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	HEADLINE: Non-destructive sensors for HLB detection
	TITLE: Detecting citrus greening (HLB) using multiple sensors and sensor fusion approach
	DATE: 9/4/12
	SPONSOR: [Citrus Research and Development Foundation]
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	ABSTRACT: Volatile organic compounds (VOC)-based HLB detection: We have completed the study of the correlation of health status of a plant with its released VOC “fingerprint profile” for the HLB pathogen. It is demonstrated that an early (even at asymptomatic stage), rapid and non-invasive means of detecting the HLB pathogen is possible via analysis of the VOCs emitted by citrus plants as measured using a portable Gas Chromatography/Differential Mobility Spectrometer (GC/DMS) due to their metabolism changes post-infection. Application of GC/DMS allowed us to longitudinally monitor VOC “fingerprint profile” differences in-vivo throughout an entire year to account for seasonal variations of the disease and plant’s life cycle. A mathematical model was developed to classify the diseased and control groups based on GC/DMS data, with discrimination accuracy of 80-90% and close to 100% under optimal conditions.
However, while using conventional GC with either flame ionization (FI) or mass spectrometry (MS) detectors, we were unable to consistently differentiate volatiles, due to very low concentration levels of leaf volatiles. Initial testing of SPME fibers with exposure times from 1-8 hrs lead to some identifications but tree to tree variation was as big as healthy to HLB. Purge and trap devices employing Tennax and combinations with charcoal improved sample amounts, but we were never successful in getting consistent results due to sample carryover and apparent breakdown volatiles from the trap itself.  Sampling volumes ranged from 12-48 liters of air sampled within 5 mm of the leaf surface. The major limitation was the inability to use the purge and trap samples on the MS detector.  We were only set up to use FI detection with these collection tubes.  
HLB detection using optical sensors: With the aerial hyperspectral images acquired in December 2011, a novel method named ‘extended spectral angle mapping (ESAM)’ was developed to detect the citrus greening disease. Firstly, Savitzky-Golay smoothing filter was applied to remove spectral noise within the data. Then support vector machine was used to build a mask to segment tree canopy from the other background. Vertex component analysis was chosen to extract the pure endmembers of the masked dataset. Then spectral angle mapping (SAM) was applied to classify healthy and HLB infected areas in the image. Finally, red edge position was used to filter out false positive detections. The experimental results were compared with other methods, Mahalanobis distance and K-means. The ESAM performed better with a detection accuracy of 86% than those two methods which yielded accuracies of both 64%.
In regard to the ground-based optical sensing, several methods such as visible-near infrared spectroscopy (Vis-NIR), mid-infrared (MIR) spectroscopy, fluorescence spectroscopy, thermal imaging, and laser-induced breakdown spectroscopy (LIBS) were tested. Each of these methods showed unique capabilities, having their own advantages and limitations. Although MIR spectroscopy and LIBS are destructive methods that require leaves to be removed from the trees; these methods provide chemical signature that are robust and remains unaffected by the incident light source. Moreover, MIR spectroscopy could be used for detecting starch accumulation, which begins even before the symptoms appears in the leaves. Similarly, Vis-NIR spectroscopy, fluorescence spectroscopy and thermal imaging are non-destructive methods and can be applied for aerial sensing as well. Based on the evaluation studies, we achieved a classification accuracies of 90% and higher. 
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