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Retrieving winter wheat LAI and Cab from Xybion airborne data
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The Xybion airborne multi-spectral video camera was used to retrieve the within-field variability in terms of LAI and leaf and canopy chlorophyll content of a winter wheat canopy. Biophysical variables used in most of the site-specific fertilisation schemes. These variables were estimated with vegetation indices (VIs) calculated with digital numbers because of some calibration problems. Three types of VIs were tested : classical ones, soil-adjusted and atmospherically resistant, in addition to the 6 Xybion bands and to a new proposed index called ANDVI. Results showed that VIs directly calculated with DN performed good, providing satisfactory LAI and canopy chlorophyll content values: R2 up to 0.9 and RMSE around 0.4. The proposed ANDVI index resulted the best of the atmospherically ones.

Introduction

Most of the site-specific fertilisation schemes need the definition of the within-field variability in terms of LAI and leaf or canopy chlorophyll content. Thus, the goal of this research was to test the feasibility of operating the Xybion airborne multi-spectral video camera for precision agriculture applications.

Materials and methods

The experiment was conducted during the 2001/2002 campaign at a site called Chambry, (1.43° E, 55.07°N), Picardie (France), as part of a long-term precision agriculture project [START_REF] Guérif | Designing a field experiment for assessing soil and crop spatial variability and defining site-specific management strategies[END_REF], whose objective was to define new strategies for winter wheat nitrogen fertilisation. The study area consisted of a 10 hectare winter wheat field and it was flown over 5 times from March to June with the Xybion multi-spectral video camera MSC-02 (Xybion Inc., CA). Xybion is an airborne optical sensor that provides coverage in the following 6 bands: 0.433-0.497 (Blue); 0.521-0.598 (Green); 0.564-0.642 (Orange); 0.606-0.694 (Red); 0.711-0.792 (NIR) and 0.812-0.915 (NIR). Flights were performed at 1500 meters high, resulting in a pixel size of 1 meter. In order to calibrate and validate the estimations, LAI and Cab ground data were collected at 81 points throughout the entire field and around the flight dates. Vegetation indices (VIs) were used to estimate the biophysical variables. Among the many different VIs found in literature some of the most common classical ones (RVI, NDVI, WDVI), soil adjusted (SAVI, SAVI2, MSAVI2, ATSAVI), atmospherically resistant (EVI, ARVI, GEMI) and chlorophyll indices (NDVIgreen, R750/R550, R850/R550, TVI, Red/green, SPRI, NPCI) were selected. In addition, the 6 Xybion bands were directly tested and a new index called ANDVI, defined as [(NIR+Blue)-(Green+Red)]/[(NIR+Blue)+(Green+Red)], was proposed for the very first time in this study as an atmospherically resistant index. VIs regressions were calibrated with the ground truth data: the ancillary dataset was split into a calibration and a validation subset (70 and 30% respectively). Calibration subset was used to fit several functions (logarithmic, power, exponential, 1-logarithmic, 1-power, 1-exponential, and Linear) to the VIs vs biophysical variable empirical relationships.

Results and Discussion

Empirical relationships were developed with digital numbers (DNs) and gathering all the dates because of the small VIs variability found for each date. The main results for this study were as follows: -Most of the relationships (especially for LAI and LAI*Cab) best fit linear functions, although 1-exponential was also found to be a good descriptor.

-VIs performed well to estimate LAI: 2 R around 0.8 and RMSE values of approximately 0.4-0.5 m²/m² for SAVI, WDVI, SAVI2, MSAVI2, ATSAVI.

-Weak relationships were found between the VIs and the Cab in terms of 2 R (<0.55), although the achieved RMSE values seem to be within a good range (0.093 µg/cm²). Top 5 VIs were SAVI2, TVI, ARVI, NDVIgreen and Green Xybion band.

-Chlorophyll estimations improved when working with canopy chlorophyll content: 2 R and RMSE values similar to those found for the LAI estimations. Soil-adjusted VIs did also fine to estimate this variable, together with the R850/R550 ratio. -Among all the Xybion bands, the blue one had the best 2 R for the LAI and Cab relationships, justifying the inclusion of this channel in the ANDVI index. 

Conclusion

Results showed that VIs calculated with the Xybion DNs performed well, providing good estimates of the biophysical variables . Among all the 24 VIs tested in this study, the SAVI family had the strongest predictive power in terms of RMSE for all the variables, while the R850/R550 ratio yielded the best 2 R value. Cab was in general poorly retrieved: VIs variability for one date was much smaller than the Cab within-field heterogenity. The proposed ANVI index was the best of the atmospherically resistant ones for the LAI and Cab estimations. Physically-based inversion might improve these estimation if a good calibration is achieved.
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