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Abstract: lllegal logging is a major concern for forests such as deforestation and biodiversity loss. In this presentation, we will be
introducing an acoustic-based monitoring system which detects chainsaw and tree-cutting sounds and filters out everyday forest
sounds like birds, wind, rain and insects. The system uses INMP441 MEMS micros and a pre-trained model for sound
classification, YAMNet. It integrates with ESP32, GPS module and the loT communications to offer instant warnings of
suspicious activity. The proposed approach intends to facilitate the forest monitoring, manual patrol and assist in the
conservation of forest resources. Illegal logging is responsible for the destruction of countless square kilometers of forest land,
yet the robust acoustic monitoring system is often overlooked. Illegal logging for example is destroying enormous amount of
square meters/kilometers of forests, in which case, the audio monitoring system, which is robust and capable is rarely being
utilized.

Keywords: Illegal logging, acoustic monitoring, environmental sound classification, YAMNet, MEMS microphone, ESP32, loT,
forest conservation.

I. INTRODUCTION

Forests provide an important natural resource and a home to wildlife and help ecological balances, control climate and support
biodiversity. However illegal logging is a threat to the forest ecosystem as it causes deforestation, habitat destruction, soil fertility
loss and carbon emission. But these areas must be monitored continuously, something that is a challenge in areas of large forest size
and its outlying areas.

Traditional forest monitoring is based largely on manual patrolling by forest officials. This method is widely used but requires a lot
of manpower, time and money. Wherever possible, the illegal removal of trees is only spotted in the face of the damage that has
already been done, leading to a time lag in taking action. The advanced use of Al technology, acoustic sensing and embedded
systems opens the future of automatic monitoring of forests. Acoustic monitoring is of particular benefit in examining sound
patterns made by chainsaw operation and tree cutting that can help identify them from the other forest sounds. These sounds can be
detected more accurately and in time by deep learning systems and make it possible to recognize suspicious activities before the
ecology is be affected.

In this work, we suggest an illegal logging detection system using acoustic means in forest environments based on an INMP441
MEMS microphone, an ESP32 development board and a previously developed audio classification-based model, YAMNet. The
sounds in the audio are then analysed to discern the typical noises of the surroundings from the sounds of loggers' work.” Any
unusual noise is detected by the system and an alert is sent using loT-based communication module along with the location
information. The automation of the monitoring process will presumably decrease the number of forest patrol personnel needed,
increase the efficiency and time for forest authorities to respond, and contribute to long-term conservation of forest and biodiversity.

Il. NEED OF STUDY

Illegal logging contributes to deforestation, biodiversity loss and degradation of forest ecosystems as one of the major drivers of
deforestation. Present monitoring methods are largely based on manual patrol and monitoring by forest staff, which is
timeconsuming and resource intensive. The continuous monitoring of forests can be challenging as they can be large, inaccessible,
and it remains difficult to see unapproved felling operations until a considerable amount of damage has been done to the
environment. The alternative is an acoustic based monitoring system, which can monitor the forest continuously, without the need of
constant human intervention. The system detects sounds generated during the use of chainsaws in tree cutting from an early time,
allowing the concerned authorities to be alerted immediately. This is not only more efficient forest monitoring, but also essential in
the timescales of sustainable forest management as it means detecting and responding to illegal logging operations quicker, and
reducing the need for manual monitoring and patrolling.
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I1l. RESEARCH METHODOLOGY
Research methodology describes the progress of steps taken in building the idea of the detection of illegal logging. The hardware
components should be selected, audio data should be gathered and processed, features should be extracted from the sound to be used
in the classification model, the classification model should be developed, and an alert system should be implemented for real-time
alerts. The full methodology is provided in the next sections.

A. Study Area and System Deployment

The integrated system is expected to be installed in protected forests, wildlife forests, reserve forests and other ecologically sensitive
areas where exploitation of wood by non-legitimate people is a prominent issue. These areas can be hard to continually monitor due
to their size, and inaccessibility. To tackle this challenge, acoustic sensor nodes are deployed here and there in the monitored area.
All the nodes will capture the surrounding sounds in real time and assess them for suspicious sounds. The system does not broadcast
what it has picked up unless it thinks it may have heard illegal logging. This technique can result in less power usage and
unnecessary communication.

B. Data Collection and Sources of Data

The sounds used in this study are from publicly available environmental sounds data set as well as manually recorded forest sounds.
All recordings are divided into two headings. The first group consists of the normal sounds of the forest, like birds' song, beetles'
noise, water flowing, wind blowing and again, the animal noises. The second set of sounds is associated with illegal logging
practices, such as a chainsaw, axe blows, human movements (such as vehicles), and other sounds usually associated with
unauthorised intrusion on the forest. All audio recordings are carefully labelled before they are trained in the model based on their
type of sound, and converted into a common format. The prepared dataset is further split into training, validation and testing sets to
assess the performance of the classification model.

C. Theoretical framework

The proposed system is based on acoustic system approach to detect possible illegal logging activity in forest environment.
Analysed sounds from the classification model are continuously processed sounds captured by the MEMS microphone. The initial
step of the process on the recorded audio is pre-processing to remove noise and enhance sound quality. Processed audio is then fed
as input to our pre-trained YAMNet model for intelligent audio embedding for sound classification. The last classification layer is
then retrained by using the labelled forest audio data by transfer learning to enable the model to distinguish between the normal
sound of forests and the sounds associated with forest activity. The system considers the occurrence of such sounds, or the
probability of such sounds to be suspected when the probability of detection is greater than a predetermined level of confidence. The
ESP32 controller then fetches the GPS position, and conveys an alert message to concerned forest authorities using the GSM or
WIFI communication module. The alert contains the detected sound category, time of detection and where it is detected. The
proposed methodology combines acoustic sensing, artificial intelligence and loT technologies to allow continuous monitoring of
forest, and to minimize reliance on manual surveillance. Expected enhancements to early detection of illegal logging and to respond
quicker by forest management authorities. Technical Suggestion If your project utilizes YAMNet, don't make any statements about
the extraction of features (as MFCC) and feeding them to YAMNet. The model internals compute the desired audio representations
out of the audio waveform in the standard YAMNet pipeline. It is technically incorrect and might be subject to discussion up in the
viva by saying “MFCCs are inputted to YAMNet”. The updated version above is the standard Y AMNet workflow.

D. Performance Evaluation and Model Validation

This section describes how an illegal logging detection system (IWDS) was evaluated after training the model. To assess the system

performance, forest sound marks will be used, with both the environmental sounds and illegal logging forest sounds being marked.

Multiple indicators, such as accuracy, reliability, and overall effectiveness, are used to evaluate the proposed monitoring system.

Evaluation of the effectiveness of the proposed classification model is performed with standard classification evaluation metrics that

are used to assess the performance of classification models in most cases.

1) Performance Metrics: Evaluation of the effectiveness of the proposed classification model is performed with standard
classification evaluation metrics that are used to assess the performance of classification models in most cases. The accuracy is
defined as the ratio of samples classified accurately over all test samples. It provides an overall idea of its classification
performance. The percentage correct among sounds identified as 'illegal logging' that are actually 'illegal logging' activities. The
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larger the precision, the smaller the number of false alarms produced by the system. Recall is an indicator of the model's ability
to correctly classify all real incidents of illegal logging. If you have a greater recall, there is a lesser likelihood of suspicious
activities going undetected. The F1 Score combines precision and recall to get a comprehensive view by calculating the
harmonic mean of both values. It provides invaluable overview of the model, particularly when there are both significant
false/true negatives and false/true positives.

2) Audio Classification Model: The system uses the improved pretrained audio classification model, YAMNet, which was gained
by transfer learning, to detect different sound classes. The initial pre-processing task of the INMP441 MEMS microphone is to
eliminate unwanted background noise. The audio processed into meaningful texts which are then fed into the YAMNet model
to obtain meaningful audio embeddings for classification. The final classification layer is adapted using a small number of
labelled audio samples from forests with a range of typical environmental sounds and sounds of illegal logging, via the transfer
learning technique. After training, the model then classifies received audio as either "forest activity” or "suspicious forest

logging”.

3) Model Validation:

o0 The trained model is tested on a separate set of audio recordings which are not used for training.

o0 Validation process consists of Classification of normal forest sounds.

0 Recognizing the noise of chippers, sawmills, and logging of trees.

o Evaluation of performance over different environmental stimuli.

0 Assessment of false detections of signs of positivity and negativity.

0 The outcomes of the predicted labels are compared to actual labels to check the system's effectiveness and reliability.

4) Comparison with Conventional Monitoring: The following criteria are used to evaluate the proposed acoustic monitoring
system in this thesis against the traditional manual forest surveillance. The proposed acoustic monitoring system is evaluated in
this thesis not only by the traditional manual forest surveillance but also by the following criteria:

o0 Detection response time. o Coverage monitoring.

0 There's a need for human effort.

0 Operating expense.

0 Ability to track continuously.

o The skills of detection of illegal logging.

The comparison is expected to demonstrate the capability to monitor in real time of the proposed system, as well as its ability to

detect suspicious activity faster and with less need for manual forest patrolling.

5) System Reliability: The proposed system's reliability is evaluated by the continuous monitoring of the forest sounds over
different time periods. When the system is tested, the stability of the system is assessed, taking into consideration factors such
as variable weather, changing ambient noise and a range of forest environments. The proposed system is expected to achieve a
stable detection capability, decrease false alarms, and provide timely alert when suspicious logging activities are detected.

6) Overall Performance Analysis:

The following metrics are used to evaluate the performance of the proposed illegal logging detection system:
o Detection Accuracy

0 Precision

0 Recall

o F1-Score

o False Alarm Rate

o0 Detection Response Time

0 Communication Reliability

0 Power Consumption

Based on these assessment criteria, it is expected that the system will provide reliable and accurate identification of illegal logging
operations and be able to distinguish them from regular forest sounds.
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The system combines the technologies of acoustic sensing, deep learning, and loT communication, allowing for continuous
monitoring of the forest, reducing the need for manual patrols, and supporting forest authorities in the protection of forest resources
and biodiversity through timely notifications.

IV.EXPECTED RESULTS
Based on the observations of the proposed system, the following are the expected performances: The proposed acoustic monitoring

system is to successfully separate the sound of illegal logging from the normal sounds of the forest such as birds, wind, rainfall,
insects, and animal calls. The system aims to efficiently classify environment sounds with a high level of accuracy using the
pretrained model of YAMNet with transfer learning method. Overall, the use of the INMP441 MEMS microphone, ESP32
development board, GPS module, and IoT communication will enable continuous monitoring of forest environments. The system is
designed to automatically alert the relevant authorities of suspicious activity, such as chainsaw or chainsaw-like noises, within
certain areas through location-based alerts and send them to the relevant authorities for immediate action. The proposed approach is
also likely to save on the need to continuously patrol forests manually and make forest monitoring more efficient. The system has
potential to help in protecting forest resources, preserve the biodiversity and support sustainable forest conservation through early
detection and timely notification of illegal logging activities.

Table I: Anticipated Performance of the Proposed System

Performance Metric Expected Outcome
Detection Accuracy High ( >95%)
Precision High ( >94%)
Recall High ( >93%)

False Alarm Rate

Low ( < 5%)

Detection Time

Near Real-Time ( within 25 seconds)

Power Consumption

Low ( Suitable for long-term deployment)

Communication Reliability

Stable and Reliable

V. CONCLUSION
In this study, an illegal logging detection system based on Acoustic technology and IoT is proposed, which will be integrated with

Environmental sound classification technology, to enhance the forest monitoring system. The system can detect the sound of
chainsaw and tree cutting and differentiate the sound of the chain saw and tree cutting from the forest noises, such as birds, wind,
rain and insects. The proposed system is designed to send alerts in real-time whenever the presence of suspicious logging is detected
by incorporating the pretrained YAMNet model with an INMP441 MEMS microphone, ESP32, GPS module, and wireless
communication. This can help lower the need for constant manual patrolling of the forest, facilitate quick identification of illegal
logging activities, and enhance the effectiveness of forest surveillance. Proposed system can potentially enable sustainable forest
management and help conserve forest resources and biodiversity with future field testing and further improvements.
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