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1 - Visual Soil Evaluation
2 - Mathematical Morphology
3 - micro-CT
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Abstract (Times New Roman, 10pt, Bold)

Soil structure and pore networks play a fundamental role in the dynamics of water, air, and biological exchange,
yet their study and quantification have long been among the most challenging tasks in soil science. Early
approaches based on visual observation, such as the Visual Soil Evaluation (VSE) system developed in the
1950s, enabled qualitative description of structural features but lacked accuracy and reproducibility. Since the
1990s, the introduction of Mathematical Morphology opened pathways for quantitative analysis of pore
structures, followed by three-dimensional imaging technologies such as micro—computed tomography (micro-
CT), which brought a major breakthrough in directly observing connected pore networks. Over the past decade,
the advent of machine learning and deep learning algorithms has advanced image segmentation and processing
to a new level, enabling automated analysis of large-scale imaging datasets. Nevertheless, challenges such as
segmentation uncertainty, the absence of unified standards, and limited transferability across soil types remain
unresolved. This review provides an analytical overview of the historical evolution of image analysis in
studying soil structure, tracing its development from early visual methods to the current state of the art, and
outlines future directions for integrating artificial intelligence, multiscale imaging, and hybrid data-driven and
physics-based modeling.

Keywords: Image Analysis, Machine Learning, micro-CT, Soil Pore Network, Soil Structure



