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efficiently describe the data processing status, and to facili-
tate comparisons of final products from various origins.
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Introduction

Exploration of the ocean floor relies widely on the use of 
underwater acoustics for seafloor mapping (Bourillet et al. 
1996; Brown et al. 2012; Pratson and Edwards 1996). The 
present day capabilities of seafloor-mapping sonars reflects 
several decades of innovative design and development of 
acoustic technology adapted for mapping across the vast 
range of ocean depths. These sonars rely on the transmis-
sion of a sound pulse and its backscattering by the seafloor 
(Lurton 2010). They have been used for almost a century 
for bathymetric and hydrographic purposes, using the time 
delay and angle direction of the seafloor echoes. A more 
recent development which arose from the use of seafloor-
mapping sonars is the use of the backscatter strength (BS) 
as an observable quantity, which can provide information 
pertinent to the nature and the structure of the target sea-
floor (Brown and Blondel 2009; de Moustier 1986).

Up until recently, however, seafloor backscatter appli-
cations were considered rather exploratory techniques and 
mainly remained within the domain of the scientific com-
munity (e.g. Augustin et  al. 1996; Brown et  al. 2011a; 
Dartnell and Gardner 2004; Clarke et  al. 1997; Jackson 
et al. 1986; Lamarche et al. 2011). Seafloor backscatter data 
have long been considered as a by-product of multibeam 
bathymetry and, at best, as a qualitative first-order indica-
tor of the seafloor sediment type. The backscatter inten-
sity relates to volume heterogeneity (sediment grain-size, 
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bioturbation, geological layering) and interface roughness 
(seabed substrate, micro-topography, landforms, etc.). The 
backscatter signal therefore provides qualitative and quan-
titative information on the composition of the substrate or 
the seafloor conditions (e.g. Clarke et  al. 1996; Jackson 
and Briggs 1992). Furthermore, because the seafloor is the 
physical support of the benthic habitat, backscatter data has 
the potential to provide information related to fauna, flora 
and biodiversity (e.g. Anderson et  al. 2008; Brown and 
Blondel 2009; Brown et al. 2011b; Cochrane and Lafferty 
2002; Lamarche et  al. 2016). Regional-scale quantitative 
applications of backscatter data for habitat mapping are 
technically challenging (Brown and Blondel 2009; Dart-
nell and Gardner 2004; Lamarche et al. 2011; Lucieer and 
Lamarche 2011). However, a key potential for backscatter 
data lay in its ability to provide a proxy for substrates and 
benthic habitat.

The marine industry has recently acknowledged the 
potential associated with backscatter data, as practical 
benefits arise for operations related to offshore engineer-
ing and mineral resource exploration and exploitation (e.g. 
Gutierrez et al. 2015; Lucieer et al. 2015; Medialdea et al. 
2008). This potential, in parallel with the need for objec-
tive and quantitative information on the seafloor from 
remotely-sensed data has resulted in a line of research and 
development that has developed acquisition, processing and 
interpretation of the backscatter signal as quantitative tools 
for geological and environmental purposes (Lurton and 
Lamarche 2015).

Nevertheless, there is today a lack of commonly accepted 
acquisition procedures and processing methodologies of 
backscatter data recorded with multibeam echosounders 
(MBES) for seafloor surveys (Lurton and Lamarche 2015). 
Similarly, there are also gaps in the documentation and lit-
erature pertinent to backscatter interpretation, at-sea survey 
operations, and dedicated data processing.

Worldwide the seafloor has been mapped using a vari-
ety of systems and platforms (surface vessels and under-
water vehicles) and operators have applied a range of 
operational procedures and principles. Likewise, data pro-
cessing is undertaken using a variety of software, whether 
commercially available or freeware (Le Gonidec et  al. 
2003; Schimel et  al. 2015). Hence, a lack of consistency 
in the backscatter data has been identified between data-
sets recorded by systems built by different manufactur-
ers, as well as for successive generations of sonars from 
the same manufacturer. Furthermore, inconsistencies have 
been observed for the performance continuity of the same 
system over its life cycle, and in results from various soft-
ware suites applying the same processing operations on 
the same data. Although empirically acknowledged, these 
problems have never been thoroughly addressed, whether 
by scientists or manufacturers; they are increasing because 

of the rapidly evolving technology and are an impediment 
to the progress of backscatter good use and proper inter-
pretation. Hence, in order to mitigate the possible discrep-
ancies between data obtained by different sonar systems or 
processing software, a more stringent consensual definition 
of procedures for instrument calibration is required, as well 
as standardization applicable to first-level operations of 
backscatter data processing (Brown et al. 2015; Rice et al. 
2015).

In response to these issues, the GeoHab community—
which includes some of the most active users of backscat-
ter data across science, industry and government agencies 
in the field of marine habitat mapping—launched in 2013 
the Backscatter Working Group (BSWG; see http://geo-
hab.org/BSWG/) with the vision that “Backscatter data 
acquired from differing sonar systems, or processed using 
differing software, generate consistent values over the same 
area under the same conditions, are scientifically meaning-
ful and usable by end-users from all application domains”. 
These domains include (but are not limited to) geoscience, 
environment, hydrography, industry, fisheries, monitoring, 
and cultural assessment. One major task of the BSWG was 
therefore to provide best practice guidelines for the acquisi-
tion and processing of backscatter data from seafloor-map-
ping sonars, and recommendations for the improvement 
and further development of such acquisition systems and 
processing tools.

This paper is an introduction to the present special 
issue on Seafloor Backscatter Data From Swath-Mapping 
Echosounders: From Technological Development to Novel 
Applications. The purposes are to (1) present an overview 
of the context of seafloor backscatter related research to 
date; (2) discuss the rationale and feasibility of the main 
recommendations from the BSWG; and (3) provide an 
insight into the future of marine acoustic backscatter-
related science. We discuss four overarching recommenda-
tions that emerged through the discussions of the BSWG: 
(1) sonar calibration, which although not novel per se, cov-
ers issues from procedures to be implemented at manufac-
turing time to those required in a more systematic manner 
prior to any survey; (2) data acquisition issues and proto-
cols, including the need to deal with multiple configura-
tions and strategies depending on the survey purpose, and 
the development of best practice specifically for acquisition 
of backscatter data jointly with the more traditional bathy-
metric operations; (3) methods and tools for backscatter 
data processing, for which a need for some homogeniza-
tion has been identified, at least for the fundamental opera-
tions; and (4) system design and configuration, including 
the implementation of backscatter-dedicated functionalities 
in existing sonars and possibly the development of future 
specialized systems. Finally, we propose for the first time 
a nomenclature of backscatter processing levels, which 

http://geohab.org/BSWG/
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affords a means to accurately and efficiently describe the 
status of the processed data, thus facilitating comparison of 
final products regardless of their origins.

Context of seafloor backscatter research

Seafloor backscatter measured by sonar

Active sonars are built on common working principles: 
transmission of a short signal, and reception, detection and 
measurement of its returned echo from a target whether it 
be the seafloor, fish schools, submarines, wrecks, gas bub-
bles or seaweeds. All seafloor-mapping sonars rely on the 
backscatter of a controlled sound wave by the seafloor 
interface (Fig. 1); the received echo being used for seafloor 
detection, bathymetric measurement, imaging and charac-
terization (Lurton 2010).

The signal at the sonar’s receiving array provides two 
fundamental features: the echo time delay and the echo 
intensity. The former is equivalent to the range between 
the sonar and the target; associated to angle information, 
it is mainly used to provide measurements of the water 
depth, detect military targets or localize fish schools. This 
was the primary purpose of sonars when they appeared 
over a century ago (see review in Mayer 2006). Bathym-
etry measurements from sonar are straightforward, at 

least in principle, as they use geometrical analysis of the 
recorded echo delays and arrival angles.

On the other hand, using the echo intensity to obtain 
objective information on the nature of the seafloor relates 
to much more complex physical processes. While the 
intensity of the backscatter signal is relative to the tar-
get characteristics and acquisition geometry, the detailed 
phenomena depend on a combination of acoustic and 
geophysical processes, accounting for both transmitting 
and receiving/processing characteristics of the sonar and 
the various physical phenomena (transmission, refrac-
tion, absorption, scattering) happening both in the water 
and at the seabed (Jackson and Richardson 2007).

The first generation of MBES dedicated to seafloor-
mapping came into use in the late 1970s (Renard and 
Allenou 1979). These pioneer systems made little or no 
explicit use of the echo intensity, as their main objec-
tive was accurate bathymetry measurements, and their 
technical characteristics did not make it easy to observe 
reflectivity variations (Lurton 2010). In parallel, side-
scan sonars (formerly issued in the 1960s) were able to 
produce seafloor images of high quality, in which the 
high-resolution geometrical imaging of the scenes was 
embellished by echo intensity modulations, giving a sup-
plementary tool for interpretation, such as in roughly dis-
tinguishing sediments of different types (e.g., Belderson 

Fig. 1   Fundamental principle 
of backscatter measurement and 
interpretation. A swath pattern 
(a) of incidence waves (yellow 
c, e) generates reflection (dark 
blue e), scattered (light blue 
e), backscattered (red c–f) and 
transmitted (green e) waves. 
The intensity of the backscat-
tered echo is dependent on the 
incidence angle on the seafloor 
(b). Soft or flat seafloor (c) 
generates much different angu-
lar dependence (d) than rough 
interface (e, f)
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et  al. 1972; Blondel and Murton 2000; Laughton 1981; 
McRea et al. 1999; Pratson and Edwards 1996).

The potential of the echo intensity of MBES was rec-
ognized sometime after the occurrence of the first bathy-
metric surveys (de Moustier 1986). Significant progress 
was achieved with the arrival of digital processing, and 
the design of seafloor-mapping sonars with hardware of 
increasing quality (Bourillet et  al. 1996; Calder 2003; 
De Moustier and Matsumoto 1993; Fonseca and Cal-
der 2006; Foote et al. 1987; Le Gonidec et al. 2003). A 
breakthrough occurred in the early 1990s, when Simrad 
(Today: Kongsberg Maritime) issued multibeam echo-
sounders with a dedicated “sonar image” acquisition 
capability (Simrad 1992), designed to complement the 
bathymetry measurement (Fig.  2) by providing reflec-
tivity mosaics co-located with the classical bathymetric 
maps. This functionality was continuously improved in 
successive systems from Kongsberg and other manufac-
turers. Today, it is hard to imagine MBES data without 
a reflectivity component. The pictorial quality of MBES 
images has tremendously improved in resolution, stabil-
ity and dynamics, and now compare very well with side-
scan sonar images and satellite-borne scatterometer data 
(Elachi 1988). Likewise, in optimal conditions, the best 
data are able to provide objective measurements of the 
absolute reflective power of underwater targets, hence 
opening new ways to the interpretation of seafloor scenes 
(Kloser et al. 2010; McGonigle and Collier 2014).

Backscatter data processing

In order to access the backscatter information inherent to 
the seafloor, the raw echo features unrelated to the target 
need to be corrected in the recorded signal. Two types of 
compensations need to be applied to the signal so that (1) 
the characteristics of the sonar sensor per se (transmis-
sion level, reception sensitivity, beam aperture and signal 
duration) do not affect the estimation of the target’s back-
scatter strength (Urick 1983), although these contribute to 
the received echo intensity; and (2) the propagation losses 
must be corrected according to local environmental condi-
tions and acquisition geometry. Subsequently, the corrected 
echo intensity can be considered as representing the sea-
floor effect alone, and translated into the target backscatter 
strength (i.e. its inherent capability for sending back acous-
tic energy to the sonar). This “reflectivity” characteristic 
relates to the mechanical characteristics of the target mate-
rial and its geometrical shape and size, but also on the sig-
nal frequency and the incidence angle.

The angular dependence is a fundamental characteris-
tic of the backscatter response (Le Chenadec et al. 2007; 
Clarke et al. 1997), which imply specific operations in the 
data processing (Augustin and Lurton 2005; de Moustier 
1986; Hellequin et al. 2003; Parnum and; Gravilov 2011; 
Schimel et  al. 2015) and complexity in their interpreta-
tion (Hasan et al. 2012; Dugelay et al. 1996; Fonseca and 
Mayer 2007; Huang et  al. 2013; Lamarche et  al. 2011; 
Rzhanov et  al. 2012). A rough and hard seafloor inter-
face, usually from coarse material or rocks results in iso-
tropic scattering of the sound waves so that the average 

Fig. 2   One of the first back-
scatter mosaic acquired during 
the 1993 GeodyNZ survey (Col-
lot et al. 1996) generated from 
Simrad (now Kongsberg) EM12 
multibeam echosounder
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echo level depends little on incidence angle. The echo 
intensity recorded over the full swath width is then sta-
ble whatever the angle (Fig.  1). Conversely, a soft and 
flat fluid-like sediment seafloor generates a mirror-like 
response, for which the largest part of the intensity is 
reflected at normal incidence with very little scatter at 
oblique angles; the sonar image then shows a strong max-
imum in its center (at nadir), and a fast intensity decrease 
on the sides. Clearly, there is a continuum between these 
two extreme cases. Practically, the problem is compli-
cated by the presence of scatterers either lying on the 
seabed, or buried in the sediments. In soft sediments, 
structural layering and buried heterogeneities (e.g., min-
eral, biological, or gaseous) contribute significantly to 
the overall backscatter at intermediate angles (Guillon 
and Lurton 2001; Jackson and Briggs 1992; Jackson and 
Richardson 2007; Novarini and Caruthers 1998) and may 
dominate in the resulting response. Since these cannot 
be observed separately from the seabed roughness effect, 
they are effectively integrated inside an equivalent global 
“interface backscatter”.

Intensity modulations in seafloor images caused by this 
backscatter dependence with angle over the swath width 
require specific compensations to make the graphical dis-
play easily interpretable (Augustin and Lurton 2005; Helle-
quin et al. 2003; Lurton et al. 1997; Parnum and; Gravilov 
2011; Schimel et  al. 2015). Dedicated processing opera-
tions are hence devoted to flattening the angular response 
so that a geologically-homogeneous flat seafloor appears at 
a constant reflectivity level on the processed image, what-
ever its original angle dependence (Augustin and Lamarche 
2015; Dugelay et al. 1996). This implies that (1) the angu-
lar modulation caused by the sensor has been identified and 
compensated for, and (2) a hypothesis of seafloor facies 
homogeneity is acceptable.

Backscatter angular dependence, if correctly meas-
ured and preserved, is a powerful tool for a classification 
operation. The two contradictory objectives of flattening 
the angular response for image readability, while preserv-
ing its full angular dependence for seafloor-type interpreta-
tion, imply to accurately depict the angle characteristics of 
the observed scenes, which essentially depends on a cor-
rect estimation of the local bathymetry. This justifies using 
MBES for backscatter measurement as the sensors are able 
to provide simultaneously angular reflectivity and bathym-
etry at a comparable resolution, and inside an accurate geo-
referenced grid.

Spatial resolution (i.e. the signal footprint extent) of 
a swath seafloor-mapping sonar is a key feature in back-
scatter data processing and interpretation. It is given by 
the extent of the beam section intersecting the seafloor 
interface and active at one given instant; hence it is a 
function of both the range to the seafloor (increasing at 

oblique angles for a given water depth), the beam aper-
ture (typically 1° i.e. ~2% of the sonar-target range) and 
the signal duration.

Backscatter interpretation

Interpretation of backscatter data in terms of “seafloor 
type” has not been addressed in detail by the BSWG, 
although a number of fundamental and practically use-
ful elements are given in the Guidelines and Recom-
mendations document published by the group (Lurton 
and Lamarche 2015). Perhaps the prime information 
derived from backscatter data is the acoustic facies, i.e. 
“the characteristics and spatial organization of seafloor 
patches with common acoustic responses and the meas-
urable characteristics of this response”. Maps of acoustic 
facies—most often simply represented by the post-pro-
cessed backscatter data—are the initial material available 
to scientists to interpret sediment grain size or habitat 
(Figs. 2, 3). Substantial efforts have been made in trying 
to obtain seafloor type or physical characteristics from 
the measurement of the backscatter level (e.g., Brown 
and Blondel 2009; De Moustier and Matsumoto 1993; 
Kloser et al. 2010; Lamarche et al. 2011; McGonigle and 
Collier 2014; Preston et al. 2001), in many cases accord-
ing to its angle dependence (Haniotis et al. 2015). Some 
original applications include recognition and mapping 
algae (McGonigle et al. 2011), oil spills (Medialdea et al. 
2008), or hydrothermal vents and seeps (Durand et  al. 
2006; Klaucke et al. 2008).

Although ultimately the classification of the acoustic 
facies as sediment classes is arguably the best practical 
approach today to efficiently derive substrate and habitat 
maps over wide areas, it is important to remember that 
acoustic-based systems do not provide a direct measure-
ment of the seafloor geological or biological characteris-
tics. Hence, the backscatter data per se does not provide 
unequivocal information about the substrate or habitat, 
where the term “habitat” captures the combination of 
environmental and biological conditions that promote 
occupancy by a given group of seabed species (Lamarche 
et al. 2016). Interesting experiments have been conducted 
to analyze the quality of habitat classification obtained 
from the various descriptors derived from MBES data 
that mix bathymetry and reflectivity measurements, 
showing the importance of using the angular depend-
ence of backscatter (Hasan et al. 2014). Finally it should 
be emphasized that acoustic facies correspond to habitat 
typology only on a relative scale, and some ambiguities 
remain as acoustic reflectivity may not be a fine enough 
indicator of habitat subtleties.
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Towards standardization of acquisition and processing 
practices

The various communities interested in using MBES 
data for seafloor mapping are today largely left to them-
selves regarding the acquisition, processing and inter-
pretation of backscatter (Lucieer et al. 2015, 2017) with 
no overarching standards or best practice protocols yet 
established. Understanding and modeling of the back-
scatter phenomena still remain a specialist’s domain, as 
does the knowledge and understanding of the dedicated 
sonar functionalities. The MBES manufacturers’ instruc-
tions regarding backscatter acquisition and processing are 
most often succinct and usually insufficient to be directly 
usable for objective and quantitative interpretation. The 
BSWG recognized that it was timely to develop a col-
lective synthesis in order to define needs, expectations, 
methods and practical procedures.

Several examples, taken from related scientific or tech-
nological disciplines suggest that such a collaborative 
approach could be beneficial for advancing standards and 
best practices, including:

•	 The bathymetry/hydrography community undertook a 
similar initiative for sonar bathymetry applied to sea-
floor charting. This led the International Hydrographic 
Office (IHO) to define standardizations (IHO 2008) that 
are today agreed, regularly updated and applied world-
wide. Since the same sonar technologies, especially 
MBES, are used for both bathymetry and backscatter 
measurements, some standardization should be facili-

tated for reflectivity-related issues, although it may not 
necessarily be the responsibility of the IHO.

•	 The fisheries acoustics community is confronted with 
the issue of accurate objective estimation of biomass 
quantities (a mandatory requirement for defining quo-
tas in national fishery policies), implying the definition 
of procedures for quantified measurements of the ech-
oes from the water column. Fisheries acousticians have 
defined their own corpus of recommendations, pro-
cedures and standards (Demer et  al. 2015; Foote et  al. 
1987), encompassing both the sonar calibration meth-
ods and the at-sea acquisition and processing of back-
scatter data.

•	 The remote-sensing community, although focusing on 
different issues that those pertinent to marine sonars, 
has taken very seriously the issue of quantitative reflec-
tivity measurement from space-borne radars (Chen 
1984; Elachi 1988; ASAR 1998). Objective technologi-
cal requirements were defined following a user needs 
survey (Brown et  al. 1993), including calibration pro-
cedures (Freeman 1992; Luscombe and Thompson 
2011) and standardization of post-acquisition process-
ing sequence. Satellite-borne radars (Synthetic Aperture 
Radars and Scatterometers) are very similar structurally 
and functionally to MBES, although affected by much 
less severe constraints, in particular regarding the prop-
agation medium effect and the acquisition geometrical 
configuration. The radar backscatter measurement is 
commonly applied to various purposes such as the mon-
itoring of the sea-state or sea-ice, forest and agriculture 
mapping and control, etc. The success of these tech-

Fig. 3   Example of multiple 
Multibeam EchoSounder 
(MBES) data collected in a 
same region with either poor 
or no calibration of backscatter 
data resulting in a non-com-
parable product. All data were 
collected using three systems 
EM12 (1) (from Collot et al. 
1996); EM300 (2) and EM302 
(all other surveys). High back-
scatter values in white
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niques and applications bodes well for similar results 
with seafloor-mapping sonars—keeping in mind the 
specific difficulties and intrinsic limitations of the latter.

The Backscatter Working Group

In response to the issues and expectations listed above, the 
GeoHab community decided to form the Backscatter Work-
ing Group (BSWG), during its 2013 annual meeting. This 
group is a fully collaborative initiative. Its mandate was to 
produce a comprehensive report to define needs, methods 
and practical procedures related to seafloor backscatter data 
acquisition and processing. The aim of the BSWG report 
(Lurton and Lamarche 2015) was twofold: (1) to provide 
guidelines and best practice approaches for the acquisition 
and processing of backscatter data from seafloor-mapping 
sonars, and (2) to gather and make available to stakehold-
ers, manufacturers and end-users, a corpus of recommenda-
tions for the improvement and further development of sea-
floor-mapping sonar systems, improvement of backscatter 
data acquisition procedures, and related processing tools.

Three primary themes emerged through the work of the 
BSWG:

1.	 Sonar hardware manufacturing issues, including inter-
actions between users and manufacturers, sonar config-
uration and related instrument uncertainty levels, and 
best practice for sonar configuration focusing on back-
scatter;

2.	 Data acquisition issues and protocols, including best 
configuration, survey purpose and strategy, as well as 
best practice for backscatter acquisition operations;

3.	 Data processing approaches, ensuring consistency of 
results from the wide variety of existing systems and 
many application purposes.

More specifically, the group addressed the following 
points and issues:

•	 Propose common terminology and definitions applica-
ble to the physical phenomena, the processing opera-
tions, and the data at the various stages from acquisition 
to interpretation;

•	 Summarize the fundamental notions of physical phe-
nomena and sonar engineering at an affordable user 
level;

•	 Review the needs expressed by users and their associ-
ated technical requirements regarding both the sonar 
systems and the processing software suites;

•	 Provide a series of recommendations to sonar manu-
facturers and software developers for future develop-

ment as well as to users and operators for best acquisi-
tion procedure and post-processing approaches;

To date, more than 300 users and stakeholders with 
various backgrounds and expertise have registered and 
expressed an interest in the BSWG (bswg@geohab.org), 
including:

•	 Marine scientists with interests ranging from envi-
ronmental sciences and oceanography to underwater 
acoustics;

•	 Software developers specialized in processing of sea-
floor-mapping sonar data;

•	 Surveyors, equipment operators, and marine operation 
managers;

•	 Hardware engineers involved in the manufacturing of 
seafloor-mapping sonars.

The BSWG remains open to all people with direct or 
indirect interest in seafloor backscatter applications. Reg-
istered members of the group are either actively partici-
pating in the discussion and writing of the document, or 
following and benefiting from its progress. However the 
core group of authors remained stable from late 2013 
and during the writing of the document (Lurton and 
Lamarche 2015). A first version of the complete report 
was edited and presented at the 2015 GeoHab conference.

The BSWG elected to limit its activity to seafloor 
backscatter, leaving aside other applications such as water 
column investigation. This decision was justified mainly 
by (1) the recent and rapid evolution of hardware, soft-
ware and methodologies pertinent to water column from 
MBES, which was likely to result in obsolete information 
by the time the report would be published; (2) the exist-
ence of a similar project recently conducted by the Inter-
national Council for the Exploration of the Sea (ICES) in 
the field of fisheries sonar (Demer et  al. 2015); and (3) 
the desire to restrict the BSWG’s tasks to be manageable.

Recommendations for an improved use of seafloor 
backscatter

Our recommendations for an optimized use of backscatter 
data are developed in four sections: (1) system and data 
calibration, (2) acquisition procedures, (3) data process-
ing and interpretation, and (4) system design and docu-
mentation (Table 1). These follow closely the recommen-
dations of the BSWG.
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System and data calibration

The reliability and consistency of seafloor backscatter 
data requires some sort of calibration of the sonar sensor 
(Brown et al. 2015; Foote et al. 2005; Gueriot et al. 2000; 
Heaton 2014; Rice et al. 2015). This is essential for com-
paring data issued from various systems, or for processing 
data from one system acquired over several years (Fig. 3) 
and for direct interpretation of the recorded backscatter lev-
els. There are two types of backscatter data calibrations:

•	 Absolute calibration, enabling the sonar to measure true 
referenced physical values of backscatter, and

•	 relative calibration, ensuring self-consistency of the 
measurements by one system, without an absolute refer-
ence of the backscatter level.

The initial calibration of a sonar system should 
undoubtedly be a standard procedure undertaken at man-
ufacturing time and therefore lies primarily under the 
manufacturer’s responsibility. Such a procedure includes 
multiple steps during manufacturing, and clearly not all 
manufacturers today provide enough details about their 
implementation and effects. Transducers and electronic 
modules should be measured in factory, as individual 
elements, in frequency response, angular directivity, 
level linearity, etc. for both transmission and reception. 
The overall response of the instrument should also be 
checked under factory conditions when practically fea-
sible (e.g. very-high frequency systems in test tanks, on 
reference targets). Finally an overall calibration should 

be conducted once the sonar system has been installed on 
its carrier vehicle, as part of a sea-acceptance test (SAT) 
operation involving the customer’s technical team and 
operators.

Subsequent to the commissioning of a sonar, simpli-
fied calibration operations should be regularly conducted 
during the lifecycle of the system, and in particular prior 
to surveys specifically devoted to backscatter data acquisi-
tion, or where backscatter data are particularly important 
to overall survey objectives, akin to the current and well-
accepted practice of bathymetric calibration of multibeam 
echosounders for hydrographic surveys (e.g. NOAA 2014). 
We recommend that field operators be trained for this spe-
cific purpose. Automatized and built-in test (BIST) func-
tionalities greatly support the routine detection of unwanted 
changes in the system and facilitate such operations and 
therefore should be extended to include backscatter meas-
urements. Importantly, regular and consistent overall cali-
brations should be conducted over reference seafloor areas, 
as well as cross-calibration with calibrated sonars for 
benchmarking.

We believe that the optimal practical solution for both 
initial and follow-up calibrations is through the use of a 
reference areas preliminary characterized using a cali-
brated sonar sensor. Ideally, these areas should be flat, 
smooth and geologically and acoustically homogeneous. 
They should be pre-surveyed in detail using a single beam 
echosounder calibrated within fisheries standards (Gueriot 
et  al. 2000; Rice et  al. 2015; Ladroit et  al. 2017; Lurton 
et al. 2017). They should be ground-truthed and regularly 
monitored to check for stability. All the calibration results 

Table 1   Summary of the main recommendations to operators, users and constructors

Recommendations Operators Data users Constructors

Specific training on backscatter theory and data acquisition ✓ ✓ ✓
Factory calibration of MBES ✓
On commissioning calibration ✓ ✓
Built-in test regular checking ✓ ✓
Field calibration over test area—including ground truthing ✓ ✓
Keep acquisition configuration stable ✓
Keep simple system configuration ✓ ✓
Prioritize survey design for BS acquisition ✓ ✓
Acquire good concomitant bathymetry ✓ ✓
Use available software suites ✓ ✓
Develop a data library of BS ✓
Develop modeling ✓
Keep limitations and uncertainties in mind ✓ ✓ ✓
Design and implement dedicated backscatter calibration and measurement tools ✓
Reduce the hardware-driven uncertainties in backscatter measurements ✓
Develop user’s manuals aimed at backscatter acquisition and processing ✓
Provide detailed nominal and individual system characteristics ✓
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and modifications applied to the sonar should be accurately 
reported and recorded for future use and reference.

Acquisition procedures

Even though backscatter and bathymetry data are acquired 
using the same set of MBES arrays and electronics, the 
processing steps are distinct from each other. Unfortu-
nately, optimal backscatter data acquisition requires spe-
cific settings that may differ from those required for opti-
mal bathymetry data acquisition. Such settings include 
tools, pre-settings, and automated modes provided by 
manufacturers. Satisfactory acquisition of backscatter data 
implies that the correct settings for the signal amplitude 
dynamics are optimized to avoid both low signal-to-noise 
ratio and signal distortion and clipping due to saturation. 
This optimization is not systematically available in today’s 
systems. More generally, our recommendations are two-
fold: constancy of acquisition settings and specific design 
of backscatter-dedicated surveys.

Constancy of acquisition settings

Acquisition settings should be kept as stable as possible, 
rather than using the varying, automated modes incorpo-
rated in many MBES today. Indeed most systems allow the 
operator to impose a single mode, optimized to the domi-
nant conditions on a given survey, in order to minimize 
changes in source level, pulse duration, receiver gains, and 
directivity patterns that may critically affect the backscat-
ter measurement. For the same reasons, the simplest sys-
tem configuration should be chosen whenever possible (e.g. 
single transmitting (Tx) sector, continuous waves (CW) 
signals rather than frequency modulation (FM), etc.). How-
ever, such settings may not be optimal for simultaneous 
bathymetric data acquisition, and some compromise driven 
by the survey goals and priorities may be required.

Specific survey design

Dedicated backscatter data acquisition also implies specific 
survey design. Of particular importance is the system cali-
bration, and hence the allocation of ship time devoted to it. 
While the swath coverage strategy is similar to a topogra-
phy survey, i.e. drawing a network of parallel tracks with 
a few cross-lines, one main difference lies in the amount 
of coverage overlap controlled by the line spacing (Fig. 4). 
The backscatter data quality being lower at both ends of 
the swath and in its central part (due to specular echoes), 
line spacing must be setup to favour the intermediate angu-
lar range. A locally homogeneous quality of backscatter 
data can be obtained only if the specular sector is replaced 
by oblique insonification from overlapping swaths. Ide-
ally, coverage should be limited to insonification angles 
between about 20° and 60° (Fonseca and Mayer 2007; 
Lamarche et  al. 2011), hence substantially decreasing the 
survey efficiency with regards to bathymetry data (ranging 
from 0° to 75°). Some coverage redundancy provides the 
added advantage of insonifying each point on the seafloor 
from several incidence angles, which has strong potential in 
term of utilising this property of the backscatter signal for 
substrate characterisation (Augustin and Lamarche 2015; 
Lamarche and Augustin in prep).

In the case of repeated surveys over the same area, 
acquisition conditions should be as similar as possible (e.g., 
heading directions, survey line patterns, and sonar set-
tings), in order to minimize the artificial variations of the 
sensor between the successive surveys. Attention should 
be given to understanding and controlling the impact of the 
signal absorption in the water column upon the echo inten-
sity measurements. The weather conditions must be moni-
tored carefully, since their impact on the backscatter data 
usually becomes significant before noticeably impacting 
the bathymetry data quality. All these constraints, specific 
to backscatter acquisition, potentially increase the survey 
duration and costs.

Fig. 4   Sketch of swath overlap 
where specular reflection and 
outer incidence angles (high 
and low angles—shaded) are 
covered by intermediate ‘stable’ 
incidence angles
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Processing and interpretation

Despite considerable efforts and improvements brought 
by software developers, backscatter data processing still 
remains a complex task, involving a number of specialized 
operations requiring time and effort from experienced oper-
ators (Augustin and Lurton 2005; Hellequin et al. 2003; Le 
Gonidec et al. 2003; Parnum and; Gravilov 2011; Schimel 
et  al. 2015). Our recommendations cover three aspects: 
software usage, standard processing sequences, and con-
comitant ground-truthing.

Software usage

We strongly recommend that backscatter users choose one 
of the few software suites available today and have their 
operators properly trained to use it, rather than trying to 
develop new tools in house. Of course this implies that 
the available software suites provide the functionalities at 
the expected levels of accuracy, reliability and transpar-
ency. We also recommend that, akin to hardware evolutions 
and sonar settings, satisfactory software configurations are 
kept in use as long as possible, minimizing the impact of 
intermediate releases; this is especially important for those 
users concerned with long-term monitoring of seafloor 
characteristics.

Standard processing sequences

A same simple post-processing sequence applied to the 
same backscatter data using different software suites can, in 
some cases, provide significantly different results (Lucieer 
et  al. 2017). This situation is of course far from optimal 
for quantitative science. The BSWG has recommended the 
definition of standardized post-processing sequences, at 
least for the initial stages, namely data reading and decod-
ing, gain compensations, and normalization (Schimel et al. 
2015). To check the consistency of the processing results 
provided by various software suites, initiatives promoting 
comparative tests on common data sets should be encour-
aged, in a similar fashion as for instance the “Shallow Sur-
vey” initiative developed for MBES bathymetry datasets 
(Shallow Survey 2015).

Concomitant ground‑truthing

Today’s models of seafloor acoustic backscatter (Jack-
son and Richardson 2007) are able to explain the main 
physical phenomena for plain sediments and to predict 
the orders of magnitude of the backscatter intensity. 
However, realistic configurations (i.e. involving coarse 
material, rocks, shells, vegetation, gas bubbles, or bio-
logical activity) are still insufficiently covered by these 

theoretical models. While direct modelling provides valu-
able tools for understanding and describing the various 
backscatter phenomena, it remains that no model today 
is able to give, from an inversion process of backscatter 
level vs angle and frequency, a set of geological or bio-
logical parameters satisfying the expectations of geo-
scientists or biologists at an accuracy level comparable 
to the one reached by direct observation, measurement 
and sampling. Our recommendation is to complement 
recorded backscatter measurements by ground-truthing as 
often as possible, and to build data catalogues connecting 
the acoustical data (as a function of angle and frequency) 
with the in situ observation and sampling operations, and 
made widely available. It is of prime importance that 
backscatter data users, whatever their discipline, be aware 
of the data limitations and uncertainties, and be careful 
not to over-interpret the data.

System design and documentation

We provide four categories of recommendations regard-
ing the improvement of current seafloor-mapping sonar 
functionalities:

Design and implementation of dedicated backscatter 
calibration and measurement tools

The BSWG report and many recent publications (Gue-
riot et  al. 2000; Heaton 2014; Ladroit et  al. 2017; Lur-
ton et  al. 2017) have clearly and emphatically shown 
the importance of calibrating backscatter sonar sensors. 
Built-in functionalities should make possible the self-
calibration (or at least the quality control) of individual 
modular elements (e.g., transducers, power amplification, 
receiver input and filters). A number of these function-
alities already exist in some systems, e.g., within BIST 
toolboxes. It is the manufacturer’s role to design the best 
solutions, the purpose being to provide sonar operators 
with simple and reliable tools that are able to swiftly pro-
vide a complete check-up of the sonar system in terms 
of backscatter measurement. The results of the vari-
ous calibration operations should then be accounted for 
in the settings of the sonar, to make it “self-calibrated” 
as optimally as possible. When an overall field calibra-
tion is possible (e.g. over a well-known reference area, 
or by cross-comparison with another calibrated system), 
the operator should be able to input the calibration results 
inside the system working parameters, so that the real-
time results of the survey come from a calibrated sensor. 
All the sensitivity compensation operations should be 
reliably recorded when applied.
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Reduction of the hardware‑driven uncertainties 
in backscatter measurements

It is also the manufacturer’s responsibility to constrain 
uncertainties affecting the backscatter measurements at the 
source. These include Tx and Rx transducer sensitivity; 
response of electronic modules such as power amplifica-
tion and reception gain; delivered power; transmitted pulse 
lengths; and directional patterns of the beam. Although 
some of these sources of uncertainty can be compensated 
for at post-processing thanks to calibration processes, it 
is desirable that their impact be as low as possible. In this 
respect, more investigation is still needed on various issues, 
especially regarding the control applicable by users to 
ensure that all the processing operations are correctly com-
pensated for inside the system, and properly documented.

Improvement of documentation provided to users

For each model of sonar, detailed nominal characteristics 
(averaged, where realistic) implied in the backscatter meas-
urement should be made available, since this knowledge is 
paramount throughout the acquisition and processing stages 
(Schimel et  al. 2015). This generic information should be 
completed by the system’s individual data recorded dur-
ing the acceptance operations. Moreover, documentation 
about system calibration operations should be incorporated 
inside User’s Guides and Operator’s Manuals, regarding 
the checking of individual modules as well as the overall 
calibration of the system.

Regarding data processing, software developers should 
deliver a detailed documentation of the operations applied 
by their products, thus avoiding dealing with “black-box” 
processing (Lucieer et  al. 2017). Feedback from soft-
ware companies to sonar manufacturers, and vice-versa, 
would help improve the data processing applied inside the 
sonar systems; user communities would benefit from such 
exchanges between hardware and software manufacturers.

Evolutions toward backscatter‑specialized sonars

Most seafloor-mapping sonars propose automated, adapted 
“modes” of acquisition aimed at optimizing the systems 
setting according to local conditions to maximize the 
quality of the bathymetry data and ease the tasks of sur-
veyors. Regarding today’s expectations towards backscat-
ter data acquisition, new modes could be proposed with 
setting aimed at maximizing the quality and consistency 
of the backscatter data by minimizing the number of fre-
quency-dependent sectors, thus favouring a smooth angu-
lar response and longer pulse durations and avoiding fre-
quency-modulated pulses. For current systems based on a 
modular architecture of all-digital signal processing, such 

new functionalities should not need dramatic structural 
changes in the MBES systems available today.

In the longer term, new seafloor-mapping sonar systems 
could be optimized for backscatter measurements based on 
simpler structures than current hydrography MBES, and 
working on swath extents limited to the intermediate angle 
sectors. Hydrographic standards outside of ‘safety of navi-
gation’ depths are not so constraining today considering the 
state-of-the-art capabilities of MBES technology, so that a 
move to prioritise backscatter data quality over bathymetry 
could acceptable, even if it means bathymetry would be 
slightly worse quality but still fit for purpose for the major-
ity of applications. New systems should minimize the num-
ber and complexity of transmit sectors and swaths (prone 
to introduce biases in frequency and angle responses), and 
favour the reliability of the intensity measurement instead 
of the extreme spatial resolution and accuracy desirable for 
hydrographic bathymetry. The sonar industry could ben-
efit in proposing more simple, robust and stable systems 
for backscatter acquisition for applications such as habitat 
mapping and environment monitoring. Such systems may 
not need the technological refinements available today 
for hydrography, and would satisfy a range of customers 
expressing specific needs pertinent to backscatter data.

Future requirements

This paper and the work of the BSWG have brought to light 
a number of remaining unresolved issues pertinent to the 
measurement, processing and application of seafloor reflec-
tivity. The first category is related to technology issues 
such as data acquisition and processing, thus associated 
with development and improvement of hardware, software, 
acquisition and post-processing procedures and methodolo-
gies. A second category of issue relate to applications and 
end-user’s ultimate expectations, and are associated with 
the meaning and the use of the information generated by 
backscatter-related surveys and studies.

There is indeed a plethora of suggestions that can be 
made as to how these two overarching categories should 
be addressed. Building on the experience of the BSWG, we 
provide some ideas below to initiate such a list.

Extension to other sonar systems

Practically, the only systems considered in the BSWG 
guidelines and recommendations were swath bathymetry 
sonars, primarily designed for measuring sounding points 
at oblique angles over a wide stripe of seafloor, and preva-
lent today in seafloor-mapping operations. The majority of 
these are MBES; however a number of Phase Measuring 
Bathymetry Systems (PMBS), based on a similar design 
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and addressing the same challenges for backscatter (Gutier-
rez et al. 2015), can be included in the same category. The 
BSWG did not consider other sonar systems of interest in 
seafloor surveys, such as side-scan sonars (usually unable 
to provide bathymetry measurements), single-beam echo-
sounders (only receiving vertical echoes) and sub-bottom 
profilers (designed for sub-seafloor imaging). This could 
change: the use of SBES as calibrated reference for MBES 
calibration proves today to be a very reliable and practical 
solution (Ladroit et al. 2017; Lurton et al. 2017), while the 
use of high-resolution sub-bottoms seismic profilers can be 
of high interest for the investigation of the surficial seafloor 
layers (Hillman et al. 2017; Schneider von Deimling et al. 
2016) and interpretation of its backscatter.

Moreover only seafloor-mapping operations were con-
sidered, excluding all applications to the imaging and meas-
urement of targets present inside the water column, as justi-
fied previously. However, due to the increasing importance 
of this family of applications for several scientific commu-
nities, and since the same MBES systems are increasingly 
used both for seafloor and water-column applications, this 
restriction should be removed in future assessments.

Improvements in modelling, instrumentation 
and processing

Further dedicated studies on backscatter theory and meas-
urement will and should continue, and will undoubtedly 
require both modeling and ground-truthing approaches. Of 
note during the BSWG assessment were the issues of foot-
print modeling and accuracy, i.e. the geometrical descrip-
tion of the insonification, and the impact of water-column 
absorption upon the recorded signal levels (Schimel et  al. 
2015; Weber and Lurton 2015). While the issue of absorp-
tion by seawater (a canonical topic in underwater acoustics) 
has for decades generated a significant literature of its own 
(Ainslie and McColm 1998; Francois and Garrison 1982), 
much remains to be done regarding the accidental causes 
of absorption (mainly air bubbles caused by weather con-
ditions and/or platform hydrodynamics, but also turbidity 
from biological or sedimentary origins) which may signifi-
cantly influence the results of operations at sea.

Arguably, one of the most often raised issues has been 
the need for instrumental calibration. Whilst Brown et  al. 
(2015) and Rice et al. (2015) discuss appropriate strategies 
on calibration, there is most likely a need to improve the 
formal definition of calibration procedures under their vari-
ous forms, with emphasis on both cross-calibration meth-
ods and definition and use of natural reference areas fulfill-
ing appropriate criteria.

Could these herein recommendations lead toward the 
development of new sonar systems specialized in seafloor 
backscatter measurement? The BSWG emphasized that 

optimization of MBES may be different for bathymetry and 
for reflectivity measurement purposes. So it is legitimate to 
wonder if MBES could be designed specifically for back-
scatter data acquisition and applications.

In the first place, future MBES designed for backscat-
ter strength should be structured more simply. The multi-
plication of transmitting sectors with individual directivity 
patterns and pulse frequencies proves to be counterproduc-
tive (regarding backscatter applications) because of the 
resulting increase of complexity which is never perfectly 
compensated for in post-processing. Also the quality of 
backscatter measurements implies that the system settings 
should be kept as stable as possible along a survey, which 
is in conflict with the very concept of automated modes 
designed for an optimized adaption to bathymetry measure-
ments but intrinsically resulting in short-term changes in 
the sonar settings.

With current sonar systems based on a bathymetry-ori-
entated structure, specific backscatter functionalities could 
be proposed, leading to a limited amount of hardware mod-
ifications. More radically, it could be envisioned following 
what is done in space-borne scatterometer radar (Elachi 
1988), and design specific sonar systems aimed at reflectiv-
ity, at the detriment of the spatial resolution for an averaged 
and reliable measure of backscatter. Some drastic structural 
simplifications (a single transmitting sector, with simpli-
fied directivity patterns and signal design) could be com-
pensated for by innovative functionalities, such as multiple 
frequencies significantly different (typical spaced by one 
octave) and operated simultaneously, or swaths steerable 
at several azimuth angles. The latter functionality (aimed 
at estimating the polarization direction of an organized 
interface roughness such as sand ripples) is well-known in 
satellite-borne scatterometers, mainly for applications to 
the wind direction measurement from azimuth dependence 
of the sea-surface backscatter. Finally these new sonar sys-
tems should incorporate specific and practical functionali-
ties for calibration as discussed above.

Dissemination of concepts and results

The use and uptake of backscatter-related products by 
applied research or engineering sectors still remains very 
limited. The capability to acquire backscatter simultane-
ously with bathymetry data during MBES operations or the 
potential value of the data is usually known by operators 
and users but more rarely by managers and planners, let 
alone knowledge of the benefits that such data could pro-
vide to any marine business. One of the reasons for under-
taking the BSWG project was in part to promote the use 
of backscatter by improving the knowledge of the methods 
and tools related to backscatter data, and providing infor-
mation on the potential benefits that backscatter-focused 
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research could provide to environmental, exploration, engi-
neering, and hydrographic work.

The constitution of the BSWG provides one rela-
tive measure of the community’s interest on backscatter 
(Lucieer et al. 2017). The dominant sector with an interest 
in this topic comes from the public sector, with 66% of the 
members of the BSWG affiliated to Government organiza-
tions or universities. The industry sector is represented by 
software developers and system manufacturers (11% each), 
while survey companies represent only 11%. This illus-
trates the fact that backscatter techniques and applications 
are still considered today (and possibly for good reasons) as 
an R&D domain rather than a field of routine activity.

We can see several ways of publicizing the use of back-
scatter imagery in the community, besides encouraging 
fundamental and applied research projects either on the 
backscatter data itself or on the derivative products it pro-
vides or helps to produce (e.g., geological maps):

•	 There is clearly a need for increasing the dissemination 
and exchange of data resulting from well-controlled 
acquisition surveys, thus fulfilling the methodological 
requirements proposed in the BSWG document (Lurton 
and Lamarche 2015), including the need to apply sys-
tematic and proper ground-truthing protocols.

•	 Such exchanges could be better structured under the 
shape of a reference data library or atlas that would be 
widely accessible and conveniently updatable, including 
a series of typical or unique acoustic facies. The data, 
recorded under well-controlled conditions, should be 
fully documented by metadata, including the acquisition 
conditions and procedures, the applied processing steps, 
the ground-truthing results, and a limited amount of 
interpretative comments. Similar libraries exist for side-
scan sonar (Belderson et al. 1972) and seismic reflection 
data (Bally 1983), where the aim is to facilitate quanti-
tative interpretation of quantitative imagery.

•	 The development of a nomenclature of backscatter 
processing levels provides a means to accurately and 
efficiently describe the processing status of any back-
scatter data, and to facilitate better comparison of final 
processed products from various origins. A normalized 
metadata format featuring the processed levels of back-
scatter, and designed to accompany the data at all level 
of the acquisition-processing-modeling sequence, would 
need to be formally defined and validated by a group of 
people larger than the BSWG authors. A preliminary 
suggestion for such a nomenclature is proposed here in 
Table 2 (from Lurton et al. 2015).

•	 The need for standardization of operations has been 
identified as a high priority in the results of the analysis 
of users’ expectations. The purpose is to homogenize as 
far as possible a number of basic operations (in calibra-

tion, acquisition and first-level processing steps), mak-
ing it possible to directly compare data from various 
systems, as well as to ensure compatibility between the 
results obtained by different processing software suites.

Conclusion

The BSWG has completed its initial mandate within a self-
imposed duration of two years: the project had to be long 
enough to address such complex topics at a level of details 
sufficient to provide useful results. The working load neces-
sary to complete the first report was very significant from a 
small group of dedicated people and a team of contributors, 
with no specific budget allocated for the project.

The collaboration of six chapter coordinators, thirteen 
co-authors, along with two editors and one sub-editor, all 
with various professional backgrounds and specialties, pro-
vided some guarantee of quality and objectivity for the doc-
ument, which was also reviewed in part or in full by some 
of the industry partners who contributed to the project. 
Despite the thoroughness of the process, feedback is still 
needed and encouraged from all stakeholders. This may 
warrant the publication of a second edition of the Backscat-
ter Measurements by Seafloor-mapping Sonars. Guidelines 
and Recommendations (Lurton and Lamarche 2015) in due 
course.

Beyond the milestone of producing the first issue of the 
Guidelines and Recommendations, it is highly desirable 
that a procedure is emplaced for a recurrent updating of 
the current BSWG report. An obvious reason for this is the 
constant and rapid evolution of the technical characteristics 
of sonar systems and processing software suites.

Moreover, the BSWG and this paper have limited their 
attention to issues and challenges related to seafloor back-
scatter echoes acquisition and processing, from signal 
transmission to extraction of a referenced backscatter-
ing strength. The work did not deal with data processing 
for specific interpretation, such as habitat mapping. This 
self-imposed limitation was required to ensure a thorough 
and complete first report. Possible follow up of the BSWG 
report have been identified and include two major themes:

•	 Backscatter data post-processing: This theme includes 
segmentation of the reflectivity maps into homogene-
ous acoustical facies, extraction of relevant descriptors, 
classification of the responses along seafloor arche-
types, and extraction of quantitative characteristics. The 
BSWG report includes many of the issues underlying 
this theme, which are also discussed in depth by the 
GeoHab group.
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Table 2   Proposed nomenclature of processing levels applied to backscatter data

I. Data acquisition

 A Raw or TVG applied A0 Echo level, raw—no TVG
A1 TS, manufacturer’s TVG applied for TL
A2 BS, manufacturer’s TVG applied for TL and FE
A3 Customized RVG applied for TL and FE/other
A4 Modeled TL and coefficient parameters
A5 Other

 B Array directivity compensation B0 No directivity compensation
B1 Compensation from a directivity pattern model (manufacturer)
B2 Equalization from a statistical average modulation (user)
B3 Customized model for directivity pattern (fitted to statistics)
B4 Other

 C Seafloor angular compensation C0 No BSAD compensation
C1 BSAD compensation from theoretical model (e.g., Lambert)
C2 Compensation from model with adaptive parameters (e.g. KM’s specular)
C3 Customized BSAD (model fitted to statistics)
C4 Other

 D Level of reference D0 No level reference considered
D1 Level reference from the manufacturer (nominal value)
D2 Relative reference level from calibration operation
D3 Absolute reference Level from calibration operation
D4 Other

 E Seafloor incident angle E0 Flat seafloor, no refraction by SVP
E1 Flat seafloor, SVP refraction
E2 Local across-track slope (derived from one ping), no SVP refraction
E3 Local across-track slope (derived from one ping), SVP refraction
E4 Local slope (from bathymetry, incl. along-track slope), no SVP refraction
E5 Local slope (from bathymetry, incl. along-track slope), SVP refraction
E6 Other

 F Resolution in time (or range) F0 Fundamental raw signal resolution (at basic sampling frequency)
F1 Undersampled time signal
F2 Filtered time signal
F3 Customized resolution (range dependent …)
F4 Other

II. Map generation

 G Geo-referencing G0 No georeference
G1 Geographic reference (lat, long)
G2 Projected reference (Mercator, UTM …)
G3 Other

 H Mosaicking H0 Order (1st, last, top, bottom …)
H1 Quality (angle, no specular, etc …)
H2 Statistical (average, median …)
H3 Other

 I Interpolation I0 No interpolation
I1 Over NaN only
I2 Averaging/smoothing
I3 Other
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•	 Water-column backscatter data. Modern MBES sys-
tems now provide data for the entire water column. This 
theme has clearly raised a strong interest internationally 
as demonstrated by the increase in literature on the sub-
ject (Schneider von Deimling et al. 2007).

Most importantly, the success of the BSWG project and 
its outcomes will be judged in the long term by the uptake 
and application of the Guidelines and Recommendations by 
stakeholders, including scientists, and noticeable improve-
ment of the protocols, methodologies and overall consist-
ency in the use of the seafloor backscatter data. This will 
take time, and will require the members of the BSWG first 
and foremost to endorse the recommendations and imple-
ment them.

This paper provided a summary of the main results and 
perspectives of the BSWG project. It is also a pertinent 
and natural introduction to this special issue of Marine 
Geophysical Research on Seafloor backscatter from swath 
echosounders: technology and applications, whose purpose 
is to present a number of recent results and advances in 
the field of seafloor backscatter measurement and process-
ing. Some papers in this issue are directly derived from the 
BSWG report and present an update on the group’s work. 
Others present recent research, developed in the wake of 
the BSWG recommendations, hopefully demonstrating 
the potentialities of the approach followed by the working 
group, and possibly opening pathways to new ideas.
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