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Fundamental challenges of PDV-Signal Processing :

» The relation of the PDV-method’s resolving time and accuracy

oV 0T = A/8m

» The assumption of a single frequency PDV-signal’s spectrum
allows to increase the accuracy several times at the same
resolving time [1]

» The Hilbert transform applying allows Doppler phase obtaining
formally with any value of resolving time

[1] D. H. Dolan, REV. OF SCI. INSTRUMENTS 81, 053905 2010




The Hilbert transform applying to PDV-signal's phase
reconstruction.

CHALLENGES

» Higher Doppler harmonics’ presence in the PDV-signal

» The amplitude of the first Doppler harmonic is constantly
changing during the experiment

» An unknown "center-line" presenting in the signal, and
hereinafter referred to as zero-harmonic - the signal component,
which frequency is much below of the Doppler's one

» The presence of random noise in the signal

» Estimates of uncertainty and resolving time




An alternating approach. Signal filtering.

» Let we know the dependence of the signal's phase on time (t), then
the signal can be filtered by averaging it over half of it's period

+1/2

1
<S> @0 =2 S+ wdp

-1 /2

» By averaging the signal over it’s period, it is possible to calculate the
zero harmonic

So=<S >21 (Yo) = % _:TSQPO +)dy

’ » Thus, knowing ¥/(t), one can significantly improve signal quality |

S5.(Wo) =< S > W) =< S >, (Yo)



Alternative approach. Signal filtering with using
approximate phase time-dependence ¢(t)

» Let now know an approximate time dependence of the phase ¢(t), then
one can filter the signal, convoluting it with some EVEN kernel function

F(p)

+Tn

<F(@)*S(py+ @) > = f F.(0)S(@,+ @)de

—Tn

» In this case, one can find such a function F (@) and such an interval
[+1tn,-mn] which allow cleaning the experimental signal from all
Doppler harmonics, including zero one, as well as from the component
of random noise spectrally distant from the Doppler frequency

» Then the cleaned signal deviation from the true first harmonic will be a
value of the second order of smallness from the values of g—A and

¢ = (Y —@), that is, the cleaned signal is almost the same as the first
harmonic.

Fo(9) = focos p+f-sc05 (¢ = 1 )+facos (0 + )




Alternative approach. Signal filtering with using
approximate phase time-dependence ¢(t)

» If to convolute the experimental signal on the interval [+mn,-tn] with
ODD kernel function E;(¢) of the follow general view :

FT((p) = fo Sin P+f_ 1sm( %)+f+Tlsin (cp + %)

» one can obtain a signal, which is quadrature (quarter phase) to the
approximate first harmonic:

+TTn

ST (o) =< EL (@) * S(@y + ) > prp = j El (@)S(@, + @)de

—tn

» The obtained signal's deviation from the one, which is quadrature to
the true first harmonic, will be a value of the second order of

smallness from the values of g—g and € = (Y -g).




Alternative approach. Kernel functions
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Alternative approach. Doppler phase reconstruction algorithm

» The approximate first Doppler
harmonic and it’s quadrature
signal are convenient to present

in the complex form: S1 ((P) =5 (§0)+ L S’lr((p)
s1(@) = S1(9) - i S{ (p)

> Square signal amplitude: A% ((P) — Sik S1 (QD)

I I A2
> True Doppler phase: dl/) _ 515 A 1

b S

dp J  Sis1




Alternative approach. Doppler phase reconstruction algorithm

» The squared uncertainty of the true phase's derivative with
respect to the approximate one and the squared relative
uncertainty of the velocity

+mn
D,
D[{'|(¢) = 2A2() f[Fﬁ(g)+11'1(141)’(#-’3)1?0(9)]?MD(#-’-*‘+9)d9

— T

» The uncertainty in approximation of the frequency constancy on the
interval [+mtn,-mn] :

DLuL'{"D "T"}

Dl(p) = 557 )

{1 + 3n2[In(A1)]% ()}




Alternative approach. Doppler phase reconstruction algorithm

» The approximate solution taking into account the uncertainty. Control of the
residual error &' = ' -1 :

D["](p)
W' (p) = 1]2

o) = [ (p) = 14 /1 =

’ » The regularized solution: |

L) ) ecmn [W(p) =17 >rD(9)
?‘“/T’(Hp) ~ / 2 / r = 2 . 3
0 ecmn [0'(p) — 17 < rD[Y'|(p)
Vel
’>Dopp/erphase: | ’L/(vf?) > Q+/@L(§5) d(ﬁ
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Alternative approach. Doppler phase reconstruction algorithm

Filtering the signal using the
approximate phase ¢@(t)

The next approximate ¢(t)
calculating
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Original signal

Filtered signal
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CwvrHan, oTH. ef.

Test profiles' reconstruction. Signals
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CHOPOCTE, MIC

Test profiles' reconstruction. Comparing with the profile,
obtained applying the Hilbert transform
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Test profiles' reconstruction. Spectrograms
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Test profiles' reconstruction. Velocity profile with resolution 2 nt
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Test profiles' reconstruction. Spectrograms
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Test profiles' reconstruction. Velocity profile with resolution 2 nt
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Test profiles' reconstruction with frequency shift (1990 MHz).
Velocity profile with resolution 6 1t
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Test profiles' reconstruction. Velocity profile with resolution 2 nt
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Test profiles' reconstruction. Velocity profile with resolution 4 1t
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Conclusion

» An iterative method of a PDV-signal processing based on
filtering the experimental signal by integral convolution has been
proposed. This method is insensitive to the presence of higher
Doppler harmonics and random noise in the original signal,
changings of the amplitude of the Doppler harmonic and the
presence of zero harmonic in the signal

» The method resolving time depends on the parameter n of the

integral transform and in the limit is one period of the Doppler
harmonic.

» An approach to the method's uncertainty estimation of the
reconstructed velocity has been proposed
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