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Abstract: Using Hybrid Deep Learning, researchers in the scientific community have created a novel method
for analyzing brain images taken as part of the Human Connectome Project. For the purpose of precise
volumetric segmentation of brain tumors and tissues from MR images, the Aligned Cross-Modality Interaction
Network (ACMINet) and APRNet have been presented as potential solutions. While APRNet delivers state-of-
the-art outcomes on benchmark datasets, ACMINet works to improve multi-modal features. DDSeg is a deep
learning approach that improves accuracy and predicts tissue segmentation without the need for anatomical data
and inter-modality registration. This is accomplished by learning tissue segmentation using high-quality
imaging data that is obtained from the Human Connectome Project.
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INTRODUCTION:

It is possible that deep learning will have a considerable influence on medical picture classification and
segmentation, paving the way for the automation of non-invasive imaging-based diagnosis. The use of recent
advancements in medical image processing by computer-assisted brain tumor diagnostics has opened the door to
potentially fruitful research efforts in deep learning areas. This may pave the way for the creation of automated
diagnostic systems that are reliable for use by medical professionals.

For the analysis of dMRI data, a deep learning brain tissue segmentation algorithm has been developed. A CNN
model is trained by using MK-Curve-based DKI features as well as a newly developed enhanced target loss
function. This approach avoids the need for inter-modality registration while producing results that are
equivalent to those of anatomical MRI-based tissue segmentation. It also works well with dMRI data that has
lower spatial and angular resolutions, and it outperforms other approaches that are considered to be state-of-the-

art in both quantitative and visual comparisons.

A Transformer-CNN hybrid deep learning architecture for brain tissue segmentation has shown superior

performance compared to previous CNN implementations. It generalizes well across datasets and remains
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reliable between paired test-retest scans, making it a useful toolkit. The methodological utility of a Vision

Transformer improves the Unet architecture for brain tissue segmentation.
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Figure 1. Brain tissue segmentation masks obtained from MRI images

3D CNN models require significant computational power for efficient training. The model used full-resolution
MRI inputs but faced memory constraints. A larger batch size could have improved performance. Additionally,
TABS could be improved by increasing sample size, as it could account for variations in MRI image
characteristics not captured in the datasets studied.

In this paper makes the following way:
» Deep learning is crucial in medical image segmentation, particularly in brain tissue and tumor analysis
using MRI data.
» It improves accuracy compared to manual methods, enabling accurate brain examination, diagnosis,
and classification.
» Hybrid deep learning, combining CNN and RNN, differentiates brain parts, improves tumor diagnosis,
and provides brain care.

LITERATURE SURVEY:

MRI scans are used by researchers and medical professionals to get a better understanding of brain disorders and
to assist patients, but it may be difficult to convey the information contained in these pictures. Image

identification and the detection of patterns in brain pictures may be improved using a technique known as hybrid

Eur. Chem. Bull. 2023,12( issue 8),9050-9057 9051



HYBRID DEEP LEARNING ENHANCES MRI BRAIN TISSUE SEGMENTATION AND TUMOR
LOCALIZATION Section A-Research paper

deep learning, which combines two types of neural networks: convolutional neural networks (CNN) and
recurrent neural networks (RNN). This results in improved cooperation, the identification of brain sections such
as the white stuff, the grey stuff, and the watery portion, the detection of cancers, improvements in diagnosis

and therapy, and, eventually, an improvement in brain health.

METHODS:

The research will involve the following steps:

Dataset Collection: Gather a large dataset of MRI images containing brain tissue and labeled tumor localization.

The dataset should cover a diverse range of patients with different conditions and lesion characteristics.

Preprocessing: Preprocess the MRI images to enhance their quality and remove noise. This may involve

intensity normalization, bias field correction, and registration to a common anatomical template.

Network Architecture: Design a deep neural network architecture specifically tailored for the segmentation task.
The architecture should incorporate optimization techniques, such as incorporating regularization terms, to

improve the network's ability to capture fine details and handle class imbalance.

Training: Train the deep neural network using the collected dataset. This involves feeding the MRI images into
the network and optimizing the network parameters to minimize the segmentation error. The optimization

process may involve gradient descent-based methods or more advanced optimization algorithms.

Evaluation: Evaluate the trained model's performance using appropriate evaluation metrics such as Dice
similarity coefficient, Jaccard index, sensitivity, specificity, and accuracy. Compare the results with existing

segmentation methods and assess the model's robustness and generalization ability.

Fine-tuning and Optimization: Fine-tune the model based on the evaluation results and address any limitations
or issues identified during the evaluation phase. Optimize the hyperparameters and network architecture to

improve the segmentation performance.

Validation: Validate the optimized model using an independent dataset to assess its generalization ability and
reliability. This step helps to ensure that the developed model performs well on unseen data and can be

applicable in real-world clinical settings.

Comparison and Analysis: Compare the performance of the optimization-based hybrid deep neural network
model with existing segmentation methods, such as traditional machine learning techniques or other deep
learning approaches. Analyze the strengths, weaknesses, and limitations of the proposed method and discuss

potential future research directions.
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Figure 2. The Overall architecture of the proposed model

The proposed method includes 3 main steps:
(a) Extracting a tissue feature descriptor from DKI and MK-Curve-based measures
(b) Training a CNN model for tissue segmentation and

(c) Predicting subject-specific tissue segmentation from new dMRI data.

() Extracting a tissue feature descriptor from DKI and MK-Curve-based measures: Study uses DKI model fit
and MK-Curve for enhanced white matter alterations in psychosis patients.

(b) Training a CNN model for tissue segmentation: CNNSs trained models for segmenting WM, GM, and CSF
from dMRI descriptors using convolution, pooling, and fully connected layers. There were two main CNN
design choices: 1) choice of CNN architecture, and 2) design of loss function.

(c) Predicting subject-specific tissue segmentation from new dMRI data: To perform tissue segmentation on
new subjects, a trained CNN model was applied to dMRI data, extracting tissue feature descriptors, and

generating segmentation probability maps. The 3D map was computed from these probabilistic maps.

Research Motivation:

Research aims to improve segmentation accuracy in medical image analysis using optimization-based hybrid

deep neural networks for brain tissue and tumor localization segmentation in MRI images.
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Clinical Importance: Research develops optimization-based deep neural network for improved MRI

segmentation accuracy.

2. Limitations of Existing Methods: Traditional segmentation methods for brain tissue and tumor
localization face limitations; deep learning techniques address these challenges.
3. Integration of Optimization Techniques: Optimization techniques improve deep neural networks'
segmentation accuracy, capturing complex brain tissue and tumor patterns.
4. Clinical Workflow Efficiency: Deep neural network segments brain tissue in MRI images, reducing
manual labor.
5. Advancements in Deep Learning: Deep learning advances focus on brain tissue segmentation for
clinical applications.
Objectives:
Main objectives of this paper are:
1. Create optimization-based deep neural network model for accurate brain tissue segmentation and tumor
localization.
2. Assess model's clinical applicability and potential early neurological disorder detection.
3. Address class imbalance challenges in segmentation, focusing on rare tumor localization.

Expected Outcomes:

1.

Hybrid deep neural network model aims for improved segmentation accuracy, robustness, and tumor
segmentation across diverse patient populations.
Optimization-based approach improves segmentation model efficiency, enabling feasible clinical

applications and superior performance compared to traditional methods.
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Limitations/ De-limitations:

Limitations:
1. Availability and Quality of Data: Optimization-based deep neural network model performance depends
on MRI dataset availability.
2. Computation and Resource Requirements: Deep neural networks require significant computational
resources, impacting training time and implementation.
3. Generalization to Different Scanners and Acquisition Protocols: Applying to various scanners and
acquisition protocols.

4. Improved Interpretability of Results.

De-limitations:
1. Optimization-Based Deep Neural Network Approach: Research explores optimization-based deep
neural network for segmentation accuracy.
2. Clinical Validation: Research evaluates model performance in clinical settings; validation and
integration may require additional studies.
Focus on Brain Tissue and Tumor localization
4. Metrics for evaluation.

Conclusions:

In this study, brain tissue and tumor localization in MRI images were determined with the use of an
optimization-based deep neural network. The model improved in terms of both its accuracy and its resilience,
but it had drawbacks in terms of things like its capacity to generalize and be interpreted. Nevertheless, the
technique shows potential for enhancing the diagnosis of neurological illnesses, as well as treatment planning
and monitoring. In order to overcome these constraints and make it easier to put this findings into practice in

clinical settings, more research and validation are required.

Eur. Chem. Bull. 2023,12( issue 8),9050-9057 9055



HYBRID DEEP LEARNING ENHANCES MRI BRAIN TISSUE SEGMENTATION AND TUMOR

LOCALIZATION Section A-Research paper
References:
1. Y. Zhuang, H. Liu, E. Song and C. C. Hung, “A 3D Cross-Modality Feature Interaction Network with

10.

11.

12.

Volumetric Feature Alignment for Brain Tumor and Tissue Segmentation” IEEE Journal of Biomedical
and Health Informatics, vol. 23, Issue 1, pp. 75-86, 2023. 10.1109/JBHI.2022.3214999.

P.R. Kumar, R.K Jha, & A Katti, “Brain tissue segmentation in neurosurgery: a systematic analysis for
quantitative  tractography  approaches”,  Acta  Neurologica  Belgica, pp.1-15, 2023.
https://doi.org/10.1007/s13760-023-02170-9.

Y. Zhuang, H. Liu, E. Song, G. Ma, X. Xu and C.C. Hung, “APRNet: A 3D anisotropic pyramidal
reversible network with multi-modal cross-dimension attention for brain tissue segmentation in MR
images”, IEEE J. Biomed. Health Informatics, vol.26, Issue 2, pp. 749-761, 2022.
10.1109/JBHI.2021.3093932.

T. Shi, H. Jiang and B. Zheng, “C2MA-Net: Cross-modal cross-attention network for acute ischemic
stroke lesion segmentation based on CT perfusion scans”, IEEE Trans. Biomed. Eng, vol. 69, Issue 1,
pp. 108-118, 2022. 10.1109/TBME.2021.3087612

Somboon Sukpancharoen, Boonrit Prasartkaew, “Combined heat and power plant using a multi-
objective Henry gas solubility optimization algorithm: A thermodynamic investigation of energy,
exergy, and economic (3E) analysis”, Heliyon, vol. 7, Issue 9, p. 08003, 2021.
https://doi.org/10.1016/j.heliyon.2021.e08003.

Lee, J., Lee, M., Lee, J., Kim, R. E., Lim, S. H., & Kim, D., “Fine-grained brain tissue segmentation
for brain modeling of stroke patient”, Computers in Biology and Medicine, vol. 153, p. 106472, 2023.
https://doi.org/10.1016/j.compbiomed.2022.10647.

Balamurugan, T., Gnanamanoharan, E. Brain tumor segmentation and classification using hybrid deep
CNN  with  LuNetClassifier. Neural Comput & Applic 35, 4739-4753 (2023).
https://doi.org/10.1007/s00521-022-07934-7.

Ito, Ryo, Nakae, Ken, Hata, Junichi, Okano, Hideyuki, and Shin Ishii. "Semi-supervised deep learning
of brain tissue segmentation.” Neural Networks 1186, (2022): 25-34.
https://doi.org/10.1016/j.neunet.2019.03.014.

Amorosino, G., Peruzzo, D., Redaelli, D., Olivetti, E., Arrigoni, F., & Avesani, P. DBB - A Distorted
Brain Benchmark for Automatic Tissue Segmentation in Paediatric Patients. Neurolmage, 260, 119486,
2022. https://doi.org/10.1016/j.neuroimage.2022.119486.

Huang, X., Liu, Y., Li, Y., Qi, K., Gao, A., Zheng, B., Liang, D., Long, X. “Deep Learning-Based
Multiclass Brain Tissue Segmentation in Fetal MRIs”, Sensors, vol. 23, Issue 655, 2023.
https://doi.org/10.3390/s23020655.

Fan Zhang, Anna Breger, Kang Ik Kevin Cho, Lipeng Ning, Carl-Fredrik Westin, Lauren J. O’Donnell,
Ofer Pasternak. “Deep learning-based segmentation of brain tissue from diffusion MRI”, Neurolmage,
vol. 233, p. 117934, 2021. https://doi.org/10.1016/j.neuroimage.2021.117934.

Rieu, Z., Kim, J., Kim, R.E., Lee, M., Lee, M.K., Oh, S.\W.;Wang, S.-M., Kim, N.-Y., Kang, D.W.,

Lim, H.K. “Semi-Supervised Learning in Medical MRI Segmentation: Brain Tissue with White Matter

Eur. Chem. Bull. 2023,12( issue 8),9050-9057 9056



HYBRID DEEP LEARNING ENHANCES MRI BRAIN TISSUE SEGMENTATION AND TUMOR
LOCALIZATION Section A-Research paper

13.

14.

15.

16.

17.

18.

19.

20.

Hyperintensity Segmentation Using FLAIR MRI”, Brain Sci., vol. 11, Issue 6, p. 720, 2021.
https://doi.org/10.3390/brainsci11060720.

L. Sun,W. Ma, X. Ding, Y. Huang, D. Liang, and J. Paisley, “A 3D spatially weighted network for
segmentation of brain tissue from MRI,” IEEE Trans. Med. Imag., vol. 39, no. 4, pp. 898—909, 2020.
10.1109/TMI1.2019.2937271

G. P. Hosal, T. Chowdhury, A. Kumar, A. K. Bhadra, J. Chakraborty, and D. Nandi, ‘“MhURI: A
supervised segmentation approach to leverage salient brain tissues in magnetic resonance images,”’
Comput. Methods Programs Biomed., vol. 200, no. 1, p. 105841, 2021.

H. T. Wu, K. Zheng, Q. Huang and J. Hu. “Contrast Enhancement of Multiple Tissues in MR Brain
Images with Reversibility”, IEEE Signal Processing Letters, vol. 28, pp. 160-164, 2021.
10.1109/LSP.2020.3048840.

X. Zhang, Y. Liu, Q. Zhang and F. Yuan. “Multi-Modality Reconstruction Attention and Difference
Enhancement Network for Brain MRI Image Segmentation” IEEE Access, vol. 10, pp. 31058-31069,
2022. 10.1109/ACCESS.2022.3156898.

J. Bernal, K. Kushibar, M. Cabezas, S. Valverde, A. Oliver and X. Lladé. “Quantitative Analysis of
Patch-Based Fully Convolutional Neural Networks for Tissue Segmentation on Brain Magnetic
Resonance Imaging”, IEEE Access, vol. 7, pp. 89986-90002, 2019. 10.1109/ACCESS.2019.2926697.
Khalili, N.; Lessmann, N., Turk, E., Claessens, N., de Heus, R., Kolk, T., Viergever, M.A., Benders,
M.JN.L., Isgum, 1. “Automatic Brain Tissue Segmentation in Fetal MRI Using Convolutional Neural
Networks”, Magn. Reson. Imaging, vol. 64, PP- 77-89, 2019.
https://doi.org/10.1016/j.mri.2019.05.020.

Manjon, = J.V., Romero, J.E., Vivo-Hernando, R., Rubio, G., Aparici, F., de la Iglesia-Vaya, M.,
Tourdias, T., Coup’e, P., 2020. Blind mri brain lesion inpainting using deep learning. In: Proceedings
of the International Workshop on Simulation and Synthesis in Medical Imaging 12417 LNCS, pp. 41—
49,

Nair, V., Hinton, G.E., 2010. Rectified linear units improve restricted boltzmann machines. In:

Proceedings of the International Conference on Machine Learning, pp. 807-814.

Eur. Chem. Bull. 2023,12( issue 8),9050-9057 9057



