
(using K = 4 atoms for the plot in the top row), show that as noise increases, better results are achieved with smaller values

of K in the presence of noise with an increase in ISRF estimation errors. However, the estimation is relatively robust to the

presence of noise affecting ISRFs used to build the dictionary since approximation errors remain below 1% on average for both

noise levels.

Uncertainties about the reference spectrum. In a second experiment, Gaussian noise is added to the reference spectrum,355

with SNR = 20dB, SNR = 40dB and SNR = 60dB. The results are shown in the right part of Fig. 16 (using K = 4 atoms for

the plot in the top row). Using a reference spectrum corrupted by additive noise has clearly a smaller impact on estimation

performance, when compared to degradations affecting ISRFs used to build the dictionary. Note that high noise levels (SNR =

20 dB) are necessary to significantly increase ISRF estimation errors, probably because of an averaging effect when computing

spectral measurement by convolution of the reference spectrum with the ISRF.360

Overall, these results indicate that the proposed method is robust to uncertainties in both the ISRFs and the reference

spectrum, with ISRF approximation errors remaining below 1% for realistic SNR levels.
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Figure 16. Results obtained using SVD and OMP for the different scenarios of noisy ISRFs in the construction of the dictionary (left) and

noisy reference spectra (right) for the band B1 of MicroCarb.

6 Conclusions

This paper studied a new method for estimating the instrument spectral response functions (ISRFs) of spectrometers. This

method is based on a sparse decomposition of the ISRFs into a dictionary of basis functions called atoms. The proposed365

method can be applied to a large variety of instruments as long as the ISRF estimation problem can be formulated as a linear

inverse problem with a sufficient number of measurements (either because the ISRFs do not vary much in a small observation

window, in the spectral or spatial domains, or because observations from several reference spectra can be obtained for the same

ISRF). The method also requires that a sufficient amount and variety of reference ISRFs have been identified and characterized

on the ground to construct the dictionary. We recommend to use the SVD algorithm to build the dictionary using representatives370

ISRFs and the orthogonal matching pursuit (OMP) algorithm to decompose the ISRFs into this dictionary. The performance

of these algorithms is excellent at the price of a very modest computational cost, which suggests its practicality for in-flight
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