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ABSTRACT

An Acoustic depth sounder uing the Finite Amplitude.-
technique for the generation of narrow beamwidths at a ‘ '
relatively low difference frequency has been developed.
The primary frequency heamwidth is nominally 2°. result-
ing in difference frequency beamidths predicted to vary
from 2° to about 5°. Tank testing of the system verifies
the lack of side lobes at the difference frequency pre-
dicted by theory, despite the presence of large gratinglrbs
at the primary frequencies. The source level of the
system at a difference frequency of 12 Jazz is estimated
at +88 dB/ubar. Experimental results have been obtained
showing comparative performanceof the finite amplitude
depth sounder and 'a conventional, ‘vider beamwidth, sys-
tem. Improved resolution of sub-bottom layering results
frun the narrow heamwidth in a sub-bottom profiling
application. High resolution depth sounding is achieved
at water depths of 2000 fathoms. comparisons of the
finite amplitude and conventional system performance show
source levels which are compatible with predictions based
on scaling laws developed by 11.3. Kellen. System opera-
tion has been demonstrated with both conventianalfiml
replica correlation receivers.

INTRODIETION

A practical systen application of non-linear finite
amplitude acoustics to a narrow beam echo sounder and
sub-bottom profiler has been demonstrated. The system-
makes use of the parametric array concept originally p.125!-v
posed by Westerveltl to generate narrow beamwidth acousu
tic signals with an acoustic projector aperture
approximately sixteen times smaller than that required
by conventional techniques. Difference (operating) fro:-
quencies have been generated in the range of 3.5 kHz to:
12 kHz. starting with primary frequencies of 200 1:32.
Source levels \sre adequate to perfom high resolution
sub-bottom profiling. and to echo sound at deaths up to
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sik‘thousand meters from typical surface ships. This

includes 99% of the world's ocean depths.

An extensive series of laboratory uperiments con-

ducted at Raytheon‘s Marine Research Laboratory during

l968 and 1969 demonstrated the fanctional relationship

of difference frequency source level to primary source

level and the actual frequencies used. and showed that fse

Hestervelt model correctly predicts these relatLOnships ' .

These experiments also demonstrated the saturation effects

observed athigh signal intensities. This wzrk. augmen-

ted by the scaling rules developed by Mellon based on

these and other experiments, showed that the achievable

source levels at the difference frequency could be ade-

quate for several potential applications. Preliminary

experiments in mrragansett Bay. R.I. in early 1970can-

firmed that high resolution, narrow beam sub-bottom

'profuing could be achieved using the finite amplitude.

.or parametric array technique. These experiments also

demonstrated that large time - bandwidth product signals

.conld be used to provide improved signal processing gain

for the system.

 

he an illustration of the parameters of a high

resolution deep water echo sounder. Figure 1 shows the

.Lrequired source level for depth measurement as a functiOn

of depth. with operating frequency as a parameter. These

curves are based on an average bottom reflection loss of

20 dB, a required signal-to-noise ratio on the display

of + 10 dB. an aperture of nominally 0.225 meter, receiver

bandwith of2000 Hz. and a receiver noise level 10 dB

greater than Sea state 6. This level is considered to

represent a rather noisy surface ship installation. The

required source level for operation to 6 m depths at

the common depth sounder frequency of 12 kHz is seen to

be + 105 dB/ubar at one meter. for the parameters given

above. The typical conventional 12 kHz echo sounder has

a source level ofabout + 115 ds/ubar with a heamwidth

of 35° at the 3 as points.

TEE FINITE AMPLITUDE DEPTH SOUNDER

It was decided to use the parametric array concept

to construct a 12 kHz narrow beam echo sounder within

the aperture constraints of the existing 12 kHz system.

This aperture is 0.225 meter. The desired beamwidth was

2.5° in sea water. which constrained the primary fre-

quency to be at 200 kHz. The maximum acoustic intensity

is limited at this frequency to less than 10 watts per

square inch. The expected difference frequency source

level with these parameters is nominally + 90 dB/uhar

based on the Westervelt model and the experimental

easurenents made previously. This saurce level cauld

have been increased significantly only by using a con-

sfisrthylaraer aperture and a lwer primary frequency.
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The discrepancy in achievable versus required source

levels \as overcome by providing receiver signal proces-

sing gain. A replica correlation (pulse cmpression)

receiver had been developed previously which used large

time-bandwidth productsignals to provide up to20 dB of

signal processéng gain at operating frequencies from 3.5

kHz to 12 kHz. The signal is a frequency modulated (PM)
slide, or chirp. which is modified to improve the resolu-
tion of the signal by suppressing correlation function

sidelobes. It has a bandwidth of 2000 Hz and a duration
of 65 n3. Extensive at-sea experience with this device

has demonstrated that 20 dB of signal processing gain is
available. and also, that desirable signal normalization

and noise suppression features result from the clipping

of the received signals. Figure 2 illustrates the per-
formance of the correlator with a conventional 12 kHz
echo sounder. In the center of the figure is the con-
ventional system output showing noise bursts (dark
vertical lines): interference from another unsynchronized

echo sounder: and a weak bottom echo. This record we
made at a power level of 50 watts. The right side shows

the output signal of the correlation receiver (CBS?)

operating at the same 50 watt power level as the conven-

tional system. Note the improved bottom echo signal-to-

noise ratio and the suppression of interference and noise

bursts. At the left of the figure, the output of the

CBS? unit is shown with a 20 d8 power reduction. to 0.5

watt. The bottom echo signal-to-noise ratio is similar
to that of the conventional system for this case, as is
expected since the signal energies are equivalent at this

power level,- however, the correlator is still acting to

suppress noise bursts.

The combination of the replica correlator receiver
and the parametric array made possible a practical narrow
beam echo sounder using a transducer-aperture one six-

teenth the size ofa conventional systan aperture. This

permits use of this system on small vessels or for si-

permanent installations using a towed body for the

transducer. The system diagram of the echo sounder is
illustrated in Figure 3. The transmitter unit hetero—

dynes the PM slide signal to a band of 205-207 kHz and

also transmits a second cw tone at a frequency of 194

kHz. These two signals mix in the water due to the non-

linear propagation effects to produce a narrow beamwidth

signal centered at 12 kHz. A separate receiving trans-

ducer is used for convenience. The correlation Echo
Signal Processor (CESP) includes the receiver and the

replica correlator. The output is recorded on a con-

ventional dry paper precision recorder.

The 200 kHz projector is shown in Figure 4. The
active aperture is approximately 0.225 meter. The heavy

- mounting plate is designed to be an emct replacenent

for the conventional 12 kHz transducer. The beam pattern
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of this transducer is shown in Figure 5. The main lobe

beamidth is nominally 2°. The grating lobes result from
the mosaic construction of the transducer. These lobes

could beeliminated by using either a solid disk design

or incorporating amplitude shading into the array.

The beam pattern of the 12 kHz difference frequency:

as measured in fresh water, is shown in Figure 6. The

beam pattern has a width of 2° and has no observable

secondary sidelobes. as predicted by theWestervelt model,

despite the large primary frequency grating lobes. The

measured freshwater source level of the difference fre-

quency was + as dB/ubar. The Westervelt model predicts
a level of + 91 dB/ubar.

TESTING AT SEA

The experimental system was initially tested in
narragansett Bay. Figure 7 shows an example of a sub—

bottom profile at a frequency of 12 kHz. The left side

of the figure was made using the finite amplitude system

and the right with a conventional system, also using the

CBSP. The vertical grid lines are 9.2 meters (30 feet)

apart. The multiple bottom traces are due to reflection

of the bottom signal by the surface. The narrow beam—

width provides greatly improved sub-bottoun.profi1e clarity.

and the lack of reverberation due to the narrow beamwidth

shows layers which are hidden in the conventional system

record. The two areas shown are contiguous. Figure B

shows the wide frequency range of the equipment. It is

interesting to note that approximately the same prepa-

ration is obtained at frequencies from 3.5 kHz to12 kHz.

The increased attenuation of the sediments at the higher

frequencies is offset by the improved efficiency of the

finite amplitude process.

Figure 9 illustrates the performance of the system

as a deep water echo sounder. The water depth is approxi-

mately 1000 meters. The narrow beawidth shows improved

topographical detail, for example what appears to be

rock outcroppings on the side of the slope. The details

are usually obscured in wide beam systans. Depth sound-

ing to date has been accomplished at a depth of 3500

meters using a transducer towed from a surface ship.

other deep water records show sub-bottom layering which

is buried in bottom reverberation with conventional sys-

tens. and improved detail of the structure of the deep

scattering layer.
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The parametric array (finite amplitude) technique

has been successfully donstrated for narrow beam echo

saunder applications. The combination of a replica
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correlate: :ecaiver provides the signal processing gall]
required for operation at depths to 6 KM from surface
ships. The small apertures required make the finite

amplitude depth sounder useful for small vessels and for

semi—permanent installations using a towed transducer.

The Observed source levels based on comparative measure-

ments with a conventional system appears to be in agree-

ment with those predicted by the Westervelt madel.
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Finite Amplitude Transducer.

200 kHz. 2°

  
 
 

Source Level Requirements for Depth Sounding

Figure 4.

 
     

Figure l.

«
A
fl
b
m
q

m
u
m
b
o
m

Q
H
M
H
b
a
m
d

 



     

    
  

50 WATTS

MW

       
igure 2. Comparlson of conventionél short Pulse system

with correlation Echo Signal Processor (CESP) .
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Figur 3. Finite Amplitlide Depth Sounder

System Block Diagram 



 

Figure 5. Human Frequency Beam Pattern. 200 kHz

 
Figure 6. Operating (Difference) Frequency Bea Pattern.

12 kHz
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Shallow Water Sub-Bottom Profile ‘

[Grid lines 30 feet apart) ‘ 



 

Figure 8. Sub-Bottom Profiles showing Operating
Frequency Range (Grid lines 30 feet apart)

 E‘Lgure 9. Narrow Beam Finite Amplitude System Depth Profile
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