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ABSTRACT
The OCG-Data is an innovative, semi-submersible offshore

structure designed for long-term environmental monitoring. Its
robust column-stabilized, single-point mooring system ensures
stability in harsh marine conditions, minimizing motion-induced
disturbances for high-fidelity sensor measurements. The platform
integrates advanced instrumentation including LiDAR for wind
profiling, radar for avian tracking, and underwater cameras for
marine life observation. All the instruments on OCG-Data are
powered by renewable solar and wind energy. Field results from
the BLUE ORACLE demonstrator project validate the platform’s
resilience, with successful operation through extreme storms and
consistent data collection over 2 years. Furthermore, machine
learning and automated data pipelines enhance real-time an-
alytics, supporting future progress in predictive modeling and
ecological research. The OCG-Data combines metocean and
biodiversity assessments in a single, autonomous system for off-
shore wind site assessments and addressing gaps in biodiversity
data collection.
Keywords: Remote Sensing, Observation Platform, Biodi-
versity, Autonomous Operation, Data Generation

1. INTRODUCTION
As an ideal option for large-scale and secure clean power,

the offshore wind industry has entered a phase of accelerated
deployment, with 83 GW of total installed global capacity in
2024 according to the Global Wind Energy Council (GWEC). 56
GW of new capacity was awarded in 2024 through auctions and
permits as emerging markets scale operations. Several factors
make offshore wind an attractive solution. Offshore there are
stronger and more consistent winds than onshore thereby reduc-
ing intermittency issues. With approximately 40% of the global
population residing within 100 km of coastlines, offshore wind
farms are ideally positioned near major demand centers. Unlike

∗Corresponding author: mkumar@ocergy.com, ntom@ocergy.com

solar or onshore wind farms, offshore development avoids land-
use conflicts with agriculture or urban infrastructure. However,
this rapid expansion introduces ecological risks and operational
challenges. Supply chain bottlenecks, surging inflation costs on
equipment, steel, and labor, and shifting geopolitical dynam-
ics threaten to delay projects. Pressure on coastal ecosystems
is already increasing due to population density, pollution, and
tourism. Without rigorous safeguards, offshore wind’s promise
of clean energy could come at the expense of marine ecosystems
already under stress.

Marine ecosystems demonstrate particular vulnerability to
industrial activity, with poorly planned wind farms already
demonstrating measurable impacts. Underwater noise threatens
marine species throughout wind farm life cycles. Pile-driving
during construction generates noise detectable up to 20 km away,
displacing harbor porpoises for 1-3 days [1] and potentially caus-
ing hearing loss in sensitive species like cods [2] and herrings.
Operational turbine and vessel noises create continuous low-
frequency disturbances that mask communication for cetaceans
and turtles [3], though data gaps remain for many species’ long-
term tolerance thresholds [2].

Physical infrastructure inevitably alters marine habitats.
While the direct footprint is small, secondary effects like altered
hydrodynamics and scour protection can modify local ecosys-
tems. Although turbine towers can provide artificial habitats
and serve as refuge for marine species, their ecological impact
depends heavily on location. Properly designed offshore wind
farms, positioned away from fisheries and tourist areas, can ac-
tively support marine conservation. However, poor placement
may disrupt essential animal movements, particularly along mi-
gration routes or to breeding grounds [4].

Avian mortality remains a concern. Migratory birds and
local birds foraging/hunting through the wind farm are at risk
of collision if they pass through the altitude of the rotor-swept
zone. Evidence denotes species-specific responses to turbines
and that in order to avoid collision, most birds adjust their flight

1 Copyright ©2026 by ASME



paths at some distance from the turbines, but this could lead to
displacement and barrier effects [5]. Little is known about the full
extent of impact of offshore wind farms on bats, although there
are some empirical studies/observations showing the possibility
of migratory bats to collide with offshore turbines [6].

Current metocean and biodiversity conservation methods for
offshore wind farm siting and assessment face limitations in ad-
dressing the complex interactions between renewable energy de-
velopment and marine ecosystems. Traditional ocean observation
methods typically rely on separate, sequential measurement cam-
paigns for metocean conditions and ecological assessments, cre-
ating a fragmented approach. While metocean analyses focuses
on understanding wind, waves, currents, and other environmen-
tal conditions to optimize wind farm design and performance,
they often lack integration with comprehensive biodiversity im-
pact assessments. Similarly, biodiversity conservation strategies
emphasize habitat preservation and species protection, yet fail
to systematically account for dynamic oceanographic conditions
that influence marine life distribution and ecosystem resilience.
The temporal and spatial misalignment between separately con-
ducted metocean and biodiversity surveys can lead to incomplete
or inconsistent datasets, potentially compromising the accuracy
of environmental baseline studies. This disconnect limits the
ability to predict and mitigate the cumulative impacts of offshore
wind farms on marine biodiversity, particularly during decom-
missioning phases. Addressing these gaps requires improved
interdisciplinary approaches that combine metocean data with
biodiversity monitoring to support sustainable offshore wind en-
ergy development.

While several data buoys are in use today, such as the AKRO-
CEAN SEAOBS, EOLOS FLS200, AXYS FLiDAR WindSen-
tinelTM and Fugro SEAWATCH, the OCG-DATA aims to offer
a more advance, multi-purpose platform. The OCG-Data shown
in Fig. 1, developed by Ocergy, addresses these challenges by
integrating multiple sensing systems into a single, autonomous
platform designed for long-term deployment in offshore environ-
ments. The OCG-Data combines metocean monitoring [7] with
biodiversity assessment capabilities [8], enabling efficient site
characterization for wind farm development while supporting sus-
tainable marine ecosystem management. This approach allows
for more efficient scheduling and reduced costs in the develop-
ment of floating offshore wind farm (FOWF) projects, by im-
proving our understanding of local biodiversity. The OCG-Data
demonstrates how logistical resources and measurement tools can
be combined effectively during ocean data missions. This inte-
gration supports the comprehensive assessment of wind resources
and both aerial and marine biodiversity, which are often studied
through multiple smaller, separate campaigns [9]. Smaller buoys
tend to be more affected by wave and wind motion, which can
interfere with the performance of radar and camera systems, lead-
ing to tracking issues and lower data quality—ultimately affecting
the accuracy of species detection and classification. In addition,
many existing buoys face power limitations due to their limited
surface area for additional solar panels. At the same time, buoy-
ancy and stability become more challenging with larger wind
turbines. The OCG-Data overcomes these challenges by offering
superior dynamic stability and providing several kilowatts of con-

FIGURE 1: Drone image of the OCG-Data BLUE ORACLE deployed
at sea.

tinuous power. This enables uninterrupted 24/7 data collection
with near real-time data availability.

2. DESIGN
2.1. Structural Design

At the core of the OCG-Data’s innovation is its robust and sta-
ble design, featuring a column-stabilized, single-point mooring
system that allows the OCG-Data to weathervane and maintain
alignment of the leading column with the prevailing environ-
mental conditions. The structure consists of three outer columns
connected to a central column via tensioned tendons. The tendons
and columns together act as a tensegrity structure providing the
structural rigidity to withstand the environmental loading with-
out adding extra steel. Placement of the outer columns further
away from the central column improves the rotational restoring
moment providing improved stability in high-wave and wind con-
ditions. This design minimizes motion-induced disturbances, a
defining factor for high-fidelity sensor measurements, particu-
larly for LiDAR-based wind assessments [10]. The OCG-Data is
engineered for a service life of 10 years, allowing redeployment
at different assessment sites. A novel aspect of the OCG-Data is
that the main structural members, e.g. columns and bracings, are
connected to flanges for ease of transport, assembly, dissasembly,
and relocation.

The OCG-Data platform is a semi-submersible design con-
sisting of a central column surrounded by three outer columns,
connected via top and bottom tubular members. When viewed
from above, the platform has a 28.6 m diameter footprint, with a
13-meter centerline-to-centerline separation between the central
and outer columns. The entire structure weighs approximately
41 tons. Each central and outer column is 10 m tall, with a target
draft of 5 m. The single point mooring is connected to the bottom
of one of the outside columns which also holds the boat landing
used to board the platform to complete maintenance activities.

For the design process, OrcaFlex was leveraged to evalu-
ate the fluid-structure interaction of the OCG-Data with the off-
shore environment. Using the available metocean data from the
Mediterranean deployment site, OrcaFlex simulated ultimate and
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FIGURE 2: Simulated Response Amplitude Operators for the OCG-
Data BLUE ORACLE. For the nondimensional wave period the vari-
ables g and h are gravitational acceleration and water depth, re-
spectively.

fatigue limit states to ensure both the structure and mooring sys-
tem would survive for the expected service life. The motion of
the platform relative to the incident wave height was also used
to assist in the placement of essential instrumentation above the
deck to increase reliability. As a result the power generation
systems and sensitive instrumentation are mounted at least 2 m
above the top deck, approximately 7 m above sea level, to ensure
protection from wave action predicted during the 10 year return
period storms.

Figure 2 provides a comparative response amplitude oper-
ator (RAO) plot for the OCG-Data. As previously discussed,
the single point mooring has the OCG-Data aligning with the
dominant environmental loading direction resulting in motion
predominantly in the surge, heave, and pitch degrees of freedom.
The RAO plot shows the separation of the heave and pitch natural
periods with the pitch natural period far exceeding the highest
occurring peak period, refer Figure 3. With a long pitch natural
period, which is in contrast to most existing metocean buoys, the
larger rotational motions that can impact LiDAR, radar, and cam-
era images are avoided. The improved performance comes at the
cost of a larger platform; however, Ocergy believes the costs are
justified when considering combining metocean and biodiversity
campaigns, increased data quantity, and improved data quality of
motion-sensitive instrumentation.

2.2. Sensor Integration
The OCG-Data is a fully autonomous ocean observation plat-

form powered by a hybrid renewable energy system. It features 3
groups of 6 solar panels producing 7.2 kW and 3 wind turbines
producing 3.6 kW , for a total rated power of 10.8 kW under
optimal conditions. Excess energy is stored in three 12 kWh
battery packs, totaling 36 kWh of storage capacity. An energy
management system directs power either to onboard systems or
batteries based on demand and generation. When batteries are
fully charged and power demand is low, thermal dissipators man-

FIGURE 3: BLUE ORACLE Joint probability density function of
peak period and significant wave height as reported by the Sofar
Spotter from March 7, 2023 to March 31, 2025.

FIGURE 4: Joint probability density function between 10-min wind
speed and turbulence intensity at 140 m above LiDAR from April 1,
2023 to December 1, 2024.

age surplus energy. The system is continuously monitored, and
automated operational rules are being developed to manage de-
vice usage based on energy availability, priority, and weather
forecasts. This self-sustaining power architecture enables reli-
able operation of sophisticated instruments such as 3D radar and
LiDAR.

The OCG-Data captures meteorological and biodiversity
data. Metocean parametes are recorded using GPS units, six-
degree-of-freedom (6DOF) motion sensor, anemometer, and a
Vaisala WindCube LiDAR, which together provide detailed wind
profiles (see Fig. 4). A Sofar wave spotter is deployed near the
platform to collect spectral wave data (see Fig. 3). Biodiversity
data are tracked via radar for bird and bat tracking, underwater
cameras for marine life observation, and biohuts to assess local
ecosystem health [9]. In the past, the platform has demonstrated
its capability to effectively deploy and power additional instru-
ments such as hydrophones and sonar, ensuring flexibility for
future sensor integration.

The LiDAR system on the BLUE ORACLE is a Vaisala
WindCube, capable of measuring wind profiles up to 300 m with
20 simultaneous height measurements per second. As a pulsed
LiDAR, it emits laser pulses and calculates wind speed based
on the time delay of reflected signals from aerosols. Real-time
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data, including signal-to-noise ratio, is transmitted via Starlink
for remote monitoring. A FURUNO CV7-V sonic anemometer,
located 7 m above sea level, provides a secondary wind measure-
ment with high accuracy for speed (± 0.12 m/s) and direction (±
1.5°), serving as a reference for LiDAR data comparison.

Due to the single-point mooring system, the platform can
weathervane freely. Its motion and heading are continuously
tracked using two GPS units and a Movella 6DOF motion sensor,
which records motion data across wave frequencies. This data
is essential for correcting LiDAR wind measurements affected
by platform motion. All onboard instruments, including radar,
cameras, and LiDAR, rely on the orientation data for accurate
readings.

The DeTect MERLIN 7360s True3D radar system was de-
ployed on the platform for a trial campaign spanning March 2025
to May 2025. This system is a full 360-degree, wave-motion-
stabilized radar and camera solution designed for offshore bird
and bat detection and monitoring (see Fig. 5). It offers a detec-
tion range of up to 5 km (2.5 nm) and provides full 3D digital
multibeam capability, enabling comprehensive scanning of the
surrounding airspace in a single pass (see Fig. 6). This kind
of radar has been proven to capture magnitude and variation of
bird flight intensity at rotor sweep heights which is imperative
for predicting the impact of wind turbines on birds [11]. From
March to July 2023, Sens of Line conducted a trial of their 2D
side-scan radar system equipped with three bird-detecting cam-
eras. The radar had a 1 km detection range, covering from the
water surface to just above the platform, while the cameras oper-
ated at 10 frames per second, producing stacked images to track
bird flight paths. Underwater cameras support visual census of
marine life. Using a 30-meter POE connection, the cameras offer
a 100° horizontal view, 2.8 mm focal length, and 5 MP resolu-
tion, recording at 30 frames per second. They are positioned to
monitor biohuts and are equipped with a light activated by low
ambient luminosity. Additional cameras monitor the underwater
structure and platform above water, including solar panels and
turbines, with remote access enabled via Starlink.

2.3. Data Collection
The OCG-DATA is connected to a robust data pipeline to

automate the extraction of offshore sensor data to onshore data
centers. The pipeline streamlines the handling of diverse datasets
generated by various sensors and instruments deployed on the
OCG-DATA, ensuring efficient monitoring, analysis, and report-
ing. Fig. 7 illustrates the architecture of the data pipeline, high-
lighting its key components and their roles in processing and
delivering high-quality data.

The data collection process begins with the onboard instru-
mentation, which includes sensors such as LiDAR, anemometer,
cameras, and radar system. A field-programmable gate array
(FPGA) ensures high speed and low latency signal processing of
all sensors. Network Time Protocol is used for clock synchroniza-
tion and reliable time stamping. Data transmission occurs every
15 minutes via Starlink, providing near-real-time access to pro-
cessed datasets onshore. For third-party data sources, scripts are
used to directly ingest data into the pipeline. Once received, the
data is stored temporarily on an onshore NAS (Network-Attached

FIGURE 5: Photo at dusk on the OCG-Data showing the placement
of the Merlin 7360s 3D bird radar on top of the lookout. The radar
is just up and to the left of the Vaisala WindCube (white box with
yellow lid).

FIGURE 6: Illustration of the spatial coverage of the Merlin 7360s
3D bird radar relative to the OCG-Data.

FIGURE 7: High level architecture diagram of OCG Data Pipeline

Storage) unit, serving as the initial landing zone for batch pro-
cessing.

At the core of the data pipeline is Apache Airflow, which
orchestrates the ingestion and processing of data into a Hadoop-
based data lake. Airflow manages the workflow by scheduling
and executing Python scripts that decode, aggregate, and perform
calculations on the data according to client specific requirements.
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