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Abstract—This paper describes an effort to capture micro-
bathymetry data for the end purpose of 3D object reconstruc-
tion, using an AUV-borne multibeam echo sounder. Due to the
combination of relatively narrow across-track coverage and the
navigation error of the vehicle, there is little guarantee that a
single-pass scan will capture the target fully. A mission planning
approach will be presented, with the goal of balancing mission
duration and coverage. This method was demonstrated during a
sea campaign in 2016 where multiple views of targets laying on
the sea floor were acquired with the goal of developing a Target
Registration System.

I. INTRODUCTION

Underwater 3D reconstruction has been achieved by the
use of optical[1],[2], acoustic [3] or both sensors [4]. The
performance of the latter category is highly dependant on
environmental characteristics that vary considerably, such as
ambient light, light attenuation, and turbidity of the water.

Acoustic-based systems are more robust to these factors.
Sonar systems, such as Side-Scan Sonar (SSS), Synthetic
Aperture Sonar (SAS) and multibeam Sonars have been used
to measure the texture of the sea floor. 3D reconstruction
with imaging sonar systems can be achieved by using image
features, combined with trajectory and kinematic information
such as in [3], [5] and [6]. Sonar ranging systems are available
from simple single beam systems to highly evolved systems
with multiple beams (multibeam sonars) capable of simultane-
ously sampling hundreds of measurements from a section of
the sea floor [7]. Multibeam profiling sonars have drastically
reduced the time, hence cost, associated with bathymetric
surveys.

Several motivations exist for reconstructing representations
of underwater objects and structures. In environmental mon-
itoring and geological surveying, 3D reconstruction is a re-
search and monitoring tool. Although, in these settings, optical
systems can present an important benefit with respect to sonar
systems as color is often an attribute of significant interest [2].

Within the oil and gas industry and civil engineering fields,
3D reconstruction provides a tool for surveying, inspection and
monitoring [8]. The structures of interest in these cases include
infrastructure, such as bridges and dams, and the underwater
equipment associated with oil and gas production, respectively.

The search for, and identification and monitoring of, un-
derwater unexploded ordnance (UXO) [1] presents a long
lasting challenge as navies and civil institutions struggle to
find economical ways to appropriately mitigate risk to property

and life. In these settings high resolution systems are required
as the objects of interest are typically small, on the order of
1 meter.

Relatedly, mine countermeasure (MCM) activities are in-
creasingly moving towards the use of high resolution acoustic
sensors to classify mine-like objects (MLOs), particularly in
situations where optical systems perform poorly.

The purpose of this work is to address this last group
of applications, the identification of UXO or MLO, using a
sonar system capable of sampling the sea bottom with high
resolution. A multi-beam echosounder was mounted on an
Autonomous Underwater Vehicle (AUV), to collect micro-
bathymetry data, with a focusing on capturing multi-aspect
data over man-made targets.

This paper presents a synopsis of the sampling challenge
with potential mitigating solutions, as well as a preliminary
analysis of the micro-bathymetry data gathered in the afore-
mentioned experimental campaigns.

II. PLATFORM

This work focuses on a short-range narrow beam multi-
beam echo-sounder mounted on an AUV, with the eventual
goal of performing in situ reacquisition and identification.

A. AUV

The AUV-of-opportunity for this effort is the REMUS 100, a
common platform targeted largely at operational military users
[9], while also providing other features that make it a good
research platform. The basic vehicle model attempts to address
the difficulties of underwater navigation through the use of
a simple Long Baseline (LBL) transponder system [10] that
is designed to bound the drift in navigation estimation error.
This LBL system, as well as a Doppler Velocity Log (DVL),
a Global Positioning System (GPS) receiver, a compass and a
gyroscope, compose the total navigation suite.

The AUV also has a Conductivity Temperature and Depth
(CTD) sensor, an Acoustic Doppler Current Profiler sensor
(ADCP) as part of the DVL package, a dual frequency side-
scan sonar (900/1800 kHz Marine Sonics Technology model
SSPC) and an acoustic modem.

The adopted system architecture follows the backseat-
frontseat philosophy that is commonly found on autonomous
research platforms, as described in [11].
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The AUV frontseat is in charge of all low level vehicle
guidance, navigation, control and safety features, as well as
some basic sensor management. The navigation information
and vehicle status are both logged locally and made avail-
able in real-time via the REMUS REmote CONtrol protocol
(RECON, [12]). The frontseat is a manufacturer provided-
and-maintained unit that is closed to direct modification, but
instead provides a command interface over which to send cues
regarding vehicle navigation (i.e. driving), sensor configura-
tion, or mission execution. The frontseat navigation estimate,
as reported in the RECON protocol, suffers from quantization
noise in both the position and time axes (Figure 9), with
resolutions that are relatively coarse (state updates at 9 Hz,
with 0.1s of precision in timestamping and 0.0001 minutes of
precision in latitude/longitude).

Additional error may also be introduced by the operational
limitations of the LBL transponder system. This is largely
dictated by the relative movements of the LBL transponders
in the water column due to wind, waves and current, and to
deployment position accuracy.

B. MBES

The multi-beam echo sounder used in this work is the
BlueView MB2250-N. The MBES has 256 beams, each 1
degree wide and separated by 0.18 degrees, filling a sector of
42◦. The operational range is between 1 and 10 meters, and the
acquisition rate, depending on the actual altitude, falls between
40-60 Hz. In practice, this creates a very narrow swath width
at the operational altitude, requiring relatively direct fly-over
to capture targets in view.

C. Backseat

The backseat controller and data recorder are composed by
an industrial grade embedded computer, running Ubuntu 16.04
with the Robot Operating System (ROS) middleware. The
computer is a SECO pITX-GX with a AMD GX-210GA, Dual
Core @1.65GHz, 8GB RAM, 2 Gigabit Ethernet ports and
a RadeonHD (GX-420CA) Graphics Processing Unit (GPU).
The backseat logs sensor data and frontseat state information
and also manages the configuration of the MBES sonar. The
basic architecture is depicted in Figure 1.

The MBES interface driver relies on the manufacturers
provided software development kit, which manages the Eth-
ernet connection to the sonar hardware. The driver feeds the
ROS environment with live sonar data and also saves it in a
manufacturer-native format. The driver is multi-threaded, with
individual threads responsible for:

1) Acquiring pings from the sonar and putting them into a
thread safe queue;

2) Moving pings from the queue and saving them into the
manufacturer-specific data file ;

3) Application management and synthesis of sonar data
into ROS messages, including image and laser-scan-like
(range and intensity vs. direction) messages.

A vehicle interface driver parses RECON data (received as
UDP datagrams) and translates this to the ROS environment.

BVTSDKMB2250
TCP/IP

UDP RECON ParserFront Seat PC

Back Seat PC

ROS

Fig. 1. MBES acquisition system.

These data also include the state estimate from the frontseat,
which is used to transform the ping data from the sensor frame
into the local reference frame.

III. DATA ACQUISITION

The experiments described in this work were conducted by
the NATO STO Centre for Maritime Research and Experimen-
tation during the ONMEX’16 and MANEX’16 sea trials that
occurred off the coasts of Toulon, France in September 2016
and Framura, Italy in October 2016 respectively.

A. Logistical Approach

During the at-sea experiments, target where deployed from
the NRV Alliance research vessel with approximate locations
known a priori. These target locations themselves have some
error with respect to the absolute global frame. Additionally,
because of the operational paradigm of LBL positioning
systems, there can be inconsistencies between the true global
reference frame and the frame that is measured underwater by
the LBL system. For example, if there is some translational
difference in the true versus planned transponder locations, this
manifests as an inconsistency between the global and ‘LBL
frame’.

For this reason, we first relocalise targets in the local LBL
frame by performing large, broad survey patterns, collecting
side-scan sonar data. The side-scan contacts are then used
as updated position estimates in the local frame. Currently
this processing happens offline after the vehicle is recovered.
The new contact positions are then used to program reacqui-
sition missions that include multiple passes at multiple view
directions, with approach geometries that specifically favor the
MBES swath.

B. MBES Reacquisition Pattern

The specific trajectory shape (pattern) used during MBES
reacquisition has been designed to mitigate the platform
transience and increase the chance of a target view, while
decreasing the survey time and area footprint. In particular,
the REMUS100 equipped with the MBES has a significant
transient in the yaw direction, which is exacerbated by very
tight turns (e.g. 180 degrees), seen at point C of Figure 2.
This could be accomodated by very long lead-in segments
to guarantee that the vehicle reaches steady-state over the
target area (point T in Figure 2). We have instead attempted
to remove or at least minimize the number of overly acute
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