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Abstract
Clinics must be able to identify and diagnose brain tumours early. Hence, accurate, effective, and robust 

segmentation of the targeted tumour region is required. In this article, we suggest a method for automatically 
segmenting brain tumours using convolutional neural networks (CNNs). Conventional CNNs disregard global 
region features in favour of local features, which are crucial for pixel detection and classification. Also, a patient’s 
brain tumour may develop in any area of the brain and take on any size or shape. We created a three-stream 
framework called multiscale CNNs that could incorporate data from various scales of the regions surrounding a 
pixel and automatically find the top-three scales of the image sizes. Datasets from the MICCAI 2013-organized 
Multimodal Brain Tumor Image Segmentation Benchmark (BRATS) are used for both testing and training. The 
T1, T1-enhanced, T2, and FLAIR MRI images’ multimodal characteristics are also combined within the multiscale 
CNNs architecture. Our framework exhibits improvements in brain tumour segmentation accuracy and robustness 
when compared to conventional CNNs and the top two techniques in BRATS 2012 and 2013.

Keywords: Brain tumor segmentation; Convolutional neural 
network; Self-attention; Cross-channel attention

Introduction
Uncontrolled growth of a solid mass, called a brain tumour, is 

caused by abnormal cells present throughout the brain. Malignant 
tumours and benign tumours are two categories. Primary tumours 
and metastatic tumours are both types of malignant tumours. Adult 
gliomas, which originate from glial cells and penetrate the surrounding 
tissues, are the most prevalent type of brain tumour. Whereas patients 
with high grade gliomas should only expect a two-year life extension, 
those with low grade gliomas can expect a life extension of several 
years. According to estimates, there will be 23,000 new cases of brain 
cancer in the United States alone in 2015. In the meantime, the number 
of patients receiving a diagnosis is rising quickly each year [1].

The most common therapies for brain tumours are generally 
surgery, radiation therapy, and chemotherapy. Although the former 
seeks to resect and treat tumours, the latter two strive to halt the growth 
of malignancies. As a result, it is crucial to identify brain tumours early 
on. In addition, precise segmentation and location of the brain tumour 
are crucial for therapy planning. Magnetic Resonance Imaging (MRI), 
one of the several imaging modalities, provides the most comprehensive 
view of the brain and is the test used most frequently to identify 
brain malignancies [2]. Proton density-weighted MRI (PDw), Fluid-
Attenuated Inversion Recovery (FLAIR), T1-weighted MRI (T1w), T1-
weighted MRI with contrast enhancement (T1wc), T2-weighted MRI 
(T2w), and so on are all types of MRI. MRI images from various types 
of machines have varying grey scale values compared to Computed 
Tomography (CT) images Shown in (Figure 1). Any part of the brain 
can develop gliomas, which can vary in size and shape. Gliomas are 
infiltrative tumours as well, making it challenging to tell them apart 
from healthy tissues. In order to overcome the issues outlined above, 
various data from various MRI modalities should be merged [3].

No optimal algorithm has been discovered despite decades of 
research to find effective techniques for brain tumour segmentation. 
In addition, the majority are based on traditional machine learning 
techniques or segmentation techniques for different architectures. 
These techniques either rely on manually created specialised features 
or give poor segmentation results when the environment around the 
tumour is diffuse and poorly contrasted. Although not modifying the 

domain of brain tumours, methods based on hand-designed specialised 
features must calculate a large number of features and leverage broadly 
edge-related information. Moreover, typical features produced using 
picture gradients, Gabor filters, the Histogram of Oriented Gradients 
(HoG), or Wavelets perform poorly, especially when the borders 
between tumours and healthy tissues are hazy. Hence, creating robust 
feature representations that are task-adapted is crucial for segmenting 
challenging brain tumours [4, 5].

Convolutional neural networks (CNNs) as supervised learning 
techniques have recently demonstrated benefits at automatically 
learning the hierarchy of complicated features from in-domain 
data and achieved promising results in mitotic detection, facial and 
MINST database identification, and other areas. Also, while they are 
not frequently utilised in brain tumour segmentation tasks, CNNs 
have demonstrated successful application to segmentation difficulties. 
Traditional standard CNNs, however, simply pay attention to local 
textual properties. As a result, some crucial global aspects unavoidably 
disappear [6]. We suggest a unique CNNs design for brain tumour 
segmentation that combines all of these aspects because both local and 
global features are significant in image recognition tasks. The multiscale 
notion is introduced to our previously constructed conventional single-
scale CNNs in this architecture. Both local and global features are 
recovered by fusing multiscale CNNs. By combining the knowledge 
gained by each CNN, the pixel classification is predicted. Moreover, 
multimodality MRI pictures are simultaneously trained to use 
complimentary information. With multiscale CNNs, experiments have 
produced positive tumour segmentation findings shown in [7] (Figure 
2).
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Second only to tumours of the lung, stomach, uterus, and breast in 
terms of prevalence, brain tumours are a broad term for tumours of the 
nervous system that develop inside the skull. They account for around 
5% of systemic cancers, 70% of juvenile tumours, and more than 2.4% of 
fatalities. One of the most often utilised diagnostic methods in clinical 
treatment is magnetic resonance imaging (MRI), which is crucial in 
the identification of brain cancers. It is noninvasive, reliably identifies 
the location, size, and shape of brain tumours without subjecting 
patients to intense ionising radiation, has strong soft tissue contrast, 
and is noninvasive. For the purposes of illness diagnosis, pathological 
investigation, and subsequent surgical plan determination, accurate 
segmentation of brain tumours is crucial [8]. 

While correct segmentation of brain tumours is necessary for 
clinical research, it is frequently difficult due to issues such picture 
artefacts, noise, low contrast, and significant case-to-case differences 
in tumour shape, size, and location. Additionally, because the internal 
architecture of brain tumours is similar and the boundaries between 
their various parts are hazy, segmenting them is more difficult. It takes 
a lot of effort to manually segment brain tumours, which is dependent 
on the doctor’s skill and knowledge. For this reason, research into a 
technique that can automatically, precisely, and successfully segment 
brain tumours is extremely important for both clinical diagnosis and 
surgery [9].

Deep learning has had a string of achievements recently in a variety 
of areas, including image, audio, and natural language. Convolutional 
neural networks (CNNs) are a key component in computer vision 
applications, and semantic picture segmentation has advanced 
significantly in recent years. In the course of training, CNNs discover 

visual and semantic properties in images, simplifying the network 
model and enabling in-depth network training. In conclusion, deep 
CNNs have several uses in the processing of medical images [10]. The 
image segmentation approach based on deep learning can be classified 
into block segmentation and end-to-end segmentation, with the latter 
being primarily implemented through the encoder-decoder structure, 
depending on the various input and output methods. To achieve the 
goal of tumour region segmentation, the entire image or an image block 
is entered, and the type probability of each pixel in the output image is 
decoded [11].

The appropriate model for this technique is mostly based on the 
U-Net network, which suggests a symmetric topology with jump 
connections to maintain picture information and has become the 
standard framework for the majority of image segmentation tasks. 
Although the enhanced method based on U-Net enhances segmentation 
performance, network depth and generalisation still need to be 
improved. To balance the network’s depth and performance, the idea of 
identity mapping has just been developed. Nevertheless, using residual 
blocks to change the channel count causes the number of channels to 
significantly rise, which leads to data redundancy [12].

Discussion
The segmentation outcomes of conventional image processing 

algorithms in the recently suggested glioma segmentation approach 
primarily rely on manual involvement, and a priori limitations are 
needed to ensure the segmentation. The machine learning-based 
glioma segmentation approach relies on manually selecting image 
features, which means that the segmentation effect of this kind of 

Figure 1: General architecture of a Convolutional Neural Network (CNN).

Figure 2: Overview of a Vision Transformers (ViT) model.
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method depends on artificial features and the segmentation algorithm’s 
capacity to generalise is poor [13].

The deep learning-based glioma segmentation method can 
automatically extract image features using a neural network model 
and separate the glioma region. Hence, the above method’s drawbacks 
of severe prior limitations and manual intervention are eliminated. 
In large-scale complex glioma segmentation circumstances, the 
automation and robustness of the segmentation method have increased, 
and good segmentation results are now possible, the flow of the deep 
learning-based glioma segmentation algorithm. The procedure may be 
broken down into the following steps: first, get an MRI of the patient’s 
brain to use as the algorithm’s input data; next, separate the input data 
into the training set, verify set, and test set. The divided data must also 
be pre-processed because of issues with noise and uneven intensity in 
the original brain MRI shown in [14] (Figure 3).

Methods for pre-processing glioma images that are often utilised 
include offset correction, intensity standardisation, skull removal, and 
image registration. Next, train the deep learning model using the input 
data that has already been processed. The deep model will automatically 
extract features throughout the training phase and add them to the 
intended model structure for forward propagation. In order to achieve 
the goal of optimal model performance, the multiregional glioma mask 
is employed simultaneously as a label to calculate the loss value, and 
the model parameters are then reverse-adjusted in numerous iterations. 
The performance of the model is then assessed using a variety of 
evaluation indicators at the conclusion and the models that satisfy 
the requirements of the indicators are stored. The test set data is then 
segmented using the highly assessed model to provide the final glioma 
segmentation findings [15-20].

Conclusion
The majority of current brain tumour segmentation techniques are 

based on the FCN and U-Net networks, although the FCN network 
connection is not fine-grained and disregards the interaction between 
various pixel points. Experimental evidence suggests that the U-Net 
model is marginally superior to the FCN model, although the overall 
generality of prediction findings needs to be strengthened to a certain 
extent. This paper suggests a DRT-Unet network for the precise 
segmentation of brain tumours in order to address these issues. It uses 
four MRI modality images as input and a dilated convolution block 

to enlarge the perceptual field during coding in order to provide the 
network with richer and more detailed feature information.

When low-level visual features are propagated and preserved 
during the coding process, a dense block of local feature residual fusion 
is used to lessen information loss during deep network training. To 
perform the decoding process of feature map size enlargement, the 
DRT-Unet network uses a dense block of local feature residual fusion 
as well as a DE convolution structure of up-pooling and transposed 
convolution cascade. The global and granular elements of the image 
can be recovered in large part thanks to up-pooling and transposed 
convolution. The DRT-Unet method can effectively segment brain 
tumour lesions, as can be observed from the studies in this study and 
the comparison with other approaches. Also, the suggested network in 
this research performs better in terms of aesthetic effects and objective 
indexes when compared to the other four segmentation approaches.
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Figure 3: Summarized results for classical ML-based brain tumor classification techniques.
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