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In every society, some spinal disabled people lack physical and
motor abilities such as moving their limbs; they cannot use a
normal wheelchair and need a wheelchair with voice control.
Audio classification is one of the challenges in the field of pattern
recognition. Traditional methods for classifying voice commands
primarily include simple algorithms and manual annotation
techniques, which often have limited efficiency due to their
inability to recognize complex patterns and the high variability of
human speech. Convolutional neural networks (CNNs) have been
widely used in audio recognition and classification since they
often provide positive results. In this paper, a method for
classifying ambient sounds based on the sound spectrogram,
using deep neural networks, is presented to classify Persian
speakers' sounds for building a voice-controlled intelligent
wheelchair. To implement this, Inception-V3 was used as a
convolutional neural network, pretrained by the InceptionV3
dataset. In the next step, the network was trained with images that
were generated using spectrogram images of the ambient sound
of about 50 Persian speakers. Due to the lack of a Persian
speakers' dataset, the present research dataset was created with
50 participants including 35 males and 15 females, in the age
range of 25 to 60 years old. The experimental results achieved a
mean accuracy of 83.33%. Therefore, the wheelchair was able to
execute five commands, such as stop, left, right, front, and back.
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EXTENDED ABSTRACT

Introduction

Nowadays, due to the widespread access to various and inexpensive sensors,
research in the field of identification and classification of audio data has accelerated.
Systems based on sound sensors in the fields of medicine, surveillance, and security
such as multimedia, bioacoustics monitoring, identification of intruders in wildlife
areas, audio monitoring, monitoring and identification of animal species, automatic
diagnosis of heart disease, acoustic analysis of crying signal in infants, automatic
diagnosis of lung disease, security monitoring in unstructured environments have been
used.

In general, in the identification and classification of the system, due to the
unsuitability of using raw audio data as a network input, it is necessary to first extract
various features of raw audio data. Therefore, the sound recognition and classification
process consists of three different steps including signal preprocessing, extraction of
unique features, and finally the use of some classification tools to differentiate between
classes. Various features can be extracted from audio data, the most common of which
are spectroscopy, Mel spectroscopy, Mel frequency coefficient (MFCC), Stabilized
hearing image (SAI) and Linear prediction coefficients (LPC). In addition, various
supervised machine learning algorithms including decision tree, random forest and
nearest neighbor, support vector machine (SVM), hidden Markov models (HMM),
Multilayer perceptron and deep learning networks have been used to develop voice
recognition and classification systems. In recent years, due to the good results of using
deep learning methods, particularly convolutional neural networks (CNN), this method
has been widely used in the field of sound identification and classification.

The purpose of the present research was to design and build an intelligent
wheelchair for Persian users using deep learning to classify audio spectrogram images.
The simulation results showed the capability of the proposed method.

Methodology

Inception-V3 is a convolutional neural network architecture of the family of
Inceptions. This architecture is an improved version of the GoogleNet suggested by
Google in 2014. Because the core of the GoogleNet is the inception module, the
GoogleNet is also named as inception network. The inception module has some parallel
layers, which usually include a set of convolutional layers with three different sizes
(1x1, 3x3 and 5x5) and also one max-pooling layer. In this way, information can be
extracted at different levels. Therefore, spatial features can be extracted more
efficiently. The network structure of the Inception is such that by increasing the depth
of the network, it also reduces the number of network parameters, which reduces the
computational complexity and increases the accuracy and efficiency of the network. In
addition, it prevents overfitting. Hence, it is widely used in image classification tasks. In
Figure 1, the structure of a typical inception module is illustrated.
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Figure 1. The overall structure of the Inception module [25]. One module
includes some small convolution layers with a pooling layer.

In the proposed inception-V3, to improve the performance of the Inception, the larger filters
with the size of 5x5 and 7x7 that are computationally expensive were replaced with smaller sizes.
For example, the 3x3 convolution was replaced by two 3x1 and 1x3 sizes. This replacement
reduced the number of parameters and increased the speed of network training. In Figure 3, the
structure of Inception-V3 is displayed.

In Figure 2, the whole architecture of Inception-V3 is described. The default input image size
is 299x299 with three channels. The first layers include convolutional and pooling layers, and the
rest are inception module. At the end, there are fully connected and SoftMax layers.
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Figure 2. The Inception-V3 network [26]. It includes three main parts:
convolutional filter, an Inception module and fully connected layers.

A spectrogram or spectrometer is a method of visualizing the frequency spectrum of a sound
wave. In simpler terms, display spectroscopy of audio data is based on a kind of real-time
spectrometer [27-29]. Figure 4 shows an example of a spectrogram of an audio file. Spectrogram
images can be used in conjunction with various machine learning classifiers, including deep
learning methods. Studies by Liu et al. on deep learning models show that convolutional neural
networks (CNN) performed better than other models in images and video data [18]. Because a
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visual spectrum image is a signal of the frequency spectrum of a signal, spectrometer images are
used in deep learning methods to extract and classify features. Audio signals are less frequent
and create a different pattern in the display spectrum (see Figure 2).

Figure 4. A spectrogram of an audio file.

This method involves the steps of filtering and converting the signal into an image. Input audio
signals based on the STFT method are converted into audio images. The STFT indicates the
frequency content of the input signal. It provides useful information about waveforms such as
what frequencies and with what power are there in the waveform.

Results and discussion

The accuracy of the results obtained in the confusion matrix (Confusion matrix) for the two
methods Incp-Svm and Incp-kSvm-rbf are shown in Tables 7 and 8. In both cases, it is clear that
all classes are well-known. According to these experiments, the best result was obtained for
command stop with the value of 100% in both methods and the worst accuracy was obtained for
the Right command with 66.66% in incp-SVM method and 71.42% with Incp-kSvm-RBF method.

Table 1. Confusion matrix of incp_SVM algorithm.

Back 71.42 9.52 0 14.28 4.76
Forward 0 80.95 9.52 0 9.52
Left 0 4.76 80.95 4.76 9.52
Right 0 4.76 4.76 66.66 23.8
Stop 0 0 0 0 100

Table 2. Confusion matrix of Incp-kSvm-rbf Algorithm.

Back 71.42 9.52 0 14.28 476

Forward 0 76.19 14.28 0 9.52

Left 0 4.76 80.95 4.76 9.52

Right 0 0 14.2 71.42 14.2

Stop 0 0 0 0 100
Conclusion

In the present research, a voice-controlled wheelchair for Persian speakers was introduced
using an artificial intelligence deep network. The efficiency of deep learning for image
classification was proven. Therefore, the audio files were converted to images and applied one of
the state-of-the-art deep networks, Inception-V3, to do the classification. Due to the lack of a
database for Persian speakers, our database was created by recording the voices of 15 males and
35 females. Two algorithms, incp_SVM and Incp-kSVM-RBF, performed better than the others.
The experimental results illustrated the efficiency of the proposed algorithm.
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