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	Radio Button1: Yes
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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: 09/30/08
	Contract: 013406
	Duration: 1
	Year: 1
	Funds: 50000
	Report: Reliable visual detection of trees with greening disease in the field is often hampered by the large number of ‘false positives’ collected from trees with even minor nutrient imbalances. In Approach 1, we tested the ability of a multispectral camera to detect stress and abnormalities in tree canopies infected with HLB. At the whole-canopy scale, the camera method could not discriminate between stress caused by HLB, nutrient deficiencies, blight or water deficit. Severity of canopy stress could be classified, regardless of the cause, but the method did not show specific ability to detect HLB at an early enough stage. In Approach 2, single leaf images were analyzed after digitizing with high resolution color scanners or cameras. Image training and recognition software (SentiSight 2.0) was evaluated to discriminate between HLB blotchy mottle symptoms and nutrient deficiency symptoms or healthy leaves. The software was able to recognize the primary HLB symptom of blotchy mottle and separate those leaves from true nutrient deficiencies and also the secondary HLB symptoms of green islands, Zn and Mn deficiency. It was encouraging that the software could be trained to recognize very subtle blotchy mottle symptoms on a single leaf scale, which could possibly be useful in the field with a portable system designed to complement the visual scouting operations. In a second implementation of Approach 2, image processing and recognition software was developed in-house to discriminate HLB symptoms on leaves. A color imaging system was assembled to acquire RGB images from citrus leaves with two normal conditions including young flush and normal mature and six abnormal leaf symptoms including blotchy mottle, green island, Mn deficiency, Fe deficiency, Zn deficiency and uniform yellow (N deficiency). Resized images covering all areas on the leaf surface were extracted from the original RGB images, and they were then transformed to hue, saturation, and intensity (HSI) color representation. Spatial gray-level dependence matrices were generated from the hue, saturation, and intensity images. A total of 39 image texture features were determined for each citrus leaf sample. Algorithms for selecting useful texture features were developed based on a stepwise discriminant analysis for three disease combinations including all disease conditions, disease conditions excluding normal young, and disease conditions excluding blotchy mottle and normal young. Classification models were constructed using the reduced texture feature sets through a discriminant function based on a measure of the generalized squared distance. Significant eliminations of redundant texture features were accomplished through the stepwise discriminant analysis. Models consisting of 16, 11, and 9 texture features were selected for the color combinations of HSI. The simplification of the texture features largely reduces the computation burden, and it also helps improve the performance of classification models. A classification model using 16 texture features achieved 90% accuracy when discriminating all leaf conditions. A nine feature classification model excluding blotchy mottle and normal young, gave the best accuracy (93.3%). The results suggested that it would be best to use a disease model that excluded young flush and blotchy mottle conditions. This model also has the best confusion matrix (classification system) accuracies between positive (90%) and negative (88%). The HSI_16 model had better overall accuracy for leaf condition classification, however the HSI_11 model had better accuracy within the greening confusion matrix. 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 accuracies were 86.5%, indicating that the classification model is robust for classifying new citrus leaf samples according to their disease conditions. We believe that these results can be improved through further development. The result suggested that the normal young and blotchy mottle conditions have very similar leaf texture condition and caused misclassification. 


