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SeaMon-HC Buoy: A specific real-time

lightweight moored platform for fast oil-spill detection

By C. Barrera, M.J. Rueda and O. Llinds, Instituto Canario de Ciencias Marinas.
Oceanography Department, PO Box.56. Telde. 35200 Las Palmas, Canary Islands. SPAIN.

Introduction and Background

The Instituto Canario de Ciencias
Marinas

The Instituto Canario de Ciencias
Marinas (ICCM), a public research insti-
tute under the Canarian Government,
through its Oceanography Department
(GOOD, Grupo de Oceanografia
Operativa y Descriptiva), represents the
main partner concerning the design,
development and improvement of an
autonomous measurement system des-
tined to both meteorological and oceano-
graphic monitoring of the coastal marine
areas (specially focused on oil-spill fast
detection) , under the name of Sea
Monitoring Buoy (SeaMon-HC, Pat. No.
P200302219/8). Presently, the system has
10 operative units, as moored buoys, who
interact all together as a real-time net-
work [1], with a wide range of specific
applications under the name of Red
ACOMAR Canarias.

The Red ACOMAR Network Aims

The Red ACOMAR, along with the
rest of the autonomous instrumentation
currently deployed in the area, (Spanish
Deep Water Moored Buoy Network
from Puertos del Estado [2], oceanic
moorings from DOLAN (1 buoy unit)
and MERSEA Projects, WOCE/TOGA
drifters from NOAA, satellites, coastal
stations, etc.); and the European Station
for Time-Series in the Ocean Canary
Islands (ESTOC), have two basic
objectives:

1. To bring out to the Canarian marine
environment users, the request informa-
tion in real-time for a good success on
their activities. Clear examples of the
wide applicability of the SeaMon-HC
system con be found in off-shore aqua-
culture installations, coastal waste water
management, prevention of polluting
spills (particularly hydrocarbons), har-
bors and sailing ports, beaches and recre-
ational areas, archaeology, sailing races,
fisheries and shell-fish activities, protect-
ed marine areas with special ecologic
sensibility,...etc.

Considering this wide range of appli-
cations that can be offered, the system
has been specifically designed with a pro-
nounced modular aspect, to guarantee in
a sound and efficient way, the optimum
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behavior in all of its uses. For this reason,
the designed system allows the possibili-
ty to select, integrate and operate with a
wide configuration range of sensors and
devices, both from well-established
provider or manufactured by us.

2. To contribute to the main worldwide
efforts and initiatives on ocean climate
observation programs[3], like Global
Ocean Observing System (GOOS), under
their own protocols and standards, as a
coastal and regional module -Canarian or
Macaronesia GOOS- [4], with the aim to
analyze and predict both coastal and
ocean marine phenomenon.

Present Status: General Description

Since the GOOD set up the first buoy
prototype in 1996, and throughout the
different models and sensor configura-
tions developed until today, SeaMon-HC
has been characterized by keeping a fixed
hardware structure. The experience
acquired and the technical development,
has allowed the group to make new
improvements and updates, while trying
to specifically adapt the system to its pro-
posed application. The buoy represents a
very chief tool for coastal monitoring,
mainly surrounding areas with a high oil-
spill risk level.

The main innovative aspect from
SeaMon-HC is its detection system. It’s
based on polymer technology [5], work-
ing as an electrical resistance, who
increases its value when the pollutant on
water surface is detected. The response
time from the sensor is a direct function
of the hydrocarbon volatility level. For
hydrocarbons with high volatility levels
(petrol), the sensor needs less time
(around 3 minutes), than others with less
volatility levels, such as heavy oils.

Buoy Design and
Instrumentation

Nowadays, there are numerous and
varied designs for autonomous systems
used for meteorological and oceano-
graphic monitoring with different integra-
tion degrees. In spite of this, the GOOD,
as research group, has maintained clear
criteria regarding the initial integration
degree from which to start developing the
SeaMon-HC units: to use elements (even
sensors) with a very basic level of inte-
gration. The modules that integrate the

system as a whole (signal conditioners,
data-logger, power supply, and commu-
nication links and protocols) are designed
and developed starting from the selected
Sensors units.

Buoy Frame Design

The aim is to obtain the best efficien-
cy in the cost-efficacy relation at all
moments, and for this, we have opted
from the beginning, to build the main
buoy structure on polyethylene pipes
combined with 316-stainless steel.

Figure 2. Present version of Seamon-HC
Buoy.

In their first versions, SeaMon-HC
had a disk structure with 0.8 meter diam-
eter, and a central hole of 0.25 m destined
to fix the electronic housing, over which
a 0.6 meter high turret was placed.
Nowadays, the last version presents a
square main flotation body of 1m length,
build by 300 mm. high pressure polyeth-
ylene pipe, refilled by polyurethane, also
with a central 316 stainless steel housing
for the electronic components (very light-
weight: only 45 kilos).

Figure 3. General view of the working
area at ICCM.

ON&T October/November, 2007



Emerged Systems and Modules

The meteorological sensors (integrat-
ed meteorological station, nowadays as
optional configuration, only available
under request), the communication mod-
ule (GSM, Global System for Mobile)
and positioning system (GPS, Global
Positioning System, option), the two pho-
tovoltaic modules (40 Wp@12V, each)
and the autonomous light beacon with
flashing rhythms that can be programmed
(IALA codes, International Association
of Lighthouse Authorities), are the main
elements supported in the emerged part
of the buoy [6].

Figure 4. Emerged systems and modules.

Submerged systems and Modules

The flotation module has a central
watertight space which communicates
with the three conductions from the turret
and with the oceanographic sensors
(water temperature, salinity, dissolved
oxygen, hydrocarbons, currents-magne-
tometer-, fluorometer, turbidimeter, etc.),
placed in the lower part of the buoy.
There are two free maintenance batteries,
15 Ah@12V, and the main electronic
system (solar power regulator, communi-
cation modem and microcontroller). This
part supports the real time management
of the generated information as well as
power supply and communications. The
present SeaMon-HC buoy version is able
to integrate a maximum of 16 sensors.

Figure 5. Submerged systems and mod-
ules.
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Mooring Design

All buoys are moored in depths
between 25 and 70 meters. For this rea-
son, the mooring design for all of them is
“all chain” [7], integrated by 19 mm G80
chain, 17 swivels (SWL 8.3 Ton), “Green
pin” shackles (7/8” and 1”7, SWL 6.5 and
8.5 Ton, respectively). Coupling hard-
ware consist a safety anchor shackles and
swivels to make easy the potential buoy
twist. For anchoring, there is the com-
bined effect of 19 mm. G80 chain on the
bottom and a 3.5 Tons concrete block.
This is cost-effective, readily available
and easy to handle.

However, looking the near network
improvements with more unit buoys in
deeper areas, a new mooring design has
been done, joining rope and chain, for
depths between 100 and 500 metes.

Data Acquisition System

Three are the main subsystems that
SeaMon integrates concerning the Data
Acquisition Module.

Central Unit

The Electronic Central Unit (ECU) is
in charge to receive all signals from the
set sensors that the buoy integrates, to
store and finally, to send them to the cen-
tral receiver unit in land. The ECU is
based in a Motorola 68HCI1
Microcontroller (HCMOS Technology),
who has been designed as an open sys-
tem, to bring out more modularity to the
system.

The ECU has been build with a main
module where is placed the microcon-
troller, the EPROM memory and the
RS232 interface; the interface module,
between the microcontroller and a specific
module (storage memories, power sup-
ply,...) and finally, the application mod-
ule, where they are placed peripheral sub-
systems (GPS interface, multiplexor inter-
face,...) .-Microcontroller: The
Microcontroller subsystem is a Motorola
68HCI11F1, who includes a EPROM
memory, a 68HC6851 real time clock
(32.768 KHz) and a TTL levels interface
to RS232, using a MAXIM 202 converter.

The ECU, using a specific program,
offers the possibility to monitoring the
power supply system, to switch ON/OFF
the sensor power supply, to sequence
each input with the measurement to
acquire and to sample its frequency
value, as well as to ask to the GPS to
obtain a geo-referenced buoy position.

Finally, the ECU is in charge of to man-
age the communication system with a
GSM modem. Following a programmed
sampling rate (every hour), the ECU send
to the central receiver unit a SMS mes-

sage, who includes a sensor data set, GPS
position and battery level. .-Sensor Input
Multiplexor: One parameter could be
measured following a wide range of
methodologies. For this reason, the sys-
tem has been designed with the criteria to
bring to the ECU always the same signal
for each parameter measured. To obtain
this, the selected signal has been a square
signal with variable frequency, where the
frequency is proportional to the physical
value. The multiplexor module has 16
inputs, where a selector circuit connects
every signal to the microcontroller with
the aim to read the frequency value every
100 milliseconds (it spends 2.5 seconds
to real all 16 sensors). .- GPS Interface:
The GPS Interface carry out a format
conversion with the GPS terminal data,
using a Motorola 68HC11E2 microcon-
troller, through their serial ports, to con-
nect the GPS and the main microcon-
troller. Every second, the GPS position
value is stored in the GPS memory, until
the ECU ask it through the SPI bus.

Figure 6. Main electronics housing
(power regulator, microcontroller, data-
logger and GSM modem).

Sensor Interfaces

Three sensor interfaces can be found
in the system: Voltage to Frequency
Converters: With the aim to unify the
output signal, a V/F converter has been
designed. The converter is based in one
AD654 monolithic converter, with a very
low drift signal and low linearity error
(0.03 %). The converter allows the possi-
bility to adjust the input range (0-1V or
0-5 V) as well as the output range (10-30
KHz). For a minimum voltage input (0V)
the value in frequency is 10 KHz, and for
a maximum voltage input of 1 or 5 volts,
the maximum frequency value is 30
KHz. RS232 to Frequency Converters:
This converter brings the possibility to
connect through a RS232 serial port to
the ECU, sensors with a high logic level,
that haven’t the possibility to access to
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