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Figure 2. RESON 7125 MBES sub-aperture phase difference measurements for a full
ping a) unfiltered (left) and filtered (right). A single beam of measurements focused on
the zero-crossing is shown in b) with points extracted indicated by circles.

The phase difference data is next converted to receive angle relative to the sonar array
using Equation (1)...

s () (1)

where ! ! | is the measured phase difference, ! is the sonar’s operating frequency, ! 1is the
distance between the center of the sonar’s two sub-apertures from which the phase
difference measurement is made and ! is the bore-site beam angle relative to the sonar’s
receive array.
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The data is then split into port and starboard sides and receive angle measurements
occurring coincidently in time are averaged under the assumption that they are measuring
the same portion of seafloor. This gives a single receive angle measurement for each time
step per side, similar to PMBS sonars.

Results thus far are illustrated in Figure 3. where PMBS and MBES receive angle vs
range measurements are shown. It is worth noting, as an aside, that it is at this point that a
somewhat meaningful comparison of system performance can be made when data is
collected in similar environments by two systems. Unfortunately, most comparisons
between PMBS and MBES data compare raw measurements from the former and
amplitude or zero-crossing derived soundings from the latter. This comparison of
individual measurements to soundings composed of many individual measurements and
benefiting from substantial averaging, are rarely meaningful.

PMBS and MBES Receive Angle Measurements

Single Ping of Receive Angle Measurements vs. Slant Range MBES Receive Angle vs Slant Range.
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Figure 3. GeoAcoustics Geosawth PMBS (left) and RESON 7125 MBES (right)
receive angle vs slant range, both from individual, unsmoothed, phase difference
measurements.

It is at this point, namely receive angle vs. slant range curves, that the algorithm
continues identically for either system (port and starboard sides are processed
independently but identically). The first step is to obtain an estimate of the uncertainty in
the receive angle measurements. When uncertainty of each measurement is estimated by
system modeling and other parameters, this value is generally preferable. However when
no such value is available, the uncertainty can be estimated empirically. One method,
borrowed from those proposed for estimation of bathymetric Quality Factors [3], involves
segmenting the receive angle data into fixed width, non-overlapping bins, fitting a 2™
degree polynomial to the data and calculation of the RMS error about the curve to
estimate the receive angle uncertainty of the points contributing to the bin.

Soundings are then estimated by first establishing a maximum desired depth uncertainty
for the survey. Generally this is considered a user selectable value, chosen for the
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application at hand. For example, given an error budget designated by an IHO standard
or project deliverables one might estimate the maximum uncertainty available to the
sounder given nominal values for other depth uncertainty contributors.

Then, working from nadir, the receive angle corresponding to the first measurement and
its corresponding uncertainty are considered. The receive angle uncertainty is propagated
to depth through Equation 2

zj — |Ri005(9i)00,-| (2)

where R; is the range to the sample, 6;is the measured angle, o, is the receive angle
uncertainty and oy, is the desired depth uncertainty. This propagated uncertainty is then
compared to the established depth uncertainty limit. When the measurement’s uncertainty
is less than the limit, the measurement is retained as a single-point sounding estimate.
However, when the estimated depth uncertainty is greater than the desired limit, the
receive angle measurement is combined with the next adjacent receive angle
measurement in an uncertainty-weighted mean according to Equation (3).
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where 6, is the i" receive angle measurement, wj is its weight expressed as the inverse of
the receive angle variance and 8 is the new sounding estimate. The predicted receive
angle uncertainty of the new estimate is then calculated according to Equation 4 and this
uncertainty again propagated to depth (Equation (2)). If the predicted depth uncertainty
from the new weighted-mean receive angle is less than the desired depth uncertainty, this
estimate is retained as a sounding. Otherwise the process is repeated, assimilating
additional measurements until the desired depth uncertainty is reached and no more.
Ultimately, the number of points combined in the receive angle estimate is determined by
the number of points required to reduce the predicted depth uncertainty below the user
defined limit.

In this way, when signal to noise and other conditions allow for low-noise measurements
the system will report soundings at the maximum across-track resolution of the system as
dictated by its beam width, bandwidth and sampling rate. However when the uncertainty
in the individual measurements is too large, measurements are combined to reduce the
depth uncertainty. The toll of resolution reduction required to achieve the desired
uncertainty is paid automatically.

Results and Discussion
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A method has been proposed for the generation of statistically independent soundings for
bathymetric sonar systems. The method generates sounding estimates from combinations
of receive angle measurements such that no individual measurement contributes to more
than one sounding. In this way, statistical independence of the reported soundings is
maintained.

In addition, optimal resolution of soundings within a depth uncertainty constraint are
achieved by dynamically combining adjacent receive angle measurements to achieve the
constraint and no more. As the SNR, measurement geometry, or other factors increase
uncertainty in individual measurements, the process compensates automatically,
combining more measurements to achieve the desired uncertainty while decreasing the
resolution of the soundings across the swath. As knowledge of the seafloor decreases,
fewer soundings are reported providing guidance to operators where additional survey
effort is warranted.

The dynamic nature of the algorithm, prevents effectively throwing away excess SNR,
which can happen in MBES systems whose fixed zero-crossing detect algorithm
produces a single sounding regardless of the quality of the measurements. When the SNR
is high, a MBES may now produce independent soundings at the full capability of the
sonar, achieving a much higher across-track resolution of statistically independent
soundings than would otherwise be possible.

N.B. In some MBES systems, a “high density”” mode is proposed to users [4], based on a
splitting of the phase ramp into a number of segments (typically 3) of predetermined
length. For each segment the phase-ramp fitting leads to an averaged angle estimate and a
sounding value, hence providing more than one sounding per beam. The method
proposed here can be thought of as an adaptive processing of this phase-ramp splitting,
based on objective estimates of the bathymetry performance.



