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The intelligent model for detecting soil rare earth elements using a data-driven bioinformatic and
hyperspectral approach
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Abstract

In recent years, the identification of rare earth elements (REES) in soil using data-driven technologies has
emerged as an efficient alternative to traditional and time-consuming exploration methods. This review article
examines recent studies on the integration of hyperspectral and bioinformatic data, focusing on the capabilities
of machine learning algorithms in analyzing remote sensing data to extract spatial patterns of rare elements. The
primary focus is on the design and introduction of a proposed intelligent model that utilizes hyperspectral
satellite data—such as from EnMAP and EO-1—and applies algorithms like Spectral Angle Mapper (SAM),
Principal Component Analysis (PCA), Random Forest, and XGBoost to detect and predict the distribution of
these elements. The literature review and analytical findings indicate that this approach offers higher accuracy
and faster processing time compared to classical methods. Ultimately, the proposed model is presented as both a
conceptual and practical tool for exploring rare element resources in Iran and similar regions.

Keywords: Soil rare earth elements, hyperspectral data, environmental bioinformatics, machine learning, data-
driven conceptual model
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