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Abstract

\-em,oimuging allott's us lrt sttttlv the brttin in hoth health and disease' netu'ointctgtng tt;

essential to clinical care ctncl resect'c'h' The morphological stltchre' physiological

drc.hitectlre, and c'orresponding imaging./bann'es o'f'the brain are intricatel-v- linkecl'

.1 person,s brain chcmges in shape. fitnction, cmcl relationships beh+'een dilJbrent parts as

rlrct, clevelop, gror|. get sick, ctnd recover' Netu'oimagtng is one of the Jbv' Jields that fully

ittilizes moclern analysis tools to investigcrte lhe brcin tmcl its.fttnctionjrom imoging data' ML

,i,.ts begun to play cr role in the .follov'ing orects recentllt trcrcking changes in imaging orcr

..ttte'cltticklllidenti/yingocrtreclisorclerslikeslrokeandctnatomicalmeasurements.delection,

,;Ertentotion, and qttantiJication o.f lesions crt'ttl disectse patterns' As otr capacity trt visualize

.,nd sttrcl! the brain.

Ke,words: ML, DL, svM, cr/ /, MkI, qMRI, ANN, PET, EEG: Muchine Leurning, Deep

Leurning, support vector Muchines, convolt'ttional Neuril Networks' Mugnetic

Resononce Imaging,.functionul Magnetic Resonunce Imaging' Artificiut Neural Network'

P r t s it ro n E mi ss i o n To mogrup hy, El ectrtte ncep h ulo gr up hy'

1. INTRODUCTION

\euroimaging. the process of visualizing the structure and function of the brain' has greatly

:eneflted from the integration of ML and DL techniques' These methodologies offer

:r$erful tools to analyse complex patterns within neuroimaging data' facilitating both

: :rgnosis and understanding of neurological disorclers. ML algorithms' such as SVM and

r.:ndom Forest. have been ernployed fbrtasks like classification [12] of brain images based

.. specific features or biomarkers. These methods excel at identifying subtle differences in

:r..-rin structure or activity that might elude human observers' thus aiding in the early

-J:sction and diff'erentiation of conditions like Alzheimer's disease or schizophrenia'

-.,, . a subset of ML that utilizes ANN with multiple layers, has revolutionized neuroimaging

, .:lrsis. cNN. 'in particular. have shown remarkable success in tasks like image

)._r1e.tation. where regions.of interest within brain scans are derineated automatically. This

-.::bi1i6 is invaluable fbr neuroscientists and clinicians seeking to pinpoint areas of

^ .:-rnalitY or track changes over time in conditions such as brain tumours or multiple

-::.,sis.\,loreover.DLtechniquesenabletheextractionofhierarchicalrepresentationsfrom
. : . eLrroimaging data, uncovering intricate patterns that may hold crucial insights into brain

trunction and dYsfunction.

,- :ri.sration of ML and DL into neuroimaging workflows also extends to functional

. 5 \,r-1 Special tssue-O3 (April 202:l) UGC CARE Journals 15
1l



Journil of Nonlineur Anuhsis and optimizution: Theary" &. Applicutions ISSN-1906-9b85

imaging rnodalities like fMRI and electroencepl,alographl' (EEG). These techniques capture

brain activitf in real-time. generating vast amolrnts of data that require sophisticated

analysis. ML algorithms can decode complex neural si-snals. enablin_s tasks such as

predictin-e cosnitive states or characterizing brain connectir itr, netu'orks. DL

architectures!3]. sLrch as Recurrent Neural Networks (RNN) and Graph Ner-rral Networks

(GNN). are u ell-suited fbr modelling temporal dynarnics and captr-rring complex

interactions[1-1] betr,r'een brain regions, adr,ancing our understandin_s of brain networks and

their role in cognition and disease.

Overall. the synergy between neuroimaging and ML/DL techniques holds tremendous

promise fbr advancing our understanding of the brain and improvins clinical outcomes for

neurological and psychiatric disorders. By harnessing the por,ver of artificial intelligence.

researchers and clinicians can Lrnlock new insights into brain structure. function. and

pathology. r,rltimatelv leading to more accurate diagnoses. personalized treatments. and

enhanced patient care.

2. LITERATURE REvIEw
o Karl-Heinz Nenning et al.[] Because it allows us to studv the brain in both health and

disease. neuroimagins is essential to clinical care and research. The morphological

structure. physiological architecture. and corresponding imagin_e f-eatures of the brain

are intricately linked. A person's brain changes in shape. function" and relationships

betr,veen diffbrent parts as they gror,v. ug.. -qet sick. and recover. Neuroimaging is one

of the f'erv fields that fully utilizes modern anal1'sis tools to investigate the brain and

its function from ima-eing data. ML has begun to play a role in the follow,ing areas

recently: (a) tracking chanqes in imaging over time: (b) quickly identifying acute

disorders like stroke: and (c) anatomical measurements. detection. segmentation. and

quantification of lesions and disease patterns. Our know,ledge of the complex

relationships inside the brain and how they aff-ect therapeutic decision-making is

expanding along ri,ith our capacity to visualize and analyse the brain

o Mahsa Dadar et al.[2] In this research. \,ve present a comprehensive overview of ML

methods used to extract clinical classifiers tiom structural MRI data. To help

researchers better apply these methodologies in fr-rture w,orks. we carefully address

practical issues that are frequently seen in the literatr-rre. Fufthermore. in order to

present a thorough picture of the state of the art in several domains. we examine hor,v

these algorithms are used to treat a variety of illnesses and conditions (such as
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\ lzheitner's disease (AD)' Parkinson's disease (PD). autism, multiple sclerosis.
::-:Lruratic brain injury. etc.).

' Dsrliel Ranti et al.[3] Llnderstanding the vast amount of intricate electronic data that
ilospital systems have accutnulated over the years could transform modern medicine.
oLlt it also poses man)' difficulties. DL. is parlicularly well-suited to tackle these
problems. and the f-reld of medical ML is set for revolutionary expansion because to
I'ecent developments in methods and hardware. Because neurologic diseases often
nranif-est with rnild symptolxs. the clinical neurosciences stand to gain most fiom
these developments. Here. we revier,v the various domains where deep learning
algorithms have already sparked change: medical image segmentation for the
quantitative assessment of neuroanatomy and vasculature: connectome mapping for
the diagnosis- of Alzheimer's. autism spectrum disorder. and attention deficit
hrperactivity disorder; mining of microscopic EEG signals and granular genetic
signatures; and medical image analysis for the improved diagnosis of Alzheimer,s
disease and th-e early detection of aclrte neurologic events. we also_acldress the
obstacles to addressing the current problems ancl highlight significant obstacles in the
rncorporation of DL techniques in the therapeutic setting.

' RitLt Gautam et al.[4] This study conducts a comprehensive analysis of DL techniques
tbr prognosticating ei-qht neuropsychiatric and neurological disorders-stroke,
Alzheimer's. Paikinson's. epilepsv. autism. migraine, cerebral palsy, and multiple
sclerosis' These disorders pose significant health risks and can lead to fLr-ther
complications. Utilizing insights from 136 relevant publications. the research explores
the methodologies and framew'orks employecl by various DL algorithms in diagnosing
these conditions. It examines morbidity and mortality rates" analyzes the performance
and publication trends of deep learning methods, and scrutinizes key performance
metrics' The study underscores the need for further investigation into DL models for
diagnosing stroke. cerebral palsy. and rnigraine. while also identifying opportunities
to leverage Deep Boltzmann Machine, Restricted Boltzmann Machine. and Deep
Belief Network for diagnosing neurolo-eical and neuropsychiatric disorders.

' Bin Jiang et al.[5] Numerous DL based clinical applications related to radiology have
been proposed and investigated. These applications include risk assessment.

se-ementation tasks. diagnosis" prognosis. and er en therapeutic response prediction.
' other cutting-edge uses of AI in medical imaging include the removal of image
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artifacts.normalizationandharmonisationofimages.enhancementofimagequality.

redlrction of radiation and contrast dose' and abbreviation of imaging study duration'

Theseapplicatiorrsarespecificallyfocr.rsedonthetechnicalaspectsofmedical

imaging and are par-ticLrlarll' relevant to image acquisition' This paper r'vill discuss this

sr'rbjectandaimtogiveagetreralovervier,vofDLmethodsusedinneuroimaging.

PeterA.Bandettinietal.[6]Neuroscienceresearchhasclrangedasaresr-rltofthe

quickdevelopmentofneuroimagingtechniquesandtheirexpandingaccessibility.The

qualityofthedataweareabletogatherregardingthelocations.dl,namics.

fluctuations.magnitudes,andt.vpesofbrainactivityandstructuralclrangeswill

determinetlreanswerstomanyofthequestionswehaveabouthowthebrainis

structured. Ar1 attempt is made to capture the state-of-the-art in a small portion of the

quicktydevelopingfieldofrreuroimagingintlrisrevier,v.Abriefbackgrotrndisgiven

foreaclrtopicdiscussed.alongwitharroverr,iewofsomeofthemostrecent

advancements and problems. The next section describes a ferv notable articles that

lverepublishedwithinthelastyearortwo.givinganideaofthepathsthateachfield

islreadingin'AmongthetopicsdiscussedarePET.EEG.magnetoencephalography

(ME,G).diffusiontensorimagirrg(DTI).vosel.basedmorphometry(VBM).optical

imaging, and fMRI'

oSoonmeeChaetal.[7]Thefieldofneuroimagingbraintumorshaschangedovertime.

movingfrombeingprimaril,vtbcusedonrnorphologytoalsoincludingfunction.

physiology,andanatomy.Inadditiontosummarizingthemostrecentdevelopmentsin

physiology.basedimagingtechrriquesthatsr-rpportestablishedbraintumorimaging

procedures, this review describes the current imaging standard fbr patients with brain

tumors. A sLlmmarY of various modern imaging techniques' such as

diffusion-weightedMRl.perftrsionMRl.andprotonmagneticresonance

spectroscopic(MRS,Iirnaging.isinclr-rdedalongwithanemphasisontheadvantages

and disadvantages of the current imaging standards' Each imaging technique's

fundamentalphysicalconceptsarebrieflyexplained.followedbyamorethorough

examination of its therapeutic applications and its drarvbacks'

oMananBinth.IajNooretal.[8]overthepastfer,vdecades.neuroimaging-more

specifically.MRI-hasbeenmorecrucialinourtrnderstandingofbrainfunctioning

and illnesses. Innovative ML approaches and high-performance computing tools have

madeitpossibletoidentif,vneurologicalillnessesr,vithpreviouslyunheard.of
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precision thanks to these state-of-the-art MRI scans. However. it is exceedingly

challen-eing to reliabli,' identifl' sr-rch illnesses from the acquired neuroimaging data

due to similarities in disease characteristics. [n order to identify neurological

disorders-with a particular fbcus on Parkinson's disease. schizophrenia. and

Alzheimer's disease-this article critically evaluates and contrasts the capabilities of

the current DL - based techniques using MRI data obtained using various modalities.

such as fiurctional and structural MRI

Grega Repov5 et al.[9] The assumption of linearity in neural processes by classic

statistical methods limits their applicability to the analysis of neuroimaging data, as

this r,vork explores. [t presents DL as a viable strategy to get beyond these restrictions.

outlining its fundamental ideas and typical uses in neuroimaging research. such as

data _collection. segmentation. internal representation interpletation, and outcome

prediction. The study discusses and suggests possible solutions fbr deep learning's

problems r,vith multidimensionality, multimodality. overfitting. and computing

expense. The current application of DL in neuroimaging analysis is assessed, with a

fbcus on the potential beneflts of multimodality. raw data processing" and

sophisticated visualization techniques. Research gaps and avenues for future

investigation are noted" including the use of RDoC" transfer learning, and synthetic

data generation frameworks.

Li Zhang et al.[10] Recently. DL has been applied to the analysis of neuroimages.

includin-e PET. structural MRI. and fMRI. Compared to traditional ML. DL has

significantly improved performance in computer-aided diagnosis of brain disorders.

The uses of DL techniques for the analysis of brain disorders based on neuroimaging

are reviewed in this work. By introducing several kinds of deep neural networks and

recent advancements. we tirst give a thorough overview of DL techniques and widely

used network structures. Next. lve examine DL techniques for computer-assisted

examination of four common brain disorders: schizophrenia, Parkinson's disease.

Alzheimer's disease. and autism spectrum disorder. The latter two disorders are

psychiatric and neurodevelopmental, respectively. and the first two are

neurodegenerative.

.lvoti Islam et al.[ 1] Alzheimer's disease is a degenerative neurological brain ailment

that is incurable. Prompt detection of Alzheimer's disease can aid in appropriate

management and aveft harm to brain tissue. Researchers have used a number of
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statistical and ML models to diagnose Alzheimer's disease. The exacting nature of
Alzheimer's Disease detection stems from the similarities betr,veen standard healthy

older people's MRI data and MRI data associated n'ith Alzheimer's Disease. Modern
DL methods hale recentll'shor,r'n themselves to be as effectire as humans in a variety
f domains. inclLrding the processing of medical imases. \\'e suegest r-rtilizing brain

MRI data anallsis to ciiagnose Alzheimer's disease usins a deep CNN. \\,'e have

perfbrmed extensive tests to sholv that. on the Open Access Series of Lnauing Studies

(OASIS) dataset. ortr suggested model performs better than comparing baselines.

3. RESULTS AND DISCUSSIoNS

ln this paper on neuroimaging r-rsing ML and DL techniques. several ke1. findings and

discussions emerge. Firstl1,. the integration of ML and DL methoclolo-eies into neuroimaging

has significantly advanced the field. enabling rnore accurate dia-enosis, prognosis, and

understanding of neurological disorders. ML algorithms such as support vector machines and

random forests have demonstrated eflicacy in ctassif,ving brain irnages and identifl,ing
biomarkers for conditions ljke Alzheimer's clisease and epileps),. DL techniqLres. par-t-icularly

CNN. have sholl'n remarkable success in tasks like ima-se sesmentation and feature

extraction. providing insights into brain structlrre and lunction. The results highlight the

imporlance of these techniques in handlin-e complex multirariate pattems in neuroimaging

data. Additionally, discttssiorts focus on the challenges faced. including data preprocessing.

model interpretability, and generalization to ne\\, datasets.

Despite these challenges. the surve)' unclerscores the immense potential of ML and DL in
advancing neuroirnagin-e research and clinical applications. Fufther research directions are

proposed, emphasizing the need for standardization. robust validation methods. and

interdisciplinary collaborations to maximize the impact of ML ancl DL in neuroimaging.

Overall' the survey provides a comprehensive overview, of the current state, challenges. and

future prospects of neuroimaging using ML ancl DL techniques. offering valuable insights tbr
researchers and practitioners in the field.

4. CONCLUSION

In summary, the integration of ML and DL techniques into neuroimaging has revolutionized
our understanding and diagnosis of neurological disorders. ML algorithms. such as SVM and

random forests, excel in classifyin,e brain ima-ees for early detection and differentiation of
conditions like Alzheimer's disease and epilepsy. r.r,hile DL methods. notably CNN. offer
unparalleled accuracy in tasks like image segmentation. enabling precise delineation of brain
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re-qions' Despite challen-ees like clata mLllticrimensionarity and overfrrting. innovativesolutions Iike transfer learning ancl s1'nthetic data generation hord promise. Standardizednlethodologies for architecture and hyperparameter serection are cruciar moving fori,vard.\\'ith these advancements' neuroimaging promises to unveir ne,uv insights into brain function

|].]J::|]|]ilrl'u''nt 
to enhanced diagnostics' personarized treatmenrs. and improved
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