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Abstract. This study explored computer vision methods using the OpenCV open-source library to characterize the
phenotypes of various horticultural crops. In the case of tomatoes, image color was examined to assess ripeness, while
support vector machine (SVM) and histogram of oriented gradients (HOG) methods effectively identified ripe
tomatoes. For sweet pepper, we visualized the color distribution and used the Gaussian mixture model for clustering
to analyze its post-harvest color characteristics. For the quality assessment of netted melons, the LAB (lightness, a, b)
color space, binary images, and depth mapping were used to measure the net patterns of the melon. In addition, a
combination of depth and color data proved successful in identifying flowers of different sizes and distances in
cucumber greenhouses. This study highlights the effectiveness of these computer vision strategies in monitoring the
growth and development, ripening, and quality assessment of fruits and vegetables. For broader applications in
agriculture, future researchers and developers should enhance these techniques with plant physiological indicators to
promote their adoption in both research and practical agricultural settings.
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Fig. 1. Mask extraction procedure for phenotypic analysis of
horticultural crops: tomato (A), sweet pepper (B), melon (C), and
cucumber (D). For each crop: original image, segmentation mask,
and extracted mask.
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Original Sharpened lllumination enhanced Histogram equalized

Fig. 2. lllustrations of image enhancement. Crops: tomato (A), sweet pepper (B), melon (C), and cucumber (D). For each crop: original images,
sharpened images, illumination enhanced images, and histogram equalized images.

Original Binarized image H channel image

Fig. 3. Tomato detection and ripeness evaluation procedure. Tomato image 1 (A), tomato image 2 (B), tomato detection and ripeness evaluation (C).
For each sample: original images, binarized images, and H channel images.
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Fig. 4. Visualization of sweet pepper color distribution and ripeness procedure: Original image of harvested sweet pepper (A), mask segmentation (B),
extracted sweet pepper mask (C), 3D RGB color distribution of the mask (D), histogram of mask’s color (hue) values emphasizing red (E), Color
clustering based on hue and saturation value: Data’s center is represented by the centroid, and the orange and red scatters are classified into two
distinct clusters.
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values. The top five flowers with the highest evaluation scores were detected and outlined.
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