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S patial matched filtering has been a subject of much 
activity in optics since the pioneering results of A . 

VanderLugt.1 While the matched filter provides a maxi
mum value for the signal-to-noise ratio at a single posi
tion, e.g., the origin, the optimization is realized without 
consideration of the background output level in the vicini
ty of the correlation peak. With coherent illumination, this 
did not present major difficulties in the application of spa
tial matched filters, since the narrow spike of the correla
tion peak is typically in the range 100/1 or 1000/1 without 
serious high signal level outside of a rather narrow spatial 
region. While this narrow peak is often attributed to the 
"correlation length of the fine-scale-detail," a straightfor
ward theoretical consideration shows that this is not an 
adequate explanation. In many coherent systems, the nar
rowness of this spike is caused mainly by uncontrolled 
phase fluctuations between the filter making and the pat
tern matching. 

For spatially incoherent illumination, Lohmann pointed 
out that the VanderLugt filter was still appropriate as a 
matched filter.2 For spatially and temporally incoherent 
illumination and including smooth and rough input for
mats, the later experiments by George and Morris are in
teresting.3 In Figs. 6 and 8 of Ref. 3, these experiments 
show the spatial form of the correlation output using co
herent and spatial-and-temporally incoherent illumina
t ion, respectively, but wi th the same holographic-
matched-filter. While the central correlation peak is a the
oretical maximum, one is immediately impressed by the 
poor visibility of the central spike when incoherent illumi
nation is being used. 

For the correlation of a non-negative, real valued signal 
f(x,y), later theoretical considerations and computer simu
lations have been made to establish definitively that the 
function f * f has a broad triangular shape with a narrow 
correlation peak.4 However, the correlation peak at the 
origin varies from a measly 10% to perhaps 2.1, when 
compared to the local signal-dependent background in the 
vicinity of the central spike. The base of the broad triangle 
is controlled by the spatial extent of the "frame" of the 
filter function. 

When one considers real-valued, non-negative inputs 
and wishes to obtain spatial-matched-filters that give (1) 
an optimum signal-to-noise at the origin and (2) little or 
no signal dependent background in the vicinity of the ori
gin, a valuable notion is to discard the even-part of the 
function and to devise a filter for the odd-part only. 
Hence, for the function f(x,y), an excellent matched filter 
correlator is obtained if one uses fo* f0 where f0 = [f(x,y)-
f(-x,-y)]/2 is the odd part of f(x,y)4. 

In the literature, comparative plots of f*f, fe *fe, fo* fo 
have been used to demonstrate the superiority of the odd-
part-only correlation signal. Interestingly, too, there is a 
rather simple and compact optical configuration for the 
realization of this output signal with spatially-and-tempo
rally incoherent illumination. Finally, the filter itself is 
real-valued so that it can be implemented using an elec
tronically-controlled-transmittance (with bias removal). 
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O ngoing advances in ultrafast laser technology have 
led to the generation and spectroscopic use of pulses 

whose duration is shorter than the time required for most 
nuclear motions—e.g., molecular translations or rota
tions, lattice or molecular vibrations, etc. In principle, 
these elementary motions can now be observed in real 
time. In practice, such observations require hot only short 
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