
Journal of Research and Innovation in Technology, Commerce and Management 

Vol. 2 Issue 6, June 2025, pp. 2682-2688 

ISSN: 3049-3129(Online) 

 

2682 | P a g e                    w w w . j r i t m . o r g                    J R I T M  
 

Automatic detection of Bird vocalization 

prediction patterns for seasonal and 

environmental factors 
 
KR Shanmugapriyaa  

Assistant Professor, Coimbatore Institute of Technology, India, krspriyaa@gmail.com 

ORCID: https://orcid.org/0000-0003-2460-7213  

 

Kanishk M 

Coimbatore Institute of Technology, India, kanishkmaheswar@gmail.com 

Thaswin Raj SA  

Coimbatore Institute of Technology, India, thaswinrajsasikumar944@gmail.com 

Mageshwaran P 

Coimbatore Institute of Technology, India, mageshwaran2306@gmail.com 

Rubanesh M 

Coimbatore Institute of Technology, India, rubaneshr@gmail.com 

 

Cite as:  

KR Shanmugapriyaa, Kanishk M, Thaswin Raj SA, Mageshwaran P, & Rubanesh M. 

(2025). Automatic detection of Bird vocalization prediction patterns for seasonal and 

environmental factors. Journal of Research and Innovation in Technology, Commerce 

and Management, Volume 2(Issue 6), pp. 2682 –2688. 

https://doi.org/10.5281/zenodo.15710616 

 

DOI: https://doi.org/10.5281/zenodo.15710616 

 

Abstract 

Environmental analysis is essential for 

understanding ecological changes and 

assessing ecosystem health. One effective 

method for monitoring these 

environments is the study of natural 

soundscapes, particularly the vocalizations 

of birds. Birds are integral to ecosystems, 

and changes in their calls can signal shifts 

in biodiversity, habitat quality, and climate 

conditions. This project explores the use of 

bird sounds for environmental assessment, 

utilizing advanced audio processing and 

pattern recognition techniques. 

This study involves collecting and analysing 

bird vocalizations to extract valuable 
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insights about environmental conditions. 

Audio recordings are processed to identify 

species, classify calls, and detect 

anomalies. Various computational 

methods, such as signal processing and 

machine learning, enhance the precision of 

sound-based analyses. By studying these 

acoustic patterns, researchers can better 

understand ecological trends and identify 

potential environmental disturbances. 

This approach provides a non-invasive, 

cost-effective, and scalable method for 

monitoring biodiversity. In contrast to 

traditional field surveys that require 

extensive time and resources, automated 

analysis of bird sounds offers a continuous 

and efficient way to track environmental 

changes. The results from these studies can 

strengthen conservation efforts, support 

habitat preservation strategies, and inform 

policy decisions aimed at protecting 

natural ecosystems. 

 By harnessing technology for 
environmental analysis, this project 
highlights the potential of bio-acoustic 
monitoring as an innovative tool for 
ecological research. The fusion of sound 
analysis with modern computational 
techniques paves the way for greater 
understanding and preservation of the 
natural world. 

Keywords 

 
Ecological changes, Assessing ecosystem 
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1. INTRODUCTION 

Birds do more than simply inhabit their 

environments—they respond to them. 

Their songs function as biological 

indicators that are closely tied to factors 

like daylight duration, temperature, food 

availability, and breeding cycles. 

Consequently, birds provide an immediate 

acoustic representation of their ecological 

surroundings.   

Understanding ecological patterns and 

climate dynamics is increasingly crucial. 

Researchers, conservationists, and 

policymakers are actively seeking more 

sustainable and economical methods to 

monitor environmental changes over time. 

Conventional meteorological and 

environmental monitoring systems can be 

costly, limited to specific regions, and 

challenging to implement on a large scale.   

  This project examines the premise that 

deep learning can detect seasonal 

variations through bird vocalizations, 

positioning birds as acoustic markers of the 

Earth's climatic patterns. By analysing 

characteristics such as pitch, rhythm, 

frequency, and call duration, we can train a 

model to assign a recording to its 

respective season. This innovative 

approach could complement existing 

environmental monitoring technologies 

while promoting a nature-based 

perspective. 

2. Applications of Seasonal Bird 

Sound Classification 

The implications of this system could be 

significant across various fields:   

- Climate Research: Facilitate the 

monitoring of long-term changes in 

seasonal behaviours resulting from climate 

change or ecological disturbances.   
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- Remote Sensing in Rural or Underserved 

Areas: Enable the detection of seasonal 

variations without the need for weather 

stations—requiring only a microphone and 

a power source.   

- Conservation & Biodiversity Monitoring: 

Assess whether the behaviours of 

particular species are evolving in response 

to habitat modifications, changes in 

migration patterns, or nesting habits.   

- Citizen Science & Education: Empower 

the public to engage with seasonal trends 

through mobile applications that identify 

seasons based on bird songs, fostering 

environmental awareness and 

stewardship.   

- Agriculture & Land Use Planning: Provide 

farmers with valuable real-time ecological 

insights derived from bird behaviours, 

aiding in decisions regarding planting 

schedules or pest population forecasts.   

This system introduces a biological 

dimension to environmental monitoring, 

offering valuable insights even in areas 

lacking traditional sensors, particularly in 

remote, forested, or biodiversity-rich 

regions where installing hardware can be 

challenging. 

3. Data Collection and Labelling   

3.1 Sources   

Bird recordings were obtained from several 

databases, including:   

- Xeno-Canto   

- Macaulay Library (Cornell Lab of 

Ornithology)   

- Other publicly available datasets that 

included:   

- Verified species identifications   

 - Recording date and location   

 - Adequate audio quality (minimum of 3 

seconds of distinguishable bird sound)   

We curated over 2,000 labelled bird sound 

samples from diverse global habitats, 

ensuring a wide range of species and 

recording conditions. Special attention was 

given to gathering data from multiple 

continents to minimize regional bias in the 

model.  

3.2 Labelling Seasons   

Each sample was categorized based on its 

date and location metadata into the 

following seasonal classifications:   

- Spring: March–May   

- Summer: June–August   

- Autumn: September–November   

- Winter: December–February   

Recordings from both hemispheres were 

normalized for accurate seasonal 

classification, ensuring that a recording 

from Australia in July would be identified as 

winter, while one from Europe in the same 

month would be classified as Summer. 

4. Pre-processing and Feature 

Engineering   

Pre-processing bird audio data is crucial 

due to background noise and variability in 

recording conditions.   

- Noise Reduction: Techniques such as 

spectral subtraction and band-pass 
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filtering were employed to reduce 

interference from wind, human noise, and 

other non-bird sounds.   

- Normalization: Amplitudes were 

equalized and a standard sampling rate (22 

kHz) was established for uniformity.   

- Segmentation: Audio clips were divided 

into 5–10 second segments to create 

consistent training samples and enhance 

data volume.   

- Data Augmentation: Methods like time-

stretching, pitch shifting, and background 

blending were applied to simulate varied 

acoustic environments.   

- Features Extracted:   

 - Spectrograms (visual time-frequency 

representations of audio)   

 - Mel-Frequency Cepstral Coefficients 

(MFCCs)   

 - Chroma and Tonnetz features for 

analysing pitch and harmonic content   

Spectrograms were converted into images 

and processed through a Convolutional 

Neural Network (CNN), which has proven 

effective in classifying music genres, 

recognizing speech, and identifying animal 

calls. 

5. Model Architecture 

For this project, a Convolutional Neural 

Network (CNN) was selected due to its 

capability in recognizing spatial patterns 

within spectrogram images. 

- Input: Spectrogram images sized at 

128x128 or 224x224 pixels 

- Convolutional Layers: Three convolutional 

layers featuring progressively larger filter 

sizes, accompanied by batch normalization 

- Pooling Layers: MaxPooling layers 

employed to decrease spatial dimensions 

- Dropout: Dropout rates set between 0.3 

and 0.5 to help prevent overfitting 

- Dense Layers: Two fully connected layers 

utilizing ReLU activation functions 

- Output Layer: SoftMax activation 

producing four outputs representing 

Spring, Summer, Autumn, and Winter 

Training Details: 

- Optimizer: Adam optimizer with a 

learning rate adjustment ranging from 1e-4 

to 1e-5 

- Loss Function: Categorical cross-entropy 

- Epochs: Training conducted over 50 to 

100 epochs, with early stopping 

implemented 

- Batch Size: Set at 32 

- Evaluation: Cross-validation employed, 

reserving 20% of the dataset for testing 

6. Results and Performance 

6.1 Accuracy 

- Overall Accuracy: Approximately 83% 

- Spring & Summer: Classification accuracy 

exceeding 88% 

- Autumn: Around 80% 

- Winter: Close to 72% 
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6.2 Highlights from the Confusion 

Matrix 

- Higher performance in Spring and 

Summer attributed to increased avian 

vocal activity during mating and nesting 

periods. 

- Autumn showed moderate accuracy, 

occasionally misclassified as late Summer 

or early Winter. 

- Winter performance was lower due to 

reduced bird activity and fewer recordings 

in the colder months. 

6.3 Model Strengths 

- Resilient to moderate background noise 

thanks to data augmentation techniques 

- Effective in classifying brief audio clips (5 

seconds in duration) 

- Versatile application across different 

continents with minimal adjustments 

7. Limitations 

Limitations Description 

Species 
Imbalance 

Certain bird species are 
over-represented, 
leading to seasonal bias 

Geographic 
Bias 

Predominantly more 
data from temperate 
regions, with tropical 
areas underrepresented. 

Seasonal 
Transitions 

Recordings captured 
near equinoxes or 
solstices may be 
ambiguous.          

Ambient 
Noise 

Urban or natural 
background sounds can 
obscure acoustic 
features.           

Ambient 
Noise 

Urban or natural 
background sounds can 

obscure acoustic 
features.           

Climate 
Shifts 

Changing climate 
conditions may cause a 
misalignment between 
calendar seasons and 
biological events. 

Recording 
Quality 

Variability in microphone 
quality and recording 
setups can affect model 
reliability. 

 

8. Areas for Improvement 

- Incorporate Geolocation as an Input 

Feature: This would help account for 

regional variations in seasonal transitions. 

- Implement Transfer Learning: Utilizing 

pretrained models from extensive audio 

datasets (like Audio Set or YAMNet) could 

enhance performance. 

- Develop Species-Aware Models: 

Recognizing that different species vocalize 

uniquely across seasons, multi-task 

learning could be beneficial. 

- Introduce Continuous Season Prediction: 

Rather than limiting to four classes, predict 

a "day of the year" or a seasonal score. 

- Utilize More Diverse Datasets: Collect 

recordings from tropical, desert, and Polar 

Regions to improve generalizability. 

- Ensemble Modelling: Combine CNNs with 

RNNs or LSTMs to better capture both 

spatial and temporal dynamics. 

- Incorporate Uncertainty Estimation: 

Techniques such as Monte Carlo Dropout 

or Bayesian CNNs could be used to assess 

confidence in seasonal predictions. 
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9. Potential Real-World Applications 

With further refinement, the model could 

support: 

- IoT bird-sound recorders in natural 
environments, providing real-time 
updates on seasonal changes. 

- Mobile applications allowing users to 
“record and identify” the current season 
based on local bird calls. 

- Ecological dashboards that display live 
sound data from various ecosystems. 

- Early warning systems for unusual 
seasonal behaviours linked to climate 
changes. 

- Conservation monitoring tools to track 
migratory bird patterns and identify 
habitat loss or environmental threats. 

- Integration with smart agricultural 
practices to assist farmers in timing 
planting and harvesting according to 
acoustic indicators. 

These tools could be enhanced with GPS 

and environmental sensors to create 

comprehensive, multi-modal insights into 

climate and biodiversity. 

10. Conclusion 

 This initiative reveals that bird songs 

contain seasonal patterns, and with the 

right methodologies, we can interpret 

them. By training a machine to discern the 

distinct vocal characteristics of each 

season, we unlock a biological calendar 

that has been in operation long before the 

advent of modern meteorological tools. 

Although still in development, this system 

presents promising opportunities for 

environmental research, cost-effective 

seasonal monitoring, and increased public 

engagement through technology. It 

represents a fusion of ecology and artificial 

intelligence, illustrating how even the 

melodies of nature can provide insights 

into our changing planet. 

 As climate variability becomes more 

unpredictable, leveraging AI alongside 

natural bioindicators like birds offers a 

compelling and poetic method for 

monitoring environmental change. In the 

future, we may not only predict weather 

patterns but also experience the essence of 

the seasons through the songs of birds. 
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