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Abstract

A new recursive least square (RLS) method is
here used to compute complex ARMA in a
two-step Doppler flow velocity estimate.
Compared with the classical RLS case, this
method provides better results, and needs
few additional computations. This method is
applied to the Doppler ultrasound fiow
velocity measurement through frequency
estimates. Thus, affer the computation of the
complex AR parameters of the Doppler
analytic signal in a first step, we propose in a
second step, a direct velocity measurementi
by using these parameters, without an explicit
computation of the Power Spectral Density
(PSD). This method compared with the PSD
peaks detection is more accurate and aimost
independant of the Signal-to-Noise Ratio.

LINTRODUCTION

Many methods have been explored to estimate flow
speeds in Doppler systems. Inreal-time two-dimensional
(2-D) Doppler systems, the velocity estimate is done
with few samples (8-16) in comparison with the image
cadence. This has implied the development of fast
algorithms with low accuracy. In the case of precise
measurements of flow velocities, it is necessary to find
adapted methods.

The ultrasound Doppler flow velocity measurements of
afluid are linked to the estimate of a specific frequency
referred to as "Doppler frequency”. In fact, the precise
determination of this frequency is not easy bacause of
different  physical parameters which introduce
uncertainty in the velocity estimation [11].

To overcome the inconvenients of the use of the
classical fast Fourier Transform (which leads to bad
precision when only few samples are available or when
SNR Is low), a number of investigations have been
performed with ARMA parametric identification. Most
studies dealing with these methods use algorithms
applied on block data, assuming that the Doppler signal
is almost stationary on atime window. The choice of the
time window, to avoid hiding non stationarities and
keeping a sufficient number of sampiles, is critical. In
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practice a compromise based on experimental
observations is made 1o define this time length of
window.

The Doppler frequency is then estimated by mean
of the power spectral density (PSD). This can be
performed either by implicit or explicit centroid
computing (first order moment) or by detecting PSD
amplitude peaks. Even if in the same conditions the
peaks detection is better, the estimates - in any case -
are biased, especially when SNR is low and Doppler
bandwidth islarge. Their computations can also be very
heavy.

We present an approach which directly computes the
Doppler frequency using more precise ( compared with
classical RLS case ) AR parameters estimates.

Il. THE RECURSIVE LEAST SQUARE (RLS)
ALGORITHM

We first define some useful notations. Let x be a
function of time k, and T the sampling period.

A _ ]
o) - =X (M
. k
Sx)=TYx0 (2).
>
A signal x can be described by an ARMA model:
Let us consider the invariant ARMA model so that
Alp)X(t) =B(p)u(t) + n(t) 3)
n n-1
with Alp)=p +ap_p +..+ag (4)

Blp)= bmpm +...+bg

where X is the output of the modeled system, u(t) and
1 (t) are non-correlated centered white noises.

Assuming that
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The model (3) isequivalent to

v =¢" 10 + () ©)
where H denote§ the hermitian conjugate

The estimation 6 of 8 in the least square sense lies on
the calcution of the cost function:
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J(é.t>=%{—16s [y(v)—sz(v ) (t)] 2
0 )
» A Ho-1/4 A
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where t, is an instant before, but close to t. This means
that in discrete time t, = (k-1)T and t = kT for example.
Inthe classical RLS estimation, 8 (1,) is constant

during the computations. This condition is discarded
here, and adaptive values are used.

P, is anon-negative symmetrical matrix - like P below -

which can be chosen as diagonal to simplify the
computations; C is a positive constant which can make it
possible to limit the fluctuations in the estimates.

The best estimate 0 follows from the minimum of J, by
the cancellation of its gradient. After some simple, but
long computations, the recursive estimates of 6 can be
expressed by:

o 0 PP b 1)+ & [yt - o Hwice )]} @
H
oy - - 2008 PO 9)
C+To (P0G (0

by choosing t., similarly to t,, with t, <t, (forexample
t,=(k-2)T)

_q -
In the classical derivation the term Po po (t_1) doesn't

exist.

The advantage of our algorithm is that it computes at
each step of recursion the increment of estimated
parameters, and it uses the best knowledge of the
process.

Figure 1a and 1b compare the parameters estimates of
the following model :
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y(K)= - (0.0625+0.5i)y(k-1)+{(1+)y(k-1) +
{3+5i)e(k-3) +(2+2i)e(k-2)-1.5e(k-1)+e(k).
where 7 is a white noise.

We only present the imaginary part s of the parameters
to reduce the number of figures; the real parts have the
same behavior.

(10).
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Fig. 1a. Imaginary pans of the parameters estimates of the ARMA model
(10) with the classical RLS algorithm.
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Fig.1b. Imaginary part of the parameters estimates of the ARMA model
(10) with the new approach.



ill. THE SPECTRAL DECOMPOSITION

The Doppler frequency estimate lies on the calculation
of the Power Spectral Density (PSD) which is defined in
the case of ARMA model by:

N

b exp(-2mjfT)
(11
2 a, exp(-2mjkiT)

k=1
where v is a constant depending on the covariance of
the modelling error.
One of the best ways [8], [11] of determining the
Doppler frequency is to search the PSD amplitude
peak's frequency.
Thus, this procedure inludes three steps. the firstone is
the computation of ARMA or AR parameters estimation,
the second one is the computation of the PSD, and
finally the estimation of the peak frequency.
Young and Song [5] proposed adirect estimation of the
centroid (instead of the peak frequency) by using an
AR2 (n=2 and m=0 in (4)). They considered that the
two frequencies are characteristic of the Doppler signal
(Doppler frequency and clutter).
In pratice this is not always right. And because of many
sources of noises there are more than two frequencies.
So, the question is which of them is the Doppler
frequency . We thus perform a decomposition of the
PSD into simple first order elements. In the rest of the
paper we only consider AR model (but the procedure
can also be applied to ARMA models).
Let us first consider afirst order AR model (n=1) or AR1.

...9;1_. (12)
2xT

P(f) =y

The peak frequency isgiven by: £ o=

where a, >0 isthe argument of a4.

PSD indB

fp1
Fig. 2a. PSD of an AR1

Now, let us consider an ARn. Since the denominator of
(11) is a n-order complex polynom it can be expressed
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as a product of first order polynoms. Thus in this case
the PSD can be expressed as:

Y
P = 2 (13)

n
[1(z - zx)
k=1 z=exp(-2mjfT)
where the z, are the roots of the denominator of (11).

Thus if its logarithm istaken, the PSD is the sum of first
order elements; and the peaks frequencies ok Of these

elements areexpressed asin (12)

a
fo= 2nkT (14).

DSP in dB

Fig.2b. PSD of an Arn model

With this decomposition we note that the minimum of

o, gives the best estimation of Doppler frequency.

Thus the direct computation of the PSD is not
necessary.

In the case when there is a high level of clutter, it is
required to make a test to distinguish the frequency
caused by the Doppier effect and the one caused by
the clutter.

This method compared with the amplitude peaks
detection seems to be quite independant of signal-to-
noise ratio (SNR), when the model described in [11] is
used, as shown on fig. 3. On these figures, we show the
speed (Doppler fequency) estimates: Fig 3a and 3b.
compare in the invariant speed case, the peaks estimate
and the pole decomposition estimate with SNR = 0 (fig.
3a) and -20dB (fig. 3b ). It can be seen that the pole
decomposition method is more accurate.

When the speed varies (fig. 4), itisimpossible to make a
good estimate with peaks method without averaging,
wheras the decomposition method is still correct.
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Fig. 3a. Doppler frequency estimate with snr=0 dB;
invariant speed case
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Fig. 3b. Doppler frequency estimate with snr=-20 db
invariant speed case
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{V. CONCLUSION

A transformated recursive least square algorithm is used
here to estimate the parameters of an AR Doppler
analytic signal. Through the PSD decomposition the
Doppler frequency is directly obtained from the
parameters onward. This Doppler frequency estimate
compared to the peaks frquency approach is quite
independant of SNR.
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