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Abstract: Much of the damage caused by stem-boring larvae, specifically the “red palm weevil (Rhynchophorus 

ferrugineus)”, could be mitigated through “early detection and treatment” of infestations. “Acoustic technology” has 

the potential to enable this early detection by identifying the short, high-frequency sound impulses produced by larvae 

as they feed and move within palm tree trunks. However, distinguishing these signals from background noise and 

wind-induced tapping remains a significant challenge. This paper explores a multidisciplinary approach combining 

“entomological behavioural analysis”, “advanced signal processing”, and “edge-aided automated machine learning” 

to provide reliable detection in agricultural environments. By processing signals at the source, these systems can 

overcome traditional barriers like instrumentation costs and training needs. 
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I. INTRODUCTION 

 

The advent of Bitcoin in 2009 has led to the birth of a 

new asset class that went on to become more than a 

mere technological innovation to one that is now widely 

known as an investable asset. By 2025, the total market 

capitalization of all cryptocurrencies was estimated to 

be around $3 trillion, out of which the bulk of the value 

came from Bitcoin and Ethereum . The emergence of 

cryptocurrency as an investable asset class has sparked 

interest among institutional investors, financial advisers, 

and academia looking to explore the potential of digital 

assets within the context of diversification. The recent 

decision to allow spot Bitcoin Exchange-Traded 

Products (ETPs) in the US as of January 2024 was a 

watershed moment in this context . 

 

The “red palm weevil (RPW)” has caused extensive 

economic losses to date palms and ornamental palms 

since the 1980s, particularly in the Middle East. The 

larvae hatch in soft or injured areas and penetrate the 

trunk, creating cavities and tunnels that weaken the 

tree’s structure and disrupt the transfer of nutrients and 

water. Because the larvae are hidden, they often remain 

undetected until the damage is irreversible, leading to 

the inadvertent spread of the pest through transported 

palm offshoots. 

 
Current management involves mass-trapping adults 

and the sanitation or destruction of infested trees. 

However, “acoustic technology” offers a way to target 

infested trees earlier than visual observation or adult 

trapping alone. Integrating this technology into an 

“edge- aided framework”—where data is processed 

locally on sensors—can enhance the timeliness and 
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targeting capability of quarantine and eradication 

programs. 

 
II. ACOUSTIC PRINCIPLES OF LARVAL 

DETECTION 

 
Larvae produce distinct sounds as they move and feed 

within the stem or trunk of a host plant. Research has 

shown that various instruments, including the “AED-

2000”, specialized accelerometers, and customized 

probes, can pick up these internal vibrations. 

 
2.1 Signal Characteristics 
“Rhynchophorus ferrugineus” larval sound impulses 

typically last between **3 to 50 milliseconds** and 

exhibit peak frequencies in the range of **1 to 3.8 kHz**. 

These impulses are notably different from background 

noise, which generally occurs at frequencies below 1 

kHz and originates from sources distant to the tree. 

Smaller larvae tend to produce signals with lower 

amplitudes and lower frequencies compared to larger 

larvae. 

 
2.2 Attenuation and Spatial Sensing 
Signals from larvae “attenuate rapidly” as they travel 

through the palm tree tissue. High- frequency signals 

degrade more quickly than low-frequency ones, 

meaning that sensors spaced just several centimeters 

apart can detect vastly different signal profiles from the 

same infestation. This spatial sensitivity allows for the 

use of multiple sensors to extract distant background 

noise by subtracting signals between sensors. 

 

III. EDGE-AIDED SIGNAL PROCESSING 

TECHNIQUES 
 
To be effective in a field environment, acoustic systems 

must utilize robust signal processing to discriminate 

between target insects and environmental interference. 

 
3.1 Spectral and Spatial Filtering 
Computers and edge devices can be trained to “discard 

low-frequency, long-duration signals” that characterize 

background noise. After high-pass filtering, any signals 

that remain above an amplitude threshold for longer 

than 50–100 milliseconds are typically discarded as 

non-insect noise. This filtering has been proven 

effective at frequencies ranging from 200 Hz to as high 

as 2000 Hz depending on the environment. 

 
3.2 Acoustic Spectrum Features 
Discrimination is further improved by treating each 

impulse as an independent event and calculating its 

spectral features. Common methods include: 

 
Fourier Transforms: Used to compute the frequency 

distribution of the impulse. 
Linear Frequency Cepstral Coefficients: Applied to 

identify unique features in the sound profile. 

 
Gaussian Mixture Modelling : Used to cluster signal 

features and separate them from background noise. 

 
By comparing these features against a “pre-stored 

spectral profile” (a mean spectrum of known larval 

sounds), the system can determine if a recorded 

impulse matches the target pest. 

 

IV. TEMPORAL PATTERN RECOGNITION 
 
While spectral analysis is vital, the “temporal regularity” 

of insect behavior provides another layer of 

identification. 

 
4.1 Burst Analysis 
Many cryptic insects produce sounds in “bursts of 

impulses” separated by quiet intervals of 0.25 seconds 

or more. A single movement or feeding event by a larva 

often produces between “6 and 200 impulses”. 

Identifying these "bursts" as a signal feature allows 

edge devices to ignore brief wind-induced taps or long-

duration background hums that might share the same 

spectral characteristics as a larva. These temporal 

regularities are most easily detected when larvae are 

active and weigh more than 0.27 grams. 
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V. MULTIDISCIPLINARY INTEGRATION: 

IOT AND MACHINE LEARNING 
 
The future of stem-borer detection lies in the 

integration of “bioacoustics with the Internet of Things 

(IoT)” and automated machine learning. 

 

5.1 Automated Machine Learning 

While human listeners currently outperform computer 

programs in identifying the sounds of larvae tearing 

wood fibers or moving in chambers, new models are 

bridging this gap. 

 

“Hierarchical temporal memory models” and 

“hierarchical sequential memory models” are being 

developed to teach computers to recognize the 

patterns of typical insect scraping and feeding activities. 

 

5.2 IoT and Remote Surveillance 

Recent developments have proposed “in-vivo 

vibroacoustic surveillance”of trees within an IoT 

framework. These systems use “affordable bimodal 

sensors” and automated remote surveillance to monitor 

agricultural environments at a global scale. Edge-aided 

devices can process these acoustic signals locally, 

transmitting only the detection alerts to reduce 

bandwidth and power consumption. 

 

VI. TEMPORAL PATTERN RECOGNITION 

 
Despite the technological progress, several barriers 

prevent the general use of acoustic technology in 

traditional agricultural practices. 

 
6.1 Technical and Logistic Barriers 
The primary challenges include: 
Cost: High instrumentation costs for high-sensitivity 

sensors. 
Training: The need for scouts to be trained to 

distinguish target signals from internal tree sounds 

(e.g., xylem embolism). 
Interference: Background noise remains a persistent 

issue in busy agricultural or urban environments. 

 

6.2 Economic Benefits 
An acoustic instrument generally has a “lifetime of 5 to 

10 years”. The initial investment is often offset by the 

“improvements in timeliness” and the ability to 

precisely target infested trees, which saves healthy 

palms and prevents larger-scale outbreaks. 

 

VII. CONCLUSION 
 
The early detection of stem-borer infestations like the 

“red palm weevil” requires a multidisciplinary approach 

that moves beyond simple listening devices. By 

leveraging “edge- aided acoustic analysis”, researchers 

can implement “automated signal discrimination” that 

combines spectral filtering with temporal burst 

recognition. As “IoT-connected sensors” and “ machine 

learning models” continue to evolve, these systems will 

become more reliable and accessible, providing a 

critical tool for quarantine and management programs 

worldwide. The transition from manual scouting to 

“automated, in-vivo surveillance” represents a 

necessary shift in protecting global date palm and 

ornamental palm industries. 
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