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	HEADLINE: Data processing and analysis of LIBS data
	TITLE: Precision foliar nutrient management using real time leaf analysis and a variable rate application technique
	DATE: 1/15/13
	SPONSOR: [Citrus Research and Development Foundation]
	CATEGORY: [Pathogen/Disease Detection]
	ABSTRACT: The data analysis involved validation of LIBS spectral data with nutrient profiles. Each nutrient (N, P, K, C, B, Ca, Cu, Fe, Mg, Mn, Zn) was independently analyzed with the spectral data to verify whether the LIBS spectral data can be associated with nutrient concentration. Several statistical models such as Partial Least Square Regression (PLSR) and Support Vector Machine were tested on the processed LIBS spectral signals. Some of the LIBS data processing procedure which were performed were baseline correction, wavelet-based denoising for noise removal, resampling of LIBS spectra to reduce the number of spectral features, peak selection and alignment for extracting important peaks, etc. 

Although, the PLSR model showed a relationship between the LIBS spectra and nutrient concentrations showed good correlation between the actual and predicted values for various nutrients, the model could not be validated with an independent dataset. The major reason for this could be the low variation in the nutrient concentrations among the samples. For example, most nutrients, such as nitrogen, phosphorus, potassium, iron and manganese had nutrient concentrations in optimal or high ranges. Similarly, nutrients such as calcium and copper were either optimal or high/excess, respectively. A few other challenges that were identified in the process were: (i) several LIBS spectra replicates were collected per leaf sample, however, a minimum quantity of leaves (4-5 leaves) are required for chemical analysis, which made the comparison challenging; (ii) the LIBS spectra had to be averaged to compensate for limitations in chemical analysis results, which reduced the number of spectra to about 115 samples. A larger dataset may increase the robustness of the developed models; and (iii) the LIBS spectra have more than 6000 features. The tested feature selection methods were not be robust in representing the entire data; however using all spectral features will also not be feasible. 

Therefore, our future research will involve the following: (i) collecting a larger dataset, possibly including samples that represent different ranges (low, optimum and high) in order to increase the prediction/classification efficiency, (ii) collecting LIBS spectra from soil to verify if the system is more applicable for soil nutrient analysis, and (iii) improving the statistical analysis to develop a robust model with the right processing tools. 
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