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The BPOMF
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The matched filter operates by comparing an unknown input 
image s(x,y) with a filter F(u,v) based on the reference image 
r(x,y) that is to be detected. The filter is matched to the 
reference via a Fourier transform such that.
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The best test for any matched filter is to perform an 
autocorrelation with the filter that has been generated. The 
reference image r(x,y) is used as the input to the correlator to 
judge its performance.



Input and Reference Matched Filter



The autocorrelation peak is very broad and has a huge SNR, 
as there is no appreciable noise in the outer regions of the 
correlation plane. 

The pyramid like structure of the autocorrelation is due to the 
fact that the filter and the reference are completely full objects.

There are many areas where the overlapping images have high 
energy



Such a filter is not very useful for pattern recognition. Such a
broad peak could lead to confusion when the position of the 
peak is to be determined. 

Also, similar shaped objects (such as the letter F) will correlate 
well with the filter leading to incorrect recognition. 

Another identical E which is placed in the input along with the 
original one will also cause problems as the correlation peak 
will take an extremely complex structure. 

Finally, the filter is a complex function and there is no 
technology available to display the filter in an optical system



We can use the amplitude information Famp(u,v) only to make a 
filter, but this leads to very poor and unselective correlations.



Great improvements can be made to the usefulness of the 
correlation peak, by using a phase only matched filter (POMF). 

The matched filter F(u,v) is stripped of its phase information (i.e. 
the phase angle of the complex data at each pixel) and this is 
used as the filter in the correlator
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Phase Only Matched Filter Impulse Response



The autocorrelation for the POMF is much more desirable even 
though there is a reduction in the SNR due to the increase in 
the background noise. 

The correlation peak is much narrower which is due to the 
information which is stored in the phase of the matched filter. 

The impulse response (the FT of the POMF) shows the 
structures that are recognised by the POMF, which tends to be 
the corners and points where intersections occur. 

The POMF is the most desirable filter to use as it has good 
narrow peaks but still remains selective of similar structured 
objects (like Fs). 



The POMF is also a complex light modulation scheme, so the 
problems associated with binary phase (180º symmetry) will not 
occur. 

However, the continuous phase structure of φ(u,v) means that it 
cannot easily be displayed in an optical system. 

Nematic SLMs are capable of multilevel phase modulation, but 
the quality is poor, difficult to control and they are slow. 

There is the possibility that new V-shaped FLC and 
antiferroelectric liquid crystals based phase only modulators 
may allow the implementation of 4 to 32 phases in a few 
milliseconds in the future.



The penalties associated with going to binary phase are 
greatly out weighed by the advantages gained by using FLC 
SLMs in the optical system. 

1) The SNR is up to 6dB worse than the POMF.

2) The filter cannot differentiate between an object and the 
same object rotated by 180º (due to the fact that the BPOMF 
is a real function).

3) The BPOMF is not as selective as the POMF due to the 
loss of information in the thresholding.



Binary Phase Only Matched Filter



The binary phase is selected from the POMF by two thresholds 
δ1 and δ2. The thresholding is done such that.
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The selection of the two boundaries is by exhaustive searching, 
as it depends on the shape and structure of the reference used 
to generate the filter. 

The benefits of this process are not always high and it is only 
likely to improve the SNR by a few percent. A safe threshold to 
get consistent results is δ1 = −π/2, δ2 = π/2.



Binary Phase Only Matched Filter Impulse Response

More specialised techniques such as optimisation and 
simulated annealing can be used to generate more robust filters 
under such conditions



The choice of binary phase modulation allows the use of FLC 
SLMs to display the information in an optical system. Hence, 
with the right choice of lenses, we can build a working BPOMF 
correlator.

The basic optical layout for a BPOMF follows directly from the 
theoretical expectations. The input light illuminates SLM1 which
is used to display the input image. 

SLM1 can be a FLC or a nematic SLM, but it is used in intensity 
mode (black and white).
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SLM1 is an N1xN1 array of square pixels, with a pitch of Δ1, we 
are assuming that there is no pixel deadspace. The modulated 
light then passes through lens f0 which performs the FT of the 
input image. Hence in the focal plane of the lens we have a 
finite resolution (or ‘spatial frequency pixel’ pitch) given by.
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If there are N1 ‘pixels’ in the FT of the input image on SLM1, 
hence the total size of the FT will be N1Δ0 . 

The BPOMF is displayed on SLM2 in binary phase mode. SLM2 
is a FLC device with N2xN2 pixels of pitch Δ2. 

The FT of SLM1 must match pixel for pixel with the BPOMF on 
SLM2 in order for the correlation to occur. For this reason we 
must choose f0 such that.
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Once the FT of the input (matched in size to SLM2) has passed 
through SLM2, the product of the input FT and the BPOMF has 
been formed. 

This is then FT’ed again by the final lens and the output is 
imaged by a CCD camera.

Example SLM1 and SLM2 are both 128x128 pixel FLC devices, 
with a 220μm pixel pitch at a wavelength of 633nm. The 
required focal length to match the input FT to the BPOMF in this
case is 9.787m which is clearly impractical as an experimental 
system.



It is possible to shorten the actual length of the optical transform 
whilst still keeping the effective focal length that is desired by 
including further lenses in a combination lens. 

One technique is to combine a positive lens with a negative lens
to make a two lens composite. This gives a length compression 
of around f0/5 which in the example above is still 2m and 
impractical. 

Furthermore, the two lenses combine in aberrations which leads 
to poor correlations due to optical quality.
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The three lens combination provides a much higher length 
compression of around f0/15. The only drawback is that the 
more elements you have, the more position errors there will be 
when the optical system is mounted. 

The three lens system is an FT lens followed by a two lens 
telescope to magnify the FT to the size of SLM2. 

The first lens f1 generates the FT of the input in its focal plane. 
The size of this FT will be too small, as f1 is chosen to be much 
shorter than f0. 

The FT is then magnified by lenses f2 and f3 which are 
configured in a telescope. 
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Lenses f2 and f3 are spaced f2 + f3 apart so that an object 
placed a distance f2 in front of lens f2 will be magnified after 
lens f3 by a magnification of f3/f2. 

Hence, if the FT is placed a distance f2 in front of lens f2, then it 
will be magnified after f3. We can now set the magnification 
factor so that the input FT matches the size of the BPOMF.
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If the chosen lenses and SLMs fit this equation, then the FT will 
be the same size as the BPOMF and the total length of the 
three lens system will be.
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Example For the SLMs in the above example, a first lens f1 = 
250mm was chosen to perform the initial FT. 

This means a magnification of 39.1 is required for the 
telescope.  

From catalogue lenses, a combination of f2 = 10mm and f3 = 
400mm was chosen to give a magnification of 40. 

A lens of f3 = 365mm was also available, but was not chosen as 
the magnification was closer with 400mm. 

Although the other lens offers a shorter overall optical length, it 
is best to choose the lens combination which offers the closest 
magnification to that which is desired. 

The overall length of the system was z = 670mm, which means 
that the BPOMF can now be constructed on an optical table.
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