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Robust variable range focusing with a virtual source array
using the waveguide invariant in underwater
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ABSTRACT: A concept of a VSA (Virtual Source Array) is the method for an acoustic spatio-temporal focus at
a selected location in the outbound direction with respect to the VSA without the need of a probe source as
combines a TRP (Time-Reversal Processing) and time-delay and beam-steering. However, in TRP using the VSA
concept, it is limited to the critical angle and the short distances relevant to the VSA. In this paper, the waveguide
invariant theory is applied to the VSA concept to refocus the received field at ranges greater other than the critical
angle and the short ranges by shifting the focused field. The suggested method is verified via numerical simulation,
and the results show that the robust acoustic focusing is achieved on the selected location regardless of the
limitation on the conventional VSA concept.
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Fig. 1. Time-reversal focusing as a virtual point source
schematic.
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Fig. 2. A scenario for a virtual source array concept
in a time-reversal processing.
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Fig. 3. Simulated coherent focusing in a TRP.
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Fig. 4. Simulated coherent focusing using a VSA concept
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Fig. 5. Waveguide invariant using the simulation. (a)
Transmission loss plot for 480-500 Hz with a 1 Hz
interval. (b) Contour polt of (a).
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Fig. 6. Simulated single frequency time-reversal focusing
at 500 Hz. (a) The focal location (5200m,100m) is
selected within the critical angle (6, =20.4" ) with respect
to the VSA. (b) The focal location (5000m,100m) is
selected beyond the critical angle (6, =20.4° ) with
respect to the VSA.

N

Juke] B7bAl 24 9 Aok 2AS vhehdict. Fig
6(@)= 2 AIZE W91 2] 91X 1, = (5200m,100m) o]
A9l = Upehf o VSA 7 of whet e ¢
L 9120 4]0 F7HA F o] o] ol S
c}. 3}A1 4 Fig. 6(b)= QAIZFH 9IS
2] . = (5000m,100m) of] T3t 2
b e, 145l aashs 914 oA o]
=
A

0]
=

W4 2 °]

Fu
o
A

@ I oo
Lo

d 4> =2
B et

o 2744

1p

4

Z] ]

0]
o]

AX
Fig. 7(a)= VSAZE-E]

Hoam
. =(5100m,60m) o] %

A0 AFNE)F

EP’]@‘ﬁETO‘E

ol 2017 gk

o)
o=



ol ot

Depth (m)

%00 4200 5100 5300 5500
Range (m)
(a)

o

R

-2

VSA 3

g ’

= 5

[= N

2 &

K]

E]

4800 5000 5200 5400 e
Range (m)

(b)

Fig. 7. Simulated single frequency time-reversal focusing
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