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Acoustic transmission timing management required for seabed mapping

using cruising-type autonomous underwater vehicles
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Abstract

The cruising-type AUV is an autonomous underwater vehicle that has advantages in acoustic seafloor

mapping, i.e., the acquisition of seafloor topographic data and acoustic images. This report summarizes the

practical points to be considered in AUV operations from the operators’ point of view regarding the

transmission timing management of acoustic equipment. Along with the requirements for maneuvering

stability and quality control of observation data, the key points related to the corresponding oscillation

timing management are presented with an example implemented to the AUVs onboard the S/V Heiyo.
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Sercel MATS 3G (12 kHz) R2Sonic Sonic2022 (200-400 kHz)
/ iXBlue GAPS (20 kHz) / Teledyne RDI WHN300 (300 kHz)
/ EdgeTech DW424 (4-24 kHz) / EdgeTech 2205 HF (410 kHz)
/ EdgeTech 2205 LF (120 kHz) / Imagenex 852 (675 kHz)
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Fig. 1. Schematic of nominal frequency distribution for the acoustic instruments equipped to the AUVs onboard the

1.

MBES* P P P
$SS/SBP

MBES* P P P P P
$SS/SBP

MBES* P P P P P P P
$SS/SBP

DVL | P P | | P

FLS

S/V Heiyo.
WEAG [ RO AUV IR S NS BRSO SR DL L0 % 7R L 728X

] 00 00 00 400 500 600 700 00 0 000 1100 ms

Altitude 100 m

Altitude 50 m

Altitude 10 m

o 100 200 300 400 500 600 700 800 900 1000 1100 ms

*MBES frequency is set to 350 kHz for simultaneous transmission with 555 time

Fig. 2. Examples of ping scheduling used for the AUV Gondou 3 and Gondou 4 onboard the S/V Heiyo. The AUVs are

designed to allow the pulse transmission timing of each acoustic instrument to be specified in time frames of
50 millisecond intervals, and are set to ping at the time indicated by “P” in the figure, depending on the
altitude above the seafloor. The gray hatched time frame indicates the time when the next ping should not be
set because the instruments are waiting for their echo. The schedules of the MBES (multi-beam
echosounder) and SSS (side-scan sonar) transmissions are set to achieve the optimum observation density
according to the operational altitude of the AUVs. The DVL (doppler velocity log) alternates between
measuring vehicle speed to the ground and to the current, so that the ground speed measurements, which
have a significant impact on the AUVS’ navigation along the survey line, are taken at one-second intervals.
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Fig. 3. Examples of SSS recording data during acoustic interferences. The horizontal axis shows the range and pulse

round-trip time, the vertical axis shows the number of pings, and the color indicates the backscatter intensity.

If an acoustic device equipped on the AUV interferes during SSS recording, an anomaly record appears as a

line segment in the data. The interference sources assumed from the oscillation timing are indicated by

arrows.
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Side view
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Fig. 4. Examples of MBES data without interference (a) and with interference from AUV-equipped equipment (b).
The bottom detections are connected by line segments, with the port side record shown in pink and the
starboard side in green. Both (a) and (b) show the data of multiple pings acquired over a certain period, with
the side view shown at the top and the rear view shown at the bottom. The vertical axis indicates depth, but
the axis is stretched to emphasize the anomaly record. The area circled by the red dotted line is the recorded
seafloor surface. Strong acoustic interferences from the onboard equipment result in periodic arc-shaped
anomaly records and the seafloor is lost from the bathymetric detections.
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