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	HEADLINE: Potential multiple sensing techniques for detecting HLB infection in citrus trees.
	TITLE: Detecting citrus greening (HLB) using multiple sensors and sensor fusion approach. 
	PI: Reza Ehsani
	ABSTRACT: Differential mobility spectrometer sensor for HLB-biomarker detection: Sampling protocol to collect volatile organic compounds (VOCs) from citrus leaves in open-air environment (field conditions) and analysis protocol (for GC-MS  and differential mobility spectrometer-GC/MS and GC/DMS) have been developed jointly in Dr. Davis’s lab, UC, Davis and Dr. Rouseff's lab ,UF, CREC .  Sampling and analytical protocols have been exchanged between the two labs. A special positioning devise has been developed to hold the solid phase microextraction fiber for field volatile sampling. Optimal sampling time of day has been determined.  Two different fiber types have been evaluated and major leaf volatiles identified.  The major leaf volatiles have been identified as terpenes, aldehydes and alcohols  which have been previously reported in citrus.  In one sample set, the GC/MS chromatograms showed certain distinguishable patterns between healthy and HLB samples.   An auto-regression model with an order of 100 was applied to extract features (auto-regression coefficients) from the chromatogram in Dr. Davis’s lab.  The algorithm was able to classify the healthy from HLB-infected samples, and asymptomatic-HLB from symptomatic-HLB infected samples. In addition to these tools, other sophisticated machine learning and feature extraction (biomarker detection) approaches such as wavelet analysis, genetic algorithms, and ant colony algorithms have been developed.  

Portable fluorescence spectrometry for HLB detection: A laser-induced fluorescence spectrometer system was developed by Embrapa Agricultural Instrumentation for diagnosis of Brazilian citrus disease. Some preliminary experiments were conducted using the biophotonic system in the laboratory to classify healthy citrus leaves (from Valencia grafted on Swingle rootstock) from that of HLB infected leaves. The study was carried-out to calibrate the instrument. Preliminary analysis showed that the system was able to classify HLB-infected leaves with 90% classification accuracy, while healthy leaves were classified with an accuracy of 70%. The results were promising. A partnership has been set-up with Fisher Group (one of largest Brazilian producers of oranges and juice) for data collection in Citricola Farm. Hundred trees in two blocks of 1000 trees (one with low and high HLB incidence each) will be monitored using the biophotonic system each month, with data collection on weather, geo-reference, and PCR results. Data collection is expected to start on November, lasting upto a year.

Hyperspectral sensors for HLB-infected trees detection: Different imaging sites having various degrees of HLB infection have been evaluated for HLB detection through aerial hyperspectral imaging. The sites selected were from citrus groves in Southweat Florida Research and Education Center (SWFREC) in Immokalee, Consolidates Citrus, and Evans Property. The hyperspectral imagery will be collected from November, 2009 with the help from Dr. Yang and imaging group at US Department of Agriculture-Agricultural Research Service, Weslaco, Texas. A photographic camera with high resolution, a multispectral sensor, and hyperspectral sensor will be used to collect the data. 
     Greenhouse experiments are being conducted at Citrus Research and Education Center, Lake Alfred, FL to evaluate the performances of the spectroradiometer and hyperspectral imaging based sensors for their ability to detect HLB infected trees in their preliminary stages. The data collection is ongoing since last year. Analysis protocols are being developed to evaluate the classification accuracies of the sensors. Preliminary results indicated the requirement of large dataset to classify HLB-infected trees with high accuracies. Further data will be collected to evaluate the applicability of the sensor techniques.   
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