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Abstract

This article proposes a multi-scale deep learning network to classify different underwater
acoustic signal sources. The proposed network is cleverly designed with multiple branches,
creating a multi-scale block which allows learning various spatial features of Constant-Q
Transform spectrograms. The network is trained and tested on the ShipsEAR dataset, which
is augmented by the overlap segmentation technique to ensure a balance in ship label classes’
data. The experiment results show that our network achieves an average classification accuracy
of up to 99.93% and an execution speed of 2.2 ms when configured with two multi-scale
blocks and 32 filter channels. In comparison, our network remarkably outperforms other
existing networks in terms of accuracy and execution time.

Index terms

Deep neural network, Constant-Q transform, underwater acoustic signal classification,
spatial feature.

1. Introduction

Sonar devices play an important role in combat operations in the sea; they are regarded
as "ears" to listen and "eyes" to observe the surrounding situation [1], [2]. Certainly, the
ability to classify radiated sound of underwater targets is crucial for a sonar operator. It
is confident that the operator’s knowledge, qualifications, and experience play a key role
in making the final prediction of tracked targets based on human auditory perception,
as well as spectrogram analysis and other analytical parameters provided by the sonar
devices. Therefore, the accuracy of judgment and the efficiency of target classification
depend entirely on the operator. Because of the fact that the knowledge and experience
of each operator might be different from others, one problem is whether the accuracy of
target classification can be maintained if the operator is replaced by another. Moreover,
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the health and psychological status of the operator also has considerable impacts on the
classification efficiency.

To assist the operator and facilitate stabilizing the classification efficiency, scientists
and researchers have proposed deep learning neural networks in many frameworks.
Indeed, neural networks, including a probabilistic neural network (PNN) [3], a multi-
layer perceptron (MLP) [4], an adaptive kernel classifier (AKC) [5], and a learning vector
quantization (LVQ) [6], have been investigated in [7] to deal with the classification of
underwater signals of fishing boats. The work shows that the LVQ approach combined
with the Two-Pass Split-Windows (TPSW) algorithm-based preprocessing for extract-
ing tonal features from the average power spectral density (APSD) achieves a better
performance than other ones in terms of learning speed and classification accuracy.
Despite obtaining a quite high classification accuracy, the dataset used in [7], which
contains only 200 patterns of signals, is really small to have an adequate demonstration.
In another work [8] in 2012, Feng et al. investigated the characteristics of the simplified
fractional Fourier transform (SFRFT) spectrum of chirp periodic signals to reveal the
relation between the chirp periodic signal and its chirp harmonics under the conditions
of underwater passive detection. Through the simulation and experiment, the signal
feature of propeller cavitation noise during the acceleration or deceleration stage has
been extracted to passively detect and classify moving vessels and underwater vehicles.
However, the recognition approach in [8] is relying on expert feature extraction, which
might result in false recognition in the condition of dense underwater sound noises.

As mentioned above, neural networks have been successfully applied to classify
underwater acoustic signals radiated from vessel propellers. In this article, we pro-
pose to combine constant-Q Transform (CQT) and a multi-scale convolutional neural
network (named CQT-CNN) for underwater acoustic signal recognition. While the CQT
transform serves as a time-frequency spectral image generator, the multi-scale CNN is
responsible for signal classification. The proposed model is trained and tested on a
dataset named ShipsEAR [9], and compared with other network models to show off its
performance enhancement.

The rest of the article is organized as follows: Section 2 introduces the related works;
then, the dataset and CQT processing technique are presented in Section 3. Following
this, we describe the proposed multi-scale convolutional neural network for underwater
acoustic signal recognition in Section 4. Next, the proposed CQT-CNN model has
been experimented on the ShipsEAR dataset. The experimental results are discussed in
Section 5. Finally, we conclude the research achievement and define the future research
intention related to this work in Section 6.

2. Related works

Underwater acoustic signal recognition is very complex for sonar operators; therefore,
expert feature extraction of these signals is always needed, but this process consumes a
lot of time and cost. In order to deal with the feature extraction limitation, a convolutional
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neural network (CNN) has been proposed in [10] for the recognition and classification
of underwater acoustic signals representing the targets of vessels, submarines, and
torpedoes. Accordingly, the acoustic signals are transformed into Low-Frequency Array
(LOFAR) spectral images for feeding the CNN model. As a result, the model has
reached a recognition accuracy of 97.22%. Despite achieving a higher accuracy than
other considered networks, the CNN model does not satisfy a generalization for the
diversity of underwater acoustic signals because it has been experimented on a relatively
small dataset.

In another approach, an anti-noise Power-Normalized Cepstral Coefficients (ia-PNCC)
technique based on multi-taper and normalized Gammatone filter banks was proposed in
[11] to improve the anti-noise capacity. Consequently, the ia-PNCC features of acoustic
signals have mitigated the noise and are well-suited for underwater target recognition
using a CNN model. Compared with Mel-scale Frequency Cepstral Coefficients (MFCC)
[12] and Linear Prediction Cepstral Coefficients (LPCC) [13] techniques in combin-
ing with the CNN model, the ia-PNCC preprocessing technique has offered a higher
accuracy for underwater target recognition. However, considering only a three-target-
class dataset was insufficient, and the CNN model used for the target recognition was
not optimal.

To improve the recognition accuracy, Chen et al. [14] have proposed the use of
residual CNN combined with the wavelet transform-based time-frequency images of
underwater acoustic signals. The method has achieved an accuracy of over 93%, which
is higher than a normal CNN model with five layers. Despite that, the result of the
experiment mentioned in [14] was solely based on a two-target dataset, and therefore
was not generalized for the recognition problem of multiple underwater acoustic signals.
With a larger dataset of ship-radiated sounds, a multi-scale residual unit (MSRU) was
proposed to construct a deep convolution stack network, which provided a recognition
accuracy of 83.15% [15]. An attention-based neural network (ABNN) was applied for
ship recognition in the time-frequency spectrogram with two-source interference [16].
The attention module helps distinguish the closely correlated features in frequency
regions to increase the accuracy of the ship’s sound recognition.

Although the aforementioned research works have succeeded in recognizing the under-
water acoustic signals, some limitations still exist in investigating the network structural
optimization and computational complexity. To this end, we propose a combination of
constant-Q Transform and a multi-scale convolutional neural network for underwater
acoustic signal recognition. The CQT transform generates time-frequency spectral im-
ages with a high frequency resolution at low frequencies and a high time resolution at
high ones, which is well motivated by both musical and perceptual human hearing [17].
The convolutional neural network is designed with multi-scale blocks, which consist
of multiple convolutional layers arranged as parallel branches. This design helps the
model learn and process feature maps using different filter sizes. As a result, more
representative and distinct features will be generated through the multi-scale blocks for
improving classification accuracy. The network is trained and tested on a dataset named
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ShipsEAR [9]. Subsequently, combined with CQT preprocessing, our network achieves
an average classification accuracy of 99.93% and remarkably outperforms several other
existing networks in terms of accuracy and execution time.

3. Dataset and Constant-Q Transform based preprocessing technique
3.1. Dataset collection

Dataset plays a crucial role in deep learning-based classification problems; the more
diverse the dataset is, the more robust the classifier’s performance is. Regarding this
research work, datasets of vessel propeller sounds are very scarce due to the expensive
acquiring equipment and time cost. Therefore, we collected the datasets from a public
source, ShipsEAR, provided by Santos-Dominguez et al. [9] from the University of
Vigo, Spain. The dataset was detailed in [18] with the specific water/air environment
parameters for sound propagation (such as channel depth, distance from source to sonar,
AIS information, locations, surface noise, temperature, etc.). The ShipsEAR dataset
consists of 96 audio files of different ships with sufficient information, such as pictures,
ship names, locations, and movement situations. Accordingly, by cleaning and analysis,
we manually classify and label them into twelve categories, including eleven ship types
and one ambient natural noise (Amb. Noise). It is worth noting that there are different
movement situations in the same category. Through CQT preprocessing, every three-
second frame of sound in the raw waveform is transformed into a CQT spectrogram
with a size of 250 x 500. Consequently, 11,210 spectrograms are generated with the
distribution shown in Fig. 1a. It can be observed that the dataset is imbalanced; therefore,
we apply an overlap segmentation to augment the dataset, which leads to it being more
balanced. This strategy produces a balanced dataset of 48,000 CQT spectrograms (4000
images for each class), whose distribution is in Fig. 1b.
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Fig. 1. Distribution of CQT spectrogram images in datasets.
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3.2. Constant-Q Transform based preprocessing technique

Constant-Q Transform is a mathematical model used in signal processing, especially
musical processing, to transform a signal from the time domain to the frequency domain
[17]. If the short-time Fourier transform (STFT) converts a raw waveform signal to a
time-frequency spectrogram with linearly spaced bins, the CQT performs this process
with equal Q-factor for all frequency bins. It means that CQT provides a high frequency
resolution at low frequencies and a high time resolution at high ones, which is well
inspired by musical and perceptual human hearing. If x(n) is denoted as a discrete
time-domain signal, then its CQT transform X (k,n) is defined as follows:

n+| N /2]
X(k,n)= > x(i)ap( —n+ Ny/2) )

j=n—|Ny/2]

where k = 1,2, ..., K is the index of frequency bin, || stands for the rounding operation
towards the negative infinity, a}(n) is the complex conjugate of a;(n) which is so-called
time-frequency kernel and defined as follows:

1 n Ir
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where f, is the center frequency of bin k, f, is the sample rate, w(-) is the window
function, and N is the window length. The center frequency f, of bin k is defined
as follows:

fo= 275 3)

where f; is the center frequency of the lowest frequency bin, and B is the number of
bins per octave, which is the most important parameter of the CQT transform because
it defines the trade-off of time and frequency resolution. The Q-factor of bin £ is

defined by: ; f
k Nefe
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where A fj, is the bandwidth at -3 dB of the frequency response of the kernel ax(n), and
Aw is the bandwidth at -3 dB of the main-lobe of the spectrum of the window function
w(t). The Q-factors are the same for all frequency bins; therefore, it is recommended
to make () as large as possible:
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where ¢ € (0, 1] is the scaling factor. For a computationally efficient implementation,

the CQT can be calculated through Fourier transform as follows:

X9k, N/2) = ZX VAL (6)
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Fig. 2. Comparing the spectrograms of STFT and CQT.

where X (j) and Aj(j) are the complex-valued Fourier transform of z(n) and a(n),
respectively. As shown in Fig. 2, we compare spectrograms using traditional STFT
(Fig. 2a) and CQT (Fig. 2b), where it can be observed that the CQT spectrogram has
a higher resolution at a low frequency than the STFT spectrogram.

4. Multi-scale convolutional neural network for underwater acoustic
signal recognition

Inspired by the hearing and learning processes in the human brain, supervised deep
neural networks (DNN) were proposed to solve the problem of recognizing underwater
acoustic targets based on the sound noise they emit [19]-[21]. The DNN model can
automatically identify the targets it observes by being trained with the available dataset.
Fundamentally, training is the process of updating the model weights. Thus, the model
will perform the tasks rigorously as it was trained. Regarding the underwater acoustic
signal classification using DNN, as shown in Fig. 3, supervised learning is conducted
based on the dataset labeled with twelve source names, denoted as { X'|Y'}, where X is
the observed data, and Y is the corresponding labels. In the forward propagation, the
input data is processed in the DNN model to provide a predicted class, denoted as Y.
Then, a specific loss function is applied to calculate the error value between predicted
and ground-truth labels. Specifically, the cross-entropy loss function is employed in this
work. The cross-entropy loss function is defined as follows:

c
1 - -
Leg = ol Zyi log 7 + (1 — y;) log(1 — 4;) (7N

=1

where (' is the number of output size, y; and §; are the score of the i** ground-truth and
predicted class, respectively. Afterward, the model weights will be updated according
to the error value in the back-propagation. The forward and backward propagation are
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Fig. 4. Structure of CQT-CNN for underwater acoustic signal classification.

repeated in the loop and stopped when the model provides an acceptable minimal loss
value or after a defined number of epochs. In the test phase, only unseen data are fed
to the trained model in order to predict a class corresponding to the input data.

This study proposes a convolutional neural network (CNN) combined with the CQT
preprocessing, so-called CQT-CNN, to classify twelve types of underwater acoustic
signals. Eleven sounds are recorded from the surface vessel propellers, and the remainder
is the sound recorded from natural water noise. It is worth mentioning that one label can
be assigned for multiple vessels of the same type. The structure of CQT-CNN is depicted
in Fig. 4, where we can see that CQT-CNN comprises CQT-based Preprocessing, several
consecutive connected Multiscale blocks, and a classifier. The detailed parameters of
CQT-CNN with two MultiScale blocks are reported in Table 1.

The CQT-based Processing block plays the role of a transformer, which converts the
sound signal in the time domain to the CQT spectrogram image as shown Fig. 2b.
The detailed process of the CQT-based Processing block has been described in Sub-
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Table 1. Detailed parameters of CQT-CNN model with two MultiScale blocks and 32 filter channels

Block Layer Output size olf\h:vl::il;:;s Description
Input 250 x 500 x 1 0 Size of CQT spectrogram
Conv{32%(3 x 3), stride(1,1)}
Conv-maxpool-ReLLU 125 x 250 x 32 320 Maxpool{3 x 3, stride(2,2)}
ReL.U activation function
. BatchNorm 125 x 250 x 32 64 Batch normalization
MultiScale * ;
Block 1 Branch 1 Conv{32%(1 x 1), s.trlde(l,l)}
{Conv-maxpool-ReLU} 63 x 125 x 32 1056 Maxpool{3 x 3, stride(2,2)}
ReLU activation function
Conv{32%(3 x 3), stride(1,1)}
{ Conv_i;i‘;ffolz_ReLU} 63 x 125 x 32 9248 | Maxpool{3 x 3, stride(2.2)}
ReLU activation function
Branch 3 {Conv} 63 x 125 x 32 1056 Conv{32%(1 x 1), stride(2,2)}
Conv{32*(5 x 5), stride(1,1)}
{ Conv_f;‘fgfoimw} 63 x 125 x 32 25632 | Maxpool{3 x 3, stride(2,2)}
ReLU activation function
Branch 5 Conv{32%(7 x 7), s.tride(l,l)}
{Conv-maxpool-ReLU} 63 x 125 x 32 50208 Maxpool{v3 ><. 3, strlde'(2,2)}
ReLU activation function
DepthConcat 63 x 125 x 160 0 Depth channel concatination
Conv{32%(3 x 3), stride(1,1)}
Conv-maxpool-ReLU 32 X 63 x 32 46112 Maxpool{3 x 3, stride(2,2)}
ReLU activation function
. BatchNorm 32 X 63 x 32 64
M];l(:‘cicgle Branch 1 Conv{32%(1 x 1), stride(1,1)}
{Conv-maxpool-ReLU} 16 x 32 x 32 1056 Maxpool{3 x 3, stride(2,2)}
ReLU activation function
Branch 2 Conv{32%(3 x 3), s_tride(l,l)}
16 x 32 x 32 9248 Maxpool{3 x 3, stride(2,2)}
{Conv-maxpool-ReLU} L .
ReLU activation function
Branch 3 {Conv} 16 x 32 x 32 1056 Conv{32*(1 x 1), stride(2,2)}
Conv{32*(5 x 5), stride(1,1)}
{ Conv_ii‘g:oﬁReLU} 16 x 32 x 32 25632 | Maxpool{3 x 3, stride(2,2)}
ReL.U activation function
Branch 5 Conv{32%(7 x 7), s_tride(l,l)}
{Conv-maxpool-ReLU} 16 x 32 x 32 50208 Maxpool {.3 x 3, str1de.(2,2)}
ReLU activation function
DepthConcat 16 x 32 x 160 0 Depth channel concatination
Conv{32*(3 x 3), stride(1,1)}
Classifier Conv-Rel.U 16 x 32 % 32 46112 ReLU actislation )function
Number of neurons = number
FC-Softmax-Output 1x1x12 196620 of classes
Softmax function
Total 463692

section 2.2. Before being fed to the CQT-CNN network, the CQT image is resized to
a specific size, such as 250 x 500 in this study. Afterward, the resized CQT image is
sent to the next block named Multiscale. Each Multiscale block starts with a group
of three layers including convolutional (Conv), maxpool, and RelLU activation layers
(Conv-Maxpool-ReLLU). The Conv layer consists of 32 filter channels. Each channel is
assigned with the filter size 3 x 3 and stride (1,1). Weights in the Conv layer can be
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updated in the training process, allowing the network to learn from the provided data.
In the forward propagation, the convolution is defined as follows:

3] 3]
S I*K Z Z ]z a,j— me/2+an/2+b (8)
el

where [ and K stand for two-dimensional (2D) matrices of input data and convolutional
kernel, respectively; and the kernel has the size of m xn. The Maxpool layer is employed
for the purpose of feature map reduction. Indeed, with the size 3 x 3 and stride (2,2),
the maxpool operation takes the maximum value from each 3 x 3 sub-matrix and skips
two elements to repeat the procedure in turns along row and column. As a result, the
output feature map can be halved compared to the input one. Then, the output feature
map is activated by the ReLLU layer, whose function is defined as follows:

y = max(z,0) )
where x and y stand for the input and output of the ReLLU function, respectively.

After processing by the Conv-Maxpool-ReLLU layer, the data is delivered to five
branches: four Conv-Maxpool-ReLU branches and one Conv branch. The four Conv-
Maxpool-ReLU branches are assigned with the same number of filters but have different
filter sizes, including 1 x 1, 3 x 3, 5 x 5, and 7 x 7. This design helps to induce diverse
filtering for extracting more robust and representative information from various sound
characteristics. The Conv branch plays a skip-connection role as in the residual module,
where the former features from the previous layer are reused for the subsequent blocks.
Finally, outputs of all branches are depth-wise concatenated by using the DepthConcat
layer. The stride parameter of the Conv layer in the skip connection must be set to (2,2)
to ensure the application of deep concatenation.

After processing through several Multiscale blocks, the data goes to the Classifier
block, where a Conv-Maxpool-ReLU group, fully connected layer (FC), Softmax, and
Classification layers are designed. The FC layer has twelve output neurons corresponding
to the number of label classes in the dataset. The Softmax layer uses the softmax function
to provide scores or probabilities of each class, helping to judge the output label. The
softmax function is described as follows:

pilz) = & (10)

> e
j=1

where z is the output features of the FC layer. Finally, the CQT-CNN model predicts
the sound signal regarding the class having the highest probability, which means:

Sourcepredictea = argmax{p(z)} (11)
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5. Experimental results and discussion

This section reports experimental results evaluated on the twelve-label ShipsEAR
dataset to demonstrate the efficiency of the CQT-CNN model. The training parameters
are as follows: employment of the stochastic gradient descent with momentum (SGDM),
the mini-batch size of 16, the maximum epoch of 20, the initial learning rate of 0.001,
and reduced 10 times for every ten epochs. The training and testing processes and other
measurements are conducted on a laptop with a configuration of CPU Corei5 9300H,
RAM 16GB, and GPU NVIDIA GeForce GTX 1660ti. The dataset is randomly split
into 2 separated portions, including 80% portion for training and 20% one for validation
and testing. Fig. 5 shows the convergence process of training and validation losses of
the CQT-CNN model.
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Fig. 5. Training process of the CQT-CNN model.

First and foremost, we evaluate the multiscale CQT-CNN compared to a non-multiscale
model in terms of performance accuracy. Accordingly, all Conv layers of the non-
multiscale model are assigned a filter size of 3 x 3. In this experiment, every Conv
layer of both models is set with four filter channels. The confusion matrices taken into
account for comparison are shown in Fig. 6, where we can observe that the proposed
multi-scale design provides higher classification accuracy than the non-multiscale one
thanks to the various filters in the Multi-scale blocks, which help to learn more robust
and representative features from underwater acoustic sounds. Specifically, the multiscale
CQT-CNN model achieves the lowest accuracy of 96.9% for Passenger labels, which is
about 2.6% higher than the non-multiscale model. The highest misclassification occurs
between Passengers and Motorboat.

In the second experiment, the classification accuracy and inference time of multiscale
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Fig. 7. Performance of CQT-CNN with different numbers of filter channels.

CQT-CNN are investigated when changing the number of filter channels in the Conv
layers. Accordingly, the number of filter channels is designated with several values of
{8, 16, 32, 64} to observe the accuracy and execution time trend. It is worth noting that
this experiment selects two Multiscale blocks for CQT-CNN. Results in Fig. 7 show
that the classification accuracy of CQT-CNN gradually increases with the number of
filter channels. However, the increment of filter channels results in a slower processing
speed of the model. Specifically, CQT-CNN of 64 filters takes the inference time of
4 ms, which is much slower than the model of 32 filters (only 0.24 ms). Meanwhile,
the difference in execution time for 8, 16, and 32 filters are insignificant. This result is
due to a significant change in the number of learnable parameters of CQT-CNN when
adjusting the number of filters from 32 to 64.

59



Section on Information and Communication Technology - Vol. 11, No. 02

100 T T T T T 99.99

9998+ \
99.5 ¢

=3 =)
© ©
o o
=N 2

99 r

=)
©
o
G

©°
O
o
K

Classification accuracy (%)
Classification accuracy (%

99.93 |

: : : : : 99.92 : : :
0 05 1 L5 2 25 3 1 2 3 4 5

Time length (s) Number of MultiScale blocks
(a) Different time lengths (b) Different numbers of Multiscale blocks

Fig. 8. Performance of CQT-CNN with different time lengths and different numbers of Multiscale blocks.

In the next experiment, we measure the dependence of classification accuracy on the
time length of input sound data. Accordingly, not only do we segment the audio signals
by 3 s but also into smaller segments, such as 0.2, 0.5, 1.0, and 2.0 s, then preprocess
using CQT transform before feeding them to the proposed network. In this experiment,
the network is designed with two Multiscale blocks and 32 filters. The experimental
results in Fig. 8a indicate that the longer the signal fed to the network is, the higher the
accuracy of the network is. Evidently, the vessel propellers radiate the sound signals,
which have energy concentrated at lower frequencies. Therefore, more representative
information will be processed in the network when a longer signal is captured.

Next, the CQT-CNN model is analyzed with different numbers of Multiscale blocks,
including 1, 2, 3, 4, and 5. All Conv layers are set in this experiment with 32 filters
of size 3 x 3. Numerical results in Fig. 8b reveal that despite improving classification
accuracy when increasing the number of Multiscale blocks, these differences in accuracy
are tiny because the CQT-CNN model of one Multiscale block seems to be satisfied
with the ShipsEAR dataset. Specifically, the accuracy enhances only 0.06% for changing
from 1 to 5 Multiscale blocks.

The preprocessing technique also affects the classification performance; therefore,
the experiment to compare the classification accuracy of the proposed network with
STFT and CQT transforms is carried out. As a result, due to higher resolution at low
frequencies, the network with CQT transform yields a higher classification accuracy
than that with STFT one (99.93% average accuracy for CQT compared to 99.86% for
STFT). The confusion matrices of two networks are shown in Fig. 9, where the left one
is of STFT transform, and the right one is of CQT transform.

Finally, the CQT-CNN network of two Multiscale blocks, 32 filter channels of size
3 x 3 is taken into account for competing with other existing state-of-the-art models,
including EfficientNet [22], SqueezeNet [23], GoogleNet [24], MobileNet-V3 [25],
and ShufleNet [26] in the same task of underwater acoustic signal classification. The
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Fig. 9. Confusion matrix comparison of the proposed network when using STFT and CQT transform.

Table 2. The comparison between CQT-CNN and other state-of-the-art models

Model Accuracy Execution time
EfficientNet 98.84 % 13.8 ms
SqueezeNet 86.84 % 2.1 ms
GoogLeNet 98.26 % 3.5 ms

MobileNet-V3  99.06 % 4.8 ms
ShufleNet 96.78 % 10.4 ms
CQT-CNN 99.93 % 2.2 ms

performance comparison in terms of classification accuracy and inference time is re-
ported in Table 2, where we can observe that the CQT-CNN model obtains the highest
accuracy of 99.93% and the second fastest execution time of 2.2 ms, which is slower
than SqueezeNet by about 0.1 ms. However, SqueezeNet provides the lowest classifica-
tion accuracy of 86.84%. Overall, the CQT-CNN model remarkably outperforms other
considered networks.

6. Conclusion

Our study has demonstrated the superiority of multi-scale CQT-CNN by evaluating
different hyper-parameter configurations for underwater acoustic signal classification
and comparing CQT-CNN with other existing models. With the clever design of multiple
branches to create the multi-scale block, the CQT-CNN has been capable of learning
various spatial features of Constant-Q Transform spectrograms. Through fine-tuning
some parameters of the network, we have found a trade-off for the classification accuracy
and execution time of CQT-CNN. Specifically, the network of two multiscale blocks and
32 filter channels in Conv layers has yielded an accuracy of 99.93% and a running time
of 2.2 ms. This performance has remarkably outperformed other considered networks.
In the future, we will focus on the dataset collected from real-world environments using
our own designed devices. Next, we continue developing the network to implement the
underwater acoustic signal classification task in real-time.
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NHAN DANG TIN HIEU THUY AM DUA TREN
SU KET HOP CUA MANG NO-RON TICH CHAP
PA KICH THUGC VA PHEP BIEN POI HANG SO Q

Tran Cong Trdng, Nguyén Vin Ldm, Tran Xudn Sung, Lé Thi Huyén, Poan Vin Sdng

Tém tit

Bai bdo dé xuit mdt mang no-ron hoc sau da kich thuéc dé phan loai cic ngudn tin hiéu
thity 4m khac nhau. Mang dé xuét dugc thiét ké khéo 1éo véi nhiéu nhanh két ndi tao ra mot
khoi tich chap da kich thuéc, cho phép moé hinh hoc dudc cic dic trung khong gian khac
nhau ctia biéu d6 phé CQT (Constant-Q Transform). Mang dudc huin luyén va thi nghiém
trén tap dit lieu ShipsEAR. D& dam bao tinh cin bang giita dit liéu ctia cac 16p nhan muc
tiéu, tép nay dudc cting cb bang ky thuat phan doan chong 14n. Két qua thi nghiém cho thay
mang dé xuét dat dugc do chinh xic phan loai trung binh 1én t6i 99,93% va toc do thuc thi
la 2,2 ms khi dugc chi dinh cAu hinh véi hai khdi tich chap da kich thudc va 32 kénh loc.
Khi dugc so sianh, mang dé xuit cho thiy hiéu ning vugt troi hon vé do chinh xdc va thdi
gian thuc thi so v6i mdt s6 mang hién cé khéc.

Tu khoa

Mang no-ron siu, bién ddi hing s6 Q, phan loai tin hiéu thuy am, dic tinh khong gian.
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