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Abstract:

Sound Event Detection (SED) technology is currently one of the research hotspots in the field of audio signal processing. Its
goal is to identify the event categories present in an audio segment and label the start and end times of each event. Using sound
detection technology to analyze and identify animal sound signals is important for understanding animal behavior patterns and
detecting animal status. In view of the complex noise environment and low detection accuracy in practical application scenarios,
this paper takes complex audio as the analysis object and explores the animal sound event detection method combining short-
time Fourier transform technology and deep learning, which is an exploratory work for further developing practical animal
sound recognition systems. The main work and innovations are as follows: (1) extracting the characteristics of animal sound
events by analyzing the spectrogram imaging parameters, and (2) proposing a method for detecting animal state sound events
based on short-time Fourier transform and deep learning.
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INTRODUCTION

Sound serves as a pivotal means for animals to convey emotions to the external environment. By extracting features from animal
sounds, the perception and understanding of animal emotions can be achieved, playing a crucial role in animal health assessments
and ethological studies. However, traditional methods for detecting animal sound events have gradually revealed their
limitations, unable to meet the urgent needs of current scientific research and animal health diagnostics.

Traditional approaches primarily rely on manual field recordings and subsequent audio analysis, demanding extensive acoustic
knowledge and endurance for prolonged fieldwork from staff. They are susceptible to environmental noise interference, posing
significant challenges, inefficiencies, and a high degree of subjectivity in data collection and analysis processes, thereby
compromising the objectivity and accuracy of detection results. The difficulties in animal sound event detection lie in the
acquisition of sound signals, the filtering of background noise, and the automatic identification of valid sound events.

Early research on animal sound event detection relied on manually deployed portable recording devices in wild environments or
monitoring systems at ground-based fixed stations, followed by subsequent audio analysis. Buchan S. J., et al. [2] (2020) utilized
Hidden Markov Model technology to achieve automatic detection and classification of blue whale vocalizations from PAM data,
a method of great significance for advancing the monitoring of endangered whale populations, yet limited to specific datasets
and species, necessitating additional optimization and adjustment for animal sound event detection. Premoli M., et al. [4] (2021)
proposed and evaluated a series of supervised learning methods for automatic classification of ultrasonic vocalizations (USVs)
to deeply analyze animal communication, significantly improving classification performance using Convolutional Neural
Networks and other supervised learning algorithms to process spectrogram images. Romero-Mujalli D., et al. [5] (2021) validated
the application potential of DeepSqueak software in the detection, clustering, and classification of high-frequency/ultrasonic
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vocalizations in primates, capable of handling different call types, individual differences, and recording quality with high correct
detection rates, successfully applied to species with close evolutionary relationships.

Abbasi R. L., et al. [6] (2022) introduced BootSnap, a classification method based on ensemble deep learning, successfully
categorizing house mouse vocalizations into 12 classes with high generalization ability, albeit constrained to specific research
contexts and animal species. Pessoa D., et al. [7] (2022) developed a system for classifying mouse USVs, employing a new
segmentation algorithm based on spectral entropy analysis and a new classification method based on contour features, enabling
efficient and accurate identification and classification of a broader range of USV categories. Bru E., et al. [8] (2023) combined
acoustic localization with high-resolution land cover classification, offering potential for large-scale monitoring of vocally active
animals, which can be used to infer animal habitat and landscape utilization. Stoumpou V., et al. [9] (2023) developed AMVOC,
a free and open-source software incorporating unsupervised deep learning methods for detecting and analyzing mouse USVs.
In recent years, with the rapid development of the Internet of Things technology, deep learning algorithms, and audio signal
processing techniques, the application of deep learning algorithms for animal sound event detection has emerged as a research
hotspot.

Gbémez-Armenta J. R., et al. [10] (2024) proposed a method using deep neural networks to analyze bark sounds for classifying
dog identity, breed, age, gender, and barking context; Kucukkulahli E., et al. [11] (2024) classified cat sounds using deep learning
models based on the Vision Transformer (ViT) and Convolutional Neural Network (CNN) architectures, finding that the ViT
model based on BEIT outperformed the current best models; Manriquez P. R., et al. [12] (2024) investigated the application of
Convolutional Neural Network architectures in bioacoustic classification tasks of emotional mammal vocalizations with small
datasets, discussing the ability of networks to generalize emotional features of vocalizations across taxonomic groups; Pagliani
B., et al. [13] (2024) classified the click sounds of common short-beaked dolphins based on clustering and discriminant analysis,
finding that temporal parameters had the highest accuracy in comparisons, with time-frequency datasets being the best
classification method; Pann V., et al. [14] (2024) proposed the use of Deep Convolutional Neural Networks (DCNN) and a novel
feature extraction method, Mixed-MMCT, to automatically and accurately distinguish pig vocalizations from non-vocalizations,
experimentally demonstrating the superiority of this method in real pig farming environments; Prakash R. V., et al. [15] (2024)
introduced an automatic detection and emotional state classification method for wildlife based on a stacked Long Short-Term
Memory (LSTM) network and hybrid features, achieving high classification accuracy; Salem, S. I., et al. [16] (2024) proposed
a segmentation method based on acoustic anomaly detection and an integrated framework of machine learning models for
extracting and classifying deer calls from long recordings, showing that all models performed well during validation and testing
stages, with the ensemble method significantly improving classification accuracy; Shorten P. R., et al. [17] (2024) developed an
algorithm using acoustic sensors worn on cow collars to distinguish cow vocalizations from other noises, validating the feasibility
of identifying cow vocalization features, finding significant differences in vocalization features among cows, and enabling the
identification of cows with abnormal vocalization patterns.

Automatic detection of bioacoustic events is crucial for monitoring wildlife. Given the cumbersome annotation process, limited
annotated events, and large volumes of recordings, few-shot learning based on a small number of instances is of vital importance
(2021) [18]. Researchers such as Liwen You [19] (2023) and Jinhua Liang [20] (2024) have attempted to train multifunctional
animal sound detectors using small sets of audio samples. Few-shot bioacoustic sound event detection is also an important task
in the field of animal vocalizations in nature [21] (2022).

During the audio recognition process for animal sound event detection, it is inevitable to encounter noise interference from the
environment, necessitating algorithms with strong environmental adaptability and anti-interference capabilities [26] (2023) to
effectively extract animal sound features in complex and variable natural environments.

This paper proposes an animal sound event detection method based on artificial intelligence and deep learning technology.
Building on previous animal sound event detection methods, it innovatively determines three imaging parameters of the
spectrogram—audio frequency, audio duration, and audio signal intensity range—through statistical analysis to achieve feature
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extraction of animal sound events. It then applies Short-Time Fourier Transform (STFT) to the data and finally inputs the
generated spectrogram into a pre-trained Vision Transformers (ViT) model to achieve animal sound event detection.

STFT-VIT-BASED ANIMAL CHIRPING SOUND ANALYSIS AND HEALTH STATUS IDENTIFICATION
METHOD

Animal chirping sound analysis and health status recognition method based on animal chirping sound spectrogram analysis of
large model STFT-VIT process using statistical analysis, audio signal strength, audio duration data visualization and analysis, to
determine the audio frequency, audio duration and audio signal strength range of the three imaging parameters of the sound
spectrogram and short time distance Fourier transform of the data; to generate the sound spectrogram image input into the pre-
trained Vision Transformer model to realize the detection of animal sound events.

The STFT-VIT based animal chirping sound analysis and health state recognition method contains 2 parts, one is the training
part and the other is the online health state recognition application part. The detailed steps of training among them include:

(D) reading an audio file and obtaining data of audio frequency, audio signal strength, and audio duration in the audio file;

(2) Data visualization to analyze the data and determine the two imaging parameters of audio signal strength range and audio
duration;

(3) Process the audio data with short time-distance Fourier transform, and draw an acoustic spectrogram based on the three
imaging parameters of audio frequency, audio signal intensity range and audio duration;

(#) Construct the classification dataset of acoustic spectrogram, and train the Vision Transformer model for animal chirping
sound analysis and health status recognition.

The detailed steps of the online animal chirping sound analysis and health state recognition application part include:

(1) Collecting animal chirping sounds online and obtaining data on frequency and signal strength in the sounds;

(2) Using a window with a timing length of 3s, the sound data is processed by a short time-distance Fourier transform to determine
the final imaging parameters and draw a sound spectrogram based on the parameter constraints.

(3 Input the image into the pre-trained Vision Transformer model for animal chirping sound analysis and health status
recognition.

1. 1 Introduction and Analysis of Animal Chirping Sound Data Dataset

The data used in this paper comes from audio files generated by 10 adult Maine cats kept under the same conditions (same
owner) and 11 adult European Shorthair cats kept under different conditions (different owners), totaling 21 cats in three different
situations: being petted, before feeding, and being alone in an unfamiliar environment, respectively. The dataset contained 93
samples in the waiting-for-food situation, 135 samples when being petted, and 220 samples when alone in an unfamiliar
environment.

Before constructing the dataset, the influence of the cat's breed and sex (neutered male/female) on the purring was considered,
the cat's acclimatization period (in the presence of at least one veterinarian to avoid overstimulation of the cat), and the placement
of the recording device (distance and angle) were taken into account to ensure the quality of the audio.

By inputting the audio file and obtaining the audio signal strength and audio duration data therein, a histogram of the audio signal
strength distribution and audio duration distribution was plotted as shown in Figure 1. Data visualization and analysis are
performed for Figure 3 to obtain the statistical features of audio signal strength and audio duration, and two key features of the
animal sound audio data are shown through two audio data distribution graphs: audio signal strength and audio duration.
Among them, the figure on the left is the distribution graph of audio signal intensity, which takes audio signal intensity as the
horizontal axis and frequency as the vertical axis, and statistically demonstrates the distribution of the maximum audio signal
intensity (Max intensity) and the minimum audio signal intensity (Min intensity) of all audio files, respectively. As can be seen
from the figure, the range of audio intensity varies from -125dB to 100dB, while most of the audio signal intensity is concentrated
between [-50,75]dB, which indicates that the audio signal intensity within the range occurs more often; the right-hand side of
the figure is the distribution of audio duration, which is statistically displayed with audio duration as the horizontal axis and
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frequency as the vertical axis. From the figure, it can be seen that the range of audio duration varies from 0s to 4s, and most of
the audio duration is within the range of 3s, which indicates that most of the animal sound durations are in the first 3s of the
audio duration. It has been shown by Ntalampiras S [4] and other studies that the use of devices with a frequency reception range
of [0,4000] Hz can be better realized to obtain the cat's purring audio data, and then to judge its sound events [1]. Based on the
above analysis, it can be finally determined that the audio signal strength range is between [-50, 75] dB; the audio duration is
limited to 3s, and the audio frequency range is between [0, 4000] Hz.
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Fig. 1 Audio signal strength distribution and audio duration distribution of cat purring data

1.2 STFT Acoustic Spectrogram Classification Dataset Construction

(1) Data preprocessing

For the sampling frequency and audio data obtained by reading audio files, firstly, the audio data channels are uniformly
processed as unidirectional channels. If the data is multi-channel, only the data of the first channel is taken, which simplifies the
audio processing process and improves the processing efficiency without losing the key information. Then, based on the
conclusions drawn from the statistical analysis, the audio duration is uniformly processed as 3s length. If the audio duration is
less than 3s, then the audio is looped and extended to reach the target length; if the audio duration is longer than 3s, then it is
truncated to 3s. Finally, the short time-distance Fourier transform is performed on the completed data preprocessing to obtain
the audio data, and the output spectrograms are plotted based on the three parameters of the audio signal intensity range, the
audio duration and the audio frequency.

(2) Short time-distance Fourier transform

The short time-distance Fourier transform is applied to the preprocessed data for data feature extraction, and the expression is as

follows:

STFTx(t, ) = [*. x(Dw* (T — )e Wrdr (D
Table 1 Symbol Representation
symbol definition
w Symbol Definition
W(t) Angular frequency
* Conjugate
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The short-time distance Fourier transform STFT X (t,®) of the signal is discretized by setting the discrete signal of the continuous
time-domain signal x(t) to be x(n), and the window function to be x(m), which is shifted on the time axis, and the length of the
window function to be N. Then, the discrete form of short-time distance Fourier transform is:

STFTx(n, k) = XN=6 x(n + m)w(m)e J2mk/N 2)

x(n+m)w(m)

in Eq. (2) is the short time series.

By calculating the result of the short time-distance Fourier transform for each time point n, the frequency-strength-time
characteristic distribution of the signal can be obtained. Among them, the frequency characteristic distribution of the signal
describes the distribution of the signal at different frequencies; the intensity characteristic of the signal describes the strength of
the signal, and the time characteristic of the signal describes the law and characteristics of the signal change with time.

(3) STFT acoustic spectrogram plotting

After the short time distance Fourier transform, based on the audio signal intensity range, audio duration and audio frequency
three parameters drawn out in Figure 4 ~ Figure 6 in the time-frequency diagram and the acoustic spectrogram, from the acoustic
spectrogram can be derived from the horizontal axis of the time longitudinal axis of the frequency distribution of the frequency
distribution of the frequency of the signal at the time of the existence of each position represented in the time.

The horizontal axis represents the audio duration of 3s, reflecting the change of the audio signal over time; the vertical axis
represents the audio frequency range of [0,4000] Hz, which can be derived from the audio signal contains which frequency
components, the frequency value of the fundamental tone, the frequency distribution of the overtones, and the change of
frequency over time. The colors represent the audio signal strength range of [-50,75]dB, with higher color brightness representing
stronger signal strength and darker representing weaker signal strength.

Figure 2 shows the sound spectrum of the audio generated when the cat is stroked. From the right side of the sound spectrum, it
can be seen that the vocal signal has a certain continuity and regularity, the frequency range is more concentrated, the vocal
duration is longer and continuous, and the vocal performance is stable. This indicates that when the cat is being petted, it will
emit a calm purr because it is in a safe and stable environment, and express its specific emotions through a relatively uniform
frequency.

Figure 3 shows the spectrogram of the audio produced by the cat in an unfamiliar environment. From the spectrogram on the
right, it can be seen that the intensity of the vocal signal shows large fluctuations, and the duration of the vocalization is shorter
and intermittent, with a wider frequency range. This indicates that cats in unfamiliar environments will emit tentative and
intermittent sounds due to restlessness and panic, and express their fearfulness through purring at different frequencies.

Figure 4 shows the corresponding sound spectrogram of the audio generated when the cat waits for food. From the right side of
the sound spectrogram, it can be seen that the intensity of the vocal signal is relatively low and stable, the duration of the
vocalization is longer but intermittent, and the frequency range is mainly concentrated in the low-frequency band. This indicates
that the sound emitted by the cat when waiting for food is weak and low and long due to hunger.

By comparing the acoustic spectrograms corresponding to the three different vocal events of being stroked, being in an unfamiliar
environment and waiting for food, it can be found that there are significant differences in their corresponding audio signal
strength, vocal duration and vocal frequency in the acoustic spectrograms, which can highlight the characteristics of the audio
data of different animal vocal events.
By inputting the spectrograms into the pre-trained Vision Transformer model, the final output can be the situation of the cat
under the corresponding sound event.
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Fig. 2 Time-domain and spectrogram of a cat being petted.
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Figure 3 Time-domain map and spectrogram of a cat in an unfamiliar environment.
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Fig. 4 Time-domain and acoustic spectrograms of cats waiting for food

(4) Construction of STFT spectrogram classification dataset

After the data preprocessing, short time distance Fourier transform, and acoustic spectrogram plotting are performed sequentially
on all the animal sound audio files, the acoustic spectrograms with hidden axis labels are saved, and based on the three sound
event types of brushing, isolation_in_an_unfamiliar_environment, and waiting_for_food, the corresponding animal sound events
are categorized to construct the STFT acoustic spectrogram classification dataset. The acoustic spectrograms of the
corresponding animal sound events were categorized to construct the STFT acoustic spectrogram classification dataset.

Among them, brushing represents the acoustic spectrogram folder corresponding to the audio data generated when the cat is
being petted, and there are 127 samples under this folder; isolation_in_an_unfamiliar_environment represents the acoustic
spectrogram folder corresponding to the audio data generated when the cat is in an unfamiliar environment; and there are 221
samples under this folder. The folder “waiting_for food” represents the folder of sound spectrograms corresponding to the audio
data generated by a cat waiting for food; there are 92 samples under this folder.
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VISION TRANSFORMER MODEL FOR ANIMAL CHIRPING SOUND ANALYSIS AND HEALTH STATUS
RECOGNITION

VIiT divides the input picture into multiple sub-patches (16x16), and then projects each sub-patch into a fixed-length vector to
be fed into the Transformer model, and the subsequent encoder operation is exactly the same as in the original Transformer
model. However, because of the picture classification, a special classification token is added to the input sequence, and the output
corresponding to this token is the final category prediction.

According to the flowchart in Fig. 5, a ViT block can be divided into the following steps:

(1) patch embedding: for example, if the input image size is 224 x 224, and the image is divided into fixed-size subgraphs with
a subgraph size of 16 x 16, then 224 x 224/16 x 16 = 196 subgraphs will be generated for each image, i.e., the length of the input
sequence is 196, and the dimensionality of each subgraph is 16 x 16 x 3 = 768, and the dimensionality of the linear projection
layer is 768 x N (N = 768), so the dimension of the input after passing through the linear projection layer is still 196 x 768, i.e.,
there are a total of 196 tokens, each with a dimension of 768. a special character cls needs to be added here as well, so the final
dimension is 197 x 768. so far a visual problem has been transformed by patch embedding into a seq2seq problem;

(2) positional encoding (standard learnable one-dimensional positional embedding): ViT also needs to incorporate positional
encoding, which can be interpreted as a table with a total of N rows, the size of N is the same as the length of the input sequence,
and each row represents a vector, the dimension of the vector is the same as the dimension of the input sequence embedding
(768). Note that the operation of position encoding is summing, not splicing. The dimension remains 197 x 768 after adding the
position encoding information;

(3) LN/multi-head attention/LN: The LN output dimension is still 197 x 768. for multi-head self-attention, the inputs are first
mapped to g, k, and v. If there is only one head, the dimensions of gkv are all 197 x 768, and if there are twelve heads (768/12
= 64), the dimensions of gkv are 197 x 64, and there are a total of 12 groups of gkvs, and then finally the output of 12 groups of
gkvs are spliced together, and the output dimension is 197x768, and then after another layer of LN, the dimension is still
197x768;

(4) MLP: the dimension is enlarged and then shrunk back, 197x768 is enlarged to 197x3072, and then shrunk again to 197x768
After block, the dimension is still the same as the input, which is 197x768, so multiple blocks can be stacked. Finally, the output
z_L"0 corresponding to the special character cls will be used as the final output of the encoder to represent the final picture
display (another approach is to leave the cls character out, and do an average of all the labeled outputs), as shown in the following
figure in Eq. (6), followed by an MLP for picture classification;

2 = [Xelass; X5E; X2E; -+ XNE] + EpogE € REZOP, E € RN+DXD ®)
z' = MSA(LN(zp_1)) +Z,_1, £=1..L 4)

zp = MLP(LN(z'p)) +2'p, £=1..L 5)

y = LN(z{) (6)

where input image image x € R"*W*€ 2D patches x,, € RN*(PC) € is the number of channels, P is the size of the subgraphs,
and there are a total of N patches, N=HW/P"2.
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Fig. 5 Structure of Vision Transformer model

EXPERIMENTAL RESULTS AND ANALYSIS

Our model is a pre-trained fine-tuned version of google/vit-base-patch16-224-in21k on the imagenet 21k dataset.

For model training, we choose to use the Adam optimizer and set its parameters betas to (0.9,0.999), epsilon to 1x10-8, set the
learning rate to 2x10-5, and the type of learning rate scheduler to linear, which is convenient for the model to achieve fast
convergence in the early stage of training while keeping the learning rate small in the late stage of training to stabilize the model
performance; for the training process For the training process, we set the number of training rounds to 50.0, the size of the
training batch to 8, and the size of the evaluation batch to 8 to maintain consistency with the size of the training batch, and set
the random seed to 1337 to control the initial state of the random number generator to ensure the reproducibility of the
experiment.

Next, the training data from the training set is input into the model for forward propagation calculation, the difference between
the model prediction result and the actual label is calculated using the cross-cross entropy loss function to obtain the loss value,
and the weights of the model are updated using the optimizer based on the gradient of the loss function. Then, the model is
trained iteratively for a predetermined number of training cycles.

Finally, our network structure can be trained using the above parameters to obtain the large model STFT-VIT for animal chirping
spectrogram analysis, whose final model validation loss is 0.0295 and model accuracy is 100%.

As Figure 6~Figure 7 shows the relevant curves of model training. Among them, Fig. 6 shows the model training loss curve and
the validation loss curve, and it can be seen from the images that both the training loss curve and the validation loss curve show
a decreasing trend with the increase of the number of iterations. This indicates that the model is gradually learning the features
of the data during the training process and gradually reducing the prediction error. Since both curves show a decreasing trend,
and there is no obvious fluctuation or rise, it can be initially judged that the model is stable during the training process, and there
is no serious overfitting or underfitting phenomenon. Among them, the training loss and the validation loss are gradually close
to each other over time, although there still exists a certain difference between the two, and the difference significantly decreases
with the increase in the number of iterations, indicating that the model not only performs well on the training data, but also
maintains a better performance on the unseen validation data, and has a better generalization ability.

Figure 7 shows the model accuracy curve, from the image can be seen that the model accuracy curve with the increase in the
number of iterations shows an upward trend and tends to stabilize, indicating that the model gradually learns the characteristics
of the data during the training process, and tends to stabilize in the later stage, which means that the model has converged to a
relatively good state.
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Fig. 6 Training Loss curve and Validation Loss curve of model training with adaptive acoustic spectrogram parameters.
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Fig. 7 Accuracy curve of model training for acoustic spectrogram parameter adaptation.

(1) Comparison experiment:

As Figure 8~Figure 10 shows the model training correlation curves when the audio duration, audio signal strength and audio
frequency are all adaptive.

Among them, Fig. 8~Fig. 10 shows the comparison between the training loss curve and validation loss curve of our model and
the model with parameter adaption. As can be seen from the images, the training loss shows a trend of rapid decline followed by
leveling off with the increase in the number of iterations, but the validation loss starts to show a rising trend after it rapidly
decreases to reach a lower point. This indicates that although the model learns faster at the beginning of training, and is able to
quickly learn the features of the data and reduce the loss, as the training proceeds, the model fits the training data better and
better, and the overfitting phenomenon may have occurred, resulting in a decrease in the generalization ability on the validation
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set, and the final model validation loss is obtained to be 0.0295; Fig. 10 shows a comparison of the accuracy curves of the model,
and it can be seen from the image that the model Accuracy curve with the increase in the number of iterations shows an upward
trend, and the final model accuracy rate obtained is 100%. Combining the model loss curves with the accuracy curves, it can be
seen that the model based on the three acoustic spectrogram imaging factors of audio duration, audio signal strength, and audio
frequency are all adaptive has overfitting phenomenon during the training process, and performs too well on the training dataset,
so much so that it learns noises or specific patterns in the training data, which do not apply to the new, unseen data.

Table 2 Training data for our model and the parameter adaptive model

STFT parameter setting method Accuracy Training set loss Test set loss
Our Approach 100% 0.307 0.0295
Audio duration, audio signal strength,
. . 100% 0.307 0.0295
audio frequency adaption
— BWEZE
— TR, EHESEE, THURESEN
0.8
0.6
0.4
0.2 A

Epochs

Fig. 8 Comparison of the Training Loss curves of our method with audio duration, audio signal strength, and audio frequency

adaption.
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Fig. 9 Validation Loss curve of our method versus audio duration, audio signal strength, and audio frequency adaption.
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Fig. 10 Accuracy curve of our method versus audio duration, audio signal strength, and audio frequency adaption.

(2) Ablation experiment

As shown in Figures 11 to 13, the accuracy curves obtained by model training after making changes to the three acoustic
spectrogram imaging parameters, namely, audio duration, audio signal strength, and audio frequency, respectively. Among them,
Fig. 11 is the model training accuracy curve when the audio duration is adaptive, and the final model validation loss is 0.0301,
with a model accuracy of 99.5%; Fig. 12 is the model training accuracy curve when the audio duration reaches 3s through the
complementary 0 to fill in the topology, and the final model validation loss is 0.1606, with a model accuracy of 95.23%; Fig. 13
is the model training accuracy curve when the audio signal strength is adaptive; Fig. 13 is the model training accuracy curve
when the audio signal strength is adaptive; Fig. 14 is the model training curve when the audio signal strength is adaptive. Figure
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13 shows the model training accuracy curve when the audio signal strength is adaptive, and the final model validation loss
obtained is 0.0444 and the model accuracy is 99.32%; Figure 19 shows the model training accuracy curve when the audio
frequency is adaptive, and the final model validation loss obtained is 0.0527 and the model accuracy is 99.09%.

As can be seen in the four images from Figure 11 to Figure 13, the model gradually learns the characteristics of the data as the
training progresses, gradually adapts to the training data, and begins to make more accurate predictions.

Combining the model training loss curve and the validation loss curve when the audio duration is adaptive, it can be seen that
although the final accuracy of the model training in Fig. 11 reaches 99.5%, the failure to limit the range of audio durations leads
to the model learning the noise or specific patterns in the training data, and overfitting phenomenon, which suggests that the
model, although it is able to perform well on the training data, is unable to maintain better performance on the unseen validation
data; Fig. 11~13 shows that the model gradually learns the features of the training data and starts to make better predictions. This
shows that although the model can perform well on the training data, it cannot maintain good performance on the unseen
validation data; Figure 12 combines the model training loss curves with the validation loss curves when the audio duration is
top-filled to a length of 3s by complementary zeros in Figure 13, which shows that the simple complementary zeros top-filling
method has a certain negative impact on the training of the model, and the model is difficult to learn more features of the data,
which leads to an increase in the training loss and a decrease in the accuracy; Figure 14 combines the model training loss curves
and the validation loss curves when the audio signal strength is adaptive model training loss curves and validation loss curves
can be seen that the model performance on the training set is improved in the later stages, but the performance on the validation
set is not significantly improved, indicating that the model training in the later stages of the overfitting phenomenon, due to the
failure to limit the range of the audio signal strength leads to learning too much noise or details on the training set, rather than
learning features with strong generalization ability; audio frequency adaptive The model training loss curve and validation loss
curve at time can be seen, due to the failure to restrict the audio frequency, resulting in the model learning as the model training
advances, the model learning is subject to the noise or specific patterns in the training data, and it is difficult to learn more
features of the data that are conducive to classification.

In summary, restricting the audio duration to 3s intercepts the audio time range where the data features are located as much as
possible, restricting the audio signal strength to [-50,75]dB retains the audio signal strength of the main sound as much as
possible, and restricting the audio frequency to 4000Hz filters out noise as much as possible, which effectively improves the
model's ability to learn the data features through the restriction of the three acoustic spectrogram imaging parameters, and avoids
the occurrence of overfitting phenomenon as much as possible. avoid overfitting phenomenon.

Table 3 Comparison of our method with models of audio timbre, intensity, and frequency adaptive

STFT parameter setting method Accuracy Training set loss Test set loss
Our Methods 97.95% 0.0941 0.0730
Audio Duration Adaptation 99.5% 0.0288 0.0301
Audio duration with 0 topology delay 95.23% 0.4276 0.1606
Audio Signal Strength Adaptive 99.32% 0.3043 0.0444
Audio Frequency Adaptive 99.09% 0.3265 0.0527
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Fig. 11 Comparison of Training Loss curve of our method with other methods of model training
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Fig. 12 Validation Loss curve of our method vs. other methods for model training.
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Fig. 13 Accuracy curve of our method vs. other methods for model training.

CONCLUSION

This paper combines statistical analysis and artificial intelligence deep learning technology to propose an animal sound event
detection method that can achieve optimized signal analysis and improve measurement accuracy, effectively improving the
accuracy of animal sound event detection. The innovation points are:

(1) The method of statistical analysis is used to limit the information of the three imaging parameters of the acoustic spectrogram,
S0 as to realize the limitation of the resolution bandwidth of the acoustic spectrogram, enhance the differentiation ability of the
signals of similar frequency, and improve the measurement accuracy of the signals.

(2) Use the pre-trained Vision Transformer model to provide a good initialization for sound event detection, and with the help
of the pre-trained weights, realize that it can still effectively learn audio features and accurately detect sound events in the face
of less labeled data.

(3) The experimental results show that the animal sound event detection method based on artificial intelligence deep learning
technology is accurate and effective, which can improve the model accuracy rate of 98.64% and effectively improve the accuracy
of animal sound event detection.

However, the generalization ability of the model across species, the scarcity and diversity of data in animal sound event detection
are all great challenges to animal sound event detection, and the next step is to combine audio processing technology with deep
learning acoustic detection technology to achieve the enhancement of animal sound data.
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