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INTRODUCTION

Ideally the spectral power distribution (SPD) of daylight is measured in different spectral bands with a carefully calibrated dispersive device such as a grating. However in many tasks there are economical, operating, and/or maintaining reasons that impede to have these complex and expensive instruments. Our aim is to implement a daylight recovering algorithm using a set of a few carefully chosen narrow‑band interference filters or a set of broadband filters, based first on linear models frequently used on artificial-vision algorithms for recognizing and identifying colors[1,2], and second taking advantage of the strong correlation among daylight curves. The accuracy of such an algorithm is checked from two different standpoints: spectral and colorimetrical.

DAYLIGHT SPECTRAL CORRELATION AND LINEAR MODELS

To develop the algorithm we require rigorous mathematical analysis of the daylight SPDs. Yet before a previous paper by the authors [3] suitably large databases of daylight spectra were not readily available. In that work a principal-value decomposition was performed over 2600 daylight spectra (global spectral irradiances on a horizontal surface from direct sunlight ‑when present‑ and the entire sky) recorded over a period of two years in the city of Granada, Spain, in nearly all weather from sunrise to sunset. Unlike earlier researchers, we found that the first five eigenvectors account for 99.991% of the observed variance between 380-780 nm [3]. Indeed we showed that we need more than five eigenvectors for accurate recovery of daylight SPDs in the visible region of the spectrum (380-780 nm), even though CIE recommendations for reconstructing daylight SPDs from chromaticities in effect call only for three eigenvectors [4]. As the CIE recommends, we showed that only three will produce daylight recoveries that are colorimetrically indistinguishable from the corresponding original daylight SPD for most observers [3]. 

Unfortunately it is impossible to have spectral filters with the same spectral transmittance as the eigenvectors obtained from a principal-value decomposition, since the this is only a mathematical approach to the problem (i.e. eigenvectors can have negative values). Then daylight recovery algorithm must be implemented through the use of a particular set of well chosen filters with physical existence. 

OPTIMAL FILTER POSITIONS

Here we check up, using a binary search, the suitability of such algorithm on the visible spectral range (380-780 nm) with two different types of filters (narrow-band interference filters and gaussian broadband filters) and a number of filters from three to four. If that algorithm and those elements are appropriate the binary search performed give us the optimal spectral positions of the filters.


While the binary search was performed, we simultaneously tested the similarity between the daylight SPD that reaches the filters EI(() and the reconstructed daylight SPD ER((), by the evaluation of three different parameters. First, a goodness of fit coefficient (GFC) [3,5], based on the inequality of Schwartz, to test the spectral quality; the GFC is the multiple correlation coefficient R, the square root of ER(()’s spectral variance with respect to the original EI((). GFC ranges from 0 to 1, where 1 indicates a perfect reconstruction. Second, the Euclidean distance between the CIE 1931 chromaticity coordinates x  and y for the original and the reconstructed daylight. Third, the relative error between integrated irradiances (both original and reconstructed) over the visible spectrum (380-780 nm).

RESULTS

With the use of three narrow-band filters our binary search shows that the maximum average GFC obtained for the entire set of 2600 experimental daylight SPD is 0.9929 (standard deviation SD: 0.0076). Even more the minimum average Euclidean distance is 0.0050 (SD: 0.0032) and the minimum average relative error in integrated irradiance is 1.22 % (SD: 1.39 %), being these values very close to the accuracy values obtained with any practical spectroradiometer and pyranometer (used to measure broadband global irradiance). Similar results are found with broadband filters. 

When four narrow-band filters are used these results are similar for the maximum average GFG: 0.9928 (SD: 0.0076) but are slightly improved for the minimum average Euclidean distance of 0.0033 (SD: 0.0028) and the minimum average relative error in integrated irradiance of 0.71 % (SD: 0.86 %). Once more the employment of four broadband filters instead of four narrow-band filters barely changes these reported results.

It is remarkable that the optimal spectral position of the filters to maximize the GFC, to minimize the Euclidean distance and to minimize the integrated irradiance relative error do not coincide when three filters are used. So the algorithm proposed here can not be used for different purposes. This unfavorable result disagree with those obtained by a similar algorithm and narrow-band filters for the recovery of spectral reflectances of natural objects [6]; although for these reflectances the spectral correlation is significantly inferior their spectral reflectances are smooth. The reason for this discordance rest on the complex and rough daylight spectral profile; whereas daylight is essentially achromatic, many factors (e.g., solar elevation, site altitude, atmospheric conditions, pollution, detector orientation, etc.) can affect its spectral composition and thus its color. An accurate spectral daylight recovery demand a correct specification in the spectral location of the absorption bands (e.g. water vapor, oxygen, ozone, aerosols, etc.) and the strength of these bands depends on the day and even on the time of the day. Inevitably it is tremendously difficult to recover daylight only from the response of few filters. 

CONCLUSIONS

We proposed an algorithm based on the use of a linear model, that take advantage of the strong spectral correlation among daylight curves, and a set of few carefully chosen filters for the spectral recovery of daylight in the visible spectrum. We have tested the accuracy of this algorithm when using three and four filters, obtaining satisfactory results when the colorimetric distances or integrated irradiances values are evaluated separately. 
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