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REPORT UPDATE (650 words)

In the last four months, the research activities were focused on developing a computer algorithm that can be used for
automatic detection of the HLB-infected citrus trees by their spectral reflectance characteristics. The spectral characteristics
of HLB-infected and healthy citrus trees were collected at Lake Alfred and Lake Placid using a field portable
spectroradiometer in the range of 350 nm to 2500 nm. A total of 440 spectra (234 HLB-infected and 206 healthy) were
recorded and used for analysis. The magnitude of the spectrum at seven wavelengths (490, 550, 850, 1270, 1450, 1980, and
2200 nm) and the slope of the spectrum at four wavelengths (520, 570, 720, and 1140 nm) were used to represent each
spectrum. Three techniques, the K-nearest-neighbor (KNN), logistic regression, and support vector machine (SVM), were
used to classify the spectra of HLB-infected and healthy citrus trees.

For two of the techniques, 75% of the data were used to develop the mathematical models, and the remaining 25% were
used to test the accuracy of the model. The logistic regression technique is based on a mathematical function known as “the
logistic curve”. Using the first 75% of the data, parameters were adjusted to represent the difference between healthy and
HLB-infected trees. Then the computer was able to predict the probability whether or not a new spectrum is from an
HLB-infected tree. The SVM technique finds a boundary between the vectors that represent healthy and HLB-infected trees.
After this boundary is established, for subsequent spectra, the computer will compute whether it falls on one side of the
boundary (HLB-infected) or the other side (healthy). In the KNN method, no model is developed, instead, the first 75% of
data are saved in the computer memory. Then, for every new spectrum, the computer searches among the saved spectra to
find the K spectra that are closest to it. In this study was set to 5. In other words, for every new spectrum presented to the
computer, the five spectra that are closest to it are identified by the computer. Based on those five spectra, the computer will
predict whether the new spectrum belongs to a healthy tree or an HLB-infected one.

Computer programs were written to test the accuracy of each method. The results showed that the KNN, logistic regression,
and SVM techniques had prediction errors equal to 25%, 32%, and 18% respectively. This was because the variability in the
collected spectra was very large. Therefore, it was decided to test the algorithm with more than one spectrum from each tree
in the testing phase. The results showed that when two spectra from each tree were used, the errors were 8%, 18%, and 6%
respectively. When three spectra from each tree were used in the testing phase, the errors were 3%, 6%, and 3%
respectively.

A series of laboratory tests were started in the greenhouse to identify at what stage of HLB infection the anomalies in
spectral characteristics are identifiable. Four HLB-infected and four healthy citrus trees from both Hamlin and Valencia
varieties were used in this study. Canopy reflectance spectra and hyperspectral images are being collected on a biweekly
basis. Data collection will continue until symptoms are visible to the human eye.

Data collection will be continued in the field and further analysis will be performed to improve the accuracy of the three
algorithms mentioned above. In general, the project is on track to achieve its objectives.
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