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Abstract: 

Parkinson’s disease (PD) is an irreparable neurological disorder that results in motor disabilities. The 
early onset yields mild non-movement related symptoms associated with Parkinson’s. PD in later stages 
results in motor signs like tremors, seizures, balance disabilities, rigidity etc. which worsens with time. 
Hence, early diagnosis is a necessity to ensure minimum damage. PD is normally detected manually by 
neurologists via inspection of its symptoms which may lead to an incorrect diagnosis. Researchers have 
proposed various automated PD inspection techniques based on MRI scans. However, the artefacts and 
noise may be induced during MRI acquisition which may deteriorate its quality and may change its 
anatomy that may lead to misdiagnosis. Hence, pre-processing is a vital phase that may reduce the effect 
of artefacts and noise thereby enhancing the diagnostic capability of a model. This paper proposes a pre-
processing technique named SRSSN relevant for Parkinson’s detection. The performance analysis of the 
proposed technique has been evaluated using entropy, signal-to-noise ratio and contrast-to-noise ratio. 
The proposed technique performs better than the state-of-art techniques.  
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I. INTRODUCTION 

Parkinson’s disease (PD) is a neurological 
disorder that leads to structural changes within 
the brain [1]. It is also responsible for the demise 
of dopamine-producing neurons inside the brain 
[2]. The scarcity of dopamine results in 
Parkinson’s symptoms. It is a progressive disease 
where the symptoms tend to worsen over time. It 
starts with mild non-motor symptoms like 
fluctuating blood pressure, insomnia, anxiety, 
slowed responses, dizziness, headache etc. Hence, 
these are incapable of diagnosis [3]. By the time 
Parkinson’s is discovered, the disease has already 
progressed. The progressive sign includes 
movement impairments like bradykinesia, 
tremor, seizures, balance disabilities, drooling etc. 

[4]. Parkinson’s often occurs in older age. 
However, it may arise in individuals of any age. 
The detection test for Parkinson’s are limited and 
are mostly subjective [5]. The neurologist detects 
it after the examination of visible signs along with 
the assessment of cognitive functions [6]. The 
medical history may play an important role in 
inspecting the cause of the disease. However, 
many times the cause is not found and hence, it is 
termed Atypical Parkinsonism [7]. Atypical 
Parkinsonism can be confirmed as Parkinson’s 
after analysing the effect of the latter’s medication 
namely levodopa. Levodopa can detect PD as the 
body responds to the drug only if it has 
Parkinson's.  
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The manual detection of PD may result in 
misclassification as the condition may be assumed 
as signs of the older age of drug-induced 
Parkinsonism [1]. Drug-induced Parkinsonism is a 
result of consumption of certain drugs like 
antipsychotics, antidepressants, calcium channel 
blockers etc. that leads to similar signs [8]. PD 
when misdiagnosed may progress and the signs 
may become critical and permanent. Hence, it is 
important to diagnose PD via some automated 
mechanism to reduce the misdiagnosis. Also, early 
detection is required as the disease may become 
more severe if not caught within time [9]. 

Nowadays researchers have been utilizing 
Magnetic Resonance Imaging (MRI) scans for its 
diagnosis [1]. However, pre-processing is a 
necessity as noise and artefacts may be introduced 
in the scans while acquisition [1]. Artefacts are 
irrelevant substances which can affect the 
anatomy thereby highly impacting the diagnostic 
capability of a classification model [10]. There are 
a variety of pre-processing techniques that may be 
applied to the scans. However, it is important to 
apply all the techniques necessary for improving 
the quality of the scans. Poor quality may result in 
inaccurate diagnostic results. 

This paper proposes a fusion of pre-processing 
techniques named SRSSN that may help in 
improving the accuracy of Parkinson’s detection. 
SRSSN is an abbreviation of Slice time correction, 
Realignment, Segmentation, Smoothening and 
Normalization. The work utilizes structural MRI 
(sMRI) scans as they can effectively monitor the 
structural changes within the human brain. 

The objectives of this work are as follows:  

1. To investigate the various pre-processing 
techniques utilized by the researchers 
relevant for PD detection via sMRI scans.  

2. To propose a novel pre-processing technique 
for improving the MRI scans. 

3. To perform a comparative analysis between 
the proposed technique and the state of art.  

Performance analysis of the proposed pre-
processing technique and the state of the art has 
been conducted via parameters like entropy, 
signal-to-noise ratio and contrast to noise ratio. 

The paper has been organised as: Section 2 
describes a literature review of existing pre-
processing techniques. Section 3 presents the 

availability of the dataset. Section 4 describes the 
proposed work. Section 5 presents 
implementation and results. Section 6 presents 
performance evaluation and Section 7 concludes. 

II. LITERATURE REVIEW 

A review of the latest state of art techniques for 
Parkinson’s detection has been performed and 
relevant information regarding the source of data, 
pre-processing steps, subject details etc. have 
been retrieved. The summary of the review is as 
follows: 

Pahuja et. al. have suggested a multimodality PD 
detection technique based on T1 weighted sMRI 
scans and SPECT images [11]. An imbalanced 
dataset has been acquired from the PPMI database 
where 73 scans are of Parkinson’s patients and 59 
scans are of healthy ones. Pre-processing applied 
includes normalization, segmentation and 
smoothening. Features have been extracted from 
T1 weighted sMRI, SPECT scans and CSF. CNN has 
been used for performing classification. The 
technique achieved an accuracy of 93.33%. 

Vyas et al. have presented a novel CNN-based 
Parkinson’s detection framework on the PPMI 
database [12]. A total of 318 T1 weighted sMRI 
scans have been acquired. Authors have utilized 
bias field correction, histogram matching, 
normalization and image resizing for enhancing 
the MRI scans. 2D and 3D CNN have been applied 
where the latter outperformed with an accuracy of 
88.9% and AUC of 0.86.  

Gabriel et al. have suggested a T1 weighted sMRI-
based Parkinson’s classification technique [13]. 
An imbalance dataset of 330 diseased patients and 
150 normal ones are extracted from the PPMI 
database. Realignment, segmentation, 
smoothening and co-registration have been 
performed by the authors. VBM has been 
performed to retrieve first order and second order 
features from gray matter.  Out of seven different 
classifiers, SVM achieved maximum accuracy of 
95%.   

Khanna et. al. have proposed a pre-processing 
technique for improving the quality of T1 
weighted MRI scans [14]. Dataset has been 
acquired from the PPMI database. The suggested 
technique is a combination of pre-processing 
techniques. It includes realignment, skull 
stripping, normalization and segmentation. An 
accuracy of 85%, the entropy of 0.79, CNR of 0.90 

https://pubmed.ncbi.nlm.nih.gov/?term=Parkinson%E2%80%99s+Progression+Markers+Initiative%5BCorporate+Author%5D
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and SNR of 28.21 has been achieved by the 
authors.  

A Parkinson’s detection technique has been 
proposed by Chakraborty S. et al. [15]. Data has 
been retrieved from the PPMI database. The 
authors have performed spatial Normalization 
w.r.t. standard MNI template. However, the 
authors have not utilized any realignment for 
removing shape and size variability. Also, the 
author did not perform smoothening which is 
essential. An accuracy of 95.29% has been 
achieved. 

Chen et. al. has proposed a structural MRI-based 
technique for classifying PD patients from healthy 
individuals [16]. Data has been retrieved from 
Beijing Tiantan Hospital, China. The authors have 
performed reconstruction and segmentation to 
enhance the quality of the dataset. Classification 
has been performed via SVM. The presented 
technique has attained an accuracy of 95%. 

The authors have presented an optimized 
technique for classifying PD and Parkinsonism 
using FLAIR MRI [17]. T1 weighted sequence has 
been extracted from an unknown data source. 
SVM has been used for classification. An accuracy 
of 79% has been achieved. 

Cigdem et. al. have introduced an SVM based PD 
diagnostic technique [18]. PPMI database has 
been explored for retrieving T1- weighted sMRI 
scans of 40 PD patients and 40 controls [11]. Pre-
processing phase involves the conversion of 
Dicom to nifty, segmentation, normalization via 
the DARTEL method and smoothening. Features 
have been extracted from the 3D mask generated 
after performing VBM. SVM attained an accuracy 
of 90%. The authors have extracted a relatively 
smaller dataset. 

Esmaeilzadeh et al. have suggested a CNN-based 
technique for classifying Parkinson’s from healthy 
control [19]. The authors have retrieved T2 
weighted sMRI scans along with SWI scans from 
the PPMI database. Data augmentation and skull 
stripping have been performed. CCN-based 
classification has been performed. 

Zeng et al. have introduced a T1 weighted MRI-
based technique PD [20]. A Dataset of 40 probable 
PD and 40 controls have been retrieved from an 
unknown source. The authors have applied 
segmentation and normalization w. r. t. DARTEL 
template and smoothening. Features have been 

extracted via VBM of gray matter and white matter 
regions. Classification has been performed via 
SVM and Leave-one-out cross-validation. 
Maximum accuracy of 95% has been achieved by 
the suggested approach. 

Liu L. et. al. have presented a novel technique for 
Parkinson’s diagnosis by utilizing T1 weighted 
sMRI scans [21]. Dataset has been acquired from 
the PPMI database. Skull stripping, removal of 
cerebellum and segmentation has been performed 
by the authors. Features have been extracted from 
gray matter and white matter regions. Regularized 
linear discriminant analysis (RLDA) has been 
utilized for performing classification. However, a 
lower accuracy of 70.5% has been observed.  

Chen et al. have introduced a novel PD detection 
technique via an ensemble classifier based on SVM 
[22]. Parkinson’s dataset has been acquired from 
the PPMI database and Alzheimer’s data has been 
retrieved from OASIS. 3D scans are converted into 
2D scans for reducing the complexity. Pre-
processing techniques applied include averaging 
3-4 scans of the same group, skull stripping, co-
registration and bias field correction. Features 
have been extracted from the Scale-invariant 
feature transform (SIFT). An accuracy of 70% to 
87% has been achieved.  

A summary of related work has been presented in 
Table I. 

TABLE I.  SUMMARY OF REVIEW 

S. 

No. 

Authors Pre-Processing 

Technique 

Results 

1. Pahuja et. 
al., 

2022 

[11] 

Normalization An accuracy of 
93.33 % has 
been achieved. 

Segmentation 

Smoothening 

2. Vyas et al., 

2022 

[12] 

Bias field 
correction 

3D CNN 
achieved an 
accuracy of 
88.9%. 

Histogram 
matching 

Normalization 

Image resizing 

3. Gabriel et 
al., 

2021 

Realignment SVM achieved an 
accuracy of 95%. Segmentation 

Smoothening 

https://pubmed.ncbi.nlm.nih.gov/?term=Parkinson%E2%80%99s+Progression+Markers+Initiative%5BCorporate+Author%5D
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[13] Co-registration 

4. Khanna et 
al., 

2021 

[14] 

Realignment An accuracy of 
85%, the 
entropy of 0.79, 
CNR of 0.90 and 
SNR of 28.21 has 
been achieved 

Skull stripping 

Normalization 

Segmentation 

5. Chakrabor
ty      et al.,  

2020 

[15] 

Spatial 
normalization 

 

The authors 
have achieved 
an accuracy of 
95.29%. 

6. Chen et al.,  

2020 

[16] 

Reconstruction  

An accuracy of 
95% has been 
achieved. 

Volumetric 
segmentation 

7. Abos et. 
al.,  

2019 

[17] 

Removal of non-
brain tissues 

 

The proposed 
technique 
achieves an 
accuracy of 79%. 

Intensity 
normalization 

Co-registration 

8. Cigdem et. 
al.,  

2018 

[18] 

Conversion of 
Dicom to nifty 

 

The proposed 
technique 
achieves an 
accuracy of 90%. 

Segmentation 

Normalization 

Smoothening 

9. Esmaeilza
deh et. al.,  

2018 

[19] 

Skull stripping CNN achieved 
maximum 
accuracy. Data 

augmentation 

10. Zeng et. 
al., 

 2017 

[20] 

Segmentation Accuracy of 95% 
has been 
achieved. 

Normalization 

Smoothening 

11. Liu L. et. 
al.,  

2016 

[21] 

Skull stripping  

An accuracy of 
70.5% has been 
observed. 

Cerebellum 
removal 

Tissue 

segmentation 

12. Chen et al., 

2014 

[22] 

Averaging 3-4 
scans of the 
same group 

An accuracy of 
70% to 87% has 
been achieved 

Skull stripping 

Co-registration 

Bias field 
correction 

III. AVAILABILITY OF DATA 

3D T1 weighted sMRI scans of diseased 
Parkinson’s patients and healthy controls (HC) 
have been retrieved from the Parkinson’s 
Progression Markers Initiative (PPMI) database 
(www.ppmi-info.org/access-
dataspecimens/download-data). The scans have 
been acquired from Siemens Magnetization 
Prepared— Rapid Gradient Echo (MPRAGE) scans 
at 3 teslas for coronal, sagittal and axial planes. 
The time to echo and a repetition time of extracted 
dataset are 3ms and 827ms respectively. 

The clinical information about the subjects is 
presented in Table II. 

TABLE II.   CLINICAL INFORMATION REGARDING 

HUMAN SUBJECTS  

GROUP PD HC 

Female/Male 40/45 34/49 

Age Range 38-80 31-81 

 

IV. PROPOSED WORK 

This section presents the combination of pre-
processing techniques essential for effective 
disease detection. Artefacts and noise must be 
removed to improve the quality of acquired scans 
[1]. The proposed technique comprises of pre-
processing techniques namely Slice time 
correction, realignment, segmentation, 
smoothening and normalization. Thenceforth, this 
technique will be named as SRSSN in this work. 
Figure 1 presents the flow chart of the proposed 
pre-processing technique. 

https://pubmed.ncbi.nlm.nih.gov/?term=Parkinson%E2%80%99s+Progression+Markers+Initiative%5BCorporate+Author%5D
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Fig. 1. Modalities for PD detection 

 

1) Slice time correction: While MRI acquisition, 
it is possible that all the slices are not acquired 
instantaneously thereby resulting in offset delays 
between the first scan and subsequent scans [23]. 
Henceforth, slice time correction is performed to 
reduce the effect of slice delays. It may help in 
enhancing the performance of the model. 

2) Realignment: Incorrect coordinates of data 
may be induced in MRI scans due to the Patient’s 
head movement while acquisition thereby 
resulting in corrupted scans. Realignment is 
performed to reduce these variations of head 
movement [14].  It ensures that the brain is 
always in the same position. It is also referred to 
as head motion correctness. Realignment is 
capable of improving the results of segmentation 
and normalization. 

3) Tissue Segmentation: Segregation of 
important brain tissues namely: gray matter, 
white matter and Cerebrospinal Fluid (CSF) is 
known as tissue segmentation [24]. Gray matter 
constitutes most of the central nervous system. It 
comprises the majority of cell bodies, dendrites 
and synapses. While the white matter is 
responsible for passing the messages to and from 
various gray matter regions. It comprises lesser 
cell bodies and more axons. CSF is a colourless 

fluid that acts as a cushion and prevents any 
damage to brain tissues. 

4) Smoothening: Smoothening is performed to 
retrieve the original signal even in presence of 
noise [25]. The intensity of a pixel is replaced by 
the average of its neighbouring pixels.   

5) Spatial Normalization: Human brain may 
vary in terms of shape and size [26]. 
Normalization refers to the co-registration of the 
subject's MRI with the standard human template 
to facilitate regional comparisons. In this work, 
co-registration has been performed via using a 
standard MNI template. 

A. Algorithm 

i.Slice time correction has been performed for all 
the extracted sMRI scans. 

ii.Realignment is performed to facilitate head 
motion correctness. 

iii.Segregation of white matter, gray matter and CSF 
has been conducted where only gray matter has 
been utilized. However, the rest are discarded. 

iv.The segmented gray matter undergoes 
smoothening. 

v.Co-registration of scans has been performed w.r.t. 
standard MNI template has been performed. 

vi.The slice corrected, aligned, segmented, smoothed 
and normalized scans are used for performance 
analysis.  

V. IMPLEMENTATION AND RESULTS 

This section presents the implementation phase 
and results. The implementation of this work has 
been performed via SPM 12 within MatLab 
R2016b.  

A. Views of the Human brain 

A human brain has three views i.e. coronal view, 
sagittal view and axial view [30]. The coronal 
plane dissects the brain vertically i.e. into the back 
and front. The sagittal plane divides the human 
brain into left and right. The axial view splits the 
brain into the head and tail. Figure 2 represents 
the Coronal, Sagittal and Axial view of the T1-
weighted MRI scan. 

Realignment 

Slice Time 

Correction 

Smoothening 

 

Correctness of 

Slice offset 

delay  

Co-registration 

with MNI 

template 

Data points 

are smoothed 

Spatial 

Normalization  

Segregation of 

white matter, 

gray matter & 

CSF 

Head motion 

correctness 

Tissue 

Segmentation  
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Fig. 2. Representation of three views of the 
human brain 

B. Screenshots of the SRSSN 

The order in which pre-processing steps have 
been applied are Slice time correction, 
realignment, segmentation, smoothening and 
Spatial Normalization. 

i) Original scans of a subject 

Original MRI scans of a subject are presented in 
Figure 3. 

 

 

Fig. 3. Original MRI scan of a subject 

ii) Slice time correction 

MRI scans after slice time correction are 
presented in Figure 4. 

 

Fig. 4. MRI scan after slice time correction 

 

iii) Realignment 

MRI scans after applying realignment or head 
motion correction are presented in Figure 5. 

 

Fig. 5. MRI scan after realignment 

 

iv) Tissue Segmentation 

Segmentation of gray matter regions, white 
matter and CSF from the whole brain have been 
represented in Figure 6, Figure 7 and Figure 8 
respectively. 

 

Fig. 6. Segmentation of gray matter from the 
whole brain 

 

Fig. 7. Segmentation of gray matter from the 
whole brain 

 

Fig. 8. Segmentation of white matter from the 
whole brain 

 

v) Smoothening 

Smoothening of segmented gray matter brain MRI 
scans is presented in Figure 9. 

https://pubmed.ncbi.nlm.nih.gov/?term=Parkinson%E2%80%99s+Progression+Markers+Initiative%5BCorporate+Author%5D
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Fig. 9. Segmentation of CSF from the whole brain 

 

vi) Spatial Normalization 

Normalization of brain MRI according to the 
standard MNI template is presented in Figure 10. 

 

Fig. 10. MRI scans of gray matter after 
normalization 

 

VI. PERFORMANCE EVALUATION 

Due to the unavailability of required information 
for performance analysis of the state of art 
techniques, existing pre-processing techniques 
have been applied to the dataset retrieved from 
the PPMI database.  

A. Performance evaluation parameters 

Comparative analysis of the proposed technique 
and existing techniques has been performed via 
the following parameters: 

i. Entropy focus criterion (EFC): It utilizes 
Shannon entropy of voxel intensities to determine 
head motion-induced blurriness [27].  

The entropy function is a statistical property of 
images that measures the image information 
content [28]. The EFC can be computed as  

                             Entropy (λ) = ∑ [−𝑃 (
𝐵𝑗

𝐵𝑚𝑎𝑥
) ∗

𝑆

𝑛=1

ln(
𝐵𝑗

𝐵𝑚𝑎𝑥
)]            (1) 

Where  

λ = Image Entropy  

Bj= jth pixel’s brightness  

Bmax= largest possible pixel brightness if the 
image contained a single pixel. It can be 
calculated as- 

Bmax  =  √∑ (𝐵𝑗)2𝑆
𝑗=1                           (2) 

 The greater the entropy of an image, the more 
smoothened and better that image is. 

 

ii.Contrast to Noise ratio (CNR): It determines the 
contrast to noise ratio in a medical image [29]. It 
can be calculated as- 

C =
𝑆𝑎−𝑆𝑏

σ
                                     (3) 

Where  

C = CNR  

Sa, Sb = pixel intensities producing structures a 
and b  

σ = standard deviation of pure image noise 

The ratio of CNR must be high as lower values 
indicate more noise. 

 

iii.Signal to Noise Ratio (SNR): SNR computes the 
ratio of true signal to noise [29]. Its formula is as 
follows- 

SNR  =
μ𝑎−μ𝑏

σ
                                  (4) 

Where   

μ𝑎= mean of Region of interest 

μ𝑏 = mean of the background 

σ = standard deviation of the noise 

A higher value of SNR describes more signal and 
lesser noise. 

B. Comparative Analysis 

This section presents the comparative analysis of 
the proposed technique and state-of-art 
techniques. Table III presents the performance 
analysis. 

TABLE III.  PERFORMANCE ANALYSIS  

S. 

No. 

Authors Pre-
Processing 

Technique 

EFC CNR 
(DB) 

SNR 
(DB) 

1. Pahuja 
et. al., 

2022 

Normalizatio
n 

0.63 0.55 18.28 

Segmentation 

https://pubmed.ncbi.nlm.nih.gov/?term=Parkinson%E2%80%99s+Progression+Markers+Initiative%5BCorporate+Author%5D
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[11] Smoothening 

 

2. Vyas et 
al., 

2022 

[12] 

Bias field 
correction 

0.59 0.45 19.20 

Histogram 
matching 

Normalizatio
n 

Image 
resizing 

3. Gabriel 
et al., 

2021 

[13] 

Realignment 0.75 0.81 25.60 

Segmentation 

Smoothening 

Co-
registration 

4. Khanna 
et al., 

2021 

[14] 

Realignment 0.79 0.90 28.21 

Skull 
stripping 

Normalizatio
n 

Segmentation 

5. Chakrab
orty      et 

al.,  

2020 

[15] 

Spatial 
normalizatio

n 

0.58 0.59 14.23 

6. Chen et 
al.,  

2020 

[16] 

Reconstructi
on 

0.55 0.42 13.09 

Volumetric             
segmentation 

7. Abos et. 
al.,  

2019 

[17] 

Removal of 
non-brain 

tissues 

0.61 0.53 

 

 

 

 

20.72 

 Intensity        
normalizatio

n 

Co-
registration 

8. Cigdem 
et. al.,  

Conversion of 
Dicom to 

nifty 

0.64 0.67 22.24 

2018 

[18] 

Segmentation 

Normalizatio
n 

Smoothening 

9. Esmaeilz
adeh et. 

al.,  

2018 

[19] 

Skull 
stripping 

0.71 0.81 24.51 

Data 
augmentatio

n 

10. Zeng et. 
al., 

 2017 

[20] 

Segmentation 0.62 0.68 21.93 

Normalizatio
n 

Smoothening 

11. Liu L. et. 
al.,  

2016 

[21] 

Skull 
stripping 

0.60 0.70 20.87 

Cerebellum 
removal 

Tissue 
segmentation 

12. Chen et 
al., 

2014 

[22] 

Averaging 3-
4 scans of the 
same group 

 

0.58 0.35 19.48 

Skull 
stripping 

 

Co-
registration 

 

Bias field 
correction 

 

 

13. Propose
d 

techniq
ue: 

SRSSN 

Slice time 
correction 

 

0.92 0.96 29.74 

Realignment 

 

Segmentation 

https://pubmed.ncbi.nlm.nih.gov/?term=Parkinson%E2%80%99s+Progression+Markers+Initiative%5BCorporate+Author%5D
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Smoothening 

 

Normalizatio
n 

 

 

Figure 11, 12, 13 presents graphical 
representations of the comparative analysis of 
Entropy, CNR and SNR respectively. 

 

Fig. 11. Performance analysis w.r.t. Entropy 

 

 

Fig. 12. Performance analysis w.r.t. CNR 

 
.Fig. 13. Performance analysis w.r.t. SNR 

 

Pre-processing is a vital phase that may help in 
improving the classification performance of a 
model. In this work, a novel pre-processing 
technique has been proposed for sMRI scans. 
From the results, it has been revealed that slice 
time correction, realignment, segmentation, 
smoothening and normalization are the best 
possible combination that significantly enhances 
the quality of MRI scans. From the results, it has 
been observed that the proposed technique 
performs better than the state-of-art techniques. 

 

VII. CONCLUSION 

Parkinson’s is a degenerative disorder of the 
central nervous system. In this, the dopamine-
producing neurons die that are responsible for 
message passing within the brain regions. The 
miscommunication results in motor and non-
motor signs. The manual detection of PD may lead 
to a delay in detection. MRI-based Parkinson’s 
detection may give promising results. However, 
the artefacts and noise present in MRI may 
severely impact the diagnosis and may change the 
anatomy. Hence, pre-processing is a dominant 
phase that may enhance the MRI scans thereby 
improving the diagnostic capability. The 
performance of the proposed technique SRSSN 
has been compared with state-of-art techniques 
via entropy, SNR ratio and contrast to noise ratio 
where the suggested technique outperformed. 
From the results, it has been observed that pre-
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processing is a vital phase that must be performed 
before the Parkinson’s diagnosis as it may help in 
enhancing the performance of a classification 
model.   
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