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VOLUME SCATTERING MEASUREMENTS
USING PARAMETRIC SONAR

INTRODUCTION

This document reports volume scattering measurements in the frequency
range 20-27 kHz. First, the hardware is described and then examples of the
data obtained are given. A parametric sonar is used for these measurements
because it has a narrow beamwidth (narrow enough in some cases to obtain
reflections from individual scatterers). Additional virtues of the
parametric sonar are that it has practically no sidelobes to confuse the
interpretation of the data and permits easy frequency changing.

As with many current systems, an associated sea-going computer
provides calibrated output in real time and takes into account system
parameters such as transmitted and received beam patterns.
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VIEWORAPH 1

This viewgraph is a block diagram of the sonar system. Starting in
the upper right corner, two frequencies are generated, mixed, amplified and,
on the left side, the signals are transmitted by the parametric transducer.
The power levels of the transmitted signals are quite high, and this causes
a nonlinear interaction in the water which results in a very narrow acoustic
beam at the difference frequency. A description of this process may be
found in reference (1).

The receive portion of the system uses the same transducer as a
receiver. The signal is filtered, amplified, and sent to three locations:

1I. a graphic recorder,
2. an analog tape recorder, and
3. a computer.

The computer, using a 12 bit AD, converts the signal from analog to
digital, and the sonar equation is solved so that the data is presented as
corrected scattering strength. The result is then displayed on a color
graphics terminal, a hard copy is printed out, and the data is stored on
disk.
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PARAMETRIC BEAM PATTERN
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VIEWGRAPH 2

This viewgraph shows the parametric beam pattern. The beamwidth of
this sonar is 2.50 at the 3dB down points. The sidelobes are greatly
reduced in comparison to a conventional transducer. Here there are none
shown because they are down more than 40 dB, relative to the main lobe, and
are hard to represent on the scale of this plot.

The source level of this device is a function of frequency: at 20 kHz
it is 219 dB, at 27 kHz, it is 225 dB.
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VIEWGRAPH 3

This viewgraph is a photograph of the transducer as it is about to be
lowered into the water. The disk-shaped transducer is composed of 240

elements. There is a 3/4-in. baffle plate of rubber above the transducer to
absorb energy from above. The transducer is lowered to a depth of 10 ft.
As can be seen in the photograph, tnere will be a tendency for some motion
of the transducer when the ship rolls. The receive beamwidth of 80 is wider
than the transmit beamwidth and compensates for the transducer motion.
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VIEWGRAPH 4

This viewgraph shows the output of the graphic recorder. This form of
output is most familiar to workers in the field and forms the point of
departure for the discussion that follows. The qualitative behavior of the
scattering phenomenon is best shown in this kind of display, but misleading
quantitative impressions result from beam spreading and attenuation effects
that are not accounted for.

These data were taken during the upward migration of scatterers in the
evening. We see clouds of scatterers that remain at a fixed depth as well
as individual scatterers that enter the sonar beam and then pass out of it.
The time interval between the vertical dashed lines is one half hour. The
depth covered by the viewgraph is 1700 ft. The frequency was 20 kHz, and
the pulse length was 5 ms.

The following data presents 20 ping averages. The nominal ping rate
was once per minute, so the data in succeeding viewgraphs represent averages
over roughly 2/3 of the time interval shown on this viewgraph.
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VOLUME SCATTERING STRENGTH-GULF OF MEXICO; FEB 1987
COMPARISON OF DAY AND NIGHT LEVELS AT THE DEEP SITE FOR 25 KHZ
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VIEWGRAPH 5

This viewgraph is an example of some data obtained in the Gulf of
Mexico in February of 1987.2 We have many such plots, and this one was
chosen to point out some common features. This measurement was taken at 25
kHz, and the data presented are averages over 20 pings. Noon and midnight
profiles are presented. The night plot is displaced to the right by 20 dB
for clarity.

During the day, we see several layers with volume scattering strength
of -70 dB. At night, the deep layers are relatively impoverished, and the
layer at 300 ft increases scattering strength to -65 dB.
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VOLUME SCATTERING STRENGTH-iUTEC REGION; NOVEMBER 1987
COWZISOM OF MIDNIGHT LEVELS vs. FREJDCY RT SITE I
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VIEWGRAPH 6

This viewgraph shows how scattering strength varies over the frequency
range of 20 to 27 kHz. All these data were taken around midnight from the
Tongue of the Ocean in the uahamas. 3 The shapes of the curves are
similar, but there is a 0,crease in the level of scattering strength of
about 10 dB as frequency increases from 20 to 27 kHz. This is true at all
depths. Also, we note that the layer at 600 ft is better defined in the 27
kHz data than it is in the 20 kHz data.
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VOLUME SCRTTERING STRENGTH-AUTEC REGION; NOVEfIBER 1987
COMPFRISN 0F NOON LEVELS vs. FPEWDVCY RT SITE I
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VIEWGRAPH 7

These data were taken at the same location as the previous data. The
difference here is that the data were taken around noon. The same frequency
dependence still holds; there is a decrease in scattering strength with
increasing frequency. The highest values of scattering strength are found
near a depth of 1,200 ft instead of near the surface as was the case
previously.
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CONCLUSIONS

" PARAMETRIC SONAR PROVIDES IDEAL PROBE FOR SCATTERING
4STRENGTH MEASUREMENTS

" DATA SHOW WEAK FREQUENCY DEPENDENCE IN THE
20 TO 27 kHZ REGIME

" DETAILED STRUCTURE OF PROFILE RELATED TO BIOLOGICAL
PATCHINESS

" DAY/NIGHT DIFFERENCES ARE AS EXPECTED FROM
PREVIOUS MEASUREMENTS

N0211-GA-68(N)- 576.1A

VIEWGRAPH 8

We conclude that the parametric sonar is an ideal probe for scattering
strength measurements, because it has relatively high source level, narrow
beamwidth, and practically no sidelobes, and permits easy frequency changing.

There is a frequency dependence of the backscattering strength that
amounts to a 10 dB decrease from 20 to 27 kHz in the Tongue of the Ocean.

Detailed structure of the profile is related to biological
patchiness. In this presentation, we have removed some of this by
performing averages over 20 pings.

Observations of the day/night scattering strength profile are as
expected from nrevious measurements.
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