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Identification of Multipaths for Ocean Acoustic Tomography

Iwao NAKANOQ*?

In ocean acoustic tomography, ray identification is as important as the forward and
inverse problems. Reanalysis of propagation modes of sound waves in the SOFAR chan-
nel shows that the same number of lower turning points can make a group of multipaths at
a point of tomographic view and that the travel times of multipaths belonging to the group
are proportional to the absolute transmission angles of the corresponding multipaths.
These properties are stable because they are based on the asymmetry of SOFAR channel
and the geometrical conditions.

This fact can lead to a new ray identification which seems to be effective in almost all
cases, particularly, in a case of poor SNR reception.
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Table 1 These are calculated using the modified ray theory by Weinberg (1975).

frequency 400.000 (Hz)
source depth 1.186 (km)
receiver depth : 1.485 (km)
range 324 .600 (km)

i o —_— T']{i‘_arx:l Prfé);g{%%?n Turning Point Ray Index

Upper Lower ind nst nbt

502 12.5309 216.8671 129.221 0.2315 3.7526 4 5 4 |
502 12.5613 216.8676 129.221 0.1933 3.7631 4 5 4 ;
503 —12.5168 217.1124 131.244 0.2518 3.7476 4 4 5 )
503 —12.5822 217.1140 131.244 0.1852 3.7703 4 4 5
504 12.4758 217.3064 125.782 0.2998 3.7335 4 5 5
504 12.7582 217.3186 114.161 0.1522 3.8318 4 5 5 ¢
601 —12.4729 217.3922 126.146 0.3028 3.7325 5 5 5
601 —12.8040 217.4067 113.687 0.1462 3.8478 5 5 5
602 12.4424 217.5842 122.162 0.3253 3.7220 5 6 o |
603 —12.3022 217.8229 114.972 0.3708 3.6739 5 5 6
604 12.0842 218.0053 112.261 0.4058 3.5999 5 6 6
701 —12.0129 218.0883 111.395 0.4141 3.5759 6 6 6 |
702 11.6197 218.2597 109.736 0.4491 3.4452 6 7 6.
703 —10.4239 218.4118 108.136 0.5234 3.0705 6 6 7))
704 9.9160 218.5437 107.540 0.5506 2.9241 6 7 7
801 —9.7288 218.6110 107.190 0.5603 2.8723 7 7 7 |
802 9.1237 218.7275 106.491 0.5905 2.1122 7 8 T
803 —T7.7580 218.7662 105.395 0.6528 2.3830 7 7 8 ]
804 7.1191 218.8471 105.807 0.6788 2.2349 7 8 8
901 —6.8301 218.8940 105.513 0.6899 2.1700 8 8 8 |
902 6.1515 218.9610 103.372 0.7142 2.0258 8 9 8 )
903 —5.2862 218.9400 102.760 0.7435 1.8573 8 8 9]
904 4.3299 218.9849 100.621 0.7753 1.6842 8 9 9

IAMSTECR, 31 (1995)

15



¥
g

s e i S
147D :

tEaxhs,
chiz, MN1oFHESHDL S, TEB/NEE S
SOFARF + ¥ 2 WHOHFHEHRTIE, TEE/NEICH

+2I’l|_,

+ (an‘I—I)

Nu=1.

ny=n.+1

PIOELIRBTEVBEICRETEEONEHTH S, &

1z,

COEBITE, TAHBESOEME L EEREME U

13

'...l'-'ﬁ-'

D s T T——

"‘::r.._____
“n“h.
15 = -
ol G
& =
10 :
= n B k¢
— 0 g N
o = e,
— (= =
& 5 \
Ww ] % - ‘\
= £ 5 X
S Y
% -5 = L
[ o
.10 o "
(s % Q
-15 y
172.5 173 173.5 174 174.5 b
) 171.5 173 173.5 174 174.5
Expected travel time (sec) Expected travel time (sec)
Xl 3a HiOBEA & IEHER 3b HH DR A OHEHE & RN
Fig. 3a Transmission angles and travel times of Fig.3b Absolute transmission angles and travel
eigenrays. times for eigenrays.
2 [EHEROFERFE)
Table 2 calculated using the modified ray theory by Weinberg (1975).
frequency 400.000 (Hz)

source depth

receiver depth:

1.293 (km)
1.300 (km)

range 258.635 (km)
s — ’I%‘f’r;rgl Prfﬂpsasg&%?n Turning Point Ray Index

Upper Lower ind nst nbt
403 —12.4154 172.96350 125.976 0.2403 3.7506 3 3 4 ]
403 —12.4579 172.9656 125.976 - 0.1905 3.7652 3 3 4
404 12.3629 173.1902 123.663 0.3026 3.7326 3 4 4
404 12.6954 173.2017 111.623 0.1463 3.8474 3 4 4 ¢
501 —12.3628 173.1922 123.664 0.3027 3.7326 4 4 4
501 —12.6968 173.2038 111.575 0.1462 3.8479 4 4 4
502 12.3165 173.4149 119.337 0.3329 3.7168 4 7] 4 |
503 —11.9742 173.6703 109.954 0.4054 3.6012 4 4 5]
504 11.4261 173.8715 107.309 0.4547 3.4209 4 7} 5
601 —11.4222 173.8734 107.334 0.4550 3.4197 5 5] 5 |
602 10.7262 174 .0568 106.403 0.4991 3.2006 5 6 5
603 —9.1536 174.1763 105.165 0.5817 2.7586 5 5 6 |
604 8.2236 174.3041 103.145 0.6251 2.5314 5 6 6
701 —8.2135 174.8054 103.112 0.6255 2.5291 6 6 6 |
702 7.0083 174.4109 103.190 0.6755 2.25641 6 7 6 .
703 —5.9058 174.4141 102.915 0.7148 2.0226 6 6 7]
704 4.3497 174.4799 99.701 0.7644 1.7416 6 7 Tt
801 —4.3270 174.4807 99.542 0.7651 1.7378 7 i 7 )
803 —0.6765 174.4881 93.132 0.8718 1.3100 7 7 8 }
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A group of multipaths consists of four ray types.
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Fig.4 Configulation of multipaths belonging to a
group.
n;, is the number of lower turning points
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Smoothed Arrival Pattern 107
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Table 3 An example of received data.

i
LV Wi

Xmin=172 Xmax=175 Lidiv

X6 =R ~<7 b J L ERESHRO—H
Fig.6 An example of a travel time spectrum and
identified multipaths.
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86.2767
147.913
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143.414
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130.668
120.613
127.504

69.6877

80.4385
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86.7385
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102.241
108.591
112.467
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59.8361
128.474
631.831
217.604
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99.9098
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116.827
551.191

39.0098

54.9534
164.998
306.54
120.61
133.147
261.671
226.213
634 .653
121.42
748.424

3541.61
911.979
273.296
111.678

48 potential candidates

$

9 candidates
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