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ABSTRACT

This paper deals with the challenges of water flow
measurement in hydroelectric plants using acoustic
scintillation. One of the drawbacks of ultrasonic signal
propagation through water is that measurements require
relatively clean water conditions. In water with
significant amount of impurities, the level of transmitted
signals may not be sufficient for an accurate flow
measurement. In terms of signal processing, the effect of
impurities is represented by a random loss or fading of
received signals. In order to improve the measurement,
the wide band signals can be used in order to improve the
quality factor of the signals by adaptive filtering using a
static mode reference. Results show that, in real
configurations, the interference due to the obstacles can
be reduced.
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1. INTRODUCTION

Acoustic scintillation flow metering promises to offer an
elegant and efficient non-intrusive solution to flow
metering by, in general: mounting the transducers on the
outer walls of the pipe, transmitting a signal to be
affected by the flow, and analyzing the received signal in
order to obtain the flow parameters [1]. However, a series
of tests in water containing impurities showed that the
resulting insufficient signal levels may cause the system
to stop the measurement.

2. ACOUSTIC SCINTILLATION DRIFT

The acoustic scintillation drift technique measures the
water flow velocity perpendicular to a number of acoustic
paths established across an intake to a turbine [2].

Short ultrasound pulses are sent from the transmitting
arrays, on one side, to the receiving arrays on the other, at

a rate of approximately 250pulses/second [3]. Turbulence
embedded in the flow causes amplitude fluctuations in
the acoustic signals (Fig. 1).
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Figure 1.Diagram of the acoustic scintillation principle.

If the two paths are sufficiently close (4x), the turbulence
effect on the signals remains virtually the same, except for a
time delay, A¢. This time delay corresponds to the peak in
the time-lagged cross-correlation function calculated for
Signal; and Signal,. The mean velocity perpendicular to
the acoustic paths becomes v,,q., = 4x/ At.

3. USING LARGE BAND SIGNALS ON
SCINTILLATION

Amplitude variations found at the receiving end of the
scintillation acoustic path can be calculated using a
different technique, based on wide band signals, such as
linear frequency modulations or CHIRPs.

Instead of using a pulse package of a single carrier
frequency, the frequency within the burst is changed
(swept) throughout the duration of the transmission, from
one frequency to another [4]. In our application, we have
constructed a wide band signal in order to replace the
impulse package found in the emission stage. A matched
filter is obtained by correlating a known signal, or
reference, with an unknown signal to detect the presence
of the reference in the unknown signal. This is equivalent
to convolving the unknown signal with a conjugated
time-reversed version of the template.



Due to the high spectral content of a large band
signal, the autocorrelation between two large band signals
will always have a significant maximum for the main
lobe.

Considering a CHIRP signal received when an
obstacle blocks the acoustic path, the spectral content of
the transmitted signal is still found when performing a
time frequency analysis. Figure 2 illustrates the
spectrogram for a received chirp signal in the case of an
obstacle:
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Figure 2. Spectrogram of a received CHIRP signal in
the case of an obstacle.
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For the same measurement, it is possible to view also
the spectral content of a CHIRP signal received with no
obstacle blocking the acoustic path, as shown in figure 3.
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Figure 3. Spectrogram of a received CHIRP signal for
no obstacle.

Using this property, we select a reference signal
which will be the first term of the correlation. This
reference is the received CHIRP signal which has
traveled along the acoustic path during a clear water test.
Next, we conduct an obstacle test that attenuates the
acoustic path. For each received pulse we then calculate
the corresponding correlation and extracted a maximum
from each one. The extraction of maximums of
correlations provides a new time series, which can be
compared with the one based on envelope detection.

Figure 4 shows the difference between the time series
calculated using the correlation and envelope detection:
the influence due to the impurities/obstacles presented in
the acoustic path is greatly reduced.
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Figure 4. Time series computed using the
correlation (green) and envelope detection (blue).

The two time — frequency representations in figures 2
and 3 show the potential of wide band signals in dealing
with impurities/obstacles encountered across the acoustic
path. It should be noted that these tests were carried out
using signals with low levels of power, hence the low
signal to noise ratio for the signal in figure 2.

Another advantage of using large band signals arises
from the “personalized” spectrum content: the algorithm
can be rendered robust to outside perturbation and the
complexity of the equipment can be reduced.

4. CONCLUSIONS

This paper deals with an improvement of a flow rate
measurement ~ method in  the  context  of
impurities/obstacles, as impurities/obstacles inherent in
the water flow pose a threat to the overall accuracy of the
measurement results.

Signal processing techniques can eliminate this
drawback by constructing a new type of transmitting
signal and by using a new method to quantify the
turbulence embedded in the water flow. The method
employs wide-band signals (CHIRPS) and the matching
filtering. Worst case scenario tests have shown
encouraging improvements in time series amplitudes.

Future work will consist in adding impurities of
different sizes in the water flow and quantifying their
influence on the time series, as well as on the water flow
measurement accuracy.
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