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Abstract: As part of ornithology, bird species classifications is vital to understanding biodiversity,
the functions of ecosystems, species distribution, habitat requirements, environmental changes and
to develop effective conservation strategies that affect bird populations. It is possible for
ornithologists to assess the health of a certain habitat by tracking changes in bird species
distributions. This work has studied (A) an efficient transfer learning technique for labelling and
classifying multiple bird species from real-time audio recordings. For this purpose, Wav2vec is fine-
tuned using the back propagation technique, which makes the feature extractor more effective in
learning each bird's pitch and other sound characteristics. To perform the task, each audio
recording has been clipped as chunks from the overlapping audio to determine multi-labels from it
using feed forward technique. (B) The positional relationships extracted from various acoustic
features as model inputs, and feature fusion was applied to obtain the final set of feature vectors.
Feature fusion combines the deep features extracted by various networks, resulting in a more
comprehensive feature set, thereby improving recognition accuracy. The multiple integrated
acoustic features, such as Mel frequency cepstral coefficients (MFCC), chroma features (Chroma)
and Tonnetz features, which were encoded by a transformer encoder. (C) A deep learning based
algorithms using the concept of image processing that help in identifying bird species. It will
recognize the input image by comparing the model with a trained model and then predict the bird
species. All the details of the bird will be displayed as an output. Also, it will help us to create dataset
if any image captured or uploaded by user is missing in dataset then user can add that image to
dataset. (D) A new image classification method for bird species identification. The extraction of the
features of a bird and trained a convolutional neural network on the biggest publicly available
dataset with novel preprocessing and data augmentation methods.
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I. INTRODUCTION
Bird species can act as indicators of healthy ecosystem because changes in their populations can
signify environmental changes such as pollution, habitat destruction, or climate change. Bioacoustics
serves as valuable tool for measuring the diversity of species, recognizing and categorizing of different
species vocalization and monitoring populations over time. Among them, bird species identification
involves examining various acoustic attributes like frequency, duration and other aspect to classify
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birds accurately (Virtanen et al., 2017) (Springer et al., 2016). This and capability is indispensable for
conservation initiatives and scientific research. With the fast expansion of data, conventional bird
monitoring method have become tiresome, time-consuming, and costly for ecologists since they rely
on highly experienced workers to identify bird species. Identification of bird species is a difficult
process that often results in confusing labels. Even expert bird watchers have their own opinion on
the species of bird. It is a challenging challenge that tests both the visual talent of people and
computers.

Deep learning models, such as convolutional neural networks (CNNs), have demonstrated outstanding
performance. CNNs have also been used effectively for many other sound identification applications,
including as bioacoustics recognition for taxonomic groups other than birds, and human voice
recognition. Thus, various machine learning approaches are reviewed like Multi-label classification by
transfer learning, Multifeature Fusion and a Transformer Encoder for acoustics while CNN and
ResNet152 for Images.
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Figure 1: Bird Classification

The rest of this article is arranged as follows. Section 2 discusses the related works in the field of audio
& image classification. Section 3 describes reviewed methodologies and analysis. The results are
analyzed and discussed in Section 4. Finally, the work is concluded in Section 5.

Il. LITERATURE REVIEW
[1] Multi-label classification for acoustic bird species detection using transfer learning approach,
Bhuvaneswari Swaminathan, M. Jagadeesh, Subramaniyaswamy Vairavasundaram, School of
Computing, SASTRA Deemed University, Thanjavur 613401, India.
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The paper titled above presents a novel approach using Wav2Vec-based transfer learning for
identifying multiple bird species from audio recordings. By segmenting audio into overlapping clips
and applying fine-tuned models, the system effectively handles overlapping calls and performs multi-
label classification. Achieving an Fl-score of 0.89 in 90:10 training-testing ratios on the Xeno-Canto
dataset, the method shows strong potential for real-time biodiversity monitoring through passive
acoustic sensing.

[2] A Novel Bird Sound Recognition Method Based on Multifeature Fusion and a Transformer Encoder,
Shaokai Zhang, Yuan Gao, Jianmin Cai, Hangxiao Yang, Qijun Zhao and FanPan, College of Electronics
and Information Engineering, Sichuan University, Chengdu 610041, China; College of Computer
Science, Sichuan University, Chengdu 610041, China.

The paper introduces an advanced approach to bird sound classification by integrating multiple
convolutional neural networks (CNNs) with a transformer encoder. This methodology addresses
limitations in previous models that relied on single acoustic features, which often failed to capture the
spatial and temporal nuances of bird sounds. The experimental results demonstrated the exceptional
performance of in this method with an accuracy of 97.99%, a recall of 96.14%, F1 score of 96.88% and
a precision of 97.97% on the Birdsdata dataset. Furthermore, our method achieved an accuracy of
93.18%, a recall of 92.43%, F1 score of 93.14% and a precision of 93.25% on the Cornell Bird Challenge
2020 (CBC) dataset.

[3] Recognition of Different Bird Category Using Image Processing, Bipin Kumar Rai, Shivani Sharma,
Gautam Kumar, Kaushal Kishor, ABES Institute of Technology, Ghaziabad, India & CMR Institute of
technology, Hyderabad, India.

The paper presents an image-based bird species identification system leveraging deep learning and
convolutional neural networks (CNNs). The system processes user-uploaded bird images, extracts
features such as color, shape, and texture, and classifies them by comparing with a pre-trained dataset
and a score sheet is generated. The largest match value of the score sheet is the result of the bird
species, which is the output of the top 5 match results. By the above implementation, as a result we
get name of the species. Notably, it allows users to augment the dataset by adding new images,
enhancing model adaptability. The approach addresses challenges in visual recognition, offering a
practical tool for bird enthusiasts and researchers.

[4] Image Based Bird Species Identification Using Deep Learning, A V Siva Krishna Reddy, Dr. M A
Srinuvasu, K Manibabu, Ch B V Sai Krishna, D Jhansi B.Tech Student and Associate Professor,
Department of Computer Science & Engineering, Raghu Institute of Technology, Visakhapatnam,
India.

This paper proposes a CNN-based model trained on the CUB-200-2011 dataset for accurate bird
species classification. The model employs standard preprocessing, ReLU activation, and Adam
optimization. It demonstrates the effectiveness of deep learning in automating avian recognition for
ecological monitoring. Allocation is 70% training set, 15% testing set and validation set (fine-tuning
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process) each. The experimental analysis was done on 275 bird species image data set which was
openly available at the kaggle repository. We found that the training images count is 39364, the test
image count is 1375 and the validation image count is 1375. This experiment was prepared on
windows operating system and python 3 versions by using libraries like pandas, NumPy, TensorFlow,
Keras, sklearn and for plotting visualizations mathplotlib. ResNet 152 v2 model was used to train the
image dataset. We observed that test accuracy with 95.71% and loss function with 15.06%.

1. METHODOLOGICAL APPROACHES AND ANALYSIS
A] Method for Bird Audio: Multi-label classification for acoustic bird species detection using transfer
learning approach.

1. To preserve essential characteristics, the proposed approach harnesses the benefits of
transfer learning through the wav2vec transformer model (Automatic Speech Recognition)
to identify various bird species within an audio sample.

2. Inthe realm of audio file processing, wav2vec surpasses recurrent neural networks (RNNs)
and long short-term memory networks (LSTMs) in terms of computational efficiency.
Moreover, wav2vec excels at capturing long-range dependencies in audio data with greater
accuracy, enabling the construction of deep feature representations for complex audio
signals.

3. Additionally, its ability to extract temporal features like the order of words in a phrase or
frames in a movie. The self-supervised training phase comprises four important elements:
feature encoder, context network, quantization module, and pre- training objective.

4. Lastly, wav2vec’s superior capability to learn transferable representations simplifies the
adaptation of the model to diverse applications. Wireless Sensor Networks (WSN).
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Figure 2: Overall Framework of the Proposed Methodology
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B]

Method for Bird Audio: Based on Multifeature Fusion and a Transformer Encoder.

1.

The proposed model combined the log-Mel spectrogram feature set with the MFCC, Chroma,

and Tonnetz features. The true category labels were used as the reference output.

EfficientNetB3 and ResNet50 were trained to extract the fused features by optimizing the

stochastic gradient descent (SGD) process for log-Mel spectrogram features. To prevent

overfitting, a dropout probability of 0.3 was applied to each fully connected layer.

During training, a batch size of eight and an initial learning rate of 0.01 were used. If the

validation loss did not improve for two consecutive training rounds, the learning rate was

reduced by a factor of 0.7.

The transformer encoder was configured with eight multiheaded self-attention layers and

two stacked layers. The feedforward layer was utilized for nonlinear feature mapping.

In the subsequent classification stage, the LightGBM served as the classifier, as it was

designed explicitly for multi classification tasks. The decision trees in the LightGBM were

configured with 31 leaf nodes, and the learning rate was set to 0.01.
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Figure 3: The bird sounds were preprocessed, and the manually extracted log-Mel spectrograms

were then fed into two pretrained CNN-based networks to acquire a set of deep features. Three

more manually extracted features (MFCC, Chroma, and Tonnetz features) were combined.
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C] Method for Bird Image: Classification of bird species with the help of a dataset is done by CNN

Neural Network Algorithm.

1. Different features of the input image are extracted like colors, shapes, body, legs, angle,
head and intra class variations, etc. while we pass it through the pile of convolutional layers.
The transformation of input image into pixels takes place in the first convolutional layer
which moves forward to the next layer and then feature extraction takes place till the image
classification is completed with probability distribution.

2. Initially neural networks start with random weights and biases, but it trains itself again and
again till it reaches to its best performance. It is done by calculating amount of error they
have at that moment, which is known as cost of neural network.

3. Training neural network for image recognition from set of data is developed, by TensorFlow,
it is open-source software for computation using data flow graphs. Training of neural
network is a learning about the values of parameters and this process of learning in a neural
network as a repetitive process of “going and return” through all the layers of neurons.

4. The captured image is compared with the trained dataset and after that a scoresheet is
generated, so in scoresheet which ever specie gets the maximum score will be displayed in
the output.
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Figure 4: Image Capturing which further results in output ‘parrot’

D] Method for Bird Image: Deep Residual Learning for Image Recognition
1. In deep learning, a convolutional neural network (CNN) is a class of deep neural networks
used for analyzing visual images. It consists of an input layer and output layer as well as
multiple hidden layers. Every layer is a group of neurons and each layer is fully connected to
all neurons of its previous layer. The output (Softmax) layer is responsible for the prediction
of feature map output from image as input.
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2. The input image can contain multiple channels such as color, wings, eyes, and the beak of
birds which means that the convolutional layer performs a mapping from 3D volume to
another 3D volume. 3D volumes considered are width, height, depth.

3. The CNN has two components:

e  Feature extraction part: features are detected when the network performs a series of
the convolutional and pooling operation.

e (Classification part: extracted features are given to a fully connected layer which acts as
a classifier.

e CNN consists of four layers: convolutional layer, activation layer, pooling layer, and fully
connected. The convolutional layer allows extracting visual features from an image in
small amounts. Pooling is used to reduce the number of neurons from the previous
convolutional layer but maintaining the important information. The activation layer
passes a value through a function that compresses values into range. A fully connected
layer connects a neuron form one layer to every neuron in another layer. As CNN
classifies each neuron in-depth, so it provides more accuracy.

4. Residual Network is shortly called ResNet. There are two types of residual connections: The
identity shortcuts (x) can be directly used when the input and output are of the same
dimensions. When the residual block function input and output dimensions are not same y

= f(x {Wi} +x.
X
weight layer
F(x) Jrelu
X
weight layer identity

Figure 5: Building Block of Residual Learning
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Figure 6: Flow Diagram for Identification of Bird Species using ResNet
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IV. RESULT AND DISCUSSION
Here, the performance evaluation metrics like precision, recall, and F1- score are used to analyze the
robustness of reviewed models (A, B, C, & D) respectively. Presented its Mathematical Formulation
below:
e  Precision=TP / TP+FP
e Recall=TP/TP+FN
e  F1 Score = (2*precision*recall) / precision + recall

Chart 1: Comparisons of Results
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Although the proposed bird sound recognition method shows promising performance and profound
implications, challenges still need to be addressed. Bird sounds exhibit various frequency distributions
and display continuous time-varying characteristics. The high variability of bird sounds within the same
species across different areas adds complexity to the bird sound recognition task. Additionally, the
limited availability of large-scale standardized datasets for training and evaluation in bird sound
recognition tasks poses challenges. To address these issues, it is crucial to further enhance the model’s
generalization ability by collecting a more extensive range of bird sound data from diverse regions
before the method can be extended and practically applied to bird population detection and
biodiversity conservation. So it is evident that Method B outperformed Method A.

Accuracy of bird image classification cannot be increased with the use of multiple-width frequency
delta data augmentation when compared to raw spectral data, but the classification ac curacy is near
to the state-of-the-art and has a benefit over raw spectral data when there are limited computational
resources. The only drawback of image classification is that the accuracy of the identification totally
depends upon the quality of the camera which results to inaccuracy above the certain range of the
camera. Also it is clearly visible that Method D outperformed Method C.

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This

license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for
@' BY NC

non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
this work must maintain attribution to the creators. © copyright at lIJIRID. DOI: 10.5281/zenodo.15279240 370



http://www.ijirid.in/

ISSN (Online): 2583,648X

International Journal of Ingenious Research, Invention and Development
'i"é iD An International, High Impact Factor, Double,Blind Peer,Reviewed, Open,Access, Multidisciplinary Online Journal
Volume 4 | Issue 2 | April 2025

www.ijirid.in

V. CONCLUSION

In review conclusion, recent advancements in bird species identification have demonstrated
significant improvements through the integration of deep learning frameworks, particularly those
processing raw audio and visual data. The proposed Wav2vec-based approach effectively handles
overlapped audio recordings for multi-label bird species classification, outperforming traditional
spectrogram and MFCC-based methods by achieving an F1-score of 0.89. Additionally, leveraging CNN
architectures such as EfficientNetB3 and ResNet50, in conjunction with a transformer encoder, has
further improved bird sound recognition, yielding F1-scores up to 96.88% on the Birdsdata dataset.
The inclusion of noise estimation, silence detection, and feature fusion has notably enhanced
robustness against environmental variability. Moreover, image-based classification systems utilizing
unsupervised learning on datasets like bird species count 275 have achieved up to 95.71% accuracy,
demonstrating the potential of CNN feature extraction across multiple convolutional layers. While
data augmentation techniques and metadata inclusion offer moderate gains, they remain constrained
by hardware limitations and dataset diversity. These studies collectively emphasize the importance of
powerful feature extractors and hybrid deep learning models in advancing ecological monitoring and
wildlife conservation, while also laying a foundation for related applications in industrial defect
detection and medical image segmentation.

REFERENCES
[1] B. Swaminathan, M. Jagadeesh, and V. Subramaniyaswamy, "Multi-label classification for acoustic bird
species detection using transfer learning approach," Ecological Informatics, vol. 79, 2024, Art. no. 102471.
[Online]. Available: https://doi.org/10.1016/j.ecoinf.2024.102471

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This
license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for

non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
BY NC

this work must maintain attribution to the creators. © copyright at lJIRID. DOI: 10.5281/zenodo.15279240 371



http://www.ijirid.in/

ISSN (Online): 2583,648X

International Journal of Ingenious Research, Invention and Development
I] 1RID An International, High Impact Factor, Double,Blind Peer,Reviewed, Open,Access, Multidisciplinary Online Journal

Volume 4 | Issue 2 | April 2025

www.ijirid.in

[2] S. Zhang, Y. Gao, J. Cai, H. Yang, Q. Zhao, and F. Pan, "A novel bird sound recognition method based on
multifeature fusion and a transformer encoder," Sensors, vol. 23, no. 8099, 2023. [Online]. Available:
https://doi.org/10.3390/s23198099

[3] B. K. Rai, S. Sharma, G. Kumar, and K. Kishor, "Recognition of different bird category using image
processing," International Journal of Online and Biomedical Engineering (iJOE), vol. 18, no. 7, pp. —, 2022.

[4] A.V.S.K.Reddy, M. A. Srinuvasu, K. Manibabu, C. B. V. S. Krishna, and D. Jhansi, "Image based bird species
identification using deep learning," International Journal of Creative Research Thoughts (IJCRT), vol. 9, no.
7, pp. —, Jul. 2021.

[5] P.GavaliandJ.S. Banu, "Bird species identification using deep learning on GPU platform," in Proc. Int. Conf.
Emerging Trends Inf. Technol. Eng. (ic-ETITE), 2020, pp. 1-6, doi: 10.1109/ic-ETITE47903.2020.85.

[6] B. P. Téth and B. Czeba, "Convolutional neural networks for large-scale bird song classification in noisy
environment," in CLEF (Working Notes), 2016, pp. 560-568.

[71 E. Akbal, S. Dogan, and T. Tuncer, "An automated multispecies bioacoustics sound classification method
based on a nonlinear pattern: twine-pat," Ecological Informatics, vol. 68, 2022, Art. no. 101529. [Online].
Available: https://doi.org/10.1016/).ECOINF.2021.101529

Content from this work may be used under the term of the Creative Commons Attribution,Non,commercial (CC BY,NC) 4.0 license. This
license allows refusers to distribute, remix, adapt, and build upon the material in any medium or format for

non,commercial purposes only, and only so long as attribution is given to the creator. Any further distribution of
BY NC

this work must maintain attribution to the creators. © copyright at IJIRID. DOI: 10.5281/zenodo.15279240 372



http://www.ijirid.in/

