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Abstract

Bird species identification is becoming increasingly crucial for avian biodiversity conservation and assisting 
ornithologists in quantifying the presence of birds in a given area. Convolutional Neural Networks (CNNs) 
are advanced deep learning algorithms that have proven to perform well in speech classification. However, 
developing an accurate deep learning classifier requires a large amount of data. Such a large amount of data 
on endemic or endangered creatures is frequently difficult to gathered. Also, in some other fields, such as 
bioinformatics and robotics, the high cost of data collection and expensive annotation limit their progress, so 
large, well-annotated data creating a set is also difficult. A transfer learning method can alleviate overfitting 
concerns in a deep learning model. This feature serves as the inspiration for transfer learning, which was 
created to deal with situations where the data are distributed across a variety of functional domains. In this 
study, the ability of deep transfer models such as VGG16, VGG19 and InceptionV3 to effectively extract and 
discriminate speech signals from different species of birds with high prediction accuracy is explored. The 
obtained accuracies using VGG16, VGG19 and InceptionV3 were equal to 78, 61.9 and 85%, respectively, which 
are very promising.
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I. Introduction

Birds not only enhance nature's charm and beauty but also help 
maintain the balance of the new environment of the world. 

Because they are essential parts of natural systems, birds have 
ecological importance. Birds manage insects and rodents, pollinate 
crops, spread seeds, and serve humans directly. Bird vocalizations 
are very noticeable, which makes them a helpful tool for population 
monitoring and biodiversity assessment. Bird vocalization includes 
both calls and songs. Birds are essential to our ecology. For instance, 
birds keep our globe beautiful by controlling pests, pollinating crops, 
and preserving the ecology of an island. There are around 10,000 
species on earth, according to [1]. Birds make sounds for many 
reasons, including locating territories, which is important for male 
birds, inviting a mate to mate, reacting to their environment, and 
determining whether or not they are in danger [2]. People often find 
it difficult to distinguish between a bird's song and a call, especially if 
they are unfamiliar with birds. An audio recording of a bird's voice is 
an essential tool for identifying the species of a bird for a biologist who 
is interested in the study, management, and conservation of birdlife 
[3]. There are many bird calls, and it is hard for people to figure out 

which ones have a place with animal categories. The manual recording 
and recognition of avian sounds is inconvenient and can sabotage bird 
conservation efforts. As a result, accurate, scalable, and automated bird 
species recognition is essential for wildlife monitoring and can help 
conserve avian biodiversity [4]-[7]. The identification of bird species 
is a classic pattern recognition problem, and most research includes 
sections on signal pre-processing, feature extraction, and classification 
[8], [9]. Deep learning has received increased attention from 
researchers recently since it has been successfully used in a number 
of practical applications. To stop the rapid loss of avian variety in 
this area, deep-learning algorithms for bird detection are appropriate 
[10]. In this context, several automated bird detection models were 
developed. Additionally, a test has been performed on a system that 
can recognize new bird songs and learn from previously recorded 
annotated bird sounds. This system may provide accurate information 
on the presence or absence of a target species as well as the overall 
biodiversity status of a region. Deep learning algorithms are superior 
to conventional machine learning techniques because they can extract 
high-level characteristics from enormous amounts of data [11]. On the 
other hand, traditional machine learning approaches need users to 
construct features, which demands significant manual work.

On the other hand, deep learning approaches automatically extract 
data features using a hierarchical feature extraction method and an 
unsupervised or semi-supervised feature learning methodology 
[12]-[14]. Deep learning can be defined as a representation learning 
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algorithm in machine learning that is based on large data. Although 
deep learning models can achieve good predictive performance, such 
models require a huge number of unique data points to achieve this 
performance and this turns out to be challenging for endangered or 
endemic birds, as inadequate data overwhelms deep learning models. 
One of the fundamental problems of deep learning is data dependency. 
Deep learning is more dependent on training data than traditional 
machine learning methods since it needs a lot of data to find latent 
patterns in the data. Inadequate training data is unavoidable in 
some deep-learning applications. For instance, the high cost of data 
collection and expensive annotation, which impedes development, 
make it difficult to produce a sizable, thoroughly annotated dataset 
for each sample in a bioinformatics dataset [15], [16],[17]. The issue 
of overfitting in a deep model can be solved using a transfer learning 
technique [18]. Because transfer training makes the condition that the 
training data be independent and distributed equally with the test data 
simpler, it can address the issue of a lack of training data. Transfer 
learning drastically reduces the amount of training data and time 
needed for the target domain, because it does not require training and 
testing data or starting from scratch to train the target domain model.

In this experimental study, 7 different bird species were correctly 
identified using 16387 test samples from the xeno-canto database. 
Due to the limited sample size, several data augmentation techniques 
have been studied, and the underlying hypotheses were thoroughly 
evaluated. It was interesting to note that such type of augmentation 
techniques results in overfitting of the models. In light of these 
considerations, the idea of transfer learning was chosen for this 
investigation. By using transfer learning, a total of 36 species were 
classified rather than 7. Because of the limited availability of high-
quality data, pre-trained models have been used in the identification 
of 37 different categories of birds. To develop this investigation on 
the local bird recognition in Sundarban, West Bengal, India, two 
deep learning models were used. Hence, InceptionV3 and MobileNet 
were initially tested without the use of transfer learning technology, 
and then they were tested once again with it. Finally, the findings 
were compared using MobileNet and transfer learning, employing 
performance evaluation metrics such as accuracy and F1 score. In the 
experiment, the result showed that in the VGG16 model the training 
accuracy was 75%, while the test one accuracy was 78%. Respectively 
in the VGG19 model, the training accuracy was 64%, while the test 
accuracy was 61.9%. On the InceptionV3 model, which was employed 
in additional tests, an accuracy of 95% was reached during training, 
while an accuracy of 85% was achieved which obtained the best 
result. In the InceptionV3 model, ImageNet was used as a weight, and 
average pooling was employed.  The rest of this article is organized 
in the following way. Section 2 describes the related research. The 
methodologies used are detailed in Section 3.  Section 4 shows the 
results and their analysis, which are followed by a discussion and 
conclusion in section 5, and concludes what future work can be done.

II. Literature Survey

Different researchers have proposed different features for the 
audio sounds of birds, and artificial intelligence techniques have been 
used to voice classification. CNN models that use Mel spectrogram or 
mel frequency cepstral coefficient (MFCC) derived from audio data 
have been observed to dominate the most promising solutions [19]. 
However, recent trends show that the best results were achieved by 
the works that used Convolutional Neural Networks with transfer 
learning [20]. The best results were for the most part from using Resnet, 
Inception, and VGG models Additionally, Fritzler et al. [21] propose 
the Inception-v3 pre-trained convolutional neural network-based bird 
recognition system. The technology was enhanced with 36,492 audio 

recordings of 1,500 different bird species for the BirdCLEF 2017 task. 
The audio recordings were afterward transformed into spectrograms 
and used for data augmentation. According to this study, optimizing a 
pre-trained convolutional neural network trumps starting from scratch 
in terms of performance. For acoustic bird detection, Ntalampiras [22] 
introduced a transfer learning framework employing the probability 
density distribution of ten musical genres to determine the degree of 
affinities between different bird species and various musical genres. 
Deep learning models based on CNNs are efficient categorization 
models. However, getting numerous training samples in specialist 
disciplines like bird acoustics is expensive and difficult as they require 
a large amount of data for training. To address this issue, transfer 
learning is one method that can classify data with a limited number 
of training examples. DB Efremov et al. [23] assessed the effectiveness 
of birdcall classification utilizing transfer learning from a bigger base 
dataset to a smaller target dataset using a ResNet-50 CNN in this 
regard. A bird recognition model built on Inception-v3 was presented 
by J. Bai et al. [24] can identify and categorize 659 different bird species 
from supplied audio recordings. Inception-v3 is used to recognize bird 
sounds by using log-Mel spectrograms as features.

To enhance the model’s performance, several data augmentation 
strategies were employed. In order to categorize the cries of 24 species 
of birds and amphibians discovered in environmental field recordings, 
Zhong M. et al. [25] created a deep convolutional neural network. 
Their primary objective was to prepare enough training data, which is 
a significant difficulty for many deep-learning applications. To tackle 
this problem, they created a pre-trained deep convolutional neural 
network by fusing the idea of transfer learning with a supervised 
pseudo-labeling technique and an eigen loss function. In order to 
categorize grouper species based on the courtship-related noises they 
make during spawning aggregations, Ibrahim suggests a transfer 
learning technique, A. K. [26]. On the other hand, Rajan R. et al. [27] 
suggested a method for learning bird vocalizations utilizing sliding 
window analysis on the Mel spectrogram and a pre-trained Deep 
Convolutional Neural Network (DCNN), a VGG16 model. Using a deep 
learning model, Henri, E. J. et al. [28] created a method for classifying 
Mauritius bird sounds from audio recordings. Many categorized 
recordings from the birdsong-sharing website Xeno-canto were utilized 
as input for this model. Following that, they improved three previously 
trained CNN models: InceptionV3, MobileNetV2, and RestNet50, as 
well as a brand-new model. With 84% of accuracy, transfer learning 
was successfully applied to develop the study’s model. However, to 
create an effective deep-learning classifier, a substantial amount of data 
is needed. It is typically difficult to gather such vast amounts of data 
about endemic or endangered organisms. By separating two acoustic 
features, mainly, the Mel spectrogram and the Mel frequency cepstral 
coefficient, from each data point, Gunawan, K.W. et al. [29] established 
a transfer learning model that restricts overfitting in deep models and 
a method to maximize the dataset used. In order to incorporate and 
learn from both audio data, the researchers employed a two-input 
scalable convolutional neural network constructed from EfficientNet. 
On the test set, they had 99.9% of accuracy. A classification system for 
the sounds of 17 species of Indian owls was developed by Nayak S. et al. 
[30]. For the transfer learning model created in this study, four model 
architectures were used: InceptionV3, Resnet152, InceptionResnetV2, 
and VGG16, with all models sharing the same model parameters. The 
InceptionV3 network, which had an accuracy of 85.3%, produced the 
most precise results. ResNet50, DenseNet201, InceptionV3, Xception, 
and Efficient Net were just a few of the deep transfer learning models 
employed by Kumar Y. et al. [31] to create an intelligent system for 
predicting various bird species from a massive collection of audio data 
sets. DenseNet201 has the highest classification accuracy in the group, 
which was of 97.43%. A methodology for automatically classifying and 
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processing images and sounds to identify bird species from bird videos 
was presented by Sharma N. et al. [32]. On image and sound datasets 
containing recordings of 137 different bird species, classification 
models for images and sounds were developed using pre-trained 
neural networks ResNet 50V2 and EfficientNet B0. The final model’s 
overall accuracy was equal to 90%, while the test accuracy for the two 
models was 97.1 and 92.4%, respectively.

Deep learning techniques would be a practical solution, 
according to the aforementioned discussion of previously developed 
methodologies [33], [34]. The creation of a useful classification model 
that optimizes performance for numerous species using transfer 
learning and convolutional neural networks is the major contribution 
of the current study. Ornithologists and other researchers are aware of 
the potential benefits that may come from combining developments 
in bioacoustics with transfer learning models, which could provide 
a new study dimension. Additionally, there have been a few works 
completed, some of which we have discussed here; nonetheless, all of 

those efforts have certain restrictions. Table I lists state of art studies 
on automated bioacoustics bird species identification by using transfer 
learning models.  It has been noted that exceptionally lengthy files may 
sometimes break apart into pieces. It is essential to determine whether 
or not the Transfer Learning-based strategy can manage feature spaces 
that span a broad range of sizes. Following the deployment of transfer 
learning models, it was shown that the categorization of multiple-
label birds might be a challenging task at times due to overlaps in 
their vocalizations. Additionally, misclassifications were found in 
certain classes. Utilizing transfer learning models has not resulted in 
a significant amount of additional work being done for the purpose of 
recognizing calls from low-quality audio. During the pre-processing 
step, a number of noise-reduction filtering techniques need to be 
employed in order to get a higher recognition rate. Our main focus of 
this work is to provide a technique that can identify a large number 
of species from their audio and also the system must be cost-effective 
and scalable.

TABLE I. State of Art Studies on Automated Bioacoustics Bird Species Identification

Author(s) Dataset(s) Technique(s) Limitation(s) Results

Sprengel, E. 
et al.

(2016)
LifeCLEF plant challenge 2016 Dataset CNN Longer files create chunks Accuracy: 84%

M Lasseck
(2018)

LifeCLEF 2018
DCNNs pre-trained on 

ImageNet

Results can be further enhanced 
by combining models with 

various features
Accuracy: 93%

Ntalampiras, S.
(2018)

GTZAN corpus and http://www.Xeno-canto.org/
Transformation based 
on Reservoir Networks

It is necessary to assess whether 
the Transfer Learning-based 
approach can handle feature 

spaces with a wide range of sizes

There were obtained 92.5 
and 81.3% classification 

accuracy on average

Efremova et al.
(2019)

From http://www. Xeno-canto.org: Base “SoundNet” 
Dataset, Target Dataset, Negative Dataset

ResNet-50 CNN Results can be further improved

In 5-fold cross-validation, 
the target dataset’s 
average validation 

accuracy was of 79%

Bai, J., et al.
(2019)

BirdCLEF2019 Inception-v3
Ensemble of networks could 

significantly improve the results

The classifications mean 
average precision was of 

0.055 (c-mAP)

Rahman, M. M., 
et al.

(2020)
Seven local birds’ images

MobileNet and 
Inception-v3

Need to evaluate whether this 
model is suitable for a large 
number of various species

Accuracy: 91%

R Rajan., st al.
(2021)

Xeno-canto bird sound database

VGG16 through 
a sliding window 
analysis on Mel 

spectrogram

The classification of multiple-
label birds is a difficult 
undertaking because of 

vocalization that overlaps

Average F1-score: 0.65

Henri, E. J., 
et al.

(2021)
Xeno-canto bird sound database

InceptionV3, 
MobileNetV2 and 

RestNet50

Misclassifications were detected 
in some classes

Accuracy: 84%

Gunawan, K. 
W., et al.

(2021)
Xeno-canto database

Scalable with two 
inputs, EfficientNet’s 
Convolutional Neural 

Network (CNN)

It is difficult to gather the vast 
amount of high-quality data on 
endemic or threatened animals 

that are required to create a 
powerful model

Accuracy: 99.27%

Nayak, S., et al.
(2022)

Xeno-canto database

The ImageNet 
dataset was used to 
train the pre-trained 
InceptionV3 network

Need to detect the calls in poor 
quality audio

Accuracy: 85.3%

Kumar, Y., et al.
(2022)

https://www.kaggle.com/c/birdsongrecognition/data 

InceptionV3, 
Xception, ResNet50, 
DenseNet201, and 

Efficient Net

To increase the recognition rate, 
various noise reduction filtering 
must be applied during the pre-

processing stage

DenseNet201 and 
ResNet50 classification 

models achieved an 
accuracy of 97.43% on 

the validation set.

Sharma, N., 
et al.

(2022)

With 264 bird species, Cornell Bird Call 
Identification - 200 dataset offers roughly 150 

recordings for each one

ResNet50V2 and 
EfficientNetB0

Need to detect the calls in poor 
quality audio and need to remove 

ambient noise

EfficientNetB0 accuracy: 
92.4%
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III. Methodology

This section outlines the procedure followed in this study. The 
employed methodology incorporates transfer learning, deep learning, 
and audio-processing ideas. First, input comes from an audio recording 
of the bird under analysis. After that, features are extracted from the 
audio input using signal pre-processing techniques. The processed 
components are then fed into a powerful classification model that 
makes use of Convolutional Neural Networks [35], [36] and the idea 
of Transfer Learning [37], [38] to produce the best results for a wide 
range of species. The used three models are built on pre-trained 
networks called VGG16, VGG19, and InceptionV3, which were trained 
using data from 37 different bird species. In Fig. 2, the implementation 
process for this study is shown. First, from Xeno Canto, particular 
regional data is chosen, then data cleaning is performed, and after that 
data augmentation technique is used. Then, all the data is inputted 
into pre-trained models and classified. 

Database:
Xeno-Canto

Data cleaning

Performance
Evaluation

Decision Making

Data is ready to feed into
Models for Prediction

MFCC

Data augmentation
Audio track to log
Mel Spectrogram

conversion

Greyscale the
images and invert

colors

Fig. 2. Proposed bird sound identification solution.

A. Data Collection
The widely used Xeno-canto bird sound database served as the 

foundation for this study’s dataset. Volunteers from all across 
the world can record bird calls and sounds for the Xeno-canto 
Foundation, an online database of bird noises that includes more 
than a million bird sounds from more than 10,000 distinct species. 
Birdsong captured at Sundarban, West Bengal, India, served as the 
particular dataset for this study. Information on 37 different species 
was gathered. Fig. 1 shows the dataset utilized in this study. Each 
audio file was modified to contain a single vocalization lasting 1.5 
seconds (sampling rate: 16000 Hz). In total, 11325 files were included. 
The models were trained with augmented data, which were validated 
using the original 453 files.

B. Data Cleaning
Data cleaning is the process of removing inaccurate, corrupted, 

malformed, duplicate, or incomplete data from a dataset. There is 
a substantial risk of data duplication or mislabeling when merging 
multiple data sources. Background noise in the downloaded audio 
files was minor, which was confirmed manually. Hence background 
noise treatment was unnecessary. Parts of the audio files that had 
no or minimal sound were eliminated as follows: firstly, it was 
determined what the median sound power was, and the audio 
segments whose energy level or functional ability was below 50% 
of the median were removed, and lastly, the remaining audio files 
were reassembled.

C. Feature Extraction Technique

1. Mel Spectrogram
The audio sample was converted to Mel spectrogram in a different 

way and at different frequencies. Humans always perceive frequency 
logarithmically. A time-frequency representation, a perceptually 
appropriate amplitude representation, and ultimately a perceptually 
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Fig. 1. List of the studied species data.
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relevant frequency representation make up ideal sound qualities. 
For the pitch, Mel is crucial. Convert the frequencies to the Mel 
scale, extract the short-time Fourier transform, and then convert the 
amplitude to Db.

The Mel scale conversion procedures for frequencies are:

• Determine the number of Mel Scales;

• Create banks of Mel filters;

• Use Mel filter banks for the spectrogram.

D. Data Set Pre-Processing
Data pre-processing is the first and most crucial stage in developing 

a classification model. The audio classification task is an image 
classification challenge in this study. Here, MFCCs are employed 
in sound identification tasks and can accurately map auditory 
information in a visual domain (Fig. 3.). In order to be used, CNN 
models for classification audio recordings must be represented in the 
optical environment. Different processing is frequently required to 
make the dataset acceptable for usage with a CNN model [39]. The 
data pre-processing steps include data sizing, labeling, and expansion. 
The database consists of audio of the 37 birds’ songs of Sundarban; 
among them, 19 birds’ themes are included, which are very few 
(below 10). This significant imbalance may influence the model’s 
performance and can lead to issues such as overfitting and difficulty 
learning the model.
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Fig. 3. Time domain representation of original audio of the ashy_prinia 
dataset.

1. Data Augmentation
A CNN model could not be used since the data collected for 

certain species was insufficient. Therefore, for those specific 
species, data augmentation was used. On the other hand, in order 
to prevent overfitting, data augmentation is needed. The term “data 
augmentation” refers to an increase in available data. Time shifting, 
adding noise, time stretching, and pitch augmentation is examples of 
audio data augmentation techniques. Time stretching, pitch scaling, 
and the addition of white noise were the three data augmentation 
methods used in this study. The aforementioned data-cleaning 
procedure has been applied to all used data.

a) Time Stretching
A method is known as “time stretching” allows one to increase the 

length or speed of an audio stream without changing its pitch or other 
parameters. For example, one can extend a sound to 200 milliseconds 
by decoding twice as many samples from each frame if uttered for 
100 milliseconds (10 frames) [40]. Librosa, a python utility for music 
modification, applies the time stretching simple. The rate settings 
can change the audio’s pace and duration. Fig. 4 represents the time 
stretching of 0.8 times of original audio. 
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Fig. 4. Time Stretching of an original bird call audio.

b) Pitch Scaling 
This technique serves as a wrapper for the librosa function. The 

pitch veers all over the place. When applying different rate values 
without altering the duration of the signal, pitch scaling is the reverse 
of time stretching [41], as can be seen in Fig. 5.
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Fig. 5. Pitch Scaling of an original bird call audio.

c) Noise Addition
Noise addition can generate syntactic audio data for the data 

augmentation process. Numpy makes it simple to deal with noise 
addition by adding a random value to the date. In Fig. 6, this technique 
can be seen.
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Fig. 6. Noise addition of an original bird call audio.

2. Dataset Splitting: Training & Testing
The total number of files that were selected from Sundarbans’s set 

consisted of 2265; after doing data augmentation, the total number of 
files was 11325. Then, the used dataset was split into 80% and 20%, for 
training and testing, respectively.
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E. Model Description
The use of deep learning in audio recognition is well-recognized. 

Neural networks have been applied to numerous facets of audio 
recognition since the development of deep understanding [42], [43]. 
The effectiveness of neural learning for sound recognition is influenced 
by the adaptability and predictive power of the increasingly accessible 
deep neural networks. The deep learning models utilized in the study 
are described in the following.

1. VGG16
VGGNet-16 has a relatively homogeneous architecture with 16 

convolutional layers. It only has 3x3 convolutions but a lot of filters 
[44]. The Visual Geometry Organization, or VGG for short, was a 
group that replaced Alex Net which was established in Oxford. It 
adopts and enhances some concepts from its forerunners and uses 
deep convolutional neural layers to increase accuracy. Comparatively, 
managing VGGNet’s 138 million parameters can be challenging.

VGG16 has thirteen convolutional layers, five Max Pooling layers, 
and three Dense layers for a total of twenty-one layers, but only 
sixteen weight layers or trainable parameters layers [45]. Each of the 
16 layers has one convolution and one pooling layer, Fig. 7. VGG16 can 
be enhanced through transfer learning.

Following the rectified linear unit (ReLu) activations, the image 
data is transmitted through the first of two convolutional layers with a 
minimum receiving area of 3X3. In each of these two layers, there are 
64 filters. One pixel serves as padding, while one pixel always serves 
as the convolution step. The first convolutional layer is responsible 
for capturing low-level information such as gradient and edge 
orientation, among other information. The spatial maxima are then 
binned with a step of 2 pixels in a 2x2 pixel window for activation 
maps. An activation’s size is cut in half. Consequently, the activations 
at the base of the first stack are 112x112x64 long. The activations then 
proceed via the 128 filters in the second stack as opposed to the 64 in 
the first one.

The size is 56x56x128 as a result after the second layer. A maximum 
pool layer and three convolutional layers make up the third layer. 
Because 256 filters are employed, the output stack size is 28x28x256. 

The following two sets of three convolutional layers have each 512 
filters. The final stack is of 7x7x512 size for both. Following stacks of 
convolutional layers with a flattened layer in between are the three 
fully connected layers. The last completely connected layer serves as 
the output layer, and has 1000 neurons, or 1000 potential classifications 
of the ImageNet dataset. The previous two fully connected layers have 
each 4096 neurons. The SoftMax activation layer, which is utilized 
for categorization, comes after the output layer. In order to adapt the 
architecture to high-level characteristics, additional layers are also 
helpful. The spatial size of the convolved feature is decreased by the 
pooling layer. The amount of processing power needed to process 
the data lowers as its dimension increases. Smooth training is made 
possible by the VGG16 model, which is useful for extracting rotation- 
and position-invariant dominating features.

2. VGG19
A 19-layer version of the VGG model is known as the VGG19 model, 

which has 16 convolution layers, three fully connected layers, 5 Max 
Pool layers, and 1 SoftMax layer, Fig. 8 [46]. An RGB image of fixed 
size (224*224) was provided to this network as input, indicating that 
the matrix was of the form (224,224,3). The only preprocessing was to 
take the mean RGB value for the entire training set and subtract it from 
each pixel [47]. The complete visual concept was then covered using 
kernels of size (3*3) with a step size of 1 (one) pixel. Spatial padding 
was then applied to preserve the spatial resolution of the image. 
Step two was then used to create maximum pooling in two * 2-pixel 
windows. Then, instead of using tanh or sigmoid functions, a ReLu 
was used to induce non-linearity and improve processing speed. Three 
final connected layers are then implemented, the first two of which 
are 4096 in size, followed by a 1000-channel ILSVRC classification 
layer, and finally a SoftMax activation layer, which is used for category 
classification. It has been used as a good classification architecture for 
various other datasets. The models were publicly available, so they 
can be used as is or with minor modifications for other similar work. 

3. InceptionV3
Convolutional neural networks are the foundation of the deep 

learning model known as InceptionV3, which was first developed as 
a Google network module for image analysis and object detection. 
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Inception Networks (Google Net/Inception v1) are more cost- and 
time-effective computationally than VGGNet in terms of the number 
of network parameters produced. It has 42 layers and a lower error 
rate than previous models, Fig. 9. To improve model adaptation, the 
InceptionV3 model uses a number of mesh optimization strategies. 

Inception Block
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1x1 CONV

1x1 CONV

1x1 CONV
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5x5 CONV1x1 CONV

Maxpooling
3x3 = 1
same

Channel
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28x28x192

28x28x128

28x28x64

28x28x256

28x28x32

28x28x32

16

96

Fig. 9. Layers used in the InceptionV3 model.

The used approaches are factorized convolution, regularization, 
dimensionality reduction, and parallelized calculations [48]. The 
number of parameters in the network is decreased via factorized 
convolutions, which enhances computational effectiveness. It also 
benefits the network performance. Training becomes faster as smaller 
convolutions take the place of bigger ones. For instance, replacing a 5 5 
convolution with two 3 3 filters only requires 18 (3*3+3*3) parameters. 
In asymmetric convolutions, a 3 3 convolution can be swapped 
out for a 1 3 convolution followed by a 3 1 convolution. If the 3 3 
convolutions were switched out for a 2 2, there would be a lot more 
parameters than in the case of the described asymmetric convolution. 
The network suffers a considerable loss as a result of the losses caused 
by the little CNN that was added between the layers during training. 
In InceptionV3, a third classifier acts as a regularization term. Last 
but not least, pooling procedures are frequently used to achieve a 
grid size reduction strategy. The final building incorporates all of the 
principles previously mentioned. The InceptionV3 was used in this 
study because, while not slower than the Inception V1 and V2 models, 
it is more effective and has a deeper network [49]. The InceptionV3 
model is less expensive to calculate.

In Fig. 10, the proposed customized model is shown. First, the 
model was built with a standard structure, and later it was fine-tuned 
for respective models. Methodologies such as feature extraction, 
data augmentation, and three transfer learning models were used 
for the comparison purpose in this study. As because of the transfer 
learning concept is employed therefore there are no overfitting 
issues with the model. First, input comes from an audio recording of 
the bird under analysis. After that, features are extracted from the 
audio input using signal pre-processing techniques. After that, the 
data augmentation task is accomplished. The processed components 
are then fed into a powerful classification model and the idea of 
Transfer Learning to produce the best results for a wide range of 
species. The used three models are built on pre-trained networks 
called VGG16, VGG19, and InceptionV3, which were trained using 
data from 37 different bird species.

In the proposed VGG16 model, there are five convolutions’ blocks. 
Each block contains a convolution 2D model and max-pooling 2D 
layer. The input of the model is 224, 224 with three dimensions; after 
one complete convolution, the output size is (112, 112,64). Following 
another convolution, the output is (56,56,120) after block three, 
(28,28,256) in partnership four, (14,14,512) in partnership five, and 
(7,7,512) as input and output are 512 in partnership six. The included 
dropout layer has a very slight change, and the final dense layer has 
256 as an input and 37 as an output. Generally, all the layers of VGG16 
were frozen and a customized layer was added. The Sigmoid function 
is used as an activation function and optimizer. As a loss function, an 
Adam optimizer with cross-entropy was used. For the VGG19 model, 
ImageNet was used as a weight, and average pooling, a customized 
base layer, and convolution layers with 256 dense layers with activation 
function as ReLu with dropout 0.1 were used. Additionally, SoftMax 
with a learning rate of 0.00005 was employed in the final layer. During 
the course of the model-building procedure, the Adam optimizer and 
the loss function were used as the categorical cross-entropy. Lastly, for 
the InceptionV3 model, ImageNet was used as a weight, and average 
pooling was employed. Lastly, a customized model was built by adding 
custom layers. In the customized model, 256 dense layers with an 
activation function ReLU were used, and a dropout of 0.4 was used. 
With the Adam optimizer, the model was built using categorical cross-
entropy as the loss function.

IV. Experimental Results & Analysis

We have experimentally chosen three transfer learning models in 
this study: VGG16, VGG19, and InceptionV3 model. Table II, Table III, 
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Fig. 10. Proposed deep learning model.
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and Table IV show the individual performance of the VGG16, VGG19, 
and InceptionV3 models respectively. From these three tables, it is 
observed that the performance of the proposed InceptionV3 model 
shows better performance when it is compared with the VGG16 and 
VGG19 models. The experimental results of the InceptionV3 model 
are reported as 86% precision, 86% of recall, and 85% of F1-score. The 
classification results of VGG16 are as follows: 18 out of 37 bird sounds: 
ashy_prinia, brown_fish_owl, brown_winged_kingfisher, cinnamon 
bittern, collared kingfisher, common_woodshrike, fulvous_breasted_
woodpecker, grey_headed_fish_eagle, lotens_sunbird, red_whiskered_
bulbul, striated_babbler, swamp_francolin, tree_pipit, western_osprey, 

asian_openbill, baya_weaver, brown_cheeked_fulvetta, and western_
yellow_wagtail, were 100% detected from the test data. The overall 
accuracy achieved using the VGG16 model was equal to 78%. For 
the VGG19 model, the training accuracy obtained was of 64%, and 
the test accuracy was 61.9%. According to the categorization results, 
VGG19 obtained 100% of recognition in 17 of the 37 test cases. In the 
InceptionV3 model with a batch size of 32, the obtained train accuracy 
was 95%, and the test accuracy of 85%. As to the classification results, 
24 of the 37 species were 100% detected in the test dataset.

TABLE II. VGG16 Classification Model

Class precision recall f1-score support

0 0.80 0.29 0.42 14

1 1.00 1.00 1.00 12

2 0.73 1.00 0.85 11

3 0.67 0.57 0.62 14

4 1.00 1.00 1.00 14

5 0.50 0.55 0.52 11

6 0.42 0.62 0.50 13

7 0.71 0.62  0.67 16

8 1.00 1.00 1.00 12

9 1.00 1.00 1.00 10

10 1.00 1.00  1.00 10

11 0.93 1.00  0.96 13

12 0.87 1.00  0.93 13

13 0.80 0.67  0.73 18

14 0.90 0.75  0.82 12

15 100  0.85 0.92 13

16 1.00 1.00 1.00 13

17 1.00 1.001 100 11

18 0.50 0.25 0.33 12

19 0.70 0.54 0.61 13

20 0.62 0.45 0.53 11

21 0.56 0.42 0.48 12

22 1.00 1.00 1.00 11

23 0.37 0.64 0.47 11

24 0.92 1.00 0.96 12

25 1.00 0.46 0.63 13

26 0.92 0.92 0.92 12

27 0.50 0.42 0.45 12

28 0.37 0.64 0.47 11

29 1.00 1.00 1.00 10

30 0.45 0.77 0.57 13

31 0.71 1.00 0.83 12

32 1.00 1.00 1.00 12

33 1.00 1.00 1.00 11

34 1.00 1.00 1.00 10

35 0.92 0.85 0.88 13

36 1.00 1.00 1.00 10

accuracy 0.78 451

macro avg  0.81 0.79 0.78 451

weighted avg 0.80 0.78 0.78 451

TABLE III. VGG19 Classification Model

Class precision recall f1-score support

0 0.33  0.36  0.34  14

1 1.00  1.00  1.00  12

2 1.00  0.36  0.53  11

3 0.26  0.36  0.30  14

4 1.00  1.00  1.00  14

5 0.50  0.18  0.27  11

6 0.67  0.15  0.25  13

7 0.39  0.44  0.41  16

8 0.60  1.00  0.75  12

9 0.91  1.00  0.95  10

10 1.00  1.00  1.00  10

11 0.62  1.00  0.76  13

12 0.93  1.00  0.96  13

13 0.67  0.22  0.33  18

14 0.33  0.67  0.44  12

15 0.86  0.46  0.60  13

16 0.92  0.85  0.88  13

17 1.00  1.00  1.00  11

18 0.40  0.17  0.24  12

19 0.50  0.31  0.38  13

20 0.44  0.64  0.52  11

21 0.52  0.92  0.67  12

22 0.91  0.91  0.91  11

23 0.33  0.36  0.35  11

24 0.57  1.00  0.73  12

25 0.15  0.15  0.15  13

26 0.67  0.83  0.74  12

27 0.43  0.25  0.32  12

28 0.00  0.00  0.00  11

29 0.77  1.00  0.87  10

30 1.00  0.23  0.38  13

31 0.50  0.58  0.54  12

32 0.71  1.00  0.83  12

33 0.86  0.55  0.67  11

34 1.00  1.00  1.00  10

35 0.50  0.54  0.52  13

36 0.53  1.00  0.69  10

accuracy     0.62 451

macro avg 0.64  0.63  0.6 451

weighted avg 0.64  0.62  0.59 451
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A. Accuracy
In order to meaningfully evaluate a machine learning model’s 

performance, accuracy is a metric frequently used. A model’s accuracy 
is usually calculated once the parameters are specified and represented 
in terms of percentage, which is a statistic that shows how accurately 
the model’s performance contrasts with actual data. Figs. 11, 12, and 
13 show the accuracy curves for the built learning models. In the 
experiment using the baseline model of VGG16, only ten epochs with 
a batch size 32 were run, and the obtained train accuracy was of 75% 
and the test one was 78%. Similarly, the VGG19 model also run in 10 
periods with a batch size of 32, and 64% was train accuracy and 61.9% 

the test one. On the InceptionV3 model, which was used in further 
experiments, with 10 epochs, a training accuracy of 95% and a test 
accuracy of 85% were obtained.

B. Loss
A more accurate model is indicated by lower loss values. The loss 

is not expressed as a percentage, in contrast to accuracy. The built 
learning models’ loss curves are shown in Figs. 14, 15 and 16. The 
training loss of the VGG16, VGG19, and InceptionV3 models decreased 
over time, but the validation data revealed frequent variations and 
substantial loss. The loss function shown was in the 0.9 to 1.5 in range 
in the three studied models. In the training of the studied models, 
categorical_crossentrophy was used.
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Fig. 11. VGG16 model’s accuracy.
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Fig. 12. VGG19 model’s accuracy.
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Fig. 13. INCEPTIONV3 model’s accuracy.

TABLE IV. Inceptionv3 Classification Model

Class precision recall f1-score support

0 0.46  0.43  0.44  14

1 1.00  1.00  1.00  12

2 0.85  1.00  0.92  11

3 0.88  1.00  0.93  14

4 0.93  1.00  0.97  14

5 0.35  0.55  0.43  11

6 0.90  0.69  0.78  13

7 0.70  0.88  0.78  16

8 1.00  1.00  1.00  12

9 1.00  1.00  1.00  10

10 1.00  1.00  1.00  10

11 1.00  1.00  1.00  13

12 1.00  1.00  1.00  13

13 0.91  0.56  0.69  18

14 1.00  1.00  1.00  12

15 1.00  1.00  1.00  13

16 0.93  1.00  0.96  13

17 0.92  1.00  0.96  11

18 0.75  0.50  0.60  12

19 0.78  0.54  0.64  13

20 0.92  1.00  0.96  11

21 0.86  1.00  0.92  12

22 0.79  1.00  0.88  11

23 0.83  0.91  0.87  11

24 1.00  1.00  1.00  12

25 0.71  0.77  0.74  13

26 1.00  1.00  1.00  12

27 0.43  0.25  0.32  12

28 0.30  0.27  0.29  11

29 0.91  1.00  0.95  10

30 0.90  0.69  0.78  13

31 1.00  1.00  1.00  12

32 1.00  1.00  1.00  12

33 0.92  1.00  0.96  11

34 1.00  1.00  1.00  10

35 1.00  1.00  1.00  13

36 0.91  1.00  0.95  10

accuracy     0.86 451

macro avg 0.86  0.87   0.86 451

weighted avg 0.86  0.86  0.85 451
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Fig. 14. VGG16 model’s loss.
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Fig. 15. VGG19 model’s loss.
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Fig. 16. INCEPTIONV3 model’s loss.

C. Confusion Matrix
An evaluation of the performance of a classification model, or 

“classifier”, on a set of test data for which the true values are known 
is given by a confusion matrix, which is a table. The matrix also 
allows a comparison between the targets’ actual values and the model 
projections. To properly comprehend the classification findings, the 
confusion matrix for each of the three classification architectures were 
built, Figs. 17, 18 and 19.

Fig. 17. Confusion matrix obtained by VGG16.

Fig. 18. Confusion matrix obtained by VGG19.

Fig. 19. Confusion matrix obtained by INCEPTIONV3.
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V. Discussion 

Working with bird species of a more significant number of types 
is challenging. Deep learning architectures have improved speech 
recognition accuracy, and automated learning approaches have been 
developed. Transfer learning technique was used in this study as 37 bird 
species were addressed, and a large dataset with a wide range of bird 
sounds is required. In this research, the categorization of bird noises 
is accomplished via the utilization of three different deep-learning 
frameworks. These frameworks are VGG16, VGG19, and InceptionV3. 
All the models use the same model parameters. As was shown, the 
InceptionV3 model obtained the best result. However, M Lasseck 
et al. [50] showed 93% accuracy using ensemble models with deep 
convolution neuronal networks with a pre-trained model but using a 
more significant number of epochs. The proposed model outperforms 
the solutions proposed by earlier work that was carried out by other 
researchers. Previously, various models gave a visual representation 
of the sound, but the suggested model is capable of working directly 
with the unprocessed audio file. According to another finding, the 
InceptionV3 model performs better than the other two models in this 
regard. In addition, acoustic properties were gathered from bird calls 
and were classified using various feature extraction techniques. It has 
been demonstrated that the proposed strategy is capable of boosting 
prediction accuracy. A novel method for identifying a large number of 
bird species in the Sundarban region of West Bengal, India was devised 
using existing recordings of their sounds.

VI. Conclusion

The suggested model may be put into low-cost devices via the use 
of a technique that is both cost-effective and scalable; hence, more 
devices can be employed to cover more land. In this experiment, it was 
shown that a transfer-learned network that had previously been trained 
on ImageNet shows a better predictive capability and accelerates 
convergence when compared with the same network architecture that 
is trained from scratch. The experiment was conducted in order to 
demonstrate this. When there are a limited number of high-quality 
datasets available, it is advantageous to utilize a model that has already 
been pre-trained because of the benefits it provides. In terms of practical 
uses, the suggested approach may be of great use to ornithologists by 
making the identification of bird species a straightforward process, 
In the future, in order to enhance the recognition rate, we want to 
use a variety of noise reduction filtering techniques during the pre-
processing step. In addition, another problem that should be addressed 
is the overlapping of sounds.
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