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	HEADLINE: Automatic gain control and three classification results
	TITLE: Sensing system for symptomatic citrus greening infected leaves using polarized light
	DATE: 7/15/12
	SPONSOR: [Citrus Research and Development Foundation]
	CATEGORY: [Pathogen/Disease Detection]
	ABSTRACT: We found that the camera’s automatic gain control (AGC) function is designed to maintain image's intensity and contrast consistently regardless of the illumination conditions and this function would prevent us from identifying the effect of starch accumulation in the images. In order to resolve this problem, a two-step calibration was performed using the background pixel values. At the first step, all the images in each specific illumination and filter direction situation were calibrated separately. Also the actual background’s reflectance in each situation was measured using a portable spectrophotometer and the ratios between them were used for the second step of the calibration. Using this approach the effect of AGC was cancelled and the real reflectance measurement was calculated.

Using the image acquisition system, two datasets each including both healthy and HLB infected leaves were created. A 4-class (healthy leaf, healthy vein, HLB leaf and HLB vein classes) training set of 25 healthy samples and 25 HLB samples were selected from one of the datasets. Analyzing the histogram of this training dataset showed that the healthy leaf and HLB leaf classes could be distinguished in the images captured with 591 nm illumination and perpendicular filters. In addition, the healthy vein class is very similar to the healthy leaf class, and the HLB vein class is very similar to the HLB leaf class. This can mean that although healthy vein has a color similar to HLB leaf and vein, however healthy vein has different pixel value in 591 nm with perpendicular filters because there is no starch accumulation in healthy veins. 
Both datasets were classified using this training set and a linear classifier. The classifier was able to identify the HLB samples with 100% accuracy, but it also misclassified 28% of healthy samples of the first dataset and 36% healthy samples of the second dataset in the HLB class. This might be due to either the classification error or the healthy samples actually being infected by the disease.

Furthermore, a dataset containing 4 classes of different kinds of yellow leaves (HLB, young leaves, zinc deficient and unknown symptoms) plus a healthy class as the control class was created to find out the difference between HLB yellowish symptoms and yellowish symptoms with other reasons. The analysis of variance (ANOVA) results showed that all five classes were significantly different. 

In order to find the effect of starch on polarized light, the absorbance of four levels of starch solutions plus pure water were measured using the spectrophotometer and in three conditions: no filter, parallel filters and perpendicular filters. The results showed that the absorbance increases as the starch concentration increases in the solution. However the Min/Max ratio (the ratio between absorbance data using perpendicular filters to parallel filters) didn’t show any reasonable results. 
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