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ARTICLE INFO ABSTRACT

Parkinson'’s disease is recognized as a progressive neurological disorder that leads to motor
Article Type impairments. Due to the necessity of early and accurate diagnosis for effective disease
Original Research management, a novel approach has been proposed for detecting and predicting the
progression stages of Parkinson’s disease. In this study, gait signals were processed using
Empirical Mode Decomposition (EMD), and temporal features were extracted by employing
a hybrid CNN-LSTM deep neural network architecture. The gait data were collected using
sixteen force sensors placed beneath the left and right feet of 93 individuals with Parkinson’s
disease and 73 healthy controls. The signals were then preprocessed, and their intrinsic
frequency components were extracted.
To evaluate model performance, two training strategies were applied: a conventional train-
test split, and K-Fold cross-validation. Temporal dynamics associated with disease
progression  were effectively extracted through the CNN-LSTM  model
According to the results, the cross-validation-based model demonstrated superior accuracy

Article History of 96.44%, compared to 84.27% achieved by the simple split approach. These findings
Received: May 28, 2025 indicate that the proposed method can be reliably utilized as an intelligent, non-invasive
Revised: July 19, 2025 clinical decision-support tool for the diagnosis and staging of Parkinson’s disease.
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Table 1 Studies Conducted in the Field of Parkinson’s Disease
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Category Author Method

Discription

Data Statistics

Use of the Parzen window technique to estimate the

Krishnan and Wu,
Statistical SVM
istica (2010)

Prabhu etal. [5]

variability of gait in Parkinson’s patients and achieving

90.32% diagnostic accuracy.

Use of gait signals to diagnose neurodegenerative

Healthy group includes 16 individuals, and
Parkinson’s group includes 15 individuals.

A total of 26 individuals, including 13 patients and 13

Statistical (2018) PNN diseases. patients and achieving 96% diagnostic e e
accuracy
KRR Use of machine | ing algorithms for classifyi it
se of machine learning algorithms for classifying gai
Machin Learnin Khoury et al. [6] DT, disorders, and usin thge V§ra er method for feftsglre A total of 166 individuals, including 93 patients and
8 (2019) BC, : g pp 73 healthy subjects.

selection with accuracy between 86% and 90%.

SVM
) . Balaji et al. [7] UL Time-series analysis of VGRF to 1dent1fy.key featl.xres A total of 166 individuals, including 93 patients and
Machin Learning (2020) DT, and compare the performance of machine learning 73 healthy subjects
BC algorithms with accuracy of 98.4% . S
. Use of 1D CNN for multi-class classification and tenfold A total of 166 individuals, including 93 patients and
; EI Maachi et al. I . R . ’
Deep Learning (2020) CNN cross-validation technique for model validation with 73 healthy subjects
accuracy of 85.3% . ’
Deep Learnin Kocer and Oktay LSTM Use of LSTM for diagnosing Parkinson’s disease and A total of 40 individuals, including 23 Parkinson’s
1Y B [8] (2020) evaluating its severity with 90% accuracy. patients and 17 individuals with essential tremor.
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Table 2 Information related to healthy and diseased individuals for
three datasets.

Age Age Height Weight

Dataset bjects Male Femal
ataset Group Subjects Male Female Mean£SD Range (metre) (Kg)

Ga Helthy 18 10 8 579467 3770 1&&)@; 7;‘;;
Ga PD 29 20 9 eless 367 o e
w o xR
o e
Si  Healthy 29 18 11 645+68 53-77 '(-fggi 7lli5.0i
Si  PD 35 22 13 672491 61-84 l(fgf 708'31

H&Y jlimo pulily g9yl (olo @il iy ¥ Jgaz
Table 3 Ranking of Parkinson's disease severity based on the H&Y

(Hoehn and Yahr) scale.
Scale Functionality Stage
No functional disabili
1 Unilateral involvement only oune I[(I)\InFaD) isability
Unilateral and axial
1.5 H areraianc e NFD but initial phase
involvement

ithout i . ;

2 Bilateral Without impairment o

balance

Mild bilateral di ith
2.5 1 bilaterdl disease wi With impairment of balance
recovery on pull test
3 Mild to moderate bilateral With impaired postural

disease reflexes
L Still able to walk or stand
4 Severe disability )
unassisted
Confined to bed heelchai
5 onfined to bed or wheelchair Completely Disabled

bound
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Table 5 Split dataset for two models

Dataset
Type Ga [8] Si[9]
Healthy 35 29
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