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COMPLETION SUMMARY

Because reliable citrus greening symptoms are usually observed on the leaf surface, rapid detection of citrus greening leaf
symptoms can significantly aid in scouting for infected trees and managing the disease, thus reducing its spread and
minimizing losses for citrus growers. This study sought to develop a visible spectrum classification approach using machine
vision which could discriminate between citrus leaves exhibiting HLB symptoms and leaves which exhibited confounding
symptoms such as nutrient deficiency. A low magnification (5X) color imaging system coupled with texture feature analysis
based on color co-occurrence method provided a useful means for differentiating common greening disease symptoms.
Target image region of interest was limited to within the leaf boundary. A color imaging system was selected to obtain RGB
images from citrus leaves consisting of two normal leaf conditions, young flush and mature. In addition, five leaf conditions
including greening blotchy mottle, green islands, manganese deficiency, iron deficiency, zinc deficiency were collected.
Images covering the leaf surface were extracted from the original RGB images, and then converted into hue, saturation, and
intensity (HSI) color space representation. Each HSI image was used to generate spatial gray-level dependence matrices.
Once SGDMs were generated, a total of 39 image texture features were obtained from each citrus leaf sample. Algorithms
for selecting useful texture features were developed based on a stepwise discriminant analysis for three disease
combinations including all conditions, all conditions excluding young flush, and conditions excluding blotchy mottle and
young flush. Through a discriminant function based on a measure of the generalized squared distance, classification models
were constructed using the reduced texture feature sets. Beneficial elimination of redundant texture features were
accomplished through the stepwise discriminant analysis. Various texture features models were selected from the color
combinations of HSI. The elimination of redundant texture features significantly reduces the computation burden, and it also
helps improve the performance of classification models. The classification model excluding blotchy mottle and young flush
(HSI_14) gave the best accuracy (97.33%), while HSI_18 model achieved the worst classification accuracy (86.67%). When
excluding only young flush condition, the classification had high accuracy of 95.60%. The results suggested that young flush
samples collected in fall created confusion between normal mature leaves. This fact also can be seen in the confusion matrix
accuracies. HSI_18 model had the lowest classification accuracy, but the success rate of positive for greening disease was
96.67%. It was the same or higher than others. A stability test for the classification model with the best performance was
accomplished by 10 runs using randomly selected training and testing samples. Average classification accuracy was
94.06%, indicating that the classification model is robust for classifying new citrus leaf samples according to their conditions.
For further study of the influence of young flush, it is suggested that a new model consisting of a mixed data set of young
flush and mature normal leaves should be evaluated to see how it compares to the model, which excluded young flush
leaves. This research demonstrated that color imaging and texture feature analysis could be used at low magnification for
differentiating citrus greening symptoms from other leaf conditions. Future studies will explore the utility of these algorithms in
outdoor conditions.

For more information, see Kim, D.G., T.F. Burks, and A.W. Schumann. 2009. Detection of Citrus Greening Using Color
Texture Features and Digital Microscopic Imaging. Proc. FSHS. Volume 122: 2009.
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