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AMPLITUDE AND SPECTRAL CHARACTERISTICS OF 
LOW GRAZING ANGLE ACOUSTIC BACKSCATTER 

LOW GRAZING ANGLE ACOUSTIC 
BACKSCATTER 

Viewgraph 1 

There have been numerous theoretical and experimental investigations of 
acoustic backscattering from the sea surface as functions of grazing angle, 
roughness, wind speed, frequency, and the like. The current experimental 
data set in this respect is relatively restrictive, yet unique as it spans a 
narrow frequency band from 850 to 1350 Hz and a small set of grazing angles 
in the 5 degree range. The experiments were conducted in an area about 300 
nmi southwest of Bermuda that has an average water depth of 5200 m. The 
transmit array was a 1.5 x 3 m planar array with an acoustic baffle on one 
side. To alleviate ship generated noise problems a special receiving array 
was constructed. This array consisted of two vertical line arrays summed as 
dipoles. This arrangement provided cancellation of ship-generated noise yet 
provided some array gain. The system was constructed and deployed from a 
drifting ship such that the maximum receiving response was closely aligned 
with the transmitter. The transmit system was energized using 10-second 
single-frequency pulses. The surface reverberation of interest arose from 
scattering sites located in the convergence zone at a range of 65 km, or 
about 80 seconds after each transmission. During the measurement period the 
oceanic and meteorologic conditions changed very little. The ship, hence, 
the transmitter orientation, was also quite stable so that all transmissions 
were in a down wind/down wave direction. 

Next viewgraph, please. 
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A sample ray trace using the average measured sound speed profile and 
a source depth of 45 m is shown in this viewgraph. The rays in the upper 
picture approximate the vertical beamwidth of the transmitter at 1 kHz when 
the steering angle is zero degrees. We can see in this case that the sea 
surface near 65 km can receive relatively high sound pressure levels. An 
expanded view of the rays approaching the sea surface near 65 km are shown 
in the lower figure. For this experimental geometry and speed profile we 
note the rays with source angles between plus and minus 4.4 degrees vertex 
near 42 m and do not reach the surface. Those rays with launch angle 
magnitudes between 7.4 and 4.7 interact with the surface at an average 
grazing of about 6 degrees. This interaction results in surface reverbera- 
tion originating from a set of low grazing angles in the convergence zone. 

~ Next viewgraph, please. 
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Viewgraph 3 

The intensity of a backscattered acoustic wave is equal to the 
incident intensity times a scattering strength coefficient normalized to a 
unit area. The incident intensity is equal to the intensity of the trans- 
mitted wave times the transmission loss. When the transmitter and receiver 
are collocated the intensity of the backscattered wave is also reduced by 
the transmission loss. Thus, the intensity of a backscattered wave from an 
elemental unit scatterer may be defined by the uppermost equation. The S 
and T subscripts indicate scattered and transmitted, respectively, and 
a-j is the scattering strength coefficient per unit area, A-j is the 
unit area, and TLC^ is the transmission loss coefficient to the unit 
area. Thus, the total reverberation can be represented as a single sum or 
integration over the contributing scattering elements. The contributing 
extent or number of scattering elements may be determined by realizing that 
the reverberation at any instant of time is a convolution of the spatial 
impulse response of the scattering surface and the transmitted signal. When 
the pulse length is longer than the temporal extent of the surface impulse 
response, all elemental scattering sites contribute to the reverberation and 
a steady state or constant level is observed. Such is the case for 10-second 
transmission to an Atlantic convergence zone. Because the vertical beamwidth 
of the transmitter is relatively broad compared to source angles interacting 
with the surface, we may assume the transmitted intensity to each scattering 
site is constant. We may also assume the scattering coefficient from all 
contributing elements is relatively constant in the convergence zone because 
of the small range in grazing angles.  In the convergence zone, the trans- 
mission loss varies substantially over the contributing scattering sites and 
the integration must be performed. For this case, equation (1) may be 
simplified to equation (2) where <^  represents the horizontal beamwidth of 
the system. Estimates of TLC to each range were obtained using the Generic 
Sonar Model. Equation (2) may now be used to obtain backscatter strength, 
denoted here by Sfj. 

Next viewgraph, please. 
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The upper figure in this viewgraph is a ray trace based on the 
existing experimental conditions as shown earlier. Significant boundary 
reverberation might be expected from those areas indicated by the rectangles 
near 20, 65, 100, and, perhaps, 130 km. An example of the reverberation and 
noise in a 2.5 Hz band versus time from pulses at 950 Hz is shown in the 
lower figure. The high levels in the region marked by 1 are the result of 
bottom backscatter from direct path insonification. Region 2 levels are the 
result of surface interactions, and region 3 are the result of bottom 
interactions. The relatively constant levels at about -56 dB indicate the 
noise level in similar bandwidths centered at 900 and 1000 Hz. These 
provide an indication of the observed reverberation-to-noise level. To 
examine the spectral behavior of reverberation, single 16-second time 
records from the three different reverberation regions were transformed to 
the frequency domain. 

Next viewgraph, please. 
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The results of the transformation from a single transmission are shown 
in this viewgraph. The transmit frequency is 1335.313 Hz and the spectral 
resolution is 62.5 mHz. The spectrum of direct path bottom reverberation is 
shown in the upper figure. The power near 1335 Hz is from bottom reverbera- 
tion. Other small peaks in power, for example near 1315 and 1345 Hz, are 
ship radiated tonals. In this case, the bandwidth of the signal is related 
to the large number of spatially distributed scattering sites. The spectra 
observed at 124 to 140 seconds, as seen in the lower figure, are the result 
of scattering from a very narrow range of grazing angles and relatively 
small 30 degree azimuthal sector. The maximum frequency shift corresponds to 
a ship drift speed of 0.3 knots or 0.15 m/s. The spectrum of reverberation 
generated at the convergence zone from a single pulse is shown in the center. 
Because the surface scatterers are in motion, it is not surprising the 
bottom and surface spectra are  vastly different. Of particular interest at 
this point is .the up-Doppler shift in the surface reverberation generated by 
transmissions in a down-wind direction. 

Next viewgraph, please. 
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Viewgraph 7 

Bass and Fuks, among others, have established that the spectrum width 
and shift of scattered electromagnetic energy from the sea surface depends 
on surface roughness and the angle between the direction of transmission and 
sea waves. Subsequent investigations have shown we must include other 
pertinent causes of relative motion between the transmitter and scattering 
surface.  If we consider a differential area as a scatter site and a 
collocated transmitter and receiver, there will be a spectra shift in the 
received signals related to their velocities by the Doppler equation for 
small Mach numbers shown here. Lambda (X)is the acoustic wavelength. Vj 
is the transmitter velocity. VQ is the mean drift current velocity. Vg 
is the velocity of the Bragg scattering surface indicated here by the small 
waves superimposed on the large waves. VQ is the orbital particle velocity 
resulting from the large ocean wave propagation. A positive value is associ- 
ated with a particle at a wave crest and a negative value at a wave trough. 
At low grazing angles when acoustic shadowing becomes important, preferential 
insonification of the wave trough occurs. When the site and transmitter net 
velocities are deterministic, we observe a simple Doppler shift in the 
received spectra.  If a scatter site's velocity and/or the velocity of all 
contributing sites is random, a widening of the spectrum occurs. We can, 
therefore, consider spectrum spread as a special case of Doppler shift. 

— Next viewgraph, please. 
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Viewgraph 8 

To reduce measurement variance and obtain better spectral estimates, 
the spectrum from eight consecutive pings were used to produce average 
spectral estimates. The average estimates obtained on 4 October near 1335 
and 950 Hz are depicted in this viewgraph. We see the spectral spread and 
frequency of maximum power near 1335 Hz are greater than at 950 Hz as 
expected. Also note that the Doppler shifts are positive. This indicates c 
closing range rate between the transmitter and scatter sites. For the case 
of a drifting ship and transmissions in a down-wind, down-wave direction, 
this can only occur when wave troughs are preferentially insonified. As 
mentioned earlier, the peaks in power at frequencies somewhat removed from 
the transmit signal are ship radiated tonals. 

— Next viewgraph, please. — 
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Viewgraph 9 

Some insight into the frequency dependence of Doppler shifts arising 
from low grazing angle acoustic backscatter at the sea surface can be gained 
by evaluating the equation at the top of the figure using experimental data. 
Because the ship was drifting with the current, V^ and Vj cancel. The 
resultant frequency shift is merely the result of a down- Doppler caused by 
the Bragg scattering surface moving away from the transmitter with a speed 
given by the first term in the brackets, and an up-Doppler shift caused by 
the surface layer in the wave trough moving toward the receiver with a speed 
given by the last term in brackets. For comparison, the measured Doppler 
shifts at 950 and 1335 Hz are shown on the viewgraph. If preferential 
insonification of the wave troughs were not occurring, Bragg scattering 
would be the only mechanism shifting the frequency of the signal. This 
would result in a down-Doppler shift, which was not observed in the 
experimental data. 

— Next viewgraph, please. — 
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Viewgraph 10 

The total range of Doppler shifts arising from in 
deep water ocean wave may be expressed by the equation 
graph. As before, the first term is related to the tra 
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Viewgraph 11 

Shown here is a comparison between measured and predicted spectral 
bandwidths. For the comparison, I have arbitrarily selected a measurement 
bandwidth at -10 dB. It appears an unorthodox combination of significant 
wave height and the lowest wave period yield predictions close to the 
measured values. At this time it is not clear which combination of wave 
heights and periods should be used. It is clear that, under these experi- 
mental conditions, the spectral bandwidth is notably smaller than predicted 
if the effect of shadowing is neglected. 

— Next viewgraph, please. - 

14 



TD 7875 

CONCLUSIONS 
VERY LOW GRAZING ANGLE 

ACOUSTIC BACKSCATTER 

• MEASURED BACKSCATTER STRENGTH AT LOW WIND SPEED 
AGREES REASONABLY WELL WITH CHAPMAN-HARRIS 

• ACOUSTIC SHADOWING OF THE SURFACE IS APPARENT 

• DOPPLER SHIFT IS DEPENDENT ON THE BRAGG SCATTERING 
COMPONENTS AND THE SIGNIFICANT OCEAN WAVES 

• SPECTRAL SPREAD OF BACKSCATTERED ENERGY IS 
SOMEWHAT DIMINISHED BY PREFERENTIAL WAVE TROUGH 
INSONIFICATION 

Na2iiQAfl7(u 00126.12 

Viewgraph 12 

In conclusion, the average backscattering strength in the 1 kHz regime 
at low grazing angles and low wind speeds appears to be frequency independent 
and agrees reasonably well with the Chapman-Harris model. 

The spectrum of low grazing angle surface backscatter is affected by 
shadowing. Under these conditions, the conventional equations for Doppler 
shift and spectral spread should not be separated. The frequency shift of 
surface backscatter is dependent on the environment through the velocity of 
the Bragg surface, mean drift currents, and orbital particle motion. The 
Bragg surface velocity is dependent on small ocean waves and particle motion 
is dependent on large ocean wave height and period. 

The spectral spread of surface backscattered energy is still dependent 
on particle velocity but somewhat diminished because wave troughs are 
preferentially insonified. 

Thank you, are there any questions? 
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