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Alzheimer’s disease (AD), the most common
neurodegenerative disorder, affects millions of people worldwide annually. The scientific community
has been using neuroimaging data extensively for
understanding its cause, progression, and therapeutic development. AD-specific open-source databases
are primarily imaging-based and lack neurochemical, genetic, and epigenetic information. To identify
early diagnostic biomarkers of AD, it is crucial to
use holistic approaches that assess neurochemical
as well as structural alterations of the brain. Neuroimaging is a powerful technique to study structural,
functional, and pharmacological impact of the nervous system. In 1971, computed tomography (CT)
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was clinically introduced to examine the internal
structure of the brain. Later, in the early 1980s,
magnetic resonance imaging (MRI) was developed
for investigating noninvasively various anatomical
characteristics of the human brain. Subsequently, in
the 1990s, functional MRI (fMRI) came to be a
dominant brain mapping technique for measuring
brain activity associated with changes in the blood
flow [1]. Various MRI techniques, such as diffusionweighted MRI, quantitative susceptibility mapping
(QSM), multinuclear MR spectroscopy (MRS), and
arterial spin-labeled MRI, are also generating complementary functional, neurochemical, and metabolic
information. Positron emission tomography (PET) is
another modality that holds a unique potential in characterizing cerebral metabolism and neurotransmitter
action through nuclear imaging technology. Moreover, the advent of various brain computer interfaces
and other modalities, such as electroencephalography (EEG), magnetoencephalography (MEG), and
functional near infrared spectroscopy, has substantially accelerated neuroscience research globally

ISSN 1387-2877/$35.00 © 2022 – IOS Press. All rights reserved.

2

P.K. Mandal and G. Perry / SWADESH: A Comprehensive Platform for Multimodal Data and Analytics

Fig. 1. Framework for SWADESH: a comprehensive platform for multimodal neuroimaging data, quality control, and data analytics. The
major components are: (a) data acquisition, (b) big data management and analytics framework, and (c) visualization and applications.

[2]. These imaging modalities provide critical features for the understanding of the early disease
process.
Neuroimaging-based AD research is primarily
conducted including healthy old, mild cognitive
impaired, and AD-affected individuals, but is not
often compared with other disorders, such as
schizophrenia, bipolar disorder, and epilepsy. To
conduct an in-depth analysis using data-driven methods, the range of data, including that obtained from
patients with neurodegenerative, neuropsychiatric,
and neurodevelopmental disorders and healthy controls, should be expanded. It will give substantial
insights into AD-specific biomarkers. Having enough
multimodal neuroimaging data from AD cases and
other conditions (Fig. 1) will allow researchers to
strengthen existing hypotheses and differentiate neuropsychiatric and neurodevelopmental diseases. In
this editorial, we introduce project SWADESH, a
novel brain research initiative that covers a comprehensive database and data analytics platforms.
Project SWADESH aims to build India’s brain initiative focusing on neuroimaging, neurochemical,
neuropsychological data, and analytics for AD and
various brain disorders. This project is unique as
it contains certified data where researchers can
access neuroimaging data and comparative analyses of various disorders. This approach is elaborated
sequentially.
The first AD-specific database was reported by
the National Alzheimer’s Coordinating Center, which
included MRI, genetic, and behavioral data of AD-

affected and healthy old individuals [3]. Due to an
increase in the number of experiments, heterogeneous datasets were filled in, which necessitated
standardization and distribution. This led to the
development of the Image and Data Archive (IDA)
initiative by the US Laboratory for Neuroimaging (LONI) [4]. This IDA–LONI platform houses
hundreds of disease-related datasets and continues
to add new datasets with user-friendly functionalities. Alzheimer’s Disease Neuroimaging Initiative
(ADNI) [5] and Human Connectome [6] are also
linked with IDA–LONI. Subsequently, the Longitudinal Online Research Imaging System (LORIS)
[7] was developed by McGill University that hosts
behavioral, clinical, neuroimaging, and genetic data.
It is a web-based platform that provides a framework
for storing and processing data. The accessibility
of worldwide datasets is expanding, and databases
are getting enriched in terms of the quantity, quality, and usage of neuroimaging modalities. The
Mind Research Institute, USA, developed Collaborative Informatics and Neuroimaging Suite comprising
nearly 300 studies with 19,000 MRI, MEG, and
EEG assessments [8]. Recently, the latest version of Open Access Series of Imaging Study
(OASIS)-3 [9] included longitudinal neuroimaging
technique based on MRI and PET as well as clinical and cognitive assessments of normal aging and
AD. Another project ANSH developed at National
Brain Research Centre (NBRC), India, included glutathione, gamma aminobutyric acid levels, and other
neurochemicals using MRS for the first time along
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with MRI-based structural information for healthy
old, mild cognitive impaired, and AD-affected
individuals [10].
A huge number of databases are available for
specific neuropsychiatric and neurodevelopmental
disorders; e.g., SchizConnect [11] is an open database
containing structural, diffusion, and fMRI-based data
of patients with schizophrenia and bipolar disorders
along with healthy controls. The Bipolar Disorder
Neuroimaging Database [12] contains meta-analyses
of studies utilizing MRI and CT to study brain structure in patients with bipolar disorders in comparison
to a control group. The Autism Brain Imaging Data
Exchange [13] is a large collection of multisite,
multimodal, and resting state data collected from participants with autism spectrum disorder and healthy
children. IEEG portal [14] contains a repository for
high-quality intracranial EEG data from patients with
epilepsy. This cloud-based platform enables data
sharing and offers neural data analysis to users. Similarly, several databases are available for Parkinson’s
disease (PD), namely Parkinson Progression Marker
Initiative [15] and Quebec Parkinson Network [16],
that contain multimodal neuroimaging data. The list
of databases for various diseases is huge and expanding. These heterogeneous neuroimaging datasets can
be managed individually, but as a group, they are
too complex to be processed by a single processing
system. Open-sharing platforms allow easy accessibility of various multimodal data. However, data
organization and analysis are crucial for analyzing a
particular disease because of heterogeneities at various levels from different datasets. These concerns
require intelligent organization and analysis of neuroimaging big data for healthy and diseased states
and the prevention of redundant data collection. This
calls for an association for standardization, sharing,
management, and analysis of multimodal neuroimaging big data for conclusive understanding of various
brain disorders.
The majority of large-scale accessible neuroimaging platforms are MRI-based, e.g., OpenNeuro [17]
has established an open archive of neuroimaging data
consisting of nearly 500 human datasets with majority MRI-based data obtained from various healthy
and diseased brains. It also includes data from other
modalities, such as EEG, MEG, and PET. On the other
hand, the Neuro-Imaging Tools and Resource Collaboratory [18] hosts various neuroimaging software
repositories, toolboxes, and raw data under one roof.
The resources of this platform have expanded over
time to cover various domains, including MR, PET,
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CT, optical imaging, MEG, EEG, genetic imaging,
clinical neuroinformatics, and computational neuroscience. It hosts thousands of public datasets of
normal and diseased subjects, including those for
dementia, attention deficit hyperactivity disorder, PD,
schizophrenia, and autism. Various country-specific
brain projects, huge-scale data collection initiatives,
and international alliances have been working for
sharing neuroimaging data to understand the complexities of the brain. The US Brain Research through
Advancing Innovative Neurotechnologies (BRAIN)
initiative was launched in 2013 with the aim of developing new tools for discoveries related to neural
circuit functioning in health and disease [19]. In the
same year, the European Union launched the Human
Brain Project for focusing on building large-scale
computational models and neuroinformatic standards
for neuroscience databases. Subsequently, in 2014,
Japan initiated the brain mapping by integrated
neuro-technologies for disease-specific studies. This
initiative focuses on genetic of primate models for
understanding brain mechanisms and modeling brain
disorders. The Brain Canada project has a vision of
collaborative research for understanding the brain in
health and diseases. Similarly, national projects were
launched by Australia, Korea, Israel, and China with
different emphases [19].
The Indian subcontinent, which is a home to
>1.4 billion people with vast human diversity, has
a population-specific brain morphology. It was found
that there were variations in the size, volume, and
location of certain brain regions in several Indian
population groups compared to those observed in
populations of other countries. An Indian brain
template BRAHMA was developed at NBRC [20].
Therefore, morphological features specific to a population are important when dealing with structural
MRI datasets. ANSH database provides a dynamic
comprehensive database system for managing heterogeneous neuroimaging datasets made for the Indian
population, particularly MRI, multinuclear MRS, and
neuropsychological test scores for healthy senior
citizens and MCI and AD categories [10]. This simple dynamic distributed platform is supported by
JAVA-based workflow environment and Python. It
also provides quality control, data analysis reports,
and backups of data, supported by using a dedicated storage system. Its development will facilitate
the integration of multi-site data and collaborative
research around the globe [10].
The subsequent project launched by NBRC was
BHARAT, an integrated big-data analytic model
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for early diagnostic biomarkers of AD [21]. The
design included a Hadoop-based big-data framework integrating MRI, MRS, and neuropsychological
test scores. Efforts have been made to expand these
projects and include rich multimodal neuroimaging
datasets for healthy and diseased cases.
Project SWADESH proposed a big-data architecture for managing five modules as follows: (a)
neurodegenerative (AD, PD, etc.), (b) neuropsychiatric (schizophrenia, bipolar disorder, etc.), (c)
neurodevelopmental (autism, epilepsy, etc.), (d) other
disorders, and (e) healthy subjects (Fig. 1). In the
initial phase, project SWADESH aims to integrate
neuroimaging data generated through MRI, MRS,
QSM, fMRI, and neuropsychological assessment at
NBRC and its collaborating institutes. The project
focuses on integrating a quality-control system using
GANGOTRI pipeline for the raw data of each modality prior to placing the data into the integrated system.
To the best of our knowledge, this is the first largescale multimodal neuroimaging database initiative
designed specifically for the Indian population with
big-data architecture and data analytics for various disease categories under one platform. This is
a sincere attempt towards building and enriching a
multidimensional neuroimaging platform for identification of the causal molecular processes of various
brain disorders. Identification of the molecular cause
is urgently required for AD and other disorders that
will lead to effective clinical trials for therapeutic
development [22]. SWADESH project is designed in
this focused approach to identify specific characteristic features directly linked to the disease. Artificial
intelligence and machine learning algorithms [23] are
the backbone to SWADESH project.
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