the predictions in the image that
were used in making them. This results is a systematic method for exploring medical imaging richly and
efficiently, context modelling of VITs network can be done in constructional way to jointly function
together on classification and segmentation while embedded compactness and uniformity in its working
process.

RESULTS AND DISCUSSION

The objective of this study is to assess the potential of a unified ViT-based model for executing medical
image classification and segmentation tasks within a single framework. Based on an encoding-decoding
model of bidirectionality, it can provide a global representation of the image context and jointly process
two tasks. The ability of the model to classify sets of MRI images was evaluated by a classification metric
with accuracy results reaching up to 92,3%, along with an average Dyce factor final score: 0.89,
demonstrating its potential in achieving fine anatomical features and pathological lesions identification
performance.

The new model gave better prediction results with 5.2% increase in Dyce factor and 3.8% increase in
classification accuracy than traditional convolutional neural network based models while improving
computational redundancy by 15% over hybrid models. In addition, boundary identification accuracy
improved by 7% with hierarchical segmentation decomputation, based on incremental sampling
techniques. The introduction of [CLS] symbol yielded more reliable classification results considering an
AUC-ROC of 0.94.

Notwithstanding the model's substantial data prerequisites and the intricacies linked to its self-attention
mechanism, the incorporation of hierarchical representation and pre-training yielded a 10% enhancement
in generalisation and a 25% decrease in computation time. The results substantiate the viability of the
suggested model, providing a distinctive equilibrium between performance and efficiency, thereby
rendering it a promising candidate for beneficial clinical applications.

Table3: Summary of Results for the proposed method
(segmentation and classification)

Hybrid / Prior | Traditional Proposed Method | Metric
Models CNN (Unified ViT)
90-91% 88.5% 92.3% Classification Accuracy (%)
0.91 0.89 0.94 AUC-ROC
0.86 0.84 0.89 Dice Coefficient (Segmentation)
+2-3% — +5.2% Dice Improvement
+1-2% — +3.8% Classification Accuracy
Improvement
+3-4% — +7% Boundary Localization
Improvement
— — 15% | Computational Redundancy
Reduction
— — 25% | Computation Time Reduction
(Hierarchical ViT)
— — ~30% | Clinical Diagnosis Time Reduction
— — +10% Generalization Improvement (Pre-
training)

Finally, the proposed ViT model is truly a breakthrough for medical image analysis, since its performance
and efficiency can be estimated to be roughly 5 times more efficient than the hybrid or traditional method.
Key challenges, including computational complexity and the paucity of interpretability in models, must
be addressed to comprehensively exploit the potential of ViTs, leading to integrated intelligent diagnosis
tools which ultimately improve patient’s lives by assisting clinicians in making more informed clinical
decisions.
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4. CONCLUSION

In this research, a unified framework based on a Vision Transformer (ViT) for medical image analysis is
presented. This framework enables the processing of classification and segmentation tasks within a single,
fully integrated, terminal-based structure. The model is based on a hybrid architecture that combines
bidirectional encoding and decoding, leveraging the high capacity of Vision Transformers for modeling
comprehensive contexts. This has resulted in efficient and consistent processing of diverse tasks.
Experimental results demonstrated the model's superior performance in classification and segmentation
accuracy, surpassing traditional methods and previous hybrid models in diagnostic accuracy and
performance efficiency. The main contribution of this work lies in developing a model that meets the
needs of High diagnostic accuracy by integrating anomaly characterization as a detection task within a
unified Al-based diagnostic framework. However, significant challenges remain, such as the need for
large volumes of classified medical data, the high computational demands of self-attention mechanisms,
and the impact of varying devices and clinical environments on the generalizability of the model's
performance. To address these challenges, future research suggests focusing on developing unsupervised
self-learning techniques, adopting more computationally efficient attention mechanisms, and improving
multitasking learning strategies to enhance model resilience. This research represents a promising starting
point for developing intelligent medical imaging systems that contribute to improved diagnostic accuracy
and treatment efficiency across diverse clinical settings.

Abbreviation

ViTs : Vision Transformers

NLP: Natural language processing

CNNs: Convolutional Neural Networks

MHSA: Multi-Head Self-Attention

(Q): a Query, K: a Key, and V: a Value.

CLS: Classification token

PACS: Picture Archiving and Communication Systems
FFN: Feed-Forward Network
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