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Abstract

Underwater acoustic propagation is characterized by multipath or multimode prop-
agation. Ray theory and mode theory are not fully adequate for modeling physical
reality. Impulse responses can be more accurately calculated using Gaussian beam
theory. Signal processors can be designed to take advantage oyf the channel complex-
ity if the propagation is actually known so that detectability is increased. The pro-
posed technique, channel matched filtering, synthetically backpropagates the wave
front to a hypothesized source location. Accurate passive estimates can be made
without knowledge of signal characteristics. GB theory can easily accommodate a

range-dependent deep water environment.
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Figures
Figure 1 is Munk’s canonical sound speed profile.
() = coll + e(exp” + — 1)]

n=2(z—2)/B

This is a theoretical profile developed from first order physical reasoning, and rep-
resents an oversimplified model of real sound speeds.

Figure 2 was calculated for a range of 500 kilometers, a source depth of 1200
meters, and a receiver depth of 1200 meters. The times marked correspond to the
time of propagation at the edges of the graph. The height of the impulses are
proportional to the amplitude of the response.

Figures 3-5 show stages of the timefront for a source depth of 800 meters and
a Munk sound speed profile. The horiiontal axis is range, but magnified by 1.5
compared to vertical. Purely refracted rays with source angles between +15 degrees
are shown,

Figure 3: After 1 second the wavefront is nearly spherical.

Figure 4: After 68 seconds, two sets of wavefronts have developed. They essen-
tially correspond to initially upward going and downward going rays.

Figure 5: After 337 seconds, the timefront is the interleave of two accordians,
each with 8 sheets. A receiver at a depth of 1200 meters (on the axis) will have the
time arrival structure shown in figure 2, with groups of 4 arrivals.

Figure 6-15 assume a horizontal line array with variable phone spacing and
that the source is placed in an endfire position relative to the array. All ambiguity
functions were calculated assuming a range independent Munk profile.

Figure 6: Maximum of ambiguity function with impulses sorted into 1 millisec-
ond time bins. True source range 250,000 meters, true source depth 1200 meters,
99 phones spaced 100 meters apart at 1200 meters depth, matched processing at a
search depth of 1200 meters.
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Figure 7: Ambiguity function with sinusoidal source at 500 hertz, true source
range 100.000 meters, true source depth 1200 meters, 100 phones spaced 100 meters
apart at 1200 meters depth, phase only processing at a search depth of 1200 meters.

Figure 2: Ambiguity function with sinusoidal source at 500 hertz, true source
range 250,000 meters, true source depth 1200 meters, 500 phones spaced 100 meters
apart at 1200 meters depth, phase only processing at a search depth of 1200 meters.

Figure 9: Ambiguity function with sinusoidal source at 500 hertz, true source
range 500,000 meters, true source depth 1200 meters, 200 phones spaced 100 meters
apart at 1200 meters depth, phase only processing at a search depth of 1200 meters.

Figure 10: Ambiguity function with sinusoidal source at 500 hertz, true source
range 100,000 meters, true source depth 1200 meters, 100 phones spaced 100 meters
apart at 1200 meters depth, matched processing at a search depth of 1200 meters.

Figure 11: Ambiguity function with sinusoidal source at 500 hertz, true source
range 100,000 meters, true source deptﬂ 1200 meters, 500 phones spaced 100 meters
apart at 1200 meters depth, matched processing at a search depth of 1200 meters.

Figure 12: Ambiguity function with sinusoidal source at 500 hertz, true source
range 250,000 meters, true source depth 1200 meters, 50 phones spaced 100 meters
apart at 1200 meters depth, matched processing at a search depth of 1200 meters.

Figure 13: Ambiguity function with sinusoidal source at 500 hertz, true source
range 250,000 meters, true source depth 400 meters, 100 phones spaced 100 meters
apart at 1200 meters depth, matched processing at a search depth of 400 meters.

Figure 14: Ambiguity function with sinusoidal source at 500 hertz, true source
range 250,000 meters, true source depth 400 meters, 100 phones spaced 100 meters
apart at 1200 meters depth, matched processing at a search depth of 1200 meters.

Figure 15: Ambiguity function with sinusoidal source at 100 hertz, true source
range 250,000 meters, true source depth 400 meters, 100 phones spaced 100 meters
apart at 1200 meters depth, matched processing at a search depth of 1200 meters.
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