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Abstract

The occurrence of stroke is due to the sudden degeneration of brain cells, which is caused by the lack of oxygen supply to the cells due to vascular
blockage or their rupture and the interruption of blood flow to the brain, which can lead to disability of motor organs, especially walking disorder.
Currently, brain imaging including magnetic resonance imaging, computed tomography and cerebral angiography are the main standard for stroke
diagnosis, which cannot provide a quick, economical and non-invasive diagnosis. In this regard, the development of automatic, reliable and cost-
effective diagnostic algorithms is crucial. Therefore, in this article, with the aim of providing an automatic, non-invasive and low-cost diagnostic method
for ischemic stroke, computerized analysis of the plantar pressure signal has been used. The proposed method is based on extracting new time-frequency
features of the foot pressure signal with the help of Tunable Q-factor Wavelet Transform (TQWT), selection of ReliefF feature and Support Vector
Machine (SVM) classification, K-Nearest Neighborhood (KNN) and Random Forest (RF). The main feature of the proposed method is the ability to
extract fluctuating components and transient information of non-stationary plantar pressure signal with the help of a new time-frequency method and
the possibility of adapting to its time-varying characteristics. In order to check the diagnostic accuracy of the proposed method, the foot pressure signal
data set of patients suffering from ischemic stroke while walking in a circular hallway has been used, which includes 46 healthy subject and 36 patients.
The obtained results have shown the high diagnostic capability of the proposed method with the number of 35 simple statistical features with an average
accuracy of 99.77%. Considering the significant diagnostic accuracy along with the low-cost and computational burden of the extracted simple statistical
features, the proposed method is able to provide a suitable compromise between high diagnostic accuracy and low computational cost, which seems
suitable for practical diagnostic applications.
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Introduction

Stroke is the third leading cause of disability worldwide that permanently affects patients' walking patterns and limits their function and social interaction
[1]. Therefore, early detection of stroke and its timely treatment are crucial for survival and functional improvement of patients [2]. Since stroke
detection methods such as brain imaging, CT scan and cerebral angiography, etc. are expensive, time-consuming, or invasive, developing a system with
features such as availability and low cost along with high time resolution and the non-invasive nature has been taken into consideration for accurate and
clinical diagnosis in recent years. In this regard, the use of physiological signals such as the walking signal, which are non-invasive, available and low-
cost, is suggested [3]. A review of past studies shows that a limited number of features have been used to extract the pathological effects of stroke on
the gait signal. These features, which are mostly limited to simple features in the domain of time, may not be able to quantify all the effects of the
disease due to the non-static and non-linear nature of changes in the walking pattern of a person. Most studies have focused on the use of statistical
analysis methods, which face limitations due to their limited view of the mean or average of the data. Therefore, the next step of studies can be focused
on developing the use of machine learning methods for automatic and computerized diagnosis of stroke with the help of extracting time-frequency
characteristics or a higher level of the walking signal. For this reason, this study has proposed a new stroke detection system based on time-frequency
domain features of plantar pressure signals and three different classifiers SVM, KNN and RF.

Proposed Work and Methodology

Since stroke occurs in the elderly and affects the lower motor organs of these people, the main goal of this research is to provide a new and reliable
computer system for automatic diagnosis and assessment of stroke, which is non-invasive and low cost is based on the recognition of the signal pattern
of changes in foot pressure. To achieve this goal, the foot pressure signal has been evaluated and analyzed with the help of pattern recognition methods.
Firstly, in order to evaluate and analyze pressure changes in different areas, the sole is divided into the areas of the heel, mid-foot, metatarsal (region 1,
region 2 and region 3), toe and finger region [4]. In order to minimize the effects of the start and end of the movement, 10 seconds at the beginning and
end of the signal have been removed [5]. Then, disaggregated pressure signals in different areas are divided into successive and non-overlapping 50
second windows using the windowing technique and used for feature extraction. Then, in order to reveal the effects of stroke on the function of the
lower limbs of stroke patients, TQWT, which is a time-frequency transform to separate the fluctuating components of the signal, has been used. Next,
in order to simplify the classification process and remove unnecessary features, the ReliefF feature selection technique has been used. Finally, by using
three classifiers SVM, KNN, RF, healthy people have been separated from stroke patients. In this study, 46 healthy people and 36 stroke patients
participated, and these people walked in a circular hallway for 12 minutes [6]. The pressure parameters were recorded by the Pedar directory system
using insoles with 99 pressure-sensitive sensors with a sampling frequency of 50 Hz. The obtained results have shown that the proposed TQWT can
accurately detect ischemic stroke with an average accuracy of 99.77%.

Conclusion

Analysis of walking in a circular path compared to a straight path, the possibility of examining more realistic walking modes of people, especially stroke
patients who are made possible by health maintenance issues. In this article, time-frequency information of the processed foot pressure signal has been
extracted using TQWT algorithm. Then, in order to check the distribution of pressure in different regions of the soles, 99 sensors in the soles are divided
into 7 different regions. Next, in order to improve the classification accuracy and reduce the training time, ReliefF feature selection technique was used
and finally the three mentioned classifications were used. The obtained results show the high efficiency of this method in automatic, non-invasive and
cost-effective diagnosis of ischemic stroke.
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