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1. INTRODUCTION

It has been suggested that the width of the correlation trace produced by acoustic rays

traversing the ocean once and those traversing it three times (Fig. 1.1) depends on the dlepth of

the source.1 The TAGEX87 experiment had two suitable sources to test this hypothesis: (1) a

pseudo-random noise (PRN) source at a depth of IM1) m towed at 5 m/s, and (2) the tow ship

itself which generated broadband noise from 0 to 150 Hz. The 65 to 95 fHz PRN source

re•eated every 0.75 s. There was also a 34 Hz towed source which could be filtered out. To

analyze the PRN sourcet and the ship noise separately, correlations were made using the Ilters

shown in Fig. 1.2. Filter 1 retains only those frequencies produced by the PRN source. Filter 2

retains only frequencies higher than those produced by the towed sources.

The TAGEX87 exercise took place in deep water (4625 m) with the sound velocity pro-

tile shown in Fig. 1.3. The array used to collect the data consisted of 24 hydrophones spaced

10 m apart with the bottommost hydrophone 4i m off the ocean floor. In the data an'alyzed,

the ship started about 7.56 km from the array (Fig. 1.4), crossed over it, and went out another

42 km. Then, it returned along the same path to about 13 km from the array.
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2. MEASURED 1x3 CORRELATION TRACES

To intensify the correlation between the single and triple traversal rays, it wis necessary

to beamforin the data. Steering angles for the array were taken from the plots of measured

noise directionality shown in Fig. 2. 1. These plots of beam power versus range and angle were

produced by an adaptive beamflbrmer. Positive angles arrive from above, negative from below.

For frequencies between 65 and 95 Hz (Fig. 2.1(a)), arrival angles for rays fitoin the PRN

source can he determined for one, three, and five-traversal acoustic rays. Only single and tri-

ple traversal arrival angles can be obtained for the higher frequency band of 1W- 150) lIZ

(Fig. 2. l(b)). The dark regions in the center of the beam noise displays arc due to distant ship

noise, which arrives liearly horizontally. The vertical line at 300 in the bottom plot is appar-

ently produced by a stationary noise source. The rays with negative arrival angles were

weaker due to absorption in the ocean bottom, especially for frequencies above I(X) liz. For

this reason, beamforming was performed using positive arrival angles. The noise directional-

ity plots were also used to choose a section of the data in which both the single and triple tra-

versal rays should be detectable.

Using all 24 receivers, two beams were steered that tracked the single and triple tra-
versal ray arrivals. The complex beamformer outputs for the two ray arrivals were then cross-

correlated using an envelope correlation and a phase transform. Mu-Jaw mapping was used to

intensify Fig. 2.2(a). The resulting correlations are shown in Fig. 2.2. Filter I and tilter 2 were
used to produce Fig. 2.2(a) and Fig. 2.2(b), respectively. The 0.75 s repetition rate of the PRN

source results in multiple correlation traces separated by 0.75 s in Fig. 2.2(a). The vertical line

in Fig. 2.2(b) is due to the source appearing at 38' in Fig. 2.1(b). It is evident from Fig. 2.2

that the 1x3 correlation trace generated by the PRN is broad along the time delay axis and

actually consists of several traces side by side, whereas the trace generated by the ship is nar-

rower and consists of just a single trace.
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3. SIMULATED 1x3 CORRELATION TRACES

To investigate the depth dependence of the Ix3 correlation trace, simulations t), the c)r-

relagrams in Fig 2.2 were performed. A ray model was used to produce simulated re:civcd

spectra at the 24 receivers due to an impulsive source. An impulsive source was used 1 or con-

venience. Any non-repeating broadband signal would result in correlations similar to the ones

shown here. Source depths of5 m and 1M m were simulated. The simulated recei'ed spcctra

were heamformed and crosscorrelated in the same manner as the TAGEX87 data. The result-

ing correlations are shown in Fig. 3.1. Figures 3.1(a) and 3.1(b) use tiller 1, and Figs. 3. 1(c)

and 3. 1(d) use filter 2. In both cases, the deeper simulated source results in a double trace th1a

is wider along the time delay axis. It is clear that the simulated traces for the I(X) m source

depth (Figs. 3. 1(b) and 3.1(d)) are in excellent agreement with the trace produced by the PRN

(Fig. 2.2(a)), and that the simulated traces for the 5 m source depth (Figs. 3.1(a) and 3.1(c))

agree with the trace produced by the ship (Fig. 2.2(b)). In addition, it is clear that the width

difference in Fig. 2.2 is caused by the change in source depth and not by the filters used.

It is interesting to note the reason for the shift in the simulated traces that occurs at a

range of 17 km in Fig. 3.1. The three-traversal rays included in the beamformed simulations

are shown arriving from ranges of 16 and 20 km in Fig. 3.2. At the longer range, the strongest

ray is the bottom penetrating ray. At shorter ranges, the bottom penetrating ray has a much

greater distance to travel through the bottom layers and loses more energy due to absorption.

Therefore, at shorter ranges, the specularly reflected ray becomes dominate, and the simulated

I x3 trace undergoes a shift along the time delay axis. Such a shift can also be observed in the

measured Ix3 trace of Figs. 2.2 and 4.3(a).

4)
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AS-92-(72

10



Sources

E 2(X11 •

3(NXX1

5(4KX1) Receiver

50{ K) Bottom Layers

6(XX) t2)lzl.l yc-
() 2 4 6 8 1) 12 14 16 I 20

Distance from Receiver - km

FIG. 3.2 Threc-traversai rays included in the beamformed simulations arriving from 16 and 20 km.

AS-92-673

iI



This page intentionally left blank.

12



4. ANALYSIS OF A SECOND SHIP PASSAGE

Confirming evidence for the depth dependence of the Ix3 trace has been found in

another event recorded at the vertical array. A ship moving at 7.2 m/s passed within 8(X) in of

the array. Figure 4.1 shows the ship track. This second event allows us to examine correlation

traces produced by a surface source without any possibility of interference from submerged

sources. Steering angles obtained from the beam noise plots in Fig. 4.2 were used to beam-

form the data. The resulting correlations appear in Fig. 4.3. The correlations olf Fig 4.3 are

inverted with respect to those of Fig. 2.2 and Fig. 3.1 because the ship was moving away from

the array. Like Fig. 2.2, Fig. 4.3(a) used filter 1, and Fig. 4.3(b) used filter 2. The fact that

using the narrow PRN filter neither widens the trace nor creates a double trace indicates once

again that varying the source depth results in different trace widths,

10.8
kin < 53 kn >

8(X) In

array

FIG. 4.1 Ship track for the second event.
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5. CONCLUSION

In conclusion, variation in source depth result,; in a variation in the Ix3 trace width. A

surface source produces a narrow trace. A submerged source produces a trace that is wider

along the time delay axis and is actually composed of several traces. As a result, the 1 x3 trace

can be used to differentiate between a surface and a submerged source.
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