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Abstract

Stroke patients generally exhibit trouble walking and moving, which affects their quality of life. Hence, an accurate diagnosis of stroke is important for
providing an effective treatment and rehabilitation strategy. However, the development of a cost-effective and non-invasive diagnostic tool is a big
challenge for clinical applications. To address this challenge, in this study, a new ischemic stroke detection has been proposed based on structural
features of foot plantar pressure signals and support vector machine classifier. A local uniform binary pattern extracted from the time-frequency
representation of pressure signals has been used to capture the local structure over two-dimensional space and quantify the stability of this pattern. The
proposed method has been evaluated using the pressure signals recorded during normal walking tasks from 46 healthy controls and 36 Ischemic stroke
patients. The classification has also been performed for different plantar channels to offer regional analysis. The obtained results have achieved a average
accuracy rate of 99.66% for stroke detection. Furthermore, the robustness of the proposed method against different plantar regions as well as technical
parameters of the local binary pattern approach has been demonstrated in an experimental comparative study. The performance has confirmed that the
local binary pattern analysis discriminates effectively stroke patients and healthy controls when foot plantar pressure signals are used.
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Introduction

Stroke is one of the serious neurological diseases, which is associated with difficulty in walking and moving and affects the quality of a patient’s life
[1, 2]. Despite the significant progress in stroke monitoring devices, the development of a reliable and cost-effective real-time detection system is still
challenging and in high demand. To address this challenge, the computer-aided analysis of gait signals, as a noninvasive and affordable tool has attracted
considerable attention in recent years [3-7]. However, most preliminary works have extracted simple basic foot plantar pressure features in the time
domain pressure [8, 9]. Furthermore, from the decision-making perspective, different types of statistical tests have been frequently explored for
evaluating the discriminative capability of the proposed features [8-10]. Considering the non-stationary and non-linear nature of the gait signal, the lack
of interpretability of statistical tests, and the potential capability of time-frequency features in capturing the local and transient characteristics of non-
stationary signals [11], this study has proposed a new stroke detection system based on textural features of time-frequency representation of plantar
pressure signals.

Proposed Work and Methodology

The main goal of this study is to propose a reliable and clinically automatic method for ischemic stroke detection. To achieve this goal, the foot pressure
signals with a noninvasive, cost-effective, and accessible nature have been analyzed using hybrid feature extraction and machine learning techniques.
The proposed new pressure feature extraction includes a hybrid technique based on a joint time-frequency transformation and a textural descriptor to
quantify local characteristics of plantar pressure patterns across two-dimensional space. For this purpose, a synchrosqueezed transform method that is
adapted to short-time fourier transform as "fourier synchrosqueezed transform (FSST)", in combination with "local binary pattern (LBP)" has been
employed to simultaneously enhance the time-frequency representation of the pressure signals and measure the contrast in grayscale [12-14]. Finally,
the histogram of uniform patterns as the proposed features have been fed into a "support vector machine (SVM)" classifier for discriminating between
stroke patients and healthy controls. In this study, the investigation has been conducted on the foot pressure signals extracted from different plantar
regions of 46 healthy controls and 36 stroke survivors who walked in a circular corridor for 12 minutes [15]. The data has been collected using insoles
with 99 pressure-sensitive sensors with a sampling frequency of 50 Hz, allowing for an accurate measurement of the foot pressure map during walking
[15]. The obtained results have demonstrated that the proposed binary pressure pattern analysis technique can accurately detect ischemic stroke with a
high average accuracy rate of 99.66%. Moreover, the robustness of the proposed diagnostic system against different technical parameters of LBP has
been confirmed in a comparative study.

Conclusion

Plantar foot pressure analysis can assess whether pressure distribution patterns and balance control are abnormal and abnormalities in these plantar
regions are often associated with neuronal or movement diseases. In this study, LBP of an enhanced time-frequency representation of plantar pressure
signals based on the FSST has been used to quantify the local and transient characteristic markers of walking dysfunction in stroke patients and the
association between dynamic changes in plantar pressure and clinical symptoms of Ischemic stroke has been investigated. Results revealed that the
pathophysiology of stroke can be effectively characterized by local pressure patterns in two-dimensional time-frequency space different from healthy
controls, which may be related to the shift of the center of pressure trajectory in stroke patients [16]. In particular, the possibility to automatically detect
ischemic stroke, through cost-effective, non-invasive foot pressure sensors, pressure distribution changes makes the proposed system a relevant tool for
studing stroke symptoms.
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3 Local Binary Pattern (LBP)

! Fourier Synchrosqueezed Transform (FSST)
2 Reassignment Methods (RM)
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