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Many precision agriculture applications require acquisition and processing of high spectral and spatial data from remote sensing to capture the subtle differences caused by plant physiological responses and their variability within a crop [START_REF] Delalieux | Unmixing-Based Fusion of Hyperspatial and Hyperspectral Airborne Imagery for Early Detection of Vegetation Stress[END_REF]. This is particularly the case in plant phenotyping.

Even if satellite images are available, their spatial and spectral resolutions are not appropriate for plant phenotyping. Pan-sharpening methods have therefore been developed to increase the spatial resolution of the multispectral information by fusing a panchromatic image (i.e. high spatial /low spectral resolution) with a multispectral one [START_REF] Vivone | A Critical Comparison Among Pansharpening Algorithms[END_REF]. If hyperspectral satellite sensors are about to be available, their spatial resolution is limited [START_REF] Loncan | Hyperspectral pansharpening: a review[END_REF][START_REF] Yokoya | Hyperspectral and multispectral data fusion: A comparative review[END_REF] and the cost of the sensors is still too high for agricultural applications. In order to overcome the limit of the spatial resolution and to reduce the price of the acquisition, sensors can be used in proximal detection (i.e. at shorter distances to the scene of interest), hand-held or embedded on mobile platforms [START_REF] Araus | New Technologies for Phenotyping[END_REF][START_REF] Deery | Proximal Remote Sensing Buggies and Potential Applications for Field-Based Phenotyping[END_REF][START_REF] Sankaran | Low-altitude, high-resolution aerial imaging systems for row and field crop phenotyping: A review[END_REF]. The objective of this work is to assess the potential of using pan-sharpening methods available in the literature, which are algorithms dedicated to improve the spectral and spatial resolution of multispectral satellite images, on close-range images. And the first issue addressed here is the impact of the spatial resolution of the spectral data on the quality of the reconstructed image.

To do so, a hyperspectral image (from HySpex VNIR 1600) of a sugar beet plot approximately acquired at a height of 1 meter with high-spatial resolution 0.47 mm/pixel and high-spectral resolution (160 bands) in the range of 409 nm -987 nm has been considered as a reference image. From this reference, a high-spatial resolved panchromatic image is obtained by spectral degradation. On the other hand, the spectral information has been extracted by spatial degradation in a regular grid of 𝑁x𝑁 pixels giving a spectra number defined by 𝑁 2 , where 𝑁 belongs to the interval [2,20]. The spectrum assigned to the new pixel is the mean of the spectra contained in the reference hyperspectral image.

The fused images are then obtained from different pan-sharpening algorithms organized into three categories : Component substitution methods, Multiresolution analysis methods and subspace-based methods. To assess the quality of the fused image in comparison to the reference image, different figures of merit are computed : a spatial index with the cross correlation (CC), a spectral index with the spectral angle mapper (SAM) [START_REF] Yuhas | Discrimination among semi-arid landscape endmembers using the spectral angle mapper (SAM) algorithm[END_REF] and finally two integrated indices with the root mean-square error (RMSE) and the erreur relative globale adimensionnelle de synthèse (ERGAS) [START_REF] Wald | Quality of high resolution synthesised images: Is there a simple criterion?[END_REF].

From 𝑁= 10 (i.e. 100 spectra) where the new pixel size corresponds to 51x51 pixels of the panchromatic image, the values of the quality indices don't greatly improve. For this spatial resolution, the three best methods are the smoothing filter-based intensity modulation (SFIM) [START_REF] Liu | Smoothing filter-based intensity modulation: A spectral preserve image fusion technique for improving spatial details[END_REF], Brovey transform (BT) [START_REF] Gillespie | Color enhancement of highly correlated images. II. Channel ratio and "chromaticity" transformation techniques[END_REF] and the coupled nonnegative matrix factorization (CNMF) [START_REF] Yokoya | Coupled nonnegative matrix factorization unmixing for hyperspectral and multispectral data fusion[END_REF] with respectively 6.65°, 7.49°, 6.07° for the SAM index and 0.794, 0.835, 0.949 for the CC index. For all values of 𝑁, the CNMF systematically outperforms the other methods in the spectral and spatial domain confirming the robustness of this method when dealing with hyperspectral data. These promising results are useful to choose the best combination of available cheap sensors.