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Abstract:

This research explores the potential of artificial intelligence
(AI) in revolutionizing archaeological exploration by
employing non-invasive seismic imaging techniques.
Utilizing machine learning models, particularly
Convolutional Neural Networks (CNNs), U-Net segmentation,
and transfer learning, the research seeks to improve the
accuracy of detecting archaeological sites through seismic
data. The approach offers a sustainable, efficient, and non-
destructive method of exploring buried cultural heritage,
advancing conservation efforts, and safeguarding valuable
historical sites from damage.

Research Methods:

This study employs a combination of convolutional neural
networks (CNNs) and U-Net segmentation for image
classification and feature extraction from seismic data.
Transfer learning is applied to leverage pre-trained
models for improving performance with limited data,
while synthetic data augmentation techniques are used to
generate diverse datasets. A flowchart or diagram can
illustrate the following steps in the methodology:

1.Data Collection: Seismic data from archaeological sites.

2.Preprocessing: Noise reduction and normalization.

3.Model Training: Using CNNs and U-Net segmentation.

4.Model Validation: Evaluation of accuracy and precision
in detecting archaeological patterns.

Preliminary Considerations:

Ethical data handling and cultural sensitivity are
paramount in this research. The seismic data from
sensitive archaeological sites must be securely stored and
analyzed to prevent misuse. Ensuring transparency in Al
model decisions is critical, as human stakeholders,
including archaeologists and conservationists, should
remain actively involved. Additionally, guidelines will be
proposed for the responsible usage of Al tools in cultural
heritage conservation, prioritizing site integrity and
community respect.

Literature Review:

Archaeology has long used seismic imaging to detect buried
structures, yet traditional methods often suffer from data
interpretation and accuracy limitations. Recent studies have applied
machine learning techniques to enhance seismic data analysis. For
example, Cai et al. (2021) demonstrated the potential of Convolutional
Neural Networks (CNNs) in classifying geological patterns, achieving
higher accuracy than conventional methods. Similarly, Li et al. (2022)
employed U-Net architectures to segment seismic images efficiently,
improving the detection of archaeological features by distinguishing
between natural formations and man-made structures.

Synthetic data augmentation has also emerged as a crucial technique
for overcoming the challenges posed by limited data. Zhou et al. (2020)
showed that augmenting seismic datasets with synthetic data
improved model performance by enhancing generalization and
reducing overfitting, a key concern in archaeological data analysis.
Ethical concerns surrounding AI in archaeology have garnered
increasing attention. Todorov et al. (2021) emphasized the importance
of human-centered AI, highlighting the need for transparency and
data privacy, especially in the context of culturally sensitive
archaeological sites. This literature underscores the value of Al in
advancing seismic imaging techniques while stressing the importance
of ethical considerations in preserving cultural heritage.

Introduction:

Traditional archaeological exploration methods often rely on
excavation, which is invasive, slow, and can cause damage to valuable
cultural heritage sites. Seismic imaging, a non-invasive technique,
holds significant promise for detecting buried structures and
artifacts. However, the complexity of interpreting seismic data has
limited its widespread application. By integrating AI algorithms,
specifically CNNs and U-Net segmentation, we propose an innovative
solution that can enhance the efficiency and precision of seismic
imaging in archaeology. This research demonstrates the potential for
Al-driven tools to expedite archaeological exploration and preserve
cultural heritage through more ethical and sustainable methods.
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Conclusion:

This research introduces an Al-driven seismic imaging approach for non-
invasive, efficient, and ethical archaeological exploration. Integrating
machine learning technologies with responsible practices aims to
enhance cultural heritage conservation while addressing challenges like
data security, transparency, and cultural sensitivity. The proposed
framework offers a sustainable solution for locating and preserving
archaeological sites, ensuring future generations can access and study
them without compromising their integrity.

Comparison of Traditional vs Al-Driven Seismic Imaging
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