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Light scattering is one of the most useful and widely employed tools for surface profilometry. Detection of periodic structures, hidden behind randomness is beset with difficulties if the randomness exceeds a certain critical value. This occurs, if r0/(< fc , where r0​ is the coherence length of the  light scattered by the randomness and ( is the wavelength of the hidden periodic part (to be called the grating)  of the surface elevation and fc is a certain critical number for the fraction. This occurs due to the following fact. Light scattering by the periodic part gives rise to peaks in the scattered intensity at the points, vx = (nQ where vx is the wave vector of scattering and Q=((/( is the wave vector of the periodicity of the grating part. The widths of these peaks (vx ( r0, hence for small r0, i.e. large randomness, the separation Q between the peaks may become smaller than the width of the peaks and this overlap between the peaks make the peaks indistinguishable. Presence of multiple periodicities may compound the problem even further, since the peaks are now expected to appear at vx= ( (mQ1 ( nQ2) , in the case of two periodicities being present at Q1 and Q2, m and n being integers. 

In the case of single periodicity, conventional theories show that detection is possible if r0/( ( 0.33., which is reminiscent of the Rayleigh criterion of detection of closely spaced peaks. We have recently developed an extended matched filtering  method, which enables one to detect hidden periodicities , even for r0/( = 0.11, by intensity measurements alone, when only single periodicities are present. This method essentially begins by assuming that in the event of existence of an underlying periodic part, the scattered intensity m consist of a train of identical peaks, located at vx = ( nQ, where the widths of the peaks, as mentioned above are determined by the randomness. The matched filter method first tries to suppress the zeroth order peak at n =0 and search for peaks at n=(1, identical in shape with the n= 0 peak that has been suppressed. The selection is made by the method of least squares and by proper choice of the hypothesis by the chi square test. 

Following the detection of the n = (1 peaks we have recently shown that this method can detect the very weak n = ( 2 peaks by a similar matched filtering , i.e peaks must have identical shapes, irrespective of where they appear. It is shown that this method is capable of detecting the second order peaks even when the second order peaks are 10-4  of the n = 0 one.  The method is shown to be satisfactory by using the chi-square and the Kolmogorov-Smirnov tests. 

Light scattering theory shows that even when multiple periodicities are present, the shapes of the peaks must be identical. In principle the matched filtering can show up the peaks even when the randomness make them overlap and smear out each other. In the present paper we discuss the problem of light scattering by a rough surface with two hidden periodicities Q1 and Q​2 present.  The same operation of the matched filtering technique is employed to detect the peaks present at vx = ( (mQ1 ( nQ2 ), namely by successively eliminating the higher amplitude peaks and by identifying identical peaks in the residuals. We present the method by some numerical examples and judge the effectiveness of the detection process by several significance tests. Usefulness of this method in important astrophysical situations, e.g. detecting closely spaces Zeeman lines, and close binaries are discussed. 
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