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An optical signal (image etc.) can be described by its complex amplitude u (x, y), or by its spatial frequency spectrum.
Both descriptions are complete and also equivalent, because one can be derived from the other by a Fourier transformation.
Neither the complex amplitude nor the spatial frequency spectrum is suitable for answering a question like “‘what is the
spatial frequency in a certain part of the image?”’. Here the term “local spectrum” is adequate. A rigorous definition of the
“local spectrum” can be based on the Wigner distribution function. We developed optical methods for producing this “local
spectrum” and we applied these methods to the investigation of sound patterns.
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Fourier Transforms
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Look at the Fourier Transform of F(x)
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Fourier Transform Pair

F(x)= Tﬁ(a))e"'x‘”da)




Convolution
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Given F(x) and G(x), their convolution is given by:

C(x)= TF(x')G(x — Xx)dx'




air pressure vs time

SIGNAL

Using Fourier Transforms,
we obtain —

FREQUENCY REPRESENTATION

At time t, what is the frequency v ?




Heisenberg

v and t cannot be specified simultaneously Uncertainty
Principle

Wigner Distribution Function
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Fig. 1. Different descriptions of the same signal.

WIGNER DISTRIBUTION FLNCTION




Wigner Distribution Function

Wi, vy =l u(x+x2)u™(x—x"2)

X exp(—2mex )dx',

W(x,v) =ffi{p+p',l’2} = (v—v'f2)

X exp(2miv'x)dy,

@2 = [Weewyde, )2 = [Weep)dx,

Eiotal =f Wix,v)dx dv.




Examples of the Wigner distribution function of some signals

Monofrequency

Linearly Increasing
Frequency
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Define a “local spectrum” to give us the frequency
content of a position interval.
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Wix v:6x) = f f W(x'v')
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W(x,w;6x) = [u(x)]? et | W p8x) = ()2

Fig. 3. Illustration of the relationship between w, W and W ac-
cording to eqs. (12), (13). The dotted lines (upper half) are
the boundaries of W,
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Experiment
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Experimental Results

{1+ coslwx)} rect{x/ax)

Fig. 6. Test signal (monofrequency of finite duration) and
local spectrum W.
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Fig. 8. Test signal (sinuseidal frequency modulation) and local
spectrum W,




SPOKEN WORD "ONE"™
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Fig. 9. Signal u(x) of spoken word “one” and H:'[x,u:&x}.
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Fig. 10. Signal u (x) of spoken word “two” and W(x,v:6x). 18 of 20




Word/Voice Recognition

WORD "ONE"

SPEAKER 1 SPEAKER 2

Fig. 11. The local spectra P;'(x,:.-;ax] of the word “one”, spoken by different persons.
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Conclusions

» Wigner distribution functions give the distribution of
v and x for optical signals.

* To find the v associated with an x range and not
violate the Heisenberg’'s uncertainty relation, the
concept of “local spectrum” is developed.

 Applications of the “local spectrum” include
technologies requiring voice recognition capabilities.




