Bull. Astr. Soc. India (2003) 31, 457-459

An Extended Matched Filtering Method to Detect Periodicities
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V.C. Vani!*, S. Chatterjee®"

{ Department of Instrumentation, Indian Institute of Science, Bangalore 560 012, India
Yndian Institute of Astrophysics, Bangalore 560 034, India

Abstract. Matched filtering algorithm has beenshown by us to be an effective method
to detect hidden periodicities in a rough grating, extending detectability to regimes of
higher roughness than was hitherto known. The above matched filtering is further ex-
tended here to even ‘rougher’ regimes by introducing a new filtering function y,(v.),-
demonstrating improved detectability for different wavelength of light.

1. Introduction

Detection of phase structures, hidden behind large randomness in a challenging problem in
physics and technology. If the random phase fluctuations of the object in the XY-plane follow a
Gaussian correlation over a distance rg then it is known to be impossible to detect a hidden phase
grating of wavelength A, for r/A < 0.33 from purely intensity measurements, detection is even
worse for Cauchy or Lorentz type correlation of the phase randomness.

Our recent matched filtering method work enables detection of A and the amplitude ‘a’ of the
periodic part even for ro/A ~ 0.16 from purely intensity observations, i.e. way below the Baltes
limit (see for example, Dainty and Newman 1984). In the present paper we present an extended
matched filtering method which greatly improves the detection of both A and ‘a’.

The intensity of light scattered in any direction (6;,63) where the incident direction is (61, 0)
is given by (Chatterjee, 2000)

< pp* >= Ji(av,) + I3 (av ) [ f(vs + nQ) + f(vx — nQ))

where the elevations in the grating are

&(x,y) = acos Qx + 0£(x, y),
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while the function f(v,) is given by

Foe= @) f exp{—2[1 - SN errdr

with < 6£(x1,%)66(x2,¥2) >= o f(r) and the scattering wave vectors are, vy = k (sinf ~
sinf2c0863), vy = ksin@y sinbs - v, = —k(cosby + cosf,) with & = 21/4, A being the wave-
length of light. We shall assume the correlation function to be f(r) = exp[(-r/ %] where r is the
distance between the points (X1, y() and (x2, y2).

2. Implementation of Matched Filtering

It is seen that reduction of rp broadens the central peak, submerging the peaks forn = +£1,2,3. ...
Considering the peaks to have the shape f,(v;) = [1 + c’v§/2y]’ and defining
Z(ve = (< " (2)p(vx) > / < p*(0)p(0) >} = falvx)

and x(vz) = Z(vz)/Zmax. it is seen that

Xx) = Xn/XDs
where
v = B ) — £l + U0+ Q) + F(7:02£:(00 (D))
and
Xp = JiUAQ@) - £u(@) + JF(Q + Q") ~ 2£:(Q)(Q)]
where Z.c occurs at the point v, = Q*. By seeping ¢’ and y when f;(v,) comes very close to

f(vy) we shall have

xx) = x(va) = {f vz + Q) + vz = Q)2£a(x) F(Q)/[d(Q + Q") ~ 2fa(QM) F Q)]

The matched filtering procedure involves matching ¢’ and y in such a way that f I (v =y (v Pdv,
is a minimum. We have implemented the above for a = 0.056 A4, A = 6.25 microns, i.c.

Q = 10040 cm™, & = 0. 16 microns, 8 = 1.0, for different values of 1. The present extended
matched filtering method yields the following results.

Wave /A C'inl0® y Qinl0* ain a(cal)in Ermorin Errorina

length ¢m? om? A A Q

{4)

6943A  0.1949 4.10 1.55 1.02 395 343 1.6% 13%
631A 0.1619 2.85 1.55 1.05 360 304 4.5% 15%

5700A 0.1314 2.00 1.55 0.99 324 304 -1.5% 10%
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Figure 1. 119 as a function of ¢, for cases (al), (a2}, (a3), (c) and (d). Both times are in units of tyr.

Numerical work has been done at three different wavelengths, in orer to examine the feasibil-
ity of the matched filter method at different wavelengths as also to see effectiveness of the method
as ry decreases with decreasing A but is also accompanined by the increasing amplitudes of the
n # 0 peaks. It is seen that the present ‘extended matched filtering” improves the detectability
when compared to the matched filtering given earlier. Though with decrease in 2 (also in ry) the
scatter increases, the method is capable of detecting even at ro/A ~ 0.13, from purely intensity
profile measurements to a limit about 1/3 of what was known to be feasible. In the case of astro-
nomical seeing § = 5/3. The situation is more favorable than the 8 = 1 case considered above,
detectability of structure in turbulence degraded images may be even less than ro/A ~ 0.13 if the
extended maiched filtering method be employed.
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