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The SYMBIOSIS system integrates acoustic and optical technologies without human intervention.
The system is the product of an international scientific initiative under the EU’s Horizon 2020
program. Real-time monitoring of schools of fish will inform the development of fishing policy and
lead to enhanced protection of the marine environment.

An international scientific initiative under the auspices of the European Union’s Horizon 2020,
project SYMBIOSIS is developing an autonomous system to identify schools of fish, including
information about their size and movements in deep waters. The University of Haifa is leading the
project, while two teams from IMDEA Networks Institute in Madrid are contributing to the
development effort. The SYMBIOSIS system integrates acoustic and optical technologies that
require no human intervention, and will be able to transmit real-time warnings to coastal stations.
These data will contribute to the formulation of ocean fishing policies and to enhanced protection
of the marine environment.

«The system will be environmentally friendly, not only in its operation which will be non-invasive
and won't impact the marine ecosystem, but more importantly because it will provide reliable
information about the condition of marine fish stocks. At present, it’s virtually impossible to collect
such information without investing enormous resources. Using the latest optical and acoustic
technology, we hope to change attitudes towards marine resources», explained Dr. Roee Diamant
of the School of Marine Sciences at the University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing
realization that fishing is one of the most serious problems facing marine ecosystems. According to
some estimates, if over-fishing is not brought under control, the world’s fish stocks may collapse by
2048. Global fishing authorities are hoping to curb overfishing with new regulations and
enforcement based on fish stocks. But, there are very few methods presently available for real-time
monitoring of those stocks. Most involve surface boats attempting to locate schools of fish using
sonars. According to Dr. Diamant, these methods require considerable resources and personnel to
monitor and interpret the sonar findings. Consequently, they have limited viability in cost-benefit
terms. Also, the use of sonar usually limits the search for fish stocks to narrow areas (those
beneath the ship doing the sampling), impairing any subsequent decision-making. The limited
statistics provided by this random and short-term sampling of the marine environment mean the
process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the Symbiosis system will monitor the marine
environment, and in particular the size of the fish stock, within a radius of one kilometer. It works



on an entirely autonomous basis, collecting underwater data over long periods and transmitting
this information to a coastal center. The research is focusing on the identification of six large fish
species that are in especially high demand from the fishing industry: two species of tuna; scad (a
species of mackerel; Trachurus mediterraneus); Atlantic mackerel (Scomber scombrus); mahi-mahi
(Coryphaena hippurus); and swordfish (Xiphias gladius). This will provide authorities with concrete
and actionable information.

The solution has a processing chain that begins with the acoustic discovery and classification of
fish, based on their typical speed and movement characteristics. Acoustic sensors also measure the
size of the fish and the total biomass of the fish in the area. Once the acoustic system identifies
one of the six selected species, it activates the optical system, which features several cameras and
sophisticated data processing with various image identification algorithms using deep learning.
When the optical system confirms the identification of one of the six selected species, it transmits
the information via underwater acoustic communications, and then by radio communications to a
coastal station.

IMDEA Networks' researchers are focused on the design of an efficient fish localization system, and
on the visual recognition of the selected fish species. The two teams from the Madrid-based
research institute are the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA PI
and Scientific Manager for the project; and the Global Computing Group led by Dr. Antonio
Fernandez Anta.

«Using acoustics to localize specific fish species is very challenging» said Dr. Casari. «Firstly, the
acoustic processing chain has to incorporate cost-effective components, and it needs to be highly
energy-efficient. The signal processing algorithms deployed in the acoustic fish identification
system have to strike a good tradeoff between complexity and accuracy. On top of this, the
underwater environment contains many background acoustic noise sources and reflectors, and the
signals from fish around the SYMBIOSIS system will be much weaker than acoustic interference
coming from the environment. The algorithms need to be robust enough to cope with these
shortcomings.»

«For optics, the marine environment is characterized by low visibility and elements in the water
volume that distorts the image. The big challenge is to secure good detection performances and to
minimize false alarms. This needs to happen autonomously in a deep-sea environment, where
there’s practically no possibility of human intervention,» continues Dr. Diamant.

«The optical classification of fish species has its own particular challenges, too. There are very few
pre-classified images available with which to train the deep-learning classifier. And many of the
images that are available were taken under very different visibility conditions to those the system
will encounter. In SYMBIOSIS, we are dealing with this uncertainty by leveraging public databases
of fish pictures, many of them provided by scuba divers and underwater photographers. To address
the lack of a large image dataset, we are starting with pre-trained neural networks for object
recognition, and we'll add more images from SYMBIOSIS test environments once we enter the
experimental phase of the project,» concludes Dr. Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and innovation
programme, Horizon2020. Four institutions are participating in the SYMBIOSIS project: the
University of Haifa, Israel (coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless & More
company from Italy and EvolLogics Gmbh from Germany. The project includes the development of
innovative discovery and classification algorithms, the application of dedicated hardware, and the
completion of a large number of marine trials. As part of the project, a prototype is being



developed including a system of acoustic sensors, a network of cameras, sophisticated processing
units, and an energy unit permitting autonomous activity. The goal of the project is to sample the
performances of the prototype system in three different marine environments: shallow
Mediterranean, deep Mediterranean, and a tropical environment in the Canary Islands. The project
will run until November 2020, and will offer novel solutions to the distributed and large-scale
monitoring of the underwater environment, with a positive impact on marine biology research,
conservation, and policy making for fisheries in Europe and worldwide.
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Innovador sistema autéonomo para monitorizar bancos de
peces

Nuestros ojos en el fondo del mar
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El sistema SYMBIOSIS integra tecnologias acusticas y 6pticas sin intervencién humana. Es el
producto de una iniciativa cientifica internacional dentro del programa Horizonte 2020 de la UE. La
monitorizacién en tiempo real de bancos de peces conformard el desarrollo de la politica pesquera
europea y dard lugar a una mayor proteccién del medio ambiente marino.

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo
Horizonte 2020, el proyecto SYMBIOSIS estd desarrollando un sistema auténomo para identificar
cardimenes, incluyendo informacién sobre su tamafo y movimientos en aguas profundas. La
Universidad de Haifa lidera el proyecto, mientras que dos equipos del Instituto IMDEA Networks en
Madrid contribuyen a su desarrollo. El sistema SYMBIOSIS integra tecnologias acUsticas y épticas
gque no requieren intervencién humana y podrad transmitir advertencias en tiempo real a las
estaciones costeras. Estos datos contribuirdn a la formulaciéon de politicas de pesca ocednica y a
una mejor protecciéon del medio marino.

«El sistema serd respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera
invasivo y no tendrd un impacto en el ecosistema marino, sino lo que es mas importante, porque
proporcionard informacién fiable sobre la condicién de las poblaciones de peces marinos. En la
actualidad es practicamente imposible recopilar dicha informacién sin invertir enormes recursos.
Con el uso de la ultima tecnologia dptica y acUstica esperamos cambiar las actitudes existentes
hacia los recursos marinos», explicé el Dr. Roee Diamant de la Facultad de Ciencias del Mar de la
Universidad de Haifa, que coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprensién de
que la pesca es uno de los problemas mas graves gue afrontan los ecosistemas marinos. Segun
algunas estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta
podrian colapsar para el afio 2048. Las autoridades pesqueras mundiales esperan frenar la
sobrepesca con nuevas regulaciones y medidas coercitivas justificadas por la reduccién de las
poblaciones de peces. Pero hay muy pocos métodos actualmente disponibles para la
monitorizaciéon en tiempo real de esas poblaciones. La mayoria involucra barcos de superficie que
intentan localizar bancos de peces por medio de sénares. Segun el Dr. Diamant, estos métodos
requieren considerables recursos y personal para supervisar e interpretar los hallazgos del sonar.
En consecuencia, tienen una viabilidad limitada en términos de costes versus beneficios. Ademas,
el uso del sonar generalmente limita la busqueda de poblaciones de peces a areas reducidas (las
que estan debajo del barco que realiza el muestreo), lo que dificulta la toma de decisiones a
posteriori. Las estadisticas limitadas que proporciona este muestreo aleatorio y a corto plazo del
entorno marino implican que el proceso es propenso a humerosos errores de muestreo.



Combinando tecnologias épticas y acuUsticas, el sistema SYMBIOSIS controlaré el entorno marino, y
en particular el tamano del stock de peces, en un radio de un kilémetro. Funciona de manera
completamente auténoma, recolectando datos submarinos durante largos periodos y transmitiendo
esta informacién a un centro costero. La investigacién se centra en la identificacién de seis grandes
especies de peces que son objeto de una demanda especialmente acusada por parte de la industria
pesquera: dos especies de atun; scad (una especie de caballa; Trachurus mediterraneus); caballa
del Atlantico (Scomber scombrus); mahi-mahi (Coryphaena hippurus); y pez espada (Xiphias
gladius). Este sistema proporcionara a las autoridades informacién concreta y procesable.

La solucién plantea una cadena de procesamiento que comienza con el descubrimiento acustico y
la clasificacién de los peces en funcién de sus caracteristicas tipicas de velocidad y movimiento.
Los sensores acusticos también miden el tamario del pez y la biomasa total de los peces en la zona.
Una vez el sistema acustico identifica una de las seis especies seleccionadas, activa el sistema
dptico, que cuenta con varias cdmaras y un sofisticado método de procesamiento de datos con
varios algoritmos de identificacién de imagenes que utilizan el ‘aprendizaje profundo’ (un método
de aprendizaje ‘automatico’ o ‘de maquinas’). Cuando el sistema éptico confirma la identificacién
de una de las seis especies seleccionadas, transmite la informacién a través de comunicaciones
acusticas subacudticas y luego por radio a una estacién costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacién de
peces eficiente y en el reconocimiento visual de las especies de peces seleccionadas. Los dos
equipos del instituto de investigacién con sede en Madrid son el Laboratorio de Redes Inaldmbricas
Ubicuas dirigido por el Dr. Paolo Casari, principal investigador por parte de IMDEA Networks y
gerente cientifico del proyecto; y el Grupo de Computacién Global dirigido por el Dr. Antonio
Ferndndez Anta.

«Usar la acustica para localizar especies concretas de peces supone una gran desafio», dijo el Dr.
Casari. «En primer lugar, la cadena de procesamiento acustico debe incorporar componentes
rentables y necesita ser altamente eficiente en el consumo energético. Los algoritmos de
procesamiento de sefiales implementados en el sistema de identificacién acustica de peces tienen
que lograr un buen equilibrio entre la complejidad y la precisién. Ademds de esto, el entorno
subacudtico contiene muchas fuentes de ruido acustico de fondo y reflectores, y las sefiales de los
peces alrededor del sistema SYMBIOSIS serdn mucho mds débiles que las interferencias acusticas
provenientes del medio ambiente. Los algoritmos deben ser lo suficientemente robustos como para
hacer frente a estas deficiencias.»

«Respecto a la dptica, el entorno marino se caracteriza por su baja visibilidad y por la presencia de
elementos en el agua que distorsionan la imagen. El gran reto es asegurar un buen desempefo del
sistema de deteccién y minimizar las falsas alarmas. Esto debe suceder de manera auténoma en un
entorno de aguas profundas, donde practicamente no hay posibilidad de intervencién humana",
continda el Dr. Diamant. «La clasificacién éptica de las especies de peces también plantea sus
propios desafios. Hay muy pocas imagenes pre-clasificadas disponibles para entrenar el clasificador
de aprendizaje profundo. Ademas, muchas de las imagenes disponibles se tomaron en condiciones
de visibilidad muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta
incertidumbre aprovechando las bases de datos publicas sobre imdgenes de peces, muchas de
ellas proporcionadas por submarinistas y fotégrafos submarinos. Para abordar la falta de un gran
conjunto de imagenes con el gue entrenar el sistema, estamos comenzando con redes neuronales
previamente entrenadas para el reconocimiento de objetos, y agregaremos mds imagenes de los
entornos de prueba SYMBIOSIS una vez que entremos en la fase experimental del proyecto",
concluye el Dr. Fernandez Anta.



SYMBIOSIS fue seleccionado como objeto de financiacién por el programa de investigacién e
innovacién de la Comisién Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto:
| a Universidad de Haifa, Israel (coordinador); IMDEA Networks Institute en Madrid, Espafa; la
empresa italiana Wireless & More y EvolLogics Gmbh de Alemania. El proyecto incluye el desarrollo
de innovadores algoritmos de descubrimiento y clasificacién, la aplicacién de hardware especifico y
la realizacién de una gran cantidad de pruebas en el mar. Como parte del proyecto, se esta
desarrollando un prototipo que incluye un sistema de sensores acusticos, una red de cédmaras,
sofisticadas unidades de procesamiento y una unidad de energia que permite la actividad
auténoma del mismo. El objetivo del proyecto es realizar un muestreo de las prestaciones del
sistema prototipo en tres entornos marinos diferentes: el Mediterrdneo poco profundo, el
Mediterraneo profundo y un entorno tropical en las Islas Canarias. El proyecto transcurrird hasta
noviembre de 2020 y ofrecerd nuevas soluciones para la monitorizacién distribuida y a gran escala
del entorno subacudtico, con un impacto positivo en la investigaciéon sobre la biologia marina, la
conservacién y la formulacién de politicas pesqueras en Europa y también a nivel global.
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El sistema SYMBIOSIS integra tecnologias acusticas y 6pticas sin intervencién humana. Es el producto de
una iniciativa cientifica internacional dentro del programa Horizonte 2020 de la UE. La monitorizacién en
tiempo real de bancos de peces conformara el desarrollo de la politica pesquera europea y dara lugar a

una mayor proteccion del medio ambiente marino.

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo Horizonte
2020, el proyecto SYMBIOSIS esta desarrollando un sistema autonomo para identificar cardumenes,
incluyendo informacion sobre su tamafio y movimientos en aguas profundas. La Universidad de Haifa
lidera el proyecto, mientras que dos equipos del Instituto IMDEA Networks en Madrid contribuyen a su
desarrollo. El sistema SYMBIOSIS integra tecnologias acusticas y épticas que no requieren intervencion
humana y podra transmitir advertencias en tiempo real a las estaciones costeras. Estos datos contribuiran
a la formulacion de politicas de pesca oceanica y a una mejor proteccion del medio marino.
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«El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo y
no tendra un impacto en el ecosistema marino, sino lo que es mas importante, porque proporcionara
informacién fiable sobre la condicién de las poblaciones de peces marinos. En la actualidad es
practicamente imposible recopilar dicha informacion sin invertir enormes recursos. Con el uso de la ultima
tecnologia dptica y acustica esperamos cambiar las actitudes existentes hacia los recursos marinos»,
explico el Dr. Roee Diamant de la Facultad de Ciencias del Mar de la Universidad de Haifa, que coordina
esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprensién de que la
pesca es uno de los problemas mas graves que afrontan los ecosistemas marinos. Segun algunas
estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta podrian colapsar
para el afio 2048. Las autoridades pesqueras mundiales esperan frenar la sobrepesca con nuevas
regulaciones y medidas coercitivas justificadas por la reduccién de las poblaciones de peces. Pero hay muy
pocos métodos actualmente disponibles para la monitorizaciéon en tiempo real de esas poblaciones. La
mayoria involucra barcos de superficie que intentan localizar bancos de peces por medio de sénares.
Segun el Dr. Diamant, estos métodos requieren considerables recursos y personal para supervisar e
interpretar los hallazgos del sonar. En consecuencia, tienen una viabilidad limitada en términos de costes
versus beneficios. Ademas, el uso del sonar generalmente limita la busqueda de poblaciones de peces a
areas reducidas (las que estan debajo del barco que realiza el muestreo), lo que dificulta la toma de
decisiones a posteriori. Las estadisticas limitadas que proporciona este muestreo aleatorio y a corto plazo
del entorno marino implican que el proceso es propenso a numerosos errores de muestreo.

Combinando tecnologias épticas y acusticas, el sistema SYMBIOSIS controlara el entorno marino, y en
particular el tamafio del stock de peces, en un radio de un kilémetro. Funciona de manera completamente
auténoma, recolectando datos submarinos durante largos periodos y transmitiendo esta informacién a un
centro costero. La investigacion se centra en la identificacion de seis grandes especies de peces que son
objeto de una demanda especialmente acusada por parte de la industria pesquera: dos especies de atun;
scad (una especie de caballa; Trachurus mediterraneus); caballa del Atlantico (Scomber scombrus); mahi-
mahi (Coryphaena hippurus); y pez espada (Xiphias gladius). Este sistema proporcionara a las autoridades
informacién concreta y procesable.

La solucién plantea una cadena de procesamiento que comienza con el descubrimiento acustico y la
clasificacion de los peces en funcion de sus caracteristicas tipicas de velocidad y movimiento. Los sensores
acusticos también miden el tamafio del pez y la biomasa total de los peces en la zona. Una vez el sistema
acustico identifica una de las seis especies seleccionadas, activa el sistema 6ptico, que cuenta con varias
camaras y un sofisticado método de procesamiento de datos con varios algoritmos de identificacion de
imagenes que utilizan el 'aprendizaje profundo' (un método de aprendizaje 'automatico' o 'de maquinas').
Cuando el sistema 6ptico confirma la identificacion de una de las seis especies seleccionadas, transmite la
informacién a través de comunicaciones acusticas subacuaticas y luego por radio a una estacién costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacion de peces
eficiente y en el reconocimiento visual de las especies de peces seleccionadas. Los dos equipos del
instituto de investigacion con sede en Madrid son el Laboratorio de Redes Inalambricas Ubicuas dirigido
por el Dr. Paolo Casari, principal investigador por parte de IMDEA Networks y gerente cientifico del
proyecto; y el Grupo de Computacion Global dirigido por el Dr. Antonio Fernandez Anta.
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«Usar la acustica para localizar especies concretas de peces supone una gran desafio», dijo el Dr. Casari.
«En primer lugar, la cadena de procesamiento acustico debe incorporar componentes rentables y necesita
ser altamente eficiente en el consumo energético. Los algoritmos de procesamiento de sefiales
implementados en el sistema de identificacién acustica de peces tienen que lograr un buen equilibrio
entre la complejidad y la precision. Ademas de esto, el entorno subacuatico contiene muchas fuentes de
ruido acustico de fondo y reflectores, y las sefiales de los peces alrededor del sistema SYMBIOSIS seran
mucho mas débiles que las interferencias acusticas provenientes del medio ambiente. Los algoritmos
deben ser lo suficientemente robustos como para hacer frente a estas deficiencias.»

«Respecto a la 6ptica, el entorno marino se caracteriza por su baja visibilidad y por la presencia de
elementos en el agua que distorsionan la imagen. El gran reto es asegurar un buen desempefio del
sistema de deteccidon y minimizar las falsas alarmas. Esto debe suceder de manera auténoma en un
entorno de aguas profundas, donde practicamente no hay posibilidad de intervencion humana", continda
el Dr. Diamant. «La clasificacion 6ptica de las especies de peces también plantea sus propios desafios. Hay
muy pocas imagenes pre-clasificadas disponibles para entrenar el clasificador de aprendizaje profundo.
Ademas, muchas de las imagenes disponibles se tomaron en condiciones de visibilidad muy diferentes a
las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre aprovechando las bases
de datos publicas sobre imagenes de peces, muchas de ellas proporcionadas por submarinistas y
fotégrafos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que entrenar el
sistema, estamos comenzando con redes neuronales previamente entrenadas para el reconocimiento de
objetos, y agregaremos mas imagenes de los entornos de prueba SYMBIOSIS una vez que entremos en la
fase experimental del proyecto”, concluye el Dr. Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacién por el programa de investigacion e innovacion
de la Comision Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto: la Universidad de
Haifa, Israel (coordinador); IMDEA Networks Institute en Madrid, Espafa; la empresa italiana Wireless &
More y EvoLogics Gmbh de Alemania. El proyecto incluye el desarrollo de innovadores algoritmos de
descubrimiento y clasificacién, la aplicacién de hardware especifico y la realizacién de una gran cantidad
de pruebas en el mar. Como parte del proyecto, se esta desarrollando un prototipo que incluye un sistema
de sensores acusticos, una red de camaras, sofisticadas unidades de procesamiento y una unidad de
energia que permite la actividad autbnoma del mismo. El objetivo del proyecto es realizar un muestreo de
las prestaciones del sistema prototipo en tres entornos marinos diferentes: el Mediterrdneo poco
profundo, el Mediterraneo profundo y un entorno tropical en las Islas Canarias. El proyecto transcurrira
hasta noviembre de 2020 y ofrecera nuevas soluciones para la monitorizacién distribuida y a gran escala
del entorno subacuatico, con un impacto positivo en la investigacién sobre la biologia marina, la
conservacion y la formulacion de politicas pesqueras en Europa y también a nivel global.
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The University of Haifa (Israel) and two teams from the IMDEA Networks Institute have developed an
innovative autonomous system, SYMBIOSIS, to monitor real-time schools of fish. This system, which
combines optical and acoustic technologies, will be environmentally friendly and will provide reliable
information about the condition of marine fish stocks, something that at the moment is practically
impossible to achieve without investing enormous resources.

The SYMBIOSIS system integrates acoustic and optical technologies without human intervention. The
system is the product of an international scientific initiative under the EU's Horizon 2020 program. Real-
time monitoring of schools of fish will inform the development of fishing policy and lead to enhanced
protection of the marine environment.

An international scientific initiative under the auspices of the European Union's Horizon 2020, project
SYMBIOSIS is developing an autonomous system to identify schools of fish, including information about
their size and movements in deep waters. The University of Haifa is leading the project, while two teams
from IMDEA Networks Institute in Madrid are contributing to the development effort. The SYMBIOSIS
system integrates acoustic and optical technologies that require no human intervention, and will be able to
transmit real-time warnings to coastal stations. These data will contribute to the formulation of ocean
fishing policies and to enhanced protection of the marine environment.
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"The system will be environmentally friendly, not only in its operation which will be non-invasive and won't
impact the marine ecosystem, but more importantly because it will provide reliable information about the
condition of marine fish stocks. At present, it's virtually impossible to collect such information without
investing enormous resources. Using the latest optical and acoustic technology, we hope to change
attitudes towards marine resources", explained Dr. Roee Diamant of the School of Marine Sciences at the
University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing realization
that fishing is one of the most serious problems facing marine ecosystems. According to some estimates, if
over-fishing is not brought under control, the world's fish stocks may collapse by 2048. Global fishing
authorities are hoping to curb over-fishing with new regulations and enforcement based on fish stocks.
But, there are very few methods presently available for real-time monitoring of those stocks. Most involve
surface boats attempting to locate schools of fish using sonars. According to Dr. Diamant, these methods
require considerable resources and personnel to monitor and interpret the sonar findings. Consequently,
they have limited viability in cost-benefit terms. Also, the use of sonar usually limits the search for fish
stocks to narrow areas (those beneath the ship doing the sampling), impairing any subsequent decision-
making. The limited statistics provided by this random and short-term sampling of the marine
environment mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the SYMBIOSIS system will monitor the marine environment,
and in particular the size of the fish stock, within a radius of one kilometer. It works on an entirely
autonomous basis, collecting underwater data over long periods and transmitting this information to a
coastal center. The research is focusing on the identification of six large fish species that are in especially
high demand from the fishing industry: two species of tuna; scad (a species of mackerel; Trachurus
mediterraneus); Atlantic mackerel (Scomber scombrus); mahi-mahi (Coryphaena hippurus); and swordfish
(Xiphias gladius). This will provide authorities with concrete and actionable information.

The solution has a processing chain that begins with the acoustic discovery and classification of fish, based
on their typical speed and movement characteristics. Acoustic sensors also measure the size of the fish
and the total biomass of the fish in the area. Once the acoustic system identifies one of the six selected
species, it activates the optical system, which features several cameras and sophisticated data processing
with various image identification algorithms using deep learning. When the optical system confirms the
identification of one of the six selected species, it transmits the information via underwater acoustic
communications, and then by radio communications to a coastal station.

IMDEA Networks' researchers are focused on the design of an efficient fish localization system, and on the
visual recognition of the selected fish species. The two teams from the Madrid-based research institute are
the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA Pl and Scientific Manager for
the project; and the Global Computing Group led by Dr. Antonio Fernandez Anta.

"Using acoustics to localize specific fish species is very challenging"; said Dr. Casari. "Firstly, the acoustic
processing chain has to incorporate cost-effective components, and it needs to be highly energy-efficient.
The signal processing algorithms deployed in the acoustic fish identification system have to strike a good
tradeoff between complexity and accuracy. On top of this, the underwater environment contains many
background acoustic noise sources and reflectors, and the signals from fish around the SYMBIOSIS system
will be much weaker than acoustic interference coming from the environment. The algorithms need to be
robust enough to cope with these shortcomings."
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"For optics, the marine environment is characterized by low visibility and elements in the water volume
that distorts the image. The big challenge is to secure good detection performances and to minimize false
alarms. This needs to happen autonomously in a deep-sea environment, where there's practically no
possibility of human intervention," continues Dr. Diamant.

"The optical classification of fish species has its own particular challenges, too. There are very few pre-
classified images available with which to train the deep-learning classifier. And many of the images that are
available were taken under very different visibility conditions to those the system will encounter. In
SYMBIOSIS, we are dealing with this uncertainty by leveraging public databases of fish pictures, many of
them provided by scuba divers and underwater photographers. To address the lack of a large image
dataset, we are starting with pre-trained neural networks for object recognition, and we'll add more
images from SYMBIOSIS test environments once we enter the experimental phase of the project,"
concludes Dr. Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and innovation programme,
Horizon2020. Four institutions are participating in the SYMBIOSIS project: the University of Haifa, Israel
(coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless & More company from Italy and
EvolLogics Gmbh from Germany. The project includes the development of innovative discovery and
classification algorithms, the application of dedicated hardware, and the completion of a large number of
marine trials. As part of the project, a prototype is being developed including a system of acoustic sensors,
a network of cameras, sophisticated processing units, and an energy unit permitting autonomous activity.
The goal of the project is to sample the performances of the prototype system in three different marine
environments: shallow Mediterranean, deep Mediterranean, and a tropical environment in the Canary
Islands. The project will run until November 2020, and will offer novel solutions to the distributed and
large-scale monitoring of the underwater environment, with a positive impact on marine biology research,
conservation, and policy making for fisheries in Europe and worldwide.
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La Universidad de Haifa (Israel) y dos equipos del Instituto IMDEA Networks han desarrollado un innovador sistema autonomo, SYMBIOSIS, para monitorizar en tiempo real
bancos de peces. Este sistema, que combina tecnologias dpticas y acUsticas, sera respetuoso con el medio ambiente y proporcionara informacion fiable sobre la condicion
de las poblaciones de peces marinos, algo que en estos momentos es practicamente imposible de conseguir sin invertir enormes recursos. SYMBIOSIS es producto de una
iniciativa cientifica internacional dentro del programa Horizonte 2020 de la UE y conformara el desarrollo de la politica pesquera europea, dando una mayor proteccion del

medio ambiente marino.

El sistema SYMBIOSIS integra tecnologias acUsticas y opticas sin intervencion humana. Es el producto de una iniciativa cientifica internacional dentro del programa Horizonte
2020 de la UE. La monitorizacion en tiempo real de bancos de peces conformara el desarrollo de la politica pesquera europea y dara lugar a una mayor proteccion del medio

ambiente marino.

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo Horizonte 2020, el proyecto SYMBIOSIS esta desarrollando un sistema autonomo
para identificar cardimenes, incluyendo informacion sobre su tamafno y movimientos en aguas profundas. La Universidad de Haifa lidera el proyecto, mientras que dos equipos
del Instituto IMDEA Networks en Madrid contribuyen a su desarrollo. El sistema SYMBIOSIS integra tecnologias acusticas y opticas que no requieren intervencion humana y
podra transmitir advertencias en tiempo real a las estaciones costeras. Estos datos contribuiran a la formulacion de politicas de pesca oceanica y a una mejor proteccion del

medio marino.

«El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo y no tendra un impacto en el ecosistema marino, sino lo que es mas
importante, porque proporcionara informacion fiable sobre la condicion de las poblaciones de peces marinos. En la actualidad es practicamente imposible recopilar dicha
informacion sin invertir enormes recursos. Con el uso de la Gltima tecnologia optica y acUstica esperamos cambiar las actitudes existentes hacia los recursos marinos»,

explico el Dr. Roee Diamant de la Facultad de Ciencias del Mar de la Universidad de Haifa, que coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprension de que la pesca es uno de los problemas mas graves que afrontan los
ecosistemas marinos. Segun algunas estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta podrian colapsar para el afo 2048. Las autoridades
pesqueras mundiales esperan frenar la sobrepesca con nuevas regulaciones y medidas coercitivas justificadas por la reduccion de las poblaciones de peces. Pero hay muy
pocos métodos actualmente disponibles para la monitorizacion en tiempo real de esas poblaciones. La mayoria involucra barcos de superficie que intentan localizar bancos
de peces por medio de sonares. Segln el Dr. Diamant, estos métodos requieren considerables recursos y personal para supervisar e interpretar los hallazgos del sonar. En
consecuencia, tienen una viabilidad limitada en términos de costes versus beneficios. Ademas, el uso del sonar generalmente limita la busqueda de poblaciones de peces a
areas reducidas (las que estan debajo del barco que realiza el muestreo), lo que dificulta la toma de decisiones a posteriori. Las estadisticas limitadas que proporciona este

muestreo aleatorio y a corto plazo del entorno marino implican que el proceso es propenso a numerosos errores de muestreo.

Combinando tecnologias dpticas y acUsticas, el sistema SYMBIOSIS controlara el entorno marino, y en particular el tamaio del stock de peces, en un radio de un kilometro.
Funciona de manera completamente autéonoma, recolectando datos submarinos durante largos periodos y transmitiendo esta informacion a un centro costero. La
investigacion se centra en la identificacion de seis grandes especies de peces que son objeto de una demanda especialmente acusada por parte de la industria pesquera:
dos especies de atun; scad (una especie de caballa; Trachurus mediterraneus); caballa del Atlantico (Scomber scombrus); mahi-mahi (Coryphaena hippurus); y pez espada

(Xiphias gladius). Este sistema proporcionara a las autoridades informacion concreta y procesable.

La solucion plantea una cadena de procesamiento que comienza con el descubrimiento acustico y la clasificacion de los peces en funcion de sus caracteristicas tipicas de
velocidad y movimiento. Los sensores acusticos también miden el tamano del pez y la biomasa total de los peces en la zona. Una vez el sistema acUstico identifica una de las
seis especies seleccionadas, activa el sistema optico, que cuenta con varias camaras y un sofisticado método de procesamiento de datos con varios algoritmos de
identificacion de imagenes que utilizan el ‘aprendizaje profundo’ (un método de aprendizaje ‘automatico’ o ‘de maquinas’). Cuando el sistema Optico confirma la
identificacion de una de las seis especies seleccionadas, transmite la informacion a través de comunicaciones acUsticas subacuaticas y luego por radio a una estacion

costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacion de peces eficiente y en el reconocimiento visual de las especies de peces
seleccionadas. Los dos equipos del instituto de investigacion con sede en Madrid son el Laboratorio de Redes Inalambricas Ubicuas dirigido por el Dr. Paolo Casari, principal

investigador por parte de IMDEA Networks y gerente cientifico del proyecto; y el Grupo de Computacion Global dirigido por el Dr. Antonio Fernandez Anta.

«Usar la acUstica para localizar especies concretas de peces supone una gran desafio», dijo el Dr. Casari. «En primer lugar, la cadena de procesamiento acUstico debe
incorporar componentes rentables y necesita ser altamente eficiente en el consumo energético. Los algoritmos de procesamiento de sefiales implementados en el sistema de
identificacion acUstica de peces tienen que lograr un buen equilibrio entre la complejidad y la precision. Ademas de esto, el entorno subacuatico contiene muchas fuentes
de ruido acUstico de fondo y reflectores, y las senales de los peces alrededor del sistema SYMBIOSIS seran mucho mas débiles que las interferencias acUsticas provenientes

del medio ambiente. Los algoritmos deben ser lo suficientemente robustos como para hacer frente a estas deficiencias.»

«Respecto a la optica, el entorno marino se caracteriza por su baja visibilidad y por la presencia de elementos en el agua que distorsionan la imagen. El gran reto es asegurar
un buen desempeno del sistema de deteccion y minimizar las falsas alarmas. Esto debe suceder de manera autonoma en un entorno de aguas profundas, donde
practicamente no hay posibilidad de intervencion humana”, continta el Dr. Diamant. «La clasificacion optica de las especies de peces también plantea sus propios desafios.

Hay muy pocas imagenes pre-clasificadas disponibles para entrenar el clasificador de aprendizaje profundo. Ademas, muchas de las imagenes disponibles se tomaron en



condiciones de visibilidad muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre aprovechando las bases de datos publicas sobre
imagenes de peces, muchas de ellas proporcionadas por submarinistas y fotografos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que entrenar el
sistema, estamos comenzando con redes neuronales previamente entrenadas para el reconocimiento de objetos, y agregaremos mas imagenes de los entornos de prueba

SYMBIOSIS una vez que entremos en la fase experimental del proyecto”, concluye el Dr. Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacion por el programa de investigacion e innovacion de la Comision Europea, Horizonte 2020. Cuatro instituciones
participan en el proyecto: laUniversidad de Haifa, Israel (coordinador);IMDEA Networks Instituteen Madrid, Espana; la empresa italiana Wireless & More yEvolLogics Gmbhde
Alemania. El proyecto incluye el desarrollo de innovadores algoritmos de descubrimiento y clasificacion, la aplicacion de hardware especifico y la realizacion de una gran
cantidad de pruebas en el mar. Como parte del proyecto, se esta desarrollando un prototipo que incluye un sistema de sensores acUsticos, una red de camaras, sofisticadas
unidades de procesamiento y una unidad de energia que permite la actividad autonoma del mismo. El objetivo del proyecto es realizar un muestreo de las prestaciones del
sistema prototipo en tres entornos marinos diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un entorno tropical en las Islas Canarias. El proyecto
transcurrira hasta noviembre de 2020 y ofrecera nuevas soluciones para la monitorizacion distribuida y a gran escala del entorno subacuatico, con un impacto positivo en la

investigacion sobre la biologia marina, la conservacion y la formulacion de politicas pesqueras en Europa y también a nivel global.

https://www.networks.imdea.org/es/actualidad/noticias/2018/innovador-sistema-autonomo-monitorizar-bancos-peces
Attached files

Demonstracion grafica del sistema SYMBIOSIS. (60)
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Innovative Autonomous System for Identifying Schools of Fish
19/06/2018 IMDEA Networks Institute

The University of Haifa (Israel) and two teams from the IMDEA Networks Institute have developed an innovative autonomous system, SYMBIOSIS, to monitor real-time schools of
fish. This system, which combines optical and acoustic technologies, will be environmentally friendly and will provide reliable information about the condition of marine fish
stocks, something that at the moment is practically impossible to achieve without investing enormous resources. SYMBIOSIS is the product of an international scientific

initiative under the EU's Horizon 2020 program and will inform the development of the European fishing policy, giving greater protection to the marine environment.

The SYMBIOSIS system integrates acoustic and optical technologies without human intervention. The system is the product of an international scientific initiative under the

EU’s Horizon 2020 program. Real-time monitoring of schools of fish will inform the development of fishing policy and lead to enhanced protection of the marine environment.

An international scientific initiative under the auspices of the European Union’s Horizon 2020, project SYMBIOSIS is developing an autonomous system to identify schools of
fish, including information about their size and movements in deep waters. The University of Haifa is leading the project, while two teams from IMDEA Networks Institute in
Madrid are contributing to the development effort. The SYMBIOSIS system integrates acoustic and optical technologies that require no human intervention, and will be able
to transmit real-time warnings to coastal stations. These data will contribute to the formulation of ocean fishing policies and to enhanced protection of the marine

environment.

«The system will be environmentally friendly, not only in its operation which will be non-invasive and won’t impact the marine ecosystem, but more importantly because it will
provide reliable information about the condition of marine fish stocks. At present, it’s virtually impossible to collect such information without investing enormous resources.
Using the latest optical and acoustic technology, we hope to change attitudes towards marine resources», explained Dr. Roee Diamant of the School of Marine Sciences at

the University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing realization that fishing is one of the most serious problems facing marine
ecosystems. According to some estimates, if over-fishing is not brought under control, the world’s fish stocks may collapse by 2048. Global fishing authorities are hoping to
curb over-fishing with new regulations and enforcement based on fish stocks. But, there are very few methods presently available for real-time monitoring of those stocks.
Most involve surface boats attempting to locate schools of fish using sonars. According to Dr. Diamant, these methods require considerable resources and personnel to
monitor and interpret the sonar findings. Consequently, they have limited viability in cost-benefit terms. Also, the use of sonar usually limits the search for fish stocks to
narrow areas (those beneath the ship doing the sampling), impairing any subsequent decision-making. The limited statistics provided by this random and short-term sampling

of the marine environment mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the Symbiosis system will monitor the marine environment, and in particular the size of the fish stock, within a radius of one
kilometer. It works on an entirely autonomous basis, collecting underwater data over long periods and transmitting this information to a coastal center. The research is
focusing on the identification of six large fish species that are in especially high demand from the fishing industry: two species of tuna; scad (a species of mackerel;Trachurus
mediterraneus); Atlantic mackerel (Scomber scombrus); mahi-mahi (Coryphaena hippurus); and swordfish (Xiphias gladius). This will provide authorities with concrete and

actionable information.

The solution has a processing chain that begins with the acoustic discovery and classification of fish, based on their typical speed and movement characteristics. Acoustic
sensors also measure the size of the fish and the total biomass of the fish in the area. Once the acoustic system identifies one of the six selected species, it activates the
optical system, which features several cameras and sophisticated data processing with various image identification algorithms using deep learning. When the optical system
confirms the identification of one of the six selected species, it transmits the information via underwater acoustic communications, and then by radio communications to a

coastal station.

IMDEA Networks’ researchers are focused on the design of an efficient fish localization system, and on the visual recognition of the selected fish species. The two teams
from the Madrid-based research institute are the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA Pl and Scientific Manager for the project; and the

Global Computing Group led by Dr. Antonio Fernandez Anta.

«Using acoustics to localize specific fish species is very challenging» said Dr. Casari. «Firstly, the acoustic processing chain has to incorporate cost-effective components, and
it needs to be highly energy-efficient. The signal processing algorithms deployed in the acoustic fish identification system have to strike a good tradeoff between complexity
and accuracy. On top of this, the underwater environment contains many background acoustic noise sources and reflectors, and the signals from fish around the SYMBIOSIS

system will be much weaker than acoustic interference coming from the environment. The algorithms need to be robust enough to cope with these shortcomings.»

«For optics, the marine environment is characterized by low visibility and elements in the water volume that distorts the image. The big challenge is to secure good
detection performances and to minimize false alarms. This needs to happen autonomously in a deep-sea environment, where there’s practically no possibility of human

intervention,» continues Dr. Diamant.

«The optical classification of fish species has its own particular challenges, too. There are very few pre-classified images available with which to train the deep-learning
classifier. And many of the images that are available were taken under very different visibility conditions to those the system will encounter. In SYMBIOSIS, we are dealing with
this uncertainty by leveraging public databases of fish pictures, many of them provided by scuba divers and underwater photographers. To address the lack of a large image
dataset, we are starting with pre-trained neural networks for object recognition, and we’ll add more images from SYMBIOSIS test environments once we enter the

experimental phase of the project,» concludes Dr. Fernandez Anta.



SYMBIOSIS was selected for funding by the European Commission's research and innovation programme, Horizon2020. Four institutions are participating in the SYMBIOSIS
project: theUniversity of Haifa, Israel (coordinator);IMDEA Networks Institutein Madrid, Spain; Wireless & More company from Italy andEvoLogics Gmbhfrom Germany. The
project includes the development of innovative discovery and classification algorithms, the application of dedicated hardware, and the completion of a large number of
marine trials. As part of the project, a prototype is being developed including a system of acoustic sensors, a network of cameras, sophisticated processing units, and an
energy unit permitting autonomous activity. The goal of the project is to sample the performances of the prototype system in three different marine environments: shallow
Mediterranean, deep Mediterranean, and a tropical environment in the Canary Islands. The project will run until November 2020, and will offer novel solutions to the
distributed and large-scale monitoring of the underwater environment, with a positive impact on marine biology research, conservation, and policy making for fisheries in

Europe and worldwide.

https://www.networks.imdea.org/whats-new/news/2018/innovative-autonomous-system-identifying-schools-fish
Attached files
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Graphic demonstration of the SYMBIOSIS system. (55)

Research news
for the media




AGENCIA IBEROAMERICANA
n PARA LA DIFUSION

DE LA CIENCIA
¥ LA TECNOLOGIA

http://www.dicyt.com/noticias/un-innovador-sistema-autonomo-para-monitorizar-bancos-de-
peces

Un 1nnovador sistema autobnomo para
monitorizar bancos de peces

El sistema SYMBIOSIS integra tecnologias acusticas y opticas sin
intervencion humana. Es el producto de una iniciativa cientifica
internacional dentro del programa Horizonte 2020 de la UE

IMDEA/DICYT Nacido como una iniciativa cientifica internacional bajo los auspicios del programa
europeo Horizonte 2020, el proyecto SYMBIOSIS esta desarrollando un sistema autonomo para
identificar cardumenes, incluyendo informacion sobre su tamafio y movimientos en aguas profundas.
La Universidad de Haifa lidera el proyecto, mientras que dos equipos del Instituto IMDEA Networks
en Madrid contribuyen a su desarrollo. El sistema SYMBIOSIS integra tecnologias acusticas y épticas
gue no requieren intervencion humana y podra transmitir advertencias en tiempo real a las estaciones
costeras. Estos datos contribuiran a la formulacion de politicas de pesca oceanica y a una mejor
proteccion del medio marino.

"El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo
y no tendra un impacto en el ecosistema marino, sino lo que es mas importante, porque proporcionara
informacion fiable sobre la condicion de las poblaciones de peces marinos. En la actualidad es
practicamente imposible recopilar dicha informacion sin invertir enormes recursos. Con el uso de la
Gltima tecnologia Optica y acustica esperamos cambiar las actitudes existentes hacia los recursos
marinos", explicd Roee Diamant de la Facultad de Ciencias del Mar de la Universidad de Haifa, que
coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprension de
que la pesca es uno de los problemas mas graves que afrontan los ecosistemas marinos. Segun algunas
estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta podrian colapsar
para el afio 2048. Las autoridades pesqueras mundiales esperan frenar la sobrepesca con nuevas
regulaciones y medidas coercitivas justificadas por la reduccion de las poblaciones de peces. Pero hay
muy pocos métodos actualmente disponibles para la monitorizacion en tiempo real de esas
poblaciones. La mayoria involucra barcos de superficie que intentan localizar bancos de peces por
medio de sonares.

Segln Diamant, estos métodos requieren considerables recursos y personal para supervisar e
interpretar los hallazgos del sonar. En consecuencia, tienen una viabilidad limitada en términos de
costes versus beneficios. Ademas, el uso del sonar generalmente limita la blsqueda de poblaciones de
peces a areas reducidas (las que estan debajo del barco que realiza el muestreo), lo que dificulta la
toma de decisiones a posteriori. Las estadisticas limitadas que proporciona este muestreo aleatorio y a
corto plazo del entorno marino implican que el proceso es propenso a numerosos errores de muestreo.

Combinando tecnologias Opticas y acusticas, el sistema SYMBIOSIS controlaré el entorno marino, y
en particular el tamafio del stock de peces, en un radio de un kilémetro. Funciona de manera
completamente autbnoma, recolectando datos submarinos durante largos periodos y transmitiendo esta
informacion a un centro costero. La investigacion se centra en la identificacion de seis grandes especies
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de peces que son objeto de una demanda especialmente acusada por parte de la industria pesquera: dos
especies de atln, scad (una especie de caballa, 'Trachurus mediterraneus'), caballa del Atlantico
('Scomber scombrus'), mahi-mahi ('Coryphaena hippurus’) y pez espada (‘Xiphias gladius’). Este
sistema proporcionara a las autoridades informacion concreta y procesable.

La solucidn plantea una cadena de procesamiento que comienza con el descubrimiento acustico y la
clasificacion de los peces en funcién de sus caracteristicas tipicas de velocidad y movimiento. Los
sensores acusticos también miden el tamafio del pez y la biomasa total de los peces en la zona. Una
vez el sistema acustico identifica una de las seis especies seleccionadas, activa el sistema dptico, que
cuenta con varias camaras y un sofisticado método de procesamiento de datos con varios algoritmos
de identificacion de imagenes que utilizan el ‘aprendizaje profundo’ (un método de aprendizaje
‘automatico’ o ‘de maquinas’). Cuando el sistema Optico confirma la identificacion de una de las seis
especies seleccionadas, transmite la informacion a través de comunicaciones acusticas subacuaticas y
luego por radio a una estacion costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacién de peces
eficiente y en el reconocimiento visual de las especies de peces seleccionadas. Los dos equipos del
instituto de investigacién con sede en Madrid son el Laboratorio de Redes Inalambricas Ubicuas
dirigido por Paolo Casari, principal investigador por parte de IMDEA Networks y gerente cientifico
del proyecto; y el Grupo de Computacion Global dirigido por Antonio Fernandez Anta.

"Usar la acUstica para localizar especies concretas de peces supone una gran desafio”, dijo el Dr.
Casari. "En primer lugar, la cadena de procesamiento acustico debe incorporar componentes rentables
y necesita ser altamente eficiente en el consumo energético. Los algoritmos de procesamiento de
sefiales implementados en el sistema de identificacion acustica de peces tienen que lograr un buen
equilibrio entre la complejidad y la precisién. Ademas de esto, el entorno subacuatico contiene muchas
fuentes de ruido acustico de fondo y reflectores, y las sefiales de los peces alrededor del sistema
SYMBIOSIS seran mucho mas débiles que las interferencias acusticas provenientes del medio
ambiente. Los algoritmos deben ser lo suficientemente robustos como para hacer frente a estas
deficiencias".

Respecto a la Optica, "el entorno marino se caracteriza por su baja visibilidad y por la presencia de
elementos en el agua que distorsionan la imagen”. "El gran reto es asegurar un buen desempefio del
sistema de deteccién y minimizar las falsas alarmas. Esto debe suceder de manera autbnoma en un
entorno de aguas profundas, donde practicamente no hay posibilidad de intervencién humana”,
contindia Diamant.

"La clasificacion dptica de las especies de peces también plantea sus propios desafios. Hay muy pocas
imagenes pre-clasificadas disponibles para entrenar el clasificador de aprendizaje profundo. Ademas,
muchas de las imagenes disponibles se tomaron en condiciones de visibilidad muy diferentes a las que
el sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre aprovechando las bases de
datos publicas sobre imagenes de peces, muchas de ellas proporcionadas por submarinistas y
fotografos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que entrenar el
sistema, estamos comenzando con redes neuronales previamente entrenadas para el reconocimiento
de objetos, y agregaremos mas imagenes de los entornos de prueba SYMBIOSIS una vez que entremos
en la fase experimental del proyecto”, concluye Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiaciéon por el programa de investigacion e
innovacién de la Comision Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto:
la Universidad de Haifa, Israel (coordinador), IMDEA Networks Institute en Madrid, Espafa, la
empresa italiana Wireless & More y EvoLogics Gmbh de Alemania. El proyecto incluye el desarrollo
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de innovadores algoritmos de descubrimiento y clasificacién, la aplicacion de hardware especifico y
la realizacion de una gran cantidad de pruebas en el mar. Como parte del proyecto, se esta
desarrollando un prototipo que incluye un sistema de sensores acusticos, una red de camaras,
sofisticadas unidades de procesamiento y una unidad de energia que permite la actividad auténoma
del mismo.

El objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo en tres
entornos marinos diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un entorno
tropical en las Islas Canarias. El proyecto transcurrira hasta noviembre de 2020 y ofrecera nuevas
soluciones para la monitorizacion distribuida y a gran escala del entorno subacuatico, con un impacto
positivo en la investigacion sobre la biologia marina, la conservacion y la formulacion de politicas
pesqueras en Europa y también a nivel global.
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Innovative autonomous system for identifying
schools of fish

The SYMBIOSIS system integrates acoustic and optical
technologies without human intervention. The system is the
product of an international scientific initiative under the EU’s
Horizon 2020 program

IMDEA/DICYT An international scientific initiative under the auspices of the European Union’s
Horizon 2020, project SYMBIOSIS is developing an autonomous system to identify schools of fish,
including information about their size and movements in deep waters. The University of Haifa is
leading the project, while two teams from IMDEA Networks Institute in Madrid are contributing to
the development effort. The SYMBIOSIS system integrates acoustic and optical technologies that
require no human intervention, and will be able to transmit real-time warnings to coastal stations.
These data will contribute to the formulation of ocean fishing policies and to enhanced protection of
the marine environment.

"The system will be environmentally friendly, not only in its operation which will be non-invasive and
won’t impact the marine ecosystem, but more importantly because it will provide reliable information
about the condition of marine fish stocks. At present, it’s virtually impossible to collect such
information without investing enormous resources. Using the latest optical and acoustic technology,
we hope to change attitudes towards marine resources”, explained Roee Diamant of the School of
Marine Sciences at the University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing
realization that fishing is one of the most serious problems facing marine ecosystems. According to
some estimates, if over-fishing is not brought under control, the world’s fish stocks may collapse by
2048. Global fishing authorities are hoping to curb over-fishing with new regulations and enforcement
based on fish stocks. But, there are very few methods presently available for real-time monitoring of
those stocks. Most involve surface boats attempting to locate schools of fish using sonars. According
to Diamant, these methods require considerable resources and personnel to monitor and interpret the
sonar findings. Consequently, they have limited viability in cost-benefit terms. Also, the use of sonar
usually limits the search for fish stocks to narrow areas (those beneath the ship doing the sampling),
impairing any subsequent decision-making. The limited statistics provided by this random and short-
term sampling of the marine environment mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the Symbiosis system will monitor the marine
environment, and in particular the size of the fish stock, within a radius of one kilometer. It works on
an entirely autonomous basis, collecting underwater data over long periods and transmitting this
information to a coastal center. The research is focusing on the identification of six large fish species
that are in especially high demand from the fishing industry: two species of tuna; scad (a species of
mackerel, 'Trachurus mediterraneus’), Atlantic mackerel (‘Scomber scombrus’), mahi-mahi
(‘Coryphaena hippurus’), and swordfish ("Xiphias gladius"). This will provide authorities with concrete
and actionable information.
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The solution has a processing chain that begins with the acoustic discovery and classification of fish,
based on their typical speed and movement characteristics. Acoustic sensors also measure the size of
the fish and the total biomass of the fish in the area. Once the acoustic system identifies one of the six
selected species, it activates the optical system, which features several cameras and sophisticated data
processing with various image identification algorithms using deep learning. When the optical system
confirms the identification of one of the six selected species, it transmits the information via
underwater acoustic communications, and then by radio communications to a coastal station.

IMDEA Networks’ researchers are focused on the design of an efficient fish localization system, and
on the visual recognition of the selected fish species. The two teams from the Madrid-based research
institute are the Ubiquitous Wireless Networks laboratory led by Paolo Casari, IMDEA Pl and
Scientific Manager for the project; and the Global Computing Group led by Antonio Fernandez Anta.

"Using acoustics to localize specific fish species is very challenging” said Casari. "Firstly, the acoustic
processing chain has to incorporate cost-effective components, and it needs to be highly energy-
efficient. The signal processing algorithms deployed in the acoustic fish identification system have to
strike a good tradeoff between complexity and accuracy. On top of this, the underwater environment
contains many background acoustic noise sources and reflectors, and the signals from fish around the
SYMBIOSIS system will be much weaker than acoustic interference coming from the environment.
The algorithms need to be robust enough to cope with these shortcomings".

"For optics, the marine environment is characterized by low visibility and elements in the water
volume that distorts the image. The big challenge is to secure good detection performances and to
minimize false alarms. This needs to happen autonomously in a deep-sea environment, where there’s
practically no possibility of human intervention", continues Diamant.

"The optical classification of fish species has its own particular challenges, too. There are very few
pre-classified images available with which to train the deep-learning classifier. And many of the
images that are available were taken under very different visibility conditions to those the system will
encounter. In SYMBIOSIS, we are dealing with this uncertainty by leveraging public databases of fish
pictures, many of them provided by scuba divers and underwater photographers. To address the lack
of a large image dataset, we are starting with pre-trained neural networks for object recognition, and
we’ll add more images from SYMBIOSIS test environments once we enter the experimental phase of
the project”, concludes Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and innovation
programme, Horizon2020. Four institutions are participating in the SYMBIOSIS project: the
University of Haifa, Israel (coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless &
More company from Italy and EvoLogics Gmbh from Germany. The project includes the development
of innovative discovery and classification algorithms, the application of dedicated hardware, and the
completion of a large number of marine trials. As part of the project, a prototype is being developed
including a system of acoustic sensors, a network of cameras, sophisticated processing units, and an
energy unit permitting autonomous activity. The goal of the project is to sample the performances of
the prototype system in three different marine environments: shallow Mediterranean, deep
Mediterranean, and a tropical environment in the Canary Islands. The project will run until November
2020, and will offer novel solutions to the distributed and large-scale monitoring of the underwater
environment, with a positive impact on marine biology research, conservation, and policy making for
fisheries in Europe and worldwide.
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FUENTE | IMDEA Networks Institute

Innovador sistema autonomo para monitorizar bancos de
peces

La monitorizacion en tiempo real de bancos de peces conformara el desarrollo de la politica pesquera europea y dara
lugar a una mayor proteccion del medio ambiente marino.

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo Horizonte 2020, el proyecto
SYMBIOSIS (http://symbiosis.networks.imdea.org/) estd desarrollando un sistema auténomo para identificar
cardiimenes, incluyendo informacion sobre su tamano y movimientos en aguas profundas. La Universidad de Haifa
(https:/ /www.haifa.ac.il/index.php/en/) lidera el proyecto, mientras que dos equipos del Instituto IMDEA Networks
(https:/ /www.networks.imdea.org/es) en Madrid contribuyen a su desarrollo. El sistema SYMBIOSIS integra tecnologias
aclsticas y opticas que no requieren intervencion humana y podra transmitir advertencias en tiempo real a las
estaciones costeras. Estos datos contribuiran a la formulacion de politicas de pesca oceanica y a una mejor proteccion
del medio marino.

"El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo y no tendra un
impacto en el ecosistema marino, sino lo que es mas importante, porque proporcionara informacion fiable sobre la
condicion de las poblaciones de peces marinos. En la actualidad es practicamente imposible recopilar dicha
informacion sin invertir enormes recursos. Con el uso de la (ltima tecnologia optica y aclstica esperamos cambiar las
actitudes existentes hacia los recursos marinos", explico el Dr. Roee Diamant de la Facultad de Ciencias del Mar de la
Universidad de Haifa, que coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprension de que la pesca es uno
de los problemas mas graves que afrontan los ecosistemas marinos. Segin algunas estimaciones, si la pesca excesiva
no se controla las poblaciones de peces del planeta podrian colapsar para el afo 2048. Las autoridades pesqueras
mundiales esperan frenar la sobrepesca con nuevas regulaciones y medidas coercitivas basadas en las poblaciones de
peces. Pero hay muy pocos métodos actualmente disponibles para la monitorizacion en tiempo real de esas
poblaciones. La mayoria involucra barcos de superficie que intentan localizar bancos de peces por medio de sonares.
Segln el Dr. Diamant, estos métodos requieren considerables recursos y personal para supervisar e interpretar los
hallazgos del sonar. En consecuencia, tienen una viabilidad limitada en términos de costes versus beneficios. Ademas,
el uso del sonar generalmente limita la bisqueda de poblaciones de peces a areas reducidas (las que estan debajo del
barco que realiza el muestreo), lo que dificulta la toma de decisiones a posteriori. Las estadisticas limitadas que
proporciona este muestreo aleatorio y a corto plazo del entorno marino implican que el proceso es propenso a
numerosos errores de muestreo.

Combinando tecnologias opticas y aclsticas, el sistema SYMBIOSIS controlara el entorno marino, y en particular el
tamano del stock de peces, en un radio de un kilometro. Funciona de manera completamente autonoma, recolectando
datos submarinos durante largos periodos y transmitiendo esta informacion a un centro costero. La investigacion se
centra en la identificacion de seis grandes especies de peces que son objeto de una demanda especialmente acusada
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por parte de la industria pesquera: dos especies de atln; scad (una especie de caballa; Trachurus mediterraneus);
caballa del Atlantico (Scomber scombrus); mahi-mahi (Coryphaena hippurus); y pez espada (Xiphias gladius). Este
sistema proporcionara a las autoridades informacion concreta y procesable.

La solucion plantea una cadena de procesamiento que comienza con el descubrimiento acistico y la clasificacion de los
peces en funcion de sus caracteristicas tipicas de velocidad y movimiento. Los sensores aclsticos también miden el
tamano del pez y la biomasa total de los peces en la zona. Una vez el sistema acistico identifica una de las seis
especies seleccionadas, activa el sistema oOptico, que cuenta con varias camaras y un sofisticado método de
procesamiento de datos con varios algoritmos de identificacion de imagenes que utilizan el 'aprendizaje profundo' (un
método de aprendizaje 'automatico' o 'de maquinas'). Cuando el sistema optico confirma la identificacion de una de las
seis especies seleccionadas, transmite la informacion a través de comunicaciones aclsticas subacuaticas y luego por
radio a una estacion costera.

Los investigadores de IMDEA Networks se centran en el diseno de un sistema de localizacion de peces eficiente y en el
reconocimiento visual de las especies de peces seleccionadas. Los dos equipos del instituto de investigacion con sede
en Madrid son el Laboratorio de Redes Inalambricas Ubicuas dirigido por el Dr. Paolo Casari, principal investigador por
parte de IMDEA Networks y gerente cientifico del proyecto; y el Grupo de Computacion Global dirigido por el Dr. Antonio
Fernandez Anta.

"Usar la aclstica para localizar especies concretas de peces supone una gran desafio”, dijo el Dr. Casari. "En primer
lugar, la cadena de procesamiento aclstico debe incorporar componentes rentables y necesita ser altamente eficiente
en el consumo energético. Los algoritmos de procesamiento de senales implementados en el sistema de identificacion
aclstica de peces tienen que lograr un buen equilibrio entre la complejidad y la precision. Ademas de esto, el entorno
subacuatico contiene muchas fuentes de ruido aclstico de fondo y reflectores, y las senales de los peces alrededor del
sistema SYMBIOSIS seran mucho mas débiles que las interferencias acisticas provenientes del medio ambiente. Los
algoritmos deben ser lo suficientemente robustos como para hacer frente a estas deficiencias."

"Respecto a la optica, el entorno marino se caracteriza por su baja visibilidad y por la presencia de elementos en el
agua que distorsionan la imagen. El gran reto es asegurar un buen desempeno del sistema de deteccion y minimizar las
falsas alarmas. Esto debe suceder de manera autonoma en un entorno de aguas profundas, donde practicamente no
hay posibilidad de intervencion humana", continiia el Dr. Diamant. "La clasificacion optica de las especies de peces
también plantea sus propios desafios. Hay muy pocas imagenes pre-clasificadas disponibles para entrenar el
clasificador de aprendizaje profundo. Ademas, muchas de las imagenes disponibles se tomaron en condiciones de
visibilidad muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre
aprovechando las bases de datos plblicas sobre imagenes de peces, muchas de ellas proporcionadas por
submarinistas y fotografos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que entrenar el
sistema, estamos comenzando con redes neuronales previamente capacitadas para el reconocimiento de objetos, y
agregaremos mas imagenes de los entornos de prueba SYMBIOSIS una vez que entremos en la fase experimental del
proyecto”, concluye el Dr. Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacion por el programa de investigacion e innovacion de la Comision
Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto: | a Universidad de Haifa, Israel (coordinador);
IMDEA Networks Institute en Madrid, Espana; la empresa italiana Wireless & More y Evologics Gmbh
(https://www.evologics.de/) de Alemania. El proyecto incluye el desarrollo de innovadores algoritmos de
descubrimiento y clasificacion, la aplicacion de hardware especifico y la realizacion de una gran cantidad de pruebas en
el mar. Como parte del proyecto, se esta desarrollando un prototipo que incluye un sistema de sensores acisticos, una
red de camaras, sofisticadas unidades de procesamiento y una unidad de energia que permite la actividad autonoma
del mismo. El objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo en tres entornos
marinos diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un entorno tropical en las Islas
Canarias. El proyecto transcurrira hasta noviembre de 2020 y ofrecera nuevas soluciones para la monitorizacion
distribuida y a gran escala del entorno subacuatico, con un impacto positivo en la investigacion sobre la biologia
marina, la conservacion y la formulacion de politicas pesqueras en Europa y también a nivel global.
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The project expects to achieve a positive impact on marine biology research, conservation, and
policy making for fisheries in Europe and worldwide. Credit: @IMDEA Networks Institute

The University of Haifa (Israel) and two teams from the IMDEA Networks
Institute have developed an innovative autonomous system, SYMBIOSIS, to
monitor real-time schools of fish. This system, which combines optical and
acoustic technologies, will be environmentally friendly and will provide reliable
information about the condition of marine fish stocks, something that at the
moment is practically impossible to achieve without investing enormous
resources.

[> X The SYMBIOSIS system integrates
acoustic and optical technologies without
human intervention. The system is the
product of an international scientific
initiative under the EU's Horizon 2020
program. Real-time monitoring of
schools of fish will inform the
development of fishing policy and lead to
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environment.

An international scientific initiative under
the auspices of the European Union's
Horizon 2020, project SYMBIOSIS is developing an autonomous system to
identify schools of fish, including information about their size and movements
in deep waters. The University of Haifa is leading the project, while two teams
from IMDEA Networks Institute in Madrid are contributing to the development
effort. The SYMBIOSIS system integrates acoustic and optical technologies
that require no human intervention, and will be able to transmit real-time
warnings to coastal stations. These data will contribute to the formulation of
ocean fishing policies and to enhanced protection of the marine environment.

"The system will be environmentally friendly, not only in its operation which
will be non-invasive and won't impact the marine ecosystem, but more
importantly because it will provide reliable information about the condition of
marine fish stocks. At present, it's virtually impossible to collect such
information without investing enormous resources. Using the latest optical
and acoustic technology, we hope to change attitudes towards marine

https://phys.org/news/2018-06-autonomous-schools-fish.html
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resources", explained Dr. Roee Diamant of the School of Marine Sciences at Civil War Battlefield 'Limb Pit' Reveals Combat
the University of Haifa, who is coordinating the initiative. Surgeon Work 8 hours ago

The development of fishing technology since the twentieth century has Can ants do trigonometry? 18 hours ago
resulted in the growing realization that fishing is one of the most serious

) ) X . . Psychology: The Stanford Prison Experiment was
problems facing marine ecosystems. According to some estimates, if over- aFraud 23 hours ago

fishing is not brought under control, the world's fish stocks may collapse by
2048. Global fishing authorities are hoping to curb over-fishing with new
regulations and enforcement based on fish stocks. But, there are very few
methods presently available for real-time monitoring of those stocks. Most Breath Control and Blood Pressure  Jun 19, 2018
involve surface boats attempting to locate schools of fish using sonars. More from Biology and Medical

According to Dr. Diamant, these methods require considerable resources and

personnel to monitor and interpret the sonar findings. Consequently, they

have limited viability in cost-benefit terms. Also, the use of sonar usually limits

the search for fish stocks to narrow areas (those beneath the ship doing the

sampling), impairing any subsequent decision-making. The limited statistics

provided by this random and short-term sampling of the marine environment

mean the process is prone to numerous sampling errors.

Guinea Worm Eradication Threatened by Dog
Infections  Jun 19, 2018

Combining optical and acoustic technologies, the SYMBIOSIS system will
monitor the marine environment, and in particular the size of the fish stock,
within a radius of one kilometer. It works on an entirely autonomous basis,
collecting underwater data over long periods and transmitting this information
to a coastal center. The research is focusing on the identification of six large
species of tuna; scad (a species of mackerel; Trachurus mediterraneus);
Atlantic mackerel (Scomber scombrus); mahi-mahi (Coryphaena hippurus);
and swordfish (Xiphias gladius). This will provide authorities with concrete
and actionable information.

{ l‘.a’i‘“v.é?"dutam‘i_md localizes pelagic fish h 1

Classification and biomass assessment
based on reflection density +
resonance frequency + target strength

cameras verify detection,
\ classify and quantify fish

@ Processed acoustickgptical datasent 1o shore -
S

Graphic demonstration of the Symbiosis system. Credit: © IMDEA Networks Institute |
SYMBIOSIS Project

The solution has a processing chain that begins with the acoustic discovery
and classification of fish, based on their typical speed and movement
characteristics. Acoustic sensors also measure the size of the fish and the
total biomass of the fish in the area. Once the acoustic system identifies one
of the six selected species, it activates the optical system, which features
several cameras and sophisticated data processing with various image
identification algorithms using deep learning. When the optical system
confirms the identification of one of the six selected species, it transmits the
information via underwater acoustic communications, and then by radio
communications to a coastal station.

IMDEA Networks' researchers are focused on the design of an efficient fish
localization system, and on the visual recognition of the selected fish species.
The two teams from the Madrid-based research institute are the Ubiquitous
Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA PI and
Scientific Manager for the project; and the Global Computing Group led by Dr.
Antonio Fernandez Anta.

https://phys.org/news/2018-06-autonomous-schools-fish.html 2/4
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"Using acoustics to localize specific fish species is very challenging"; said Dr.
Casari. "Firstly, the acoustic processing chain has to incorporate cost-
effective components, and it needs to be highly energy-efficient. The signal
processing algorithms deployed in the acoustic fish identification system have
to strike a good tradeoff between complexity and accuracy. On top of this, the
underwater environment contains many background acoustic noise sources
and reflectors, and the signals from fish around the SYMBIOSIS system wiill
be much weaker than acoustic interference coming from the environment.
The algorithms need to be robust enough to cope with these shortcomings."

"For optics, the marine environment is characterized by low visibility and
elements in the water volume that distorts the image. The big challenge is to
secure good detection performances and to minimize false alarms. This
needs to happen autonomously in a deep-sea environment, where there's
practically no possibility of human intervention," continues Dr. Diamant.

"The optical classification of fish species has its own particular challenges,
too. There are very few pre-classified images available with which to train the
deep-learning classifier. And many of the images that are available were
encounter. In SYMBIOSIS, we are dealing with this uncertainty by leveraging
public databases of fish pictures, many of them provided by scuba divers and
underwater photographers. To address the lack of a large image dataset, we
are starting with pre-trained neural networks for object recognition, and we'll
add more images from SYMBIOSIS test environments once we enter the
experimental phase of the project," concludes Dr. Fernandez Anta.

Explore further: An advanced autonomous platform for securing
marine infrastructures

Provided by: IMDEA Networks Institute
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Innovador sistema autonomo para
monitorizar bancos de peces

21/06/2018 11:57  Lectura: 5 min (1221 palabras)

El sistema SYMBIOSIS integra tecnologias acusticas y 6pticas sin intervencion
humana. La monitorizacion en tiempo real de bancos de peces conformara el
desarrollo de la politica pesquera europea y dara lugar a una mayor proteccion del
medio ambiente marino

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo Horizonte
2020, el proyecto SYMBIOSIS esté desarrollando un sistema auténomo para identificar cardimenes,
incluyendo informacion sobre su tamafno y movimientos en aguas profundas. La Universidad de Haifa
lidera el proyecto, mientras que dos equipos del Instituto IMDEA Networks en Madrid contribuyen a
su desarrollo. El sistema SYMBIOSIS integra tecnologias acusticas y 6pticas que no requieren
intervencion humana y podra transmitir advertencias en tiempo real a las estaciones costeras. Estos
datos contribuiran a la formulacion de politicas de pesca ocednica y a una mejor proteccion del medio

marino.

«El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo
y no tendra un impacto en el ecosistema marino, sino lo que es mas importante, porque proporcionara
informacidn fiable sobre la condicion de las poblaciones de peces marinos. En la actualidad es

practicamente imposible recopilar dicha informacién sin invertir enormes recursos. Con el uso de la



ultima tecnologia Optica y acistica esperamos cambiar las actitudes existentes hacia los recursos
marinos», explico el Dr. Roee Diamant de la Facultad de Ciencias del Mar de la Universidad de Haifa,

que coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprension de que
la pesca es uno de los problemas mas graves que afrontan los ecosistemas marinos. Segtin algunas
estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta podrian colapsar
para el ano 2048. Las autoridades pesqueras mundiales esperan frenar la sobrepesca con nuevas
regulaciones y medidas coercitivas justificadas por la reduccion de las poblaciones de peces. Pero hay
muy pocos métodos actualmente disponibles para la monitorizacion en tiempo real de esas
poblaciones. La mayoria involucra barcos de superficie que intentan localizar bancos de peces por
medio de sOnares. Segtn el Dr. Diamant, estos métodos requieren considerables recursos y personal
para supervisar e interpretar los hallazgos del sonar. En consecuencia, tienen una viabilidad limitada
en términos de costes versus beneficios. Ademas, el uso del sonar generalmente limita la basqueda de
poblaciones de peces a areas reducidas (las que estan debajo del barco que realiza el muestreo), lo que
dificulta la toma de decisiones a posteriori. Las estadisticas limitadas que proporciona este muestreo
aleatorio y a corto plazo del entorno marino implican que el proceso es propenso a numerosos errores
de muestreo.

Combinando tecnologias 6pticas y acusticas, el sistema SYMBIOSIS controlara el entorno marino, y en
particular el tamafio del stock de peces, en un radio de un kilobmetro. Funciona de manera
completamente auténoma, recolectando datos submarinos durante largos periodos y transmitiendo
esta informacion a un centro costero. La investigacion se centra en la identificacion de seis grandes
especies de peces que son objeto de una demanda especialmente acusada por parte de la industria
pesquera: dos especies de atin; scad (una especie de caballa; Trachurus mediterraneus); caballa del
Atlantico (Scomber scombrus); mahi-mahi (Coryphaena hippurus); y pez espada (Xiphias gladius).
Este sistema proporcionara a las autoridades informacién concreta y procesable.

La solucion plantea una cadena de procesamiento que comienza con el descubrimiento actstico y la
clasificacion de los peces en funcién de sus caracteristicas tipicas de velocidad y movimiento. Los
sensores acusticos también miden el tamaio del pez y la biomasa total de los peces en la zona. Una vez
el sistema acustico identifica una de las seis especies seleccionadas, activa el sistema 6ptico, que cuenta
con varias camaras y un sofisticado método de procesamiento de datos con varios algoritmos de
identificacion de imagenes que utilizan el ‘aprendizaje profundo’ (un método de aprendizaje
‘automatico’ o ‘de maquinas’). Cuando el sistema 6ptico confirma la identificacion de una de las seis
especies seleccionadas, transmite la informacién a través de comunicaciones actsticas subacuaticas y

luego por radio a una estacion costera.
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Los investigadores de IMDEA Networks se centran en el diseno de un sistema de localizacién de peces
eficiente y en el reconocimiento visual de las especies de peces seleccionadas. Los dos equipos del
instituto de investigacidon con sede en Madrid son el Laboratorio de Redes Inalambricas Ubicuas
dirigido por el Dr. Paolo Casari, principal investigador por parte de IMDEA Networks y gerente
cientifico del proyecto; y el Grupo de Computacion Global dirigido por el Dr. Antonio Ferndndez Anta.

«Usar la acustica para localizar especies concretas de peces supone una gran desafio», dijo el Dr.
Casari. «En primer lugar, la cadena de procesamiento acustico debe incorporar componentes rentables
y necesita ser altamente eficiente en el consumo energético. Los algoritmos de procesamiento de
sefiales implementados en el sistema de identificacion actstica de peces tienen que lograr un buen
equilibrio entre la complejidad y la precision. Ademas de esto, el entorno subacuatico contiene muchas
fuentes de ruido actstico de fondo y reflectores, y las senales de los peces alrededor del sistema
SYMBIOSIS seran mucho mas débiles que las interferencias actsticas provenientes del medio
ambiente. Los algoritmos deben ser lo suficientemente robustos como para hacer frente a estas

deficiencias.»

«Respecto a la 6ptica, el entorno marino se caracteriza por su baja visibilidad y por la presencia de
elementos en el agua que distorsionan la imagen. El gran reto es asegurar un buen desempefio del
sistema de deteccion y minimizar las falsas alarmas. Esto debe suceder de manera autbnoma en un
entorno de aguas profundas, donde practicamente no hay posibilidad de intervencién humana",
continda el Dr. Diamant. «La clasificacion optica de las especies de peces también plantea sus propios
desafios. Hay muy pocas imagenes pre-clasificadas disponibles para entrenar el clasificador de
aprendizaje profundo. Ademas, muchas de las imagenes disponibles se tomaron en condiciones de
visibilidad muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta
incertidumbre aprovechando las bases de datos ptublicas sobre imagenes de peces, muchas de ellas
proporcionadas por submarinistas y fotégrafos submarinos. Para abordar la falta de un gran conjunto
de imagenes con el que entrenar el sistema, estamos comenzando con redes neuronales previamente
entrenadas para el reconocimiento de objetos, y agregaremos mas imagenes de los entornos de prueba
SYMBIOSIS una vez que entremos en la fase experimental del proyecto", concluye el Dr. Fernandez
Anta.

SYMBIOSIS fue seleccionado como objeto de financiaciéon por el programa de investigacion e
innovacién de la Comision Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto:
la Universidad de Haifa (http://www.haifa.ac.il/index.php/en/), Israel (coordinador); IMDEA
Networks Institute (http://www.networks.imdea.org/es/) en Madrid, Espaia; la empresa italiana

Wireless & More y EvoLogics Gmbh (https://www.evologics.de/) de Alemania. El proyecto incluye el

desarrollo de innovadores algoritmos de descubrimiento y clasificacion, la aplicacion de hardware
especifico y la realizacion de una gran cantidad de pruebas en el mar. Como parte del proyecto, se esta
desarrollando un prototipo que incluye un sistema de sensores actsticos, una red de camaras,
sofisticadas unidades de procesamiento y una unidad de energia que permite la actividad autébnoma
del mismo. El objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo
en tres entornos marinos diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un
entorno tropical en las Islas Canarias. El proyecto transcurrira hasta noviembre de 2020 y ofrecera



nuevas soluciones para la monitorizacién distribuida y a gran escala del entorno subacuético, con un
impacto positivo en la investigacién sobre la biologia marina, la conservacion y la formulacién de
politicas pesqueras en Europa y también a nivel global.

Mas informacion:

https://www.networks.imdea.org/es/actualidad /noticias/2018 /innovador-sistema-autonomo-
monitorizar-bancos-peces (https://www.networks.imdea.org/es/actualidad /noticias/2018/innovador-
sistema-autonomo-monitorizar-bancos-peces),
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Innovative autonomous system for identifying
schools of fish

June 20, 2018

The project expects to achieve a positive impact on marine biology research, conservation, and
policy making for fisheries in Europe and worldwide. Credit: @IMDEA Networks Institute

The University of Haifa (Israel) and two teams from the IMDEA Networks Institute have developed
an innovative autonomous system, SYMBIOSIS, to monitor real-time schools of fish. This system,
which combines optical and acoustic technologies, will be environmentally friendly and will provide
reliable information about the condition of marine fish stocks, something that at the moment is
practically impossible to achieve without investing enormous resources.

The SYMBIOSIS system integrates acoustic and optical technologies without human intervention.
The system is the product of an international scientific initiative under the EU’s Horizon 2020
program. Real-time monitoring of schools of fish will inform the development of fishing policy and
lead to enhanced protection of the marine environment.

An international scientific initiative under the auspices of the European Union’s Horizon 2020,
project SYMBIOSIS is developing an autonomous system to identify schools of fish, including
information about their size and movements in deep waters. The University of Haifa is leading the
project, while two teams from IMDEA Networks Institute in Madrid are contributing to the
development effort. The SYMBIOSIS system integrates acoustic and optical technologies that
require no human intervention, and will be able to transmit real-time warnings to coastal stations.
These data will contribute to the formulation of ocean fishing policies and to enhanced protection
of the marine environment.

“The system will be environmentally friendly, not only in its operation which will be non-invasive
and won't impact the marine ecosystem, but more importantly because it will provide reliable
information about the condition of marine fish stocks. At present, it's virtually impossible to collect
such information without investing enormous resources. Using the latest optical and acoustic
technology, we hope to change attitudes towards marine resources”, explained Dr. Roee Diamant
of the School of Marine Sciences at the University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing
realization that fishing is one of the most serious problems facing marine ecosystems. According

https://www.aquaculture.world/innovative-autonomous-system-for-identifying-schools-of-fish/ 1/3



to some estimates, if over-fishing is not brought under control, the world’s fish stocks may
collapse by 2048. Global fishing authorities are hoping to curb over-fishing with new regulations
and enforcement based on fish stocks. But, there are very few methods presently available for
real-time monitoring of those stocks. Most involve surface boats attempting to locate schools of
fish using sonars. According to Dr. Diamant, these methods require considerable resources and
personnel to monitor and interpret the sonar findings. Consequently, they have limited viability in
cost-benefit terms. Also, the use of sonar usually limits the search for fish stocks to narrow areas
(those beneath the ship doing the sampling), impairing any subsequent decision-making. The
limited statistics provided by this random and short-term sampling of the marine environment
mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the SYMBIOSIS system will monitor the marine
environment, and in particular the size of the fish stock, within a radius of one kilometer. It works
on an entirely autonomous basis, collecting underwater data over long periods and transmitting
this information to a coastal center. The research is focusing on the identification of six large fish
species that are in especially high demand from the fishing industry: two species of tuna; scad (a
species of mackerel; Trachurus mediterraneus); Atlantic mackerel (Scomber scombrus); mahi-
mahi (Coryphaena hippurus); and swordfish (Xiphias gladius). This will provide authorities with
concrete and actionable information.

Graphic demonstration of the Symbiosis system. Credit: © IMDEA Networks Institute |
SYMBIOSIS Project

The solution has a processing chain that begins with the acoustic discovery and classification of
fish, based on their typical speed and movement characteristics. Acoustic sensors also measure
the size of the fish and the total biomass of the fish in the area. Once the acoustic system
identifies one of the six selected species, it activates the optical system, which features several
cameras and sophisticated data processing with various image identification algorithms using deep
learning. When the optical system confirms the identification of one of the six selected species, it
transmits the information via underwater acoustic communications, and then by radio
communications to a coastal station.

IMDEA Networks’ researchers are focused on the design of an efficient fish localization system,
and on the visual recognition of the selected fish species. The two teams from the Madrid-based
research institute are the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA
PI and Scientific Manager for the project; and the Global Computing Group led by Dr. Antonio
Fernandez Anta.

“Using acoustics to localize specific fish species is very challenging”; said Dr. Casari. “Firstly, the
acoustic processing chain has to incorporate cost-effective components, and it needs to be highly
energy-efficient. The signal processing algorithms deployed in the acoustic fish identification

https://www.aquaculture.world/innovative-autonomous-system-for-identifying-schools-of-fish/ 2/3



system have to strike a good tradeoff between complexity and accuracy. On top of this, the
underwater environment contains many background acoustic noise sources and reflectors, and the
signals from fish around the SYMBIOSIS system will be much weaker than acoustic interference
coming from the environment. The algorithms need to be robust enough to cope with these
shortcomings.”

“For optics, the marine environment is characterized by low visibility and elements in the water
volume that distorts the image. The big challenge is to secure good detection performances and to
minimize false alarms. This needs to happen autonomously in a deep-sea environment, where
there’s practically no possibility of human intervention,” continues Dr. Diamant.

“The optical classification of fish species has its own particular challenges, too. There are very few
pre-classified images available with which to train the deep-learning classifier. And many of the
images that are available were taken under very different visibility conditions to those the system
will encounter. In SYMBIOSIS, we are dealing with this uncertainty by leveraging public databases
of fish pictures, many of them provided by scuba divers and underwater photographers. To
address the lack of a large image dataset, we are starting with pre-trained neural networks for
object recognition, and we’ll add more images from SYMBIOSIS test environments once we enter
the experimental phase of the project,” concludes Dr. Fernandez Anta.

Explore further:
An advanced autonomous platform for securing marine infrastructures

Provided by:
IMDEA Networks Institute
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Madrid, Spain.- The SYMBIOSIS system integrates acoustic and optical technologies without human intervention. The system is
b the product of an international scientific initiative under the EU’s Horizon 2020 program. Real-time monitoring of schools of fish
il inform the development of fishing policy and lead to enhanced protection of the marine environment.

=

An international scientific initiative under the auspices of the European Union’s Horizon 2020, project SYMBIOSIS is developing
an autonomous system to identify schools of fish, including information about their size and movements in deep waters. The
University of Haifa is leading the project, while two teams from IMDEA Networks Institute in Madrid are contributing to the
development effort. The SYMBIOSIS system integrates acoustic and optical technologies that require no human intervention, and
ill be able to transmit real-time warnings to coastal stations. These data will contribute to the formulation of ocean fishing policies
and to enhanced protection of the marine environment.

«The system will be environmentally friendly, not only in its operation which will be non-invasive and won’t impact the marine ecosystem, but more importantly because it will
provide reliable information about the condition of marine fish stocks. At present, it's virtually impossible to collect such information without investing enormous resources. Using
the latest optical and acoustic technology, we hope to change attitudes towards marine resources», explained Dr. Roee Diamant of the School of Marine Sciences at the
University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing realization that fishing is one of the most serious problems facing marine
ecosystems. According to some estimates, if over-fishing is not brought under control, the world’s fish stocks may collapse by 2048. Global fishing authorities are hoping to curb
over-fishing with new regulations and enforcement based on fish stocks. But, there are very few methods presently available for real-time monitoring of those stocks. Most involve
surface boats attempting to locate schools of fish using sonars. According to Dr. Diamant, these methods require considerable resources and personnel to monitor and interpret
the sonar findings. Consequently, they have limited viability in cost-benefit terms. Also, the use of sonar usually limits the search for fish stocks to narrow areas (those beneath the
ship doing the sampling), impairing any subsequent decision-making. The limited statistics provided by this random and short-term sampling of the marine environment mean the
process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the Symbiosis system will monitor the marine environment, and in particular the size of the fish stock, within a radius of one

kilometer. It works on an entirely autonomous basis, collecting underwater data over long periods and transmitting this information to a coastal center. The research is focusing on
the identification of six large fish species that are in especially high demand from the fishing industry: two species of tuna; scad (a species of mackerel; Trachurus mediterraneus);
Atlantic mackerel (Scomber scombrus); mahi-mahi (Coryphaena hippurus); and swordfish (Xiphias gladius). This will provide authorities with concrete and actionable information.

The solution has a processing chain that begins with the acoustic discovery and classification of fish, based on their typical speed and movement characteristics. Acoustic sensors
also measure the size of the fish and the total biomass of the fish in the area. Once the acoustic system identifies one of the six selected species, it activates the optical system,
which features several cameras and sophisticated data processing with various image identification algorithms using deep learning. When the optical system confirms the
identification of one of the six selected species, it transmits the information via underwater acoustic communications, and then by radio communications to a coastal station.

IMDEA Networks’ researchers are focused on the design of an efficient fish localization system, and on the visual recognition of the selected fish species. The two teams from the
Madrid-based research institute are the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA Pl and Scientific Manager for the project; and the Global
Computing Group led by Dr. Antonio Fernandez Anta.

«Using acoustics to localize specific fish species is very challenging» said Dr. Casari. «Firstly, the acoustic processing chain has to incorporate cost-effective components, and it
needs to be highly energy-efficient. The signal processing algorithms deployed in the acoustic fish identification system have to strike a good tradeoff between complexity and
accuracy. On top of this, the underwater environment contains many background acoustic noise sources and reflectors, and the signals from fish around the SYMBIOSIS system
will be much weaker than acoustic interference coming from the environment. The algorithms need to be robust enough to cope with these shortcomings.»

«For optics, the marine environment is characterized by low visibility and elements in the water volume that distorts the image. The big challenge is to secure good detection
performances and to minimize false alarms. This needs to happen autonomously in a deep-sea environment, where there’s practically no possibility of human intervention,»
continues Dr. Diamant.

«The optical classification of fish species has its own particular challenges, too. There are very few pre-classified images available with which to train the deep-learning classifier.
And many of the images that are available were taken under very different visibility conditions to those the system will encounter. In SYMBIOSIS, we are dealing with this
uncertainty by leveraging public databases of fish pictures, many of them provided by scuba divers and underwater photographers. To address the lack of a large image dataset,
we are starting with pre-trained neural networks for object recognition, and we’ll add more images from SYMBIOSIS test environments once we enter the experimental phase of
the project,» concludes Dr. Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and innovation programme, Horizon2020. Four institutions are participating in the SYMBIOSIS
project: the University of Haifa, Israel (coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless & More company from Italy and EvolLogics Gmbh from Germany. The
project includes the development of innovative discovery and classification algorithms, the application of dedicated hardware, and the completion of a large number of marine
trials. As part of the project, a prototype is being developed including a system of acoustic sensors, a network of cameras, sophisticated processing units, and an energy unit
permitting autonomous activity. The goal of the project is to sample the performances of the prototype system in three different marine environments: shallow Mediterranean, deep
Mediterranean, and a tropical environment in the Canary Islands. The project will run until November 2020, and will offer novel solutions to the distributed and large-scale
monitoring of the underwater environment, with a positive impact on marine biology research, conservation, and policy making for fisheries in Europe and worldwide.
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Innovative Autonomous System For Identifying Schools Of Fish

@ By BioengineerOrg  Last updated Jun 20,2018

Credit: @/MDEA Networks Institute
The University of Haifa (Israel) and two teams from the IMDEA Networks Institute have developed an

innovative autonomous system, SYMBIOSIS, to monitor real-time schools of fish. This system, which
combines optical and acoustic technologies, will be environmentally friendly and will provide reliable
information about the condition of marine fish stocks, something that at the moment is practically

impossible to achieve without investing enormous resources.

The SYMBIOSIS system integrates acoustic and optical technologies without human intervention. The
system is the product of an international scientific initiative under the EU's Horizon 2020 program. Real-
time monitoring of schools of fish will inform the development of fishing policy and lead to enhanced

protection of the marine environment.
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An international scientific initiative under the auspices of the European Union's Horizon 2020, project
SYMBIOSIS is developing an autonomous system to identify schools of fish, including information about
their size and movements in deep waters. The University of Haifa is leading the project, while two teams
from IMDEA Networks Institute in Madrid are contributing to the development effort. The SYMBIOSIS
system integrates acoustic and optical technologies that require no human intervention, and will be able to
transmit real-time warnings to coastal stations. These data will contribute to the formulation of ocean
fishing policies and to enhanced protection of the marine environment.

"The system will be environmentally friendly, not only in its operation which will be non-invasive and won't
impact the marine ecosystem, but more importantly because it will provide reliable information about the
condition of marine fish stocks. At present, it's virtually impossible to collect such information without
investing enormous resources. Using the latest optical and acoustic technology, we hope to change
attitudes towards marine resources", explained Dr. Roee Diamant of the School of Marine Sciences at the
University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing realization
that fishing is one of the most serious problems facing marine ecosystems. According to some estimates, if
over-fishing is not brought under control, the world's fish stocks may collapse by 2048. Global fishing
authorities are hoping to curb over-fishing with new regulations and enforcement based on fish stocks. But,
there are very few methods presently available for real-time monitoring of those stocks. Most involve
surface boats attempting to locate schools of fish using sonars. According to Dr. Diamant, these methods
require considerable resources and personnel to monitor and interpret the sonar findings. Consequently,
they have limited viability in cost-benefit terms. Also, the use of sonar usually limits the search for fish
stocks to narrow areas (those beneath the ship doing the sampling), impairing any subsequent decision-
making. The limited statistics provided by this random and short-term sampling of the marine environment

mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the SYMBIOSIS system will monitor the marine environment,
and in particular the size of the fish stock, within a radius of one kilometer. It works on an entirely
autonomous basis, collecting underwater data over long periods and transmitting this information to a
coastal center. The research is focusing on the identification of six large fish species that are in especially
high demand from the fishing industry: two species of tuna; scad (a species of mackerel; Trachurus
mediterraneus); Atlantic mackerel (Scomber scombrus); mahi-mahi (Coryphaena hippurus); and swordfish
(Xiphias gladius). This will provide authorities with concrete and actionable information.

The solution has a processing chain that begins with the acoustic discovery and classification of fish, based
on their typical speed and movement characteristics. Acoustic sensors also measure the size of the fish and
the total biomass of the fish in the area. Once the acoustic system identifies one of the six selected species,
it activates the optical system, which features several cameras and sophisticated data processing with
various image identification algorithms using deep learning. When the optical system confirms the
identification of one of the six selected species, it transmits the information via underwater acoustic

communications, and then by radio communications to a coastal station.
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IMDEA Networks' researchers are focused on the design of an efficient fish localization system, and on the
visual recognition of the selected fish species. The two teams from the Madrid-based research institute are
the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA Pl and Scientific Manager for
the project; and the Global Computing Group led by Dr. Antonio Fernandez Anta.

"Using acoustics to localize specific fish species is very challenging"; said Dr. Casari. "Firstly, the acoustic
processing chain has to incorporate cost-effective components, and it needs to be highly energy-efficient.
The signal processing algorithms deployed in the acoustic fish identification system have to strike a good
tradeoff between complexity and accuracy. On top of this, the underwater environment contains many
background acoustic noise sources and reflectors, and the signals from fish around the SYMBIOSIS system
will be much weaker than acoustic interference coming from the environment. The algorithms need to be
robust enough to cope with these shortcomings."

"For optics, the marine environment is characterized by low visibility and elements in the water volume that
distorts the image. The big challenge is to secure good detection performances and to minimize false
alarms. This needs to happen autonomously in a deep-sea environment, where there's practically no

possibility of human intervention," continues Dr. Diamant.

"The optical classification of fish species has its own particular challenges, too. There are very few pre-
classified images available with which to train the deep-learning classifier. And many of the images that are
available were taken under very different visibility conditions to those the system will encounter. In
SYMBIOSIS, we are dealing with this uncertainty by leveraging public databases of fish pictures, many of
them provided by scuba divers and underwater photographers. To address the lack of a large image dataset,
we are starting with pre-trained neural networks for object recognition, and we'll add more images from
SYMBIOSIS test environments once we enter the experimental phase of the project,’ concludes Dr.
Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and innovation programme,
Horizon2020. Four institutions are participating in the SYMBIOSIS project: the University of Haifa, Israel
(coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless & More company from Italy and
Evologics Gmbh from Germany. The project includes the development of innovative discovery and
classification algorithms, the application of dedicated hardware, and the completion of a large number of
marine trials. As part of the project, a prototype is being developed including a system of acoustic sensors, a
network of cameras, sophisticated processing units, and an energy unit permitting autonomous activity.
The goal of the project is to sample the performances of the prototype system in three different marine
environments: shallow Mediterranean, deep Mediterranean, and a tropical environment in the Canary
Islands. The project will run until November 2020, and will offer novel solutions to the distributed and
large-scale monitoring of the underwater environment, with a positive impact on marine biology research,

conservation, and policy making for fisheries in Europe and worldwide.
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Innovative autonomous system for identifying schools of fish
June 20, 2018

The University of Haifa (Israel) and two teams from the IMDEA Networks Institute have developed an innovative autonomous system, SYMBIOSIS,
to monitor real-time schools of fish. This system, which combines optical and acoustic technologies, will be environmentally friendly and will provide
reliable information about the condition of marine fish stocks, something that at the moment is practically impossible to achieve without investing
enormous resources.

The SYMBIOSIS system integrates acoustic and optical technologies without human intervention. The system is the product of an international
scientific initiative under the EU's Horizon 2020 program. Real-time monitoring of schools of fish will inform the development of fishing policy and
lead to enhanced protection of the marine environment.

An international scientific initiative under the auspices of the European Union's Horizon 2020, project SYMBIOSIS is developing an autonomous
system to identify schools of fish, including information about their size and movements in deep waters. The University of Haifa is leading the
project, while two teams from IMDEA Networks Institute in Madrid are contributing to the development effort. The SYMBIOSIS system integrates
acoustic and optical technologies that require no human intervention, and will be able to transmit real-time warnings to coastal stations. These data
will contribute to the formulation of ocean fishing policies and to enhanced protection of the marine environment.

"The system will be environmentally friendly, not only in its operation which will be non-invasive and won't impact the marine ecosystem, but more
importantly because it will provide reliable information about the condition of marine fish stocks. At present, it's virtually impossible to collect such
information without investing enormous resources. Using the latest optical and acoustic technology, we hope to change attitudes towards marine

resources", explained Dr. Roee Diamant of the School of Marine Sciences at the University of Haifa, who is coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing realization that fishing is one of the most serious
problems facing marine ecosystems. According to some estimates, if over-fishing is not brought under control, the world's fish stocks may collapse
by 2048. Global fishing authorities are hoping to curb over-fishing with new regulations and enforcement based on fish stocks. But, there are very
few methods presently available for real-time monitoring of those stocks. Most involve surface boats attempting to locate schools of fish using
sonars. According to Dr. Diamant, these methods require considerable resources and personnel to monitor and interpret the sonar findings.
Consequently, they have limited viability in cost-benefit terms. Also, the use of sonar usually limits the search for fish stocks to narrow areas (those
beneath the ship doing the sampling), impairing any subsequent decision-making. The limited statistics provided by this random and short-term
sampling of the marine environment mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the SYMBIOSIS system will monitor the marine environment, and in particular the size of the fish
stock, within a radius of one kilometer. It works on an entirely autonomous basis, collecting underwater data over long periods and transmitting this
information to a coastal center. The research is focusing on the identification of six large fish species that are in especially high demand from the
fishing industry: two species of tuna; scad (a species of mackerel; Trachurus mediterraneus); Atlantic mackerel (Scomber scombrus); mahi-mabhi
(Coryphaena hippurus); and swordfish (Xiphias gladius). This will provide authorities with concrete and actionable information.

The solution has a processing chain that begins with the acoustic discovery and classification of fish, based on their typical speed and movement
characteristics. Acoustic sensors also measure the size of the fish and the total biomass of the fish in the area. Once the acoustic system identifies
one of the six selected species, it activates the optical system, which features several cameras and sophisticated data processing with various
image identification algorithms using deep learning. When the optical system confirms the identification of one of the six selected species, it
transmits the information via underwater acoustic communications, and then by radio communications to a coastal station.

IMDEA Networks' researchers are focused on the design of an efficient fish localization system, and on the visual recognition of the selected fish
species. The two teams from the Madrid-based research institute are the Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA
Pl and Scientific Manager for the project; and the Global Computing Group led by Dr. Antonio Fernandez Anta.

"Using acoustics to localize specific fish species is very challenging"; said Dr. Casari. "Firstly, the acoustic processing chain has to incorporate cost-
effective components, and it needs to be highly energy-efficient. The signal processing algorithms deployed in the acoustic fish identification system
have to strike a good tradeoff between complexity and accuracy. On top of this, the underwater environment contains many background acoustic
noise sources and reflectors, and the signals from fish around the SYMBIOSIS system will be much weaker than acoustic interference coming from
the environment. The algorithms need to be robust enough to cope with these shortcomings."

"For optics, the marine environment is characterized by low visibility and elements in the water volume that distorts the image. The big challenge is
to secure good detection performances and to minimize false alarms. This needs to happen autonomously in a deep-sea environment, where there's

practically no possibility of human intervention," continues Dr. Diamant.

"The optical classification of fish species has its own particular challenges, too. There are very few pre-classified images available with which to train
the deen-learnina classifier And manv of the imaaes that are availahle were taken under verv different visibilitv conditions to those the svstem will
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recognition, and we'll add more images from SYMBIOSIS test environments once we enter the experimental phase of the project," concludes Dr.
Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and innovation programme, Horizon2020. Four institutions are
participating in the SYMBIOSIS project: the University of Haifa, Israel (coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless & More
company from Italy and EvolLogics Gmbh from Germany. The project includes the development of innovative discovery and classification algorithms,
the application of dedicated hardware, and the completion of a large number of marine trials. As part of the project, a prototype is being developed
including a system of acoustic sensors, a network of cameras, sophisticated processing units, and an energy unit permitting autonomous activity.
The goal of the project is to sample the performances of the prototype system in three different marine environments: shallow Mediterranean, deep
Mediterranean, and a tropical environment in the Canary Islands. The project will run until November 2020, and will offer novel solutions to the
distributed and large-scale monitoring of the underwater environment, with a positive impact on marine biology research, conservation, and policy
making for fisheries in Europe and worldwide.
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Related Fishing Articles:

Fishing can cause slowly reversible changes in gene expression
Cohort after cohort, fishing typically removes large fish from the population and can lead to rapid evolutionary changes in exploited fish populations.

New study suggests overfishing in one of world's most productive fishing regions
Scientists at Scripps Institution of Oceanography at the University of California San Diego used images from satellites and flyovers to count the
number of small boats, or pangas, to find that fishing in Gulf of California, which separates Baja California and mainland Mexico, is over capacity.

Banning transshipment at-sea necessary to curb illegal fishing, researchers conclude
Banning transshipment at-sea -- the transfer of fish and supplies from one vessel to another in open waters -- is necessary to diminish illegal fishing,
a team of researchers has concluded after an analysis of existing maritime regulations.

How to clamp down on cyanide fishing
Spraying cyanide in tropical seas can quickly and cheaply stun fish, allowing them to be easily captured and sold.

Unrestricted improvements in fishing technology threaten the future of seafood
A study conducted by ICTA-UAB (Universitat Autonoma de Barcelona) researcher Eric Galbraith shows that future improvement of fishing
technology poses a threat for the global fishery that could be greater than climate change.

Supramolecular protein fishing with molecular baits
Scientists from the Center for Self-assembly and Complexity (CSC) successfully isolated a cancer-prone protein by fishing out the proteins using
'molecular bait'.

Hidden no more: First-ever global view of transshipment in commercial fishing industry
A new report released today presents the first global map of transshipment, a major pathway for illegally caught and unreported fish to enter the
seafood market.

Climate change and fishing create 'trap’ for penguins
Endangered penguins are foraging for food in the wrong places due to fishing and climate change, new research shows.

Intense industrial fishing
A new study by the Bren School examines how China maintains large catches and what it means for fishery management elsewhere

Diversification key to resilient fishing communities
Fishing communities can survive -- and even thrive -- as fish abundance and market prices shift if they can catch a variety of species and nimbly
move from one fishery to the next, a new University of Washington study finds.

Current Fishing News and Events

Related Fishing Reading:

The Total Fishing Manual (Paperback Edition): 317 Essential Fishing Skills (Field & Stream)
by Joe Cermele (Author)

When it comes to fishing, nobody knows more than the writers and editors at Field & Stream magazine--unless it's the local guides, prizewinners,
and other experts they interviewed for this book. The Total Fishing Manual is chock full of 317 field-tested tools, techniques and tactics, collected
and written by the Field & Stream editors and accompanied by amazing photos and handy illustrations.

GEAR UP How to pick the best lures, baits, flies, and tackle for every situation and every style of water you plan to fish. Learn how to customize

your rod and... View Details

Fishing for Dummies
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Un equipo hispano israeli crea un sistema auténomo
para identificar bancos de peces

POR DIARIO PERSPECTIVA - 19 JUNIO, 2018

Un equipo de investigadores hispano israeli liderado por la Universidad de Haifa, en Israel, y dos
grupos del Instituto IMDEA Networks en Madrid trabaja en el desarrollo de un sistema auténomo
denominado Symbiosis capaz de identificar bancos de peces y el tamafio del pescado a través de
tecnologias actisticas y épticas que no requieren intervencién humana.

Symbiosis “podra transmitir advertencias en tiempo real a las estaciones costeras. Estos datos
contribuirdn a la formulacién de politicas de pesca ocednica y a una mejor protecciéon del medio
marino”, segln informan los precursores de la iniciativa.

“El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera
invasivo y no tendra un impacto en el ecosistema marino, sino lo que es mas importante, porque
proporcionard informacién fiable sobre la condicién de las poblaciones de peces marinos”, segtin
destaca el doctor Roee Diamant de la Facultad de Ciencias del Mar de la Universidad de Haifa.

“En la actualidad es practicamente imposible recopilar dicha informacién sin invertir enormes recursos.
Con el uso de la dltima tecnologia dptica y acistica esperamos cambiar las actitudes existentes
hacia los recursos marinos", explica el cientifico.

La poblacién de peces podria colapsar en 2048

El desarrollo de la tecnologia pesquera desde el siglo XX ha puesto sobre la mesa el debate sobre la
pesca, uno de los problemas mds graves que afrontan los ecosistemas marinos. Segin algunas
estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta podrian colapsar
para el afio 2048.

Las autoridades pesqueras mundiales esperan frenar la sobrepesca con nuevas regulaciones y

medidas coercitivas basadas en las poblaciones de peces. Pero hay muy pocos métodos actualmente

disponibles para la monitorizacién en tiempo real de esas poblaciones. La mayoria involucra barcos de
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superficie que intentan localizar bancos de peces por medio de sdnares, una tecnologia que requiere
considerables recursos y personal que supervise e interprete los hallazgos.

Con la combinacidén de tecnologias dpticas y acusticas, el sistema Symbiosis promete controlar el
entorno marino, y en particular el tamaiio del stock de peces, en un radio de un kilémetro. Funciona
de manera completamente auténoma, recolectando datos submarinos durante largos periodos y
transmitiendo esta informacién a un centro costero.

El proyecto esta financiado por la Unién Europea

El proyecto Symbiosis cuenta con financiacion del programa de investigacion e innovacién de la
Comisién Europea, Horizonte 2020 y cuenta con la participacién de distintas instituciones como la
Universidad de Haifa, Israel (coordinador); IMDEA Networks Institute en Madrid, Espafia; la empresa
italiana Wireless & More y EvolLogics Gmbh de Alemania.

El proyecto incluye el desarrollo de innovadores algoritmos de descubrimiento y clasificacidn, la
aplicacion de hardware especifico y la realizacion de una gran cantidad de pruebas en el mar. Como

parte del proyecto, se estd desarrollando un prototipo que incluye un sistema de sensores actsticos,
una red de camaras, sofisticadas unidades de procesamiento y una unidad de energia que permite la
actividad auténoma.

El objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo en tres
entornos marinos diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un entorno
tropical en las Islas Canarias. El proyecto transcurrira hasta noviembre de 2020 y ofrecera nuevas
soluciones para la monitorizacién distribuida y a gran escala del entorno subacudtico, con un
impacto positivo en la investigacién sobre la biologia marina, la conservacién y la formulacién de
politicas pesqueras en Europa y también a nivel global.

PERSPECTIVA.,

EL DIARID DE LA NUEVA ECONOMEIA
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Innovador sistema autonomo para
monitorizar bancos de peces

Nuestros ojos en el fondo del mar.

El sistema SYMBIOSIS integra tecnologias acusticas y Opticas sin intervencion humana. Es el
producto de una iniciativa cientifica internacional dentro del programa Horizonte 2020 de la
UE. La monitorizacion en tiempo real de bancos de peces conformara el desarrollo de la
politica pesquera europea y daré lugar a una mayor proteccion del medio ambiente marino.

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo
Horizonte 2020, el proyecto SYMBIOSIS esté desarrollando un sistema autonomo para
identificar cardimenes, incluyendo informacion sobre su tamafio y movimientos en aguas
profundas. La Universidad de Haifa lidera el proyecto, mientras que dos equipos del Instituto
IMDEA Networks en Madrid contribuyen a su desarrollo. El sistema SYMBIOSIS integra
tecnologias acusticas y Opticas que no requieren intervencion humana y podra transmitir
advertencias en tiempo real a las estaciones costeras. Estos datos contribuirdn a la formulacion
de politicas de pesca oceanica y a una mejor proteccion del medio marino.

«El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera
invasivo y no tendrd un impacto en el ecosistema marino, sino lo que es mas importante, porque
proporcionara informacion fiable sobre la condicion de las poblaciones de peces marinos. En la
actualidad es practicamente imposible recopilar dicha informacion sin invertir enormes
recursos. Con el uso de la ultima tecnologia Optica y acustica esperamos cambiar las actitudes
existentes hacia los recursos marinos», explicé el Dr. Roee Diamant de la Facultad de Ciencias
del Mar de la Universidad de Haifa, que coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprension
de que la pesca es uno de los problemas mas graves que afrontan los ecosistemas marinos.
Segun algunas estimaciones, si la pesca excesiva no se controla las poblaciones de peces del
planeta podrian colapsar para el afio 2048. Las autoridades pesqueras mundiales esperan frenar
la sobrepesca con nuevas regulaciones y medidas coercitivas basadas en las poblaciones de

http://www.economiadehoy.es/imprimir-noticia.asp?noti=32650 1/3



peces. Pero hay muy pocos métodos actualmente disponibles para la monitorizacion en tiempo
real de esas poblaciones. La mayoria involucra barcos de superficie que intentan localizar
bancos de peces por medio de sonares. Segun el Dr. Diamant, estos métodos requieren
considerables recursos y personal para supervisar ¢ interpretar los hallazgos del sonar. En
consecuencia, tienen una viabilidad limitada en términos de costes versus beneficios. Ademas,
el uso del sonar generalmente limita la bisqueda de poblaciones de peces a areas reducidas (las
que estan debajo del barco que realiza el muestreo), lo que dificulta la toma de decisiones a
posteriori. Las estadisticas limitadas que proporciona este muestreo aleatorio y a corto plazo del
entorno marino implican que el proceso es propenso a numerosos errores de muestreo.

Combinando tecnologias Opticas y acusticas, el sistema SYMBIOSIS controlara el entorno
marino, y en particular el tamafio del stock de peces, en un radio de un kilometro. Funciona de
manera completamente autonoma, recolectando datos submarinos durante largos periodos y
transmitiendo esta informacion a un centro costero. La investigacion se centra en la
identificacion de seis grandes especies de peces que son objeto de una demanda especialmente
acusada por parte de la industria pesquera: dos especies de atin; scad (una especie de caballa;
Trachurusmediterraneus); caballa del Atlantico (Scomberscombrus); mahi-mahi
(Coryphaenahippurus); y pez espada (Xiphiasgladius). Este sistema proporcionard a las
autoridades informacion concreta y procesable.

La solucion plantea una cadena de procesamiento que comienza con el descubrimiento acustico
y la clasificacion de los peces en funcion de sus caracteristicas tipicas de velocidad y
movimiento. Los sensores acusticos también miden el tamafio del pez y la biomasa total de los
peces en la zona. Una vez el sistema acustico identifica una de las seis especies seleccionadas,
activa el sistema Optico, que cuenta con varias camaras y un sofisticado método de
procesamiento de datos con varios algoritmos de identificacion de imdgenes que utilizan el
‘aprendizaje profundo’ (un método de aprendizaje ‘automatico’ o ‘de maquinas’). Cuando el
sistema Optico confirma la identificacion de una de las seis especies seleccionadas, transmite la
informacion a través de comunicaciones acusticas subacuaticas y luego por radio a una estacion
costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacion
de peces eficiente y en el reconocimiento visual de las especies de peces seleccionadas. Los dos
equipos del instituto de investigacion con sede en Madrid son el Laboratorio de Redes
Inaldmbricas Ubicuas dirigido por el Dr. Paolo Casari, principal investigador por parte de
IMDEA Networks y gerente cientifico del proyecto; y el Grupo de Computacion Global
dirigido por el Dr. Antonio Fernandez Anta.

«Usar la actstica para localizar especies concretas de peces supone una gran desafio», dijo el
Dr. Casari. «En primer lugar, la cadena de procesamiento acustico debe incorporar
componentes rentables y necesita ser altamente eficiente en el consumo energético. Los
algoritmos de procesamiento de sefiales implementados en el sistema de identificacion actstica
de peces tienen que lograr un buen equilibrio entre la complejidad y la precision. Ademas de
esto, el entorno subacuatico contiene muchas fuentes de ruido actstico de fondo y reflectores, y
las senales de los peces alrededor del sistema SYMBIOSIS seran mucho mas débiles que las
interferencias acusticas provenientes del medio ambiente. Los algoritmos deben ser lo
suficientemente robustos como para hacer frente a estas deficiencias.»

«Respecto a la Optica, el entorno marino se caracteriza por su baja visibilidad y por la presencia
de elementos en el agua que distorsionan la imagen. El gran reto es asegurar un buen
desempeiio del sistema de deteccion y minimizar las falsas alarmas. Esto debe suceder de
manera autonoma en un entorno de aguas profundas, donde practicamente no hay posibilidad
de intervencion humana", continua el Dr. Diamant. «La clasificacion optica de las especies de
peces también plantea sus propios desafios. Hay muy pocas imagenes pre-clasificadas
disponibles para entrenar el clasificador de aprendizaje profundo. Ademas, muchas de las
imagenes disponibles se tomaron en condiciones de visibilidad muy diferentes a las que el
sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre aprovechando las bases
de datos publicas sobre imagenes de peces, muchas de ellas proporcionadas por submarinistas y
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fotdgrafos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que
entrenar el sistema, estamos comenzando con redes neuronales previamente capacitadas para el
reconocimiento de objetos, y agregaremos mas imagenes de los entornos de prueba
SYMBIOSIS una vez que entremos en la fase experimental del proyecto", concluye el Dr.
Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacion por el programa de investigacion e
innovacion de la Comision Europea, Horizonte 2020. Cuatro instituciones participan en el
proyecto: la Universidad de Haifa, Israel (coordinador); IMDEA Networks Institute en Madrid,
Espaiia; la empresa italiana Wireless & More y EvoLogicsGmbh de Alemania. El proyecto
incluye el desarrollo de innovadores algoritmos de descubrimiento y clasificacion, la aplicacion
de hardware especifico y la realizacion de una gran cantidad de pruebas en el mar. Como parte
del proyecto, se esta desarrollando un prototipo que incluye un sistema de sensores acusticos,
una red de camaras, sofisticadas unidades de procesamiento y una unidad de energia que
permite la actividad autonoma del mismo. El objetivo del proyecto es realizar un muestreo de
las prestaciones del sistema prototipo en tres entornos marinos diferentes: el Mediterrdneo poco
profundo, el Mediterraneo profundo y un entorno tropical en las Islas Canarias. El proyecto
transcurrird hasta noviembre de 2020 y ofrecerd nuevas soluciones para la monitorizacion
distribuida y a gran escala del entorno subacuatico, con un impacto positivo en la investigacion
sobre la biologia marina, la conservacion y la formulacion de politicas pesqueras en Europa y
también a nivel global.

Fuente(s): IMDEA Networks Institute
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Innovative Autonomous System For Identifying
Schools Of Fish

Imdea Networks -

An international scientific initiative under the auspices of the European Union’s Horizon 2020, project SYMBIOSIS
is developing an autonomous system to identify schools of fish, including information about their size and
movements in deep waters. The University of Haifa is leading the project, while two teams from IMDEA Networks
Institute in Madrid are contributing to the development effort. The SYMBIOSIS system integrates acoustic and
optical technologies that require no human intervention, and will be able to transmit real-time warnings to coastal
stations. These data will contribute to the formulation of ocean fishing policies and to enhanced protection of the

marine environment.

“The system will be environmentally friendly, not only in its operation which will be non-invasive and won't impact
the marine ecosystem, but more importantly because it will provide reliable information about the condition of
marine fish stocks. At present, it's virtually impossible to collect such information without investing enormous
resources. Using the latest optical and acoustic technology, we hope to change attitudes towards marine
resources”, explained Dr. Roee Diamant of the School of Marine Sciences at the University of Haifa, who is

coordinating the initiative.

The development of fishing technology since the twentieth century has resulted in the growing realization that
fishing is one of the most serious problems facing marine ecosystems. According to some estimates, if over-
fishing is not brought under control, the world's fish stocks may collapse by 2048. Global fishing authorities are

hoping to curb over-fishing with new regulations and enforcement based on fish stocks.

Read more

READ MORE IN RESEARCH NEWS m
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The University of Haifa (Israel) and two teams from the IMDEA Networks Institute
have developed an innovative autonomous system, SYMBIOSIS, to monitor real-
time schools of fish. This system, which combines optical and acoustic technologies,
will be environmentally friendly and will provide reliable information about the
condition of marine fish stocks, something that at the moment is practically
impossible to achieve without investing enormous resources.

HErEsUs

The SYMBIOSIS system integrates
acoustic and optical technologies
without human intervention. The
system is the product of an
international scientific initiative under
the EU's Horizon 2020 program.
Real-time monitoring of schools of
fish will inform the development of Z
fishing policy and lead to enhanced This is a graphic demonstration of the Symbiosis

OPEN SPAGE. FOR OPEN MINDS.

protection of the marine system.
environment. Credit: © IMDEA Networks Institute | SYMBIOSIS
Project

An international scientific initiative

under the auspices of the European

Union's Horizon 2020, project

SYMBIOSIS is developing an autonomous system to identify schools of fish,
including information about their size and movements in deep waters.

CHOTT

... more about: The University of Haifa is leading the project, while made of id
» Diamant » IMDEA » acoustic  two teams from IMDEA Networks Institute in
»fish species » fish stocks Madrid are contributing to the development effort.
: ;ntg?knse;agr\:(\jrgrnwrgigrt The SYMBIOSIS system integrates acoustic and

optical technologies that require no human
intervention, and will be able to transmit real-time warnings to coastal stations.
These data will contribute to the formulation of ocean fishing policies and to
enhanced protection of the marine environment.

"The system will be environmentally friendly, not only in its operation which will be
non-invasive and won't impact the marine ecosystem, but more importantly
because it will provide reliable information about the condition of marine fish
stocks. At present, it's virtually impossible to collect such information without
investing enormous resources. Using the latest optical and acoustic technology, we
hope to change attitudes towards marine resources", explained Dr. Roee Diamant
of the School of Marine Sciences at the University of Haifa, who is coordinating the
initiative.

The development of fishing technology since the twentieth century has resulted in
the growing realization that fishing is one of the most serious problems facing
marine ecosystems. According to some estimates, if over-fishing is not brought
under control, the world's fish stocks may collapse by 2048. Global fishing
authorities are hoping to curb over-fishing with new regulations and enforcement
based on fish stocks.
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Innovative autonomous system for identifying schools of fish

require considerable resources and personnel to monitor and interpret the sonar
findings. Consequently, they have limited viability in cost-benefit terms.

Also, the use of sonar usually limits the search for fish stocks to narrow areas
(those beneath the ship doing the sampling), impairing any subsequent decision-
making. The limited statistics provided by this random and short-term sampling of
the marine environment mean the process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the SYMBIOSIS system will monitor
the marine environment, and in particular the size of the fish stock, within a radius
of one kilometer. It works on an entirely autonomous basis, collecting underwater
data over long periods and transmitting this information to a coastal center.

The research is focusing on the identification of six large fish species that are in
especially high demand from the fishing industry: two species of tuna; scad (a
species of mackerel; Trachurus mediterraneus); Atlantic mackerel (Scomber
scombrus); mahi-mahi (Coryphaena hippurus); and swordfish (Xiphias gladius).
This will provide authorities with concrete and actionable information.

The solution has a processing chain that begins with the acoustic discovery and
classification of fish, based on their typical speed and movement characteristics.
Acoustic sensors also measure the size of the fish and the total biomass of the fish
in the area. Once the acoustic system identifies one of the six selected species, it
activates the optical system, which features several cameras and sophisticated data
processing with various image identification algorithms using deep learning. When
the optical system confirms the identification of one of the six selected species, it
transmits the information via underwater acoustic communications, and then by
radio communications to a coastal station.

IMDEA Networks' researchers are focused on the design of an efficient fish
localization system, and on the visual recognition of the selected fish species. The
two teams from the Madrid-based research institute are the Ubiquitous Wireless
Networks laboratory led by Dr. Paolo Casari, IMDEA PI and Scientific Manager for
the project; and the Global Computing Group led by Dr. Antonio Fernandez Anta.

"Using acoustics to localize specific fish species is very challenging”; said Dr. Casari.
"Firstly, the acoustic processing chain has to incorporate cost-effective components,
and it needs to be highly energy-efficient. The signal processing algorithms
deployed in the acoustic fish identification system have to strike a good tradeoff
between complexity and accuracy. On top of this, the underwater environment
contains many background acoustic noise sources and reflectors, and the signals
from fish around the SYMBIOSIS system will be much weaker than acoustic
interference coming from the environment. The algorithms need to be robust
enough to cope with these shortcomings."

"For optics, the marine environment is characterized by low visibility and elements
in the water volume that distorts the image. The big challenge is to secure good
detection performances and to minimize false alarms. This needs to happen
autonomously in a deep-sea environment, where there's practically no possibility of
human intervention," continues Dr. Diamant.

"The optical classification of fish species has its own particular challenges, too.
There are very few pre-classified images available with which to train the deep-
learning classifier. And many of the images that are available were taken under
very different visibility conditions to those the system will encounter.

In SYMBIOSIS, we are dealing with this uncertainty by leveraging public databases
of fish pictures, many of them provided by scuba divers and underwater
photographers. To address the lack of a large image dataset, we are starting with
pre-trained neural networks for object recognition, and we'll add more images from
SYMBIOSIS test environments once we enter the experimental phase of the
project," concludes Dr. Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's research and
innovation programme, Horizon2020. Four institutions are participating in the
SYMBIOSIS project: the University of Haifa, Israel (coordinator); IMDEA Networks
Institute in Madrid, Spain; Wireless & More company from Italy and EvolLogics
Gmbh from Germany. The project includes the development of innovative discovery
and classification algorithms, the application of dedicated hardware, and the
completion of a large number of marine trials.

As part of the project, a prototype is being developed including a system of acoustic
sensors, a network of cameras, sophisticated processing units, and an energy unit
permitting autonomous activity. The goal of the project is to sample the
performances of the prototype system in three different marine environments:
shallow Mediterranean, deep Mediterranean, and a tropical environment in the
Canary Islands. The project will run until November 2020, and will offer novel
solutions to the distributed and large-scale monitoring of the underwater
environment, with a positive impact on marine biology research, conservation, and
policy making for fisheries in Europe and worldwide.
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The University of Haifa (Israel) and two teams from the IMDEA Networks
Institute have developed an innovative autonomous system, SYMBIOSIS,
to monitor real-time schools of fish. This system, which combines optical

and acoustic technologies, will be environmentally friendly and will provide

reliable information about the condition of marine fish stocks, something
that at the moment is practically impossible to achieve without investing
enormous resources.

The SYMBIOSIS system integrates acoustic and optical technologies
without human intervention. The system is the product of an international
scientific initiative under the EU's Horizon 2020 program. Real-time
monitoring of schools of fish will inform the development of fishing policy
and lead to enhanced protection of the marine environment.

An international scientific initiative under the auspices of the European
Union's Horizon 2020, project SYMBIOSIS is developing an autonomous
system to identify schools of fish, including information about their size
and movements in deep waters. The University of Haifa is leading the
project, while two teams from IMDEA Networks Institute in Madrid are
contributing to the development effort. The SYMBIOSIS system integrates
acoustic and optical technologies that require no human intervention, and
will be able to transmit real-time warnings to coastal stations. These data
will contribute to the formulation of ocean fishing policies and to
enhanced protection of the marine environment.

"The system will be environmentally friendly, not only in its operation
which will be non-invasive and won't impact the marine ecosystem, but
more importantly because it will provide reliable information about the
condition of marine fish stocks. At present, it's virtually impossible to
collect such information without investing enormous resources. Using the
latest optical and acoustic technology, we hope to change attitudes
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towards marine resources", explained Dr. Roee Diamant of the School of
Marine Sciences at the University of Haifa, who is coordinating the
initiative.

The development of fishing technology since the twentieth century has
resulted in the growing realization that fishing is one of the most serious
problems facing marine ecosystems. According to some estimates, if
over-fishing is not brought under control, the world's fish stocks may
collapse by 2048. Global fishing authorities are hoping to curb over-fishing
with new regulations and enforcement based on fish stocks. But, there are
very few methods presently available for real-time monitoring of those
stocks. Most involve surface boats attempting to locate schools of fish
using sonars. According to Dr. Diamant, these methods require
considerable resources and personnel to monitor and interpret the sonar
findings. Consequently, they have limited viability in cost-benefit terms.
Also, the use of sonar usually limits the search for fish stocks to narrow
areas (those beneath the ship doing the sampling), impairing any
subsequent decision-making. The limited statistics provided by this
random and short-term sampling of the marine environment mean the
process is prone to numerous sampling errors.

Combining optical and acoustic technologies, the SYMBIOSIS system will
monitor the marine environment, and in particular the size of the fish
stock, within a radius of one kilometer. It works on an entirely autonomous
basis, collecting underwater data over long periods and transmitting this
information to a coastal center. The research is focusing on the
identification of six large fish species that are in especially high demand
from the fishing industry: two species of tuna; scad (a species of
mackerel; Trachurus mediterraneus); Atlantic mackerel (Scomber
scombrus); mahi-mahi (Coryphaena hippurus); and swordfish (Xiphias
gladius). This will provide authorities with concrete and actionable
information.

The solution has a processing chain that begins with the acoustic
discovery and classification of fish, based on their typical speed and
movement characteristics. Acoustic sensors also measure the size of the
fish and the total biomass of the fish in the area. Once the acoustic
system identifies one of the six selected species, it activates the optical
system, which features several cameras and sophisticated data
processing with various image identification algorithms using deep
learning. When the optical system confirms the identification of one of the
six selected species, it transmits the information via underwater acoustic
communications, and then by radio communications to a coastal station.

IMDEA Networks' researchers are focused on the design of an efficient
fish localization system, and on the visual recognition of the selected fish
species. The two teams from the Madrid-based research institute are the
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Ubiquitous Wireless Networks laboratory led by Dr. Paolo Casari, IMDEA PI FEEDE IR MER
and Scientific Manager for the project; and the Global Computing Group
led by Dr. Antonio Fernandez Anta.

"Using acoustics to localize specific fish species is very challenging"”; said
Dr. Casari. "Firstly, the acoustic processing chain has to incorporate cost-
effective components, and it needs to be highly energy-efficient. The
signal processing algorithms deployed in the acoustic fish identification
system have to strike a good tradeoff between complexity and accuracy.
On top of this, the underwater environment contains many background
acoustic noise sources and reflectors, and the signals from fish around
the SYMBIOSIS system will be much weaker than acoustic interference
coming from the environment. The algorithms need to be robust enough
to cope with these shortcomings."

"For optics, the marine environment is characterized by low visibility and
elements in the water volume that distorts the image. The big challenge is
to secure good detection performances and to minimize false alarms.
This needs to happen autonomously in a deep-sea environment, where
there's practically no possibility of human intervention," continues Dr.
Diamant.

"The optical classification of fish species has its own particular
challenges, too. There are very few pre-classified images available with
which to train the deep-learning classifier. And many of the images that
are available were taken under very different visibility conditions to those
the system will encounter. In SYMBIOSIS, we are dealing with this
uncertainty by leveraging public databases of fish pictures, many of them
provided by scuba divers and underwater photographers. To address the
lack of a large image dataset, we are starting with pre-trained neural
networks for object recognition, and we'll add more images from
SYMBIOSIS test environments once we enter the experimental phase of
the project," concludes Dr. Fernandez Anta.

SYMBIOSIS was selected for funding by the European Commission's
research and innovation programme, Horizon2020. Four institutions are
participating in the SYMBIOSIS project: the University of Haifa, Israel
(coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless & More
company from Italy and EvoLogics Gmbh from Germany. The project
includes the development of innovative discovery and classification
algorithms, the application of dedicated hardware, and the completion of a
large number of marine trials. As part of the project, a prototype is being
developed including a system of acoustic sensors, a network of cameras,
sophisticated processing units, and an energy unit permitting autonomous
activity. The goal of the project is to sample the performances of the
prototype system in three different marine environments: shallow
Mediterranean, deep Mediterranean, and a tropical environment in the

http://pharmajobs.co/innovative-autonomous-system-for-identifying-schools-of-fish/ 4/6



Canary Islands. The project will run until November 2020, and will offer
novel solutions to the distributed and large-scale monitoring of the
underwater environment, with a positive impact on marine biology
research, conservation, and policy making for fisheries in Europe and
worldwide.
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Innovative autonomous system for identifying schools of
fish

00600

(IMDEA Networks Institute) The University of Haifa (Israel) and two teams from the IMDEA Networks
Institute have developed an innovative autonomous system, SYMBIOSIS, to monitor real-time
schools of fish. This system, which combines optical and acoustic technologies, will be
environmentally friendly and will provide reliable information about the condition of marine fish stocks,

something that at the moment is practically impossible to achieve without investing enormous
resources.

https://www.eurekalert.org/pub_releases/2018-06/ini-ias061918.php

Source: EurekAlert! - Biology - June 20, 2018 Category: Biology Source Type: news
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(IMDEA Networks Institute) The University of Haifa (Israel) and two teams from the IMDEA Networks
Institute have developed an innovative autonomous system, SYMBIOSIS, to monitor real-time schools of
fish. This system, which combines optical and acoustic technologies, will be environmentally friendly and
will provide reliable information about the condition of marine fish stocks, something that at the moment
is practically impossible to achieve without investing enormous resources.
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Innovative autonomous system for identifying schools of fish

Posted by Carol England (/u/carol.england.10563) from eurekalert.org (http://eurekalert.org) - 2d

This system, which combines optical and acoustic technologies, will be environmentally friendly
and will provide reliable information about the condition of marine fish stocks, something that at
the moment is practically impossible to achieve without investing enormous resources.

The system is the product of an international scientific initiative under the EU's Horizon 2020
program.

"The system will be environmentally friendly, not only in its operation which will be non-invasive
and won't impact the marine ecosystem, but more importantly because it will provide reliable
information about the condition of marine fish stocks.

At present, it's virtually impossible to collect such information without investing enormous
resources.

The development of fishing technology since the twentieth century has resulted in the growing
realization that fishing is one of the most serious problems facing marine ecosystems.

Global fishing authorities are hoping to curb over-fishing with new regulations and enforcement
based on fish stocks.

The text above is a summary, you can read full article here
(https://www.eurekalert.org/pub_releases/2018-06/ini-ias061918.php).
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Autonomous Tracking System Can Identify Fish to
Control Over-fishing

Siobhan Treacy
20 June 2018

A research team from the University of Haifa (Israel) and Imdea Networks Institute has developed a system
named Symbiosis that monitors schools of fish in real time.

Symbiosis was developed as part of the EU’s Horizon 2020 program. According to some researchers, the
world fish stock could collapse by 2048 due to overfishing. If this amount of overfishing continues, it could have
an impact on food sources, the economy and the environment. Scientists have been trying to develop ways to
slow down overfishing with proposed regulations, but in order to do this there needs to be real-time data about
current fish stocks.

Gathering data on real-time fish stocks
provides scientists and lawmakers with the
proper information to develop new restrictions
for the fishing industry and protection of
marine life. Currently, there are limited
methods for collecting this data. These
methods use human-operated sonar devices

Adverti
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to detect schools of fish in the ocean. Sonar is
problematic because it is expensive,
laborsome and the information gathered isn’t
reliable. Symbiosis is designed to change all of
this.

The current version of Symbiosis focuses on

X X The project expects to achieve a positive impact on marine biology research,
six types of fish that are currently the most conservation and policy making for fisheries in Europe and worldwide. Source:

affected by overfishing: two types of tuna, Imdea Networks Institute

scad, Atlantic mackerel, mahi-mahi and

swordfish. The system uses a processing chain with acoustic technology to detect a school of fish. The
acoustic sensors measure the size and overall biomass of the fish. Symbiosis use several cameras, data
processing image identification algorithms and deep learning to gather information about the health of the
school, how many there are, what type they are and more.

Symbiosis monitors schools of fish in real time with optical and acoustic technology. The information is sent
through underwater acoustic communications and then sent through radio communications to the people

waiting in the coastal station. Humans can take a step back because Symbiosis doesn’t require any human Date
operation or intervention. The system is environmentally friendly and provides reliable information on the 1916
conditions of marine fish stocks. Symbiosis monitors fish stocks within a one-kilometer radius. It collects Aug 2018

underwater data over long periods of time and then sends the gathered information to a coastal center where
11-13 Sep

people are waiting to gather the information. 2018

Symbiosis could be helpful for nursing the delicate fish stock industry back to health. Researchers and
policymakers hope that it will help the world avoid a total collapse of the fishing industry. The system will be 27 Sep

tested in three areas and the project will last until 2020. 2018
26 Oct
To contact the author of this article, email Siobhan.Treacy@ieeeglobalspec.com 2018
04-06
Dec 2018
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INNOVATIVE AUTONOMOUS SYSTEM FOR IDENTIFYING SCHOOLS OF FISH SPINOFF.COM

INNOVATIVE AUTONOMOUS SYSIIIES'I‘-I FOR IDENTIFYING SCHOOLS OF

A novel system that is called SYMBIOSIS, to monitor real-time schools of fish has
been developed by the team of researchers at the University of Haifa and the
IMDEA Networks Institute. This system, which consists of optical and acoustic
technologies, will be environmentally friendly and will provide reliable information
about the condition of marine fish stocks, something that at the moment is
practically impossible to achieve without investing enormous resources. The
SYMBIOSIS system integrates acoustic and optical technologies without human
intervention. Real-time monitoring of schools of fish will inform the development of
fishing policy and lead to improved protection of the marine environment. The
system is the product of an international scientific initiative under the EU's Horizon
2020 program.

Combining optical and acoustic technologies, the SYMBIOSIS system will monitor
the marine environment, and in particular the size of the fish stock, within a radius
of one kilometer. It works on an entirely autonomous basis, collecting underwater
data over long periods and transmitting this information to a coastal center. The
research is focusing on the identification of six large fish species that are in
especially high demand from the fishing industry.

https://spinoff.com/symbiosis 1/3
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This is a graphic demonstration of the Symbiosis system
source - networks.imdea.org

The solution has a processing chain that begins with the acoustic discovery and
classification of fish, based on their typical speed and movement characteristics.
Acoustic sensors also measure the size of the fish and the total biomass of the fish
in the area. Once the acoustic system identifies one of the six selected species, it
activates the optical system, which features several cameras and sophisticated
data processing with various image identification algorithms using deep learning.
When the optical system confirms the identification of one of the six selected
species, it transmits the information via underwater acoustic communications, and
after that, by radio communications to a coastal station. To secure good detection
performances and to minimize false alarms is a big problem. This needs to happen
autonomously in a deep-sea environment, where there's practically no possibility
of human intervention.

The project expects to achieve a positive impact on marine biology research, conservation,
and policy-making for fisheries in Europe and worldwide.
source - networks.imdea.org

The optical classification of fish species has its own particular challenges, too.
There are very few pre-classified images available with which to train the deep-
learning classifier. And many of the images that are available were taken under
very different visibility conditions to those the system will encounter. In
SYMBIOSIS, the researchers are dealing with this uncertainty by leveraging public
databases of fish pictures, many of them provided by scuba divers and underwater

https://spinoff.com/symbiosis 2/3
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photographers. To address the lack of a large image dataset, the team is starting
with pre-trained neural networks for object recognition, and the researchers will
add more images from SYMBIOSIS test environments once they enter the
experimental phase of the project.
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Eco-Friendly System for Identifying Fish Stocks

Posted in | Remote Monitoring (/news-category.aspx?CatID=24)

Eco-Friendly System for Identifying Fish Stocks to Control Over-
Fishing
Download PDF Copy Request Quote

Published on June 21, 2018 at 8:59 AM
Written by AZoRobotics Jun 20 2018

An autonomous system for spotting schools of fish, including information related to their movements in deep waters and
their size, is being developed under project SYMBIOSIS, an international scientific initiative with support from the European
Union’s Horizon 2020 program.

The project expects to achieve a positive impact on marine biology research, conservation,
and policy-making for fisheries in Europe and worldwide. (Image credit: IMDEA Networks
Institute)

The project is being headed by the University of Haifa, and two groups of researchers from IMDEA Networks Institute

https://www.azorobotics.com/News.aspx?newsID=9943
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ensuing decision-making. The restricted statistics that this short-term and random sampling of the marine environment offers
indicates that the process is subject to a number of sampling errors.

The Symbiosis system integrates acoustic and optical technologies to monitor the marine environment, specifically the size of the fish
stock, within a radius of 1 km. It operates in a completely autonomous way, gathering underwater data over longer periods of time
and sending this information to a coastal center. The focus of the study is to identify six large fish species that are specifically high in
demand from the fishing industry: two species of tuna, scad (a species of mackerel; Trachurus mediterraneus), Atlantic mackerel
(Scomber scombrus), mahi-mahi (Coryphaena hippurus), and swordfish (Xiphias gladius). This will offer authorities with concrete and
actionable information.

The system includes a processing sequence, the first step of which is acoustic discovery and classification of fish, depending on their
typical speed and movement properties. Acoustic sensors also evaluate the size as well as the total biomass of the fish in the region.
Upon identifying one of the six chosen species, the acoustic system activates the optical system, which includes a number of cameras
and advanced data processing with different image identification algorithms using deep learning. As soon as the optical system
confirms the identification of one of the species, it transmits the information initially through underwater acoustic communications,
and subsequently by radio communications to a coastal station.

The focus of the scientists from IMDEA Networks is to design an efficient fish localization system and to visually recognize the selected
fish species. The two groups from the Madrid-based research institute are the Ubiquitous Wireless Networks laboratory headed by Dr
Paolo Casari, IMDEA PI and Scientific Manager for the project; and the Global Computing Group headed by Dr Antonio Fernandez
Anta.

Using acoustics to localize specific fish species is very challenging. Firstly, the acoustic processing chain has to incorporate
cost-effective components, and it needs to be highly energy-efficient. The signal processing algorithms deployed in the
acoustic fish identification system have to strike a good tradeoff between complexity and accuracy. On top of this, the
underwater environment contains many background acoustic noise sources and reflectors, and the signals from fish
around the SYMBIOSIS system will be much weaker than acoustic interference coming from the environment. The
algorithms need to be robust enough to cope with these shortcomings.

Dr Paolo Casari

For optics, the marine environment is characterized by low visibility and elements in the water volume that distorts the
image. The big challenge is to secure good detection performances and to minimize false alarms. This needs to happen
autonomously in a deep-sea environment, where there’s practically no possibility of human intervention.

Dr Diamant

The optical classification of fish species has its own particular challenges, too. There are very few pre-classified images
available with which to train the deep-learning classifier. And many of the images that are available were taken under very
different visibility conditions to those the system will encounter. In SYMBIOSIS, we are dealing with this uncertainty by
leveraging public databases of fish pictures, many of them provided by scuba divers and underwater photographers. To
address the lack of a large image dataset, we are starting with pre-trained neural networks for object recognition, and we'll
add more images from SYMBIOSIS test environments once we enter the experimental phase of the project.

Dr Ferndndez Anta

Related Stories
¢ NASA Reports Progress in Identifying Candidates for Asteroid Redirect Mission (/News.aspx?news|D=5856)
e Robotic Fish Design and Underwater Pollution Control (/Article.aspx?ArticlelD=17)

¢ Robots with Machine Vision Classify Fishing Catches Accurately (/News.aspx?news|D=6434)

The European Commission’s research and innovation program, Horizon 2020, selected SYMBIOSIS for funding. Four institutions are
taking part in the SYMBIOSIS project: the University of Haifa, Israel (coordinator); IMDEA Networks Institute in Madrid, Spain; Wireless
& More company from lItaly; and EvoLogics Gmbh from Germany. As part of the project, novel discovery and classification algorithms
will be developed, dedicated hardware will be applied, and a huge number of marine trials will be completed. The project involves the
development of a prototype that includes a network of cameras, a system of acoustic sensors, advanced processing units, and an
energy unit for enabling autonomous activity.

https://www.azorobotics.com/News.aspx?newsID=9943 2/4
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The aim of the project is to sample the prototype system'’s performances in three distinctive marine environments: deep
Mediterranean, shallow Mediterranean, and a tropical environment in the Canary Islands. The project will be functional until
November 2020 and will provide innovative solutions to enable distributed and large-scale monitoring of the marine environment,
with a positive effect on marine biology studies, conservation, and policy-making for fisheries in Europe and across the globe.
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The University of Haifa (Israel) and two teams from the IMDEA Networks Institute
have developed an innovative autonomous system, SYMBIOSIS, to monitor real-time
schools of fish. This system, which combines optical and acoustic technologies, will be
environmentally friendly and will provide reliable information about the condition of
marine fish stocks, something that at the moment is practically impossible to achieve
without investing enormous resources.
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conformara el desarrollo de la politica pesquera europea...
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El sistema SYMBIOSIS integra tecnologias acusticas y épticas sin intervencion humana. Es el producto de una
iniciativa cientifica internacional dentro del programa Horizonte 2020 de la UE. La monitorizacién en tiempo real de
bancos de peces conformara el desarrollo de la politica pesquera europea y dara lugar a una mayor proteccion del
medio ambiente marino.

Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo Horizonte 2020, el
proyecto SYMBIOSIS esta desarrollando un sistema auténomo para identificar cardimenes, incluyendo informacion
sobre su tamafio y movimientos en aguas profundas. La Universidad de Haifa lidera el proyecto, mientras que dos
equipos del Instituto IMDEA Networks en Madrid (Espafia) contribuyen a su desarrollo. El sistema SYMBIOSIS integra
tecnologias acusticas y épticas que no requieren intervencién humana y podra transmitir advertencias en tiempo real a
las estaciones costeras. Estos datos contribuiran a la formulacién de politicas de pesca oceanica y a una mejor
proteccion del medio marino.

«El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo y no tendra
un impacto en el ecosistema marino, sino lo que es mas importante, porque proporcionara informacion fiable sobre la
condicién de las poblaciones de peces marinos. En la actualidad es practicamente imposible recopilar dicha
informacion sin invertir enormes recursos. Con el uso de la Ultima tecnologia 6ptica y acustica esperamos cambiar las
actitudes existentes hacia los recursos marinos», explicé el Dr. Roee Diamant de la Facultad de Ciencias del Mar de la
Universidad de Haifa, que coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprension de que la pesca es
uno de los problemas mas graves que afrontan los ecosistemas marinos. Segun algunas estimaciones, si la pesca
excesiva no se controla las poblaciones de peces del planeta podrian colapsar para el afio 2048. Las autoridades
pesqueras mundiales esperan frenar la sobrepesca con nuevas regulaciones y medidas coercitivas justificadas por la
reduccion de las poblaciones de peces. Pero hay muy pocos métodos actualmente disponibles para la monitorizacién
en tiempo real de esas poblaciones. La mayoria involucra barcos de superficie que intentan localizar bancos de peces
por medio de sénares. Segun el Dr. Diamant, estos métodos requieren considerables recursos y personal para
supervisar e interpretar los hallazgos del sonar. En consecuencia, tienen una viabilidad limitada en términos de costes
versus beneficios. Ademas, el uso del sonar generalmente limita la busqueda de poblaciones de peces a areas
reducidas (las que estan debajo del barco que realiza el muestreo), lo que dificulta la toma de decisiones a posteriori.
Las estadisticas limitadas que proporciona este muestreo aleatorio y a corto plazo del entorno marino implican que el
proceso es propenso a numerosos errores de muestreo.
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El proyecto espera lograr un impacto positivo en la investigacion sobre la biologia marina, la conservacion y la
formulacion de politicas pesqueras en Europa y también a nivel global. (Foto: @IMDEA Networks Institute)

Combinando tecnologias opticas y acusticas, el sistema SYMBIOSIS controlara el entorno marino, y en particular el
tamafio del stock de peces, en un radio de un kilémetro. Funciona de manera completamente auténoma, recolectando
datos submarinos durante largos periodos y transmitiendo esta informacién a un centro costero. La investigacion se
centra en la identificacion de seis grandes especies de peces que son objeto de una demanda especialmente acusada
por parte de la industria pesquera: dos especies de atun; scad (una especie de caballa; Trachurus mediterraneus);
caballa del Atlantico (Scomber scombrus); mahi-mahi (Coryphaena hippurus); y pez espada (Xiphias gladius). Este
sistema proporcionara a las autoridades informacion concreta y procesable.

La solucién plantea una cadena de procesamiento que comienza con el descubrimiento acustico y la clasificacion de
los peces en funcion de sus caracteristicas tipicas de velocidad y movimiento. Los sensores acusticos también miden
el tamafo del pez y la biomasa total de los peces en la zona. Una vez el sistema acustico identifica una de las seis
especies seleccionadas, activa el sistema oOptico, que cuenta con varias camaras y un sofisticado método de
procesamiento de datos con varios algoritmos de identificacion de imagenes que utilizan el 'aprendizaje profundo’ (un
método de aprendizaje "automatico’ o 'de maquinas'). Cuando el sistema 6ptico confirma la identificacion de una de las
seis especies seleccionadas, transmite la informacién a través de comunicaciones acusticas subacuaticas y luego por
radio a una estacion costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacion de peces eficiente y en
el reconocimiento visual de las especies de peces seleccionadas. Los dos equipos del instituto de investigacion con
sede en Madrid son el Laboratorio de Redes Inalambricas Ubicuas dirigido por el Dr. Paolo Casari, principal
investigador por parte de IMDEA Networks y gerente cientifico del proyecto; y el Grupo de Computacién Global
dirigido por el Dr. Antonio Fernandez Anta.

«Usar la acustica para localizar especies concretas de peces supone una gran desafio», dijo el Dr. Casari. «En primer
lugar, la cadena de procesamiento acUstico debe incorporar componentes rentables y necesita ser altamente eficiente
en el consumo energético. Los algoritmos de procesamiento de sefiales implementados en el sistema de identificacion
acustica de peces tienen que lograr un buen equilibrio entre la complejidad y la precision. Ademas de esto, el entorno
subacuatico contiene muchas fuentes de ruido acustico de fondo y reflectores, y las sefiales de los peces alrededor
del sistema SYMBIOSIS seran mucho mas débiles que las interferencias acusticas provenientes del medio ambiente.
Los algoritmos deben ser lo suficientemente robustos como para hacer frente a estas deficiencias.»

«Respecto a la éptica, el entorno marino se caracteriza por su baja visibilidad y por la presencia de elementos en el
agua que distorsionan la imagen. El gran reto es asegurar un buen desempefio del sistema de deteccién y minimizar
las falsas alarmas. Esto debe suceder de manera auténoma en un entorno de aguas profundas, donde practicamente
no hay posibilidad de intervencion humana", contintia el Dr. Diamant. «La clasificacién éptica de las especies de peces
también plantea sus propios desafios. Hay muy pocas imagenes pre-clasificadas disponibles para entrenar el
clasificador de aprendizaje profundo. Ademas, muchas de las imagenes disponibles se tomaron en condiciones de
visibilidad muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre
aprovechando las bases de datos publicas sobre imagenes de peces, muchas de ellas proporcionadas por
submarinistas y fotégrafos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que entrenar el
sistema, estamos comenzando con redes neuronales previamente entrenadas para el reconocimiento de objetos, y
agregaremos mas imagenes de los entornos de prueba SYMBIOSIS una vez que entremos en la fase experimental
del proyecto", concluye el Dr. Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacion por el programa de investigacion e innovacion de la
Comision Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto: la Universidad de Haifa, Israel
(coordinador); IMDEA Networks Institute en Madrid, Espafia; la empresa italiana Wireless & More y EvoLogics Gmbh
de Alemania. El proyecto incluye el desarrollo de innovadores algoritmos de descubrimiento y clasificacion, la
aplicacion de hardware especifico y la realizaciéon de una gran cantidad de pruebas en el mar. Como parte del
proyecto, se esta desarrollando un prototipo que incluye un sistema de sensores acusticos, una red de camaras,
sofisticadas unidades de procesamiento y una unidad de energia que permite la actividad auténoma del mismo. El
objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo en tres entornos marinos
diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un entorno tropical en las Islas Canarias. El
proyecto transcurrira hasta noviembre de 2020 y ofrecera nuevas soluciones para la monitorizacion distribuida y a
gran escala del entorno subacuatico, con un impacto positivo en la investigacion sobre la biologia marina, la
conservacion y la formulacion de politicas pesqueras en Europa y también a nivel global. (Fuente: IMDEA)
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Innovative autonomous system for identifying schools of fish

The University of Haifa (Israel) and two teams from the IMDEA Networks Institute have developed an
innovative autonomous system, SYMBIOSIS, to monitor real-time schools of fish. This system, which combines optical
and... 2 days
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UN INNOVADOR SISTEMA AUTONOMO PARA MONITORIZAR BANCOS DE PECES

# junio 26,2018 & REDACCION ¢ Comment(0)

¢ El sistema SYMBIOSIS integra tecnologias
acusticas y opticas sin intervencion
humana. Es el producto de una iniciativa
cientifica internacional dentro del
programa Horizonte 2020 de la UE

IMDEA/DICYT

“El sistema serd respetuoso con el medio ambiente, no solo en su funcionamiento, que no serd
invasivo y no tendrd un impacto en el ecosistema marino, sino lo que es mds importante, porque
proporcionard informacion fiable sobre la condicion de las poblaciones de peces marinos. En la
actualidad es prdcticamente imposible recopilar dicha informacion sin invertir enormes recursos.
Con el uso de la dltima tecnologia éptica y acustica esperamos cambiar las actitudes existentes
hacia los recursos marinos’, explicé Roee Diomant de la Facultad de Ciencias del Mar de la

Universidad de Haifa, que coordina esta iniciativa.
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El desarrollo de la tecnhologia pesquera desde el siglo XX ha llevado a la creciente comprensién de
que la pesca es uno de los problemas mds graves que afrontan los ecosistemas marinos. Segun
algunas estimaciones, si la pesca excesiva no se controla las poblaciones de peces del planeta
podrian colapsar para el afo 2048. Las autoridades pesqueras mundiales esperan frenar la
sobrepesca con nuevas regulaciones y medidas coercitivas justificadas por la reduccion de las
poblaciones de peces. Pero hay muy pocos métodos actualmente disponibles para la
monitorizacion en tiempo real de esas poblaciones. La mayoria involucra barcos de superficie que

intentan localizar bancos de peces por medio de sénares.

Segun Diamant, estos métodos requieren considerables recursos y personal para supervisar e
interpretar los hallazgos del sonar. En consecuencia, tienen una viabilidad limitada en términos de
costes versus beneficios. Ademds, el uso del sonar generalmente limita la bldsqueda de
poblaciones de peces a dreas reducidas (las que estdn debajo del barco que realiza el muestreo),
lo que dificulta la toma de decisiones a posteriori. Las estadisticas limitadas que proporciona este
muestreo aleatorio y a corto plazo del entorno marino implican que el proceso es propenso a

NnuMerosos errores de muestreo.

Combinando tecnologias Spticas y acusticas, el sistema SYMBIOSIS controlard el entorno marino, y
en particular el tamarfo del stock de peces, en un radio de un kildmetro. Funciona de manera
completamente auténoma, recolectando datos submarinos durante largos periodos y
transmitiendo esta informacién a un centro costero. La investigacion se centra en la identificacion
de seis grandes especies de peces que son objeto de una demanda especialmente acusada por
parte de la industria pesquera: dos especies de atun, scad (una especie de caballa, Trachurus
mediterraneus’), caballa del Atldntico (‘Scomber scombrus’), mahi-mahi (‘Coryphaena hippurus’) y
pez espada (Xiphias gladius’). Este sistema proporcionard a las autoridades informacién concreta

y procesable.

La solucién plantea una cadena de procesamiento que comienza con el descubrimiento acustico
y la clasificacion de los peces en funcidn de sus caracteristicas tipicas de velocidad y movimiento.
Los sensores acusticos también miden el tamafo del pez y la biomasa total de los peces en la
zona. Una vez el sistema acustico identifica una de las seis especies seleccionadas, activa el
sistema 6ptico, que cuenta con varias cdmaras y un sofisticado método de procesamiento de

datos con varios algoritmos de identificacion de imdgenes que utilizan el ‘aprendizaje profundo’
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(un método de aprendizaje ‘automdtico’ o ‘de mdquinas’). Cuando el sistema dptico confirma la
identificacion de una de las seis especies seleccionadas, transmite la informacién a través de

comunicaciones acusticas subacudticas y luego por radio a una estacion costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacion de
peces eficiente y en el reconocimiento visual de las especies de peces seleccionadas. Los dos
equipos del instituto de investigacion con sede en Madrid son el Laboratorio de Redes
Inalédmbricas Ubicuas dirigido por Paolo Casari, principal investigador por parte de IMDEA Networks
y gerente cientifico del proyecto; y el Grupo de Computacion Global dirigido por Antonio

Ferndndez Anta.

“Usar la acudstica para localizar especies concretas de peces supone una gran desafio”, dijo el Dr.
Casari. “En primer lugar, la cadena de procesamiento acustico debe incorporar componentes
rentables y necesita ser altamente eficiente en el consumo energético. Los algoritmos de
procesamiento de sefales implementados en el sistema de identificacién acustica de peces
tienen que lograr un buen equilibrio entre la complejidad y la precision. Ademds de esto, el
entorno subacudtico contiene muchas fuentes de ruido acustico de fondo y reflectores, y las
sefales de los peces alrededor del sistema SYMBIOSIS serdn mucho mds débiles que las
interferencias acusticas provenientes del medio ambiente. Los algoritmos deben ser lo

suficientemente robustos como para hacer frente a estas deficiencias™

Respecto a la 6ptica, “el entorno marino se caracteriza por su baja visibilidad y por la presencia de
elementos en el agua que distorsionan la imagen’. “El gran reto es asegurar un buen desempefo
del sistema de deteccién y minimizar las falsas alarmas. Esto debe suceder de manera auténoma
en un entorno de aguas profundas, donde prdcticamente no hay posibilidad de intervencion

humana’, continlia Diomant.

“La clasificacion éptica de las especies de peces también plantea sus propios desafios. Hay muy
pocas imdgenes pre-clasificadas disponibles para entrenar el clasificador de aprendizaje
profundo. Ademds, muchas de las imdgenes disponibles se tomaron en condiciones de visibilidad
muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta incertidumbre
aprovechando las bases de datos publicas sobre imdgenes de peces, muchas de ellas
proporcionadas por submarinistas y fotégrafos submarinos. Para abordar la falta de un gran
conjunto de imdgenes con el que entrenar el sistema, estamos comenzando con redes
neuronales previamente entrenadas para el reconocimiento de objetos, y agregaremos mds
imdgenes de los entornos de prueba SYMBIOSIS una vez que entremos en la fase experimental del

proyecto’, concluye Ferndndez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacidn por el programa de investigacion e
innovacion de la Comisidn Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto:

la Universidad de Haifa, Israel (coordinador), IMDEA Networks Institute en Madrid, Espania, la
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empresa italiana Wireless & More y EvolLogics Gmbh de Alemania. El proyecto incluye el desarrollo
de innovadores algoritmos de descubrimiento y clasificacién, la aplicacion de hardware
especifico y la realizacion de una gran cantidad de pruebas en el mar. Como parte del proyecto,
se estd desarrollando un prototipo que incluye un sistema de sensores acusticos, una red de
cdmaras, sofisticadas unidades de procesamiento y una unidad de energia que permite la

actividad auténoma del mismo.

El objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo en tres
entornos marinos diferentes: el Mediterrdneo poco profundo, el Mediterrdineo profundo y un
entorno tropical en las Islas Canarias. El proyecto transcurrird hasta noviembre de 2020 y ofrecerd
nuevas soluciones para la monitorizacién distribuida y a gran escala del entorno subacudtico, con
un impacto positivo en la investigacion sobre la biologia marina, la conservacion y la formulacion

de politicas pesqueras en Europa y también a nivel globall.
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Nacido como una iniciativa cientifica internacional bajo los auspicios del programa europeo Horizonte 2020, el proyecto
SYMBIOSIS esta desarrollando un sistema auténomo para identificar cardimenes, incluyendo informacion sobre su tamafio
y movimientos en aguas profundas. La Universidad de Haifa lidera el proyecto, mientras que dos equipos del Instituto IMDEA
Networks en Madrid contribuyen a su desarrollo. El sistema SYMBIOSIS integra tecnologias acUsticas y 6pticas que no
requieren intervencion humana y podra transmitir advertencias en tiempo real a las estaciones costeras. Estos datos
contribuiran a la formulacién de politicas de pesca oceanica y a una mejor protecciéon del medio marino.

"El sistema sera respetuoso con el medio ambiente, no solo en su funcionamiento, que no sera invasivo y no tendra un
impacto en el ecosistema marino, sino lo que es mas importante, porque proporcionara informacion fiable sobre la
condicién de las poblaciones de peces marinos. En la actualidad es practicamente imposible recopilar dicha informacién sin
invertir enormes recursos. Con el uso de la Ultima tecnologia 6ptica y acUstica esperamos cambiar las actitudes existentes
hacia los recursos marinos", explicé Roee Diamant de la Facultad de Ciencias del Mar de la Universidad de Haifa, que
coordina esta iniciativa.

El desarrollo de la tecnologia pesquera desde el siglo XX ha llevado a la creciente comprensién de que la pesca es uno de los
problemas mas graves que afrontan los ecosistemas marinos. Seguin algunas estimaciones, si la pesca excesiva no se
controla las poblaciones de peces del planeta podrian colapsar para el afio 2048. Las autoridades pesqueras mundiales
esperan frenar la sobrepesca con nuevas regulaciones y medidas coercitivas justificadas por la reduccién de las poblaciones
de peces. Pero hay muy pocos métodos actualmente disponibles para la monitorizaciéon en tiempo real de esas poblaciones.
La mayoria involucra barcos de superficie que intentan localizar bancos de peces por medio de s6nares.

Segun Diamant, estos métodos requieren considerables recursos y personal para supervisar e interpretar los hallazgos del
sonar. En consecuencia, tienen una viabilidad limitada en términos de costes versus beneficios. Ademas, el uso del sonar
generalmente limita la busqueda de poblaciones de peces a areas reducidas (las que estan debajo del barco que realiza el
muestreo), lo que dificulta la toma de decisiones a posteriori. Las estadisticas limitadas que proporciona este muestreo
aleatorio y a corto plazo del entorno marino implican que el proceso es propenso a numerosos errores de muestreo.



Combinando tecnologias 6pticas y acusticas, el sistema SYMBIOSIS controlara el entorno marino, y en particular el tamafio
del stock de peces, en un radio de un kildbmetro. Funciona de manera completamente autdbnoma, recolectando datos
submarinos durante largos periodos y transmitiendo esta informacién a un centro costero. La investigacion se centra en la
identificacion de seis grandes especies de peces que son objeto de una demanda especialmente acusada por parte de la
industria pesquera: dos especies de atun, scad (una especie de caballa, 'Trachurus mediterraneus'), caballa del Atlantico
('Scomber scombrus'), mahi-mahi ('Coryphaena hippurus') y pez espada ('Xiphias gladius'). Este sistema proporcionara a las
autoridades informacién concreta y procesable.

La solucién plantea una cadena de procesamiento que comienza con el descubrimiento acustico y la clasificacién de los
peces en funcién de sus caracteristicas tipicas de velocidad y movimiento. Los sensores acusticos también miden el tamafio
del pez y la biomasa total de los peces en la zona. Una vez el sistema acustico identifica una de las seis especies
seleccionadas, activa el sistema &ptico, que cuenta con varias cdmaras y un sofisticado método de procesamiento de datos
con varios algoritmos de identificacién de imagenes que utilizan el ‘aprendizaje profundo’ (un método de aprendizaje
‘automatico’ o ‘de maquinas’). Cuando el sistema 6ptico confirma la identificacién de una de las seis especies seleccionadas,
transmite la informacién a través de comunicaciones acusticas subacuaticas y luego por radio a una estacion costera.

Los investigadores de IMDEA Networks se centran en el disefio de un sistema de localizacion de peces eficiente y en el
reconocimiento visual de las especies de peces seleccionadas. Los dos equipos del instituto de investigacién con sede en
Madrid son el Laboratorio de Redes Inalambricas Ubicuas dirigido por Paolo Casari, principal investigador por parte de
IMDEA Networks y gerente cientifico del proyecto; y el Grupo de Computacién Global dirigido por Antonio Fernandez Anta.

"Usar la acUstica para localizar especies concretas de peces supone una gran desafio", dijo el Dr. Casari. "En primer lugar, la
cadena de procesamiento acustico debe incorporar componentes rentables y necesita ser altamente eficiente en el consumo
energético. Los algoritmos de procesamiento de sefiales implementados en el sistema de identificacion acustica de peces
tienen que lograr un buen equilibrio entre la complejidad y la precision. Ademas de esto, el entorno subacuatico contiene
muchas fuentes de ruido acustico de fondo y reflectores, y las sefiales de los peces alrededor del sistema SYMBIOSIS seran
mucho mas débiles que las interferencias acUsticas provenientes del medio ambiente. Los algoritmos deben ser lo
suficientemente robustos como para hacer frente a estas deficiencias".

Respecto a la 6ptica, "el entorno marino se caracteriza por su baja visibilidad y por la presencia de elementos en el agua que
distorsionan la imagen". "El gran reto es asegurar un buen desempefio del sistema de deteccién y minimizar las falsas
alarmas. Esto debe suceder de manera autbnoma en un entorno de aguas profundas, donde practicamente no hay
posibilidad de intervencion humana", continda Diamant.

"La clasificacion 6ptica de las especies de peces también plantea sus propios desafios. Hay muy pocas imagenes pre-
clasificadas disponibles para entrenar el clasificador de aprendizaje profundo. Ademas, muchas de las imagenes disponibles
se tomaron en condiciones de visibilidad muy diferentes a las que el sistema va a encontrar. En SYMBIOSIS afrontamos esta
incertidumbre aprovechando las bases de datos publicas sobre imagenes de peces, muchas de ellas proporcionadas por
submarinistas y fotégrafos submarinos. Para abordar la falta de un gran conjunto de imagenes con el que entrenar el
sistema, estamos comenzando con redes neuronales previamente entrenadas para el reconocimiento de objetos, y
agregaremos mas imagenes de los entornos de prueba SYMBIOSIS una vez que entremos en la fase experimental del
proyecto", concluye Fernandez Anta.

SYMBIOSIS fue seleccionado como objeto de financiacion por el programa de investigacion e innovacién de la Comision
Europea, Horizonte 2020. Cuatro instituciones participan en el proyecto: la Universidad de Haifa, Israel (coordinador), IMDEA
Networks Institute en Madrid, Espafia, la empresa italiana Wireless & More y EvoLogics Gmbh de Alemania. El proyecto
incluye el desarrollo de innovadores algoritmos de descubrimiento y clasificacién, la aplicacion de hardware especifico y la
realizacion de una gran cantidad de pruebas en el mar. Como parte del proyecto, se esta desarrollando un prototipo que
incluye un sistema de sensores acusticos, una red de camaras, sofisticadas unidades de procesamiento y una unidad de
energia que permite la actividad auténoma del mismo.

El objetivo del proyecto es realizar un muestreo de las prestaciones del sistema prototipo en tres entornos marinos
diferentes: el Mediterraneo poco profundo, el Mediterraneo profundo y un entorno tropical en las Islas Canarias. El proyecto
transcurrird hasta noviembre de 2020 y ofrecera nuevas soluciones para la monitorizacion distribuida y a gran escala del
entorno subacudtico, con un impacto positivo en la investigacién sobre la biologia marina, la conservacion y la formulacién
de politicas pesqueras en Europa y también a nivel global.

Imagen superior: Los socios de proyecto durante la reunién preparatoria del proyecto en Haifa, Israel (noviembre 2017).
Paolo Casari, investigador principal de IMDEA Networks, es el primero por la izquierda.
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Fishy surveillance system could
keep tabs on ocean animals

SHARE

We seem to have an insatiable taste for seafood and, as a result,
global fish populations are in decline. At our current rate of plunder,

fish stocks could collapse by 2048, according to some estimates.

Around the world, groups like Global Fishing Watch monitor
overfishing, using satellite data to track fishing vessels and minimize
illegal operations. But monitoring fish stocks themselves can prove to
be expensive and challenging, requiring boats to locate schools of fish

with sonar and significant resources to analyze the findings.

But researchers at the University of Haifa in Israel and IMDEA
Networks Institute in Spain are developing a unique system that can
autonomously monitor and identify schools of fish using sight and
sound. Dubbed Symbiosis, the system uses optical and acoustic
technologies to detect entire schools, and could offer a noninvasive
way to protect environmental interests. Symbiosis is part of the

European Union’s Horizon 2020 innovation program.

https://www.digitaltrends.com/cool-tech/fishy-surveillance-system-could-keep-tabs-on-ocean-animals/?utm_source=dlvr.it&utm_medium=twitter 117
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“In Symbiosis, we will be able to track and monitor the fish population
in sea areas in which fauna conservation is an issue,” Roee Diamant, a
marine scientist at the University of Haifa, who is coordinating the
project, told Digital Trends. “In an initial approach, we will concentrate
on a limited subset of fish types, which may be expanded in the
future. This subset includes six species for which there exist over-

exploitation concerns.”

Among those species are two species of tuna, Atlantic mackerel, and

swordfish — each of which is in high demand.

https://www.digitaltrends.com/cool-tech/fishy-surveillance-system-could-keep-tabs-on-ocean-animals/?utm_source=dlvr.it&utm_medium=twitter
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Unlike conventional technologies, which use sonar data that have to
analyzed by personnel, Symbiosis works on its own, scanning a marine
environment within a little more than a half-mile radius. The acoustic
sensors are used to determine the fish's size, speed, and movement
characteristics (which helps identify the species). An optical system of
cameras and artificial intelligence algorithms are then triggered to
confirm the species and transmit the information to a station on the

coast.

“A distinctive feature of the system is that it will be autonomous,”
Diamant said. “The detection and tracking of fish species of interest
will happen through acoustic instruments. This will trigger underwater
cameras when the fish come within their range, and the images
grabbed by the cameras will also be automatically processed in order

to validate the detections.”

Moving forward the researchers plan to refine their system, improving
its performance and calibrating the Symbiosis such that different

systems can communicate with one another.
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younger men
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By Karla Lant on August 23, 2018

samphe water, sediment, sludge and more

A new autonomous system, which monitors
schools of fish in real-time using acoustic and =
optical technologies, has been developed to
provide scientists with better information about
marine fish stocks anywhere in the world’s
oceans. Created by researchers from the
University of Haifa and two IMDEA Networks
Institute teams, the system is called
SYMBIOSIS.

Monitoring marine
communities without human
intervention

Researchers who collaborated to develop

SYMBIOSIS were responding to several knotty
problems in marine fauna monitoring.
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Lake Tahoe

Low clarity levels from 2017
caused by record drought...

Researchers in the water with the SYMBIOSIS
unit. (Credit: © IMDEA Networks Institute |
SYMBIOSIS Project, via communication from

“We observed that currently available
approaches for evaluating marine biota can only
provide limited solutions, often confined to source)

benign, or specific environments,” explains Dr.

Paolo Casari, the project’s scientific manager

and IMDEA principal investigator. “We wanted to advance beyond the state of the art by developing
a prototype of a non-invasive system for monitoring deep and coastal waters for fish stock, which
would work over a broad range of depths and distances from shore.”

Arkansas Game And Fish
Deploys An Underwater
Drone

The Arkansas Game and Fish
team is using an...

The SYMBIOSIS system’s real-time monitoring capability will allow a more evidence-based
approach to fishing policy development and enhance our ability as humans to protect the marine

environment, as its optical/acoustic approach helps to prevent false alarms. Chicago River's Wild
“The SYMBIOSIS platform is a hybrid system that integrates acoustic components (a projector and Island: Brmgmg Back
several receiving hydrophones) together with optical components (optical cameras and strobes) and Healthy Waters

with the hardware and control logic required to run the system and process the obtained data,”
details Dr. Casari. “A long-range WiFi link will enable communications to nearby control stations or
ships.”

Current fish monitoring methods include deploying research boats with crews within limited areas.
SYMBIOSIS is designed to cover far more area without the need for a human crew—the chief
expense during the assessment of marine stocks.

Costs are often compounded because monitoring fishing stocks are tricky. The underwater
environment is extremely diverse and challenges acoustic and optical systems in several ways.

https://www.fondriest.com/news/autonomous-symbiosis-system-monitors-schools-of-fish-in-real-time.htm
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tworks Institute |
SYMBIOSIS Project, https://www.networks.imdea.org/whats-new/news/2018/innovative-
autonomous-system-identifying-schools-fish)

“For example, acoustic imaging techniques produce a very narrow beam to detect objects located

directly below a surveying vessel, and does not fit the task of monitoring the marine environment,”
remarks Dr. Casari. “Moreover, there are no reliable commercial methods for the classification and
biomass evaluation of fish, and the capabilities of the existing methods for fish detection are highly
limited to simple seabed environments.”

In fact, Dr. Casari explains that current detection capabilities involve many false alarms in non-
homogeneous seabed environments, including highlights, sand ripples, shadows, seagrass, and
boulders. Furthermore, research is often performed manually.

“As a result, current surveys are limited in space and require a long analysis process,” concludes
Dr. Casari. “In this context, our goal is to develop a reliable prototype to autonomously detect,
classify, and enumerate marine species. This may not only improve the efficiency of environmental
monitoring tasks but will also open the way for long-term and long-range surveys.”

Using deep learning to identify slippery fish
SYMBIOSIS operates with the help of an algorithm and image recognition technology.

“Periodically, the SYMBIOSIS platform will run a very energy-efficient algorithm to detect the
presence of one of the fish species that the project focuses on [six large, high-demand fish species,
including two species of tuna; scad (a type of mackerel); Atlantic mackerel; mahi-mahi; and
swordfish],” Dr. Casari describes. “Once the presence detection phase is complete, the same
acoustic system will be used to track the detected fish as it approaches or swims around the
platform. If the fish finally enters the range of the optical cameras mounted on the platform, those
cameras facing the approaching fish will be activated to capture images. Such images will help
validate the acoustic detection through a computerized image recognition system, inspired to those
employed to recognize faces and objects. If needed, relevant data can be recovered from the
platform periodically, or transferred wirelessly to a nearby station through the long-range WiFi link.”
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A graphic demonstration of the Symbiosis system. (Credit: © IMDEA Networks Institute |
SYMBIOSIS Project, https://www.eurekalert.org/multimedia/pub/173530.php?from=397624)
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This process does more than prevent false alarms and provide more accurate results; it is also
designed to be less invasive and more friendly to the environment as it monitors the marine
environment within a radius of one kilometer.

“SYMBIOSIS will employ active detection through low-energy acoustic signals in order to avoid
having an excessive impact on marine fauna,” remarks Dr. Casari. “However, this detection phase
will be activated only if a preliminary detection step determined that some fish of interest is actually
close to the platform. This avoids the continuous pinging of the underwater environment. The
cameras that are employed to validate the detections and their artificial illumination aids are only
activated for extremely short time periods, only if fishes of interest are detected close to the camera
range, and only towards their direction of arrival. As a result, underwater lighting pollution is greatly
reduced. Also notably, our system makes no use of fishing nets and requires no tagging.”

The idea to impact the marine ecosystem minimally is as appealing as the need for monitoring is
pressing. Overfishing is out of control, and some estimates indicate a total collapse of world fish
stocks by 2048 without intervention into the overfishing problem.

Localizing particular species using acoustics is a tremendous challenge, not least because high
energy requirements make it difficult to maintain a cost-effective monitoring process. SYMBIOSIS
solves this problem in part, striking a balance between accuracy, complexity, and cost.

“The system activation procedure is very hierarchical,” comments Dr. Casari. “First comes a coarse
acoustic detection, and upon a positive outcome, active detection and tracking follow. Images are
captured and processed only if the acoustic components tell that fishes of interest come within the
camera range. Fish recognition will be done using deep learning networks that will be trained offline.
These ‘just-in-time’ features of the SYMBIOSIS platform make it a low-energy solution for
underwater environmental monitoring.”

The system classifies fish based on their usual movement characteristics and speed using acoustic
sensors. Those sensors also calculate the total biomass of nearby fish and the size of the fish in
range. The optical system is activated only after the acoustic system identifies one of its six target
species. The identification algorithms process high-quality images using deep learning.

The team prepares to deploy SYMBIOSIS during a recent research test run. (Credit: © IMDEA
Networks Institute | SYMBIOSIS Project, via communication from source)

“The optical part works as a detection validation for the acoustic part,” adds Dr. Casari. “Therefore,
in contrast to systems that are only acoustic or only optical, our system merges these two worlds,
which results in a minimization of false alarms and improves data quality for the scientists that will
eventually use the data.”

“Buoying” fish stock monitoring with new technologies

Once it is deployed, all components of SYMBIOSIS will mount to a buoy under the water’s surface.

“There will be a set of six cameras covering the whole horizontal plane at 10 meters of depth,”
states Dr. Casari. “The acoustic detection system will be installed below it, and will be followed by
one more set of six cameras at a lower depth, to provide diversity and reduce the impact of
obstructions in the cameras’ fields of view.”

Waterproof housing will host the boards that process images. Finally, Dr. Casari explains, the buoy
will host a communication system that will be used to observe the behavior of the equipment during

https://www.fondriest.com/news/autonomous-symbiosis-system-monitors-schools-of-fish-in-real-time.htm
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the development stage, and will double as a long haul for relevant data at a later stage of the
project, when the system will work autonomously and communicate relevant data to shore or nearby
research vessels.

While SYMBIOSIS has been developed for tracking six species in danger of over-exploitation in
particular, it will almost certainly be deployed in other ways.

“It can in principle be configured to work with any other species, provided that enough knowledge of
their acoustic characterization exists (to help interpret the signals received by the hydrophones and
make accurate acoustic detections), and provided that a sufficient number of images are available in
realistic conditions (to train the automatic image recognition algorithms),” adds Dr. Casari.

Team members prepare to deploy the unit on the mooring platform. (Credit: © IMDEA Networks
Institute | SYMBIOSIS Project, via communication from source)

Furthermore, the SYMBIOSIS system is merely a prototype. For Dr. Casari and the team, the plan is
to use this prototype as a starting point. From that point, they hope to extend the capabilities of
autonomous underwater monitoring technologies in multiple ways, including further reduction of
energy consumption; miniaturization of the system; and modification of the mooring platform aboard
different vessels to promote a more mobile use of the system.

Dr. Casari and the team also need help and input.

“People can get involved in our effort!” remarks Dr. Casari. “There is a distinctive issue with image
recognition algorithms based on machine learning: they need high-quality data for training.
Considering that training requires hundreds of thousands of images, it can take a huge effort to
correctly classify all images as ‘useful’ for training.”

Therefore, the team is setting up a crowdsourcing system that will help the public at large get
involved in this process.

“People will get the chance to learn more about marine biology, and they’ll be able to use this
knowledge to help us classify images correctly,” states Dr. Casari. “As a result, the SYMBIOSIS

https://www.fondriest.com/news/autonomous-symbiosis-system-monitors-schools-of-fish-in-real-time.htm 4/6
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system will be more accurate. A website will be out in the next months and will be advertised on our

web page.”

Top image: Researchers in the water with the SYMBIOSIS unit. (Credit: © IMDEA Networks Institute
| SYMBIOSIS Project, via communication from source)
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Karla Lant is a professional freelance science writer and a member of the Society of
Environmental Journalists. She also covers other scientific and medical stories as well as
technology.
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