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	Title: Determine if HLB can be detected earlier, and if symptoms can be distinguished from other leaf discolorations (eg., mineral nutrient deficiency) using machine vision
	Investigator: A. Schumann
	Email: schumaw@ufl.edu
	Phone: (863) 956-1151
	Organization: CREC/IFAS, University of Florida
	Date: 01/15/09
	Contract: 013406
	Duration: 1
	Year: 1
	Funds: 50000
	Report: This study sought to develop a visible spectrum classification approach 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.  The color imaging system acquired RGB color images for two normal citrus leaf conditions including young flush and normal mature flush and six abnormal leaf symptoms including greening blotchy mottle, greening island, manganese deficiency, iron deficiency, zinc deficiency and yellowed dead. Target image region of interest was limited to within the leaf boundary. Extracted RGB images were transformed to hue, saturation, and intensity color representation, and spatial gray-level dependence matrices (SGDMs) were generated from the hue, saturation, and intensity images. A total of 39 image texture features were determined from the SGDMs for each citrus leaves sample. Reduced texture feature models were selected using SAS stepwise discriminant analysis for sets that had all leaf conditions, excluding young flush and excluding young flush and blotchy mottle. Classification models were constructed using a discriminant function based on a measure of the generalized squared distance for each of these data sets and classifier results were determined.
The elimination of redundant texture features significantly reduces the computation burden, and 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 the 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. The 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. We believe that these results can be improved through further development. The result suggested that the normal young and blotch mottle conditions have very similar leaf texture condition and can cause misclassification. This is likely due to subtle differences in image characteristics, which are difficult to contrast in the visible spectrum. However, this work clearly demonstrates that color texture approaches have the potential for discriminating citrus greening from other confusing leaf symptoms.
The future work will require an expansion into a broader test scenario where spatial and temporal variability are accounted for. In a preliminary study, an attempt was made to use data collected in August and September to train a classifier to discriminate another data set collected in March. The results were not favorable and suggests that problems may exist due to seasonal effects. The training data set consisted predominantly of samples which were from the previous spring and summer flushes of that year, while the test data set consisted primarily of mature leaves from the previous season. There also could have been other unknown effects that influenced the performance. This suggests two alternatives, either develop a classifier that accommodates seasonal effects, or include multiple training scenarios which select the appropriate training model based on the season being tested. This seems the most logical since these preliminary results showed good classification results from samples collected at the same time of the year.  


