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Abstract

The detection and classification of seismic events, particularly distinguishing between natural
earthquakes and anthropogenic explosions, is a crucial challenge in the field of seismology.
Traditional seismic monitoring systems often struggle to accurately differentiate between these
event types due to their similar seismic wave characteristics, especially at regional distances or
for low-magnitude events. This paper introduces MACREE (Modular Analysis for Classification
and Refined Event Evaluation), a cutting-edge seismic analysis framework designed to improve
the classification accuracy of seismic events using advanced signal processing and machine
learning techniques. MACREE integrates adaptive signal preprocessing, time-frequency
analysis, and feature extraction to enhance event discrimination. Subsequently, it applies a
hybrid machine learning classification model, trained on a diverse set of labeled seismic data, to
provide reliable and precise event classification. Preliminary results demonstrate MACREE’s
capability to outperform traditional systems, reducing false positives and improving the
differentiation between earthquakes and explosions. This work outlines the architecture of
MACREE, discusses its algorithmic foundations, and evaluates its performance, providing a new

tool for seismic monitoring systems worldwide.
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Introduction

Seismic monitoring plays an essential role in both natural disaster management and international
security. Earthquakes, one of nature’s most unpredictable and destructive forces, pose significant
risks to human life and infrastructure[1]. Meanwhile, anthropogenic seismic events, such as

explosions—whether from mining, construction, or military tests—can also produce seismic
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waves that closely resemble those generated by earthquakes. Distinguishing between these two
types of events is critical for accurate event characterization, public safety, and policy-making,
particularly in the context of nuclear test verification and international arms control agreements.
However, seismic systems designed to detect these events often struggle to differentiate between
the similar waveforms of earthquakes and explosions, especially in situations where the events

are low magnitude or recorded at regional distances.

Traditionally, seismic classification systems have relied on manually calibrated thresholds,
predefined models, and expert interpretation to classify events. These systems typically focus on
the analysis of seismic wave arrival times, amplitude ratios, and frequency content. While useful,
these methods often suffer from limitations. For example, earthquakes can have impulsive onset
waves that resemble those of explosions, while explosions can generate long-lasting waveforms
due to complex wave reflections in the Earth's crust. These ambiguities highlight the need for a
more refined, automated approach that can adapt to varying conditions and accurately classify

seismic events in real-time[2].

To address these challenges, MACREE (Modular Analysis for Classification and Refined Event
Evaluation) is proposed as a novel solution to enhance the accuracy and reliability of seismic
event classification. MACREE combines advanced signal processing techniques, including
adaptive filtering and time-frequency analysis, with powerful machine learning-based
classification methods. The system processes raw seismic waveforms through a series of
preprocessing steps designed to improve signal clarity and isolate event-specific characteristics.
These preprocessing stages include noise reduction, spectral decomposition, and feature
extraction, which transform the raw data into a more manageable form for machine learning

models to analyze effectively[3].

MACREE’s signal processing begins with noise removal through adaptive filtering techniques,
which help eliminate ambient noise and environmental interference. This allows the system to
isolate the seismic event signals more clearly. The next step in the process is time-frequency
analysis, a powerful tool for distinguishing between different types of seismic events. This step is
crucial because earthquakes and explosions generate seismic waves that differ in frequency

content, energy distribution, and waveform characteristics. By analyzing how these
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characteristics evolve over time, MACREE can identify unique features associated with each

event type[4].

Feature extraction is then performed to capture key characteristics of the seismic waveform.
These features may include peak amplitude ratios, frequency content, wave propagation patterns,
and the temporal distribution of energy. By converting the waveform into a feature vector,
MACREE simplifies the classification task while preserving the event-specific details needed for
accurate differentiation. The system then passes these feature vectors to a machine learning

classifier, which has been trained on large datasets of known seismic events.

MACREE’s classification engine uses a hybrid machine learning model, combining the strengths
of several algorithms, including decision trees, support vector machines (SVMs), and neural
networks. This ensemble approach helps to ensure robust classification performance, as each
model contributes unique insights based on its own learning patterns. Additionally, the system
assigns a confidence score to each classification result, providing users with a measure of

certainty and helping prioritize event classifications based on their reliability[5].

The flexibility of MACREE allows it to be deployed in various seismic monitoring
environments, from regional seismic networks to global monitoring systems. Its ability to adapt
to different geological regions and its modular architecture make it suitable for a wide range of
applications. Whether used for earthquake detection in seismically active regions or for
distinguishing explosions from natural events in remote areas, MACREE offers a sophisticated

solution for modern seismic monitoring[6].
Enhancing Seismic Signal Interpretation with Time-Frequency Analysis

A fundamental challenge in seismic event classification is the inherent complexity and variability
of seismic waveforms. Earthquakes and explosions produce seismic waves that can have similar
characteristics, especially at certain frequencies or when measured over regional distances.
Consequently, distinguishing between these events requires not only identifying obvious
differences but also uncovering subtle variations in the frequency content and energy distribution

over time. Time-frequency analysis, a key technique in MACREE, provides a powerful means of
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extracting relevant features from seismic data and facilitating more accurate event

classification[7].

Time-frequency analysis allows the decomposition of seismic waveforms into components that
reveal both their temporal and spectral characteristics. This is crucial for differentiating between
earthquakes and explosions, as each generates a distinct pattern of energy distribution over time.
For instance, earthquakes typically generate seismic waves with complex, oscillating structures
that evolve over an extended period. These waveforms contain low-frequency energy that can
persist for longer durations, reflecting the prolonged release of energy from tectonic activity. In
contrast, explosions are often impulsive events that produce sharp, high-frequency signals with a

more immediate onset and a shorter duration[8].

MACREE uses time-frequency transforms such as the Short-Time Fourier Transform (STFT)
and Continuous Wavelet Transform (CWT) to analyze the seismic signals at multiple scales. The
STFT allows for the examination of frequency content within short time windows, enabling the
system to capture both the fast onset of explosions and the slower, more complex movements of
earthquakes. Meanwhile, the CWT provides an adaptive approach, allowing for the analysis of
seismic signals at various frequencies with different resolutions. This flexibility is particularly
useful in handling the broad range of frequencies that can be present in both earthquake and

explosion signals[9].

The combination of these time-frequency technigques enhances the resolution of the seismic data,
making it easier to discern features that are vital for event classification. For example,
earthquakes often display distinct low-frequency peaks in their spectrum that are not present in
explosive events, which tend to have higher frequency signatures. Additionally, by examining
how the frequency content evolves over time, MACREE can capture the unique temporal
patterns of each event. The time-frequency analysis not only aids in the differentiation of
earthquake versus explosion events but also enhances the overall accuracy of the system by

providing richer, more comprehensive data for classification[10].

Furthermore, MACREE’s time-frequency analysis enables the system to adapt to varying seismic

conditions across different regions. Seismic signals are influenced by local geological factors,
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such as soil composition and fault structures, which can affect the propagation and frequency
distribution of seismic waves. By leveraging time-frequency analysis, MACREE is able to
account for these variations and refine its event classification, regardless of the regional
differences in seismic wave behavior[11].

Ultimately, the incorporation of time-frequency analysis within MACREE significantly
strengthens its ability to process and classify seismic data. By offering an in-depth understanding
of how seismic waves propagate through time and space, this technique enhances the detection
of subtle differences between earthquakes and explosions, ensuring that the system remains

accurate and reliable even in challenging environments.
Real-World Applications and Impact of MACREE in Seismic Monitoring

MACREE’s advanced classification capabilities hold immense potential for a wide range of
applications in seismic monitoring, from natural disaster detection to security and verification of
nuclear test bans. The system’s ability to accurately differentiate between earthquakes and
explosions makes it an invaluable tool for seismologists, policy makers, and security agencies

that rely on seismic data to monitor and respond to various events of interest[12].

In the realm of earthquake monitoring, MACREE’s precise classification system provides real-
time, high-confidence event detection, which is essential for issuing timely warnings and
mitigating disaster impacts. When a seismic event occurs, particularly in earthquake-prone
regions, rapid and accurate identification is critical for initiating emergency response protocols.
By quickly distinguishing between natural seismic activity and other possible threats, such as
explosions or industrial accidents, MACREE ensures that resources are directed appropriately.
For instance, in the event of a suspected explosion, MACREE’s classification engine would
provide an immediate assessment, allowing emergency teams to focus on specific areas of

concern without the confusion of misclassified events.

Moreover, the technology is of particular value in the context of monitoring international treaties
and arms control agreements. For decades, the Comprehensive Nuclear-Test-Ban Treaty (CTBT)
has sought to prevent nuclear weapons tests by monitoring seismic waves generated by

underground explosions. The challenge lies in reliably distinguishing between nuclear explosions
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and naturally occurring seismic events, which share similar characteristics. MACREE’s
sophisticated classification system helps to address this challenge by providing more accurate
event detection and classification, ensuring that treaty compliance is effectively monitored. By
offering high-resolution, near-real-time seismic data, MACREE contributes to global security by

reducing the risk of misinterpretations or false positives[13].

In addition to its role in earthquake and explosion detection, MACREE’s adaptability makes it
suitable for a range of other seismic monitoring applications. For example, in mining operations,
where controlled explosions are regularly conducted, MACREE can help distinguish between
these intentional events and potentially dangerous, unintentional seismic occurrences. Similarly,
MACREE can be deployed in industrial settings where large machinery or equipment may
generate seismic waves, providing an additional layer of safety monitoring and event

classification.

Furthermore, MACREE’s modular architecture ensures that it can be easily integrated into
existing seismic networks, both regional and global. The system’s real-time processing capability
means that it can operate alongside other monitoring tools, enhancing the overall effectiveness of
seismic surveillance. As seismic networks grow in scope and complexity, MACREE can scale
accordingly, supporting a variety of data types and contributing to more efficient and accurate

event classification[14].

Conclusion

MACREE represents a significant advancement in the field of seismic event classification,
offering a more accurate, adaptive, and scalable solution for distinguishing between earthquakes
and explosions. By combining state-of-the-art signal processing techniques with machine
learning-based classification, MACREE is capable of overcoming many of the limitations faced
by traditional seismic systems. The system’s ability to handle complex and noisy seismic data,
along with its hybrid classification approach, enables it to achieve superior performance in
identifying and classifying seismic events. This is especially important in applications such as

earthquake monitoring, nuclear test verification, and ensuring compliance with international
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arms control treaties. As seismic data continues to grow in volume and complexity, the need for

intelligent, automated classification systems like MACREE will become increasingly critical.

With ongoing development and further validation, MACREE has the potential to become a

cornerstone tool for seismic monitoring worldwide, providing more accurate insights into the

Earth’s activity while supporting efforts to safeguard global security and safety.

References

(1]

(2]
(3]

(4]

(5]
(6]
(7]

(8]

(9]
(10]
(11]

(12]

229

K. Vijay Krishnan, S. Viginesh, and G. Vijayraghavan, "MACREE-A Modern Approach for
Classification and Recognition of Earthquakes and Explosions," in Advances in Computing and
Information Technology: Proceedings of the Second International Conference on Advances in
Computing and Information Technology (ACITY) July 13-15, 2012, Chennai, India-Volume 2, 2013:
Springer, pp. 49-56.

Z. Huma and M. Junaid, "The Guardian of the Genome: p53's Role in Cancer Suppression and
Therapy," Baltic Journal of Multidisciplinary Research, vol. 1, no. 1, pp. 32-39, 2024.

R. Sonani and V. Govindarajan, "Cloud Integrated Governance Driven Reinforcement Framework
for Ethical and Legal Compliance in Al Based Regulatory Enforcement," Journal of Selected Topics
in Academic Research, vol. 1, no. 1, 2025.

L. Antwiadjei and Z. Huma, "Comparative Analysis of Low-Code Platforms in Automating
Business Processes," Asian Journal of Multidisciplinary Research & Review, vol. 3, no. 5, pp. 132-
139, 2022.

Z. Huma and A. Mustafa, "Multi-Modal Data Fusion Techniques for Improved Cybersecurity
Threat Detection and Prediction," Aitoz Multidisciplinary Review, vol. 3, no. 1, pp. 40-53, 2024.
V. Govindarajan, R. Sonani, and P. S. Patel, "A Framework for Security-Aware Resource
Management in Distributed Cloud Systems," Academia Nexus Journal, vol. 2, no. 2, 2023.

A. Basharat and Z. Huma, "Enhancing Resilience: Smart Grid Cybersecurity and Fault Diagnosis
Strategies," Asian Journal of Research in Computer Science, vol. 17, no. 6, pp. 1-12, 2024.

S. Viginesh, G. Vijayraghavan, and S. Srinath, "RAW: A Novel Reconfigurable Architecture Design
Using Wireless for Future Generation Supercomputers," in Computer Networks &
Communications (NetCom) Proceedings of the Fourth International Conference on Networks &
Communications, 2013: Springer, pp. 845-853.

A. Mustafa and Z. Huma, "Integrating Primary Healthcare in Community Ophthalmology in
Nigeria," Baltic Journal of Multidisciplinary Research, vol. 1, no. 1, pp. 7-13, 2024.

V. Govindarajan, R. Sonani, and P. S. Patel, "Secure Performance Optimization in Multi-Tenant
Cloud Environments," Annals of Applied Sciences, vol. 1, no. 1, 2020.

Z. Huma, "Enhancing Risk Mitigation Strategies in Foreign Exchange for International
Transactions," Aitoz Multidisciplinary Review, vol. 2, no. 1, pp. 192-198, 2023.

A. Nishat and Z. Huma, "Shape-Aware Video Editing Using T2l Diffusion Models," Aitoz
Multidisciplinary Review, vol. 3, no. 1, pp. 7-12, 2024.



H. Azmat and Z. Huma, "Designing Security-Enhanced Architectures for Analog Neural

Networks," Pioneer Research Journal of Computing Science, vol. 1, no. 2, pp. 1-6, 2024.
A. Basharat and Z. Huma, "Streamlining Business Workflows with Al-Powered Salesforce CRM,"

Aitoz Multidisciplinary Review, vol. 3, no. 1, pp. 313-322, 2024.

(13]

(14]

230



