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Abstract: ALMA (Acoustic Laboratory for Marine Applications) is a deployable and 
autonomous acoustic system, with passive and active sub-systems, designed in 2012 by DGA 
Naval Systems. The objective of the ALMA project is to anticipate and explore new scientific 
and technical topics for Naval Programs in Underwater Warfare, in order to contribute to the 
risk reduction on new technical challenges and to improve the mastering of sonar 
performance in highly variable and fluctuating environments (especially in coastal waters or 
shallow waters). 
The main scientific and technical objective of the ALMA project is to increase the scientific 
knowledge of the impact of the environment and of its variability at different temporal and 
spatial scales, on the acoustic propagation and on the signal processing in the sonar domain.  
Related to this objective the ALMA approach is to mobilize and to federate the academic and 
industrial communities on new issues and challenges in Underwater Acoustics by : (1) 
collecting high quality and unclassified real data (acoustic and environmental data) which 
may be shared with the scientific community, and (2) by conducting actions with the S&T 
DGA  support tools (Defence and Dual research programs). 
In this paper, the authors present a brief progress report on the ALMA project since the first 
at-sea deployment of the first version of the system in 2014. This five-year progress report is 
presented in three axes of complementary actions : (1) the scientific program and the related 
scientific projects,  (2) the five at-sea campaigns (one per year) and the associated acoustic 
and environmental data collected, and (3) the successive evolutions and improvements of the 
ALMA system, related to the scientific projects. 
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1. INTRODUCTION  

The interest in the acoustic monitoring of the underwater environment at different temporal 
and spatial scales, especially in coastal waters and shallow waters, is in a continuous 
increasing since many years, either in the civilian community than in the defence community.   

In the civilian domain, this interest is mainly due to environmental preoccupations linked 
with, for example, the monitoring of ambient noise and the quantification of effects of the 
anthropogenic noise on marine life, species counting and, more generally with ecological 
objectives such as the global warming monitoring. 
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In the defence community, the continuous increase in the sonar capabilities and 
performance makes those systems more and more sensitive to the environment and to its 
variability and fluctuation at different temporal and spatial scales, and makes them often 
working at the limits (and beyond) of the underwater acoustics state of the art. The mastering 
and the optimization of sonar performance in all environmental typologies, which is a 
constant objective of the underwater warfare domain, thus requires to continuously increase 
the scientific knowledge of the impact of the environment and of its variability on the acoustic 
propagation and on the sonar signal processing, especially in harsh environments such as 
coastal and shallow waters. 

In this context, DGA Naval Systems designed in 2012 a deployable and autonomous 
acoustic system named ALMA (Acoustic Laboratory for Marine Applications). In this paper, 
we present a brief progress report on the ALMA project since the first at-sea deployment of 
the first version of the system in 2014. This five-year progress report is presented in three 
axes of complementary actions : (1) the scientific program and the related scientific projects,  
(2) the five at-sea campaigns (one per year) and the associated acoustic and environmental 
data collected, and (3) the successive evolutions and improvements of the ALMA system, 
related to the scientific projects. 

2. ALMA: OBJECTIVES AND APPROACH 

The objective of the ALMA project is to anticipate and to explore new scientific and 
technical topics for Naval Programs in Underwater Warfare, in order to contribute to the risk 
reduction on new technical challenges and to improve the mastering and the optimization of 
sonar performance in all environmental typologies. 

The approach of the ALMA project is to federate and to engage both academic and 
industrial communities on new issues and challenges in underwater acoustics  

 by collecting high quality acoustic and environmental data. The data collected are 
representative of operational sonar scientific issues and are unclassified in order to be 
shared with the whole community of underwater acoustics, especially with the 
scientific community. 

 through the DGA S&T support tools: Defence and Dual research programs with 
research laboratories (through PhDs, Post-Docs, basic research programs), with 
innovative SMEs (through basic and advanced research programs) and with large 
industrial groups (through advanced research programs). The S&T scope goes from 
TRL 1 to TRL 7-8, from basic research to advanced research and technology 
demonstrators. 

 by encouraging joint efforts between academic and industrial partners. 
 by promoting ALMA as a testbed for new technologies. 

3. ALMA: SCIENTIFIC PROGRAM 

The main lines of the scientific program of the ALMA project have the objective to 
address the main issues in the detection, localization and classification processes for current 
and future sonar systems in a context of low and very low signal to noise ratio, which is the 
natural environment of sonars. 

The main technical topics of interest are: 
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 The noise gain improvement, through the array gain optimization and the traffic 
noise rejection. 

 The signal degradation reduction (degradation mainly due to environmental 
fluctuations). 

 The source depth discrimination: surface-submerged sources discrimination. 
 The sonar performance optimization and control. 

The following (non-exhaustive) main scientific topics can be derived from the previous 
main technical topics: 

 The spatio-temporal coherence of ambient noise. 
 The effects of environmental fluctuations on sonar processing. 
 The corrective signal processing to the loss of signal coherence, leading to the 

concept of environmentally adaptive sonar. 
 The inverse problems, such as 3D localisation and the environment characterization. 
 The sonar processing adapted to (very) low SNR, and to non-stationary noise. 

4. ALMA: THE SYSTEM 

Under the design and the technical specifications by DGA Naval Systems in 2012, ALMA 
was developed and realized in 2013-2014 by the ALSEAMAR and CeSigma companies with 
the support of COMEX for at-sea operations.  Since the qualification at-sea of the first version 
on October 2014 [1], ALMA is in a continuous upgrade and evolution thanks to the high 
degree of modularity of the system, allowing to address a large scientific program.  

The ALMA system is based on a modular, evolutionary and efficient passive acoustic 
array, itself based on a “basic unit” which is a 2.70m long rigid “arm”, with 16 hydrophones 
(with an adjustable spacing between 3 cm and 15 cm) and a watertight case for data 
digitization (cf. Fig. 4.1). Since 2016, the passive array is composed with eight “arms”, for 
128 hydrophones. 

 

 

Fig. 4.1: ALMA modular acoustic arms: 8 rigid 
acoustic “arms”, each composed with 16 hydrophones 
with an adjustable spacing between 3 cm and 15 cm. 

The high degree of modularity of the system allows several array geometry configurations: 
linear, plane, volumic (cf. Fig. 4.2). 
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Fig. 4.2: some examples of array geometries allowed by the modular structure of 
the ALMA passive array. 

The main characteristics for the passive array are: 

 High quality acoustic measurements, with a noise level less than sea state 0 up to 20 
kHz, 

 Adjustable sampling frequency from 7.5 kHz to 48 kHz, 
 Minimum specific technological developments (COTS), 
 Thermistor string on the passive acoustic array, 
 3D positioning sensors for continuous array orientation monitoring 

The complete ALMA system is composed of two separated components with their 
dedicated anchoring and acoustic systems: a passive sub-system and an active sub-system (cf. 
Fig. 4.3 for an “artist rendering” of the system).  
 

 

Fig. 4.3: “Artist rendering” of the ALMA system composed 
of passive and active sub-systems. 

 Passive sub-system: 

 Passive acoustic array (described previously) 
 Deployment configurations: 
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- From a surface ship (2018 campaign) 
- Anchored in shallow and coastal waters (water depth less than 200m) 

 Surface buoy (cf. Fig. 4.4) for: 

- Energy storage (10kWh) for 80hrs autonomy in continuous measurement 
- Link to passive acoustic array via electro-optical cable (550m) 
- Data storage: extractible 2TB HD 
- Remote control and programing via long range WiFi 

 Active sub-system: 

 2 autonomous wideband acoustic pingers (cf. Fig. 4.5) 

- 1 - 14 kHz frequency band 
- Adjustable source level up to 160 dB ref Pa@1m. 
- 24hours autonomy in continuous transmission with source level of 160 dB 

ref Pa@1m. 
- Transmitted signal programming through .wav files 

The ALMA design and deployment process ensure a minimum impact on the 
environment during the at-sea trials: low acoustic levels transmitted, and nothing left 
on the seafloor, making ALMA an “environment-friendly” system. 

 

Fig. 4.4: surface buoy for the ALMA passive component: energy and 
data storage, link to Acoustic Array via electro-optical cable 
communication link by long range WIFI. 

 

Fig. 4.5: omnidirectional wideband transmitter (realized by 
ALSEAMAR) and its mooring surface buoy. 
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5. ALMA: THE CAMPAIGNS 

Since the qualification of the first version of the system in 2014, five at-sea campaigns 
were conducted with the ALMA system:  

 on the continental shelves of Corsica (Alistro 2014, Campoloro 2016, and Saint-
Florent 2017) and of Provence (La Ciotat 2015) (cf. Fig. 5.1),  

 in coastal and deep water environments of Mediterranean sea and Atlantic ocean in 
2018 (cf. Fig. 5.2). 

 

Fig. 5.1: Mediterranean Sea areas for the 2014, 2015, 
2016 and 2017 ALMA at-sea campaigns. 

 

Fig. 5.2: Mediterranean Sea and Atlantic Ocean coastal 
and deep-water areas for the 2018 ALMA at-sea 
campaign. 

Each of these five campaigns allowed: (1) to validate the evolutions of the system, and (2) 
to gather high quality data, acoustical and environmental, in various environmental conditions 
and for different geometries and capabilities of the passive array (cf. Fig. 5.3 and Fig. 5.4).  
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Fig. 5.3: ALMA Passive Array configurations for the 2014, 2015, 2016 and 2017 
at-sea campaigns. 

 

Fig. 5.4: ALMA Passive Array configuration for 2018 
at-sea campaign. 

6. ALMA: SOME RESULTS 

The aim of this paper is not to give an exhaustive view of all the scientific works and of the 
associated results obtained. The published results are given in reference of this paper (see Ref. 
[2] to [11]), in particular the results [9][10][11] which are presented in UACE 2019 jointly 
with this paper. We focus here on some results, which show the diversity of the data collected 
during five years of the ALMA project and the large spectrum of scientific works done from 
these data. 
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 Vertical directivity of ambient noise (from ALMA 2014 campaign): 

 

 Inverse problems for environmental assessment (from ALMA 2015 campaign): 

 

 Acoustic propagation through a thermocline with internal waves field (from ALMA 
2016 campaign): 

 

7. ALMA: OVERVIEW AND PERSPECTIVES 

Some numbers can resume the technical investment and the diversity of the data collected 
during five years of the ALMA project: 5 at-sea campaigns, 50 days at sea, 10 different 
measurement areas, 4 different array configurations, 300 hours of acoustic data, 20 TB of 
data. The data collected allowed carrying out more than 15 S&T projects supported by DGA. 
Under the leadership of DGA Naval Systems, an « ALMA community » has emerged, 
composed with scientific Labs, innovative SMEs, large industrial groups and State agencies. 
Through data sharing and scientific exchanges between French and foreign state 
organizations, laboratories or industrial partners, the « ALMA community » can be opened to 
international cooperation. 
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After five years of exploitation and of technical evolutions, the ALMA system demonstrated 
its capabilities to fulfill the technical and scientific objectives dedicated to it: 

 a high level of modularity, capability of evolution and of acoustical measurements 
 a scientific acoustic system able to address the main current and future issues of 

operational sonar systems (in particular the de-coherence effects). 
 a very useful tool for sharing real data and “real life sonar issues” with the scientific 

community, contributing to the improvement of the scientific knowledge in 
underwater acoustics, especially for coastal and shallow waters. 

 a “TRL accelerator”, by federating the underwater acoustics community 
(laboratories and companies) on joint projects. 

ALMA is currently undergoing some evolutions towards higher sampling frequency and 
more sensors, allowing increasing the ALMA frequency domain to higher frequencies. At 
the same time, reflections are carried out on a future VLF capability for the ALMA system. 
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