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Short Abstract

The diagnosis of neurodevelopmental diseases, such as attention deficit/hyperactivity disorder (ADHD), has gained great attention in clinical studies
due to its effect on the quality of human life. This disorder is caused by genetic factors, and anatomical and functional brain abnormalities, which can
lead to timing deficits, working memory impairments, and inattention. Since the investigation of symmetry between activities of different brain regions
may play an important role in the early diagnosis of this disorder, similarity quantification between brain signals is one of the existing challenges in the
field of ADHD detection. The goal of this study is to compute symmetry between certain cortical areas from inter-hemispheric or intra-hemispheric
channel pairs. For this purpose, a new algorithm based on dynamic time warping as a bivariate feature extraction step and support vector machine
(SVM) classifier has been proposed. The proposed method's ability in distinct brain regions has also been explored.

The proposed methods have been evaluated on electroencephalogram (EEG) recordings of 14 ADHD children and 19 age-matched healthy controls
performing a time-reproduction task. It has achieved high average accuracy rates of 94.38+0.007 in discriminating between healthy controls and patients
with ADHD. The experimental results have also demonstrated the superior performance of the proposed method in comparison with previous ADHD
detection methods using EEG signals.
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1-  Short Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disease that is widespread in school-aged children. This disorder disrupts
patients' social life, learning, academic, and mental health issues, and affects the future of these children. Therefore, the diagnosis of this disorder is
very important and has attracted the attention of many researchers. Based on previous studies, cognitive deficits in perceptual timing functions have
been observed in ADHD subjects. Time reproduction ability, on the other hand, is a type of time perception skill that reveals the capability to estimate
the length of the provided stimulus. consequently, investigating the deficits in time reproduction ability can indeed be an effective way in the clinical
diagnosis of attention deficit/hyperactivity disorder. As a result, in this study, we investigate and compare the performance of two healthy and
ADHD groups during the time reproduction task and resting state by using an algorithm that includes a new bivariate feature that quantifies the relations
between brain EEG signals.

2-  Proposed Work and Methodology

In this paper, An automated system was proposed to evaluate the similarity of brain signals recorded from different regions in the time domain. The
dynamic time-warping features were calculated from the signals of EEG channel pairs in distinct brain areas of healthy and ADHD children during two
conditions including time reproduction task and resting state. Subsequently, in this technique, the extracted features were classified by employing a
support vector machine classifier. The presented method's efficiency in diagnosing individuals with attention deficit/hyperactivity disorder was assessed
by clinical data, and the result indicated the developed method's overall usefulness in diagnosing this disorder.

3-  Conclusion

To compare the efficacy of the DTW extracted features in the inter- and intra-hemisphere channel pairs of the cerebral cortex, the support vector machine
classifier has been employed to evaluate the accuracy rate of the proposed method. Table 1 illustrates the classification results generated by the proposed
detection system. the proposed algorithm obtained a high average accuracy of 92.59+0.008, 94.38+0.007, 89.47+0.022 and 91.85+0.025 for the frontal
areas and the fronto-temporal network during time reproduction task and rest condition, respectively. As a result, upon similarity assessment in the
inter- and intra-hemispheric regions, the frontal lobe area and the fronto-temporal network distinct the two healthy controls and individuals with
ADHD better than other areas in both resting and performing time perception tasks. In general, performing the time reproduction task enhances
classification accuracy significantly compared to the rest condition.
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