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1. Introduction: 

Timely and accurate detection of insect 

pests is essential for effective crop protection 

and sustainable agricultural production. Insect 

pests not only cause significant yield losses but  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

also increase reliance on chemical pesticides, 

leading to issues such as resistance 

development, environmental contamination, 

and harm to beneficial organisms.  
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Abstract: - 

Accurate and timely detection of insect pests is essential for 

effective pest management and sustainable agriculture, yet 

conventional monitoring methods are often labour-intensive and 

limited in detecting early or hidden infestations. Bioacoustic sensors 

integrated with machine learning offer an innovative solution by 

enabling non-invasive, real-time monitoring of insect populations 

through the detection and analysis of sound signals such as 

wingbeats, feeding activity, and movement. Machine learning 

algorithms enhance this approach by accurately classifying species 

and interpreting complex acoustic patterns under field conditions. 

This article highlights the principles, applications, advantages, and 

limitations of bioacoustic monitoring systems in insect detection. 

While the technology provides significant benefits, including 

automation and early detection, challenges such as background 

noise interference, data requirements, and environmental variability 

remain. Overall, the integration of bioacoustic sensors with machine 

learning presents a promising tool for precision agriculture, 

supporting data-driven pest management and reducing reliance on 

conventional control methods. 
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Conventional monitoring methods, 

including visual scouting and trap-based 

systems, are often labor-intensive, time-

consuming, and limited in their ability to 

detect pests at early or hidden stages, 

particularly those feeding inside plant tissues 

or residing in soil (Nugroho et al., 2020). 

Insects, however, produce a wide range 

of biological sounds during activities such as 

flight, feeding, mating, and movement. These 

acoustic signals, including wingbeat 

frequencies and substrate-borne vibrations, 

provide valuable information about their 

presence and behaviour. The emerging field of 

bioacoustics leverages these sound signals for 

monitoring insect populations in a non-

invasive and continuous manner. 

With advancements in sensor 

technology and data analysis, bioacoustic 

monitoring has been further enhanced by the 

integration of machine learning (ML). ML 

algorithms can analyse complex sound 

patterns, distinguish between species, and 

automate detection with high accuracy 

(Durgabai et al., 2018). This combination of 

bioacoustic sensors and machine learning 

offers a promising approach for real-time, 

precise, and scalable insect monitoring. 

This article explores the principles, 

applications, advantages, and challenges of 

bioacoustic sensors integrated with machine 

learning, highlighting their potential to 

transform pest detection and support precision 

agriculture. 

2. What are Bioacoustic Sensors? 

Bioacoustic sensors are devices that 

detect and record biological sounds produced 

by living organisms, including insects 

(Eliopoulos et al., 2016). In the context of pest 

monitoring, these sensors capture sounds such 

as wingbeats, feeding activity, movement, and 

vibrations, which can be analysed to detect the 

presence and behaviour of insect pests.  

2.1.Types of Bioacoustic Sensors 

1. Airborne Sound Sensors (Microphones) 

 Capture sounds traveling through air  

 Detect:  

✓ Wingbeat frequencies (e.g., 

mosquitoes, flies)  

✓ Flying insect activity  

2. Vibration Sensors (Contact Sensors) 

 Detect substrate-borne vibrations  

 Useful for:  

✓ Stem borers inside plants  

✓ Termites inside wood or soil  

3. Piezoelectric Sensors 

 Convert mechanical vibrations into 

electrical signals  

 Highly sensitive to feeding and 

movement sounds 

3. Role of Machine Learning in Bioacoustic 

Insect Detection 

Machine Learning (ML) plays a crucial 

role in transforming raw acoustic signals into 

23 



  

 E-ISSN: 2583-5173                 Volume-4, Issue-11, April, 2026 

New Era Agriculture  
Magazine 

 

meaningful information for insect detection. 

Since insect sounds are often faint, complex, 

and mixed with environmental noise, ML 

algorithms are used to automatically analyse, 

classify, and interpret these signals with high 

accuracy (Wang et al., 2025). Machine 

learning enables automated analysis and 

classification of insect acoustic signals, 

allowing accurate and real-time detection of 

pest species from bioacoustic sensor data. 

 Data Collection  

 Acoustic sensors record insect sounds 

(wingbeats, feeding, movement)  

 Signal Processing  

 Noise removal and filtering of 

background sounds (wind, machinery, 

etc.)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Feature Extraction  

 Important sound features are extracted, 

such as:  

✓ Frequency (wingbeat frequency)  

✓ Amplitude  

✓ Temporal patterns  

 Model Training  

 ML models are trained using labeled 

insect sound datasets  

 Common algorithms:  

✓ Support Vector Machines (SVM)  

✓ Random Forest  

✓ Convolutional Neural Networks 

(CNNs)  

 Classification and Prediction  

 The trained model identifies:  

✓ Insect species  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Advantages vs Limitations of Bioacoustic Sensors + Machine Learning 

Advantages Limitations 

Non-invasive and non-destructive 

monitoring 

Sensitive to background noise (wind, machinery, rain) 

Enables real-time and continuous 

(24/7) monitoring 

Difficulty in distinguishing overlapping sound signals 

Detects hidden pests (e.g., borers 

inside stems, termites) 

Requires large, labeled datasets for training ML 

models 

Reduces labor and manual scouting 

efforts 

Initial cost of sensors and system setup can be high 

High accuracy with advanced ML 

algorithms 

Performance affected by environmental variability 

Species identification based on 

unique acoustic signatures 

Calibration and maintenance of sensors required 

Early detection before visible damage 

occurs 

Limited effectiveness for silent or low-sound-

producing insects 

Can be integrated with IoT and smart 

farming systems 

Requires technical expertise in data analysis and ML 

Scalable for large-area monitoring Data processing and storage requirements can be high 
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✓ Presence/absence  

✓ Activity level 

4. Advantages vs Limitations of 

Bioacoustic Sensors + Machine Learning 

Bioacoustic sensors combined with 

machine learning provide a powerful, real-time 

and non-invasive approach for insect 

detection, though their effectiveness depends 

on data quality, environmental conditions, and 

robust analytical models (Table 1). 

5. Conclusion  

Bioacoustic sensors integrated with 

machine learning represent a promising 

advancement in insect detection by enabling 

non-invasive, real-time, and automated 

monitoring of pest populations. By capturing 

and analysing insect-generated sounds such as 

wingbeats, feeding activity, and movement, 

this approach overcomes many limitations of 

conventional visual and trap-based methods, 

particularly in detecting hidden or early-stage 

infestations. The application of machine 

learning further enhances the system by 

accurately classifying species and interpreting 

complex acoustic signals under field 

conditions. Despite these advantages, 

challenges related to background noise 

interference, data requirements, and 

environmental variability must be addressed to 

improve reliability and scalability. Continued 

advancements in sensor technology, signal 

processing, and artificial intelligence are 

expected to enhance the efficiency and 

accessibility of these systems. Overall, 

bioacoustic monitoring combined with 

machine learning holds significant potential to 

support precision agriculture and sustainable 

pest management by enabling timely, data-

driven decision-making and reducing 

dependence on labour-intensive and chemical-

based control methods. 
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