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Accurate detection of autism using Douglas-Peucker algorithm, sparse coding based teature mapping and convolutional

neural network techniques with EEG signals
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DOI:10.1016/j.compbiomed.2022.105311

% A ENHEBERM

£ - PDF Bz O
EEFHEER

[ Bl °

€ Froquest s IS

@) ==z ARz L]

Web of Science 2

© ==mesnuy °

rredl L B | =
RPN EI | = o
Y2 ZHIE

1 Introduction

and accurate approach for diagnosing ASD is required [*~8].

= H MathJax

Autism Spectrum Disorders (ASD) is a collection of complicated neurological disorders that first show in early childhood.
Electroencephalogram (EEG) signals are widely used to record the electrical activities of the brain. Manual screening is prone to
human errors, tedious, and time-consuming. Hence, a novel automated method involving the Douglas-Peucker (DP) algorithm,
sparse coding-based feature mapping approach, and deep convolutional neural networks (CNNs) is employed to detect ASD

o using EEG recordings. Initially, the DP algorithm is used for each channel to reduce the number of samples without degradation
of the EEG signal. Then, the EEG rhythms are extracted by using the wavelet transform. The EEG rhythms are coded by using the
sparse representation. The matching pursuit algorithm is used for sparse coding of the EEG rhythms. The sparse coded
rhythms are segmented into 8 bits length and then converted to decimal numbers. An image is formed by concatenating the
histograms of the decimated rhythm signals. Extreme learning machines (ELM)-based autoencoders (AE) are employed at a
data augmentation step. After data augmentation, the ASD and healthy EEG signals are classified using pre-trained deep CNN
models. Our proposed method yielded an accuracy of 98.88%, the sensitivity of 100% and specificity of 96.4%, and the F1-score

ASD refers to a group of complex neurological disorders that encompasses autism, childhood disintegrative disorder, Asperger's
syndrome, and an undefined type of pervasive developmental disorder [']. The degree of ASD symptoms varies, but they might
include everything from communication and relationship issues to compulsive interests, diminished eye contact, and repetitive
or limited activities. ASDs appear in early childhood, usually before the age of five, and last for the remainder of one’s life [2]
According to the World Health Organization (WHO), ASD affects one out of every 160 children. Although there is no cure for ASD
at this time, early intervention can aid with social skills, communication, and brain development. To do so, an effective, efficient,

The human brain, which contains around eighty-six billion neurons, is the most complex biological system known to man,
regulating our thoughts, perceptions, memories, feelings, and actions [%]. Magnetic resonance imaging (MRI), functional
magnetic resonance imaging (fMRI), positron emission tomography (PET), electroencephalography (EEG), and
electrocorticography (ECoG) are some of the techniques used to capture the functional activity of the brain ['%,'7]. EEG is widely
used because of its excellent temporal resolution, convenience, non-invasiveness, general availability for physicians, and low
set-up costs. Recently EEG has been widely used for the diagnosis of ASD. Sheikhani et al ['?] extracted features using short-
term Fourier transform (STFT) and used k-nearest neighbor (kNN) for classification. They have obtained 82.4% classification
accuracy using 17 patients (10 ASD and 7 control). Bosl et al. ['®] considered the EEG signals to detect high-risk ASD children
On a dataset of 79 babies aged 6—24 months, authors used minimal mean square error (MMSE) to extract features and classify
and key features were determined using principal component analysis before being fed into six different machine learning
classifiers for categorization. Three distinct convolutional neural network (CNN) models were evaluated during the deep
learning process. On an ASD EEG dataset, the deep learning-based technique achieved a 99.15% accuracy score, while the

machine learning-based model produced a 95.25% accuracy score. An EEG-based ASD detection method using CNN was
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1 Introduction
-~ 1L ,
ASD refers to a group of com)iex neurological disorders that encompasses autism, childhood disintegrative disorder, Asperger's

syndrome, and an undefined type of pervasive developmental disorder [']. The degree of ASD symptoms varies, but they might
include everything from communication and relationship issues to compulsive interests, diminished eye contact, and repetitive
or limited activities. ASDs appear in early childhood, usually before the age of five, and last for the remainder of one's life [7].
According to the World Health Organization (WHQ), ASD affects one out of every 160 children. Although there is no cure for ASD
at this time, early intervention can aid with social skills, communication, and brain development. To do so, an effective, efficient,
and accurate approach for diagnosing ASD is required [*~%].

The human brain, which contains around eighty-six billion neurons, is the most complex biological system known to man,
regulating our thoughts, perceptions, memaories, feelings, and actions [°] Magnetic resonance imaging (MRI), functional
magnetic resonance imaging (fMRI), positron emission tomography (PET), electroencephalography (EEG), and
electrocorticography (ECoG) are some of the techniques used to capture the functional activity of the brain ['%,""] EEG is widely
used because of its excellent temporal resolution, convenience, non-invasiveness, general availability for physicians, and low
set-up costs. Recently EEG has been widely used for the diagnosis of ASD. Sheikhani et al. ['?] extracted features using short-
term Fourier transform (STFT) and used k-nearest neighbor (kNN) for classification. They have obtained 82 4% classification
accuracy using 17 patients (10 ASD and 7 control). Bosl et al. ['®] considered the EEG signals to detect high-risk ASD children.
On a dataset of 79 babies aged 6—24 months, authors used minimal mean square error (MMSE) to extract features and classify
and key features were determined using principal component analysis before being fed into six different machine learning
classifiers for categorization. Three distinct convolutional neural network (CNN) models were evaluated during the deep
learning process. On an ASD EEG dataset, the deep learning-based technique achieved a 99.15% accuracy score, while the
machine learning-based model produced a 95.25% accuracy score. An EEG-based ASD detection method using CNN was
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