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Alzheimer’s disease has posed the greatest threat among all the different types of neurodegenerative problems as it
has assaulted humankind at quick pace than the others. Its manual revelation has become clinically insignificant
because of the in expertise, high rate of false positives (FP) and false-negatives (FN). To reduce the false positive/
false negative rate, this paper frames a quick, affordable, and objective judgement of AD with a novel data mining
method coalescing a global Maximum Relevance and Minimum Redundancy (MRMR) based filter heuristic with
a globally optimised wrapper heuristic GANNIGMA with the intention of minimalising the consequence of an
imbalanced healthcare dataset. The optimal feature subset yielding the best performance are utilised for model
training of Decision Tree, k-NN, and SVM algorithms. The trial results on benchmark ADNI dataset using the
proposed model displayed the Decision Tree attains TP rate of 0.778, and AUC of 0.798, k-NN acquires 0.764 TP
Rate and 0.784 AUC, and SVM attains 0.997 TP Rate, and 0.996 as AUC. The results are far healthier than the
separate results of these algorithms attained on the same dataset with fewer optimal feature subsets.

Keywords: Alzheimer’s disease, Attribute Subset Selection, Automated diagnosis,Parkinson’s dis-
ease, Quantile hyper-spheres, Smart healthcare system..

1. INTRODUCTION

Alzheimer’s disease is the greatest public dementia among neurological disorders. Roughly 50 mil-
lion individuals are experiencing dementia where AD represents 70-80% of the cases. Throughout
the globe, 75.6 million people will be experiencing AD by 2030, and 131.5 million by 2050 . It
has already exaggerated 26.6 million people globally in 2006, 44.4 million in 2013, and has been
anticipated to influence 1 out of 85 individuals by 2050Adeli et al. [2008a]. The pace of common-
ness of AD worldwide is disturbing, and in each 3s, an individual falls prey to it. Promotion is
additionally a huge factor in dismalness, as AD is positioned among the sixth powerful causes
for deaths in the United States, and the fifth lashing means for deaths among those age 65 and
more. The number of passings identified with coronary illness, stroke and prostate disease has
diminished in between 2000 and 2015 anyway passings from AD expanded 123% Gaudiuso et al.
[2020a]. The level of individuals with AD increments with age: 3% people of age 65-74, 17%
people of age 75-84 and 32% people of age 85. The brain changes that arose from Alzheimer’s
may start 20 years or more before any indications Gaudiuso et al. [2020b].A large portion of
the dementia cases (roughly 70%) will happen in low- and middle-income nations due to the ex-
panded life expectancy around the world, as portrayed in Figure 1. Also, the financial burden of
dementia presents an extraordinary cost for society. The worldwide yearly expense for dementia
care was assessed at US$604 billion in 2010, which is double the Exxon Mobil income for the very
year, and it is anticipated to amplify by 85% by reaching to 2 trillion dollars till 2030 Head et al.
[2012a].The $818 billion costs for battling the disease has been anticipated only in 2015 Head
et al. [2012b; Sado et al. [2018]. It may take 3 to 9 years for the AD to advanceAssociation et al.
[2018]. The present-day manual means of AD detection generates accuracy values in between
85 to 95%, and depends on experienced clinicians, careful and comprehensive testing meetings,
just as expensive and scant neuroimaging devices and intrusive techniquesShaikh and Ali [2019] .
Tragically, clear AD finding is just affirmed through posthumous assessment of cerebrum tissue.
These requirements limit the execution of early AD analysis in low-pay nations, distant and rural
regions, just as in metropolitan zones where waiting occasions for non-crisis MRIs can be in the
request for months. Mild cognitive impairment (MCI) is one of the promising phases of the AD,
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which is especially perceived as its preclinical phase that may fill in as an objective speciality for
early interventional techniques. Exploration contemplates showing that an estimation of 8-15%
of MCI patients advances into AD stage yearly, while around 1-2% of people who were recently
considered as healthy, obtained AD inside the same time period Amezquita-Sanchez et al. [2016].
Additionally, the hippocampus, a grey matter (GM) structure of the temporal lobe, is influenced
during the beginning phases of AD. Thus, by analysing the hippocampus volume utilising mag-
netic resonance imaging (MRI), the illness level can be identified. It is very hard and tedious
to estimate the hippocampus volume manually and programmed segmentation; thus, it becomes
the ideal choice to sidestep these limitations and get the AD biomarkersKoh et al. [2020]. Figure
1 below gives the incidence rate of AD cases throughout the globe by 2030 Cassani et al. [2017].
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The recent novel devices and biomarker tests have made it conceivable to analyse AD utilis-
ing progressed diagnostics. There exists a wide range of invasive and non-invasive neuroimag-
ing advancements which are utilised for AD determinations, for example, Magnetic Resonance
Imaging (MRI), functional MRI (fMRI), Positron Emission Tomography (PET), Computerized
Tomography (CT), Electroencephalography (EEG), Magnetoencephalography (MEG) and Cere-
brospinal fluid (CSF) biomarkers. A computer-aided diagnosis (CAD) system is the archetype
from these neuroimaging data that help doctors and clinicians to improve medical services frame-
works for ADAdeli et al. [2008b; Pich et al. [2014; Ossenkoppele et al. [2015] . MRI ends up being
the highest quality level neuro-imaging methodology to assess the brain anatomic auxiliary and
pathophysiological dimensions because of its delicate tissue natureNiazi et al. [2018; Suk et al.
[2014].

1.1 Related Review

The computerised diagnosis of AD has engrossed prodigious devotion in recent years because
of the effective neuroimaging innovations like structural magnetic resonance imaging (s-MRI)
Papakostas et al. [2015; Aguilar et al. [2013; Westman et al. [2012], functional MRI (fMRI) Fan
et al. [2008], and diffusion tensor imaging (DTT)Grana et al. [2011], along with positron emission
tomography (PET), and single-photon emission computed tomography (SPECT) Hanyu et al.
[2010]. The research has witnessed a huge trend in the automated AD diagnosis employing
pattern recognition and Al strategies Huang and Aviyente [2008; Magnin et al. [2009; Kuncheva
et al. [2010]. Different machine learning methods and algorithms have been executed for AD
analysis by means of the influence of numerous numbers of classifiers together rather than one
and thus making an ensemble of classifiersHinrichs et al. [2011; Liu et al. [2012; Seeley et al.
[2014]. A fundamental challenge that remains unsolved in the neuroimaging field is the small
sample feature size problem Maitra and Chatterjee [2006; Gonzlez-Castro et al. [2017; Ding and
Peng [2005a). The deep learning is the trending topic in the present area and has been widely used
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in computerised AD detectionZhao and He [2014; McCrackin [2018; Jain et al. [2019]. Various
different kinds of neuroimaging datasets like MRI, PET, SPECT Ghorbanian et al. [2012; Segovia
et al. [2013], EEG Young et al. [2012; Fiscon et al. [2014; Ghorbanian et al. [2015], and multi-
modal neuroimaging datasets Walhovd et al. [2010; Apostolova et al. [2010; Hinrichs et al. [2009]
have been employed for computerised AD/MCI identification.

1.2 Organisation

The rest of the paper is organised out as: Section 2 discusses expansively the standard benchmark
datasets that are contributing directly to accessing the performance of the proposed work. The
section discusses the pre-processing techniques used for MRI image analysis and the performance
indices used for evaluating the model. The proposed approach is thoroughly discussed in Section
3. The proposal is discussed in the form of flowcharts, equations, and the implementation of
the scheme is also explained in the same section. The empirical and investigational results are
discussed, interpreted, and tabulated in Section 4. At last, the conclusions drawn from the
presented study are made in section 5.

2. MATERIALS AND METHODS

Both datasets, benchmark and local, employed in this work are the theme of explanation in this
section. Starting pre-handling strategies with legitimate feature vector abstraction from input
raw MRI brain images with a kind of the Al classifiers are likewise essential for this space.

2.1 Datasets

Alzheimer’s disease Neuroimaging Initiative (ADNI) database is employed as a benchmark dataset
in this work “www.adni.loni.usc.edu”. It was launched in 2004 with the target of monitoring the
progression of MCI and AD engaging several neuroimaging modalities like MRI, PET, other
biological indicators, medical and neuropsychological inspections. As specified in Table I, the
data of 303 contributors composing 158 as AD and 145 as HC is explored using high-resolution
T1-weighted s-MRI, and the same is embodied as a mean +standard deviation. While as gender
presents p-value from a x? test, for other sample characteristic, p-values are presented on right
columns for two-sample t-tests. The second local dataset analysed in this study is conquered from
2 known medical imaging centres of Srinagar, India, specifically Medicare Diagnostic Center and
DM diagnostic clinic over the last two years Banday and Mir [2017].

Table I: ADNI Dataset Used in this Study

Characteristics AD HC p-Value

Sample Size 158 145

Gender (Male/Female) | 86/72 71/74 0.342

Age (Years) 75.21 £ 7.47 | 75.76 £ 4.42 | 0.432

CDR 4.68+1.740 .04+ 0.14 less than0.000001
MMSE 23.30+2.05 29.144+ 0.94 less than0.000001

Every image instance here consists of data taken from three sections, i.e., axial, coronal and
sagittal. Depending upon the parameter assortment of axial resolution and slice thickness, the
number of images differs across three segments.

2.2 MRI Data Pre-Processing

The eradication of unnecessary noise and artefacts from the raw data creates a healthier dataset
with improved results using the pre-processing data approaches. To assure that each image voxel
resembled with the identical functional location, all MRI data were initially spatially normalised
by Statistical Parametric Mapping (SPM12), and Brain Voyager software Carballido-Gamio et al.
[2017]. Nonbrain tissues for example neck and skull are removed from the image’ scans using FSL-
BET toolbox Smith [2002], which accomplishes brain withdrawal by approximating the intensity
histogram-founded threshold, the centre of the gravity, and radius of the sphere of the brain’s
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surface. Then, FSL-MCFLIRT toolbox performs motion correctionJenkinson et al. [2002]. Also,
FEAT Woolrich et al. [2001] module of FSL library, is used for Slice timing correction. Intensity
normalisation is performed on data for guaranteeing that respective volume has an identical mean
intensity. Also, Spatial smoothing is performed for plummeting the noise levels while conserving
the original data. For registering images in MNI152 space, a linear conversion with 12 DOF
(such as translation, scaling, shear, and rotation) is performed. The raw data is managed and
transformed into 2D images by employing the aforesaid pre-processing approaches. Along these
lines, we have made a dataset that was utilised for preparing the models.

2.3 Quality Assessment

The given investigation engages the associated quality evaluation approaches for demonstrating
the competence of the proposed CAD framework. Accuracy: It is the proportion of accurate
expectations divided by the total number of estimates. It is characterised as the potential of the
model to hand-picked all instances that necessitate to be nominated and dispose of all instances
that require to be disposed of Piramuthu [2004].

TP+TN (1)
TP+ FP+TN+FN
Sensitivity: It is essentially the accuracy of positive cases; i.e. how decent a test is in noticing

positive disease. It is the competence of a prototypical to select all the cases that are vital to be
selected.

Accuracy =

TP
BTN (2)
TP+ FN
False Positive Rate: It is the proportion of the number of negative instances mistakenly considered
as positive (false positives) and the total number of real negative instances.

FP FP

FalsePositiveRate = — = ————— 3

alsePositiveRate = —& = 5 (3)

Precision: It is the percentage of true positive and the instances that are wrongly classified as
positive, i.e. false positive.

Sensitivity = Recall = HitRate = TruePositive Rate =

TP
Precision = ———— 4
recision = &m s (4)
F-measure: Articulated basically by the measurements of precision and recall this measurement
is utilised regularly in factual investigation and can be figured as the extent of the fluctuation

among gatherings and the difference among gatherings.

Fl_9s Precision * Recall (5)

Precision + Recall

Area under receiver operating characteristics (AUROC): In a ROC curve, the of true positives
(TP rate) is plotted against the false positives (FP rate). The estimations of the FP rate (1 —
specificity or TN rate) is plotted on the horizontal axis and the TP rate estimations (sensitivity
or recall) on the vertical axis.

3. PROPOSED METHODOLOGY

This section deals with the novel proposal and the prime motivation behind it.

3.1 Hybrid Feature Selection Using GANNIGMA

Here, the approach matures a hybrid feature selection to produce the indicative decision that is
grounded on a globally optimised Artificial Neural Network Input Gain Measurement Approxi-
mation (GANNIGMA). The proposed GANNIGMA method unveils the most significant features,

International Journal of Next-Generation Computing - Special Issue, Vol. 12, No. 2, April 2021.



244 . Tawseef Ayoub Shaikh et al.

T
R i
Compute Filter
2 mgc Compute
= 23 ore Combined Accuracy
Dataset E 7 ombin Improved?
EE Computer jcnre &_
= Global . ceuracy
~— ANNIGMA
Feature Subset <
¥
' ! } 4
Training sct-1 Training set-2 Training sct-M
Y L J Y
Classifier-1 Classifier-2 Classifier-M
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which are then employed for various model training for improving the classification performances.
The feature selection methodology is outlined in 2.

1 1
MRMRszI(Fp;C)—W Z I(Fy; Fy) (6)
fp=s P,q=s

3.1.1 GANNIGMA Hybrid Feature Selection using Global Optimisation and Artificial Neural
Network (ANN). The inherent associations between the standalone analysis feature and AD class
can be revealed by the Filter approach; however, the approach doesn’t practice any presentation
assessment standards grounded on accuracies. No doubt, the filter strategy is the cheapest, but it
has the limitation in not choosing the significant AD features in terms of presentation. Wrapper
approach might be computationally expensive but subset features picked from it can be guaran-
teed to be optimal as it employs accuracy founded performance evaluation during training. The
proposed hybrid method receives compensations of the balancing possessions of both the meth-
ods and assimilates the acquaintance about the inherent association amid a specific feature with
conforming class projected by the filter in the wrapper search process. So, mutual information
(MI) grounded Maximum Relevance Minimum Redundancy (MRMR) strategy is imparted to
the covering heuristic in our proposed AD highlight choice methodology for crossbreeding filter
and wrapper approaches Hsu et al. [2002a]. An ANN is taken as a wrapper, and wrapper heuris-
tic is computed employing Artificial Neural Network Input Gain Measurement Approximation
(ANNIGMA). Figure 2 diagrammatically depicts the hybridisation of the wrapper and filter ap-
proaches. Also, a speed up search process is projected by including the ranking score from filter
feature with the wrapper method. Then an optimal feature subset is explored by an induction
algorithm in the wrapper training process. The maximum relevance (MR) [Huda et al., 2010]
algorithm subsidised to severance while choosing the attributes that are extremely pertinent to
class but enormously connected. Therefore, a Minimum Redundancy (MR) redundancy function
is introduced into the MR algorithm as in Eq. (6). where I(F,, F,) is the mutual information

between the features F), and F
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3.1.2  Global ANNIGMA (GANNIGMA) Score Calculation. The wrapper training of ANN in
which the input, hidden and output layer are signified as i, j, k, is used for the (ANNIGMA)
value calculation Hsu et al. [2002b]. The logistic activation function is represented as “Q” as
below:

1
—_— 7
1+ emp(—z)) Q

The system yield is given by Eq. (8) after incorporating a linear function for first and second
layer. Here is the input feature

Q) = (

Or = Y Q" F; « Wij) « Wik (8)
j i
The local gain for input feature is as:
00y
L ; =

Gik 5T, (9)

The local gain is changed as in Eq. (10):
LGik = (wij x W;k) (10)

becomes the local gain (LG) for feature- normalised based on a unity scale as (11) which is the
ANNIGMA

LGk
mazimum(i) LGk

ANNIGMA(F;) = (11)
For an imbalanced dataset, the typical backpropagation training ANN technique delivers locally
optimised parameter, which could have a negative impact on the performance. Therefore, a global
optimisation method has been approved with the typical backpropagation training approach. An
Algorithm for Global Optimisation Problem (AGOP) is plasticised for the optimal approximation
of ANN limits in the training of ANN Hsu et al. [2002b; Huda et al. [2010]. N-fold cross-
validation is adopted during the training of optimal wrapper heuristic for a Global ANNIGMA
(GANNIGMA) scores. The GANNIGMA value over cross-validation can be found as Eq. (12):

1
GANNIGMA(F,)average = (—)GANNIGMA(Fp)1 + ..... + GANNIGMA(F,)n (12)
n
The MRMR score is derived from the most extreme significance score of a candidate AD highlight
in candidate subset and repetition score between the candidate highlights from the remainder of
the subset which has been uncovered in Eq. (13):

FLErfI'jlﬁ)Ingl (ﬁ Z I(F’ C) B % Z I(F’F‘l)) (13)

Jes FeF_,
At that point, an incremental search method technique is utilised for the figuring of the MRMR
score for competitor AD highlight as the combination of the candidate highlights in the subset and

rest of the highlights can be tremendous Ding and Peng [2005b]. Grounded on the corresponding
weighted score as accessible in Eq. (14), the features are then ordered.

RankFeature(F,)inMRMR
- ) (14)
||

The final stage computes a collective value for the MRMR-GANNIGMA hybrid method as in

Eq. (15):

CombinedScore(MRMRGANNIGMA, F,,) = Weighted M RM RScore(Fp)+GANNIGM A(Fp) average

(15)
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4. RESULTS AND DISCUSSIONS

To assess the viability of our strategy, we do a few examinations utilising the pointers referenced
previously. ADNI dataset utilised in this paper contains a total of 303 contributors with 158
(52.14 %) as AD and 145 (47.86%) as HC. The investigations are performed out in MATLAB
R2019b, and on a computer system fortified with Intel Core i5-4590 with 3.30GHz, RAM of
8GB and 64-Bit Operating System. In the given study, an experimental examination is per-
formed on the benchmark ADNI dataset using a two-stage experimental design. The first stage
extracts the healthiest attribute subset among the immense subset space using the proposed
GANNIGMA approach. The best combination of feature subset is employed for training various
machine learning models. Following the attribute determination, classification of the test mod-
els is performed utilising Decision Trees, k-NN, and SVM calculations. The presentation of the
model is likewise analysed and arranged. The given study diminishes the number of parameters
and feature subsets rendering to their precision values. The proposed GANNIGMA guarantee to
accomplish overpriced cataloguing performance and investigate the ideal blend of seven informa-
tive feature subsets from the gigantic feature subset space that can suggest imperative evidence
to the clinicians for AD diagnosis. Originally, 34 subsets of attributes are accomplished by the
GANNIGMA founded algorithm with the conveyance on the ADNI benchmark dataset. The
decision of a couple of property subsets is alluring for the extra investigation as the number of
reducts is excessively high. The calculation of the association of respective attribute subset with
the decision (AD and HC) is completed using a “combination filtering” policy, i.e., choose the
subsets which incorporate both the most noteworthy and least important features with the chosen
component. The outcome exhibits the uppermost value is achieved by the attribute x9 (cortical
thickness) and lowest value to attribute x17 (surface area), and thus, encouraging the toughest
bending of the feature x9 with the class grouping, and x17 as the weakest one. For some indicator
projects, feature significance (even solid importance) doesn’t induce that an element must be in
an ideal element subset, at times, a pitifully applicable element may likewise propel the forecast
exactness. Hence, we embrace a “combination filtering” strategy to deal the ideal element subset,
that is, we pick the subsets of traits which include both x9 with the most grounded importance
and x17 with the most fragile significance as the ideal subset. As indicated by this technique,
27 characteristic subsets are disregarded, and all things being equal, the leftover 7 subsets are
allotted to be the SVM Classifier contributions, as portrayed in II

Table II: The Seven Residual Attribute Sets

Attributg Attribute sets Classification Classification
set accuracy on | accuracy on
number Benchmark Local MRI
ADNI dataset dataset
1 hippocampal atrophy, cortical thickness, surface area, grey | 96.51 96.42
matter volume
2 grey matter volume, White matter (WM), cortical thickness, | 96.87 95.98
surface area
3 grey matter volume, curvature, White matter (WM), cortical | 97.12 96.34
thickness, surface area
4 curvature, cortical thickness, hippocampal atrophy, Cerebral | 97.35 95.23
spinal fluid , surface area
5 hippocampal atrophy, cortical thickness, surface area, grey | 98.23 96.87
matter volume Cerebral spinal fluid , White matter (WM),
curvature
6 Cerebral spinal fluid (CSF), White matter (WM), curvature, | 97.79 94.24
surface area, cortical thickness
7 White matter (WM), curvature, surface area, cortical thick- | 96.21 94.23
ness, hippocampal atrophy

The 7 abridged feature subsets conquered in the initial phase by the GANNIGMA based fea-
ture selection strategy is cross-validated using 10 folds to ensure the equal class spreading in the
subset. Specifically, the subject dataset was arbitrarily partitioned into 10 sections, in which nine
parts in each iteration is employed for training and the residual one part is used for as the testing
set. Prior to developing the classifier, scaling of the data sets performed on each and every data
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instance. The test collections are anticipated utilising the indicator model gained from the train-
ing of above advances appropriately. Each random training-test segment here is probably desired
to gain dissimilar pair of best parameters as the subset fragmented randomly, and moulded by
the 10- fold cross-validation. Along these lines, to mark the considerable examinations, the pre-
determined effort demeanours 1000 independent goes of the trials for each training-test segment,
and the most noteworthy arrangement exactnesses are reckoned. In the fourth phase, optimal
parameters train the predictor model as the output. The model trained with the ideal boundaries
is yielded as the output in the fourth stage, which is used to envision the events in each testing
set (both benchmark and local MRI datasets). The trained SVM model becomes ideal for fitting
the actual data set classification. The SVM classifier visits the datasets and information high-
lights and requests them presenting to the commonality subsequent to its learning. The SVM is
prepared with these confined improved highlights and gathers a more advantageous arrangement
with limited computational expense and time. Table 2 shows the characterisation exactnesses on
the testing information for the 7 quality subsets. Subset 5 accomplishes the maximum catalogu-
ing accuracy among the 7 subsets in all the fold divisors, with 98.23% on the Benchmark ADNI
dataset, and 96.87% on the local MRI dataset. The second-highest performance on the Bench-
mark ADNI dataset is acquired by the attribute subset number six with an accuracy of 97.79%,
followed by attribute subset number four with the accuracy of 97.35%, followed by attribute
subset number three with an accuracy of 97.12%, followed by attribute subset number two with
an accuracy of 96.87%, followed by attribute subset number one with an accuracy of 96.51%,
and finally the attribute subset number seven with an accuracy of 96.21%. In the case of local
MRI dataset, attribute subset five once more surpassed the list by conquering an accuracy value
of 96.87%, as depicted in Table 2. The outcomes are, without a doubt connoting the lessening
in the error rates that arise from the misclassification issues immediately with the ideal choice
of the training highlights. The SVM is proper to work on the genuine informational collection
after learning about these 7 subsets of highlights. The SVM will give up on the previous infor-
mation determined while preparing with the goal of ordering the new informational indexes and
information highlights. At long last, the SVM offers improved order with limited computational
expense and time after prepared with these obliged enlarged highlights. The subset number five
is thus, selected for further analysis using various supplementary data mining algorithms besides
SVM. The Decision Tree, k-NN, and SVM algorithms with various performance measures are
tabulated in Table 3 and Figure 3. The SVM got the highest individual TP Rate of 0.992, lowest
FP Rate of 0.028, Precision of 0.984, F-Measure of 0.991, and finally AUROC of 0.991. The
Decision Tree individually got a TP rate of 0.754, and k-NN individually achieved a TP Rate of
0.689, which is the lowest among the group. All the three algorithms of Decision Tree, k-NN, and
SVM are combined with the ANNIGMA scheme, and the new paradigm is evaluated again on
the benchmark ADNI dataset. The TP Rate of Decision Tree and SVM algorithms got a slight
decrease here from 0.754 to 0.749 in case of Decision Tree, from 0.992 to 0.971 in case of SVM.
Only in the k-NN case, there occurred a lift in the TP Rate from 0.689 to 0.708. Similarly, all the
three algorithms are merged with the proposed GANNIGMA scheme and once more evaluated
on the ADNI benchmark dataset. In this case, the investigational results witnessed a hike in the
TP Rate of all the three algorithms. The highest TP Rate in this combination is offered by the
GANNIGMA+ SVM with a value of 0.997, followed by the TP Rate of GANNIGMA+ Decision
Tree with the value of 0.778, and lastly the GANNIGMA+ k-NN with the TP Rate of 0.764

Table III: Assessment of cataloguing performance measures for various groupings of feature selection and cata-
loguing methods

Techniques TP rate | FP rate | Precision | F Measure | AUROC
All feature Decision Tree 0.754 0.348 0.742 0.751 0.779
All feature k-NN 0.689 0.332 0.667 0.686 0.722
All feature SVM 0.992 0.028 0.984 0.991 0.991
ANNIGMA +Decision Tree 0.749 0.359 0.736 0.794 0.711
ANNIGMA+k-NN 0.708 0.321 0.712 0.704 0.753
ANNIGMA+SVM 0.971 0.034 0.975 0.971 0.984
GANNIGMA+Decision Tree 0.778 0.303 0.783 0.775 0.798
GANNIGMA+k-NN 0.764 0.308 0.732 0.744 0.784
GANNIGMA+SVM 0.997 0.004 0.991 0.994 0.996

The AUROC of the Decision Tree model got a minute reduction from 0.779 to 0.711 while
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executing using ANNIGMA+ Decision Tree. But when AUROC got upliftment to a value of
0.798 using it in combination with GANNIGMA+ Decision Tree. The scenario reflected almost
the same trend in case of SVM, where the AUROC values 0.991 is acquired using all features, and
0.984 while combining it with ANNIGMA+SVM. The AUROC value again here got amplified
to 0.996 in case of GANNIGMA+SVM. Similarly, the k-NN algorithm achieved an AUROC
of 0.722 while using all feature set, which got little diminished to 0.753 in combining it with
ANNIGMA+ k-NN, but with GANNIGMA+ k-NN the AUROC value again upsurge to 0.784.
The GANNIGMA heuristic in almost all the cases executed in the study performed well.
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Performance evaluation of the proposal with standalone machine learning models using TP Rate, Precision, and
AUROC parameters

The current findings exhibited that the ideal feature subset amalgam effectively coordinated
different model properties, further improving classification execution. During the classification
process, the mutual information (MI) investigation technique was performed to assess the com-
mitments of chosen features. The mutual information (MI) weight got with different consolidated
attributes was significantly more noteworthy than the weight acquired when just local attributes
or subgraph attributes were embraced. With respect to the fundamental mechanism, this is
probably going to be on the grounds that receiving various component subsets can coordinate
integral organisation data, joining complementary network information and subgraph attributes,
accordingly further improving classification exactness.

5. CONCLUSION

The works offer a novel data mining method coalescing a global optimisation-founded feature
assortment strategy with the intention of minimalising the consequence of an imbalanced health-
care data. The proposal consolidates a Maximum Relevance and Minimum Redundancy (MRMR)
filter heuristic with a globally optimised wrapper heuristic GANNIGMA. The execution of GAN-
NIGMA optimisation process excerpts the best seven feature subsets out of the total 34 subset
feature space. The optimally selected feature subset in the first step is employed for model train-
ing on various different data mining algorithms like Decision Tree, k-NN, and SVM. The trial
results on benchmark ADNI dataset displayed the Decision Tree attains TP rate of 0.778, and
AUC of 0.798, k-NN acquires 0.764 TP Rate and 0.784 AUC, and SVM attains 0.997 TP Rate,
and 0.996 as AUC, using the proposed model. The results are far better than the individual
results of these algorithms. In future, more optimisation techniques could be implemented for
AD detection from neuroimaging data. Also, the union of multi-modal neuroimaging data can
be an optimal choice for accurate and precise AD diagnosis.
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