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Considerations on the low-altitude operations of the cruising-type AUV Gondou

for seafloor photographic surveys

Ryosuke NAGASAWA*, Kitoshi TANAKA*, and Ryoichi HORINOUCHI*

Abstract

The Japan Coast Guard AUV Gondou is a cruising-type autonomous underwater vehicle. The Gondou is

equipped with a downward-looking camera system that potentially unveils detailed seafloor feature from a

different perspective than acoustic observations. As the Gondou is designed to run at relatively high-speed

for wide-range seafloor mapping, the vehicle has limited maneuverability in horizontal and vertical

directions. These operational characteristics of the vehicle require careful considerations in the design of

mission planning and predetermination of contingency avoiding behaviors. This technical report notes our

operational efforts to conduct seafloor photographic surveys with the cruising-type AUV.
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Fig. 1. Schematic image of termination condition of the
AUV Gondou line-following behavior. The dotted
line indicates survey line. The grey hatched
area represents the zone in which the vehicle
completes its following of a planned survey line
(red-dotted).
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AUV Gondou-2 photo survey plan on 29 Oct. 2018
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Fig. 2. AUV survey plan superimposed on ship-based MBES bathymetry (upper) and backscatter intensity (lower).
The crosses indicate waypoints where the AUV is planned to make a specific maneuver. The solid lines are
survey lines. Each survey line is 300 m long and aligned in 3 m interval. Note that the N-S trending linear

strips with high backscatters are artifacts due to the strong reflection from the nadir and not the actual

seafloor characteristics.
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AUV Gondou-2 dive on 29 Oct. 2018 — INS track map
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Fig. 3. AUV paths of the photographic survey on 29 Oct. 2018. Note that the positions were estimated from INS/DVL

navigation. Obstacle avoidances due to the OAS detection occurred twice, both while traveling southwestward.
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AUV Gondou-2 dive on 29 Oct. 2018 — vehicle log data
DVL bottom lock
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Fig. 4. Time series plot of selected parameters from the vehicle log, showing from the start to the end of the dive.
The hatched sections indicate the time ranges when the AUV was following the survey lines.
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AUV Gondou-2 dive on 29 Oct. 2018 — vehicle log data (in photo surveying)
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Fig. 5. Time series plot of depth, altitude and offline distance, trimmed in time to highlight the vehicle’s behavior

cruising in low altitudes. The vehicle was following the survey lines in the hatched time ranges. Offline

distance represents the shortest horizontal distance between the vehicle and the survey line. The positive

distance means the line is on the port side of the vehicle. Points where the offline distance exceeds +/—1m

correspond to transits to the next lines.
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Fig. 6. Histogram of the obtained photographs showing the different range of the vehicle altitude at the time of

shooting and the distribution of the vehicle altitudes versus pitch and roll angles retrieved from Exif

information of the photographs.
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Fig. 7. Unprocessed seafloor photographs obtained by the AUV and time series plot of parameters retrieved from the
vehicle log around when the AUV's Fault “Low Altitude” was occurring; the recording times of photographs

correspond to ¢, ,, t; and £, shown in the plot. The vehicle’s direction of movement corresponds with the top-

side of images. Information on the images includes time of recording (UTC), pitch, roll, exposure time
(abbreviated as E.T.), depth, and altitude estimated from DVL data. The field of view of each image is

X 7.

approximately 90% of altitude in across-track direction and 50% of altitude in along-track direction.
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