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The relationship between the array invariant—based ranging and
the effective range in a weakly range —dependent environment
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ABSTRACT: In shallow water, the array invariant, known as the effective range estimation method, is developed
based on the broadband dispersion characteristics in an ideal waveguide, which can be summarized by the
waveguide invariant. It is robust enough to estimate both the array tilt and range simultaneously, even in situations
where array tilt exists. Recently, it has been extended to fully consider the angle dependence of the waveguide
invariant. However, applying the array invariant in range-dependent environments instead of range-independent
environments can lead to range estimation errors due to bathymetry mismatch. In this paper, we interpret such
range estimation errors by introducing the concept of effective range. Through numerical simulations and
experimental data in a weakly range-dependent environment, we demonstrate the relationship between range
estimation errors and effective range.
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Fig. 1. (Color available online) (a) Bathymetry map
around the experimental site. This map feature
contours at 20 m intervals. The white color denotes
the location of the vertical array, while the yellow
arrow signifies the ship track descending towards
the receiver over a duration of about 42 min
(17:37-18:18 UTC) during a source—tow run. (b)
Schematic of a source—tow run on JD 194 (July 13)
using the R/V NRP D. Carlos 1 during RADARO7. The
actual bathymetry exhibit a bow—shaped curve
(solid line), ranging from 87.5 m at the receiver to
55 m over a range of 5 km. The slope between the
5 km range measures about 0.37°.
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Fig. 2. (Color available online) (a) Channel impulse
response (CIR) measured after matched filtering at
2,485 m. (b) Beam—time migration (dashed line) of
the CIR in (¢, sin) coordinate, corresponding to (a).
The eight reflected arrivals with four up—going (blue
circles) and four down—going (red squares) paths are
selected, and the corresponding least—square estimate of
X; 1s calculated for source—range estimation.
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Fig. 5. (Color available online) (a) CIR at 2,485 m
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revealing two arrivals. The corresponding least—
square estimate of x, is calculated for source— range
estimation.
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