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ABSTRACT

Soil analysis is a crucial aspect of agricultural management, influencing crop yield, soil health,
and environmental sustainability. Traditional methods of soil analysis are often labor-intensive,
time-consuming, and require specialized equipment. This study proposes an innovative
approach utilizing computer vision and machine learning to automate and enhance soil
analysis. High-resolution digital images of soil samples were captured under controlled
conditions, ensuring consistent quality and illumination. These images underwent

preprocessing steps such as grayscale conversion, resizing, and noise reduction to standardize
and enhance the data for analysis.

Feature extraction was conducted using the Scale-Invariant Feature Transform (SIFT)
algorithm, which identified key points and computed descriptors invariant to scale and
rotation. The extracted descriptors were clustered using the KMeans algorithm to classify soil
textures into categories such as sandy, loamy, and clay. Additionally, the mean pixel intensity
of grayscale images was analyzed to estimate soil moisture content, while nutrient deficiencies

were detected by identifying yellow regions in the HSV color space.

Soil pH levels were estimated through hue value analysis in the HSV color space, and soil
color composition was assessed using mean RGB values. Plant health was evaluated by
isolating green pixels in the HSV color space, and weed detection was performed based on
specific color ranges. Further analyses included estimating organic matter through brown
pixel proportion, assessing soil compaction via edge density from Canny edge detection, and

evaluating erosion risk through combined texture and edge analysts.

This multidisciplinary approach demonstrates the potential of computer vision and machine
learning in providing efficient, accurate, and scalable solutions for soil analysis. The results
indicate that these technologies can significantly enhance the precision of soil property
assessments, offering valuable insights for agricultural management and environmental

conservation.



